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STEAM AT HIGH PRESSURES AND 
TEMPERATURES. 


THE use in prime movers of steam at a pressure 
of 1000 lb. per square inch or more is still very 
unusual. The first important step in this direction 
appears to have been taken by Dr. de Laval, who 
exhibited at the Stockholm Exhibition of 1897 a 
number of turbines driven by steam supplied at a 
pressure of from 1500 Ib. to 1700 lb. per square 
inch, and in his experimental work he had used, 
we understand, steam of still higher pressures. 
Obviously, the use of very high pressures is im- 
possible in cylinders of large diameter, and this 
fact will always restrict its use in reciprocating 
engines and in reaction turbines, where, of course, 
the full pressure of the steam must be taken by the 
casing at the point of admission. This difficulty 
does not arise with impulse turbines such as were 
used by Dr. de Laval, or to impulse turbines of the 
Ferranti or Curtis types, which have the advantage 
of a relatively low bucket speed. In reciprocating 
engines steam at a pressure of 1000 lb. per square 
inch is used in some of the steam motor-cars, the 
cylinders being of steel, and some 4 in. in diameter. 
So far as we can learn, no trouble directly due to 
the high pressure has been met with in the case of 
these engines. Data as to the physical properties 
of steam at these excessive pressures are relatively 
scanty, but a fair number of observations have been 
made ; and in other cases approximate estimates of 
the values of certain of the properties in question 
are possible from theoretic considerations. 

In the first place, it is to be noted that the usual 

tables giving the latent heat, pressure temperature, 
and volume of steam, are absolutely unreliable for 
pressures exceeding about 350 lb. per square inch or 
the corresponding temperature of 432 deg. Fahr. 
Some of these tables give figures going up to 
.temperatures of 550 deg. Fahr., all of which 
above the temperature of 432 deg. Fahr. have 
been obtained by a process of extrapolation ; 
that is to say, the empirical formule found 
to hold between 32 deg. Fahr. and 432 deg. 
Fahr. are assumed to be true for higher tem- 
peratures. Such an assumption is very dangerous, 
and may involve very large errors. Thus, experi- 
ments by Cailletet, which have been independently 
confirmed, show that at about 689 deg. Fahr., or 
perhaps a few degrees higher, the latent heat of 
steam becomes zero, whereas the empirical formulz 
in question still make it a substantial amount at 
this temperature, and the value of the volume of 
steam deduced therefrom is also wrong. 

If we refer to a table giving the volume of 
saturated steam for any particular temperature, it 
will be seen that these volumes become smaller and 
smaller as the temperature rises. The specific 
volume of water, on the other hand, increases with 
the temperature, and finally a point would be reached 
at which the volume of the water was equal to that 
of the steam. This temperature is known as the 
critical temperature, and the corresponding pres- 
sure and volume as the critical pressure and the 
critical volume. The first to make experiments on 
the critical tempertures of fluids was Cagniard 
Latour, who enclosed liquids in strong glass 
tubing, which he then heated highly. He thus 


found that a point was at length reached at 
which the vapour and the liquid became un- 
distinguishable from one another, the contents 
of the tubing becoming quite homogeneous, in 
place of being divided, in the usual way, into a 
liquid and a gaseous portion. The critical tempe- 
rature determined for water by Cagniard Latour is 


not, however, reliable, and is in disagreement with 
and the latter to 1157.4 deg. in the same units. 


more modern experiments. Many years after Latour 
we come to the classical experiments of Andrews, 
in which he determined the relation between the 
volume and pressure of carbonic acid gas, and we 
reproduce in Fig. 1 the isothermal curves thus ob- 
tained. Starting with this gas at a temperature of 
48.1 deg. Cent., and compressing it, we get a per- 
fectly regular decrease of volume shown by the 
curve, marked with this temperature, in the figure. 
If, however, the compression is effected at a lower 
temperature, such as 35.5 deg. Cent., we no longer 
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get such a regular line, but have a flattened portion 
in the curve followed by a steeply ascending line of | 
pressure, as shown. If a still lower temperature 
is taken, we get a curve like that marked 32.5 deg. 
Cent., in which the flat portion becomes more 
nearly horizontal, and, finally, below 31.1 deg. Cent. | 
the flat portion becomes actually horizontal. Pro- | 
ceeding now to lower temperatures, such as that | 
marked 21.1 deg. Cent., the curve shows that as the | 
volume is diminished the pressure rises until, on | 
reaching a certain point, the curve becomes abruptly | 
horizontal, the pressure remaining constant whilst | 
the volume is being diminished, and during this 
stage the gas is condensing to the liquid form. | 
Finally, the whole of the gas, or, rather, vapour, is 
liquefied, and then the pressure line rises extremely | 
rapidly, becoming nearly vertical. Now the tem- | 
perature at which the pressure curve first becomes 
horizontal is the critical temperature of the sub- 
stanee. At it the volumes of the liquid and of the 
gas (under the critical pressure) become equal to 
each other, and at hi “* temperatures the sub- 
stance is incapable of existing as a liquid, whilst at 








lower temperatures it is only nevessary to use 





sufficient pressure in order to reduce the substance 
entirely to the liquid form. In short, all gases are 
permanent at temperatures higher than the critical, 
and all can be liquefied at lower temperatures. 
The critical temperature for water has been fixed 
by Cailletet at 365 deg. Cent., and by Strauss at 
370 deg. Cent., the former of which corresponds 
to 1148.4 deg. absolute on the Fahrenheit scale, 


Cailletet has given the following figures showing the 
connection between the pressure and temperature 
of steam between 225 deg. and 365 deg, Cent. :— 


Tempera- 














icteoneee! | 

Tempera- Tempera- 

ture. | Pressure. | my Pressure. tone Pressure. 

deg. Cent.| atmos. jdeg. Cent.) atmo deg. Cent.| atmos. 
225 25.1 275 59.4 825 121.6 
230 97.5 720 6648 330 | 130.0 
285 .0 285 | 60.2 835 138.8 
240 32.8 290 74.5 3402=—|ts«d21447.7 
245 | 35.5 295 | 80.0 845 157.7 
250 89.2 300 86.2 350 8=| 167.5 
255 42.9 305 =| = «(02.2 355 178.2 
260 468 310 99.0 360 188.9 
265 | 608 315 | 106.1 365 200.5 
270 | 55.0 320 113.7 

| 


The pressures given above are metric atmospheres of 760 milli- 
metres of mercury or 14.696 Ib. per square inch. 

On the other hand, the Aktiebolaget de Lavals, 
Angturbin, Stockholm, have been good enough to 
supply us with figures observed in their work with 
high-pressure steam as follow :— 


Pressure in Kilogrammes 


Temperature, Deg. 
per Square Centimetre. PGent. 
20 


214 

50 264 
100 312 
150 344 
220 370 


Interpolating in Cailletet’s figures and reducing 
both sets of experiments to pounds per square inch 
and Fahrenheit degrees, we get the following com- 
parisons between them : — 


Pressure, Pounds per Square Inch. 








Tempera- eS Pe 
ture. ! 
Laval Steam) | 
| Cailletet. Turbine Co. Strauss. Calculated 
deg. Fahr VBE eens 
417.2 - 284.5 299.4 
607.2 | 784.7 711.2 * 724.0 
593.6 1496 6 1422.3 ‘ 1446.6 
651.2 2285.6 2183.5 bs | 2285.6 
698.0 3122 9* 2814.6 2878.1 2882 1 
° Extrapo! slated F of is 4 


The experiments of Strauss on the critical tem- 
perature of water were subsequent to those of 
Cailletet, and his figures are those quoted in the 
Annuaire de Bureau des Longitud:s in 1892, as the 
most reliable. His determination agrees, it will 
be seen, with that of the Laval Steam Turbine 
Company in showing that Cailletet’s figures are too 
high. 

Having the above figures, it was natural to 
examine some of the numerous formule which have 
at various times been proposed to connect the 
temperature of saturated steam with its pressure, 
and on the whole the best agreement is given by a 
formula proposed originally on theoretical grounds 
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by Roche, and which was afterwards found by | critical. At the same time the total heat expended 
Regnault to agree remarkably well with his ex- in raising water from, say, 32 deg. Fahr. to its 
rimental results. The equation as given by critical temperature must remain finite. In the 
gnault is case of liquid sulphurous acid the following figures 
show the way the specific heat alters as the tem- 
perature approaches the critical—viz., 156 deg. 
Cent. :— 


2 xt . +mez 
where « = t + 20, t being the temperature Centi- | 
grade, m = 0.004788221, log a = 0.03833818, and 


Temperature. Specific Heat. Temperature. Specific Heat. 





log a = 1.9590414, whilst F denotes the pres- 

sure ia millimetres of mercury. The figures  ‘¢s: Cent. oie ig, Som. a 
given in the fifth column of the above table have 0 "3171 145 “662 
been calculated from this formula, and it will be 20 3268 150 845 
seen that it gives results lying between those of, 4 oa = — 
Cailletet and the Laval Steam Turbine Company, | 80 3884 155 2.200 
whilst at the critical temperature it agrees with the | 7 = — 2.950 
tigures of Strauss within one-third of 1 per cent. | ; re 

If we plot down Regnault’s figures for the latent meee + Critical. se ty 


heat of steam, we get the full line shown in Fig. 2. : , 
Further, the critical temperature of water being}, From the above table it appears that the specific 
698 deg. Fahr., the latent heat at this temperature | heat of a liquid rises comparatively slowly until 
is zero, since there is no change of state. This; the temperature begins to approach the critical 
theoretical deduction has been confirmed experi-| point. We may, therefore, in the absence of direct 
mentally in the case of carbonic acid gas. We also | experimental results or other guidance, take Reg- 
know the direction of the curve of latent heat at this | nault’s formula for the specific heat as applicable 
point, since its tangent at the critical point is per- 

endicular. We have thus in interpolating for the 
atent heat at intermediate temperatures to draw 
a curve such as that shown by the dotted line which 
is tangent with Regnault’s figures at the point A 
and touches the line B C at the point C. As 
we do not know the true shape of this dotted 
curve, it has been assumed in what follows to be an 
ordiaary parabola, as being near enough for our 
purpose. The error involved cannot in the nature 
of things be serious, and will probably lie in mak- 
ing the latent heat, as given in the general table 
below, if anything, too small. 
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TabLe I.—Properties of Steam at High Temperatures. 





















































' j cas ” 
Py | Ss iss laeg | ssa} 00 
| 2 | & jeg 2°s \3 ¢ | Entropy. P 
| 8 8 oe ste! & } 
4 - | a at le oF ed F3 2 | | Calculated from 

So) & “Ee |" f 58 | 32deg. Fahr.) 
L- | 2 ($245) os), 
£16 2 26 Ji Se 8) 275 
& | 368 | 6 |28Slesu3a| Fes | | 
2 as | BSiSS¢5\/ 545 | Water | Steam 
4 < - 2 sae gaan Sse | Oaly. Only. 

deg. | Ib. per | 

Fahr. 8] in, | | 
6s | 1157.4 | 2882 aa ae 
69) | 1149.4 | 2748 | 164.3) 853.4 | .04645) £825 | .1429 
630 | 113.4 | 2685 265.2 o2s.0 | 030, is | 2152 
670 | 1129. 2431 304.1 | 70.6 | 10310 ST) -2093 
630 | L1lv4 | 2281 | $542] 1007.4 | .12165|) 8927 | .3146 
650 | 11004 | 2137 | 094.7/ 1037.7 | 14163) 8422 | 13549 — 
640 | 1089.4 | 200) | 430.3) 1063.2 | 16099) .8322 | .3914 | 
630 | 10824 | 1367 | 403.2 | 1084.9 | 18060) 822k | 4252 | 
620 | 1079.4 | 1745 | 493.2/ 1108.8 | .20368| .8118 | .4569 | 
610 | 106¥.4 | 1623 | 520.8) 1120.4 | .22827) 8015 | .4871 | 
600 | 159.4 | 1516 | 546.3) 1134.8 | .25466| .7912 | .5157 
599 | 10494 | 1409 $70.0 1147.5 | .28282] 7007 | .5432 | 
sp) tot) ime fees] Mast | aul ia | oe | 
63) | 1014 | Mizz [6824] 1177.1 | 8798.) .7490 | .6 08 | 
550 | 109.4 | 1036 |65u.8| 1184.6 | .41737| .7883 | 16448 
540 | 1999.4 | 956.1 | 603.1] 1191.1 | .4589%) .7276 | .6685 
530 | 989.4 | 889.1 | 684.4) 1196.5 | 50495) .7166 | 16917 
620 o7u.6 858.5 oou.8 1201.2 85653] 7058 | .7145 
610 .4 | 741.7 . 5.0 | .6:341] .6946 | .7309 
500 | 959-4 | 678.5 |728.2| 1203.1 -67622| .6835 | .7590 
490 | 949.4 | 619.5 | 741.3) 1210.5 | .7436 | .6723 | -7ac8 | 
43) | 93%4 | 564.4 | 753.5) 1212.0] .319) | 6610 | .8 21 | , es 
470 a6 513.5 705.8) 113. ’ sous 1 Sass | up to temperatures closely approaching the critical. 

‘ rrr oie. . . . | ca 3 4 
450 | 90.4 | 4224 |7865| 12182 | 2.099 | “e266 | ‘9643 | / His is no doubt a very extended extrapolation, but 
440 | 899.4 | 331.5 796.2 | 1212.8 | 1,215 | 6148 | .9853 | under the circumstances no other course seems | 
430 | 889.4 | 3436 | 809.4/ 1211.0 | 1.347 | 60st | 9055 i i 
420 | $794 | 308.7 |8i49| 1200.0 | 1495 | -so12 | “vest | the ki — the error, even if comparatively large at 
410 | 869.4 | 2766 |s22.2| 1208.8 | 1.661 | ‘57¥2 | ‘9457 | the higher temperatures, cannot seriously affect the 
400 aba. 247.2 | 8298 1208.9 1.850 | 5671 | .9165 | total poe of heat reckoned from 32 deg. 
Seo | sua | 1057 [eece| 1197-8 | 2813 | ‘bess | aooer | Fehr. gnault’s formula for the specific heat of 
370 | 8294 | 173.3 |8519| 1194.8) 2.597 | .530) | 1.0270 | water translated into absolute temperatures and 
369 | 819.4 | 152.9 | 859.2/ 1191.6 | 2927 | .5175 | 1.0486 | i its is : 
350 | 89.4 | 134.4 |866.5| 11887 | 3.290 | <5088 | LO7W5 | Paratanat-aaite te: 
340 | 799.4 | 117.7 | 873.9) 1185.6 | 3.737 | .4919 | 1.0030 | e = 1.0563 — .000.250.5 T + .000.000.277 T?. 
330 | -789.4 | 102.8 | 881.2) 1182.6 | 4.254 | 4789 | Liles | : ‘ ; : 
320 | 7794 | 89.42 | 2884) 1179.5 | 4.850 | .4657 | 1.1397 | We have used this formula in calculating the 
- =e He sl ume aon -_ ‘= total heat of evaporation given in column 5 of 
ov. § S.5 | le . ° | . : : 
vo» | 7494| 57.43 910.1) 11704 | 7.379 | 14254 | 1g144 | Table I. If anything, these figures may be consid- 
¥8)| 7324 | 49.11 |917.3) 1167.3 8.654 | .4117 | 1.2405 | ered as erring on the small side, and thus there 
270 | 720.4 | 41.80 | 924.4) 1164.2 | 9.983 | .3978 | 1.2675 | will be a tendency to under-estimate the theoretical 
260 | 7194 | 35.87 | 981.6) 11612 11.65 | .8837 | 1.248 | oo f ay RS 
250 | 7094) 29.77 |938.7| 1158.1 {13.71 "3695 | 1.3933 | @fliclency o steam at the higher temperatures. 
240 on. £1.98 4 ae us | 4 i The remaining columns of the table show the 
220 | 679.4| 17.15 one | 1148.8 [21.42 | ‘3265 | 14190 | CMtropy of the fluid at the temperatures named, 
2io | 660.4 | 1413 | 967.1| 1145.7 |27.64 | 8105 | 1.4446 |that for the liquid being calculated from the 
; wT iF Dados ee | formula 
. ; 7: 
When we come to the question of specific heat % = 1.0563 log =—— — .0002505(T - 491.4)? 
e 491.4 


of water at these high temperatures, we are left | 
with less guidance from theoretical considerations. | (491.4)? } 

It is usually stated that the specific heat of water | 

at the critical point is infinite, and, of course, no where T denotes the absolute temperature of the 
amount of heat added to the fluid at that point water. 

would increase its temperature as water, since a| With these figures it is easy to calculate the 
liquid cannot exist at temperatures exceeding the | number of heat units which would be turned into 


+ Se. 


work by an ideal engine in the ordinary way—viz., 


H=Q-Q-To [(¢,) - (¢,)o| + ¢, (T—Ty), 


where Q = the total heat expended in raising 
ii lb. of water from 32 deg. Fahr. to the boiler 
| temperature, and Q, = the heat expended in simi- 
| larly raising 1 Ib. of water from freezing point to 
the condenser temperature, as 9? the entropy 
|of 1 lb. of water at the boiler temperature, and 
| (dx )y represents the entropy of 1 lb. of water at the 
| temperature of the condenser. Similarly T and To 
|represent the boiler and condenser temperatures 
| respectively, whilst g, represents the increase in 
| entropy effected in evaporating 1 lb. of water at the 
temperature T. From figures thus obtained the 
curves shown in Fig. 3 have been plotted. 

The most remarkable feature of these curves is 
| to be found in the fact that there is a maximum 
| efficiency at a temperature of about 640 deg. Fahr. 
This result is very paradoxical, as generally the 
| thermodynamic efticiency is greater the higher the 
|maximum temperature. The reason, however, 
| will, on reference to Table I., appear to lie in the 
'rapid decrease of the latent heat as the critical 
| temperature is approached. Thus, consider steam 
'at a temperature of 590 deg. Fahr. The heat 
| added after the liquid has reached this tempera- 
|ture is 570 units. The total heat of steam at 
| 690 deg. Fahr. is, however, only 853.4 units, of 
which but 275.9 units have been added after the 
| temperature has reached 590 deg. It is true that 
| on the average this has been added at a tempera- 
| ture, say, some 70 deg. higher ; but this fact is not 
| sufficient to compensate for the large decrease in 
| the latent heat at this higher temperature. Hence, 
| even in an ideal engine steain of 1400 lb. pressure 
would prove more economical than steam at 2700 lb. 
pressure, a result which has, we believe, not been 
previously noted. 

It is obvious from the figures that a very con- 
| siderable economy is thermodynamically possible by 
"using steam at pressures of 1000 lb. and over ; but, 
of course, a large allowance must be made for losses 
due to mechanical and constructional imperfections. 
At present the steam turbine seems to offer the 
most favourable solution of the problem, as here 
no questions of initial condensation, such as so 
largely reduce the commercial efficiency of ordinary 
| reciprocating engines, arise, nor are there glands to 
'be kept tight under extreme pressures and tem- 
| peratures, whilst the practice of ‘‘ velocity com- 
| pounding” makes it possible to keep down the 
bucket speeds to a reasonable limit. 

Nevertheless, it is quite possible, and perhaps 
| even probable, that better commercial results will 

be obtained in making use of superheated steam, 

|and that a superheat of 300 deg., say, may give 
| in practice better results than the use of saturated 
| steam at the same maximum temperature. Thermo- 
| dynamically, the latter plan is much superior to 
superheating, since all the latent heat is added at 
the highest working temperature, which is not the 
case with the heat employed in superheating. In 
| practice, however, other considerations are involved, 
| questions of mechanical strength greatly limiting 
| the possible employment of steam at extreme pres- 
| sures. 








(To be continued.) 
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|THE LOCOMOTIVE WORKS OF BEYER, 








PEACOCK, AND CO., LIMITED. 

| One of the oldest, and still one of the most 
| progressive, of our locomotive-building works are 
| those of Messrs. Beyer, Peacock, and Co., Limited, 
}at Gorton, Manchester. Founded in May, 1854, 
| they two years ago attained their jubilee, and have 
| now completed close upon 5000 engines. As a con- 
| sequence of continued vitality, the works have re- 
| cently been reconstructed and the plant augmented 
and modernised, with the result that there is added 
| tothe advantages of long and varied experience the 
benefits which accrue from the infusion of new 
| ideas and new methods. From its first years the 
establishment has occupied a foremost position 
| among engineering factories, and its name has at 
all times been held as connected with the best 
possible achievements in the progressive advance- 
ment of locomotive design and manufacture ; while 
the fact that never in the history of the company 
has the output in gross tonnage been so great as 
| that of the present time is sufficient indication of 
| the activity of the management and the growth of 
| the business, 
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The works were established by Mr. Charles F. 
Beyer, as the head of the mechanical department, 
and Mr. Richard Peacock, as chief of the commercial 
branch, Mr. Henry Robertson being later admitted 
as a sleeping partner. Mr. Beyer was a native of 
Plauen, in Saxony. Born in 1813, in humble circum- 
stances, he was an example of what the advanced 
system of inexpensive technical education then 
established in Germany could do towards enabling 
even such as had limited means, but were possessed 
of innate ability, to develop their talents. After 
acquiring the elementary education made compulsory 
by the State, he assisted his parents for a time in 
hand-loom weaving. Later, through the prevailing 
system of State aid, he became a student at the 
Dresden Polytechnic School, where he completed 
a four years’ course. After spending two or three 
years in a machine-shop in Chemnitz, he was com- 
missioned by the Saxon Government to visit this 
country, and report upon the improvements in 
machinery in the Laucashire cotton industry. Upon 
completion of his investigations, he obtained an 
introduction to the principal of one of the then 
leading mechanical engineering works in Man- 


59 
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and having attracted the attention of the directors 
of the Leeds and Selby line, he was offered, and 
accepted, the post of locomotive superintendent on 
that line at the remarkably early age of eighteen. 
On the amalgamation of the Leeds and Selby and 
York and North Midland Railways in 1840, he left 
for London, and entered the service of Mr. (after- 
wards Sir) Daniel Gooch, who was at the head of 
the Great Western Railway, then in course of 
active construction, under the direction of Brunel. 
In this work he gained further valuable experience, 
and in 1841 he applied for, and was given, the post 
of locomotive superintendent on the Manchester 
and Sheffield Railway, the line for which had just 
been completed, and which position he held for 
fourteen years. He resigned in 1854, to enter into 
partnership with his friend Mr. Beyer, to whose 
scientific training and highly developed ‘mecha- 
nical skill he brought invaluable practical know- 
ledge of the working of the locomotive, and 
in addition commercial instincts of the highest 
order. This combination soon ensured success. 
Mr. Peacock has not inappropriately been called 
the founder of the trade and prosperity of Gorton 
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In 1861 Mr. Beyer took as his personal assistant 
a fellow townsman, Mr. Hermann L. Lange, who, 
then a young man of 24, had received a technical 
training at the Karlsruhe Polytechnic School, and 
at the engineering works of ells, in Berlin. 
Three years later he appointed him head of the 
drawing-office. 

The first locomotives turned out were made for 
the Great Western Railway, and orders quickly 
followed, the partners making it a matter of pride, 
as well as of sound business, to see that the work 
they executed should be faultless as regards both 
materials and workmanship. The firm combined 
with its primary business of locomotive construc- 
tion the designing and making of special machine- 
tools for facilitating and cheapening the construc- 
tion of locomotives. The growth of the concern 
was rapid, building after building being required to 
cope with the yearly increasing business, until, in 
the course of 15 years, the whole 12 acres were 
utilised on the original plan (Fig. 2). Subsequently, 
in 1870, an opportunity presented itself for the 
firm to acquire 10 acres of additional land side by 
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side with the original site, part of which has since 
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chester, by whom, after some hesitation because 
of the opposition of their workmen to the employ- 
ment of foreigners, he was engaged, at the age of 
twenty-two, in a subordinate position in the draw- 
ing-office. His remarkable faculty as a draughts- 
man in putting on paper the prolific, but some- 
times crudely-expressed, ideas of the well-known 
inventor, Richard Roberts, the mechanical head of 
the firm, brought Beyer into notice, and it was not 
long before his abilities as a rapid draughtsman, 
combined with a remarkable mechanical perception 
of what was best fitted for the purpose in hand, 
led to his early advancement to the position of 
chief mechanical assistant. 

The construction of railway locomotives was at 
that time being taken up by the firm, and it fell to 
Mr. Beyer’s lot to carry out this branch of the 
business. It was thus that he early acquired that 
mastery of locomotive construction which, on his 
commencing at Gorton Foundry the manufacture of 
locomotives in partnership with Mr. Peacock—him- 
self an expert in locomotive working—brought the 
work of the firm into favour. Beyer was a pioneer 
in introducing the-system of drawing out in com- 
plete detail every part of the locomotive before 
putting the work in hand, so that unity in design 
could be attained ; and it is beyond question that 
he has left his impress on the general form of the 
British locomotive in respect of simplicity and grace 
of outline, a marked feature in contrast with the 
majority of foreign locomotives, in which too often 
many of the parts look as if they were thrown 
together more by accident than by design. Loco- 
motives bearing Beyer’s impress early found their 
way into all parts of the world, as will be seen by 
a subsequent table. 

Mr. Peacock was born in the year 1820, at Swale- 
dale, in Yorkshire, and was apprenticed at the age 
of 14 to the Leeds firm of Messrs. Fenton, Murray, 
and Jackson, the engineers who were at that time 
making locomotives for the Liverpool and Man- 
chester and Leeds and Selby Railways. The 
abilities of the young man were early displayed, 
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and Openshaw, for it was due pace 
to him that the workshops of 
the Manchester, Sheffield, and 
Lincolnshire Railway were 
brought to Gorton. It was 
also at his suggestion that Mr. 
John Ashbury and Mr. (after- 
wards Sir) Joseph Whitworth 
put up their respective works 
in Openshaw, and that the 
Midland Railway Company 
also erected here locomotive 
steam sheds. The other 
partner, Mr. Robertson, too, 
will be remembered as one of 
the early pioneers of the 
Welsh railway and mining enterprises, and at the 
time of his death in 1886, at the age of 72, he 
occupied a leading position in the public and com- 
mercial life of North Wales. 

The partners purchased 12 acres of land con- 
tiguous to the railway at Gorton, and, in assured 
conviction of success, — out workshops 
embracing the whole area. ith this plan in view 
as their ultimate achievement they set to work 
with vigour to carry out such necessary parts of 
the design as their means then permitted : the first 
brick was laid on March 14, 1854. The various 
sections of the works (Fig. 1) were specially de- 
signed to admit of the gradual expansion of the 
whole without disturbing those portions previously 
erected; and it is a notable act, which speaks 
well for the far-sightedness of Mr. Beyer as to the 
needs in years to come of a first-class locomotive 
factory, that even now, after the lapse of over fifty 
years, the general plan of the works, and the floor 
areas and other dimensions of the various shops, 
as well as the yard spaces for the accommodation 
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of the more bulky materials, compare favourably | 


with those of the most up-to-date locomotive works 
in existence. Not a single workshop, as originally 


laid out, has had to be pulled down in the process | 


of extension, 
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Fic. 2. Pian or Works 1n 1864, 
| been utilised for the erection of additional buildings, 


| and more recently by the erection of a steel foundry 
| on an extensive scale (Fig. 3). Therapid extension 
| of the works from its comparatively small beginning 
|in 1854, as well as its unity of design, are illus- 
| trated by the plans showing the extent of the works 
in 1854, 1864, and 1906 respectively. When opera- 
tions were commenced 52 years ago (Fig. 1), the 
total area of the works was 12 acres, of which 1 acre 
| was roofed in. In 1864 (Fig. 2) the roofed-in area 
had been increased to 6} acres, and now (Fig. 3) the 
| buildings cover 9 acres, and the total ground em- 
braced within the boundary walls amounts to 22 
‘acres. The growth and extensive area of the 
| firm’s operations will be further seen by the tables 
appended :— 


Number of Locomotives Delivered at the End of 
Each Five-Year Period. 


Quinquennial Period. Number. 
1855 to 1860 181 
1861 ,, 1865 596 
1866 ,, 1870 1001 
1871 ,, 1876 1586 
1876 ,, 1830 1988 
1381 ,, 1885 2669 
1886 ,, 1890 3257 
1891 ,, 1845 3635 
1896 ,, 1900 4204 
1901 ,, 1905 4741 
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Distribution of Locomotives Built in Fifty Years, 
1855-1905. 

















Te 
z | 23 Orders received to End of 
a - 1905. 
Destination. Se) epg 
st { ste Tender | Tank | 
ae oe | Engines. | Engines. | Total. 
United Kingdom | 1854| 1854 | 907 608 | 1600 
Europe .. ..| 1856 | 1856 | 985 | 198 | 1188 
Australia ..  |||/gs9 | 1876 | «571 | «+4145 =| «(716 
South America ..| 1870 | 1881 567 | 86 SC 
Other countries ../ 1 | 1872 365 244 | 600 
be es | j 
a | 474 


| — | 8875 | 1366 
Mr. Beyer died in 1876, at the age of 63, and 
Mr. Lange was appointed to the post of chief engi- 
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neer and co-manager to the firm. The period that 
ensued was marked by great activity in the produc- 
tion of special types of locomotives, In 1 the 
concern was converted into a private limited com- 
pny, under the managing - directorship of Mr. 
eacock. In 1885, when the newly-created parlia- 
mentary division of Gorton was called upon to 
choose a representative, Mr. Peacock was selected 
as its member, and he continued to represent the 
constituency until his death in 1889, at the age of 68. 
The office of managing director then devolved upon 
his eldest son, Colonel Ralph Peacock. In 1892 
death claimed Mr. Lange at the too early age of 54, 
and for the ensuing ten years the burden of affairs 
was singly supported by Colonel Peacock, who, 
upon conversion of the concern on its present basis 
as a public company in 1902, retired from the active 

duties of management. 
A further step in development was then decided | 





upon under the chairmanship of Sir Vincent 
Caillard, and under the general management of 
Mr. H. A. Hoy, whose experience of locomotive 
design, construction, and working, gained first as a 
member of the locomotive staff of the London and 
North-Western Railway Company, and later as 
chief mechanical engineer of the Lancashire and 
Yorkshire Railway, has had pronounced influence 
on the workshop practice at the company’s estab- 
lishment. Mr. Hoy has not only organised the 
shops, adding a large number of new machines, but 
has completed the substitution of electric for steam 
driving, and has reorganised the administration 
methods—the latter as important to economy as 
any of the changes. 

aking now the general arrangement of the 
works, there are, as shown by the plan (Fig. 3), 
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miles, operated by small locomotives adapted to 
the gauge. Two additions to the plans, as drawn 
out by Beyer for the original site, have been made, 
which are worth recording. One is the uniting in 
one length, by roofing-in the yard space between 
the middle and right-hand ranges of shops, the 
originally separate erecting-shops, thereby enabling 
the travelling cranes, which formerly each served 
one shop, to be used in conjunction in lifting the 
finished locomotives. The other modification is 
the enlargement of the frame-shop by roofing-in a 
further portion of the contiguous yard-space to the 
extent of 175 ft. by 78 ft., to accommodate new 
and enlarged frame-slotting and frame-drilling 
machines, to enable the longest locomotive frames 
of modern times to be dealt with at one setting. 
This was made possible by the dismantling of the 





—GORTON FOUNDRY. MANCHESTER - \ 
GORTON 1906. PO Ries saw oN \ } 


— 


200 250 Feet 





ates ane Soak 
WITH S “ CASTIN 
oo. DRESSING DEPT 


270! -- 


sRON FOUNDRY STEEL FOUNDRY 


[ose 


o ao @B 


BRICK SHEDS 





$8 -@-o- 8 1-2 


- 
10 TOM FURNACE 























Fie. 3. Pian or Works 1n 1906. 


what may be described as three external blocks of 
buildings and one internal or central one. In the 
three former the earlier stages of the work are car- 
ried on, and from these the various parts are trans- 
ferred to the central block for further completion, 
either by way of the general machine-shops, which 
occupy the main part of the central block, or direct 
to the erecting-shop, where the final stages of the 
work are completed prior to the steaming and 
despatch of the finished locomotives. The raw 
materials enter by railway at the north-west corner, 
and are conveyed either to the central stores, or 
direct, by suitable sidings, to the foundries, forge, 
boiler shops, and other departments where the 
earlier operations are begun. The transport from 
these shops to the respective machines in the 
central block is facilitated by a series of 18-in. 

uge railways laid throughout the works in all 

irections, and having a total length of nearly two 














old Lancashire boiler plant in this yard, consequent 
upon its being no longer required. 

In connection with the completion of the con- 
version from steam to electrical power already 
alluded to, it is an interesting fact that it was at 
Gorton Foundry that the first extensive use in an 
English works of the three-phase system of current 
for the transmission of power was made. From 
the beginning this proved a great success, and its 
use has now been extended throughout the whole 
works. The whole of the current, for both power 
and lighting, is now obtained from the Manchester 
Corporation. The company’s power plant formerly 
consisted of three compound engine sets of 220 
horse-power each for three-phase current, and 
three triple-expansion engine sets of 110 horse- 
power each for direct current for lighting and 
crane-driving purposes, one set in each case acting 
asa stand-by. The steam was supplied from locg- 
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Fic. 1. Bosstn-SHarr or Seeep-FramMe 


Fencep at A. 


Fic. 3. Set-Screws on Bopsin-SHart or 
Speep-F RaME, 


Bossin-Suart (A) or SPEED- 
FRAME. 








Fie. 4. “Jack-Box” or a Sprnninc-FRAME, SHOWING 
TootHED WHEELS AND Provectine Set-Screws. 





Fic. 6. Carninc-Enoine, with Piate-WHEELs 


INSTEAD OF ARM-WHEELS. 


Fie. 5. ‘‘Jack-Box” CompLeTeLy 
Fencep By Automatic Doors. 





Fic. 7. Comptete Guarp (A) AND PiLate-WuHeEeL (B) on Corron-BaLe Breaker. 


motive boilers fired by gas. At a further stage in 
the scheme of power conversion, an arrangement 
was made with the Manchester Corporation for the 
provision of 500 horse-power from their three- 
phase mains. This could not, however, be used 
im conjunction with the company’s own current, 
owing to a difference in the periodicity. Finally, a 
new arrangement on a larger basis was recently 


concluded with the Corporation, which has re-| 


Fic. 8. Srrap-Fork on Drawine-Frame. 


sulted in the abolition of the steam-engines and | vice, also at 210 volis. To the transformers the 
generators and their replacement by suitable trans- Corporation cables convey three-phase current at 
formers. The power plant now consists of six static | 6500 volts pressure. 

transformers of 150 kilowatts each, giving a total, As regards the methcd of power transmission, 
output of 900 kilowatts three-phase current, 50 group-driving is generally ay om throughout the 
periodicity at 210 volts pressure, for power-traps- works, although many of the larger machines have 
mission purposes, and two motor converters of separate motors. The old shafting is thus uti- 
200 kilowatts each, giving a total output of 400) lised, the former lengths being diviced in two or 
kilowatts direct current for lighting and crane ser- | left intact, so that either two or four motors take 








6 











the place of one of the old wall engines that used 
to drive each double length of line-shafting. 

Continuous current is used for the dperation of 
the cranes, the latest installed having double lift 
with four motors; but in two particular cases, 
when converting the old rope-driven cranes to 
electric driving, a three-phase motor was used to 
drive through belting the existing mechanism, 
otherwise they were converted to three-motor 
direct-current drive. It is interesting to note that 
formerly the mere driving of the rope in the long 
erecting-shop already referred to absorbed 25 horse- 
power. This is indicative of the economy effected 
throughout the works by the abolition of the 
rope-driven cranes. The new framing-shop is 
served by a 20-ton electrically-driven high-speed | 
overhead crane, with a span of 72 ft. Similarly, 
overhead travelling electric cranes have been fitted 
for all shops where the heavier weights require to be 
lifted ; the capacity of those in the boiler-shop is 
12 and 20 tons; in the engine-erecting shop 26 and 
40 tons; in the packing and painting shops 20 and 
25 tons ; and those in the other departments range 
from 15 to 25 tons. In several of the machine- 
shops, where the smaller units are dealt with, 
electric walking-cranes of 3 to 4 tons capacity have 
been installed. 

The whole of the yard spaces and shops are well 
lit up by arc-lamps of both the open and enclosed 
type. Incandescent lamps are also used in the 
offices and shops. The gas-mains have been left 
in position as a stand-by in cases of emergency or 
for occasional requirements. 


(To be continued.) 
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Le Canal de Suez. By Voistn-Bey. Seven volumes of 
text cnd one volume of plates. Paris: H. Dunod et 
E. Pinat. [Price 90 francs. ] 

In consideration of the fact that no exhaustive 

treatise on the Suez Canal has ever been compiled, 

M. Voisin-Bey set himself the task of placing on 

record a complete history of this great engineering 





'canal and the honour conferred on 


‘canal, and the charges made on ships 





work from the time of its conception to its com- | 
pletion and opening for traffic. 

Since the author, was, till lately, Inspecteur- | 
Général des ponts et chaussées, and was, during | 
the construction of the caual, Director-General of 
Works, he is naturally well fitted for his self- | 
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the 


opening of 
M. de ps, 
proceeds, in the second volume, to recount the 
original regulations controlling the working of the 
passing 
through it, together with all the steps by which 
the final tariff was arrived at, full accounts being 
given of the working and results of the Inter- 
national Commission on tonnage rating, which sat 
at Constantinople during the years 1873-1875. The 
historic purchase of the Canal shares and the nego- 
tiations carried on between M. de Lesseps and 
Colonel (afterwards Sir John) Stokes on behalf of 
the British Government are then detailed. Subse- 
quent to this incident fresh regulations for the 
working of the Canal had to be drawn up owing to 
the interests of the British Government, and also 
to the attitude of the British shipowners. The 
discussions in, Parliament and the agreements 
arrived at are both recorded. In dealing with the 
later history of the canal, the subject of its enlarge- 
ment is fully treated, and all incidental subjects, 
such as the fresh-water canal to Port Said and the 
Port Said steam tramway, are also dealt with. 
_ The remaining four volumes deal with the actual 
progress of the constructional work during the 
riod 1859-1869. In this portion are reviewed 
ormer projects for a canal route between the 
Mediterranean and the Red Sea, the final plan 
agreed upon by M. de Lesseps and the Khedive, 
and full details are given of the work and the pro- 
gress made by the numerous contractors who under- 
took portions of the scheme. Accounts and costs 
are-also given in abbreviated form. The volume 
of plates gives in a very thorough manner drawings 
relating to both the projects of M. de Lesseps and 
also those of former schemes. Drawings are also 
given of the actual working appliances, dredgers, 
transporters (some of them of a very primitive 


The work, after recording the 


nature), of the controlling works for the filling of | 
Lake Timsah and the Bitter Lakes from the Medi- | 


terranean, sections of the canal, &c. 
work of M. Voisin-Bey is a complete review of the 
undertaking. Though not a critical work, it will 
probably be one of lasting interest to the student 
of modern history ; and the details of organisation 
and construction, and costs and materials, being 
given in such profuseness, the work is likely to be 
of more than ordinary interest to civil engineers. 
We regret to notice a rather inordinate amount 
of errata attached .o each volume, but in many 
instances the corrections are of minor importance. 


In short, the | 


mere enslaving routine. The one great requirement 
for the education of the future is firmly to grasp 
the fact that a study of words is not a study of 
things, and that a man cannot become a carpenter 
merely by learning the names of his tools... . 
This tendency” [to learn words without clearly 
| comprehending their meaning] ‘‘is encouraged by 
| foolish parents, who like to see their infant prodigies 
appear to understand things too hard for them- 
selves, and look on at their children’s lessons in 
mathematics like rustics gaping at a fair. They 
forget that for the practical purposes of life one 
thing well understood is worth a whole bookfull of 
muddled ill-digested formulz.” 

Passing from the introduction to Chapter I, we 
find ourselves at once introduced to the fundamental 
ideas which govern all our notions of terrestrial 
and celestial phenomena—the ideas of space, mass, 
and time. Special attention may be drawn to the 
discussion of what is meant by ‘‘ mass,” for the 
confusion of ‘‘mass” with ‘‘ weight” is much too 
prevalent, and is even to be found in text-books 
written by teachers of science. Time is, of course, 
the author’s main subject of discussion, and to it 
the remainder of the chapter is devoted. Natu- 
rally, he begins with the apparent motions of the 
sun, moon, planets, and stars in the heavens, and 
explains the ideas which the ancient Greeks and 
Egyptians had of these motions, and how they 
reasoned regarding them. Most educated persons, 
we dare say, could tell from whence our names for 
the days of the week are derived ; but we are not 
sure that a large proportion of these same persons 
could explain how the sequence of these days came 
to be fixed—that is, how it is that Sunday is fol- 
lowed by Monday, Monday by Tuesday, and so on. 
That this sequence is not arbitrary, but based on 
definite reasoning, is clearly shown by Mr. Cunyng- 
hame in a very interesting portion of this chapter. 
The earliest time-keeper—the sun-dial—is then 
explained, and the chapter closes with descriptions 
of ancient water-clocks and of sand-glasses. An 
appendix is added on the making of a sun-dial. 

Chapter II. is noteworthy for the attractive 
manner in which the author leads the reader up to 
‘comprehension of the fundamental law which 
| governs the motion of a pendulum. He begins by 
outlining ancient physical ideas as promulgated by 

Aristotle, Ptolemy, and Copernicus, and then 
shows how the great Galileo, by his discoveries and 
deductions, first laid a true foundation for the 
building of modern science. Close attention is 





imposed task, which, commenced in 1902, he has The work of cutting the canal has proved to be of | given to an explanation of the attractive force of 
brought to a successful close in the recent publica- | universal interest, and it is well that it should | gravity and methods of measurement of this force, 


tion of his large work in eight volumes. 

It is fitting that the history of an undertaking 
pushed by a French engineer, and built by French | 
enterprise, should be compiled by a Frenchman | 
and be published in the language of that country. | 
The work is almost wholly descriptive, and not of | 
a critical nature, and it is therefore one for which a | 
review becomes almost superfluous. It is divided 
into two divisions. The first sectiun is contained 
in three volumes, and deals with all the agree- 
ments, concessions, documentary and other matters 
relating to the negotiations attendant upon such an 
enterprise, from the time that the first steps were | 
taken in 1854. _We have said that the author 
carries his work down from: its conception to ‘its 
completion. Practically he does more than this, 
for he has continued his records after the comple- | 
tion of the actual undertaking down to the agree- | 
ment of 1902, relating to the transfer to the State | 
of the Port Said-Ismailia Railway. 

Volume I. opens with the first active step taken by 
M. de Lesseps, and the reader is carried on over a 
period of time extending to the year 1869, the 
year. of the opening of the canal. In this period 
the undertaking passed through times of extreme 
difficulty. The first concession was granted in 1854, 
but it was not until the spring of 1859 that the actual 
work was commenced. The intervening time was 
spent in international inquiries, and in overcoming 
opposition to the scheme from all sides. It will be 
remembered that this opposition was strong in 
Great Britain; a considerable amount of space 
is given to this in the first volume. The actual 
formation of the company is given in full detail. 
The agreements and many regulations, such as | 
those affecting the employment of natives, are 
given verbatim. During the period from 1859 to 
1869, when work was actually in progress on the 
canal, the company had to contend with financial 


have its history recorded in a manner in keeping 
with the monumental undertaking. 





Time and Clocks: a Description of Ancient and Modern 
Methods 4 Measuring Time. By H. H. CUNYNGHAME, 
M.A., C.B., MLE.E. London: Archibald Constable 

and Co., Limited. [Price 6s. net. ] 


these lectures, but we feel sure that such is the 
case, as the book is written in lecture form. 
Lectures do not always stand the test of publica- 
tion, but the present volume is a splendid example 
of the contrary. Mr. Cunynghame deserves our 
thanks for this publication, as he has provided us 
with an altogether delightful book, full, of in- 
struction given in a most attractive manner. As 
an illustration of the art of giving’ popular lectures, 
the book ought to be read by scientists, even 
though no fact it states should be unknown to 
them ; while for young people it would be difticult 
to find a more excellent introduction to science and 
scientific methods than that Mr. Cunynghame has 
here provided. We propose to give a brief outline 
of the contents of the volume. 

The short introduction deserves notice, if only 
on account of the wise remarks it contains on 
methods of education, remarks which are made all 
the more forcible by the author’s humorous 
touches. Seldom has the real issue in the dispute 
over the rival merits of classical and scientific 
education been more neatly and succinctly stated 
than in the opening sentences of the following 


passage :— 
**The battle between classical and scientific | 


education is not in reality so much a A 
regarding subjects to be taught as between methods 
of teaching. It is possible to teach classics so that 


| stars moved in their orbits. 


‘and the reader is instructed in the laws of falling 
bodies, the composition of velocities, and the reso- 
lution of forces. 

| ‘The way is now cleared for the introduction of 

| the pendulum, and Chapter III. opens with a full 
discussion of the law governing its motion. As 

|an illustration of the author’s method and of his 


| Ir is nowhere stated in this most interesting volume | style of writing, we may perhaps give the following 
_ that its contents are chiefly the author’s Christmas | quotation :— 
lectures at the Royal Institution, or are based on | 


‘** This grand law, by which so many phenomena 
of Nature are governed, has a very beautiful name, 
whith I hope you will remember. It is called 
‘harmonic motion,’ by which is meant that when 
|the atoms of Nature vibrate, they vibrate, like 
piano strings, wading to the laws of harmony. 
The,, ancient thagorean philosophers thought 
that all Nature moved to music, and that dying 
souls could begin to hear the tones to which the 
They called it, as 
you know, the ‘ music'of the spheres.’ But could 
they have seen what science has revealed to man’s 
patient efforts, they would have seen a vision of 
harmony in which not a ray of light, not a string 
of a musical instrument, not a pipe of an organ, 
not an undulation of all-pervading electricity, not 
a wing of a fly, but vibrates according to the law 
of harmony, the simple easy law of which a boy’s 
catapult is the type, and which, as we have seen, 
teaches us that when an elastic body is displaced 
the force of restitution—in other words, the force 
tending to restore it to its old position—is propor- 
tional to the displacement, and the time of vibra- 
tion is uniform. The last is the important thing 
for us; we seem to get a gleam of a notion of how 
the clock and watch problem is going to be solved.” 

That is a somewhat lengthy quotation, but we 
have given it here to show how the author con- 
| trives to attract the reader’s attention and to make 
a scientific principle a real thing to him. Having 





and other difficulties, owing to the attitude taken | they become a mental training of the highest value. | taught the principle, the author goes on to show 


up by Ismail Pasha. 





It is possible to teach science so that it becomes a 


its application in the pendulum, and then explains 
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the application of the pendulum in clocks. Galileo’s 
clock and his type of escapement are first de- 
scribed, and the chapter closes with a discussion of 
the old ‘‘ verge escapement ” and of the ‘‘ anchor 
escapement,” used in a ‘‘ grandfather's clock,” of 
which, says the author, ‘‘one should be in every 
house.” 

Chapters IV. and V. do not require detailed 
notice, as they are devoted to the explanation of 
the different parts of the mechanism in clocks, 
watches, and chronometers, and of modern methods 
of measurement of very short periods of time. It 
is sufficient to say that the descriptions-are re- 
markably lucid and always interesting, and some 
attractive experiments for the reader to perform 
are outlined. An appendix is added on the shape 
of teeth of wheels. 

To young persons of a scientific turn of mind, 
this book cannot fail to be attractive ; and as for 
others, who may not have shown a marked taste 
for science, it may be the means of opening their 
eyes to the beauties of this kind of knowledge, and 
of encouraging them to take a new interest in 
common objects around them. Even those who 
are no longer boys will find pleasure and instruc- 
tion in Mr. Cunynghame’s pages. Some of the 
references to earlier diagrams in the volume are 
not quite clear, through the omission on the dia- 
gram of letters referred to in the text—e.g., ‘‘ M’,” 
page 16 ; and on page 36 the printer has made a 
jumble of the sentence beginning in line 1 by 
dividing it into two in the middle. On Fig. 1, A’ 
and B’ should be transposed. No mention at all is 
made of’ Chapter V. in the Table of Contents. 
These, however, are minor matters, and the book 
is one we can thoroughly commend. 





The Munufacture of Lubricants, Shoe - Polishes, and 
Leather-Dressings. By RicHARD BRUNNER, Technical 
Chemist. Translated from the Sixth German Edition 
by Caartes Satter. London: Scott, Greenwood, 
and Son. [Price 7s. 6d. net. ] 

This little book in the original German has met 

with great success, and has already reached a sixth 

edition, so that prima facie there would appear to 
be justification for the preparation of an English 
translation. An examination of the English text 


shows the book to be full of useful information on | 


the preparation of all kinds of lubricants, shoe- 
polishes, and leather-dressings. The author is not 
content merely to give receipts for these prepara- 
tions ; he discusses in a scientific manner the pro- 
perties of the bodies used as lubricants, the raw 
materials from which they are —-, and de- 
votes twenty-two separate short chapters to different 
kinds of lubricants, greases, and oils, and to their 
uses in engineering, and on all kinds of machinery. 


Part II. contains six chapters devoted to shoe- | 
polishes and leather-softening preparations, and | 


while those ‘‘in the trade” will profit most by this 
discussion, others of the general public cannot fail to 
wish, on reading it, that their domestic servants 
might put in practice the author's instructions in 
their care of the household boots and shoes. This 
is a really useful little volume, and the. translation 
from the German is well done. 





The Marine Steam- 
Engineers ‘and* 
Whittaker and‘Oo. [Price 6s. ] ) 

Tuts is a second and much-enlarged edition of a 


ip bui of Scotland. London: 


work on which we have already had occasion to | 
make very favourable comment, on its fitst pub- | 


lication some five or six months ago. The nature 
of the work is very well described in its sub-title, 
which is ‘‘ A Practical Description of the Parsons 
Marine Turbine, as presently Constructed, Fitted, 
and Run.” No other work. with which we are 
acquainted contains one tithe of the amount of 
information as to details of the Parsons turbine 
to be found in this little volume. The new matter 
includes some notes on the actual running of the 
turbine on board ship, and the precautions observed 
to avoid ible seizing of the dummies or contact 
of the blades with the casing. Incidentally, it is 
of interest to note Mr. Sothern’s statement that 
the wear on the thrust-block is sometimes found to 
be in the wrong direction, the propeller thrust 
being actually slightly overbalanced by the steam 
pressure. In all cases this wear is remarkably | 
little, in spite of the small dimensions of the | 
thrust-block, indicating that the load taken by | 
it is extremely small. In large steamers fitted 
with reciprocating engines, the loss in thrust-block | 


With the turbine it is probably not more than | indicate year by year the progress that has been 
1 per cent. made in cotton-mill safety as a result of the recom- 
r. Sothern’s volume is crammed with just such | mendations made in 1899. 


interesting notes as the above concerning the wear | 
on the thrust-blocks, the information being of a 
_ kind that can-be obtained from practical experience 
and. observation only. Theoretical matters are 
| treated with a very light hand, the sketch given 
being just sufficient to indicate in a qualitative 
manner the principles involved. In this respect 
Mr. Sothern’s work forms a striking contrast to| 
most of its predecessors and contemporaries.’ In | 
most of these all the ‘‘ quantitative '’ matter has a | 


With these points in view, the present report 
deals with the phase of the matter as we have it to- 
day, with present-day requirements, illustrations, 
and suggestions. The report sets forth the bear- 
ing of the existing law in thé Factory Act of 1901, 
Sections 10, 12, 13, 17, 18, 79,. and 156, on 
machinery fencing and general safety. Other 

ate sections are quoted, bearing on steam- 
boilers, fire-escapes, dangerous ways. 

To the main factors of the report—those con- 


direct relation to theoretical points, and little is| cerned with the safe covering of dangerous parts of 
given save vague generalities as to the dimensions, |machinery—careful consideration should be given. 
clearances, and the subsidiary accessories of the The “‘géneral tecommendations” are the outcome 
steam-turbine. It is just on these points that| of actual.occurrences in)cotton-mills.: Projecting 
Mr. Sothern’s work is so valuable in giving dimen- | ‘set-screws, for instance, are an every-day source of 
sions and detail drawings taken from actual. tur-| accident; in the,card-rooms of ‘cotton- mills there is, 
bines. The library of no engineer interested in this at present, probably no: cause. of: accident which is 
new method of ship propulsion can be considered | so prolific. And even in the:case of machinery 


rbine. J. W.Soruern, M. Inst. | 


complete without this little volume. 
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SAFEGUARDS FOR COTTON 
MACHINERY. 

From the Home Office a report has lately been 
issued on ‘‘ Safeguards for the, Prevention of Acci- 
dents in the Manufacture of Cotton.” This report 
is compiled by Mr. H. S. Richmond, H.M. Super- 
intending Inspector of Factories for the North- 
Western Division. 

The proper fencing of dangerous parts of machi- 
nery used in the spinning and weaving of cotton 
has occupied considerable attention of inspectors, 
machine-makers, and master-spinners for some time 

t. Seven years ago an important report was 
issued on the same subject containing suggestions 
as to practical means of reducing the number of 
accidents in cotton- mills by carefully-contrived 
safety appliances. That report has been of good 
service to all concerned, aud has, as the present 
document clearly shows, done much to save the 
lives and limbs of the workers. 

The report under consideration supersedes the | 
former one in several particulars. The consolidat- 
ing and amending Factory Act came into operation 
in 1902. Since 1900 the number and causes of 














installed during the .last five years this important 
recommendation might have had.more serious con- 
sideration from those machinists :who allow set- 
screws to project on the bobbin and oar shafts of 
speed-frames, and in certain parts of the ‘‘jack- box.” 
It is true that bobbin and spindle shafts have plates 
covering the top, front, and back sides (see Fig. 1, 
page 5); but when girls ‘‘clean” the vertical 
spindles just under the bobbin shaft, it often occurs 
that cleaning-cloths are caught in the revolving set- 
screws above (Figs. 2 and 3), and the fingers are 
injured. In one instance a young person lost her 
right hand from this cause. The report is, particu- 
larly explicit on this point : no projecting set-screws 
should be allowed ‘‘ on anything that revolves.” 

It is a practice in many mills. for young persons 
to go under the back of the bobbin creel in speed- 
frames to clean the spindlés and the back guards 
of the bobbin and spindle bevels.’ Here they are 
exposed more than ever to the dangerous set- 
screws. They do not clean the screws or the 
moving bevel wheels, but they get so perilously 
near that the waste or cloth that ther have in hand 
hooks on the screw-heads, and accidents follow. 
Parts of the gearing of old speed-frames present 
tie same features of danger from screws. 

The report also draws attention to couplings and 
collars on shafting. It.is demonstrated almost 
daily that a large percentage of shafting accidents 
are due to the set-screws projecting from couplings. 

The engineer, or the oiler and greaser, with a 
loose smock, gets his ladder, hangs it on to the 
overhead shaft, and ascends to oil the shaft-bear- 
ing; and since many of the shaft-couplings are 
near these bearings, he thinks nothing of the im- 
tg danger. He has done this work often 

fore, has never had an accident, and dves not 
calculate the risk he is runving, until the ‘‘ un- 
expected” actually happens. The screw-head 
seizes his smock, generally about the armpit, and 
will not stop its revolutions till the engine is 
brought to a standstill. 

The report further lays stress on the necessity 
of ,toothed: wheels being ‘‘ effectually covered.” 
Accidents: may and do happen with toothed wheels 
which are only rtially fenced. This should be 
obvious to the designer of a.guard. Many cog- 
wheel guards merely cover thé-in-gathering point, 
and a few inches of teeth on either side iy . 4). 
It has even been suggested by men who on 
been among~ machinery for thirty years that 
an iron bar just over the:intake of the wheels 
would be efficient. If hands or, fingers in any 
locality resist the onward motion”of the teeth, 
obviously damage must come to the fingers. It 
thus happens that when a woman is cleaning one 
of these partial guards, her cloth becomes en- 
tangled between the end of the guard and the teeth 
of the wheel. . She tries to free the cloth, and her 
fingers become involved. Such an accident ‘often 
happens from wheels which are not effectually 
covered. and bevels should be fenced wher- 
ever there is likelihood of finger-contact (Fig. 5). 

While here dealing with wheels, we may note 
another recommendation of the report. Arm- 
wheels running at high speed should either be 
fenced or replaced by plate-wheels (Figs. 6 and 7). 
This is a much simpler matter than many suppose. 
Many arm-wheels have been effectively converted 
into plate-wheels by covering the spokes with discs 
of sheet-metal. In many cotton-mills the metal 
disc has been adopted in the armed pulleys which 
run near the floors in blowing-rooms. Arm-wheels 





friction appears to be in the neighbourhood of | cotton-mill accidents have been compiled, and are 
6 to 7 per cent. of the total indicated horse-power. | here tabulated from the reports received. These 





|are responsible for many casualties in the rim- 
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Fig. 11. A Beater-Biape or a SovutTcHeEr. 
Fic. 10. Carpinc-Enetne usep tn Corton-SPINNING, WITH 


Srrap-Fork, at A. 








—_ +. 


Fie, 12. Piatrr’s APPLIANCE FoR BeateR-CHAMBER OF SCUTCHER. Fie, 13. Carpine-Encine Door, HINGED at THE Bortom. 


tightening pulleys of mule headstocks and in the| provided only with fast pulleys runs as long as the| workmen moving straps of carding-engines from 
fly-wheels of speed-frames in the card-room. rime-mover, the necessity of fast and loose pulleys | fast to loose pulley by hand. These straps are 

There seems to be no valid reason why many|in case of accident will be evident. Strap-forks| covered with pasty material to enhance their grip- 
arm-wheels should not be superseded by plate-|come as a necessary adjunct. The strap is to be ping power, and as they travel at the rate of 12 ft. 
wheels in new machinery. moved from fast to loose pulley by the fork, not by | per second, if a workman slip or is drawn off his 

Loose pulleys and strap-forks are recommended | the hand of the operative. Lolishés, his hand is taken between the strap and 
for all machines (see Fig. 8, page 5, and Fig. 9,| In the card-rooms of cotton-mills several serious pulley, and he is hurled with great force against 
above). When it is remembered that machinery |-ccidents and even fatalities have occurred from. the projecting points on the frame of the machine. 
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Fie. 14. Carpinc-Enoimng, Cover Down ; CYLINDER Exposep aT A 
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. 18. A Corroy-Loom wirH,SHuTTLes, anp SHutTrie-Guakp To PREVENT THEM FROM ‘*Fiyina.” | “‘ beater” shaft (Fig. 11), which cannot be seen by 


Curtain oF Cotton (A) Hipine THE CYLINDER or CaRDING- 


ENGINE. 





Carpinc Enoinze-Door Ciosep sy Legs & SMALLEY’s APPLIANCE. 


Strap-forks on carding-engines (Fig. 10) have in 
many cotton-mills done effective service during 
|several years’ usage. It is a well-known fact that 
|several of the serious casualties which have hap- 
| pened would have been prevented by this valuable 
appliance. 

| Many of the former objections to strap-forks 
have been surmounted ; the inconvenience and 
|risk which were suspected have not been proved by 
jactual experience. Where well-fitted strap-forks 
|are in use, operatives find them free from risk and 
|easy to manage; the straps are never handled in 
transferring from fast to loose pulleys, therefore 
no accidents happen. In the blowing-room strap- 
forks have long been in use ; it is therefore to be 
hoped that when carding-engines are installed they 
will include strap-forks as part of the necessary 
equipment. 

The report indicates and illustrates several 
| efficient and approved safety appliances for cotton 
machinery. In the blowing-room of to-day a 
| serious form of accident occurs which is absolutely 
| preventable by mechanical means. Raw cotton is 
very variable in its packing. Some bales are 
fairly uniform, others contain hard lumps of 
fibrous cotton, which become wedged about the 
feed-plates of the scutcher. The workman desires 
to remove these pieces of cotton, places the 
driving-strap on the loose pulley, and imagines the 
| machine has come to 4 standstill in a minute, or 
thereabout. As a matter of fact, the inside 
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him, and has on it heavy iron blades, takes three | 
minutes to come to a proper stand. He opens the | 
door of the machine, puts in his hand to detach | 
the cotton, the blade is silently whirling round | 
within, and in a moment takes off a portion of his | 
fingers. As the report shows, appliances (Fig. 12) | 
are now forthcoming which prevent the door of the 
machine being opened at all until the cylinder 
within is quite still, When the rod A is in the 
eye B of the driving pulley, the chamber-door can 
be opened. When the rod A leaves the eye B, the 
door cannot be opened; the beater is then set 
in motion. Similar safeguards are also applicable 
to carding-engines. The casualties from carding 
cylinders are specially mentioned in the report. 
They are well known in Lancashire as being of 
a serious nature. No fewer than twelve men 
have lost an arm or a hand from being caught 
between the carding-engine cylinder and the cover- 
lates. In one case the accident proved fatal. 
his accident is quite unforeseen on the part of | 
the victim, who, when caught, is absolutely power- 
less to help himself. He is at the mercy of the | 
moving machine, which he cannot stop or check in | 
any way. Some cylinder doors are hinged on the 
lower side (Fig. 13), and during the process of | 
card-stripping these doors fall on the doffer-cover | 
(Fig. 14). After stripping, the door should be 
turned back to its place and fastened by a 
catch. It is often forgotten, and is left down 
for several minutes. Then a curtain of loose 
cotton (Fig. 15) falls from the comb above 
and prevents the exposed cylinder being seen. 
It is the duty of the operative not to allow 
this curtain to accumulate. He therefore comes 
along, and, oblivious of the danger, puts out his 
right hand to remove it (Fig. 16), under the im- 
ression that the cylinder door has been closed. 
na moment his hand is seized by the angular card 
wire, and he is drawn into the machine. The 
report illustrates the preventive appliances of 
Messrs, Lees and Smalley (Fig. 17), where a weight 
operates automatically in closing the cylinder door 
immediately after the stripping-brush is removed. 
This contrivance can be fitted to old and new 
machinery. The appliances of Messrs. R. Thompson 
and Son, Messrs. Catlow, Marsden and Dunn, 
Messrs. Witham and Lord, and of Mr. Fairclough 
are alsoindicated. These appliances have all been 
contrived by men whose daily vocation has been 
spent in the card-room. id 

Mules aredealt with in detail in the report of 1899. 
The present report contains the new regulations 
for mules, which came into operation on January 
1, 1906, and make it binding on occupiers to fence 
certain parts of mules, such as scrolls, draw-band 
pulleys, carriage-wheels, faller-stops, quadrant- 
pinions, backs of headstocks, and certain tighten- 
ing pulleys. Illustrations of approved guards have 
appeared in the pages of ENGINFERING. 

n reference to weaving, the report calls atten- 
tion to the following parts which have been pro- 
lific sources of accident :—F lying shuttles ; crank, 
tappet, and balance-wheels ; picking-sticks, ham- 
mers, duck-bills, cog-wheels, treadles, and project- 
ing set-screws. 

Shuttle-guards (Fig. 18) are compulsory, but 
some operatives, unfortunately, do not treat them 
seriously, and tie them out of position; in other 
instances the guards are not properly fixed. Efti- 
cient guards prevent a shuttle flying so high as 
to strike a weaver aboat the head in the ordinary 
course of her work. Hammers and duck-bills may 
now be well guarded at moderate cost. 

The tables given in the Appendix speak for 
themselves as to the beneficial effect of safe-guard- 
ing in cotton-mills. 

In regard to mules alone, since the year 1900 
there has been a reduction of accidents to the 
extent of 16 percent., notwithstanding the erection 
of over seventy new spinning mills. When it is 
borne in mind that the Lancashire cotton district 
now embraces over 5,000,009 spindles it will be 
seen that this result is eminently satisfactory. 











Buenos AYRES WeastERN RaiLway. — The Buenos 
Ayres R:ilway Company, Limited, is experiencing con- 
siderable difficulty in obtaining legislative authority | 
for an extension of its system from the Plaza Once, 
Buenos Ayres, to the . At the last dates a bill to | 
sanction the extension had been passed by the Argentine | 
Senate. but it was meeting with considerable opposition | 
in the Chamber of Deputies, the municipal authorities | 
claiming the exclusive right of dealing with the subsoil | 
of the city. 


THE EFFICIENCY OF BOILER PLANT. 
To THe Epitor oF ENGINEERING. 

Srr,—Your leading article on the above subject, pub- 
lished in your issue of November 16, has created a wide- 
spread interest among steam-users, especially in reference 
to the improvement in boiler efficiency which may 
brought about by the use of steam temperature feed, and 
due to mere temperature only, as exemplified by some 
trials which I recently made with a Dales and Braith- 
waite’s live steam feed-water heater, on a 30 ft. by 8 ft. 
6 in. boiler at the Harrogate Electricity Works. . This 
extensive series of trials, which were very carefully made 
by myself and staff and the Harrogate engineers, indica- 
ted quantitatively the hitherto doubtful extent of the 
long-observed economies which have arisen from the use 
of fot feed, both in regard to fuel economy and boiler 
maintenance, and they also pointed closely to the actual 
causes of the improved efficiency. 

The results were in a general way laid before the 
Municipal Electrical Association at their convention held 
in on in June last, by Mr. Wilkinson, the chief 
electrical engineer of the Harrogate Corporation, in the 
form of a paper, which also contained some valuable 
collected data on the subject. Quoting from this po 
so that there may be no question as to the figures, the fol- 
lowing tables of results which were agreed upon as being 
correct by Mr. Wilkinson and myself, show the im- 
provement due to live-steam-heated feed over the best 
results which could be obtained by the use of a three- 
set (288 pipes) Green’s Economiser when used with one 





boiler (a very unusual provision), 


indeed, most probable—that most of the gas to be elimi- 
nated is CO,. Steam (of any pressure) is about five- 
eighths of the specific gravity of atmospheric air of the 
same pressure, and about two-fifths of that of CO. It 
is, therefore, a reasonable supposition that CO, largely 
preponderates in the gases to be eliminated from a live- 


be | steam heater; and on account of their greater specific 


vity the gases will be found in the lower part of the 
Peating vessel, where provision must be made for their 
collection and elimination in a position which is we!l 
below the steam inlet, in order that pure steam (rela- 
tively) may be maintained for the heating of the 

-water. These points also are specifically included 
in the Dales and Braithwaite’s letters patent. 

Pure steam, finely-divided water, and time of fall for 
the heating of the water, are the natural essentials to 
the attainment of a temperature which is very close 
to that of the steam; and it is, perhaps, ecarcely 
necessary to state that, as time is an essential element 
in the of transmission, however rapid that 
may be, as well as a difference of temperature to any 
rate of transmission at all, the attainment of ful/ steam 
temperature in any practicable quantity of feed-water— 
or, indeed, in any quantity—is a physical impossibility 
where live steam is used for heating purposes. hen, 
therefore, a person claims to attain full temperature in 
any spray or other heater, the statement may be taken 
for what it is worth—that is, mere guessing. In any 
case of internal heating the indications of the ther- 
mometers must necessarily partake of the surround- 
ing temperature of the boiler, and so be misleading, 
always in the direction of favouring the heater. This 


EcONOMISER Freep versus ECONOMISER AND Live-SreaM-HEATED FreEp. 


The economiser consisted of three sets (288 pipes) Green’s economiser to one boiler 30 ft. by 8 ft. 6 in. 














No. PARTICULARS. E Only. and Heater. Depvuctioxs BY Mr. J. H. DAEs. 
1 Date oftest .. ae ..| May 1, 1906 | April 24,190¢ 
2 Duration of test * ia .. hours! 3 4} 
% Coal consumption, in pounds P 400 3,200 
4 Average coal burnt per hour, in pounds ¢e ‘ 800 752 
5 Average weight of coal per hour per equare foot * 23.53 22.147 6.245 p.c. \ less coal for live-steam-heater feed. 
rate } 
6 calorific value of 1 Ib. of ccal in B.Th. U. 14,260 14,200 9.245 p.c. advantage to live steam- 
7 (‘Total water evaporated in pounds a -| 20,250 29,500 heater. 
8 ‘Water evaporated per hour in pounds.. aa al 6,750 6,941 / : 
9 ae = per square foot of heat- 6.13 6.32 3.0 p.c. more evaporation for live-steam- 
| jing surface in pounds i heater feed. : 
10 (Water evaporated per pound of coal in pounds : 8.437 9.218 a .c. actual evaporation from live-steam 
11 | Equivalent evaporation from and at 212 deg. Fahr... 9.825 10.73 feed-heater, greater than economiser orly. 
12 | Absolute steam pressure, average in pounds. . 147 150 
13 |Temperature of steam in deg. Fahr. .. me 357 358 
14 | oo superheated steam in deg. Fahr. 439 457 Doubtful. 
15 |Superheatindeg. Fahr. .. “ St. 82 93 Doubtful. 
16 | Temperature of cold feed-water in deg. Fahr. 49 47 
17 ee water in bottom of boiler 343 341 | Not reliable. 
18 S feed from yas wean - : 237 265 Doubtful as to aciual temperature. 
19 a ive steam-heater.. _ 348 
<0 f ” entering boiler 237 348 } Tested thermometers. 
t ” gases leaving boiler flues — _ 
<2 ” ” economiser 256 284 (?) 
23 o atmosphere in shade .. 5 ah 63 49 
24 Draught in ash-pan due to steam-jets, lin. water io., +.1 + .21 
25 0 in side flues of boiler terminal in. - .15 - 2 
26 » at base of chimney, 1 in. water in. — .38 -.4 
27 «Average CO... ve ey . ‘ioe a cent. | 10 10(?) 
28 Pounds of air per pound of fuel by calculation 21.9 i | 
29 Ccmbined efficiency of plant... -. per cent.| 72.059 | 79.397 |) 10.182 per cent. economy of heat to live- 
steam feed-heater. 
30 Percentage efficiency due to boiler and economiser. -| 62.3 | 61.16 
81 » *” »  economiser.. “| 9.68 14,14 (?) 





General Remarks.—The weights of coal and water may be taken a3 minutely correct, a3 also the time of duration of the 
tests ; and these being the main items concerning fuel economy, special notice is drawn to them. 

The temperatures of the steam and feed water may also be taken as correct, as they were taken with thermometers 
which were new, and had also been tested, especially for corresponding reading ; aud the readings which were relied upon 


were in a medium range of the marking of the scaley. 


The total heat units developed by the coal in Test No. 3 were 11,360,000 per hour, and the heat utilised by the eva) 
of 6750 Ib. of water, of a total heat of 1190.69 units per Ib , was 8,037,200 unite, or 70.75 per cent. 


ration 
In Test No. 5 the total 


heat developed per hour was 10,678,490 unite, and the heat utilised in the evaporation of 6941 lb. of water, of a total heat of 


1191.2 units per lb., was 8,268,100 units, or 77.49 per cent., and — 


49 , , 
mn 75 = 1.69525, making the economy of the live-steam- 
Med 


heated feed 9.525 per cent. greater than that of the economiser feed only. 


These tables show a difference in favour of the live- 
steam-heated feed of about 10 per cent., which is a very 
remarkable result on the ep of the utmost ordinary 
economy from heat-savers. The paper alsoshows that in 


the tests to which the tables refer, the feed-water was | 


supplied by the live-steam heater to the boiler at a tem- 
rature which was only 10 deg. Fahr. below that of the 
iler steam at full pressure. This is also equally re- 
markable asa result, and one which can only be reach 
by a heater which eliminates to the utmost possible 
extent, from the heating steam, the absorbed gases which 
the feed-water brings into the heating vessel. This 
elimination is the special feature of the heater in ques- 
tion. If the gases are not fully eliminated, the rate of 
absorption of the latent heat from the steam is so much 


reduced, by the relative bad conduction of the mixed gases | 


and steam, that .the desired temperature cannot be | 
attained by the water in the time of its fall through the 
heating steam. This is very easy to prove by closing the 
air-valves of the apparatus, and was tested in the course | 
of the trials. Moreover, the gases, if not eliminated, | 
accumulate at a greater rate than they diffuse, especially 
if the boiler-pump draws air at the gland (a common 
occurrence); and a heating vessel of this kind may 
(and has) become quite cold when the air-valves were 
experimentally closed, in spite of the fact that the steam- 
vabed from the boiler was wide open. As to what the 8 | 
are, the following facts may give some clue:—Water | 
absorbs about 1.8 of its volume of CO.; about 0.025 of 
atmospheric air, and other quantities of other gases not 
generally arising in the question of feed-water. This 
property is independent of pressure, and it is likely— 


matter of error, of course, in a reverse way applies to an 
outside heater, where the indications are always lower 
than the actual. Corrections are required in both caser. 
In the Harrcgate figures the steam thermometer was 
corrected by the table temperature for the pressure, and 
the same correction was made for the water thermc- 
meter, both to the extent of about 16 deg. Fahr. Experi- 
mentally the writer has, by the readings of good thermo- 
meters, obtained when feeding about 700 Ib. per hour into 
a vertical boiler, temperatures in a feed as near as 7 deg. 
Fahr. to that of the steam, but in a large heater, dealii g 
with up to 14,000 lb. per hour, has not had any indica- 
tions which he considered reliable, and which could be re - 
produced, to nearer than 9 deg. or 10 deg. Fabr. to the 
steam temperature. The average temperatures in the 
Harrogate trials, where the feed-water was supplied by a 
direct-acting steam-pump of large size, delivering an 
intermittent stream, and therefore unfavourable of the 
best results, were to within 11 deg. or 12 deg. Fahr., 1.4 
the best as near as 9 deg. Fahr. to the steam temperature. 
The readings of the thermometers were remarkably steady 
and consistent, but the fluctuations, while within a narrow 
range, were not easy to account for. No doubt the steadi- 
ness of the feed would, within this range, affect the 
temperature. When it is realieed that the amount of tLe 
feed, at 14,400 lb. a4 hour, is at the rate of a run of about 
16 in. per second full bore, in a 3-in. pipe, the tempera- 
ture attained in this class of heater is phenomenal and 
remarkable ; especially in so small an area as the heating 
chamber of the apparatus to which reference is made. 
The foregoing figures, of course, refer to temperatures of 
feed when the pumps or injectors are working. If they 
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are stopped the tem aker 
guarantee to heat 30,000 lb. of water per hour to within 
15 deg. Fahr. in one of their stock sizes, which is 2 ft. 
in diameter and 3 ft. 6 in. long in the heating chamber ; 
and that as an everyday matter, with no practical 
difficulty whatever, and with practically no attention. 
The usual temperature is 10 deg. Fahr. below that of 
the steam, but they allow themselves a margin of 5 deg. 
; Fahr. in a guarantee. The action is evidently very 
perfect. but it is clear that any tampering with the 
principles must spoil the result. This does not mean 
that an exact adjustment of anything is required in 
working ; for all attempts to ‘‘drown” the temperature 
with any quantity of water which can be made to pass 


through the heater have failed, and the margin for | 


. quantity is evidently wide. ’ 

. Having made these general statements, mainly on 
the basis and evidence of Mr. Wilkinson’s paper, I 
must now refer to a letter from him which was published 
in your issue of December 7. This letter discusses in- 
ternal versus external (to the boiler) live steam feed- 
water heaters in such a loose manner as, in the opinion 
of the writer, may be misleading to persons requiring in. 
formation on the ‘subject of hot feed, and detrimental 
to the interests of the company who manufacture the 
apperstne with which the Harrogate trials were made; 
and which therefore calls for an explanatory reply. 

To begin with, the heater can be applied either internally 


or externally. either inside or outside the boiler. The term | 


‘‘the heater” applies to the patented «embodiment of the 
natural 
tures re 
mining on the application as to internal or external, and 
the pattern to be 
naturally reviewed the whole of the points in the two 
systems, and weighed the pros and cons of each. No 
practical — will be likely to make any attempt 
to argue th 

giving such results as are shown by the paper, and 


which include ‘‘ the possible” of steam production from | 


the fuel used) it is nota much superior apparatus to 
any possible internal arrangement which can be made, as 
a practical and workable application of the principles 


upon which the action depends. Especially when it can | 


be shown on the best-known data that the radiation, &c., 
losses of the external heater cannot be more than about »'; 
percent. of the coal burnt on normal duty, and when even 
that has more than a balance due to loss of efficiency due 
to any internal application. This is dealt with in acalcu- 
lition from ** Box on Heat ;” other authorities on radia- 
tion, &c , giving similar data. 

‘* Box on Heat,” pages 203 to 209. 
from new cast-iron surface is shown to be 0.684 unit per 
square foot per hour for 1 deg. Fahr. difference of tem- 
perature, or for 300 deg. Fahr. differencs of temperature, 
which is about the differenca between the bare metal of 
the heater and surrounding objects, 194.4 units per square 
foot per hour. 

Loss by contact of air, Table 97, page 208. For 
10 ft. —_ the loss is 0.435 unit per hour for 1 deg. 
Fahr. difference of temperature, or for 300 deg. Fahr. as, 
before, this item would be 130.5 units per square foot per 
hour. Therefore, the total loss by radiation and contact 
of air combined would be 194.4 +130.5=324.9 units per 
square foot per hour for 300 deg. Fahr. difference of 
temperature, and this over 50 ft. super, thesurface of the 
heater, comes to 16,250 units per hour for the total 
losses from bare metal, supposing the heater was not 
lagged. This quantity of heat is the value of about 
1; Ib. of coal per hour. The value of the coal used at 
Harrogate was about 14,200 units per pound, and it 
was taken at that. On normal duty, the consumption of 
coal in the boiler tested was about 800 lb. per hour, so 
that the loss (from bare metal) would be 
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But, of course, the heater was clothed; and therefore 
the los3 of heat would be reducad to } of } per cent, or 
.’, per cent., which would make the heat losses per hour 
equal to the value of ? lb. of coal per hour. Inc 
output does not increase this loss, but lowers it as a 
percentage. 

There is, however, a very heavy set-off against any form 
of internal heater, if its own heat losses were nothing. 
The sole source of economy due to hot feed, when the 
extreme temperature is obtained by the use of live steam, 
is the absence of any cold (relatively) locality in the 
boiler when full temperature feed is admitted into the 
bottom ; and that in consequence of this, ebullition and 
evaporation, with extremely rapid circulation, goes on 
from the whole (or nearly so) of the heating surface. 
The writer has ascertained by experiments, which were 
checked by other competent persons, that the heat 
absorption by surface from which evaporation is taking 
place, or, putting the point broadly, from boiling surface, 
18 & minimum of 20 per cent. greater than the absorption 
by surfaces having the same differences of temperature as 
in the former case, but at which the water is not boiling. 
Now, as boiling temperature is a critical point, water may 
be very close upon it without evaporating, or at any rate 
without boiling ; and it is no information to the majority 
of steam-power men to say that in any case of a boiler 
which is fed with water of an appreciably lower tempera- 
ture than the steam which is generated, nearly the whole 
of the steam is made in the region of the furnace ; the 
rest of the surface being occupied in heating the water 
by contact up to the boiling point. Granting that the 
writer's statements in regard to the higher efficiency of 








—- by which only hot feed of the tempera- | 
erred to can be produced. Again, before deter- | 


put on to the market, the writer | 


at (when you have your external heater | 


Loss by radiation | 


boiling surface are correct, it follows that in any boiler to | 





ture naturally falls. The makers | which cold feed is supplied into either the steam or water 


space, a relatively cold my must be created in the 
water, which prevents either evaporation or ebullition 
in the immediate vicinity, and so contracts the area 
of highest efficiency, which exists only in the boiling 
| area, 

| In the Harrogate trials the improvement in efficiency of 
| the general heating surface was shown to be about 10 per 
cent., or probably on this point alone a little more; for 
by the absorption of extra heat, by increased efficiency 
of the boiler, from the gases before they reached 
| the economiser, the economy from that source as to 
heat -saving would be lowered. The combined final 


| result being 10 per cent. better in the hot feed case 
eng abel judges in the report, and the report contains the descrip- 


than in the economiser feed only, the actual 
efficiency in the boiler-heating surface must have 
more than 10 per cent. From this it seems pretty clear 


boiler is radically wrong in principle, and that only par- 
tially beneficial results would accrue. That they would 
be more than J; per cent. worse than the results obtained 
from the water lesmganatene for temperature) supplied 
by an external hester, is, the writer thinks, a reasonable 
supposition. 

Mr. Wilkinson’s reference to the head required for 
the gravitation of the feed-water from the heater, in 
his letter of December 7, is, in the writer’s opinion, 
weak, and, moreover, incomplete. The whole of the trials 
were made for the purpose of obtaining quantitative 
| data from feed-heating ope i 





rations on a large scale, with 


for collecting any scientific facts Mr. Wilkinson desired 
to force the boiler to the utmost to see what evaporation 
could be got out of it, and had an attempt made to get 
20,000 Ib. per hour. Burning up to 66 Ib. of coal per 


| square foot of grate per hour, the coal having a heat | 


value of 14,2C0 units per Ib., he failed to get more 
be made to supply more without loss of tempera- 
ture, but because the furnaces could not then burn any 
more coal. The flues at this rate of combustion were 
often full of burning gas right through the economisers. 
That sufficient head for supplying the water at the rate 
required is necessary in the heater goes without saying, 
and applies to any system of heater, and the openings 
in the Dales and Braithwaite’s for delivering the water 
are always made of sufficient size to supply the rated 
quantity with a foot or 15 in. of head through a dis- 
tributing pipe of the necessary capacity. If the pipes 
on both sides of the feed-valves are large, the ordinary 
size of feed-valve will do; and in the Harrogate case 
| little advantage was obtained from enlarging the feed- 
valves, the chief relief to the flow in the 20,000 lb. attempt 
coming from shortening the distribution delivery by 
| taking off the long internal pipe which led to the chimney 
| end of the boiler. It was for the 20,000 lb, attempt that 
| the heater was rai 18 in. As originally fixed, it 
| delivered about equal to the normal rating of the boiler, 
| between 7000 Ib. and 8000 1b. per hour, with the —_ 
| feed-valves and shortened distributing pipe, less than 
| 10,000 lb. per hour, and with the extra head up to 
| 14,400 Ib. 
| More water could have been delivered at this head, but 
the boiler could not be made to evaporate the desired 
quantity. 
| any erroneous impressions which might be created in the 
| minds of steam-users by Mr. Wilkinson’s letter of the 
date referred to, as to the efficiency and combined 
economy of external as compared with internal heaters, 
a statement of cost will not out of a The price 
| of the size tested at Harrogate, which, when properly 
| fitted up, will feed 15,000 lb. of water per hour, with a 
| difference of temperature from that of the steam of only 
10 deg. Fabr., is 105. The temperature in this size has 
not been ‘“‘drowned” by any quantity which has been put 
through it. 

Taking normal duty as the mean, and generally suit- 
| able for comparison in any boiler of the class referred to, 
the coal consumption would be about 800 lb. per hour, 
and a saving of 10 per cent. on this would be 80 Ib. per 
hour—say # cwt.—and as the boilers in an electric 
generating station usually work continuously (day and 
night), the saving would amount to 18 cwt. per day on 
this supposition. Added to this, the maintenance of 
the highest efficiency in the boiler due to the elimi- 
nation of a large portion of the lime from hard water, 
as well as other dirt, the preservation of the plates 
from the action of acidous gases, and the fact that 
the boiler may be forced over 50 per cent. without 
priming when hot feed is usad, the 105/., it would 
seem, is a good investment on an instrument which 
suffers practically no deterioration, and to which no 
objection (but the contrary) is taken either by the 
working staff or boiler insurance companies. That supe- 
rior claims should be-made by Mr. Wilkinson through 
a public newspaper for a device which has not yet 
passed the Patent Office. and derogatory remarks made 
on an = ry by which what is known has been 
ascertained, and which has produced maximum and 
practically theoretical results, is a line of action which 
is inexplicable on any grounds but those of commercial 
omy. and the judgment of which we leave to the 
public. ‘ 

The published results were those obtained” by the use 
of a Dales and Braithwaite’s live-steam feed-water 
heater, externally applied, not from Mr. Wilkinson’s 
arrengement, whatever that may be (the specification is 
not yet published), internally applied. 

Yours faithfully, 


J. H. DAgs. 
(C. C. Braithwaite and Co., Limited.) 
Finsbury Pavement House, London, EC, 
January 2, 1907, 





that any system which creates a cold region inside the | 


the Dales and Braithwaite’s heater, and incidentally, | 


than 14,400 lb.: not because the heater could not | 


As this letter is intended to be a correction of | 


R.A.S.E. SUCTION-GAS TRIALS. 

To THe Eprror or ENGINgERING. 

| Srr,—We should like a little of your space to reply to 
| the letter of the National Gas Engine Company, pub- 
lished in your last issue. 

We would like to say that our letter was never intended, 
and does not give the impression, that we were in a better 
position to approach the matter more impartially 
the judges ; but it was meant to prove (which it clearly 
does) that the judges’ report of the performance and con- 
| struction of the engines and plants does not justify the 
— they e. aie ia 
o imagination was necessary for the purpose is 
| criticism, as the engines and plants are described by the 





tions, 
a A pe a ge — A pe in oo oe hg ba the 
special points which ap so strongly to the ges 
| in the engines and plants for which they awarded medals, 
and it would have been more satisfactory had the judges 
| brought into prominence these ints in the suc- 
| cessful engines and plants (assuming, of course, that they 
cxiat). instead of their making excuses for the want of 
| them. 
| It would be interesting to hear whether the National 
| Gas-Engine Company themselves know which of the 
| special points in their plant appealed so strongly to the 
| {udaes. Many of your readers, besides ourselves, would 
| be glad to know what points these were, and they would 
| be pleased if the National Company could enlighten them. 

As to the judges, would the National Company inform 
us what experience these gentlemen had with suction-gas 
engines and gas plants prior to the trials? Possibly, if 
we were enlightened on this point, we might appreciate 
their repurt more = 

ours truly, 


For the CamppeLtt Gas Encinge Company, Limirsp, 
Halifax, January 2, 1907. Hoeu CAMPBELL. 





ADMIRALTY NAVAL POLICY. 
To THe Epiror or ENGINEERING, 

Srr,—In reference to the letter which appeared in 
your issue of November 30, 1906, there can be little 
doubt that social distinctions play no small part in the 

| present engineering problems of the Navy. The attitude 
| of the Admiralty may, I think, be broadly based on the 
| conviction that professional ability alone is not sufficient 
|to mike a officer, and few people in responsible 
| positions will be disposed to differ on this point. The 
effects of ‘‘democratisation” may be judged from — 
Mahan’s ‘* Influence of Sea-Power on the French Revo- 
lution and Empire,” Chapter IT. 

It is, however, evident that naval officars must, sooner 
or later, all become engineers, however hot, dirty, and 
uncomfortable the process may make them. 

With the advent of the steam-turbine, and, before long, 
the main steam-valve, &c., on the bridge, it will soon 
have to be decided who is to turn it on. 

Tradition has it that the firat little Prince of Wales 
solved in his person a vexed question of authority. 

May I most respectfully suggest that in the not distant 
future a Royal engineer-commander might help to solve 
some of the difficulties which now present themsel vee. 
Your mest obedient ——) 





| December 15, 1906. 








‘THE VICTORIA FALLS POWER SCHEME. 
To THe Eprtor oF ENGINEERING. 

Str,—In reply to your note on my letter that you were 
good enough to insert in your issue of the 2lst ult., I 
expect to obtain a return of at least 80 per cent. of the 
energy delivered by the electric current from the water it 
is employed to heat, provided that none of the energy is 
employed in raising steam. I need hardly remind you 
that the efficiency of electric heating apparatus is very 
high indeed. In fact, it is claimed by makers of the 
ap tus that it must be 100 per cent., less losses by 

iation, etc. Steam would undoubtedly be generated 
to a small extent, and it would probably be convenient to 
be able to use a small quantity of steam so generated, but 
the efficiency of the storage arrangement would be lowered 
by so doing. As you are aware, a steam plant forms 
part of the proposed arrangement, and therefore I make 
out that the scheme I suggest is perfectly practicable, 
| though the details would have to be worked out, as in so 
many other cases. A little thought will show that econo- 
mies are possible in several directions. To total onesmall 
instance: if it is possible to deliver the power at a pres- 
sure of 150,000 volts, it will also be possible to deliver the 
energy directly to the heating plant at that re. 
You will hardly expect me to enter very fully into details. 
| [should mention that the figure in my former letter should 
be 20,000 horse-power and not 50,000 horse-power. It 
does not affect the principle, but it does affect the working- 
out of the details. 





Yours truly, 
Sypney F. WALKER. 
Bloomfield Crescent, Bath, January 1, 1907. 

[No doubt electric energy has a high efficiency in 
heating water; Mr. Walker says 80 per cent. But so, 
, has coal; say, 70 per cent. Now, for the purpose, 
coal at 10s. per ton is equal to electricity at ,',d. per 
unit. Can electricity be transmitted 700 miles for ,',d. 
for actaal running expenses? If not, its commercial 

efficiency for heating is less than that of coal.—Ep. E ] 





Concrete Brince.—A reinforced-concrete bridge of 
| 230 ft. clear span is being erected in Walnut Lanes, 
| Philadelphia, Pa. Its rise is 73 ft, and it will have a 
| 69-ft roadway. 
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TEN-WHEEL COUPLED LOCOMOTIVE WITH SCHMIDT SUPERHEATER. 


CONSTRUCTED BY THE BERLINER MASCHINENBAU A.-G., 
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Tu1s locomotive, which we illustrate in Figs. 1 
and 2 of our two-page plate (Plate I.) and in Figs. 3 
and 4 annexed, was built by the Berliner Maschinenbau 
A.-G., formerly L. Schwartzkopff, Berlin, and was 
exhibited last year at Milan. Its principal dimensions 
are as follow :— 


Diameter of cylinders 0.610 m. (24 in.) 


Stroke ... A 2X. 0.660 ,, (25.98 in.) 
Diameter of wheels... 1.350 ,, (53.15 ,, ) 
Rigid wheel-base_... Se 2.900 ,, (9 ft. 6 in.) 
Total —,, ge 5.800 |, (19 ft.) 
Heating surface of fire-box 11.53 3q. m. ( 124 sq. ft.) 
= tubes ... 116.18 ,, (1250 ,, ) 
Ad , SR: tees ee 
a total ... 131.64 
Superheating surface res Se 
Grate area... a Py RPS) te 
Absolute pressure in boiler 12 atmos. (176 Ib. per sq. in.) 
Weight, empty ... 58,950 kg. (58 tons) 


Capacity of water-tanks ... 
Capacity of coal-bunkers ... 
Weight in working order... 73,900 ,, (72 tons 14 cwt.) 
Maximum draw-bar pull ... 16,000 ,, (35,000 Ib.) 

The boiler barrel contains 220 iron tubes, of 41 
millimetres (1.61 in.) inside, and 46 millimetres 
(1.81 in.) outside diameter and 4.1 metres (13 ft. 
58 in.) long between the tube-plates ; a flue, 305 milli- 
metres (12 in.) inside and 331 millimetres (13 in.) out- 
side diameter, shown in Fig, 1, leads from the fire- 
box to the Schmidt superheater in the smoke-box. 
The superheater consists of 39 tubes, 334 and 41} 
millimetres (1.24 in. and 1.63 in.) in diameter, in two 
series of 20 and 19, which fol.ow the contour of the 
smoke-box, and of a series of 20 tubes, the inside and 
outside diameter of which is 354 and 444 millimetres 
(1.39 in. and 1.75 in.), which is arranged somewhat 
differently to the rest. These tubes, on approaching 
the lower part of the smoke-box, are bent upwards 
to form an arch over the end of the large flue, and fitted 
close to each other, as shown in Figs l and3. The 
ends of the superheater tubes are expanded in cast- 
steel steam-chests provided with baffle-plates. The 
inner and outer casing, of cast and wrought-steel 
plates, extends above the blast pipe; it is provided 
with two small valves, which can be operated from 
the foot-plate, to regulate at will the degree of super- 
heat, On opening the regulator, saturated steam 


7,000 lit. (1560 gals.) 
- 2,000 kg, (1 ton 19 cwt.) 
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flows into the right-hand superheater steam-chest, 
and through the first series of tubes, then the left-hand 
steam-chest, through the second series of tubes, and 
through the right-hand steam-chest ; it then proceeds 
through the third series of tubes, the left-hand steam- 
chest, through a junction T-pipe and the steam-pipes 
to the valve-chests. The steam thus circulates three 
times from one to the other chest through tubes, in 
contact all the time with the hot gases. e tube coils 
are so arranged that the walls of the superheater 
casing do not get unnecessarily hot ; as a further pro- 
tective device, the two valves above referred to are so 
arranged that they close automatically immediately 
the blast-pipe is open. The lower coils are wide 
a to ohow all particles of cinder and soot to fall 
through into the pipe below ; the superheateriscleaned 
occasionally by a steam blast. 

The centre line of the boiler is 2 520 metres (8 ft. 3in.) 
above the rail-level. The frame-plates are 20 milli- 
metres (0.78 in.) thick, stiffened together by the water- 
tank and the usual stays. The draw-gear is made with 
a lateral play (see Figs. 2 and 4), and the draw-bars 
are 1.8 metres (5 ft. 11 in.) in length. The suspension 
springs of the first and the second, and fourth and fifth 
axles are provided with equalisers, those of the middle 
axle being independent. The second and fourth axles 
are without play; the first, third, and fifth have a 
lateral play of 26 millimetres (1 in.); play is also 
allowed for in the coupling-pins of the latter. The 
rigid wheel-base is 2.9 metres (9 ft. 6 in.), com 
with the total length, 12,3 metres (40 ft. 4 in.), and the 
engine runs easily and without shocks on curves at 
speeds up to 60 kilometres (37.5 miles) an hour. 

The connecting-rods work on to the fourth axle; 
with a view to reduce as much as possible the length 
of these rods, long piston-rods have been adopted, and 
these are provided with extra guides to the rear of the 
cylinders. The distribution-valves, shown in section 
in Figs. 2 and 3, are contained in jacketed casings fitted 
symmetrically at each end of the cylinder casting, and 
forming the valve-chest. The piston-valves are built 
of three parts, and are provided with two long solid 
rings. ey are arranged for inside admission, and 
as on the outside there is but the comparatively 
low exhaust pressure, the usual valve- stuffing- 
box can be dispensed with. The valve-gear is on the 
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Heusinger system. Fig. 2 shows a section through 
the pon ln the right-hand exhaust-pipe, and the 
left-hand relief-valve arrangement. The pistons are 
provided with tail-rods; each piston has three rings. 
The piston-rods being supported at three points, as 
above stated, the pistons themselves carry no weight, 
this resulting in a great reduction of wear. he 
valves and cylinders are supplied with forced lubrica- 
tion. 

Besides the water-tank mounted between the frame- 
plates, there are two other tanks, one on each side of 
the engine; the coal-bunker is at the back of the 
cab. The engine is fitted with combined mechanical 
and hand brake, two Strube injectors, a Schiffer and 
Budenberg .draught-meter for recording the vacuum 
in the smoke-box, a Langer-Marcotty smoke-pre- 
vention device, and a Steinle and Hartung pyrometer 
for ascertaining the temperature of the superheated 
steam inside the valve-chests. The back-plate and 
barrel of the boiler, the steam -chest of the super- 
heater, the smoke-box casing, the valve-chests, the 
cylinders and their covers are protected against radia- 
tion by asbestos mattress coverings. 








Tue Russian Navy.—The launch may be noted of the 
Russian gunboat Giliak. She was laid down in April, 
1905, in the Russian Admiralty yards at St. Petersburg, 
The Giliak is 218 ft. 4 in. long by 36 ft. 6 in. beam. She 
has a displacement of 275 tons. She is fitted with 
engines working up to 800 horse-power, and she steams 
at the rate of 12 knots per hour. Steam is supplied from 
four Belleville boilers. 


TIrattan Armour -Puiate. — Admiral Mirabello, the 
Italian Minister of Marine, has announced that the 
Italian armour-plate factory at .Terni has accepted a 
contract to provide the Italian Navy with 6000 tons of 
armour-plate at the same price as that at which the Mid- 
vale Steel Company, of Philadelphia, recently took a 
contract from the Italian Government. This announce- 
ment shows the contract with the American company has 
had the effect of forcing the Italian works to lower their 

rices. The result is asaving of 16,000/. to the Italian 

vernment. The Government has ordered the con- 

struction of another battleship of 15,000 tons, and when 

e Tees others of the same class are proposed to 
t. 
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THE COLLISION AT ELLIOT JUNCTION, NORTH BRITISH RAILWAY. 














GENERAL View oF WRECK. 
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Fic. 2. Roor or Guarp’s Van 


THE year just closed has been a disastrous one in 
the annals of the working of British railways. Not 
for a long while has so great a toll as over sixty lives 
been levied on the millions of passengers who use 
our lines from one end of the year to the other. Three 
serious accidents within twelve months is a state of 
affairs fortunately not often existent in Great Britain, 
and we trust that many a a will lapse before such 
a spell of misfortune recurs. The accident at Elliot Junc- 
tion, near Arbroath; on the North British Railway, on 
the 28th ult., will probably be the most disastrous of the 
year, if any more of the unfortunate passengers suc- 
cumb to their injuries. A Board of Trade inquiry 
has been opened, and proceedings are being conducted 
by the Sheriff at Dundee in accordance with Scotch 
law, and in the meantime we deem it best to do but 
little more than record the bare facts available. The 
weather conditions at the time were extremely severe, 
and the traffic appears to have been completely blocked 
and y ethane 4 Trains could get no further on the 
Aberdeen line than Arbroath. As a result, it appears 
to have been decided, on the North British Edinburgh- 
Aberdeen express reaching that station, to return this 
train to Dundee and Edinburgh. The engine, to work 
this, had, of necessity, to travel tender first, the cab 


therefore affording but little protection to the driver. 
At Elliot Junction this return train dashed into a local 
Caledonian train standing at the platform, with fatal 
results. 

All manner of causes may have contributed towards 





oF STATIONARY TRAIN. 


this ending, and until reliable evidence is forthcoming 
on a few more important details, all theories sug- 
gested would be mere hazard and speculation. The 
speed of the train is variously given, and. this is an 
important point under the prevailing weather condi- 
tions. The working of the signals is disputed. Tele- 

raphic communication is both said to have been 
interrupted and intact, and soon. That the weather 
was scvere we can well imagine from the taste of 
wintry weather we have had further south, but condi- 
tions are fairly well depicted in Fig. 3, annexed, which 
shows the aon oe vw and wires near Elliot Junc- 
tion, bent over and heavily weighted with accumulated 
snow, many of the wires being broken. The other 
illustrations we give show the results of the wreck. 
Fig. 1, annexed, shows the general view of the 
wreckage looking towards the station, the overturned 
locomotive being that of the express train, while the 
roof in the foreground belongs to the guard’s van of 
the express ; Fig. 2 again shows the roof of the guard’s 
van of the express train ; Figs. 4 and 5, page 16, show 
the overturned express engine and tender, which was 
travelling tender bret, Fig. 4 being taken from the 
station platform; Fig. 6 shows the remains of the 
guard’s van of the local train; and Fig. 7 the second 
carriage from the end of the local train. 

Some little indignation is being expressed at Arbroath 
that no public inquiry will be held, Major Pringle 
having decided that a publication of evidence for the 


Board of Trade might prejudice the case of the driver. | 
\ 








Fie. 3. Snow on TeLvecrarH WIREs. 


To close the year with a calamity of this kind is 
extremely regrettable; and, when offering our sym- 
pathy to the bereaved, with such an unhappy experi- 
ence at home, we can readily extend it also to those 
across the Atlantic, who, by an accident far worse 
than this on the North British Railway, have lost 
friends and relatives under circumstances bearing 
strange resemblance to those which resulted in the 
disaster at Elliot Junction. 








Deats or Mr. Itxius Aucustus Timmis.—His many 
friends will be distressed to learn of the death of Mr. 
Illius Augustus Timmis, the well-known engineer, of 2, 
Great George-street, Westminster, which took place on 
the 18th ult. on board the s.s. Etruria, on which the 
deceased gentleman was returning home from the 
United States. The cause of death was pneumonia. 
Mr. Timmis was born on March 23, 1839, and was 
therefore in the sixty-eighth year of his age. His 
earlier agetinee in engineering was obtained in the 
office of r. George Davies, consulting engineer and 
patent agent, of Manchester, which he entered in 1870, 
and where he remained five years. He therefore, it woul 
appear, began to specialise in engineering at a some- 
what late date. W ilst engaged with Mr. Davies, as 
stated, Mr. Timmis was also experimenting on his own 
account, and, in 1872, made elaborate trials of smoke- 
consuming devices of his design, fitted to some of the loco- 
motives belonging to the Manchester, Sheffield, and Lin- 
colnshire Railway. From 1874 to 1878 he was enga 
in sinking coal-pits and erecting pumping and winding 
machinery at Stourbridge, having commenced practice as 
as a civil ume on his own account in 1875, at which 
period he devised his well-known type of buffer-spring, 
and to specialise in the design of railway rolling- 
stock and locomotives, many of which were supplied from 
his designs to the Australian railways in the early 
eighties. His system of electrically controlling points 
on signals was brought out in 1882; and after being 
may to the North-Western line of the Argentine Re- 

ublic, was adopted here for the Liv 1 Overhead 
Railway, where it has proved very su ul. His long- 
pull magnets, which constituted one of his most ingenious 
devices, were also adopted for operating the si when 
electrical working was introduced for the points and 
signals at Crewe. He was also one of the first to experi- 
ment on the electric lighting of railway trains; a plan 
devised by him being tried in 1885 on the Midland Rail- 
way here, and also in France. Mr. Timmis became an 
associate member of the Institution of Civil Engineers in 
1881, his nomination paper being signed, amongst others, 
by Sir G. B. Brace, Mr. Edward Woods, Sir Douglas 

ox, Sir Charles Siemens, and Mr. Harrison Hayter. 
- transfer to the class of Member took place in 
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NOTES FROM THE UNITED STATES. 
PutLapELputa, December 19, 1906. 

Arter a brief interval of quiet, a buying movement 
in pig iron has suddenly set in, especially throughout 
the Atlantic Coast markets, resulting in the placing 
under contract of 100,000 tons of iron, including basic, 
foundry, and forge ers of domestic production. 
Small orders were also placed for English and Scotch 
irons to be delivered within ninety days. The largest 
order for domestic iron was for 15,000 tons, and the 
orders ran down to as low as 100 tons. Alabama fur- 
naces secured a fair share of the business. Eastern 
steel mills have succeeded in purchasing 30,000 tons 
of basic iron to be delivered between July and 
December next. They are still in the market for 
larger supplies, and the result is that prices have been 
advancing, the figure to-day being 23 dols. delivered 
for basic. 


The growing scarcity of ore has stimulated a great | 


deai of investigation in localities where ore is known 
to exist. In one locality ia Southern Virginia it has 
been estimated, under recent investigation, that there 
is an available supply of 300,000,000 tons of ore, and 
an immense supply of manganese. These figures are 
to some extent guesswork, but the discoveries show 
immense quantities of ore, not far from the surface. 


December 26, 1906. 


NotWITHSTANDING this is the holiday season, a very | 


heavy volume of business is under negotiation, and 
the orders accepted are few in number. Most of the in- 


tending buyers are obliged to put up with promises or | 


regrets on the part of makers and to await further 
developments. Most of the business now pending in 


pig iron is for delivery during the third and fourth | 


quarters of the year. 
in very urgent demand by pips-manufacturers, and a 
few of them have been fortunate enough in securing the 
assurance that iron will be delivered to them in the 
summer. There has been no material change in prices 
for a few days. Scotch and English irons have been 
wavering a shilling or two, one way or the other, and 


large orders are being placed, The output of structural | 


material during this year foots up 1,800,000 ton:. 
The American Bridge Company secured contracts 
amounting to 700,000 tons. The output of structural 
material in the independent camps amounts to 400,000 
tons. The output of structural material for 1905 was 
1,660,519 tons. 

The production of standard and light-section steel 
rails during the past year have been close on 3,600,000 
tons, this large output being due to the increaso in 
the capacity of existing mills. Contracts for steel 


rails for shipment during 1907 now foot up to 2,200,000 | 


tons. 
increased next year. 
in, all of them of large capacity. Several new coast 
steamships, which are to be built next year, will 
take large quantities of steel, and the contracts will 
be placed early in January. The demand for wire 
products, especially for wire-fencing, has been excep- 
tionally heavy recently, by reason of the opening 
up of a great deal of virgin land in the south-western 
States. The demand for wire stock will probably 
deplete the warehouse stocks before many weeks, and 
the mills are taking notice of this probability. 

There is a great shortage of cars in the iron and 
steel industry, and complaints are numerous because 
of the impossibility of obtaining material according to 
contract. The entire steel industry is moving upward 
as to prices, and the increasing requirements are 
alarming the mill people, who see no way at present 
of meeting the intended demand. The other branches 
of the iron and steel industry are very active, and 
— have been —— up fractionally. Wages are 

eing advanced in nearly all the industries as a pre- 
cautionary measure agaivst labour agitations next 
spriog. The cost of living has advanced, and the 
workers of the country will be heard from unless this 
advance is recognised in their pay envelopes. 

All of the plate mills are behind in their deliveries. 
The makers of steel cars are not receiving steel accord- 
— contract, and they are unable, therefore, to 
fulfil their obligations to railroad companies to furnish 
steel cars at fixed dates. All kinds of scrap irons have 
advanced, and prices are from 2 dols. to 3 dols. per 
ton higher than three months ago.| A general advance 
in pig iron is expected at the Southern furnaces next 
week, as they are all oversold, and buyers are very 
urgent to place orders, almost regardless of price. 


Rail-making capacity will be very materially 








CanapiaN Nonrurrn Raiway.—By the recent com- 

etion of the Toronto and James Bay section of the 
Sanadian Northern Ontario Railway, 149 miles are added 
to the mileage of the Canadian Northern system. At 
the end of 1902 the total length of the system was 1276 
miles; it has now increased to 3000 miles. The line has 
opened up much valuable territory in the West, and it is 
estimated that from Grand View to Edmonton alone, a 
distance of 620 mules, a tract of 40,000 000 acres of arable 


land has been made available for settlers,; 


Iron for casting purposes is | 


Several blast-furnaces will blow | Sulphate of Ammonia.—There has been little or no move: | 








| NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning, 
| when the pigiron market opened after the holidays, 
business was very quiet. The dealings consisted of 2500 
tons of Cleveland warrants at 62s 6d. and 62s. 43d. cash, 
633. and 62s. 104d. one month, and at the close sellers 
quoted 62s, 5d. cash and 623. 10}d. one month. Hema- 
tite was untouched, but there were sellers at 81s. cash 
and 81s. 9d. three months. In the afternoon the tone 
was easier, and about 3000 tons of Cleveland warrants 
were done at 623. 14d. cash, 623. 94d. one month, and 
633. 3d. three months. At the close there were buyers 
of cash iron at 62s. 3d., and sellers at 623. 4d, for cash, and 
62s. 10d. for the month position. Hematite to the extent 
of 3500 tons changed 


| 803. 6d. cash sellers. On Friday morning the market 
opened easier, and a large business of 27,000 tons was put 
+ sete Ny Cleveland warrants were done at 623. and 
62s. O4d. cash, 623. 14d. six days, from 62s. 7d. to 62s. 6d. 


ands at 803. 6d. cash, 81s. 34. | 
one month, and 81s, 9d. three months, and closed at| Co 


to 62s. 64d. one month, and from 633. 3d. to 633. 14d. to) 


63s. 3d. three months. Closing sellers quoted 62s. 1d. cash, 
62s. 7d. one month, and 633. 34d. three months. Hematite 
was easier, and three lots were dealt in at 803. 3d. cash 


| fairly bright, and sufficient orders have been booked 


to keep works going for some time. Messrs. 
David Colville and Sons, Limited, Motherwell, state 
that they have turned out an exceptionally nee quan 
tity of plates, bars, angles, &c. They had sup- 
plied all the steel boiler materials and practically ail 
the steel | materials for the big Cunarder Lusi- 
tania, as well as some floor plates for the Maure- 
tania. The boiler shell - plates and a large part of 
the ship material were supplied of high-tensile steel 
above the usual grade, specially approved of by the 
Board of Trade and Lloyd’s. The amount of new 
work already booked will ensure steady employment 
for some considerable time. The Lanarkshire Steel 
Company, Limited, report a large volume of work 
in sectional material, &c., during 1906, and also that the 
outlook is bright. Messrs. William Beardmore and 

., Limited, have had oo a successful year, and 
have executed a number of important contracts. Prices 
have not been officially altered of late, and although 
many expected a reduction at the time of the Clyde 
strike, no alteration took place. Since then, however, 
the high price of raw material, &c., has made the ten- 
dency the other way, and an advance was looked for, 


| but no official increase has been made in the minimum 


and 81s. 14d. one month, and there were sellers over at | 


80s. 44d. cash. At the afternoon session the tone was 
rather irregular, and 12,000 tons of Cleveland warrants 


changed hands at from 62s. 044. up to 623. 14d. cash, at | 


62s. 64d. and 62s. 74d. one month, 62s. 4d. twenty days, 
and 63s. 3d. three months. 
were 4d. under the best, at 62s. 1d. cash, and 62s. 7d. 
one month sellers. Hematite was quoted better, at 
| 80s. Gd. cash sellers. On Monday morning the market 
| was egain irregular, and a good business was done. 
| Cleveland warrants opened at 6ls. 1(41. cash and 
62s. 3d. one month, and then values dropped to 61s. 6d. 


At the close the quotations | 


selling prices, and producers will not sell at less than 
10s. per ton over these rates. 


General Trad:.—Looking generally at the volume of 
trade done in engineering and allied industries during the 
ast twelve months, it must be said that 1906 has 
aces a year of progress and properity. Certainly a few 
branches have experienced some dullness and depression, 
but on the whole the output has been good. The high 


| prices of raw materials, and especially of metals, has 
| somewhat checked business in some departments, but, 


and 62s. 14d. respectively ; but, with plenty of buyers | 
| A New Ececrricat JournaL.—There appeared yester- 


in the market, prices rezovered to 61s. 11}d, cash 
and 623. 3d. one month. Other dealings were at 
61s. 114d. and 61s. 11d. twenty-one days, and 62s. 9d. three 
months, and the closing quotations were strong at 62s. 
cash and 62s. 54d. one month sellers, there being buyers 
at 1d. less in each case. 


| done at 803. 3d. cash, and there were closing buyers at 
80s. 9d. one month, The settling prices were :— 


and Standard foundry iron, 61s. 44d. 


| day the first number of Electrical Engineering, the latest 
| addition to the technical weeklies. It is edited by Mr. 
F. C. Raphael, late editor of the £lectrician, assisted by 
| Mr. S. R. Roget, formerly also of the Electrician staff, 
Mr. H. M. Sayers. The name of the journal suffi- 
| ciently indicates its scope, and the first number includes 
articles by Messrs. H. F. Parshall, Maurice Solomon, 
W. Meares, A. P. Trotter, &. Among the subjects 


The turnover amounted to| ang 
| 17,000 tons. Hematite was steady, and 1000 tons were | 


Scotch, | J, 
67s, 6d.; Cleveland, 62s.; Cumberland hematite. 803. 3d.;| gealt with are the ‘Embankment Tramwaya,” “The 


neverthele:s, there is a very hopeful prospect for this 
year. 








| Great Northern, Brompton, and Piccadilly Railway,” 


The Holidays.—The Glasgow pig-iron market closed | ‘* Electrical Engineering in India,” &c., besides the usual 


for the New Year Holidays at noon on 


Monday, and | business and market notes. 


The new journal, which is 


will not reopen until Thursday morning, when business | well printed and illustrated, is published by the Kilowatt 
will be resumed. There was practically no commercial | Publishing Company, Limited, at the price of sixpence, 


business doing in Glasgow on Monday, and with Tuesday | the editorial and 
and Wednesday as general holidays, it will almost be the | Temple Chambers, 
beginning of next week before a full resumption takes | 


luce. Real wintry weather has been experienced, but 
Kanes rain last night cleared the snow away, and this 
morning it was bright and clear, and more pleasant for 


| in the afternoon. 


| ment in sulphate of ammonia during the past week, and 
| the price is unaltered at 11/. 15s. to 11/. 17s. 6d. per ton 
for prompt business, Glasgow or Leith. This year opens 
| with the market price at about 12s. 6d. per ton lower 
| than a year ago, when, in the early days of January, the 
price was round 12/. 10s. per ton. Throughout the past 
| year there wes almost no time when the demand was 
| equal to the supply ; yet, withal, the price has remained 
| fairly steady. The production of sulphate has certainly 
increased, y al largely to the activity in the coal and iron 
industry, not only in this country, but in Germany also. 
This increased production in Germany has, to a large 
extent, deprived the makers in this country of that market 
during the past year. 
| Harbour last week was 1387 tons. 


The Ironfoundry Trade — Proposed Combine.—The | 


| ironfoundry trade in Scotland generally during the past 
— has not been very satisfactory. ‘The building trade 
as been bad; and the price of raw material has ad 
vanced, but, unfortunately, severe competition prevented 

| an increase in the manufactured article. A national com- 
bine is now proposed, and one or two meetings of the lead- 
ing Scotch and English makers have already been held 


exteriors. 
will be made at an early date. 


Scotch Steel Trade.—With all the works closed down 
for the annual New Year holidays, there is, this week, 
nothing to report in connection with the Scotch steel 
industry. The trade during the past year has been fairly 
goo, and reports show that a large volume of business 

as been carried through. The demand experienced for 
all kinds of steel material on both hume and forei 
| account has been steady, and but for the unfortunate strike 
| on the Clyde during the autumn, a much larger amount 
| would have been used at home. During that period, how- 
| ever, a steady demand was felt on export account, and large 
“quantities were ship to the colonies, as well as to 

hina, Japan, and other countries. The prices taken for 
|@ number of these orders were rather lower than the 

[ag values ruling at that time. With reference to 

the work carried on in the different establishments, the 
| Steel Company of Scotland, Limited, report that the past 





the holiday-makers, although heavy showers of hail fell | 


The amount shipped from Leith | 


to discuss the scheme. The class of castings proposed to, Her belt armour has 
be affected are those known as “‘light-iron castings,” in- | (9, in.) amidships, tapering down to 100 millimetres 
cluding all descriptions of builders’ work for interiors and | (3!3 in.) at both ends. The armoured deck extends frcm 
It is expected that satisfactory arrangements | stem to stern, and is curved down at the sides to the 
| lower edge of the belt armour. 


ublishing offices being at 203-206, 
mdon, E.C. 


RADIOTELEGRAPHY AND THE TELEFUNKEN SysTEM. — 
| ADDENDUM. -— The following additional information, 
which we have received from the ‘Gesellschaft fiir 
Drahtlose Telegraphie,” came too late for last week’s 
article:—The steamer Bremen can receive with the 
Morse writer and the telephone inductively, and the 
telephone can also be switched on for direct receiving. 
The receiver is designed for wave-lengths ranging from 
300 to 2000 metres. The usual waves are 350, 450, and 
2000 metres. The waves of 450 metres are used for 
transmission by the German Navy and by the American 
coast-stations. The North German Lloyd employs waves 
of 450 metres ; the high power-station of the company at 
Nauen works with waves of 2000 metres, and keeps now 
in communication with ocean steamers up to a distance 
of 3000 kilometres. The masts of the portable military 
stations of 30 metres’ height are made of magnalium, like 
the masts of 15 metres’ height. All the stations of the 
German Navy, as well as the German coast and shir- 
stations, are equipped on the Telefunken system. 





Tue German Batriesuie “ ScHueswic-Ho.stEin.”— 
The principal dimensions of this new battleship, which 
was launched on the 17th ult. at Messrs. Krupp’s Ger- 
mania yard, Kiel, are the following :— 

Length between perpendiculars 121.5 m. (398 ft. 7 in.) 
Greatest breadth .. - 22.2 ,, ( 72 ,, 10 ,, ) 
Draught o* 7.62 m. (25 ft.) 


of 240 millimetres 


- 


a thickness 


: The ship is fitted with 
an armoured citadel and an armoured gun-deck casemate. 
There are also two armoured conning-towers, the plates 
of which are 300 and 140 millimetres (11}3 in. and 54 in.) 
thick. The armament consists of 
Four 2&-centimetre (11-in.) guns protected by turret armotr 
280 millimetres (11 in.) thick. 
Ten 17-centimetre (6}j-in.) guns protected by the casemate 
armour. 
Four 17-centimetre (6}}-in.) guns in separate casemates. 
Twenty 8.8-centimetre (3,,-in.) guns. 
Four 3.7-centimetre (1/,.in.) quick-firing guns in the fighting 


to’ 
Four @millimetre (#¢-in.) machine guns. 
Six under-water torpedo-launching tubes. 
There are three triple-expansion main engines of 16,000 
indicated ning 5 nt | supplied with steam by twelve 
multitubular Schulz boilers, and designed to give the 
ship a speed of 18 knots. The normal coal capacity is 


has been one of much activity in all departments ; | 700 tons ; this can be increased to 1600 tons by filling the 


year 
and, notwithstanding that trade was seriously affected 


reserve coal-bunkers. The double-bottom compartments 


| by the above-mentioned strike, the works have been | will contain 200 tons of coal-tar oil, which can be used 


j well employed during the entire period. Prospects are , for firing the boilers. 























remorse. 
See 


Jay. 4, 1907.] 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Railway Transfer.—On the 1st of this month the pro- 
perty belonging to the Lancashire, Derbyshire, and Kast 
Coast Railway Company was transferred to the Great 
Central Railway Company. The original prospectus of 
the former company provided for the construction of a 
railway running from sea to sea, a distance of 170 miles, 
and in its course traversing the great Midland cvalfields 
of Derbyshire and Nottinghamshire. The scheme has 
been attended with difficulties from the first, and has had 
far from a successful career. Only a comparatively small 
portion of the capital required for constructing and 
working the line was subscribed. From time to time the 
scheme had to be curtailed; as it was found impossible 
to work it satisfactorily and to a profit. Amalgamation 
has therefore taken place. It is quite hoped, that with 
the new developments contemplated, the scheme will be 
attended with fair success. 


Tron and Steel Trades.—The complaint common in 
several branches of the above trades is, that men cannot 
this week be got bick to work. The wage-sheets for two 
or three weeks before Christmas were the heaviest some 
firms have known ; and the workers have had such a 
time, that they are reluctant to turn in again. Iron- 
makers are anxious to reach the limit of their output as 
soon as possible, as their books are well filled with orders 
which will take some time to execute. Steel manufacturers 
have also plenty of work onhand. Merchants of Swedish 
irons and steels say that their business is being seriously re- 
stricted by the difficulty in obtaining deliveries. Some of 
theirdeliveriesare at least threemonthsover due, and asthe 
material has been sold and “— they find themselves 
in a very awkward position. Some of the contracts with 
the Swedish makers still hold good, but others are optional 
with the opening of the new year. It is anticipated that 
many buyers of iron and steel will hold their hands for a 


while to see how the market goes, as they are unwilling | 


to pay present prices if they canavoidit. In best crucible 
steels the year is opening fairly well. With regard tothe 
lighter trades, in most of them the holidays are being 
prolonged, as there is no great pressure of work on hand, 
except in the few departments occupied on Government 
work. 


South Yorkshire Coal Trade.—The collieries in this 
district, with few exceptions, have done little since 
Christmas eve. The year has opened with a very heavy 
demand for fuel of all classes, and for most of them prices 
have been advanced 1s. per ton and upwards. Although 
there has been a marked falling off as usual at this season 
of the year in exports to the Baltic, the calls from the 
Continent have n unusually heavy, and owners are 
able to maintain their output. An improving demand 
is looked for in house coal, as the year has opened with a 
consid-rable inflow of orders. Slacks of all kinds are in 
good demand, and prices are firm. Makers of cokes 
have scarcely known a year that has opened with trade 
so brisk. The blast-furnaces are taking practically all 
they can get, and some firms are doing well with steel 
cokes. Prices are moying upwards. 








Sourn ArricaN Rattways —The Mayors of Kimberley | 
and Beaconsfield have met the engineers and officials of | 


the Central South African Railways in connection with 
the Kimberley and Bloemfontein Railway. The point 
at issue was the junction with the Cape Government 
Railways. The mayors were informed that the Executive 
Council at Bloemfontein had passed a resolution fixing 
the junction south of Beaconsfield, between Alexanders- 


fontein and Wesselton, with the terminus at Kimberley. | 
Operations will be commented on January 15, from the | 


Bloemfontein end of the line, and it is believed that the 
work will be completed within twelve months. 


} 


| 


|mand very high 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Holidays have as usual 
stopped business, but the position is a very satisfactory 
one, and a resumption of iy is looked for, although 
| Prices are said to be rather too h 
of purchasing on American and German account. A good 
many blast-furnaces have had to be put on slack blast, 
owing to short supply of material, especially coke. The 


igh for the continuation | 


consequent reduction in the output of pig iron, however, | 


has not caused much inconvenience, as consumers and 


shippers did not need a great deal of iron, the home use | 
being curtailed by holidays and the shipments by stormy | 


weather. No. 3 gm.b. Cleveland pi 
62s. 9d. f.0.b. This is 8s. above the ruling rate of a year 
ago. East Coast hematite pig has advanced by 1ls. 
during the past twelve months, and now stands at 
81s. 6d. for mixed numbers. Spanish ore has risen 3s. 3d. 
on the year. Rubio, of 50 per cent. quality, is now 
23s. 9d. ex-ship Tees, whereas twelve months tince it was 
' obtainable at 20s. 6d. 


Manufactured Iron and Steel.— Very good accounts can 
given of the manufactured iron and steel industries. 
Most makers have well-filled order-books, and more con- 
tracts are likely to be made in the near future. Some 
firms are so busy that they have curtailed their Christmas 
and New Year holidays. Quotations stand :—Common 
iron bars, 7/. 153. to 8/.; iron ship-plates, 7/. 103.; iron 
ship-angles, 7/. 15s.; iron ship-rivets, 8/. 2s. .6d.; steel 


may be put at'| 


bars, 7/; steel ship-plates, 7/. 10s.; steel ship-angles, | 


71, 23. 6d.; joists, 7/.; and heavy steel rails, 67. 12s. 6d. to 
6/. 153.—all less 24 per cent., except rails, which are net 
at works. 


Iron and Steel Shipments.—The shipments of iron and | 


steel from this port last month reach 


manufactured iron, and 30,027 tons steel. To the pig-iron 
clearances must be added 7803 tons from the neighbour- 
ing little port of Skinnington. The pig-iron clearances 
last aaa aa far above any previous shipments for 
December. Of the pig dispatched from Middlesbrough, 
83,500 tons went irc and 32,724 tons_ coastwise, 
Scotland, with 26,629 tons, being the largest receiver ; 
America came next, with 17,678 tons ; Germany third, with 
13,724 tons ; Holland fourth, with 10,203 tons; Sweden 
fifth, with 8996 tons; and Italy next, with 8544 tons. A 
good deal of iron sent to Holland was in transit to Ger- 
many. Of the manufactured iron shipped, 5438 tons 


the splendid total | 
of 157,578 tons, 116,224 tons being pig iron, 11,327 tons | 


went foreign, and 5889 tons coastwise ; and of the steel | 


despatched, 22,451 tons went abroad, and 7576 tons 
coastwise. Once again India was the largest importer of 
both manufactured iron and steel, taking 2883 tons of the 
former and 9679 tons of the latter. Japan received 6271 
tons of steel. 


Coal and Coke.—Most classes of fuel keep scarce, and 
quotations are very firm. Those who have any parcels to 
dispose of for immediate delivery are still able to com- 


rates. Average furnace coke delivered 


| at Tees side works up to the end of June stands at 22s. 6d. 


Mr. A. | tol 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—Quotations for steam coal have been main- 
tained with, if anything, increased firmness. The best 
large has made 17s. to 17s. 3d. per ton, while secondary 
qualities have ranged from 14s. 6d. to 163. 6d. per ton. 
House coal has been in good request, and previous prices 
have been fully maintained ; the best ordinary qualities 
have made 13s. 6d. to 14s. 6d. per ton, while secondary 
descriptions have ranged from 11s. to 13s. per ton. No. 3 
Rhondda large has been quoted at 163. to 163. 3d. per 
Coke and patent fuel have shown little change. 


Jack, the engineer now in charge of the construction of | andi coke has been quoted at 23s. to 253. per ton, 


the Bethlehem and Modderspoort line, will superintend 
the laying out of the new line. The chief engineer has 
promised to give employment to destitute persons sent 
to him by the two mayors, and good men will be able to 
earn 6s. to 12s. per day. Authority having been received 
from London to start operations, a commencement has 
a made with Kokstad and St. John’s and Umtata 
ines. 





Tue American Marts.—In the last fiscal year the 
transportation of the United States mails involved an 
outlay of 77,658,599 dols. The expenditure in each of the 
ten years, ending with 1906 inclusive, was :— 


Year. Expenditure. Year. Expenditure. 
Dols. Dols. 

ae 49,918,193 1902 61,000,441 

1898 7" 52,204,382 1903 65,186,715 

1899 538,797,752 1904 725,753 

1900 56,236, 196 1905 72,756,392 

1901 58,241,211 1906 77,658,599 


It will be ubserved that there has been a steady increase 
in the expenditure year by year, and that the advance 
has been much more rapid during the last half decade 
than during the previous five years. The remarkable 
growth of population and business in the United States 
justifies—and, indeed, necessitates—the enterprise of the 
American postal service. The United States Post Office 
has 28 miles of umatic tube in New York, Phila- 
delphia, Boston, Chicago, and St. is ; the cost involved 
last year was 445,000 dols. The Assistant-Postmas‘er- 
General suggests that Congress should be urged to make 


adequate compensation for the carrii of mails in| 


American steamers over routes 4000 es, or more, in 
length between American ports and ports in foreign 
countries, the vessels to be of such speed and construction 
as best promote the postal, commercial, and naval 
int of the United States. 


jand furnace ditto at 17s. 6d. to 18s. 6d. per ton. As 
| regards iron ore, Rubio has been quoted at 22s. to 22s. 6d. 
| per ton, and Almeria at 21s. 9d. to 22s. per ton, upon a 
| basis of 50 per cent. of iron and charges including freight, 
| insurance, &c., to Cardiff or Newport. 


Coal at Cardiff.—The shipments of coal, foreign and 
| coastwise, from Cardiff last year were 21,636,540 tons, as 
| compared with 19 556,706 tons in 1905 and 20,405, 266 tons 

in 1904. To the total of 21,636,540 tons, representing last 
year’s shipments, the first quarter contributed 4,799,131 
|tons; the second quarter, 4,523,823 tons; the third 
| quarter, 4,449,236 tons; and the last quarter, 4,753,330 
tone. Coal has sensibly hardened in price during the last 


twelve months, large steam having commenced last year 


at 12s. 9d. to 13s. per ton, while it finished the year at 
17s. to 17s. 3d. per ton. Secondary qualities, which com- 
menced the year at 12s. to 12s. 3d. per ton, also finished 
it at 163. to 16s. Gd. per ton. Patent fuel, again, com- 
menced last year at 13s. 3d. to 13s. 6d. per ton, and 
finished it at 15s. to 15s. 9d. per ton. Foundry coke 
stood in January, 1906, at 183. to 193. per ton; in 
December, 1906, the price had been carried to 23s. to 
25s. per ton. 


Great Western Riilway.— As from ry =! 1, the Great 
Western Railway Compary will run a night express to 
' South Wales, vid Gloucester, leaving Paddington at 
1 a.m., reaching Swansea by 7 a.m., and connectin 
thence to the west. To this train will be attach 
a sleeping and refreshment carriage. The company has 
recently increased the loading gauge over the main line, 
which will enable locomotives, carri and goods stock 
of larger size to be employed. This will secure economies 
in working. 

Port Talbot.—The advantages of Port Talbot, as a 
shipping port for a large area of the South Wales doal- 





field, are being more readily recognised; and with the 
dovelapmant of he. ea estate coal shipments 
may in a few years be ex to reach large ions. 
Last year the exports foreign for the first a> cocented 
1,000,000 tons, and showed an increase of over 260,000 
tons, or nearly 35 per cent. over 1905. The coastwise 
trade amounted to about 370,000 tons, an increase of 
49,000 tons, and 190,000 tons were taken as bunkers. 
Patent fuel shipments, aggregating about 142,000 tons, 
showed an increase of about 35,000 tons; and coke, 
23,000 tons, an increase of 7000 tons. 








Lioyp’s Recistry.—Mr. Charles Buchanan, who has 
been associated with the survey staff of Lloyd’s since 1880, 
and has for several years been the principal surveyor on 
the staff of the chief ship surveyor, Mr. H. J. Cornish, 
has, we understand, been appointed assistant to the chief 
ship surveyor, Mr. George Stanbury, the senior assistant 
having resigned owing to indifferent health. Mr. 
Stanbury has been associated with Lloyd’s since 1875, 
and has filled a succession of important offices. 





PERSONAL.—We are advised that Mr. H. Chapman has 
been appointed London representative of the Midland 
Manufacturing Company, Limited, Sheffield, their London 
offices being at 39, Lime-street, E.C.—Messrs Barry, 
Head, and Co., 26, Lombard-street, E.C., removed on 
January 1, 1907, to 110, Cannon-street, E.C., their tele- 
Graphic and telephone addresses remaining as at present.— 

e are a to state that the merchant and shipping 
business of Messrs. D, J. Keymer and Co. will hence- 
forth be carried on under the name of Keymer, Son, and 
Co. The offices will remain at 1, Whitefriars-street, 
E.C. The work of the Indian and Colonial Press Depart- 
ment will still be carried on under the name of D. J. 
Keymer and Co., with offices at 3, Whitefriars-street, 
j.C.—Messrs. Flannery, Baggallay. and Johnson inform 
us that, under the style of Messrs. Flannery and Gregson, 
ae | have opened an office in Rotterdam (Boompjas 82). 
—We regret that by a printer’s error the name of the 
managing director of Messrs. Appleby’s, Limited, was 
given as Mr. E. 8. Appleby, instead of Mr. E ‘ 
Appleby.—Dr. D. K. Morris, who for some time has been 
connected with the University of Birmingham as 
Lecturer in Electrical Engineering, having resigned this 
position, has,with Mr. G. A. Lister, established a business 
in Coventry for the manufacture of electrical specialities, 
switch-gear, &c. The firm will be known as Messrs. 
Morris and Lister, and their address is Carlton Works, 
Lockhurst-lane, Coventry —We are informed that Mr. 
Robert Bruce has been taken into partnership in the firm 
of Messrs. Alex. Bruce and Co., timber contractors and 
creosoters, of Glasgow, London, Grimsby, &c. 





SHrppInG Freicuts. &c.—-Mr. John White, 23a, Great 
St. Helen’s, London, E.C., in his Annual Shipping Re- 
view, says that sailing ships have had a welcome revival 
in value by the high freights to the West Coast of 
America. A good number of large ships have changed 
hands at an improvement in price of about 15 per cent. 
on the eae Insurance rates on steamers are inclined to 
be higher, and on sailing ships are becoming a cerious 
tax, but are justified by the many losses that have taken 
place of sailing vessels. Freights have experienced much 
vicissitude, and have greatly changed in many trades 
from what was looked upon as their natural course. The 
homeward cargo, which is the most valuable, ured to give 
the higher freight ; but this year a cargo of coal to the 
River Plate has borne more freight than a cargo of grain 
tonewards, and a cargo of cement to the West Coast of 
America has pid higher freight than a cargo of nitrate 
or grain from the West Coast. We have not had 
freights at their best in one direction when they were at 
their lowest in the 4g wenngps direction. A large number 
of time charters have been current, not only for general 
cargoes, but to fulfil freight contracts of speculators, and 
for coal from Australia to India, China, Philippines, and 


| West Coast of America, combined with lumber freight 


contracts. A very large trade hus been done in case oil 
from America to India, Australia, China and Japan, 
involving much longer voyages than when this supply 
was made from the Caucasus. The necessity of recon- 
struction in San Francisco and Valparaiso, through the 
destructions by the earthquakes, has created employment 
for a large amount of tonnage for cargoes of cement, iron, 
steel, &c. from the United Kingdom and the Continent, 
causing freights to San Francisco to advance from the 
normal rates of past years of 153. per ton to 30s., and for 
coals to 20s. to Iquique. The transit of the Russian troops 
from Vladivostock and Japan to the Black Sea provided 
= employment in the spring for about seventy-fivo 
arge a, of which about forty were British. These 
long voyages have been a great relief to the market, in 
iving employment to the large type of steamers. The 
toe trade usually anticipated for replacement after a 
war has been equally disappointing with the Far East as 
it was after the South African war. With the exception 
of a few cargoes to Viadivostock, all virements (and 
those v moderate) have been ensted by the regular 
lines, and in these, many British steamers have been 
displaced by the Japanese steamers returning to their 
trades. Large sailing ships have experienced an unex- 
‘pected return of prosperity, and must be doing remark- 
ably well with the high rates paid out to the West Coat, 
which will go a long Way to compensate for the low 
homeward rates, which are much helow the standard 
fixed by the Union of Sailing Ship Owners. This stan- 
dard has been circumvented by vessels being fixed on a 
round freight from the United Kingdom or the Continent, 
or from New South Wales to the West Coast and home 
to the United Kirfgddm or the Continent, 
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THE STEAM TURBINES FOR THE KHEDIVE’S YACHT “MAHROUSSA.” 
CONSTRUCTED BY MESSRS. A. AND J. INGLIS, LIMITED, SHIPBUILDERS AND ENGINEERS, GLASGOW. 


(For Description, see Page 25.) 
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A NEW ERA IN YACHT DESIGN. 


WE have given this article the above somewhat 
comprehensive title, because the new measurement 
rule of the International Conference and the re- 
cent — of ‘*Rules for the Building and 
Classification of Yachts,” published by Lloyd’s 
Register of British and ietien Shipping, do 
actually promise that yacht-designing will, in one 
department, assume a new and healthier character 
than it formerly did. Yachting has two charac- 


the former term are included a mpeti- 
tions ; the latter describes cruising voyages. When 
sport and pastime can be enjoyed in the same vessel, 
the yachtsman gets the maximum amount of plea- 
sure for his expenditure. It may further be stated 
that good sport may be obtained from vessels of 
honest design and wholesome scantling, even though 
they may take a minute or two longer over a given 
course than they would do if they were more 
flimsily built. For a long time flimsiness was the 
bane of yachting—that and lack of habitability. 
Committees and conferences have striven, by means 
of measurement rules, to bring shape within rea- 
sonable limits ; but scantling has been too thorny 
a subject to be tackled, except in a very rudi- 
mentary manner in the case of small vessels. 
Glancing at the voluminous tables Lloyd’s have 
now issued, one ceases to wonder at this reticence. 
Our readers will remember* that last January 
an International Conference on Yacht Measure- 
ment was held in London, forthe purpose of arriv- 
ing at an international rule of measurement which 
would give sufficient latitude to the designer to show 
his skill, yet would prevent the production of vessels 
which are simply racing machines. Whether the end 
will have been attained has yet to be proved ; for 
the most knowing of our yacht-designers have be- 
come so skilful in the gentle art of tonnage-cheat- 
ing that there is no telling when they are cornered. 
The rule adopted is expressed by the equation : 
(L+B+4G+3d+4/S—F) +2=Rating in linear units, 
where L = length, B = beam, G = girth, d skin- 
girth—chain-girth (i.e., girth difference), S = sail 
area, and F = freeboard ; the units being either feet 
or metres. It will be seen that length, breadth, and 
girth, together with sail area, form the taxable 
elements of the rule. To secure a habitable roomy 
vessel d is introduced, as it will have the effect of 
handicapping excessive hollowness of bilge. The 
minus sign before F indicates a premium on free- 
board, though not a considerable one by any means. 





There is one other important feature in the rule. 
The length L has formerly been measured on the | 
water-line, a fact which is largely accountable for | 
the exaggerated overhang characteristic of modern 
racing yachts. No yachtsman, we think, except, 
perhaps, a few unballasted enthusiasts, will deny 

* See ENGINEERING, vol. lxxxi., page 474. 





that these extravagant shelving ends are of the 
nature of excrescences. Anyone who has thrashed 
to windward in a latter-day racer, wind against 
tide, will bear witness to that. The old ‘‘ plank on 
edge” yachts—the ‘‘lead-mines” of the Thames rule 
that held sway for so long—bad their faults ; but 
they would lie-to easily and with safety, and did not 
pound in a head-sea like the big drum of a brass band 

A vessel with a long counter and a far-outreaching 
bow with considerable flare had this advantage as a 
tonnage-cheater, that the water-line was short when 


. | She was upright, but as soon as she heeled to the 


breeze the overhanging side became immersed, and 
added greatly to the virtual length of the hull, 


-| besides placing the centre of buoyancy more to 


leeward. For these reasons one of the chief aims 
of the yacht-designer was to get as much overhang 
as ible. This was carried to an extent un- 
desirable for vessels designed to sail in the open 
sea, although less objectionable in smooth water. 
It will be evident that without a considerable 
flare, or increase of beam above water, the chief 


uary advantage of overhang would be lost; and the 


problem, therefore, was to tax flare to an extent 
that would check its abnormal development. It 
was some time before any means to this end, 
without unduly crippling design, was produced ; 
but ultimately an admirable suggestion of a Danish 
naval architect, Mr. Benzon, was adopted at the 
Conference. His plan was to measure the girth 
of hull from deck to deck at the water-line ending, 
to deduct from that twice the freeboard (a vertical 
measurement) at the same station, and to add the 
result (the difference between skin measurement and 
twice freeboard) to the water-line length. So far as 
can be judged by forecast, the principles involved 
in these two factors, the girth difference d and the 
handicapping of overhang at the water-line endings, 
should lead to a more wholesome and shipshape 
form of hull; whilst the inclusion of girth will tend 
to put a check on the exaggerated fin keel that 
appears asa deformity when a vessel is seen out of 
water, and which is a source of danger if she touch 
the ground. It must be acknowledged, however, 
that the fin enables lead to be carried low and gives 
quickness in stays. 

The factors in the rule that we have named, 
including the tax on sail area, not only tend to 
produce a more efticient vessel in nearly everything 
except, perhaps, in mere speed, but they also incline 
to economy ; the exception to the latter condition 
being the allowance for the factor F, freeboard, 
which, it will be seen, has the minus sign before it. 
Very few things, however, are better worth paying 
for than freeboard. In the Yacht-Racing Associa- 
tion rule, to which we shall make reference later, 
freeboard is not taken into account, but other 
factors are common to both rules. 

There remains one element needed in the com- 
position of a yacht that should be a judicious 
compromise between an extreme speed craft and 
a comfortable cruising vessel ; something neither a 
racing-machine nor yet a kind of sea-going house- 
boat. The element referred to is strength of struc- 
ture. Hitherto, whatever may have been attempted 
in the way of measurement rule towards producing 
a more desirable vessel has been, as we have inti- 
mated, largely neutralised by the craze for flimsi- 
ness. We by no means wish to convey by this 
expression that hulls have been carelessly put 
together, or that materials have been bad ; indeed, 
the very reverse is true. The trouble has been 
that builders, in their efforts to secure a low 
centre of gravity, have aimed at putting as much 
of the total weight of hull as ible in the lead 
keel ; and to this end have stinted material in the 
top sides and decks. The result has been an ex- 
tremely expensive hull structure ; for the cost saved 
in weight of material has been a trifle compared to 
the expense entailed by additional quality, and the 
extremely careful work needed. Yet, even with all 
this care and skill the yacht was a very delicate 
structure, not fit for the ordinary work of a sea- 
going vessel ; whilst some of the least favourable 
examples were only capable of lasting through a 
race by being tuned up each time, and by a liberal 
use of the pump. Such vessels were of little value 
except as prize-winners, and if they failed in this 
they became completely valueless. Even of the best 
it might be conceded that their mission was ended 
as soon as they became outclassed, as they speedily 
did, by the coming of a more extreme product of 
the art of I g 

These conditions tended to make yacht-racing 


t-cheating 





more and more a pursuit confined to the very rich, 
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and therefore a decadent sport. Those in such a|' Thames measurement was introduced. Theformula| examination and treatment of applications for 


position as would formerly have enabled them to 
own and race big vessels were reduced to smaller | 
craft, whilst many of the former small-craft men | 
were driven out of the field. More vessels than one, 
after a couple of seasons or so, were unable to find 
urchasers for cruising at any price, and were 
a up. A partial remedy for this state of 
things was the introduction of one design classes; 
a number of boats being constructed from a single 
spécification, which had to be strictly adhered to. 
The system has led to some good sport among the 
smaller classes, but it has its restrictions. In the 
first place, owners like to see in their craft charac- 
teristics that are not shared by every other vessel. 
This naturally is more apparent amongst those who 
have knowledge enabling them to influence the 
design ; but, in any case, a good yachtsman, by the 
fact of owning a vessel, has engendered in him 
something almost akin to parental affection, such, 
we believe, as has no parallel in the relations 
between man and any other inanimate object. It 
is this that accounts greatly for enthusiasm in a 
sport attended by no small measure of discomfort. 

There is strong hope, as we have said, that the, 
new International Regulations will do something 
towards putting an end to the defects which 
have been a burden on yachting; and that we 
may have a return to those more spacious days 
when owners both lived and raced on their yachts ; | 
so that a boat, though built for racing, may still 
be worth something, even if she cannot fly a string 
of flags at the end of the season. When the scant- 
ling question was brought forward at the Inter- 
national Conference of 1906, it was seen that it was 
too full of complicated detail to be thrashed out 
by any congress. It was, however, determined 
broadly that scantling restrictions were absolutely 
necessary ; and by a unanimous vote it was decided | 
that Lloyd’s Register should be invited to confer. 
with other classification societies with a view to) 
coming to an ‘‘agreement on a uniform rule for. 
the scantling classification of sailing yachts.” 

Lloyd’s accepted the duty thus suggested to| 

them, and the result is the tables to which we have | 
made reference, and which, it is safe to say, nearly | 
every yacht-designer has been studying closely of | 
late. The tables, which are in two sets, one for) 
metric and the other for English measurements, give 
the requirements for wood, steel, and composite | 
yachts for each of the international rating classes 
from 5 metres (16.4 ft.) to 23 metres (75.4 ft.) inclu- 
sive. As is well known, for nearly thirty years past, | 
Lloyd’s have undertaken the survey and classitica- | 
tion of yachts, but this has been chiefly confined to 
the larger craft, especially steam vessels. To have 
a little boat of 16} ft. built under survey, which 
will be compulsory if she is to compete in interna- 
tional races, is a new feature, and certainly one that 
has its advantages. As is stated, ‘‘ the constitution 
of Lloyd’s is peculiarly well adapted for the adminis- 
tration of the new rules. Experienced surveyors 
are stationed in all the yacht-building ports, whose 
duty it will be, not only to see that the rules are 
complied with, but also to advise and assist the 
builders generally in carrying out the new require- 
ments; and very complete instructions will be issued 
to the surveyors in order to ensure uniformity of 
yractice in the different ports.” The regulation, 
louevet has been subjected to much adverse criti- 
cism, as it robs the designer of initiative ; and there 
appears to be a general feeling that Lloyd’s sur- 
veyors will be somewhat too heavy-handed for 
yacht work. 

The scantlings alone occupy seven sheets, some 
of them containing over fifty columns ; whilst the 
explanatory matter extends over 27 pages. It will 
hardly be er gs we can give even a précis of the 
matter.* Wood, composite, and steel yachts are 
treated respectively in separate tables. 

We have referred to the Yacht-Racing Associa- 
tion rule, and it will be of interést to add a few 
words about some former methods adopted for 
handicapping yachts for racing purposes. In the 
earlier part of the last century yachts were classed 
by the common tonnage rule, L x B x D + 96.) 
Length was taken on the keel,, and this led to ab- | 
normal rake of stern-posts—the earliest record of | 
tonnage-cheating—so the Thames clubs ado 


|for a 
| it, until the rule was pressed to an undue extent, | 
|many fine yachts were built. 


' the existing Y.R.A. rule :— 


was (L —- B) x B x $B + 94. Under this rule 
the great yacht races of this country were sailed | 
period of nearly thirty years ; and to meet. 


The heavy tax on 
beam, and absolute freedom as to depth, ultimately 
led to the plank-on-edge model, in which sail-carry- | 
ing power was entirely dependent on a deep lead | 
keel. The old ‘‘ lead mines” were, however, very | 
weatherly, and could be depended upon to thrash | 
out from the proverbial ‘‘N.E. corner against aS. W, | 
gale,” a consideration that was exceedingly com- 
forting towards the end of the season. They were | 
also absolutely safe from capsizing. It was, how- 
ever, sometimes hard work to hold on on deck ; | 
and a race in the smaller classes—say one of the | 
3-tonners of the ’seventies—might remind one of a | 
frolic on the back of a porpoise. 
In 1880 the Yacht-Racing Association brought in | 
anew rule: (L + B)? x B + 1730; beam being | 
again heavily taxed. In 1896 we find a more 
complex formula, in which girth was introduced. | 
This had been suggested many years previously by 
Mr. Landseer Mackenzie, a successful amateur | 
designer and Corinthian yachtsman. Sail area was 
also an element. | 
The ’96 rule was superseded five years later by | 


L+B+?Gidd+hvs 
2.1 


In this formula we see introduced for the first time | 
the factor d, girth difference, and there are—with | 


| the exception of freeboard—the same elements as 


in the international rule, though differently treated. 
The important principle included in the modifica- 
tion in the value of L, length, introduced at Mr. 
Benzon’s suggestion, is, of course, absent in the | 
older Y.R.A. rule. 

Considerations of space prevent us following this 
interesting question further. We can only refer 
our readers to Mr. R. IE. Froude’s able paper, 
printed in the Jast volume of the Transactions of 
the Institution of Naval Architects, and to Lloyd’s 
publications. The ‘‘ Table of Tax Figures,” in an 
appendix to Mr. Froude’s paper, is especially in- 
structive. Its purpose is to assess the tax on 
various elements, bringing them to a common 
denomination, and thus to enable a designer to 


| determine to what extent a change in any given 


element can be balanced by changes in other 
elements. We give some of the figures below :— 


L. B. G. d. F, 





Existing Y.R.A. rule.. 0.44 0.12 0.13 027 0.035 
Conference rule . O54 0.14 O11 0.22 0.082 





- 0.038 


Whether yacht-builders will accept with a good 
grace the restrictions as to scantling to be put upon 
them by the action of the International Congress 
is a matter that remains to be seen; and their 
attitude will largely influence an extension of the 
legislation. As stated, there has been a good deal 
of adverse criticism. In some of the smaller classes 
the scantling is certainly generous in its dimensions, 
especially in the light of what some of the most 
successful designers of these craft, such as Mr. 
Linton Hope, have accustomed us to. However, the 


| smaller classes are not so much affected by inter- 


national agreements, and there will be plenty of 
racing outside Lloyd’s rules. Whether, or to what 


extent, the clubs will fall into line with the sug- 


— now put forward remains also to be seen ; 
ut, in any case, the departure is one of great | 
interest, and may prove the beginning of a better 
era for an uncontaminated form of sport, which, 
perhaps more than any other, fosters the best 
characteristics of our race. 








PATENT LAW REFORM. 

Parent law reform is again attracting attention, 
and is being officially taken in hand. The Act of 1902 
is not giving entire satisfaction ; but although some 
Government measure seems imminent, details are 
wanting. Having watched the progress of events | 


tents, is being interpreted under the Board of 
Trade Rules; and, in particular, we find that 
members of the higher branch of the legal profes- 
sion having large experience in patent matters 
concur in the view we have repeatedly expressed, 
that at least one of those rules is ultra vires. 
Amongst those who have ably dealt with this 
branch of present practice are Mr. James Roberts 
and Mr. K. R. Swan. 

Then, again, there are loud complaints that the 
law as it stands allows patent rights to be so used 
as to create monopolies here in favour of products 
manufactured abroad. On this branch of the sub- 
ject the President of the Board of Trade has re- 
ceived deputations from Chambers of Commerce, 
and has promised to take action; and an able and 
exhaustive paper has lately been submitted to the 
Society of Arts by Mr. J. W. Gordon, which we 
propose to deal with in a future issue. 

On the present occasion we shall confine our- 
selves to certain points affecting the present 
practice in dealing with applications for patents 
under Section 1 of the Act of 1902, which, as we 
shall now show, was clearly intended to give effect 


| to the scheme previously advocated by us during a 


long term of years, notwithstanding that some of 
the rules are so much at variance with what was 


| contemplated. 


So far back as June 28, 1875, the Institution of 
Mechanical Engineers held a special meeting to 
consider a Patents for Inventions Bill which had 
been introduced by the then Lord Chancellor. The 
meeting was presided over by the late Sir Frede- 
rick Bramwell; and with his concurrence, and that 
of other eminent authorities—including the late 
Sir C. W. Siemens and Messrs. E. A. Cowper and 
W. E. Newton—adopted a resolution condemn- 
ing the Bill for various reasons, one being that 
it would appoint irresponsible examiners who 
would have the power of reporting against 
applications for patents on grounds of which they 
frequently could not possibly judge ; and a further 
resolution to the effect, inter alia, that an adverse 
report should not disentitle an applicant to a 
patent; and that, in lieu of the proposed publication 
of reports (which would, in many instances, operate 
unjustly), the applicant should merely be required 
to insert in his specification an acknowledgment of 
the existence of the prior matter found and pointed 
out by the Patent Office officials, with a clear state- 
ment of what he claimed notwithstanding. 

It is to be noted that there is here no suggestion 
of limiting the applicant to what the Patent Office 


‘officials might happen to think he was entitled to 


claim. 

In the following year another Patents Bill was 
produced. On May 16 the Institution held a 
special meeting to consider it, Mr. John R. Raven- 
hill being in the chair ; and, with the concurrence 
of, amongst many others, the late Right Hon. A. J. 
Mundella, Messrs. T.-R. Crampton and R. H. 
Tweddell, unanimously resolved to present a peti- 
tion to the House of Commons, embodying, so far as 
applicable to the new Bill, the views of the special 
meeting of the previous year, including those above 
indicated. 

At an influentially - attended meeting of the 
Society of Arts, held on March 6, 1877, a resolution 
was adopted to the effect that no adverse report 
of an examiner, even with a right of appeal, ought 


_to preclude an applicant from obtaining a patent at 


his own risk ; and, further, that reports containing 
opinions of Patent Office authorities ought not to 
be made public, but that opportunity should be 
a to the applicant of amending his specification 

y inserting reference to matters discovered by the 
authorities, with a definite statement of what he, 
nevertheless, claimed. 

In a memorial presented in 1882 to Mr. Cham- 
berlain, then President of the Board of Trade, and 
bearing nearly 4000 signatures, including those 
of many eminent scientific men and manufactu- 
rers, it was urged that the Government should 
bring in a Bill the following session, providing 
for notification to the applicant by the Patent 
Office of the existence of any prior description it 
was desirable he should be aware of, toenable him 


ted a for some time, we are induced to again take up to properly limit the claims in his specification ; but 


deck measurement, and in 1854 the celebrated the subject—with which we have so often dealt in that no patent should be refused for alleged want of 


SS SS ee ee a | 


* For the convenience of our readers, we may state | 
that the rules may be obtained by writing to the Secre- | 
tary of Lloyd’s Register of Shipping, 71, Fenchurch. 
street, the price being 5s, per copy. 


a detrimental kind may be averted. 


the past—in the hope that piecemeal legislation of 
Outside the patent agency 


rofession there has | 
been, and is, growing dissatveta 


action with the way | 


novelty; and that under no circumstances should 
any opinion of Patent O ffice officials be endorsed 
upon a patent or its specification, but that doubtful 
points should be left for the courts of law to 


| in which Section 1 of the Act, which relates to the decide. 
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On November 22, 1893, the Chartered Institute | in improvements in lubricators of the kind wherein 
of Patent Agents formally resolved that, should any | the lubricant is supplied by an eccentric chamber 
serious attempt be made to introduce any system | rotating with a rotating part such as a shaft, such, 
of official examination into novelty into this country, | for instance, as is described in the specitication of 
it was desirable that the Institute should use all | Letters Patent No. 10,064, of 1904;” and had 
its influence to prevent any power over the| stated his claim thus :—‘*I declare that what I 
claims being given to the examiners. In a most /claimis a lubricator consisting of parts as herein- 
influentially signed memorial, presented in 1900) before described and illustrated in Figs. 1 and 2, 
to the Departmental Committee on the Patent | and Figs. 3 and 4 of the accompanying drawings.” 
Laws, on whose subsequent report the Act of 1902 | According to the view of the Chief Examiner, the 
was based, it was urged that as patents had| applicant was both practically disclaiming and 
sometimes been ultimately supported in respect of | claiming in the same breath. Another form of 
inventions which even eminent judges had regarded | reference had also been tendered by the applicant, 
as not patentable, it was not advisable in any un-| but not adopted—viz., ‘‘Iam aware of Letters 
opposed case that Letters Patent should be refused | Patent No. 10,064, of 1904, granted to the Ivel 
on the ground that the invention, or alleged inven- | Agricultural Motors, Limited, for ‘improvements 
tion, was obviously old, or had been previously in automatic feed-oil lubricators,’ and I make no 
patented in this country; provided the applicant | claim to anything therein claimed or described.” 
(if required) so amended his specification as to indi-| It seems from the report that on comparing the 
cate what was previously known, thus protecting | two specifications there was one element of differ- 
the public against being misled ; and, furthermore, | ence, which, however, did not appear as such in 
that it was not advisable either to make it publicly | the words of the specification ; the particular for- 
known that the specification had been amended at | mation of the oil-channel in the applicant’s Fig. 1 
the instance of the Patent Office authorities, or to | was not identical with the oil-channel in Fig. 3 of 
give publicity to any official notification of any the prior specification. Had the applicant chosen 
kind, whether by endorsement on the specification | to confine his claim to that difference, the examiner 
or otherwise, implying doubt as to the novelty of | would, it appears, have accepted the specification 
the subject-matter in respect of which Letters | without the reference ; but the applicant had not 
Patent were granted, because such publicity would chosen to do so. In these circumstances the Chief 
obviously create prejudice against the patent, and | Examiner (acting for the Comptroller) held that a 
where based upon erroneous opinion would operate reference to the prior specification in the form pre- 
unjustly. | scribed by Rule 10 should be inserted in the appli- 

Such were some (but by no means all) of the} cant’s specification; the applicant appealed, and 
prominent steps in the movement that led to the | the Solicitor-General dismissed the appeal. Re- 
passing of Section 1 of the Act of 1902, which | ferring to this case, Mr. Roberts remarks that it 
provides for an investigation and report (publication | was not open to the law officer to decide whether 
of which is expressly prohibited) by an examiner; the tenth rule was ultra vires or not, but only 
and that if the Comptroller is satisfied that no | whether it should be applied ; and that until a 
objection exists to the applicant’s specification on | decision of the Court can be obtained, the view of 
the ground that the invention claimed thereby has | the Solicitor-General as to the effect of the Act of 
been wholly or in part claimed or described in | 1902 must be followed. 

@ previous specification, he shall, in the absence| To illustrate the possible injury such references 
of any other lawful ground of objection, accept | may do a patentee, Mr. Roberts cites, amongst 








the specification ; but that if the Comptroller is not 
so satisfied, he shall, after hearing the applicant, and 
unless the objection be removed by amending the 
specification to the satisfaction of the Comptroller, 
determine whether a reference to any, and, if so, 
what, prior specifications ought to be made in the 
specification by way of notice to the public. 

Under Rule 10, however, as we have on former 
occasions pointed out, a specific reference to a prior 
patent inserted in the applicant’s specification, in 
accordance with the Act, is not regarded as suffi- 
cient if the Comptroller does not like the appli- 
cant’s claims ; but there is placed after the claims, 
and, therefore, outside the specification, an official 
endorsement, thus :—‘‘ Reference has been directed, 
in pursuance of Section 1, Sub-Section 6 of the 
Patent Act, 1902, to the following specification o 
Letters Patent No. ,» granted to ag 
This practice to the detriment of the applican 
has been widely objected to, because it does not 
appear to be justifiable on any reasonable interpre- 
tation of the law. 

Where the reference is inserted as the result of a 
provisional report under Rule 7, a statement to 
that effect is added to the reference ; thus virtually 
making public the report of the examiner, to the 


| other cases, that of Kaye v. Chubb (5 R.P.C., 641). 
The patent (Kaye’s, 4873, of 1877) was for a door- 
fastener in which the bolt was withdrawn by push- 
ing the door-handle, and on pulling the handle to 
| close the door the bolt protruded, and fastened the 
door. An alleged anticipation was contained in 
Imray’s specification (No. 1160, of 1871), which wasa 
device to effect the same object. The only practical 
difference between the two devices was a small 
modification in the part where the knob spihdle en- 
gaged thelever. But in practice Imray’s invention 
was useless, as the bolt projected too soon on closing 
the door. The House of Lords held that Kayg’s 
patent was valid. In such a case, says Mr. Roberts, 
| it would have been impossible for the Comptroller 
|to avoid a reference, as he would have no oppor- 
tunity of testing whether Imray’s invention was a 
‘*part” of Kaye’s 





'failure or not; and certain] 
| mechanism was described in 
| We need hardly point out how detrimental and 
| unjust to the applicant it would be in such a case 
to place an official notice (known as a ‘‘ black 
mark’”’) at the bottom of his specification to the 
'effect that, in the opinion of the experts at the 
| Patent Office, he was anticipated. 

| In an article in the Times Engineering Supple- 





mray’s specification. | 


effect that he has found that the invention claimed | ment of August 8, 1905, wherein Mr. Swan dealt 
in the specification under examination has been |fuily with the subject in its various aspects, he 
wholly claimed or described in one or more specifi- | pointed out—as we have also done in the past— 





cations within the meaning of Sub-Section 1. This | 
publication of the Examiner’s report is surely quite 
contrary to the provision of Sub-Section 4 of 
Section 1 of the,Act, and is the more unjusti- 
fiable in view of the fact that, whilst it is un- 
necessary for the protection of the public, and 
may, without good ground, render an applicant's 
patent commercially worthless, he will have no 
remedy, because Sub-Section 9 of Section 1 
of the Act expressly relieves the Board of Trade 
and all its officers of all liability ; and, at the same 
time, enacts that the investigations and reports 
shall not be held in any way to guarantee the 
validity of any patent. In short, it is all against 
the inventor. 

A case that affords an instructive illustration 


has recently been officially reported, in which the | 


Chief Examiner (acting for the Comptroller) con- 
sidered that the applicant’s specification and that 
of a prior patentee were substantially identical. 
The applicant had embodied in his specification, by 
way of amendment, a reference to the prior speci- 


fication in these words: ‘‘ My invention consists, 


, that where, in the interests of the public, a refer- 
| ence to a prior specification is desired, a reference 
or disclaimer voluntarily inserted by the — 
constitutes quite as good notice to the public of 
the existence of a prior patent as the official refer- 
ence inserted by the Comptroller, whilst it allows 


the applicant the benefit of the doubt as to the | 


merit of his invention. The official reference, on 
the other hand, condemns the applicant’s claims 
as invalid, and fatally handicaps the commercial 
prospects of the invention. Mr. Swan goes on to 
say :—‘‘ The injurious effect of the endorsement 
of the applicant’s specification with this official 
formula is not denied. In fact, it is frankly 
admitted to be the black mark of the Patent Office, 
and is designed to convey to the public the warning 
that the patent is worthless on the ground of 
anticipation. That is the effect the authorities 
intend this official reference to have, and is the 
effect it will certainly have henceforward.” 

Seeing thatthe Board of Trade officials can have 
nothing to gain by placing thorns in the path of the 
inventor, we are at a loss to understand their per- 


| sistence in stretching the law to the utmost possible 
‘extent against him. Our readers will remember 
|that in March, 1905, there was presented to the 
then President of the Board of e a memorial 
which set forth at length the inventor’s objections 
to Rule 10, and was signed by a large number 
of eminent men, some well-known inventors and 
experts in patent practice, amongst the signatories 
being the names of Lord Kelvin, Sir Benjamin 
Baker, Dr. Ludwig Mond, Sir Edward Reed, Sir 
Henry Roscoe, Mr. James Swinburne, Sir J. Wilson 
Swan, and Professor Silvanus P. Thompson. A few 
days afterwards a counter-memorial was epee 
signed by a number of patent agents. The reply 
to these memorials was not published till August 
16, 1905, and it then informed the memorialists 
that ‘*The Board have consulted the Law Officers 
of the Crown in the matter, and have been advised 
by them that in their opinion there is no reason 
for making any alterations in the rules as they 
stand at present.” Mr. Roberts remarks: ‘* Unless 
one read the whole opinion of the Law Officers, and 
the case submitted to them, it is impossible to say 
what this reply was really intended to convey. The 
limitation in it by the qualification ‘at present’ is 
ambiguous. One thing, however, may be noted, 
and that is, that there was no attempt made, either 
by the promotors of the counter-memorial or by the 
Board of Trade, to answer the arguments in the 
first memorial in support of the proposition that 
the Board of Trade had departed from the spirit of 
the Acts in framing Rule 10.” 

It is highly improbable that the present state of 
affairs will be allowed to continue without a strong 
effort to induce the Board of Trade to at least 
modify Rule 10; or, if it be held to be consistent 
with the Act, then to bring about such an altera- 
tion in the law as will protect inventors from the 
serious dangers they now run. In the administra- 
tion of the Act under the rules, the chief officials 
of the Patent Office have, so far, pursued a broad- 
minded policy which calls for nothing but commen- 
dation ; but, as time goes on, it is in the nature of 
things that changes should occur; and the ten- 
dencies of some examiners have amply indicated 
what serious mischief might ensue under antago- 
nistic rules, such as those under which applications 
for patents are now dealt with. 








THE RESISTANCE OF TUBES TO 
COLLAPSE. 

Farrparrn’s experiments on the collapse of 
boiler flues were made just fifty years ago, and still 
form the basis of most of the formule used for 
fixing the scantlings used in the flue-plates of ordi- 
nary Lancashire and Cornish boilers. Nevertheless, 
the investigation in question covered no very wide 
range of dimensions, being, like most of this able 
experimenter’s work, directed rather to the settle- 
ment of some point of practice than to the eluci- 
dation of the theory involved. Undoubtedly, 
much advantage would be gained if theory poe 
precede practice, but this is seldom possible 
in engineering matters. The requirements of the 
moment are generally much too pressing to permit 
of the delay essential for a full consideration of the 
oe involved, and consequently, in reducing 

is observations to a formula convenient for prac- 
| tice, Fairbairn discarded theoretical considerations 
| entirely, and simply found by trial an expression 
agreeing reasonably well with his observed results, 
and one not very difficult to use. 

It is, of course, the well-known 


p = 9,675,000 {2.19 
ld 


which Fairbairn suggested should be modified in 
practice by writing ¢* in place of ¢219, In this ex- 
pression p = the collapsing pressure, ¢ the thick- 
ness of the plating in inches, / the length of the 
flue in inches, and d its diameter. The most notice- 
able feature of the experiments was the fact that 
the resistance a to depend on the length. 
According to Fairbairn’s formula, the collapsin 
pressure diminishes indefinitely as the length 
increases. Professor Unwin, in discussing afresh 
the experiments in 1875, noted that the character of 
the collapse depended on the length. With the 
‘shortest tube the shell, after collapse, presented 
four distinct lobes. With short lengths there were 
three lobes, whilst with longer lengths there were 
two lobes only, as indicated in Fig. 2, page 20. 
This being the minimum number of am. into 
which the tube could collapse, he concluded that 
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beyond a certain critical length the resistance to 
external pressure would become constant, and this 
conclusion has been confirmed by a very interesting 
experimental research carried out during the past 
two years by Professor A. P. Carman, of the Uni- 
versity of Illinois, working, in the first place, in 
conjunction with Mr. L. P. Breckenridge, and 
afterwards with Mr. M. L. Carr. The apparatus 
used was in principle identical with that of 
Fairbairn, but was designed so that pressures up to 
8000 lb. per square inch could be employed. It 
is represented diagrammatically in Fig. 3. The 
outer tube is of nickel steel, and measures 5 in. in 
internal diameter. The plug shown to the right 
was shrunk into place, and that at the other end 
supported by bolts in the manner shown. The 
ends of the tube under test were made water-tight 
by lead — compressed between the end of the 
pipe and a steel disc. The latter was secured by 





Fig. 1 
RELA TION OF COLLAPSING PRESSURE TO 
LENGTH IN SMALL SEAMLESS BRASS TUBES. 
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SECTIONS OF COLLAPSED SMALL SEAMLESS 


$C > HEY 8 


, 2E & 
on it exceeds [ .|—. Here E denotes 
1 —o* d 
Young’s modulus, and o Poisson’s ratio, which is 
commonly taken as}. This formula is based on 
the assumption that four times the thickness of 
the tube is small compared with the mean diameter. 
In one respect it resembles Euler’s formula for 
columns, in that the formula involves only the 
elasticity of the’ material and not the ultimate 
strength. 

Professor Unwin, indeed, in the discussion of 
Fairbairn’s experiments already referred to, en- 
deavours to establish a connection between the 
failure of a column by crippling and the collapse 
of a flue, and arrives at an expression of quite 
similar form to the foregoing. It does not appear, 
however, that such a formula represents completely 
the actual facts as determined by experiment. In 
making a comparison between these, Messrs. 


Fig. 4. 
RELATION OF COLLAPSING PRESSURES OF 
SEAMLESS COLD DRAWN STEEL TUBES 
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bolts passing to a clamp round the pipe as indi- 
cated. This joint proved tight under the highest 
pressures used. A very large number of experi- 
ments were made with this apparatus, the material 
tested being partly drawn tubing and in part 
lap-welded tubing, the range of diameters covered 
being 1} in. up 3$in. The general character of 
the experiments is well illustrated by Fig. 1, 
which, however, has reference to some previous 
experiments on brass tubes.’ Here the tubes tested 
were 0.35 in. in mean diameter, the wall thickness 
being 0.0163 in. It will be seen that once the 
length exceeds about six diameters the strength 
of the tube remains constant, whilst below this 
limit it varies nearly inversely as the length. This 
pn of the curve, therefore, is in accord with 
airbairn’s formula, which, however, ceases to 
apply when the length exceeds the limit stated. 
he theoretical discussion of the problem of flue 
collapse has received a deal of attention during 
late years, the principal result reached being that no 
tube, however long, can collapse unless the pressure 



















|Carman and Carr have included, in addition to 


their own results, those obtained in a very elaborate 
research conducted by Professor R. T. Stewart, 
in which the tubes submitted to test ranged from 
3 in. up to 10 in. in diameter. 

In Fig. 4 we reproduce from their paper a 
diagram in which the observed collapsing pressure 


2 3 

is plotted against : : : , and "It will be seen 
dd ds 

that the observed pressure varies much more 


t? é 
q3 


nearly with - than with F As an empirical 


formula they suggest that the collapsing pressure 
be therefore taken as 
p = 1,000,000 5 


for long cold-drawn steel tubes. For lap-welded 
tubes the coefficient may be taken as 1} millions. 
The fact that the lap-welded tubes ap distinctly 
stronger than the cold-drawn ones is a noteworthy 
feature of the experimental results. It is difficult 


to account for, since the reverse would have been 
anticipated, owing to the drawn tubes being more 

ular and truer to form. 

he formuls given apply only to long tubes, and 
thus are not designed to replace the ordinary Board of 
Trade rules for marine boilers and the like, which 
experience has shown meet most requirements of 
practice; but the researches here dealt with consti- 
tute, nevertheless, a very valuable addition to the 
data of engineering. 








LOCOMOTIVE WORK ON THE 

NORTHERN RAILWAY OF FRANCE. 

Tuer great interest aroused by the sensational 
| accelerations of 1902 on the Chemin de Fer du 
| Nord of France has, in a measure, died away, and 
|in some quarters misapprehension exists as tu the 
work the Nord expresses are called upon to per- 
form. There is, moreover, some suspicion that the 
running of the crack trains is not nearly so remark- 
able as the time-tables indicate: that loads are light, 
and, in short, that the high standard set up in 
1902 is not being maintained. Nothing could be 
more untrue and unjust. The following perform- 
ances, noted during August, 1906, serve to show 
how far the time-table is adhered to in practice, 
and the various runs quoted, if they are not sensa- 
tional, are, at least, examples of everyday work 
performed under ordinary conditions, and with no 
special effort whatever. 

There are nowon the Nord five runsat over 60 miles 

r hour from start to stop :—Three trains from 

aris Lo St. Quentin, 153.1 kilometres, in 95 minutes 
(60.4 miles per hour) ; one from Paris to Busigny, 
180.3 kilometres, in 112 minutes (60.3 miles per 
hour); and one from Paris to Longueau, 126 kilo- 
metres, in 78 minutes (60.6 miles per hour). On 
all of these trains the loads are seldom under 230 
tons, and range under ordinary circumstances up 
to 300 tons, which would make the locomotive work 
remarkable even on an easy road ; and the Nord 
road is very far from easy. Without going into 
any long descriptions of gradients, details of which 
have already been published on many occasions, 
it may be well to recall the chief difficulties the 
trains have to face. After an easy start from Paris 
to St. Denis (6 kilometres), comes: a long ascent to 
the 28-kilometre post (the Survilliers bank), 
steepening at the finish to 1 in 200; there is then 
a corresponding descent almost to Creil station, 
31.2 miles from Paris, to which point only 32 
minutes are allowed the fast trains. Through 
Creil there is a service slack (always, in my own 
experience, carefully observed), and just north of 
the station the lines to Amiens and St. Quentin 
diverge. On the former road, there begins at once 
the long 23-mile ascent to a point just south of 
Gannes, at grades ranging from 1 in 250 to 330, 
|and a similar descent follows from Gannes to . 
| Longueau. Continuing through Amiens, where 
there is a long slack almost to a walking pace for 
non-stopping trains, comes a long easy and virtually 
level stretch for almost 50 miles, a sharp 4-mile 
rise and fall at 1 in 135, with Neufchatel station 
at its summit, another short level round Boulogne, 
and finally the Caffiers bank, 8 miles up (broken 
by aslight fall at Marquise Rinxent) and 8 miles 
down at 1 in 125, finishing up at Les Fontinettes, 
just outside Calais. Turning back to follow the 
St. Quentin line from Creil, there are no gradients 
of note till Tergnier (where there is a slight ser- 
vice slack through the station) is reached, 81 
miles from Paris. Then comes an 8-mile rise at 1 
in 300, and a corresponding drop into St. Quentin. 
The direct expresses from Paris to Arras and Lille 
branch off from the Calais line at Longueau, having 
to slacken speed very carefully, whether they pass 
or stop at the latter station, and have an awkward 
road, broken by ups and downs at 1 in 200, till 
Arras, with a steep finish on the final section of 
their run, from Douai to Lille. 

During the period to which these observations 
refer the work of the locomotives was further 
complicated by a very severe slack at Pierrefitte, 
6.2 miles from Paris, at the foot of the Survilliers 
ascent, which invariably reduced the speed of the 
outgoing trains to a walking pace, and was a 
serious delay to incoming trains as well. The 
line is at present very much overcrowded to Creil, 
two roads having to suffice for all the traffic north 
of St. Denis, and the slack was in consequence of 
the widening works, which were being rapidly 
pushed forward. Additional accommodation is 
urgently required, and delays, especially to trains 
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approaching Paris, are very frequent. At present 
it is no unusual thing to find in the time-table a 

rocession of expresses following each other from 
Paris to Creil at 5 minutes’ intervals, which, 
although it leaves greater opportunities for the 
conduct of local and suburban passenger and goods 
traffic, naturally makes the results of any signal 
checks far more serious than they would be if 
wider margins were obtainable. 

It will be observed that in every case the locomo- 
tives employed were the splendid four-cylinder 
compounds of MM. de Glehn and du Bousquet, 
familiarly known in England as the ‘‘ La France” 
type. from the engine of that name imported by 
the Great Western Railway. Of these engines, 
thirty-five—Nos. 2641 to 2675—are in use on 
the Nord, as well as some of the larger or 
‘*Orleans” type, none of which, however, I per- 
sonally observed. The marvellous up-hill work 
which characterised these engines from the first 
was well maintained in the experiences detailed 
below. Very rarely was the legal maximum speed 
of 120 kilometres an hour (74.5 miles per hour) 
exceeded ; and, indeed, had it not been for the 
Pierrefitte slack, which frequently caused as much 
as four minutes’ loss, the ease with which the 
fastest timings can be kept would have become 
almost monotonous. 

Dealing first with the expresses on the Calais 
line, where the timings at present in force are 
much less sensational than they were some few 
years ago, we still find some remarkable bookings. 
Amongst the best trains are the 6.25 p.m. from 
Boulogne Ville, which runs to Paris, 158 miles, 
in 2 hours 50 minutes, including a five minutes’ 
stop at Abbeville for water; the 6.40 p.m. from 
Boulogne Ville to Amiens, 76.5 miles, in 80 
minutes ; the 1.15 p.m. Calais Maritime to Amiens, 
103 miles, in 113 minutes; the 950 a.m. and 
4 p.M. Paris to Abbeville, 108 miles, in 113 
minutes, the former continuing its journey from 
Abbeville to Calais Maritime, 75 miles, in 80 
minutes; and the 10 a.m. ‘‘ Luxe,” from Paris 
to Amiens, 81.5 miles, in 80 minutes, and from 
Amiens to Calais Maritime in 110 minutes. My 
first experience of Nord running, with the 6.25 p.m. 
from Boulogne, was one of the least satisfac- 
tory. With engine No. 2649 and 285 tons, we 
made the opening run to Abbeville (48.6 miles) 
in 51 minutes 47 seconds, 13 seconds under 
schedule; but the Abbeville to Paris length took 
over 2 hours, though, in addition to the Pierre- 
fitte slack, there was a very bad relaying slow at 
Liancourt (36.2 miles from Paris, at the foot of 
the descent from Gannes), so that the net time 
was slightly under the booked allowance of 113 
minutes. The train has the reputation of gaining 
time considerably when a late start is made from 
Boulogne. 

The 1.15 p.m. from Calais, engine No. 2661, 
with 240 tons, in very wet weather, made the run 
from Calais Maritime to Amiens in 106 minutes 
25 seconds, covering the last 30 kilometres very 
slowly, to avoid an early arrival, although the start 
from Calais had been 7 minutes late. The uphill 
speed on the Caffiers bank fell to 39.5 miles per 
hour, but downhill we never even attained the 
maximum (the fastest kilometres took 30.6 seconds 
apiece) ; we maintained an even speed all the way 
from Boulogne, passing Boulogne-Tintelleries (42.4 
kilometres) in 32 minutes 28 seconds, Neufchatel 
(57.9 kilometres) in 42 minutes 2 seconds, and Abbe- 
ville (121.8 kilometres) in 78 minutes 26 seconds. 
We left Amiens absolutely on time, and as 
92 minutes are allowed for the 81.5 miles to 
Paris, the task presented no difficulty. The run 
was made in 91? minutes (84 minutes 15 seconds 
net), and we passed Gannes (43 3 kilometres, and 
almost all uphill) in 29 minutes 58 seconds, the 
slowest kilometre being run in 40.8 seconds. In 
spite of a signal check at Clermont, and fully five 
minutes lost by the permanent-way delay at 
Liancourt, we were barely a minute late through 


towards Paris in 4 minutes 54 seconds, the fastest 
kilometre occupying 28.9 seconds. 

In the opposite direction, on the 9.50 a.m. from 
Paris, No. 2668, with a load of 265 tons, ran 
well before time all the way. In spite of four 
minutes’ loss at. Pierrefitte, we passed Creil (50.3 
kilometres) in 34 minutes 26 seconds, and Gannes 
(87.3 kilometres) in 57 minutes 53 seconds. The 
final 16 kilometres of the ascent were covered in 
exactly 10 minutes, the fastest being run in 36.2 
seconds, and the slowest in 38.4 seconds; a re- 
markably steady piece of work. We ran easily all 
the way down the bank, passing Longueau (126 
kilometres) in 78 minutes 5 seconds, and Amiens 
in 81 minutes 54 seconds at very slow speed, and 
covered the 28 miles on to Abbeville in 28} minutes, 
arriving, after a very slow approach, in 110 minutes 
11 seconds, virtually a 60-mile per hour start-to- 
stop speed, with no deductions whatever for delays 
and no effort on the part of the locomotive. We 
left Abbeville punctually, and occupied the full 
allowance of 83 minutes for the 77 miles to Calais 
Maritime, ascents and descents alike being taken 
at most moderate speed. 

On the 12 noon from Paris, which is allowed 
88 minutes to Amiens, No. 2645 made a re- 
markable run with 240 tons behind the tender. 
The Pierrefitte slack cost us 44 minutes, the train 
being brought momentarily to a stand ; and just 
as we were getting into speed over the summit 
from Survilliers, we encountered adverse signals, 
and were stopped at the 34-kilometre post from 
Paris. Consequently we took 39 minutes 10 seconds 
(32 minutes net) to pass Creil ; but the 23 miles up 
to Gannes were covered smartly in 23 minutes 
9 seconds (9 minutes 58 seconds for the final 
16 kilometres), and although the 24} miles descent 
to Longueau took over 22 minutes, we arrived at 
Amiens virtually on time in 88 minutes 34 seconds 
—81 minutes 19 seconds net for the 814 miles. 
The run demonstrated most clearly the absurd 
ease with which the present bookings can be kept. 

Next in geographical order come the Paris-Lille 
trains. They comprise some remarkable timings 
—the 78-minutes’ run from Paris to Longueau 
already referred to ; two trains from Longueau to 
Paris in 82 minutes; runs in each direction be- 
tween Longueau and Arras (41.2 miles) in 42 
minutes ; and Paris to Arras (120 miles) in 126 
minutes, and Arras to Paris in 125 minutes— both 
the latter non-stop, but with a severe service slack 
at Longueau. The 5.25 p.m. Lille express from 
Paris is timed over its four start-to-stop runs at 
60.6, 58.9, 52.5, and 52.4 miles per hour, over a 
road which would certainly be considered hard in 
England, and reaches Lille in 2 hours 50 minutes 
(157 miles), with stops at Longueau, Arras, and 
Douai. Comparisons are odious, but Arras is 7 miles 
further from Paris than Birmingham is from Euston; 
the commercial importance of Arras is immeasure- 
ably less, and there is no competition; but the 
transit time is only five minutes more. Lille is a 
mile nearer to Paris than Crewe is to Euston ; the 
French timing is 170 minutes with three stops, the 
English 174 minutes non-stop. English travellers 
on the Lille line will be particularly impressed by 
the fine stations at all the important points, and by 
the smart station work performed at them in deal- 
ing with the expresses. Many of these are only 
booked to stop two minutes, and rarely exceed that 
allowance. 

The first journey made by the present writer 
on the 5.25 p.m. from Paris was remarkably good, 
for in spite of the Pierrefitte delay, and careful slacks 
at Creil and approaching Longueau, we stopped at 
the latter station in 77 minutes 56 seconds. The 
engine was No. 2667, and the load 255 tons. The 
slowest kilometre up to Survilliers occupied 38.6 
seconds ; the Creil to Gannes length was covered 
in 22? minutes, the last 16 kilometres occupying 
9 minutes 58 seconds, in striking similarity to pre- 
vious runs, and the down-hill limit was only very 
slightly exceeded, the fastest kilometre being run 





Creil (50 miles in 50$ minutes net), and con- 
sequently the Survilliers ascent was not hurried. 
As an instance of the curiously even work per- 
formed with these trains, on the previous i 
No. 2645, with 245 tons, passed Gannes in 
exactly 30 minutes from the Amiens start, and 
reached Paris in 10 seconds over the 92 minutes 
allowance in spite of two signal stops, and the 
Liancourt and Pierrefitte permanent-way delays. 
This was one of the few occasions on which I found 
the down-hill speed-limit slightly exceeded, for we 
covered 10 kilometres down from Survilliers 


| 


| 





in 29 seconds from Survilliers, and 28.6 seconds 
down from Gannes. We passed St. Denis (6.1 kilo- 
metres) in 5 minutes 45 seconds, Survilliers (29.7 
kilometres) in 23 minutes 51 seconds, Creil (50.3 
kilometres) in 34 minutes 15-seconds, Gannes (80.6 
kilometres) in 56 minutes 59 seconds, Breteuil 
(94.9 kilometres) in 60 minutes 57 seconds, and the 
122nd kilometre (76th mile) in 74 minutes 36 
seconds. Continuing from Longueau, No. 2667 
stopped at Arras in 42 minutes 19 seconds, ran from 
there to Douai in 17 minutes (25 3 kilometres), and 
from Douai to Lille in 24 minutes 27 seconds (20.8 








miles), with a very bad permanent-way slack at the 
start. Travelling on the same train a few days 
later, with No. 2652, and the same load of 
255 tons, the run to Longueau took 78 minutes 
58 seconds. The Pierrefitte permanent-way slack 
was unusually bad, so that we took 34 minutes 57 
seconds to Creil, passed Gannes in 57 minutes 50 
seconds (this time only taking 9 minutes 48 seconds 
for the last 9.95 miles, running the slowest 
kilometre in exactly 37 seconds), but we made a 
slightly easier descent. Down the Survilliers bank, 
however, 4 kilometres were run in 27.9 seconds 
each, and the total time from passing the summit 
of the first ascent to stopping at’ Longueau (61 
miles) was only 55 minutes 21 seconds, as against 
55 minutes 2 seconds on the previous occasion, 
On the second run, No. 2652 ran the Longueau- 
Arras length in 41 minutes 20 seconds—a speed of 
— over 60 miles per hour from start to stop. 

turning from Arras to Paris on the 7.30 p.m. 
from Lille, due in Paris at 10.25 p.m., we had 
No. 2666 and a load of 2650 tons. We left Arras 
punctually, passed Longueau, with a long and 
very careful slack, in 40 minutes 58 seconds, and 
Gannes in 66 minutes 40 seconds, running the 
21.7 miles up from Boves in 21 minutes 39 seconds, 
and in spite of a very severe slack at Liancourt and 
another at signals approaching Creil, passed the 
latter station in 91} minutes from Arras. The 
completion of the run was spoiled by the Pierrefitte 
delay, and a signal stop outside the terminus; but 
in spite of all these hindrances we arrived in 
124}? minutes, our net time for the 120 miles 
being under 2 hours. An even more remarkable 
run on the 7 a.m, Rapide from Lille to Paris was 
unfortunately spoiled by signal delays. With 
No. 2667, and a pantie. Hom. a easy load of 210 
tons, we reached Douai in 22 minutes 24 seconds 
(24 minutes are allowed for the 20.8 miles), 
and ran from Douai to Arras in 18 minutes 55 
seconds. Then followed an exceptionally smart 
run to Longueau, start to stop, 41} miles, in 40 
minutes 2 seconds, and we started punctually on 
the final 82 minutes’ run from Longueau to Paris. 
Gannes (24} miles) was passed in 26 minutes 5 
seconds, the last 4 kilometres being run in just 37 
seconds apiece, and after an easy descent, and the 
usual Liancourt delay, we passed Creil in 46 
minutes 17 seconds net (47} miles). But before 
reaching the summit at Survilliers delays set in, 
and our arrival was 6 minutes late. 

In the last batch of trains—those which diverge 
from the Calais line at Creil, and have the Belgian 
frontier as their objective—are to be found the 
three 60.4-miles-per-hour timings from Paris to St. 
Quentin, and the 60.3-miles-per-hour booking to 
Busigny—a remarkable record. These four trains 
leave Paris at 8.15 a.m., 12.40 p.m., 1.50 p.m., and 
7.20 p.m., and in every case the timings were kept 
so easily that I have selected for mention here 
those runs on which extraordinary delays were 
encountered. Thus, on the 12.40 p.m., with 
No. 2641, and 270 tons, we were delayed 34 minutes 
by the Pierrefitte slack, and then stopped by 
signals just before reaching the Survilliers summit. 
Consequently we took 41 minutes to pass Creil, 
but ran the 64 miles thence to St. Quentin in 
61 minutes 9 seconds, arriving in 94 minutes 21 
seconds net. A remarkably steady speed was, as 
usual, maintained from Creil, 33 to 34 seconds 
being the average time for each kilometre, and 
we passed Compiegne (51.7 miles) in 59 minutes 
29 seconds, and Tergnier (81.5 miles) in 85 minutes 
46 seconds. On the 1.50 p.m. Nord express, 
No. 2666 took a load of 280 tons to St. Quentin 
in 94 minutes 50 seconds, in spite of the Pierre- 
fitte delay ; passing Creil in 34 minutes 27 seconds, 
Compiegne in 53 minutes 37 seconds, and Terg- 
nier in 79 minutes 29 seconds, at which point the 
train was ahead of time, and the last 14 miles 
had to be taken very easily. Fifty-nine and a half 
miles were covered in the first hour, and the s 
only very slightly exceeded the limit. down the 
Survilliers bank, so that the performance was a 
remarkably creditable one. A very similar run was 
made a few days later with the same train, engine, 
and load, complicated in this case by a signal- 


| stop at Pont l’Evéque, 65 miles from the start, 


We arrived there in 64$ minutes net from Paris, 
and ran the 30.4 miles on to St. Quentin in 
31 minutes 22 seconds, the net time for the whole 


‘run being only 92 minutes 17 seconds; while on 


the 8.15 a.m., No. 2643, with 225 tons, though 
taking 33 minutes 5 seconds net to Creil, 


reached St. Quentin in 93 minutes 3 seconds net. 
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On this last occasion we had heavy rain and a side- 
wind to reckon with, so that the run was in reality 
exceptionally good. On the non-stop train to 
Busigny (7.20 p.m. from Paris), No. 2666, with 
225 tons, made the run in just two minutes under 
time (110 minutes 4 seconds) for the 112 miles, 
passing Creil in 31 minutes 14 seconds, Com- 
piegne in 51 minutes 14 seconds, Tergnier in 
78 minutes 47 seconds, and St. Quentin in 92 
minutes 1 second. 

The return trains from St. Quentin to Paris are 
comparatively slow, the fastest non-stop timings 
being 101 and 104 minutes. Time, however, is 
constantly made up, whenever the departure from 
St. Quentin is sutticiently late to give any oppor- 
tunity for fast running, and I found the run made 
in 964, 98, and 100 minutes with the utmost ease. 
But there is one train in from Aulnoye to Paris 
(the 8.21 a.m. Rapide from Brussels, due in Paris 
at 12.50 p.m.) which has a series of short runs 
unequalled on the Nord, though with a singular, 
if somewhat inferior, English parallel in the Mid- 


land Railway 9.33 a.m. ‘‘up” from Leicester to | 


St. Pancras. The French train is timed from 
Aulnoye to Busigny (35.3 kilometres) in 24 minutes ; 
Busigny to St. Quentin (27.3 kilometres) in 18 
minutes ; St. Quentin to Tergnier (22.2 kilometres) 
in 16 minutes; Tergnier to Compiegne (47.3 kilo- 
metres) in 30 minutes ; and Compiegne to Paris 
(83.6 kilometres) in 56 minutes. The speeds for 
these five start-to-stop runs are 55, 54.1, 52.5, 59, 
and 56.2 miles per hour, and the train covers the 
135 miles from Aulnoye to Paris in 150 minutes, 
with four intermediate stops. Needless to say, the 
locomotives are quite capable of improving even on 
this schedule. With 220 tons, No. 2663 reached 
Busigny in 22 minutes 28 seconds from Aulnoye, with 


a very slow finish, as the train was well up to time, | 


and ran the next two stretches in 18 minutes 21 
seconds and 16 minutes 4 seconds respectively. The 


Tergnier-Compiegne run was made in 29} minutes, | 


and from Compiegne we passed Creil, almost 21 
miles, in 21 minutes 38 seconds, when a series of 
signal delays commenced and spoiled the run on 
to Paris. 
same load and on a very wet day, improved on 
No. 2663's performance, ran from Tergnier to 
Compiegne in 28 minutes 50 seconds, passed Creil 
in 20 minutes 55 seconds from Compiegne, and 
finally stopped at Paris in 55 minutes 18 seconds, 
in spite of a loss of 2 minutes 10 seconds by 
perminent-way and signal checks on the last 
ten miles. 

The excellent locomotive work which the above 
runs indicate has, however, advantages beyond 
those which appear at a cursory glance. By the 
system in vogue on the Nord of forbidding the 
‘* crawl up-hill” and subsequent fast descent, and 
requiring the drivers to keep to their intermediate 
booked times in all cases, there remains no tempta- 
tion to disregard service slacks even on the fastest 
timings, and there is little possibility of what we 
know too well in England as a ‘‘speed scare.” By 
a slight re-arrangement of the intermediate booked 
times of our own crack trains, so as to make the 
point-to-point speeds, as detailed in working-books, 
a real standard of running, rather than a pinnacle 
of perfection to which few, if any, trains attain, a 


great deal of the mystery that shrouds English | 


locomotive work and capabilities would be removed, 
and at the same time the tendency on the part of 
Press and public alike to raise the cr 

sive speed” would diminish. Such a ch 


unpunctuality, and deceleration seem the rule on 
certain lines. The express locomotives possessed 
by almost all our leading ee cer are perfectly 
capable of fine uphill work, and by their exhibitin 
it in ordinary practice, the traffic could be work 
more smoothly, and endless discussion as to the 
merits of certain types and classes would be avoided. 
The change would pave the way for future accelera- 
t'ons, and do much to raise the general standard of 
British locomotive practice. 

Any article on the Nord would be incomplete 
without some mention of the rolling stock used on 
the Rapide trains. The side-corridor first and 
s-cond-class vehicles, in use on all the principal 
services, are admirably constructed and fitted, the 
compartments are roomy, and seat the maximum 
number of passengers (eight second-class and six 
first-class) with perfect comfort. 


smooth, and the external appearance of the stock is | 
pleasing. Asa general rule the punctuality of the 
expresses is remarkable; the station work is 


A few days later No. 2671, with the) 


of ** exces- | 
ange would | 
be singularly welcome now that ‘‘ curve-crawling,” | 


The running is | 


smartly performed, and, granting the absence in 
France of many difficulties which make for unpunc- 
tuality in England, the general conduct of the ex- 
press passenger traffic is excellent. 








ESCAPE FROM BUILDINGS IN CASE 
OF FIRE. 

Ir may not be generally known that an im- 
portant part of the London Building Acts (Amend- 
ment) Act, 1905, came into force on January 1, 
1907, and that by virtue of this part of the Act a 
large number of buildings now existing in London 
may be brought within reach of the long arm of the 
London County Council. To state the matter in 
a few words, important additional powers with 
reference to the provision of means of escape in 
case of fire have now become vested in the County 
Council. With a view to understandin 

jand effect of the change which took place on 
January 1, 1907, it is well to consider the position 
_of affairs prior to that date. 

| While the London Building Act, 1294, contains 
| many provisions relating to the use of fire-resisting 


the scope 


j 


| 


|materials in those parts of buildings which are | 
likely to come into contact with fires or flues, it | 


‘contained very little concerning provision for 
/ means of escape from ordinary buildings in case of 
fire. Such provisions applied only to buildings which 
| were new at the passing of that Act, and required 
| proper means of access to the roof in the case of build- 
| Ings exceeding 30 ft. in height, having a parapet, 
| and used wholly or in part as a dwelling-house or fac- 
‘tory. The Act of 1894 also required reasonable 
| means of escape, in case of fire in new buildings 
/exceeding 60 ft. in height, from rooms the upper 
| surface of the floor of which was 60 ft. from the 
| street level. Although they were authorised to 
make bye-laws for regulating the means of escape 
in such buildings, this power was never exercised by 
the County Council. 

The London Building Act Amendment Act, 1898, 
made no provision for means of escape in case of 
fire, and it was not until 1905 that the legislature 
saw fit to make more special provision in this 
behalf. Although the rights of interference with 
private property, which are conferred by this mea- 
| sure upon the London County Council, may appear 
| to be drastic, they are no more arbitrary than the 
| provisions of the Factory Act, 1901. 
| Coming now to the provisions of the Act of 1905, 

the question whether a building is affected by its 
provisions depends partly upon the time of its 
|erection, and partly upon the height or other 
| characteristics. It is not proposed in the course 
| of this article to discuss all the provisions of the 
| Act, inasmuch as that part of the Act which is now 
in force is already sufficiently well known. Putting 
it very shortly, Section 9 of the Act provides that 
|from and after January 1, 1907, the Council may 


| Serve notice upon the owners of certain buildings, | 


| requiring reasonable provisiun for means of escape 


| in case of fire. 
| This provision may be conveniently dealt with 


| under the following heads: 1. What Buildings are | 
next-door neighbour by which advantage can be 


| Affected; 2. Who is the Owner of a Building; 3. 


| What Requirements may be made by the County | 


| Cuuneil ; 
Failing to Comply with the C.rncil’s Requirements ; 
|6. Buildings, dc., exempted from the Act. 

to an exception to be considered presently) existing 


(b) a building in which sleeping accommodation is 


4. Appeals from the Decision of the 
founty Council; 5. What are the Consequences of | 


1. What Buildings are Affected.—The section | 
under consideration applies to any building (subject | 


on January 1, 1907, which is (a) a high building ; or | 


provided for more than twenty persons, or which is| 


occupied by more than twenty persons, or in which 
|more than twenty persons are employed. Several 
expressions which have been used require further 
explanation. The expression ‘‘existing building” for 
the general purposes of the Act of 1905, means any 
building not being a new building. ‘‘ New building ” 
means ‘‘any building the actual erection of which 
above the footings was not bon«u fide commenced at 
the commencement of the Act, i.e., on January 1, 
1906, or (a) which was taken down, burnt, or 
destroyed for more than one-half its cubical extent, 
and re-erected or commenced to be re-erected after 
January 1, 1906 ; or (b) of which the cubical extent 
has been increased after such date by an amount 
equal to the cubical extent of the building as exist- 


| which by reason of any alteration thereof, or addi- 


| tion thereto, becomes a high building after such 


ing before such increase, and any existing building | 


date. A high building means any building which 
has a storey 50 ft. above the footway. 
A simple illustration will serve to explain this 


definition. Suppose a ‘‘high building” was half 
erected on January 1, 1906. It would come under 
those provisions of the Acts which relate to new 
buildings. But high buildings, howsoever old, 
which were in existence on January 1, 1903, are 
subject to the provisions which came into force on 
January 1, 1907. 

Other buildings affected are (i.) buildings in which 
sleeping accommodation is provided for more than 
twenty persons ; (ii.) buildings which are occupied 
by more than twenty persons ; (iii.) buildings in 
which more than twenty persons are employed. 
As to (i.): This would include a hotel, boarding- 
hcuse, or lodging-house, having accommodation for 
more than twenty persons. But it does not in- 
clude a dwelling-house, occupied as such by not 
more than one family. Such a building is expressly 
excluded by another part of the section. 

The question whether it includes a block of flats 
is bound to come up for consideration sooner or 
later. A block of flats is generally a high ‘‘ build- 
ing.” Ifso, the Council may require that means of 
escape from the upper storey shall be provided. 

2. Who is the Owner of a Building.—In view of 
the heavy tax which compliance with the require- 
ments of the County Council may involve, it is 
important to consider who is the ‘‘ owner ” within 
the meaning of the section. The term ‘‘ owner ” 
means the person for the time being receiving the 
rack rent of the premises in connection with which 
the said expression is used, whether on his own 
account, or as agent or trustee for any other person, 
or who would so receive the same if such premises 
were let at a rack rent. It follows from this 
definition that the expense of carrying out the 
requirements of the Council will not in general fall 
upon the tenant, but ee the landlord of the 
premises in respect of which the requirements are 
made. 

3. What Requirements may be Made by the County 
Council.—The section under consideration makes 
no attempt to define the nature of the alterations 
which the County Council may call upon an owner 
to make. It authorises the Council to call for ‘‘the 
provision of such means of escape as can be reason- 
ably required under the circumstances of the case.” 

It is apprehended that under this provision an 
owner might be required to put up an iron stair- 
case outside his house if there were only one 
wooden staircase connecting the floors on the in- 
side. It is material to observe in this connection 
that the powers of the Council are not limited to 
high buildings. If the Council find that a large 
number of people are huddled together, they may 
exercise the powers conferred by the Act in order 
to secure their safety. There is little fear, how- 
ever, that the Council will exercise their powers 
harshly, or impose any very grievous burden upon 
those whose buildings cannot, except at enormous 
cost, be provided with modern means of escape 
in case of fire. If-the owner can make a trap door 
in the roof, or enter into some arrangement with a 


taken of adjoining balconies in cases of emergency, 
it is probable that the County Council will be 
satistied. It may be pointed out, moreover, in 
this connection that the Act provides that if 
an owner has received notice of the require- 
ments of the Council, he may suggest an alter- 
native scheme which the Council may accept, if it 
meet the necessities of the case. There is this 
further limit (imposed by Sub-section (4) of Sec- 
tion 9) to the powers of the Council, that is to 
say : the Council has no power to require any means 
of escape from any storey other than the upper 
storey of a high building, unless that building is 
one in which sleeping accommodation is provided 
for more than twenty persons, or which is occu- 
pied by more than twenty persons, or in which 
more than twenty persons are employed. 

It would appear that, once the requirements of 
the Council have been made and carried out pur- 
suant to this section, the Council may not, in the 
absence of any change in the structure of the build- 
ing, require further works under the same section 
in the same building (see Emden’s ‘‘ Building Con- 
tracts,” fourth edition, by Matthews and Ball, 
page 563, note (p)). Having regard to the cases 
of London County Council v. Lewis ( (1900) 
69 L.J.Q.B. 277), and London County Council +. 
Brass ( (1901) 17 T.L.R. 504), it is submitted that 
the Council would have no power to require an 
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owner to érect means of escape which would 
encroach upon and constitute a trespass on the 
property of a third party. 

4, Appeals from the Decision of the County Council. 
—If an owner is aggrieved by the requirements of 
the County Counell he may appeal to the Tribunal 
of Appeal. The appeal may be lodged at any time 
within two months of the notice (Section 22 (11)). 


The Tribunal of Appeal has power to confirm or | 
vary any requirement made by the County Council. | 


5. Failure to Comply with the Council's Require- 
ments.--Where an owner has been convicted of an 
offence against the Act, by failing to comply with 
the requirements of the Council (or the Tribunal 
of Appeal), or by failing to carry out any alterna- 
tive proposals which he may have made himself, a 
petty sessional court may, notwithstanding the 
imposition of any penalty, make an order prohi- 
biting the occupation of the building. The costs 
of the proceedings shall be in the discretion of the 
Court. 

6. Buildings, &c., Exempted from the Act.—The 
Inns of Court, the Stock Exchange Buildings, the 
Albert Hall, and certain buildings specified in 
Section 39 of the Act are exempt. In addition to 
this, certain buildings belonging to dock, railway, 
electric lighting, and gas companies ; and buildings 
belonging to public wharfingers are expressly ex- 
cluded from the Act. 








NOTES. 
An ImpertaL CHEmicat INSTITUTION FOR 
GERMANY. 

Tue work of founding a chemical institution for the 
Ge1man Empire is at preseut proceeding in various 
directions, and a committee has been formed for 
this purpose. Two-thirds of the requisite capital 
of 1,500,000 marks have already been privately sub- 
scribed, and hopes are entertained of the State 
finding a suitable site in the vicinity of Berlin. 
The German Empire has, since 1887, possessed a 
physical institution, which is under the manage- 
ment of the Ministry for the Interior, and the 
German chemical industry, whose annual pro- 
duction exceeds 1,000,000,000 marks, thinks itself 
entitled to the same advantages. There are 
certainly a number of chemical laboratories at the 
various German universities and colleges, but 


their object, principally educational, is a totally | 


different one to that of the contemplated in- 
stitution. The latter is meant to become the 
centre of chemical research in Germany, and 
the results of such research are meant to directly 
benefit German industry. Educational institutions, 
it is argued, do not afford the conditions—time, 
money, workers, &c.—necessary for the efficient 
solution of chemical problems; but a special 
institution would do so. It should comprise the 
following four sections :—Non-organic work, more 
especially for ascertaining the weight of atoms; a 


section for analytical chemistry, one for organic | 


work, and a physical-chemical section. The new 
institution, it is hoped, will work in close co-opera- 
tion with German industry. Although the com- 
mittee referred to above comprises many eminent 
men, both of science and practical work, not a few 
voices have been raised against the formation of 
such a central institution, and it has been argued 
that decentralisation is one of the main advantages 


of German scientific institutions as compared with | 


other countries. 


Foretagn TRADE OF CHINA. 


The economic and political affairs of China, being 
at the present timé in a state of transition, are of 
special interest to all who do business with the Far 
East, and their conditions should be studied with 
care. 
for the years 1904-5, by Mr. Alex. Hosie, Acting 
Commercial Attaché to the Buitish Legation at 
Peking, has evidently been prepared with special 
care in view of these conditions, as it is much fuller 
than usual, and contains a great deal of information 
of considerable value. We cannot, of course, enter 
into details ; for these we must refer our readers 
to the report itself, our present object being simply 
to direct attention to it. It is, in many respects, 
a document deserving careful study, alike by the 
merchant, the manufacturer, and the student of 
what may be called economic politics. If figures 


were always a safe index to a country’s commercial 
condition, 1905, which showed the highest silver 
or sterling value in the history of China's foreign 
trade, would be entitled to rank as a most suc- 


The report on the foreign trade of China| 


cessful year. Its net silver total was 674,988,988 that institution has played in 


Haikwan taels (101,529,594I.), made up of imports, 
447,100,791 Haikwan taels (67,251,4111.), and 
exports, 227,888,197 Haikwan taels (34,278, 1831. ), 
so that the ratio of imports and exports to the 
| total net trade was 66.2 and 33.8 per cent. respec- 
|tively. In other words, the value of the foreign 
|imports was practically double the value of the 
‘native produce exported. (In 1905 the average 
value of the Haikwan tael was a little over 3s.) 
Cottons, as a class, have taken the first place in 
the list of imports into China. They were 
valued at 181,452,953 Haikwan taels (27,293,548i.), 
as compared with 124,083,305 Haikwan taels 
(17,772,3471.) in 1904—an increase of 57,369,648 
Haikwan taels (8,629,3511.), which accounts for 
more than half the total expansion in imports. 
The balance of the increase was made up by metals 
and sundries in about equal proportions. 
is necessary to draw a distinction between importa- 
tion and consumption. 


for, it is said, twelve months or more ahead, to 
replenish stocks which had been allowed to dwindle 
owing to the inflated price of the raw material 
during the two previous years, as well as to 
anticipate heavy demands from places like Man- 
churia, whose supplies had been cut off by the war. 
But the war dragged on longer than was expected, 
and, in addition, the threatening of plague made 
trade nearly impossible. Following peace the 
withdrawal of the Japanese troops began, and the 


Chinese Eastern Railway was almost entirely taken | 
up by military necessities, and thus blocked the | 
As soon as peace | 


distribution of foreign goods. 
was declared thousands of Japanese civilians flocked 
into Manchuria, through Dalny, with the permis- 


sion of their Government, scattered themselves all | 


over the country, and settled in the towns as petty 
traders. Nor did they come empty-handed. 
brought with them wares of divers kinds, rented 


houses and rooms from the Chinese in the high- | 


ways and byways, and immediately started business. 
The competition of Japanese manufacturers and 
traders in China must for the future be reckoned 
with as a most important factor. Altogether the 
conditions are changing in that country. Thousands 
of Chinese students are going to Japan to get some 
of the training which has enabled the Japanese to do 
so much, and considerable numbers also are going 
to Europe and America. In a very short time 


‘these must exercise a very great effect on every 
|depaitment of national life, and all who are| 


interested in China may take it for granted that 
the Chinese will not much longer be content to be 
treated as an inferior people, as they have hitherto 
been. They are, indeed, already beginning to 
assert themselves in various ways, and foreigners 


must recognise that many of their methods must | 


be changed. 


Tue Wor.p’s Larcest BATtTLesHir. 


The latest papers from Japan are very full of 
the launching of the Satsuma, of which we were 
informed by telegraph some time ago. The 
Japanese are naturally very proud, not only of 

ossessing the largest battleship afloat, but also of 
aera built it themselves, as it not only marks 
the importance of their navy, but also indicates 
the most remarkable progress which they have 
made in shipbuilding. Their first attempt at 


warship-building was in 1875, when they launched | 


from Yokosuka Dockyard the wooden gunboat Seiki. 
Since then they have gone on steadily improving 
their appliances and methods, and extending their 
experience, until they can now boast of having 
built the biggest battleship in the world. By way 
of comparison between the Satsuma and the 


Dreadnought, the following figures are published :— | 


* Dreadnought.”  ‘* Satsuma.” 
Displacement 18,000 tons 19,200 tons 
Length over all 490 ft. 482 ft. 
Beam ms _ = 83.6 ,, 
Draught 26.5 ,, ff ae 
Speed a 21 knots 20.5 knots 
Guns . Ten 12-in. and Four 12-in., 
eighteen ten 10-in , and 
176-mm. twelve 
120-mm. 


It is worthy of note that the principal architect 
of the Navy is Captain Kondo, and the Director of 
the Yokosuka Dockyard is Captain Matsuo, both 
graduates of the Kolu-dai-gakko, or Imperial Col- 
lege of Engineering, of which Dr. Henry Dyer 


| was the first Principal ; and this is another proof, 
if one were needed, of the important part which 1 





But it | 


The fall in the price of | 
cotton in 1904 led to heavy orders being placed | 


They | 


the making of New 
Japan. The Satsuma was built under the personal 
| superintendence of Vice-Admiral Ito, Director of 
|the Working Department ; Engineer - General 
| Kuroke, Director of the een Senne ; 
| and Engineering-Inspector Matsuo, Director of the 
| Shipbuilding Department. The plans were drawn 
| by Engineer-Inspector Shirai, and the practical 
work was under the direction of Architect Okusuki. 
On Thursday afternoon, November 15, the Satsuma 
was launched from her building slip at the Yoko- 
suka Dockyard, in presence of His Majesty the 
Emperor. The Emperor was presented with a 
plan of the ship by Admiral Kammimura, which 
showed that her displacement was 19,200 tons, her 
length 482 ft., beam 83 ft. 6 in., and horse-power 
18,000. After the launch, about 5000 guests were 
entertained to tiffen in one of the buildings of 
the dockyard. Among the other courtesies of 
the occasion was a telegram from the First Lord 
of the British Admiralty to Admiral Siuto, Minister 
for the Navy, congratulating him, in the name of 
‘the Biitish Navy, on the successful launch of the 
Satsuma, and saying that the event will enhance 
the reputation of the Japanese Navy. A tele- 
gram of thanks was despatched in reply. It 
will be seen that the draught of the Satsuma is 
| 1 ft. more than that of the Dreadnought, the Japa- 
| nese having no necessity to adapt their vessels to 
| passage through the Suez Canal. In many fea- 
| tures she resembles the Dreadnought, which is not 
| surprising in view that both vessels were designed 
|on data acquired during the Russo-Japanese war. 
The belt armour, according to Brassey, will range 
from 5in. to 9in. in thickness, and all is being 
supplied from the State Works at Kure. The guns 
are also of Japanese manufacture, the larger being 
all 45 calibres in length. The 12-in. guns wil! be 
placed in pairs in barbettes, one forward and one 
aft, and the 10-in. guns will also be fully protected. 
An interesting feature of the launch was the mount- 
ing of the bilge blocks on sand boxes, in the fashion 
sometimes used for supporting the centering of 
arched bridges. By opening small holes in the 
bottom of these boxes the blocks were released by 
the running out of the sand, and could thus be 
rapidly removed. The launching weight of the 
vessel was 8000 tons. The keel was laid on May 15, 
1905, a fact which does credit to the appliances of 
the Yokosuka yard. The ship will be fitted with 
reciprocating engines, and not turbines, and will, 
as stated, be designed to give 18,000 indicated 
horse-power on trial. The comparison made in the 
table at the head of this note is taken from ofticial 
figures, and is hardly just to the Dreadnought in 
the matter of speed, since on trial her turbines 
proved capable of developing 28,000 brake horse- 
power, and with 24,700 brake horse-power she 
easily developed 21} knots. In view of her re- 
ciprocating machinery, the Satsuma’s extra foot of 
draught should prove very valuable, since, the 
weights being higher than with turbines, some com- 
mand of the guns would otherwise have to be 
sacrificed, 








Lieut Rartways Act, 1896.—The Board of Trade 
have confirmed the Leek, Caldon Low, and Hartington 
Light Railways (Borrowing and Further Powers Amend- 
ment) Order, 1906, made by the Light Railway Commis- 
sioners, amending the Leek, Caldon Low, and Hartington 
Light Railways Order, 1898, 





Tue TreLecRAPHONE.—The Canadian Pacific Railway 
Compeny has decided to adopt the telegraphone—an in- 
vention by which telegraph wires can used for tem- 
porary telephonic purposes without disturbing telegraphic 
work—as part of its ee The instruments will 
be used first on the North Shore section, and if they are 
found successful their adoption will probably be extended 
over the whole system. 





Tue Late Mr. Joserpn Bervays.—We record with 
regret the death of Mr. Joseph Bernays, of 3, Millman- 
street, London, W.C., who for many years carried on 
business as a consulting engineer at 96, Newgate-street, 
E.C. At the time of his death, which occurred on 
December 24 last, Mr. Bernays was in his seventy-second 
year. His — covered a very wide ground, em- 
bracing civil, mechanical, and hydraulic work of many 
kinds. He was consulting am to the San Domingo 
iron pyrites mines in Portugal, and in 1879 read a paper 
on the new pits and hauling machinery there before the 
Society of Engineers, of which he bad been a mem 
since 1866. In 1880 he was elected President of the 
Society, and took an active interest in its management 
until his death. Mr. Bernays was also consulting engi- 
neer to a large white-lead factory near London. He was 
elected Associate Member of the Institution of Civil 
— in 1877, and transferred to full membership in 
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YEAR-BOOKS AND ANNUALS. 


The Science Year- Book, 1907. London: Messrs. 
King, Sell, and Olding, Limited, 27, Chancery-lane, | 
W.C. [Price 5s. net.]—The ‘‘ Science Year-Book” is | 
this year but little different from its predecessors. It 
contains the usual notes and tables on Astronomy, 
the Earth and its Inhabitants, Physical and Chemica 
Science, Meteorology, &c. A brief review is given 
of the advance of science in 1906,and a glossary of 
recently introduced scientific names is provided. A 
large section of the book is given - to directory 
information relating to periodicals, public institutions, 
universities, societies in England and abroad, prizes 
and awards, &c. A brief biographical directory also 
gives a few notes on the work of many scientific men. 
The rest of the book is taken up with diary pages for 
1907, es for correspondence records, cash accounts, 
&c. The book may be obtained in abridged form 
without the diary portion. 


Ocroser, 1906. 


Post-Office London Directory, 1907.—Kelly’s Direc- 
tories, Limited, 182, 183 and 184, High Holborn, 
W.C. [Price 40s.] The Post Office Directory is 
again issued, this being the 108th year of its publica- 
tion. The new volume contains no new character- 
istics, but the information has been carefull e 
over and brought up to date. The Directory is divided 
into about seventeen sections, the chief of which 
are designated ‘‘ Streets,” ‘‘ Commercial,” ‘‘ Trades ” 
and ‘‘County Suburbs.” As is well known, the area 
covered by this directory extends in direction West to 
East for about 10 miles, from Kensington and Chelsea 
inclusive, to Hackney, Bow, Blackwall, &c, ; and from 
North to South, a stretch of about 6 miles, from Hamp- 
stead, Kilburn, &c., to Walworth, NewCross, &c., onthe 
South. For places beyond these limits recourse must be 
had tothe Directory of the London County Suburbs. The 
directory, as usual, contains a large amount of miscel- 
laneous information connected with London, such as 
city, municipal, parochial, and other officials, &c. 
Postal information is also given fully. Lists of 
wharves also figure in the volume, while another useful 
feature is the Banking oa Included with the 
volume is a large canvas-backed map of London repro- 
duced to a scale of 4 in. to the mile. 





The Practical Electrician’s Pocket-Book and Diary, 
1907. Edited by H. T. Crews, M.I. Mech. E. Lon- 
don: S. Rentell and Co., Limited. [Price 1s. net. ]— 
This pocket-book contains a considerable amount of 
elementary information bearing on the everyday work 
of wiremen and mechanics in charge of electrical plant. 
The present edition includes descriptions of several 
forms of apparatus for testing insulation, measuring 
leakage, &c., which were not dealt with in earlier 
issues. The scope of the pocket-hook is very wide, 
and much of the matter is of so general a nature that 
it could be of very slight use to anyone acquainted 
with the rudiments of the subject. 


Diaries. —The City Diary and Almanack contains 
the names and addresses of the members and officers 
of the Corporation, the city clergy, ward clerks, vestry 
clerks, &c., and forms a a guide to the 
various business offices of the Corporation and the 
City of London generally. It is published by Messrs. 
W. H. and L. Collingridge, 148, Aldersgate-street, at 
the price of 1s. 


Calendars.—We have received calendars from the 
following firms :—Messrs. George Cradock and Co., 
Wakefield ; Messrs. Englebert and Co., 119-125, 
Finsbury-pavement, E.C.; Messrs. W. T. Glover and 
Co., Limited, Trafford Park, Manchester; Messrs. 
W. T. Henley’s Telegraph Works Company, Limited, 
Blomfield-street, E.C.; Messrs. Gent and Co., Limited, 
Leicester; Messrs. A. Ransome and Co., Limited, 
Newark-on-Trent ; Messrs. Andrew Barclay, Sons, and 
Co., Limited, Kilmarnock; Messrs. Watts, Fincham, 
and Co., Billiter-buildings, E.C.; Messrs. John Smith 
and Co.. Grove Works, Carshalton; Messrs. King- 
Potter. Clements, and Co., Limited, 56, Ludgate Hill, 
E C.; Messrs. Ashwell and Nesbit, Limited, London, 
Leicester, and Manchester.— The United States 
Metallic Packing Company, Limited, of Bradford, 
have sent us one of their calendars, with a figure in 
relief entitled ‘‘Love’s Dream.” This is a distinct 


represents ls, in of tin 


prices are per ton. Heavy steel rails 


NovempBer, 1906. 


| DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Fron Warrant Markets.) 


DeEcEMBER, 1906. 












In the gy yO diagrams each vertical line represents a market day, and each horizontal line 
, e case plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 Ib. to 80 Ib. The metal 
are to Middlesbrough qustatiana: te 


in plates are per box of I.C. cokes. 








improvement on the usual colcured calendar.—We 
have also received calendars from Messrs. Arnold Good- 
win and Son, Limited, 56, Sumner-street, S.E.; Messrs. 
B. Gibbons, Jun., Limited, and Gibbons Brothers, 
Limited, Dibdale Works, Dudley. — Messrs. Henr 
Simon, Limited, of Manchester, send us, as usual, 
their calendar. It is high praise to say that it keeps | 
up to the level attained in it by the be Mr. Simon. | 
Each day has its motto—an extract from a writer of oF 

pen tenn il that emphasises the ethical side of life. oF ome "to pupils a: ——. — — p BR i 
Each motto is a sermon which appeals alike to men of | the’ Allen Institute, Bedford. The awards are divided 
all religionsfand of no religion, if they have the sense into three divisions—namely, those to pupils, those to 
of duty that makes for righteousness. _ apprentices, and those to drawing-office apprentices. 


Cape Government Railways in the financial year 1906 7 is 
officially estimated at 4,340,000/. The revenue actually 
collected in July. August, September, and October this 
year was 1,201,838/ , as compared with 1,227,116/. in the 
four corresponding months of 1905, 





Capg GOVERNMENT RaI_Lways.—The revenue of the | 





Sir William White, K.C.B., and General Sir J. Mac- 
os Moody BE gy he .. —— ; and after 

chairman, . W.H, en, opened the proceed- 
ings, Sir W. White distributed the prizes, and made a 
few remarks appropriate to the occasion. - He laid stress 
on thomnseatiay of combining ing at the present day ical 
knowledge with sound ical reasoning, igyvited 
the pupils to keep both aims.in view, instead of leaning 
too much either to purely scholastic or to shop-work 
instruction. He approved of the lads working under the 
same conditions in the shops as the men ves, as 
there was much to be learnt in this way which could be 
acquired by no other means, 
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THE KHEDIVES YACHT “MAHROUSSA.” 


RECONSTRUCTED BY MESSRS. A. AND J. INGLIS, LIMITED, SHIPBUILDERS AND ENGINEERS, GLASGOW. 














Fic. 1. Tae Yacut BEFORE RECONSTRUCTION. 
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An interesting piece of work has recently been com- 
pleted by Messrs. A. and J. Inglis, Pointhouse, Glas- 
ow, in the reconstruction of the Khedivial yacht 

ahroussa, the work including the fitting of new 
boilers and turbine machinery in place of the original 
oscillating engines, the removal of the side dle- 
wheels, and the reconstruction of the stern to suit 
triple-screw propulsion. The result has been most 
satisfactory, and the Khedive has himself paid a well- 
deserved compliment to the firm of Messrs. A. and J. 
Inglis. The Mahroussa was originally built forty-one 
years ago by Messrs. Samuda Brothers, for Ismail Pacha, 
and was probably at that date the largest and most 
magnificent vessel of the kind in existence. Illustra- 
tions of her will be found in ENGINEERING, vol. ii., page 
490 et seg. Built with the best materials procurable, 
and with workmanship of the highest class, she was 
found on inspection after forty years’ service to be 
much too good for the scrap heap, and sufficiently 
sound to be worth a complete refit. Sea-going 
paddle-steamers, and low-pressure boilers with simple 
engines, are now, however, completely out of date, and 
the preservation of Penn’s oscillating engines was not 
to be thought of. His Highness the Khedive of Egypt, 
being thoroughly well informed of what is going on in 
Western Europe, at first determined to have the 
Mahroussa transformed into a twin-screw steamer, 
and later, realising the p of the turbine, re- 
solved to avail himself of the new motor. Messrs. 
A. and J. Inglis, Limited, of Pointhouse, Glasgow, 
had built for His Highness the 700-ton yacht Safa-el- 
| bahr, which gave him the greatest satisfaction, and 
earned for Dr. Inglis the decoration of Commander of the 
| Imperial Order of the Osmanieh, and as a vonsequence 
| of the success of this yacht, they were asked to submit 
| plans and estimates for the work to be carried out 








Fie. 3. Deck CaBIN oF THE KHEDIVE. 
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on the Mahroussa to Sir Vincent Corbett, K.C.V.O., 
the Financial Adviser to the Khedive, who ealled to his 

istance Prof Biles, of Glasgow University, and, 
after some negotiations, the plans on which the altera- 
tioas have been cried out were arranged. Fig. 1 on 
page 25 shows the vessel before alteration, and Fig. 2 
is a view as she now is. 

The chief constructional work, so far as the hull was 
concerned, was associated with the adaptation of the | 
stern to the triple-screw arrangement. This had to) 
be carried out in a graving dock, and practically the 
only docks available for Messrs. Inglis were those 
of the Clyde Navigation Trust at Salterscroft. The 
trustees occasionally show some hesitation in granting 
the use of these docks for any lengthened period, as 
they are constantly in demand for cleaning and paint- 
ing operations and urgent repairs to vessels age | 
the ports. It happened that an Allan liner, whic 
had sustained serious damago, required a dock con- | 
currently with the Mahroussa, and Messrs, Inglis | 
were therefore urged to make their re ye A of the 
dock as brief as possible. To meet the Clyde Trust 
condition, Messrs. Inglis devised special methods, so 
that the yacht would occupy the dock for the minimum 
of time. Moulds were made of the frames while the 
vessel was afloat, and as much of the after-body as 
had to be reconstructed was laid down full size in the 
mould-loft. From this draft the new stern.frame, 
roi et balanced rudder, bossed frames, &c., were 
completed, ready to be erected as soon as the vessel 
was docked and the old stern cut away to receive the | 
new. Every single piece of the new construction was 
found to fit so accurately that when the job was com- | 
pleted there was nothing to show that the vessel had | 
not been originally built as a triple-screw steamer. 
The engines and boilers had meanwhile been removed, 
the paddle-boxes taken down, and the poop and deck- 
houses, as well as most of the decks, removed, bulk- 
heads shifted, bunkers re-arranged, aud new engine 
and boiler-seats fitted. Steel decks were laid for about | 
half the length of the ship. A range of deck-houses, 
framed in steel and lined with polished teak, was | 
erected on the upper deck, which was relaid with | 
teak. 

The whole of the internal arrangements have been | 
reconstructed. The decorative work in the principal | 
apartments was carried out by Messrs. Waring and 
Gillow, of London, and Messrs. Wylie and Lochhead, 
of Glasgow. Some idea of the imposing effect of these | 
rooms may be formed from the illustrations which we | 
reprcduce on page 25 and on Plate II., prepared from 
photographs by Messrs. Maclure, Macdonald, and Co., 
Limited, Glasgow. Fig. 3 on page 25 illustrates 
the Khedive’s deck-cabin. Fig. 4 shows the Khedive’s 
dining-saloon, which measures 38} ft. by 22 ft., and | 











is decorated in white and gold by Messrs. Waring | the same position as they were regarded to have been 
The mouldings are delicately carved, | placed by the Trade Union Acts of 1871 and 1876, and | 


and Gillow. 
and cameo-like ornaments are introduced with pleasing | 
effect. The ladies’ drawing-room (Fig. 6) is one of the | 
old apartments refitted by the builders’ own workmen, | 
and is not the least sumptuous on boarc. The Khedive’s | 
bedroom (Fig. 5) is by Messrs. Wylie and Lochhead, | 
and is of Eastern character in ornament. The walls | 
and furniture are in polished sycamore. The Khedi- | 
viah’s room (Fig. 7), by Messrs. Waring and Gillow, is | 
a singularly elegant piece of work, as may be discerned | 
from our engraving. 

The new machinery, including the turbines, was | 
constructed by Messrs. A. and J. Inglis, of Glasgow. | 
It is the first work of. the kind undertaken by the | 
firm, and the success attained on the trial, on the | 
voyage to Alexandria and on subsequent steaming, | 
shows that this, one of the oldest of our engineering | 
firms, still maintains its place amongst the most pro- 
gressive. 

There were in the old ship eight boilers of the 
square-box type, the length being 15 ft. 7 in. and the 
width 10 ft. 1 in. These had each four furnaces, 
making thirty-two in all, the length of the fire-box 
being 7 ft. 6 in. and the width 3 ft. 4 in. In all there 
were 3696 tubes, of an external diameter of 3 in., and 
having a length of 6 ft. 6 in., so that the total heating 
surface was 18,860 square feet. The boilers were 
designed to work at a pressure of 15 lb. The new 
boilers, on the other hand, are five in number, of the 
cylindrical type, the length being 11 ft. 4} in. and the 
diameter 14 ft. 3in, In each boiler there are three 
furnaces, having an inside diameter of 3 ft. 4 in., with 
a length of fire-bar of 7 ft. 6 in., giving a grate area 
of uare feet. The tota’ number of tubes is 
1400, and they are 3 in. in external diameter and 
7 ft. 3% in. long. so that the total heating surface is 
10,170 square feet. The working steam pressure of 
these boilers is 160 Ib. 

On Plate III. we give two illustrations of the low- 

ressure turbines. As is now usual in moderate power 
installations, there are three turbines, the high-pres- 
sure turbine being mounted on the centre shaft, with | 
a low-pressure turbine on each wing shaft: each | 





| change as it left the House of Commons. 


pressure casing 6 ft. 11 in. 
the principle adopted by Messrs. Parsons. 
In Fig. 8 the high-pressure turbine is shown in the 


distance. This view shows also the low-pressure 


casing with the astern turbine end in the fore-front, 
and on the floor is the upper part of the thrust-block. 

Fig. 9 shows the low-pressure turbine casing and 
rotor from the forward or ahead end, with the thrust 
shaft and thrust-shaft bearings inthe fore front. The 
astern turbines, it may be mentioned, are of unusual 
length, which should greatly increase the stopping 
and manceuvring power of the ship. 

The desired with four-fifths of the boiler 
power was 16 knots, and this was exc on 
a trial of six hours’ duration on the Clyde. When 
working at full power the mean of four runs over 
the measured mile at Skelmorlie was 17? knots, the 


engines running at 456 revolutions, and developing 


shaft horse-power. 


The yacht is now 400 ft. long, 42 ft. beam, and of | 
28 ft.2in. moulded depth. On a draught of 17 ft.2in.. 
The vessel now has | 


the displacement is 4300 tons. 
avery much smarter appearance than before. Origi- 
nally, as shown in Fig. 1, she had two funnels, and 
her immense paddle-wheels detracted from the grace 
of outline; the new vessel (Fig. 2) has only one 
funnel, and looks, as she practically is, a new vessel 
equipped on modern lines. 

Professor Biles proceeded to Alexandria in the 
Mahroussa after her completion; and, in recognition 
of his services in connection with the alterations, 
received a decoration from H.H. the Khedive. 





INDUSTRIAL NOTES. 

Tue year 1906 has passed away, and its events 
are matters of history. It was, indeed, an eventful 
year in many respects; in none more so than in the 
records of labour and industry, especially in this 
country. It opened with high hopes and aspirations ; 


| many were fulfilled, some unfulfilled, but the gains 


exceeded the disappointments. The differences in the 
Labour groups are dpe gomee rather than industrial, and 
in some respects affect matters of policy rather than of 
rinciple, On nearly all labour questions labour mem- 
rs are at one, as was shown in the debates on the 
several Bills selected for the Sessions of 1906. There 
were three Bills more especially which the Labourites 
sought to into law, in all of which they were suc- 
cessful. The Trade Disputes Bill was regarded as the 
most important, and that was really without 
The gist 
of the measure was to restore the status quo ante Taff 
Vale decision. It is thought that in this respect the 
object is really achieved. This places the unions in 


y the Labour Laws of 1875. 

The Workmen’s Compensation Act goes farther than 
was expected. The inclusion of domestic servants in 
the measure in its last stages was a surprise; but the 
cases likely to arise under it will not be numerous, if 
we may judge by past events. The Merchant Shippin 
Act was not bitterly opposed by shipowners an 
shippers, as were the measures fe Mes. by Samuel 
Plimsoll. There is a great change in this respect in the 
shipping world. This change was manifested thirteen 
or tourteen years ago, when the then Member for 
North-East Bethnal Green carried Bills for fixing the 
load-line, for the inspection of seamen’s food, and other 
matters, and in the attitude of the shipowners when 
the laws were consolidated and amended in 1894. It 
is most important that just laws and goodwill should 
exist in the great shipping trade of this country. Our 
commerce and trade greatly depend upon the welfare 
of the seamen. May the new Act operate to the 
advantage of all concerned. As regards the Unem- 
ployment Act, a few in the Labour group desired 
some drastic amendment, but the Government in- 
stead appeased their ardour, to some extent, by a 
grant of 200,000/. to aid in the administration of that 
Act until opportunity offered to see the defects in its 
operation, and then to amend it. So far it cannot be 
said that the Act has been a success, Its administra- 
tion has been faulty and costly. The experiments 
made in the employment of out-of-works have in most 
instances been more or less a failure. But the whole 
thing was an experiment. The agitators outside 
thought to have introduced the thin end of the wed, 
of State or munici employment, or both. The 
attempts have not nm encouraging, and the dis- 
closures in connection with Poplar and West Ham 
have had the effect of creating a stronger prejudice 

inst municipal employment than anything else. 
There will be a more scrupulous attention to adminis- 
tration in the future, for both fraud and extravagance 
have been disclosed in those inquiries. 

The Labour Party in the United States has inaugu- 
rated a new programme, following the example of the 


The blades are fixed on| convention ever held—at Minnesota. The creation 


of a Labour Party is now an accomplished fact. I+ 
stands apart from the Republicans and Democrats, 
though there may bs representatives of both in the 
new group. To their ‘ Bill of Rights,” called by 
them a ‘‘ Manifesto of Grievances,” they have now defi- 
nitely added the abolition of all child labour under 
fourteen years of age. This subject has been taken 
up by the American women, and a high-class weekly 
paper is devoted to it. The manufacturers complain 
of a scarcity of labour and seek to fix the age at 
twelve years, instead of fourteen. The labour move- 
ment has spread to Canada, but not to the same 
extent or with the same enthusiasm. The idea is to 
carry the industrial war throughout the great Ameri- 
| can Continent, from Canada to San Francisco, and also 
through the Central American States. British em- 
ployers and workmen need not be alarmed at this, for 
| the result will be, more equitable conditions in the 
competitions for the world’s werk for manufactured 
articles of all kinds that come into the world’s 
markets. The wonder is that American workpeople 
have fallen into the rear, for a generation ago their 

ition and condition were held up as examples to 
furopean labour. 

In the Australian Commonwealth, and in New 
Zealand, labour has long been striving to become the 
dominant factor in public life. Now a third party 
has been formed in the Commonwealth, but with 
diverse elements which may at any time split over, 
say, the fiscal question—Protection versus Free Trade 
—and also probably over the question of State employ- 
ment and protective labour. Cohesion is unstable, and 
| the Labour Party may at any time split, and the 
| severed sections join one or the other of the old parties 
| so long dominant in Australian politics. 
| On the Continent of Europe, Russia has long been 
| seething with discontent and revolt. The labour 
| question has been merged into the political, but the 
| situation has not improved. Workless discontents, 
enraged by hunger, have joined the revolutionary 

bands, the result being assassinations and attempted 
| assassinations, sham trials, and Siberia. In Germany 
| the Socialists are engaged in a struggle with the 
Crown and Court, brought about by a side issue ; 
but the fight will be on the question of the con- 
| dition of the working people. In Spain and Italy 
| the proletariat have been fighting for better condi- 
| tions, but the struggle has been less sanguinary than 
|in Russia. In France, Belgium, and Austria-Hungary 
the struggles have been less acute, but everywhere 
the struggle of labour is manifest. In the midst of 
all there has been, and is, commercial prosperity ; but 
the workers think that their share is small propor- 
| tionate to the whole. 








The report of the National Union of Boot and Shoe 
| Operatives dates nearly up to Christmas. It states 
that the state of trade had been of a somewhat bright 
| nature in districts where employers laid themselves 
out to meet the demands of the times. In this con- 
nection a much more pleasant time was anticipated 
during the holidays and at the opening of the New 
| Year. Reference is made to the complaint of manu- 
| facturers that, owing to the rise in prices of material, 
| there was no margin of profit for the finished article. 
The report goes on to say that if this be so, the retailer 
gets the whole of the profit from the advance in prices 
to the consumer, or a larger proportion than he ought. 
But so mapy of the nianufacturers are now the 
retailers of their own goods that the profits go into 
the same pockets, as producer and distributor, while 
the public has to pay. That there is greater prosperity 
in the boot and shoe trades is evidenved. Ry the fact 
that in two great centres there if*a-demand of the 
operatives for an advance in wages of 2s. per weck, 
so that some share of the higher prices shall go to 
the worker. The umpire’s award in respect of the 
Government work is deemed: to be satisfactory ; at 
least, for the present. It appears to cover all matters 
in dispute. Disputes in the month were few and un- 
important. The operatives are on strike at one firm 
in Newcastle-on-Tyne, as‘the officials of the union 
were unable to effect a settlement; and a dispute 
existed at one firm in London owing to the discharge 
of twomer. The union calls attention to the failure 
of the employers in the Northamptonshire district to 
arrange for a conference, and notice is given that the 
operatives, will require statement prices on and after 
January 1, 1907. 

The heavy fall of snow in London in the early hours 
of December 26 and during the day and following night 
throws a vivid side-light upon two questions closely 
| allied—the administrative capacity of the London 
| Borough Councils, and the employment of the unem- 
| pl x The failure of the borough councils to cope 
| wit! the fall of snow was conspicuous. Some sy 
| that the councils were caught napping. Alas, it 





shaft has one propeller. The astern turbines are in- Labour Party in Britain, In the United States the was Christmas night! But where were the unemployed ? 
corporated in the same casings as the low-pressure new movement is led by the American Federation of |In one borough well known to the writer there were 


ahead turbines, The outside diameter of the high- | 
pressure turbine casing is 5 ft. 6 in., and of the low- 


Labour, the greatest federation ever created in that 


country. The policy has been endorsed by the largest | 


| miles of streets and roads untouched on Thursday, 
the 27th ult., and yet in this borough the question of 
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the unemployed played a conspicuous part in the | The markets were but poorly attended in the Midlands 
recent borough election, all parties joining in the cry. |and on Manchester Change, and very little actual 
Where were the unemployed? Not in the snow- business was done beyond completing —_ for 
covered roads and streets, where they were sadly | supplies up to the quarterly meetings. There was, if 
needed. Parliament, at the instigation of the London | anything, an upward tendency in prices, especially 
County Council, deliberately handed over to the local | as coal will probably be raised 1s. per ton to meet the 
authority the duty of not only cleansing the streets, extra wages conceded to the miners. 
but the footpaths, which formerly had to be swept | j — re 
by the occupier. What is the result? For two days| - The strike of engineers in the Hull district is ex- 
they were covered with snow, and dangerous. Some tending. Already over 5000 engineers, pattern-makers, 
districts were doubtless fairly well attended to, but and smiths are on strike because the federated firms 
others were disgracefully neglected. It is reported refused to grant the advance demanded. On Christ- 
that at Sheffield the unemployed, and even the em- mas Eve the non-federated employers received notices 
loyés of the Corporation, refused to work on Bank | from the secretary of the Amalgamated Society of 
frolida . It might, however, have been expected that | Engineers requiring an advance of 2s. per week. It 
this fall of snow would have been utilised as a means | is expected the non-federated firms will refuse the ad- 
of feeding the hungry, even at the expense of the rate- | vance ; in that event some 800 more will be on strike. 
payers. The latter do not complain so much of the | It is feared, therefore, that some 5800 men or more 
rates as they do of inefficient expenditure. _ will be on strike in this first week of 1907. The out- 
At the close of last session, on the eve of the holi- | look is regarded as serious, 
days, the Local Government Board had allotted | ne ; : ao 
38,3507. out of the 200,000/. grant for the purposes of The engineers in the Potteries district are also on 
the Unemployed Workmen Act. Grants were also | strike for an advance of 2s. per week, and 5 per cent. 
made to Scotland and Ireland. Of the total so granted, | advance in piece rates, the steam-engine makers join- 
6570/. were given as follows :—Bristol, 1000/.; Leeds, | ing them. The North Staffordshire Trades’ Council 
1000/.; Northampton, 1000/.; Plymouth, 800/. ;| are supporting the men in their demands. The rail- 
Southampton, 600/.; Leicester, 600/.; Birmingham, | Way men are not affected. 
500/.; Brighton, 750/.; Newcastle-on-Tyne, 320/. A| ‘ ’ SSL te ; 
total of 31,780/. was allotted to Greater London. Of|, The dispute in the dyeing trades in Yorkshire has 
that amount 21,000. was given to the Central Com- | been finally settled, the ars were their de- 
mittee, 5500/. to West Ham, and 1180/. to East Ham ; mands—at least for the present. It is to be oped that 
to Tottenham, Willesden, and Walthamstow, 1000. | the points raised about local differences will be mutually 
each ; to Edmonton, 800/.; and to Leyton, 300/. Many | 8rranged now that peace is proclaimed, so that they 
miles of roads and streets could have been cleared of | Shall not arise and be an obstacle in the future. It is 
snow out of that 31,7802. voted to Greater London, desirable to minimise all such differences, so that, in 
with a wide margin left, especially as all the autho-| case of dispute, the issues shall be clear on both 
rities named have a large number of regularly employed | sides. 
men for sweeping the streets. Pe ; : ; EARS 
ited The Scottish Miners’ Federation, at its meeting in 


Judging by the speeches of some of the miners’ Edinburgh last week, condemned the Government for 


‘ : | i lect of Scotland. ‘‘The Cabinet,” said a dele- 
leaders, the Government is supposed to have com-| 't® neg . * 
mitted itself to a Mines Kight-Hours Bill in the next | 89te, “was full of Scotchmen, yet Scotland was 


session. They do not explicitly say that any pledge | neglected.” The employment of unskilled labour in 











mines was also condemned, and a demand was made for 
| its prohibition, and the Government was called upon 


was — by the Prime Minister to the deputation, 
—— - ng te | te readily pramted yey pnd | to promote “the nationalisation of the means of pro- 
iateuier te “entitled to such an Act, it is the| @uction.” The meeting favoured independent action 
’ >, 

coal-mining industry. The real question at issue is | by the Labour Party. 
whether such an arrangement cannot be better made | 4 ; é : 
by the parties themselves than by the hard and fast| The Operative Bricklayers, with a membership of 
line of legal enactment. Why the Labour leaders of 40,000 men, have resolved to make its executive a 
to-day seek so much legislation is incomprehensible, | permanent body, to meet daily for the transaction 
For 75 years, from 1800 to 1875, the Labour leaders | Of business. The executive is to be elected for two 
sought to repeal Acts rather than to enact them, | years instead of one. The Bricklayers have their own 
except such as were necessary for the repeal of — offices and hall in the Borough. 

The Factory and Workshop Acts and the Mines Re- grad = 

gulation his were required to undo the results of| Reports from the United States indicate abnormal 
previous legislation; for the evil that Acts do lives | PTS erity, but the cost of living has so increased that 
after them, as in the case of men. Legislation has| the high rate of wages does not suffice to meet the 
been rendered necessary in many cases, but the less | *mergency. It is said that skilled work men earn from 8. 
there is of it the better for the nation. to 12/. per week, and yet it is hard to live. As regards 
the wealth of the States, it is said that 1 per cent. of 


The Council of the Amalgamated Society of Railway | the population own 99 per cent. of the aggregate. 
Servants have endorsed the action a upon by the : 
recent Conference, and have Seomeiael pe te hee a The London cabdrivers have at last come to ~ 
in detail, and published them for the satisfaction of the conclusion that a sixpenn cab-fare is expedient. It 
members of the union, and for the information of the| #8 time that they did. an this had nae done a. 
public. The various companies are to be approached | 28%. the Jong line of “ prowlers wee — ne 
with a view to negotiations on the subject. In brief, | diminished almost to vanishin — i = the 
they are:—(1) (a) Eight hours standard day for all| “tubes” and the motor-buses have brought them to 
engaged in the movement of vehicles in traffic; (b) their senses. 
ten hours maximum for all other classes; (c) no man ‘ se 
to book beyond 10 in 24 hours; (2) no man to be| The bleachers and dyers of Lancashire have, it is 
called upon for duty with less than 9 hours’ rest ; (3) | aid, made arrangements with the Employers’ Federa- 
(a) as to overtime, each day to stand by itself ; (b) a| tion for the adjustment of wages questions. The 
minimum rate of time aid a quarter for all time | question of working hours is one of the subjects to 
beyond the standard day ; (4) (a) Sunday duty to be| which attention will be called, as outlying places work 
regarded as distinct from the ordinary week’s work ; | longer than the towns. 

(6) a minimum rate of time and a half to be paid be- 
tween 12 midnight on Saturday and the a follow- 
ing respectively ; (c) Christmas Day and Good Friday 
to be regard L n 
to be guaranteed to all employés of the companies ; (6) | Tevenue—viz., 13.3 per cent.—compared with that for the 
(a) an immediate advance of 23. to be given to all ee the oon — — — a mp “= 
grades except those demanding an 8 hours’ day ; of 8,361,000 kr, iture to 29,122,000 kr., leaving @ surplus 
(6) all grades in the London district to be paid 3s. ond ’ : BIND as: 

i 


week above the wages paid outside the London dis- ne he 

trict ; (7) the Sadiem al having one motor-man to one Phe Ey oe aa pow Cuaieh conde, 
motor-cab to be abolished. The foregoing are the| i,t) ironclad built for the Swedish ons ee BS os 
demands set forth in the National Programme, the | Messrs, Lindholman’s shipyard, Gothenburg. The dis- 
reasonableness of which will have to be considered by | placement of the Oscar it is 4275 tons, and she is conse- 
the companies, and doubtless by the travelling public. | quently the largest ironclad of the three Scandinavian 
.The concessions demanded will increase the financial | kingdoms. She is 319 ft. long and 17 ft. deep in the 
responsibilities of the companies ; but there remains | water. The two triple-expansion engines indicate together 
the question of the justness of the demands under | 9000 horse-power ; the speed is 18 knots. The armour 
existing circumstances. Everything that tends to | consists of a heavy water-line armour and a protected 


: : are Si rrets, one fore and one 

reater safety will appeal to the public generally, | 4¢°k- _ There are six prot tu e , 
: aft, with two at each side. The armament consists of 
a the shareholders have aleo to be considered. two 21-centimetre guns in the turrets fore and aft, and 
Thre ia itl to record with rexpect tothe iron and) 8%, gentinete, guns, two tnd, two, in the, sid 
steel trades. Last week a number of works were closed | two torpedo tubes, one on each side, for firing torpedoes 

















Danisu State Raitways.—The report for the financial 





| 
| 
| 
| 
| 
} 
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as Sundays ; (5) a full week’s wages | year 1905-1906 shows a very material increase in the | 


| arrive at a solution. 





THE LAW OF MASTER AND SERVANT. 

ane v. Levinstein, Limited.—This case, which was 
h in the Court of Appeal on December 14, raised an 
im t question as to who is a ‘‘workman” within 
the Workmen’s Compensation Act, 1897. _The applicant 
was & widow whose husband had met his death owing to 
an accident while in the employment of the respondents. 
The County Court Judge made an award of 300/. 
in her favour, and it was from this award that the 
employers appealed. 

Mr. ©. A. Russell, K.C., and Mr. Willis appeared for 
the appellants; Mr. Ruegg, K.C., aid Mr. Parsons, for 
the respondent. 

It appeared that the applicant’s husband, who had been 
educated at a university in England, and had taken the 
degree of Master of Science, entered into the employment 
of the appellants, a firm of manufacturers of dyes and 
chemicals, for the term of five years, at a salary beginning 


| at 2007. a year, and ending at 260/. in the fifth year, 


either of the parties being at liberty to cancel the 
agreement upon giving six months’ notice. Bagnall was 
to put at the dis of the firm the entire results 
of his work, whether they led to improvements in the 
existing methods of manufacture, or whether they con- 
cerned the ~~ of new bodies, and the firm 
were to pay him a commission of 4 per cent. of the net 
profits of all such inventions, improvements, or dis- 
coveries as should, in their opinion, be of sufficient merit 
to justify a patent being taken out. There were clauses 
in the agreement requ Bagnall to keep secret all 
affairs relating to the firm’s business. He was employed 
by the firm in sulphur colours, and he had to do certain 
manual labour in connection therewith. He was dressed 
as an ordinary workman, and had to work among the 
chemicals like other workmen. He was na monthly, 
but his name was not in the wages-book. r five-sixt 
of his working time he was in the works, and for one- 
sixth in the laboratory. While so employed he met with 
an accident, from which he died. is widow claimed 
compensation under the Workmen’s Compensation Act, 
1897. The County Court Judge found that the deceased 
man was a “‘ workman” within the Act, and awarded the 
widow compensation. It was held in the Court of Appeal 
by Collins, M.R., and vp ty L.J., Farwell, 
L.J., dissenting, that the County urt Judge in so 
deciding had misdirected himself upon the law applicable 
to the facts, the terms of the agreement of employment 
and the evidence all pointing to the conclusion that the 
d was not a workman, and they remitted the case 
to him for a new trial. 

In the course of his judgment, the Master of the Rolls 
said :—“‘In deciding this case, it is necessary to have 
regard to what the deceased man was en todo. No 
doubt it is true that a workman is not the less a work- 
man because he has acquired academic distinction in 
science. But the question is, What is the employment 
for? Ifa man is employed as a Master of Science for 
the pur of bringing his scientific knowledge and 
skill to ron the business of his employers, he is not 
employed as a workman. If he is employed for the 
benefit of his attainments with a view to discovering im- 
provements in scientific processes ; the mere fact that his 
work involves some manual labour does nob make his 
pes ery that of a workman. In such a case a man 
is employed as a scientific ex and not as a workman. 
In dealing with this Act of Parliament, we are bound to 
construe the language of the Act in a popular sense ; and 
no one using age in its ordinary sense would call a 
man employed in the way which I have described a work- 
man.” 








Prince. Rurert.—Prince Rupert, the Grand Trunk 
Pacific Railway terminus, is not much of a place at 
present, but it is destined to overshadow other Canadian 
coast cities. About 100 engineers have been making 
topographical survey of the island, and four or five 


| parties have been laying out the line, so as to be ready 


to commence construction next year. The Dominion 
Government has a hyd phic party charting the 
waters of the harbour, which has a good entrance. 


CanapDIAN Oo4L.—The working has been commenced 
of naw coal deposits in the Nicola Valley, British 
Columbia, and the first contract of any im ce has 
been awarded in connection with coal in the Similkamen. 
The Vermillion Forks Mining Company has contracted 
with the Great Northern Railway of the United States 
to supply it with 50 tons of coal per day as soon as con- 
nection has been established with Princetown. A syridi- 
cate has been formed by Wilson Brothers, of 
Se Alberta, to develop coal measures near that 
place. The Crow’s Nest Pass Company is opening up 
two more seams at 
of cannel coal. 


Fear or Larck Swepish Locx-Ourt.—There have 
been a considerable number of disputes and differences 
between employers and employés in Sweden during the last 
few years, and at present a very serious conflict is - 
ing. The e Swedish union of employers has a clause 
in its laws which states that as regards collective arrange- 
ments entered into between delegates for the said union, 
and trade unions there shall be a regulation that the em- 
ployers are at liberty to engage and dismiss hands, to 
direct and divide the labour, and to employ what hands 
they see fit, whether union or ise. At present 
there are no less than eight disputes going on owing to 
the disinclination on the part of the trade unions to 
comply with this clause, and it has been impossible to 
The present position is looked upon 





Creek, and has prospected a seam 





for the holidays, but some re-started on Friday night, | under water. The Oscar II. is built with a ram, and has|as being quite as serious as that which preceded the 


in cases where buyers were pressing for delivery. | four projectors. 





| large lock-out-a few years ago. 
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SHIPBUILDING AND ENGINEERING 
IN 1906. 


THE past year has been phenomenal so far.as marine 
construction is concerned. The tonnage ’produced— 
2,030,900 tons, including all craft, large and small, 
numbering 1394—is the highest yet reached, being 
200,000 tons more tian the aggregate in the previous 

ear, and 600,000 tons portly, oe in 1904 and 1903. 

hese figures mark the flood of the recurring tides of 


activity clearly illustrated in Fig. 1; but the t 
year’s record is quite 10 per cent. higher than high- 
water level in 1901. Similarly, the collective power of 


marine machinery—1,816,000 horse-power—is about 
30 ~ cent. greater than in the two previous years, due 
to the two 25-knot Cunarders, to more Channel steamers 
being built, and to the export of more machinery for 
steamers constructed elsewhere. i 
during the earlier part of the year a 

six months of it a amatadinaes A year 
were plentiful, although prices were never high. Since 
then there has been a Sang of shipowners’ order- 


TABLE I.—Acorecates or Propucrion in THE UniTED Kincpom. 
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we have note of 882 vessels under 500 tons, many of 
them under 100 tons, and some representing high-c 
work. This is a much r number than in previous 
years, as the following table shows :— 


| ly 








BON ie 1906. | 1905. 1904. | 1908. | 1902. 
beac Ree DE Senet Raripbed: Sereeaey 
Under 500 tons .. e> ..| 882 | 789 773 | 735 | 944 
Between 500 and 1,000tons .. 58 5L 81, 6) 6 
» 1000 ,, 2,000 ,, 81 | 75 75 106 71 
» 2000 ,, 3,000 ,, 51 ClO 70 51 60 
», 8000 ,, 4,000 ,, 147 | #1381 135 79; 90 
» 4000 ,, 5,000 ,, 106 104 54 42 53 
» 5000 ,, 6,000 ,, 22 24 10 ll 25 
» 6000 ,, 8,000 ,, 29 17 12 18 | 32 
5, 9009 ,,10,000 ,, 6 l= 9| 15 
Over 10,000 tons .. 4 9 10 7t 17 7* 
1391 | 1266 | 1220 1128 1363 


This table does not include Royal Dockyard ships, of which, in 
1906, one was of 17,900 tons, and two of 14,600 tons. 

* Includes a dock for Bermuda. 
for the Navy. 








| 1904. | 1908. 






































—_ 1906. 1905. 1902. 1901. 1900. 
‘ hie | Boh Aoiua ieee tons | tons | tons | tons tons | tons || tons 
Steamers’ .. 1,944,000 1,740,200 1,316,100 | 1,328,987 1,501,806 | 1,683,723 | 1,622,062 
Sailing ships 39,800 38,800 | 48,400 | 46,742 | 89,127 | 62,313 | 34,558 
} } 
Totals ee 1,983,800 1,778,500 | 1,864,500 | 1,375,729 1,590,933 | 1,746,036 1,656,62 ‘ 
His Majesty’s Dockyards 47,100 46,250 — 57,100 28,290 51,560 | 64,910 5,230 
Grand totals 2,030,900 1,824,750 | 1,421,600 | 1,404,019 | 1,642,493 | 1,810,946 1,661,850 
| : 
Foreign-owned tonnage 406,000 392,400 | 247,700 221,292 283,002 364,379 430,495 
Per cent. of total —.. 20 215 | 174 7) | | (8 20.8 | 6.0 
Total merchant tonnaget 1,922,860 1,604,800 1,294,200 1,251,036 1,549,449 1,599,404 | 1,600,421 
Per cent. of steam merchant tonnage to | 
total merchant tonnage . oe od 98 97.7 96 96.2 94.4 96.1 97.8 
Indicated horse-power of engines .. 1,816,000 | 1,468,600 1,359,200 1,364,778 1,314,502 1,502,203 | 1,263,079 
Per cent. of all Naval tonnage to merchant | 
OR wel eer era er 56 | 7.65 93 | 122 | 624 132 | 8.84 





* Includes warships built in private yards. 


books, and although costs have gone up quite 10 per 
cent., firms are now quoting less, willing to 7 4 their 
works going by dispensing with half the establishment 
charges and all profit, That conditions have not 
been very remunerative is shown by the fact that few 
firms depending solely on shipbuilding have paid more 
than 5 per cent. —a modest return on indus‘rial 
capital— and others much less. Unfortunately, as 
will presently be shown, foreign owners profited by 
the eagerness of British builders to get work a year 
ago, for about one fifth of the tonnage turned out has 
been for our competitors of other nations ; Germany 
takes first place with 104,500 tons, Scandinavian 
countries coming next with over 86,000 tons. 

All is grist that comes to the shipbuilders’ mill ; but 
the shipowner has thus need for greater courage. Such 
advantage as Parliament gave in the Bill of the past ses- 
sion by making foreign ships amenable when in British 
harbours to ‘the Load-Line Act, they balanced with 
conditions as to manning, compensation for accidents, 
&c, The shipping companies can only succeed by the 
most rigorous economy and by keeping fleets modern 
through the introduction from time to time of new 
economical steamers. A contemporary has demon- 
strated that the recent working of over 430 steamers, 
of 1,336,000 tons, showed a divisible profit of only about 
4 per cent. on capital, with only 2f per cent. for de- 
preciation. Even well-established mail lines only 
managed to average about 44 per cent. on the ordinary 
stock. There is still a great volume of oversea trade, 
but freights do not seem to advance ; anf’ with so much 
tonnage available shipowners will not be dissatisfied 
with the fact that to-day Ley at 7/. 15s. per ton, 
and boiler plates at 8/. 7s. Gd., are about 10 per cent. 
higher than a year ago, and nearly 40 per cent. more 
than two years ago. Other materials are equally, if 
not still, higher, and the labour conditions do not 
justify shipbuilders in risking too much to get work. 

The general result set out in Table I. is a careful 
collation of 280 returns; and to the firms who have 
sent these we have again to express our indebtedness. 
A difficulty experienced has refereace to the basis for 
computing output. Four firms refused to fall in with 
the great majority in giving the’ Board of e 
measurement, preferring to include deck erections not 
officially measured ; but we hope next year they will 
agree. We admit the difficulty, cupeataliy as there are 
craft—barges, &c.—which cannot be so classed. 
highly-finished passenger steamer or yacht represents 
far more work than the tramp steamer of mente» or even 
greater tonnage, and the warship excels both, so that 
at best tonnage is but a poor standard. It, however, 
affords an approximate means of measuring results 
from ‘to year, and thus, as we have pointed out, 
the 2,030,900 tons show an excess over the work of 


A | limits we have 253 for the 


| Nelson, by the Palmers 


t Excludes British and foreign warships. 





24 2 


24 24 | 

860 1870 
Fie. 1. Dracram sHow1ne Torat Propuction, 
EXCLUDING WARSHIPS BUILT IN H.M. Dockyarps. 


Assuming only vessels of over 500 tons to be sea- 
going craft, we have thus 509 such in our return, as 
compared with 477 in the previous year, and 447 in 
1904 ; and this, taken in conjunction with the augmen- 
tation in the aggregate tonnage, shows the tendency 
towards an increase in the size of the cargo-carrier. 
The 3000 to 5000-ton ship, carrying from 6000 to 8000 
tons at about 9 knots speed, has been a favourite for 
three years, as the table shows; for between those 
t year, 235 for 1905, and 
189 for 1904. There has been, if anything, a slight 
falling off in the extremely large ship. This year’s 
number—nine—includes three warships: the Lord 

ary the Agamemnon, 
by Messrs. Beardmore ; the Russian cruiser 
Rurik, by the Vickers Company; in addition to three 
large warships from the dockyards,* whose sizes are 





TABLE II.—Showing Sizes of Vessels from Private Yards. | 


t Includes a coaling dépét | 


determined by the necessities of war, and not by the 
experience of commerce. The five large merchantmen 
were :— 





| 





Name. | Tons. | 1.H.-P. | Builders. 
| Cunard liner Lusitania" 33,000 | 70,000 |Joha Brown and Co., 
| | Limited, Clydebank 
| Cunard liner Mauritaniaf| 33,000 | 70,000 Swan, Hunter, and 
| Wigham Richardson, 
Limited, Newcastle 
White Star liner Adri- 25,000 | 16,400 | 


Harland and Wolff, 

| Belfa t 

19,200 |Fairfield Shipbuilding 
| and Engineering Com- 

y, Limited, Govan 

10,537 8,500 |Workman, Clark, and 

ent Limited, Bel- 

‘ast 


7,100 |Harland and Wolff, 
Belfast 


atict | 
| Canadian Pacific liner 
Empress of Ireland§ 


Royal Mail Steam Packet 
| ©o,’s liner Araguaya'| 


Ro seliner Amazon | 


14,406 


10,087 
’s liner Amazon 








* See ENGINEERING, vol. Ixxxi., pages 729, 753. 
| t Lbid., vol. Ixxxii., pages 345, 420. 

t Ibid., vol. Ixxxii., page 384. 

§ Ibid., vol. Ixxxii., page 95. 

|| Lbid,, vol. Ixxxii., page 499. 

The tonnage not mechanically propelled bears a less 
proportion to the total than in previous years—2 per 
cent. ; for several years it has varied between 5.6 and 
2.2 per cent , and yet sailing ships have done better 
lately. A preponderating part of the 39,800 tons in- 
cluded this year is due to barges, fishing-craft, coast- 
ing carriers, and the like; the only seagoing sailers 
being the Port-Sunlight—a barque of 1444 tons, built 
by Messrs. Napier and Miller, Limited, Old Kilpatrick 
on the Clyde, ee Messrs. Lever, of soap fame; three 
schooners, of 835 tons, built by Messrs. i of 
Dumbarton; and one, of 767 tons, by Messrs. Mur 
doch and Murray, Port Glasgow, for the River Plate, 
whither an unusually large amount of tonnage has 
gone during the past year. In 1905 there was only a 
our-masted barque, in 1904 there were six seagoing 
ships, in 1903 six, and in 1902 seventeen. 

The turbine has made great advances. We are not 
here concerned with the economy or efficiency of the 
system. But we find in analysing the year’s work 
that 25 vessels have been fitted with Parsons’ turbines, 
representing about 315,000 horse - power, against 
seven vessels, of over 80,000 horse-power, in 1905, 
and 13 vessels of about the same collective power in 
1904. It is true that of last year’s total the Dread- 
nought and 10 torpedo-boats account for 65,000 horse- 
power, and that the two huge Cunarders, already 
named, make up 140,000 horse-power more ; but there 
are still 110,000 horse-power, due for the most part to 
Channel steamers‘ and vessels for the Indian service. 
The progress thus marked is most gratifying, as most 
of the past year’s clients have, like the Admiralty, 
had previous experience of service working of the 
turbine. 

As regards other forms of steam machinery little 
need be said. With few exceptions the steamers 
were of the intermediate or tramp type, and excepting 
for a slight increase in quadruple engines and for 
improved work, the year’s proceedings were feature- 
less. The total power of the machinery completed— 
1,816,000 horse-power—shows a greater increase than 

TABLE III.—Countries wiere British-Built Foreign- 

Owned Ships were Registered. 

















| 
_ | 1906. | 1905. | 1904. | 1908. | 1902. | 1901. 
tons tons tons tons tons | tons 
saneng ee ae _ 25,899) 28,590 | 35,891 | 78,157 
orway ee y 47, | 
Sweden  .. 23,760| 34,067 | f ©%105) 30,464 | 24,285 | 11,201 
South America 49,101 | 24,537 7,278) 3,679 288 | 1,670 
Colonies, India 
and 22,566 | 42,474 48,987| 28,840 | 76,326 26,239 
Russia 20,527 aa 12,356; 12,981 | 11,767 | 31,736 
ce 18,069 | 4,850 12,540) 15,535 8,074 18,777 
Denmark 14,777 | 9,812 12,098; 7,081 8,103 | 12,279 
Austria - Hun ; 
gary 13,248 | 29,170 32,953) 18,480 | 39,267 | 53,970 
Greece 8, af? 15,035} 11,902 | 12,272 | 8,597 
Spain .. 7,793 74 3,555} 7,092 7,533 | 9,505 
Italy .. 6,839 | 12,873 _ -—— 3,890 |. 2,875 
Portugal ..| 6,670) 8,07) 44| 1,554 — _- 
Holland --| 8,976) 35,442 2,379} 23,755 | 19,742 | 43,184 
Turkey 8,327 748 _ 6,830 —_ |- 
Japan. . 1,974 | 32,883 _- 132 2,000 | 8,505 
Siam .. 424 580 _ _ — _— 
Roumania 384 = -— _ — ad 
Mexico 253 _ - a ~ 
Belgium 4,996 | 3,856 2,713] 5,065 240 199 
China ; | 130| 80 ee 3,262 | 1400 | — 
Other coun-| 
tries and un- | 
classified .. 50,034 | 10,373 7,509] 22,685 | 52,478 | — 
in ton 30 per cent. against 10 percent. More high- 


speed Channel steamers have been built ; the 140, 

horse-power of the two Cunarders partly account for 
some of the difference. Less work, however,is included 
for the Navy.* An increasing number of vessels built 
on the Continent had their machinery constructed in 
this country. This applies specially to steamers 
built in Holland, Denmark, Norway and Sweden ; 
and last year 43,000 horse-power of machinery was 
shipped, against 38,000 horse-power in the previous 














peor years. This figure will not be reached by 
loyd’s and other which omit small craft, for 


* See ENGINEERING, vol. lxxxii,, page 873. 





* See ENGINEERING, vol. Ixxxii.; page 873. 
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year. The research work on the marine gas-engine | mostly of small craft, the Clyde suppl 
continues and promises definite success, but the time |half. The effect must be a considera 
has not yet come for giving details. The application | of the resources of the Republics, as these c 


sure craft, of which a large number have this year 


been built. 


Table III. shows the countries which have taken 
tonnage from British yards. 
Table I. that, notwithstanding the increasing activit 
of firms in other countries, our toreign clientele is still | 
extensive. Only in 1900 was the foreign-built tonnage 


TABLE IV.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN 1900-1906. 








It will be noted from 


Yo de 


more than order in the table, it will be seen that the Clyde 
velopment | builders have added 11 per cent. to their tonnage of 


, ng d t are 1905—the highest point formerly reached, as clearly 
of the oil or petrol engine is still confined to small plea- | intended for trading on the great rivers, principally | illustrated in the di m, Fig.2. The other Scotch 


the Plate, and for coast service. The Colonial total is| ports have been nearly as busy as in the very active 


less, and Russia’s is augmented by the inclusion of the | years of the ‘nineties. The Tyne has added 184 per 


steam trawlers. 
much comment. Ja 
which explains the difference: now it is intended to’ totals recorded in he early years of the century. 


armoured cruiser Rurik. 


France’s quota is notably | cent., the Wear 8} per cent,, the Tees 144 per cent., 
large ; it includes several merchantmen and a few and Hartlepool 29 per cent. While the last-named 
The other figures do not call for! town has exceeded the former record—that of 1901 


in 1905 had two’ battleships,| —the Tees district still falls short of the high 


1 



























































































































| 
ToTaL Propuction. Per Cent. or Steam To Tora. Tons. 1 Per Cent. oF Foreten-Ownep To Total Tons. 
District. — = — . ——— —aemeniotataand itinne Sel 
1906. 1905. | 1904. | 1908. | 1902. | 1901. | 1900. || 1906. | 1905. | 1904. | 1903. | 1902, | 1906. | 1905. | 1904, | 1908. | 1902. | 1901. | 1900. 
Seo " Seotland. Ne.| tons tons tons tons tons tons | tons 
Clyde (including outports .| 358] 600,800 | 540,000 | 482,400 | 440,500 | 525,670 | 513,208 | 486,424 || 97.62 | 983 | 96.24) 95.65 |92 ||133 |194 | 167 | 15.6} 216] 191 | 325 
Other Scotch ports .. .| 111} 56,000 | 48,000} 30,300 | 37,164| 49,616 | 42,416| 48,492 || 83 99.1 95.7 | 99.06 |90.15|/41 | 288 | 24.4 | 37 | 206] 40 19.6 
England. | 
Tyne 7) Se .| 151] 409,000 | 350,000 | 279,000 | 265,484 | 322,136 | 306,071 | 303,092 | 100 98.91 | 98.74| 97.06 | 93.58|/326 |26 | 218 | 283/204] 24.4 | 40.5 
Wear 98] 343,000 | 317,000 | 288,000 | 181,662 | 232,145 | 270,481 | 267,082 || 100 98.68 | 99.89) 97.14 | 99.88 || 14.5 | 25 21.4 /19 | 119] 198 | 23 
Tees uae 49] 151,000 | 132,000 | 112,000 | 94,973 | 114,024 | 169,111 | 156,879 || 100 100 100 99.9 | 903 || 246 |19.6 | 163 | 821 | 29.9 | 23 23.7 
Hartlepool .+ ae aes} 44! 160,000 | 124,000 | 101,800 | 84,923 | 84,747 | 145,954 133,542 || 100 100 100 | 100 |100 ||196 | &9 | 21.8 | 106/17.7 | 2.7 | 122 
Barrow-in-Furness (including Work-| | | | 
ington)... .. «. «+  «.| 22} 29,000] 48,800] 15,100| 44,346] 21,197 | 29,444| $1,565 || 95.6 90.9 | 95.26) 100 | 92.92 || 77.6 | 37.7 | 49 | 0 0 378 | 502 
Mersey .... ; .-| 10} 8,600 700 | 11,000| 9,383| 3,879] 20,977| 9,162 || 586 | 100 96.35] 72.1 | 94.4 || 10.7 | 14 08 | 0 o | 61] 874 
Blyth and Whitby ..  ..  ..| 8] 8,400/ 11,800) 5,800) 5,804] 11,737| 16,211) 15,204|| 78 100 100 | 100 {100 || 15 o | 423 | 0 |o1] «1 0 
Humber (Hull and Grimsby) ..| 128] 37,000] 34,300] 25,100} 29,500| 26,442] 13,824| 27,312|| 90 96.26] 887 | 87.1 | 60 || 20 0. 5.7 | © | 165] 141 1.68 
Thames and other English and Welsh | 
ports .. ++ -+ ++ =| 890) 82,000 32,400) 41,000) 23,908 | 39,577) 65,847 | 39,426 || 56.6 41.5 | 65 49.3 | 20.9 |/21.8 |293 | 189 | 15 815} 447) 161 
Ireland. } | 
Belfast and Londonderry 27' 149,000 | 144,500 | 78,000 | 158,542 | 159,768 | 152,402 | 181,431 | 99.79 | 99.87/ 97.2 | 99.9 | 99.02) 84/309 | 1.67 | 0 4.08) 16.2 5.4 
| | | 
TaBLR V.—JIndicated Horse-Power of Engines 
€ ove $10,000 Constructed. 
609,000 - $$ $$ $$$ —___—— 
Ya ] 
. —& — 1906. | 1905. 1904. | 1908. | 1902, 
589, 580, 
570, « 570, « Clyde ..| 699,510 | 518,600 | 448,400/ 432,884) 480,320 
560, » 56a, - Other Scotch | 
550,000 porte ../ 63,050 | 47,470 | 80,400| 40,140) 52,266 
540,000 North - East | 
$00.00" District ..| 740,600 | 597,500 | 563,500 | 523,000) 554,613 
520." Humber... 62,780 | 41,650 29,900 84,750) 24,135 
readllle negle Barrow ..| 79,000 | 64,900| 32,250| 46,900] 9,340 
510, . 510, - Mersey ..| 19,780 |  7,775| 57,400/ 40,700) — 6,105 
500, . 500, . Thames and | | 
490,000 430,000 other Eng- 
480,000 lish ports ..| 114,660 | 74,425 | 140,000| 116,454) 68,128 
470.000 Ireland ..| 147,200 | 116,280/ 57,850 128,450) 107,100 
460,000 Total ..| 1,816,580 | 1,468,600 |1,359,200 | 1,362,778) 1,802,002 
450, » 450, + Dockyards . . — —_ — | 1,400) 12,500 
440+ aq + j > } 
480 « — ° Total ..| 1,816,580 Gey 1,369,200 | 1,364,178) 1,814,502 
420, . : - 
#10, » ps HD The past year’s totals for the Tyne and Wear are the 
208 990, » highest yet reached. The builders on the Humber 
380 360, . have been busier than usual, and this is also the case 
370,» 370, « in the outports ; while as regards Ireland, the aggregate 
360, . 560, + of 1905 is slightly exceeded, but the total is still short 
350. > of that of the three years 1901-3. 
OG)s 398, « Of machinery power, the North-East ports have the 
830, » 320, » largest increase--24 per cent., against the Clyde’s 
= . a0G » 154 per cent. All the other districts have augmented 
300,000 their totals of 1905; the Thames and miscellaneous 
290 » 290, - ports vary considerably owing to the inclusion of a 
260 » 286, - much larger number of destroyers ; but when com- 
270, . 270, » parison is made with 1904 and 1901—years of activity 
260 . i in these craft—last year’s total is found to be less. 
= - a: The Irish output has also been greater. 
a30, . ScorLaND. 
ros te 210, « The Clyde is still—alike for the extent and the 
200,000 variety of the work done—the premier river, and last 
190, » 190 + year builders did well, but at the moment the prospects 
180, » ~ seem anything but satisfactory. Every type of craft is 
170, » . - . represented, including the battleship Agamemnon, the 
oo . 150, - huge Cunarder Lusitania, the Canadian Pacific 
on : 140+ passenger steamer the Empress of Ireland, three other 
130, . 190, « vessels between 8000 and 10,000 tons, four P. and O. 
120, « 120, » liners, and sixty-five other vessels (mostly of the 
10, « a =a superiay 7 carrying type) between 4000 and 8000 
= . tons—two of them notable in that they had no masts, 
o ° ee two posts being erected at the forward and after ends, 
7 7a - with a cross member between them at the top and 
abe 0 - | derricks for facilitating the raising and lowering of 
50. » a: cargo. This yearthere are fewer fishing craft. On the 
40, » 28 7 list, also, there are fifteen dredgers, nine stern-wheel 
20,» 2a steamers, eighteen tugs and launches, several motor- 
10 boats, and other miscellaneous craft. A Clyde ue 
. 4 Yeaa and four Clyde schooners make up the oversea sailing 


136061 62 63 Gt 6S 66 GT 6B 6970 TI T2 15 74 75 76 7) 80 Bi 62 G8 06 85 6 87 GB.49 90 H S298 54 OS 96 31 98.99 9001 


Fic. 2. D1tacram sHow1ne Total Propuction on THE Ciypg, Tyne, Wear, TEES, AND 


Mapes last year’s aggregate is greater than in 1905, 


AT HaRTLEPOOL. 


ough the proportion to the total output is slightly | wanted 


less, Germany 


68,000 tons, made u 


all of the North- 


in occupies first place, wit 
104,526 tons, of which 80 per cent. was vessels of 
about 6000 tons from Tyne yards.. 
Sweden are still good clients, with their total of 
of vessels of about 4000 tons, 
tt Coast ports contributing. 
The large tonnage taken by South America is a fea- 
ture of the year. The 49,000 tons is made up 


Norway and 








Tab 


build all the ships, merchant and naval, which are 
there. 

The tonn 
recorded in 


roduced by the respective districts is 
le IV., while the horse- 
marine machinery is noted in Table 
districts have partici 
the year, excepting 


wer of the 

All the 
ted in the increased activity of 

w-in-Furness ; but the work 
done there is of such a nature that the inclusion or 
otherwise of a battleship makes a great difference. The 
firms continue busy. Taking the other districts in their 


tonnage completed in the kingdom. The list is some- 
what deficient in steam-yachts, although several suc- 
cessful small racing craft were built. Prominent on 
the list are the turbine steamers, of which eight, of 
48,430 tons, were launched. 

One remarkable fact is that the foreign-owned ton- 
nage is smaller than for many years, the proportion 
being 13.3 per cent. of the total, whereas the average 
in recent years has been about 18 per cent. ; nearly 
one third of the total—namely, 24,500 tons—was for 
American republics. Germany seems to have deserted 
the Clyde for the Tyne. 

The first ars on the Clyde is taken by Messrs. 
Russell and Co., Port Glasgow, with fourteen steamers, 
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while Messrs. Brown, of Clydebank, have second | 
place, Messrs. Denny third, and Messrs. Hamilton 

and Co., of Port Glasgow, fourth ; only the first three 

firms exceeded 40,000 tons. With a few exceptions, 

all the firms on the river report increases ; several of 

those who have decreased their output are engaged in 

the building of vessels of the favoured size—between 

4000 and 6000 tons—and this is probably due to the 

fact that a year ago the North-East t builders | 
were more in need of work, and therefore readier in | 
quoting low prices. The builders of dredging plant 
also have a slightly less total. 

As regards the machinery production on the Clyde, 
here also there has been a fairly general increase, 
notwithstanding the absence of torpedo craft, which 
tend to swell the total in some other districts. The 
Clyde has always been noted for the number of rela- 
tively high-speed vessels built, and this year is no 
exception to the rule. The list of engineering firms is 
headed by Messrs. John Brown and to, who include 
four ships with turbines, notably the Lusitania. 
Scotts’ Shipbuilding and Engineering Company, 
Greenock, occupy the second place, with a total nearly | 
double that of the previous year ; as in many previous 
returns, they include the machinery of a dockyard- 
built battleship. Messrs. David Rowan and Co. take | 
third place with a large variety of merchant work ; | 
while ewe. Denny and Co., who built three sets of 
turbines, take fourth place. ll of these, and | 





Messrs, Dunsmuir and Jackson, have a total exceeding | ; 


40,000 horse-power. 
The other Scotch districts—the Forth, the Tay, 
and the Dee—have all improved their total, and t e| 
work done is varied. Messrs. Ramage and Ferguson, | 
Leith, produced four of the few steam-yachts built | 
in the kingdom ; the largest, the Maund, of 903) 
tons, for Mr. A. Mortimer Singer, of Brighton. | 
A noted craft is a triple-screw steamer, built by | 
Messrs. Gourlay Brothers and Co., Dundee, for Buenos | 
Ayres. This vessel is of 2670 tons, with machinery | 
of 4100 indicated horse-power. The three screws were | 
adopted in order to secure satisfactory immersion of | 
propellers with minimum draught. ‘On the East of | 
Scotland there have been built 22,800 tons of foreign 
ships, many of them steam trawlers ; a trade which we 
seem still to hold. Even Germany has been patronis- | 
ing us; but the time has come when, with these vessels | 
as models, the foreign builders will manage to absorb | 
this trade so far as it uffects Continental countries. 
Tue Tyne, 
The feature of the Tyne output, apart from the|| 
building of the Mauretania and the battleship Lord | 
Nelson, is the = foreign tonnage, and the patronage 
of Germany, which took about 85,006 tons, or one-fifth 
of the total output of the river. These vessels were 
for the most part of between 5000 and 7000 tons, and 
were of the cargo-carrying type. The total foreign 
tonnage—133, tons—makes 32.6 per cent. of the 
total. The other most notable clients were Norway 
and Sweden, who had over 20,000 tons ; in this case, 
however, the vessels were of much smaller size. 
Another feature is that no sail tonnage isincluded. A 
larger number of steam trawlers were built. The first 
lace is taken by Messrs. Swan, Hunter, and Wigham 
Peichardeon: Limited, who, indeed, are first in the list 
for the United Kingdom (Table VI.). This is in part 
due to the inclusion of the Mauretania, of 33,000 tons ; 
but even so, their output is exceptionally satisfactory. 
There is also included the Great Central turbine 
steamer Immingham and three other twin - screw 
vessels. The Northumberland Company, who are second 
on the Tyne list, produced 46,151 tons, the largest out- 
put of any one ow on the river. With the exception 
of Messrs, W. G. Armstrong, Whitworth, and Co., all 
the principal firms have increased their output. 


THe Wear. 

As in the case of the Tyne, there was no sailing 
tonnage launched on the Wear, and 64 of the 98 
vessels completed ranged between 3000 and 5000 tons, 
and six were over this. A feature here is the remark- 
able production of Messrs. W. Doxford and Sons, who, 
with 106,058 tons, take second place in the kingdom. 
Without erections the total is nearly 100,000 tons. 
This total is made up entirely of the firm’s patent 
turret steamers; in connection with these we have 
another instance of the economy and rapidity of 
specialised production. This type of craft was 
iotroduced about twelve years ago, and its popu- | 
larity is suggested by the fact that in the past six 
years the output has been 364,000 tons. The output | 
of the past year is exactly double that of 1904. | 
Messrs. J. L. Thompson and Sons, Limited, take 
second place, and they also contine themselves to the 
construction of vessels of about 4000 tons. The foreign 
tonnage equalled 14} per cent.—considerably under 
the peg te: shown in Table IV.; the greater part 
was for dinavian countries, with one steamer 
for Germany and one for Italy. 


Tre Tess. 


The six fiems on the Tees built forty-four vessels, of 
151,000 tons, according to Board of Trade measure- | 
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TABLE VI.—Psropvction ry 1906 or EACH SHIPBUILDING Firm IN THE UNITED KiNGpoM, WITH 
CoMPARATIVE FiauRES FOR Previous YEARS. 





NAME OF FRM. 





Swan, Hunter, and Wigham-Richardson, 
Limited, Newcastle * oe aa es 
William Doxford and Sons, Limited, Sunderland 
Harland and Wolff, Limited, Belfast .. Pa 
W. Gray and Co., Limited, West Hartlepool .. 
Workman, Clark, and Co., Limited, Belfast 
Russell and Co, Port Glasgow... e 3 
J. Brown and Co., Limited, Clydebank .. = 
ee Company, Limited, Howdon- 
on-Tyne oe ie - & he ea 
J. L. Thompson and Sons, Limited, Sunderland 
W. Denny and Brothers, Dumbarton .. aA 
— Stephenson and Co., Limited, Hebburn- 
on-Tyne ~ és na wi . ea 
Furness, Withy, and Co., Limited, Hartlepool 
Sir J. Laing and Sons, Limited, Sunderland 
Palmer’s Company, Limited, Jarrow-on-Tyne. . 
Sir W. G. Armstrong, Whitworth, and OCo., 
Limited, Newcastle . a ee rte 
Ropner and Son, Stockton .. és <4 oy 
Wm. Hamilton and Oo., Limited, Port Glasgow 
Barclay, Curle, and Co., Limited, Glasgow... 
D. and W. Henderson and Co., Limited, Partick 
Scotts’ nn er Engineering Company, 
Limited, Greenoc' A ‘a te 7 
R. and W. Hawthorn, Leslie, and Co., Limited, 
Newcastle .. oe es ~ Aa $4 
C. Connell and Co , Limited, Scotstoun, N.B... 
John Readhead and Sons, South Shields 
Richardson, Duck, and Co , Stockton .. 
Oraig, Taylor, and Co., Thornaby-on-Tees _.... 
Grangemouth and Greenock Company, Grange- 
mouth and Greenock _... a be a 
R. Oraggs and Sons, Middlesbrough ... os 
Irvine’s cy and Dock Company, 
Limited, West Hartlepool i a ia 
Caird and Co., Limited, Greenock a Fe 
Vickers Sons and Maxim, Limited, Barrow-in 
Sir Raylton Dixon and Co., Limited, Middles- 
Short Brothers. Limited, Sunderland 
W. Dobson and Oo., Low Walker-on-Tyne 
A. McMillan and Son, Limited, Dumbarton 
A. —— and Sons, Govan we es 9 
Wm. Beardmore and Co., Limited, Dalmuir . 
Fairfield and Co., Limited .. ae 
W. Pickersgill and Sons, Sunderland 
A. ed and Oo., Port Glasgow 
Sunderland Company, Limited .. 
Bartram and Sons, Sunderland .. 
J. Blumer and Oo., Sunderland .. sé i 
pany, Limited, Willington Quay .. 
Earle’s Shipbuilding and Engineering Company, 
Limited, Hull ms ae - + is 
London and G w Company, Limited, Gova:. 
R. Thompson and Sons, Sunderland... 4 
J. Priestman and Co., Sunderland 


Gourlay Brothers and Co., Dundee ‘i a 
Caledon Shipbuilding and Engineering Com 


pany, Limited, Dundee .. oe oa = 
Wood, Skinner, & Co., Ltd., Bill Quay-on-Tyne 
Clyde Shipbuilding and Engineering Com- 
pany, Limited, Port Glasgow .. “8 bd 
Osborne, Graham, and Co., Sunderland. . os 
Napier and Miller, Ltd., Old Kilpatrick, N.B. .. 
&. Duncan and Co., Limited, Port Glasgow .. 
Ailsa Company, Ltd., Troon and Ayr, N.B. 
Sarg vhs + Ae Ltd., Birkenhead 

t juildin pany ee 

3. ?. pa“ and son, Sunder! 

Cochrane 4nd Sons, Selby .. vs - 
Mackie and Thomson, Glasgow .. = - 
3mith’s Dock Company, Limited, North Shield: 


J. Reid and Co., Limited, oe ge se 
mited, Paisley 


Fleming and Ferguson, Li 

Cook, Welton, and Gemmell, Beverley, .. 

D. J. Dunlop and Co., Port Glasgow .. Pe 
W. Simons and Co., Limited; Renfrew .. a 
Bow, McLachlan, and Co., Limited, Peiey e 


John Crown and Sons, Limited, Sunderlan 


Hall, Russell, and Co., Aberdeen nN 

Lobnitz and Co., Limited, Renfrew 

A. W. Robertson and Co., London 
London 


healt 








o Spee 
Ramage and Ferguson, Limited, Leith.. | 
W. Harkess and Son, Limited, Middlesbrough 


|Ritchie, Graham, and Milne, Glasgow 


Goole Shipbuilding Company, Limited .. ae 
Scott of Kinghorn, Limited, Kinghorn, N.B. .. 
Ferguson Brothers, Port Glasgow ws os 
Scott and Sons, Bowling, N.B. . 

Dundee mee, Dundee -_ 

A. and J. Inglis, Limited, Glasgow 

Murdoch and Murray, Port Gl w 


John Duthie Torry pany, A rdeen 


J. Duthie, Sons, and Co., Aberdeen 


7 |John L. Thornycroft and Co., Limited, ‘South- 


ampton and Chiswick .. “a "3 . 
Lytham Shipbuilding and Engineering Com- 
pany, Limited + a as i an 
Montrose Shipbuilding Company, Montrose 

R. Williamson and Son, Workington 


J. Scarr and Son, Howden and verley, 


J. 8. White and Co., Limited, East Cowes 
Edwards and Co., Limited, London . 

Mackay Brothers, _— 9% ie os ai 
Caledonian Engineering and Shipbuilding Com- 


, Preston ag a oe 
John Fullerton and Oo., Paisley .. 
rq Hall and Co., Aberdeen. . . 


T. Eltringham and Co., South Shields 
Thames Iron Works Company, London. . 


John Chambers, Lowestoft. . de be 
Alley and Maclellan, Limited, Glasgow .. 
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* With erections, 


+ For five years, 





Six Years’ 
Total. 
Tons. Tons. 
101,575 | 528,263 
86,632" | 364,000* 
110,463 | 481,644 
82,262* | 369,703* 
75,932 341,240 
73,689 | 368,34 
55,152 | 226,995 
45,805 226,182 
48,009 | 241,469 
40,329 201,708 
82,75 127,742 
44,592" | 212,350* 
5 189,998 
51,291 179,453 
67 ,652 279,318 
33,560 195,661 
31,282 | 117,059 
36,408 | 177,675 
39,849 | 177,542 
29,182 | 130,148 
28,854 | 143,893 
41,052 | 218,826 
28,241 160,151 
26,760 | 148,599 
40,244 187,352 
24,364 120,522 
23,629 | 138,939 
28,202* | 127,972* 
25,801 101,142 
42,912 170,184 
27,780 | 142,345 
30,558 | 155,873 
16,576 93, 
21,409 102,879 
27,826 | 137,629 
17,600 73,208 
39,053 162,754 
23,950 99,330 
26,734 112,240 
19,465 87,430 
20,715 87,469 
17,766 96,744 
18,603 97,121 
16,436 54,885 
17,552 63,306 
16,785 76,143 
21,003* | 95,738* 
11,967 43,323 
11,743 59,739 
10,255 52,843 
11,308 46,199 
11,214 43,131 
8,703 9,451 
15,613 48,213 
8,120 34,548 
16,042 42,071 
11,806 48,796 
11,189 45,212 
5,326 21,612 
6,376 $1,261 
5,777 29,182 
5,951 20,123 
7,050 37,140 
366 38,696 
8,670 26,192 
8,650 44,820 
3,178 18,947 
4,916 21,031 
9,055 31,7389 
5,483 24,845 
5,490 25,137 
5,237 24,744 
6,007 16,091 
3,566 15,021 
3,056 13,884 
5,237 12,308" 
3,385 9,455 
2,909 11,930 
3,209 12,828 
12,204 31,487 
6,083 21,333 
2,149 6,254} 
1,919 8,997 
3,100 11,093 
3,300 14,934 
a | = 
1,996 4,736 
2,861 12,926 
1,457 7, 
1,770 5,870 
3,157 15,147 
three years 
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TABLE VI.—Continued. 

















LARGEST PRE- ls 5 
Bins. x Years Sail- 
1906. 1905, vious oy SINCE!” ‘Total. Foreign wine 
: mnage, | Ton- 
No. Name oF Firm. j | “¥ gd mn 
1906. 
| No. Tons. No. Tons. /Year.) Tons. Tons. 
103 |W. J. Yarwood, Northwich = 13 1,337 6 557 — | _ — 10 | 560 
104 |W. H. Warren, Hull .. es ae S 1l 1,200 ve 1,245 — | — — _- i— 
105 |Hawthorns and Co., Limited, Leith, N.B. 8 1,326 8 1,425 | 1905 1,425 5,574 200 | 225 
106 |Henry Scarr, Hull .. ion ee cs 10 1,170 7 990 | 1902 1, 6,628 — 650 
107 |Robert Cock and Sons, Appledore 23 1,187 ~ -- _ — — | 
108 |G. Brown and Co., Greenock o* ob 7 1,155 4 1,119 | 1904 2,647 7,998 1,061 | 150 
109 |J. P. Rennoldson and Sons, South Shields 6 1,126 7 2,278 | 1901 | 2,609 10,129 261 _ 
110 |Ardrossan Company, Limited, Ardrossan, N.B. 7 1,060 4 775 =| 1902 2,167 6,173 100 | 400 
111 |Dublin Dockyard Company - ab a 1,024 12 1,046 _ ~ — - — 
112 |W. Reynolds, Lowestoft... ng 5 20 1,020 9 _ ~ — — — 107 
113 | Yarrow and Co., Limited, London 15 951 8 2,483 _ =~ _ 933 _ 
114 |Dee as See. Chester 11 925 — | 222 — _ — 105 | 820 
115 |Philip and Son, Limited, Dartmouth 10 865 — -— _— -- 150 40 
116 |Forrestt and Co., Limited, Wyvenhoe .. 81 849 — 174 - _ — 182 80 
117 |O. H. Walker and Co., Limited, Chepstow 5 823 _— 2,389 — _ — _ 823 
118 | William Chalmers and Co., Rutherglen 6 762 _ _ — — _— _ a 
119 |Hanna, Donald and Wilson, Paisley, N.B. é 1 73 1 60 | 1904} 600 1,546" 733 | 733 
120 7 and Co., Limited, South Shields — 8 711 2 204 | 1903 | 825 1,788 20 - 
121 |J. Shearer and Sons, Limited, Glasgow .. ole 660 5 1,065 | 1904 | 1,676 6,311 _ _ 
122 |D. M. Cumming, Glasgow .. $s on ma § 604 _ — 1901 | 620 1,798 604 | 540 
123 |Beeching Brothers, Limited, Great Yarmouth. . r a 481 2 118 — _ — _ _— 
124 |Coxand Co., Falmouth... 3£ a oe 5 459 9 199 “= _ — —_ _ 
125 |J. Cran and Co., Leith .. * oa 3 418 A 509 | 1905 509 1,409 120 — 
126 |Fellows and Co., Limited, Great Yarmouth 6 417 4 217 — — — — - 
127 |F. Braby and Co., Limited, London... 6 390 5 | 360 _— _ — _ 390 
128 |R. and H. Green, Limited, London .. ../ 2 320 7 68 | — _ _ _ 320 
129 |J. Pimblott and Sons, Northwich - oh iD 819 _ -- _ = — 61 
130 |P. MacGregor and Sons, Kirkintilloch, N.B. .. 5 300 6 235 | 1903 435 1,342* 200 _ 
131 |W. Fife and Son, Fairlie .. = ¥ ° 6 277 y 124 1992 290 1,347 ~~ 169 
132 |William Walker, ny ae 1 260 3 1,165 _ — _— — _ 
133 |J. and W. B. Harvey, Littlehampton 5 235 _— — — _ — 113 | 235 
134 |G. and T. Smith, Limited, Rye .. 7 | § 229 3 182 — — _ _ 229 
135 |3impson, Strickland, and Co., Dart nouth 19 193 29 231 -- _ _ 70 -- 
136 |Crabtree and Cc., Great Yarmouth 2 180 —_ 6,745 — - _— _ — 
137 |E. Hayes, Stony Stratford .. ie 6 174 - - - — — 174 _ 
138 |H. 8. Hansen and Co., Southampton .. onl «tal 173 1 - — — _ - _ 
139 |Mordey, Carney, and Co., Ltd., Newport, Mon.| 2 170 1 _ — | _ — a 110 
140 |J. Miller, St, Monance,N.B. |... =... ..| 4 150 5 186 | 1902 600 a na 100 
141 |Camper and Nicholsons, Limited, Gosport .. 4 120 4 123 _ _ 1,977 — _ 
142 |A. Ferguson and Sons, Connah’s Quay .. . 1 117 —_ — om —- -— — - 
143 |W. White and Sons, West Cowes .. me 6 89 6 144 == _- ll _ 
144 | Thomas Sumner and Sons, Liverpool “| 2 82 2 100 _ — _ 82 61 
145 |J. and H. Cann, Harwich ma --| 1 78 _ _ -- _ -- -- 78 
146 |Sydney J. ee Brixham | 2 77 3 145 a -- _ — _ 
147 |H. Shrubsall, on - 1 69 3 | 164 _ _ _ = 69 
148 |Stow and Son, Shoreham .. a 50 rT 81 _ — — = 50 
149 |A. Munro, Ardrishaig, N.B. iy a ee 29 2 31 ~_ 120 180 —_ 29 
150 |R. McAlister and Son, Dumbarton ~ + 19 3 61 — 19) 457 — 19 
151 |G. Napier and Sons, Limited, Southampton ..| 1 15 2 152 - _ ~ _ — 
| ' 
* For five years. t For three years. { For four years. 
ments. Weare specially indebted to the Tees firms | value than in many other cases, Indeed, the tonnage 


for falling in on this occasion with our request for 


official measurement, rather than the tonnage —- 


erections, although this latter would have increase 

their totals by about 10 per cent. to 15 per cent. 
The percentage of foreign to total tonnage is 24.6, 
which is greater than in the two ag wreay Pang ; but 
the Stockton and Middlesbrough firms have always 
had an extensive foreign clientele. The Scandinavian 
countries were the principal clients here, as with the 
Sunderland firms. The largest increase in this dis- 
trict is that of Messrs. Craig, Taylor, and Co., but all 
the firms have added to the total of a year age. 
The production, however, has not been equal to the 
record. The vessels were, for the most part, general 
cargo-carriers, the main consideration in desiga being 
dividend-earning. 

HARTLEPOOL. 

In connection with the work at Hartlepool, we 
regret that the three firms have not seen their way to 
give us the Board of Trade tonnage, as has almost 
every other firm in the kingdom. In comparing the 
results with the totals of other firms and other dis- 
tricts, deduction should be made to the extent of 
10 per cent. The total output marks an improve- 
ment on last year, although it is not equal to the 
highest. Of the total, about 32,000 tons, or 19.6 
per cent., was for foreign owners. This, as shown in 
‘Table IV., is a fluctuating rate in Hartlepool ; but last 
year it was rather higher than the average, the 
Scandinavian countries being here also responsible. 


Nortu-East Coast ENGINEERING. 

The machinery output for the North-East Coast is, 
as we have pointed out, exceptionally high, totalling 
740,600 indicated horse-power. A considerable part 
of this increase is due to turbine work, as there was 
constructed in the district turbine machinery for six 
vessels, of 100,000 horse-power, including the Maure- 
tania, four warships, and the Great Eastern Railway 
Company’s steamer Immingham. For the most part 
the other work turned out was triple-expansion 
engines, of about 2000 horse-power, for cargo vessels. 
Quite a number of Belgian and Dutch-built steamers 
had their machinery from North-East Coast firms. 


OrueR Enouisu Districts. 


As to the other English districts, the figures are 
given in Tables IV. and V. for tonnage and horse- 
power respectively. No importance is attachable to 
the variations in connection with the Barrow-in-Fur- 
ness figures, because warship work fluctuates, and the 
tonnage in this instance represents a very much higher 
































credited to the Vickers Company, as in the case of 
one or two other warship-building firms, is equal in 
value in the completed state to the production almost 
of the Tees and Hartlepool districts combined. The 
Mersey last year increased its total; but as no war- 
ship is included, the ges rept of machinery is 
relatively low. On the Humber the majority of the 
craft are for fishing, and as regards the miscellaneous 
ports the year has been one of fair activity ; but with 
the exception of war craft by Messrs. Thornycroft, 
Yarrow, and White, of Cowes, already referred to in 
an article in last week’s issue, there are few of the 
vessels which call for special reference. 


PropvuctTion OF SHIPBUILDING Freas. 


In Table VI. we give a complete list of firms in the 
United Kingdom, showing the output of the past and 
preceding years, and a record of the maximum output 
in any year since 1900, and the total production for 
the six oe from that date. This last figure affords 
a general idea of the work undertaken by the respec- 
tive firms ; but as in many cases the figures were sup- 
plied to us before the ships were actually measured, 
and as in some cases deck erections have been included 
in past years, this aggregate must be taken as more or 
less approximate, but may be accepted as, perhaps, a 
better indication of the relative position of the'firms, 
from the point of view of production, than any one 
year’s output. We ought, however, again to say that 
tonnage is only an indifferent indication of the value 
of the work done. 

The first place, it will be noted, is taken by Messrs. 
Swan, Hunter, and Wigham Richardson, Newcastle. 
As shown in one of the columns of the table, a con- 
siderable proportion of the tonnage—viz., 44,236 tons 
—was for or owners, a roe part being 
large vessels, of between 4000 6000 tons, for Ger- 
many. The firm’s average for the six years is 88,000 
tons for their two yards, The second place is taken 
by Messrs. Doxford, of Sunderland, with the same 
number of vessels as was completed by the Tyne firm 


named, but in this case the largest steamer was of 6700 | 
e about 4000 tons, All of the | 
|of Greenock, have had an exceptionally Bray year ; 


| 


tons, and the ave 
vessels are of the well-known turret type patented by 
this firm, and their enormous total for 1906, of about 
100,000 tons, is due to the fact that the firm, confining 


year with an output of 83,238 tons, which, as is shown 
in the table, is 2 000 tons below the record output for 
the firm—reached in 1903—but is — to last year’s 
figure. Although Swan, Hunter, and Wigham-Ric - 
son’s total for the past year is the largest yet returned 
by any one firm, yet, being for two separate 8, it 
does not excel Harland and Wolff's record of 110,463 
tons for 1903 for one establishment. But the great 
Tyne firm takes first place when the total for six years 
is considered, with an average of over 88,000 tons per 
annum. The Belfast firm’s return for the past year 
| includes the Adriatic,* of 25,000 tons, the largest inter- 
mediate steamer yet built. They also completed a vessel 
| of over 10,000 tons, and four others of 7000 tons. The 
| fourth place is occupied by Messrs. William Gray and 
Co., Limited, of West Hartlepool. The tonnage given 
in the table includes erections, but in placing them 
| we have deducted these erections. Messrs. Workman, 
| Clark, and Co., of Belfast, occupy fifth place, but 
their total, as in the case of their neighbours on the 
Liffey, is 10,000 tons below their former record, 
reached in 1902. The six years’ total is, nevertheless, 
a creditable one, averaging 56,800 tons per annum. 
Included in their list is the Araguay, one of the five 
exceptionally large vessels of the year, with two City 
liners, and various other steamers ranging from 
tons upwards, 
| The first Clyde firm to appear in the list is Messrs. 
Russell, of Port Glasgow, who have oftentimes a 
the Scotch list. Here also the tonnage is slightly 
below that of the previous year—nearly 8000 tons— 
| but is almost exactly the average for the six years 
| of the century. Messrs. John Brown and Co., Clyde- 
bank, who come next, would, if the value of the work 
|done were considered, occupy a higher position. 
| Their total includes four turbine steamers, the 
largest, of course, being the Mauretania, and their 
|six years’ work, although only averaging slightly 
under 40,000 tons, includes very valuable warship con- 
struction. The Northumberland Company, Limited, 
| of Howdon-on-Tyne, occupy a satisfactory position, ex- 
| celling the average of the past six years. In this case 
| the vessels are each of about 4300 tons, to carry about 
7009 tons dead-weight. The second firm from the 
Wear in Table VI., Messrs. J. L. Thompson and Son, 
| Limited, come ninth on the list for the kingdom, the 
| total here also being about the average per annum 
since the a the century, and all of the 
vessels were from about 3700 to 4000 tons, two being 
for Norway. Messrs. W. Denny and Brothers, Dum- 
barton, include in their total, which is equal to the 
| highest during the century, a considerable variety of 
| work, all of it of a high class. As is only appropriate, 





this firm—the introducers of the turbine into merchant 
work— include three turbine steamers: one for the 


Thames, another for the Clyde, and a third for the 


| Indian service of the British India Company. Messrs. 
| Furness, Withy, and Co., of Hartlepool, have not 


sent us the Board of Trade measurement, so that their 
position in the list is affected thereby. 

These firms—eleven in number—have each exceeded 
40,000 tons, and their total output is 745,000 tons, 

ual to about 37 per cent. of the production in the 

nited Kingdom. Not a single warship is included 
in this total. In the previous year there were exactly 
the same number of firms, and the proportion of their 
output to the total ton produced was 38 per cent. 
Here we have further evidence of the wide division of 
the increase in activity. 

Messrs. Robert Stephenson and Co., Limited, 
Hebburn-on-Tyne, take eleventh position, with their 
highest total for the century, and one considerably 
above the average per annum since 1900. Messrs. Laing, 
of Sunderland, fellow. The Palmers Company, who 
come next, include the Lord Nelson, two vessels just 
under 7000 tons—one of them for Germany—and a 
destroyer, which they are willing to dispose of. In 
the list of ships by Sir W. G. Armstrong, Whit- 
worth, and Co., who come fifteenth, there is not a 
single warship, and a large proportion of the total 
output —namely, 534 per cent. —was for foreign owners, 
principally Germany. Messrs. Ropner, of Stockton, 
the top firm on the Tees, take sixteenth place in the 
list for the kingdom, their total being the highest yet 
reached, and slightly above the average. Messrs. 
Hamilton, of Port Glasgow, have greatly exceeded the 
average, and their previous record. The same can be 
said of Messrs. Barclay, Curle, and Co., Whiteinch, 
Glasgow, who built a twin-screw vessel of 8000 tons, 
and four other a liners—all for British 





owners. Messrs. D. an Henderson and Co., 
Limited, Partick, include the two 9000-ton Holt liners, 
fitted, as already stated, with special derricks instead of 
masts. Scotts’ Shipbuilding Engineering Company, 


their ton is fully 30 per cent. above the average, 
and establishes a record for this century. They built 


themselves to this increasingly popular type, have been | the Donaldson liner Cassandra (see ENGINEERING, vol. 
able to evolve systems of construction which ensure | 1xxxii., page 404), an interesting Board of Trade boat, 
not only high economy, but remarkably rapid construc- | the Carnarvon (see ENGINEERING, vol. Ixxxii., page 555), 
tion. Of the tonnage, only one ship was for foreign 
owners—for Germany. 

Messrs, Harland and Wolff take the third place this 





| and various cargo steamers of the high-class economical 


* See ENGINEERING, vol. Ixxxii., page 384, 
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TABLE VII.—PRODUCTION OF MARINE MACHINERY BY ALL FIRMS IN THE UNITED KINGDOM. 
Previous | *] | Peaviovs ; 
1906. | 1905. | Higuest Toray |S'X YEARS | 1906. | 1905. | Hiouesr Toran [SYR4Rs 
No. Name or Firm. Simce 1900. No. Sli en Bie, SINCE 1900. 
LH.-P. Year.| 1.H.-P. LH.-P. LH..-P. Year.| LH.-P. LH..-P. 
1 - Company, Limited, Wallsend 49 |Fleming and Ferguson, Limited, Paisley 8,300 7,060 | 1904 | 10,400 46,350 
and Sunderland a ea .. | 117,534 104,095 | 1905 | 104,095 | 590,623 50 |D. J. aes Awe! Co., Port Glasgow . 7,870 1,720 | 1902 6,700 23,540 
2 |Wallsend nou | & ene Os. Ltd. | 115,500 800 | 1902 | 69,150 | 381,860 51 |Shields Engineering Company, Limited .. 7,435 5,670 | 1904 6,260 30,025 
3 |John Brown Oo., I ted, Clydebank | 108,900 000 1903 1, 296,600 52 |McKie and Baxter,Govan .. os os 7,005 7,665 1905 7,665 260 
4 |Harland and Wolff, Belfast .. + --| 96,700 72,081 | 1908 | 100,400 | 428,031 53 |G. T. Grey, South Shields .. a 3 6,950 050 | 1908 5,210 26,949 
5 |Vickers Sons and Maxim, Limited, Barrow- 54 |Crabtree and Co., Ltd., Great Yarmouth .. 6,745 2,696 — _ — 
in-Furness “se ee a oe --| 79,000 64,900 1905 64,900 291,890 55 |Lobnitz and Co., Limited, Renfrew ae 6,195 6,115 1901 6,159 32,500 
6 |Blair and Co., Limited, Stockton . ..| 66,400 55,150 1901 000 285,100 56 |Bow, McLachlan, and Co., Ltd., Paisley .. 5,180 2,830 1903 7,720 32,162 
7 |Richardsons, Westgarth, and Co., Limited | 65,300 75,750 | 1901 | 120,150 479,070 57 |Plenty and Sons, Limited, Newbury 4,856 3,690 _ _ — 
8 |J. Dickinson and Sons, Sunderland. . ..| 65,000 32,000 | 1904 ,360 | 211,157 58 and Ferguson, Limited, Leith 4,300 5,000 _ _ _— 
. Clark, Limited, Sunderland a ..| 51,500 50,000 | 1905 | 60,000 | 270,200 59 |Hutson and Sons, Limited, Glasgow - 4,300 2,450 1902 5,760 20,070 
10 |Scotts’ Shipbuilding and Engineering Com- 60 |J. P. Rennoldson and Sons, South Shields. . 4,080 3,727 | 1902 | 6,525 25,074 
pany, Limited, Greenock .. ou ..| 50,100 28,800 | 1902 81,100 170,885 61 |Ferguson Brothers, Port Glasgow .. ; 4,050 4,600 | 1905 | 4,600 — 
11 |Workman, Clark, and Co., Ltd., Belfast ..| 49,500 44,250 1902 46,900 235,000 62 |W. Beardmore and Co., Ltd., Dalmuir 4,000 2,850 | 1901 15,500 — 
12 |David Rowan and Co., Glasgow... ..| 45,850 43,160 | 1905 43, 160 200,510 || 63 |Campbell and Calderwood, Paisley an 3,895 2,300 | 1903 4,065 28,530 
13 |Denny and Co., Dumbarton .. os ..| 44,200 54,300 | 1905 54,300 267,650 64 |David Rollo and Sons, Liverpool .. 3,700 = | 
14 |Parsons Marine Steam-Turbine Company, 65 |A. G. Mumford, Colchester .. 3,400 - ;— — — 
Limited, Newcastle .. sia Sa --| 48,000 50,600 | 1905 | 50,600 | 180,700§ 66 |J. Abernethy and Co., Aberdeen 3,240 2,920 | — _ — 
15 |Dunsmuir and Jackson, Limited, Govan ..| 41,325 24,480 | 1004 30,800 166,085 67 |Elliott and G: . Beccles .. eal 3,110 _— — — — 
16 |Hawthorn, Leslie, and Co., Ltd., Newcastle} 40,350 25,425 | 1904 76,500 316,275 68 |Clyne, Mitchell, and Co., Aberdeen 3,084 700 | — | — — 
17 |W. Doxford and Sons, Ltd., Sunderland ..| 39,100 550 | 1901 550 | 148,400 69 |Vauxhall Company, Limited, Luton 3,000 2,680 | — | — _ 
18 |Central Marine — - Works, Harti 1 | 38, 34,150 | 1901 47,700 | 198,950 70 |A. Halland Co., Aberdeen .. Re - 2,910 2,605 | — — _ 
19 Swan, Hunter, Wigham Hicasioen, 71 |Lytham Shipbuilding and Engineering Com- 
Limited, Newcastle .. > +“ ..| 32,550 26,400 | 1902 26,900 | 144,200 pany, Limited .. ie a *~ od 2,795 1,560 | — | - 
20 |J. L. Thornycroft and Oo., London and | 72 |Renfrew Brothers and Co., Glasgow 2,650 2,170 | 1905 | 2,170 170t 
Southam ie és od oy ..| 80,405 18,489 _ - - 73 |Scott of Kinghorn, Limited, Kinghorn 2,600 530 — | _ - 
21 |Fairfield pbuilding and Engineering 74 |Hawthorns and Co., Limited, Leith pe 2,550 2,160 — | a _ 
Company, Limited, Govan. . a -.| 29,880 56,500 | 1901 57,000 | 278,415 75 |J. Cran Co., Leith.. - a - 2,325 1,775 | — = -- 
22 |Hum Tennant, and OCo., London ..| 27,000 16,500 | 1903 55,000 156,000§ 76 |Gauldie, Gillespie, and Oo., Glasgow 2,240 595 | 1903 | 810 4,385] 
23 |Palmer’s Company, Jarrow-on-Tyne * 850 ,800 | 1904 39,500 186,000 77 |General Co-Operative Company, Hull 2,170 2,380 | — | _ — 
24 |Barclay, Ourle, and Co,, Ltd., Whiteinch ..| 25,310 332 | 1905 26,332 128,142 78 |Caledonian Company, Preston eo -| 2,010 _ } — | — — 
26 |D. pom | W. Henderson & Co., Ltd., Partick} 23,950 ,200 | 1902 35,300 | 135,200 79 |Edwards and Co., Limited, London --| 1,950 — — - 
26 |J. 8. White and Co., Cowes .. ee ..-| 28,845 18,182 1905 18,132 78,000 80 |James Ritchie, Partick ee os “a 1,840 3,080 | 1905 3,080 4,920* 
27 |Rankin and Blackmore, Greenock .. 23,200 18,300 | 1904 | 20,150 | 101,500 81 |Cox and Oo., Falmouth oe - - 1,802 _ j—} — -- 
28 |Earle’s Company, Hull. . at - 19,800 19,850 | 1901 30,000 1,980 82 |Cooper and ry ey om a ed 1,800 1,400 ie | — — 
20 |A. 8 en and Sons, Limited, Govan ..| 18,700 18,800 | 1903 25,650 127,510 83 |Hepple and Co., Limited, South Shields .. 1,790 460 | 1903 | 1,200 5,689 
80 |J. G. Kincaid and Co., Limited, Greenock..| 18,000 20,790 1905 | 20,790 91,681 84 | Aitchison, Blair, and Co., Clydebank 1,730 1,330 | 1905 1,330 3,060* 
81 |O. D. Holmes‘and Co., Hull .. ae --| 17,110 14,180 | 1905 | 14,180 66,885 || 85 |Simpson, Strickland, and Co., Limited | 1,725 1,412 — | 
82 |Caird and Co., Limited, Greenock .. 17,000 80,000 | 1905 | 30,000 99,800 || 86 |Alley and MacLellan, Limited, Glasgow ..| 1,680 1,880 | 1904 | 2,520 6,780 
33 |Yarrow and Co., Limited, London .. ..| 16,056 28,700 | 1905 | 23,700 98,761 || 87 |Allan, Anderson, and Oo., Glasgow... | 1,650 450 | 1905 | 450 2,100* 
34 |J. Readhead and Sons, South Shields -.| 16,000 16,500 | 1905 16,500 ,500 || 88 |Philip and Son, Limited, Dartmouth 1,595 1,635 | — | -— - 
35 |Cammell, Laird, and Co., Ltd., Birkenhead} 16,000 ,500 | 1904 56,800 176,950 || 89 /T. and J. Hosking, WE ce - Ke 1,510 | _ }— | - — 
36 a4 Brothers and Co., Ltd., Dundee ..| 15,800 10,400 | 1902 14,550 | 57,890 || 90 |White and Hemphill, Limited, Greenock .. 1,260 1,600 | 1905 | 1,600 7,430 
87 |W. V. V. Lidgerwood, Coatbridge, N.B. ..| 14,365 450 | 1904 9,170 51,870 || 91 |Fisher and Co., ley ues ex te 1,205 320 ©1904 =1,290 —_ 
88 |Amos and Smith, Hull.. ‘o ve --| 18,700 7,620 1903 | 11,260 | 54,385 92 |A. Shanks and Oo., Arbroath. . os ” 1,192 | - — | — _ 
39 |Caledon Company, Dundee .. - . 13,300 11,150 - _ “= 98 |J. S. Vaux and Co., Limited, Sunderland. . 1,000 | 460 | 1903 2,860 9,235 
40 |W. Simons and Co., Limited, Renfrew ..| 13,270 12, 1905 | 12,860 69,005 94 |MacColl and Co., Limited, Belfast .. ee 1,000 a — | a _ 
41 |London and Glasgow Co., Ltd., Glasgow ..| 13,100 5,000 1901 | 28,300 96,000 95 |Colin Houston and Co., Glasgow 725 1,425 1905 1,425 4,2608 
42 |Roas and Duncan, Govan am ia --| 11,685 12,170 | 1902 12,225 66,580 96 |Thames Iron Works, London .. 600 _— — | —_ — 
43 |McOoll and Pollock, Limited, Sunderland..| 11,457 9,620 1901 10,000 52,237 97 |Menzies and Co., Limited, Leith 550 | 1,250 =: _ — 
44 |Muir and Houston, G ee as --| 11,200 9,300 1904 14,900 68,740 88 |Baird Brothers, North Shields oe 520 | 250 | 1903 1,325 2,255} 
45 |Clyde Shipbuilding and Engineering Com- | 1 99 |Davis and Co., Limited, Oulton Broad 400 | -— os ~- _ 
pany Limited, Port Glasgow _... --| 10,800 18,000 | 1905 18,000 68,250 || 100 |Edward Hayes, Stony Stratford . 380 | _ — — _ 
46 |Hall, Russell, aud Co., Aberdeen on 9,400 5,680 | 1902 ,100 41600 || 101 |W. White and Sons, Cowes .. 312 420 a - _ 
47 |A. and J. Inglis, Limited, Glasgow .. me 9,200 1,300 | 1902 12,170 | 41,470 | 102 |W. Sisson and Co., Gloucester i 297 -- = = — 
48 |A. Rodger and Co., Govan .. - = 8,300 11,100 | 1905 11,100 | 41,000 |] 103 |Thos. Sumner and Sons, Liverpool .. 85 250 _ = 
| | | ' 











* For two years. 


type. Messrs. Hawthorn, Leslie, and Co., Newcastle- 
on-Tyne, constructed a 9000-tonner, and several other 
large ships, all for British owners. Messrs. Connell, 
of Scotstoun, built several moderate-sized single-screw 
steamers, one of which was for Spain. They were 
all between 3000 and 5000 tons. 

It is not ible to refer in detail to the work of the 
other individual firms, as we have already exceeded 
reasonable limits ins , but it may be noted that the 
six vessels built by Messrs. Caird and Co., of Greenock, 
were all for the P. and O. Company ; that the Vickers 
Company’s vessels were mostly warships, each repre- 
senting the highest fighting efficiency for its size ; that 
the Fairfield Company, of Glasgow, include one turbine- 
steamer—the Viper (see ENGINEERING, vol. 1xxxi., 
page 653) ; that Messrs. Napier and Miller have this 
year occupied new works built the only barque of 
the year. As regards the other firms, we can only 
acknowledge again our indebtedness to them for giving 
us the details, and suggest that the figures given in 
the tables are worthy of consideration. 


PRODUCTION OF ENGINEERING FrRMs. 


The horse-power of marine machinery produced 
by the respective firms is set out in Table VII., and 
from this it will be seen that the North-Eastern Com- 
pauy occupy the first place with a total of 117,534 
indicated horse-power. This, however, does not con- 
stitute a record even for one firm, Messrs. Richardsons, 
Westgarth, and Co., Limited, having five years ago 
returned 120,000 indicated horse-power, but this was 
from three engineering works. , Of the North-Eastern 
Company's output, 70,480 indicated horse-power was 
produced at their works at Wallsend and 47,054 indi- 
cated horse-power at the Sunderland Works. In- 
cluded in the total are two quadruple-expansion sets of 
machinery, the other sixty-two being triple-ex ion 
engines, ranging in power from 500 to about indi- 
cated horse-power. The vessels for this machinery 
were constructed mostly on the North-East Coast, but 
three were built in Antwerp. It will be seen that the 
output is the sc in the history of the company, 
and is considerably above the average, which in the 

closely oe roximates for the 
indica orse-power, 


case of this compan 
past six years to 100, 


The Wallsend Slipway and Engineering Com , 
who take second place, occupy a striking Spocition, os 





t For three years. t For four years. § For five years. 
their output is the largest on record for any one | Blair and Co., Limited, of Stockton, who come next, 
establishment. Includ is the turbine machinery | with 66,400 indicated horse-power, have also estab- 
for the Mauretania, and for the Great Eastern Rail. lished a record, and greatly exceeded their average. 
way Company’s North Sea passenger steamer Imming-| Messrs. Richardsons, Westgarth, and Co., Limited, 
ham. In addition there are two sets of oon who occupy seventh place with 65,300 indicated horse- 
ruple-expansion engines and ten sets of triple-expan- | power, have decreased their output, as compared with 
sion engines for vessels built by Messrs. Swan, Hunter, | the previous year, to the extent of 10,000 horse-power, 
and Wigham Richardson, Messrs. Armstrong, Whit- | and the total is only about one-half their record. The 
worth, and Co., and the TyneCompany. The average | firm, however, are doing gas-engine and turbine work 
for six years is about 55,000 indicated horse-power, | for land stations, so that it is probable that they have 
which is very satisfactory. The most significant point | been as fully occupied as formerly. Their marine work 
in the progress of this company, however, is their | included three compound sets and thirteen triple- 
steady advance to first rank, not alone in the extent, | expansion sets, many of them for steam trawlers. 
but in the quality, of the work done; a fact due | Messrs. J. Dickinson and Sons have a record per- 
in a measure to the enterprise of Mr. Andrew Laing, | formance, with machinery of 8517 nominal horse- 
to whom a unique compliment was paid at the launch | power; this is considerably more than in preceding 
of the Mauretania by the chairmen of the Cunard and | years. Messrs. George Clark, Limited, of Sunder- 
the Wallsend Companies. Proof of this is also found in d, have an equal output, and one that also estab- 
the placing of the order with the 7 Nig od the | lishes a record. The Scotts’ Shipbuilding and Engi- 
turbine pgm of the new Britis ttleship | neering Company have doubled their output of the 
Superb, of the Dreadnought class, to be built at SS year, and Messrs. Workman, Clark, and 
Elswick. ., Limited, of Belfast, have added 2600 to their 

Messrs. John Brown and Co., Limited, Clydebank, | revious highest total. Messrs. David Rowan and 
take third place; and here also the total works into|Co., of Glasgow, also exceed their best perform- 
six figures—108,900 indicated horse-power. This| ance. Although Messrs. Denny and Co., of Dum- 
includes, as we have already indicated, turbine machi-| barton, have less than in the preceding year, they 
pay | for four steamers, as well as the machinery for have an output equal to their six years’ average, 
an Indian troopship and other vessels. The total is|and it is otherwise satisfactory, including, as it 
more than equal to the output of 1905 and 1903. | does, three sets of turbine machinery and three 
Messrs. Harland and Wolff, Belfast, occupy fourth | sets of pee ognee for light-draught high-speed 
place with a production nearly 25,000 indicated horse- craft. The Parsons Company have a slightly less 

wer greater than in the previous year, but 3700 | total than usual; but the chief of the company can find 
indicated horse-power less than the record of 1903. | satisfaction in the fact that an increasing number of 
Their average for six years, it will be seen, is over | engineers are manufacturing machinery on his a 
70,000 indicated horse-power. | both for marine and central-station purposes, as already 

Messrs. Vickers Sons and Maxim, Limited, have | indicated. Messrs. Dunsmuir ia Jackson, Govan, 
produced machinery of 79,000 indicated horse-power, and Messrs. Hawthorn, Leslie, and Co. have also a 
which places them fourth on the list. In this instance | total which exceeds 40,000 indicated horse-power, and 
the variety of the work is a ial feature, because it | thus sixteen firms produced more than 40,000 horse- 
includes not only turbine work, but cruiser machinery | power, while last year there were thirteen in this 
and internal-combustion engines for submarine-boats. | position. The sixteen firms make up 1,070,000 horse- 
In this latter respect we understand that asatisfactory | power, equal to 50 per cent. of the total. In 1905 the 
issue has followed upon extensive research work, in | thirteen firms were responsible for 54 per cent. of the 
order to perfect the type of machinery for the last- | power of the year’s marine machinery. As to the 
named craft. It will be noted that their output is the other firms, little can be said, and it will be seen that 
highest for the century, ard that the average for six in most cases the production is as great, or higher, than 
years is about 50,000 indicated horse-power. Messrs. | in the preceding year, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compirnep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 


UNDER THE ACTS OF 1883-1902. 


The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 


illustrated. 


Where inventions are communicated from abroad, the Names, 


é&c., of the Communicators are given in italics. 

Copies of Specifications may be 

ranch, 25, ampton Buildings, 
the uniform price of 8d. 


atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months 
the advertisement of the t ofa plete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


26,854. B. M. Drake, A. D. Jones, and the Jandus 
Arc-Lamp and Electric Company. Limit London. 
Electric Arc- {3 Figs.) December 23, 1905.—This 
invention relates to magazine arc-lamps with inclined carbons. 
The carbon magazines 1 are cylindrical, and have the carbons 
arranged aro the circumference. The magazii arranged 
in such wise, and are 50 together that the two carbons 
lying in the plane joining the axes of the magazines will be in 
contact. e es are free to rotate, are geared together by 
bevelled spur-wheels 3, s and so arranged that one ne can 
not rotate without the o' being ro to an equalextent. A 
spring 5 tends to rotate the magazines, the one clockwise and the 
other counter-clockwise. A solenoid 6 actuates a cam-clutch 8 
regulating and controlling the length of the arc in a manner 





familiar to those conversant with arc-lam The movements of 
the solenoid core are controlled. by a pot. The striking 
mechanism is so arranged that it tends to rotate the magazine in 
an opposite direction to the control to the necessary 
amount for striking the arc. The action of the lamp is as follows, 
and is indicated by }° The carbons rest upon stops. 
Assuming that the carbons 2a, 2a, and 2b, 2b have been con- 
sumed, the m ines will be rotated by the spring in the opposite 
direction to that indicated by the arrows, until ie carbons 2c, 2c 
come into contact, thus completing the circuit, and preventing 
further rotation of the magazines. The current actuating the 
striking mechanism will thereupon rotate the magazines in the 
direction indicated by the arrows, separating the carbons 2c, 2c, 
until a sufficient dist is obtained for a normal arc to be 
formed. (Accepted October 31, 1906.) 


21,383. C. O. Bastian and G. Calvert, London. 
ing-in Wires. [8 Figs.) October 20, 1905.— 
This invention relates to a new method and means of effecting an 
hermetic and gas-pressure-tight joint or seal between a vitreous 
substance, such as lead, Jena or quartz glass and a wire or metallic 
conductor of electricity, or other substances (dissimilar to the 
vitreous substance) ng into or through such vitreous sub- 
stances. To attain this end—for example, in the case of vapour 
electric apparatus—the leading-in wire or metallic conductor is so 
formed as to utilise its expansion or contraction, so that in cool- 
ing it will cause a projection or projections or enlargements 
formed on the wire to close or tighten themselves upon the glass 
contiguous to such projections in the same manner as a heated 
rivet passed through a metal plate and headed up will contract 
and tighten itself upon the said plate on cooling. When a metal 
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neery-lane, W.C., at quently the 
* | the switch dimin 


The date of the advertisement of the acceptance of a Complete | invention is to provide simple means 
cification is, in each case, given after the abstract, unless the | the terminal and giving an increase i area of contact between the 


Srom the date of 


said conductor } with a head or en! 
inner end d of the said conductor b is 
shoulder d' inside the wall of 
or enlargement e. (Accepted 


_—_ vrimited ana fF Hall, 
\4 Figs.) October 23, 1905.—This it 
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31, 1906.) 


blade, which is forced edgewise between pairs of s 
connected with the current mains. It is found 
terminals are to be forced t or spread 
the contact blade, which, when 
being forced between and withdrawn from their 
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ng sides, 
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terminals and the switch-blade, and this it is proposed to accom- 
> by arranging =e that part of the blade b which is driven 
n between the terminals a? a frame c which is in electrical con- 
nection with the blade, and is adapted, on the blade being moved 
into its closed position between the inner spring sides of the 
terminals, to engage simultaneously over their outer faces or 
sides, and so clasp or embrace the whole of them. In the case 
of a double-break switch the above-described arrangement may 
be duplicated at the top and bottom of the blade b, or the lower 
portion of the blade may be provided at its te edges with a 
pair of inwardly-directed U contact-pieces d2, whilst the 
terminals e? may consist of a parallel pair of flat blade-like parts 
may edgewise in vertical planes. (Accepted October 81, 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


aan Gas-Engines. (o FUs) semua 20 toe 
¥ 8. anuary 20, ~ 
invention relates to two-stroke cycle gas-engines, 
controlling — of slot —- The essential feature 

the fact that the supporting frame of the engine is utilised for 
supplying and carrying off the gases and air ; for this purpose the 
collecting-chambers which surround Ls of slot-ports are 
connected with chambers in the supporting-frame or with pi 
located therein, In a constructional form, according to this in 
vention, the exhaust slot- sare located at the lower 
the ogee | cylinder c, which does not rest directly u 
porting columns of the engine-frame, but is carri 


e sup- 
by a head- 





piece k formed with an annular chamber 
columns, The lower 
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or mel 
era of og Sad and its heads 
upon cooling it will contract and 
h one another, and thus tigh 
wire wu the glass, to form the 
eons Shen of Sateen the wire be caused to 
quent tem ; or may 
take a tortuous or other straight course, or distoried or flattened 
or formed of varying cross-section to give it the necessary keying 
Sccieteton the = tight joint. ty ee mn 
is to form a nt. @ 
the vessel Chick the conductor b is fermetically sealed, 


| 
the outside end of the | 


according to this invention, by providing 
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ber 
trom the cylinder pase through 
rom 
of es toads oul Cashes @ ly and 
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ring of 
by the shortest way into 
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Aston. Switches. 
invention relates to switches 
of the “knife” type, such as are provided with a ene — 

g terminals 

Peg “ convening air supplied through 
by the action of 
e switch is in use. wy mage | 
impaired, and the efficiency of 
= object of the present 
or preventing spreading of 


yo py vy gh tH 
| to bring the holes c into line with the needle ; con 
“| needle is itted to 


ent ¢ thereon, while the hollow supporting column or the therein. A tion n 
sharply so as to form a divides a lower pation of the chemlet 7 from the main chamber 
@, or is provided with a head | thereof, and this subsidiary cham 


ber is itself divided by a parti- 
| tion into two lower chambers, which respectively communicate 
with two hollow su ing columns e! of the engine-frame, in 
| addition to which a ul one such chamber in communi- 
cation with a ring s', and through 
other chamber of the head is placed in comm 
second ring of slots s*. The pipe w! serv 
one 
col ing chamber, a: 
the conveyance of gas mixture forced through another of the 
Operting Sr and its corresponding chamber. (Accepted 


GUNS AND EXPLOSIVES. 


7952. H.C. L. Woolwich. Guns. [3 Figs.) 
April 2, 1906.—This invention relates to the firing of guns by 
means of friction tubes, the invention being icularly applic- 
able to the smaller class of or mountain guns. 


| invention is to provide means whereby the tube can 

| through the medium of a lever acting << upon the friction 

bar, whereby the firing of the gun is rende simpler and more 

effecti to this invention, a friction tube having a 

esigned to be pushed into the tube is employed 
head nded to be 


and is provided with a inte’ 
upon by a lever, either directly or the intervention of 
a pusber-bar. In the arrangement shown in Fig. 1, the friction 





tube a, which is shown inserted into the base of a cartridge, is 
provided with a friction bar or piece > designed to be 
into the tube to cause the ignition. ¢ is the pusher mounted in 
the sliding breech-block d, and normally held away from the tube 
ge. The a ¢ is at its outer in connection 
throug e 
, 
{ratte the tube. In 


medium of which the pusher may be 
friction the arrangement sho 
breech-block g is mounted on a swinging 
bis transversely of the gus in such 


I 


4 
firing 
rotated, the lever 


tion of the friction bar into the chamber for receiving it. (4e- 
cepted October 31, 1906.) 
3966. King’s Norton Metal Limited, 
and om. Fuse 


T. A. Baynes, E. Whitworth, 8. 
{8 — ebruary 17, 1906.—The improvements have for their 
in pm we Sy Bem oe gm Dag APN AOS 
e firing the detonator of ig rendered impossible 
until the shell has been d d has struck or grazed 
some object. One of the essential features of the invention con- 
sists in providing the detonator of the fuse with a rotary or 
otherwise movable and impenetrable shield, which is preserved in 
its normal or protecting position until the di shell has 
grazed or hit some object, when the detonator is uncovered and 
then fired. c is the shield, in one piece with the spindle c2. The 
spindle c? extends from end to end of the fuse and has a series of 
grooves inclined to the axis of the fuse and resembling a quick- 


the fuse 
an 








threaded screw. On these a nut g is arranged. A is the needle- 
carrying pellet which has at opposite sides trunnion-like projec- 
tions i which en in grooves a? in the interior of the body of 
the fuse. The n —_ liet A and nut g are connected 
so as to render rotary motion of the nutg impossible. The shield 
¢ has holes c? which, on the partial rotation of the shield, are 
On the shell striking or grazing an 
| object the momentum of the needle pellet h nut 9 ensures 
their forward motion as one, and the nut _— on the screw- 





sequently the 
pass gh the hole and to strike the 
— b, thus firing the detonator. (Accepted October 31, 


LIFTING AND HAULING APPLIANCES. 


story-Conti Lh ey 8 Figs.)’ March 22 
ia Te nrenin rein let coal eam eet 

ly elev: r) ie means 
the car will be immediately stopped upon opening any 
loors of the elevator-shaft, and means to prevent the start- 
ing of the car until all the doors are closed. 2 indicates the door- 
frame of the elevator-shaft, and 3 a shaft-door. 
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sod toes tee ciuoale on tapoete Tigh: te enapeingbien of ten] eapented. She eoceeigumeaing eemiante belay avupiod toqueber 
opens as shown in Fig. 1. In . con’ ing cou er 
device to elevators, this automatic circuit- er is at | Three sets of connecting - between the i ments will 
each floor in the wire 10, joined to the positive line- . The | therefore only be required. In action, when the transmitter 
safety-switch on the top floor is connected by the wire to one | handle is moved on to a contact, the solenoid connected with 
le of the controller inthe car. The other pole of the controller | this contact will be ene: and its plu will move and turn 
8 connected to the motor which is connected with the negative | the crank through 120 , and so move the pointer 14. When 

more than three orders are to be transmitted, a Geneva 

0 1 motion is ed. By this means when the crank is mov 

through 120 My tooth on the part 16, driven directly by the 
; 3 prscrentben a part of its movement with another wheel 17 
7 = 3 conn with the pointer, and moves it a required amount. 





Only a fraction of the movement of the crank-driven toothed 
wheel 16 is employed and transmitted to the part 17 connected | 
with the pointer or indicator, the rest of the movement being 
idle or inoperative. (Accepted October 31, 1906.) 


| STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


| 10,301. W.G. Lee, Bornsey. Controlling Boiler- 
| Feed. [1 Fig.) May 2, 1906.—This invention relates to that 
} type of | eorannes for automatically controlling the working of 
| boiler-f 
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pumpe, injectors, and the like, wherein a fioat- 
e of steam from the boiler to 





VIIULLOTOLLSIOBLLLLLTTLISLL ALTER TESTS IDS A 


WZ 
at 














SEPT OD IILEPLELSTOLILLLLILE LST MAAEI TEDL AEE 


| ope: piston permits the passag 
3 U the injector when the level of the water in the boiler falls below 
| @ certain t, and thus serves to maintain the level of the water 


in the boiler constant. The object of this invention is to pro- 
vide improved apparatus of this character, and consists in a 
cular construction, wherein the tubular fitting A (which is 
pagan a the teed. ump) 4 — —_ a steam Ayo d 
n the same plane as the fitting, the ing separa rom 

wan pect ar - the feed-pump by a grooved plunger valve G which works in a 
~ lane seating intersecting the tubular —) such construction | 

e | 


It will thus be seen that when all the doors are pro- | 


line-wire. 
perly closed, an electric circuit is made from the positive line- 
wire through the safety-wire 10, members 5, and contact 6, con- 
troller, motor, to negative ee It will be obvious that the 





opening of any door will break reuit and 
the car bein motion ; while if the car is stationar: 
cannot be started until the shaft-door is desed 
established. (Accepted October 31, 1906.) 


MOTOR ROAD VEHICLES. 


2446. The Austin Motor Co , Limited, and 
H. Austin, Birmingham. Discharging Products of 
Combustion. [3 Figs.) Jan 81, 1906.—When a motor-car | 
forms one of a queue of carriages which are drawing up in turn at | 
the entrance toa theatre or other building or place, to set down or | 
take up passengers, much inconvenience is experienced in the car- 
riage next behind, and even in two or more of the carriages behind, 
if the exhaust gases from the silencer of such motor-car are allowed 
to blow out through a rearwardly projecting pipe, particularly as, 
owing to the conditions under which the engine is running at the 
time, much unconsumed spirit passes away with the exhaust. 
Corresponding inconvenience is experienced also by persons 
alighting from or ——s the car at one side thereof, or by 


it | P 
and the cieoult providing a straight through passage for the steam when the 


persons standing or ng along at such side, if the exhaust 

are allowed to blow out through a pipe directed t d 
such side. Now this invention has for its object to avoid or 
minimise the inconveniences above described, and consists of 













| 

valve G is in the open position. The invention also consista | 
in the employment of means whereby, in the event of the holes d | 
becoming stopped up, or the valve G becoming accidentally fixed 
in a position to close permanently or obstruct seriously the 
e of steam, steam nevertheless may be in regulable 
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2. uantity to the feed-pump or injector. For this pu a sleeve 
e, i open at both ends, is fitted to work in the bore D, this sleeve | 


being normally seated against a shoulder at the inner end of the | 
bore D, in which position it closes lateral openings m provided | 
in the wall to the fitting A. The sleeve L is capable of being | 
retracted outw: so as to uncover said openings, and allow | 
steam to pass through them into the bore D between the valve | 
Gand the inner end of the sleeve, through which latter the steam | 
‘0 enable ithe sleeve L to 





means by which, at the will of the driver of the car, the exhaust 
gases may be directed outwards from either side of the car, as 
may be at the moment desired, and preferably of means by which 
gases may, at the will of the driver, be directed outwards 





rasa the feed- injector. 
from either side or at the back of the car, as may be at the : ae a cuitede ie is on dtoa sp Accepted 
be varied considerably In detail, but, comprise a. dlacharge pips | C22" 24+ 1006 

vai considerably in de com, a arge p' 
d, d) outwardly directed in relation to pr side of the car, cad, 24,017. D. M. preh one oa valves.” rue } 


referably, a discharge pipe d? backwardly, directed, the pipes 
being in communication with the silencer B, and controlled by a 
valve C2, so that one at a time only can be put into effective com- 
munication. A convenient form of the invention is to fit a three- 
way cock C2 to the silencer B, and connect the ego Ts 
d, d', d2 to the several branches of the cock, the cock itself being 
controlled, through the medium of suitable apparatus, by means | 
of a handle, which is in convenient position for use by the driver. 
The invention is applicable to motor-cars generally, whether used 
for passengers or goods. (Accepted October 31, 1906.) 

SHIPS AND NAUTICAL APPLIANCES. 

23,607. W. Chadburn, Eastbourne. Ships’ Tele- | 
graphs. (2 Figs.) November 16, 1906.—This invention has 
reference to apparatus used on ships for communicating between 
one part and another. Lom ss | to this invention, the hand- 


operated transmitter A is provided with contacts corresponding | 
Si number with the extent 40 be transmitted, whilst the receiver 


Fig.1 


November 21, 1905.—This invention relates to controlling valves 
for steam and other fluids, the object being to provide a valve by 
which the rate of flow of the fluid can be varied within consider- 
able limits, or entirely cut off, by an unskilled attendant, the 
valve being so ada that its condition is indicated. The in- 
vention consists in providing a plate with a number of valve 
orifices of different areas, and adapting the plate to be rotated in 
a casing, so as to bring any one of the orifices coincident with 
inlet and outlet connections on the casing, a blank space being 


















































that the flow of fluid may be entirely cut off 
ing out the invention, ing to one 
is formed, by casting or otherwise, in 
bolted or secured ther. 


- on the plate, so 





necessary. In 
mode, a circular aane © 
two adapted to 
The gerte 

hag ae vat The centre of one half of the casi 





O has a plurality of solenoids 10 radially around an axis, | a bearin a the centre of the other half having the | the 
the plungers 11 of which are with a crank thereon. | gland stuffing-box to the same. On the spindle a disc A is 
These solenoids are electrically connected with the transmitter | mounted, being fixed thereto by a other securing device, so 
contacts. If three solenoids are used, and only three orders are | that it is obl to rotate with 

required to be sent, then the transmitter will only require four | slightly longitudinally thereon, or the dise may be ri 

contacts and three sets of connecting wires 20, 21, 22 ; but when , and sufficient play allowed to the spi 


rocating comb 
or come in contact with the bristles of the brush B projecting a 
considerable 


are formed with inlet and outlet connections c, d | an eccentric or crank 
is formed with comb G is thus slowly rocked or oscillated 


the disc to seat tightly. The disc is formed with a series of 
circular holes & of various diameters, the space / between the first 
and smallest the last and nope being left blank for the 

rpose of entirely cutting off the flow when required. The plate 

held up against the of the casing which is provided with 
the outlet connection by means of a coiled spring m nested in a 
recess behind the stuffing-box in the other half. The invention 
also consists in providing an indicator o upon the operating 
spindle n exterior to the casing a, so that the condition of the 
valve may be seen ata glance. (Accepted October 24, 1906.) 


14,583. H. W. W , Moscow, Russia. Water- 

be (3 Figs.} June 26, 1906.—This invention 
refers to water-tube boilers of the kind in which a nest of U- 
tubes is arranged beneath a long upper drum, and between the 
limbs of which (U-tubes the furnace is arranged. The improve- 
ment resides in the feature that the upper limbs are arranged so 
closely together that the hot gases can only ly pass through 
a remaining ay between these tubes, and the 
re ing part of the hot gases is obliged to pass crosswise 
between the tubes and then along below the upperdrum. The 
upper set of tubes exposed to the hottest gases receives a re- 
duced amount of heat, which amount is about equal to that 
supplied to the lower set of tubes, so that both limbs of the 

-shaped system of tubes will expand almost uniformly. 

unequal expansion of the upper and lower tubes is thus 
avoided, so that they do not become loose and leak. Further, by 
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reason of a part of the heat being conducted directly to the 
upper drum a considerable portion of the steam is generated 
there, and little steam will have to pass through the upper set 
of tubes, so that these can be filled with water to a greater 
extent than heretofore, and will last longer. a@ and b are the two 
limbs of the nest of water-tubes of (J shape, and e are the 
headers. The space left longitudinally between the tubes a is so 
narrow that only a of the hot gases rising from the grate f 
can ~ on in the direction indicated by the arrow h, so as to 
reach a flue + passing along below the drum o. A brick wall s 
may be arranged close to the above tubes a, but this wall is not 
absolutely necessary. The gases passing in the direction of the 
arrows g and h, through the upper set of jtubes a and the flue r, 
then pass in the direction of the arrows ¢ to the lower limbs b, 
and thence into the flue & leading tothe chimney. (Accepted 
October 31, 1906.) 


TEXTILE MACHINERY. 


26,314. The Fine-Cotton Spinners’ and Doublers’ 
om Limited, Manchester, and W. - 
dish. Com -Machines. [2 Figs.) De- 

cember 18, 1905.—This invention relates to improvements in the 
brushes of combing-machines for the purpose of more efficiently 
cleaning them of waste, while the machine continues running, 
thereby preventing any accumulation of waste or choking of the 
rushes. The stripping of these brushes is at present accom- 
plished by means of a slowly-revolving doffer covered with card 
cloth rotating in an opposite direction to that of the brush, the 
top waste being eventually stripped off the doffer by means of a 
reciprocating comb. Buta certain percentage of the. waste re- 
mains in the brush, and the object of this invention is especially 
to extract it and keep the brush in a workable condition. The 
invention consists essentially in the application to or combina- 
tion with the stripping brushes of a reciprocating or rocking 





comb, which penetrates the bristles of the brush, to prevent the 
accumulation of waste therein. The comber cylinder A, the 
brush B, the doffing-cylinder C, the doffing-comb D, and the 
brush-tin E are all of inary construction and arrangement. 
jing-brush B, and within the brush-tin E, a recip- 
is mounted, the teeth or points of which engage 


the bristles. The comb is affixed 
—~ and connected by rodsg? with 
of the doffing-cylinder 0. The 
through the bristles of 
B, and the accumulation of waste in the brush is effec- 


in or 
the spindle, but i free fo more comb D inthe ordina’y manner. The arms g of the comb G may 
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THE HARD WOODS OF WESTERN 
AUSTRALIA. 


Tuat there are in parts of Australia’ large areas 
covered with valuable hard-wood timbers has long 
been known,-but the actual physical ies of 
these timbers have never, until recently, been pro- 
perly investigated. Im fact, we may say that, 
except in relation to two or three kinds, such as 
Jarrah and Karri, which have been employed in this 
country chiefly for paving, no really reliable infor- 
mation about Australian timbers has been forthcom- 
ing; and even in the case of the two timbers we 
have named our knowledge has not been altogether 
satisfactory, the tensile strength of Jarrah, for in- 
stance, being given by three authorities as 2940 lb., 
5000 Ib., and 16,407 Ib. per square inch respectively. 
Now, however, this i of information regarding 
what in the future must be one of our most valu- 
able sources of hard- wood timber supply no 
longer exists, for there have lately been carried 
out by the Western Australian Government a 
series of most complete tests, which are embodied 
in a report entitled ‘‘The Physical Characteristics 
of the Hard Woods of Western. Australia.” It 
is a report of which those responsible may be 
justly proud, for it is one of the most complete 






on the necessity of knowing, with, at any rate, a 
fair amount of accuracy, the of moisture 
contained in the timber at the time it was used, for 
this percentage has a very marked effect on the 
strength. This is a fact which has, perhaps, not 
always been fully recognised. It is, therefore, im- 
portant to have some standard with which the 
strengths of various specimens containing different 
percentages of moisture can be compared. 
Probably the first authority seriously to call 
attention to this fact was the late Professor J. B. 
Johnson in his well-known work ‘‘ Materials of 
Construction,” for he there points out that the 
strength at 12 percent. moisture (United States 
timber) is some 75 per cent. greater than when the 
same sticks are green, or are wet through, after sea- 
soning. Professor Johnson further pointed out at 
the time he made his tests that the absence of any 
determination of the amount of moisture contained 
in specimens, as usually tested, has been the cause 
of many of the great differences in the strengths 
observed by experimenters, and that with identical 
material of different sizes. Bearing this in mind, 
the Western Australian authorities were careful 
in carrying out their tests to'ascertain, as far as was 
possible, the percentage of moisture contained in 
their_specimens at the time of testing. No arti- 
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and valuable of the kind ever issued by any govern- 
ment, representing, as it does, the result of over 
16,000 carefully-conducted tests on various samples 
of timber while in the condition usually procur- 
able. We gather from the ‘‘ Prefatory Note ” accom- 
panying the report that, the Government of the 
State having decided that a full investigation was 
necessary, the matter was placed with the Railway 
Department, the tests being actually carried out by 
Mr. G. A. Julius, under Mr. E. S. Hume, chief 
mechanical engineer of the Western Australian 
Railways. One thing which is very evident from 
the report is the desire of those who carried out the 
work that the tests should be of a nature to give 
results as nearly as possible likely to be obtained 
from the timber of commerce when in a condition 
usually found existing in practical engineering work. 
To this end, and in order that the results should 
fairly represent the average qualities of the various 
timbers wherever possible the specimens were 
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number of specimens were tested under each of the 


above heads, in order to obtain, as faras ible, a 
true average. No tests, however, appearto have been 
made to ascertain the shearing strength across the 


grain, and no reason for this is given ; but it may 
have been thought that the side-compressive stress 
was sufficient. These cross-compression tests were 
carried out in two ways: (a) on specimens square 
in section, the len being nominally twice the 
breadth, and the load applied over the whole of one 
side face ; and (b) on specimens square in section, 
the length nominally four times the breadth, the 
load being applied through a steel plate 4 in. in 
width, with square corners. The plate took its 
bearing on one side face, the opposite side face 
being supported over its whole surface. In practice, 
of course, this latter is the way in which the load is 
more usually applied. 

The greater part of the work was done by a 
40-ton horizontal testing-machine, specially built 
by Messrs. Buckton and Oo., of Leeds ; but many 
new appliances were fitted to this machine in order 
to facilitate operations and to increase the accuracy 
of the results. .Among these was a specially- 
—— autographic stress-strain apparatus, which 
would accommodate a diagram 2 ft. square. There 
was also an automatic electric beam - balancing 
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ficial seasoning of any kind was resorted to, but 


‘* moisture” tests were made at the time of testing | 


on sections js in. thick, cut from the part as 
close to the fracture as possible. These sections 
were at once weighed on a chemical balance, then 
placed in a water oven, and there maintained 
at an even temperature of 240 deg. Fahr. for a 
period of four hours, after which they were again 
weighed and the loss determined. 

In order to ascertain the ‘‘ ultimate” and ‘‘ within 
the elastic limit” strength of the various timbers 
the following tests were made :—1. Tests in cross- 
binding, the timber being used as. a beam sup- 
ported at the ends and loaded centrally. 2. Direct 


| tensile tests. 3. End-compression tests, the load 


being applied endwise upon specimens of. various 
dimensions, and ratios of ‘‘ length to breadth.” 
4. Cross compression tests, the load being applied 
across the fibre of the material. 5. Shearing tests 


jalong the fibre of the material. 6. Hardness 


taken at random from the contract supplies deli- | tests determined by the resistance to penetration, 
vered to the various Government departments. |under both ‘“ steadily-applied” and “ suddenly- 
Private timber companies also supplied specimens | applied” load. 7. ‘‘Spalling” tests, which were 
from their stocks. Both green and dry logs up to arranged to record the fesistance opposed to 
4 ft. in diameter were in many cases utilised, and | splitting and crushing under repeated blows ‘on 
were broken down at the Government workshops, | end.” It was also thought desirable that the holding 
the whole of them being tested in order that the | power of various timbers, both green and dry, on 


results obtained might be taken to represe 
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mechanism. A small 8-ton machine was also built 
to deal with lighter tests, and for ascertain- 
ing the holding power of spikes. In the case of 
long columns the lateral deformation under vary- 
ing loads was autographically recorded by means 
of an apparatus specially designed for the purpose. 
This was done partly in order to ascertain the 
direction of movement relative to the ‘annual 
rings” in the timber. This apparatus is shown in 
Figs. 1, 2, and 3, annexed, while the diagram-sheet 
'on which the movements are recorded is shown 
|in Fig. 4; one of the diagrams being seen in 
Fig. 5 to a larger scale. The ratio of length to 
minimum lateral dimensions ae between 2 to 1 
and 36 to 1, and it was found that up to and 
including a ratio of 12 to 1, the strength in end 
| compression in all timbers was fairly constant, and 
|the specimens always failed in direct compression, 
as has been proved by many previous tests by other 
experimenters. It was also found that in all cases 
the modulus of elasticity in direct compression 
was below that obtained in cross-bending and 
direct: tensile tests, and it was found here that 
the moisture percentage had a marked effect on 
the strength of the specimens. 

With regard to the influence of the annual rings 








on the direction of lateral movement of the speci- 


nt a true | railway dog-spikes should be known, and tests with | men under end compression, some interesting facts 


average. In all, about 25,300 superficial feet of | this object were therefore carried out, both with! were brought to light; for the line of least resis- 


timber were used. 


é | newly-driven spikes and with those that had been | 
Great stress is laid by the author of the report in place for a varying number of years. A great 


i 


tance appears to have been in the direction of these 
rings, and failure under direct crushing seems 
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always to have taken place at a shearing angle of 
about 45 deg. in the direction of these rings. 
The direction of loading with regard to these rings 
was also noted with other methods of testing. 
The specimens used in the tensile tests were turned 
toa reduced diameter of 1 in., and were held in 
special grips, an ae gy en stress diagram being 
taken of each specimen, from which the modulus of 
elasticity was calculated. The average rate of load- 
ing throughout the tests was 1} tons per minute. 
In the cross-bending tests the loads were applied 
so as to produce uniform rates of deflection depend- 
ing on the span, that for a 5-ft. span being }-in. per 
minute. 

When testing the shearing strength of different 
timbers in the direction of the grain, two methods 
were employed, one being that used by Professor 
Jvhnson, and the other being due to Professor 
Warren, of Sydney University, who adopted it 
some years ago while making tests on different 
kinds of timber. The a tus used in these two 
methods are shown in Figs. 7 and 8, the former 
being that adopted ~ Professor Johnson, and the 
latter by Professor Warren. In Fig. 7 it will be 
seen that the load is applied by means of two bars, 
which transmit the pull through a cotter and a 
round-backed adjustable plate, a hole being mor- 
tised through the specimen to receive the cotter. 
Failure occurred by the end of the mortise being 


DIAGRAM ILLUSTRATING METHOD OF 


Fig.6. RECORDING THE ECTION IN WHICH 
“LOADS WERE APPLIED RELATIVE TO TM 
POSITI THE “ANNUAL RINGS” AS 


SHEWN UPON THE END SECTION OF 
THE SPECIMENS. 


Direction iv whicd'Loads' were applied 
we —— 
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weight. 
teak were tested, as a means of comparison, by both 
methods. 

The power to resist the disintegrating effect of 
repeated blows, such as the head of a pile is sub- 
jected to, varies greatly, and it by no means follows 
that the timber which will bear the highest ordi- 
nary tensile and compressive stresses comes out 
the best, although in some cases it is so, notably 
in that of salmon gum. 

Now with regard to the results of all the tests 
made, the Western Australian Government un- 
doubtedly adopted a wise plan, whereby the figures 
they give in their report are rendered as valuable 
as possible. This plan was to place alongside the 
figures relating to many of their most valuable 


DIRECTION 
| LOAD 


Fig.7 








ANT 
WVsy 











TT 



































CROSS BENDING. 


oy 


DEEESEs 


Wy 20100 


15880 
Y 16900 


EL 


by 


28 


4B 





_ Ee 


Ops 
pond 





S 


( 
4 


i 


2) 
3 | 
4 | 
i" = 
6) G 
7 2. 

a WVULSES: 

1 0850 
1204/7 86 / 

ven 0/74 AO 


fab 


0 
As 
00 

0) 


Villas salle 
15950 


Z 


15 
16 
EM 9050 
1aho=4 BIEL. 


41 
(yj 
my 
A 
Vie 


2 
B52) 
= 


HEEBEGEERGEBI 


LS WLW 


8] 8] 









DUES 65s, 
ae 
ET 







MMMM Sela 


Samples of American oak and Indian | months, so that the comparison is about as fair as 


ible. The results quoted for Victorian and 
asmanian timbers were taken from a work by 
Mr. James Mann on “Australian Timbers,” and 
published in 1900. The moisture conditions in 
this case were, however, not known. The figures 
for English oak, teak, and lignum vite are for 
seasoned timber, and were taken from the works 
of reliable authorities. Professor Johnson’s work 
on the ‘‘ Materials of Construction” supplied the 
figures for American oak and hickory. 

A graphic representation of the strength of 
twenty-one of the most important of the Australian 
hard woods is given in Fig. 9, subjoined, and forms 
a very handy means of comparison. It will be 
noticed that six out of the first eight places are 
held by Western Australian hard woods, and that 
‘two of them are superior to the New South Wales 
| ironbark. : 

While referring to Fig. 9 we should like to call 
attention to the first timber on the diagram— 
|namely, ‘‘ Yate,” the physical properties of which 

at once strike one as something quite uncommon. 
This extraordinary timber is as yet practically un- 
‘known, but it far outstrips all others in its 
tensile strength, being ahead even of salmon 
gum by 5000 lb. per square inch. In com- 
pression and cross-bending the two timbers are 
| more on a par, though in these also Yate still takes 
the lead. Not only is the 24,000 Ib. per square 
|inch average tensile strength of this little-known 
| timber extraordinary, for it is equal to that of good 
cast iron, but we gather further from the report 
that specimens have been tested which gave much 
higher results than this; in one case an ultimate 
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pulled out. The mortises were made by a chain-saw | timbers, a number of which are as yet practically un- | tensile strength of 174 tons per square inch being 
mortising machine, which cut the slots clean and | known, those of well-known hard woods indigenous recorded—a tenacity nearly equal to that of wrought 


without shock. In the opinion of the author of the | to other parts of the world. This renders compari-_| iron. 


As a sawn timber it is probably the strongest 


report, although the results obtained by the appa- son easy, and increases the value of the report. in the world, and, as far as our present knowledge 


ratus shown in Fig. 7 were from 75 per cent. to 100 
per cent. below those given by Professor Warren’s 
method, they are much more reliable, because the 
conditions are fairer, and the specimen is not con- 
strained sideways, as is the case with the other 
apparatus, which is probably quite true. Never- 
theless, it was thought advisable to test each speci- 
men by both methods. The higher shearing stress 
in the one case is supposed to Le due to a tensile 
stress being brought to bear on many of the fibres, 
and this view seems to be supported . the appear- 


the United States Government in their timber tests, | 
_ comparison. 
be American ash and hickory, as well as for| admirably suited for use as railway sleepers, piles, 
| Djatti. 


| The results are given in the table on the next page. | 
It will be noticed in this table that all the figures | 
relating to the Western Australian timbers repre- 
sent the strength when the wood contained 12 per 
cent. of moisture, as compared with the weight of 
the dry wood. This was the standard adopted by 








| | 


and was found to be a very satisfactory means of | 
The same standard was also used | 


Higher results would, of course, have been | 


goes, there is only one that is heavier—that one 
being lignum vitee from British Guiana. The Yate 
tree attains a diameter of from 2 ft. 6 in. to 3 ft., 
and a maximum height of 100 ft. It is exceedingly 
tough, and breaks with a long fibrous fracture. 
Altogether, if this timber is plentiful, it should 
prove one of the most useful hard woods known. 
With regard to durability, many of these Western 
Australian timbers stand high, and appear to be 


&c., the most durable of them, perhaps, being 


ance of the fractured surfaces. Some of these sur- | obtained from dryer specimens, but the 12 per cent. | Jarrah and Wandoo. These two timbers also, if 


faces are shown by a number of reproductions from 
photographs, which, unfortunately, we cannot here 
——_ 


— was considered a fairer one than an 
| less. 


ything | 
It will be seen by the table that several New, 


free from sapwood, resist the attacks of white ants 
in almost all situations. Sleepers of the former 
wood have, after being in use for nineteen years in 


n testing for the hardness of the various timbers, | South Wales hard woods are mentioned, as well as | damp situations, been taken out, and have been 


‘*hard” wood was defined to be one requiring a 


duce an indentation of .\ in. 
considerable importance in railway sleepers, 


1 square inch in area on specimens 12 in. by 3 in. by 


2 in., and the moment a penetration of ,, in. was | 
cbtained, the result was automatically recorded by | 


a special apparatus. Other tests as to hardness 
were made by measuring the ama produced 
by a weight of 40 lb. falling from a height of 5 ft., 
the specimen being a 





of moisture was not known. The figures | 


, which were published by the New South 


however, been cut and seasoned for at least twelve 
months, and in some cases for over two years 
before being tested, and from experience gained 
by the Western Australian Government on speci- 
mens of similar size and similarly treated, it seems 
that the moisture percentage would be at least 





on an anvil 1 ton in as low as 12 per cent. at the end of the eighteen| use in salt water for a peri 


|some Queensland timbers; but in these the per- found to be quite sound. Very interesting cases 
load in excess of 1000 Ib. per square inch to pro- | — 

As this factor is of | have been taken from results arrived at by Professor 
a load | Warren 


was applied through a stecl circular die nominally | Wales Government in 1892. The specimens had, 


are given of the lasting properties of these timbers, 
but, unfortunately, we must pass them by. We 
may briefly mention, however, that two Jarrah 
telegraph-posts that were known to have been in 
use for at least 20 years were found to give re- 
sults from 5 to 7 per cent. below the average of 
unused seasoned timbers, and two Wandoo slabs 
that had been used on the decking of a road-bridge 
for a period of 25 years were found to be thoroughly 
ial Geemibouk Jarrah piles that had been in 
of 72 years were also 
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RESULTS OF TESTS OF THE TIMBERS OF WESTERN AUSTRALIA. 





NAME OF TIMBER. 


| SPECIFIC GRAVITY, &c. 


TRANSVERSE STRENGTH FOR SPECI-| 
MENS OF APPROXIMATE 20 8Q. IN. | 
SECTIONAL AREA. 

















By U.S, STANDARD 


SHEARING STRENGTH ALONG 
THE GR 


AIN. 


| 
| 


a 


STRENGTH IN OCROSS- 


COMPR 


ESSION. 


|LoaD CONFINED To 


Loap APPLIED 


a Wiptn or 4 Ix, 














, | } By Metuop 
WEicut tx Pounps PER | | Mertu Givixe OVER THE WHOLE APPROXIMATE, 
Cusic Foor. Extreme “Par” aoe Sea SURFACE OF Equa Haur- 
Ultimate |Fibre Stress SrReneru. | SPECIMEN, Leyetu or Spxct- 
Extreme at | Modulus of | MEN. 
| No. | Fibre A Pe J aoe Jee bes ; Sant 
LOCAL NAME.| WHERE GROWN. of | Stress in | “Batic” in Pounds | 
Ave at Tests. | Pesbds Limit in om ~ od | | _ ieee in Load in 
Average|12 per Cent. [parSquare) Pounds per | neh. | Ultimate | Ulti ‘ounds per | Pounds per 
os Picture Average Inc Square | | No. | Strength in| No. Stren in | No. ldquare lach| No. \Square Inch 
First r Cent. of Inch. |_of | Pounds per| of 8 per | | to Produce | of | to Produce 
Cut. pe D. Weight. | Tests.| Square Tests **Bauare | Teste | a Deforma- | Tests. | se 
Weight. Inch. Inch. | tion of tion 
| | ar |B per Cent, | 8 per Oent, 
Jarrah Western Australia 68 65 48 15,000 10,300 | 2,080,600 102 1050 23 2010 | 49 2150 59 2520 
Karri Ditto 72 58 50 312 17,300 13,550 2,680,000 108 1050 18 1800 58 2060 100 | 2780 
Tuart | 78 68 60 318 17,900 | 16,900 2,560,000 93 | 1315 22 2500 30 8700 61 4000 
Wandoo Ditto | 79 71 63 287 | 16,100 | 18,650 2,190,000 61 1310 20 2680 36 3900 43 4450 
Blackbutt. . Ditto 69 54 46 | 255 | 14,200 | 11,000 2,000,000 64 } 1130 27 | 1650 36 2080 44 2670 
Red gum .. Ditto | 72 56 47 | 252 | 16,600 | 12,600 2,590,000 61 | 1150 26 1850 36 1750 85 2220 
Yate Ditto 79 7i 64 122 | 21,500 17,000 2,800,000 28 1675 ll 3200 | 27 3400 40 | 4300 
York gum Ditto 77 67 59 185 14,600 11,000 | 1,800,000 80 1280 | 6 1900 7 8700 2 4309 
Salmon gum Ditto | 70 66 60 24 | 20,100 | 15,000 2,500,000 10 1900 8 2900 24 3380 ; il 4060 
Morrell Ditto | % 64 56 2 | 16,900 | 12, 2,400,000 10 1200 8 1980 17 3500 15 4250 
Shea oak .. Ditto | 60 52 45 30 | 12,000 11,100 1,356,000 4 | 1480 | 
Banksia Ditto 59 35 29 15 10,300 7,290 | 1,148,000 3 1100 } | 
Jam wood .. Ditto | 7 62 54 7 | 16,800 14,200 | 2,355,000 2 | 1180 
Swamp oak Ditto 76 65 56 17 20,650 16,300 | 2,378,000 3 | 1160 
Native pear Ditto | 56 46 40 17 7,669 6,500 845,000 4 920 
Ironbark New South Wales 76 71 = 15 18,940 An 2,662,000 ob 0% Mu 2200 
Tallow wood r Ditto a 63 6 | 17,240 2,516,000 a 6 1670 
Blackbutt . ; Ditto | @ 57 12 | 16,880 2,316,000 a 7 1850 
Spotted gum Ditto 67 60 9 | 16,150 2,496,000 = 7 2000 
Flooded gum Ditto 74 63 6 16,140 2,269,000 od 4 2040 
Grey gum Ditto 71 65 6 | 15,340 2,347,000 oe 4 1770 
Grey or white box Ditto | 7% 68 9 | 15,950 | 2'202"000 | s 5 
Turpentine Ditto | 69 57 6 15,710 1,982,000 “9 4 1730 
Red gum .. Victoria 65 59 30 11,800 a - 16 1840 | 
Blue gum .. Victoria and Tasmania 67 57 25 15,600 ee 2,000,000 | an 10 1800 | 
Stringybark Ditto 64 56 34 11,300 ae ms 20 1900 | 
American oak United States - 48 7 11,500 1,800,000 1000 om iy 25 1650 | 2 1980 
Hickory .. Ditto 51 ee 14,500 10,800 | 2,100,000 1100 - ee Se 2700 
English oak England 52 pi 11,800 } 
Teak ‘ India 47 os Se 15,500 .| ee os - 20 1180 20 1380 
Djatti _ Borneo Soe 4 87 6 15,200 | 13,000 1,957,000 2 880 3 1270 5 1800 
Lignum vite British Guiana a ag 73 Tar eee 12,000 | 
RESULTS OF TESTS OF THE TIMBERS _OF WESTERN AUSTRALIA —(Continucd). 


TENSILE STRENGTH. 


STRENGTH IN END COMPRESSION. 





NAME OF TIMBER. 





Ultimate 
No. Strength 
of in Pounds 
Teste. perSquare 
Inch, 
LOCAL NAME, WHERE GROWN. 
Jarrah Western Australia 71 15, 
Karri .. Ditto a 18,750 
Tuart .. Ditto ts 16,500 
Wandoo Ditto 50 16,100 
Blackbutt Ditto 63 15,7 
gum Ditto 45 20,200 
Yate .. Ditto 31 24,200 
York gum Ditto 25 13,000 
Salmon gum Ditto 19 19,200 
Morrell Ditto 13 18,000 
Shea oak Ditto 4 9,000 
Banksia Ditto 3 8,000 
Jam wood .. Ditto 2 12,000 
Swamp =. Ditto 3 17,000 
Native Ditto 8 | 7,000 
Ironbar'! ‘ New South Wales ll 19,630 
Tallow wood — Ditto 4 15,970 
Blackbutt Ditto 8 23,400 
Spotted gum Ditto 6 16,990 
Flooded gum Ditto 4 | 18,200 
Grey gum ; Ditto 4 19,260 
Grey or white box . Ditto 7 16,340 
Turpentine .. Ditto 6 19,850 
Red gum Victoria 10 11,700 
Blue gum .. Victoria and Tasmania 5 20,6500 
Stringy bark .. Ditto 16 16,609 
American oak United States “ 10,000 
Hickory ; Ditto oe 11,000 
E — oak . England se 10,500 
Teak India ae 15,000 
Djatti.. Borneo 3 9,600 
Lignum vite British Guiana -. | 11,000 


found to be quite sound, having been untouched 
by marine insects. The holding power of these 
timbers on spikes is also remarkably good, that of 
Wandoo being higher than any ro wend 

There is much more in this report that we would 
have liked to touch u pon, but s will not allow 
of this. Anyone dedeens of following the sub- 
ject further will do well to study the report 
itself ; it contains, among other things, many very 
interesting diagrams, giving curves showing the 





Uutimate Load per Square Incn For CoLUMNS WITH 
Various Ratios or Lenetu TO Mintmwum LATERAL 


HARDNESS 





As Deranwinep BY 
Sratic Loap Re- 
QUIRED TO Propvuce 


As DETERMINED BY THE INDENTATION 
PRopUcED BY A SUDDENLY- 














Dimes 8I10N. Appiiep Loap, A GIVEN 
INDENTATION, 
of Blastion A B INDE x ] 
ticity) No. VERAG DENTATION IN 
in Pounds | of MILLIMETRES. ed 
per Square | Teste. Modulus of per Square 
Inch. | 12 tol Elasticity No. MINIMUM. No. Mach Re. 
& under 18 to 1. 24 tol. 30to 1. | 36 to 1. for Ratios of| of | acts | @ | quised to 
12to land Tests. ) Cent. Tests. ednes an 
under. Per Cent. Re i oisture. | Indentation 
Moisture. — of 4; In. 
2,150,000 290 9,050 8,580 | 7,710 | 6560 | 5140 1,493,000 47 | 24 90 | 128 51 4500 
2,850,000 385 10,200 9,900 | 9,850 8250 6250 2,027,000 37 | 45 50 102 43 4400 
2,625,000 331 10,650 | 10,000 8,920 7 5980 1,895,000 52 | 25 50 87 58 | 7 
2,725,000 324 10,850 | 10,220 | 9,120 7 5760 1,751,000 “4 | 12 55 55 iy 8000 
2,475 000 831 8,450 8,190 | 7,560 6610 | 5000 1,319,000 38 12 105 105 40 | 4300 
2,400,000 301 9,280 8,800 | 8, 7100 5600 1,976,000 45 27 85 105 49 | 4500 
2,780,000 233 «11,600 11,150 | 10,180 7100 1,900,000 19 12 25 25 19 | 7400 
2,400,000 134 9,900 | 9,400 | 8,450 7040 | 6400 1,185,000 17 24 82 40 17 7 
2,£00,000 26 10,700 | 10,100 9,000 7270 5150 1,500,000 16 12 60 60 18 | 6800 
2,850,000 40 11,100 | 10,550 9,450 7650 5500 2,010,000 19 | 12 | §0 50 20 6900 
1,071,000 | | 
703,000 
2,410,000 | 
1,737,000 | 
1,052,000 | 
Se 43 10,150 | 9,960 7,670 | ' 1,987,000 
16 s&8, 47 8,850 6,470 ‘ 1,794,000 
32 8,700 8,450 6,810 | ‘ 1,903,004 
24 8,100 8,060 6,360 ‘ 2,074,000 
16 9,260 9,070 | 7,830 , 2,271,000 
16 8,810 | 7,570 6,370 : 1,993,000 
24 8,120 | 7,492 6,758 e 2,017,000 | 
16 | 8,050 | 7,980 | 5,450 ; 1,732,000 | 
47 6,200 5,600 3,800 , | 
30 =: 8,200 6,400 4,900 ° 
| 66 7,700 7,200 5,200 ; 
Ses 8,000 - - ; “ 20 10 191 20 3240 
3 9,500 ‘ : ne -" os os 3500 
- 8,600 . , ch oa MA a 3600 
ee o- 9,000 . - 20 16 217 20 2360 
1,426,000 5 8,000 ; 1,596,600 
ay i 10,000 > *s 6600 
strengths of different timbers, with varyin r- _ for new alloys of the following compositions :—1. 
et ee teel-nickel-molybdenum contains not exceeding 


centages of moisture.* 





New Sreets ror Armour-PLatss.— Messrs. Schneider 


and Co. have taken out a French Patent, No. 351, 411, of | 


* The fall title of the re is as follows :— Western 
Australian Timber Tests, 1 The Physical Charac- 
teristics of the Hard Woods of Western Australia. By | 
G. eS Jutivs, B.Sc., M.E. Perth (Western Australia) : 
F. W. Simpson, Government printer. 





e. 25 per cent., nickel about 34 per cent., molybdenum at 
least 0.5 per cent. 2. Steel-nickel. chrome-mol bdenum 
contains carbon not exceeding 0.25 per cent., nickel about 

° per cent., chromium about 0.5 cent., molybdenum 
at least 0.5 per cent. 3. Steel-nickel-tungsten contains 
carbon at most 0.25 per cent., nickel about AS pee cent., 
tungsten at least 1 and cent. 4. Steel-nickel-chrome 
tengaten contains car at most 0,25 per cent., nickel 
about 3 yan cent., "passer about 0.5 percent., tungsten 
, at least 
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THE PARIS METROPOLITAN 
RAILWAY. 


Tue lines of the Paris Electric Underground 
Railway, so far as they have been opened to 
traffic, have given good financial results. Before 
entering into details with regard to the working, 
and as to the prospects of the favourable situation 
being maintained as the scheme nears completion, 
it may be remarked that the heavy traffic on 
each separate line, as it is opened to the public, 
is explained by the comparative paucity of means 
of communication which rules within the city 
walls at the surface. When the first line, which 
runs parallel with the Seine, was opened for traffic— 
in time, it will be remembered, for the Paris Exhi- 
bition of 1900—the only means of general transit 
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chosen, The question of the Paris Metropolitan 
Railway was first placed on the tapis fifty years 960 
in 1883—twenty-seven years later—a detailed plan 
of the proposed system was brought out. In 
laying out the lines already built, and those con- 
templated, the idea has been to follow the direction 
of the most dense circulation and to cause the 
tunnels to be built under wide thoroughfares, where 
the work could be carried out without danger to 
the overhead buildings, and the street broken up 
to facilitate operations. This explains why a number 
of the transversal lines describe curves ; the net- 
work as it will appear when completed is shown in 
the annexed map. 

The cheapness of the fares is an inducement 
te the public to use the Metropolitan, even for 
short distances ; but this cheapness, or rather, the 
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available were desperately slow omnibuses and 
horsed tramways. Some of the tramways have been 
modified for mechanical traction, without increas- 
ing in any very marked degree transit facilities in 
many districts of the town. The electric tram- 
ways even were never very setisfactory as to their 
time-tables, and delays were put up with by the 
travelling public owing to the low fares charged 
-—1d. for runs up to a distance of about 5 miles— 
which low fares involved several of the working 
companies in serious financial difficulties. Under 
these conditions, an underground railway, travelling 
at a high speed, providing trains starting at short 
and stated intervals, with com tively low fares, 
could not but meet with immediate success. 
Although an underground railway in Paris was 
poaee — years ago, the network of lines that 
been evolved is not, in the opinion of a number 





adoption of a fixed fare whatever be the length of 
the journey, may constitute a danger for the future 
success of the railway from a financial point of view, 
in which case a period would be the most 
prosperous period of the system. The trains 
contain first and second class, a single ticket cost- 
ing 1$d. or 2}d., whatever be the distance travelled. 
There will always be people who will take advan- 
take of the Metropolitan Railway for short journeys, 
but as the system is extended, the number of those 
who will take it for long journeys, involving changes 
on the way, will y increase, a direct result 
being a marked decrease in the average receipts per 
passenger and in those per train-mile. This will 
mean increased expense and less remuneration for 
the capital sunk in the undertaking by the com- 
peny and by the Municipality. It may be remarked 

ere that the cost of tunnelling and laying the line 





of French experts, the best that might have been 





averages 54 million francs per kilometre (354,000. 
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per mile), of which 1} million francs (96,6001. per 
mile) are paid by the company. 

Besides the eve fixed rates for single journeys, 
the Municipality require that there shall be issued 
return tickets at the rate of 2d. each if applied 
for before 9 a.M., these tickets being the equiva- 
lent of workmen’s tickets on ordinary railways ; 
also tickets costing $d. each for school children 
travelling together with a teacher. These measures 
form in a sense an anticipated deduction from the 
gross receipts of the company. The working of 
the system is largely hindered by further restric- 
tions of a socialistic nature enjoined by the Muni- 
cipality. Thus the company has undertaken to 
guarantee a minimum monthly wage of 61. to each 
of the employés ; a maximum of 10 hours per day ; 
one day of rest per week ; a paid holiday of ten 
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days per year ; full pay during absence on military 
duties and in case of sickness,.and subscription to 
the State pension fund for providing against acci- 
dents and ensuring motel aid. This means, of 
course, extra expense, which has to be paid out of 
the receipts. he police, also, are constantly 
watching the working, and insist upon all kinds of 
precautionary measures, many of which are childish ; 
these lead to fresh and costly installations. The 
Police Prefect has absolutely unrestricted powers in 
regard to the application of means of safety he may 
deem necessary from the most varied points of 
view, both in reference to the agents of the com- 
pone and the public. The rules and regulations 
e has issued with regard to the working of the 
Metropolitan Railway since 1901 form already a 
volume of 160 pages, completed by a most —_— 
rate index. 
Notwithstanding all these restrictions, the Metro- 
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HORIZONTAL BORING AND MILLING MACHINE. 
CONSTRUCTED BY MR. ERNST SCHIESS, ENGINEER, DUSSELDORF. 
(For Description, see Page 41.) 
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politan Company quickly succeeded in establishing 
an excellent service. Generally, the trains succeed 
each other every four or five minutes ; at certain 
hours, on the busiest lines, there are trains 
every three minutes. Late in the evening, and on 
Sundays, the interval between two trains does not 
exceed eight minutes. On the line Vincennes- 
Porte Maillot, styled ‘‘line No. 1,” there are 608 
trains daily of seven carriages each, travelling both 
ways, and capable of transporting 234,000 passen- 
gers, or eight times the accommodation which the 
company, by its agreement with the Municipality, is 
bound to supply, and which it supplies, of course, 
because it is to its advantage to do so. - Even 
on a comparatively quiet line, line No. 3 forming a 
circuit within the city walls, there are 640 trains, 
affording accommodation for over 190,000 people. 
Traffic on the system has developed rapidly ; pro- 
portionally it has much exceeded the development 
in the number of lines. Leaving aside the year 
1900 —which by reason of the Exhibition was a 
specially busy. year for the first line then open to 
traflic—we find that in 1901 the number of pas- 
sengers carried amounted to about 48,500,000; in 
that year the total length of track was 13,300 
metres (8.25 miles), giving, therefore, 3,600,000 





|passengers carried per kilometre (5,800,000 per 
| mile). From year to year the number of passengers 
| carried—or rather, we should say, the number of 
tickets delivered—has increased to 62 millions, 
100 millions, 117 millions, and in 1905 to 
148,700,000. The retarm tickets being counted 
each for two journeys, the number of passengers 
for 1905 would approximate about 250 millions. 
In the same time the length of track built was 
increased to 14, 23.5, 26, and 32 kilometres (8.7, 
14.6, 16.1, and 19.8 miles). 

Another interesting point is the number of 
passengers per day. In December, 1901, this 
number was 162,000; it reached 250,000 for an 
average day in December, 1902 ; 315,000 for 1903 ; 
440,000 for 1904; and 475,000 for 1905. Given 
the development in length of the lines available for 
| traffic, the progression here seems to slacken, and 
| this may serve as a guidance in estimating the future 
| success of the whole system. 

A further item which is available from the statis- 
| tics shows the number of kilometres run by the 
carriages. This was 11,443,000 in 1901 ; 29,000,000 

in 1903 ; 32,300,000 in 1904 ; and 40,374,000 in 
1905 (approximately 7, 18, 20, and 25 million 
icar-miles). But as regards this point, comparison 








|from year to year is of little value, seeing that 
| larger carriages have gradually been adopted, and a 
|car- kilometre at the present time is a larger 
| quantity than formerly. We shall leave out the 
traffic station, merely .remarking that the 
Porte-Maillot station, at the end of line No. 1, gives 
out 6,870,000 tickets in the course of one year, 
which would suppose a traffic of about 13,700,000 
passengers. 

Another point of interest is the distribution of 
| the passengers according to class, seeing that the 
| question as to whether there should be more than 
one class in a railway of this nature is a disputed 
point among experts. The subsidies paid to the 

Municipality on the gross receipts are not in the 
same proportion for the two classes. Of the tickets 
issued in 1901, there were slightly over 19 per cent. 
first class, 60 per cent. second class, and about 17.5 
per cent. workmen’s return tickets, the remainder 
being the tickets issued to school children. Since 
| 1901 there is a tendency to travel less in first-class, 
no doubt because it has been found that the second- 
| class carriages afford quite sufficiently comfortable 
| accommodation for short journeys, and this ten- 
|dency may have a bad effect on the working 
;returns. Further, while the issue of first-class 
| tickets has fallen to 17.1 per cent», that of second. 
class has gradually fallen also, to 58.9 per cent. in 
| 1905. On the other hand, the return tickets issued 
before 9 a.M., suitable, therefore, to a very large 
| number of ms differently occupied, are on the 
| increase. These tickets allow of return by any 
|train, and mean a saving of 1d. on the double 
| second-class fare. 
| The 148,700,000 tickets. issued in 1905 .produced 
|as gross receipts 25,700,000 francs (about one 
| million sterling). Given these gross receipts and the 
number of passengers, taking also into considera- 
tion the return tickets, each nger would pay 
the company slightly under 1#d. per journey. The 
proportion of car-kilometres to the gross receipts 
would show as an average 63 centimes per car-kilo- 
metre (10d. per car-mile). Both figures are low 
from the purely financial point of view. 

From the technical point of view, as will be seen 
by comparing the expenditure with the receipts, the 
working of the system appears to be carried out 
with success. In 1901 the cost of working 
amounted to 4 million francs (160,0001.) ; in 1903 
it reached 7,577,000 francs (303,0001.) ; 8,779,000 
francs (351,0001.) in 1904; and 11,353,000 francs 
(454,0001.) in 1905. The “‘ coefficient of working,” 
or the relation of expenditure to receipts, was over 
47 per cent. in 1901 ; it fell to 42.9 in 1903; 42.49 
in 1904; and rose slightly, to 43.34 per cent., in 
1905. These proportions show satisfactory work- 
ing ; but there remains to be seen whether the net 
receipts are, and are likely to remain, propor- 
tional to the capital invested in the railway. For 
the net receipts, or the difference between the. gross 
receipts and the working expenses, are only appa- 
rently net from the point of view of revenue to the 
capital of the company, simply. by reason of the 
considerable subsidy the company has to pay to 
the Municipality as a remuneration for the under- 
ground werk carried. out by the latter, which re- 
muneration increases far more rapidly than the 
company’s receipts. By virtue of the convention 
entered into for granting the concession for the 
Metropolitan Railway system, before any funds are 
available to the company for interest, dividends and 
sinking fund, or for loans which the company may be 
called upon to make, a sum has to be set aside for the 
Municipality based upon a given rate, according to 
the number of different tickets issued. On each 
second-class ur return ticket the Municipality is 
paid $d., and 1d. on each first-class ticket, based 
on a stated number of passengers. When this 
number of passengers—more accurately, number of 
tickets issued—exceeds 140 millions, the Munici- 
pality is paid an additional one-tenth of a penny 
per ticket for the first 10 millions in excess, two- 
tenths for the second 10 millions in excess, and so 
on by tenths ofa penny. Above 190 millions the 
payment in excess remains at $d, per ticket, as for 
190 millions. The number of passengers carried 
has exceeded already 140 millions ; it approaches 
150 millions at the present time, and each ticket 
therefore brings in less now than it did formerly. 

The actual net receipts ‘which belong to thé 
company for the service of its loans and dividends 
on its capital will not increase in the future as 
rapidly as its expenses, and by expenses are meant 
both working cost and establishment charges, for 
the increase in the passenger traffic, which compels 
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the company to pay an increased subsidy to the | 


Municipality, does not only result from an expan- 
sion of traffic on the existing lines, but also by the 


aes. in service of new ones. Tho results given! p 


y the latter might be poor in themselves, but they 
would nevertheless reduce day by day the net 
receipts obtained by the company as a remunera- 
tion for its outlays. The opening up of new lines 
entails heavy expenses on the part of the company. 
The share capital of 75 million francs (3 million 
pounds sterling) has been spent entirely on the 
construction work incumbent upon the latter, and 
the bond capital to a like amount will further be | 
spent on the remaining lines completing the 
system. At the end of 1905 the first charges 
amounted to 86 million francs (3,440,000I.), of 
which 14 millions (560,0001.) were for the track ; 
10 millions (400,0001.) for the stations; 13.5 mil- 
lions (540,0001.) for the generating-stations and 
sub-stations ; the electric mains and current dis- | 
tribution entailed an expenditure of 3,400,000 
francs (136,0001.), and the rolling-stock over 21 mil- 
lion francs (840,0001.). 

Hitherto the capital sunk in the undertaking has 
met with a sufficiently good remuneration, but in 
the future this may not be the case; in fact, a 
pessimistic opinion is being pretty generally enter- 
tained in this respect, seeing that the paying off of 
the share capital will soon have to commence, and 
heavy loans will have to be obtained at a time when 
the percentage of net receipts booked by the com- 
pany are following a downward grade by reason 
of an increase in the total number of tickets 
issued. It is estimated that the traffic on the 
system, as new lines are gradually opened up, | 
will gradually bring in less comparatively, not- 
withstanding ‘the fact that the working of the 
new lines will not cost less than that of the older 
ones, as stated above. 

The annual subsidies paid by the company to the 
Municipality do not constitute profits for the latter, 
but serve to meet the loans made by the Munici- 
pality for their share in the construction work of 
the system. So far, the Municipality have 
issued two loans, together for 335 million francs 
(13,400,0001.) ; the construction of the remaining 
lines planned to complete the system will necessi- | 
tate a further loan of 8,000,0001. 





STEAM AT HIGH PRESSURES AND 
TEMPERATURES. 


(Concluded from page 2.) 


Owr1na to the high pressure and temperature of 
steam when near its critical point, no reliable experi- 
ments have been made on its specific volume at high 
temperatures. The difference between the specific | 
volume of water and the specific volume of steam 
can, of course, be calculated from the latent heat in 
the usual way, and such figures are given in column 6 
of our table on page 2 ante. The absolute volume 
of either water or steam at these temperatures is 
unknown, and the various empirical formule for | 
the volume cannot be relied on to give satisfactory 
results as the critical temperature is approached. | 
Were the critical volume ascertained, we might in- | 
terpolate for lower temperatures with comparative | 
safety, since the general form of the volume curve 
of a liquid near the critical point is known from | 
numerous experiments. 

Attemps to obtain these figures for water in- | 
directly from the modern theory of the liquid and 
gaseous states have been unsuccessful, though they 
do show very well the general nature of the results | 
to be expected. 





Thus the well-known equation | 
connecting the pressure, volume, and temperature 
of a perfect gas is 

sv= RT, . : a - | 


where p is the pressure (preferably in pounds per | 
square inch), v the volume of 1 Ib. in cubic feet, R| 
a constant depending only on the chemical compo- | 
sition of the gas, whilst T denotes the absolute | 
temperature. Assuming hydrogen to be a perfect 
gas, and taking the volume of 1 Ib. at a pressure of 
1 atmosphere to be 178.8 cubic feet at freezing 
pola, or 491.4 deg. absolute, we easily find R to 
5.349, and hence at all other temperatures and 
pressures we should have for hydrogen the 
relation 
pv = 5,349 T. 

As a matter of fact, though hydrogen is the most | 
nearly perfect of actually existing gases, it yet fails 
by a considerable amount to satisfy the above 





equation, as is very well shown in Fig. 4, from 
Ostwald, which represents the value of the pro- 


duct pv for this gas when compressed at different | 


ressures and temperatures. The curves given 
should really be horizontal straight lines if hydrogen 
followed strictly equation 1. With other gases still 
less satisfactory conformity is secured, as in the 
curves for ethylene, Fig. 5. 

These discrepancies have been accounted for in 
the following manner. In the first place, it will 
be noted that the formula, pv = R T, gives 
v = 0 when T = absolute zero; i.e., the body 
would, so to speak, be actually snuffed out of exist- 
ence if the equation held, and if its temperature 
could be reduced to absolute zero. Now this is 
inconceivable ; but what may happen is that all 
its molecules come into actual contact with each 
other ; let b be the volume then occupied, and we 
can then write our equation as p(v — b) = RT. At 
the absolute zero, v = b. The quantity b is always 
small, sothat under ordinary pressures and tempe- 
ratures, where v is large, the equation p (v—b) = 
RT becomes nearly the same as p T, av 
hence agrees with experiment under these condi- 
tions. It is found, however, that the equation still 
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requires further modification, since, as will be best 
seen from the curves for ethylene, there are two dis- 


crepancies to be accounted for ; one causing an in- | 
crease in the product p v at low pressures, and the 


other an increase in the product at high pressures. 
To explain this, note is taken of the fact that the 
molecules of a gas individually attract one another, 
which attraction renders the volume less than it 
otherwise should be, so that the equation is finally 
written in the form 
(p + wr) (v-b) = RT (3) 

In this extremely important generalised gas equa- 
tion we have, as before, p = the pressure of the gas 
in pounds per square inch, v the total volume occu- 
pied, b the volume of the substance if its tempera- 
ture be reduced to absolute zero, whilst * represents 
the relative attraction of the molecules of the gas 
for each other measured in pounds per square inch. 

It has to be noted that the more closely the mole- 
cules are ked—that is, the less the volume 
occupied—the greater is this internal attraction, so 
that 7 is a function of v; it is also, it_ appears, a 
function of T the absolute temperature. Much 


work has been expended in endeavouring to deter- , 





mine the precise way in which * depends on these 
two quantities, but no entirely satisfactory result 
has been obtained. 
If we apply this formula to steam, the mole- 
17.96 
9° 


eular weight of steam being in the ratio of 


to that of hydrogen, we get the value 
2 x 5.349 | - 
=o 
as the value of R ; so that for steam the generalised 
gas equation becomes 


(p + *)(v — b) = 0.59565 T (4) 


In order to get results from this it is necessary 
toknow 6b and r. Now a peculiarity of the above 
equation is that it applies equally to the liquid as 
to the gaseous state of matter. In fact, 7 appears 
to be proportional to the capillary attraction or 
surface tension of a liquid measured in pounds per 
square inch. 

This renders it possible on certain assumptions, 


d | doubtful though these are, to get some idea as to 


' the actual value of the internal molecular attraction 


in the case of a liquid, of which the latent heat 
of evaporation is known, by making use of a 
principle originally due to Stefan, and modified 
by Ostwald, who assumes that half the work of 
evaporation is accomplished when a molecule has 
become part of the surface layer. In fact, sucha 
molecule may, in a sense, be considered as already 
half out of the body of the fluid. Now the whole 
work of evaporation is equal to the latent heat 
measured in foot-pounds. 

Provided tlen that a molecule occupies the same 
space in the surface film that it does in the body 
of the fluid, it is easy to see that the internal 
pressure is then given by the relation 


778 7, 
288 


(% —™) w= 





In this equation ™) denotes the internal tension 
in the liquid, ™, the internal tension in the gas, and 
L the latent heat in B.Th.U. 

At 212 deg. Fahr., L = 965.7 ; 
| cubic feet. 


$5 [ _ ™, | = 156,119 lb. per square inch. 


vy = .01671 


At ordinary temperatures 7, is very small com- 
|pared with *), and hence #) = 156,119 lb. per 
| Square inch very nearly. Introducing this value 
in the equation 
| (1 + p) (vo - b) = 0.59565 ze. 


|we get b = 0.014149 cubic feet. Making similar 
| calculations at other temperatures the values shown 
|in the subjoined table are obtained, which, it will 
be seen, are very nearly constant. The average 
value is b = 0.01421 cubic feet, and were the united 
assumptions strictly accurate, it would follow that 
in the case of water the actual molecules occupy 
about seven-eighths of the total volume of the liquid 
| at ordinary temperatures, the voids being but about 
| one-eighth of the whole. Asa matter of fact, it is 
believed that at-low temperatures water is not a 
homogeneous fluid, but consists of a solution of ice 
|in true water, the molecule of the former being 
| 3 H,0, and of the latter 2 H,O. 

















| Volume of Internal 
Temperature. Water. Attvacties. b. Cubic Feet. 
deg. Fahr. cub, ft. o Ib. per sq. in. 

392 -018 512 6 121,825 -014.367 

302 -017.645.8 189,470 -014. 203 

248 -016.977.9 148,515 -014.141 

212 -016.709.8 156,119 -014.149 

176 -916.481.4 162,444 -014.151 

140 -016.289.9 169,000 -014.177 

104 -016.142 2 174,329 -014.216 

68 -016.046.9 180,262 -014.304 
-014.214 


| The actual figures found can only be taken as 
representing the order of the tension in question, 
and not its actual value, as there is reason to 
believe that the gaseous molecule may be less 
complex than the liquid one, which would render 
necessary a modification in the formulz used. 

It is of interest to note that having ascertained 
m, it is possible to deduce therefrom the actual 
diameter of the molecules themselves. Thus experi- 
ments on capilarity attraction give by actual mea- 
surement the value of the surface tension of a fluid. 
It is thus found that with water at 212 deg. this 
tension amounts to about sq55 1b. per inch run, and 
this is therefore equal to 7, d, where d denotes the 
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thickness of the surface or the diameter of the mole- 


cules forming the same. Hence 


d= 


2000 x 


1 j 1 : 
156,119 "™ = 319,238,000 "™” 


| densing at a pressure greater than its true vapour 


| pressure, thus showing the evidence of Thomson's 
| curve in the neighbourhood of B a. 

| It will be noted that this hypothetical isothermal 
crosses the line of vapour pressure at three points 


so that in a row 1 in. long there might be over 300) ated C, 8, and B in the figures. Of these three, 


millions of molecules. 


The assumptions on which the above calculations 
are based can, as stated, be considered only as 
very rough approximations, but they at least serve 


to show the order of the value of the internal attrac- 
tions, and of the molecular dimensions. 

In spite of their roughness, it is somewhat re- 
markable that they lead to an expression for the 
volumes of water which is very fairly satisfied by 
experiment. Thus it is shown in the various text- 
books on steam that if v, be the specific volume of 
saturated steam at any temperature, v, the specific 
volume of water at the same temperature, L the 
latent heat, p the vapour pressure and T the 
absolute temperature, we have the relation 


: _ _78LdT 
vt) — = — 
144T dp 
Now if we combine this with the equation 
ee 
vo (to ) = agg” 
we get 
ry — ty = 2 (to — ™) aT (5) 
1 0 T dp 
Also 
(p + ™) (vo — 6) = RT, 
and 
(p + ™) (4, —6) = RT. 
Hence 
™= RT — p. 
v% —b 
and 
= RT _ p. 
vw, —b 
Whence 
ee Som. wl ieee § 
~~ ik me v, — bv 
eee RT (v, — U%) 


~ (v1 = b)(v% — bY 
Combining this with (5), there finally results 


d 
% =o R(” = b) ( - +) oe 


With this equation it is possible to calculate 
directly the volume of water at any given tempera- 
ture, provided the relation between the pressure 
of steam and the temperature is known. e thus 
get the following figures, taking b as 0.0142 cubic 
foot :— 


(6) 


Temp., Deg. Fahr. Vol. Cal. Vol. Observed. 
392 -01832 -01851 
302 01746 -01754 
212 01678 -01671 
104 01614 -01614 


The agreement is certainly remarkable, but the 
primary assumptions of Stefan and Ostwald, on 


which the calculation is based, are so doubtful that ' 


it would seem that so close a concordance can only 
be considered accidental. 

Several physicists have endeavoured to arrive 
at an expression for the form of mw which re- 
presents the internal molecular tension. 
initial step in this matter was taken by Pro- 
fessor James Thomson, who suggested that the 


true isothermal curves for a vapour were not, 


really discontinuous, as found by Andrews in the 
case of carbonic acid (see Fig. 1, page 1 ante), but 
that these isothermals were really similar to those 
represented in Fig. 6. Thus, taking the line 
A BCD, the portien C B was that actually observed 
by Andrews, but the true isothermal, it was sug- 
gested, followed the sinuous line a By. This latter 
curve, however, corresponds to an unstable con- 
dition, with the result that the body experimented 
on prefers to divide into two portions, a liquid and 


a gaseous one, giving the actual observed isother- | 


mal BC. This view of Thomson’s is confirmed by 
several circumstances, and is now generally ac- 
cepted. In fact, portions of this hypothetical iso- 
thermal have actually been observed. Thus the 


vapour pressure of water at a temperature of | 


293 deg. Fahr. is about 4 atmospheres, yet it can 
exist at this temperature without turning into 
vapour, even when the pressure is only 1 atmosphere, 
as when drops of water floating submerged in olive 
oil are heated to the temperature named. It is 
thus possible to detect part of the hypothetic 
isothermal in the region & 7 (Fig. 6). Similarly, 


it is possible for a vapour to exist without con-. 


The | 


| the point C corresponds to the liquid condition, 
|B to the vaporous condition, and § to a hypothe- 
| tical state which there is no apparent possibility 
of ever realising experimentally, as in its neigh- 


| bourhood the volume and pressure increase to- 


| gether—a condition of affairs which is essentially | 


| unstable. 


The fact that for any particular vapour pressure | 
there were three corresponding states of matter, as | 
just explained, led Van der Waals to suggest that 


| 


in the generalised gas equation 
| (p + *)(v-) =RT, 
the quantity * ad the.form 
: a 
y?? 


where a was a constant. Making this substitution 
and multiply out we get as a result 


2 - (0+ B7) 


T= 


ab 
+ v -— —« 
P Pp 
Such an equation, it is well known, has, for any 
particular values of T and p, three roots, of which 
two may be imaginary. When this is the case, there 
is only one real value of the volume correspond- 


: = 0. 


ing to a particular temperature and pressure, whilst | 


|for other values of the temperature and vapour 
ressure there are three such values. 
rgest root represents the volume of the vapour at 
that temperature and pressure, and the smallest 
the specific volume of the liquid. The intermediate 





| 

—_— bak ER 
root corresponds to the point 8 in Fig. 6, and repre- 
| sents the inaccessible cama already referred to. As 
| the temperature and vapour pressure of a substance 
increase, the three roots of the above equation be- 
come nearer and nearer to each other, finally co- 
inciding at the critical point, and beyond this two 
of the roots are imaginary. 
of the constant a from experiments on carbonic 
acid gas, Van der Waals found by calculation a 
critical temperature for CO, of 32.5 deg. Cent., 
corresponding quite closely with the figure of 
31.1 deg. determined by Andrews experimentally. 
Further, writing the equation in the form 


(p+ $)@-0= RT, 


it is to be noted that as the volume becomes 
larger and larger, the above expression becomes 
more and more nearly equal to the equation for a 
perfect gas—viz., pv = RT, thus again agreeing 
very satisfactorily with experiment. 

An attempt to apply this equation of Van der 
Waals to other bodies than carbonic acid gave, 
however, much less satisfactory results ; and it was 
found in particular that a could not be taken to be 
an absolute constant, but varied with the tempera- 
ture. Clausius accordingly modified the equation 
to the form 


in which a is now a function of T, and 8 is a new 
constant. He found that thus modified the above 
equation represented very well the experimental 
facts, so far as ether was concerned, and sub- 
sequent work has also shown fair correspondence 
with experiment in other cases. An attempt to 


_-__ ___-¥ 


Of these the | 


Determining the value | 


‘make it fit the observed results in the case of water 
was, however, far less satisfactory, the liquid 
volumes in particular being very badly represented. 
Moreover, as the results of his calculations, Clausius 

| fixed the critical temperature of water at 332.3 deg. 
Cent., which is considerably lower than is justified 
by experiment. It has, however, to be remarked 

| that the temperature of saturated steam as calcu- 
lated by Clausius from his formula agrees remark- 
| ably well with that recorded by Cailletet in his ex. 
= on the critical point of water. It has 
een attempted to make the formula fit the facts 

_more closely by making § also a function of the 

temperature, but this device is still insufficient to 

secure satisfactory gem in the case of water. 

One reason for this lies, perhaps, in the fact 
established by elaborate experimental investiga- 
tions which have shown that in the liquid the 
molecules form groups, whilst in the vapour they 
probably exist as single individuals. Hence, 
as the water molecule from the liquid to 
the gaseous state, work has to be done in loosing 

{the bonds uniting it to other members of its 
particular group. As the temperature rises, it 
would appear that the groups in the liquid progres- 

|sively diminish. Water is not, unique in this 

|respect, but of all liquids it appears to be the 

‘one in which this phenomenon of uping is 

most marked; and it is, no doubt, largely due 

to this fact that up till the present all attempts 
to arrive at a satisfactory formula for its internal 
| molecular tension have been unsuccessful. It is, 
therefore, impossible to determine accurately by 
calculation the specific volume of steam at extreme 
pressures, though the error cannot be large, save 
in the immediate neighbourhood of the critical 


point. 








HORIZONTAL BORING AND MILLING 
MACHINE AT BEARDMORE’S WORKS. 
THE ——— on page 39 illustrates a horizontal 

boring and milling machine with traversing standard 

; and vertically-adjustable head, which has been con- 
structed by Mr. Ernst Schiess, Diisseldorf, for the 
engineering department of the Naval Construction 

Works at Dalmuir, of Messrs. William Beardmore and 

Co., Limited. The machine is driven by a variable- 
speed motor of 15 horse-power through belt pulley, 
and two sets of single or two sets of treble years can 
| be used, so that twenty different speeds can be given 
to the spindle ranging from one to 110 revolutions 
per minute. The various feeds and other motions are 
controlled from the head; all hand-wheels, &c., for 
the same being conveniently placed for the workman. 

The spindle sleeve, which is of cast iron, is provided 
| with adjustable bronze bearings both at the front and 
|rear. For fixing the spindle when milling a brake- 
| screw is fitted into the front end of the sleeve, and tho 
rear end of the spindle is carried in a sliding-block, 
| which moves along a slide screwed to the back of the 
| saddle bearing the head. This motion is self-acting, 
| and can also be worked by hand. 
| The horizontal travel of the standard, and the 
vertical motion of the head upon it, as well as the 
| various feeds of the spindle, are all actuated by the 
| vertical shaft, and eight different speeds can be obtained 
| by means of stepped gears, 

The feeds for boring range from 0.12 millimetre 
(0.0047 in.) to 3.2 millimetres (0.126 in.), and those 
|for milling from 0.36 millimetre (0.0142 in.) to 93 
millimetres (0.366 in.) per revolution, Besides a quick 
power traverse, the standard and head have hand- 
| adjustments. 

The spindle, which is of best forged steel, is 180 
millimetres (7.08 in.) in diameter, and has a total 
feed of 1600 millimetres (62.9 in.). The greatest 
height admissible between the spindle and the base- 
plate is 10 ft., and the minimum 20 in. The length 
of the bed is 24 ft. 7 in., and the traverse of the stan- 
dard 16 ft.; the width of the bed is 6ft. 4in. The 
table is 20 ft. by 10 ft. by 16 in. deep. 

All gear-wheels have machine-cut teeth, and thore 
heavily worked are of steel. All quick-running shafts 
are furnished with phosphor-bronze bearings, and the 
nuts Ned the working screws are also lined with this 
metal. 





Tue Inrcvence oF PHosrHorcs on THE SOLUBILITY OF 
Cannon IN Inon.—F. Fettweis has repeated Stead’s ex- 
periments, made in 1900, ensuring the saturation of 
iron with carbon, and making careful determinations of 
the phosphorus in each alloy produced. From his results 
he infers that Stead’s alloys were not completely satu- 
rated with carbon. — 3 | 15.8 per cent. of 
phosphorus, agreeing with the form Fe; I, could not be 
obtained free from carbon ; it appears, therefore, 
that iron phosphite is capable of dissolving a small quan- 
tity of carbon. This view, he believes, affords a rational 
explanation of the proportions of carbon found in other 

_ iron phosphorus alloys. 
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THE ITALIAN TORPEDO-BOAT DESTROYER 


“ ESPERO.” 


CONSTRUCTED BY MESSRS. C. AND ‘7. T. PATTISON FROM THE DESIGNS OF MESSRS. J. I. THORNYCROFT AND CO., LTD., LONDON. 








". THE Italian Government have lately been making 
some additions to the torpedo flotilla of their Navy, 
the designs of the hulls and machinery having been 
supplied by Messrs. John I. Thornycroft and Co., 
Limited, of Chiswick and Southampton, though the 
boats have been built in Italy. 

The engravings which we publish this week on our 
two-page plate and the present and opposite pages 
illustrate the vessels to which reference is about to 
be made. Figs. 1 and 2 on the two-page me are, 
respectively, a sectional sage view, and a plan, 
partly sectional, showing the general arrangement in 
perspective of the Nembo class of ee Fig. 8, 
above, shows the destroyer Espero, of this class, run- 
ning at 30 knots. Fig. 9, opposite, shows the Cassiopea, 
one of Messrs. Pattison’s torpedo-boats, travelling at 
full speed. These views have been prepared from 
drawings and photographs kindly supplied to us by 
the iaihiee, Messrs. C. and T. T. Pattison, of Naples. 

In Figs. 3, 4, and 5 are shown, respectively, a sec- 
tional profile view, a deck plan, and a sectional plan 
of the destroyers built by Messrs. Ansaldo, Armstrong, 
and Co., of Genoa, Figs. 6 and 7 being cross-sections 
through the machinery space. In the views the inte- 
resting feature of the protection given by ¢oal armour 
is well shown. The last-named design is that of the 
Be liere, and it will be seen that it differs somewhat 
from that of the Nembo. Figs. 10, 11, 12, 13, and 14 
are corresponding views of the first-class torpedo- 
boats, some of which have been built by Messrs. 
Pattison and Co., at Naples, and some by Messrs. 
Odero fu Aless and Co., of Sestri Ponente. 

Messrs. C. and T. T. Pattison have constructed a 
group of six 30-knot destroyers, as illustrated in 
Figs. 1, 2, and 8, all of which have been tried with 
very satisfactory results. These boats are 210 ft. long, 
19 ft. 6 in. wide, and 7 ft. 6 in. draught. The engines 
are of the four-cylinder, three-stage, compound Thorny- 
croft inclined type, the ee being: high-pressure, 
22 in.; intermediate, 
cylinders, each 30 in. in diameter, the stroke being 
18in. The contract was for 6000 indicated horse-power 
at a boiler pressure of 220 1b. Tne armament consists 
of one 12-pounder and five 6-pounder quick-firing guns, 
and two torpedo-tubes. ‘| \these six destroyers 
reached a speed of 30 knots or over, and the results 
attained are stated by Messrs. Thornycroft to have 
been as good as those which they themselves have ob- 
tained in this country with boats of similar. design. 
As they were the first destroyers built in Teely. the 
fact rellecta great credit on the execution of the design, 
and the ability of the Italian firm to turn out — 
neering work of a high class ; a circumstance not with- 
out suggestiveness in other directions. 

Messrs. Thornycroft also supplied the designs for 
four first-class torpedo-boats which have been ordered 
from Messrs.’ C, and T. T. Pattison. These boats 
resemble those recently built: at Chiswick for the 
Admiralty, excepting that they are fitted with twin- 
screws in place of single screws. The contract speed 


in.; and two low-pressure | 
| gressive 
|steamed for about nine hours, and the speed was 








Fic. 8. 





was 25 knots, and the actual speeds obtained on trial | attained speeds of over 25 knots, the last to be tried, 
ranged between 254 knots up to over 264 knots; one | the Calliope, attaining a speed of 26.38 knots. 


boat, the Pallade, reaching 26.63 knots, or over a knot | 
and a half faster than the contract speed of one class | 


of British destroyers. 








GEOLOGICAL SURVEY OF GREAT BRITAIN AND IRELAND. 
| —A report recently issued by the Board of Agriculture 


At a later date the Italian Government called for and Fisheries contains an account of the work performed 


tenders from Italian builders for other torpedo craft 


which were to be of Thornycroft design. Messrs. 
Ansaldo, Armstrong, and Co., of Genoa, and Messrs. 


Odero fu Aless and Co., of Sestri Ponente, were 


| during the year 1905 in connection with the logical 
| Survey of Great Britain and Ireland. The field work 
| ae pn during this year covered portions of the Mid- 
|land and Southern districts of England, the district of 


appointed licensees in Italy of Messrs. Thornycroft | South Wales, the Glasgow, Ayrshire, West Highland and 


and Co., and orders were placed with Messrs. Ansaldo 


for four destroyers, whilst the other Italian firm con- 
tracted for six torpedo-boats. At the same time 
Messrs. Pattison obtained an order for six torpedo- 
boats. The Italian naval authorities wished for com- 
plete coal-protection of the engines and boilers of these 
destroyers and torpedo-boats, and this feature was 
introduced by Messrs. Thornycroft in the design. 
The engines of the destroyers were placed en echelon, 


each in a separate water-tight compartment. The | 


destroyers known as the ‘‘ Bersagliere” class are 
211 ft. 6 in. long, 20 ft. wide, and 7 ft. 6 in. draught. 
It will be seen that these boats, following the almost 
invariable law of warship design, are somewhat 
larger than those first named—the Nembo class. 
The engines are of the same general design as in the 
earlier boat, and the low-pressure cylinders are of the 
same capacity; but the yer cylinders are 
1 in. less in diameter, and the intermediate cylinders 
are 4 in. less, the dimensions for the Bersagliere’s 
engines being, cylinders 21 in., 284 in., and 30 in. in 
diameter, with an 18-in. stroke. Steam is supplied by 
three Thornycroft boilers. The armament consists of 
four 3-in. guns and three torpedo-tubes. The full 
complement of men is fifty-three in the destroyers of 
both classes. It may be added that Messrs. Ansaldo 
are so satisfied with the Bersagliere design that they 
are building six destroyers of the class without orders. 
The we herself has undergone her final pro- 
trial with most satisfactory results. She 


29.02 knots, the contract s being 284 knots. 

Of the 30 Thornycroft boilers to be placed in the 
ten destroyers, 24 have been constructed at the 
Chiswick Works, the remaining six being built under 


licence from Messrs. Thornycroft by Messrs. Pattison, | 


at Naples. 

In regard to the torpedo-boats of which mention has 
been made, they are 164 ft. long, 17 ft. 44 in. wide, 
and of 7 ft. draught. The engines are of the triple- 
expansion Thornycroft type, having three cylinders, 
17 in. , 234 in., and 36 in. in diameter respectively, with 
a ]4-in. stroke, and capable of developing 3000 indicated 
horse-power. There are two Thornycroft boilers, each 
in a separate stokehold. Steam is supplied at a pres- 
sure of 200 lb. per square inch. The armament consists 
of — 3-pounder quick-firing guns and three torpedo- 
tu 


Three of these boats have been tried, and have 


| North Highland districts of Scotland, and the Cork and 
| Limerick districts of Ireland. The survey has included 
| work in the carboniferous fields of South Wales, Derby- 
shire, and the Midland valley of Scotland, on meta- 
|morphic rocks in the Highlands, and in the mining 
| districts of Cornwall. Contributions are also included in 
the report on the results of recent excavations in London, 
on the search for coal beneath the red rocks of the Mid- 
a. nee, and a note on the water supply of Filey, 
orks. 





Nove. REINFORCED ConcreTE CHimMNEY.—A reinforced 
concrete chimney of novel construction has, according to 
the New York Engineering Record, been recently built 
for the Dering Coal Company, of Witt, Illinois, by the 
Atlas Construction Company, St. Louis. The system 
adopted is that known as the Wielderholt, and is different 
from any method hitherto attempted. It consists of 
making the shell of the chimney of fireclay tiles, which 
are made to act, first as a mould for the wet concrete, and 
afterwards as a permanent lining and surfacing. The 
shape of these tiles is such as to permit of horizontal and 
vertical reinforcement. In horizontal section the tiles 
have the shape of the letter H, the sides of the H forming 
the outer and inner surfaces of the completed shell, the 
| web simply acting as a tie to hold the sides together. 
| Deep notches are formed in the upper edge of the web, 
| which allow the horizontal reinforcing rings or bars to 
|pass through the tile. When the tiles are used in a 
| circular chimney, their sides are made curved to suit the 
| diameter ; but they may also be used in straight work, in 
| which case their sides are made flat. In the chimney in 
| question the tiles were made of fireclay, with sides and 
| web fin. thick. They were 9 in. high and about 12in. wide. 
| The chimney is 100 ft. high from the top of the foundation, 
jand has an outside diameter of 7 ft. The lower 50 ft. 

of the shell is 9 in. thick, and the upper 50 ft. 64 in. thick. 
The foundation on which the stack stands is of concrete, 
| 14 ft. square and 5 ft. thick, and the chimney is attached 





| to it by vertical steel reinforcing rods, which are carried 
| down to near the bottom of the base, where they have their 
| ends bent round, so as to have a firm hold of the concrete. 
| Johnson corrugated steel reinforcing bars were used in 
| the construction, the vertical ones in the upper 50 ft. of 
the stack being ? in. square, and placed 12 in. from centre 
| to centre, while the horizontal rings were 4 in. diameter. 
|S 18 in. from centre to centre. In the lower half of 
the stack the vertical rods were made of 1-in. square 
steel placed 12 in apart, and the horizontal rings of 4-in. 
steel placed 9 in. apart. The concrete used was composed 
of one te Portland cement and three parts of clean shar 
sand. e base was reinforced in both directions paral- 
lel to the sides, and also diagonally from the opposite 
corners. 
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TORPEDO CRAFT FOR THE ROYAL ITALIAN NAVY. 


(For Description, see opposite Page.) 

















Fic, 9. Tue Torrepo-Boat Destroyer “Cassiopea ;” ConstrucTED By Messrs. C. anp T. T. Pattison, NaPues. 
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Tuer Suez Canat.—The transit revenue of the Suez 
Canal last year amounted to 4,324,350/., as compared 
with 4,554,672/. in 1905, and 4,629,334/. in 1904. A reduc- 
tion of 74d. per ton was made in January, 1906, in transit 
tolls. The number of ships which passed through the 
canal declined, however, to 3975 in 1906, as compared 
with 4116 in 1905, and 4237 in 1904. 





Execrricity At SUNDERLAND.—The demand for elec- 
tricity in Sunderland has recently increased to such an 
extent that Messrs. Snell and Blackman—the retiring 
borough electrical engineer and his successor in office— 
have presented a joint report to the electricity committee 
of the town council advising a further extension of the 
Hylton-road power-station. They consider it absolutely 
necessary that there should be further extensions of the 
buildings, that a new chimney should be erected, and 
that boilers and engines should be installed in time for 
next winter, at an estimated cost of 44,000/. The 
estimate that for 1907-8 the revenue will be 61,140/., wit 
an output of 9,920,000 units, and the total expenditure of 
57,730/., leaving a net credit balance of 3410/. An in- 
creased demand of 1650 kilowatts is anticipated, and for 
this they recommend that a new steam-turbine alternator 








for 2000 kilowatts should be installed. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 2, 1907. 

Iron and steel-market conditions are as active during | 
this holiday seasen as a month ago. Inquiries have | 
not fallen off in the least, and orders are submitted | 
and booked as fast as possible. The American Bridge | 
Company, during the month of November, sold about | 
50,000 tons of steel for structural work, and the average | 
for the past year was 60,000 tonsa month. Very large | 
orders are now in the hands of that company, and wiil | 
probably bs placed. The entire steel industry is very | 
strong, and all of the indications heretofore pointed | 
out remain. Prices are slightly advancing in all kinds 
of raw material. The tone of the market is exception- | 
ally strong, and because of the continuous inflow ot in- | 
quiries for new enterprises, manufacturers are at a loss 
what action to take upon the new business as it is pre- 
sented. Thereare different opinions as to how far iron | 
and steel products will advance, but the effort of the | 
larger producing interests is to prevent any advance 
which would bring about a reaction or threaten the 
growth of consumptive requirements. Inquiries in 
the Pittsburg district are exceptionally good. Con- 
siderable business was done last week callie for the 
delivery of material after next July. 

Another feature of the situation is the apparent, but 
not actual, scarcity of money. The circulating medium 
has been very largely increased, and investments in 
all kinds of enterprises have been remarkably heavy, 
but there is still available money for every enterprise 
that presents plausible encouragement. 

Immigration during the past year amounted to 
1,181,406 persons, of whom over 1,000,000 were aliens. 
Nearly all of these people are desirable immigrants, 
bringing with them some little money and energy. 
Their labour is in demand, especially in the Southern 
States, where special efforts are being made to attract 
that class of workers which will be available in the 
textile factories of that section. 

During the month of December orders were placed 
for over 300,000 tons of domestic, basic, and foundry 
irons, Nearly all of the larger manufacturers of machi- | 
nery and makers of highly-finished material have | 
covered their requirements for several months to come. | 
All of the larger engineering plants have been active | 
buyers, and their present inquiries very clearly indi- | 
cate that they are booking new work, which will call | 
for a closing of contracts without any delay. The 
railroad mileage built during the past year foots up | 
6067 miles, which is the greatest mileage since 1888, | 
when 7106 miles were built. There would have been 
considerable more mileage constructed this year but | 
for the scarcity of labour, which cause ut present is | 
interfering with a great deal of construction. 

A pipe-line has recently been completed across the | 
Isthmus of Panama, and it is now in operation; | 
30,000 barrels of petroleum recently arrived from 


| 





San Francisco to be piped to the Atlantic Coast by | 
that line. 








Tue cate Mr. C. A. Bustarp.—We regret to record | 
the death, at the early age of thirty-seven, of Mr. Charles 
Andrew Bustard, which took place on Friday, Decem- | 
ber 28 lust, from acute pneumonia. Mr. Bustard was for 
the last four years in general charge of the erection work 
of the British Westinghouse Electric and Manufacturing 
Company, Limited, for the London district, this work 
covering the Chelsea station and the numerous sub- | 
stations of the underground lines, He was born in Ohio, 
and was one of the earliest of the Pittsburg Westinghouss 
Electric Company’s staff to settle in this country, where 
he lived since 1898. 

Larcre Crank ConTroitiers.—The Adams Manufac- 
turing Company, Limited, of 147, Queen Victoria-street, 
E.C., have recently dispatched from their Bedford 
works three electric crane-controllers of very large size. 
They are being supplied to Messrs. Craven Brothers, 
crane makers, of Manchester, and will be ultimately in- 
stalled in a Sheffield steel works, forming part of the 
equipment of a 120-ton electric crane for handling white- 
hot ingots. Each controller is rated at 525 horse-power, 
and is operated by a small master-switch which closes a 
relay-circuit. A current not exceeding half an ampere | 
works the relays actuating the main contactors, through 
which the main current, amounting to 1200 amperes, has 
to pass. The largest a of the same kind a 
viously supplied were three 80-horse-power controllers 
for operating derricks in a Japanese shipyard. 

Water Power In JAPAN.—Japan is immensely rich 
in water power, the aggregate of which is estimated at 
some 1,000,000 horse-power. More than a hundred 
smaller water-power installations are already in existence, 
and some iy J important ones are being constructed. 
Amongst the latter is a power station for Kioto, with a 
canal of 7 miles in length, and a fall of 110ft. The 
capacity of this station will be 4400 horse-power. The 
power-station for Tokio, on the Tamagava river, will have 
20,000-kilowatt transmission, with 40,000-volt tension, 
over a distance of rather more than 25 miles. Another 
large station will be placed between Kioto and Osaka, | 
which towns lie at a distance of about 40 miles, and this | 
installation is calculated at 32,000 kilowatts. Japanese 
enterprise _h 
tions into Korea. 


| warmed building fitted with dressing-rooms, and with 


THE SIMPLON TUNNEL. 


AT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 8, Sir Alexander 
Kennedy, LL.D., F.R.S., President, in the chair, the 
paper read was ‘‘ The Simplon Tunnel,” by Mr. Francis 

‘ox, M. Inst.C.E. The following is an abstract of the 
paper :— 

After touching upon the history of the Simplon Pass 
over the Alps, and the roadway built by Napoleon in the 
four years preceding 1805, the paper describes the present 
tunnel, which was adopted out of about thirty different 


Pte ch 

e chief feature of this route is its small altitude 
(2313 ft.) above sea-level, which compares favourably with 
other Alpine tunnels. In the tunnel the gradients were 
decided primarily by assuming that the progress of 
excavation would be the same from both ends; and, 
secondly, by the least fall capable of giving efficient 
drainage ; thus a minimum of 1 in 500 was adopted for 
the north side, and 1 in 143 for the south side, the two 
gradients being joined by a vertical curve in the centre. 

The work provides for two parallel single line-of-way 
tunnels, 55.8 ft. apart, connected by oblique cross-pas- 
sages. e reasons for this arrangement were :—1. Ven- 
tilation during construction. 2. Greatly reduc2d pres- 
sure on the tunnel lining. 3 Increased facilities of 
transport and drainage during construction. 4. Ia- 
creased facility in subsequent maintenance during traffic. 
5. Safety in working trattic. 

One tunnel only has been completed to the full section, | 
the second gallery being left at present as a heading. 

The completed tunnel measures 16 ft. 5 in. in width and | 
18 ft. 04 in. in height above rail-level. It is lined through- | 
out with masonry. Refuges and chambers are built into | 
the cross-passages for use by the maintenance gangs. 

In December, 1890, Messrs. Sulzer, of Winterthur, and 
Messrs. Brandt, Brandau, and Co., of Hamburg, pre- 
sented the plans, and in 1895 the Swiss and Italian 
Governments ratified a convention for the construction 
of the tunnel. The cost was estimated at 3,040,400/., 
towards which the two Governments contributed ; the 
period of construction was to be 5? years. The actual 
cost is about 3,200,000/., and the period taken 6? years. 

On the death of Mr. Brandt, Colonel Locher-Freuler, 
of Ziirich, joined the firm of contractors. Dr. Max Rosen- 
mund, of Ziirich, carried out the triangulation, and was 
responsible for the setting-out of the tunnel. 

In August, 1898, the excavation was commenced with 
the pick, pending the installation of hydraulic power ; at 
Brigue the Brandt hydraulic drills began work on Nov- 
ember 22, 1898; but at Iselle, owing to the necessity of 
transporting all plant over 12 miles of steep roadway, 
drilling was not started till February 18 of the following 
year. The two ends were worked on the same general 
plan, each independently; about 2000 horse-power was 
developed, both from the Rhone and from the Diveria, 
driving high-pressure hydraulic pumps. 

A full description of the Brandt hydraulic rotary drill 
and its capabilities is alluded to in the paper, with 
methods of blasting. Ventilation was effected by fans ; 
the air, forced into the mouth of one of the galleries, 
travelled by the parallel gallery, the latter being used as 
means of exit and entry for the trains of material, &c. 

The whole works were kept remarkably fresh. To 
supply the men working in the faces, air was taken from 
near the last cross cut, cooled by means of a fine jet of 
water and driven through light iron pipes to any desired 
point. Later, on meeting hot springs, tbe air was cooled 
at various points in the finished heading —— of jets 
of cold-water ae. Though in the St. Gothard a tem- 
perature of 93 deg. Fahr. proved in many cases insupport- 
able, yet in the Simplon, owing to the excellent ventila- | 
tion, a temperature of 133 deg. Fahr. was not unbearable. 
Diagrams are given in the paper showing the relation of 


| the temperature in the tunnel to the height of the moun- 


tain above it. 
On leaving the tunnel the workmen entered a large 


hot and cold douche baths. Here they changed into 
warm dry clothing, and their mining garments were dried 
or washed ready for the next day. | 

The work of excavation progressed rapidly at both ends, 
an advance of 18 ft. per day being frequently recorded. 
On the Swissside the rock encountered was chiefly gneiss 
and micaceous schist. On the Italian side, after travers- 
ing about 2} miles of hard Antigorio on. the thermo. | 
meters in the rock showed a diminishing temperature, | 
and suddenly a cold underground river of 12,000 gallons | 
per minute burst in. Owing to the treacherous nature of 
the rock at this point, only heavy joists buried in quick- 
setting concrete were able to hold open a heading of 
sufficient area to give access by small hand-wagons to the 
drills beyond. This short length entailed a delay of six 
months. 

After traversing another 2} miles, hot springs with a 
maximum flow of 4330 gallons per minute and a tempera- 
ture of 45.4 deg. Cent. were encountered, but by taking 
the water of the cold spring and throwing it into the 
crevices of the hot, the heading was made bearable. 

During these delays to the south end, the north had 
been advancing with increasing rapidity, and had reached 
the central summit of the tunnel; to avoid delay, how- 
ever, the heading, hitherto on the level of the floor of the 
tunnel, was made to rise on a gradient of 1 per 1000. 

When the advance heading reached the soffit of the 
future tunnel working downhill was attempted, but 
finally work on the Swiss side was abandoned, the drills 
were withdrawn and the heavy iron doors which had 
been erected were closed (March 20, 1904). Completion 
was thus left to the south advance, whose drills could | 


the Italian side were exploded in the roof of the gallery, 
blowing a hole about 8 ft. by 2 ft. into the floor of the 
Swiss heading above. 

The first train through on January 25, 1906, and 
on May 19 the King of Italy travelled in a special train 
to meet the Swiss President at Brigue, who returned 
with him to Domo d’Ossola; the final opening to the 
public taking place with great festivities on May 39, 
1906. 








Tue Danisu Russian STEAMER Company.—The Danish- 
Russian Steamer Company, which, on account of the dis- 
turbances in Russia, has removed the head office to 
Copenhagen, and which has a fleet of thirty-one steamers, 
with an aggregate tonnes of 112,000 tons, is about to 
increase its capital and build several new boats. The 
new steamers are intended for coasting traffic on the Black 
Sea and the Sea of Azov. At present the company has a 
line between the Baltic and the Black Sea, and another 
line between the Black Sea and Eastern Asia, between 
Odessa and Vladivostock, touching different Indian and 
Chinese ports. A third line comprises the St. Peters- 
burg, Riga, London, and Hull traffic, and some of the 
company’s steamers have m let to another firm, 
one being run between Odessa and Italian ports with 
emigrantsfor America. The steamers running on regular 
lines sail under the Russian flag, those in Occidental cargo 
trade under the Danish flag. 





Lonpon ScuHoou or Economics.—The various courses 
of lectures on ‘“‘ Transport,” begun in the Michaelmas 
Term at the London School of Economics, will be con- 
tinued during the term now commencing. A course of 
eleven lectures on ‘‘ The History and Geapeagey of Rail- 
ways” will be given by the Director, Mr. H. J. Mac- 
kinder, M.A. his course recommenced on the 10th 


inst. “‘ ae Operating” is the subject of ten lectures 


by Mr. W. tephenson, B.A., commencing on 


| January 17. ‘‘Railway Statistics” are taken by Mr. 


A. L. Bowley, M.A., in a course of ten lectures, beginning 
on the 23rd inst. ‘* The Law of Carriage by Railway” is 
dealt with in a course of ten lectures by Mr. H. W. 
Disney, B.A., commencing on January 22. Mr. L, 
Macassey, M.A., and Mr. W. T. Stephenson, B.A., also 
deliver a course of lectures, commencing on January 18, 
on ‘The Economic Factors in Railway Alignment and 
Operating Considerations which Influence the Location 
of Stations, Sidings, &c.” 





Frencu Coat-Minine.—Although a fair amount of 
activity prevailed in the French coal trade last year, 
the aggregate value of the colliery companies’ shares 

uoted upon the Lille Bourse experienced a considerable 
shrinkage during the twelve months, the total coming out 
at 66,395,112/., as compared with 73,917,667/. at the close 
of 1905, and 60,508,989/. at the close of 1904. Various 


| causes contributed to the shrinkage in values observable 


last year. Theterrible catastrophe in the workings of the 
Courrieres Company created an extremely painful impres- 
sion, and led to something like a panic for a time. The 
disaster was followed by a strike in March and April, 
which involved a considerable loss of business and profit. 
Work was scarcely resumed in full in the colliery con- 
cessions of the Lille district when a further shock was 
given to credit and confidence by an increase of the 
Socialist majority of the Chamber of Deputies, During 
the last six months the general French industrial situa- 
tion has m prosperous, while better prices have been 
obtained for coal and coke. This has enabled French 
colliery companies to make good the loss occasioned by 
the strike of March and April ; but notwithstanding this, 
quotations have been tending downwards. Rightly or 
wrongly, — shareholders in French colliery companies 
have come to the conclusion that the French Chambers may 


| diminish, by crude and injurious legislation, the prosperity 
of the French colliery interest ; they have, gree 


been disposing of the shares which they held, notwit 
standing that they have given them considerable satisfac- 
tion in the past. 





PERSONAL.—We are informed that the business of 
Messrs. Charles Wicksteed and Co., of Stamford-road 
Works, Kettering, has been formed into a private limited 


| liability company. — The business of Messrs. Sydney 


Smith and Sons, Basford Brass Works, Nottingham, has 
also been formed into a limited company, under the name 
of Messrs. Sydney Smith and Sons (Nottingham), Limited. 
The management will remain as before.—Messrs. Salmon, 


| Whitfield, and Collet, Limited, have removed their 


London offices from Sanctuary House, S.W., to 104, High 
Holborn, W.C.—Mr. Edwin Griffith and Mr. Walter 
Brock, Jun., have been, we are informed, taken into 
ree cog in the firm of Messrs. Denny and Co., Dum- 

rton.—Mr. E. R. Calthrop, 3, Crosby-square, E.C., has 
taken into partnership Mr. J. B. Earle and Mr. E. G. 
Brewer, the new firm being styled E. R. Calthrop and 
Partners.—We are informed that the Cape Town City 
Council, pausing its policy of economy and retrench- 
ment, has decided to abolish the office of water engineer, 
and Mr. R. O. Wynne-Roberts, who has held this posi- 
tion, will return to England and start practice as a con- 
sulting engineer. Mr. Wynne-Roberts’s temporary address 
will be care of Alderman W. H. Williams, J.P., 3, Cable- 
street, Liverpool.—With regard to an announcement in 
our last issue concerning the appointment of Mr. H. 
Chapman as agent for the Midland Manufacturing Com- 
pany, Limited, we were misinformed as to the district of 
which Mr. Chapman will be in charge. The London 
agents of the firm are Messrs. J. KE. Lawlerand Muirhead, 


brought some water-power installa- | just be heard through the intervening 1094 yards of rock. | 39, Lime-street, E.C., Mr. Chapman being their repre- 
On February 24, 1905, at G6a.m., the final charges on sentative in other pirts of the country. 
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ELECTRICALLY-DRLVEN COTTON -MILL. 


DuRtNu the past two or three years the question of 
electric power for textile mills has come very largely 
into prominence, and at the present time the subject 
is probably discussed more than any other connected 
with the industry. Although considerable publicity 
has been given to the subject, it cannot be said that 
much progress has beea made in the substitution of 
electric power for steam power, nor have many new 
mills been erected ia which it is intended to drive the 
machinery by the employment of electricity. 

There is little doubt as to the causes of the slow 
progress which has been made. It is very largely 
due, in the first place, to the little knowledge of 
textile machinery and its necessary driving requirce- 
ments possessed by the majority of electrical engi- 
neers; and secondly, to the unpreparednes3 of the 
engineers to show actual costs and carefully esti- 
mated savings which will result from the adoption of 
electricity. The Lancashire spinners and manufac- 
turers of the present day are not slow in adopting 
an improved type of machice or system, but they 


'the shafts. Wherever possible, the existing shafting 


must first be thoroughly convinced that the change | 
will materially benefit them, either as regards increased | without stopping the mill, the excellence of the. owhat misleading. 


production or reduced cost of manufacture. It is 
quite intelligible that those electrical engineers who 
have gone to the trouble and expense of obtaining 
data in connection with textile-machinery drives do 
not care to publish their knowledge broadcast ; but 
that such figures will have to be given and fully proved 
before any extensive business accrues is coming to be 
fully recognised. 

The present boom in cotton-mill building is not 


likely to continue much longer, so that it will only be | of ‘commercial jealousy,” and he appears to think this | 


in isolated cases that a new mill will be erected and | 


equipped with electric power generating and driving 
plant. The real and most important work of the 
electrical engineer in Lancashire will be the conver- 
sion of old and existing steam installations into elec- 
trical concerns. Whether or not the electricity will 
be generated at the mill itself, or the power purchased 
from a power-station similar to that erected by the 
Lancashire Electric Power Supply Company, Limited, 
at Radcliffe, will be determined by the relative cost 
per unit to produce orbuy. We have not been able to 
obtain the exact cost per Board of Trade unit as 
supplied by the above-named company; but from 
the rumoured costs we have heard, it would appear 
that, taking everything into consideration, it may be 
cheaper to produce the power at the mill rather than 
buy it. 

The question as to what is the best method of em- 
ploying the power will be determined in each separate 
case, and it does not seem likely that any set rule can 
beemployed. Whether or not it will be better toemploy 
one large motor to drive a countersha{t from which a 
series of machines are, in turn, driven, will largely 
depend on the size of the machines ; but in spinning 
and weaving, especially where fine counts of yarn are 
being spun or fine cloths woven, it will be better to 
drive a series of machines from one motor, in order to 
balance the load, thus maintaining regularity of speed, 


| without further reference to the motives of competitors, 


| wing of the mill, with its six storeys, a large motor judges carefully abstain from giving opinions of their own 


is | peor in the spinning-room of the second storey, | ased on the trials, nor do they give any idea as to how 
and another motor of similar power is placed in the | they awarded points. ; wae 

| Speaking broadly, I think that in public trials, such as 
machinery in the room in which it is fitted, also | = ae ee 2 ee bs rt ays ony 

. . . . . | \o 3 if a 

drives the machinery in the rooms immediately above | Useful retarn made to them in Phe p een seal good 
and below it through short lengths of shafting, rope | technical report 
pulleys, and ropes. Owing to the old-fashioned design | “May I add. in conclusion, that it would have been 
of the mill buildings, various difficulties in the way of in- far better, and more instructive, if there had been a pre- 
stalling the motors have had to be overcome. For in- | liminary test to select the four or five best plants. A 
stance, in connection with thedriving of one of the weav- | rigorous test could then have been made of each of these 
ing sheds, no room being available for the motor in the four or five, and the report should have given a drawing 
shed itself, it had to be placed in the cloth warehouse and description of each, with their order of merit. The 
adjacent, being supported on a platform, and driving nae should also have explained their principle of giving 
by means of ropes on to a rope pulley on the main ™®#*S OF points, 
shaft of the shed. In the other weaving shed (there 
being two) the motors employed are coupled direct to 


fifth-storey room. Each motor, besides driving the 


Faithfully yours, 
J. E 


January 8, 1907. MERSON Dowson. 








has been taken advantage of, and in consequence many 
difficulties in the calculating of speeds have had to be 
overcome. When it is considered that the whole of | 
the work—including the removal of the old boilers, 
the substitution of new ones on the same site, and, in 
fact, the entire conversion—has been accomplished | 


ESCAPE FROM BUILDINGS IN CASE 
OF FIRE. 
To THe Eprror oF ENGINEERING. 
Sin,—Referring to your article in your issue of yester- 
day’s date, may we point out that the conclusion arrived 
at under head 2, ‘* Who is the Owner of a Building?” is 
methols employed will be apparent. Section 20 of the Act provides that the owner, having 
done the work, may, if he thinks fit, apply to the County 
ae, and the eat —! — the tenant ees 
- - » Daving an interest) to all or a proportion of the cost 
“THE EFFICIENCY OF BOILER PLANT.” | of the work, “regard a he had 0 the totes of any lease 
‘To THE EpiTor oF ENGINEERING. or contract affecting such building.” 
Srr,—With referenceto Mr. Dale’s letter in the current! Thus the owner is bound to do the work, but the tenant 
issue of your paper on this subject, I should like to make | may be bound by the Court to pay. ; 
a few remarks. rg oo Yours faithfully, 
Some prominence is given by Mr. Dales to the question | Gro. B. Grant AND Co, 
14, High-street, Clapham, 8.W., January 5, 1907. 
[We have submitted the above letter to our contributor, 
who says that the statements which it contains are correct, 





was Mr. Wilkinson’s chief motive in addressing his letter | 
of the 7th ult., whereas, an impartial observer will recog- 


pee endo eel gnty yo S —_ a. and should have been made in his article. He adds that 
event, however, it is by commercial rivalry that we ad- | the fact remains that the owner is the person primarily 
" ’ | liable. He will have to undertake the work in the first 


vance to improvements in engineering practice, and other Sateen axed 
. ‘ then pursue what may be a doubtful remedy 
makers may, on the same count, cast envious eyes on Mr. against other parties interested.—Ep. E.] 


Dales’s improvements in constructive details, as he does 
on Mr. Wilkinson’s. | 
At any rate, 1 think the subject should be followed 








Y THE Late C, Liesenow.—The electric accumulator in- 
because, as everybody knows, as engineers, we are always dustry has sustained a great loss in the death of Dr. Carl 
as cram full of side glancesas wecanbe. = Liebenow, chief engineer to the Accumulatorenfabrik Ber- 

I do not think Mr. Dales is well advised in his refer- lin-Hagen. Dr. Liebenow was well known for his re- 
ence to people who make claims that cannot be main- searches on the theory of accumulators, on the electric 
tained in the practice of delivering feed-water at steam conductivity of metals and alloys and thermo-electricity, 


| temperature. I have followed the subject with con- und he has also made valuabl« contributions to our know- 


and preventing overload on the motor. Although it 


it is not considered likely that a saving of 30 per cent. 
will be recorded, as has been done in trades of a more 


intermittent nature, yet a distinct saving will be | 


effected merely by the abolition of the heavy shafting 
and gearing which is ordinarily employed in textile 
mills, 


siderably renewed interest since Mr. Wilkinson read his Sa : sod 3 
paper before the Municipal Engineers’ Association, and | nae ot orm od mo tl DERE Ch Desay Soup 
the publication of your article of November 16, 1906, and ‘ , 
I think the arrangement of feed-heating adopted by : 
Mr. Wilkinson goes a stage further, and secures the. Tue Austro-HuNcARIAN Navy.— The naval budget 
additional degrees of temperature which were miesing in of the Austro-Hungarian Empire for 1907 contemplates 
the earlier trials with external heaters. i an expenditure of 1,906,800/., showing an increase of 

yoyo I have not the least doubt on the subject, | 556,080/. This increase is explained, to a large extent, 

or 





from the information in my possession. by the construction of new vessels intended to replace 
Yours faithfully, the Tegetthoff, the Crown Prince Rudolf, and the Crown 
Jno. I. HALL. Princess Stephanie. Admiral Montecuccoli argues, in sup- 


1, Durlston.road, Kingston-on-Thames, 


January 8 1907. port of the present naval policy of Austria and Hungary, 


that it is necessary for the empire to build large ships of 
war, a3 its canals are so deep that great hostile ships 
could pass through them. It is not necessary, however, 
in Admiral Montecuccoli’s opinion that Austria and 
Hungary should build great ships for battles on remote 
To THE EpitoR oF ENGINEERING. oceans ; all that it is necessary to do is to protect 
Sir,—After the competition in Glasgow (1905), I drew | Austro-Hungarian interests on the Adriatic, or at the 
attention to the anomaly of giving the consumption of | most, on the Mediterranean. The gallant admiral does 








R.A.S.E. SUCTION.GAS TRIALS. 


| fuel to three places of decimals while ignoring the cost not consider, accordingly, that Austria and Hungary will 


The first mill in Lancashire which has discarded its | 


steam plant for an electrical generating and motor 
equipment is situated at Droylsden, near Manchester, 
and is the property of Messrs. Ashworth, Hadwen, 
and Co, essrs. Drake and Gorham, Limited, of 
Manchester and London, have been responsible for 
the work, and at no time during the conversion was 
the mill stopped, or the ordinary work impeded. 
The mill is an old one, dating from 1840, and as is the 
case with mills of that period, the various rooms are 
low in height, besides being somewhat cramped in de- 
sign. A large beam-engine having an indicated horse- 
power of 1000, and running at 23 revolutions per 
minute, was formerly in use, the ted being trans- 
mitted to the machines through shafting, both hori- 
zontal and vertical, while no less than 99 pairs of 
bevel wheels were employed. The bulk of these bevel 
wheels have been discarded, and a great quantity of 
shafting has also been removed from the mill. 

The power is now generated by a steam turbine 
running at 1500 revolutions per minute direct- 
coupled to a three-phase electric generator. The 
cables for distributing the current are carried 
across the mill yard in an underground brick 
trench, and thence run up the outside of the six- 
storey building into the respective floors of the 
mill. The spinning portion of the mill is an |_-shaped 
building of six storeys, the carding and preparation 
machinery being on two floors of the main building, 
the four remaining and six floors of the — being 
devoted to male-spinning. With the view of balanc- 
ing the load, the motors driving the spinning mules 
have been arranged in an excellent manner. In the 


of wages, which in several instances represented two to vi i 
three men at not less than 6d. per hour for each man. a 
When the regulations were issued for the competition ieee 
at Derby, it was stated that, among other points, special; Conrracts.—Riehle Brothers’ Testing-Machine Com- 
attention would be given (1) to the attendance necessary, peny, Philadelphia, Pa., have been awarded the contract 
and (4) to the fuel and water consumption. | by the Bureau of Surveys of the City of Philadelphia for 
It was generally understood that one man only should a compression testing-machine of 1,000,000 lb. capacity. 
start and work each engine and plant ; some competitors | It is to be installed in their testing laboratory for making 
adhered to this strictly, others did not. In some cases | compression tests of building material, concrete, &c.— 
there were two or even three men ready to give nursing | We are informed that an order for steel piling for the 
attention when required—a little adjustment of the gas- | Newport Docks has been given to the British Steel-Piling 
cock, the air-throttle, igniter, &c., just when required. | Company, Dock House, Billiter-street, E.C.—Messrs. 
The report is silent on these points, to the disadvantage of | Bateman’s Machine.Tool Company, Limited, of Hunslet, 
the competitors who adhered strictly to the one man ; and Leeds, are supplying the Belfast Municipal Technical 
it would have been more tatisfactory if the judges had | Institute with a 24-in. by 24-in. by 6 ft. high-speed 
noted every attention actually given to the working of planer. Three speeds are arrangrd for the cutting stroke, 
each plant, and had published their notes, | the return being constant at 230 ft. per minute. The 
As to the fuel consumption, we are told (page 26) that | same firm are also building a 60-in. by 60-in. by 10-ft. 
all that was taken out of the producer ‘‘was carefully electrically-driven planer for the Inchicore works of the 
turned over and examined . . . theclinker was separated | Great Southern and Western Railway of Ireland.— Messrs. 
and weighed.” What actually occurred was this: the| Cowans, Sheldon, and Co., Carlisle, have recently re- 
whole contents of each producer were dumped down on ceived orders from the Admiralty for six cranes for H.M. 
a soft grass field, with grass 5in. to6in. long. Ihavetaken Dockyard, Devonport. These include two 75-ton elec- 
part in a good many tests, but I never knew a case where tric Fairbairn cranes, and one 160-ton electric crane, 
the contents of the producer were treated as carelessly which will be tested to 240 tons. The same firm have in 
as at Derby. Obviously each lot of fuel should have been | hand the equipment of cranes, hoists, traversers, and 
spread on iron plates, or on a brick or stone floor under a capstans for the North British Railway Company’s Col- 
roof. To me it was extremely disappointing; andI have lege Goods Station, at Glasgow.—The Power-Gas Cor- 
reason to know that other competitors were equally upset. ration, Limited, 39, Victoria -street, London, S.W., 
Anyone who really cares for work of this kind wants have received orders for two Mond:+type producers for 
accurate results, and not such an approximation as can plant for the Fuji Paper-Mills, near Yokohama, Japan. 
be got from the separation of good and partially-burnt The plant has a rated capacity of 3000 indicated horee- 
fuel, clinker, ash, &c., on a soft, uneven grass field. wer, and is designed to produce about 180,000 cubic 
I could mention other shortcomings, but my main con- feet of gas per hour from local fuel. Another contract 
tention is that the report teaches us so little. It contains just completed is that for the Tranmere Bay Develop- 
a good deal of general information, already known to all ment Company, Limited, a 6000-horse-power plant having 
who have made suction-gas power their study, but the been installed there. 
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FERRO-CONCRETE WHARF AT HORNCHURCH, ESSEX. 


CONSTRUCTED BY THE YORKSHIRE 


HENNEBIQUE COMPANY, LEEDS, TO THE DESIGNS OF MR. FRANK 


SUMNER. 
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THE new wharf that has recently been completed 
on the river border of Hornchurch Marsh, near Dagen- 
ham, Essex, is built entirely of Hennebique ferro- 
concrete, and constitutes one more example illustra- 
ting the advantages of a material that is rapidly 
taking the place of timber for wharf and jetty con- 
struction on many of the most important rivers and 
harbours around Great Britain. In this case the 
wharf proper is about 24 ft. wide, and has a river 
frontage of 400 ft. The western end is connected with 
the shore by an approach-jetty about 16 ft. wide by 
280 ft. long, and, beyond the eastern end, a line of 
forty-two piles, spaced 28 ft. apart, centre to centre, 
extends in the seaward direction for a distance of 
1200 ft., these piles being intended simply for the 
pur of pene Se from approaching too 
closely to the river k. The main structure is 
founded upon 124 ferro-concrete piles, most of which 
measure 12 in. by 14 in. in cross-section, spaced apart 


14 ft. longitudinally and 11 ft. transversely in the 
main wharf, and 14 ft. longitudinally and 15 ft. 
transversely in the approach -jetty. All the piles 


were driven down into the stratum of ballast lying 
at the mean depth of 30 ft. below the mud forming 
the bottom of the river. The wharf-deck level is 
5 ft. above Trinity high-water mark, and 15 ft. above 
berth-level, the depth at high water being 10 ft. 
Figs. 1, 2, and 3 are typical cross-sections of the main 
wharf and approach-jetty, showing that the piles and 
their continuations forming columns, each built so as 
to form a single member, are strongly braced by ties 
and struts measuring 10 in. by 14 in., and further con- 
nected by the deck beams and slab. At every junction 
the horizontal and diagonal members are enlarged to 
form gussets, or knee-braces, by which the rigidity of 
the construction is greatly increased. A me idea 
- the appearance of the finished work is afforded by 
ig. 6. 


As usual in works of this kind, the steel bars acting 
as longitudinal reinforcement are extended into the 
concrete of adjoining members (see Fig. 4), where they 
are seeurely anchored, and the concrete throughout is 
applied so that, from beginning to end, and from top 
to bottom, the wharf and jetty are absolutely mono- 
lithic. The details of the reinforcement so much 
resemble those illustrated in a previous issue that it is 
not necessary to give working drawings on the present 
occasion, * 

Along the river front of the wharf and jetty the 
main piles are connected by a curtain wall, consisting 
of horizontal members, spaced 3 ft. apart, centre to 
centre, connected by a ferro-concrete slab 34 in. thick, 
as represented by the elevation and details in Figs. 3, 
4, and 5, and as also visible in Fig. 6. It will be 
observed that fifteen 2-in. holes are pierced through 
each panel of the curtain wall. These are merely weep- 
holes to permit the drai of water from the mud 
filling deposited behind the wharf for reclamation 
purposes, The longitudinal and transverse deck- 





* See Encingerine, vol. Ixxxii, page 659. 
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beams, measuring in section 5 in. by 10 in., and 8 in. | construction were prepared by Mr. L. G. Mouchel, 
by 12 in. respectively, are connec by a 5-in. ferro- | M. Soc. C.E. (France), of Westminster. 

concrete slab, upon which are 5-ft. gauge-tracks for; Work was commenced in the autumn of 1905, and 
25-ton and 27-ton travelling cranes. For the purpose | completed during May last. 

of protecting vessels from injury, timber fenders are | 
secured along the entire front of the wharf and the | 
jetty, as shown in Figs. 1 and 2. Considerable diffi- 
culty was experienced by the contractors in the execu- 
tion of the works, owing to the muddy nature of the 
foreshore and exceptionally high tides. One of the 
latter was the abnormal tide of March 12, 1906—the 
highest for fifty years—by which the works were | 
entirely submerged. Pile-driving was performed in 





Iranian Pusitic Works.—The Italian Government 
proposes to expend during the next six years 36,400,000/. 
upon railway establishment and My 4,000, 000/. 
|for the development of ports, and further important 
| sums for quaeal public works. 





Russian MaNnGANESE.—Metallurgy in Germany and 
| other countries is dependent, to some extent, upon Rus- 
the usual manner by means of a 2-ton monkey, and, | sian manganese, although Brazilian manganese, which is 
in accprdance with the requirements of the engineer’s | of about ra ig quality, is nning to compete more 
specification, all piles were driven well into the Thames | @ctively with the Russian product, now that workings 
ballast. The final set in every case was limited to 4-in. | Which were interrupted last year by —_ —— 
for the last ten blows of the 2-ton monkey with a fall of | Tesumed. The working of ee aoe d- ~ a 
3 ft. This wharf was built by the Yorkshire Henne- as 2 


|has been always carried prone Lye 
. : a 
bique Contractin yas imited, of Leeds, from sueige cqpvianes Rave scsseny had cn eppertany 
the designs of Mr. Frank Sumner, M. Inst. C.E., the 








formed with the view of introducing into the Caucasus 





turning the deposits to full account. A company with 
: the | a capital of 3,000,000 roubles has, however, now been 
— to the Public Health Department of the City i ; 
of London, for whom all details of the ferro-concrete more efficient and comprehensive methods of working. 
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1200-HORSE-POWER FOUR-CYLINDER GAS-ENGINE. 
ENGINEERS, SANDIACRE, NOTTINGHAM. 


CONSTRUCTED PREMIER GAS-ENGINE 
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side by side, and driving cranks set at 180 deg. to each 
The whole of the valves for all four cylinders 
are, however, driven by a single cam-shaft, and the 
air-pump is now arranged horizontally above the 
forward cylinder, in place of occupying an inclined 
position, as in the original design. This change certainly 
increases the symmetrical appearance of the engine.' 

Each cylinder has one working stroke in four, the | 


WE give above illustrations of a fine gas-engine re- 
cently constructed by the Premier Gas-Engine Com- 
ny, Limited, of Sandiacre, near Nottingham, for 
irect coupling to a large continuous-current gene- 
rator. The engine, which is capable of indicating 1200 
horse-power with producer gas, has, it will be seen, 
four cylinders, and consists essentially, therefore, of | 
two of the firm’s well-known tandem engines arranged | 








peculiarity of the ‘‘ Premier” cycle being the intro- 
duction of a scavenging charge of air to wash the 
cylinder free from the —- of combustion before 
admitting a fresh explosive charge. The firm, it is 
well known, was amongst the first to succeed in running 
gas-engines of considerable size with freedom from 
| pre-ignitions, back-firing, and other troubles, and 
their success was undoubtedly, to a great degree, 

















































































air. This is supplied at a pressure of about 3 lb. per 
square inch by the air cylinder, which is clearly seen in 

sition above the forward cylinder in our engravings. 

ts piston is driven by connecting it to a bracket 
formed on the big end of the connecting-rod, as 
best seen in Fig. 1. The amount of compression 
effected by the air cylinder is moderate—only 3 lb. 
per square inch—and the volume of air compressed 
small ; since the valve which admits this scavenging 
air to the cylinder is not opened until the piston has 
reached nearly the end of its exhaust stroke. At that 
time most of the spent gases have already been expelled 
through the exhaust port, so that a relatively small 
supply of air is sufficienttoclear out the remainder. On 
the forward stroke the main piston and the air-pump 
move forward together, and air flows in through an 
automatic inlet valve of very large area, a portion 
going direct to the pump, and the remainder through 


a mechanically-operated valve to the working cylin- | 
der, the charge of gas passing in at the same time | 


through an automatic gas-valve, the springs for which 
are visible in Fig. 2, a little to the left of the hand- 
wheels shown. ‘The air, it should be noted, is drawn 
through a silencer containing filtering material, which 
prevents dust entering the cylinder. 

The main inlet and exhaust valves are both arranged 
on the cylinder cover, and are readily accessible tor 
examination or removal through a door bolted into 
place. The valves move horizontally, and when they 
are closed, the inner surface of the cylinder-cover pre- 
sents an even surface, having no projections liable to 
get hot and cause pre-ignition, nor pockets exposing 
additional surface for the abstraction of heat from the 
charge. Spiral grooves on the cam-shafts operate 
these valves, which are accordingly both opened and 
closed with a positive motion. To facilitate the ex- 
amination of the pistons and the cleaning or replace- 
ment of the rings when required, a shoe is cast on the 
liner of the forward cylinder of each pair. On dis- 
connecting the crank the pair of pistons can be drawn 
forward clear of the cylinders, in which case the for- 
ward piston is supported by this shoe, and the rear 
one by the piston-rod. No lifting and lowering of 
heavy weights is therefore required in performing 
this operation, the pistons being merely slid into 
position. Both —— and exhaust-valves are water- 
cooled, the supply for the former being conveyed to 
the hollow piston-rod by swinging links attached to 
the rod at a point between the cylinders. One of 
these links can be seen just in advance of the rear 
cylinder in Fig. 2. The framing of the engine consists 
of three deep cast-iron girders of box-section, which 
run the full length of the engine, and are tied together 
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nei 7 wa alli ‘i r = We | the Canadian Pacific Railway Company, for service on 
NOTES FROM THE NORTH. ‘the Great Lakes. These vessels are for cargo and pas- 
Guiascow, Wednesday. | senger service, and will be 350 ft. by 43 ft. by 27 ft., and 
Glasgow Pig-Iron Markct.—On pany se | are to have a cargo capacity of about 2300 tons. 
vent Tone. Cloveland warits. opened at Gls, 10kd. Scottish Iron-Masters’ Association Returns.—The returns 
cash and then dropped to 61s. 44d. cash, while 62s. 14d. | Of the Scottish Iron-Masters’ Association have just been 
and 62s. 1d. were the prices for the month position, and , i#sved, showing the production, consumption, exports, 
closing sellers quoted 61s. 44d. cash and 61s. 104d. one and yy mpd tch pig iron (including — = 
month. The dealings of 18,000 tons included one lot of | basic) for the fing 1906, in comparison wit . e 
hematite at 79s. 104d. cash. — ~ afternoon the market | figures are as follow :— 
was again very weak, and a large business, amounting to Production :— 1906. 1905. _Inc. Dee. 
22,000" tons, a put through. Cleveland warrants declined As per makers’ returns .. 1,451,068 1,378,891 72,677 
to 60s. 9d., 603. 6d., and 60s. 7d. cash, 61s. 14d. eighteen | Consumption :— 














days, and 61s. 1d. and Gis. one month. Attheclosethere [nfoundries ..  .. 208,202 240,933. 34,641 
were sellers at 603. 7}d. cash and 61s. 14d. one month. ["malleableironandsteel a siniiat 
Hematite was flat, and changed hands at 79s. and 78s. 9d. . i . Jee oe , 
cash, and 79s. 6d. one month, with closing sellers over at 1,081,364 1,131,315 .. 49,951 
783. 9d. cash. On Friday morning the market was active, | Exvorts :— 
but irregular. Cleveland warrants—30,000 tons—were Foreign ..  ..  .. 202,289 = 136,767 65,522 : 
dealt in at from 603. 6d. to 602. 5d., to 603. 9d., to 60s. 3d.| Coastwise ..  ..  —.._ 162,121 167,648. 5,527 
cash, and from 61s. to Gls. 3d., to 603. 11d. one month, BailtoEngland .. .. 6,681 6,140 al 
The close was weak, at 603. 3}d. cash, and 60s. 94d. one $71,091 310,555 60,536 
month sellers. Hematite was easier, and about 2500 tons cemiiniaes ‘eaeleian a 
| were done at 793. fourteen days, and 79s, 6d. and 79s. 3d.| Total consumption and 
'one month. The tone was ashade better in the afternoon, exports .. ; -» 1,452,455 1,411,870 10,565 
| when about 21,000 tons of Cleveland warrants were put stocks as on Dec. 31 : — 
| through at 60s. 6d., 60s, 9d., 60s. 64d., and 60s, 7d. cash, and —_‘In Connal’s stores .. . 5,286 15,5938. 10,307 
lat 61s. 2d., Gls. O4d., and 61s. one month, with closing In makers’ yards .. 85,262 76,342 8,920 
| sellers at 60s. 8d. cash and 61s. 14d. one month. Hema- — oo: . aoe 
| tite improved, and 1900 tons changed hands at 793. porraces:— - ail aay ae ited 
| seventeen days, and 793. 74d. one month, with sellers Eo ae 1906. 1905, 
lover at 79s. 9d. one month. On Monday morning an, Number of furnaces in blaston December 31 .. 90 91 


| improvement was evident, and Cleveland warrants rose| Average number of furnaces in blastforthe year 90.35 £6.77 
|from 60s. 9d. to 61s. cash, from 61s. 8d. to 61s. 6d., and Summary. 
dealings also took place at 61s. 04d. three days, 61s. 9d. Total stock at December 31, 1905 ait 91,035 





and 61s. 10d. March 12, and at 623. three months. The vpn sie Ayre 
transactions amounted to about 18,000 tons, and the AGA qretectien fer 1008 _ 1,661,008 
|closing quotations were 6ls. 1d. cash and 61s. 7d. 1,543,008 


lone month sellers. One - of pematite was done at; Deduct total deliveries for 1906 .. “* .. 1,452,455 
| 803. 3d. one month. At the afternoon session 11,000 = hae eet 
| tons of Cleveland warrants changed hands at 61s. 34d. | Total stock at December 31,1906... =... 90,548 
‘and then 61s. 1d. cash, 6ls. 94d., 61s. 10d., and then The above returns were generally regarded as highly satis- 
61s. 64d. one month, 61s. 11d. six weeks, and 62s. 44d. | factory. In some quarters the decrease of 49,951 tons 
‘three months, closing with sellers at 61s. 1d. cash shown in the consumption of Scotch pig iron in the 
and 61s. 64d. one month. Hematite was stronger, foundries and malleable iron and steel works was at first 
|and 1500 tons were done at 80s. 6d. one month. On sight regarded as disappointing. This falling off, how- 
Tuesday morning the market was weak, and prices ever, has doubtless been more than made up by the in- 
| declined once more. The business was confined to Cleve-| creased shipments here of Middlesbrough No. 3 iron and 
land warrants, and about 20,000 tons were dealt in at of Cumberland hematite, so that the total consumption of 
| from 61s. to 60s. 94d. cash, from 61s. 7d. to 61s. 24d. one all classes of iron in Scotland last year has doubtless 
|month, and at 62s. 14d. and 62s. three months. The been considerably larger than during 1905. Besides, 
closing quotations were 60s. 9d. cash and 61s. 24d. one the export demand swallowed up nearly the whole of 
month sellers. There were sellers of hematite at} the increased Scotch make, and the iron, therefore, was 
793. 6d. cash. In the afternoon there was a further not available for home consumers, who had to fall back on 
decline, and Cleveland warrants fell from 60s. 6d. to | English descriptions, in order to supplement their sup- 
. 14d. cash, and from 60s. 104d. to 60s. 74d. one plies of Scotch. Stocks in makers’ yards are about what 
month, and closed at 603. 3d. cash, and 603. Yd. one was expected. They are very low, the total being only 
|month sellers. The turnover was about 12,000 tons, and 85,262 tons, or less than 1000 tons per furnace, which is 
| also 1000 tons of hematite at 793. 3d. cash, with buyers regarded as about the minimum quantity which should 


by the cylinders, and also at the crank end by cast- | over at 793. 9d. one month. When the market opened | be held. Moreover, the bulk of this iron is probably sold, 


iron distance-pieces, 

The —— liner is of simple cylindrical form, and 
is accordingly made of very hard metal. The cylin- 
der ony gg is also a simple casting, and doors are 
provided giving access to the jacket-space for the 
clearing out of any deposit from the cooling water. 
In asimilar manner, a door is provided on the cylinder- 
covers by which the water space in them can also be 


| to-day (Wednesday) the tone was firmer, and 11,000 tons of and is awaiting facilities for being ship or delivered. 
Cleveland warrants changed hands at 60s. 3d., 603. 1d., A year ago the stocks, of 76,342 tons, were abnormally low. 
jand 603, 24d. —_ — ve . yea = o. = 
60s. 8d. one month, and at 61s. 2d. and 6ls. 1d. three 5 S ae 
|months. The close was better at 60s. 44d. cash and NOTES FROM SOUTH YORKSHIRE. 
| 60s. 104d. one month sellers. Hematite was also a shade SHEFFIELD, Wednesday. 
firmer, and 1000 tons were done at 793. 9d. and 793. 104d.;| The Hull Coal Trade.—The coal trade with Hull was 
one month. At the afternoon session a strong tone pre- | More prosperous last year than ever was known. The 
| vailed, and Cleveland warrants were dealt in at 603. 7d. | total traffic was 5,063,184 tons, being an increase of 











cleaned when required. Owing to the simple form | and 60s. 9d. cash, 603. 10}d. eight days, Gls. 14d. and | 1,232,160 tons over 1905, and 858,436 tons beyond the 


of cylinder and liner, strains arising from unequal 
cooling in the mould, or unequal expansion in 
working, are avoided; and both cylinder and liner 
are fitted so as to be capable of free expansion longi- 
tudinally. 

Electric ignition plugs are fitted in duplicate to each 
cylinder, The engine is designed to work with producer 
gas, the compression being 140 lb. per square inch, 
and with this no trouble whatever in the way of pre- 
ignitions is experienced. This compression is more than 
sufficient to balance the negative acceleration of the | 
piston on its in-stroke, and as there is a compression 
at every in-stroke in one cylinder or the other, the | 
sonnecting-rod is kept in constant thrust, thus reliev- 
ing the big end bolts of all stresses save those due to | 
screwing up.’ The air cylinders, being of small dimen- 
sions, and the compression in'them low, absorb little 
power,’8o that on test a mechanical efficiency of 87 per | 
cent, has been realised. 


| steel works have now resumed work, and for some months 





Tue Great WESTERN AND MIDLAND Rartwars.—The 
doubling of the Great Western and Midland joint line to 
Avonmouth has been completed. The whole line from 
Temple Meads to Avonmouth is new doub!e-tracked. 





MECHANICAL Power StroraGe Brake For Tram-Cars. 
—Some interesting tests on tram-car brakes have recently 
been carried out by Mr. E. A. Paris, managing director, 
and Mr. R. C. Goldston, engineer, of the Yorkshire 
(Woollen District) Electric Tramways Company. Three 
ordinary double-deck cars were used, one being equipped 
with a new track brake designed by Mr. Edwin ena 
of 39, Victoria-street, Westminster, the second with a 
modern magnetic brake, and the third with a hand-brake. 


~The Freund brake was found to stop the car under, all 
‘circumstances quicker than the hand-brake, and also beat 
‘the magnetic brake, except on freshly washed rails.. The | 


new ‘brake acts on the principle of storing the power of | 


the car by means of springs. 


| 61s. 2d. one month. The business was only some 3500 hitherto best-on-record year of 1900. The exports have 
| tons, and there were buyers at the close at 603. 94d. cash largely swallowed the increase, last year’s total sent 


and 61s. 34d. one month, and sellers at 1d. more for cash | abroad showing an increase of 836,166 tons over 
and 4d. more for one month. Hematite was quoted the previous year, and exceeding the 1900 record by 


| dearer at 80s. 6d. one month sellers. The following are 497,752 tons. Remarkable also has been the development 


the market quotations for makers’ (No. 1) iron :—Clyde | of the coastwise trade, which practically is the London 
and Calder, 77s.; Gartsherrie, 77s. 6d.; Summerlee and | seaborne traffic. Last year’s total reached 789,260 tons, 
Langloan, 803.; and Coltness. 86s. (all shipped at Glas- | being 470,000 tons ahead of the trade of the previous year. 

w); Glengarnock (shipped at Ardrossan), 77s.; Shotts | This expansion, equalling about one-third of the aggre- 
shipped at Leith), 77s.; and Carron (shipped at Grange- | gate increase, has been largely due to gas-coal supplies for 
mouth), 81s. . | London, which hitherto came from the North; but owing 


Sulphate of Ammonia.—During the past week there has Aang increased prices, the companies fell back on York- 


been very little business done in sulphate of ammonia, | — : 
and the inquiry is limited. The price is unchanged at! Deaths.—Death has been busy among prominent men 


|112. 17s. 6d. per ton, for prompt business, Glasgow or | in Sheffield of late. A few days ago there passed away 


Leith, and some transactions have taken place at that Mr. Thomas A. Ashton, founder and head of the firm 
figure, but buyers are not inclined to offer more than Of Messrs. T. Ashton and Co., Limited, engineers, mill- 
112. 153, per ton. The amount shipped from Leith Har- | wrights, belt-manufacturers, &c. He began business in a 
bour last week was 532 tons. | very small way, with simply himself and an assistant, but 
Scotch Steel Trade.—The holidays being over, the various | on ry = pom ~ prem g erapeeed. aad abn 
at least full employment is assured. Inquiries are re- | en eee by Pewee eee works 
ported not to be very numerous just yet, but it isexpected third year, had been in failing health for a long time 
there is likely to be —_ demand from the Far East | 9 ae Mer also occurred oF Mr. F. R Booth at the 
at an early date. No alteration has been made in prices, | comparatively early age of fifty-six is tell heen for 
and these remain firm at about 10s. per ton over the pre- | many years ! cael on er of the Kelham Rolling- 
sent official minimum quotations. Mills, and had a seat on the Board of Directors. He wns 
= Pig fang a og rang 4 oom —— a widely known and much respected. 
in this market for Scotch iron, but the conditions of sale e : r 
remain as they were at the end of the year, and no further | ;. ae ” poopy oe pe pena papal 
business has been reported. It seems evident that tinutn their preparations for the new orders already re- 
American buyers are still open to treat for some future 8 Ls gee : sd 
- * 4 erred to, which will provide work for a considerable 
supplies, but the quantities available for export are small, | period. The heavy forging departments are still fairly 
if any. | well employed, although orders are not coming forward 
Clyde Shipbuilding.—The shipping industry on the | in great plenty, owing to the dearth of new shipbuilding. 
Clyde has commenced the year with a fairly good amount Railway material is still in fair demand, although there 
of work on hand, and within the past few days there is no pressure of orders. Some firms in the engineering 
have been rumours that several orders for new vessels and moulding branches are very busy on large moulds for 
had been, or would shortly be, placed locally ; but con- castings, punching and shaping-machines, and large rolls. 
fitmation is lacking. The Fairfield Shipbuilding Com- | They are for use chiefly in the iron, steel, paper, and 


-_ 


pany, Govan, have contracted to build two steamers for | similar industries. Prospects in this branch are en- 
1 | pec 
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couraging. Steel-makers are well off for work. Efforts 
are being made to place contracts for large quantities of 
best crucible cast steel for use in Germany in the manu- 
facture of motor-car axles, &c. The makers of steel in 
that country are stated to be fully booked for nearly two 
years ahead. 


South Yorkshire Coal Trade.—The local coal trade con- 
tinues to be marked by considerable activity. Consumers, 
however, are holding off forward buying as much as 
possible in the hope that prices will be easier. For some 
years there has been an association in South Yorkshire 
of owners of gas-coal collieries, their object being to avert 
unnecessary competition and to maintain prices. They 
have, however, suffered in consequence of coal-owners in 
Derbyshire and Nottinghamshire. A movement is now 
on foot to form a similar association in the counties 
named, and it is hoped that such an association will have 
a steadying influence in the future of the trade. All 
kinds of slack are in great demand, and prices are very 
firm, Coke-manufacturers are very fully employed. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Traders have settled down 
after the holidays, and once more a fair number of trans- 
actions are to be recorded. Speculative operations in 
warrants, however, cause considerable fluctuations, and 
check legitimate business in Cleveland iron. This, how- 
ever, does not trouble producers just at present, all of 
them being well placed, as they have disposed of all the 
iron they can turn out for some months to come, and they 
will not now entertain offers at current quotations. No. 3 
g.m.b. is put at 61s. 6d. f.0.b. ; No. Lat 63s. ; No. 4 foundry, 
603. 6d.; and No. 4 forge, 593. 5d. It is gratifying to 
learn that the make of Cleveland iron is of good quality in 
spite of the compulsory damping down in consequence of 
the Christmas holidays, the only alteration being that the 
make has naturally been curtailed. Hematite prices are 
not influenced at all by the gamble in warrants, neither 
are producers hampered by any stocks. For East Coast 
brands plenty of contracts could be made at 81s. 6d., and | 
that may be given as the general market quotation, 
though many makers ask up to 833. Spanish ore is very | 
stiff. Rubio of 50 per cent. quality is put at 24s. 6d. ex- 
ship Tees, but consumers are not prepared to pay that 
figure. Middlesbrough warrants to-day opened at 60s. 34d. 
and advanced.by the close to 60s. 94d. cash buyers. 


Manufactured Iron and Steel.—Producers of nearly all 
descriptions of manufactured iron and steel are very well | 
situated, for they have excellent order-books, and in- | 
quiries concerning new contracts continue to be made. 
Most firms have work on hand which will keep them well 
employed for some months. Prospects are brighter than 
they have been for a considerable time past. Bars and 
packing iron have each been advanced by 5s. per ton, and 
shipbuilding material shows a marked upward tendency, | 
the termination of the platers’ strike here having had a | 
beneficial influence on plates, angles, and rivets. Market | 
quotations stand:—Common iron birs, 8/.; best bars, | 
8/. 103.; best best bars, 9/.; iron ship-rivets, 8. 2s. 6d. | 
to 87 5s.; packing iron, 6/. 103.; iron aipoians, 72. 10s.; 
iron ship-angles, 7/. 15s.; steel ship-plates, 7/. 10s. ; steel | 
ship-angles, 7/. ; steel boiler plates, 8/. 103. ; and heavy | 
steel rails, 62. 15s.—all less 24 ag cent. discount, except | 
rails, which are net cash at works. 


| 
Blast-Furnacemen’s e~ Advanced.—The average net | 
selling of No. 3 g.m.b. Cleveland pig iron for the three | 
months ending December 31, 1906, has been certified at | 
533. 4.46d. per ton, as against 50s. 7.42d. for the previous | 
quarter. This gives an advance in blast-furnacemen’s 
wages of 3.25 per cent., and raises wages from 23.25 per | 
cent. above the standard to 26.50 per cent. above the | 
standard. The advance took effect from the 5th inst. | 


Tron Trade Statistics,—Trade returns issued by the | 
Middlesbrough Chamber of Commerce reveal a very | 
satisfactory state of affairs. They show that at the aa 
of last year of eighty-one blast-furnaces within the port | 
of Middlesbrough sixty-three were in operation, against 
sixty blowing at the end of 1905. The output of pig! 
iron for last quarter was 590,000 tons, as against 575,000 | 
tons for the previous three months, and 535,000 tons for | 
the last quarter of 1905. The total make of pig iron | 
last year was 2,231,000 tons, which is the heaviest since | 
1897, when the output was 2,237,000 tons. Imports of | 
foreign iron ore into Middlesbrough last quarter amounted 
to 423,988 tonsa, as compared with 535,355 tons during the | 
previous three months, and 337,043 tons during the last | 
quarter of 1905. The total imports of ore last year! 
reached 1,846,465 tons, which establishes a record, the 
previous best being 1,760,294 tons in 1905. The value of 
goods other than coal and coke exported to foreign and 
colonial destinations from Middlesbrough last quarter 
was 1,966,586/., or an increase, as compared with the 
corresponding period of 1905, of 743,7037. The total value 
of the over-sea shipments, — coal and coke, last year 
reached the record of 7,326,032/., the previous best being 
nearly a million below —viz , 6,318,282/. in 1900. 

Fuel.—Fuel keeps very strong. Coke is scarce, and the 
current quotations for average blast-furnace quality is 
fully 253. delivered here, whilst 25s. 6d. has been paid, 
and up to 27s. is asked by some firms. 








NOTES FROM THE SOUTH-WEST. 
Cardiff.—Steam-coal prices have been tending upwards 
during the last few days; there has been an adequate 


supply of available tonnage and considerable shipments | 
made. The best large steam coal has brought | 


have 


(of not far short of 40,000,000/. 


'17s. to 17s. 6d. per ton, while secondary descriptions 
| have ranged from 15s. 6d. to 16s. 9d. per ton. e 
| house-« trade has presented no new feature ; the best 
ordinary qualities have made 14s. to 15s. per ton, while 
secondary descriptions have ranged from 11s. to 14s. per 
|ton. No. 3 Rhondda large has brought 16s. to 16s. 6d. 

r ton. Coke has remained at about its former level. 
| Foundry qualities have been quoted at 24s. to 26s. per 
| ton, and furnace ditto at 18s. to 19s. per ton. As 
| regards iron ore, Rubio has made 22s. to 22s. 6d. per ton, 
}and Almeria 2ls. 9d. to 22s. per ton, upon a basis of 50 
| per cent. of iron, and charges, including freight, insurance, 
| &e., to Cardiff or Newport. 


The Swansea Valley.—The production of pig-iron and 
steel ingots in the first week of the new year was on a 
large scale. The steel trade, indeed, beat the record, as 
many as twenty-two furnaces being fully at work. There 
has been a large production of steel bars, but the demand 


considerable activity in the tin-plate trade. 

The ** Duke of Edinburgh.” —The Captain-Superinten- 
dent of Pembroke Dockyard was officially informed on | 
Saturday that the Lords of the Admiralty had con-| 
sidered an account of the cost of building and completing 
the cruiser Duke of Edinburgh at Pembroke. Their 
Lordships desired that an expression of their satisfaction 
should be conveyed to the officers and others concerned 
in the construction of the vessel. The Duke of Edin- 
burgh was laid down at Pembroke in February, 1903, and 
was commissioned in March, 1905. The revised estimate 
of cost, exclusive of guns, which cost 59,900/., was 
1,141,787/.; and the actual cost was 1,071,611/. 


Keyham.—Keyham extension works have ceased to have 
any separate official existence. The 120 acres upon which 
the contractors have for eleven years been constructing 
basins, docks, and jetties, have now become part of the 





| North Dockyard. There are still, however, on the works 
| 450 of the contractors’ employés, who are engaged in 
| co} 


mpleting the extension of No. 4 dock and in *‘clearing 
up.” 

Bristol Docks.—The foreign tonnage of Bristol docks 
for the year ending December 31 constitutes a record. 
The figures are:—1905, 992,950 tons; 1906, 1,073,223 
tons; increase, 80,273 tons. Coast traffic has rather 
fallen off. The combined revenue from dock and city 


| dues shows an increase of 5,744/. for last year, the figures 


being :—1905, 132,188/.; 1906, 137, 9327. 








MISCELLANEA. 

Tue Zeitung des Vereins Deutscher Eisenbahnverwal- 
tungen states that the Swedish Government railways | 
ropose shortly to lay before Parliament a Bill to provide 
or the increase of their rolling-stock. The new material 
is to include 30 locomotives, 60 carriages, and 700 goods 
wagons, all to be built in the country. This increase in 
aaa has become urgent owing to greatly-increased 

traffic. 


The world’s probable output of iron, according to 
Messrs. Stedman, Crowther, and Co.’s metal report for 
1906, is likely to figure out at about 60,000,000 tons. Of 
this total, the United States share probably amounts to 
26,000,000 tons, that of Germany to some 12} million 
tons, and that of England to about 10 millions. Exports 
of railway materials from the United Kingdom amounted 
to 640,000 tons—an amount smaller than the figures for 
the four preceding years. 


In their annual report for 1906 Messrs. Matheson and 
Grant refer to the Victoria Falls power scheme, and com- 
ment on the apparent fascination which the apparently | 
gratuitous supp M of power derivable from falling water 
seems to have for investors. It is rightly pointed out | 
that beyond certain limits this supply cannot be put to) 
economical use, and in the case of the Victoria Falls 
scheme the expected economy appears to be largely 
—™ in view of the available fuel supply on the 

and. 


In view of the possible results of the passing of the 
Trade Disputes Bill, the Labour Protection Association 
is prepared to supply its members, at short notice, with 
experienced and reliable men who have served in the, 
naval, military, or police forces, to undertake the watch- 
ing and counter-picketing of factories, workshops, mines, 
&c., where so-called ‘‘ peaceful persuasion” is bein 
resorted to by members of unions, with the object of 
protecting independent workers from intimidation and 
annoyance. 


From Messrs. Bolling and Lowe’s review of the engi- 
neering trades we note that iron and steel exported during 
the first eleven months of last year amounted to a value 

ponding periods 
for 1905 and 1904 show, roughly, 294 and 26 millions 
respectively, so that the figures for 1 are eminently 
satisfactory. Mention is made in the review of the new 
plant of the Stoxa Kupferbergs Aktiebolag, in Sweden, by 
means of which the custom of the Swedish State Railways 
as purchasers of rails will probably be lost to Great 
Britain. 

The address to the Legislative Council by the Governor 
of the Gold Coast, when presenting the estimates for the 
year 1907, contained notice of engineering schemes. These 
include the supply of Accra with water from the Adje- 
menta Valley ; the improvement of the harbour at Cape 
Coast Castle at a cost of 23,000/.; as well as several rail- 
way extensions. The station yard at Sekondi, says the 


has been in excess of the supply. There has also been | 





| neighbourhood of Prestea. A third line will probably 


he | be considered later in the direction of Insuain, to put 


Cape Coast Castle into connection with the planting 
districts in the interior. 


The Commercial Intelligence branch of the Board of 
Trade have been notified by His Majesty’s Consul at 
Stockholm that the following calls for tenders have 
been published in the Post och Inrikes Tidningar :— 
(1) Tenders will be received by ‘“‘ Tygmastaren, Stock- 
holm,” up to nvon on January 12 for the supply of 
15,000 kilogrammes of resin. Particulars can be obtained 
| from the same address. (2) Tenders will be received up 
to noon on January 12 for building a quay about 300 
metres long at Westervik. Specifications, price 25 kroner 
(refunded on receipt of tenders), can be obtained from 
| Helmer Schitt, Hamndirektionens Undforande Kammar- 
| skrifvar, Westervik, to whom tenders are returnable. 
(3) Tenders wiil be received up to January 15 for the 
|construction of a dam, canals, and power-station for 
the Niissjé Municipality at Ramsjiholm. Particulars 
{can be obtained from Lieutenant Carl J. Insulandor, 
a 32, Stockholm, to whom tenders are return- 
able. 


In his presidential address to the Institute of Sanitary 
Engineers, Professor E. G. Coker described the arrange- 
ments for the carrying out of hydraulic experiments at 
Finsbury Technical College, E.C. Naturally, it has been 
im ible even to dream of rivalling the magnificent 
ng dvenile laboratory at Cornell, the supply reservoir 
for which is an artificial lake impounding 50 million 
gallons of water; but, fortunately, it is possible 
to make very important researches on hydraulics with 
apparatus of quite moderate dimensions The ex- 
tremely important investigations on the critical velocity 

'of running water, carried out some years back at 
Owens College by Professor Osborne Reynolds, would 
| have gained nothing by an increase in the size of the 
| apparatus used. At Finsbury, accordingly, the water 
| supply is obtained from a tank holding gallons, 
which, by means of centrifugal genes, is fed from a 
sump, into which all the hydraulic machinery and ap- 
pliances discharge. This sump has been located below 
the floor of the Engineering Laboratory, along one side 
of which achannel having a cross-section of 4 ft. has been 
arranged, the topof which is level with the concrete floor 
of the shop. Provision is made for securing weirs at 
different points of this channel, and at different points 
side tanks open from it, into which will be led the water 
discharged the turbines, pumps, nozzles, or other 
devices under test. 


Some of the provincial engineering societies have 
succeeded in maintaining a standard in their papers and 
discussions falling in no degree below that of the leading 
technical associations of the Metropolis. Amongst them, 
specially favourable notice is due to the Rugby Engineer- 
ing Society, a body which, though it must be limited in 
numbers, has somehow succeeded in securing papers 
which would be cordially welcomed at Storey’s Gate or 
Great George-street. The last volume of their P 
ings, just published, contains an excellent series of papers, 
opening with one on ‘‘ Heavy Switch-Gear,” contributed 
by Mr. J. Whitcher, and concluding with an elaborate 

per by Mr. F. J. Sharron “The Lay-Out of a Large 
Shop for Electrical Manufacturing Purposes.” Another 

per on “Centrifugal Pumps,” written by Messrs. P. A. 
one and G. M. Brown, gives particulars as to the 
design and construction of high-lift centrifugal pumps, 
which are far from being generally accessible, and a 
capital article on ‘‘ Notched-Bar Impact Tests” is con- 
tributed by Mr. T. 8S. Dick. ‘‘The eration of Steam 
in a Power Station” is discussed by Messrs. Brierley and 
Robertshaw in another paper; whilst the best methods of 
using this steam subsequently form the subject of a paper 
by ane. Briggs and Reynolds. The engineering field 
covered in this one volume is, it will be seen, very exten- 
sive, and the high quality and variety of the papers reflects 
the greatest credit on the officers of the society. , 











Bripcrs oN THe GRranp Trunk Paciric.-—In district 
E of the Grand Trunk Pacific Railway, which extends 
from Abitibi westward to Lake Superior, the works 
will comprise fourteen bridges, one 700 ft. long, and five 
500 ft. long each. The total expenditure is estimated at 
1,831,226 dols., of which 352,191 dols. was paid for the 

urchase of surveys made by the Grand Trunk Railway 
Goapeny of Canada. 





Propuction or ENGingrrinc Frmws.—Our attention 
has been drawn to the fact that we are in error in stating 
that the marine engineering output in 1901 by Messrs. 
Richardson, Westgarth, and Co., Limited, of 120,150 
indicated horse-power was or with the 117,534 
indicated horse-power produ by the North-Eastern 
Marine Engineering Company, Limited, at their Walls- 
end and Sunderland works in 1906, and that therefore 
the former constitu a It now appears that 
Messrs. Richardson, Westgarth, and Co.’s total included 
of marine engines and boilers for new vessels only 106,300 
indicated horse-power, the remainder being made up of 
electric power engines, 2150 horse-power; pumping- 
engines, 500 horse-power ; boilers only, 3200 horse-power ; 
land boilers, 1000 horse-power ; Blake boilers, 7000 horse- 

wer. From thisit will be seen that thereis included 13,850 


indicated horse -power for electric-light engines, pumping- 
engines, marine, Blake, and 5 al 
deducted, their output is only 106,350 indicated horse- 


and boilers; and if this be 


Board of Trade Journal, is to be enlarged at a cost of | power, whereas the marine-engine output of the North- 


some 6330/.; a new line is projected from Accra to the 


interior, to serve the cocoa-growing districts; and a branch | 117,534 indicated horse-power. 


tern Marine Engineering Company in 1906 equals 
In addition, ships were 


line to connect Tarkwa with a group of mines in the! supplied with boilers equal to 3320 horse-power. 
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BATTLESHIP. 

WE commend to the attention of our readers, 
and, indeed, to that of all British taxpayers, the 
United States Government report, published in 
another column of this issue, on the tactical 
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qualities of the Dreadnought t of battleship, 
| by Lieutenant-Commander W. 8. Sims, of the 
United States Navy, one of the most capable and 
| experienced of living naval gunnery officers. He 
has analysed the conditions which influenced 
Japan’s victory, and Russia’s defeat, in the Battle 
| of the Sea of Japan, and, having at his disposal 


Roya Metroro.oeicaL Socrety.—Wednesday, January 16, at the | 


| the most recent and complete details, has produced 
a most luminous narrative of modern sea tactics. 
From these data he deduces convincing argument 
in favour of the Dreadnought type of battleship— 
in favour of speed, and of unification of calibre in 
the primary armament, in combination with effec- 
tive armour protection. He further contends that 
such a ship is not only more efficient from the 
fighting point of view, but costs less per unit of 
combative power, and is more economically main- 
tained than the ships of a year or two ago. 

In view of the fet that practically every first- 
class Power has followed the lead of our Admiralty 
in this matter, it might be considered supere- 
rogatory now to have this development of the 
rationale of the modern battleship by the lessons 
of experience of battle practice and modern war- 
fare. The step originated by the Admiralty with 
so much cou was, however, so great and so 
far-reaching in its effect that it is well to have 
such corroborative testimony as that afforded by 
the distinguished United States Naval Ordnance 
expert. Captain Mahan, whose ability as an inter- 
map e of naval history and tactics is equalled only 
| by his brilliance as a writer, casts doubts on the 
| expediency of developing to such an extent the 
| principles adopted in the modern ship. But Lieut.- 
Commander Sims contends that recently-acquired 
| information, which Captain Mahan did not possess, 
bears with ‘‘ such directness and force on the fight- 
| ing qualities of battleships as apparently to demon- 
| strate that Captain Mahan’s conclusions are in 
error.” These conclusions seem to have been par- 
| tially supported by Japan in the design of the new 

battleship Satsuma (see page 23 «nte), in respect that 
her armament corresponds to thatof our Lord Nelson 
ios Agamemnon, including four 12-in. and ten 





10-in. guns, But the Satsuma was designed before 
the influences tending to the Japanese victory and 
the Russian defeat had been fully realised. Now 
the new ship which is to be built by Japan in the 
berth vacated by the Satsuma will, like the Dread- 
nought, have guns all of 12-in. calibre. France 
has preferred four 12-in. guns and twelve 9.4-in. 
guns; but there are many distinguished French 
officers and parliamentarians who continue to 
advocate unification of calibre. Germany is in 
favour of the all-big one-calibre-gun ship; but 
whether the 11-in. 50-calibre or the 12-in. 45- 
calibre gun will be adopted has not yet been settled. 
All the Russian designs favoured by the authorities 
are for 12-in. guns, and America will undoubtedly 
adopt the 12-in. as the sole weapon. 

On this point Lieutenant-Commander Sims, it 
will be seen, offers most conclusive arguments. In 
the first eo he shows that the percentage of hits 
per round with the larger gun is greater than with 
the smaller. The danger zone is twice as long. 
Thus, at 6000 yards range, a 12-in. gun, in the case 
of a target or ship 30 ft. high, has a danger zone 
120 yards long, as compared with 64 yards in the 
case of the 6-in. weapon. The latest reports of 
the Japanese fire in the Battle of the Sea of Japan 
show that the Japanese made 19.6 hits per cent. 
of rounds fired from the 12-in. guns—a much 

reater percentage than that from the smaller guns. 

his is borne out in some measure by the battle 
practice, not only of the United States fleet, but 
of the British fleet. In other words, the Japanese 
fired 50 lb. of small projectiles for every pound 
that hit, whereas they tired only 3 lb. of 12-in. 
metal for every pound that hit. oreover, as the 
12-in. shell has a bursting charge of 38 lb., as com- 
pared with 4 lb. for the 6-in. shell, the destruction 
and moral effect must have been enormously greater 
from the 12-in. guns, 

Liewtenant-Commander Sims further shows that 
if the Japanese vessels had been all-big-gun ships, 
their fleet would have developed a greater rapidity 
of hitting with heavy guns than it actually did 
with the combination of heavy and quick-firing 
— ; and this point leads to the consideration 

f the modern practice regarding fire-control, as 
to which some details are given in the report 
which we reproduce. It is obvious, however, that, 
for patriotic reasons, it is not desirable to give 
full information on this score. In modern battle 
practice and in future wars accuracy of gun-fire is 
the most vital question, and the aim in most navies 
is evidently to set the sight-bar range within the 
limits of one-half the danger zone. It is doubtful 
if a range-finder can be devised to measure within 
such limits at 6000 yards range. Again, the sight- 
bar range is affected by the projectile-propelling 





agent-as well as by the calibre, and thus it is 
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necessary to have a controlling party for each 
calibre of gun in order to observe by the vertical 
method the splash of the projectile in its flight. 


This undoubtedly has been found by experience | 


the most effective method to attain accuracy of 
fire. It is obvious that if a ship has two or more 
cslibres, there are not only duplications of con- 
trolling apparatus, but complications in obser- 
vation, as the splash made by projectiles of 
approximately the same calibre resemble each 
other so closely as to cause confusion. The 
unification of calibre thus increases the possible 
rapidity of fire, and, what is still more important, 
augments the rapidity of hitting. Another point 
which influences this latter result is the minimising 
of interference of one gun with the fire from 
another. Interference is not so much a question 
of the influence of the flash of the guns, but rather 
the air disturbance, or the refraction of the lines 
of sight, by heated gases. It is necessary to wait 
until these have cleared before firing adjacent 
guns, and this of itself materially influences the 
rapidity of fire if accuracy is to be attained at 
long range. There is thus a distinct advantage in 
favour of having comparatively few guns of rela- 
tively high power, and all of the same calibre, 
because it seems doubtful in the light of modern 
experience if full advantage can be realised from 
the greater number of quicker-firing small guns 


when worked within the limited area surrounding | 


a battleship. 

The question of the tactical advantage of speed, 
which was also raised by Captain Mahan,* is not 
quite so easily determined, but a careful study 
of Lieut.-Commander Sims’s arguments leaves no 
room for doubt that in this matter the British 
Admiralty would have deserved censure if they 
had not acted as they have done. Captain Mahan’s 
conclusion was that we are never justified in adding 
materially to the speed of a ship at the expense 
of gun-fire; and this he sought to prove from 
war experience. The fuller data now in the pos- 
session of the naval authorities, however, clearly 
show that Captain Mahan’s information was inaccu- 
rate, because the difference in speed between the 
Russian and the Japanese ships was enormously 
greater in favour of the latter than Captain 
Mahan understood—it was 6 or 7 miles per hour. 
This enabled the Japanese ships to carry out 
tactics which materially influenced the result. One 
important point brought out by Lieutenant-Com- 
mander Sims has reference to the rate of change of 
range; while the range is being changed, accu- 
racy of fire is enormously decreased. A slow fleet 
can neither gain an advantage nor accomplish a 
detinite object, while the fleet that is slightly 
faster can bring the slow one to action or refrain 
from so doing until the conditions suit it, or until 
the admiral has made such a disposition of his forces 
or auxiliaries as he pleases. He can choose his 
own range and change it at will, and close to 
fighting range when the wind and sea and sun are 
in the most advantageous positions for increasing 
the efticiency of his own gun-fire, withdrawing out- | 
side effective range when they have become un- | 
favourable. Again, the slow fleet is more likely | 
to suffer defeat by reason of the ability of the 
faster fleet repeatedly to assume positions enabling 


and even to the number of intermediate guns, which 
may be installed in a ship of a given length ; and if 
this length is increased, then all other elements— 
weight, cost, target presented to the enemy, &.— 
are augmented. 

Another point is as to the advantage in con- 
centration of fire. In this respect Lieut.-Com- 
mander Sims’s report is of absorbing interest. He 
gives a vivid impression of the conditions of the 
battle in line formation, showing that with Dread- 
noughts it is possible to have a collective broadside 
gun-fire of thirty-eight guns per mile, as compared 
with twenty-one guns per mile in the case of ships 
having only four 12-in. guns ; and even the lay- 
reader will a 
superiority. The advantage is established fully and 
clearly by the artillery expert, who shows that it 
would be a simple matter by concentration of fire to 
defeat the enemy in detai!, almost without suffer- 
ing any disablement. Moreover, there is further 
tactical advantage in the increased size of ship, 
by reason of the superior armour protection = 
sible, so that no ane on board need be exposed to 
the enemy’s fire: that all may have armour pro- 
tection. The enemy’s quick-firing guns are thus 
rendered non-effective. 

A point which is not without its interest for the 
taxpayers has reference to the comparative cost of 
the modern battleship, as compared with that of 
a year or twoago. The gun attack of the big ship 
od unit of length of line is 80 per cent. greater ; 

ut the first cost is only 50 per cent. more. More- 
over, the size in crew is little more than half on 
the same basis of fighting efficiency. Further, 
the cost of maintaining the ten Dreadnoughts 
would be 2,000,000/. per annum less than twenty 
smaller ships of the same gun-power. These and 
other most suggestive reasons for the recent 
development in warship design make Lieutenant- 
Commander Sims’s report one of the most im- 
portant contributions on the subject yet available, 
so far especially as it refers to the tactical qualities 
which justify the more immediate elements of 
design of the Dreadnought class. 

Much of the evidence adduced is new even to 
close students of naval history, and the whole 
contribution once more proves that those in autho- 


rity must be in possession of facts of the most vital 


importance, not available to the outsider. Thus 
there is here again reason for strenuously opposing 
the modern desire for the appointment of com- 
mittees to sitin judgment upon the actions of men 
who, having experience and first knowledge, are 
better able to arrive at a sound judgment on all 
such matters than the members of such committees. 
However capable ‘‘men of affairs” the members 
may be, they cannot absorb in a short period that 
extensive experience and knowledge which long 
and continuous familiarity with current progress 
gives to those inauthority. If responsible advisers 
of the nation are unsatisfactory, then the remedy is 
to be found in complete supersession rather than in | 
the devolution of duty and in the dissipation of | 
responsibility amongst laymen on committees. | 


“THE CURSE OF MACHINERY.” | 


Over a hundred years ago Scotland’s greatest 








reciate the great advantage of this | 


| with this possibility ; but Mr. Weekes, inspired as 
| he procceds by his own eloquence, soon converts 
| ‘possibility ” into accomplished fact. We learn 
| from this candid friend that, by our handiwork in 
| which, until we read Mr. Weekes, we actually took 
|some modest pride, we engineers have destroyed 
|**an inherent love of beautiful forms ;” and with 
this has gone ‘‘the moral influence for good” that 
was engendered in the rustic mind by ‘‘local mate- 


| Tials :” ‘‘ rough-hewn timbers of the roof,” ‘‘ vege- 


table thatch, the wall of local stone, clay, or mud ; ” 
buildings ‘‘sprinkled along the watercourses, in the 
bottoms where their formal outlines have not 
broken in upon the contours of the hills.” ‘Can 
any man with a soul,” the essayist continues, 
** overlook a cluster of roofs of corrugated iron, 
set in a fair prospect, without a shudder ?” 

We should say, ‘‘ He can;” because a man’s 
soul may be big enough to see that the roof of 


'a barn has a duty even higher than to ‘‘ makea 
| picture ;’”” which Mr. Weekes appears to consider 


the chief mission of roofs. The corrugated iron 
sets Mr. Weekes’s ‘‘artistic teeth on edge ;” but 
if it keeps out water, the farmer will think it a 
very passable roof; that ‘‘the softening hand of 
time will have very little influence upon it” does 
not appear to him so damning a quality as it does 
to Mr. Weekes. There is no doubt that mellowed 
tiles, well clothed with lichen, are more pleasing 
than galvanised iron, although the latter can be 
covered with a Venetian red paint or a richer 
brown oxide, so as to form quite a cheerful feature 
in the picture. Buta tiled roof is expensive ; for 
the farmer it might be corrugated iron or no roof at 
all; in any case, farming is not so lucrative a 
business that the farmer can afford to erect expen- 
sive barns and other buildings purposely for artists 
to make into pictures. 

Here is another sketch from the same author’s 
indignatit pen: The fishing village that ‘‘ used to 
straggle up the little stream.” ‘‘Then came the 
railway, with the tripper and the jerry-builder in 
its train ; and now the gaudy terraces flaunt their 
angular straightness fresh from the saw-mill; not 
up the valley, but row after row along the cliffs 
themselves.” Still another indictment against 
machinery : ‘‘ The stalwart lines of men . . . who 
used to swing the scythe tothe music of the falling 
ears were the backbone of the country . . . The 
ruthless hand of the machine gradually thinned 
their numbers. They were not wanted.” Mr. 
Weekes can ‘‘ recall the faces of many of these 
lean, old, toil-worn labourers, faces that looked as 
if they were the index of all the sturdy virtues 
that have been characteristic of the English race.” 
‘* They were a race,” we are also told, ‘‘to whom 
for kindly geniality and intelligent reasonable- 
ness none of us are fit to hold a candle. . . . The 
scythe and drashel were instruments fitted, indeed, 
to mould muscle and stiffen the bone of the rank 


| and file of the nation.” 


This is pretty imagery ; but what are the facts ’ 
How, on balance, does hand-labour compare with 
machine-labour ? We have to confess ignorance of 
the ‘‘ drashel.” It is not in the oldest dictionary 
we have been able to borrow, but doubtless Mr. 
Weekes has authority. It sounds like an archaism 
for flail, and we may acknowledge that threshing 


it to concentrate its fire on the extremities of | poet, after seeing an unpleasant insect on a fine | was healthy exercise if taken in moderation. The 


the slower fleet. The aim of the Russian fleet | 
was undoubtedly to elude the Japanese, and take | 
shelter in Vladivostock, so as to land the stores 
(which so loaded their ships that the protective 
water-line belt was below the surface of the water), 
and also to refit the ships. The Russian fleet, as 
Lieut.-Commander Sims points out, was defeated 
in both these objects solely by the superior speed 
of the Japanese, which rendered escape impossible, 
and enabled the Japanese ships to concentrate their 
fire upon any given ship. If the Russian ships had 
been only slightly superior in apeed, they might have 
escaped, or might have brought the Japanese to 
battle at the short range at which the Russian 
officers had been trained in battle practice. More- 
over, at one point of the battle, when the Japanese 
had lost sight of the Russians, due to the thick 
weather, and had steamed away from the Rus- 
sian fleet, the Russians, with a slight superi- 
ority in speed, could easily have escaped. Ad- 
vantage in speed is thus a great tactical gain. 
Moreover, weight saved in machinery is not easily 
convertible into increased weight for armament. 
There is a limit to the number of 12-in. barbettes, 





* See ENGINEERING, vol. lxxxii., page 669. 


ady’s bonnet, wrote the now familiar lines :— 


‘*O wad some Pow’r the giftie gie us 
To see oursels as others see us !” 

The prayer, fortunately, we think, is not often 
answered ; but sometimes, by accident, we get a 
glimpse of an image not quite disguised by self- 
benevolence. In the case we are about to notice | 
‘‘oursels” are the engineering profession, and 
‘the Pow’r” is Mr. Reginald Newton Weekes ; 
a gentleman who has evidently beguiled the hours 
of rustic retreat by ‘‘dipping into Ruskin ;” and 
has embodied the fruits of philosophic reflection 
thus engendered in an article, with the above title, 
in the Nineteenth Century. 

It is well that the prime authors of this ‘‘ curse” 
should realise their offence, and therefore we dedi- 
cate a small portion of our space to Mr. Weekes’s 
lament. 

The text of it is in the following paragraph :— 

Looking backward upon what one knows of the last 
hundred years, one cannot but be struck with the possi- 
bility that the application of man’s genius to the in- 
vention of machinery has been fraught with loss, rather 
— gain, to the true moral and intellectual progress of 

e race. 


We may all, even the most mechanical, be struck 





same may be said of mowing, but if Mr. Weekes’s 
stalwart lines of men had used the sickle for cutting 
their grain, in place of the scythe, not only would 
their bones be stiffened, but their muscles also; 
in fact, the sickle is likely to produce a very curved 
backbone. As a matter of fact, rural labourers 
were not always the fine upstanding race of giants 
that poetic pens would picture them. Their 
‘lean, old, toil-worn faces” were too often made 
rematurely old by the pinch of poverty ; their 
orms bent, their chests hollowed, and shoulders 
rounded by the nature of their toil. So far as 
actual operations are concerned, we would back 
the manufacture of machinery to produce the finer 
men. We must, however, allow to the former the 
advantage of open air and sunshine ; but against 
this, again, must be set damp and rheumatics— 
the curse of rural populations, since their dwellings 
were ‘‘sprinkled along the water-courses in the 
bottoms,” or ‘‘straggled up the little stream,” and 
had ‘‘ the vegetable thatch, the wall of local stone, 
clay, or mud,” and often floors of the latter material 
also. No! Thank God! we say—and the rural 
labourer will say also—that machinery has made 
good cheap bricks for walls ; has sawn those mono- 
tonously straight boards for floors; has given us 
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glass for windows and Portland cement for damp- 
resisting concrete foundations ; has even rolled the 
galvanised sheets for roofs ; has spun wool, flax, and 
cotton, and woven them into fabrics; has reaped 
the crops and ground corn ; and, finally, has brought 
all these and a thousand other corporeal blessings 
to our very doors by the aid of those ultimate 
triumphs of machinery—-the locomotive and the 
steam-ship ; upon both of which Mr. Weekes pours 
out the vials of his wrath. 

It would be well if those root-and-branch enthu- 
siasts for the picturesque and poetic, of whom Mr. 
Weekes is a fair example, would sometimes look on 
the inside of things. The labourer’s cottage, with 
its vegetable thatch, its walls built with clay mortar, 
and its innocence of drains, may harmonise most 
excellently with the landscape, and afford a few 
minutes’ delight to a passing stranger with a mind 
attuned to w3thetic thrills. But how would the 
poetic stranger like to live in it all his life? To 
eat and sleep in its dark and damp little rooms, to 
feel the ‘‘rheumatiz” growing on him year by year; 
to drink the polluted water of its shallow well ; 
to see his children stricken by diphtheria, and no 
train or motor-car to bring the one doctor who 
administers the widely-spread district; or to have 


scarlet-fever in the room, with the one little window, | fact, many of these concerns have pai 
where the whole family—man, woman, and children | to their shareholders even in the most trying 


—sleep. We wonder if Mr. Weekes ever read any of 


and caterpillars ; whilst the corporeal embodiment | the brickyards, which had been employed for some 
of some potential engineer, proud in the possession years on irregular time. Fresh fields were tapped, 
of a flint axe, might have been waiting on the other and the brick-making industry jumped to _pros- 
side of the hedge, intent on a more substantial meal. rity in a few weeks, such as it had never before 
cnown. 
| The textile machinery establishments in the 
THE COTTON-MILL BUILDING BOOM) various towns of pon. Peggy mg Rochdale, 
IN LANCASHIRE. Bolton, Accrington, Bury and Heywood—some of 
THE cotton trade of Lancashire is just now which had been working four days per week, were 
passing through a remarkable phase of prosperity | put on full time and overtime. Spindles, looms, 
such as it has never before known. The nearest and preparatory machinery were ordered by the 
approach to it was thirty years ago, when a goodly thousand, so that months had to elapse before 
number of private firms were converted into limited | delivery could be guaranteed. The engineering 
liability companies, and a smaller number of new trade received its own specific impetus. For large 
mills were erected to meet the growing trade of cotton mills of 80,000 to 120,000 spindles, small 
that time. | engines were out of court. Large engines of the 
Unfortunately, many of the ‘‘converted” mills | horizontal or vertical types, embracing all the best- 
were over-capitalised, and after declarations of large known combinations and the most valuable inven- 
dividends during the first two or three years of | tions, came to the forefront, and engineers have 
their existence as limited companies, several of | had a very busy time for five years at least. 
|them experienced difficulties, and dividends were, It was soon discovered that the new factories were 
| suspended for some time. The mills which were | making good headway, and were able to compete 
specially erected at a contracted cost fared better ; to a decided advantage with the older mills. These 
| they paid moderate dividends of 5 to 74 per cent. latter had perforce to change themselves somewhat 
‘to begin with, and these rates continued long after | to come into the running. As trade continued to 
| the over-floated mills ceased to make profits. In, improve and fresh returns were accessible, the 
dividends | older firms were able to renew their machinery, and 
whole mills during the last few years have thrown 
their machinery to the scrap-iron heap, and refilled 
with frames of the latest construction. Old beam- 











ences that cotton-mills have had to encounter. 


experi 

the old rural parish records of the era that preceded | The cotton industry always was, and always 
the introduction of machinery, when ‘‘ England was | will be, subject to sharp fluctuations. It is ever 
Merrie England then”—according to the poetic | ebbing and flowing even in the busiest of times ; 
and picturesque legend. How the rural labourers, | although in prosperous conditions the change is 
of whose enviable lot he speaks so enthusiastically, |in the amount of profit—there is no loss. 
passed their lives almost on the verge of famine ; is but half a dozen years ago that the bulk of 
how a very considerable part of the rural popula- | the cotton concerns had to record losses in their 
tion were in receipt of parish relief; and how| periodical balance-sheets. Ton-pound fully-paid 
hand-spun, hand-woven, and hand-sewn clothing ‘shares could then be purchased for 40s. to 50s., 
was so dear that all but a very few—the squire | and five-pound shares were disposed of for 16s. to 
and the parson and some others—looked forward | 20s. In fact, there was a slump in the market for 
to the fabled season of feasting and good cheer | cotton-mill shares, and investors turned their 
with dread of the frost and snow that would be | attention in another direction. The mills were 
torture to starved bodies. Mr. Weekes says:|then working four days per week, either stopping 
‘*When we come to think that in the making of | Mondays and Saturdays, or beginning at 8 a.m. 
almost everything we wear, almost everything in | and stopping at 5 p.m. each day *‘ to save gas.” 
the house upon which we step, sit, or lie, machinery | The great Eastern Market was then practically 
has had a hand . . . in the ousting of some crafts- | closed, and the engineering and machinery trades, 
man, the enormity of our wickedness becomes clear.” | so far as the textile industry was concerned, found 
Instead of rejoicing in this gain to humanity, he | foreign orders considerably diminished. The un- 
—like a child quarrelling with his bread and jam | settled condition of affairs of China, and the conflict 
because it is not all jam—finds no joy in the gain, | between Russia and Japan, had doubtless much to 
but only grief in the loss. do with this hiatus. But when British prestige 

Probably all of us have met gentlemen of Mr. | became re-established at Pekin, and times of peace 
Weekes’s way of thinking. They have been middle-| dawned upon Japan, there was an immediate 
aged and quite amiable persons, but still with a| demand for cloth; this demand was further in- 
great capacity for contempt of their own time. | tensified by the settlement of affairs in South 
Let us, however, do justice to Mr. Weekes. He | Africa, and the opening up of new fields in Central 
is not one of those barren moralists who point out | Africa for Lancashire goods. 
evils and suggest no remedies. He says “that; It thus happened—-and the occurrence was 
man isan animal, very largely at any rate, and he | certainly extraordinary—that enormous avenues of 
cannot suffer himself to wander very far from | trade were unlocked in different countries almost 
Nature with impunity. . . . As individuals, how- 
ever, would it not be well for us if we were to 
lead less complex lives and wander less from the 
God of Nature, from whence we came?” It may 
occur to some, however, that the God of Nature 
endowed humanity with brains for useful ends, as 
he did the beasts with teeth and claws, and the 
limited, though sufficient, instincts, which enable 
them to seek their food or construct their primitive 
homes. It may be that in exercising—in devising 
machinery—the reasoning powers given to him, the 
engineer comes as near Nature as does the village 
craftsman of whom Mr. Weekes so_ heartily 
approves. 

We must, however, acknowledge that machinery, 


was many times in excess of the world’s supplying 
capacity. Lancashire has always headed the list 
for the provision of cotton yarn and cloth, but the 
County Palatine found itself woefully deficient in 
its ability to supply the want, and the men who 
meet on Manchester Exchange had to consider the 
new situation seriously. Some drastic measures 
had to be taken promptly. Many of the Lancashire 
factories with old machinery were entirely out of 
|the running. Master-spinners could not rebut the 
fact that there were better equipped mills in the 
heart of Mexico and on the plains of Muscovy than 
we could boast at home; and, further, that these 
mills on foreign soil were furnished with English- 





It 


at the same time, and the demand for cotton goods | 


engines, too, have followed suit, and have been 
supplanted by verticals of the most modern type. 
It thus follows that many of the older mills are 
practically equal to new, except in respect of the 
walls and flooring. 

The new erections now number close upon 100, 
and have been planted with due regard to proximity 
of labour and atmospheric conditions. To erect a 
cotton-mill on the summit of a hill has long been 
held to be fallacious. In Lancashire cotton spins best 
in a warm humid atmosphere, such as is found in 
the low valleys and waterways. It would be equally 
unwise to erect mills far from the homes of the 
workers. Generally, the mills have been fixed on 
low-lying or tolerably level ground, where good 
water-supply was accessible, or where collecting 
lodges could be easily constructed. The Oldham 
and Rochdale mills are within easy access of the 
mains; the Middleton mills are near the canal 
or the River Irk. The Blackburn, Bolton, and 
Atherton mills are similarly well planted. The 
bed-work of the site chosen is, as a rule, deep solid 
clay, so that excellent foundations are assured. 
The spinning-mills have varied working capacities 
of from 60,000 to 120,000 spindles. The basement 
is devoted to warehousing, damping, and packing of 
cops ; the ground floor contains the card and blow- 
ing-rooms ; the first floor has the first spinning-room, 
and the cotton chamber where the baled cotton is 
broken up and prepared for the blowing-room. 
The second floor embraces the second spinning- 
room, and the top floor the third spinning-room. 
|The tower over the entrance contains the water- 
tank for the sprinklers which are plentifully 
supplied to every room for the purposes of fire- 
|extinction. Each spinning-room is also provided 
| with two or three fire-escape exits, in addition to 
the main stone-stairway. Electric dynamos are 
|installed for lighting purposes, but are not used 
throughout the mill; it has been found in actual 
aya that a more efficient light is provided 

y the incandescent gas-mantle, in the spinning- 
rooms particularly, 

The initial cost of the mills is not borne by the 
public at large. They are not invited to con- 
| tribute to the share capital. This is subscribed by 
engineers, machinists, contractors and architects, 





being mundane, has some imperfections, and Mr. 


Weekes may reasonably claim that he is, to this | 
extent, justified in his philippic when he says that | 


the work of the mechanical inventor has taken 
something from the ancient picturesque aspect of 
rural England. This has been inevitable, and it is 
a thing the right-minded engineer regrets. But if, 
in the present case, he is subdued by any feeling of 
remorse, he may find consolation in the thought 
that without ‘‘ the curse of machinery,” as applied 
to printing, he would not have the opportunity of 


made machinery, and were engineered principally by 
Englishmen. 

The solution of the all-prevailing problem was 
tolerably clear; but it involved enormous expense 
before any adequate return could be assured. 
Notwithstanding this disadvantage, the more in- 
fluential spinners, engineers, machinists and con- 
tractors conferred together, and fixed on the 
erection of a few new cotton mills by way of 
speculation and experiment, and these mills were 
to be equipped with the most modern machinery. 


before operations commence. There is no pub- 
lished prospectus as in the old days. Invitations 
are issued to the public to subscribe to the loan 
accounts, and Lancashire newspapers contain a 
column specially devoted to advertisements on this 
behalf, and the public purse has responded most 
generously. 

The ‘‘boom” is far-reaching in its eftects. It 
has changed the face of Lancashire in its own par- 
ticular area. It means an addition of 8,000,000 


The Oldham district was selected as the scene of 
the new venture, and the township of Chadderton 
benefited largely by the erection of three new 
far from the ‘‘ Nature from whence he came,” he, spinning-mills on what was eventually known as 
or his equivalent contemporary, might, instead of the Fields New Road. Other mills arose in the 
writing philosophic dissertations on the crumpling | near suburbs, and soon a round dozen were under 
of rose-leaves, have been searching, in a state of | the bricklayer’s trowel. The enormous demand of 
nature, the hedges and ditches for a dinner of frogs | about 4,900,000 bricks per mill paralysed pro tem. 


reading Mr. Weekes’s article in the Nineteenth 
Century ; indeed, when one comes to think deeper, 
had it not been Mr. Weekes’s lot to wander very 


spindles and 60,000 looms to Lancashire’s cotton- 
working capacity; and as 60,000 looms cannot 
possibly cope with the production from 8,000,000 
spindles, it follows that many more looms will be 
required in the near future. This remarkable 
| expansion brings work to 24,000 fresh operatives 
in the spinning department, who will receive in 
| wages over 20,0001. per week ; while the weaving- 
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sheds will provide employment for over 20,000 
hands with a wage bill of 22,0001. The raw 
material required for these additions will be pro- 

rtionately large, and is estimated to reach not 
ess than half a million bales annually. 

Typical examples of the new mills are given in 
our illustrations on page 50. The Cromer Mill, 
Fig. 1, is somewhat unique in the fact that its 
operations are conducted on the ground-floor. It 
stands on the bank of the River Irk, near Middleton 
Grammar School. It is engaged in ring-spinning 
with 61,000 spindles and all preparatory machinery, 
and covers an area of 6 acres. The Nile Mill, at 


Chadderton, Fig. 2, is also engaged with ring-| 
spinning, having 104,000 spindles and preparatory | 


processes. This mill is one of the largest in the 
country, specially adapted for ring-spinning and 
doubling. The Don Mill, Fig. 3, was Middleton’s 
first venture in the mill-building boom. 
well near the Oldham-road and the River Irk. It 
works in Egyptian cotton with 85,000 mule spindles, 
and the relevant processes of. carding and combing. 
The Asia Mill, Fig. 4, in the Hollinwood 
Chadderton township has ite locus near the 
and Manchester railway line. The erection of the 
mill and installation of machinery were carried out 
with noteworthy = occupying little over 
a year. It has 80,000 mule spindles in three 
spinning-rooms, with card and blowing-rooms on the 
ground-floor. 





LLOYD’S SHIPBUILDING RETURNS. 

Luoyp’s shipbuilding returns for the three months 
just closed record a continued fall for the last quarter 
of 1906 in the gross tonnage of vessels, excluding 
warships, under construction in the United King- 
dom. While earlier in the year this item reached 
a figure of over 1,400,000 tons—a limit only once 
equalled in the annals of British shipbuilding—it 
stood on December 31, 1906, at 1,166,989 tons, a 
decrease on the corresponding period of the previous 
year of 188,767 tons. The diminution during the last 
six months amounts to a tonnage of 242,000, a like 
fall having been recorded in 1902, while in 1884 a 
still greater drop was experienced. The tonnage 
recorded above, as being under construction at the 
close of the year, is accounted for by 481 vessels, 
445 of which are steamers, of either iron or steel con- 
struction, 18 sailing vessels of steel, and 18 being 
sailing vessels of wooden construction. The sailing 
vessels only aggregate rather more than 16,000 
tons, while the wooden vessels have a tonnage of 
only about one-tenth that of the steel ape ips. 
Under the supervision of the Surveyors of Lloyd’s 
Register there are some 375 vessels, representing a 
total tonnage of 835,231, now building in the 
United Kingdom. Being built abroad, with a view 
to classification by Lloyd’s, there are 55 vessels, 
of an aggregate tonnage of 175,790, the total ton- 
nage under supervision of Lloyd’s surveyors being 
1,011,021, representing 430 vessels. Of these 430 
ships, 288 are building in the United Kingdom for 
home orders or sale, and five are building abroad 
for owners in the United Kingdom. 


Tonnage in Course of Construction in the United Kingdom 
at January 1, 1895-1907. 


| 








Merchant Ships. Warships. Total. 
= a | | 

No. Tons. No. | Tons, Tons, 
1895 324 658,286 66 260,985 919,271 
1896 77 | 721,662 68 | 306,580 1,018,142 
1897 390 784,711 94 | 330,005 1,114,716 
1898 505 | 1,013,319 96 312.920 | 1,326, 
1899 584 | 1,401,087 ol 410,985 | 1,812,072 
1900 5388 | 1,306,751 81 423,755 1,730,506 
1901 448 | 1,269,919 65 390,145 | 1,660,064 
1902 | 469 | 1,359, 45 333, 1,692,530 
1908 | 387 | 1,024,067 57 300, 1,324,757 
1904 386 | 898,478 63 309,510 1,207,988 
1905 403 1,049,860 64 =| ~=-282,810 1,332,670 
1906 | 515 | 1,865,756 55 | 262,025 1,617,781 
1907 481 1,166,989 4) | 205,858 1,372,847 


The only districts where a larger tonnage is build- 
ing than at the close of the year 1905 are Sunder- 
land, Barrow, Maryport, and Workington. In these 
the number of vessels is less, but the tonnage is 

ter, and makes up for the decrease in number. 
All other shipbuilding districts show a decrease, 
both in number of vessels building and in tonnage. 
Excluding warships, 303 vessels, of a total tonnage 
of 775,128, are building for owners in the United 
Kingdom, twenty-three for owners in the Colonies, 
thirteen, totalling 66,315 tons, for German 
owners, a tonnage of nearly 36,000 for Austria- 


Tt stands | 


f | 
Sidham 


Hungary, 38,750 tons for Holland, &c. There are 
twelve vessels building of over 10,000 tons each, 
four of them being of over 20,000 tons, two 
of between 15,000 and 20,000 tons, and six of 
between 10,000 and 12,000 tons. During the 
quarter ending December 31, 1906, two hundred 
vessels were commenced, representing a tonnage 
of over 350,000. In the same period 231 vessels, 
of a tonnage of over 448,000, were launched. The 
warships under construction number 49, with a 
total tonnage of 205,858. Of these, 43 are for the 
Work in Hand in Principal Districts at January, 

| 1904-7 (Warships Excluded). 











District. 1907. 1906. 1905. 1904. 

- —— --- | 
| | tons tons tons tons 
| Belfast ee «.| 174,770 194,510 169,510 200,333 
Barrow, Maryport, & | 

Workington a 3,700 3,240 8,680 | 32,570 
Glasgow 251,761 283,780 | 227,345 | 153,646 
Greenock .. ..| 158,479 | 219,555 | 138,590 | 105,604 
Hartlepool & Whitby 36,470 76,630 49,617 55,603 
Middlesbrough and 

Stockton .. ; 57,314 88,051 44,610 61,954 
Newcastle 5,026 | 258,894 | 202,615 152,341 
Sunderland . 178,475 | 174,109 | 166,362 | 106,187 

| 





British Navy, the remainder being for foreign coun- 
tries. One battleship is building at the Portsmouth 
Dockyard, and one at Jarrow and one at Dalmuir in 

rivate yards. Eight armoured cruisers are bein 

uilt—three in the Royal Dockyards at Chatham, 
Devonport, and Pembroke, the remaining five being 
in private yards at Barrow, Clydebank, Elswick, 
and Govan. Sixteen torpedo-boats are under con- 
struction for the British Navy at private yards, and 
sixteen submarines are also being built—fourteen 
of them at Barrow and two in the Royal Dockyard at 
Chatham. Of the warships building for foreign 
countries, two are cruisers building at Barrow, and 
four are torpedo-boat destroyers. Of vessels build- 
ing abroad, the districts of Bremen, Geestemiinde, 
and Vegesack, of Hamburg, Flensburg, Toénning, 
and Kiel, in Germany; and of Philadelphia, 
Chester, Camden, and Wilmington, in the United 
States of America, show each a tonnage of over 
70,000 now under construction. At both Nagasaki 
(Japan) and the Gulf of Genoa vessels of an aggre- 
gate tonnage of over 40,000 are in progress. 








THE ART OF CUTTING METALS. 

Unper the above title, Mr. F. W. Taylor, of 
Philadelphia, one of the co-inventors of the modern 
high-speed steels, has, as their President, delivered 
to the American Society of Mechanical Engineers 
an address which deserves to become one of the 
engineer's classics. Into this address, which runs 
to 248 pages, and is illustrated with twenty-four 
large folding plates of diagrams and tabular 
matter, he has condensed the main results of 
twenty-six years’ study of the question of obtain- 
ing the maximum output from machine-tools. The 
speaker's first experiments were made in 1880, 
when in charge of the tyre-turning shop of the 
Midvale Steel Company, the machinists of which 
had agreed amongst themselves as to what should 
constitute a fair day’s work, though Mr. Taylor 
was thoroughly convinced that a very much larger 
daily output was possible. In combating this con- 
dition of affairs he found himself hampered by the 
fact that the men in question knew far better 
than himself just what combinations of feed, speed, 
and depth of cut would turn out the work at the 
greatest rate, and he therefore sought permission 
to commence a series of experiments so as to collect 
accurate data as to what was possible in the matter 
of rapid machining ; and thus, by afterwards com- 
pelling the men to work to orders in the matter of 
feeds and speeds, to make it impossible for the 
‘*goldiering ”’ in question to continue. In this Mr. 
Taylor was fortunate enough to secure the co-opera- 
tion of the president of the company, Mr. William 
Sellars, who had a thorough appreciation—somewhat 
rare, we t to say, amongst practical engineers 
—of the importance, in experimental investigations, 
of never altering more than one variable at a time 
in any particular set of experiments. The experi- 
mental work was done on a heavy 66-in. vertical 
boring-machine, and since its belt cone allowed 
of but limited changes of speed, the range 
required was provided by fitting the engine with 
a variable-speed governor, though this naturally 
involved wigte -eeny up or down of the whole 
of the line ing y An at frequent intervals 
during the two years over which this particular 





investigation extended. The final result was 








that it was found possible to draw up a table of 
speeds and feeds for each of the principal machines 
in the shops, by the adoption of which the output 
was enormously increased. The work thus com- 
menced was continued next at the works of the 
Bethlehem Steel Company, and here it will be 
remembered was made the discovery of the Taylor- 
White process of treating certain kinds of self- 
hardening steel, by which the endurance of the 
metal under high speeds and heavy cuts was so 
notably increased. is discovery is probably the 
greatest in the improvement of mel steel since 
Mushet’s invention of self-hardening steel. It has 
enabled speeds on cast iron to be doubled, and on 
mild steel to be three times as much as were 
formerly customary. 

Mr. Taylor relates that the discovery arose in the 
course of a series of experiments designed to deter- 
mine what make of self-hardening steel should be 
adopted as the standard for use in the Bethlehem 
shops. The particular steel selected, as the result of 
much experiment, happened to contain, in addition 
to tungsten, a considerable proportion of chromium. 
Tools were forged from it, and the foremen and 
superintendents summoned to see an actual trial of 
the tools which was to demonstrate the superiority 
of this steel. Unfortunately, however, it turned 
out in this trial to be the worst of the lot. Knowing 


&| the results previously obtained with it, it was evi- 


dent something had gone wrong in the forging of 
the tools; but inquiry amongst the blacksmiths 
elicited nothing to account for its poor showing. 
It was determined, therefore, to subject the tocls 
to a succession of temperatures rising by 50 deg. 
increments from the usual temperature of forging, 
up to the melting-point, so as to elucidate the 
mystery, and also to discover, if possible, some 
form of heat treatment by which the damaged 
steel could be restored. It was then found that 
whilst tools were seriously damaged by heating 
them up to temperatures of from 1500 deg. to 
1700 deg. Fahr., they acquired exceptional pro- 
perties if heated up to above 1725 deg. Fahr., and 
then rapidly cooled below 1550 deg. Fahr. We are 
under the impression that it was at first attempted 
to exploit this discovery as a secret process, with the 
result that the main facts concerning it rapidly 
became public property, and all the leading makers 
of tool-steels began the manufacture of qualities 
capable of conversion into high - speed tools. 
These contain in general 3 to 6 per cent. of chro- 
nium, 15 to 25 per cent. of tungsten, and rela- 
latively little carbon and manganese. A slight 
addition of vanadium is found to much improve the 
quality of the steel, and Mr. Taylor recommends, as 
the best he has yet met with, a steel of the follow- 
ing composition :— 


Per Cent. 
Vanadium... 0.32 to 0.29 
Chromium... 5.95 ,, 5.45 
Manganese 0.07 ,, 0.11 
Tungsten ... 17.81 ,, 18.19 
Carbon 0.682 ,, 0.674 
Silicon 0.049 ,, 0.043 


This steel can be forged at a high temperature, 
a bright yellow heat being best, whilst with the 
older self-hardening steels it is inadvisable to exceed 
a bright cherry-red heat. The treatment recom- 
mended by Mr. Taylor for all high-speed steels, of 
whatever make, is that the tool, after forging, 
should be heated slowly to a bright cherry red, 
and then as rapidly as possible in an intensely hot 
fire till the nose begins to soften, when the tool 
should be plunged in a bath of molten lead, main- 
tained at a temperature of 1150 deg. Fahr., after 
which it may “ cooled either slowly or rapidly, 
as convenient, to the ordinary shop temperature. 
The vanadium-chromium-tungsten steel is little 
improved by any further treatment, but steels with- 
out the vanadium give better results if, after having 
been cooled down, they are reheated in a lead bath 
to 1150 deg. Fahr., and then cooled by an air blast. 
Where a lead bath is not available, and the heating 
has to be done in an ordinary smith’s fire, Mr. 
Taylor recommends that coke should be used as the 
fuel, and made up into a deep bed before giving 
the tool its high temperature. After being heated 
to near the melting point, the nose of the tool is 
then immediately cooled off in a strong current of 
air. Excellent results can thus be obtained, but in 
large shops the use of the lead bath leads to greater 
uniformity in the tools and thus permits of more 
accurate organisation of the work of the machines. 

A peculiar feature of these high-speed steels is 
their relative softness. Some qualities can readily 
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be filed, and yet can take heavy cuts in steel forg- | grinding than in any other way. It will be seen | the cutting speed permissible with other control- 


ings at very high speeds. 
steels and cast irons have to be cut, a considerable 
degree of ordinary hardness is advisable in these 
steels, and this puts a limit to the reduction of the 
carbon content. 

The discovery of the Taylor-White treatment was 
made incidentally in the course of a much more 
extended investigation as to the best form of cutting 
edge, the best depth of cut, and the best thickness 
of chip to use in making roughing cuts in the lathe. 


Fg.1 . 











BROAD NOSED TOOLS WITH SLIGHTLY CURYED CUTTING EOCES 


Fig 6. 
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A very remarkable fact established by these ex- 
periments is that the pressure on the tool-point 
affords absolutely no criterion of the speed possible 
in cutting. No relation whatever appears to exist 
between these two quantities. The reason appears 
to lie in the entirely different character of the chi 
with hard and with soft material. With a soft 
chip the total pressure measured is distributed over 
a relatively large surface of the tool-point, whilst 
with hard metals the pressure is more concentrated, 
and the centre of pressure is nearer the actual point 
of the tool. This greater intensity of pressure 
causes the local heating to be more than with soft 
metal ; and since the spot on which it comes is 
nearer the actual edge of the tool, the cross-section 
through which this heat can be conducted away 
is diminished. Both factors tend to reduce the 
speed in cutting hard material below what is 
possible with soft material with the same total 
pressure on the tool. Presumably, for similar 
reasons, there is little direct connection between 
the area of the chip removed and the permissible 
cutting speed. Thus Mr. Taylor has found that if 
a chip } in. x 4 in. can be taken at a speed of 
10 ft. per minute, one of 4 in. x 34; in. can be taken 
at 18 ft. per minute, the governing factor in the 
prontiatile cutting speed being mainly the thick- 
ness of the chip. It was found, in fact, that this 
cutting speed varied inversely as the two-third 
power of the thickness of the chip. This being so, 
broad-nosed tools of the type shown in Fig. 1 will 
remove per hour a much greater weight of metal 
than a round-nose tool, such as that represented 
in Figs. 2, 3, and 4. This latter, however, is the 
type of tool recommended by Mr. Taylor for general 
use, because, in the first place, broad-edged tools, 
such as Fig. 1, are liable to chatter, and, secondly, 
are less convenient in the matter of working up to 
shoulders and the like. For cast iron, where the 
cut is seldom deep, and must therefore be broad 
if a large weight of metal is to be removed per hour, 
the tool shown in Fig. 5 is recommended. 

The dotted lines represent the shape of the tool 
as forged. The steep back slope of the forged tool 
much reduces the amount of grinding required. 
This is a point of great importance, since high- 
speed steels are, Mr. Taylor states, more commonly 
damaged by overheating resulting from too rapid 





which ensures that the line of thrust passing trom 
the point to the bottom surface of the tool shall lie 


well with the base of the latter. The various angles | 


noted on the diagram are those recommended where 
the tool is ground by machine or by a skilled grinder 
to template. Where each man grinds his own tool, 
a larger clearance is advisable. Where the work to 
be done is the cutting of medium or soft steel, the 
side slope should be increased to 22 deg., giving a 
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cutting angle of 61 deg. in place of 68 deg. These 
values are not those with which the metal is cut with 
least effort, but areacompromise. Small cutting- 
angles, though reducing the loadon the tool, diminish 
the endurance of the latter, and also involve more 
labour in the matter of grinding. Itis mainly on this 
account that the ordinary turner, if left to himself, 
uses much more obtuse angles for his heavy tools. 
The ordinary turner has, however, in spite of his 
great experience, generally but vague notions as to 
the maximum output possible with his machine, 
and repeated trials have shown that in general 
this can be nearly doubled by fixing for him the 
speeds, feeds, and tools he is to use on each job as 
it comes to him. Tools used in slide-rests stand on an 
entirely different footing from hand tools. Skilled 
fitters, for instance, always prefer to set their own 
scrapers, and probably with reason, as no two men 
will use the tool in exactly the same way ; but with 
tools rigidly clamped into position, as are lathe 
tools, considerations of this kind cannot apply, 
and any discretion left to the turner in the matter 
of grinding his tools merely leads to a reduction in 
the possible output. 

Mr. Taylor states that in the course of the 
twenty-six years’ experiments on which his paper 
is based, nearly 400 tons of metal have been turned 
into chips, almost the whole of the work being 
done on very heavy forgings or castings, the former 
being preferably forgings 24 in. in diameter by 
10 ft. long ; whilst for the experiments on cast iron 
much work was done with hollow cylinders 24 in. 
in diameter by 4 in. thick and 10 ft. long. 

In testing tools, Mr. Taylor and his coadjutors 
have adopted as their standard of comparison the 
cutting a at which the tool will be completely 
ruined after a twenty minutes’ run, the cut being 
ys in. deep by ,; in. feed. They find that, making 
duplicate runs with this standard, the results agree 
within 2 per cent., whereas with all other criteria 
they have tested, the variations in duplicated runs 
have been enormous. They have further succeeded 
in establishing a formula connecting this stan- 
dard speed and time with the speed required 
to ruin the tool in a greater interval of time. 
The permissible cutting speed varies, they state, 


inversely as T® , and in practice they recommend 
that no medium-sized roughing tool should be 
run so slowly as to require regrinding less fre- 
quently than every 80 or 90 minutes. They also 
succeeded in determining algebraic laws connecting 


Where, however, hard | that the tool is off-set to one side, an arrangement | ing factors—even, indeed, with the physical quali- 


ties of the metal being cut; but, as may easily 
|be understood in this latter connection, the 
agreement between the formula and experiment is 
not altogether satisfactory, though the formula 
gives a rough idea of the t cutting speed pos- 
sible. The formule thus develo are, unfortu- 
nately, very complicated, but it is claimed by Mr. 
| Taylor that they have proved sufficiently reliable for 
'the production of slide-rules by means of which it 
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is possible to determine in a few minutes the best 
speed and feed to use in executing any given piece 
of work—stout or slender, hard or soft—in any 
given lathe and with any given set of tools. 








NOTES. 
Explosion oF A THERMAL StoRaGe TANK. 


THE adjourned inquiry into the circumstances 
which led to the deaths of William Wilson Shaw 
and James Peter Coombes, the two men who were 
killed by the explosion of a thermal storage drum 
at the works of the South Metropolitan Electric 
Light and Power Company at Greenwich, on 
December 20 last, and described by us on pege 878 
of our last volume, was resumed on Tuesday 
last by Mr. H. R: Oswald, Coroner for the South- 
Eastern District. Several witnesses were examined, 
one of them being Mr. John Archibald Con- 
stable, electrical engineer at the generating sta- 
tion, who stated that a leak was discovered at 
the end of the drum on Monday, December 17, 
water and steam coming through the non-conduct- 
ing covering on the drum, and it was thought that 
the leakage came from the joint between the 
plates, oe te a rivet, and that, therefore, little 
importance was attached to it. Two days after, 
however, when the covering had been removed, 
he found that the leakage was not due to a defec- 
tive joint or rivet, but to a crack about 2,%, in. long 
in the dished end-plate, about 1 ft. from the bottom 
on the right-hand side, and just on the curve where 
the plate was flanged over. He therefore telephoned 
to the Boiler Insurance Company, and asked 
them to send an inspector to examine the defect. 
The inspector arrived on the afternoon of Thurs- 
day, the 20th ult., and was, in company with the 
man Coombes, examining the drum at the time of 
the explosion. Mr. Richard Andrew Maclaren, 
works manager for Messrs. Babcock and Wilcox, at 
Renfrew, stated that the drum was made by his 
firm in 1905; and that mild, open-hearth steel, 
manufactured by Messrs. Beardmore and OCo., of 
Glasgow, was used in its construction, the material 
having a tensile strength of from 24 to 28 tons 

r square inch, with an elongation of between 
50 and 25 per cent. in 10 in. The drum had 
been tested Bg some pressure to 240 lb. per 
square inch, both before and after leaving the 
makers’ works, and had been found to be perfectly 
tight. The working pressure was 160 lb. per 
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square inch, He had never before known | the strain, Ambronn, in 1892, drew an ellipse on | 


a similar case of failure in a dished end. Mr. 
Edward George Hiller, chief engineer to the 
National Boiler and General Insurance Company, 
also gave evidence, and stated that he found that 
the explosion had been caused by a flaw in the end 
plate, which extended round the plate fora distance 
of about two-thirds the total circumference, and for 
the whole way it followed the line where the flange 
was bent over. This flaw had existed for some 
time, and reached, in places, nearly the whole 
way through the plate, and at the point where 
the leak occurred the plate was fractured com- 
pletely through. He could express no opinion 
as to the cause of the plate having cracked, 
for the flaw might have been in the plate before 
treatment, or come during treatment. He had 
never before met with a similar case. A verdict of 
accidental death was returned. Although we have 
had the opportunity of making an examination of 
the thermal storage drum since the explosion, and 
have therefore been able to form our own opinion 
as to the condition of the plate that gave way, we 
cannot, of course, express our views on the subject 
until the official Board of Trade enquiry has taken 

. place. 
make careful physical, chemical, and microscopical 
tests of the material. 


INTERNATIONAL FERRIES. 
It would seem that international steam-ferries are 


destined to play an important part in the intercourse | 


between certain nations, and that they materially 


tend to facilitate and increase the traftic. The most. 


striking example in this respect is probably the 
Danish -German steam -ferry connection, Gedser- 
Warnemunde, across the Baltic, in which four large 
steam ferry-boats, two Danish and two German, are 
engaged. The Imperial German Postal Depart- 
ment in a recent report points to the vast import- 
ance of this ferry traffic as far as the three 
Scandinavian countries and Germany are concerned, 
and, indeed, the whole Continent. The mail car- 
riages go now direct from Berlin to Copenhagen, 
and the officials can consequently work unin- 
terruptedly the whole way. The sleeping-cars are 
very well patronised, and passengers can now go to 
bed in Copenhagen and awake in Berlin, and vice 
versd, just as is the case with the Hamburg-Copen- 


hagen traflic, where the sleeping-cars are taken | 


across the two Belts on steam-ferries, as a rule, 
without in the least disturbing the passengers. The 
ferry connection is, however, of still greater import- 
ance for the goods traffic. On one day early in 
December last 126,000 fresh fish were despatched to 
Germany from Norway and Sweden in through cars, 
vid Gedser- Warnemunde. A steam-ferry connection 
across the Channel would open out immense pos- 
sibilities for increased traffic between England and 
the Continent. In Sweden a special committee has 
been —e to investigate and report on the 
proposed Sweden-German steam-ferry connection 
(by way of Trelleborg-Sossnitz, on the Island of 
Piigen, or Trelleborg-Barhéft, on the Continent, 
some 10 miles north of Stralsund), and a committee 
has also been formed in Berlin. The expenditure 
will be considerable, and Germany does not seem 
altogether disposed to undertake the necessary 


disbursements; still the town of Stralsund is much | 


interested in the latter route, which would necessi- 
tate the building of a railway from Barhéft to the 
town. This route will also be cheaper, and will 
probably be some 1} hours shorter. 


Natural CoLour PHoroGrapPHs oF INTERFERENCE 
Errects In GLASS UNDER STREss, 

In our account of the proceedings of the Brussels 

Congress for Testing Materials, in our issue of 


October 29, 1906, we referred to Hénigsberg’s | 


demonstration of the neutral axis of transparent 
bodies under stress by polarised light, Otto 


Honigsberg has since continued these researches in| 
conjunction with G. Dimmer, also of Vienna, and | 
has succeeded in obtaining three colour photo- |, 


graphs of the interference effects which render the 
strains still more distinct. The principle involved 
is briefly this. When a doubly refracting crystal is 
placed between two nicols, the two issuing polarised 
rays will differ in phase, because they travel with 
different speeds in the crystal, and they will inter- 
fere with one another, so that the field of view is 
no longer white, but (with a gypsum plate 
of a certain thickness) a dull purple. Trans- 
parent bodies like glass become doubly refractin 


By that time it will have been possible to. 


|the front of the crystal whose axes represent in 
their lengths the ratio of the eae of the two rays; 
| the position of the axes can be deduced from the 
colour changes. But the stress effect is feeble, 
under ordinary experimental conditions at least, 
and the neutral tint would be a yellowish or bluish 
white. To render the effect more striking, the 
authors place the body under test, together with a 
plate of gypsum, between the nicols, and they then 
obtain addition (blue) and subtraction (yellow) 


colour tints, as certain rays will intensify one | 


another, and others weaken one another. Where 
the strain-ellipse is inclined to the left, the blue 
tint will appear; where inclined to the right, the 
ellow; in parts not under strain, or where the 
ong axis of the ellipse is either vertical or hori- 
zontal, the neutral tint will remain unchanged. The 
colours, as they appear on the dim glass of the in- 
terference apparatus, have been fixed by the three- 


colour process, three negatives being taken respec- | 
tively through red, green, and blue colour filters. | 


These experiments have been conducted in the 
Electro-Technical Institute of the Vienna Technical 


High School, with the assistance of M. Bayer. The. 


resulting coloured photographs, probably the first 
direct photographic reproductions of chromatic 
polarisation, were not completed when the Inter- 
national Congress for Testing Materials met at 
Brussels, but they have since been published as an 
additional paper presented to the Congress, and they 
are very instructive. We will briefly describe some 
of the photographs. A glass rod was supported at 
both ends, and pressure was —— by means of 
two wedge-shaped blocks, each weighing about 
13lb. The upper half, under compression, appears 
yellow, the lower half, under tension, light blue ; 
in the middle, between the two zones, lies a neutral 
layer of dull purple, curving up towards the points 
of application of the force, to which the blue also 
rises. Another rod, also supported at both ends, 
was loaded at its middle by 26 lb. From the point 
of application a blue cone runs downward, and 
similar inverted blue cones spread upward from the 
two supports. Near these three points, and espe- 
cially near the supports, we further notice yellow 
spots or zones. A bar notched in the lower surface 
and loaded above the notch on the upper surface, 
shows two blue zones or rays issuing from the inner 
(upper) corners of the rectangular notch ; the two 
| lower corners of the notch appear in neutral tint ; 
the lower surface is elsewhere blue ; the yellow is 
‘confined to the neighbourhood of the wedge. Ina 
| glass cylinder resting on a glass plate, and loaded 
, above, the blue predominates in a quadrangle, which 
| we may imagine inscribed in the outer circle repre- 
senting a section of the cylinder. The middle outer 
portions on the right and left, where the cylinder 
/would have expanded, appear yellowish. There 


| are yellow spots also near the top and bottom, | 


|separated from the blue by neutral zones, and a 
| blue cone can be seen in the glass underneath the 
|cylinder. The colours, of course, depend on the 
relative position of the nicols between them, and 
| the interpretation of them is not easy. 








INDIAN RAILWAY PROPERTY. 

In connection with Indian railway property, interest 
continues to be principally concentrated upon the 
transfer of old guaranteed lines to the Anglo-Indian 
|Government. The Secretary of State for India in 
Council has the right to purchase the Madras Rail- 
way at the close of 1907, the arrangement being that 
the company’s stock shall be taken upon a valuation 
based upon the market price for the three years ending 
with March 31 next. There is little doubt that the 
| Secretary of State will avail himself of his right of 
purchase, and it appears probable that he will acquire 
the system — easy terms, having regard to the 
marked growth which the traftic has recently shown. 
The second half of 1905 was a record six months ; but 
it has already been left behind to the extent of 15,47 
The directors have managed to work out a small sup- 
plementary dividend ; but they have been unable to 
arrive at a definite adjustment of the surplus profit 
account with the Secretary of State for India, as 
difficulties have arisen between the administra- 
tion and the Anglo-Indian Government as to 
a precise allocation between revenue and capital 
of certain charges. The directors claim that the 
system earned 5/. 14s. 7d. per cent. per annum in 
the first half of last year upon its interest-bearing 
capital, as compared with 4/. 10s. 6d. per cent. per 
annum in the corresponding half of 1905; but the 
Anglo-Indian Government has refused to sanction 


under stress. In order to indicate the direction of {a large surplus distribution for the first half of | miles laid with double track. Of the whole 3040} 


last year. The average annual net return upon the 
capital expended for the five years ending + with 
1875 inclusive was 2/. 6s. per cent. per annum; in 
the five years ending with 1880 inclusive, 21. 2s. 9d. 
per cent. per annum; in the five years ending with 
1885 inclusive, 2/. 6s. 1d. per cent. per annum ; in 
the five years ending with 1890 inclusive, 3/. 1s. 3d. 

r cent. per annum; in the five years ending with 
| 1895 inclusive, 4/. 1s. 4d. per cent. per annum ; in the 
five years ending with 1900 inclusive, 4/. 93. 7d. per 
cent, per annum ; and in the five years ending with 
1905 inclusive, 4/. lls. 1d. per cent. per annum. As 
the net return obtained reached in the tirst half of 
last year 5/. 14s. 7d. per cent. per annum, it will be seen 
| that the proprietors are to part with the system when 
it has become much more profitable than it formerly 


| 


| 


was. 

The length of line in oo upon the Madras 
system has not varied for the last fifteen years, having 
remained at 844 miles throughout that period. The 
ratio of the working expenses to the traffic receipts has 
become slightly higher, but has not materially varied. 
In the first half of 1903 it stood at 50.36 per cent., in 
1904 at 53.07 per cent., and in the first half of 1905 at 
57.21 per cent.; but it got back to 50.67 per cent. in the 
first half of last year. Although the Madras system 
properly so-called comprises no more than 844 miles, 
the ccmpany was working at the close of June, last year, 
as much as 1533 miles, as it conducted the traffic upon 
the southern portion of the East Coast State lines, the 
Kolar Goldfields line, the Cochin State line, and 
other sections. During the first half of last year main- 
tenance charges upon the Madras Railway, pro- 
perly so-called, were 90,702/., as compared with 
86,761/. in the first half of 1905, giving a cost 

r mile maintained of 87/., as compared with 83/. 

he proportion of engineering maintenance expenses 
to gross receipts was 13.12 per cent. in the first 
half of last year, as compared with 14.21 per cent. 
in the first half of 1905. During the first half of last 
year 19.53 miles of line were renewed with bull- 

eaded steel rails, and 21.71 miles with second-hand 
steel and iron rails. Locomotive expenses for the 
first half of last year amounted to 127,737/., as com- 
pared with 140,273/, in the corresponding period of 
1905. The reduction was due in part to the renewal 
of only three engines, as compared with nine engines 
}and one boiler in the corresponding period of 1905. 
|The number of engines repaired in the first half of 
|last year was 75, as compared with 77 in the corre- 
sponding period of 1905. Of the affiliated lines worked 
| by the Shane system, the Mysore State line earned 
| last year 7.46 per cent. upon its capital, as compared 
| with 5.90 per cent. in the corresponding half of 1905. 
The increase in earnings was due principally to a 
larger quantity of coal having been taken by the 
Kolar Gold-Mines in consequence of a partial failure 
,of electric power —o. - a shortage of water 
at the Cauvery Falls. he most important new 
line in course of construction in the Madras dis- 
trict is the Azhikkal and Bangalore extension. This 
line has been in partial operation during last year, and 
all the works upon it are practically completed, with 
the exception of the Netravati bridge, which has been 
delayed in consequence of difficulties experienced in 
founding No. 6 pier. It is hoped that the line will 
be ready for opening throughout during the course of 
this month. 

The Bombay, Baroda, and Central India Railway 
has now become the property of the Anglo-Indian 
Government. The length of line thus transferred is 
504} miles; but it has been necessary to continue the 
existence of the old Bombay, Baroda, and Central 
India Railway Company, as it is in addition working 
25364 miles for o'her companies and Native State 
Governments. The capital of the Bombay, Baroda, 
and Central India Company has been fixed by an 
Act of Parliament, which received the Royal assent 
last July, at 2,000,000/., upon which the Secretary of 
State for India in Council has guaranteed 3 per 
cent.; but the company was also credited with a 
large amount of India 3 per cent. stock, while it is 
entitled to a share of surplus earnings after the gua- 
ranteed 3 per cent. has been paid. Any funds required 
for capital expenditure as from January, 1906, will be 

rovided at the option of the Secretary of State either 
y him or by an issue by the company of further 


/capital stock, debenture stock, or debenture bonds, 
. |interest upon such outlay being chargeable against the 


net earnings of the combined system before any divi- 
sion takes place of surplus earnings between the Anglo- 
Indian Government and the company. The expression 
‘‘ combined system ” means the 504} miles of the old 
Bombay, Baroda, and Central India Railway, and 
1909} miles of other linés tacked on to it—viz., the 
Rajputana and Malwa and the Cawnpore and Ach- 
vera lincs. 

The old difficulty of diverse gauges remains unad- 
justed, and no effort appears to have been made to 
solve it. It should be remarked that the 504} miles 
returnel as repre:enting the old Bombay, Baroda, 
and Central India Railway are made up of 252 
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miles associated with the Bombay, Baroda, and Central | cations are clearly set forth in the following ab- efficiency ratio line, using the appropriate scales for each 


India system, 8297 miles are upon a 5}-ft. gauge, | 
20794 miles upon a 3 ft. 4-in. gauge, and 131] miles | 
upon a 2 ft. G-in. gauge. In accordance with the | 

rovisions of the Bombay, Baroda, and Central India | 
Rafiway Act, 1906, the transactions of the company | 
in respect of the period of fifty years ending with | 
December 31, 1905, are being dealt with separately | 
from those of last year, upon which the dividends 
payable in respect of new capital depend. The 
assets and liabilities of the company as at December 
31, 1905, have not yet been determined between the 
company and the Secretary of State; but it is stated 
that every effort is being made to expedite a settle- 
ment. So many complications have arisen in connec- 
tion with the working of the Bombay, Baroda, and 
Central India Railway, and its affiliated lines, that it is 
no easy task to settle matters to the close of 1905 and 
to startafresh. Maintenance of way and works involved 
an increased outlay of 24,143. in the first half of last 
year. Of this amount, 17,307/. was due toa heavier out. 
lay on renewal of metre-gauge rails and sleepers,to the 
execution of some special works, and to the relaying of 
3} miles of broad-gauge lines with 82-lb. rails, as com- 
pared with only ? mile similarly laid in the correspond- 
ing period of 1905. The Nagda and Muttra line, now 
under construction by the Government of India, will, 
as opened by sections, be entrusted to the Bombay, 
Baroda, and Central India Railway to work. The 
first section of the new line, from Nagda to Shamgarh. 
57 miles, is expected to be opened for traffic in April, 
and the section to Kotah, a further distance of 81 miles, 
by June. The remainder of the line, from Kotah to 
Muttra, is not expected to be ready for traffic until 
the end of 1908; but the directors of the Bombay, 
Baroda, and Central India Railway trust that not only 
will funds be available for the more rapid completion 
of the line, but that the present programme of work 
may be expanded so as to include two short branches 
to Agra and Aligarh, which are required to complete 
a broad-gauge route from Bombay to Upper India. 

The increase in the area of the operations of the 
Bombay, Baroda, and Central India Railway, and an 
anticipated expansion of traffic upon the old lines, are 
likely to involve a special expenditure of capital dur- 
ing the next few years. Among the more important 
items of this expenditure may be mentioned the 
renewal of the Nerbudda bridge and other girders ; 
the gradual laying of heavier permanent way; the 
provision of additional and more powerful engines ; 
and an increased number of passenger carriages and 
goods trucks. Extensions will also & required of the 
locomotive and carriage and wagon shops to provide 
for the requirements of the enlarged broad-gauge 
system ; it will further be necessary to provide auto- 
matic brakes both to coaching and goods stock, and 
also to complete interlocking arrangements. 








ENERGY CHART FOR PROPORTIONING 
STEAM-TURBINES. 

As his contribution to the discussion on a paper en- 
titled ‘‘ Steam-Turbine Characteristics,” read before 
the American Society of Mechanical Engineers, Cap- 
tain H. Riall Sankey, R.E. (retired), gave a much more 
complete description of the application to the propor- 
tioning of steam-turbines of his very ingenious energy 
chart than has hitherto been published. This chart, 
drawn to a large scale, is obtainable from Messrs. 
Frost and Co., Rugby, and is reproduced dia- 
grammatically only in the figure accompanying the 
abstract we publish herewith of Captain Sankey’s 
contribution. A few prefatory remarks describing the 
design of the chart may be of service. It con. | 
sists essentially of a temperature entropy diagram, 
on which, along a central vertical line, is arrang 
a scale of pressures and temperatures. The part 
of the chart on the right is a continuation of the 
superheated field of the main diagram up to a tem- 
perature of 800 deg. Fahr. On this temperature 
entropy diagram is laid off, first, a set of curves of 
constant total heat. Thus, take the curve marked 
1000 B.Th.U. Then 1 lb. weight of a mixture of 
steam and water, represented by any point whatever | 
of the temperature entropy diagram which lies on 
this line, has a total heat of 1000 B.Th.U. Naturally, 
as the temperature rises, the dryness fraction, corre- 
— to a given total heat, has to diminish, so the 
curve of constant heat gets nearer and nearer the 
water-line of the temperature entropy diagram. The 
curve marked 1150 BTh.U. lies, of course, partly 
in the superheated field of the chart ; but above about | 
some 18 Ib. of absolute pressure it would lie inside | 
the steam-line, just as that for 1000 B. Th. U. does. 

In addition to these lines of total heat, the chart 
has drawn on it lines of constant volume. Thus, the | 
point © is on the line corresponding to a volume of | 
200 cubic feet per pound. In the actual chart these 
constant-volume lines are drawn much closer than indi- 
cated in our engraving, so that the volume of the steam 
Po ira any point in the temperature entropy 
diagram can be determined by mere inspection. The 
other features of the chart and its practical appli- 


stract :— 


Abstract from Note by Captain Sankey, R.E. (Ret.), on 
Paper entitled ‘* Steam-Turbine Characteristics,” by 
Hans Holzwarth, of Hamilton, Ohio. 

Mr. Holzwarth, in his paper, makes great use of graphic 
methods, using mage Aye a charts for the purpose. 
The use of a somewhat differently designed chart may 
therefore be of interest, and I forward a copy herewith. In 
this let A be the initial point of the steam in any given 
case—say, 150 lb. absolute per square inch. Then A B 
drawn vertically—i.e., adiabatically—is the expansion line 
of the Rankine engine. B isthe exhaust point at a pres- 
sure of 0.1 atmosphere, or, say, 1.51b. per square inch. 
From the chart it will be seen that the total heat at A is 
1192 B.Th.U., and at B 890 B.Th.U. Hence the Rankine 
engine converts into work 302 B.Th.U. per pound of 


steam. These heat quantities are read off the chart by | 


means of the constant heat lines and the heat scales 
shown at Gg and Cc. ‘ , 

It will be further observed that at the initial points the 
volume of the steam is 2.97 cubic feet per pound, and 
that at the exhaust point it is 180 cubic feet. Hence the 
steam is expanded 60.6 times. 


Suppose we are dealing with an actual turbine whose | py), 


efficiency ratio is 60 per cent., then the expansion line of 
this turbine is obtained by drawing through A a line Ab 
parallel to the line no te **0.6 efficiency ratio” on the 
chart. This is the expansion line, or steam-condition 
line, of the actual turbine, and it will be seen that the 
volume at the exhaust point / is 201 cubic feet, so that 


S 


per sq.indy abs. 
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the steam expands 201/2.97, or 67.7 times. The total 


ed | heat at b, as read off the chart, is 1004 B.Th.U., so that 


1192 — 1004 = 188 B.Th.U. have been converted into 
work. Since the Rankine engine converts 302 B.Th.U. 
into work, the efficiency ratio of the turbine is 188/302 
= 0.62, which is practically the figure on which Ab was 
based. The slope of the lines marked “‘ Efficiency ratio” 
on the chart varies slightly with varying conditions, but 


so very slightly that an average position has been taken | 


as sufficiently accurate for practical purposes. 

If cd is a “stage” in the turbine from 14 Ib. to 5 lb. 
pressure per square inch (see the vertical pressure scale 
on the chart), it will be seen from the constant heat lines 
that the heat at c is 1085, and at d 1045 B.Tb.U., so that 
the conversion into work in this stage is 39 B.Th.U. 
The corresponding points on the Rankine expansion line 
are C and D; at these points the heat values off the 
chart are 1020 and 956, showing a conversion of 64 B.Th.U. 


| The “‘s' efficiency ratio” is therefore 39/64 = 0.61, as 
before. The lines relating to this example are drawn in 
short dots. 


I have also taken another example in which I have 


assumed initial steam 200 1b. per square inch absolute 


with 200 deg. Fabr. superheat, or total temperature of 
582 deg. Fahr. Pressure at exhaust, 1 lb. per square inch 
absolute. Efficiency ratio, 0.80. The initial point E of the 


steam-chart is found by measuring the distance taken off 
the pressure scale for the superheated field between 200 lb. 
and 100 lb. per square inch, and plotting this distance to 


| the left of the 100 Ib. constant-pressure line at the tem- 


perature horizontal for 582 deg. Fahr. EF G is drawn 
adiabatically, and Efg is drawn parallel to the 0.80 


part of the chart. The former is the expansion line of 
the Rankine engine, and the latter the ‘‘ steam-condition 
line” of the actual turbine. It will be seen that the 
total heat at E is 1320 B.Th.U. at G it is 928, and at g it 
is 1005. Hence the heat conversions are 392 and 315 
B.Th.U. respectively. The efficiency ratio is 315/392 = 
0.805 ; this is a check on the drawings. 

The volume at the initial point measured on the volume 
|scale for the superheated field is 3.05 cubic feet, and 
the volume at the exhaust point is 290 cubic feet at G 
for the Rankine engine, and.310 at g for the turbine. 
The respective expansions are, therefore, 90.2 and 101.6. 

The feed-water per horse-power per hour can, in all 
| cases, be determined by dividing the B.Th.U. converted 
into work into the constant 2545. 


Hence on 
Rankine Actual —-Mquivalent 
Engine. Turbine. Actual Turbine. 
| First example 8.5 14.1 14.2 
|Second example 6.5 8.1 9.2 


The ‘‘equivalent feed” is the feed reduced to the 
| standard of 1100 B.Th.U. per pound of steam—that is, 
the heat required to produce a pound of standard steam. 
is measure of steam economy was recommended by 
|the Engine Boiler Committee of the Institution of 
| Civil Engineers. In the first example the heat required 
|to make 1 lb. of steam, starting from the exhaust tem- 
| perature (116 deg. Fahr.), is 1192 — 84 = 1108. Hence, 
the equivalent feed is 14.1 x es = 142. In the second 
jexamiple the heat required is 1320 — 68 = 1252, and it 
| will be found that the equivalent feed is 9.2. 








THE DRAINAGE OF JOHANNESBURG. 

| For the past four years work has been in pro- 
| gress on a scheme for providing the Municipality 
|of Johannesburg with efficient drainage, both for 
| storm-water me for sewage, The work was com- 
|menced under Mr. D. C. Leitch, M. Inst. C.E., who 
| was then Town Engineer, and it is now being carried 
on under the supervision of Mr. G. 8. Burt Andrews, 
M. Inst. C.E., who has succeeded to the position 
formerly occupied by Mr. Leitch. 

In considering the system of sewage and storm- 
water disposal possible for the town, it will, of course, 
be understood that the conditions of Johannesburg are 
in some respects different from those existing in older 
towns. The ground was, so to speak, new, no drain- 
age at all existed, and the authorities could therefore 
plan a comprehensive scheme without being fettered 
and hindered by having to connect up, or incorporate 
in the scheme, old drains serving no particular purpose 
satisfactorily. On the other hand, the planning of 
the scheme was hampered to some extent by the desire 
not to be too extravagant, and by certain topographical 
= climatic conditions of the district to be dealt 
with. 

The town of Johannesburg is situated on ground 
which rises practically from all sides towards a 
| ridge stretching between the Fort and a district called 
Yeoville. The Fort is approximately one mile to 
the north of the centre of the town, the G. P. O., and 
Yeoville lies roughly to the north-east of the town 

|centre, a mile or so from the Fort. The land sur- 
rounding this ridge is naturally divided for drainage 
3 ara into four districts. These are the South- 
| Western District, surrounding the Fordsburg Spruit ; 
the South-Eastern District, surrounding the Natal 
|Spruit ; the Eastern District, drained by the Bezui- 
denhout Valley; and the Northern District, drained by 
the Vorkeskei River. With these topographical con- 
ditions it was found impossible to devise any reason- 
able plan for a combined and complete disposal scheme. 
The final scheme then has been drawn up providing 
for practically a complete system for the South- 
Western District, another for the South-Eastern and 
Eastern joint, while the Northern districts will be 
separately dealt with. At present work is well 
advanced on the South-Western, South-Eastern, and 
Eastern District schemes, most having been done in 
the South-Western District, which includes the most 
important inhabited districts of the town and suburbs. 

wing to the fact that for five months of the year, 
at least, storm-water is not available for flushing, it 
was deemed advisable to keep the storm-water and 
sewage to separate systems. In the combined system 
it is, of course, necessary to have sewers large 
enough to accommodate the maximum combined 
flow of storm-water and sewage. This system is 
common in towns where rainfall is evenly distri- 
buted throughout the year, but where seasonal rainfalls 
occur the separate system is preferable. As rainfall 
has to be supplemented for flushing purposes by arti- 
ficial means, this can better be done in the small sewage 
drains of the separate, than with the larger drains 
needed in the combined system. Again, storm-water 
is of use to the mines, and as much as possible is 
retained in suitable dams for their benefit ; and to mix 
sewage with this would be extremely undesirable. 
The Soins then have been kept separate and laid in 
the same trench. Practically all the drains run along 


{ the streets, and in order to save expense the large 
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drains for the storm-water system have been placed 
above the sewers. This arrangement saves the exca- | 
vation of large and deep trenches, which in working 
through rock means considerable economy. The | 
large section of the trench is carried down to) 
a sufficient depth for the storm-water drains, and | 
the work below need only be wide enough for 
the smaller sewers. Gradients are favourable, and 
velocities up to 13} ft. per second are attained in cul- 
verts, and even higher rates in some of the open 
channels. For connections to gullies stoneware pipes 
were used, but for drains from 12 in. to 40 in. in 
diameter pipes of reinforced concrete were employed. 
For culverts and open channels concrete or rubble 
masonry work is employed. The concrete pipes used 
were of two qualities, but these have been altered to 
proportions of 1:2: 3 for pi of internal diameter 
up to 30 in., and of 1:2:4 for pipes over 30 in. in 
diameter. The reinforcement employed consisted of 
steel-wire netting, with hoop iron placed at 12 in. 
or 16 in, intervals. The storm-water drainage of the 
South-Western District converges to a main channel 
traversing the district of Newtown, and is conveyed 
thence to the Robinson Gold-Mining Company’s dam | 
a little to the south of Main Reef-road. That of the 
South-Eastern District is carried by a channel from | 
Durban-road to Market-street, thence along the Natal 
Spruit Valley, discharging into the City and Suburban 
Gold-Mining Company’s dam. 

In dealing with the sewage scheme a more compli- 
cated problem had to be attacked. The ite in- 
crease of population of the whole town, and of indi- 
vidual districts, had to be considered in detail, and 
the area was mapped out in sections in which the | 
density of population is at present—or is likely to be | 
in the future if the town increases at a rate similar to 
that of late years—anywhere from 5 per acre to 70 
per acre, ithin a circle of a quarter-mile radius, 
described about the General Post Office as centre, 
the population density is 70 per acre. The annular 
space between this and the confines of a circle of 
half-a-mile radius shows a density of 60 per acre. Out- 
side this is an area of 50 per acre, and the density 
gradually decreases, large tracts within a two-mile 
radius on the south side of the town showing only five 
per acre, this being on mining ground within the 
municipality. After careful consideration, it was de- 
cided that 40 gallons of sewage per head would be 
ample to make provision for. This is based on a con- 
sumption per head in residential districts of from 20 to 
36 gallons, trade waste at 4 gallons per head, and other 
allowances. The gradients chosen have been selected 
to provide a self-cleansing velocity when running 
only quarter full. The sewers are laid at sufficient 
depth to provide for the draining of adjacent pro- 

rty, above the ground-level. Up to 12 in. in 

iameter the pipes are of glazed stoneware. Above 
this size reinforced-concrete pipes or culverts are used, 
socketed, 

Three main drains in the South-Western District 
converge to the main outfall sewer by which the 
sewage is carried to Klipspruit, 9 miles distant by | 
road, where it is treated in septic tanks, the effluents 
being disposed of on a farm, where ground, to the ex- 
tent of 1900 acres, is irrigated by this means. The 
tirst 1827 yards of this are outfall sewer in a head- 
ing, and as part of the ground is stoped out below by 
the Robinson Mining Company, and is liable to subsi- 
dence, a length of 750 ft. has been laid in steel 18-in. 
pipes arranged with expansion joints to allow for either 
vertical or lateral movement. The next section of some 
4655 yards is laid in the streets, this being followed 
again by a go | 5611 yards long, beyond which it 
is carried to the farm in large pipes laid below the 
ground surface. The long heading lies at an average 
depth of 111 ft. below the surfae, with a maximum 
depth of 240 ft. Its area is about 14.6 square feet. 
At a distance of about 3; miles from the G.P.O. this 
system will provide for a population of some 217,800. 

It is considered advisable to arrange a combined 
disposal scheme for the Eastern and South-Eastern 
Districts. The plans provide for a population of 
79,000 in the former district and 119,000 in the latter. 
The main outfall sewers of the two districts would be 
connected by tunnelling through the ridge which 
divides them, the sewage being then carried either to 
suitable ground for land treatment in the Bezuidenhout 
Valley, or to the Natal Spruit for artificial filtration. 
Altogether the plans now being carried out arrange 
for a length of sewers of 42 miles in the South-Western 
District, 49 miles in the Eastern, and 41 miles in the | 
South-Eastern District ; storm-water drains are | 
arranged for to the extent of 43 miles, 50 miles, and | 
42 miles respectively, in the same districts. 


| 














Danish Surppinc.—At the end of 1905 Denmark 
had 3698 vessels over 4 registered tons with an ate 
tonnage of 461,000 tons; 3126 were sailing veut, with | 
an aggregate tonn: 


of 130,000 registered tons, and 572 United Kingdom i 
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WE illustrate above a new type of machine which 
has been designed to take the place of hand-work 
for beating the matrices used for making a 
plates, a which has recently been placed on the 
market by Messrs. Lennings and Huesing, of 149, 
Aldersgate-street, London, E.C. 

The importance of a good matrix is well known 
among printers, and the makers claim for the new 
machine that it will turn out work much superior to 
that produced by hand, and in a much shorter time. 
The machine consists of a bed or stand, the top of 
which is in the form of a slide somewhat like a lathe- 
bed, and on this slide a table which carries the forme 
can move to and fro. Across the middle of the bed, 
and over the slide, a flat brush is arranged, which can 
be moved up and down between guides. The frame 
that carries the brush is operated by means of cams, 
which are driven by a shaft and gearing from the 

ulley seen on the right-hand side of our illustration. 

he cams give the brush a rapid up-and-down motion 
of a definite range. While the brush is in motion, the 
table carrying the forme, and also the flange, travels 
backwards and forwards along the bed, the motion at 
each end being changed by a simple reversing appa- 
ratus. The = on the brush can easily be regulated 
by means of the springs and screws shown. 

The chief advantages claimed for the machine are 
that the perforation of the matrix due to excessive 
beating is impossible; it produces equal work from 
small or large type ; an absolutely even, equable matrix 
is obtained ; its action is automatic, and it requires 
very little attention. The work it turns out is also 
done very much more quickly than by hand, and is of 
excellent quality. 








Our Rams Asroap.—The shipments of rails from the 


in November were fairly satisfactory, 


were steamers, with an aggregate of 331,000 registered | having amounted for the month to 45,369 tons, as com- 
tons. During the year the number of sailing vessels had | 
decreased by four, whilst the steamer fleet had increased in Novem 
by 23 steamers and 13,700 tons. 





| Republic were only 5484 tons in November, as compared 


pared with 45,357 tons in Nevember, 1905, and 37,436 tons 
ber, 1904. The exports to the Argentine 





with 11,265 tons and 9877 tons respectively, but there was 
happily some improvement in the South African demand, 
which has so long been languid and restricted. The 
oe to the four principal groups of colonies were as 
follows in November of the last three years :— 





Colonial Group. Nov., 1906. Nov., 1905. | Nov., 1904. 
tons tons tons 
British South Africa 2,869 57 6142 
British India oe 16,829 15,544 5698 
Australasia .. 3,783 4,547 8843 
Canada 119 3,069 Nil 


The course taken by our rail exports for the whole of the 
eleven months ending November 30, 1906, was how- 
ever, less favourable, having been only 439,118 tons, as 
compared with 510,192 tons in the corresponding period 
of 1905, and 474,669 tons in the corresponding period of 
1904. Argentina took 103,609 tons of British rails to 
November 30, last year, as compared with 89,327 tons 
and 75,605 tons respectively. The demand for our rails 
on South African account has, however, experienced a 
marked contraction during the last two years. The ex- 
ports to the four principal Colonial groups in the first 
eleven months of this year compared as follows with the 
corresponding shipments in the corresponding periods of 
1905 and 1904 respectively :— 





Colonial Group. 1906. 1905. 1904. 
tons tons tons 

British South Africa 15,865 25,686 59,705 
British India oe 28,335 161,343 127,978 
Aus os oo - 53,165 33,048 35,024 
Canada < ee “< 7,127 31,455 39,739 


Chili imported 21,098 tons of British rails in the first 
eleven months of last year, as compared with 14,721 tons 
and 9445 tons in the corresponding periods of 1905 and 
1904 respectively. It will be seen, however, that, upon 
the whole, there has been an appreciable contraction in 
the exports this year. The value of the rails exported 
to November 30, 1906, was 2,474,190/.. as compa 
with 2,542,807. in the first eleven months of 1905, and 
2,304,886/. in the first eleven months of 1904, 
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THE TACTICAL QUALITIES OF THE 
‘“‘DREADNOUGHT ” TYPE OF BATTLESHIP. 


By Lieut.-Commander W. 8. Sims, United 
States Navy. 

[We have received from our New York correspondent 
a most convincing official report by Lieut.-Commander 
Wn. S. Sims, the chief of the artillery department of 
the United States Navy, in which that distinguished 
officer discusses the tactical qualities of the ‘‘all-big- 
gun one-calibre battleship of high speed,” with parti- 
cular reference to experience of the battle of the Sea of 
Japan, and to Captain A. T. Mahan’s comments 
thereon. We pro to give the main points of this 
report, as it is universal in its interest. Lieut.-Com- 
mander Sims controverts the deductions made by Cap- 
tain Mahan, remarking that recently-acquired informa- 
tion is of such a fundamental nature as to necessitate 
a re-examination of both old and new facts from a 
point of view differing widely from that taken by 
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Captain Mahan concerning the qualities of design that 
will permit the development of the maximum concen- 
tration of effective gun-fire—the attainment of the 
maximum concentration of hits. ] 

Lieut.-Commander Sims continues :— 

In the first place I beg to express the opinion that 
if, when Captain Mahan wrote his article, he had been 
in possession of certain important information that has 
since become available, his conclusions would have been 
considerably modified; and while I would not presume 
to oppose his views as to the conclusions to be drawn 
from the facts—-as he has assumed them, and as he 
understands them—still I feel I am justified in re- 
stating these facts as I understand them, in the light 
of the new evidence above referred to, and basin 
thereon my conclusions. Captain Mahan’s oaiaal 
conclusions may be summarised briefly as follow :— 
(1) Thatin designing battleships of a certain displace- 
ment we are never justified in increasing the speed 
within reasonable limits at the expense of the equiva- 
lent weight in gun-power. (2) That we are not justified 
in substituting heavy turret guns, such as 12-in., for 
the equivalent weight of the usual intermediate guns— 
6-in., &c. ; in other words, that the all-big-gun ship is 
a mistake. (3) That considering the necessary limits 








of expenditure and the requirements of a navy 
with wide naval responsibility, we should not mate- 
rially increase the size of the ships now being 
designed. 

These conclusions are admittedly derived from, or 
supported by, an analysis of the available information 
pang mn the battle of the Sea of Japan. In the 
same number of the Naval Institute Journal in which 
Captain Maban’s article appears there is published a 
very important paper giving a history of this battle that 
is founded on very precise notes. The author of this 
paper, Lieutenant R. D. White, U.S. N.,a distinguished 
gunnery officer and naval constructor, having no sta- 
tion in battle, was selected to observe and record the 
events of the battle. As my principal reasons for 
dissenting from Captain Mahan’s conclusions are based 
upon the assumption that the facts in this account 
are correct, I will take the steps necessary to mention 
an interesting incident that tends.to show the correct- 
ness of Mr. White’s chart (Fig. 1), and that also gives 





must be set in order to hit—are so small, say, 50 yards. 
The bearing of these facts on naval tactics is very 
important, since it means that, generally king, 
you cannot make many hits at long range while you 
are manceuvring. Conversely, you will not receive 
many hits during such a time, because, when at short 
ranges, the most dan, us position in which a ship 
can place itself is end on to the enemy. It is usually 
assumed that this is equally true at all ranges ; but 
this is not the case provided the rate of change in fire 
is rapid. A reference to the chart will show that upon 
three occasions during the action Admiral Togo did 
not hesitate thus to expose his ships, and that at none 
of these times was any material damage done. 

Captain Mahan has assumed that shortly after the 
Russian and Japanese Fleets sighted each other the 
Japanese changed course from south-west to east, 
— the Russians were steering about north-east, 
}and the Japanese speed was slower than that of the 
‘Russian. Under these conditions—that is, with the 
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a practical illustration of an important feature of 
tactics in relation to gun-fire—a feature that gunnery 
officers had already recognised in discussing the theory 
to which it will be necessary to refer later. 

Analyses of this battle-chart were made and curves 
drawn to illustrate at all stages of the action “‘ the 
rate of change of range.” ‘‘ After marking the times 
of these curves, and plotting the positions of the two 
fleets at those times, we found, on comparing them, 
that the Russian ships were driven out of the line of 
battle or sunk only when the rate of change of range 
was small, and that when this rate was there 
was little or no evidence of da: being done by gun- 
fire.” This coincidence of time, ‘‘ rate of change of 
range,” and destruction of ships is strong evidence 
that Lieutenant White’s chart is correct, otherwise 
there would be no coincidence. Further corroborative 
evidence is given later. 

As this question of the rate of change of range 
undoubtedly had a direct nee gb pe Admiral Togo’s 
tactics, it should be explained that experiments have 
shown that it is exceedingly difficult to hit an enemy 
at long range when the range is changing rapidly. This 
is, of course, not true at short range, but at long — 
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course assumed—the rate of change of range would 
have been very rapid, and therefore very little hitting 
could have been done. As a matter of fact, the 
Russians were steering about north-north-east, and 
the Japanese, after turning from south-west to east, 
took a course nearly lel to them on their port 
bow. Thus the rate of change of range was rendered 
small, and the Japanese fire was concentrated on the 
head of the Russian column, and was so effective that 
thé Suvaroff was driven out of the line, and the Oslabia 
sunk by the time that the Russians had advanced 
five miles. The above shows that the nature of 
the action was rather different from that which 
Captain Mahan’s information led him to suppose. 
It is therefore unnecessary to follow out the details of 
the reasoning by which he assumes that Admiral Togo 
was influenced in taking a position (across the head of 
the enemy’s column) which he did not take; for it is 
important to point out that the Japanese Admiral’s 

lan of action was what we would have sup it to 

, in the light of our present knowledge of the con- 
ditions necessary to the mean effective hitting at long 
ranges. In the first place, it may be confidently 
assumed that Togo was in of the following 





the half-danger spaces—those at which the gun-sig 





important facts :—(1) That his fleet’s speed was con- 
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siderably greater than that of the enemy, the bottoms 
of his ships being clean, and theirs foul, and there 
being slower ships in the Russian Fleet than in his. 
(2) That his marksmanship was superior to that of 
the Russians. (3) That the Russian gunnery training 
had for years been carried out with the object of 
bringing the enemy to close quarters, and that, even 
assuming that they had profited by their experience in 
the actions off Port Arthur, the Baltic fleet could not | 
have had adequate training in long-range fire. (4) That 
in order to render effective the tactics indicated above | 
the Russian ships were heavily armed, and their crews | 
trained for rapidity of fice. (5) That effective hitting | 
at long range can be done only when the rate of change 
of range is comparatively small. 

The above being true, it is clear that Admiral Togo | 
must have gone into action with two principal objects | 
clearly defined in his mind—namely, (1) Fighting at 
the maximum range at which actual experience of 
battle practice had shown him that he could do, 
effective hitting—namely, at about 6000 yards— 
and at which he knew that the Russian fire would 
not be dangerous; (2) So to manceuvre as to main- 
tain the least practical rate of change of range 
as frequently as possible upon the head of the enemy’s 
column. If he had not been able to accomplish these 
two objects, he might still have won the battle, 
because the Russians were so very inferior in many 
other respects; but he certainly would have suffered 
more. For example, if the Russians had been able by 
superior speed to run in to 1800 yards—the battle- 
range of their choice—they wou'd have made a large 
percentage of hits, and these hits would have been 
very effective, especially from their modern ships of 
French design —the Suvaroff, Alexander III., Borodino, 
and Orel. A glance at Lieutenant White’s chart will 
show, however, that the Japanese admiral had no diffi- 
culty, barring thick weather, in pe ge choosing 
his own position, distance, and bearings with reference 
to the head of the enemy’s fleet, and the battle there- 
fore resolved itself into a competition between the fire- 
control officers of the two fleets. 

Let us now consider the manifest object of the 
Russian admiral’s strategy and tactics with a view 
of determiniog why he was unable to succeed. In 
the first place, the Russian battleships were so over- 
loaded with stores and coal that the upper edges of 
their heavy armour plates were well below the water- 
line, and therefore, in so far as the hull protection was 
concerned, they were armoured cruisers, and not battle- 
ships. Also, that the compartments, cabins, passages, 
&c., were so filled with coal and stores that the men’s 
water-closets and urinals had been blocked since leav- 
ing Leghorn, and the decks were in consequence in an 
indescribable condition. We may therefore safely 
assume that the Russian admiral approached the 
Tsushima Straits with two objects foremost in his 
mind. The first, and most important, was to elude 
the Japanese and take shelter in Vladivostock until he 
could land his stores, dock, and refit his ships. Second, | 
if forced to fight, to do so at the shortest possible range, 
where most of his shots would count. He was de- 
feated in both of these objects solely by the superior 
speed of the Japanese, assuming, of course, that he 
could not pass through the Straits without being de- 
tected. Once he was sighted by the Japanese (which 
was inevitable), their superior speed, which—as shown 
later, was 6 to 7 knots greater than that of the 
Russians—rendered impossible his escape without 
fighting, and, as previously shown, this superiority of 
speed enabled the Japanese repeatedly to concentrate 
upon his leading ships, and thus destroy or disable 
them one at a time, or force them to accept defeat in 
the worst form—namely, by abandoning their attempt 
to reach Vladivostock, thus surrendering the command 
of the sea without inflicting any damage upon the 
enemy. 

It is, of course, understood that, assuming all other 
qualities to be equal, a relatively small superiority of 
speed cannot alone determine the victory by gun-fire 
under the usual ‘‘game-board” conditions—that is, 
where sea room is unlimited, where it is always day- 
light, and where thick weather does not act as an 
occasional screen; where the slow fleet is not em- 
barrassed by having to get anywhere in particular ; 
where there is no convoy or fiset to lose in case of 
retreat, &c. In this case the slow fleet can prevent 
the fast one from taking up a het gee of continuous 
advantage by simply keeping ahead of the enemy’s 
column abeam, thus training on the are of a circle of 
a sufliciently small radius to counteract the superiority 
of speed of the fast fleet. The sole tactical ability of 
the slow fleet is a negative one as regards gun-fire ; 
it can never attain the advantage of position, assuming 
equal skill on both sides. Its tactical ability exists 
only in the open sea, and even then the faster fleet 
has the great advantage of being able to first refuse 


and that when restricted in its movements by the | that Captain Mahan is in error in concluding that it 
neighbourhood of land or shoal water, by the necessity | would add more to our naval strength to spend the 
of protecting its engine auxiliaries, by the necessity of |same amount of money that the big ships would cost 
reaching a definite point, or by the necessity of leaving | for smaller and slower ships carrying the usual inter- 
a t in the face of a blockading enemy, it must in- | mediale guns—6-in., &c.—and that it is only a ques- 
evitably bedefeated even bya faster fleet of equal power, | tion of speed ; this error is probably due to the fact 
and can be defeated by a faster fleet of less power. | that much important information concerning the new 
From the above it seems clear that in the light of our | methods of gun-fire was not considered by the author 





resent knowledge of the fundamental principles of 


ong range gun-power, a superiority of speed that will | 


enable a fleet frequently to concentrate its fire on an 
enemy who is not entirely unrestricted in its. move- 
ments, as above explained, is more important than the 
additional gain corresponding to the weight in boilers 
and engines required to give the superiority in speed. 

Captain Mahan estimated that the Russian fleet 
maintained on May 27 a fleet speed of at least 12 
knots, while the Japanese seemed not to have used 
more than 15 knots. Lieutenant White’s information 
states that the Russian fleet 5 em was 9 knots, 
— the Russians estimated the Japanese speed at 16 

nots, 
to scale from the precise data taken by his informant, 
and not simply a diagram to illustrate his text, it 
follows that if we measure the distance steamed by 
the two fleets from 1.55 p.m. to 6.25 p.m. (four to five 
hours), and divide this | wos by the elapsed time, 
the results will be complete speeds, though the calcu- 
lation will be rough, as the scale of the chart is small. 
This calculation shows that during the four to five 
hours the Russians steamed 40 miles, while the 
Japanese steamed 68. This gives the average speed of 
the former as a little less than 9 knots, and that of the 
latter as alittle more than 15 knots. It should be noted, 
however, that the Japanese speed alternated 0 to 
16 knots between 3.40 and 4,15; therefore their average 
speed was probably considerably more than 15 knots. 

he Japanese superiority in speed was therefore more 
than six miles an hour, an advantage so enormous that 
no conceivable strategical or tactical skill, and no pos- 
sible augmentation of gun-fire (without increasing the 
displacement) on the part of the Russians could have 
— their defeat, even supposing a rudimentary 

nowledge of strategy and tactics on the part of the 
Japanese admiral, and assuming, of course, that the 
Russian fleet was constrained to force its way sooner 
or later through the Straits. If the speeds of the 
Japanese and Russian fleets had been reversed, Admi- 
ral Togo could not possibly have prevented the Russians, 
first, escaping to Vladivostock, or, second, bringing the 
Japanese to battle at short range if they had. so 
desired. Furthermore, Admiral Togo’s comparatively 
easy strategy would have been so modified by a rever- 


sal of the speed conditions that he would have been | 


obliged to await the Russians at Vladivostock, out of 
range of the outer porte, in a region of frequent and 
dense fogs, and do what damage he could as they 
passed in. It may also be pointed out that shortly 
after 4.15 p.m. (see the chart) the Japanese lost sight 
of the Russians, due to thick weather, and steamed 
seven cr eight miles to the southward in search of 
them, and when they turned to the northward in 
ursuit they were about ten miles astern. Therefore 
if the Russians had had even a quarter of a knot 
superiority in speed, they would have arrived at Vladi- 
vostock a couple of hours ahead of their pursuers. 

It is true that the speed of a ship may be reduced 
by damage to the motive power of one of its units ; 
but this has very rarely happened, because engines, 
boilers, &c., are below the water-line, and well pro- 
tected by the best armour. Captain Mahan lays great 
stress upon the alleged difficulty of the loss of funnels 
or smoke-pipes, showing that the resulting decrease of 
speed woul 
funnel would be like the loss of a former-day mast. 
This appears to me to be a great exaggeration. As I 


understand this matter, the principal reason for build- | 


ing a tall funnel is for increasing the natural draught, 
and thus render steaming more economical in time of 
peace. ‘Tall funnels have always been a mistake from 
a military point of view, because when the vessel 
having them goes into battle, and forced draught is 
put on to develop her maximum speed, the tall chimney 
a. very little to the draught by reason of its 

eight. 
riddled with holes, with comparative equanimity—pro- 


vided they do not fall on deck and disable guns ; since | 


in every case the draught will not be materially de- 
creased, as the high funnel corresponds to a pressure 
of about 4 in. of water, whereas blowers will create 
a a corresponding to about 2 in. of water. 

t may be well to notice, moreover, that the require- 
ments of fire-control necessitate much shorter funnels, 
because gun-fire can be controlled efficiently only from 
elevated platforms on the masts (about 100 ft. from 
the water); and as funnels cannot be made high 
enough to carry the smoke over these platforms, they 





or accept battle, to choose its own range, to control 
the rate of change of range, and to control com 
bearing, thus taking advantage of the weather con- | 
ditions that control its own gun-fire. 

It follows from the above that the slow fleet must 
always fight at a disadvantage, even in the open sea, | 


must be so low that the smoke will not reach them. 
Concerning the advisability of building “all - big- 
gun ” ships—that is, discarding all smaller guns, except 
torpedo defence guns—and designing the ships to carry 
the maximum number of heavy turret guns (these alone 


to be used in battle), I think it can be clearly shown 





As Lieutenant White’s chart is a chart plotted | 


be so great that the loss of a modern | 


We may regard their being shot away, or | 


| fire. 
| number of 12-in. and 6-in. hits on a run after a certain 


| in preparing his article. 
In order that this question of gun-fire may be clearly 
| understood, it will be necessary to mention the funda- 
mental principles of fire-control. In order to hit at 
long ranges you must have the sight-bar range within 
small limits—that is, one-half the danger space. No 
existing range-finder will measure such long distances 
within these limits. With the ammunition carried by 
| Ships in service (that is, ammunition that is not new) 
this sight-bar range usually differs for each index of 
power, even for guns of the same calibre, and the 
sight-bar range for one calibre is rarely the same as 
that for any other calibre. Therefore there must be a 
separate fire-control for each calibre on board, which 
| greatly increases complication and difficulty of control 
| when there is more than one calibre. Since the range- 
finder can never be relied upon, it follows from the 
above that the sole means of bringing the sights on to 
an enemy, and keeping them there, is by observing the 
splash of projectiles from aloft by the vertical method. 
1f a ship has guns all about one calibre, fire-control is 
comparatively easy, because each splash is necessarily 
|made by that calibre, and the fire of the ship is con- 
| trolled by one fire-control officer (directing one fire- 
| control party). When the distance is over 5000 yards 
|you cannot follow the projectiles throughout their 
| flight, and identify their splashes, unless the projec- 
| tiles of the different calibres differ greatly in diameter 
| —as 12 in. and 6 in.—and consequently make splashes 
| that are markedly different in size and appearance. 
Therefore we have to decide what the calibre for 
|each class of ships should be, a decision which should 
| present no special difficulty provided it be first deter- 
| mined how and where to defeat the enemy—whether 
| by the destruction of their ships by sinking them, or 
| disabling their guns, or by the destruction and de- 
| moralisation of their personnel. In this connection the 
| following facts should first be clearly understood— 
namely, turrets are now for the first time being 
| designed that are practically invulnerable to all except 
heavy projectiles. Instead of having sighting-hoods 
| on the turret roof, where sight-pointers and officers are 
| exposed to disablement (as frequently a in Rus- 
| sian ships), there will be prismatic sights projecting 
laterally from the gun-trunnions, through small holes 
in the side walls of the turret ; and the gun ports will 
be protected by 8-in. armour-plates, so arranged that 
no fragments of shells can enter the turrets. On the 
proposed ‘‘all-big-gun ” ships the heavy armoured belt 
| will be about 8 in. thick above the water-line, extend- 
|ing from end to end; the conning-tower, barbettes, 
| &c., will be of heavy armour, there being no inter- 
|mediate battery (which could not be protected by 
| heavy armour on account of its extent). It follows 
that in battle all of the gunnery personnel, except the 
|small single-fire control party aloft, will be behind 
| heavy armour, and that P sen Hr neither the ship nor 
|her personnel can be materially injured by small- 
calibre guns. 

Considering, therefore, that our object in designing 
a oe is that she may be able to meet those of 
our possible enemies on at least equal terms, it seems 
evident that it would be extremely unwise to equip 
our new ships with a large number of small guns that 
are incapable of inflicting material damage upon ‘‘all- 
big-gun ” one calibre ships of our enemies, or upon the 
| personnel manning their ships. 

It is necessary to describe the method of controlling 
6-in. guns in order to show that Captain Mahan’s 
| apparent impression as to their efficiency in battle is 
| probably very largely in error, as shown by an analysis 
of the results of battle practices and of the rapidity 
| of hitting of these guns in the battle of the Sea of 
| Japan. We have sufficiently complete information 
|eoncerning these practices, and the indisputable 
| lessons taught by them; and our development was 
thereon, and has proved successful. Briefly 
| these lessons are as follow :—If the pointer aims 
through the heated powder gas from another gun, as 
soon as he can make out the target, he will almost 
always miss, because the heated gas refracts the line 
of sight. He must therefore wait until he has clear 
airto aim through. The loss of time due to this cause 
is termed the “ interference” of one gun with another’s 
In attempting to make the greatest possible 








length of time (the measure of the efficiency in fire), it 
was found that when the 6-in. guns were allowed to 
fire at will, the interference caused by the frequent 
puffs of gas from them—about one puff every two 
seconds—was such as to diminish so seriously the 
rapidity of hitting of the 12-in. guns, especially those 
of the after turret, as to render it entirely inadmissible 
that these guns should fire at will, simply because the 
ship could do an enemy more damage by discontinuing 
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their independent fire entirely, and using the 12-in. | battery ships of the same nominal power. As to the 

uns alone. It was therefore determined to try to comparative moral effect of the explosion of 12-in. and 

ecrease their interference by firing them all at the | 6-in. shells, it seems to me that, when we compare tho 
same time—that is, by salvoes. This was found to difference in the weight of the bursting charges (that 
be unexpectedly successful, as by this method more of the 12 in. 38 1b., while the 6 in. is only 4 lb.) and 
6-in. hits per gun per minute were made than when 
these guns were fired independently. Salvo firing is 
possible only with guns that are capable of continuous 
aim—that is, intermediate guns of 6 in. in calibre or 
less. It is, of course, not possible with 8-in. guns, and 
it may or may not succeed with 7-in. guns, depending 
upon the facility with which the pointers can maintain 


there can be no doubt that the moral effect of the 
former is very much greater than that of the latter. 
But it may be asked how can we account for the fact 
that until recently practically all naval officers have 
favoured ships with two or more calibres of main- 
I y wi L i a battery guns. The explanation is afforded by a state- 
a continuous aim in elevation. When 6-in. guns are ment made in the annual report of the Chief of the 
fired singly, their average ey of fire is about | Bureau of Ordnance about 1902, to the effect that it 
seven —— a come — these guns fire) = not a ree increase the number 
salvoes, their rapidity of fire does not average more | of heavy guns on battleships, because the greater the 
than four rounds per minute, the best so far attained | calibre of the guns the teen thei hittiog on city, due 
being five rounds per minute. When firing at short | to the weight to be handled in aiming, &c. While 
rao, S the percentage of hits made by guns otf different this may have been true to a certain por lbs during the 
cali _ a _ the — ; = oe. = oy — we — epee 4 no comes 5 ay = 
un the greater the percentage of hits. n firing | to shooting, it cease rue as soon as the presen 
st long oo the same law holds, except that the | competitive system of training developed the real 
larger calibres have then a much greater advantage, hitting capacity of these guns, thus reversing this 
Sal pian eat cognoganatip, “ttle Gpeague epesv'o| Gatnd Tepen Wann vonage teamed teaaeioote 
small guns, , ’ n recognised, i ect accordance 
much greater. “4 — rong — a aoe , | a as ballistic properties of the a 
ponpene Be! com ob ar b des a - a per “21. ’ . on eferring now to a point previously indicated, but 
having the same velocity is 8.50 deg., and the respec- tactical advantage that we shall gain by having battle- 
tive danger spaces oot a target 30 ft. high are respec- | ships of large displacement, an advantage which ap- 
tively 120 and 64 yards. | pe 
This illustrates how much more difficult it is to hit | alleged advantages of numbers mentioned by Captain 
with a 6-in. than withal2-in gun, which makesitclear,, Mahan. This may be best illustrated by contrasting 
I believe, that Captain Mahan is greatly in error in| the tactical qualities of two fleets, one of large vessels 
saying that if we determine the number of shots fired and one of small. Before doing so, however, it may 
by ce os es a — aig _ a a —— at os to —_ .— A reag ayy 
ionate number of hits.” As a matter of fact, Captain tactical qualities which are desirable in the fleet. 
Mahan has drawn his conclusions from the ‘‘ volume | These are, first, the compactness of the battle for- 
of fire” of the different calibres, instead of from their| mation; second, the flexibility of the fleet as a 
volume of hitting, or rapidity of hitting, which is our unit—that is, its ability to change its formation 
resent standard of efficiency for all kinds of gun-fire. with the least — time and space with safety 
He has also assumed that the Japanese rapidity of to its units. or example, suppose two fleets of 


6-in. fire was about twelve times as great as that of the| eight vessels composed of ships that are alike | 


12-in. fire, but, as a matter of fact, it was probably in all respects, and suppose their personnels to be 
not much more than twice as great. We have, of equal, with the exception of the commanders - in- 
course, no actual figures, but as we know that our | chief—whose difference in skill and ability is such that 
12-in. guns can fire two shots a minute (and with im- | one fleet has been so drilled as to be able to manceuvre 
proved loading gear we expect to fire three shots per! with precision and safety, while maintaining one-half 
minute), and that 6 in. salvo firing is at the rate of | the distance between its units that the other fleet 
four shots per minute, and, as we also know, since| requires. This is putting the extreme case, but it 
1901 the Japanese have used the same methods of | shows first that the short fleet, being about half the 
training, we may safely assume that the relation | length of the other one, can complete certain important 
between their 6-in. and 12-in. rapidity of fire is about manceuvres in about one-half the time and one-half 
the same as ours, though both calibres may be the space required for similar manceuvres of the long 
actually less or more rapid. Lieutenant White) fleet. (2) That when ranging alongside each other, as 
estimates that the Japanese fired 1275 heavy shell | shown in Fig. 2, defeat of the long fleet is inevitable, 
(12-in.), and made 250 hits, or 19.6 per cent., which | since rapidity of hitting of the individual units is 
was good shooting considering the long ranges and the | assumed to be equal, and each of the four —- ships 
unfavourable weather. As for the 90 odd secondary | of the long fleet receives about twice as many hits as 
guns (Captain Mahan’s estimate), if we assume that, on | she can return, though the eighth ship of the short 
an average, each fired 24 times as many shots as each fleet would suffer a preponderance of the gun-fire from 
12-in. gun, the total number of shots was 86,175 (2.5 x | the fifth or sixth vessel of the long fleet, the seventh 
75x90). If they had made a “‘ proportionate number and eighth being too far astern to do much damage, 
of hits,” or 19.6 per cent., they would have secured | as would also be the case if the long fleet had several 
3307 hits, or about thirteen times’ as many as the! small vessels astern of this. This is because of the 
12-in. hits, which we know they did not make. principle here illustrated—that the constant effort of 
Unfortunately, we cannot obtain the exact figures, | the competent flag officers is to reduce the distance 
though we can make an estimate that will be close | betwecn the units of their fleets to the minimum that 
enough to show the comparative hitting capacity of can be maintained with safety under battle conditions 
these guns. They fired 30 lb. of small projectiles for | —that is, while steaming at full speed, without the 
every pound that hit, whereas ary A fired only 5 Ib. | aid of sextants and other appliances that should. be 
of 12-in. metal for every pound that hit, which accords | used only for preliminary drills. 
with the law that we have deduced from our target| Doubtless some flag officers by constant competitive 
practices—namely, that the smaller the gun the more | exercises in manceuvring may succeed in attaining an 
projectiles you must waste to make a hit. But as the | interval between ships that is less by 15 per ccnt. or 
Japanese battleships and armoured cruisers carried | 





20 per cent. than that attained by others; but mani- 
these guns, they were, of course, justified in firing | festly there is hardly any possibility of much greater 
them as best they could, without diminishing the | improvement in this respect, because the minimum 
rapidity of the 12-in. guns. They did not, however, i interval between ships depends upon their 
fire off all their small guns—those lees than 6 in.— | lengths and manceuvring qualities. For example, the 
because to do so would have caused too much “‘inter- | normal interval is 300 metres from centre to centre ; 
ference” with more important guns, though the hail | while larger ships, of, say, 400 ft. long, require about 
of small projectiles, that is so popular in newspaper | 400 yards, and those between 450 ft. and 500 ft. in 
accounts, would have been very effective if they had | length require about 450 yards. If we accept Captain 
hit. Mahan’s advice and build comparatively small low- 
If the Japanese vessels had been designed in accord- | speed battleships, while our possible enemies build 
ance with the principles of modern gun-fire—had been | large, swift, or big-gun ships, it seems clear that we 
all-big-gun et amar 
greater rapidity of hitting with heavy guns (875 
hits) than it actually did develop with 12-in., 8-in., 
and 6-in. guns (700 hits), and this for the simple reason 
that at long ranges the hitting capacity of their heavy 
guns was 19.6 per cent., while that of the smaller guns _ 
was only 2.1 per cent. Moreover, as a matter of fact, 
a fleet having but one calibre of heavy guns on each 
vessel would have been able to make still more hits in 
the given time, because their fire-control officers would | 
not have suffered from the interference caused by the 
more numerous smaller guns. Thus we see that at 
modern battle-ranges, an all-big-gun fleet will actually 
deliver a greater volume of hitting (a greater number 
of hits)—twice the weight of metal hits, and twice the for the fleet, and assume that tho same sum of money 
weight of bursting charges—than a flect of mixcd-, will build twenty battleships (though the number 





| pactness and flexibility, the superior effect of heavy 

un-fire, and the ability to concentrate our fire—the 
oes of these advantages to be fully realised twenty- 
five years hence, when our enemies have fleets of big 
ships, while we still have those of our present type. 

In order clearly to illustrate the above, I will assume 
that a fleet of ten 20-knot battleships, of about 20,000 
' tons displacement, each having a main battery of five 
12 in. double-gun turrets, or a broadside fire of eight 
12-in. guns disposed as in the Dreadnought t s at 
is, one turret forward, one on each beam, well forward, 
and two aft on the centre line. Assume tho cost of 


the difference in the strength of the walls of the shell, | 


| not explained, I beg to invite special attention to the | 


ars to me so great as to entirely outweigh all the, 


eir fleet would have developed a| shall sacrifice the enormous advantages of fleet com- | 


these ships to be 10 million dollars each, or 100 millions | 


would in reality be considerably less) of the smaller 

type of, say, 13,000 tons and 16 knots speed, each ship 
| armed with two 12-in. double-gun turrets, or a broad- 
| side of four }2-in. guns, and as many of the smaller 
| guns recommended by Captain Mahan as can be mounted 
upon this displacement. It is further assumed that as 
| all the = crews of the fleet are behind heavy armour 
|in the ]2-in. turrets of new design, neither the crew 
| nor guns can be materially injured by the intermediate 
| guns of the fleet of small vessels ; whereas, on the con- 
| trary, the majority of the men composing the gun crews 
_of the small vessels (all but about ninety for the two 
| 12-in, turrets and their ammunition supply) are behind 
| the armour of the intermediate guns, necessarily light 
on account of its great extent ; and these guns and 
their crews must be disabled or destroyed early in the 
action. It is therefore evidently well within the truth 
to assume that the gun-fire of each large vessel will be 
more than twice as effective as that of each small one. 

If the length of a large ship is 500 ft., and the emall 
one 400 ft., and the interval Seaens centres is respec- 
tively 450 yards and 400 yards, it follows that when in 
column the long fleet of small vessels is 3.9 miles, while 
the short fleet of large vessels is 2.1 miles. That is to 
say, the long fleet has a broadside fire of less than 
twenty-one big guns for each mile of length, while the 
short fleet has thirty-eight guns per mile, with concen- 
tration of gun-fire that is inherent in the design of 
the large vessels, and which no conceivable technical 
skill on the part of the small ones could off-set. 

The technical advantage of this concentration of 
| gun-fire is shown graphically in Fig. 3, which shows 
| “*$” in a position of disadvantage ; it is apparent that 
the first nine vessels of the ‘‘ L” fleet may be destroyed 
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by the first nine of the ‘‘S” fleet, since the latter have 
more than twice the gun-power of the former, while 
No. 108 can sustain the fire of both 10 and 11L, 
but not that of 12, 13, and 14L also, Assuming, 
however, that the fourteenth vessel of the ‘‘ L”’ fleet 
is the last one whose fire would be effective against 
10 8, the rear vessels of the ‘S”’ fleet might, by reason 
of having more than twice the individual gun-fire of 
their individual opponents, protect themselves by divid- 
ing the fire of 10S between 13 and 14 L, 9S between 
11 and 12 L, 8S between 9 and 10 L, and 7 8 between 
7 and 8 L, thus leaving the first six vessels of ‘‘ L ” to 
be destroyed by twice their gun power from the first 
six vessels of ‘‘S,” an advantage that is possible only 
with big ships; and this advantage is of great import- 
ance, because when the ‘‘ 8” fleet is taken at a dis- 
advantage it enables each of its vessels to hold her 
own aginst at least two of the enemy. 

Observe that even when the “‘L” fleet is in the 
advantageous position shown in Fig. 3. no increase in 
the number of vessels of the ‘‘L”’ fleet can possibly 
prevent the successive destruction of the leading 
veesels, since the vessels behind No. 14 are practically 
out of action. Observe, also, that if for any cause the 
**L” fleet should be restricted in its manwuvres, the 
“*S” fleet, instead of exposing its rear veseels to con- 
centrated fire, as in Fig. 3, would take advantage of 
its superior speed, and assume the position shown in 
Fig. 4, thus concentrating upon the leading vessels of 
the ‘‘L” fleet its entire gun-fire at a greater or less 
average range. This would be possible if the positions 
of the fleets were reversed ; that is to say, the concen- 
| tration of the “‘S” fleet upon the leading vessels of 
the ‘‘ L” fleet, Fig. 4, is very much more intense than 
would be the concentration of “‘L” upon the leading 
vessels of *‘ 8.” 

It would therefore appear that from the tactical 





| point of view alone the advantages of Jarge vessels 
| are such that they afford greatly inetendt offensive 
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power when in a position of advantage, and greatly 
increased defensive Lye when in a position of dis- 
advantage. It should also be noted that if through 
an accident to the motive-power of the large vessel 
the fleet speed of ‘‘S” were reduced to that of the 
long fleet, the ‘‘S” fleet would still be the superior 
tactically, because it is more compact (is shorter, and 
has less units), and can therefore manceuvre with 
greater ease, and frequently in much less time ; an 
advantage that is in some cases analogous to superior 


For example, the time necessary to indicate a signal 
to the twenty vessels of the ‘‘ L” fleet, and before it is 
understood, and for this fleet to complete a change of 
course in column, so as to make a simultaneous move- 
ment, would be at least twice as long as that required 
for the ten vessels of the “S” fleet. It follows, of 
course, from the above that as soon as we build an 
fast vessels of the large displacement above indicated, 
and put them in the line of battle with 16-knot ships, we 
strengthen the fleet much more than if we had as 
many 16-knot ships as could be built for the cost of 
the big ships., For though we cannot at once utilise 
the superior speed of the big ships, we have never- 
theless increased the compactness of our ships by 
diminishing the number of units, and therefore, for 
the reasons given above, have rendered it a superior 
tactical unit, which means that, with equal skill, it 
would out-manceuvre a fleet of the same cost composed 
of small vessels throughout. 

It should be noted also that if we place two onl 
of these battleships at the head of a column of small 
vessels, each having one half of the broadside fire of 
the-former, we not only render the fleet more flexible, 
being shorter by more than 2000 ft., but we strengthen 
our fleet at the weakest point by concentrating within 
a distance of 1800 ft. a broadside fire equivalent to 
that of four vessels occupying a space of ft. The 
above advantages are evidently so great that the 
alleged value of homogeneity of units is not worth 
considering. 

Concerning the alleged gee one value of numbers, 
and assuming that Captain Mahan’s statement that 
‘*a nation with wide naval responsibilities must have 
numbers in proportion,” means that we had better 
spend our available appropriations in building small 
vessels rather than large ones, in order to facilitate 
dispersing them all over the world. I beg to say that 
in my opinion the above analysis shows very conclu- 
sively that a fleet of the large vessels is greatly 
superior in fighting value to a fleet of small ones, no 
matter into how many equal squadrons of, say, four or 
more vessels we subdivide them. For example, for 
280,000,000 dols. we could build 28 of the Dread- 
nought class, 40 ‘‘ Connecticuts,” or four squadrons 
of seven and ten vessels respectively. The former 
squadron would be 1.4 miles long, with a broadside 
fire of forty 12-in. guns per mile, and the latter 
2.1 miles long, with a broadside fire of twenty 12-in. 
and twenty 8-in., neglecting the smaller guns as not 
effective against any armour of the Dreadnought class. 
The above assumes that a nation of even the widest 
naval responsibility would ever deem it possible to 
disperse their naval units throughout the world, even 
in time of peace, thus diminishing individual efficiency, 
unity of purpose and action, and the indispensable 
ability to manceuvre a ae at battle speed. 
Rojhdestvensky’s fleet had manceuvred but once as 
a fleet before the battle of the Sea of Japan. 

I had always supposed that the subdivision, in time 
of peace, of a nation’s fighting units into numerous 
independent squadrons was due more to personal 
reasons than to a consideration of the principles of 
naval training and strategy, as illustrated by the 
rapid concentration which takes place when war is 
imminent. I understand that where the command of 
the sea is involved, a nation is not debarred from going 
to war by the state of distribution of the rival nation’s 
battleships, but by the knowledge that they have a 
certain number, that they possess certain material 
fighting qualities, and that they have been con- 
tinuously trained to a high degree of individual and fleet 
efficiency by concentration in one or more large fleets. 

If it be claimed that it would be better to reduce the 
speed of the large vessels to 16 knots, and put the 
weight saved into guns, it may be replied that heavy 
turret guns cannot be mounted (so as to increase the 
hitting capacity of the vessel) without very consider- 
ably increasing the size of ‘he ship, because the 
number of heavy Annas _ = be —_ on 
vantage is govern rgely by the length of the ship, 
which increases slightly « with the pa ati This 
point is fully discussed in a recent article in a German 
publication. I do not remember the displacements 
used by the author to illustrate the agp ee but, 
supposing the ones quoted below to correct, he 
shows that if it requires a displacement of 20,000 tons 
to obtain a broadside fire of, say, eight 12-in. turret 
guns, you could not advan usly mount any addi- 
tional turrets on 21,000 or 22, tons, but would have 
to go to 25,000 tons or 26,000 tons to obtain the 


utilise the weight saved to increase the gun power by 
adding 12-in. turrets, as you can by adding a number 
of intermediate guns. It is now hardly necessary to 
state that adding superimposed turrets, by which the 
number of guns can be doubled (for a given weight) 
does not materially increase the hitting capacity of 
the ship as a whole, because of the interference caused 
by having four guns in one two-storey turret, while it 
decreases her defensive power by adding to the vertical 
height of her vital target. 

aptain Mahan characterises the sudden inclination 
of all navies to increase the size of the new battleships 
from about 15,000 to about 20,000 tons as ‘ wilful 
premature antiquating of good vessels,” a “ growing 
and wanton evil.” It seems to me that the mere fact 
of there being a common demand for such vessels is 
conclusive eyidence that there must be a common 
cause that is believed to justify the demand. This 
common cause is undoubtedly the common belief that 
the same amount of money expended for large war 
vessels will add more to a nation’s naval power than 
the same amount expended on smaller vessels. 

It should never be forgotten that the credit for the 
inception of the epoch-making principles of the new 
methods belongs exclusively to Rear-Admiral Perey 
Scott, Director of Target Practice in the British Navy, 
who has, I believe, done more to improve naval marks- 
manship than all the naval officers who have given 
their attention to this matter since the first introduc- 
tion of rifled cannon on men-of-war. 

From the point of view of naval efficiency, weshould 
have nothing to fear from even a still further in- 
crease in the size of our battleships. For example, 
reverting to the supposed fleet of ten 20-knot ships, 
the “’S” fleet, above described, there can be no doubt 
that the same sum—100 million dols.—expended for a 
less number of still larger battleships would produce 
asuperior fighting fleet. For the same sum we could 
doubtless build eight ships, each having a broadside 
fire of ten 12-in. instead of eight, with 1 knot 
more speed. Such a fleet would be 1.7 miles lon 
instead of 2.1 miles, with the concentration of 
heavy guns per mile to op to the 21 per mile 
of the long ‘‘ L.” fleet (3.9 miles) of small vessels, not 
to mention the increased superiority of its manceuvring 
qualities, and the superiority of its protection against 
gun-fire and torpedoes. One of the great advantages 
with a large vessel is that the under-water hull may 
be so designed that the ship cannot be materially 
damaged by one torpedo. 

A brief explanation is now required as to why 
Prussian and American naval officers are practically a 
unit in advocating the all-big-gun one-calibre ship, 
while some other navies, discarding the small guns— 
6-in., &c.—still retain in new designs large turret-guns 
of two calibres, as 12-in. and 8-in. and 1l-in. and 
9.2-in., &c.; the larger turrets being in the bow and 
the stern, and the smaller ones on the sides. The 
reason is, I believe, that they do not yet understand the 
great difficulty of controlling the fire of guns that ap- 
proach each oer in calibre. From the facts and argu- 
ments presented I derive the following main conclusions, 
formed upon what I believe to be fundamental theoreti- 
cal principles of gun-fire and tactics :—(1) That in con- 
sideration of the fact that the ultimate object of the 
fleet is that in the event of war we may be able to 
overcome our possible enemies on the sea, we should 
80 oo our battleships that they will at least equal 
those of our possible effemies in all of their fighting 
qualities—s » gun-power, height of gun positions, 
protection, &c. (2) That, subject to the above require- 
ments, it is always desirable to increase the speed a 
certain reasonable amount. Incidentally it may be 
remarked that this indicates the advisability of deve- 
loping maximum speed with minimum coal consump- 
tion by placing all similar vessels in continuous com- 
petition in steaming, much in the same manner that 
we utilise the competitive principle in developing their 
maximum gun-power. (3) That itis always desirable to 
substitute heavy turret guns, such as 12 in., for the 
equivalent. weight of the usual intermediate guns (6 in. 
&c.); in other words, that the all-big-gun one-calibre 
ship affords the greatest possible capacity of effective 
hitting. (4) That in order to simplify fire-control, and 
attain its maximum efficiency, all of the main-battery 
guns of ships of whatever type should be of the same 
calibre. (5) That for similar reasons all of the to t) 
defence guns should be of the same calibre. (6) That 
very important tactical advantages are obtained by 
the concentration of many heavy guns on each large 
vessel of high speed, and the consequent intense con- 
tration of heavy-gun fire due to the tactics of the 
fleet. (7) That the tactical advantages of size, speed, 
and diminished numbers are of much greater im- 
portance than any advantages to be obtained from 
the increased number of smaller and slower vessels 
that may be built at the same total cost. 

In addition to the superior individual and tactical 
advantage of large cumin thag also possess the follow- 
ing minor advan :—1l. A fleet of ten 20,000-ton 
ships, each having a broadside fire of eight 12-in. guns, 





space. Conversely, if you design a 20,000-ton 


or eighty in all, would cost about 100,000,000 dols. 2. A 


battleship for 16 knots instead of 20 knots, you cannot | fleet of twenty smaller vessels, each having a broadside 


fire of four 12-in. guns, or 80 in all, would cost about 
120,000,000 dols. or 130,000,000 dols. (though I pre- 
viously assumed the cost of these fleets to be equal, in 
order to accentuate the tactical value of large ships). 
3. It requires less men to man the main-battery guns 
on an all-big-gun ship than a mixed-battery ship; 
for example, it requires less men to serve the 
ten 12-in. guns of the Dreadnought than the four 
12-in. and sixteen 6-in. guns of the Missouri. 4, 
It will require no more men for the Dreadnought’s 
crew than it would for the Missouri’s, if she 
had the full complement of men (as measured by 
Euro; standards), which neither. she nor any of 
our battleships havé: 5. The complement of officers 
of the ought is not as great.as should be that 
of the Missouri or Louisiana, because the former 
requires one fire-control party, while the latter ships 
require respectively two and three parties, as well as 
more officers to command the guns. 6. Then assuming 
800 men and 20 combatant officers in each ship, it 
would require 8000 men and 200 officers for ten all- 
big-gun ships, and about 16,000 men and 400 officers 
for the fleet of small vessels having the same broad- 
side fire. 7. It will cost nearly twice as much to dock 
as the ten large ones, and the latter can be docked in 
one half the time, which is a great advantage in time of 
war. (Captain Mahan notes that the absence of a big 
ship for iotuee, coaling, &c., reduces the strength of 
the fleet more than the absence of a small one, but he 
neglects to note that with twice as many ships in the 
fleet there will be twice as many absentees in a given 
time. (8) From the above it is clear that the cost of 
maintaining a fleet of small vessels having the same 
broadside fire as a fleet of large ones (of double the 
individual broadside fire) will be nearly twice as much 
as that for a fleet of large vessels of about the same 
total man-power. (9) I understand that the cost of 
maintaining a battleship is near 1,000,000 dols. a year; 
therefore, the yearly maintenance of a fleet of ten 
large vessels would cost about 10,000,000 dols. less 
than that of the twenty smaller ones. (10) The final 
conclusion is, that for the sum that it would cost to 
maintain the twenty small battleships we could main- 
tain a fleet of ten large ones, that would be greatly 
superior in tactical qualities, in effective hitting 
capacity, speed, protection, and inherent ability to 
concentrate its gun-fire, and have a sufficient sum left 
over to build one 20,000-ton battleship each year, not 
to mention needing fewer officers and men to handle 
the more efficient fleet. 








THE LATE Mr. FERDINAND SPRINGER.—We regret to 
record the death of Mr. Ferdirand Springer, senior 
partner in the well-known publishing of Julius 
Springer, of Berlin. The deceased died in his sixty-first 
year, after a short illness. Technical and _ scientific 
gp tr oma are a speciality of the firm, and the late 

. Springer was himself esteemed as a man of high 
intellect and of noble character. 





Trans-ANDINE Raitway.—This line has had a very 
chequered history, but it appears to be at length pro- 
gressing towards completion. A concession of the line 
was granted in 1886, the Argentine Government promis- 
ing aguarantee of 7 per cent. per atinum upon a capital 
1,191,0002. The guarantee failed, however, in 1890, and 
work was suspended upon the line in March, 1892. 
Several sections have since been’completed, and have been 
brought into working ; but until the summit tunnel is 

ierced through the es the line must be of little use. 

he result of the working of the completed sections 
=< the decade ending with 1905, inclusive, was as 
‘ollows :— 


Year. Profit. Loss. 
£ £ 

1896-7 12,536 
1897-8 14,018 
1898-9 12,250 
1899-1900 4,605 
1900-1 8,584 
1901-2 9,515 
1902-3 4,919 
1903-4 3308 

1904-5 3872 

1905-6 3723 


The change from annual loss to annual profit, which com- 
menced in 1903-4, was due to a working agreement with 
the Argentine Great Western Railway Company, Limited. 
The line, which is on a 3-ft. 4-in. gauge, starts from 
Mendoza, at a height of 2396 ft. above the sea-level. It 
continues to rise until it reaches the Blanco Encalada 
station, 13? miles from Mendoza, when it is 3393 ft. above 
the sea-level. At this point cultivation comes to an end, 
and is not met with again until the line has advanced 
into Chili. At 20 miles from Mendoza the line enters 
the mountain ranges, and at 224 miles from Mendoza it 
passes through a long tunnel, and reaches the Cacheuta 
station, 4000 ft. above the sea-level. At 574 miles, the 
Uspallata station is reached; the line is then 5666 ft. 
above the sea-level. It still continues to rise, and on the 
Rio Blanco it is 6956 ft. above the sea-level. The line 
has now been carried to Las Cuevas, 1093 miles from 
Mendoza. There still remain 2} miles to build before 
the point is reached at which the line will reach the sec- 
tions un on the Chilian side. Of course, when 
the line has been com to the Ohilian coast, its 





revenue will be very different to what it is at present. 
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INDUSTRIAL NOTES. 


Tue thrift side of our industrial and social life is 
one of the most gratifying features in the complex and 
often sad conditions of our social system. During 
the past year further heroic efforts have been made to 

lace the great orders of workmen on a sound financial 
is, even to thé satisfaction of actuaries. At the time 
when friendly societies were started there was little to 
go upon as re the duration of life, or the propor- 
tionate part of it lost to the worker through sickness or 
accident. Dr. Price and others had computed the 
probable duration of life as # basis for insurance 
societies, and Mr. Tidd Pratt, the first registrar of 
friendly societies, did his best with respect to sickness; 
but the figures and tables were insufficient for the 
purpose. Still the orders struggled on and paid their 
way. Longer experience told officials that either the 
benefits were too 


or the contributions too small | 





and Iron-Shipbuilders, Ironfounders, Carpenters and 

Joiners, Tailors, while others have from forty to forty- 

six years’ experience. Of course, in trade unions all | 
the members are of one trade ; in the friendly societies | 
they are of varied occupations. But the facts and 

figures as regards the ave duration of life are now | 
so complete that tables could be easily made to cover | 
all contingencies. The State might well make grants | 
in aid, as it has done in other cases, less deserving | 
from a national point of view. With State aid a 

system might be inaugurated which would ultimately | 
cover the industrial population of the kingdom, except 

the loafers. 





The Amalg ted Engineers’ Journal for this month 
is of more than usual interest. The editorial notes 
deal with the measures passed during 1906, and very 
fairly endeavour to appraise their value. As 
the Compensation Act, it says:—‘‘It brings this 





to ensure perfect solvency. The institution of periodical | country more into line with Continental countries, and 
valuations led to a determined effort to retrieve the | it does so, on the whole, more in harmony with British 
errors of calculation due to the basis adopted when the institutions and habits of thought.” The Jowrnal goes 


figures were insufficient to form a sound basis for the 
maintenance of solvency. The recognition by Royalty 
of the friendly society bodies during the past year has 
given to such societies a social standing not hitherto 
enjoyed. In May of last year the King, accompanied 
by the Queen, opened the new offices of the Hearts of 
Oak Society in the Euston-road, London ; and on the 
occasion of the meeting of the High Court of the 
Ancient Order of Foresters at King’s Lynn the King 
entertained the delegates and their wives to the 
number of 1500 at luncheon on the Sandringham 
estate. This recognition has given a spur to the 
movement, and infused new ardour into friendly 
societies’ work. It is well that it should be so, for 
such societies merit national recognition in many 


ways. 
The Manchester Unity of Oddfellows holds the pride 
of place among British friendly societies, both as 
regards membership and capital. The latest returns 
show that it has an aggregate of 1,023,414 members, 
and a total capital of 12,953,570/. The annual income 
is about 2,000,000/. Over 1,500,000/. is paid in benefits, 
and the balance goes to the reserve fund. The payments 
to members from the sick and funeral funds, as shown 
in the last year’s available returns, exceeded the income 
from contributions by 11,7767. But that excess was 
abnormal. There have been two new developments in 
connection with the order: the establishment of a 
Unity Assurance Fund up to the limit of 200/., and of 
savings banks in the lodges. The Ancient Order of 
Foresters stands second on the list. The total mem- 
bership is 919,713, and the capital is 8,332,456/. 
Its growth has been checked somewhat in recent years 
by the operation of the financial reforms, necessary to 
render it commercially sound ; but its financial position 
is better than it ever has been. It has been decided 
to admit members for funeral benefit only. It has an 
insurance fund in steady pro , and has the power 
of transacting the business of a savings bank in the 
lodges. The Hearts of Oak had 287,489 membors, and 
a capital of 3,364,675/. 7s. on September 30 last. The 
membership increased by 3320 in the first nine months 
of last year. The society paid in the same period 
268,804. as sick benefit, 44,309/. as funeral benefit, and 
33,8171. as lying-in claims, and yearly about 6000/. as 
convalescent home benefits. The Grand United Order 
of Oddfellows has 355,288 members, and a capital of 
1,303,4622. The Rechabites have 395,000 members, 
and 1,750,000/. The Druids have 131,544 members, and 
799,033. capital ; another Druids’ Society has 71,242 
members, and 176,462/. capital. The Free Gardeners 
have a membership of 71,276, and 240,548/. capital. 
The Shepherds have 125,026 members, and 908,999/. 
capital. There are other orders of Oddfellows, and 
several other large societies which need not be enu- 
merated here, all of which are good and sound. 
Indications are not wanting of possibly a great 
effort to engraft upon the usual benefits of the great 
friendly societies a system of superannuation or old- 
age pension. Indeed, provision for old age has been 
made in one society—the Dunmow Friendly Society— 
for the past ten years. But it is a small society, with 
only 1012 members. The average payments over 
these ten years have been 1727/. a year. The society 
has a reserve fund, but there has been a surplus over 
expenditure. It is a centre of a group of societies in 
Essex, allof which pay superannuation to its members. 
The great orde s have not yet on a wide scale made 
such provision, but in the chester Unity of Odd- 


iellows some 4000 members are paying for superannua- | 


tion, covering districts as wide apart as Norwich and 
[pswich, Newcastle, Staffordshire, Hartlepool, Burton- 
on-Trent, Edinburgh, and other plaées. The Foresters 
iso have some 3000 contributing members in Shef- 
ield, Shrewsbury, Colchester, and other towns. These 
examples will doubtless help the High Courts to take 
turther action, as the wll te given will afford expe- 
rience of methods and results. It is an important step 
to take ; and yet the great trade unions have adopted 
it for some fifty-six years, as, for instance, the 
Amalgamated Society of Engineers ; the Boiler-Makers 





on to point out the general effect of these measures 
upon labour, with especial reference to the engineering 
trades. It refers to the Trade Disputes Act, passed by 
the House of Lords practically unaltered, which was 
scarcely expected to be the case. Also to the Act for 
ey ‘nape Ne wn, as an wns ainsn And A 
serve the energy of the rer growin ulation for 
the future me bd of the nation. ip qnaabenthip 
of the union had increased to 104,632 at the date of the 
report. The increase in the year 1906 was, in round 
numbers, 6600—a notable expansion. Of the total, 2907 
were on unemployed benefit, 2798 on sick benefit, and 
5153 on superannuation allowance. It is stated that 
the oldest member is ninety-five years of age, in the 
Battersea branch ; he has an allowance from the union 
of 10s. per week. Although there is still the large 
number of 2907 on donation benefit, the unemployed 
never reached, scarcely approximated to, the figures of 
1905 in any one month; the nearest approach was in 
December, but in that month the proportion was nearly 
1 per cent. lower. There is an excellent article on the 
Channel Tunnel scheme, with illustrations. 


The Trades Union Con Parliamentary Com- 
mittee has called the attention of all trade unions and 
trades and labour councils to two resolutions passed 
at the last Congress in Liverpool. 1. To the subject 
of work and wages under local authorities. The cir- 
cular is signed by nine Lahour Members of Parlia- 
ment and others. It urges that the local unions and 
councils shall see to it that the wages paid by such 
local authority shall be the trade-union rate in the 
locality, whether the men be employed direct by such 
authority or under contract. It is not all autho- 
rities that have adopted the principle, but they are 
, orange coming into line. 2. The other circular 

raws attention to the action of the Municipal 
Employés’ Associations which has tended to draw 
away the several sections of workers from their own 
trade associations in order to enrol them in the local 
unions of the various local authorites, It is alleged 
that this is detrimental to the best interests of trade- 
unionism. 








The Home Secretary has issued his amended regula- 
tions under Section 79 of the Factory and Workshop 
Act, 1901, as regards the manufacture of paints and 
colours. In the draft submitted to Parliament in July 
last a number of objections were urged, in consequence 
of which the draft was amended, and that now issued 
is only open to objection up to January 17 of this year. 
The draft regulations are technical in nature and 
character, and cannot well be summarised in a short 
note, but No. 3 provides that “‘no woman, young 

rson, or child shall be employed in manipulating 
ead colour.” No. 6 provides that ‘“‘ a health re- 

ister shall be kept in a form approved by the Chief 
Cpsater of Factories in certain cases.” No, 7—‘‘ Over- 
alls are to be provided for those employed in roller-mills, 
and are to be washed at least once a week.” No. 8—‘‘A 
cloak-room and dining-room are to be provided unless 
all workers leave the factory during the meal hours.” 





No. 9—“‘ No food, drink, or tobacco is to be introduced, 
kept, prepared, or partaken of in any room in which | 
certain processes are carried on ;” provision for all | 
these things is to be supplied. Lavatories and wash- 
ing places, with clean towels and a constant supply of 
hot water, are to be provided in proportion to persons 
employed. These and other regulations apply to the 
employers. In Part II. the duties of the persons em- 
ployed are given in some detail. All persons are to | 
present themselves for examination by a certified | 
surgeon. After suspension, the person must have a) 
written sanction for re-employment. lations as 
regards cleanliness are given in detail. © respon- | 
sibilities of employer and employed are mutual, as, | 
indeed, they ought to be. If the employer fulfils his | 
obligations under the Act, he has a right to be assisted | 
in the protection of the workpeople by the whole of | 
the employed. This is now more than ever eee 
seeing that dangerous employment comes within the | 





rovisions of the Workpeople’s Compensation Act. 
very effort is being made for safety of life and 
limb, and also for the protection of health, and all 
rsons concerned must do their full share of the 
uties imposed by statute and regulations. 





Great importance is attached to the forthcomin 
Labour Conference to be held in Belfast on the 24 
inst. and the following days. It is definitely proposed 
to abandon the old name of “ Labour ntation 
Committee,” and to substitute therefor ‘‘ The Labour 
Party.” Last year’s income is stated to have been 
4000. This, it is said, is not eno The committee 


| ask that the contributions shall be doubled—that is, 2d. 


r member per year, instead of ld, This will bring in 
500%. per annum with the present membership of the 
unions contributing. The assistant secretary’s salary 
is to be raised to'150/. a year, and an assistant whip is 
to be appointed at 104/. per annum ; this latter official 
will assist in office work during the recess. Among the 
resolutions to be submitted to the Conference, one is, 
by the Paper-Stainers’ Union, a declaration of policy — 
that is, that the ultimate object of the Labour Party 
is ‘‘the overthrow of the present competitive system 
of capitalism, and the institution of a system of public 
ownershipand control of all the meansof life.” The Iron- 
founders will propose a general eight-hour day ; the En- 

ineers, universal old-age pensions ; the Islington Labour 
uncil, a national minimum wage of 30s. per week. 
The executive committee recommend the erence to 
declare in favour of absolute local option in the matter 
of public-house licenses. It is also proposed that there 
shall be, from the primary school to the university, 
a national system of education under full popular 
control, free and secular. 





Once again is heard the bitter cry of the women- 
workers in the Black Country chain-making trade. 
At one time this was a familiar cry, but the condi- 
tions changed for the better, and it was not again 
heard for years. Now the conditions are, it seems, 
as bad as ever, the average wage for a full and 
hard week’s work, of long hours, being from 4s. to 5s. 

r week. This is the testimony of Mr. J. Fitch, the 

retary of the Chain-Makers and Chain-Strikers’ 
Association, who has been making searching investiga- 
tions into the conditions said to exist in the chain- 
making trades, He states that sweating, lack of 
combination, and too many women workers are the 
causes of the destitution and misery in the district. 
He is quite as severe in his comments on the 
action of the workmen as he is with re; to em- 
ployers. He states that ‘‘not a few of the women 
workers have husbands earning good wages.” ‘I was 
pained to find,” he says, “amongst this class 
wives of members of the Chain-Makers and Chain- 
Strikers’ Association who, I know for a fact, earn 
more in three hours than their wives earn in a week.” 
He goes on to say, ‘“‘Some of these men brag about 
being trade unionists when they are in a public- 
house, but they are quite content to allow their wives 
to toil and slave in a chain-shop for a mere pittance. 
Such men are not worthy to be members of a trade 
union.” This, from the General Secretary of the Chain- 
Makers and Chain-Strikers’ Association, is a serious 
indictment, and he shows great pluck in making it. 


The departmental committee appointed by the 
Government to obtain information with respect to the 
hours worked by coalminers, with the view of possible 
legislation restricting the hours to eight per day, 
began the gi 4 on Thursday of last week, January 
4, 1907. Mr. Cunyngham, Under Secretary at the 
Home Office, was the first and only witness on that 
— He expressed no opinion upon the proposed 
policy, but gave useful evidence upon the facts of the 
case as bearing upon the miners’ proposal for an eight- 
hour day. e stated that during the past fifteen 
years an Eight-Hours Bill had been introduced on 
fourteen occasions. On two the second reading was 
carried. The figures obtained by the Home Office 
represented 80 per cent. of the mining population and 
60 per cent. of the miners. Mineowners readily gave 
information. He stated that the application of an 
eight-hour day was intricate, because of the different 
conditions prevailing in the various mining districts, 
The number of persons working less than eight hours 


| was small; the number working over 10} hours was 
|very small. In 82 per cent. of the collieries work was 
| carried on on six days per week; in the other 18 per cent. 


only on five or fewer 7 Peony is to say, there was one 
stop-day per week on the part of 6 per cent., the other 
12 per cent. had two or more idle days. The avera; 
time worked by hewers was 8 hours 40 minutes for the 
whole of Great Britain. The average time worked b 
all in and about mines was 9 hours 1 minute. e 
thought that the reduction of hours to eight’ per day 
would reduce the output, as there would no over- 
time. The effect of the eight-hours system would be 
the discharge of the older men. 





The Home Office has appointed a Commissioner to 
visit Australia and New Zealand, to inquire and report 
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upon wages boards, compulsory arbitration, and the 
Shop Hours Acts in these two countries. Reliable infor- 
mation on those subjects is needed here, for there are 
very opposite opinions as to the effect of these measures 
in the colonies to be visited. 





There is little to report as regards the iron and steel | 
trades up to the close of last week, but speculation 
was rife on market and ’Change as to probable develop- 
ments at the quarterly meetings held towards the 
close of the current week. All the works were in 
full progress, as the demand for supplies was pressing. 


The action of the North Wales Miners’ Federation 
in soy egpacoe upon the mine-owners as a protest 
against the employment of non-union men is said to) 
have served its purpose game eg over 5000 men | 
have joined the union. By Thursday, in last week, all 
the men were at work, except at two collieries ; but at | 
one of these all non-union men had joined by Friday. | 
At the Wynnstay Collieries, however, there was | 
trouble, and it is reported that instructions were given | 
at the end of last week to issue over 1000 summonses | 
against the colliers who came out on strike on January 3. 

Some trouble also arcse ia the cotton trade at| 
Ramsbottom over the extended-holiday question. The 
operatives absented themselves on January 2; and 
when they presented themselves for work on the 3rd 
they were locked out. The question at issue was dis- 
cussed at a conference of the parties, but was not settled. 


The action of the Southport Corporation was severely 
commented upon at a meeting of the Trade and 
Labour Council last week. It was stated that the 
employés were paid from 43. to 5s. per week les: than 
was paid by private firms. Trade unionists, it was 
alleged, were refused employment unless they severed 
their connection with their respective unions. But 
the most serious allegation of all was that while the 
Corporation insisted upon contractors paying the stan- 
dard rates, it competed with the builders of the town 
and took the work out of their hands, paying lower 
wages for the work dons. Thess allegations were 
publicly made. 











Hanb-Book oF THE COMMERCIAL INTELLIGENCE BRANCH 
or THE Boarp or Trapg.—This pamphlet is issued with | 
the object of drawing the attention of manufacturers and | 
merchants to the facilities offered by the Commercial 
Intelligence Branch of the Board of Trade, 73, Basinghall | 
Street, E.C., concerning openings for trade in other | 
countries. It may be mentioned that India. Canada, the | 
Cape of Good Hope, Queensland, and the Transvaal and | 
Orange River Colony all have offices at the above address, | 
in order to facilitate trade with this country. The regular | 
business of this branch of the Board of Trade consists in 
disseminating knowledge of contracts abroad for which 
manufacturers, &c., here could compete. Commercial 
correspondents have been appointed in a large number of 
centres, while consular and other officers abroad keep the 
department informed of contracts in the countries with | 
which they are connected. At the offices is a sample- | 
room devoted to the exhibition of specimens from India | 
or the Colonies, or to matter illustrative of reports of | 
- ae mai consuls or Board of Trade correspondents 
abroad. 





Tue Port or Sypney, N.S.W.—In Sydney Harbour 
there exists a shoal known by the inelegant title of the 
‘‘Sow and Pigs.” This is situated between George Head 
and Inner South Head, and stands right in the centre 
of the main channel leading up to Port Jackson. In con- 
nection with the improvement of the port a paper was 
recently read before the Royal Society of New South 
Wales a Mr. Lawrence Hargraves, whose name has fre- 
quently been mentioned in these columns. Mr. Hargrave’s 
scheme of port improvement is to build four jetties ft. 
long on this shoal. They will be joined together at their 
northern end, and would afford berthing for vessels on the 
six sides of the docks so formed, and also on the outside 
of the two outermost piers. The whole would be lar 
enough to provide ample rail and other facilities, and the 
scheme includes the connection of this ‘‘ Port Sydney” to 
the mainland and towns by means of a tube railway. It 
is pointed out that dangerous storms come up from the 
south-east, and on this side the whole is protected by 
land. The only visible horizon from the harbour lies 
almoat due east, and the worst to be feared at such a port 
would be that the outside berth might be uneasy durin 
perhaps a fortnight of the year. It is further pointe 
out that such construction would improve scouring in 
the channels on each side cf it, The tube railway, 
which would be constructed on u grade of 40 ft. per mile, 
would commence at Redfern Station with an above- 
ground section to Gipps-street. Tunnelling would be 
necessary between Gipps-street and Barcom-street, from 
Glenmore-road to Lower Ocean-street, from Double Bay | 
to Rose Bay, and finally from Lyne Park out to the piers | 
on the shoal. Some ten claims are made for the import- 
ance of the scheme, amongst which we may mention the 
inadequacy of wharfage in Sydney, the congestion prob- 
able if future plans only deal with. the lengthening and 
dredging of existing wharves and docks, and the possible 
effect of the opening of the Panama Canal on the port. 
The scheme was backed by Mr. Hargraves in a somewhat 
grandiloquent manner, but other speakers were not able 
to suggest any insuperable difficulties likely to be en- 
countered. 





CATALOGUES. 

A POCKET-BOOK containing diary leaves and general 
information has been sent us from Messrs. Ed. Wood and 
Co., Limi 88, Cannon.street, E.C. Useful tables 
relating to building and constructional engineering form 
a feature of this little book. 


Messrs. Dickson and Mann, Limited, Armadale, 
Scotland, have sent us an almanack for 1907, ornamented 
with cuts of their specialities, such as tramway points and 
crossings, miner’s skips, cages, colliery screening and 
conveying plant, &c. 


Messrs. A. Ransome and Co., Limited, Newark-on- 
Trent, have sent usa list of wood-working machines of 
their standard ram, which they have in stock. These 
include saws of all kinds, cask-making machinery, lathes, 
mortising machines, &c., for which this firm can guarantee 
prompt delivery. 

Messrs. George Cradock and Co., Wakefield, have 
issued a large wall almanack ornamented with a coloured 
engraving of considerable merit. The almanack draws 
attention to the various products of this well-known firm, 
such as wire ropes, &c., and gives a list of their branches 
and agents at home and abroad. 


Messrs. Pertwee and Back, Nelson Iron Works, Great 
Yarmouth, have issued a leaflet describing their patent 
Nelson ice-crushers, of capacities up to four tons per hour. 
A special design is made for steam trawlers, worked either 
by hand or power. This firm also constructs roofs and 
other building work, fire-escapes, steering-gear, &c. 

Mr. Charles W. Cook, Coupland-street, Manchester, 
has sent in leaflets describing the Berthelot-Mahler Bomb 
for calorimetric purposes. In view of the increased 
interest taken in the testing of fuels, it may be of ad- 
vantage to large consumers to know that such apparatus 
is supplied by this firm,*whose pumps, compressors, &c., 
are well known. 

Messrs. Gibbons Brothers, Limited, Dibdale Works, 
Dudley, have sent us an illustrated price list of colliery 
tubs, tipping skips, buckets, barrows, &c. The tubs and 
tipping wagons are made of riveted Baym steel, angle- 
irons being largely dispensed with. This firm also stamps 
out of steel, seamless elevator and conveyor buckets and 
other work of like nature. 


We have received from Messrs. Hayward-Tyler and 
Company, Limited, a little leather-covered pocket-book 
and diary for 1907. This book is similar to one noticed not 
very 4 ago in these columns, except that it is somewhat 
enlarged, and contains diary leaves for the coming year. 
Tables and general information on pumps, water supply, 
postal matters, &c., complete this little publication. 


Messrs. Edward Wood and Co., 88, Cannon-street, E.C., 
have sent us a little diary. Messrs. Wood and Co., teing 
manufacturers of iron and steel roofs and buildings, 
bridges, &c , have included in this little book a number 
of tables relating to the strength of beams, &c, of various 
sections and forms, the sections dealt with being those of 
British Standards. An accident and burglary insurance 
policy is also included in the book. 

Cross, near 


From the Clay Cross Company, of Cla 
Chesterfield, comes a little leather-bound diary for 1907. 
This firm are manufacturers of patent economisers and 
of all sorts of cast-iron tanks, flange pipes, retorts for gas- 
works, hydraulic pipes, pulleys, cast-iron girders, founda- 
tion plates, engine castings, electric-light standards, as 
well as small objects, such as manhole covers, gulley 
grates, &c., illustrations and particulars of such articles 
appearing on alternate pages of the booklet before us. 


From Mr. W. E. Farrer, Star Works, Birmingham, 
we have reveived leaflets describing Farrer’s patent disc 


valve and the Omnifex system of sewage ventilation. | 


The disc valve is made in several patterns and sizes, the 
designs being worked out so as to ensure equal pressure 
all round the facing. The main feature of the 
system of sewage ventilation consists of columns, pro- 
viding in one combined casting both foul-air outlet and 
fresh-air inlet. 

Section A of the new catalogue of Messrs. P. R. 
Jackson and Co., Limited, Salford, relates chiefly to 
tooth-wheel gearing, machine-moulded and cut. Ex- 
amples, illustrated and described, include tooth wheels, 
flyspur wheels, roll pinions, change-wheels, and worms 
and bevels, &c. Lists of Me:srs. Jackson’s patterns of 
worm wheels are also given. Other matter illustrated 
includes tyre-rolling mills, steel forgings and castings of 
all kinds, hydraulic cylinders, rope-driving and other 
wheels, pulleys, &c. 


“The Boreas Brake-Dynamo” is the heading of a 


leaflet describing a little plant for testing petrol-engines, | 
essrs. | 


gas-engines, &c., introduced into this country by 
Lacy-Hulbert, 91, Victoria-street, S.W. The armature 
of a dynamo is coupled to the motor to be tested. The 

et-frame is so arranged that it is free to oscillate 
about the axis of thearmature. The brake-power exerted 
is then measa by a graduated steelyard, counter- 
balancing the tendency of the frame to rotate, or by 
suitable pressure gauges or automatic recorders. 


The Choride Electrical Storage Company, Limited, 
Clifton Junction, Manchester, have forwarded us a 
leaflet drawing attention to the Entz booster. The 
chief feature of this booster lies in the carbon- lator, 


which consists of a number of piles of carbon discs sub- | 


jected to a varying | ery ed by a lever. At one end of 
the lever is suspended the soft iron core of a solenoid 
which carries the generator load, at the other end is a 
helical adjustable spring. Boosters of this type are in 
use in the Greenoc icity Works, where they are 


| reported to have given every satisfaction. 


mnifex | 


| We have received a catalogue of the tools supplied by 

the Globe Pneumatic Bagels Company, Limited, 150, 
Queen Victoria-street, E.C. These mompate tome are 
manufactured for the company by Messrs. Sir W. G. 
Armstrong, Whitworth, and Co., at their Elswick Works. 
The tools embody the Tierney patents, and other goto. 
and include hammers of all sizes, for caulking, chipping, 
and riveting, drills of several patterns and sizes, sand- 
rammers for foundry work, hoists, trolleys, tube-scaling 
hammers, &c. The firm also supply accessory apparatus, 
such as air-receivers, hose, cocks, &c. 


A catalogue of some 127 pages, issued by the Midland 
Manufacturing Company, Limited, Celtic Works, Shef- 
| field, is devoted almost entirely to hand tools for en- 
| gineers, railway contractors, &c. A few power-driven 
saa however, are included, such as large pune, 
| polishing-machines, bench drills, &c. For the rest, the 
| catalogue deals with hand-screwing machines, rock drills, 
picks, shovels and small] tools, such as hammers, chiecels, 

les, twist and other drills, reamers, milling-cutters, 
spanners, pipe wrenches, vices, surface plates, jacks, and, 
in fact, practically all portable or small appliances needed 
by engineers or railway contractors. 


The Northern Press and Engineering Company, 
Limite3, South Shields, have sent us a circular drawing 
| attention to Armand’s, Patent Stereo-Melting Furnace 
jand Pump. This combigation machine has been designed 
to expedite and minimige the labour in the manufacture 
of stereotypes. The ing furnace can be placed so as 
to be surrounded by -bexes, and these are fed with 
metal from the pot by means of the pump and hollow 
radial arm. The pumpand arm rotate, and can be turned 
from box to box without difficulty. This firm also make 
a omen of casting-box especially well suited to this 
machine. ‘ 


From Messrs. Andrew Barclay, Sons and Co., Limited, 
we have received a number of leaflets describing many 
classes of machines they manufacture. The output of 
this firm includes locomotives, stationary engines of 
several patterns, including Corliss valve, simple or com- 
pound engines, Cornish-valve winding engines, high-speed 
mining pumps on the Oddie-Barclay principle, either 
steam, electric or belt-driven, and many other kinds of 
machinery. It may be mentioned that the chief feature 
of the Oddie-Barclay system consists of the mechanical 
controlling of the suction valves of the pump, and that 
the principle has been applied to steam-driven under- 
ground pumps of capacities up to 2000 gallons per minute. 


Anillustrated pamphlet comes from Messrs. Thos. Broad- 
bent and Sons, Limited, Huddersfield, and deals with all 
manner of electriccranes. Most of the matter relates to 
three- motor overhead electric travellirg-cranes, of which 
this firm makes a speciality. Their standard patterns in- 
clude cranes up to sixty tons capacity and 60 ft. span, 
the controllers used being of the tramway type. Single- 
motor and four-motor cranes, suitable under certain cir- 
cumstances, are also illustrated. Of course, though the 
tested standard types only go up to sixty tons capacity, 
this firm build cranes for all services, up to 100 tons 
capacity. Walking jib cranes, cantilever cranes, ware- 
house and all other types of cranes also figure among 
the types built by Messrs. Thos. Broadbent and Sons. 


The latest catalogue from Messrs. Geo. Richards and 
| Co., Limited, though entitled ‘‘ Machine Tools,” contains 
| quite an amount of matter which, strictly speaking, should 
| appear under some broader classification. The book con- 
| tains, for instance, reference to and descriptions of air- 
| compressors of several patterns, pulleys and line-shaft 
| fittings, Matthewson’s sand-blast apparatus, &c. Among 
the many excellent machine-tools descri and illus- 
| trated, it is difficult to make any satisfactory selection for 
| a short notice of this character ; suffice it to say that pat- 
terns illustrated include one sae, turbine- 
planing machines; large radial drills, boring machines and 
mills, the latter up to 16 ft. in diameter; turret-head 
boring machines, universal boring and facing machines, 
and, in the pattern-making line, saws of several types. 


A well got-up catalogue of machine-tools comes to us 
from Messrs. Loudon Brothers, Limited, Glasgow. This 
book contains over 250 pages of illustrations and matter 
concerning up-to-date light and heavy tools for engineers’ 
shops. The volume is divided into five sections—namely : 
(1) Lathes, accessories, and vertical boring-mills; (2) 
planing, shaping, and slotting- machines; (3) horizontal and 
vertical boring, drilling, tapping, and studding-machines ; 
(4) screwing, milling, wheel-cutting, and grinding ma- 
| chines, and special locomotive-repair tools ; (5) steam and 
| other hammers, boiler-shop tools and heavy machines, 
| Sawing-machinery, nut and bolt-machines, pneumatic and 
| electric toola, &c. In the catalogue of such a firm, as 
| would naturally be expected, all up-to-date machines are 
to be found ; for instance, capstan and automatic hollow- 
spindle and other lathes, electrically-driven tools, &c. The 
locomotive-repair tools mentioned above include portable 
| eylinder-boring, valve-facing, crank-pin - turning tools 
and others. The pneumatic tools listed include pneumatic 
tool-grinders, deck-planing machines, polishers, drilling- 
machines of several patterns, hammers, and many pat- 
terns of compressors and portable compressing plant. In 
short, the catalogue is one of the most complete of its 
kind that we have seen lately. The illustrations are 
excellent, and as the list is priced throughout, it will 
doubtless prove of value to buyers of engineers’ tools. 

















AusTRIAN RatLways.—The most yo Austrian 
railway—viz., the Emperor Ferdinand Northern system 
—has purchased by the Austro-Hungarian Govern- 
ment. The Government has already come to the conclu- 
sion that the line is insufficiently equipped with locomo- 
tives and general rolling-stock. 
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TRADE AND INDUSTRY OF KOBE INDUSTRIES OF OSAKA. 
eee: I CA eee f Rte. © yee ey ee ee pees a 
Tue district round Kobe and Osaka is the most NUMBER OF ae LABOURERS AND OTTERS. 
important in Japan from an industrial point of view. | ; ; AVERAGE 
The interests of Kobe and Osaka differ entirely, and | aiseeiibi a at dea cas Baar Lf] 
i j $C! ion 0 | . 0 BOURERS. 
the trade of one port does not interfere with that of o ae ' | Avereqe|Aveonge Apprentices Tetratl% oF a |: Pains of 
the other. In one respect, perhaps, the interests of | | Establish- ines. | Horse: | Days | Hours and Mem- 
the two places may appear to clash—i.e., in the direct | ments. | Engines. | Power. | p+ ———as 
import of raw material to the latter port instead of to | tees ee ES er Oe ey ee 
Kobe. For details oe subjects such as these, pene eee PT fc caf nk pci ite rot, tom cerns Dll an 
reference mast bo made to the Conver Rapert for Spinni 9 26 8,478 | 310 22 11,170 | 2,282) 9,428 | 11,710 hr 0 $i 2,129,310 
i ; inbIn } * Zi 2 lf . x 7) 5 
1905, recently issued, as all that our space will allow Weaving Ke om 56 7 838 | 302 il 21559 420, 21038 | 2458/0 83 0 & 565,38 
will be the notice of a few points of special interest to sfousseline dyeing .| 24 4 91 | 316 10 812 571, 99 | ‘6701 0 | O 8h 102,812 
our readers. The foreign trade of Osaka, and that Octton cloth dyeing} 171 5 19 | 317 10 210 519 19 5380 9}/ 0 4 323, 
city’s extraordinary development as an industria] Cleaning of grain) 150,901 
: and flour... 36 32 233 | 285 12 359 229 34| 2683/0 83) O 5 
centre for the supply of manufactured goods to China, yretaitorging |_| 37 26 2,488 | 334 8 1428 | 1,954, 76 | 1.8801 0} 0 74! 1,908,088 
Korea, and India, which Europe previously supplied, Iron manufacture ..| 508 107 584 | 323 9 3,678 | 2,345 46 2391/1 1! 0 if 435,758 
make it appear desirable that its trade should be dealt All other metal 221,330 
with eenenatel manufactures ..| 221 38 220 | 315 ll 2,924 1711 634 2,311 1 0 6 
~ . Printing and book-| ; 1,28: 176 1,458 0115 0 € 211,587 
The following table shows the value of the import binding... a 29 63 | 821 10 1,861 393,184 
and export trade of Kobe and Osaka during the last Knitting .. ..| 169 4 23 | 313 12 1,846 565 68T_««1,252 OL =O 6 
five years. If the trade of the two ports be differen- ae | : : = ° = aay a > oy : , men 
tiated, the tendency of each particular port will be [eather-making ||| 46 6 106 | 310 il 2,013 | 1,309 547, 1916011 .. 421,698 
noticed—namely, a steady but rapid and marked in- | Shipbuilding ce 63 22 506 | 247 10 8,183 | 3,025 10 | 3035/1 3, 0 6 288,754 
crease in imports for Kobe, with exports remaining Ae an umbrellas | 4 “ | = = a . oan aie : 8} : a Bt 
stationary, while at Osaka imports tend to increase | 5 “amit 97 ‘8 “ss | 317 i 2158 ‘'ees| ba | Lasal @ deal ‘aos 
slowly, whereas exports are advancing by leaps and _- - ’ 6 6 164 | 298 12 "259 ce} | oe O act prae $58 508 
bounds. The foreign trade of both ports combined | Brush.. a 57 6 63 | 81l 10 1,019 643 839 88z 0 11 0 4 60, 
gives a total of near y 40,000,000. ,.or practically one- Others 3244 107 2,707 312 10 19,253 7,424 4,167 11,681 0103) 0 6 7,704,738 
half of the total foreign trade for Japan :— Total, 1904 5079 437 16,625 | 307"  11* | 60,670 | 26,632| 22,066 |47,698,°0 10}, 0 5° 15,580,503 
— - —— » 1908 4283 330 13,824 £. i 55,647 24,918) 19,900 /44,818) .. |... ,500,000t 
Vatue » 1908 4245 | (204 12,041 55,605 24,647) 238,651 | 46,198) .. 6,500,000t 
E ; 1901 404 238 10,691 55,302 23,958 19,785 | 43,690 6,300,000+ 
. 1 41 10,881 54,610 |31,701, 20,487 | 52,188 £,500,000t 
Year. Kobe. Osaka. To‘al. , , , y . »500, 
| ” = —— _ ‘ aw 
Imports, | Exports. Imports. | Exports. | * Averege. t About, 
23,897,678 8,631,898 1,888,52 5 io etiess | 
1905 337, 621, ,888,524 | 5,710, 558, ; : i irti i , : i i » 
1008 | 177349'606 | 8977-876 | 1790086 | RiaSI71 | SV7O1851 es Pees a an ‘ of wie otietings, the yoann during the years 1903 to 1905, will be interest 
1903 15,775,347 9,240,491 1,685,037 | 1.877,828 | 28,578,cos | Unite Ingdom supplies ¥/ per cent., Kove hg | ing :— ' 
1902 14,752,686 7,630,589 1,212,814 1,536,407 | 25,131,946 | 45 per cent. ; of cotton prints, the United Kingdom 
1901 12,860,358 7,881,468 1,046,023 | 1,209,975 | 22,997,824 | supplies 93 per cent., Kobe taking 93 per cent. | 


The same causes that affected the foreign trade in 
1905 for the rest of Japan, account for the increase of 
imports at Kobe. These causes may be summarised 





thus :—An ever-increasing demand for military stores | 
while the war with Russia continued, purchases of | 


raw materials by Government and private factories 
engaged in the supply of necessaries of war, the 
revival of the home market in consequence of the 
good rice crop of the previous autumn, the successes 
of the war, and the conclusion of peace. 


the end of the first half-year a total of imports into 
Kobe not far short of the total for the whole of the 
previous year was the coming into operation on July 1, 
1905, of the second war tariff, in anticipation of which 
heavy stocks were imported. 

Daring 1905 the business in the standard classes of 
cotton textiles was, on the whole, satisfactory. The 
volume of transactions was in almost every case larger 
than for some seasons past, while clearances were good, 
and the year closed with a considerable quantity of 
orders on hand, in spite of the very high prices de- 
manded in Europe. The subjoined table gives the 
imports of the principal cotton textiles for the years 
1901 to 1905 inclusive :—~ 











Vv 
Kobe Only. All Japan. nn 

ate from 
United 

King- 

Quantity. | Value. (Quantity. | Value. | dom. 

Cotton satin: yards £ yards £ £ 

and Italians — 

5 ..| 6,413,880 | 135,785 | 9,180,857 | 204,159 | 204,154 

1904 1,798,993 | 43,034 | 2,638,765 67,022 66,270 
1903 3,182,741 | 75,046 | 4,854,872 | 116,463 | 115,865 
1902 6,079,330 | 114.854 | 7,843,454 | 182,580 | 182,172 
1901 = ..| 4,863,357 | 120,714 | 6,692,372 | 171,959 | 167,693 
Grey shirtings— 
1905 i . . 35,865,359 | 297,882 74,843,850 638,339 | 637,873 
1904 10,283,003 | 113,081 |22,568,435 238,436 | 215,470 
1903 .. | 15,667,193 | 129,992 |42,773,196 368,100 | 367,953 
1902 . (23,847,835 | 174,860 |66,394,093 | 517,629 | 513,510 
WM ou ..| 9,800,297 | 73,990 |36,227,792 | 305,398 | 304,462 
White shirt- | 

ings— 

1995 6,882,284 | 76,623 |15,324,158 173,524 | 168,€92 
1904 .| 2,002,371 | 26,968 | 4,912,804 65,084 | 62,362 
1903 3,634,169 | 36,786 | 6,214,903 66,200! 63,459 
1902 4,892,767 | 651,721 |11,137,283 | 121,661 | 118,817 
191 =. ..| 2,545,279 | 29,474 | 4,854,996 58,774 | 67,193 
Cotton prints— | } | 
1905 ies ..| 7,667,873 | 122,056 | 8,934,379 | 142,200 | 132,430 
1904 ..| 2,771,616 | 47,817 | 3,245,365 | 54,318 47,200 
1903 ..| 9,042,796 | 189,543 13,091,532 | 201,653 | 192,509 
3902 .. 11,975,002 | 171,902 |18,543,504 | 265,624 | 247,878 
1901 .| 2,749,079 | 40,156 | 4,511,240 69,464 | 60,569 
The importance to British manufacturers of the 


trade in cotton fabrics at Kobe is manifest from the 
following statement :—Of the total imports into Japan 
of satins and cotton Italians, the United Kingdom sup- 
plies 99,', per cent., Kobe taking 66 per cent.; of grey 
shirtings, the United Kingdom supplies 99 per cent., 


But a very | 
powerful factor which also helped to bring about by | 


he following table shows the quantities and values | 
of the metals imported in the years 1903 to 1905:— | 




















1905. 1904. 1903. 


Month. 


Quantity. Value. Quantity Value. Quantity.| Value. 

Ib. £ Ib. £ Ib. £ 
1905. 1904. 1903, Jan. 8,261,388 239,156) 5,790,539, 166,846, 8,763,338 93,670 
Feb. 7,240,133 213,653! 8,399,738! 236,618 8,819,066 94,215 
Articles, March 7,034,266 217,314, 7,569,733, 214,348 6,588,266 163,952 
Quan- vaine |QU80- Vaiue Q480-| vaiue, | APril 5,682,266 176,840, 2,983,066 83,467 9,495,783 241,420 
tity. * | tity. * tity. | " |May 6,252,266, 189,976' 6,653,200, 189,08311,224,666 290,754 
—_— >! June 8,96%,46F, 122,820 6,988,533; 195,022 9,527,866 241,690 
tons £ tons & tons! & July _5,372,8.0| 170,337) 8,984,533, 250,022 8,510,933 217,801 
Pig iron .. 75,243 206,607 | 88,372) 123,707 | 24,876 84,057 | August 5,312,800, 169,353) 9,893,333) 277,676 11,754,400, 209,064 
Wire nails... . 10,627 107,722 | 18,253 117,356 8,881 76,176 | Sept. 3,877,333 123,880) 4,007,600 116,122, 9,989,600) 263,851 
Bariron ..  .. 52,684 349,533 | 26,904! 176.599 |22,289| 152,005 | Oct. 5,268,266 168,812| 8,386,666, 95,022) 9,917,466) 256,960 
Galvanised sheets 5,838 $9,743 | 4,122) 66,254 8,128 52,581 | Nov. — 6,409,783| 208,772| 5,011,383) 144,179 9,854,666, 242,715 
Tin plates... 14,903 242,850 | 10,908, 157,040 | 1,753| 27,676 Dec. 7,034,800) 229,851) 6,511,600| 187,038) 3,227,066 83,835 

Sheets and plates 3+,027 282,431 | 19,277| 185,941 14.559 109,759 


Zinc & zinc sheets, 8,913 256,925 | 1,602 1,453, 33,184 


The value of the machinery imported in the year 
1905 was 942,815/., giving increases under the heads 
of turning lathes, 253,331/.; cotton-spinning machinery, | 
76,677/.; and miscellaneous, 306,658/., as compared 
with the previous year. In turning-lathes the United 
Kingdom and the United States practically divided the 
import of the whole of Japan, of which Kobe absorbed 
nearly all. In cotton spinning machinery—of which 
about tix-sevenths was exported by the United King- 

| dom—Kobe absorbed five-sixths of the British machi- 

| nery and five-sevenths of the whole import from all 

| countries. In turning-lathes Germany advanced her 

| total import into Japan by over 300 per cent., but the 
value remained at not more than one-fifth of the British 
and one-eighth of the American import. 

| With regard to locomotives, it will be sufficient if 


we quote the following sentences from the Consular | 
Report :—‘‘ In locomotive engines, Germany and the | 


United Kingdom appear to have exchanged positions 
in respect of the total imports into Japan, the former 
country appearing in 1905 for nearly six times its 
|import in 1904, whereas the United Kingdom is 
| relegated to third place, being credited in 1905 with 
| only one-fifth its import in 1 America has also 
trebled its imports, 

| discuss the reason of this change. 
| writer is able to learn, German locomotives are pre- 
| ferred on account of their cheapness, being per 
| cent. less costly than British. American locomotives 
| have the advantage, so the writer is informed on | 
| reliable authority, of orders being executed with much | 
| more promptitude than is the case with orders for | 
| British locomotives. The Sanyo Railway Company, 
the largest in this district and the third largest in 
Japan, uses only American locomotives; but this com- 
pany finds it to its advantage to order axles and 
| wheels from Germany.” 

| The other imports into Kobe are not of special 
| interest to the majority of our readers; but as the 
largest, and perhaps the most enterprising, cotton- 
mill—the Kanegafuchi—is situated at Kobe, and in- 
fluences the trade considerably by the quality and 
prices of its yarn. The following table, showing the 
monthly export from Kobe of all counts of cotton 





| Total 71,699,462 2,280,268 76,129,868 2,145,388 97,163,061 2,489,036 


The industries of Osaka are much more varied than 
those of Kobe, and the table given above, taken from an 


| official publication issued by the Municipality of Osaka, 


shows the number of the principal factories, average 
wages, and value of produce in 1904. 

The Consul explains that in giving these returns it 
is not intended to indicate a new field of operations to 
the British manufacturer, for visits to various indus- 
trial establishments show clearly enough that whether 
imported directly or not, plenty of British machinery 
is being used in this industrial centre. Rather is it 
intended to draw attention to the extent to which 
Osaka does now, and must in the near future, export 
to other parts of the Far East manufactured goods 
which rival those of Kuropean origin, and to suggest 
that steps might be taken to obtain a share in such 
undertakings. As time goes on, he remarks, one 
notices with regret that this line of enterprise has not 
received much attention at the hands of the British, 


| whereas American and French investors have been 


more active. It is true, on the other hand, that so 
little is really known on the subject of the industrial 
possibilities of Osaka that the British merchant may 
well be excused his indifference. Semi-official publi- 


Ds Grenilil tay  diidaite enatter 60 | cations provide a vast amount of information which 


But so far as the | 


would help readers to get a more minute knowledge 
of some of the industrial conditions of Osaka, but 
these are not seen by the public, and it seems 
left to Consular reports to make known in a very 
meagre way what is gy | in industrial districts 
within their centres. We have from time to time 
given information with regard to the progress of 
Japanese industries, from sources which are not 
generally available, and we trust that we are doin 
something to raise an interest in the great changes ant 
developments which are taking place in the Far Kast, 
and which will have a profound effect on the trade of 
the world. 





JAPANESE VOLUNTEER FiEeEtT.—The Revue Maritime 
states that the subscriptions collected by the Japanese 
Navy League for the construction of a volunteer fleet 
amount to about 780,0002. It is hoped that the amount 
will reach 1,000 0001 by the end of the year, and that a 
further sum of 500,000/. will be collected next year. 
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THE CONTROL OF TORPEDOES. 


Tue successful transmission of m es by means 
of etheric waves has given rise to the idea in many | 
minds of controlling the action of distant machinery | 
in a similar way. A Whitehead torpedo, when once | 
launched on its journey, has for ever out of the 
control of the sender, who, if he had the power sub- | 
sequently to deflect its course, might often cause it to 
accomplish its work, instead of having to watch it 
expending itself uselessly. Many other — of 
the power of operating machinery at a distance will | 
suggest themselves at once, but to most inventors the 
desire to control the course of a torpedo seems to be pre- 
eminent. In Spain, Senor Leonardo Torres Quevedo | 
has so far succeeded in the direction of unmanned 
craft at sea that his system has been inspected in| 
operation 
Gabet and 
the subject. 
trials of torpedoes, directed by Hertzian waves from 
the shore, were carried out in-the harbour at Antibes, 
between Nice and Cannes, under the supervision of 
the French naval authorities. The system used was 
that due to MM. Lalande and Frassier, the former 
of whom had for some time been the collaborator of 
M. Gabet. 

In the Antibes trials the to © proper was carried 
in a sort of submarine boat rigidly suspended from a 
smaller torpedo-shaped float, so that it maintained a 
constant depth of about 5 ft. below the surface of the 
water. The float carries a pair of short masts, set fore 
and aft, which support the antennz of the receiving 
system. Each of these masts is also fitted with a 
lamp showin 
serving to indicate the position and direction of the 
boat at night to the operator on shore. The receiver 
for the Hertzian waves and the controlling mechanism 
are also contained in the float. The torpedo-boat is 
1] metres in length, and propelled by a screw driven 
by an electric motor. Itg total weight, without the 
to 0, is 6700 kilogrammes, or over 64 tons. 

ith all machinery directed by Hertzian waves, the 
most difficult matter is to differentiate between the 
various commands, so that the machine shall perform 
the particular function required. If perfect syntony 
could be obtained, so that a receiver would only 
respond to waves of a ) anapeye ~ length, the problem 
would not: be difficult, for a differently-tuned receiver 
might be fitted to each of the operating relays. But 
as all the efforts of those engaged in wireless tele- 
raphy have so far proved fruitless in preventing 
interference, the outlook for this solution does not 
appear favourable. Hence it is safer to recognise 
the fact that practically every length-wave which 
falls on the receiver will affect it, and to devise some 
other method of discriminating between different 
— ai 

he receiving apparatus used in the Antibes experi- 
ments comprised the usual detector and relays, be- 
sides a special type of distributing switch, by means 


of which the various relay-circuits corresponding to | 


different manceuvres might be closed or opened at 
will. To carry out any. manceuvres, this switch has 
to take up a certain definite position, and to arrive at 
this position has generally to pass over a number of 
intervening positions. Some arrangement is obviously 
necessary to prevent the manceuvres corresponding to 
the intermediate positions being affected by the pas- 


PLAN OF ELECTROMAGNET SHEWING 
EBONITE BASE WITH CONTACT STOPS. 
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| 


Fig.t 























by King Alphonso. In France, M. Gustave 
AM. poms and Frassier are working at | 
In fact, a few months ago some practical 


a light to the rear only, the lights) 
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not take place until a definite lapse of time after the 
main contacts are closed, so that a transitory position 
of the latter shall not be responded to by the 
machinery. Figs. 3 and 5 show a T-shaped lever 
pivoted to the frame at one end, and carrying a ratchet- 
toothed rack at the other. The rack engages with a 








sage of the distributing switch as it travels to the 
position intended by the operator on shore. The 
means employed by MM. Lalande and Frassier is very 
ingenious, and works u the principje, broadly 
speaking, of delaying the fulfilment of an order until 
there is no doubt what is intended. Referring to 
the illustrations, in Fig. 1 will be seen a horseshoe 
electro-magnet A, which is excited every time a train 
of waves is received by the detector. Between the 
poles of this magnet is ar armature B (Figs. 2 and 4), 
capable of rocking about a vertical spindle. The 
eer agua through an ebonite base, bored con- 
centrically, and carrying a number of metallic contacts 
round its inner circumference, as shown at S, S (Figs. 


1 and 4.) Twelve contacts are shown al ther, 
corresponding to eleven different comm and 
one position of rest. The armature is normally 
held in the position shown in Fig. 2 a 


b 
light spring, but, when the magnet is eel, is 
attracted by the poles, causing the ratchet wheel D to 
advance by one tooth. There are the same number of 
teeth in the ratchet as contacts in the base, so that 
the contact wheel E, which 1s carried solidly with the 
ratchet wheel, will be moved on to the next contact. 
When the excitation of the magnet A ceases, the 
armature will return to its normal position, the ratchet 
wheel and contact wheel being held by the fixed pawl 
F, Fig. 5. Thus every separate train of waves will 
move the wheel E on to the next contact. 

The position of E on a contact, however, is not by 
itself sufficient to close the corresponding relay circuit 


A second contact made between the pieces F and G, 


pinion, but on account of the shape of its teeth, and 
the fact that it is hinged at one end to the lever, the 
latter can move in one direction without causing 
rotation of the pinion. At the top of the pinion shaft 
a fly-wheel is fixed, having a considerable amount of 
inertia, and the pinion, the fly-wheel, and a large 
spur-wheel H can only rotate together with the ver- 
tical shaft. 
Revertin 
Figs. 3 an 
frame it projects sufficiently to car 


this lever has to rotate with it, moving in the clock- 
wise direction, as viewed in the plan, Fig. 3. In 
moving it pushes the rack-lever to the left by pressin 

against a pin projecting downwards from the arm o 
the latter lever, but simultaneously allows a pawl to 
engage with the teeth of the wheel H, and prevent 
this wheel from rotating. The rack then has to slide 
over the pinion without causing rotation of the vertical 
y sgpomee As soon as the magnets are de-energised, 
the armature and the lever K return to their normal 
position, and the pawl is released from the teeth of 
H._ A spring around the pivot of the rack-lever tends 
to drive the latter back again, but it can only return 
by causing the rotation of the fly-wheel, for the rack 
is with the pinion on the fly-wheel shaft. The 
inertia of the fly-wheel makes the return motion fairly 
slow, and when the lever is home, further motion is 
prevented by a stop, the fly-wheel and pinion over- 
running the rack. 





Fig. 5, must exist simultaneously. Mechanism is | 
provided to ensure that the contact of F and G shall | 





operation of the mancuvring machinery can take 


Until the lever has returned, the contacts F and G 


SS 


ZZ _ 








to the armature spindle, we see from | 
5 that above its upper bearing in the | 
a peculiarly | 
shaped lever K, fastened to the spindle by a taper | 
pin. When the armature is attracted by the magnet | 





(Fig. 5) are open, and until they come together no 








THE CONTROL OF TORPEDOES BY HERTZIAN WAVES. 


Pig.3. PLAN SHEWING RETARDING & REPEATING MECHANISM, 
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place. Hence a positive delay will take place after 
every movement of the distributing contact, givin 
sufficient time for the latter to move on again, shoul 
its position not be the final one intended by the opera- 
tor. It will therefore be seen that the lever never has 
time to close the auxiliary contacts until the main 
contacts have taken up their final position. 

In the upper left-hand corner of Fig. 3 some addi- 
tional mechanism will be observed. Its function is to 
keep the operator on shore informed of the action of 
the apparatus. The jaws formed on one side of the 
boss of the lever K embrace another lever, which, in 
the position shown, holds the contacts at L open, 
against the action of a weak spring. These contacts 
are allowed to close once for every oscillation of the 
armature, and thus send back a signal to the trans- 
mitting station every time the main contacts of the 
distributor move. 








Porson FROM FeERRO-Siticon.—P. Lehnkering (Zeit. 
Unters Nahr und Genussm., 1906), in investigating the 
cause of the death of two children upon a Rhine boat carry- 
ing ferro-silicon (electrolytic), the presence of some 0.15 
per cent. of phosphorus in the 57.69 per cent. silicon alloy 
was determined. The product, which had already been 
exposed sémewhat to rain, was only examined five days 
after the loading of the vessel, but still evolved 0.0227 
gramme of hydrogen phosphide per kilogramme in con- 
tact with water (or 0.00227 per cent.), whilst the water 
was found to contain calcium hydroxide amounting to 
0.00476 per cent. of the ferro-silicon. The total phos- 
phorus (0.15 cent.) was derived from the iron or from 
the coke, whilst the evolution of the hydrogen phosphide 
is attributed to the presence of calcium phosphide, iron 
phosphide being stable in presence of water. The cabin 
occupied by children for two or three days con- 
tinuously was situated over the hold in which the kegs of 
ferro-silicon were . Several other cases of sudden 
death have occurred on Rhine boats carrying ferro-silicon 
during the last six months, and two explosions which 
occurred in Liverpool during the year 1904 are attributed 
to a similar production of phosphoretted hydrogen. 
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«*ENGINEERING” ILLUSTRATED PATENT 
RECOR 


ComprnepD By W. LLOYD WISE 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics, 

Copies of Specifications may be ained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


302 A. Siemens Brothers and Co.. Limited, West- 
‘minster. (Siemens-Schuckertwerke G.m.b.H., Berlin, Ger- 
many.) Electricity Meters. [4 Figs.) January 4, 1906.— 
This invention relates to electricity meters of the kind wherein a 
vertical spindle carries the armature and the latter receives the 
current through stationary brushes bearing against a commutator 
also carried by the spindle. The improvements, according to this 
invention, relate to the commutator and brushes, the object being 
to facilitate cleaning and renewal of these wearing parts. The 
armature f is, as usual, in series with a resistance, and is con- 
nected across the mains of the electric circuit. The wires from 
the armature are connected with metal strips m, which extend 
through an insulating piece x. The commutator c is mounted on 
a spindle e fixed in the insulating piece x. The connecting strips 
n of the commutator are not soldered to the strips m, but either 
make contact with them by friction, or are connected with them 
by screws. A new commutator is thus easily substituted for one | 





worn out ; and further to facilitate this there may be depressions 
or slots in the connections n, or the strips m, to guide the com- 
mutator into the exact position that the one had for which it is 
substituted. As the diameter of the commutator should not ex- 
-ceed that of the spindle a by more than a very small amount, there 
is considerable advantage in mounting it on a separate spindle e¢, 
for it can then be more effectively insulated from spindle a When 
the commutator c is being renewed, the spindle e may also be re- 
newed. The brushes p are pressed against the commutator by | 
the helical springs v, each connected at one end with the corre- | 
sponding brush, and at the other end with a contact pin inserted | 
into a spring-tube, which is electrically connected with one of the | 

ressure terminals of the meter, and is carried on the bracket 21, | 
The brushes are removed from the meter by simply withdrawing 
the pins from the tubes, and when the pins are replaced stops on 
the pins ensure the correct positions of the brushes relatively to | 
the commutator. (Accepted November 7, 1906.) 


3127. G. Marconi and Marconi’s Wireless Tele- | 
graph Company, Limited, London. Wave Tele- 
hy. (2 Figs.) February 8, 1906.—The object of this 
invention is to provide improved apparatus for use in connec- 
tion with electric wave telegraphy, whereby a transmitter can 
transmit oscillations in any specific direction, and a receiv-| 


a’ 


Pig./. | 1906. 


| where these antennx converge, and by means of a revolving | 
switch ¢ can be connected between the end of any one of the 
antenne and As already described in “dose to the | 


—ae instrument, such as a magnetic detector b, is placed 
tl 
¢e 


earth. 

No. 14,788, of 1905, a horizontal antenna close to the 
surface of the ground, or water, most efficiently transmits or | 

| receives electric oscillations or waves in the vertical plane passing | 
through it. If, therefore, a sending station be operating within 
range of the instrument, and the switch be turned round and 

| about, it will be found that the maximum signals will be received 

| when the detector is connected to the antenna which happens to 
be pointing away from the sending station ; or, if there be not an 
antenna pointing exactly in this direction, then the detector is 
connected to the one which points nearest to the said direction. 
If a powerful transmitter be in operation at a short distance, it | 
may be found that signals are obtained on all the wires ; but these 
signals will be much stronger on the wire pointing in the already 
described direction. In this case, by means of suitable shunts, 
which may be inserted in parallel with the magnetic detector or 
receiving instrument, it is easy to reduce the ene acting on 
said instrument in such a way that the receiver will only work 
when connected to the wire pointing in the proper direction. 
(Accepted November 7, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


oun y, Limited, Willington-Q a a 
any, uay-on- ne, ani 

A. E. b 5 be J Bay. Gas-Producers. 
(2 Figs.] November 30, 1905.—The present invention has refer- 
ence more particularly to the fire-grate arrangements and the 
manner in which the air and steam are admitted to the fuel 
in gas-producers. Instead of arranging the fire-grate hori- 
zontally at the base of the producer in the usual manner it 
is arranged vertically, or approximately so, along one side—say, 
the front, near the base. The fire-bars 3a are perpendicular 
or slo either way, and are integral with or carried by a 
metallic frame 3, which extends through the thickness of the 
producer-wall, and is closed at the front by a removable cover 
or door 3c. The cavity so enclosed forms a chamber for the 


| admission of the air and steam to the fuel, the supply pipes being 


led in from either or both sides. The water-seal 7 at the base of 
the producer extends some distance in front of the door 8c. The 
frame 3 has a depending lip 3d, 3e at both ite inner and outer | 
sides dipping into the water. , and there is an opening in the 
bottom of the frame between the two lips, through which any ash 
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| orclinker passing out through the fire-bars can drop into the water- | 


seal. The back lining of the producer, from about the level of | 
the top of the fire-grate, may slope sharply downward and forward 

towards the —_ so as to constrict the area of the producer | 
at the level of the water-seal. The outlet opening 9 for the gas, | 
which is grated with downwardly-sloping slats 9a, is located near 
the top of the producer at the back or side opposite to the fire- | 
grate, and the gas on its way to the scrubber is circulated round | 
the small boiler 10 which supplies the steam necessary for the | 
working of the producer, so utilising some of the heat of the 

gases. The ash and clinker resulting from the operation of the | 
producer will fall through and behind the fire-grate into the water- | 
seal, and can be readily raked forward and removed. It will be | 
noticed that the fire-grate being arran vertically, the air and | 
steam are admitted to the front of the fire instead of at the base, | 
and do not have to pass through the ash and clinker ; also, from | 
the relative positions of the fire-grate and the gas-outlet, the i | 
will have to pass completely through the body of the fuel dia- | 
gonally before passing out of the producer. (Accep’ed November 7, 


22,678. R. Booth and F. Powell, London. Fuel and | 
Ore-Feeding Apparatus. (9 Figs.) November 6, 1906.— | 
This invention has for object to provide improvements in appa- | 
ratus by means of which a charge is delivered within a gas- | 
producer or blast-furnace, and the purpose of this invention is to 

provide apparatus of this kind which shall dietribute the charge | 
automatically ina more or less even and regular layer. Accord- 
ing to this invention, the passes through an apparatus, | 
herein called an equaliser, that pw within the producer 
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ing station can ascertain the direction or bearing of one or 
more transmitting stations. According to this invention, a 

ber of ductors a! to a8, lying in horizontal straight lines 
upon or at a short distance above the surface of the ground (or 
water), and radiating out from the centre like the spokes of a 
wheel, are employed. In the case of the transmitter, a spark-gap 
or oscillation producer, or, in the case of the receiver, any suitable 





or blast furnace at ite upper end, and which divides the charge 

















into a number of streams that are directed to different parts of 
| the producer or blast-furnace. The arrangement of the equaliser is 
| such that the charge is distributed within the producer or blast- 
| furnace in a more or less even or regularlayer. The gas-producer 
| is provided with the well-known construction of fuel hopper and 
| bell. These parts are carried by a plate 3 which rests on, and is 
| secured to, the wall of the Pre mad surrounding the opening 
| through which the hopper di Extending downwardly 
| from the underside of the plate 3 for a distance at least equal to 





the thickness of the crown of the producer, and so as to be close 


to, or in contact with, the wall of the opening in the producer, 
is a circular part or flange 4. =e or flange 4 has at its upper 
part a flange 4a, by means of wh it is attached to the plate 3, 
and at its lower part is formed in one with a hollow inverted 
trun cone 5, within which is arranged a second hollow cone 
6 This cone 6 is not inverted, and its apex extends upwardly 
towards the top of the producer. The walls of the cones 5 and 
6 join one another on a line that is some distance above the 
ap yA s the cone Sianabeiy tate of the cone 6 is such that 
8 apex im, OF a x , the same plane as the lower 
edge of the circular part or fange 4. There is thus formed 
between the inner wall of the cone 5 and the outer wall of the 
cone 6a space which, as seen in section, is like a Y. On the 
outer side of the wall of the cone 5 isan outwardly and down- 
wardly sloping extension 7, which, as shown, is a part ora pro- 
longation of the wall of the cone 6. This extension 7 and the 
part 8 which forms an extension of the wall of the cone 5, form, as 
seen in section, an inverted In the walls of the cones 5 and 
6 and above the line where the walls join one another, are two 
series of openings 9, 10 which are arranged in such a manner that 
the openings 9in the wall of the cone 5 alternate with the open- 
ings 10 in the wall of the coneé. A — is supplied to the 
space between the two cones, and rough if e@ openings 
9, 10 in the walls of the cones into the interior of the producer. 
The charge as it falls through the openings 9, 10 is divided into 
streams, and those streams which th h the openings 
9 come in contact with the downwardly and outwardly sloping 
extension 7, and aredirected outwardly towards the walls of the 
roducer. The streams that pass through the openings 10 are 
irected towards the centre of the producer, some portions of 
the streams striking against the 8 The several streams 
passing through the openings 10 will thus tend to meet below the 
—_ f, and w Noy of — a 4 = t of the several streams, 
e charge wi and distributed in i , ccept 
November 7, 1906.) ss 5 ater da ” 


GUNS AND EXPLOSIVES. 


7954. H. C. L. Hold Woolwich. Gun-Liners. 
{l Fig.) April 2, 1906. = This invention relates to apparatus for 
inserting or removing the liners or inner tubes of guns or ord- 
nance by means of an hydraulic ram. According to this inven- 
tion, the cylinder of the ram is ted to bear against the end of 
the gun, but it is not attached to the latter, whilst the piston is 
adapted to be attached to a rod which extends completely 
through the liner and carries at its outer end a collar or washer 


| which bears against the end of the liner. In using the appa- 


ratus, the liner a is first pushed into the body 5, which is adapted 
to receive it in the ordinary manner, and then a bar c is 
through the liner from end to end, a disc d or other bearing- 
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giapes or otherwise fastened to it at the breech end, 
so that it has a good bearing on the tube. The other end of the 
bar ¢ is attached to the piston e of hydraulic apparatus, the 
hydraulic cylinder, or a prolongation f of the latter, bearing 
against the muzzle end of the gun. Water pind ye being 
now admitted to the cylinder, the eae is ca’ to move and 
draw the inner tube or liner into ite P r ition. To with- 
draw the tube, the position of the vdraullc gupesetes rela- 
tively with the inner tube will be reversed—that is to say, the 


| cylinder will be placed against the breech end of the gun, and 


the disc d will be arran to bear against the tube at the muzzle 
end. (Accepted November 7, 1906.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


1341. J. Barbour, Belfast. Belt or Rope Gearing. 
(3 Figs.) January 18, 1906.—This invention has reference to 
rearing for imparting a variable to a driven shaft through 


& 
the intervention of expanding pulleys. The object of this inven- 
tion is to ensure a uniform tension the driving-belt or band, 
and to simplify the apparatus employed in effecting such pur- 
. The same face or side of the strap or driving-belt is 
always in contact with the driving or driven pulleys or expanding 
cone, and consequently the belt or s' is always curved or bent 
in one direction, and undue wear and tear, owing to its being 
first bent in one direction and then in the other, is avoided. 
According to this invention, there is employed, in addition to the 



































ordinary expanding pulley 1, a second expanding puliey 2, prefer 
ably mounted between the driving pulley 3 and the capdeding 
pulley 1, by which a variable imparted to the shaft 4 
required to be driven. In addition tothe fast pulley 8 there is 
also a loose pulley 6. The endiess belt 7 passes from the driving 
pulley 3 over the intermediate expanding pulley 2, and from 
thence over the loose puliey 6 and over the expanding pulley 1, 
and thence back to the driving pulley 3. For contracting and 
expanding the above-mentioned pulleys 1, 2, and vice versa, there 
is employed a movable framing 8, capable of being slided endwise 
on the rectangular frame 9a. The framing 8 supporte the bear- 
ings 9 of the expandiny pulleys 1, 2, on each ‘side of the 
framing 8 is a rack 10, meshing in which is a toothed wheel 11. 
By rotating the wheel 11 in one direction or the other, the 
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framing 8 is moved endwise, and the inclined surface causes one 
expanding pulley to gradually decrease in diameter. It will thus 
be seen that the sum of the working diameters of the two ex- 
panding = 1, 2 is always the same, and consequently the 
tension o' 

pulley 6 allows the driving band of strap 7 to adjust itself evenly 
and regularly throughout its length when any variation in the 


diameters of the'expanding ‘pulleys is brought about. (Accepted | 


November 11, 1906.) 


MOTOR ROAD VEHICLES. 

21,508. Morgan and Co., Limited, and D. H. White- 
head, London. Changes Gear. (3 Figs.) October 
28, 1906.—This invention relates to change-speed gears for motor- 
cars, and has for its object to provide an improved means for 
automaticadly locking the disengaged pairs of gear wheels. The 
invention is especially applicable to the class of gear in which 
the change-wheel pairs are shifted by a lever loosely mounted 
upon, but turning with, a shaft, the said lever being provided 
with a toothed segment engaging with teeth on one or other of 
the pull-rods for actuating the gear wheels. Now, according to 
this invention, the said lever fis en d with a loop or link g 


mounted upon, and capable of, sliding along or with a shafc h | 


carried in ings formed in the gear-box, The actuating or 
pull-rods ¢, cl, c? are also carried in bearings on the gear-box, 
and the actuating lever f passes down through the slot of the 
loop or link g, and engages with two short arms e, e! formed on 





(21,00 


each of the pull-rods so as to actuate the latter and the clutches 
by its swinging motion, the said clutches engaging with and ne | 
operated by leverson the said rods. The loop or link g is form 
underneath with a vertical extension g!, ro each side, the ex- 
tensions being formed with a horizontal ge 9°, a4, projecting 
outwards for passing between, and engaging with, the short arms 
e,e! on the rod or rods, adjacent to the rod that is being 
actuated. Thus only the latter’ is free to be moved by the 
actuating lever /, the other rods being locked by the flanges. 
Either of the rods is brought into operation by shifting the loop 
or link g and the lever engaging therewith along its axis or shatt 
h, and the latter may be provided with a counterweight for 
balancing the loop or link, and holding it in a horizontal posi- 
tion. By means of this invention it is impossible for the disen- 
g! wheel ups to be accidentally thrown into gear by the 
vibration of the vehicle or otherwise. (Accepted October 31, 1906.) 
2. The Enfield Cpste Company. Limited, and 
. Guillon, Redditch. {1 Fig. | 
November 16, 1905.—This invention re to that type of non- 
reversible steering mechanism for motor vehicles which comprises 
a rocking member connected to a steering lever, and which is 
operated through the medium of two screw-threads, the wear of 
which is taken up by an — nut, the object of the present 
improvement being to form both operating screws of the same dia- 
meter, and at the same time equalise the wear on the operating nuts, 
thus reducing the friction, and enabling the wear to be en up 
much more completely, and so easily that the adjusting nut can be 
readily turned by the fingers without the aid of a tool. A worm- 
shaft A, provided with one or more th is, and having a gear- 
wheel B attached to it, is connected to the steering wheel of the 
car by means of a rotary shaft c, the nut D being mounted upon 


\- 


bs sewn: . ome 
" 
S\\ |S 


| 
SATE AH 


Ms . N pal’ i 


au 





the worm, and carrying boeses and rollers, while a second worm- 
shaft A!, carrying a nut F, bosses and rollers, and a gear wheel E 
is mounted by the side of the first worm A, and receives its move- 
ment from it by means of the gear-wheels Band E. The rollers 
upon the bosses on the nuts D and F are arranged to bear against 
the arm A, h! of a rocking shaft H, so that when the first worm A 
receives'a rotary movement, the nut D moves either up or down 
the worm, while the nut F upon the second worm-shaft A! moves 
the same distance in the opposite direction, by which means the 
bosses give the rocking shaft with which they engage a semi-rotary 
oscillatory movement, thus revolving the steering axle K. An 
adjustment thrust-nut J is provided upon the one end of the 
second worm-shaft A!, so as to move the same along its axis, and 
thereby keep the rollers upon the bosses always in contact with 
the rocking shaft H, thus taking up ali wear in the threads 
between the nuts and worms. (Accepted November 7, 190€.) 


RAILWAYS AND TRAMWAYS. 


4829. A. J. Dale, Bristol. Rail-Anchor Chairs. 
{3 Figa.}, February 27, 1906.—This invention relates to anchor- 
chairs for the support of rails, and has for its principal object to 
provide a bed for the adjoining ends of sections of rails which at 
the same time affords means for their rigid connection and for 
permitting their alternate expansion and contraction. According 
to this invention, a 
section is provided, and such that the upper parts thereof ma 
support the rail sections b beneath the bottom flange c thereof, 
and being, preferably, of a nee ma width than the bottom flange c, 
so that the edges of the flange may be clamped to the 
chair su a at the upper parts contiguous with the rail b, which 
part is advantageously provided flat so as thus to permit of the 
rail being firmly bolted to the chair support at those parts. 
Such a chair support, it will be understood, may be wrought or 
cast of steel or iron, and in its preferred form is provided of a sub- 


the driving-belt or strap is uniform, and that the loose | 


r support a of an undulating or wave | 


stantially W section yielding three points of support to the rail, 
the central point being at or about the point of meeting of the 
respective sections of rail. The section may, however, he any 
other corrugated section. The clamping-plates d provided upon 
the top ofthe rail bottom flange at each side are provided with 


Fig.1. 

















their central portions extended so that a bolt e may be passed 
through the plate d and the chair support a beyond the edge of 
the rail bottom flange c, while at each end the clamping-plate is 
directly bolted through the rail bottom flange. (Accepted Novem- 
ber 7, 1906.) 

16,814. P. Dawson, London. Current-Collectors. 
{4 Figs.) July 25, 1906.—This invention has for its object to pro- 
vide current-collectors for electrically-propelled vehicles or trains 
with overhead conductors, and more especially for use in connec- 
tion with high-tension current, the said collectors being arranged 
for running in either direction, and so that they can be mounted 
on the vehicles or trains within a small space, so as to avoid the 
necessity for excessive reduction of height of the vehicles at the 
part where the collectors are mounted, and so that the collectors 
will reach overhead wires placed either in the centre of the track 
or to one side thereof, so as to enable the live wires to be placed 
at stations, for example, on the side away from the platforms, and 
in the centre at a safe height. The collectors are in the form of 
bows with one side of each parallel with the length of the vehicle 
or train, and the other side inclined, so that the bows can be 
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arranged compactly together, as shown clearly in the plan, Fig. 1, 
the said bows being at each end of the vehicle or train, arranged 
in double pairs, with the inclined sides parallel, as shown, the pairs 
of bows A, A! being mounted on one side of the vehicle or train, 
to be used for running in one direction, and the pairs of bows B, 
Bl being mounted on the other side of the vehicle or train, to be 
| used for running in the other direction. Each pair of bows con- 
| sists of an Suter bow and an inner bow, which will fold down 
| inside the outer bow. In each bow the collector portion D is 
| insulated, from the side portions E by insulators F, and the side 
rtions gre insulated from the base portions G by the insulators 
| H and are.connected to earth to prevent leakage of current to 
| the vehicles if the insulators F should fail—the insulators H being 


| a aig as an additional security in case of the insulators F 


ailing. (Accepted November 7, 1906.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


22,127. The Hon. C. A. Parsons and G. G. Stoney, 
Newcastle-on-' e. Turbines. [4 Figs.) October 30, 
1905.—This invention relates to improvements in portions of 
turbines which act more or less as packings, and éspecially to 
the fluid-packings of the blades. According to this invention 
serratigns are provided on the shroudings of the blade or on a 
strip fixed on the cylinder or drum opposite to the blade-ends, 
Soe of the serrations consisting of thin metal edges of 
small thickness compared with their pitch. These serrations 
—— lie in the circumferential direction, but may be oblique 
ike a screw, the obliquity being preferably in such a direction as 





to assist the flow away of water to the exhaust The projections 

may also be continuous or more or less discontinuous. They may 
| be formed on the blade-shrouding before or after the attachment 
to the blades. When attached to the cylinder or drum, the stri 
carrying the thin metal serrations or edges are inserted separately 
in grooves and caulked or otherwise removably fixed therein. 
The fixed and moving blades / and g are secured in any well- 
known manner. Opposite the blades g there are provided ser- 
rated strips m fixed in the casing, while opposite the blades / a 
serrated strip p is fixed on the turbine-drum or spindle. Fig. 2 
shows a form in which the blade-shrouds 7 are serrated as well as 
the strip-pieces m and p. (Accepted October 31, 1906.) 


MISCELLANEOUS. 
16,365. Fraser and Chalmers, Limited, London, 
and F. L. Whitmore, Belvedere. Lubricat: Bear. 
ings, (1 Fig.] July 19, 1906.—This invention relates to im. 


provements in lubricator apparatus of the kind comprising a 
gauge-glass communicating at its upper end with a closed feed- 
chamber, and at its lower end with the Pipe leading to the parts 
requiring lubrication. The object of the invention is to prevent 
the gauge-glass becoming entirely filled by rendering it 
practically im ble during normal wees conditions for the 
air contained in the gauge-g' to be entirely displaced by oil at 
the pressure at which such oil is supplied; @ represents the 
lubtiéator fitted with a sight-glass ) made air-tight. Above the 
glass is a — ¢ provided with a nozzle c! ae in to the 
glass, and carrying inside gauze d retained in ition by a disc ¢ 
previded with a central hole el. The oil-pipe 4 connected to the 
pressure tank or pump enters the body a, and communicates with 
a passage at a point opposite the filterd. The body a is connected 
to a pipe & leading to the bearing. Before oil is allowed to enter 
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the lubricator body, that and the pipe Xs are filled with air through 
the hole e! in the disc e by removing a screw g, which air, on 
turning on the oil supply, becomes compressed, the amount of 
compression depending upon the y onwr nod of feed and the possi- 
bilities of oil escaping from the ring. Should the channels 
leading to the bearings become blocked, the pressure in the 
lubricator will increase, and the oil rise therein, thus giving a 
warning in the sight-glass that attention in this respect is required, 
as the increasing pressure, owing to the inflow from the nozzle, 
will eventually cause such inflow to cease, which will be visible by 
reason of the fact that the sight-feed glass, around the nozzle and 
a short distance below it, is thus prevented from filling. Should 
the air escape, a fresh supply may be admitted by removing the 
screw g, the oil for the time being dropping by gravity to a point 
below the level of the glass. (Accepted October 31, 1906.) 


1539. J. H. Mann and Mann’s Patent Steam-Cart 
and Wagon Company, Limited, Leeds. Pipe- 
Joints. [3 Figs.) January 20, 1906.—Screwed pipes which 
have to withstand vibration frequently break off close to the 
attachment into which they are screwed, caused by the point 
of greatest strain coming y omg a portion of the pipe which has 
been reduced in strength due to the cutting of the screw. In 
this invention, in order to obviate this the applicants make the 
attachments with much longer bosses, and bore them for about 
half-way through to fit the outside diameter of the pipe, the 
remaining portion being bored smaller and tapped or threaded to 
suit the screwed end of the pipe, which is a of the 
same length as the threaded portion of the attachment. a 
indicates the flange, and b the boss of same. This boss is bored 
about half-way through on the side on which the pipe c is 
introduced, to fit the outside diameter of the pipe. The 
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remaining portion of the boss is bored of smaller diameter, and 
tapped or threaded to receive or fit the screwed end of the pipe, 
the screwed portion of the pipe being of Se the same 
length as the tapped portion of the boss. e lower part of the 
boss, which surrounds the unscrewed part of the end of the pipe, 
is split at one side, as indicated at d, and is provided close to the 
split opening with two lugs e, which have holes to receive the 
ba areca bolt f. In the case of large pipes it may be 
advisable to have the boss split in more than one place, and to 
have a corresponding number of lugs and tightening-up bolts to suit 
each. After the pipe has been screwed into position, the nut g of 
the bolt / is tightened up, firmly clasping and staying the end of 
the pipe c so that the point of greatest strain is not, asis usually 
the case, at /, the weakest place, but at j, where the strength of 
the pre has not been reduced by screwing. (Accepted November 7, 
1906. 








Rattway Capitat.—The capital nominally raised by 
British railway companies continues to exhibit a steady 
increase ; but in some cases the augmentation is rather 
apparent than real, as stocks have n created without 
being paid for in full to adjust equities in amalgamations. 
Subject to this remark, the capital raised in each of the 
years comprised in the decade ending with 1905 inclusive, 
and the average return obtained upon it, were as follow :— 


Year. aoe Return per Cent. 
1896 ctw. -. 399 
1897 ee oe oe 1,089,765,000 3.82 
1898 os ee oe 1,134,4€8,000 3.64 
1899 ne oe eo 1,152,318,000 3.67 
1900 am +s es 1,176,002,000 345 
1901 -s we we, 198,564,000 3.33 
1902 ee és os 1,216,861 ,000 3.45 
1903 wo we we ~—',245,029,000 3.44 
1904 a o* os 1,268,494,000 3.42 
1905 1,282,801,000 3.43 


It will be seen that the average profit realised was 0.56 
per cent. less in 1905 than in 1896; some improvement 
_ was, however, established as compared with 1901. 
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QUESTIONS OF MOTOR-CAR DESIGN. 


Ir a man of moderate means is asked why he 
hesitates to buy a car and go in for motoring, he 
will in general give one or other of two reasons : 
either that motor-cars cost too much, or that they 
give too much trouble. As both objections are 
matters of degree, their force varies inversely with 
the wealth and enthusiasm of different individuals ; 
but there can be no doubt that the development of 
the motor-car industry would be immensely in- 
creased could the initial cost of cars be lowered, 
and the purchaser feel a reasonable certainty that 
no expensive ‘‘ happenings ” would ever take place 
on the road. When saying this, we do not under- 
rate for a moment the enormous improvement that 
has taken place in motor-cars of recent years. A 
stranded or derelict car is no longer a common 
object of the roadside, and one may now travel for 
thousands of miles without ever having to open the 
tool-box. Further, prices have come down con- 
siderably ; and concurrently, moreover, with a 


engineering instincts been allowed full play, and 
the foreign-built motor-car been regarded as a type 
instead of being copied as a model, we should now 
hold a commandin ition in the industry. But 
the haste of the British manufacturer to get a car 
on the market, and his natural inclination to sup- 
puse that it would be better for him to follow 
established practice first, and to improve on it 
afterwards, has prevented the ‘‘all-British” cars in 
general from being altogether creditable to the 
a practice of this country. In material 
and workmanship they are fully equal to the pick 
of the French and Italian cars, but in the details 
of design they are still too much under the influence 
of Continental ideas of engineering to do justice to 
their builders. However, now that our motor-car 
manufacturers include in their number some firms 
who have previously gained world-wide reputations 
as engine and machinery builders, we have every 
confidence that the British car will soon be typical of 
sound engineering practice. It is pleasant to be 





able to record that a critical inspection of the 











rent makers of such asimple problem as the attach- - 
ment of the front springs to the side channels of 
the chissis. Fig. 1 shows a method employed, if 
we remember aright, by a firm on the other side’ 
of the Atlantic. It is, fortunately, not common. 
The modification of the hind attachment of the: 
spring, shown in Fig. 2, is, however, very frequently 
used. It allows the chassis to be lower by several 
inches, and avoids the ugly and excessive curva- 
ture at the front end of the channel, but retains 
the unmechanical dumb-iron—a heritage from the 
coachbuilders’ blacksmith. These dumb-irons are: 
essentially weak, they are by no means cheap, and, 
lastly, they are perfectly useless. Fig. 3 shows 
a simple way of avoiding them, and saving still 
more useless space, Fig. 4 illustrates another 
method, even better than the last, as it necessi- 
tates the minimum curvature of the channels, 
allows them to be brought still lower, and trans- 
fers the strain direct to their webs, instead of 
causing it to be taken by the bottom flanges ; it- 
also avoids weakening the channels by drilling holes 
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great increase in the value given for money, for the 
car of to-day is a far more complex piece of 
mechanism than the car of a few years ago. 

Having given the motor-car manufacturers this 
much credit, we propose to treat them to a litile 
disparagement as an incentive to further improve- 
ments. We trust they will believe that our 
criticism is as painful to us as to them, and uttered, 
not because we love them less, but that we love 
good design more. We have every sympathy 
with self-propelled vehicles, but none with bad 
engineering, wherever it may be found. If it can 
be shown, as we believe it can, that with a proper 
attention to mechanical and manufacturing cun- 
siderations better cars could be made at a less cost, 
we are serving the best interests of the industry 
by raising the question of the design of the 
modern car. 

The general type of the motor-car was ee 
France, during the days when self-propelled 
ded by a 


in 


vehicles in this country had to be he 











chassis recently exhibited at Olympia gave us the 
impression that the leading British makers had 
commenced to shake off their adherence to foreign 
precedent in details, with, for the most part, dis- 
tinctly good results. The improvement was not so 
much shown in the chassis of those firms who 
have gained a name as motor-car builders by dint 
of much advertising or successful racing. One 
found it rather—as, indeed, would be expected— 
in the exhibits of firms ing a competent 
mechanical engineer to direct the design. It is 
from this quarter that the lead in correct designing 
may be looked for, rather than from those firms 
who have evolved a manufacturing business by a 
belated copying of the cars they originally imported. 

A lecture is not of much use, however, without 
illustrations, and we will therefore point out a few 
instances in support of our contention that a little 
more attention to design would at the same time 
both cheapen motor-cars and reduce their liability 
to give trouble. As regards the Jatter point, we 


pedestrian with a red flag. Hence, naturally, the | would emphasise the fact, known to all mechanical 
varliest British cars followed along the line set by | engineers, that every separate item of a machine is 


the French designers. 


Now, as pioneers the |asource of potential trouble ; and the ideal machine 


French engineers are admirable, but when it comes is that with the fewest possible number of parts, 
to commercial manufacturing their designs are far | and those vf the simplest possible construction. 


‘rom being worthy of slavish imitation. It has always 
been said to the credit of the British designer that 
he effected improvements by simplifications and 
omissions, whereas foreign improvements w:re 


| 


The illustrations we give are net exactly to scale, 
being reproduced from sketches, wherein nothing 
has been extenuated nor aught ret down in malice. 

There is, in the first place, much food for thought 


signalised by increased complexity. Had British | in a comparison of the solutions adopted by diffe- 














in the flanges. The design shown in Fig. 5 we 
have only noticed on one make of car, and that one 
an English one. It will be seen that the end of the 
spring is pinned to a casting, which can move to 
and fro in a slide fixed to the underside of the 
channel. The moving piece had transverse rollers, 
laid in grooves in its upper surface, though we 
should imagine the device better without them. 
The most favoured form of ‘‘shock-absorber ” acte 
on the principle of providing a frictional resistance 
to the motion of the springs to damp the violent 
vertical oscillations on bumpy roads at high speeds. 
Obviously, the slide arrangement illustrated lends 
itself perfectly to this principle, and is much 
simpler and cheaper than the provision of an almost 
frictionless link suspension, supplemented with a 
—- complication for producing friction. 

urning our attention to the back springs, we 
find even greater variety of treatment, and even 
worse specimens of design. Practically every. 
modern car has the rear springs outside the frame, 
the idea being, rhein ey to get the frames 
lower. We will therefore accept it as true that the 
mechanically better arrangement of putting the 
rear springs underneath the channels, in the same 
way as the front ones are placed, is not practicable,. 
The next best arrangement, assuming no transverse. 
spring is to be used, is that shown in Fig. 6, 
sketched from an English car. The front end of. 
the spring and the lower end of the swinging link 
are carried by the ends of long bolts, the other 
ends of which serve a similar purpose on the other 
side of the car ; the bolts, of course, aid consider- 
ably in stiffening the frame. The same firm that 
uses the slide (Fig. 5) for the front springs alo 
carries each end of the rear springs in. similar, 
slides, the fixed part of which is, however, set or, 
wards on each side, so as to keep the spring 
outside the channels. Why two slides should fe. 
necessary for each spring is not at all obvious. . It 
would be much simpler to pin one end of the spri 
to a bracket and let the pin transmit the drive 
the car from the wheels to the frame. There 
would be nothing against this mechanically, 
although it would be difficult to make the arrange- 
ment so graceful as that shown in Fig. 6. An 





alternative to Fig. 6, which avoids bending the 
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side channels, is shown in Fig. 7. It will be seen 
in .Figs. 6 and 7. that the rear end of the spring 
projects considerably beyond the cross-channel at 
the end of the chassis. The reason is that a long 
spring may be used, and the wheels at the same 
time kept well back to allow plenty of room for 
the side entrance of the car. How to carry the 
projecting end of the spring seems to have puzzled 
many. car-designers. tead of doing the obvious 
thing, and extending the side channels, we find 
some terribly unmechanical and costly alternatives. 
Several firms adopt the method shown in Fig. 8, or 
modifications of it, twisting the outboard end of 
the dumb-iron corkscrew fashion, so as to throw it 
above or below the horizontal plane. The spring is 
held by a pair of links connected to the dumb-iron 
by a pin which through the boss of the 
latter. Instead of on the dumb-iron, however, 
the end may be turned round and used itself as a 

in, which is cheaper, though worse mechanically, 
if possible, than the alternative shown. 

Another expensive way of getting a not very 
satisfactory result is shown in Fig. 9. Here we 
have a quarter-elliptical spring fastened to the 
side of the channel, instead of the dumb-iron of 
Fig. 8. The main-spring is half elliptical, and 
attached by links at one end to the above-mentioned 
spring, and at the other to the channels. The 
combination is unsymmetrical in appearance and 
action. A slight modification of the design of the 
main-spring, and the eliminaticn of the other, 
would give quite as good results as regards elas- 
ticity, while being both cheaper and less liable 
to give trouble, Again, if there is room for the 
quarter-spring, room could surely be found for a 
complete half-spring above. his would give 
symmetry in all respects, and shorten still more 
the over-all length of the springs, while abolishing 
the necessity for links and: dumb-irons. It would 
involve the necessity for thrust-rods from the back 
axle to transmit the drive; but as these rods are 
usually fitted in any case, they do not necessarily 
increasé the expense. 

Many makers use a transverse spring at the back 
of the car, joini the outer ends of the half- 
elliptical springs above the driving-wheels. The 
salient: obtained is the same as that due to the 
arrangement shown in Fig. 9, but the use of a 
complete spring instead of two halves is cheaper 
and more mechanical.- The employment of a trans- 
verse spring gives rise to some great absurdities in 
design. A very common example is shown in Fig. 10. 
Here we have a very costly forged bracket extending 
from the back of the frame and nes canti- 
lever of a most ineffective description. e have 
noticed this miscarriage.of draughtsmanship, we 
regret to say, on the chassis of an English maker. 
A cast bracket from the centre of the back channel 
would have been one degree more sensible, and we 
are driven to sup the draughtsman rejected 
this method, if he ever thought of it, from a desire 
to transfer the pressure of the spring direct to the 
side channels. The obvious way to do the job is to 
extend the framing so that it comes above the trans- 
verse spring, and to attach the spring directly to 
the back channel, either proportioning the latter 
to suit, or stiffening it if n » a8 shown in 
Fig. 11.. The increased weight due to the lengthen- 
ing of the side channels is more than counter- 
a Sel by the avoidance of the bracket; while 
even if it were not, considerations of strength and 
cost are quite enough to turn the scale in favour 
of the design shown in Fig. 11. The front eyes of 
the side springs in Fig. 11 may be carried on fixed 


pins projecting from the side channels, and the/ 


springs will then transmit the drive quite satisfac- 
torily. 

The simple shackle fastening between the side 
and transverse springs, shown in Fig. 11, has onl 
been adopted by one firm as far as we have noticed, 
that firm being an English engineering concern. 
The:almost universal alternative is shown in Fig. 12, 
and comprises a malleable casting or forging, four 
links, and four pins, as against the two forged 
shackles and two pins of Fig. 11. The shackle con- 
nection needed no invention ; it is to be seen on 
every . horse-bus or butcher's cart one meets. 
Under the conditions in which it is used, it is 
kinematically the exact equivalent of the other, 
it»is cheaper, its condition is visible at a glance, 
and yet the ordinary motor-car designer -has gone 
out of his way to think of something more costly. 
The reason am he has done so we do not profess 
to know. The detail is small, but it is an instance 
of the lack of the most ordinary mechanical sense 





which pervades the whole design of such a large 
number of types of motor-cars. 

We have noticed but a very few of those points 
which must have struck every engineer who in- 
gee the recent collection of chissis at Olympia. 

he steering-gear and the brake-gear, and, in fact, 
nearly every separate of a motor-car, will 
furnish further examples of bad design. Until 
manufacturers realise that a car is essentially an 
engineering structure, and employ competent prac- 
tical draughtsmen to evolve its details, the motor- 
car will never show that reduction in cost and) 
freedom from trouble that is so desirable in the 
interests both of the public and of the industry. 





Progress is bein, e, however, in spite of the 
unfortunate mechanical ignorance of the general | 
public. Manufacturers of steam - engines and | 
machine-tools place their products directly under 
the observation of engineers, who are quick to) 
resent bad design, and decline to pay the fancy | 
prices that design usually involves. Were) 
similar expert criticism brought to bear on the, 
motor-car, we should see an end of the blunders | 
that are now so common. 
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THE LOCOMOTIVE WORKS OF BEYER, | 

PEACOCK, AND CO., LIMITED. | 
(Concluded from page 6.) 

TuRNING now to a more detailed survey of the | 
buildings and plant, we give a series of engrav- 
ings on the four plates accompanying this issue. 
The general offices form a handsome two-storey 
building, 245 ft. in length by 45 ft. in width, and 
with a clock tower 85 ft. in height, giving an ex- 
tensive view over the works. The ground floor is 
devoted to the commercial branch, and on the upper 
floor are the drawing-offices, the principal one of 
which is 90 ft. by 40 ft., and is used for locomotive 
designing, being shown on Plate V. (Fig. 4). This 
is well lighted, both naturally and artificially, the 
latter being effected by electric incandescent lights. 
One end of this office is devoted to the designing 
of machine-tools used in the construction of loco- 
motives. The drawing department includes a 
photography room fitted with electric arc-light 
apparatus. A separate office is devoted to the 
preparation of tracings by girls. The drawings 
now number about 70,000. The older ones, to 
the number of 20,000, are kept duly indexed in a 
fireproof store-room at one end of the offices. The 
more recent drawings, to the number of 50,000, 
are filed in drawers under the benches, and can, 
by a well thought-out system of classification and 
numbering, be got at individually ata few minutes’ 
notice, when required. The general drawings are 
filed in a large Milner’s fireproof safe. On this 
floor is a full-size ‘‘ motion ” model for trying each 
proportion and variety of form of valve motion 
prior to putting it in hand in the workshops. 

The first buildings approached from the general 
offices contain the pattern-making shop and pattern 
stores; the former occupies an area of 10,000 
square feet, whilst the floor area devoted to the 
latter is not less than 20,000 square feet. There 
is also a covered shed for drying timber, having an 
area of 4300 square feet. The system observed of 
grouping and arranging the patterns as to similar 
units in brass, iron, and steel, and for locomotive 
and machine-tool work, enables immediate delivery 
to the foundries of patterns of duplicates required 
for engines constructed, in instances, as long as 
twenty-five to thirty years ago. 

In the pattern-shop there is a 24-in. planing- 
machine, a thicknessing and truing machine, a 9-in. 
edge-planing machine, and a general tool for tenon- 
ing, grooving, setting, and mortising. The high- 
speed wood-saws are arranged for any angle of 
cutting. There are three turning-lathes dealing 
with jobs up to 12 ft. in diameter, and a core-box 
machine to groove holes up to 24 in. in diameter. 
All the machinery, with the exception of a 48-in. 
saw for rough-sawing and the three lathes referred 
to, is driven from underground shafting. 

The iron and steel foundries are located in one | 
building, 570 ft. long by 94 ft. 8 in. broad, divided 
into two equal bays. Of this length, 230 ft. is occu: | 
pied by the steel foundry (see "Fig. 8, Plate VI.), | 
and a side annexe of 30 ft. covers the furnace plat- | 
forms, sand-house, core-stoves, &c. There are two | 
“acid” Siemens-Martin furnaces of 5 and 12 tons) 
capacity respectively, and the arrangement permits 
of a further extension of the melting plant, which, 
it is expected, will shortly be carried out. The fur- 








naces are of up-to-date construction, possessing 
long ports and large chequer chambers brought 
under the charging-platform, and have easily acces- 
sible dust-chambers under the downtakes from the 
hearth. Runs of 300 to 400 charges are made 
without repairs being necessary. An ingot-pit 
extends in front of the furnaces. The ingots are 
bottom-cast in groups, the most usual size of ingots 
being one of 23 cwt.; the cast is made in octagonal 
ingot-moulds with concave sides, to prevent skin 
cracks, 

The annealing furnaces are of a special pit type 
with removable sectional roofs. They are gas-fired 
and reversing, but have heating-chambers for the 
air only. The core-stoves are gas-fired by burners 
constructed on the Bunsen principie, and give very 
quick drying. The changes of temperature requi- 
site for the successful annealing of the castings are 
controlled by electrical pyrometers of the Le Chate- 
lier type. In the ordinary way direct readings are 
taken on a galvanometer mounted on a switchboard 
in the steel-foundry office; but each furnace can, 
if necessary, be put into circuit with the wires to 
the chemical laboratory, where continuous records 


are furnished by instruments of the Roberts-Austen 


and Baird and Tatlock pattern. 

In all other respects the equipment of the foundry 
is in accordance with modern practice ; machine- 
moulding is used for quantity production, and a 
large new wheel-moulding machine, by Messrs. 
Scott and Hodgson, of Guide Bridge, has been laid 
down for the machine-moulding of gear-wheels up 
to 30 ft. in diameter, for casting in steel or iron. 
The sand for filling in the boxes is riddled through 
portable pneumatic screens. 

About 5000 tons of steel can be melted annually 
for castings and ingots combined. Nothing but 
the purest brands of Swedish pig and British 
hematite, combined with the best scrap, are used. 
In addition to the castings for the firm’s own 
requirements, a considerable number are delivered 
for senpeeunt Admiralty and other Government 
work. 

Parallel with the annexe, and close to the fur- 
naces, are the gas-producers. These are an im- 

roved Dawson type, and are worked by Eynon- 
vans blowers, using high-pressure steam from 
two Cochrane tubular boilers placed upon the coal 
stage. In similar parallel disposition are the 
material and coal-sidings, Ai hake, and brick- 
stores. On the moulding side of the steel foundry 
the crane gantry is prolonged through an opening 
into the yard, giving ready access to the moulding- 
box stores. Adjoining this end is the shop for the 
dressing of steel castings. This is served by 
hydraulic jib-cranes, and compressed-air mains 
supply power for the pneumatic chipping tools. 
Passing through the dressing-shop, we enter the 
machine-shop for dealing with steel castings. For 
parting off the heads of wheel-centre castings, 
preparatory to their final annealing, there are two 
4-ft. 6-in. wheel lathes with gap-bed, and 7-ft. 6-in. 
face-plates, of the firm’s own make, for the larger 
wheel-centres. These are separately driven by 
Siemens direct-current 6-horse-power motors. The 
smaller wheel centres are dealt with on a Craven’s 
double-spindle headstock lathe, with 4-ft. 8-in. 
face-plates. This lathe is also arranged for boring 
and finishing. The parting and rough machining 
of the wheel-centres are done with high-speed tool 
steel, working up to 50 ft. per minute. A group 
of cold-cutting circular saws, by Hill, of Derby, 
and Clifton and Waddell, of Johnstone, remove 
the heads and runners from the general work, 
and small castings are ground up on Luke and 
Spencer’s emery-wheel grinders. This machine 
area is served by a 3-ton electric walking crane, 
built by Messrs. P. R. Jackson and Co., of Salford. 
A view of this shop is seen on the right hand of 
Fig. 12, Plate VIL 
rning now to the equipment of the iron 
foundry, a view of which is given in Fig. 7 on 
Plate V., there are two cupolas, one of them 
being an improved Ireland type, melting about 
3000 tons of iron yearly. These are worked at an 
air pressure of 18 to 20 in. of water by an elec- 
trically-worked fan mounted on the furnace stage. 
The hoist for the charging materials is worked by 
compressed air. The —— casting made was one 
of 34 tons—an anvil block for an 8-ton hammer in 
the works forge. Castings, such as lathe beds, 
weighing up to 15 tons are not infrequent, as well 
as other heavy work for machine tools, although 
the great majority of the work turned out is of a 
relatively light character, locomotive cylinders, 
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weighing between 2 and 3 tons, predominating. 
Compressed air is used for cleaning out the moulds, 
and small electric finger-lamps are used for the 
inspection of cores and other less accessible por- | 
tions of a mould. The core-stoves are all coke- | 
fired, as this gives the best results for iron. The | 
cylinders, when cast, are all tested hydraulically, | 
the preliminary pressure required as a guarantee | 
against any sponginess ranging up to 30) lb. per) 
square inch, or from 1} to 1 times the working | 
steam pressure. The metal used for the cylinders | 
is subjected to a dead-load deflection test to give | 
not less than 4-in. deflection with 40 ewt. on a 3-ft. | 
bar of 2 in. by 1 in. 

The main foundry building has the following 
equipment in respect of crane power. On the 
melting side there are two electric overhead travel- 
lers of 25 tons capacity, which can be used in con- 
junction for heavy casts. In the other bay, where 
the greater part of the moulding and the annealin 
takes place, there are three electric overhea 
travellers, one of 15 tons and two of 10 tons capa- 
city. For light work a number of radial —— 
cranes of 3 and 2 tons capacity are installed, and 
the area occupied by the cylinder moulding is, in 
addition, served by an hydraulic revolving canti- 
lever crane of 5 tons capacity, which will be observed 
in the background of the view, Fig. 7. 

The brass-foundry, which abuts the main foundry 
building, has an output of about 300 tons of finished 
castings yearly. The melting plant consists of ten 
crucible pot-holes, each contained in an indepen- 
dent casing completely accessible from a common 
pit. Special attention has been paid to the pro- 
duction of high quality brass, bronze, and other 
alloys, and experimental research has established 
the use of a metal for ‘‘ brass” axle-boxes giving 
mechanical tests comparable with those for mild 
steel. All the standardised small work for loco- 
motives is plate-moulded. All copper scrap from 
the shops is re-melted into ingots in a 1-ton air- 
furnace placed outside the foundry, and all the 
moulding sand goes through a washing process for 
the recovery of metal. 

The forge, as originally designed by Mr. Beyer, 
included what was probably in its time the most 
perfect plant then existing for the manufacture 
of wrought-iron locomotive wheel-centres. The 
gradual substitution of steel castings for such forg- 
ings eventually caused this ead to be completely 
dismantled. The present hammer-plant consists 
of a 7}-ton, a 60-cwt., a 50-cwt., and a 30-cwt. 
hammer, all of the “arch” type, and a 15-cwt. 
hammer of the Rigby type. The 7$-ton hammer 
is served by two furnaces—one coal-fired for 
iron, and a large double-doored gas-fired revers- 
ing furnace for steel. In the latter the ingots 
are heated prior to hammering down, as also are 
the blooms for the larger forgings, such as coup- 
ling and connecting-rods, axles, outside cranks, 
&e. At the 60-cwt. and 50-cwt. hammers less 
heavy forgings are made, such as the smaller rods 
and shafts, foundation and firehole-rings, cross- 
heads, slide-bars, dome-rings, roof-bars, reversing 
and brake-shafts, &c. The blocks of these two 
hammers are interchangeable. The 60 - cwt. 
hammer is served by two coal-fired furnaces, which 
are fitted with overhead Lancashire boilers for 
raising steam at 70 lb. pressure for the hammers 
by the heat of waste gases. The 50-cwt. hammer 
is served by one gas-fired reversing furnace and 
one coal-fired furnace. ‘At the 30-cwt. hammer 
still smaller forgings, such as reversing screws, 
axle-box wedges, axle-fork keeps, bogie swing- 
links, eccentric straps, and sheaves, are made. The 
15-ewt. Rigby hammer is used almost entirely for 
stamped work, sach as boiler-seatings, hand-rail 
pillars, bogie centre-pins, various carrying brackets, 
&c. This hammer is served by a coal-fired furnace. 

Iron is still an important material in modern 
locomotive buildings, and is almost invariably used 
for such forgings as reversing and brake-shafta, 
foundation and fire-hole rings. The company’s 
own iron is made from best selected Yorkshire 
scrap, well scoured and carefully piled for grain, 
and receives no less than three workings. Par- 
ticular care is taken in getting good coal for the 
iron-working. The iron for each hammer is heated 
in its own furnaces. 

The site occupied by the former wheel plant in 
the forge is now divided off and forms the copper- | 








smith’s de ent. This is well ary oy with 
brazing-hearths and blow-pipes worked by com- 
email air, pipe-bending machines, electrically- 


for the manufacture of dome casings, safety-valve | work being handled by a 4-ton hydraulic crane. In 
funnels and casings, all kinds of boiler clothing, | this shop are the fires for the plate-flanging and for 
formed plates, and pipe work of every description | the dome smiths, and also the punching and shear- 
in wrought iron, steel, or copper. A certain amount | ing machines, and bending-rolls for angle iron. At 
of work is done for the open market, and recently | the end of each boiler-erecting shop is a large hy- 
an important order for the Admiralty was carried | draulic gap riveting-machine, served by a powerful 
through. ‘hydraulic crane, the press and crane levers being 

Adjoining the forge is the main case-hardening | controlled by one man in each case. In the first 
plant. This consists of six muffle furnaces. These | shop are conducted the putting together and setting 
are principally used for the parts of motion work stages of the boiler-making, and in the second the 
and smaller articles, heavier work, such as rods, | boilers are completed. Both shops are well sup- 
shafts, axle-boxes, &c., being dealt with elsewhere | plied with movable drilling, rhymering, tapping, 
in a group of pit and tank furnaces. | and hydraulic riveting machinery. The pneumatic 

The smithy is 171 ft. long by 120 ft. wide, and | caulking, riveting, and drilling tools are worked by 
has fifty-six fires. Here a yo proportion of the compressed air at a pressure of 100 lb. on the 
forge work comes to be further finished, the moulds, | square inch. In the adjacent end shop are placed 
as they are termed, being i. *Y or bent and/| the machines for dealing with the rolling and the 
welded at the smith’s hearth. In this way such | drilling of the boiler barrels, which are here put 
work as reversing and brake-shafts, valve buckles, | together prior to being dealt with by the la: 
spring buckles, Sane spring beams, and fire-box | riveting-machines. In this shop are also brought 
rings are builtup. For the most important welding | the anglesmiths’ hearths and the plate-levellers’ 
work Lowmoor or other selected best Yorkshire | tables. The complete boiler-making plant has a 
iron is used. The hammers range from 3 cwt. to | capacity of about 250 heavy boilers a year. 

12 cwt. he machinery for the pneumatic and hydraulic 

In another portion of the smithy are Horsfall’s| power is housed in the stores building, where it has 
patent nut, bolt, and rivet-making machines. These | a central position relative to the areas of demand, 
deal with work up to 1} in. in diameter. They are | and consists of an accumulator with 16-in. ram and 
served by a furnace fired with creosote oil, and the | 20-ft. stroke, weighted to give a water pressure 
introduction of these machines has been attended | of 1700 lb. per square inch throughout the works. 
by marked economy in production. Welding up| This is worked by two duplex double-acting pumps 
and light stamping work is carried on under a fast-| used alternatively, one being made by Berry, of 
working 3-cwt. hammer, the blocks being fitted | Leeds, and the other a Tannett- Walker pump con- 
with permanent swages. There is also a handy | verted by the company. The compressed air is 
hydraulic press for spring buckles. The finished | furnished by two large compound two-stage com- 
forgings are taken to a setting-out table, where they | pressors, made by the American Norwalk Company, 
are gauged and centred to ensure of adequate | and is distributed throughout the works at a pres- 
allowance for machining. sure of 100 lb. per square inch. 

Passing through the smithy, we enter the boiler-| As will be seen from the works a (Fig. 3, on 
shops, which extend to the south end of the works, | page 4 ante), the disposition of the machine- 
having a total length of 400 ft. by 120 ft. in width. | shops, relative to the erecting-shops, is a very con- 

The general arrangement of these shops has been | venient one. As far as possible, the general prin- 
recently somewhat altered, to bring the sequence | ciple has been followed of grouping similar classes 
of work into better accordance with later develop-|of machinery, with the resultant advantages of 
ments in the extension of other parts of the works. better supervision and greater economy of work ; 
Both of the boiler-erecting shops now occupy the | furthermore, all marking out of work for machining 
site of the tender-shops shown in Fig. 2, page 3| has, with a few special exceptions, been centralised, 
ante, instead of being separated by the boiler smithy | instead of being carried out separately on the 
and press shop. In the machine-shop nearest the| various jobs. All tools are ground in a special 
smithy there is a group of machines for dealing | department and served out by checks from a central 
with all the various boiler forgings. These include | stores. Many classes of work are machined on the 
two duplex slotting-machines, a 6-ft. planer, special | limit-gauge system. The premium-bonus system 
milling and drilling machines for foundation rings, | of payment for certain machine work has been suc- 
and special drilling and tapping machines for roof | cessfully introduced, otherwise everything is done 
bars, all of the company’s own design and make. | on piece-work. 

In this shop are = a, the plate shears and the} Turning now to the central group of buildings, 
bending press for the copper fire-box wrapper | we take first the department devoted to the brass- 
plates. Grou together in the next bay, and | turning, bolt, stud, nut, and kindred machining. 
served by a large 4-ton electrical walking crane, | The larger brass-work, such as safety-valve pillars, 
designed by Craven Brothers, are special machines | connecting-rod ends, big-pipe flanges, pumps, water- 
of the company’s own make for dealing with most | pipe connections, &c., is dealt with on two 12-in. 
of the plate-drilling. These include two duplex Halse gap-lathes. Similar work, such as whistles, 
double-spindle drills, and one six-spindle drill for | lubricators, glass gauge and mud-cocks, is done on 
the tube-plates, a double-spindle wall-traversing|a group of back-chasing lathes of various sizes, 
drill for the wrapper plates, a duplex side-planing| made by Smith and Coventry. For work turned 
machine, with two cutting tools to each head, | direct from larger bars there is a Pittler patent 
capable of dealing with the widest plates ; a number | chasing-lathe. The copper stays are rolled and 
of radial arm drills, a band saw for the copper | centred at one operation on a Craven machine. 
plates, a horizontal drill for corner holes, a double- | They are then screwed on a special machine of the 
spindle machine for either drilling or sawing, and | company’s own make. This machine turns out 
other machinery. Within the same area are brought | 300 stays per day with absolute accuracy of pitch. 
the lathes for turning and boring the dome seatings, | Both studs and screws are machined in quantity 
boiler-throat plates, smoke-box doors, and other | on automatic machinery made by Herbert and the 
flanged and pressed plate work. Cleveland Company, smaller sets being turned out 

The adjoining shop, formerly the old boiler-| on a well-arranged group of turret and capstan 
erecting shop, and now the heavy boiler machirie- | lathes by Jones and Lamson, and Herbert. 
shop, contains a large vertical spindle milling,| All bolts forged in large quantities are machined 
boring, and sawing machine, for dealing with fire- | on Greenwood and Batley’s vertical turning and 
box front and back plates, and a large radial arm | facing machines, whilst smaller sets and other 
multiple-spindle drilling-machine for plates, &c., | work, such as crown-stays, connecting-rod bolts, &., 
having an area up to 30 ft. long and 10 ft. wide, | are turned at a group of duplex Jathes of the com- 
both made by Messrs. Spencer. There is also a/ pany’s and Cravens’ make, the work being divided 
large planing-machine for plates, &c., with a capacity | into roughing out and finishing, end-finishing being 
of 30 ft. by 10 ft., made by Craven Brothers, and | done on Herbert's shaving lathes. The screwing of 
another edge-planing machine for smaller plates. A | this work is largely done on ‘‘ Acme” horizontal 
high-speed overhead traveller serves these machines. | triple-head machines. The various operations of fac- 
Plate-straightening, bending, and flanging are car- | ing, tapping, and milling nuts are mostly conducted 
ried on in the adjoining shop. The hydraulic flang- | on machinery of the company’s own design. Special 
ing-press has 300 tons capacity, and is served by mention, however, might be made of a very handy 
two large plate furnaces. The plate-bending rolls | six-spindle ‘*‘ Acme” vertical tapping-machine for 














can deal with plates up to 12 ft. in width, whilst | nuts up to 1} in. in diameter, a two-spindle vertical 


heavy plates, &c., are straightened on a powerful Greenwood and Batley’s shaping-machine, and a 
machine made by Bennie, of Glasgow, with three duplex horizontal facing-machine by the same firm 
bottom and four top rolls, taking plates up to | for smaller sizes of nuts. 

4 ft. 6 in. in width by 1% in. in thickness, and| The cylinder-shop is illustrated in Fig. 10, Plate 


P 
driven polishing lathes, shears, and all accessories | driven by a 54 horse-power three-phase motor, the | VIL., which clearly shows the general disposition of 
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the machines, and the walking crane serving them 
along a roadway of 160 ft. in length. The whole of 
the cylinder-boring machines are of the company’s 
own design and make, and include both single and 
double spindle-borers, as well as machines for the 
simultaneous boring and planing of cylinders. All 
cylinders are planed on cone chucks to ensure per- 
fect accuracy of alignment. The large planers are of 
Craven’s, and the smaller of the company’s own 
make. A complete equipment of lathes, slotting, 
shaping, boring, and drilling machines calls for no 
special comment, except as regards a large multi- 
spindle vertical drill by Bausch and Harris, which 
can drill up to sixteen holes in cylinder-covers in 
one operatiqn, and a group of vertical and hori- 
zontal borers by Roberts and by Richards for 
piston-rings, steam-brake cylinders, pipe-flanges, 
and other work. 

Adjoining the cylinder-shop is an erecting-shop, 
which is used for smaller locomotives, tram-engines, 
and repair work, and also as an additional depart- 
ment for boiler-mounting. This is 160 ft. long by 
45 ft. wide, and is served by a 25-ton Passe Fo 
traveller. 

Between the smaller and the larger locomotive- 
erecting shops are situated the shops devoted to 
general machine purposes, principally of the heavier 
kind. The four fon each 160 ft. in length, have a 


combined width of 172 ft. Two views of these shops 
are given in Figs. 11 and 12. As will be noticed, 
the areas occupied by the heavier work are served 
by jib-cranes of a handy, although substantial, 
type ; whilst those occupied by the lighter work 
are served by travelling pulley-blocks on overhead 
runways. 
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Proceeding now to an account of the principal 
operations conducted here, we may first note those 
connected with the machining of the wheels, 
tyres, and axles. The smaller wheel-centres, which 
come in rough-machined from the steel foundry, 
are first finished, bored on four large vertical 
boring-machines, Nasmyth type, with movable foot- 
step bearing for the bar end, of the company’s own 
make, and then pass on to a number of 4-ft. wheel 
lathes, where they are finished in two operations on 
mandrels. The larger wheel-centres are bored and 
turned throughout on a number of 6-ft. and 7-ft. 
wheel lathes, and the corresponding tyres are ma- 
chined on similar lathes arranged either for boring 
or for finishing the tyres on the mounted wheels. 
One of these lathes is fitted with a novel arrange- 
ment of compound slide-rests, which permits of 
turning the flange and tread of the tyre by a former 

late of simple and easy contour. All these wheel 

thes are of the company’s own make, and the 
older ones show a remarkable record of long ser- 
vice and efficiency. The crank-pin holes are bored 
out on the large boring-machines already referred 
to, and are finished, in the mounted wheel, on a 
Craven quartering-machine. There are a number 
of special horizontal wheel-drilling machines, of the 
company’s own design, for drilling and tappin 
inside holes, both in mounted and mele. re 
wheels, and others, of a vertical type, for holes in 
the rims, balance-weights, and tyres. There is also 
a special six-spindle vertical drilling-machine of the 
company’s own design, the spindles being carried 
on six radial arms working over a revolving circular 
table from three uprights spaced at angles at 120 
deg. This is used in cases where the design of 





et 


| tyre involves the drilling of rivet-holes through 
tyre and rim. It is also used as a handy tool for 
other work, such as drilling smoke-box tube-plate 
angle-rings. There are heavy lathes for turning 
crank-shafts, a roughivg-out lathe working with six 
tools at once, and a finishing-lathe, both by Sharp, 
Stewart, and Co., and a lathe for turning the pon 
sweeps, by Smith, Beacock, and Tannett. The 
last-named firm also made the large slotting- 
machine for the crank-webs, whilst the crank-web 
Sides are planed square on a machine by Hulse. 
For rough - turning the ends of the straight 
axles there are centrally driven 18 - in. lathes, 
the rest of the turning and finishing being done 
on a set of lathes grouped together, all these 
machines being of the company’s own make, 
For pressing the wheels on to the axles there is a 
120-ton hydraulic press. In the majority of cases 
the crank-pins are made of mild steel and case- 
hardened after turning, the exception being such 
as are made of carbon steel, which are generally 
oil-hardened. The grinding is effected by a special 
rotary grinding attachment brought on to the tool- 
rests of the truing lathes. The practice of case- 
hardening nickel-steel crank-pins “ been carried 
out with very good results. Practically all the 
milling machinery used by the company is grouped 
together in this department in two c —for 
heavy and light work respectively. The two 
heaviest planer-millers are of the company’s and 
Messrs. Spencer’s make. On the former both ends 
of two or more coupling and connecting rods are 
flat-machined at one setting, and on the latter 
heavy body milling is done in quantity, such as on 








bogie swing-links, expansion-links, connecting rod 
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straps, &. Both these machines are separately 
driven by 15-horse-power motors. 

The larger rod slabbing and profiling is dealt 
with on heavy planer and profile millers of the 
company’s own make, The smaller classes of work, 
such as regulator levers and links, small motion 
lifting and swing links, reversing lever ends, spring- 
links, small brackets, &., as well as all milling 
cutters of every form, taps and rhymers, are dealt 
with at a group of horizontal, universal, and pro- 
filing milling- machines of Messrs. Smith and 
Coventry's make. The reversing shafts, brake and 
rocking shafts are turned on special lathes, one of 
which is arranged for both turning and grinding, 
and are then brought to a a of machines of the 
company’s own make for slotting and milling. The 
slide-tables of these machines containa rotary centre 
actuated by worm-gearing, so as to enable machining 
to be done to a radius at one setting. One of these 
tools is deserving of more particular notice, being a 
special tool for milling the arm-edges. The vertical 
spindle can be inclined to the table, so as to carry 
a ‘cone-shaped cutter. In this way the spindle 
support is kept clear from the work, enabling 
bosses to be milled quite close to the shaft. The 
slotting-machines for expansion-links, cross-heads, 
valve-spindles and rods, regulator tops and valves, 
safety-valve levers, &c., are grouped together 
and are all of \Whitworth’s make, with the excep- 
tion of a special tool by Muir, and two by the 
company. For planing small work in quantities, 
such as brasses, expansion-link stud-plates, &c., 
there are high-speed planers with quick-return 
drive made by the Betts Machine Company, of 
America. There are large boring-machines of the 
company’s make, fitted in the one case with two, 
and in the other with three, vertical spindles work- 
ing on a long cross-slide for boring the ends of 
coupling-rods for 4 or 6-wheel coupled engines at 
one setting. There are also large vertical traversing 
drills of the same type for the connecting-rod ends, 
and a number of horizontal traversing drills, both 
single and double-headed, made by Messrs. Craven 
Brothers, Shanks, and Hulse, for long rods, cross- 
heads, keys, pins, and a variety of general work. The 
boring of steam brake cylinders, reversing and brake- 
shaft carriers, drilling holes in eccentric sheaves 
and straps, is done at a group of single and double- 
headed horizontal borers of thecompany’s ownmake, 
and fitted with special chucks for repetition work. 

Special interest attaches to the precision grind- 
ing-machines for truing up the case-hardened parts 
of motion work. These consist of a ‘number of 
vertical spindle machines of the company’s own 
designs. This firm was the first to adopt the sun- 
and-planet principle of motion for the grinding- 
spindle, these machines being designed and made 
under a patent taken out by them in 1887, which 
was amplified by a subsequent patent to cover the 
grinding of straight and curved surfaces, such as 
those of expansion links and blocks, slide-bars, and 
similar forms. These machines have done away 
with the old system of eames and with the 
necessity of softening and re-hardening. These 
machines include both single and double-lapping 
machines, having a bed and table with grooves 
carried on two end standards, the tables being 
either fixed or traversing. The grinding head- 
stocks are carried upon the bed and are adjustable 
lengthwise or crosswise. The — which is of 
tool-steel, running in gun-metal bearings, has a 
variable self-acting vertical traverse, and in addi- 
tion to revolving upon its own axis, has a variable 
self-acting eccentric motion imparted to it by a 
system of eccentric sleeves, driven by a worm and 
wheel. The spindle is balanced, and the grinder 
can easily be withdrawn from the hole for the 
purpose of gauging. The spindles are strap-driven, 
and are provided with a compensating arrangement 
for taking up the slack. the machines for 
grinding the expansion-links the table is bolted to 
a radius-bar for grinding radial links, and for 
straight work the radius is removed, and the 
table guided by V-strips. Wor grinding the slide- 
bats, su of expansion-links, die-blocks, and 
stud-plates, there is a special machine of the com- 
pany s own make for grinding up to 6 ft. in length 

y 10 in. in width. is machine differs from the 
usual design of such surface-grinders where the 
emery-wheel spindle alone has a reciprocating 
motion, inasmuch as the wheel and spindle are 
carried by a traversing saddle mounted on a cross- 
slide, with an automatic variable reci ting 


motion, thus ensuring complete protection of the 
bearings from grit. 


Along one side of these shops, and also partly 
within the new framing-shop, are the benches for 
the fitters employed upon the rod-straps, wedges 
and brasses, steam-regulators, steam-brakecylinders, 
eccentrics, valves and valve-spindles, pistons and 
piston-rods, slide-bars, crossheads, reversing-screws, 
motion work, &c. The parts of the motion work, 
when completed, are brought toa trying-over table, 
where they are gauged, set up, and tried over, the 
limit-gauges ensuring accuracy 4 to soo in. 
Piston-rods, case- ened valve-rods, and pins are 
ground on a Landis universal grinder. 

The grinding-machines in this shop also include 
those for dealing with the cutting tools, and are 
grouped together in close proximity to the central 


Gisholt ‘and Slack, as well as special twist-drill 
grinders by Welmarth, and Morman and Eames. 


and slotters are standardised, and kept in quan- 
tity ready ground in the central tool-stores, where 
any worn tool can be immediately exchanged for 
a new one. Standard charts are exhibited, each 


correct shapes and cutting angles, which have been 
scientifically worked out for different classes of 
work. High-speed tool steel is used in short 
lengths contained in specially-designed standard 
tool-holders, thus economising material. In the 
case of drills, the drilling-machines themselves are 
numbered, and each operator is given a full set of 
drills stamped with a corresponding number, thus 
affording complete supervision over loss or ‘misuse. 
All drills are periodically passed on to the tool-room 
and gauged over for accuracy. 

Before leaving this department, mention should 
be made of two lathes, formerly the personal pro- 
perty of Mr. Beyer, and of great historical interest 
on account of the testimony they afford as to the 
originality and genius displayed by Richard Roberts 
among the earlier tool-makers. One of them is an 
8-in. slide-lathe, on the tool-rest of which is in- 
scribed ‘‘ Richard Roberts, 1817.” The guide- 
screw has 4-in. pitch, and the rate of movement of 
the slide is determined by means of a pin disc- 
wheel driven by a small pinion working on one or 
other of the pin circles. There is a reversing 
clutch working between two bevel-wheels in mesh 
with a pinion driven by gearing from the disc. 
The slides for the head and tail-stocks and slide- 
rests are independent of each other. The other 
lathe is an 8-in. screw-cutting lathe, and has the 
name—Sharp, Roberts, and Co.—on the dividing 
disc attached to the headstock, and is believed to 
date from 1824. This lathe has also independent 
slides, and the slide-rest can pass by the head and 
tail stocks, as in some modern lathes. The driving 
arrangements permit of a great variety of screw- 
thread cutting. The tool is brought quickly in and 
out of work by means of a lever with cam action, and 
is then further adjusted by a hand-lever working 
the cross-slide. The cutting-tool is contained in a 
swivel-holder, so as to enable the tool to be inclined 
when cutting wide pitches of thread. This descrip- 
tion will suftice to show that several of the features 
mentioned have, within recent times, been revived 
as novelties, particularly by American machine- 
tool makers. These lathes have been maintained 
in use up to the present day, chiefly for turning 
and cutting the thread in reversing-screws, for 
which work they are well adapted, notwithstanding 
their age. 

Entering the new framing-shop, which, as pre- 
viously indicated, is a recent addition to the works, 
a comprehensive view is obtained over both new 
and old framing-shops. These have a length of 
174 ft. 6 in., with a combined width of 218 ft. This 
view will be seen in the illustration, Fig. 13, Plate 
VIII., which also clearly shows the arrangement of 
the frame slotting and drilling machines, as well as 
the overhead trav sey hea and gantry. One of the 
slotters was supplied by Messrs. Craven Brothers ; 


design. These machines are of massive construc- 
tion, and have each respectively four and six cross- 
slides, and eight pairs of frames can be slotted 
at one time. peer rie a has been taken of the 
central position of this shop to bring within its area 
at one end the templet benches and the marking- 
out tables for the machine work; whilst at the 
other end, adjoining the erecting-shop, the grind- 





stones have been placed for dealing with a multi- 
| tude of finishing work ; and here also have been 





tool-stores, from which all the machine-shops obtain | 
their supply of fresh cutting tools. This group, 
comprises grinders by Smith and Coventry, and | 


All cutting tools for lathes, planers, shapers, | 


tool being designated by a number, showing the | 


| 


the other machines are of the company’s own special sh 


brought other details, such as the fitting of 
housings and splashers and engine-brake and mud- 
cock work, smoke-box doors and fronts. The 
engine, tender, and bogie frames, after slotting and 
drilling, are taken into the old framing-shop, and 
there fitted with horn-blocks, keeps, and angle- 
‘irons. The bogie bodies and frames are brought to 
|a@ setting-out table, and the holes drilled through 
from the frames by means of drills worked by com- 
P air. Most of the bogie-riveting is done 
_ by hydraulic power, but for joining the frames to 
| the bodies cold riveting is almost always employed. 
| The machinery in this shop is principally related 
to the requirements of parts accessory to the 
frames. Angle irons and brackets are ground to a 
fitting gauge on a large Taskers side-grinding 
machine. ‘There are three special duplex horn- 
block planing-machines of the company’s make, one 
of these being fitted with four horizontal tool-rests, 
|in addition to the four vertical ones for planing 
blocks simultaneously on the top and sides. A 
row of planers, for miscellaneous purposes, in- 
cludes machines by Hulse, Whitworth, and Craven 
Brothers, these last being used for slide-bars, and 
are each fitted with four vertical tool-rests. Ina 
parallel row are arranged a number of short-stroke 
planer-slotters, of the company’s make, for slotting 
out platework for cabs, splashers, motion, and stay- 
plates, &c. The benches for fitting up the axle- 
boxes ready for the erecting-shop are placed in that 
section of the framing-shop nearest to the work, as 
is also most of the machinery principally relating 
to this work. This includes two groups of planing- 
machines by Hulse, and Sharp, Stewart, and Co., 
for dealing with axle-box parts, wedges, liners, 
keeps, and other work. In close proximity also 
are the benches for fitting the springs, bogie swing- 
links, keeps, spring-links, and hangers, &c. The 
other machinery for dealing with these parts and 
the general requirements of the two framing-shops 
is here grouped in three divisions respectively— 
drilling, slotting, and shaping-machines, the last 
including heavier tools by Muir and Whitworth. 
There is also a special grinding-machine of the 
company’s own design. In this case the two 
emery wheels are carried on fixed, adjustable 
horizontal arms, the work being raised and anieol 
on a table with variable stroke. This machine is 
specially adapted for grinding horn-blocks and 
wedges after they have been case-hardened. Both 
the block and the wedge are ground simultaneously, 
which ensures that the two faces will be absolutely 
rallel. Inthe ordinary mode of procedure the 
aces are ground separately, and subsequently trued, 
the one to the other. The grinding-machines for 
axle-boxes, liners, wedges, &c., are also of the 
company’s own design. Of other machinery in 
this shop mention might be made of a drilling- 
machine with three vertical and two horizontal 
boring-heads for repetition work, where holes have 
to be drilled in different planes at right angles 
to each other; a special boring-machine of a 
cylinder-boring type for dealing with a number of 
axle-boxes at one setting ; and a duplex horizontal 
high-speed drill for angle-irons, having instan- 
taneous adjustment and release. 

The main erecting-shop is a fine building, 380 ft. 
long by 48 ft. wide, and a view of it is given in 
Fig. 6, Plate V. It is served by three high-speed 
double-lift travelling cranes, two of 10 and 40 tons, 
and one of 8 and 25 tons lifting capacity respec- 
tively. A special feature of this shop is the 
provision of travelling wall-cranes for carrying the 
hydraulic riveting-machines. The locomotives are 
erected in two long rows parallel with the side walls, 
along which are the fitters’ benches, compressed- 
air mains, and light shafting, and down the centre 
of the shop runs a multiple-gauge track. When 
the locomotives are so far ready, they are lifted 
bodily over to the centre track on to their wheels. 
| A large turntable half way along the shop gives 
|the necessary communication with the trial siding, 
which, as will be seen, is very accessible from the 
boiler- mounting shop, steaming-shed, tender- 








ops, &c. 
The tender department includes two machine- 
shops and an erecting-shop, covering altogether a 
space 143 ft. long by 140 ft. in width. In this de- 
'partment are also made the locomotive chimneys, 
_ash-pans, tender brake work, and draw gear. The 
' erecting-shop is amply supplied with hydraulic and 
steam riveting power, the latter being well suited 
| to thin | ages Small portable emery wheels 
worked by compressed air are used for grinding off 
the tops of countersunk rivets along the tender sides 
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and chimney bases. The tender side, back, coping- 

lates, &c, are freed from scale by blast. The 
laesh house, which is situated near the tender- 
erecting shop, is equipped ; 
Tilghman apparatus using minute chilled cast-iron | 
shot instead of sand. The air-blast has a pressure | 
of 15 Ib. to 20 lb. per square inch, obtain 


other small machine parts, is done ata group of 
eight 64-in. double-geared, screw-cutting lathes, 
four being of Spencer's and four of the company’s 


with a Matthewson- own make. The gap-lathes include some new tools 


of 12-in. and 15-in. centres, by Lang, fitted with | 
four train feed-boxes, and among the shaping- 


from a| machines are some useful duplex tools of 15-in. 


reservoir fed from the compressed-air main. The and 16-in. stroke, by Muir and by Spencer. The 


floor of the blasting-room is laid with perforated | 
plates, through which the shot makes its way, and | 
is both lifted back into its hopper and automatically 
cleansed from dirt by the action of a powerful 
electrically-driven fan. A variety of-other work is | 


cutting of gear-wheels is done on a No. 6 Brown 
and Sharpe universal gear-cutter, taking work 
up to 72 in. in diameter. The smaller — 
machines include two high-speed tools, with quick- 
reverse, for work up to 10 ft. by 3 ft., by Sellers and 


also shot-blasted ; for example, buffer-plates, smoke- | the American Tool Works, the latter having an inde- 


box plates, cylinder clothing, splasherand cab plates, 
a completely smooth surface being thus obtained 
preparatory to painting. 

he painting and packing shops, which are now 
approached from the tender-shops, are in two bays, 
one of 260 ft. and the other of 200 ft. in length, 
equipped with 25-ton and 20-ton travellers respec- 
tively. These shops are steam-heated throughout, 
and have, as will be seen from the plan (Fig. 3 on 
page 4 ante), direct communication with the main 
railway siding. Beyond these shops are the supple- 
mentary stcres—a long building, principally used 
for preserving templets and patterns. The open 
ground on this side, about 10 acres in extent, 
affords ample room for all future extensions of the 
works, and in addition to this gives adequate siding 
accommodation. One large siding serves the coal- 
stores ; a stock of about 2500 tons of coal being 
constantly maintained as a provision against any 
possible emergency. 

As will be apparent from the frequent mention 
that has been made of tools of the firm’s own design 
and manufacture for the most varied requirements 
of locomotive-building practice, the work of the 
machine-tool department is of great importance, 
and it may with truth be said that the development 
of locomotive building at Gorton Foundry has been 
accompanied from the beginning by an equally 
thorough and progressive -machine-tool practice. 
Originally this work was undertaken by the com- 
pany with almost entire reference to their own needs, 
but, as may be imagined, the demand for machines 
of their design eventually led to a considerable 
outside business. In particular does this refer to 
the manufacture of the patent grinding machinery 
already described, to special machinery for the 
equipment of railway workshops, and also to 
heavier machine-tools, such as large lathes for the 
Sheffield armament trade, and other important 
industries. 

The general machine-tool shop is a building 


270 ft. long and 81 ft. 6 in. wide, adjoining which | 


isa special tool-erecting shop, 140 ft. long and 48 ft. 
wide. A good view of the west end of the former 
is given in Fig. 12, which shows the electric walking 
cranes that run down the centre of each bay, and 
the arrangement of the line-shafting immediately 
above the crane-girder. Each length of line-shaft- 
ing is cut into two, and driven by a 15-horse-power 
motor at one end, and a 20-horse-power motor at 
the other. The bay adjoining the steel foundry 
is principally devoted to the first machining of 
steel castings, and its equipment has already been 
described. At the other end of this bay is situated 
the tool-room ; this contains a number of Norton 
lathes of various sizes for the turning of taps, 
rhymers, mandrels, milling-cutters, &c., and the 
grinders include machines by Muir, Slack, 
Smith and Coventry, and Norton, the last-named 
being used for gauges, templets, dies, gear-cutters, 
parallel rhymers, &. In addition to the usual 
type of heating and tempering furnaces, there 
is a very handy heater of Greenwood and 
Batley’s make, using town gas and compressed 
air. A new system of gauges has been introduced, 
and all templets, planing- locks, &c., are periodi- 
cally called into this department for inspection, the 
more important being tried over twice a week. 

The equipment of the general machine-tool 
shop has reference to the special needs of both 
new construction and repair work, as well as to 
certain requirements common to both machine-tool 
and locomotive work, and need not be particularised 
in detail. Mention may, however, be made of 
certain machines. For turning and cutting long 
guide-screws there are two lathes, one 104 in., with 
a 29-ft. bed, and one 12 in., with a 22-ft. bed. By 
the simple process of welding fresh lengths of shafts 
on to a finished portion guide-screws of over 100 ft. 
in length and of perfect accuracy have been made. 


pendent motor-drive. For cutting metal shapes there 
are two band-saws, with 40-in pulleys, of Massey's 
make. In addition to three tables fitted with movable 
boring heads, there is a powerful quadruple hori- 
zontal boring-machine, having two carri each 
of which carry two vertical slides fitted with boring- 
heads, the whole being capable of adjustment in 
any direction. 

e planers for large lathe-beds and other heavy 
work are arranged along the two sides of the tool- 
erecting shop, which is served by an overhead 
traveller, with lifts of 25 and 5 tons. One of them 
is a powerful machine of Messrs. Craven’s make, 
capable of taking work up to 30 ft. by 6 ft. 6 in. 
This is driven by a separate 10-horse-power motor 
actuating a modified form of Sellers’ drive. There 
isa machine of Messrs. Whitworth’s make of the 
same width, but with 20-ft. stroke and with screw 
drive, and two rather smaller planers of the com- 
pany’s own make, with rack-and-pinion drive. 
Other machines in this shop include a double-plate 
edge-planing machine of the company’s own make, 
with heads adjustable to varying widths of plates, 
the slides carrying duplex tool-boxes for planing 
each way, and two Whitworth radial drills with 
7-ft. 6-in. arms, one being fitted with a reversing 
motion for tapping. 

The testing department and central chuck- 
stores are contained in a building 125 ft. long and 
36 ft. wide. The testing department contains 
a machine-room equipped with a 50-ton Buckton 
pulling-machine for determining the strength of 
material, and there is a well-fitted-up chemical 
laboratory, where analyses are made of all classes 
of fuel, pig iron, and other raw material, oils, and 
other stores, as well as finished products from the 
foundries. Valuable research work is also con- 
ducted here relative to the correct treatment and 
manufacture of iron, steel, and other materials of 
construction. 

It will have been sufficiently indicated, in the 
course of this survey of the workshops and plant, 
| that no pains have been spared in keeping the 
concern abreast of the best-equipped locomotive 
works of the day, and that the energy and foresight 
which distinguished the management of the company 
in the past are fully maintained at the present time. 
Whilst the old reputation for the finest quality of 
workmanship is thus being zealously guarded, every 
advantage that modern experience can supply is 
also being employed in adding to the efficiency and 
productive power of the works, so as to enable the 
company to cope with a continuous increase of 
business, which, as far as one can read the signs of 
the times, bids fair to be maintained. 





THE WIDENING OF BLACKFRIARS 
BRIDGE. 

Tue drawings which we reproduce on page 72 
illustrate the work which it is pro to carr 
out forthwith for the widening of Blackfriars 
Bridge across the River Thames, with a view of 
affording space for the laying of a double line of 
electric conduit tramways to connect with the new 
tramways lines which cross Westminster Bridge 
and traverse the Victoria Embankment to the 
northern end of Blackfriars Bridge. In this way 
a loop will be formed, superseding the dead ends 
at the southern ends of Blackfriars and West- 
minster Bridges respectively. The comparative 
narrowness of the bridge was one of the obstacles 
to the tramway extensions referred to, but ulti- 
mately an arrangement was come to between the 
Bridge House Estates Committee of the Corpora- 
tion and the London County Council, whereby the 
latter pay a rental for running the tramways over | 
the bridge, while the former meet the cost of 
widening the bridge, which in itself will greatly 
facilitate across-river traffic. 





Work, such as bushes, nuts, sockets, spindles, and 





On the passing of the Bill authorising the works 





|in the last Session of Parliament, the Bridge House 


Estates Committee secured the co-o ion of Sir 
Benjamin Baker, K.O.B., as consultin oo 
and the tender of Sir William Arrol and Co., 
Limited, of Glasgow, was accepted, their total 
being slightly over 200,000). This firm, as is well 
known, have extensive experience of bridge-work, 
and especially of the sinking of foundations under 
compressed air ; so that there is every probability 
of the work being carried out within the contract 
time of three years. There isintroduced, however, 
a clause which provides for a penalty of 20I. for 
each and every day occupied upon the work 
in excess of the three years, while a premium of 
the same amount is to be given for each day under 
the contract time. 

As the drawings reproduced show, the aim is to 
maintain the general appearance of the existing 
structure, which was opened for traftic in November, 
1869, taking the place of a bridge which had been 
in use one hundred years. This bridge, built in 
1760-9, consisted of seven arches resting on piers, 
with piled foundations, and cost 152,8401., or, in- 
cluding the approaches, &c., 166,2171. The present 
structure consists of five arches, as shown in Figs. 1 
and 2, the centre one being 186 ft. 5 in, span, with 
a springing level 9.06 ft. above Trinity high-water 
level, and with a height to give 25 ft. clear head- 
way. The other — are slightly less, as 
shown on the plan, Fig. 2. This bridge, built in 
1864-9, cost about 270,000/., and was designed by 
Mr. Joseph Cubitt, and now, at a cost of over 
200,0001., this bridge is to be widened from 75 ft. 
to 105 ft., the existing piers being lengthened, 
and additional ribs constructed at the western, 
or up-stream, side. As the new work will 
conform to the existing work, a description of the 
existing bridge may be given.* The piers are of 
masonry, and their thickness varies from 18 ft. 2 in. 
to 20 ft. 6in. Each is carried on six independent 
wrought-iron caissons ; four are rectangular, whilst 
those at the outer ends are curved to a radius of 
20 ft. 8 in., to approximate to the form of the cut- 
water of the masonry piers. The caissons were 
sunk, 3 ft. apart, into clay to a depth approximately 
of 50 ft.; and when excavation was completed the 
interior was filled with concrete and brickwork. 
A dam was formed on each side of the spaces 
between the caissons, and when the water was 

umped out, the spaces were filled with concrete. 

he abutments were formed of concrete, and faced 
with brickwork and granite. At the springin 
level the thickness of the masonry is 12 ft., back 
by 30 ft. of concrete. The masonry work was of 
granite. As shownon the cross-section, Fig. 3, the 
spaces between the piers are spanned with wrought- 
iron ribs, there being nine (at 9 ft. 6 in. centres) 
in the width of the bridge. On the outer face 
of each outside rib an ornate cast-iron fascia is 
bolted. The clear width cf the roof is 75 ft., of 
which 43 ft. is roadway, giving a footpath of 16 ft. 
on each side. 

The widening work, soon to be commenced, will 
consist in an extension of the piers at the western, 
or upper, end of each ; until bores have been made 
to ascertain the nature of the ground, no decision 
can be arrived at as to the exact procedure ; but it 
is probable that caissons will be sunk under com- 
pressed air to form a foundation for the new section 
of the granite piers. All masonry work is to be 
carried out by Messrs. Mitchell Brothers, Glasgow. 
The existing western fascia and parapet of the 
bridge will be removed, and three additional 
wrought-iron ribs at 10-ft. centres will be built, 
the general construction corresponding to the exist- 
ing work, as shown in the cross-section of the 
bridge widened, Fig. 4. These additional ribs will 
increase the width of the bridge by 30 ft., all of 
which will be added to the roadway. The tram- 
way track, as shown, is to be close to the curb on 
the western side; and as it does not require more 
than two-thirds of the additional width, there will 
be, apart from the tramway track, increased accom- 
modation for vehicular traffic. The system to be 
carried out for the tramway track is clearly ilius- 
trated in the section, Fig. 5, which shows that 
the conduit is to be built up of angles and plates 
resting on special cross-girders carried on the 
main ribs. On the footway provision is made for 
pipes and for a trough under the pavement. It 
will be noted, further, from the plan (Fig. 2), that 
a passenger subway is being provided at the north 
end of the bridge. 

* See “‘Thames Bridges, from the Tower to the 
Source,” by James Dredge, page 24, 
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MARINE BOILER WITH PIELOCK SUPERHEATER FOR SS. 
CONSTRUCTED BY THE SOCIETE ANONYME DES CHANTIER ET ATELIERS DE ST. NAZAIRE. 
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ENGINES WITH LENTZ VALVES FOR THE SS “RANCE.” 
CONSTRUCTED BY THE SOCIETE ANONYME DES CHANTIER ET ATELIERS DE ST. NAZAIRE. 
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spaces, located over the three furnaces, and each sur- 
rounding about one-fourth of the boiler-tube lengths. 
They are built water-tight. The holes in the tube- 
plates are 2.55 in. in diameter at one end of the tubes, 
(9708.0) and 2.63 in. at the other end, as shown in Fig. 8, 
page 78, to facilitate the removal of the tubes. The 


: —e . : : turated steam is taken at the top part of the steam 

Ix order to ascertain the applicability of super-| Générale Transatlantique, but fitted with the or- | * ts 
heated- steam and poppet-valve are to steamships, dinary type of engine, without superheater. ary’ Shel roy Beye ae ny a pel, augeanentan ’ 
the Com ie Générale Transatlantique recently| The principal dimensions of both cargo-boats are as = ’ P 8 


ordered from the Société Anonyme des Chantier et | follow :— ry foo gg kh + jg Aone Ce sg pad a 
Ateliers de St. Nazaire a cargo-boat, the Rance, the Length a ds .. QLm. (298 ft.) Fig. 8. The boilers are fit with MewGene aputams 








two boilers of which are fitted with Pielock super- Breadth S sai . 122m. (40 ,,) “ oars : 

heaters, the engines being of the three-cylinder com- Depth of hold... ae : 7.75 ,, (25 ft. Sin.) = foveed draught, and their principal dimensions 
pound type, with Lentz valve-gear. The results Draught loaded =... _—... 6.40 ., (21 ,, y , 

obtained with the cargo-boat Rance are now available, Deadweightcapacity ... 3650 tons. Total aw area... = 8.40 8q.m. (90.4 aq. ft.) 
and are interesting in comparison with those given by| We illustrate the boilers in Figs. 1 and 2. The et. ting surface — ” etry » ) 
a sister ship, the Garonne, built at the same time by | Pielock superheaters with which they are fitted con- Superheating ,, .. 730 ,,. (7858 ., ) 





the St. Nazaire Works, and also for the Compagnie sist of a central and two lateral steam-superheating| The boiler-plates are of Siemens-Martin steel, of 
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45 50 kilogrammes (28.6 to 31.8 tons per square inch) 
breaking strain, with 23 per cent. elongation ; the fur- 
nace-plates are of 38-43 kilogrammes (24 to 27.3 tons) 
breaking strain, with an elongation of 27 per cent. 
The tubes are lap-welded, of mild Siemens- Martin 
steel ; the ordinary tubes are 3 millimetres (0.118 in.) 
thick, and the stay-tubes 6 millimetres (0.236 in.). 

The superheaters are built of dished plates, Fig. 2, 
surrounded by two bent plates to form the casing, 
joined together, as shown in Fig. 1. The superheaters 
are automatic in their action; they are stated to be 
easily mounted in the boiler, to work safely, and 
to require no supervision, and no maintenance. They 
allow of a superheat of from 200 to 400 deg. Cent. 
(392 to 752 deg. Fahr.), and over. The plates form- 
ing the sides of superheaters are 0.78 in. thick, and 
the dished plates 0.39 in. 

The Pielock superheater, applied to a locomotive, 
was illustrated in one of our former issues (see ENGI- 
NEERING, vol. Ixxviii., page 45), and the Lentz 
valve gear, also fitted to a locomotive, formed the 
subject of one of our recent articles (see ENGINEERING, 
vol. Ixxxii., page 720). 

We illustrate in Figs. 3 to 6, on page 77, the three- 
cylinder triple-expansion engines with Lentz valve 
distribution gear, of the French cargo-boat Rance. 
This, we believe, is the first successful example of the 
adaptation of poppet-valve gear to marine engines. 
It may be noted in conjunction with this innovation 
that for some time, in about the ‘nineties, the 
consumption of compound marine engines was com- 
parable to, if not somewhat lower than, that of sta- 
tionary engines. Owing, however, to repeated im- 





provements in the latter engines, combined later with 
the use of ry Sony ne steam, the consumption of 
these engines has gradually decreased, while that of 
marine engines has remained practically at a stand- 
still. Superheated steam was re 
ago with the ordinary slide-valve type of marine 
engine, but failed, and was finally dropped, as regards 
marine purposes, owing to the advantages derived by 
improvements in the compound engine. In land in- 
stallations superheated steam commenced to be effec- 
tively used on a large scale, and has gradually led to 
remarkably low figures for steam consumption. 

The following are the principal dimensions of the 
Rance engines :— 


Diameter of high-pressure 


cylinder ... a od 0.584 m, (22 99 in.) 
Diameter of intermediate 

cylinder ce ... 0,014 ,, (33.98 ,,) 
Diameter of low-pressure 

cylinder ti ee. 1498 ,, (58.97 ,,) 
Stroke 1 066 ,, (41.96 ,,) 


The cylinders, valves, and valve-séats are of close- 


grain cast-iron ; the shafts, connecting rods, and piston- | 


rods are of Siemens-Martin steel, to 28.6 tons per 
square inch breaking strain, with an elongation of 
2u per cent. The valves, shown in detail in Figs. 5 


and 6, are double-beat equilibrium-valves. These | 


have a very narrow bearing on their seats, which 
greatly facilitates the action of the cams. The two 
seats of the exhaust-valves have the same diameter, in 
order to prevent the lifting of the valves during the 
compression stroke. The uniformity in the two 


diameters is obtained by casting and turning the | 


outside seat with the valve; it is then cut, ground, 
and fitted together with the valve. The work of 
operating the valves is very slight; there is a spring 
which gives the valve a preponderance towards the 
cam. 
at the end of the valve-rod, and as soon as con- 
tact is established between the two, the valve is 
quickly raised; the inverse actions take place for 
lowering the valve. The valves remain tight; the 
cams, though not case-hardened, do not wear appre- 
ciably ; and no regulation is required for long periods 
of working. The valve-rods slide in a cast-iron socket- 
guide ; grooves furmed round the rod, Fig. 6, suffice to 


tedly tried years | 8 


he latter acts tangentially on the roller | 


steam which escapes from the valve-chest, while 
ensuring steam-tightness without friction. The tight- 
ness of the piston-rod is obtained ina similar way by the 
Lentz packing, formed of a series of cast-iron grooved 
boxes and cast-iron rings placed one above the other, and 


below the intermediate cylinder ; they are held in place 
by a bolted flange. 


followiog the rod. The arrangement is clearly shown 
in Fig. 7. On steam being let in the cylinder, the 
nearest ring is pressed down against the lower seat of 
its box ; the bearings of the rings and seats of the 
boxes are ground, and form a tight joint. The steam 
is wire-drawn through the small play between the rod 
and the ring, and enters the space below at a greatly 
reduced pressure, and so on until it reaches the drain- 
port, shown in Fig. 7. The number of rings and 
grooves varies with the initial steam pressure in the 
cylinder. 

Both the Rance and her sister-ship, the Garonne, 
| have been fully tested in service. Results of the 
trial trips are shown in the diagrams, Figs. 9 to 16. 
From these it will be seen that the fall of pressure on 
|admission is much less in the case of the Rance en- 
| gines than is that of the Garonne engines, although 





the cut-off to the high-pressure cylinder is earlier. | 


‘On the other hand, the vacuum in the low-pressure 
cylinder is higher in the case of the Rance engines 
than in that of the Garonneengines. This exemplifies 
the influence which the quick opening and closing of 
the valves has upon working, as compared with the 
action of slide-valves with which, whatever the pre- 
cautions taken, there is always more or less wire- 
drawing of the steam, as evidenced in this _parti- 
cular instance by the Garonne diagrams. The follow- 
ing table relates to the two diagrams Figs. 9 and 10 :— 








round the rod in a recess in the guide, shown in Fig. 3. 


No pressure is exerted round the | 
piston-rod ; this is allowed a circular play, the rings | 











—s _ ** Garonne.” “* Rance.” 

Date of speed trials | July 6, 1906, Bept. 13, 

1906. 
Principal Dimensions. __ | | 
.P.| D1 0.584 m. (22 99 in.) 

Diameter of cylinders LP, D2 0.914 ,, (35.98 ,, ) 

\ L.p.| D3 1.498 ,, (58.97 ,, ) 

Stroke a we o -.|C 1.066 ,, (41. . 

H.P.|V1) 0.273,338 c. m, ( 9.6c. ft.) 
| Volume of cylinders... I.P. | V2) 0.680,540 ,, (24.0 
\ LP.| V3, 1853 , (854 5, ) 
f H.P.. EL 14 percent. | 7 per cent. 
| Clearance in cylinders; I.P. E2 7.3 js | 6 mu 
( LP.Jgs| a1 ;° 5 
e— mi 6.77 
| IL. 4 
| Cylinder ratios me m2 2.72 
IP. ims 2,48 
H.P. 
“Conditions of Working. } 

Absolute pressure in first re-/ Py) 13.375 kgr. 13.453 kgr. 
ceiver in kilogrammes per (196.6 Ib.) (197.7 lb.) 
sq. cm. and Ib. per sq. in, 

oe ee ee ..|N 73 revs. 75 revs, 

Piston speed ..| V | 2.59 m, (102 in.) 2.665 m. 

| (105 in.) 

Cut-off in traction of f rr 4 * ‘ = rol 
stroke Lup. ois 0.54 0.58 

Ratio of expansion { oe }..] R 11.475 12.53 

’ | 
Value of ' ‘ (1 + 2.3026 log of| 
| 

=) ae ait Ae 0.20944 0.28206 

Vacuum in condenser in centi-| 
metres and inches, mercury | v 68cm. (26.77 in.) 68.5 cm. 

2 } | (26.96 in ) 
Results. H.P.| p1 4.158 kgr. | 5.370 kgr. 

Average pressure on | | (61 lb.) | (78.9 Ib.) 
pistons in kilo- | LP. | pe 1.632 kgr. | 1.540 kgr. 
grammes per sq. (24.91b.) | (22.6 Ib.) 
cm. and Ib. per sq. L.P.'93  0.548kgr. | 0.634 kyr. 
in. | (8 Ib.) | (9.3 1b.) 

Horse-power exerted o¥4 pe = = 
aaa ed L.P.ie3 335 | 439 


| 1290 
Average pressure reduced to } |p 
low pressure cylinder 


rT 8q. in. Ib. 
| Theoretic pressure in refer-) ty byt! Ly 


m 4,005 k. (58.8 Ib. |3.794 k. (55.7 


ence to steam-pipe pressure / per sq. in.) lb. persq.in.) 
| Thermodynamic efficiency .. ? 0.450 0.548 
T 
| Coal consumption per horse- ) 0.511 k. 0.408 k, 
power hour, averageoftrial/ ~ (1.126 Ib.) (0.9 1b.) 


| The results of the trial trip of both boats showed 
| the advantages due to superheat and valve gear to be 
| an increase in power of 18.1 per cent., and a decrease 
|in consumption of 20.1 per cent., in favour of the 
| Rance engines, 

The Société de St. Nazaire, who have communicated 
to us these particulars, state that the saving in coal on 
board the Rance in actual service, as compared with 
| the Garonne’s coal consumption, more than confirms 
| the above ee These results are on a par with 

those which have been repeatedly obtained with sta- 
tionary engines using superheated steam, with suit- 
able valves, and employing lubricants with a high 
| flash-point, 


create successive reductions in the pressure of the | THE CLARKE AUTOMATIC COALING- 
BAR 


In our issue of December 14 last, on page 796 of our 
last volume, we described the successful experiments 
| carried out by the Admiralty in connection with the 
coaling of H.M:SS. Vengeance and Cornwallis at 
| Liverpool by means of the Clarke system of automatic 

coaling-barges. There are two types of coaling-barges 

used in this system—one for coaling ‘‘ over all,” and 

the other for coaling through side ports. Two barges 

of the latter type were used for the battleship Ven- 
eance. 

The illustration on page 73 gives a good idea of 
the appearance of the other type of barge when at 
work. As can be seen, the Clarke barge is similar to 

| a floating grain elevator. The coal is first tipped into 
the barge in the ordinary way. The —~ has a false 
bottom, and between that and the keel bottom 
there runs a continuouschain of buckets. In the false 
bottom there are a number of openings, through which 
the coal runs by gravity into the travelling buckets, 
the supply being regulated by a system of sliding 
doors. The chain of buckets carries the coal up to a 
tower, and it is then automatically tipped into chutes 
running down into deck-hatches or scuttles, or into 
side-ports, as the case may be. Each bucket holds 
from 250 lb. to 300 lb. of coal. If desired, the coal 
can be automatically weighed in its passage from the 
buckets into the chutes. There are many very in- 
genious mechanical devices in connection with the 
handlivg of the coal, so as to ensure a continuous and 
automatic process. When the coal ceases to run by 
gravity, owing to the barge becoming empty, the 
false bottom can be raised on either side in sections 
at an angle of 45 deg., so as to cause the coal to run 
freely down through the gates into the buckets. The 
| coal does not fall suddenly, but slides gently down. 
| In the case of the formation of a “ bridge ” over a door 
| the jam is broken by an “‘ agitator,” which is a set of 
revolving steel spokes. The run of the coal, its regu- 
| lation and stoppage, are under the instant control of 
one man ; although, of course, engineers and a crew 
to attend to the placing of the chutes, &c., are also 
required. The chutes are telescopic, and are attached 
to the apparatus by a universal juint, so that they 
have a wide radius of operation. The barges for ‘‘over- 
all” work have towers 60 ft. high, and those for side- 
port coaling 30 ft. high above the deck of the barge, 
thus ne may angle to allow a free run of the 
coal. Each barge will hold from 1000 to 1200 tons of 
coal. The speed at which these barges can work 
depends upon circumstances, but reaches practically 
up to a maximum of from 150 to 180 tons an hour for 
each barge, the speed being only limited by the amount 
jand rate of trimming. On ‘‘ straight runs,” where 
there has been no trimming, as much as 200 tons an 
| hour has been put out by one of these barges. 
| Experience with this system of automatic coaling 
| would seem to show that there are great possibilities 
| in it, especially if its advantages are recognised by 
shipowners and ship-constructors in the future. At pre- 
sent ships are constructed without any reference to such 
| a mechanical system of bunkering coal. The coal is 
dropped either by the hand-basket process, or by buckets 
operated by a “ whip,” or dumped down a hatch from 
atip ; and there is no momentum in the coal when it 
reaches the bunkers, except that it drops to the bottom 
| **dead.” Consequently, whatever trimming is to be 
| done is by hand, and this process is laborious, slow, 
and a It will be readily appreciated that for 
| large bunkers the Clarke automatic system can be used 
with enormous advantage by running the ‘‘sleeves’ 
This would 








| 


|at an angle tothe chutes of the barge. 


’ | make the filling of bunkers almost a self-trimming 


| process. The structural details might present some 
roblems, but as a rule they could be easily overcome 
| if the idea above given were kept in view when the 
| designs of the ship were being prepared. Again, 
| scuttles in the ’tween-decks could be so arranged as 
| to allow of the utilisation of chutes (movable, if 


1.900 k. (28.4 1b. 2080 (0.5 | thought proper) as a continuation of the chutes 
rsq.in.) 


of the barge carrying the coal. It would not be 

difficult to make the necessary structural alterations, 
| at a moderate cost, in many ships now in service, so as 
| to get the full benefit of this automatic system of 
| coaling. This has been done in many cases, with the 
| result that a great saving in time and expense has been 
effected, the entire cost having been offset in a few 
| months. The proprieters of the system are the Liver- 
| pool Barge and Coaling Company, Limited, Colonial 
| House, Water-street, Liverpool. 








t we announce 
enry Bessemer, 


| Mr. Henry Bessemer.—It is with 
| the death last Monday, at Cannes, of Mr. 
| eldest son of the late Sir Henry Bessemer. 





| _ Six-Cyninper Motor-Cars.—We are informed by Mr. 
|S. F. ——_ that at the present time no less than 103 
| firms are building six-cylinder motor-cars. It is stated 
that a few makers who took up this pattern have discon- 
tinued the building of these cars, but they are to-day being 
| manufactured by the majority of the well-known makers. 
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THE EFFICIENCY OF BOILER PLANT. 
To THE Epirok or ENGINEERING. 

Srr,—My attention has been called to a letter under 
the above heading, ap ing in your issue of the 4th 
inat., signed by Mr, J. H. Dales, of Messrs. Braithwaite 
and Co., Limited. 


In the first Mr. Dale enters into a long discussion 


on live-steam feed-heaters, chiefly with a view of setting | 


forth the merits of his special type of external live-steam 
feed-water heater. With much of the information given 
I am in agreement, as it is based u the series of 
tests made in the Harrogate Electricity Works last 
spring, which were carried out under the careful super- 
intendence of my chief assistant, Mr. McLean, in con- 
junction with Mr. Dales. There are, however, one or 
two statements to which I am bound to take exception, 
a3 they are not in accordance with the tabulated results. 

Mr. Dales states that in his heater all attempts to 
‘‘drown” the temperature through the heater failed ; 
also that in our tests we failed to evaporate more than 
14,400 lb. of water per hour in the 30-ft. by 8-ft. 6-in. 
Lancashire boiler, “‘not because the heater could not be 
made to supply more without loss of temperature, but | 
because the furnaces could not then burn any more coal.” | 
I am sorry to say these statements are quite misleading, | 
and they are not in accordance with the actual facts, 
which are as follow :— 

Until the dispersion-pipe from the heater leading to 
the bottom of the boiler was disconnected, it was neces- 
sary, in order to maintain the water-level in the boiler 
during the heavy lighting at night, to supplement the 
feed by opening the second check feed-valve, so as to get 
an extra supply from the economiser direct. After the 
dispersion-pipe was disconnected, and the larger connec- 
tions and 3-in. feed-valves were fixed between the boiler 
and the heater, it was still quite impossible, on heavy 
load, to maintain the water-level without flooding the 
heater up to the first de-aerating valve, when sufficient 
head was obtained to maintain the feed, but the feed 
temperature then fell to that of the economiser, and the 
air-valve had to be shut off to prevent leakage. 

The boiler evaporated at a considerably higher rate 
than the 14,4001b. per hour mentioned by Mr. Dales, 
but for the reason set out in the p ing paragraph it 
could not be maintained for long. 

The latter part of Mr. Dales’ letter is devoted to 
an attack upon me, because, in my communication 
appearing in your issue of December 7, 1906, I ventured 
to correct a statement appearing in your interesting lead- 


maximum rate of increase of temperature that under | 
circumstance can arise, even for a short period, 

the detector is so chosen that same will only give a call 

for a rate of increase of temperature four times as high. 

Now this is decidedly not an ideal detector. The ideal 
detector must not depend on the rate of increase of tem- 
perature, but on this rate combined with how long the 
rate is kept up; that is, the detector must be what I 
call a time-rate detector, and must give a call for :— 

1. A normal rate of increase of temperature kept up 
longer than normally possible. 

2. An abnormally high rate of increase of temperature, 
even if kept up only for a very short period. : 

If the detector is not constructed on these principles, 
the advantage of using a differential apparatus is reall 
illusionary, as, what with the safety factor and normal, 
short, quick rises, it will be pomes e| to have such slow 
detectors that in most cases—especially for difficult work, 
as in a foundry, bakehouse, or a drying-stove—the same 
result would be obtained by using, for instance, a Pearson 
fixed temperature-detector, or any other thermometer 
giving a call at a certain fixed maximum temperature. 

I remain, Sir, yours truly, : 
M. A. ABRAHAMSON, A.M. Inst. E.E., Director 
of the Pyrophone Company. 

Copenhagen, January 14, 1907. 





THE OLD ‘“ MAHROUSSA.” 
To THE Eprror oF ENGINEERING. 

Sirk,—The account in your issue of the 4th inst. of the 
alteration of this fine old ship from paddle-wheel to 
turbine screw propulsion is very interesting; but I 
gather that the performance of the ship has not been 
improved, but rather the contrary. 

_ Performances of vessels were, and are, no doubt, some- 
times ex ted ; but it was the talk of the yards in the 
’seventies that the Mahroussa went 19 knots with about 
4000 indicated horse-power. This, however, appears too 
good to be true, as, assuming her displacement to have 
been the same then as now—4300 tons—the Admiralt, 
Seana coefficient would be 455—an incredibly hig 

gure. ~ 

Now, however, with turbine-engines and screw-pro- 
pellers, it appears that she goes 16 knots with 4000 indi- 
cated horse-power. I am perfectly certain that under 
the - conditions this amount of power gave a far higher 
speed. 


If the present possessors of the Penn records — the | 
Thames Iron Works—would kindly give an authentic | 





ing article of November 16, 1906. 

Mr. Dales also indulges in a criticism of my internal 
feed-heater, which has been evolved and perfected with a 
view to avoid at least some of the disadvantages and 
difficulties met with in experimenting with the Dales and 
Braithwaite apparatus. The adverse criticism levelled at 
my internal heater is quite valueless, as Mr. Dales is 
entirely ignorant as to the details of the apparatus, and 
has never seen either the actual heater or drawings of 
same, 

The ‘‘ very heavy set-off ” against internal live-steam 
heaters, announced in Mr. Dales’ letter, is not réalised in 
practice, and I doubt if even he would deny that if an 
accurately-graded thermometer is concentrically cased in 
the water, no other temperature than that of the water 
can be recorded even when the thermometer and the em- 
bracing feed-water are both within the boiler. 

There are very many other points in the letter with 
which I could deal, but I do not wish to be drawn into 
a long newspaper controversy. 

In conclusion, I have only to confirm the statements in 
my letter of December 7 last, and to say that I am quite 
content to leave the question of external versus internal 
heaters to settle itself, and, without complaint, to abide 
by the great law of ‘‘the survival of the fittest.” 

Yours faithfully, 
Gro. WILKINSON. 
Electrical Engineer’s Office, 33, Swan-road, Harrogate, 
January 14, 1907. 








FIRE-DETECTORS. 
To THe Eprror or ENGINEERING. 

Sir,—I have read the article about the Leslie-Walker 
instantaneous fire-detector in your issue of December 7, 
1906, with much interest, and as I have been occupied 
with the problem of automatic fire-detection for the last 
three years, I hope you will find room in your valuable 
paper for the following remarks. . 

Mr. Leslie Walker’s detector is very ingenious, and I 
do not doubt that most astonishing demonstrations have 
been given, showing the wonderful sensitiveness that can 
be achieved. hese demonstrations are, however, I | 
venture to say, absolutely worthless from a technical and | 
practical point of view. 

In the example given of the test at the Glasgow Uni- | 
versity in a hall 150 ft. long, 70 ft. wide by 80 ft. high, I 
presume the three detectors were installed under the | 
veiling, and placed at some distance from each other— | 
i.e, ae all three exactly over the spot where the paper 
was li ‘ 

It is stated that all three detectors came into action, 
giving a call in 20 seconds. ’ 

_ Detectors of this sensitiveness are for practical work 
absolutely useless, and this would have been self-evident, 
if, during the test, temperature and time readings had 

. been taken at the different detectors. 

These readings would have shown that the rate of in- 
crease of temperature was so low that same might occur, 
not only. by normal heating, but simply by rise of tem- 
perature caused, for instance, by, say, 200 students enter- 
ing the hall for a lecture on a cold winter morning. 

I see from your article that the Leslie- Walker Company 
works with a safety factor of 4—i.¢., after measuring the | 








account of the trials of the paddle-engines, with speeds 
and powers, a great number of your readers would read 
it with interest. 

No one expects simple engines, working with steam of 
15 lb. on the square inch, to rival engines working at ten 
or eleven times that pressure. Hence you are right 
when you say “the paren of Penn’s oscillating 
=e was not to bethought of.” But if Professor Biles 
and Messrs. Inglis had retained the paddle-wheel system, 
and supplied, with new high-pressure boilers, compound 
or triple-expansion engines, they would have got a better 
result than that which they have now achieved. 

I am, Sir, your obedient servant, 
THAMESINUS. 








ENERGY CHARTS FOR PROPORTIONING 
STEAM-TURBINES. 
To THE Eprtor OF ENGINEERING. ’ 

_Srr,—In your issue of the 11th inst. there is a descrip- 
tion of the entropy diagram as applied to steam-turbine 
design. Rather more than a year ago the present writer 
invented a simple and effective steam diagram for use in 
turbine designing, a short description of which may be of 
interest to your readers. 

The diagram is represented (not to scale) in the accom- 
panying sketch. Along one axis is measured temperature, 
and along the other the total heat in 1 lb. of steam. The 
word ‘‘steam” is here used in a broad so that the total 
heat will depend on the dryness or superheat. The lines 
O W and SA represent respectively the total heats of 
water and dry saturated steam at all temperatures. These 

















lines are both straight, and so also are lines of constant 
dryness. Constant-pressure lines for moist steam are 
constant-temperature lines, and therefore straight. Con- 
stant-volume lines can be drawn in if desired, but it is 
usually much more convenient to use the method described 


(with tables) in the writer’s book on steam-turbines. 


Adiabatic lines are nearly straight, and are drawn in from 
the information given in most steam-tables. Suppose A B 
to be such an adiabatic line in which the steam is just | 
dry at A. Then, from the steam-tables, we know that if | 
¢ = total entropy of steam at temperature A, 
¢» = entropy of formation of steam at temperature B, 
¢3 = entropy of formation of water at temperature B, | 


we must have 


BS _ ¢2 + $3 — hi . 
NS 2 
In this oor een lines are constructed. If steam 
expands adiabatically from A to B, then the heat diagram 
shows us at once that the heat conver into work is 
BC. If the expansion is a free one, as in a perfect steam 
| nozzle, this is all converted into kinetic energy, and the 
| velocity generated could be represented onemeelty, If, 
as is always the case in turbine work, part of this kinetic 
energy is rubbed down into heat, the steam dryness will 
be increased and may be represented by D. Then, in 
general, A D is the actual expansion line, and D C is the 
actual work done by the steam. Radiation, or the effect 
of a steam-jacket, can easily be allowed for on the dia- 
gram. If we know the quantities of heat converted into 
work in the several stages of a turbine, we can, by marking 
these quantities off in order along C D, and projecting up 
on to the true expansion line A D, at once determine the 
pressures, temperatures, dryness fractions, and volumes 
at all points in the expansion. Dividing the volumes by 
the steam velocities we at once arrive at the steam pas- 
a cross-sections. 
he diagram has the great advantages that many of the 
lines on it are straight, that all lines on it can be drawn 
from information contained in the ordinary steam-tables, 
that no knowledge of the mysterious entropy is required, 
and that it is easy to understand and use. [In practice, all 
the diagram to the left of H (total heat) = 850 is left out so 
as to allow of a more oper scale. 
Yours truly, 


Frank Fostkr, 
7, Victoria-road, Whalley Range, Manchester. 





Licut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order made 
by the Light Railway Commissioners :—Maidstone Cor- 
poration Light Railways (Extensions) Order, 1907, autho- 
rising the construction of light railways in the borough of 
Maidstone and in the rural district of Maidstone, and on 
the boundary of the rural district of Hollingbourne, in the 
county of Kent. 


Tue InstiruTION OF MecHANICAL ENGINEERS—GRaA- 
DUATES’ ASsocIaTION.—The fourth meeting for the current 
session was held at the Institution, Storey’s Gate, West- 
minster, S.W., on Monday, January 14, at 8 p.m., Mr. 
W. F. Maxwell Williams, Member of Council, in the 
|chair. A paper entitled ‘‘ Portland Cement, and the 
| Machinery used in its Manufacture,” was presented and 
| read by Mr. A. B. E. Cheeseman, Graduate, of Rochester. 
| Mr. A. B. Symons opened the discussion, in which the 
| following graduates took part :—Messrs. Barrs, Atkins on, 
| Duncan, Petrie, Aitken, and Lawrence. 





| a 


| Personxat.—We are requested to state that Mr. T. L. 
Cunningham and Mr. H. 8. Morrison have entered into 
rtnership, and, under the style of ‘“‘Cunningham and 
orrison,” will carry on the business of mining and 
general machinery agents and merchants. They will, 
among other things, act as the London representatives of 
the Union Iron Works of San Francisco; and, in addi- 
tion to berm J witlf contractors’ plant, pumps, rock- 
drills, electric lamps, &., are placing on the market the 
‘*Stox ” pneumatic hammers, dril hese hammers 
are specially designed to overcome the shock and jar due 
to the return stroke of the piston.—Mr. L. A. Bauer, 
who for some time has been Inspector of Magnetic Work 
and Terrestrial Magnetism in connection with the 
United States Coast and Geodetic Survey, recently 
resigned this position in order to devote himself to the 
direction of the work of the Department of Research in 
Terrestrial Magnetism of the Carnegie Institution, Wash- 
ington, D.C., U.S.A.—We are informed that the Piqua 
Blower Company, Piqua, Ohio, U.S.A., has made 
arrangements to take over the business of the Piqua 
Foundry and Machine Company, also of Piqua, Ohio.— 
We are informed that Mr. F. B. Sinclair has severed his 
connection with the British Westinghouse Electrical 
Manufacturing Company, and taken up an appoint- 
| ment with Messrs. Bruce, Peebles, and Co., as manager 
| of their Newcastle office, the address of which is Pape’s 
| Buildin , Neville-street, Newcastle-on-Tyne. — Messrs. 
| J. Broll and Co., 31, Old Queen-street, S.W., have 
become agents for the following firms :—Messrs. Cording- 
ley and Co., of Trowbridge, for the sale of gas and oil 
engines ; Mr. Max Hiibner, of Rreslau, for bronzes and 
brass, and white metal alloy; Messrs. Isaac Brierly and 
Co., of Royton, Lanvs., for steam fittings, sight-feed 
| lubricators, injectors, &e.—Mr. Sidney Wells, principal 
|of the Battersea Polytechnic, has accepted the position 
| of Director-General of the newly-created Department of 
| Agriculture and Technical Education in Egypt, which 
| has been formed to develop, organise, and control tech- 
| nical education and institutions to keep pace with the 
| rapidly-growing industrial needs of the country. Mr. 
| Wells has been head of the polytechnic at Battersea 
|since its opening in January, 1894, having previously 
been senior assistant lecturer in the engineering depart- 
| ment of the University of In earlier days he was 
| well known to young engineers as the founder, and, for 
five years chairman, of the Junior Institution of Engi- 
neers, and in recent years he has been a member, and is 





at present the secretary, of the faculty of engineering of 


London University, and of the Board of Studies in Civil 
and Mechanical Engineering, of which he was for some 
years the secretary. He has also been for some time a 
member of the consultative commitiee of the Board of 
Education, the Teachers’ Registration Council, the City 
and Guilds Examinations Board, and honorary secretary 
of the Association of Technical Institutions. 
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STERN-WHEEL STEAMER “ENDEAVOUR” FOR THE BAPTIST MISSIONARY SOCIETY. 
CONSTRUCTED 


BY MESSRS. SALTER BROTHERS, 


OXFORD. 








On this page and on pages 81 and 84 we give illustra- 
tions and drawings of the stern-wheel steamer Endea- 
vour, built for the Baptist Missionary Society for service 
on the Congo. The boat has been built by Messrs. Salter 
Brothers, of Oxford, and the engines have been con- 
structed and fitted by Messrs. W. Sisson and Co., 
Limited, Gloucester. The leading dimensions of the 
vessel are as follow :— Length over all, 101 ft. 4 in. ; 
length between perpendiculars, 87 ft. ; beam, 19 ft. ; 
depth amidships, 5 ft. 6 in.; draught, 2 ft. 6 in. to 
2 ft. 8in., with 25 tons of deadweight, including fuel, 
on board. The general arrangement ofthe vessel will be 
made clear on reference to Figs, 1 to 4, on this page. 
The hull is subdivided into watertight compartments, 
both by longitudinal and transverse bulkheads. The 
hull is, throughout, of steel, as is also the main deck, 
and all steeland ironwork is galvanised. The vertical 

illars are of light hollow steel tubing, thus affording 
th ample strength combined with lightness for 
the system of trussing, and at the same time providing 
some ventilation for the various compartments below 
deck. The upper and shade decks are of teak, the 
latter being covered with copper. The cabin arrange- 
ments will be seen in the plans, Figs. 3and 4. The 
cabins are of teak and are provided with ample means 
of ventilation. 

Figs. 5 to 10, pages 81 and 84, give details of the 
machinery constructed by Messrs. W. Sisson and Co. 
The engines are of the compound jet condensing type. 
Instead of being arranged with one cylinder on each 
side of the boat, the engine in this instance has 
partially superposed cylinders, the upper one being set 
diagonally (see Figs. 5, 6, 8, and 9). The high-pressure 
cylinders, of 11 in. in diameter, are placed upper- 
most, the low-pressure cylinder, 22 in. in diameter, 
being horizontal and fixed to the bed-girders ; the 
stroke is 48 in. This type has great advantages in 
the way of compactness and less liability to damage 
than engines at the sides. The passage of the steam 
from one cylinder to the other is practically direct, 
and the cylinders are practically self-draining right 
through to the exhaust. The valves are of the piston 
type, and the gear the single fixed eccentric or Mar- 
shall type. The connecting-rods are tubular. The 
cranks are coupled together by means of a drag-link, 
an arrangement which allows of the shaft being able 
to take up positions out of line should the framing 
become strained. The paddle-wheels (Figs. 5 and 6) 
are of the feathering type, with a simple and effective 
form of framing, the wheel-centres being of cast steel. 

The light channel bed-framing is stiffened by a 
a ee nit end of = slide-bars, and also 

a steel (J-s casting at the main bearings. A 

-shaped stay from the bearings to the high-pressure 
cylinder (see Fig. 6) gives extra strength. For the 
condensing apparatus two double-acting air-pumps, 
with automatic suction, are employed ; there are thus 
no suction or bucket-valves. The pumps are worked 
by a pair of compound cylinders whose stroke is regu- 
lated, and valve motion actuated, by a crank-shaft 
having cranks at 90 deg.; the rods connecting the 








Fie. 1. 


vrrevroeee*+# 20 
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steam-cylinder cross-heads to the pump cross-head 
being double and passing on each side of the crank- 
shaft. An automatic expansion-shaft governor in the 
fly-wheel controls the high-pressure valve. 

The boilers are in duplicate, mainly on account of 
head-room. They are of the modified Yarrow type 
(Fig. 13). This secures uniform length of tubes, and 
the water-drums, being of welded steel 
to shape, riveting is avoided, excepting at the ends. 
The working pressure is 165 lb. per square inch. The 
boilers have the usual accessories, with large grates 
for wood burning, and are fed by duplicate duplex feed- 

umps or by means of an automatic re-starting injector. 
Fi . 11 and 12are diagrams taken from the engine. 

The cleaning of the water-tight compartments is 
secured by valves and connections enabling the ay: 
of the compartments to be performed either by the 
condenser pumps or by feed pumps. 

In the design of the vessel the Baptist Missionary 
Society had the benefit of the advice and assistance of 
the late Mr. G. L. Watson, the celebrated yacht- 
designer and naval architect, and, subsequent to his 
death, the assistance of Mr. J. R. Barnett, Mr. 
Wateon’s partner and successor. The work was in- 


spected during progress by Mr. C. T. Williams, engi- 
neer to the Missionary Society, and the vessel was 
put together and tried on the Thames before shipment. 








Warer Suppty or Leicester.—As a result of a recent 
thaw the stock of water in the Leicester reservoirs has 
been increased to 1,091,877,000 gallons. The deficiency 
in the total «storage is now no more than 287,000,000 
gallons. The rainfall at Thornton last year was 10 in. in 
excess of 1905, and at Bradgate and Swithland 5 in. more. 





Stare Loan For Purcuase oF Macuinery.—There is 
probably nq country where the funds of the Exchequer 
are more extensively applied to assisting people in a small 
way than in Denmark, whether it be for the purchase of 
land, fishing-boats and tackle, or, as a comparatively 
recent departure, machinery for small manufacturers 
and artisans. The Exchequer has security in the plant 
purchased for the loan, on which the borrower pays 3 od 
cent. interest annum, and the amount of which bas 
to be paid back within ten years. The loans applied for 
far exceed the sum placed at the disposal of the Exchequer 
for this purpose, which shows the want of this arranxe- 
ment. e amount of the loans ranges between 500 kr. 





and 5000 kr. 














euneere-ermners 


Jan. 18, 1907.] ENGINEERING. 81 








ENGINES AND BOILERS FOR THE STERN-WHEEL STEAMER “ENDEAVOUR.” 
CONSTRUCTED BY MESSRS. W. SISSON AND CO., LIMITED, ENGINEERS, GLOUCESTER. 
(For Description, see opposite Page.) 


Fig. 7. AFT END ELEVATION. 


Fig. 5. STARBOARD SIDE ELEVATION. 

















=, 


ys 









= 

——— 

=i 
— 


i 








a 
| 
~ 
, he ELEVATION 
ist ° 








Fig.7]. Linked up one notch 


Scale “20 Rec. 21 
Stearn 155. Vac. 24-25. 
AP 
For 295-6 Mean 952 Back 148 














Fig.12.: Linked up one notch 
Scale %s - Rec. 27. 
Steanv 155. Vac, 24-25. 
LL.P. 
For ® 20-24 Mean 20-64 Back 21-04 





Fic. 13. 





| Coa.-Curtine.—A coal-cutting record. was recently; Our Coat Asroap.—The exports of coal from the 
| made at the Hindley Field Collieries with an Ingersoll | United Kingdom showed a remarkable advance last year, 
"are | coal-cutter on the new universal carriage. Some 605 sq. ft. | coming out as they did at 55,599,771 tons. This total 
|11 in. were cut in 84 hours, 9 hours bank to bank. | compared as follows with the corresponding exports in 

Braking Tram-Cars.—Mr. C. W. Mallins, manager | The average number of strokes per minute was 150. | the previous fifteen years :— 














of the Liverpool Corporation Tramways, has invented an | The total cost worked out at 11.28d. ton, 114 tons Year. Tone. Year. Tons. 

apparatus for increasing the effectiveness of brakes on | being filled. The depth of cut varied from 4 ft. to 5 ft., | 1891 .. . 29,496,785 1899 .. 41,1>0,382 
tramways. The invention provides an auxiliary sand- | and time of cutting from 33 to 50 minutes at each 1. grayed = + +» 06,088,185 
hopper. On a down-hill run the driver has merely to| The time taken in changing the machine ran a ee fam poy — vel aga pg hr) 
touch a clutch with his foot, and this will o te both | tween 3 and 11 minutes. Theseam worked was 6 fo. 6 in. | 1895 | "* g1'714/906 1903 | *  44'950,057 
the ordinary and auxiliary hoppers, from which will fall a | in thickness. 1896 .. .. 82,947,680 1904 .. =... 46,255,647 
copious supply of sand, making it practically impossible | | 1807 .. —.. 36,854,206 1905 ..  .. 47,476,707 
for the wheels of the car to skid. In the case of a car| AMERICAN Coast Dergence.—Some extensive experi-| 1898 35,058,480 1906 55,699,771 


beginning to run backwards from any cause, the driver, | ments in coast defence search-lights are ane by Our coal exports have thus nearly doubled in sixteen 
by touching a lever with his foot, can operate an mags = | the United States authorities. The work will be con-| years. In the comparison we have taken no account of 
hopper under the platform of the vehicle, from which | ducted by Lieutenant Gottlieb, of the 77th ne ee! of | the exports of coke, cinders, and patent fuel. These 
will flow a flood of sand on the track in front of the wheels | coast artillery. on duty at Fort Warren, Massachusetts, exports amounted in 1906 to 2,192,433 tons; in 1891 they 
in the backward direction in which the car is then travel- | and the War Department has allotted 4000/. for the pur- | stood at 1,587,331 tons. We have also taken no account 
ling. Accidents at Glasgow and Bath arose through! pose. Lieutenant Gottlieb will be relieved from his pre- | of coal shipped for the use of steamers engaged in foreign 
tram-cars slipping backwards while climbing hills ; and | sent duty in order that he may give his entire attention | trade; these shipments amounted last year to 18,590,213 
the introduction of the rear quad hogeee, it is believed, | to searchlight work during the winter. Lieutenant Gott-| tons, so that, in one way or another, we sent our coal 
will ensure control by the driver in almost any circum- | lieb has informed the War Department that the Govern- | abroad last year to the extent of 76,382,417 tons. We 
tance. An experimental car fitted with the arrangement | ment will be given the free use of such improvements as | may sum up matters Peake by noting the fact that 
bas running in Liverpool for some time, and the| may be developed by him. It is probable that a 60-in | we export one-third of the coal produced annually in the 
Tramway Committee of the Liverpool City Council has | search-light at Fort Levett, Maine, will be made use of | United Kingdom. The value of last year’s coal exported 
ordered fifty of its cars to be provided with the apparatus. in the experiments. | was 31,5604,291/. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mareng te 
pig-iron market was rather irregular in tone, and about 
8000 tons of Cleveland warrants changed hands. Opening 
at 60s. 114d. cash, the price firmed to 61s. 0}d., and then 
eased to 603. 10}d., and closed with sellers at 60s. 11d. | 
cash. Other dealings were at 60s. 11d. eight days, and 
61s. 64d. one month, and at the close sellers quoted 
61s. 5d. one month. Hematite was firmer, and 2000 tons 


were done at 793. 6d. cash, and 80s. 6d. three months. In the | 
afternoon the market was weaker, and Cleveland warrants | had 


eased from 60s. 10d. to 60s. 74d. cash, and from 61s, 44d. 
to 61s. 14d., firming to 61s. 2d. one month, and there was 
dealing at 61s. 74d. twomonths. The business was nearly 
17,000 tons, and closing sellers quoted 60:. 9d. cash and 
61s. 24d. one month. About 2000 tons of hematite were 
done at 80s. and 793. 9d. one month, and at 80s. 4d. three 
months. On Friday morning the market was active, 
and there was a good demand for Cleveland warrants, 
about 30,000 tons being done at 603. 9d. and 60s. 8d. cash, 
from 61s. 2d. to 61s. 4d. one month, and at 61s. 9d. 
three months, Closing quotations were firm at 60s. 104d. 
cash and 61s. 44d. one month sellers. Hematite was 
easier at 79s. 3d. cash and 80s. 3d, three months, and 
some 2000 tons were done at these quotations, In the 
afternoon the tone was strong, and 15,000 tons of Cleve- 
land warrants were dealt in at 61s. and 61s. 3d. cash, 
and 61s. 5d. and 6ls. 9d. one month. At the clove 
there were buyers over at the higher quotations, and 
sellers at 1d. more. One lot of hematite was done 
at 793. 9d. one month. On Monday oma | there 
was a good demand for Cleveland warrants, but the 
market was easier. The transactions amounted to 
30,000 tons at 61s. and 61s. O4d. ca-h, 61s. 4d. and 
Gls. Ohd. four days, Gls, 1ld., 61s. 54d., 61s. 74d. and 
61s. 6d. one month, and there were closing sellers at 
603. 114d. cash and 61s, 6d. one month. The afternoon 
session was idle until near the close, when about 5000 
tons of Cleveland warrants were done at 60s. 10d. cash, 
603. 9d. four days, 61s. 3d., 61s. 4d., and 61s. 34d. 
one month. Closing sellers quoted the higher values. 
On Tuesday morning the market was dull, and prices 
became weaker, Cleveland warrants were dealt in at 
603. 104d. cash, 6ls. 1d. twenty-four days, and from 
6ls. 44d. to 61s. 1d. one month, closing at 60s. 74d. 
cash and 61s. 1d. one month sellers. The total turnover 
of 4500 tons included one lot of hematite at 79s. 6d. one 
month. In the afternoon the dealings were again small, 
and the tone was weak. Cleveland warrants—about 6000 
tons—changed hands at 60s. 6d., 603. 4d., and 60s. 5d. 
cash, and 60s. 10d. twenty-seven and twenty-four days, 
and at 61s. and 60s. 11d. one month, and closing sellers 
quoted 603. 6d. cash and 61s one month. Hematite was 
very weak and dropped 1s., 1000 tons being done at 78s. 6d. 
and 783, 9d. one month. The market opened firmer this 
(Wednesday) morning, and 9000 tons of Cleveland war- 
rants were done at 60s. 94., 603. 84d., and 69s, 94d. cash, 
60s. 10d, nine days, 61s 2d., 6ls. 34d., and Gls. 3d. one 
month, and at 61s. 94d. three months. Closing quotations 


were 603. 9.1, cash and 61s. 34. one month sellers, and| Mumbles on the 23rd ult., arriving at Teneriffe on the | 


there were buyers of hematite at 78s. 9d. one month, but 
no sellers under 793. 6d. one month. In the afternoon 
the market was fairly steady, and 9000 tons of Cleveland 
warrants were put through at 60s. 74d. and 60s. 9d. . 
and 61s, 2d. and 6ls. 34d. one month. At the close 
there were buyers at 60s. 9d. cash, and 61s. 3d. one month, 
and sellers at 4d. more in each case. Hematite was 
flat, and about 1500 tons changed hands at 783s. 74d. 
twenty-three days, 78s. 9d. one month, and 793. three 
months. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde and Calder, 77s.; Gart- 
sherrie, 778. 6d ; Summerlee 78s. ; Langloan, 803.; and 
Coltness, 86s. (all shipped at Glasgow); Glengarnock 
(shipped at Ardrossan), 77s.; Shotts shipped at Leith), 
77s.; and Carron (shippéd ‘at Grangemouth), 81s. 


Sulphate of Ammonia.—The sulphate of ammonia market 
has not yet shown much sign of oy > and there 
has caly been a limited inquiry during the past week. 
With the near approach of the spring months there seems 
every possibility of a better demand at an early date, as 
buyers cannot remain outside the market much longer. 
Meanwhile the price is quoted nominally round, 
1ll, 178. 6d. per ton for prompt business, Glasgow or 
Leith. The amount shipped from Leith Harbour last 
week was 997 tons. 


Scotch Steel T'rade.—The conditions ruling in the Scotch 
steel trade are practically unchanged, but inquiries are, 
if anything, rather better. There has been a fair demand 
for steel material for shipment, and a moderate amount of 
new work for the home market has been booked. Pro- 
ducers continue to maintain a stiff front with regard to 
prices, but it is stated that merchants are quoting ship- 
plates lower than makers by about 5s. per ton. No altera- 
tion has been made in the official list of prices. 


Demand for Pig Tron.—Within the past few days there 
have been several inguiries in this market from America 
for both Scotch and Cleveland pig iron, and this afternoon 
it was stated that one or two sales had taken place. Ger- 
many is also a buyer of Cleveland iron, but business is 
only being done in small quantities. 


Malleable Iron.—Malleable-iron makers are still re- 
porting a quietness in business. Fresh orders are scarce, 
and specifications are not over-plentiful. 


Bar-Iron Makers: Proposed Combination.—It has lately 
been rumoured that a combination, or, rather, an under- 
standing, between the Scotch and English bar-iron makers 
is one of the prohabilities of the near fature. Com 
tiun in this branch of trade—like many others— has 





E 


efit materially. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Hull continues, and, unfortunately, a very bitter feeling 
is springing up between the union and non-union men 
who have taken their places. On Monday there was a 
serious attack upon the non-unionists, and some of them 
to receive medical treatment. They declare that 
— will retaliate should any further disturbance take 
place. 


The Iron and Steel Trades.—Firms who supply raw 
material describe business as very satisfactory, and say that 
rospects are most encouraging. There is a good deal of 
uying going on, and prices are very firm. bad ge J 
seems to be that as soon as an order is booked it 1s 
covered, although deliveries may not take place for some 
time. Manufacturers of all classes of tools are giving out 
contracts to meet their future eye very freely, 
some of them extending to the end of the year. Forw: 
buying of ordinary crucible steels is not so prevalent 
as it is in the case of Bessemer, Siemens, and basic 
qualities. Makers alike of iron and steel have work 
on hand to carry them well through the summer. Firms 
engaged in some of the light industries of the city 
state that business is developing satisfactorily. The 
—— have just placed some large orders for various 
classes of files, ivory-handled cutlery, and other goods ; 
and another firm have just booked a very heavy contract 
for cutlery, silver, and plated requisites that will be re- 
— for the fitting up of the two large Cunard steamers. 
he high price of all kinds of material used in these 
trades is seriously hampering operations and cutting 
down profits. There is an excellent demand for almost 
all classes of machine knives, and the makers of field and 
—- are busy preparing for the next season’s 
emand. 


South Yorkshire Coal Trade.—‘' We are as busy as we 
can be,” is the statement made by leading coal-owners. 
The demand is extremely active for the time of the year, 
and there is prospect of its continuing for some months 
tocome. It is quite expected that there will be a heavy 
call from the Continent for all kinds of soft coals. The 
mild weather has rather checked the home demand for 
house coal, but the railway and gas companies are taking 
very freely, and prices remain steady. Makers of blast- 
| furnace cokes are fully employed, and some of them 
| could sell more if it were possible to produce it. A steady 
| business is being done in steel cokes at full quotations. 











| Lone Voyace or A Tuc.—The Swansea steam-tug 
| Tartar, built by Messrs. Scott and Sons, Bowling, and 
| engined by Mr. James Ritchie, Glenavon Works, Partick, 
| is now well on her way on a long voyage. The destina- 
' tion of the little vessel is Vancouver, and she left the 
| 6th inst. In spite of having en2zountered boisterous 
weather, the tug covered about 216 miles perday. Having 
taken on board a fresh supply of coal, the boat left Tene- 
riffe for Monte Video. Instead of taking the route round 
| the Horn, thetug will take the ‘Passage through the Straits 
| of Magellan. On arrival at Vancouver the vessel will 

have completed a voyage of some 16,300 miles. She has 
| been acquired by Mr. T. Milward, and will be used for 
| towing umber. 


| 
|. Brieian Biast-Furnaces.—The number of furnaces 
| in blast in Belgium at the commencement of 1907 was 
38, as compared with 35 at the commencement of 1906. 
| The number of furnaces out of blast at the commencement 
of 1907 was four, as compared with six at the commence- 
| ment of 1906. The total of 38, representing the furnaces 
| in blast’ in Belgium at the commencement of 1907 was 
| made up as follows :—Charleroi group, 15; Liéze group, 
| 17; and Luxembourg, 6. The production of pig in Bel- 
| gium in mber, 1906, was 135,950 tons, as compared 
| with 118,000 tons in December, 1905. The production for 
| the whole of last year was 1,431,460 tons, as com 











1,431,460 tons, was made up as follows :—Puddling pig, 
226,900 tons ; casting pig, 101,430 tons; and steel pig, 
1,103,130 tons. 





Contracts.—The contract for the hydraulic power 
lant required for the third installation in the Cauvery 
alls Power Station, which supplies power to the Mysore 

Gold Fields, India, has been Sond with Messrs, James 
Gordon and Co., water-power engineers and contractors, 
81 and 83, Knightrider-street, E.C.; and includes a special 
design of Pelton wheel to develop 2700 brake horse-power, 
under a fall of 380 ft., for direct-coupling to an alternating- 
current generator. The contract includes a sensitive 
quick-acting governor, as well as heavy riveted steel-pipe 
| le, 4 ft. in diameter, with expansion joints, relief-valve, 
| &c. This is the first order for hydraulic plant for this 

station obtained by an Hnglish firm, all the existing plant 
| being by Continental makers.—The United Asbestos 

Company, Limited, Dock House, Billiter-street, E.C., 
| report that they have again been awarded by the Lords 
| of the Admiralty contracts to supply His Majesty’s Navy 
| with ‘* Victor” metallic manhole and other joints; 
| **Salamander” block packing, millboard, &c.—The Kenni- 
|cott Water Softener Company, 18, Great St. Helens, 
| EC., have obtained a contract for a water softener of 

_ ee hour — for pan eens Spinning 
| Company, Belfast, and one of 6500 ons jour capa- 
| ci€y for the Luxembourg State Railways. a 








very keen for some time, and it is recognised that if a) 
per understanding could be arrived at, the trade would | 


with 1,350,450 tons in 1905. Last year’s production, of Y: 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, Wednesday. 
The Cleveland Iron Trade.—Speculative operations in 


| warrants still continue, and cause fluctuations in quota- 
| tions for Cleveland iron to the detriment of legitimate 


Strike of Engincers at Hull.—The strike of engineers at | business. There is very little doing in Cleveland pig just 


now, as makers, all of whom are well sold, wil! not 
entertain current quotations, and merchants have not 
much iron to dispose of. Furnaces are working splendidly, 
| notwithstanding recent necessary damping-down. Very 


| little of the inferior qualities of pig is being made, and 
this, of course, is most satisfactory to the iron-masters. 
Shipments of pig iron continue excellent, averaging, so 
far this month, between 4000 tons and 5000 tons per 
working day, and they would be even heavier if shipping 
facilities were better. A little more iron has m sold 
to the States, and further orders on American account 
are anticipated. sales to the Continent are also 
reported. Inland deliveries of pig are on a very good 
scale. Under these circumstances it is not at all surpris- 
ing to find the warrant stores being drawn upon to meet 
a demand for Cleveland pig the make is not equal to. 
So far this month some 17,000 tons of Cleveland 
iron has been taken from the warrant stores, where 
there is still 521,000 tons. No. 3 g.m.b. Cleveland pig is 
6ls. 6d. f.o.b.; No. 1, 63s.; No. 4 foundry, 60s. 6d. ; 
and No. 4 forge, 593. 6d. A very healthy state of 
affairs exists so far as East Coast hematite pig iron 
is concerned. This branch is not hampered by any 
stocks, and the production is taken up as fast as it is 
made. For Nos. 1, 2, and 3 the general market quota- 
tion is fixed at 81s. 6d., but several of the leading 
makers are not disposed to sell under 833. Spanish ore 
a maintains its value. Numerous cargoes have arrived 
in the Tees this week. Rubio, of 50 per cent. quality, is 
quoted 24s, 6d. ex-ship Tees. Buyers say that is too 
high a price to name, but sellers as a rule will not quote 
below it. So far as we have been able to ascertain the 
highest price that has actually been paid is 23s. 6d. 


Messrs. Walker, Maynard, and Co., Limited.—At a 
meeting of the directors of Messrs, Walker, Maynard, 
and Co,, Limited, of the Redcar Iron Works and the 
Coatham Iron Works, held at the company’s offices, 
Middlesbrough, yesterday, a dividend was declared on 
preference shares at the rate of 6 per cent. per annum for 
the half-year ending December 31 last; and an interim 
dividend at the rate of 5 percent. per annum on the 
ordinary shares of the company for the same period. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts continue to be given of the manu- 
factured iron and steel industries. Nearly every branch 
is characterised by very considerable activity ; and not 
only have producers good order-books, but they report 
the making of new contracts on better terms than have 
| hitherto been obtainable. The outlook must be described 
| as bright, and, indeed, some firms may, this year, establish 
|record productions. Quotations stand :—Common iron 
| bars, 82. ; best bars, 8/. 10s. ; best best bars, 9/.; packing 

iron, 67. 10s. to 6/. 12s. 6d.; iron ship-plates, 7/. 15s.; 





| iron ship-angles, 7/. 15s. to 7/. 17s. 6d.; iron ship-rivets, 
| 8. 23. 6d. to 82 5s.; heavy iron sheets (singles), 8/. 17s. 6d.; 
ps | iron sheets (doubles), 9/. 2s. 6d.; galvanised corru- 
igs sheets 24 gauge (in bundles), 13/. 5s. to 13/. 10s.; 
steel rte) 72. 10s, to 7/. 123. 6d.; steel ship-angles, 
| 72. 23. 6d.; steel boiler-plates, 87. 103. ; steel hoops, 7/. 15s. 
| to 81.; steel strip, 7/. 7s. 6d.; steel bars, 77. 10s.; and steel 
| joists, 67. 17s, 6d.—all less 24 per cent., except sheets, 
| which are less 4 per cent. Cast-iron railway chairs are 
| 42. 5a. to 41. 7s. 6d.; light iron rails, 7/. 5s. to 7/. 7s. 6d.; 
| heavy steel rails, 67. 12s. 6d.; and steel railway-sleepers, 
7l. 73. 6d.—all net cash at works. 


Coal and Coke.—The heavy output of coal and coke is 
well taken up, and quotations all round are steady and 
firm. Quotations for gas coal still range from 10s. to 
| 11s. 6d., though we are passing the period of heaviest con- 
|sumption. The full supply of bunker coal is very wel- 
| come, and unscreened Durhams are selling at 11s. 6d. to 
| 11s. 9d. f.o.b. Coking coal is very strong, the demand 
| being excellent both for home consumption and for ship- 
|ment. Quotations are on the basis of 25s. for average 
| blast-furnace coke delivered here over the first half of the 
|year. For early delivery more than the foregoing quota- 
| tion has been paid. 











Dock AccomopaTIoNn FoR PortsmouTH.—The Lords of 
the Admiralty have decided to expend a considerable sum 
| in adding to dock accommodation at Portsmouth. A new 
| lock, capable of taking ships of the Dreadnought type, is 
| to be built, the site chosen being where the coaling dépdot 
| now stands. It is expected that the building of the lock 
| will be commenced in March. 


| 
| 
| 
| 





Water in Soutn LincotnsHire.—The South Lin- 
|colnshire Water Company, which was incorporated last 
year, is promoting a Bill next session to extend its area 
of supply and to increase its authorised share capital 
| from 30,0002. to 45,000/., with proportionately increased 
| borrowing powers. The additional area of supply will 
comprise the urban district of Bourne and the parishes 
of Deeping St. Nicholas and Pinchbeck, which are now 
within the limits of water supply by the Spalding District 
| Council. The new area will also include Baston, Lang- 
| toft, West hem gy Market Deeping, Deeping St. 
James, Crowland, rfleet, Gosberton, Quadring, and 
Donington. The Bill contains some clauses with refer- 
| ence to sinking wells ‘‘ within the limits of supply by the 
| company,” and provision is made to acquire for 500/. 
| the undertaking of the South Lincolushire Fen Water 
| Company, 
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NOTES FROM THE SOUTH-WEST. 
Cardiff.—There has been no important change in the 


MISCELLANEA. 
Tr is stated that until further notice British catalogues 


position of the coal trade ; the best large steam coal has | will be admitted into Germany free of duty, provided that 
made 17s. to 17s. 3d. per ton, while secondary qualities | they have on them the names of British firms without 


have ranged from 15s. 6d. to 16s. 6d. per ton. The! 
bituminous coal trade has continued firm; the best | 
ordinary household qualities have brought 15s. to 16s. | 
per ton, while secondary descriptions have made 13s. to 
14s. per ton. No. 3 Rhondda large has been quoted at 
163. to 163. 9d. per ton. Coke has continued firm ;| 
foundry qualities have been quoted at 263. to 283. per 
ton, and furnace ditto at 22s. to 24s. 6d. per ton. As/| 
regards iron ore, Rubio has made 22s. 9d. to 23s. 3d. per | 
ton, and Almeria 223. 6d. to 22s. 9d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 


The Purrett.—A special meeting of the Bridgwater 
Town Council has been held for the purpose of conferring 
with a deputation appointed by merchants and ship- 
owners of the port with regard to the state of the Parrett, 
and the question of its improvement. Mr. Ald. Foster 
moved the appointment of a joint committee representing | 
the council and the deputation, to prepare a draft scheme | 
for improving the river, and to submit the same to. 
another conference. The motion was adopted. 


South Wales Coal.—The exports of coal from Cardiff | 
last year were:—Foreign, 15,940,784 tons; coastwise, | 
2,633,559 tons; bunker, 2,970,173 tons ; total, 21,544,516 | 
tons. The corresponding exports in 1905 were :—| 
Foreign, 14,080,855 tons; coastwise, 2,566,150 tons; | 
bunker, 2,798,474 tons; total, 19,445,479 tons. 
exports of coal from Newport last year were :—Foreign, | 
3,572,360 tons ; coastwise, 759 407 tons; bunker, 616,612 | 
tons ; total, 4,948,379 tons. The corresponding exports 
in 1905 were:— Foreign, 3,008,001 tons; coastwise, 
823.798 tons; bunker, 577,485 tons; total, 4,409,284) 
tons. The exports of coal from Swansea last year were: 
—Foreign, 2,532,697 tons; coastwise, 283,288 tons; 
bunker, 354,737 tons ; total, 3,170,722 tons. The corre- 
sponding exports in 1905 were: — Foreign, 1,928,459 
tons; coastwise, 293,385 tons; bunker, 322,010 tons; 
total, 2,543,854 tons. The exports of coal from Port 
Talbot last year were:—Foreign, 1,004,845 tons ; coast- 
wise, 371,263 tons; bunker, 178,839 tons; total, 1,554,947 
tons. The corresponding exports in 1905 were :— 
Foreign, 726,103 tons; coastwise, 330,294 tons; bunker, 
185,367 tons; total, 1,241,764 tons. The exports of coal 
from Neath last year were:—Foreign, 113,221 tons; 
coastwise, 223,511 tons ; total, 336.732 tons. The corre- 
sponding exports in 1905 were:—Foreign, 101,138 tons ; 
coastwise 232,034 tons; total, 333,172 tons. The exports 
of coal from Llanelly last year were :—Foreign, 285,779 
tons ; coastwise, 83,709 tons; total, 369,488 tons. The 
corresponding exports in 1905 were:—Foreign, 261,375 
tons; coastwise, 91,965 tons; total, 353,340 tons. The 
aggregate exports for 1906 were, accordingly, 31,924,784 
tons, as compared with 28,226,896 tons in 1905. 


The Swansea Valley.—The yield of steel ingots has been 
fully maintained. Tin-plate production has also con- 
tinued active. Employment has been about normal in the | 
finishing departments. The output of the collieries has | 
been maintained ; the demand for coal has also shown no | 
falling off. 





| 








Tuk Cottision at Extiot Juncrion.—The public | 
inquiry into the collision at Elliot Junction, near Ar- 
broath, is still proceeding at the time of going to pm. 
The inquiry .was opened on Friday, January 11, at 
Arbecai, the Sheriff Principal of Forfarshire presiding. 
It will be remembered that the Board of Trade inquiry 
was held in private, and considerable agitation arose to 
obtain some public investigation of the accident. While 
there are no coroners’ inquests in Scotland, the law pro- 
vides for such inquiries under the Fatal Accidents Acts. 
The first Act of 1895, however, was rendered somewhat in- 
effective by reason of the limitations imposed on the jury, 
which resulted in the inquiries being of a purely formal 
character. Last Session, however, the Fatal Accidents 
Enquiry and Sudden Deaths (Scotland), Act, 1906, was 
passed, the effect of which is to widen the scope of the 
inquiries in a manner which renders them likely to be of a 
much more useful character. In opening the inquiry at 
Arbroath on Friday last, the Sheriff Principal directed 
the attention of the jurors to the scope of their duties. 
Within this scope questions of civil liability and of 
criminal Sepeneleliy were not included, and the duty 
before- them related purely to the following points :— 
(1) When and where.the accident took place ; (2) the 
cause or causes of such an accident or deaths ; (3) the 
person or s, if any, to whose fault or negligence 
the accident was attributed ; (4) the precautions, if any, | 
by which it might have been ‘avoided; (5) any defects in 
the system or mode of working which contributed to the ac- | 
cident ; (6) any other facts disclosed in the inquiry, which, 
in their opinion, were relative to theinquiry. Mr. 
Blackburn, K.C., and the Hon. William Watson ap 
for the Joint Railway Committee; Mr. F. T. per, 
K.C., for the North British Railway; Mr. A. J. Young 
for Driver Gourlay, and Mr. A. Agnew, Procurator- 
Fiscal for the county, for the Crown. Major Pringle, of the 
3oard of Trade, was mt, as well as numerous promi- 
nent officials of the railways, and also a number of repre- 
sentatives of various labour unions and societies. This is 
the first — of im unane to be t under the 
working of the new Act. © points of engineering 
inal have, so far, been raised in the inquiry, the bulk 
f the evidence ——- to the proper Fag 3 of working | 
the line on the 28th ult., in view of fact that block | 
working had broken down through the failure of tele- 








graphic communication. 





| 315 luggage vans. These will be ordered throu 


The | Th 


| less than 2,740,000 tons. 


¥> | this 
| demand, with the exception of Spain and Port 
| ments from the Tees, West 


L. crease on the year 1905, but a smaller amount than that 


mention of agents or other business houses. 


It ia stated that the Prussian Ministry of Railways has 
authorised the provision of extra rolling stock to the 
extent of 16,000 goods wagons, 800 passenger vehicles, and 
gh the 
central offices in Berlin. 


The Moniteur des Intéréts Matériels, of Brussels, an- 
nounces that the Roumanian Government will shortly 
invite tenders for the construction, at an estimated cost 
of 1,120,000/., of a railway 203 kilometres in length, from 
Bucharest to Craiova, vid Caracal. 


According to the Commercial Intelligence Branch of 
the Board of Trade, 73, Basinghall-street, E.C., tenders 
are invited by the Municipal Authorities of Antwerp 
for the construction, at an estimated cost of 53,000/., of 
@ quay wall and other works at the West Quay (Nos. 30 
and 31), Asia Dock. A deposit of 2800. is required. 
A copy of the specification may be seen at the offices, 
73, Basinghall-street. 


Messrs. D. M. Stevenson and Co., of Glasgow, report 
that Scotland’s total export of coal during 1906 amoun 


tosome 9,072,115 tons. This is an increase of 1,208,604 | 


tons on the previous year. — to home ports 
and bunker coal amounted to 4,849,469 tons, the total 
shipments thus amounting to nearly 14 million tons. 

ese conditions are due largely to the —_ develop- 
ment of the Fifeshire and Lowthian coal-fields, and in 
part to the increase of railway and dock accommodation 
at Grangemouth. 


We are asked to announce that the annual general 
meeting and dinner of the Central Technical College Old 
Students’ Association will be held at the Trocadero 
Restaurant, Piccadilly Circus, W., on Saturday, February 
23, 1907, at 7.15 p.m. Tickets, price 6s. each, can bs 
obtained by members from Mr. R. J. Caldwell, 40, Sale- 
hurst-road, Crofton Park, S.E. The dinner has n 
fixed for a Saturday with a view to suiting the convenience 
of country members. It is expected that there will be a 
record attendance, this being the tenth anniversary of 
the Central Technical College Old Students’ Association. 


The state of unprecedented activity of the United 
States iron and steel business is shown by the enormous 
increase of the total capacity of furnaces. In November 
there were under construction twenty-oue blast-furnaces, 
of an annual capacity of 2,310,000 tons. At that time 
seven furnaces, of an annual capacity of 968,000 tons, had 
just been completed. Altogether the increa-e, including 
the capacity of furnaces authorised, in blast-furnace 
capacity, which will shortly be available, will be no lecs 
than 6,558,000 tons annually, the product of fifty-nine 
stacks. Open-hearth furnaces show forty-seven under 
construction of an annual capacity of 1,016,000 tons, 
twenty-one having been recently completed, of an - 
gate annual capacity of 530,000 tons. Includin Se 
authorised, the grand total amounts to ninety-cight new 
open-hearth furnaces, giving an annual increase of no 


The steam-yacht Revolution, owned by Mr. F. Augustus 
Heinze, the well-known err king, of Larchmont 
Yacht Club, is now at the worksof the Gas-Eogine and 
Power Company and Charles L. Seabury and Co., Con- 
solidated, Morris Heights, New York City, this company 
having been awarded the contract to remove the two 
Curtis turbine-engines and boilers that are now in the 
boat, and replace the same with one Seabury triple- 
expansion engine, with cylinders 13 in., 21 in., an 
34 in. in diameter, with a stroke of 21 in., and two new 
Seabury patent safety water-tube boilers of latest design. 
The Revolution is of steel construction, 177 ft. over all, 
140 ft. water-line, 174 ft. beam, 11 ft. 3 in., depth, 
7 ft. 6 in. draught, flush deck, schooner rigged, with a 
large deck-house forward, used as @ dining-saloon, and a 
large after deck-housre, used as a social hall. The gross 
tonnage is 190, and the net tonnage 129. 


Statistics for the 
Cleveland and North-Eastern Districts show that ship- | 
ments of pig to several foreign countries are more than 
double those of the previous year. Total shipments, for 
instance, to Belgium, amount to over 130,000 tonsa, while 
in the previous year only about 38,000 tons were exported 
to that country. Shipments to Germany and Holland 


ted | 


ear. 1906 for the iron trade of the! and 


| $145,410 dols. This will be apportioned to works as fol- 
lows :—650,000 dols. for the extension Of filters ; 3,834 460 
dols. for Kalang reservoir and land ; and 3,660,950 dols. for 
the Selitar Works. It also reports that four new boilers 
are required for the pumping station at Mex, Exvypt. 
The bvilers are to of the Lancashire or Gallo- 
way types, 26 ft. long, working at a pressure of 12v Ib, 
per square inch, and capable of evaporating 5500 lb. of 
| water with average coal and —_ Tenders, on official 
paper, will be received by the Inspector of Irrigation, 
| 3rd Circle, Alexandria, up to the morning of February 1. 
| Further particulars and conditions are obtainable at the 
| Board of Trade Commercial Intelligence Branch, 73, 
| Basinghall-street, E.C.. The ‘Board of Trade Journal 
| also reports that considerable additions are likely to be 
made, in the near future; to the rolling-stock of the 
Ceylon Government railways.- In his recent address 
at the opening of the Legislative Council, Sir Henry 
| Blake announced that further orders for high-capa- 
| city goods wagons would be given in 1907.. A scheme 
| has also been drawn up, extending over the next two or 
| three years, with the object of making additions to the 
passenger stock and of replacing the older locomotives by 
modern and powerful types. 

As is now generally known, the Royal Agricultural 
Society’s Show is to be held at Lincoln this year, and the 
Midland Railway Company are already or special 
| arrangements for dealing with the traffic to and from the 
| Show yard. The exhibitors at the Royal Show, when 
held at Derby last year, are fully aware of the unique 
character of the facilities with which every description of 
traffic was manipulated to their satisfaction ; and we are in 
& position to state that arrangements equally thorough, 
and facilities not less favourable than those vided at 
Derby, will be afforded in’ the case of Lincoln, and the 
usual rates and cartage charges that obtain for all the 
agricultural shows of the country will be given. It 
hus been decided that a special dock shall be laid 
out on the south of the Midland Station, with a 
couple of end-docks, into which may be run all kinds 
of engines and other machinery on wheels, convey- 
ances containing horticultural exhibits, and other simi- 
larly unwieldy articles. This «special dock will 
of ample capacity,.and‘sufficiently large to accommo- 
date two trains at a time, one on either side, and from 
it such freight as agricultural and traction engines, road- 
rollers, &c., will be able to work off the 8 and into 
the Show pas under their own steam. Extra sidings 
will be laid down at the western end of the station, aud 
a number of out lines will be provided at Doddington, 
just outside Lincoln, to meet the extra demand for 
storage-room for cnet Sees during the Show week. 
Of course there wil the usual crane power, both 
stationary and mobile, in the latter case the crane being 
attached toa traction-engine ; while there will also be the 
customary extra provision of horses for draught purposes. 
We understand that the facilities offered to the tra- 
velling public will be equally satisfactory. A special ser- 
vice of convenient express trains will be run on each day 
of the Show between Nottingham, Newark, and Lincoln, 
for the convenience of exhibitors and others, to whom 
first and third-class season tickets at cheap rates will be 

ted. Excursion tickets will also be issued to Lincoln 
rom a large number of Midland stations. 





BIRMINGHAM ASSOCIATION OF MECHANICAL ENGINEERS. 
—On Saturday, the 5th inst., a meeting of this Associa- 
| tion was’ held at the Grand Hote), when Mr. T. H. 
Dacres, President, delivered his inaugural address. As 
subject he took, the ‘ Engineering -Progress of Great 
Britain in 1906.” In his review Mr. Dacres touched on 
such subjects as the construction of H.M.S. Dreadnought, 


d | the salvage operations in connection with the loss of the 


Montagu, the Zambesi Bridge, the new bridge at New- 
ca8tle, new machinery, &c.; claiming that the achieve- 
ments of the year showed that the engineers of this 
country were still able to maintain the eminent position 
which they have held in the profession. 

New ZEALAND PETROLEUM.—Interest in New Zealand 
petroleum is reviving, owing to improving indications at 
the various bores. Planta for boring are being obtained, 
the country is to be tested wherever there are encou- 
raging prospects. The most forward properties are those 
of the Taranaki Petroleum Company, Limited, at Motu 
or the Breakwater. Here there are five derricks erecte 
or in course of constructiou. At No, 1 bore, which is 
down 2360 ft., there is a great quantity of crude petro- 
leum, to be seen in barrels. Three of the barrels have 





amount to 385,400 tons, against 148,792 tons in 1905. 
Altogether, shipments to foreign countries amount to over | 
1,000,000 tons for 1906, against 582,214 tons for 1905. In| 
respect all the important countries show an <oo 
. Shi 
Hartlepool, and Shein poe 
to Scotland amount to 410,649 tons, a considerable in- 





shipped in either the years 1901, 1902, 1903, or 1904. | 
os sete of manufactured iron and castings from | 
Middlesbrough amount to 537,965 tons for 1906. This 
figure has not been approached for many yeara, the year 
1897 being the last in which shipments of this nature 
amounted to anything over 500,000 tons. The estimated | 

roduction of Cleveland ore for 1906 is Dut, by Messrs. 

. E. Muller and Co., Limited, Middlesbrough, at | 
6,250,000 tons. Imports at north-east ports of England | 
of foreign iron ores during 1906 amount to 2,939,265 tons. | 

A ing to the Board of Trade Journal, the text of a 
Bill ia, satliehed in the Straits Settlement Government | 
Gazette, the purpose of which is to enable the Municipal 


| Commissidners of Singapore to borrow the oun etti 


been sent to London to test the market for the crude 
article ; and if sufficient inducement offers, and the results 
of No. 2 bore are satisfactory, steps will be taken to esta- 
blish a refinery on the property. 





Tue Bercen Raitway.—The work on the Bergen 
Railway, which important line to the large western towns 
of Norway in some places has to be carried through ex- 
tremely difficult gee is progressing steadily from 
Hénefos northward, although not apparently making 
much headway. Of special interest are the cutting at 
Hénefos and the Haversting Tunnel, both difficult, the 
former at places requiring a breadth of 230 ft, and 
a height of 70 ft. The work consequently has to be 
done in different sections or storeys; third, or 
top, storey is fin and considerable progress has 
been made with the second ; the third will not entail so 
much work, as the breadth there need only be 23 ft. The 
Ha ng Tunnel has advanced some ft. from the 
Kroder side, and close upon the same distance from the 
Lunder side, which means ratHer more than balf its 
intire length. 
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LONDON COUNTY COUNCIL 
TRAMWAY FINANCE. 

THREE months ago a very important debate took 
place at a meeting of the London County Council 
regarding the manner in which the tramways 
accounts have been, year after year, presented to 
the Council. Captain Swinton opened the debate 
with a very vigorous attack upon the Progressive 
Party for their adoption of improper expedients in 
order to show a ‘‘ profit” on the working of the 
tramways, when, in fact, no profit exists. The 
sting of his attack lay in his charge that, although 
many street-widenings had been carried out for 
tramway purposes, nothing like the proper propor- 
tion of the cost of these widenings had been debited 
to the tramways undertaking. It is commonly 
supposed, and it has been stated by representa- 
tives and officials of the Council giving evidence 
before the Traffic Commission, to be ‘‘a rule” 
that one-third of the cost of such improvements 
is borne by the Tramways Department; but 
Captain Swinton had little difficulty in showing 
that this ‘‘ rule” had been honoured only ‘‘in the 
breach” and not ‘‘in the observance,” and that 
the London ratepayers had been called upon to 
pay at least half a million of money which ought 
to have come out of tramway revenue. The same 
argument holds good in regard to the cost of the 
central staff and of the solicitor’s department, as, 
although a very large part of this cost has been 
incurred on behalf of the tramways, practically 
none of it has been allocated to the tramways’ 
account. By such methods of book-keeping it is, 
of course, easy for any one to show a surplus on 
the year’s working of his business; and Captain 
Swinton was fully justified in charging those re- 
sponsible for such methods with having misled 


London and misled Parliament. ‘‘If we are to| 


run tramways as a municipal trading enterprise,” 
he said, ‘‘ we must run them on business lines, and 
we must tell the people of London exactly what they 
cost. The public, their owners, must know all.” 
In the replies made to this speech by the repre- 


sentatives of the party attacked we can find no 
serious attempt to meet and to refute the charge 
made by Captain Swinton. That the speakers felt 
uneasy is obvious from the fact that so experienced 
a debater as Mr. McKinnon Wood, who has been 
constantly proclaiming to the world the ‘‘ profits ” 
made by the Council on its tramways undertaking, 
|is found shifting his ground, and declaring that 
| **the great advantage of a municipal undertaking ” 
is that ‘‘ it is not intended merely to make a profit.” 
| SirJohn Williams Benn was no more success ul than 
Mr. McKinnon Wood in his reply, but he closed 
his speech with a remark which has some importance 
in view of what has.since occurred. He excused 
himself from discussing the question of profits or 
losses on the ground that he had not before him the 
essential data; but, he continued, ‘‘I pledge him ” 
(Captain Swinton) ‘my word I will return to it at 
the earliest moment, and I will justify, as a pre- 
ceding Chairman of the Highways Committee, 
anything I have ventured to say on the subject.” 

he first attempt to fulfil this pledge was made 
at the meeting of the Council on December 18, 
when Sir J. W. Benn put the question to Lord 
Welby, Chairman of the Finance Committee, 
whether it was not the fact that the Commissioners 
of Inland Revenue had compelled the Council to 
pay income tax on the following profits from the 
working of the Southern tramways :—1899, 89,2491. ; 
1900, 64,488/.; 1901, 69,1977.; 1902, 48,922/.; 1903, 
77,7731.; 1904, 165,9431.; 1905, 203,831). Lord 
Welby’s answer in the affirmative has been hailed 
with delight in Progressive newspapers, and we 
regret to find that, amongst others, our contem- 
porary, Truth, which is generally distinguished by 
its sound common-sense views on matters of this 
kind, treats it as a complete answer to the 
‘*favourite fiction of the Moderate traducers of 
the Council that the working of the trams has 
proved unsatisfactory and unprofitable.” Now at 
first sight these pee of income tax may well 
appest to supply an argument in support of the 
alleged profits made on tramways, but such an argu- 
ment is, in fact, wholly fallacious, and we think it 
worth while to deal with the matter here, as there 
is undoubtedly much misconception regarding it. 

Let us, first of all, endeavour to find what these 
figures given by Sir J. W.-Benn represent. This 
is somewhat difficult, as the amounts do not accord 
with any given in the published accounts ; and, on 
the other hand, they greatly exceed the assessed 
incomes equivalent to the actual payments of 
income tax shown in the accounts. We must 
remember, however, that in undertakings of this 
kind payment of income tax is sometimes made 
on account, and at the end of the year the balance 
due is determined, and is paid along with the next 
payment on account, so that the figure appearing 
in the accounts for any one year may not give a 
safe guide to the income for that year. Again, 
the County Council accounts are made up to 
March 31, while the figures given by Sir J. W. 
Benn apparently refer to the calendar year soting 
December 31, and this may be the explanation o' 
the want of accordance above referred to. Then, 
again, an average of three years’ profits may in 
each case have been taken. But although we are 
thus unable to arrive at the exact figures given at 
the Council meeting, it is fairly obvious, from a 
careful scrutiny of the accounts, that these figures 
represent what is called the ‘‘ surplus on working.” 
The question, therefore, is whether a ‘‘ surplus on 
working” is the same thing as a net trade profit. 
We should have thought that no one would confuse 
these two things, but apparently such confusion is 
too common, 

The argument which the supporters of Sir J. W. 
Benn use is this: Income tax, under Schedule D, 
is payable on the annual profits or gains arisin 
from trading ; the County Council has been 
for income tax on its tramways undertaking at 
| certain figures, varying each year ; therefore these 
| figures represent the net trading profit of that 
| undertaking. The fallacy of the conclusion lies in 
|the fact that ‘‘ profits” for inland revenue pur- 

poses are not at all the same thing as net business 
| profits, which alone, be it noted, are in dispute. 





n support of this view we may quote from an 
|impartial authority, Mr. Dicksee, Professor of 
| Accounting in the University of Birmingham. In 
the chapter on income tax in his well-known work 
on ‘‘ Auditing,” Professor Dicksee says :— 

‘*It is important to bear in mind that there is 
a very broad distinction between the term ‘annual 
profit or gains,’ as used in Section 2 of the 1853 
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Act, and the term ‘ net profit,’ as ordinarily used by | case. This was a point which would have careful 


business men. The latter term is in itself suffi- 
ciently vague, but many deductions which would be 
clearly proper before arriving at net profits from an 
accountant’s point of view are not allowed under 
the Income-Tax Acts.” 

Thus, for example, interest payable on borrowed | 


capital may not be deducted under the Income-Tax | 


Acts, nor may any annual payments, such as debt, | 
which have to be made out of profits. Let us sup- 
pose a man borrows 30001. to start a business, 
agreeing to repay that amount by annual instal- 
ments of 5001., and to pay interest at 5 per cent. | 
on all outstanding loans. If such a person has at | 
the end of each year a surplus on working—that 
is, a surplus of receipts over working expenses— 
of 8501., he will be assessed for income tax on that | 
amount ; but who will say that his net profit for | 
the year is 850/.? Out of this sum, he has, at the, 
end of the first year, to pay 1501. as interest on his | 
loan ; but in paying this he may deduct the income 
tax he has paid on that amount. He has also to! 
pay 5001. in redemption of debt, every penny of | 
which is charged with income tax, which he has) 
himself to bear. If he owns and uses machinery in | 
his business, he is allowed a deduction from the | 
8501. of such a sum ‘‘as the Commissioners may 
think just and reasonable as representing the 
diminished value” of that machinery by reason of 
wear and tear during the year ; but it has been held 
that ‘‘ diminished value ” here means the value for 
the purposes for which the article was intended as | 
a going concern, and does not mean its value for 
the pur of sale, so that the deduction allowed 
is usually much less than the sum which a business 
man considers it wise and proper to allow for de- 
preciation. The net result is that the actual trade 
profit is less than 200/. 

This simple illustration will suffice to show the 
absurdity of the contention that the amount of 
income tax paid is a proper criterion of the amount | 
of net business profits. It will be seen that if, in| 
the case we have assumed, the tradesman had only 
a surplus of 600/., he would be left, after payment 
of the debt charges and interest, with a deficit | 
instead of a profit, and yet would be assessed for 
income tax on 6001. 

Now, the position of this hypothetical trades- 
man is exactly that of the County Council. The) 
tramways undertaking is carried on with borrowed | 
money, and, unlike a limited liability company with | 
an ordinary share capital, the Council is boun 
pay the interest on capital each year, whatever be | 
the financial position of the undertaking. In| 
addition, the Council is bound by statute to repay | 
a certain percentage of its debt each year, or, 
rather, to pay this percentage into a sinking fund 
for the repayment of debt. Whatever, therefore, 
may be the ‘‘ surplus on working” at the end of 
the year, there can be no ‘‘ net profit” till these 
charges have been met. Further, there is the 
provision for renewals and for depreciation— 
necessarily large amounts in the case of tramways 
if the undertaking is to be conducted on sound 
financial lines. No allowance is made for payments 
to a renewals fund in the assessment for income tax, 
while the only deduction for depreciation is, as we | 
have seen, ati inadequate allowance for wear an 
tear of machinery or plant ; but a ‘‘net profit” 
obtained by omitting either or both of these items 
is not genuine. Now even if we leave aside alto- 
gether the question of allowances for depreciation, 
for which no provision has been made from the sur- 
plus on working of the Southern tramways in the 
returns for 1905-6, while only 35,000/. has been 
paid to the renewals reserve fund, we have it on | 
the highest authority that the latter fund is not 
in a satisfactory state. In making his Budget 
statement to the Council on May 8, 1906, Lord 
Welby intimated that from the surplus on the 
Southern system for the year 1906-7 a sum of | 
62,5001. would be set aside for renewals, and he | 
added (as reported in the T'imes, May 9) :— 

** The Council would note the large amount which 
they proposed to carry to renewals fund—62,5001. 
They were anxious, as soon as possible, to raise the 
fund to the standard figure of 1d. per car-mile 
run. They anticipated that the renewal fund 
would amount to 169,000/. on March 31 next, but 
it would need 40,000/. or 50,0001. more to make up 
the deficit on the 1d. in past years. It was prob- 
able that 1d. per car-mile was somewhat less than 
the rate which it would be right to take as their 
standard ; but 1jd. per car-mile would, he be- 
lieved, be much in excess of the nécessity of the. 














/us was a reference to the subject by Mr. 


| federation of engineering societies which it should 


| Engineering Society; but before describing the 





consideration as soon as the standard of 1d. a mile 
| had been reached.” 

| In the face of this official admission that the 
| Council is even to-day unable to put its renewals 


| fund in a satisfactory state, how can it be said that 


it has at its disposal any profits at all from its 
tramways, much less the huge sums alleged to be 
profits by Sir J. W. Benn ’ 
ing, with this state of affairs before us, to read in 
tha ‘‘ Municipal Year-Book,” 1906, page 416, ‘‘a 
brief enumeration of the advantages conferred upon 
London” by the municipalisation of the tram- 
ways, in which the first ‘‘ benefit” is ‘‘ the relief of 
rates from the profits of the undertaking.” We are 
still in search of someone who will tell us when and 
what was the relief thus given, for up till the present 
we have only been able to discover that payments 
to the relief of rates were made out of the moneys 
received from companies having leases of the tram- 
ways, and that they have ceased since municipal 
working began. 

The only conclusion to be drawn is that Sir 
J. W. Benn has not fulfilled his pledge except 
in the one point—that he has ‘‘ returned” to the 
— of profits and losses. It would not be 

attering to the intelligence of a member of Par- 
liament to suppose that he was ignorant of the 
distinction between taxable income and genuine 
trading profits, and the fact that he has thought 
it proper to raise this question of income tax as a 
contribution to the discussion, displays a knowledge 
of the lack of reasoning power in the mob rather 
than a desire for legitimate argument. If this be 
the best that can be said in support of the Council’s 
policy in tramway matters, then a change is indeed 
necessary, and the sooner it comes the better it 
will befor London. And it should further be noted 
that Captain Swinton’s grave charge regarding 
the omission from the tramways’ accounts of the 
one-third share of the cost of street-widenings, 
and also of the due proportion of central oftice and 
legal expenses, still remains unanswered. 








THE UNITED ENGINEERING SOCIETY 
OF AMERICA, 

A LitrLe more than a year and a half ago* we 
published an article in which we put forward once 
more a plea for the erection of a suitable house 
wherein the different institutions devoted to engi- 
neering science should find a home suitable to their 
dignity as representing that branch of human 
activity upon which the higher civilisation chiefly 
depends. The occasion that immediately eee 

adfield, 
in his address as President of the Iron and Steel 
Institute. It was not a new matter of comment 
with us, for twenty-eight years previously another 
great metallurgist, Sir William Siemens, also made 
a reference to the subject in his address as Presi- 
dent of the same Institute.t It is needless to say 
nothing has been done. Apparently no one has 
anything to say against the suggestion; indeed, 
the balance of advantages that would accrue to the 
engineering profession and industry are obvious ; 
but the engineering industry and profession make 
no sign. 

Great Britain is the birthplace of science as 
applied to constructive work. The roll of great 
names that is headed by Watt—who was essentially 
a scientific worker—have been mostly British, and 
their labours have been carried on in this country. 
The fruits of their genius have cemented together 
the foundation-stones of civilisation in all quarters 
of the globe ; there is not a country where their 
ideas have not been utilised to the advancement of 
mankind. We speak of the past—not, by any 
means, that good engineers have ceased to exist in 
the present day—but the old corporate spirit, which 
founded our great engineering institutions, the 
prototypes of others abroad, seems to have dwindled 
in England. As a consequence, we have to look 
across the Atlantic for an example of the con- 


have been our privilege first to show the world. 

We have just received from America the full 
particulars of the great building of the United 
building itself we will give particulars of the — 
of the Society and the way in which it was founded 


Some of the details may be familiar to our readers, 





It is distinctly amus- | 


but it will be convenient now to make a connective 
narrative of the organisation. 

The United Engineering Society was formed by 
special charter of the State of New York in May, 
1904, its purpose being to administer the building 
then about to be erected. The construction of the 
Society’s house is chiefly due to the public spirit 

;of Mr. Andrew Carnegie, for it was on March 14, 
1904, that he offered to bear the cost of the erection 
of a suitable house in the City of New York for 
|the use of the national engineering societies of 
America. Three of the leading engineering insti- 
tutions of the United States were especially named 
in the letter of Mr. Carnegie containing the offer ; 
they were: the American Iustitute of Electrical 
Engineers, the American Society of Mechanical En- 
gineers, and the American Institute of Mining 
Engineers. Each of these societies appointed 
three members to form a board of trustees, who 
at once proceeded to purchase a site and take other 
steps necessary for the erection of the building. 

A piece of land between Fifth and Sixth Avenues, 
and on the north side of 39th-street, was secured. 
The houses standing upon it were, to use the 
American expression, ‘‘torn down,” and the lofty 
house of the Society was commenced. The site is 
in every way a convenient one, sufficiently ‘‘up 
town ” to be away from the turmoil of the lower part 
of the city, but not so far north as to be difficult 
of access to those who are engaged in affairs 
that necessitate visiting the business part of the 
town. The means of transit are also excellent. 
The building has a frontage of 115 ft. and a depth 
of 85 ft. It is essentially American in character, 
being designed to give what is aptly described as 
of ‘*monumental appearance ;” it being 210 ft. 
high, and having thirteen floors. The architects 
have made it as ornamental as is possible with such 
dimensions ; but, as it towers above the somewhat 
common-place structures adjoining, it can hardly 
be said to afford a pleasing feature, even by con- 
trast, in a rather common-place street. That, 
however, may be simply a <r point of view ; 
possibly those to the manner born may find it a 
very charming structure, and the associations con- 
nected with Thirty-Ninth-street may be of quite 
a@ romantic nature to not a few of the citizens of 
New York. 

Whatever views may be held of the outside, how- 
ever, the interior has been—to borrow another 
American term—most elegantly arranged. The 
scheme of the Association necessitated that there 
should be accommodation for the needs of the 
three societies already mentioned, known as the 
founder societies, and also such other organisations 
as might be affiliated. The first floor—what we in 
England should describe as the ground floor—has 
in the centre of the building a large ‘‘ entrance- 
hall.” This is evidently an imposing feature, the 
ceiling being supported by columns, beyond which 
are wide corridors. Surrounding this are the ad- 
ministration offices and the reception, writing, and 
smoking-rooms. The building, it should be stated, 
has a roadway running round its two sides and 
back, so it can be entered from all four quarters. 
This is a most convenient arrangement, as the 
roadway can be used both for carriages and freight, 
and should greatly facilitate the setting down and 
taking = of visitors on the occasion of entertain- 
ments. It also affords facilities for introducing 
machinery or other heavy objects into the theatre 
and lecture-rooms. There is also, on the west side, 
a minor hall, giving access to three elevators. 

The first floor above the street contains the chief 
feature of the building—the principal theatre, which 
occupies with its surroundings the whole area. 
There is seating capacity in the auditorium for 1000 
persons. There is a dinar and promenades on the 
north and south sides. The latter, it is stated, ‘‘ give 
abundant retiring space, which experience has found 
so desirable a feature of many professional gather- 
ings. Smoking and social opportunity can centre 
in these corridors during the business sessions.” It 
is to be hoped that steps will be taken to prevent 
the social opportunity of the corridors from in- 
truding itself too evidently on the business in the 
hall. We have known occasions when the sort of 
high-change in the corridor has made things very 
difficult for speakers and listeners in the theatre. 
Smoking in such convenient proximity to the audi- 


_|torium may perhaps be a little unkind to speakers 


of ordinary calibre and readers of unexciting papers. 
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The platform; or stage, as it is called, is especially 
fitted for purposes of scientific lecture. Direct 
and alternating current is supplied, as well a8 com- 
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pressed air, gas, and water supplies ; whilst good 
provision is made for drainage. There is a room 
adjoining which is in connection with the private 
roadway by means of a goods-lift, so that heavy 
apparatus can be set up and easily wheeled on to 
the platform. There is an electric lantern and 
screen, and, doubtless, a black-board. If so, it 
is to be hoped it will not be placed so that a view 
of the sketches made on it is obstructed by the 
heads of those on the platform (as is the case with 
at least one black-board in this country) ; indeed, 
it would not be amiss to have a label on the board 
asking those who sketch not to stand in front of their 
own productions. On the floor next above are two 
smaller assembly rooms, one being 51 ft. wide by 
66 ft. long, and having a seating capacity for 450 


persons, the other being 29 ft. by 66 ft., and being | 


capable of seating 300 persons. A smaller room is 
19 ft. by 22 ft., and will seat 100 persons. 


being side by side. 
verted into one suite. Provision is to be’ made 
here for serving suppers and luncheons. The sixth 
floor contains four lecture-rooms, the largest with 
a seating capacity for 250 persons, whilst the 
smallest will seat 100. These rooms are arranged 
especially for meetings of a minor nature, which 
would attract smaller audiences. They will be 
fitted with electric current, gas, and water, and it 
is expected that they ‘‘will attract a number of 
organisations of kindred aim, which will find in 
this building not only a home, but facilities unusual 
in public halls.” 

On passing to the floor above, we enter an- 
other department of the building, the next five 
storeys being devoted to the special offices of the 
separate societies who make up the United Engi- 
neering Society. The accommodation will be 
charged to each society in accordance with what is 
provided. The trustees, we are told, ‘‘are not 
expected to make any profit for the benefit of any 
society or group. The cost of the land, amounting 
to 500,000 dols. (over 100,0001.), is borne by the 
three founder societies, but the financial adminis- 
tration will be ‘conservatively conducted on the 
budget system,’ the expenses of operation and 
maintenance for any year being assessed pro 
rata upon the organisations benefited.” It is 
expected the other scientific societies will become 
‘* associate bodies” on these terms. The offices of 
the Mining Engineers are on the ninth floor, those 
of the Electrical Engineers on the tenth floor, and 
those of the Mechanical Engineers are on the 
eleventh floor. 
of the accommodation given. On the front are 
five rooms, each about 22 ft. wide by 30 ft. to 31 ft. 
deep. They consist of a committee-room, recep- 
tion-room, counting-room, assistant - secretary’s 
room, and secretary’s room. On the east side are 
three rooms, about 18 ft. by 20 ft., devoted to the 
short-hand writers’ office-staff. In addition, there 
arefour smaller offices, store-rooms, and a strong- 
room, or ‘‘ vault.” It will be seen from this that, 
apart from the use of the Main Hall and the 
lecture-rooms, library, &c., each of these societies 
is most commodiously housed ; a result that is 
afforded when all have one site area and one roof 
in common. Space for offices, according to re- 
quirements, will also be arranged for societies 
that may become associated, the plan of the build- 
ing making it possible to modify the office accom- 
modation as need arises. 

The two upper floors of the building are to be 


There | 
is also an ante-room connecting the smallest | 
assembly room with the other two, the latter | 
The whole can thus be con- | 


| to be conducted as a free public library of re- | 
| ference. . 

The above description gives, we think, a fairly | 
| full description of the building of the United Engi- 
neering Society so far as our information goes. 
We heartily congratulate American engineers of all 
classes upon the possession of so well designed and 
commodious a home for engineering science. It 
cannot but conduce to the advancement of Ameri- 
can engineering, which means the advancement of 
the engineering of all other countries ; our own 
especially, as we have a common language and are 
the nearest akin. We must take that as our con- 
solation at the thought that English engineers 
have so long neglected their opportunity and 
allowed a lead that was, if they fed claimed it, 
their birth-right to be taken from them. We can 
‘only follow now where we ought to have led. 





THE ELECTRON THEORY AND 
ELECTROLYSIS. 
| Last Tuesday, Mr. E. E. Fournier d’Albe, of 
| Dublin, delivered a discourse on ‘‘ The Application 
|of the Electron Theory to Electrolysis” in the 
| Faraday Society. The range of the electron pheno- 
mena is so vast that the lecturer at once applied 
himself to this particular branch of the subject. 
Although we have repeatedly dwelt on the electron 
theory, especially in connection with the researches 
| of J. J. Thomson, it will, perhaps, be convenient if 
we begin by a general introduction of the subject. 
The electron theory, in its modern conception, 
may be said to have originated with J. J. Thom- 
|son’s thesis of 1881—that any electrically-charged 
body in motion should behave, with regard to an 
external force, as if its mass were increasing by an 
amount depending upon its shape and its charge, 
at least, as Oliver Heaviside subsequently estab- 
|lished, when the velocity of the movement ap- 
| proaches that of the velocity of light. The term 
**electron” is due to Johnstone Stoney, and the 
first theory of this type was probably that of 
W. Weber, of 1856. But the theories, as more or 
less accepted at present, are the outcome of the 
researches of the last decade, instigated by the 








| just-mentioned thesis of J. J. Thomson. The 


|The electrons are any sine with atoms of 
i 


ordinary matter, round w 


ch they oscillate in orbits 
with the velocity of light. 


The atoms attract these 


| electrons with aforce that rapidly diminishes with the 


distance; the electrons themselves repel one another 
with forces which, acting at very small range, are 
simply enormous. When moving through the ether, 
side by side, electrons attract one another ; whether 
or not the ether takes part in any motion is, of 
course, the question involved in the ‘‘ relative” 
theory of Lorentz. The normal, or neutral, atom 
is not supposed to be constantly associated with 
the electron ; the electron oscillates to and fro like - 
the gaseous particle, according to the kinetic theory. 
The attracting force of the atom may represent what 
we are accustomed to call positive electric force. 
The electron itself corresponds to a negatively elec- 
trified particle. When the number of electrons in 
a substance is in excess of the normal, it is said to 
be negatively charged ; if the number of electrons 
is deficient, the charge is called positive. 

It is not easy to picture to oneself these elec- 
trons. The earth itself, Mr. Fournier d’Albe 
stated, might be regarded as a huge electron, with 
a comparatively feeble charge. The other planets 
would be electrons—i.e., negative electrons—as 
well, while the sun would represent the positive 
nucleus. Many phenomena, like the Zeeman effect, 
can only be explained on the electron theory. 
That the conductance of electricity through meta 
was due to electrons was first suggested by Drude. 
It had long been recognised that there is a 
certain parallelism between the conductivity of 
metals for heat and for electricity. That the 
parallelism was not as perfect as had been assumed 
was demonstrated a few years ago by Jaeger 
and Diesselhorst. Drude found the explanation, 
guided by the analogy of the kinetic theory of 
gases. Imagine a cylinder of some height, hot 
above, cold below. The hot gaseous particles 
will in their oscillations penetrate into the colder 
strata, and thus equalise the temperature. Sup- 
pose that the electrons in a metal oscillate 
irregularly in all directions, until an external 
electric force impresses upon them some particular 
speed in a certain direction. As the electrons will 
continually collide with atoms, to be scattered 


The latter may be taken as typical | 


underlying idea is that any moving charge pro- | again, the external force has a very severe task to 
|duces a field. Rowland had proved this funda-| perform, and it is not to be wondered that the 
mental fact, but the experiments of Crémieu | ynobilities thus produced are comparatively small. 
threw doubt upon the verification, and it was in | Drude’s reasoning and experiments were in perfect 
view of the new hypotheses that this experiment | accord, and Reinganum subsequently deduced the 
was so eagerly contested and finally settled in| same relation between the heat and electric con- 
accordance with theory. | ductivities on entirely independent lines. Progress 

The firat attempts at experimentally verifying | was rapid afterwards. From the optical considera- 
Thomson's thesis by means of cathode rays failed, | tions of Drude, who had calculated the number of 
because the velocity of the cathode rays is too | ions conveying the current for nickel and a series 
small, being at the highest about a third of the | of other metals, A. Schuster, in 1904, deduced what 
velocity of light. But when W. Kaufmann, of | had apparently not struck Drude: that the number 
Bonn, gave the experimental proof for the 8 rays | of free electrons in a metal is equal to the number 
of radium, whose velocity practically equals that | of metallic atoms in the same volume, or exceeds 
|of light, a bold structure was erected upon this | that number not more than two or three times. The 
‘thesis, and we have now several mathematical Hall effect alone still offers great difficulties. When 
|theories of electrons, two of which have found |an electric current is sent through a rectangular 
| large support. The theory of H. A. Lorentz, of sheet of metal, which is placed in a magnetic field, 
| Leiden, is known as the relative theory, because | symmetrical points of equal potential are found, as 
he emphasises that, since we move with the earth, | they ought to be found, when the magnetic field is 
all our measurements are relative ; every body in | not excited. As soon as it is excited, the equipoten- 
| motion, the electron included, would, in his opinion, | tial line is distorted ; this is the Hall effect. Some 
| undergo shortening of that dimension which corre- | — assume that the difficulty can only be met 
sponds to the direction of the motion. M. Abra- | by assigning both to the negative and to the posi- 
|ham, of Gottingen, on the other hand, makes his | tive electrons some in the conduction ; others, 
| electron rigid. | like Mr. Fournier d'Albe, practically disregard the 
| On the strict electron theory all mass is electro- | positive electron, which, they consider, cannot play 





The canal rays of 


devoted to what is described—doubtless in compli- | magnetic, though there may be some ordinary 
ment to the donor—as ‘‘ one of its greatest elements | mechanical mass—certainly not a considerable por- 
of usefulness ;” for Mr. Carnegie’s affection for tion, however—in addition to the electro-magnetic 
libraries is well known. The whole area of this| mass and inertia. We have no longer to account 
floor will be occupied by the joint library of the|for electro-magnetic phenomena by mechanical 
society, the founder institutions uniting their! arguments, but we have to explain mechanical 
present books ‘‘ as the nucleus of a great engi- phenomena by the electro-magnetic theory. For 
neering library.” The fact that this library is the electron theory supplies us with universal con- 
on the thirteenth floor will not be considered a|ceptions affecting all branches of physical and 
defect of accessibility by those who are acquainted chemical science. Among the scientists who have 
with American elevator practice. We have already | worked out these problems we should mention, in 





stated that there are three cages, and doubtless | 
these will run with the high speed that Americans 
consider essential. We are not sure whether the 
thirteenth floor of the building will be beyond 
‘*the fly-line”—an advertised advantage of top 
rooms in very high buildings down-town—but 


addition to names already given, Drude, Larmor, 
Riecke, A. Schuster, Boltzmann, and W. Voigt; 
two of these, unfortunately, ended their lives by 
their own hands last year, within a few months 
of one another— Drude and Boltzmann. The 
electron is assumed to be the smallest electrified 


| of ions could not conduct e 


certainly the lofty position will give more air and 
light, and secure greater freedom from dust and 
noise. The design of the library is evidently of a 
gererous nature, and the effect is striking. It is, 


particle capable of separate existence. Its mass 
is of the order of 10-*8 gramme, its radius 10-18 
centimetre, and there are billion-billions of elec- | 
trons in a cubic centimetre—10™ ¢.9., in cojtper. | 


any part in the phenomena. 


Goldstein and the a-rays of radium are regarded as 
positive electrons. 
We now turn to Mr. d’Albe’s paper. He de- 


scribed the electron theory as an extension of the 
ionic theory of electro-chemistry, to which it might, 
therefore, be applied in the ways he indicated. 
Both metallic and electrolytic conduction depended 
upon the existence of minute charged bodies cap- 
able of threading their way through a mass of 
other bodies, which were either uncharged or less 
A current consisted, he said, in the dis- 
placement of charged bodies (or of ions in the wider 
sense), and its intensity depended upon the number 
of ions and their mobility. A substance devoid 

lectrically. The carriers 
were, however, fundamentally different in the two 
cases. Copper conducted by its free electrons, of 
which we had some 400 trillions per centimetre- 
cube; hydrochloric acid, ¢.9., by its ions of hy- 
drogen and chlorine, of which there were about 


mobile. 
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two trillions per centimetre-cube ; the mobility of 
the mee electrons was 100 million times greater 
than that of the hydrogenions. The current being 
assumed to be the same in both cases, ‘‘ the elec- 
trons in the copper must move some 200 times 
more slowly than in the electrolyte. But this is 
not usually the case ; for in a copper wire 1 milli- 
metre in diameter, conveying 1 ampere, the speed 
of the electrons is of the order of 1 centimetre 
per second. The greatly superior mobility of the 
free electrons brings it about that a much lower 
voltage is required to maintain an ampere in a 
copper conductor than in a liquid conductor of the 
same dimensions. Whence this difference between 
solids and liquids? At first sight it seems strange 
that free electrons should be observable in a 
vacuum and traceable in a metal, but that there 
should be none in a liquid.” The author probably 
meant an “electrolytic liquid.” Else, we should 
like to ask, what becomes of the electrons when a 
metal is tnelted ? and the whole argument is difficult 
to follow. Mr. d’Albe remarked that the elucida- 
tion of this question would be of fundamental 
importance. 

he existence of free electrons, he proceeded, 
was made possible by the close packing of the 
atoms—close, because the metals were substances 
of high density —which brought about a frequent ex- 
change of electrons between one atom and another. 
During the short period of change of allegiance— 
which amounted to about one-five-thousandth of 
its average time of attachment toa metallic atom— 
the electron was free to fall along the potential 
gradient, and thus to constitute an electric current. 
When the metal expanded by heat the exchanges be- 
came rarer, and the metallic resistance increased. 
The positive atoms and the neutral atoms were so 
tightly packed that they hardly contributed to the 
conductivity. In an insulating liquid or solid the 
electrons were effectively bound up with atoms or 
molecular groups, precluding the formation of 
mobile charged groups and the liberation of ions. 
In an electrolyte, on the other hand, such charged 
groups were formed, and they were sufficiently 
mobile to follow the electromotive force. That 
free electrons were not formed in them could be 
explained. Two copper atoms had equal attractions 
for an electron, but atoms of hydrogen and of 
chlorine had not; hydrogen lost one of its electrons 
more easily than chlorine, and when the two atoms 
of a molecule of hydrochloric acid separated, the 
chlorine took one of the normal hydrogen electrons 
away with it. The hydrogen atom thus remained 
positively charged, and the chlorine atom nega- 
tively. The two ions so produced acted as con- 
densation nuclei, as we know from the researches | 
of C. T. R. Wilson and J. J. Thomson. 

When a charged drop evaporated, its electric 
charge remained, and its potential increased as the 
diameter of the drop diminished, more energy being 
required to evaporate a charged drop than an un- 
charged drop. Condensation on the drop involved 
an expenditure of available electric energy, and 


thus condensation was facilitated. This fact had | pas 


an important bearing on the theory of electrolysis ; 
it explained the low mobility of the ions, the drop 
of potential at the electrodes, and the liberation of 
uncharged products on the electrode. The dif- 
ferent mobilities of different ions could only be attri- 
buted to their different degrees of normal hydration 
(the amount of water they ee with them). That the 
hydroxyl ion OH had a mobility four times as 
great as that of lithium pointed to the lithium 
atom as a particularly efficient condensation nucleus 
when deprived of one electron. It moved so 
slowly through the water because it had to drag 
a number of water-molecules (probably not more 
than half-a-dozen) along with it. When these 
hydrated ions reached the electrodes, the electro- 
motive force tended to drive them into the metal 
of the electrodes. But the atoms of the metal were 
so closely packed, asa rule, that no other atoms could 
force themselves between them, unless electrons 
were able to from the solution into the metal, or 
vice vers. The mobility of electrons, comparatively 
great inside the metal, was small at the surface ; in 
accounting for this latter fact, Mr. Fournier d’Albe 
referred to the evaporation of a charged drop which 
retains its charge, and to the osmotic pressure. Bu 

when the electromotive force exceeded a certain 
minimum, an electron might pass into a hydrogen 
ion, €.9-5 and neutralise its positive charge. As an 


was liberated as uncharged gas. The converse went 
on at the anode. 

In continuing these arguments, the lecturer 
emphasised the necessity of further investigation of 
mobilities and hydrations. The latter, it was men- 
tioned during the discussion, receive attention in 
Germany, while in England they have been investi- 
gated by Bousfield, Lowry, and others. Bredig, the 
author stated, had noticed that the strongly electro- 
positive and electro-negative metals were charac- 
terised by high mobilities. High mobility, he said, 
implied low hydration, and the latter would enable 
ions of opposite signs to combine more freely. When 
an ion contained 50 or 60 atoms, its mobility seemed 
to have attained its minimum, which the further 
addition of atoms did not appear to affect. Such 


an ion would have a diameter of about 1 micro- | 


millimetre, and might come within the range of 
Szigmondy’s ultra-microscope. 

It would thus be possible to observe the motions 
of such heavy ions, which would travel 1 centi- 
metre in 14 hens under a gradient of 1 volt per 
centimetre. We could then make calculations for 
the diameters of such ions, as Schuster had calcu- 
lated the carriers of metallic conduction which 
seemed to be the free (negative) electrons. 

This brief abstract of Mr. Fournier d’Albe’s 
paper may make the problems appear more hope- 
essly complex and difficult than they are. But 
the author, while acknowledging that the question 
was not anywhere near a complete solution, could 
have given a clearer exposition if time had per- 
mitted. One difficulty, not mentioned in the 
paper, but alluded to during the discussion, he did 
not regard as serious. Kaufmann, a year ago, 
repeated his experiments, with a view to decide 
which of the two theories—of Lorentz or Abraham 
—was supported by experiments. He found dis- 


crepancies of from 10 to 12 per cent. as regards | 


Lorentz, and of from 3 to 5 per cent. as re- 
gards Abraham. Both discrepancies he considers 


too great to be charged to errors of observation, | 


and he therefore doubts both theories. When this 
question was raised at the German Naturforscher- 
versammlung meeting in September at Stuttgart, 


Max Planck, who has carefully studied the very full | 


data published by Kaufmann, supported Kauf- 
mann’s figures, but gave his opinion that the ex- 

riments neither confirmed Abraham nor refuted 

orentz. Abraham himself suggested, half in jest, 
that one might say the experiments confirmed 
both theories to a certain extent, principally his 
own. The experimental difficulties are, of course, 
very great. But less than two years ago, a 
any rate, Lorentz would not say that he could 
account for the magnetic phenomena. Mr. Four- 
nier d’Albe, however, thought that the Hall effect 
constituted the only serious difficulty of the elec- 
tron theory. 








PASSENGERS ON ATLANTIC LINERS. 


THREE records have been established during the 
t year in connection with the passenger traffic 
on Atlantic liners. For the first time the number 
of passengers landed at New York has exceeded a 
million, 1,169,551 having entered the States through 
this portal ; and it may be taken that quite a 
million were immigrants eager for a share of that 


wealth which is to be made by industry and other- | 


wise. The remainder were returning tourists. 


Again, the average number of passengers per ship | 


has exceeded 1000; and when it is remembered 
that some of the ships are comparatively small, and 
that many voyages are made in the winter season 
with a short passenger list, the fact that the mean 

r ship was 1056 proves once more the steadily 
Increasing population of the modern Leviathan. 
Indeed, the Cunard and White Star liners sailing 


from Mediterranean ports had an average exceed- | 
ing 2000—the one 2012 and the other 2010—a| 


figure never before reached by any line. This 
number has been exceeded by several ships in 
the height of the season, but as an average 
it marks a great step forward; because in 
1905 the highest was 1730, also by the Cunard 
Company; in 1904 it was 1256, by the Ham- 
burg-American Line ; and in 1903 it was 1367, 
ice North German Lloyd express service. 

is advance has been general ; fifteen lines return 
a higher av per ship than 1000, as compared 
with nine in 1905 and three in 1904. It is true 
that many of these lines confine themselves to 
steerage traffic ; but the same genéral result apper- 


| of the first two companies on Table I. are striking ; 
| the North German Lloyd will do still better when 
| this year they have in service their fourth 23-knot 
|steamer launched last month from the Vulcan 
| Works at Stettin. The Cunard Line have profited by 
having the turbine-driven steamer Carmania and 
| the Caronia ; while the advent of the Lusitania and 





























Mauretania will have still greater effect. The Ham- 
burg-American Line have improved their position 
by having the immense intermediate ships Amerika 
and Augusta Victoria, and the French line by 
having a new high-speed steamer. The White 
Star line have dropped from first place. It will be 
noted that, with few and unimportant exceptions, 
| all the lines have increased their average number 
| of passengers per ship. 
TABLE I.—Average Number of Passengers per Ship 
of Principal Lines. 
wal f | (acts. 
Line. g2182/5 > 3s as| 3z 
F5 36/2/35 |88/8 
| & B a & 8" |e" 
North German Lloyd ..| 135 252 1073 1460 | 1387 1201 
Cunard .. ..—..| 188 «202-906-1241 | «918 | 906 
Hamburg-America: 130 154 1239 1523 | 1396 1256 
White Star Se 121 131 500) 752 813) 869 
American | 111 160) 512| 788) 788| 775 
Holland ..  ..—..|_ 86. | 227 +955 | 1268 | 1108 785 
White Star(Med.) ..| 86 193 1731 2010 1479/ 278 
NorthGerman(Med.) ..| 84 169 1439 | 1692 | 1511 | 893 
French .... -| 74) 114/| 789) 977| 942) 854 
Atlantic Transport | 2); — 2 75 76 74 
es. ts 62 164 !/ 1114 1340 1836 | 971 
Anchor .. .. _..| 68! 248| 473! 779 620| 532 
Hamburg - American) 

(Med.) .. ..  «.| 52) 76| 1061/1189 818| 548 
Scandinavian-American 44 84 643 671 662 604 
Ounard (Fiume) .. =. 39 91 1882 2012 | 1730 | 1225 
Campania Traneatiantia) 33 47 543 628 662) 417 
La Veloce .. ne an 29 10 1206 1245 1146 849 
Russian East Asiatic ..| 28 21, 518| 562) — _— 
Empreza Insulane --| Wi — 375 «341 Ss 837—s«d189 
Lloyd Italiano .. 2% 14 — 1427 | 1441 563 - 
Générale Italiana 10 29 #1122 | 1161 1195 | 717 
Anchor (Med.) .. 10; — | 993 1003 854 | 543 

| Austro-American 9! 12) 624| 698 | 727| 6557 
| Ditto * Y| Biol at —.| — 

| Prince es 6 — | 1003 | 1009 | 937 | 683 
Fabre... 6) — 850; 856; 835 | 600 

| Russian Volunteer 5 - 1041 1046 
77 192 += 857 | 1056 961 | 760 


| Mean 


The totals for a series of years are set out in 
| Table II. Under all headings there has been steady 
|development. Of first-class passengers there were 
84,435, against 77,835 in the previous year, 68,704 
in 1904, and 67,808 in 1903 ; the increase in three 
years has thus been about 25 per cent. In the 
{second class the addition has been still more 
|marked, due in large measure to the superior 
|quarters provided in the modern ship for this 
clientéle. Four years ago the number in this class 
was 93,630; in the following return the figures 
remained unaltered. Then there was an advance 
| to 107,097, and now it has reached 134,285—a gain 
|in four years of over 35 per cent. The increment 
|in the steerage traflic is also marked, and the total 
| is three or four times what it was but a few years 
|ago. Inthe same four years the average per ship 
| has gone up from 830 to 1056; ten years ago it 
| was only 412. 


| TaBLe II.—Record of Atlantic Passenger Service 





to New York. 
} Year. ong Cabin. Steerage. Total. 
ee 
1390 | 3 144,178 371,593 515,771 
SS ae 150,023 445,290 595,318 
1892 | a 120,991 388,436 509,477 
1393 | 975 121,829 |  364,7 486,529 
1894 | 879 92,561 188,164 280,725 
1895 792 96,558 | 258,560 355,118 
1896 852 99,223 | 252.350 351,573 
1897 901 932 | 192,004 282,936 
1898 si2 80,586, | 219,651 300,287 
1899 826 107,415 303,762 411,177 
1900 838 137,852 | 403,491 541,343 
1901 887 128,143 | 438,868 567,011 
1902 922 139,848 | 574,276 714,124 
1903 969 161,438 643,358 804,796 
| 1904 967 162,389 572,798 735,187 
1905 1006 184,932 776,330 961,262 
1906 1097 218,720 940,831 1,169,551 


Our next Table III. gives the totals for each line 
separately. Practically every company has partici- 
pated in the general advance ; we shall leave the 
reader to note the extent of each company’s par- 
ticipation in the greater traftic. The British com- 

panies have wrested from Continental lines more 
of the Mediterranean emigrant traffic; and it is 
| gratifying to note that our proportion of the total 
|is fully maintained. As we have seen, the present 
| increasing flow of traffic westward began in 1903. 
|In that year we carried in British ships 37.1 per 











immediate consequence the iy ion would 
lose its condensing power ; the link between it and 


the water molecules was broken, and the hydrogen | 


tains to the cabin passenger traffic. The figures|cent. of the total of first-class passengers; for 
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1906 the ratio was 38 per cent. ; of second-class 
passengers our quota was, respectively, 32.4 per 
cent., against 37 per cent.; and of steerage voyagers, 
18.5 per cent., against 26 per cent. The two German 
companies have not done so well, having in the 
four years decreased the proportion of first-class pas- 
sengers carried by them from 37.3 to 35.8 per cent. 
of the total in 1906; their second-class passengers 
have increased, however, on the same basis, from 


37.3 to 38 per cent.; but there has been a falling-off 
TaBLe III.—Return of Passengers Landed at New York 


by Principal Lines. 




















1906. 

a Stee | | Stee 
r r- 

1st. | 2nd. | age. | lst. | 2nd. age. 
, EERE age INES RAR Pres ey 
Hamburg-American |14,701|17,775| 158,218 | 10,208| 12,901, 116,868 
North German Lloyd} 15,566 29,562) 149,395 | 15,974| 26,843) 135,054 
Cunard se - -|10,249/ 16,392) 113,351 | 8,704| 12,328, 77,387 
White Star .. .. | 18,263/15,842) 75,413 | 14,618/ 183,328) 63,489 
Red Star - ..| 3,609) 9,501! 64,631 | 3,816) 7,560) 59 431 
French 5,884 9,028| 62,311 | 5,066) 6,812) 55,918 
Anchor ee ..| 3,868|12,407; 49,469 | 2,816) 8,666, 38 433 
Holland-American $,868}10,215; 42,981 | 3,26") 6,656) 42,134 
Italiana ..| 354] 1,002) 38,149} 455] 1,189) 35,668 
Fabre oe .j4 987) .. | 88,165| 181) .. | 30,608 
Austro-Americana $53| 6528) 29,725| 164) 197! 17,125 
La Veloce . -| 691 245, 28,944 | 768} .. 32,476 
American .. 5,786) 8,328; 26,611 | 5,623) 6,733) 27,106 

Lloyd Italiano 204; .. 19,969; — | — =~ 
Scandinavian 1,416| 2.693, 17,366 923) 1,904, 13,728 
Prince . 91 5) 16,05) 91) 1, 14,902 
Spanish .-| $90) 561 6,518 432; 614, 6,898 

Russian Volunteer. . 25) .. 6207; — | — — 

Russian East Asiaticl 142) 106, 2,568 — | — = 
Empreza_.. ob) SD sec 750 55| 958 
Atlantic Transport | 3,499 70| 4947, 3,590) 13 28 


| 


in their quota of steerage passengers from 36.2 to 
33.2 per cent. There is no doubt that the vessels 
sailing to and from the south of England have an 
advantage, and it is consequently interesting to 
know that the White Star line propose to conduct 
their principal service from Southampton, with a 
call at Cherbourg. The German liners call at both 
ports, in addition to Bremen and Hamburg, which 
gives them a great advantage over Liverpool. 








TRANS-ATLANTIC WIRELESS 
TELEGRAPHY. 

In 1904 the National Electric Signalling Com- 
pany decided to erect two stations for trans- 
Atlantic working, the antenn:e to consist of cylin- 
drical steel tubes, 400 ft. high, with the National 
Electric Signalling Company’s patent umbrella 
capacity at the top, each tube to rest at the bottom 
on a pivoted insulated base, and to be supported 
by sectionally -insulated wire-rope guys of the 
company’s standard type. This type of antenne, 
which was invented and designed by the National 
Electric Signalling Company, and patented by it, 
has proved quite successful, and has been copied in 
Germany at the Nauen wireless station, a lattice- 
work, however, being used instead of a steel cylinder. 

The sites selected were Brant Rock, 30 miles 
south of Boston, Massachusetts, U.S.A., and 
Machrihanish, on the far side of the Mull of 
Cantyre from Campbelltown, Scotland. These two 
points were selected because the great circle joining 
them passes up the Bay of Fundy, over the Isthmus 
of Chignecto, and across Newfoundland at a point 
where it is comparatively low. The contract for 
the steelwork and erection of these towers was let 
to the Brown Hoisting Machinery Company, of 
Cleveland, Ohio, U.S.A., and for the insulators to 
the Locke Insulator Company, of Victor, N.Y., 
U.S.A. Owing to delays on the part of the con- 
tractors, the towers were not completed until 
December 28, 1905. 

On Friday, December 29, 1905, Brant Rock 
sent to Machrihanish, but nothing was received, 
owing, as it was afterwards learned, to a miscalcu- 
lation in the wave-length. On January 2, 1906, 
Brant Rock sent again, and Machrihanish received 
the m es. Communication was maintained one 
way until about the middle of January, when, the 
sending apparatus at Machrihanish having been 
completed, Machrihanish sent, and Brant Rock 
received messages from there at the first trial. 
Very satisfactory communication was then main- 
tained for some time, and code messages containing 
as many as forty cipher words were received with- 
out a single error, or the necessity of any repeti- 
tions. 

It was found that the amount of atmospheric 
absorption had been miscalculated. From tests 


atmospheric absorption had been found to be 


1s 
| the waterway to Wakefield, can only accommodate | 


; : ‘boats 57. ft. long, consequently transhipment is | 
made on shipboard at distances of 1500 miles, the the rule for goods to and from the eastward. The s 


| goods received from Lancashire seaports must pass | 


about 90 per cent.—i.e., 10 per cent. of the radia- 
tion got through. It was considered that, by 
assuming the atmospheric absorption to be 99 per 
cent,—i.e., that 1 per cent. of the radiation got 
through—a sufficient factor of safety would be pro- 
vided. As the design was conservative, it was 
found that in practice the factor of safety was 
larger than this, and equivalent to an absorption 
of 99.8 cent.—i.e., that m could be 
received although only one-fifth of 1 per cent. got 
through. Over this distance of 3000 miles, partly 
| over land, it was found that the absorption was con- 


~ | siderably greater than this, and that as a matter of 


fact, during daylight, not more than one-tenth of 
1 per cent. of the energy got through, and that a 
factor of safety of at least 100,000 must be pro- 
vided. 

As an illustration, with the same sending power, 
on some nights messages were received 480 times 
stronger than was necessary for audibility, and the 
messages could be read with the receiver 6 in. away 
from the ear. On other nights with the same send- 
ing power, the messages were so faint that they 
could not be read. A number of tests were made, 
which were witnessed by scientific experts from 
the General Electric Company in America, and Mr. 
Shields, the technical expert of Messrs. Abel and 
Imray, and others ; but as it was evident that the 
stations were not sufficiently powerful for com- 
mercial work, they were shut down early in 1906, 
for reconstruction. 

Owing to the impossibility of getting aluminium 
for the compressed-air condensers the stations were 
not opened again until October, 1906, when they were 
operated at a factor of safety of 2000, only half of 
the condensers being in place. With the full amount 
of condensers the factor of safety would have been 
4000, and a new form of receiving apparatus, which 
it was intended to use, would have Teount up the 
factor of safety to 400,000. The stations operated 
continuously, barring shut-downs for a couple of 
nights for mechanical reasons, until December 5, 
when the tower at Machrihanish blew down. This 
accident came at a very unfortunate time, as work 
had just been begun on a new method for elimirat- 
ing the atmospheric absorption, which had given 
very promising results, the absorption having been 
already reduced to one-tenth of what it was for- 
merly. Moreover, the new receiving apparatus had 
only been partly installed, and no opportunity had 
been afforded of trying it between the trans- 
Atlantic stations. 

The specifications on which the contractors bid 
called for the tower to stand a wind-pressure of 
50 lb. per square foot on a flat surface, and for the 
tower to be capable of being extended to a height 
of 500 ft. later, if desired, and to be capable of 
standing a pressure of 50 lb. per square foot on a 
flat surface even if one set of guys broke. 

The design was carried out in a very creditable 
manner by the Brown Hoisting Machinery Com- 
pany. Ina future issue we shall illustrate the in- 
stallation and describe the jointing of the guy-ropes, 
to the failure of which the fall of the mast is attri- 
buted. This jointing was carried out by a sub- 
contractor. 








ROYAL COMMISSION ON CANALS AND 
WATERWAYS.—No. IV. 

From the Mersey in the direction of the Humber 
there are three canal routes—the Leeds and Liver- 
pool, the Rochdale, and the route vid the Hudders- 
field Canal. We referred to the evidence given on 
behalf of the Leeds and Liverpool Canal in our issue 
of December 28. We will now consider the evidence 
given by Mr. Dykes, general manager of the Roch- 
dale Canal. As an example of a canal encompassed 
with difficulties, few would better answer to the 
description than this one. The length of its main 
line is only 33 miles. Owing to the great altitude 
of its summit level, where it crosses the Pennine 
Range, 600 ft., it is overburdened with locks. 
There are 56 on the Lancashire side, and 36 to the 
ar ag of the Calder and Hebble, at Sowerby | 

ridge, on the Yorkshire side. It supplies water 
to canals both in Lancashire and Yorkshire, and 
draws its only supply with difficulty out of seven 








costly reservoirs. 
Accommodation is provided for boats 70 ft. by 
ft., but the Calder and Hebble, which prolongs 


over the Manchester Ship Canal, or the Bridge- 
water Canal. No evidence has been tendered with 
reference to these. They are in excellent condition, 
and able to take everything brought from the Roch- 
dale system. Traffic from the Humber passes over 
the Aire and Calder and the Calder and Hebble, 
and consequently there are openings for difficulties 
both to the East and West, financial as well as phy- 
sical, which tend to the disadvantage of the Roch. 
dale Canal. We find that, notwithstanding the t 
increase of trade brought to Manchester by the Ship 
Canal, and the increased prosperity of cashire 
and Yorkshire, of late years the tonnage carried 
decreased from 686,000 tons in 1888 to 624,000 
tons in 1898; although in the meantime the com- 

ny had developed the use of steam in their own 

ges, which in the former year was only tenta- 
tively employed. The local traffic on this canal 
only amounts to 14 per cent. of the whole ; the 
traffic exchanged with one or the other of the 
adjacent canals accounts for 69} per cent. The 
through traffic from Lancashire into Yorkshire is 
very small indeed. 

Mr. Dykes classified canals under six heads. 
He complained that although canal companies had 
the same powers for giving terminal service, and 
gave precisely the same accommodation as the rail- 
ways, they were not allowed to charge as high 
rates as the railways ; and that after the revision 
by Parliament some twelve years ago, the English 
canals suffered a loss of 175,000]. a year. As, how- 
ever, very few companies charge up to the maximum 
allowed by Parliament, this does not seem to be 
a very important matter, so far as the Commission 
is concerned. Their object is to ascertain how the 
cost of carriage can be reduced, not to find a means 
of making canal companies more prosperous. 

Mr. Dykes suggested that as canal companies 
were poor, mae might be relieved of the expense 
of so frequently applying to Parliament for addi- 
tional powers, and that local inquiries, held by 
an inspector of a government es might 
answer the purpose of a Private Bill. Under this 
régime they should be allowed to acquire additional 
lands for making branches, and easements for various 
purposes, and to dispose of surplus lands or water 
when these were not required. If electricity should 
prove to be a useful motive power in the future, 
Mr. Dykes pleaded that each canal company should 
be empowered to deal with one purveyor of energy, 
and not be compelled to deal in turn with the 
various authorities who might have acquired. the 
right to supply power on the areas through which 
the canal nk y In these matters we agree with 
him. 

At present it appears that the cost of electricity 
is pruhibitive ; and although there is water-power 
to be obtained from the reservoirs on the Rochdale 
Canal, it is not practicable to use it to create 
tractive power. 

Mr. Dykes noted that there were sixty separate 
bodies of independent canal owners, and twelve 
railway boards, controlling waterways, and advocated 
amalgamation into one national system, the State 
to acquire the canals by purchase. He adhered to 
Mr. Saner’s suggestion, in his paper read before the 
Institution of Civil Engineers, in November, 1905, 
for through routes from the Mersey to the Thames, 
the Humber to the Severn, aud the Mersey to the 
Humber. Mr. Dykes advocated the 100-ft. barge, 
6 ft. 6 in. depth of water, with lifts and inclines at 
suitable mete The necessity of a clearing-house 
was emphasised. Referring to the evidence given 
by engineers before Mr. Salt’s Committee in 1883, 
the cost of mee canals was estimated at 12,0001. 
per mile. e freight charged was, he said, 10 per 
cent. below that of railways. The company were 
‘* carriers,” but did not touch goods classified as 
‘*A” and “*B” in the Board of Trade schedule. 
These were left to by-traders ; none of this traffic 
passed the summit. 

Passing eastward at Sowerby Bridge we come 
upon the Calder and Hebble, concerning which 
evidence was given by Mr. Swindells, the general 


manager. This company pays a dividend of 5 per 
cent. ; | per cent. is due to tolls, 14 per cent. to 
rents. It is inferred that the capital has not been 


‘* watered” at any time. Unlike some canals, when 
the revenue was large a portion of it was used for 
improvements, nearly 200,0001. having been so 
spent. Owing to the dirty condition of the water 
supply to the navigation from Halifax and other 
places, dredging isa necessity ; some 1500i. has been 
nt on 23 miles of waterway in seven years. The 


alifax branch has to be largely supplied with 
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water by pumping. The average cost of mainten- 
ance is about 1801. per mile per annum. 

An Act is in existence for purifying the rivers 
of the West Riding, and a Board has been con- 
stituted. They have not, however, exercised their 
powers sufficiently to prevent sewage and objec- 
tionable trade effluents finding their way into this 
navigation. The depth of water is 5 ft. at the upper 
end. . The misfortune is that the locks will only 
accommodate boats 57 ft. long. This is a palpable 
example of the evils of divided ownership. Had 


this short length of 214 miles been in ssion of 
the Aire and Calder navigation it would have been 
improved ; or even if the hdale Canal Company 


had been the owner, their length of lock would 
surely have been provided. 

There is a connection from this navigation with 
the third line between the Mersey and the Humber 
—viz., the Huddersfield Canal, a portion of which 
is broad and the rest narrow. The tonnage ex- 
changed with the Huddersfield Canal in 1905 was 
64,600 tons ; 53,580 tons went to the broad length, 
and only 11,020 tons to the narrow length. From 
the Aire and Calder the tonnage received was 
340,000 tons, whilst only 12,000 tons were ex- 
changed with the Rochdale Canal, but an additional 
16,000 tons of traffic passed through the Rochdale 
Canal to the Manchester Ship Canal. The lower 
classes of goods constitute the big items of tonnage 
going to Goole, but manufactured goods are carried 
also. 

At Wakefield the Aire and Calder Navigation 
takes up the line of communication to Goole, a 
port created and owned by the enterprise of the 
undertakers. The loeks are 215 ft. by 22 ft., with 
9 ft. of water on the sills. The canal has a mini- 
mum cross-section of 450 square feet ; the surface 
width is 70 ft., and the depth varies from 8 ft. to 
10 ft. The headway, governed by the lowest rail- 
way bridge, has a height of 12 ft. 9 in. Vessels of 
180 tons trade upon the navigation. The only 
waterway which can compare with this in England 
is the Weaver Navigation, in Cheshire, which has 
a depth of 10 ft. throughout its whole length, and 
10 ft. 6 in. on three-quarters of its length. The 
Weaver locks are 220 ft. by 42 ft. In valuable 
traffic the Aire and Calder is facile princ2ps, sup- 
plying Leeds and Wakefield, as well as the indus- 
trial districts between these towns and Goole; 
whereas the Weaver relies upon salt traffic, and 
manufactures in a large measure dependent upon 
salt as a basis. 

In 1898 the Aire and Calder carried 2,412,000 
tons, an addition since 1888 of 200,000 tons. 
Traftic loaded and discharged on the canal amounted 
to 1,064,000 tons; loaded but not discharged, 
871,000 tons; discharged but not loaded, 227,000 
tons ; other traffic passing through, 250,000 tons ; 
total, 2,412,000 tons. Through tolls amounted to 
54,700/.; from freight as carriers, 155,0001.; revenue 
from docks, rents, miscellaneous receipts, &c., 
67,0001. ; total, 276,7001. The working expenditure 
was 185,0001. The total length of the navigation 
is 85 miles, but much of this is comparatively 
obsolete. The up-to-date navigation is from Goole 
to Castleford, thence to Leeds by the Aire, and to 
Wakefield by the Calder, a distance of 41} miles. 
From Leeds to Goole is 34 miles; from Wakefield 
to Goole, 314 miles. There are branches to Barnsley 
and Selby. Further enlargement of the locks is 
taking place, the intention being that they shall be 
460 ft. long and 25 ft. wide. The surface width of 
the waterway is to be 90 ft., and the sectional area 
600 square feet. 

Mr. Bartholomew, who has been many years in 
charge of this navigation, told the Commissioners 
that he had lengthened the locks on the Barnsley 
Canal from 66 ft. to 84 ft., and that twelve of these 
had been dealt with during stoppages lasting only 
three days. One which was especially difficult 
occupied a week. This is very important testimony, 
and does away with the fears expre by some 
witnesses that if an attempt was made to improve 
the existing waterways, traffic would be stopped for 
long periods and diverted to other routes. Mr. 
Bartholomew stated categorically that there ought 
to be no difficulty in converting narrow canals into 
broad, and very little interference with traffic need 
ensue. He is now widening and deepening the main 
route of the Aire and Calder without delaying 
“The N 0 

e Navigation Company carry goods in bulk. 
Of general traffic the bye-traders carry more than 
the company. The company’s s carry from 
60 to 160 tons, and have displaced the old boat of 


merly cost 4d. to 7d. per ton, was stated to have 
been reduced to 14d. by improved methods and 
good organisation. 


45 tons. The motive power is by steam-tug, carry- 
ing 60 tons of cargo. Mineral traffic for local pur- 
poses is carried the bye-trader, but coal for 
shipment is carried by the company in compartments 
—viz., steel tanks carrying 40 tons, which are towed 
in trains of from 30 to 40 compartments, the load 
amounting to 1200 tons and upwards. Four men Hypraviic-F:1tt Dams. 
only are employed with a train. The cost of haulage) Earrn dams are commonly built by depositing 
by this means is 0.119d. per ton per mile, including | materials by means of wagons, barrows, and similar 
taking back the empties. At Goole these compart- appliances, and consolidated by moistening, rolling, 
ook Sar-aieat ot Aeiiic Greening dine tap] Gon of ec eetasitin, spa oonaine eiahtclone to 
our, the s o |tion of the materials, and constant watchfulness is 
time taken in trimming the coal in the vessel's hold. exercised during construction, such dams prove ex- 
The hoist is worked by hydraulic power. This | tremely satisfactory, if their heights are moderate. 
system has been in use for more than twenty years. Another method of making earth dams, however, 
The compartments measure 20) ft. by 15 ft. by 8 ft. | which, it is claimed, gives solid work at a much lower 
ae sae te Becileaitin, Lownoticn ted |aokaenne  tebeabe ah tones” aeons or te wo 
ition wi e North- " are known as ‘‘ hydraulic ams ” seem now 
Yorkshire, and Hull and Barnsley Railways. | viewed there with much favour. This form of dam 
1,000,000 tons are conveyed annually to Goole. |had its origin in the hydraulic mining regions of 
Some interesting experiments in haulage were de- | California. In its construction the entire work of 
SEMA DECEL, wastoaeh tckealoengpcenaiin \sanaet ak wae. Wis queens of chil we 
ull o: : -|agency of water, large quantities of which are 
ing 100 tons of pargo along a canal having a sectional | brought to the site in ditches and pipes, and forced, 
area of 457 square feet, there being a ratio of 5.57 | under high pressure, through the nozzle of a device 
to 1 between the canal and the immersed section of called an ‘‘ hydraulic giant ” or ‘‘ monitor,” such as 
the barge, at 2} miles per hour. Allowing 10s. a| is used in hydraulic mining. The velocity of the 
day for the horse and man, and taking the distance stream of water issuing from the nozzle ranges, as a 
traversed as 18 miles, the cost would amount to/ rule, from 100 ft. to 200 ft. persecond. Thestream 


yisd. per ton per mile. 








NOTES. 





By steam along the same | being directed against the face of the hill containing 
waterway, twenty compartments, containing 718 the materials to be used, the great force of the 
tons, were towed at a speed of 2? miles per hour! water loosens everything in its path, except solid 
with a strain of 3470 lb. onthe dynamometer. The rock, the hill being undermined and washed away. 
same tug, over the same length of canal, hauled |The mass of material as it is swept away is carried 
forty compartment boats containing 1394 tons at a down a steep sluiceway provided for the purpose, and 
2 of 2} — ct hour with bw ere | is re — - pipes to i. —. 
e dynamometer, the same conditions of weather | points on the dam where itis required. Varying 
prevailing. In the first case the — >t the train grades of material are deposited in different places, 
was 464 ft.; in the latter, 864 ft. This shows how|as the circumstances direct. The water gradually 
little the resistance increases at low speeds with an | drains away from the materials, which slowly settle 
increase of load. The merchandise traffic is con- | down into a compact mass. The object usually 
veyed by steam power at a speed of 4 miles an hour | aimed at in the construction is that the inner third 
in the canals and 5 miles an hour in the canalised | of the dam shall be composed of impervious 
river. Traffic by horse express costs ,'5d. per ton | materials, that the outer half of each of the other 
per mile, by steam ,\,d. per ton per mile; thefreight thirds shall be porous open materials, through 
received for carrying 60 tons of cargo in the tug which the water draining from the interior may 
pays its working expenses. ‘ pass freely, while a mixture of coarse and fine 
The question of electric traction has been care- | stuff is used for the inner half of the outer thirds, 
fully studied ; but owing, among other things, to/so that there may be slow percolation through it. 
> “gd = cones a yom 6 passing = bes quantity of material b pn = —— by 
other, it has not been adopted, and is sai ave this process varies greatly according to circum- 
been abandoned on the Charleroi Canal ge eg | stances. In some works recently carried out in 
where it was installed some years ago. The pros-| California a minimum of 47 cubic yards, to a 
pects of gas-engines are considered to be good for maximum of 443 cubic yards per hour, was regis- 
—_ wage is meg | in ———- — — the _ = _——, was 123 ov — 
© Humber ere are 400 mules Of independent | per hour. ome oO ese dams are made with a 
waterways, and 248 miles of railway owned, making | lak: fill portion, having slopes of 14 to 1 on the 
a total of 703 miles. Complaint is made of the | down-stream side, and } to 1 on the upper side, 
long eC e occurring on the railway-owned against which latter the hydraulic-fill is placed 
canals, which ought to exchange traffic with the with a slope of 3 or 4 to 1. Asarule the land on 
'each side of the site where a dam is made is high, 


Aire and Calder. Owing to these delays, trade 
is diverted. which, of course, suits this form of dam-making, for 


Mr. Bartholomew said that legislation should the materials, as they are washed out from the hill- 
aid canals in various ways :—By facilitating the | side by the ‘‘ monitor ” flow readily to the dam. 
amalgamation of canals, and the carrying out of | 
|new works; by giving canal companies power | Iron-OrE Briquetres. 
| to advance capital to assist each other; to acquire; The question of iron-ore briquettes is beginning 
_necessary land, where cramped by railway bridges. | to attract much attention in Sweden, where this 
|to provide a means of obtaining a headway of at new departure is considered likely to become of 
| least 16 ft. ; for obtaining additional water supply ; | distinct international importance. In fact, the new 

for the alteration of road bridges, for the latter | methods which have been invented and worked out 
' the local authorities should be called upon to con-|by the Swedish metallurgist Gréndal for hand- 
‘tribute ; that the principles of the Light Railway ling and briquetting magnetic iron ore will, it is 
Act should apply to canals; canals should be claimed, work still greater changes in the hand- 
enabled to supply water for power purposes ; that | ling of iron ore and the ore market than the basic 
the public should not acquire rights of paths and | method, which has done so much for the German 
jlight on the easy terms which prevail under the|iron and steel industry. The Thomas process 
existing law; and that railway companies should | made it possible to utilise the vast North Swedish 
be prevented from ——e canal termini deposits of phosphoric iron ore, though at a compara- 
owned by them for other than canal purposes. | tively low price (North Swedish C and D iron ores 
With reference to the improvements of existing are peated - quoted 4s. to 5s. lower in the English 
canals, Mr. Bartholomew held that vessels of the|and German markets than ore free from phos- 
sea going lighter type, of 400 to 500 tons, should phorus), but it is asserted that the Grindal process 
be enabled to voyage inland as far as possible ; that is will make ores containing much phosphorus equal 
to say, along the Trent to Nottingham, to Leeds! to those which are free from it, and may even 
and Wakefield by the Aire and Calder, and to place the former beyond the latter, inasmuch as 
Worcester by the Severn. He considered that im- hematite is rarely found so pure that it can com- 
proved waterways on judiciously selected routes | pete with 70 per cent. briquettes. These claims 
would be a great public benefit, especially if rail- appear somewhat sanguine. Practically speaking, 
| —_ were bound by Legislative enactment to dis- the ore briquettes are an entirely new commodity, 
‘tribute goods equitably from such waterways. | which is not quoted yet on either the English or 
From these inland ports 100-ton boats should go the German market. Several briquetting works 





prt yaree He also advocated the use of his| 
compartment system for the cheap transport of 
minerals. Trans-shipment of goods, which for- | 


| 
| 
i 


have been in operation in Sweden for the last year 
or two; but most of these have only made bri- 
quettes for their own use, and only very small 
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quantities have been exported. The annual output 
in Sweden probably amouuts to some 200, 
but as regards export, Norway has taken the lead 
of Sweden. The first shipment from the Dun- 
derland mining district went to England last 
September, and an output of as much as 2000 
tons a day from the Dunderland concern is, it 
is understood, under contemplation, in addi- 
tion to which large installations are planned at 
Salangen and in South Voranger. It is even 
thought that the annual exports of iron-ore bri- 
quettes from Norway might within a few years reach 
the large figure of 1,000,000 tons. There should, 
however, be no fear of over-production, as the 
market can probably do with almost any quantity. 
Iron-ore briquettes, it must be remembered, are not 
only good for mixing purposes, but high per cent. 
briquettes alone form an admirable material for 
iron production, as has been amply proved in 
practice at a couple of Swedish iron works. The 


new method is attracting much attention in Ger- | 
many, where coke is continually rising, and is 


deficient at prices leaving a margin. The immense 
increase in the pig-iron output is bound to further 
enhance the value of a system which means a 
saving in coal of 50 per cent. Some authorities 
think it may be of still greater importance for 
England, as it will enable this country to import 

hosphor-free ore to the English hematite works. 
The vast water power of North Sweden may become 
an important factor in this country’s future ore- 
briquette industry. 


REPORT ON THE SINKING OF THE ‘* M1Kasa.” 


The sinking of the celebrated flagship of Admiral 
Togo was one of the most dramatic incidents con- 
nected with the Russo-Japanese War, and the effects 
on the minds of the Japanese people were deepened 
by the mystery as to the cause of the disaster. Ugly 
rumours were started that it was the work of dis- 
contented Japanese sailors, and these were accepted 
by many foreigners who were ready to believe that 
Japanese, whose notions of national honour had 
not been realised, were capable of any act which 
showed their resentment. The Japanese Admi- 
ralty therefore determined to have all the circum- 
stances carefully investigated, and it has now pub- 
lished a statement in which everybody is exone- 
rated, and the suspicion that foul play had taken 
place is finally dispelled. This is the result of 
investigations made by two committees appointed 
by the Naval Department. The first committee 
discharged its duties while the ship herself was 
still at the bottom of the sea. Its conclusions 
were, consequently, more or less open to query ; 
but after the most careful examination it decided 
that no trace whatever could be found of mis- 


| falls, the Government obtaining a free hand as to 
| eee as to the purchase of some waterfalls in the 
| otala River was acted upon, although the road 
jand water construction department somewhat 
severely criticised it. The latter department 
urged that the installation in question would be 
too expensive: interest and amortisation of the 
urchase sum of the waterfalls would amount to 
4.67 kr. (5s. 3d.) per turbine horse-power for a 
maximum, and 11.8% kr. (13s. 4d.) for a medium pro- 
duction ; the total cost per year per turbine horse- 
power for interest, maintenance, and working 
would amount to 28.79 kr. (11. 12s.) for a maximum, 


| show, on the contrary, a perfectly smooth line at 


000 tons; such purchases. The railway department’s pro-|the boundary between the two metals. Ina supple- 


ment to his , Mr. Rosenhain has applied a 
similar method to an examination of the fractured 
surfaces of steel and iron bars broken in different 
ways, with a view to determine whether the frac- 
ture showed any tendency to pass through the 
pearlite rather than the ferrite component of the 
metal, or vice versé. In the case of ordinary tensile 
tests no distinctive preference for one constituent 
or the other on the part of the fracture could be 
established, but with bars broken by shock it ap- 
peared that the line of fracture avoided the pearlitic 
areas. 


and 73.03 kr. (4l. 1s.) for medium production. | F 
Even with efficient regulation, the actual figure for | Moror-Pinnack FoR PeaRi-FisHine. 

the full year would probably be an average of the| A small motor-pinnace, designed by Messrs. Linton 
above two figures, and this would consequently repre- | Hopeand Co.,of Adelphi House, Adam-street, Strand, 
sent the cost to the State forthe power drawn from | has recently made her trial trip on the Thames. 
the Motala Falls. This figure, then, would be about | She is to be used for the purpose of pearl-fishing 
50 kr. (2/. 15s. 6d.) per horse-power, subject, of | in Ceylon, and has been constructed to the order 
course, to no unforeseen expenses being incurred, | of the Ceylon Company of Pearl-Fishers. She is 
the possibility of which is considered not at all un-| an open boat 28 ft. long by 7 ft. wide, her dis- 
likely. The agreements about supplying the town | placement being 2} tons. She is strongly built, of 
of Norrkoping, and a couple of private concerns, | teak, and has a turtle-back forward. The speed 
with about 4000 horse-power, have also been some- | attained on trial was 7.77 miles per hour. The 
what severely criticised ; and it has been stated | engine is of 5-horse-power of what is known as the 
that the Government might even have to make|“ Dan” type. It works on the four-stroke cycle, 
further purchases of water-power in order to be/and is driven by paraffin. The boat is of inte- 
able to fulfil them. The railway department, it/ rest, as the ‘‘Dan” engine is comparatively un- 
would seem, is in no hurry to utilise the elec-| known in this country, although it has been 
tric power from the Motala Falls, for the pro-| extensively adopted in Denmark and the Scandi- 
posed new railway, Jerna- Nykoping - Norrko- navian Peninsula; no less than 1500 sets havin 

ping: is planned with steam locomotives, and not | been fitted for fishing - vessels, cargo - boats, an 

on electric working, although lying within | other commercial craft of various descriptions. It 
|the radius of the Motala Sama onsen It is is of the type in whieh no electrical ignition is 
| thought that this line would have been particu- used, neither is petrol needed for starting. A 
larly well suited for thoroughly and practically | Swedish blow-lamp,~ burning paraffin, is fitted, 
— electric traction to the test; instead of| and is used at first starting. By this the com- 
‘doing which, it looks as if the Government had | bustion-chamber, which acts as a vaporiser, is 
simply bought the waterfalls in question, one might heated up, the requisite quantity of fuel being 
almost say, on speculation, as the State Rail-| sprayed in by a pump, and exploded by the heat 
ways apparently do not mean to use the power at of the vaporiser, the necessary air being also 








present. It is, however, admitted that the price | admitted. Governing is effected by varying the 
|of coal may rise so materially that the proportion | supply of paraffin injected by the hese: -pump. 
| between coal and waterfall horse-power prices may|The lamp is put out of action after the first 
be altogether changed ; and in this case it is, of | few strokes of the engine, the heat of the vapo- 
course, advisable for the State to secure betimes| riser being maintained by the explosions. The 
a sufficiency of water-power. Their first purchase, | inlet-valves are automatic, and there is a half-com- 
however, as will appear from the above, has not pression cam to give ease at starting. The latter 
/met with universal approval. | and the fuel-pump are the only regulating arrange- 
'ments connected with the engine, which is ex- 
Tae Reat Nature or Suip-Banps. tremely simple in design, and consists of very few 
| Ina paper published in Part IL. of the Journal | parts. We recently made a short run on this boat 
of the Iron and Steel Institute for 1906, Mr. Rosen- | on the oy Thames, when the engine worked 
hain describes further researches as to the real | satisfactorily, and could be readily reduced to 
|nature of the slip-bands which are to be seen on|/a low speed. The absence of electric ignition 


conduct or culpable neglect on the part of any the surface of a metal when the strain to which it 
of the officers or men, and that the explosion had is subjected appruaches that corresponding to the 
originated in the port magazine, containing ammu- | yield point. he conclusions reached by Pro- 
nition for the ship’s 6-in. guns. As soon as the vessel | fessor Ewing and Mr. Rosenhain in their earlier 


was re-floated, the Naval Department appointed | 


another committee, and its inquiries have entirely 
confirmed the views of its predecessor. The ex- 
plosion is declared to have resulted from spon- 
taneous combustion, caused by a chemical change 
taking place in a part of the 6-in. ammunition 
stored in the port magazine. No suspicion what- 
ever rests on any of the vessel’s crew, or any 
person connected with the preparation or storing 
of the ammunition, and this opinion on the part of 
the committee will be welcomed, not only by the 


researches have been combated by some of the 
leading French metallurgists, and hence has 
arisen the necessity for further investigation. 
The controversy has turned mainly on the ques- 
tion as to whether the surface of the strained 
metal after the appearance of the slip-bands has a 
‘*stepped” or a ‘‘corrugated” structure. Mr. 
Rosenhain claimed it was ‘‘stepped,” the alter- 
native view being held by his opponents. He 
showed that the appearances presented in the 
microscope when the strained surface was examined 





|under oblique illumination was easily explainable 
|on his own hypothesis. M. Osmond, however, 
|found that when the illumination was very 
“we the peculiarities observed by Mr. Rosen- 
a 


Japanese people, but also by many of their 
admirers, who would have been much disappointed 
if anything had occurred during the war to put 
a blot on the chivalry which was one of the chief | 
characteristics of those who carried it on. The|hain were less marked, and accordingly still 
finding also probably helps to explain other| held to his previous contention. In his new 
mysterious explosions on board ships-of-war. The|experiments Mr. Rosenhain has succeeded in 
case of the Maine will at once be recalled, about | obtaining normal sections through the strained 
which a strong belief prevailed in the United States | surface, and the edge of this, when examined by 
that there had been foul play on the part of the | the microscope, presents a distinctly stepped 
Spaniards, and although no working theory could | appearance, which would thus seem to settle the 


ever be constructed for that belief, yet the public 
endorsed it, and history associates it with the 
most influential factors that caused the Hispano- 
American War. In view, however, of recent in- 
vestigations, there can be little doubt that the 
Spaniards were wholly innocent. 


Tue SwepisH Strate PorcHasE or Water 
Power. 
At the last session of the Swedish Parliament 
the Government asked for, and had granted, a vote 
of 5,000,000 kr. for the State purchase of water- 


controversy in favour of his views. The plan 
|followed by him is first to strain the metal till 
the slip-bands ap on the surface, and on 
this surface to deposit electrolytically a somewhat 
| thick deposit of copper. This, done, the whole is 
| cut through at right angles to the surface of sepa- 
ration of the two metals, and the section thus 
obtained is prepared for microscopic examination, 
which, as stated, shows the line of separation 
between the copper and steel to be distinctly ser- 
rated. Control experiments made in the same way, 
with the copper deposited on unstrained metal, 


is certainly a great advantage for marine work, 
as leads are very liable to go wrong when sub- 
ject to sea-water. This, and the simplicity of the 
engine generally, no doubt accounts for the suc- 
cess that has n achieved with fishing craft, 
especially the smaller sort, which cannot be ex- 
pected’ to carry a skilled engineer. The fuel 
consumption (paraffin) is stated to cost slightly 
over $d. per brake horse-power per hour, using 
paraffin at 6d. per gallon; whilst with Scotch 
shale oil the cost would be just over 4d. per brake 
horse-power hour. A ‘‘ Dan” engine of 26 horse- 

wer has also been fitted into a barge built on the 

umber. The vessel is 60 ft. 6in. long by 15 ft. 3 in. 
wide, and when loaded with 75 tons has a draught 
of 6 ft. The owners state that in river portions of 
the navigation the speed of the vessel, fully laden, 
is between 5 and 6 milesan hour. When loaded, 
and hauling another vessel of 80 to 90 tons, she 
travels 34 to 4 miles an hour; when towing two 
similar vessels, and also fully loaded, the speed is 
2} to 3 miles an hour. This engine has been in 
use between two and three years, and the owners—- 
the Sheffield and Yerkshire Steam Navigation Com- 
pany—say it has worked remarkably well. The 
two men on the boat were both brought up on the 
canal, and the man who runs the engine had never 
previously had any experience with an engine of 
any sort. We understand that Messrs. Linton 
Hope and Co. are making arrangements for the 
**Dan”’ engine to be manufactured on an extensive 
scale in England. 


- 





New Jetty ror Devonrort.—The construction of a 
jetty for receiving stores for ships ery | at Devonport 
is being expedited, and large concrete blocks are being 
fitted alongside the sea-wall. The work is within measur- 
able distance of completion. 
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YEAR-BOOKS AND ANNUALS. 


Willing’s Press Guide. London: Messrs. James 
Willing, Jun., Limited, 125, Strand, W.C. [Price 1s.] 
—This book has now been published for the 34th year 
in succession. It consists, as is well-known, of a guide 
and index to the Press of the United Kingdom, con- 
taining information relating to newspapers, periodicals, 
annuals, guides, journals, ings and transac- 
tions of the learned and scientific societies of Great 
Britain. It further contains a classified list whereby 
the names of journals, &c., ag Seg: any particular 


subject may quickly found. e book also gives 
the London addresses of provincial papers, and, con- 
versely the provincial addresses of London papers. 


Lists are also given of the Colonial Press, American 
and Continental papers. The addresses of reporting 
and telegraphing news agencies also form one of the 
most important features of the book. 





Calendars and Diaries.—We have received calen- 
dars and diaries from the following firms :— Messrs. 
G. M. Hare and Co., Bride-court, Ludgate - circus, 
E.C. ; Messrs. Seligman and Co., of Brighton Railway 
Approach, Clapham Junction, S.W.; the Lunken- 
heimer Company, of Cincinnati, and of 35, Great 
Dover - street, S.E.; the Alexandra, Newport, and 
South Wales Docks and Railways; Messrs. Merry- 
weather and Sons, Limited, London ; Messrs. W. H. 
Willcox and Co., Limited, 23, Southwark -street, S.E.; 
Mr. Harrison Ainsworth, 197, The Grove, Hammer- 
smith, W.; Messrs. John Rogerson and Co., Wolsing- 
ham, R.S.O., Durham; the Western Electric Com- 
pany; Mr. Thomas Howse, Union Works, Smeth- 
wick; The Seaton Carew Iron Company, Limited, 
West Hartlepool; Messrs. Peckett and Sons, Atlas 
Locomotive Works; Bristol. — The Campbell Gas- 
Engine Company, Limited, of Halifax, have sent us a 
neat pocket-diary, enclosing an accident and a bur- 
lary -insurance coupon.—The Electrical Power Storage 

mpany, Limited, of 4, Great Winchester-street, 
E.C., have, as in former years, issued a useful form 
of large blotting- pad, with diary and calendar 
attached ; the diary, in addition to the usual general 
information, contains a number of pages descriptive 
of the numerous types of storage batteries of which 
the company are makers. 





Srxreen Years’ Gotp.—Mainly through the increase 
in South African production as a result of a liberal 
importation of Chinese coolies, the imports of gold into 
the United Kigdom last year beat all records, represent- 
ing as they did a value of 46,042,590/. This imposing 

gate compared as, follows with the imports of the 
previous fifteen years :— 


Year. Value. Year. Value. 
& £ 
1891 30,275,620 1899 . 82,533,497 
1992 . 21,583,232 1900 . 26,190,873 
1993. 24,834,727 1901 20,715,628 
1804. 27,572,347 1902 21,629,049 
1896 ; 009, 1908. 28,657,393 
1896 . .. 24,468,580 1904 33,876,588 
1897 . 80,808,858 1905 . 88,567,896 
1898 .. .. 48,721,960 1906 .. -. 46,042,590 
The sharp contraction in the imports in 1899, 1900, 1901, 


and 1902 was, of course, the outcome of the great Boer 
War, which greatly affected our principal source of gold 
supply. The deliveries of gold to the United Kingdom 
from South Africa and Australasia were as follows for 
each of the last sixteen years :— 


Year. South Africa. Australasia. 
£ £ 
1891 2,489,618 4,280,159 
1892 4,300,327 8,157,231 
1898 5,325,239 3,707,324 
1894 7,364,305 4,852,970 
1895 8,353,913 5,865,317 
1896 8,002,355 4,605,867 
1897 18,621,336 10,604,052 
1898 16,768,997 7,566,249 
1899 15,014,631 5,055,630 
1900 378,626 6,458,918 
1901 1,962,283 5,566,724 
1902 7,946,698 5,462,349 
1903 14,020,244 6,817,784 
1904 16,342,357 4,687,135 
1905 21,286,374 4,046,835 
1906 hs é .. 25,718,708 7,038,148 
We receive also a certain amount of gold from British 


India; but it is a good deal affected, like the Australian 

deliveries, by movements occasioned by the adjustment 

of commercial balances, and the South African supplies | 
appear to be the most direct representation of actual | 
production. Thear ments made for the employment 
of Chinese labour in the Transvaal seem likely to work 
smoothly during 1907, but what is to happen later on is 
by no means so clear. The policy to be pursued is left 
very much in the hands of the Transvaal islature, 
which is greatly affected by racial influences. It is diffi- 
cult to su however, that an industry of such impor- 
tance as Transvaal gold-mining will be allowed by any 
body of politicians to drift toabsoluteruin. The successful 
introduction of more labour-saving 4 ~<a and larger | 
supplies of native labour also appear likely to render the | 
continued employment of Chinese coolies a matter of less 


importance, | 


THE NIPPON YUSEN KAISHA. 

Art the general meeting of the shareholders of the 
Nippon Yusen Kaisha o% Mail Company), held in 
Tokio on November 28, Mr. Kondo, the president of 
the company, was, notwithstanding the increasin 
competition, able to declare a dividend at the rate o 
12 per cent. per annum. He further explained that 
the dividend equalisation fund now amounted to 
3,300,000 yen, so that, in the event of difficult times 
in the future, he believed that the company would be 
able to maintain the dividend at the rate of 12 per) 
cent. The company, moreover, was endeavouring to) 
extend its business, and to improve its steamship | 
arrangements as far as ible. 





The following is an abstract of the accounts :— 
Yen. 
Balance brought forward ... 983,403,240 
Net profit... sts om 1,244,386.670 
Total ... 2,227,789.910 
Distributed as follows :— 
To reserves ... a sa its 62, 219.340 
To rewards for directors and 
ae aa” (10 me os “ 71,358.810 
‘o ©dividen per cent. per 
annum) es ee BA ... 1,100,000.000 
To special dividend (2 per cent. 
per annum) sa ha ...  220,000.000 
Carried forward 774,212,560 


Mr. Kondo said that at the beginning of the year a 
large number of steamers were released from the 
Government service, and there was a large surplus in 
shipping as compared with cargo; but the company 
did not suffer as much as was expected. He stated 
that the company’s Yangtsze service was keenly con- 
tested by the British, French, and German, and other 
shipowners, and he believed that foreigners were 
inclined, after the late war, to over-estimate the 
importance of everything Japanese. It was no ex- 
aggeration to say that every action of the company 
was keenly watched by foreigners, and it ought there- 
fore to be extremely cautious and circumspect in 
taking any measure. 

The coasting services had suffered from the decrease 
of catches of fish in the northern waters, the scarcity 
in the movement of rice, and the lowering of the 
freightage, due to the competition of other shipowners, 
resulting from the increase of shipping. The Far 
Eastern services were an index of the increasing 
tendency of the trade in general. Exports from 
Chinese ports were not so large, owing to the 
appreciation of silver. It was, however, an incentive 
to the prosperity of the export trade of Japan. Korea 
attracted huge cargoes from Japan, owing to the in- 
creasing emigration of the Japanese thither and to the 
internal development of that country. New services 
had been started between Hong Kong and Bangkok, 
Yokohama and Hankow, Kobe and Tairen, Osaka and 
Gensan, and Osaka and Chinwampho, and they have 
all met with a fair measure of success. 

The European lines are now maintained by twelve 
steamers plying a fortnightly service, as in the ante- 
bellum period. In the outward trips the line can obtain 
sufficient cargo nowhere, either in Japan or at inter- 
mediate ports. But on the return trips freights are 
so abundant that the company engages as many as 
nine extra steamers for the one-way navigation. All 
these steamers are almost always carrying a full cargo. 
On the American line the subsidised four-weekly 
service between Hong Kong and Seattle was re- 
opened, in addition to the line between Japan and 
America. Taken together, the American line has been 
restored to the fortnightly service of the ante-bellum 
period. The Australian line was restored to a four- 
weekly service by three steamers; and notwithstanding 
the increased competition, the steamers carried larger 
amounts of cargo, both on their outward and return 
trips. This, Mr. Kondo says, is due to the increase of 
Japanese-Australian trade, and to the superiority of 
| the company’s steamers. The Bombay line was made 
|a fortnightly service, run by six steamers, and they 
| obtained sufficient cargo owing to the increase of the 
| Japanese demand for cotton, and of the Japanese 
| cotton-yarn to be exported to China. In the outward 
trips, the exports from Japan to India and intermediate 
ports showed a considerable increase. In all the lines 
there was a conspicuous increase in passenger traffic. 
The term covered by the report was a transition 

riod from war time to peace; and considering the 

ifficulties, the figures of the balance-sheet showed 
that it had been managed with considerable success. 
The company is desirous of still further improving its 
services, and has ordered from Japanese shipbuilders 
six steamers, each displacing 8600 tons. Their con- 
struction will be completed in 1908, and they will be 
for from the existing surplus, and the sinking 
und for vessels. 











Taunton.— Extensive alterations and improvements at 
the Taunton Railway Station are contemplated in con- 





nection with a new route from that town to London vid 
Langport and Castle Cary. 


ROYAL METEOROLOGICAL SOCIETY. 


THE annual general meeting of this society was héld on 
Wednesday evening, the 16th inst., at_the Institution of 
Civil Engineers, Great ety egy | Westminster. 
The of the Council for the past year, which 
showed the society to be doing a considerable amount of 
useful work, having been adopted, the President, Mr. 
Richard Bentley, delivered an address on ‘* Weather in 
War Time,” showing on upwards of three hundred occa- 
sions how greatly the course of history was influenced by 
weather conditions. Often invasions were frustrated, or 
greatly impeded, from the time of the destruction of the 

leet of Mardonius at Mount Athos, or of Xerxes off 
Eubcea, to the three successive Spanish Armadas threaten- 
ing these islands, the Prince of Orange’s descent upon 
England, or the French invasion of Ireland. Fogs also 
3 age an important part in history, and were respon- 
sible for the deaths of such t men as Sir Philip 
Sidney at oe of the Sredish king, Gustavus 
Adolphus, at Lutzen; and of another veteran soldier, 
Marshal Keith, at Hoch Kirch. Still, fogs were also 
turned to account. Lord Anson, in a single shi 
ish treasure, slipped unperceiv 
ee the entire French fleet, and the great Duke 
of Iborough contrived to get his army across 
the Scheldt in the teeth of the enemy in a river mist. 
Reference was made to the difficulties overcome in cross- 
ing the snow on the Alps by Hannibal, Napoleon, 

Souvaroff, and Macdonald, and also to the 

march of Colonel an by Sikhs to the relief of Chitral. 
The army of Frederick the Great was nearly snowed up 
at Mollwitz, and Marshall Wade’s actually was, on one 
occasion in the Cheviots. Mention was also made of the 
hailstorm which smote Richard the Firet’s men at 
Ascalon, and of the sleet-storms at the battles of Hohen- 
linden and Eylau, and of the savage weather during the 
memorable retreat from Moscow. The important part 
played by ice was shown by the Swedish army on one occa- 
sion invading Denmark across the frozen Baltic, and by 
the Russians in 1809 similarly crossing over the frozen sea 
to Sweden ; also the ice inclines in the passes prepared to 
hinder the Hungarians from crossing the Balkans, and the 
great ice forts built by the Austrians in Tyrol, which 
could neither be clambered up nor shattered, and were 

roof against all the French attacks. The capture of the 

utch Fleet by cavalry galloping round the ships was due 
to the exceptionally severe winter of 1864-5, during which 
our troops in Flanders suffered so much. Another instance 
of ice in time of war was at the Lake of Tellnitz, which 
was the cause of a tragic episode in the great battle of 
Austerlitz. Instances of campaigns carried out at times of 
intense heat were given from the time of the Emperor 
Julian to the recent war in Manchuria, of troops perishing 
in dust storms, and of mirages in the desert. Some historic 
thunderstorms were also mentioned, from the periods of 
Crecy and of Marston Moor, to those of the Peninsular 
War, and at Quatre Bras. Even instances of earthquakes 
during battle were quoted, two of them in comparatively 
recent times. Wind was turned to account from early 
days by the Moors to surprise a fortress, down to the 
assault on the Royalists at Quiberon, and by its power of 
lowering the water for the capture of Stralsund in the 
Baltic, and Perekop, in the Sea of Azof. Many battles, 
too, have been fought during storms, from the days of 
Malmesbury and Towton to those of Culloden and Sol- 
ferino. Two t naval victories were gained in the 
height of the tempest, one by Lord Hawke and one by 
Lord Rodney. During one storm some unhappy nuns on 
board the fleet of Sir Thomas Arundel! were thrown over- 
board by the superstitious sailors, but without averting 
the destruction of the vessels. 

During the meeting Dr. H. R. Mill was elected Presi- 
dent for the ensuing year, and Mr. F. C. Bayard and Mr. 
H. Mellish, secretaries. 








New WEsTMINSTER.—The Canadian Pacific Railway 
race oe A is planning important extensions of its wharves, 
freight-sheds. and dépéts at New Westminster, British 
Columbia. The Great Northern Railwa ag ard of 
the United States is also buying land at New Westmin- 
—. with a view to the establishment of engine and car- 

Ops. 





A PrnpuLum Hanp-Levet.—A simple form of level 
for field rg has been invented by Mr. George G. 
Townsend, of Frostbury, Ma., U.S.A. It consists of a 
brass tube, at each end of which is fitted an eye-piece 
containing a peep-hole and cross-hair, the tube being 
pivoted to a wooden staff and kept in a horizontal posi- 
tion by a metal pendulum, The whole instrument is light, 
easily adjusted, and convenient to use. The len; of 
the staff on which the instrument is fixed is such that 
the cross-hairs are just 5 ft. above ground, which has been 
found a convenient height for most men to use. The 
instrument is adjusted by taking a —~ through the 
peep-hole at one end, and over the cross-hairs at the other 
end, and marking some distant object. If, when the 
instrument is reversed, the line of sight still cuts the 
object in the same horizontal plane as before, the instru- 
ment is in adjustment. Should the line of sight, how- 
ever, not hit the object at the same level as when looking 
through the o ite end of the tube, the cross-hair 
is, by means of a thumb-screw, brought to half the dis- 
tance between the two sights. In this way the adjust- 
ment is quickly made. The instrument is said to be 
useful for running grade lines for tramroads, high roads, 
and incline planes, and also for taking cross-sections, 
staking out culverts and side ditches, and for checking 
finished work. It is claimed that work may be gone 7 
it more quickly than with the ordinary engineer’s level. 
The above particulars are taken from the New York 
Engineering News. 
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20-IN.-STROKE SHAPING-MACHINE. 


CONSTRUCTED BY MESSRS. HARRISON AND HORSLEY, 
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On this page we illustrate a shaping-machine manu- 
factured by Messrs. Harrison and Horsley, Pomona 
Iron Works, Cornbrook-road, Manchester. It has a 
stroke of 20 in., and has been designed with a view 
to great strength and rigidity. A general idea of the 
machine is given by the perspective view, Fig. 1, 
which is a reproduction from a photograph, while 
the line drawings, Figs. 2 and 3, show to a larger 
scale sections through the automatic down-feed to 
the tool-box, which is seen on the side of the 
head in Fig. 1. The action of this arrangement 
is simple, and may be followed from the drawings. 
The feed is actuated by an adjustable pin seen in front 
of the slotted disc on the side of the head, Fig. 1. “An 
arrangement of single and double gearing is provided, 
and the gear can be changed by the lever at the back of 
the bed, as shown in detail in Fig. 4 and Fig. 1. This 








~ 


change can be made while the machine is in motion. 
The table is of a very substantial form, and is made 
so that work can be fixed either on the top or 
on the sides. It is supported at its outer end by an 
adjustable block, by means of which great rigidity 
is secured. The vertical motion of the table is 
obtained by means of a rack and pinion, the latter 
being actuated by a worm and worm-wheel, a vertical 
spindle, and a ratchet lever, the ratchet lever being 
hows towards the top of the bed in Fig. 1. The hori- 
zontal movement of the table in either direction is 
obtained by a screw which is turned by a ratchet-wheel 
actuated by a system of levers from gearing near the 
coned pulley seen at the right-hand lower corner of 
our illustration (Fig. 1). 


These machines are manufactured in nine sizes,! project has been killed. 


ranging from 6-in. stroke to 24-in. stroke. 
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INDUSTRIAL NOTES. 


THERE are several indications of a probable united 
effort being made to effect a great trade-union revival 
during the current year. An important conference is 
to be held in London shortly, with the view of bringing 
the unskilled and semi-skilled labourers’ unions into 
federation or amalgamation, so as to be able to 
take collective action when such shall be deemed to 
be necessary. In this connection a far-reaching pro- 
pegande is likely to be proceeded with, so as to 

ring into the unions the many thousands that now 
stand aloof. There are in existence several unions 
which take in members of various industries, without 
any distinction as to occupation. This is considered 
by many to be undesirable, but in reality the Amalga- 
mated Society of Engineers embraces several branches, 
all of which are set forth in the rules. In the present 
case the ulterior object seems to be to extend the 
organisation of labour, especially among the unskilled. 
The recent action in South and North Wales in forcing 
non-unionists into the two federations representing 
respectively the South and North Wales miners is 
acting as a stimulant upon organised labour. In the 
cotton industries of Lancashire, and also in the coal- 
mining districts, there are indications of a possible 
attempt to follow the example of the Welsh miners. 





The various Socialist and labour unions and associa- 
tions in London are organising their forces for the 
coming elections of the London County Council, and 
the Metropolitan District Council of these bodies has 
issued a manifesto setting forth the objects and aims 
of the Labour Party. The one t purpose is to 
defeat those candidates who desire to prevent the 
growth of municipal organisation and enterprise, which 
the Labour Party seek to extend in all directions. The 
manifesto enumerates several ways in which they think 
it should be done. It asks for power to be given to 
the County Council to own farms, and supply pure milk 
and other dairy produce in bulk to the Borough 
Councils and to individual customers; also to take 
over the coal supplies of London, with power to own 
the mines. It, moreover, asks for power to own great 
central and local markets and public slaughter-houses, 
and other important matters. It advocates a wide 
extension of the Metropolitan area, and a unification 
of the numerous Borough Councils and other local 
bodies over the whole area. This is a large order, and 
it is one likely to defeat the object aimed at. The 
recent experience in dealing with the snow all over 
London does not afford evidence of great administra- 
tive ability or capacity. Most people think that the 
County Council is already too full-handed. The steam- 
boat service was a failure, and some of the Council’s 
improvement schemes make little headway. 


A t wave of prosperity was experienced in the 
United States last year. In the Month of May, and 
again in October, the proportion of unemployed in the 
1226 trade unions making returns fell to 0.8 per cent. 
of the total. In November there was an increase, but 
the proportion did not reach 2 per cent. The pro- 
sperity in this respect was much ter than in 1905. 

e President of the American Federation of Labour 
makes a bitter onslaught upon the “ship subsidy 
gang.” They are publicly accused of employing every 
gross artifice to gull the public. It is said that the 
Documents and facts in 
profusion are cited by President Gompers in sup- 
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rt of his action. His op 
abour in the construction of the Panama has 
been endorsed by the special commission, and it is not 
thought likely that Congress will pass the measure. 
The writer of the article in this month’s American 
Federationist shows a thorough acquaintance with all 
the facts and history of the scheme, and he offers a 
solution of the labour difficulties. The report of the 
special committee of the recent t convention of 
labour at Minneapolis on ‘‘ Labour's Political Cam- 
paign” is given in full. The action of President 
Jompers, and of the executive of the American Federa- 
tion of Labour prior to the meeting of the Convention, 
is endorsed, and the plan of campaign ratified. The 
‘*economic programme” is set forth in full under 
nineteen heads; in no part can it be described as 
socialistic in the sense in which that term is used in 
Britain. 


The report of the Amalgamated Society of Carpen- 
ters and Joiners for this first month of 1907 is not 
very oman, The aggregate membership was at 
date 67,159. Of these, 4370 were on unemployed 
benefit, 1900 on sick benefit, and 2517 on superannua- 
tion allowance, or a total of 8789 members sustained 
from the funds. With the volume of our trade increas- 
ing in way all directions, this union is still suffer- 
ing from lack of employment. At a large concern in 
Nottinghamshire the manager gave notice to the joiners 
that the members of the union must leave the society, or 
they would be discharged. The men refused, and they, 
including the foreman, were dismissed. In reply toa 
letter from the executive of the union, the manager 
replied that it was not his intention to employ society 
men. It is reported that the Conciliation Board on the 
Wear had granted Is. per week advance in wages, which 
brings the weekly amount up to 38s. 6d. per week. 
The question of Labour representation in Parliament, 
and the relationship of the society to the Labour 
Party, by affiliation, are subjects of debates and reso- 
lutions in some of the branches. The complaints 
arise out of the contributions to the bodies and the 
objects referred to. Some of the members seem to 
think that they should enjoy all the advantages to 
be secured, and yet bear no share of the cost. This, 
of course, cannot be done, neither in business nor 

litics. The union has already one representative in 

arliament, and one other has been adopted as a pro- 
spective candidate in another constituency, Whether 
it is wise or prudent for this action to be taken by 
trade unions is quite another question ; but, if taken, 
it must be paid for. 





The Ironfounders’ report for the current month states 
that trade throughout last year was good; the average 
proportion of unemployed on the funds was 3.6 per 
cent., whereas in 1905 it was 7.1 r cent. Again, 
there was ‘‘ a goodly number of stalees, some of them 
of lengthy duration,” in the year; this, of course, 
caused an increase on donation benefit, or the per- 
centage of unemployed would have been smaller than 
it was. There was an increase in the balance at the 
close of the year of 1955/. 17s, 6d. This would have 
been 1500/. more if the accident and report levies had 
not been abolished. Then the union paid extended 
benefits in dispute cases, and in the case of holidays. 
If increased benefits are given, and levies remitted, the 
increase in funds cannot be expected to be in the 
same proportion yearly as formerly. There was an 
increase on donation benefit in the month of 594, but 
the report argues that it was due to temporary causes, 
and to the holidays, and not to any slump in trade. 
Indeed, the prospects appear to be good for the present 

ear. The aggregate number on the funds was 3581— 
increase, 714. Of that increase, 594 were on donation 
benefit, 120 on sick benefit, a decrease of five on super- 
annuation allowance, and an increase of five on dispute 
benefit—the total being, at the close of the year, 223 on 
dispute benefit. There were at date ~— shops 
closed to members in various parts of the country. 
The returns as to employment show changes in several 
respects, but, on the whole, they show only a little 
decline. In twelve places, with 1638 members, trade 
was from very slack to very bad; in the previous 
report there were fourteen places, with 1385 members, 
similarly described. In all other places the state of 
trade was from very good to dull. There was a gain 
of 790 members during last year, the total being 
19,264 at the end of the a The weekly expendi- 
ture on benefits amounted to 1407/. 16s. 2d., or over 
ls. 7d. per member per week. The total cash balance 
on December:31 was 91,1)8/. 16s. 3d. 


The report of the Operative Cotton-Spinners’ Asso- 
ciation shows that e continues who in that in- 
dus The proportion of out-of-work members on 
the funds was 1.63 per cent.; previous month, 1.52 per 
cent.; but the holidays affected the present return. 
In addition, only seven members were temporarily on 
the funds through stop The united membership 


was 16,265—loss of one in the month, but an increase of 
206 in the year. The complaint is that the piecers do 


not increase as union mem There 


ition to indentured | were 22 dispute cases dealt with by the officials, 31 in | sented themselves for employment. 


the previous month, and 30 in the same month a year 

. There were 38 accident cases ; 51 in the pre- 
vious month, and 45 in the same month a year ago. 
In addition there were 25 claims for compensation— 
same as previous month—and 28 in the same month a 
year ago. The total number of claims since the Act 
came into force, in 1897, amounts to 1606. The total 





| and many of the lodges did not vote, or make returns 
| if they 


gain in funds in the month was 1062/. 18s.8d. All 
the compensation claims a to have been mutually 
and satisfactorily arrang tween the parties. 


The Durham Miners’ Monthly Circular is more than 
ordinarily important. Mr. John Wilson, M.P., the 
general secretary, has to give reasons why the vote for 
the abolition of the Conciliation Board should be recon- 
sidered. The majority vote for its abolition was small, 


id. Mr. Wilson pleads for the reconsidera- 
tion, and gives solid reasons for his action. It would 
seem that the Durham Miners’ Association is ex- 
periencing a crisis, and it needs a level head to deal 
with the growing desires of many of its members to 


upon all points, including the legal enactment of the 
eight-hour day. 

The Independent Labour Party is booming just 
now. About a month ago a donation of 1000/. was 
offered to the funds if that Party could obtain an equal 
sum ata given date. Before that offer expired it is 
reported that 1225/. had been obtained, therefore the 
1000/. was given, making a total of 2225/. It is hoped to 
make up the amount to 3000/. before Parliament meets. 
It was thought that the Independent Labour Party and 
the Parliamentary Representation Committee had been 
merged in the Labour Party, but it is easy to see 
how tenaciously the former clings to individuslity in 
respect of name. To be lost in collectivism would 
seem to be regarded as a disaster, and so they go on 
preaching collectivism for all else, but wish to retain 
their individualist character. No one grudges them 
the distinction ; it only shows that collectivism is not 
quite the garment of their peculiar choice. 


Although apparently the North Wales strike against 
non-unjonists appears to have ended, there are still the 
summonses to be dealt with for alleged breach of con- 
tract. The men gave a collective notice of intention 
to cease work on a given date, unless meanwhile the 
non-unionists joined the union or federation. The 
colliery proprietors in one instance insisted that a col- 
lective notice was not binding, but that each miner 


come into line with the National Federation of Miners | 


Great distress 
has prevailed in the district by the prolonged cessation 
of work. To alleviate this distress French trade 
|unionists in other districts are carrying out the 
“paternal” principles they profess, and are taking 
the strikers’ children into their homes ; in Paris there 
| was quite a demonstration when numbers of them 
|arrived. It is doubtful if British workmen would go 
| so far as this in aid of a strike. 





The prohibition of railway employés in the Trans- 
vaal from takin t in the coming election is creating 
a good deal of indignation in the new colony and in 
labour circles. Their vote is important in view of 
the fact that the first Assembly under the new Con- 
stitution will virtually decide the fate of Chinese 
labour in Rand mining districts. The prohibition is 
contained in Circular 199, which Lord Selborne has 
refused to modify or withdraw. A vigorous political 
campaign is going on. 

A strike of some 5000 textile workers at Orizaba, in 
Mexico, has led to rioting and the firing of a mill. The 
troops were called out, and they fired upon the people, 
killing thirty and wounding eighty in the first two 
volleys. The crowd then fled. 





The joint committee of the Parliamentary Committee 
of the Trades Union Congress, the General Federation 
of Trade Unions, and the Labour Party have passed a 
resolution to limit the creation of new trade unions. 
This attempt to restrict the liberty of men will sure 
to be resented. Suppose such a resolution had been 
in force prior to 1889, where would the labour unions 
which now pass such a resolution have been to-day ? 


The directors of the Great Eastern Railway Com 
pany have voluntarily increased the wages of head 
passenger and goods guards, first-class and special 
class signalmen and local goods guards by 2s. per 
week in all cases of ten years’ service and over. 
Men of eight years’ service are advanced Is. per week, 
and on attaining ten years’ service another ls. per 
week. This isa good example and ought to evoke a 
desire to work well, 





The Building Operatives’ strike in Melbourne was 
settled last week, and the men resumed work. The 
strike lasted ten weeks, without disorder or violence. 





Nearly 200 weavers at Moss Mill, Preston, struck 





should serve a notice. The dispute has resulted in 
summonses being issued tc nearly 2000 men. At/| 
first only two large collieries took proceedings ; now | 
three other collieries have taken action. The question | 
at issue is the validity of collective notices on the | 
part of the men. 

The position and prospects of the iron and steel 
trades appear to be very bright at present. The| 
quarterly meeting in the. Midlands was exceedingly | 
well attended, and the market was very buoyant. it | 
is stated that there were very few complaints to be | 
heard, either with regard to demand or prices. 
Business is more remunerative than for a long time | 
past. Profits are larger in some departments than in | 
others, but, on the whole, they are sufficient to prevent 
the usual os about the state of trade. The 
list bar-makers did not advance their rates, as some 
expected, but there was Gouly an upward trend in 
prices. Tinned sheets were advanced 20s. per ton, 
and tin-plates ls. per box, and iron and steel wire 20s. 
perton. The demand for high-class iron was very 
brisk. All sectional steel, such as boiler and girder | 
plates, joists and angles, &c., was advanced 53. per 
ton. It appears that the tone of the market repre- 
sented all parts of the country as regards the pros- 
perous condition of the iron and steel trades. 





The dearth of younger operatives in the cotton 
industries of Lancashire is causing some inconvenience 
in several districts, and various remedies are suggested. 
If, as many suggest, youthful workers of both sexes 
are to be allowed to work long distances from their 
homes, t care should be taken that the conditions 
of life shall be made such that neither their physical 
nor moral character shall be endangered. There ought 
to be enough moral fibre in Lancashire to see after this; 
and the various trade unions ought to take a leading 
part in seeing to it that the young workers shall not 
suffer. There is danger where boys and girls are 
drafted from their homes to live among strangers, who 
have no interest in their welfare. The profits in the 
cotton trades at — are sufficient to give a margin 
for the welfare of the young workers. 





A striking feature has developed in connection with 
the French boot and shoe-makers’ strike at Fougéres, 
where some 7000 operatives are out. 
were opened last week for such as desired to resume | 








as they ought. 


work, but only about 10 per cent. of those out pre- | 





The factories | ha 


work last week ; the dispute arose over alleged bad 
material. The officials of the Weavers’ Union had 
for three months been endeavouring to negotiate to 
obtain a better class of material or an advance of 10 
per cent. in wages. As no satisfactory arrangement 
was arrived at, the union authorised the strike. 








GERMAN SHIPPING IN 1906.—A generally exceedingly 
well-informed German paper gives the following informa- 
tion about the probable result of German shipping for 
1906. The companies are arranged according to their 
capital. The North German Lloyd, Bremen (capital, 
125,000,009 marks), earned 2,500,000 marks more during 
the first half-year of 1906 than during the corresponding 
period of the previous year. The rest of the year has 
also been satisfactory, and the dividend will probably 
be 8 per cent., against 74 per cent. for 1905, with con- 
siderable additions to various funds. The Hamburg- 
America line, Hamburg (capital, 120,000.000 marks), will, 
no doubt, pay the same dividend for 1906 as for 1905— 


| viz., 11 per cent. The Steamer Company Hansa, Bremen 


(capital, 20,000,000 marks), last year paid 9 per cent., but 
is not ex to pay so much this year, having had 
various difficulties to contend against. The German-Aus- 
tralia Steamer Company, Hamburg (capital, 12,000,0000 
marks), will probably pay the same dividend for 1906 
as for 1905—viz., 8 per cent. The Hamburg - South 
America Steamer Company, Hamburg (capital, 11,250,000 
marks, which will gone | soon inc to 
15,000,000 marks), will probably pay 10 per cent. divi- 
dend, same as for 1905. The rman Steamer Com- 
pany Kosmos, Hamburg (capital, 11,000,000 marks), paid 
10 per cent. for 1904, 14 per cent. for 1905, omd will 
robably pay 15 to 16 per cent. for 1906. The German 
st Africa Line, Hamburg (capital 10,000,000 marks) 
= 4 per cent. for 1905, but may not pay as much 
or 1906. The Steamer Company Arzo, Bremen (capital, 
7,000,000 marks), is expec to Poy, 4 per cent. for 1906 
after several less good years. he German Levant 
Line, Ham (Capital, 6,000,000 marks), has paid no 
dividend for the last three years, but is expected to 
Ray 2 or 3 per cent. for 1906. The Steamer Company 
eptun, Bremen (capital, 3,500,000 marks), will probably 
poy 6} per cent. for 1906—same as for 1905. The United 
ug Steamer Company, Hamburg (capital, 2,000,000 
marks), is expected to pay 6 to 7 per cent. for 1906. 
The new Roland Line in Bremen is hardly expected to 
y any dividend for 1906, having only existed for a year ; 
Bat, on the whole, 1906 has been a good year for German 
where the dividends in some cases might 
her, the reason for ej them. down is 
the application of some of the surplus of the year to the 
acquirement of new boats. 


shipping, and 
hom i 
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ATERIALS FOR ELECTRIC MACHINERY.* 
Selection and Testing of Materials for Construction of 
Electric Machinery. 
By Professor J. Epstein, 


Ir will readily be conceded that the selection and test- 
ing of all materials necessary for the construction of 
electric plant and machinery, as well as the testing of the 
complete machine or apparatus before putting into regular 
service, is of the utmost importance, both to the user and 
the manufacturer. 

Asa rule the purchaser of the machinery is only able 
to carry out tests with the finished article, while the 
manufacturer, on the other hand, is not only in a position 
to test it step by step during its construction, but also to 
exercise control over the quality of materials used, either 
accepting or rejecting them according to their suitability 
or otherwise for the purpose in view. The latter is, there- 
fore, well able to guarantee that the machine when com- 
plete will fulfil the specified requirements. 

In the first place the selection of material requires the 
exercise of the atest judgment on the part of the 
manufacturer. It is not always the most expensive 
qualities which will best answer his poe, as it may 
happen that these are unsuitable for the special work in 
view, especially when one reflects that the supplier of the 
material for the construction of electric machinery is 
usually ignorant of the working conditions, and of the 
particular stresses to which it will afterwards be subjected, 
these being generally known to the user only. 

The material which plays the most important part 
in the construction of electrical machinery is copper, 
which must be used in its purest state in order to obtain 
a good conductivity. Provided, therefore, that copper 

the requisite conductivity, its suitability for 
electrical purposes is assured, 

In measuring the resistance of copper the temperature 
of the sample to be tested must first be allowed to 
assimilate itself to that of the laboratory, and no readings 
should be taken until the sample has acquired the tem- 
perature of its surroundings, 

The cross-section of round wire is generally obtained 
by means of a micrometer. In cases where the diameter 
is very small, weighing may be resorted to. With wire 
of a section other than circular, allowance must be made 
for the rounded edges. From a large number of readin 
taken in the author’s laboratory it was found that for the 
usual sizes of copper strip the cross-section may be taken 
as equal to (h—0.35) x 6, where h and } represent the 
greater and smaller axes of the strip in millimetres. 

It has been proposed to specify only the resistance per 
metre, and, if the specific resistance proved to be above 
normal, to allow the contractor to compensate for this by 
increasing the cross-section of the material under con- 
sideration. Such an arrangement might answer in the 
case of cables, where the price is fixed by the length, but 
it cannot be adopted in the case of machinery, for the 
reason that plain copper is usually bought by weight, con- 
sequently the worse the quality of the copper the more 
costly it would be for a given length. oreover, the 
greatest accuracy of gauge is required in building a slot- 
wound armature, and in the construction of field-coils. 
Depth and width of the slot are calculated toa tenth of a 
millimetre, and any i larities in the dimensions of 
the ~ =n strips and insulation would make it impossible 
to fit them in the slots as intended. The speed of shunt- 
wound motors also depends upon the diameter of the wire 
on the magnet-poles. It is, therefore, absolutely essen- 
tial that there should be no appreciable variation in the 
dimensions of the wire. 

Fig. 1 represents the results which have been compiled 

: PERCENTAGE DEVIATION OF WIRE 
Fig.1. FROM SPECIFIED DIAMETER. 





from tests carried out in the Felten and Guilleaume 
laboratory, and it shows the percentage of deviation of 
the diameter of the wire from that specified bythe makers. 
It will be observed that the sample indicated by © is in 
general more reliable in this respect than the sample indi- 


cated by .s 

The conductivity of copper being dependent on its 
purity, and the manufacture of pure copper having long 
»9en practicable, it follows that no great improvement in 





: Paper read before the Institution of Electrical Engi- 
neers. 


| others, 


high conductivity drawn copper is to be anticipated in 
the future. Therefore, although copper wire and bars are 
the most important materials in dynamo construction, the | 
determination of their qualities presents little difficulty 
in the laboratory, as but few tests are required for this 
Pre a . ad 
e specific conductivity of cast copper may, on the | 

| other hand, vary from about 40 per cent. to 85 per cent. | 
in the Matthiessen scale. When a young laboratory | 
assistant finds the conductivity of a piece of cast copper | 
| to be 85 per cent., he would be likely to consider it excel- 
lent ; but if the experienced workman detects porosity, he | 
will rightly pronounce it bad ; in such a case, as in many 
one is apt to be misled by a purely physical teat 

made in the laboratory, 

Resistance materials, like German silver, manganin, 
&c., show even greater variations than copper, the specific 

| resistances varying from 0.3 to 0.8 unit. Whether a 
| higher or lower specific resistance is more suitable for the 
work is a matter of calculation. When the resistance has 


| decided upon, special tests and experiments are 
needed to discover what alloy will give the best results as 
regards stiffness, elasticity, ageing, &c. The proper 


| function of the laboratory is to ascertain if the dimen- 
sions and specific resistance are in accordance with the 
specification. 

The variation in the specific resistance above or below 
normal can be compensated for by —— proportion- 
ally the weight of the material—that is, with a less than 
normal specific resistance the lengtth must be increased, 
while with a higher than normal ee the 
cross-section must be increased. In reality the risk is 
less with a specific resistance above the normal, since in 
the majority of cases rheostats are provided which must 
be capable of regulation down to zero; hence the higher 
specific resistance will not affect the regulation. It is 
only very rarely necessary to take into consideration the | 
possibility of an overload beyond the limit of thermal | 
capacity. 

n contrast with copper, where the purest is the best, 
the quality of iron is by no means always de jiated by 
the introduction of foreign elements. On the contrary, 
there is great scope for improvement by introducing 
other substances, such as carbon, silicon, aluminium, &c, 
There is another point which makes the question of iron 
more complex than that of copper; with copper we are 
interested only in its conductivity, whereas in the case of 
iron there are three magnetic and electric qualities of 
importance—namely, magnetic permeability, magnetic 
hysteresis, and electrical conductivity. 

As long as the magnetic flux is constant, permeability 
alone is of importance, Although there are some kinds 
of cast iron or cast steel which are peateny non- 
magnetic, one can, as a rule, obtain from every 
foundry cast iron suitable for electric machines. e 
higher the pare and the higher the point of 
saturation, the better, of course, the iron. In designing 
a machine for a given flux, both iron and copper will be 
saved, and efficiency will be gained, by using an iron of 
| good permeability, and having a high degree of saturation. 

If, however, after construction the iron proves better 
in these respects than was expected, it will be too late 
to take advantage of this, as the structural details of the 
machine will have been settled. The speed of motors 
will be less than the required speed, which will have to 
be compensated for by introducing an additional resist- 
ance, while with dynamos it will be necessary to vary 
the field resistance. Therefore, to use iron of better 
magnetic quality than one ordinarily expects only leads 
to trouble and expense. 

Toacertain extent the quality of the delivered material 
will necessarily vary, and, accordingly, we must cal- 
culate the ampere-turns for the worst quality expected, 
and make allowance by constructing the variable field 
resistance for the best quality. What is, therefore, re- 
quired and appreciated is an iron of high constant quality. 

Fig. 2 shows the magnetisation curve for a good and 


Fig.2. MAGNETISATION CURVES FOR CAST IRON AND 
CAST STEEL OF DIFFERENT QUALITIES. 


Magnetic Induction. 
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for a bad quality of cast iron, and the same for special 
cast steel, as observed in the author’s laboratory among 
the samples received for regular test. he difference 
between the curves seems very small with the cast steel ; 
the magnetisation, for instance, for 50 ampere-turns per 
centimetre varies by only a few per cent. But the chief 
agen of interest is the number of ampere-turns required 
or a given B, which, for instance, for B=17,000 lines 
per square centimetre, differs by 40 per cent. for the two | 
samples of steel. 

It isimportant in comparing the materials and factors of 

| Safety to refer to the right factor. In investigating the per- 

| meability of ordinary castiron theauthor would recommend, 








as a characteristic figure, to take the number of ampere- 
turns per centimetre required for B=9000, and, as regards 
special steel, those required for B=17,000. For measur- 
ing the permeability of cast iron and steel the ballistic 


method appears the most convenient. The best results 
would be obtained 4 using large rings, having a radius 
approximately equal to five times the thickness of the 


actual ring coil, but for practical reasons the yoke arrange- 
ment is to be preferred. As remanence is not of much 
importance, the magnetisation curve obtained by revers- 


| ing the magnetising current should be noted. This curve 


has the advantage over the hysteresis curve, obtained step 
by step, that each point is in itself absolutely correct 


| and does not suffer from cumulative errors. 


The question of remanent magnetism in field frames is 
generally of secondary importance, as consideration of 
this only becomes necessary when dealing with some self- 


regains machines, such as boosters, &c. 


ides the physical laboratory tests, the mechanical 
inspection of cast steel is very important. For instance, 
holes in the steel may increase the magnetic resistance 
of the poles or yoke and cause dissymmetry in the mag- 
netic circuits, which in the case of a continuous-current 
dynamo will produce sparking, or heating in the armature. 
Although every magnetic and electric property of the 
iron sheets used in the construction of armature or trans- 
former cores plays its part, yet the permeability and the 
saturation are not of such importance, as it is necessary 
to work with a low saturation of the sheets in order to 
avoid losses and heating. Extra high saturation will be 
found in the teeth of continuous-current dynamos. As 
some special stampings give less hysteresis and eddy 
current losses, they may be worked at a higher degree of 
saturation. Unfortunately, they possess a poorer per- 
meability than the old class of stampings. In Fig. 3 the 


~—s MAGNETISATION CURVES OF IRON SHEETS. 

THE UPPER CURVE REPRESENTS AN ORDINARY STAMPED 

SHEET, THE LOWER ONE IS THAT OF A MODERN SHEET OF 
SPECIAL ALLOY. 


w 
(9725.8) 


upper curve is the magnetisation curve found for an ordi- 
— stamped sheet, while the lower curve is that for a 
modern sheet of special alloy. . 

The hysteresis can be measured by taking the magneti- 
sation curve through a oomplete cycle, and by measuring 
the specific resistance of the material directly by a Wheat- 
stone bridge ; but the modern and better practice is to 
measure the total losses due to hysteresis and eddy cur- 
rents together, the sample being tested under working 
conditions. 

By varying the frequency the well-known straight-line 
curves are obtained which discriminate between the 
losses due to hysteresis and eddy currents at constant 
induction. The losses themselves are measu with a 
wattmeter, special care being taken that the instrument 
is correct for low power factors. As the amount of 
energy to be measured is very small, precaution must be 
taken against the occurrence of losses in the instruments. 

The apparatus used by the author for such researches 
was constructed eight years ago. It was the first stan- 
dard apparatus for testing iron sheets eogveven of by 
the Verband Deutscher Electrotechniker at their meeting 
at Dresden, where they had the pleasure of meeting their 
English friends. To get a good commercial av 
value, the ap tus 18 constructed to take a 10-kilo- 
gramme sample, which, according to the rules of the 
German Committee, must be made up from at least four 
different sheets. Small samples taken from different 
sheets, or from different ts of the same sheet, differ 
sometimes by as much as 20 per cent. The form of the 
apparatus is shown in Fig. 4. There are four bobbins for 
magnetising the four cores of sheets under test, each 
insulated by thin paper in the same manner as in trans- 
former cores ; and at each corner, where the cores meet, 
a layer of paper, 0.2 millimetre thick, is interposed. 
This thickness does not affect the exactness of the results, 
as, even when a layer up to 1 millimetre was tried, 
there was no appreciable difference in the omg 
Naturally, in er to obtain the. best readings, the 
magnetising current should be adjusted to as low a value 


as Yas va 

years iron works were not accustomed to test 
iron sheets for dynamo work. When they tried to do so, 
they found that their results rarely agreed with those of 
the dynamo manufacturer, on acconnt of the varioty of 
methods and of their complication and inaccuracy. It 
was therefore important that the manufacturer and con- 
sumer should mutually agree upon a method of testing 
which should be as simple as possible. To settle this the 
Verband Deutscher trotechniker appcinted a com- 
mittee, which decided to adopt the wattmeter method. 
When samples of iron were sent to laboratories of different 





-turns par cm. 
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— f ne = fairly well, eaten 
tion one uen y was 
great trouble as coon ss an sttecapt wae made to draw the 
straight-line curves for gupneeeng, howtewen, and eddy 
currents. Therefore, although we w that in order to 
obtain the exact characteristic of iron it was necessary to 
test it at least in two 


jiculars—namely, for npetoras 
and eddy currents—we Soe the attempt, and decided 
instead to take as a characteristic the loss measured with 


F'g.4. APPARATUS FOR INVESTIGATION OF MAGNETIC PROP- 
ERTIES OF /RON pam 





that ageing is only due to the rise in value of the bys- 
teresis. Though, at inning, figure of loss of 
sample a is practically the same as for sample 6; after 
a long run it exceeds figure of loss for b. 


There is no difficulty in obtaining ordi: stampings 
whose ageing will be within a maximum of 15 per cent. 

Notwithstanding the importance of the ageing tests, 
the dynamo maker is unable, on account of time, to wait 
for the result; all that can be done is to keep records of 
his observations, and to utilise the results of his tests 











when he wishes to obtain another supply. If the iron 
ages greatly, it would no doubt be ble to exact a 
—— from the makers; but it is far better to order 
| from manufacturers who have previously suppli 
and reliable material, and are therefore more likely to be 
| depended on. 
e testing of the resistance of insulating materials 
| used in the construction of dynamos is not so important 
as might appear. The old-fashioned axiom that high 
i insulation was a guarantee for good quality, 
| which formerly proved right for special cases, does not 


| now hold - Insulation difficulties are scarcely ever 


| Fig. 6. CURVE OF LOSSES FOR AN ORDINARY (NORMAL) 
RON SHEET AND FOR AN IRONSHEET OF SPECIAL COMPOSITION 
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(7125.C) 
Total number of coils 600 
Number of coils per core 150 | 
Length of iron sheets 500 mm. 
Width of iron sheets ...__... a 
Weight of iron sample to be investi- 
ga i Se she és ... 10 kilogs. | 
Cross-section of wire, two wires parallel 2 by 3.5 mm. 
Resistance of the apparatus ... 0.184 ohm. 


B = 10,000 lines per square centimetre and 50 periods. In | 
the German rules this value is called the ‘‘ figure of loss” | 
(Verlustziffer). The adoption of this standard has proved | 
very useful during the last few years. Since the eddy 
currents decrease with rising temperature, the figure of 
loss was determined for a standard a of 30 deg. 
Cent. The commercial 0.5 millimetre sheets made during | 
the last few years chai by about 0.2 per cent. for eac 
degree Centigrade, while the modern sheets show prac- 
tically no variation. In comparing different kinds of 
iron, the electrical engineer naturally examines them 
under varying inductions and frequencies, and the manu- 
facturer will now also do the same, as he pay gets 
accustomed to making magnetic tests. In the Felten- 
Guilleaume-Lahmeyer laboratory every wagon-load of 
iron sheets is tested, and is rejected if the ‘‘figure of 
loss” is too high. Only with irons of analogous com- 
position, the conductivities of which are almost equal, is 
there any direct proportion between the above figure of 
loss and the Steinmetz coefficient. Fig. 5 shows this 
ratio as found for sheet iron of two different alloys. 


Fg 5.snoms RATIO BETWEEN GERMAN “FIGURE OF LOSS" AND 
INMETZ FOR IRON SHEETS OF COMP. 
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For practical work it is best to make use of a diagram 
which shows the losses per kilogramme at different 
i To ta i of the old with the 
has been 


variation of the tigure of loss caused b: 
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Fg. 7. AGEING OF DYNAMO-SHEETS 
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due to low insulation resistance, bat more often to surface 
leakage, which may be avoided by using only dry mate- 
rials, and by suitable design. 

Tt is necessary, however, to test all insulating materials 
for disruptive strength, and this constitutes, for high- 
tension work especially, the most important electrical 
test. Nevertheless, the more experienced one becomes in 
the practical testing and theory of disruptive strength, 
the more difficult it appears to obtain accurate figures 
which are comparable with those of other investigators. 

Most of the high-tension insulating materials, like 
micanite products, varnish cloth, impregnated paper, &c., 
are not at all homogeneous. By means of the piercing 
test the strength at the weakest point is ascertained. The 
larger the test-piece, the greater will be the number of 
weak points covered, and the greater is the probability 
of obtaining specially low values. To prove this the 
author tested two samples, A and B, of the same material. 
A was tested with an electrode of 50 x 3 = 150 square 
centimetres, and the average piercing pressure was 7600 
volts. Of B, different samples were tested with an elec- 
trode of 50 x 62 = 3100 square centimetres, and the 
piercing point was found at 4000 volts. 

The effect of increasing the area of the test-piece is not 
only to increase the sper of detecting weak spots, 
but the increase in the capacity of the electrode also has 
the effect of lowering the piercing pressure. We proved 
this to our satisfaction by testing to piercing point a 
sheet of varnish cloth with an electrode of 4 square centi- 
metres in sixteen places. The mean value of pierci 
voltage was 9900. The same sheet was then further tested, 

the same electrode, but with a condenser placed in 
parallel with the electrodes. This consisted of two plates, 
each about 64 square centimetres in area, separated by 
two layers of varnish cloth. The mean value of twenty 
readings gave the pressure as 7250 volts. On 
placing a second enser In circuit, the piercing pressure 
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sank still further to 7100 volts. 
In the light of these experiments a standard electrode 
was adopted by the author’s firm for testing dielectric 


respectively. The u curves refer to the hysteresis, 
i> loner tho oie canes. Suen an tin cae 25 





strength, which for practical reasons, was taken at 25 x 
= 625 square centimetres. To minimise the local 
stresses, the edges are rounded off. 

The importance of testing most carefully mica tubes 
for high-tension machin cannot be too much em- 
phasised. In the Felten-Guilleaume-Lahmeyer labora- 
tory every mica tube is tested up to at least double the 
working pressure, the tube being covered with tinfoil 
and filled with metal rods. As the factors of safety taken 
are so high that failures even under more severe tests 
very seldom occur, the electric phenomena are controlled 
by noting the heating effect of dielectric hysteresis. 

Fig. 8 shows the difference between two 2-millimetre 


Fig.8. COMPARATIVE TEMPERATURE RISE OF TWO 2mm.MICA 
TUBES WHEN TESTED AT I5000 VOLTS. 
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mica tubes tested under 15,000 volts. The conditions of 
testing must be identical. For example, when the mica 
tube is filled with iron rods it mes warmer than when 
copper-rods are used, for the reason that the heat con- 
ductivity of iron is less than that of copper. In the same 
way the length of the exposed portion of the tube has a 
distinct influence on the result. 

Our standard practice is to fill up the tubes with iron- 
rods, and to cover them in such a way that the exposed 
portion of the tubes equals 20 per cent. of the length 
under test. About thirty tubes are then laid one nst 
the other. Mica tubes, however, which may be able to 
resist this particular test will still be unsuitable for the 
work if they show inferior mechanical strength or defor- 
mation at higher temperatures. 

Much has said about the danger arising from the 
pase of nitric acid in mica tubes. This phenomenon 

as also been observed in our laboratory while testing 
mica tubes filled with cotton-insulated wires under extra 
high pressure. At first, experiments were made with 
cotton-covered materials impregnated with different kinds 
of shellac or paraffin, and the effect in question was soon 
noticed, even when using the purest materials. Both 
the thickness of the tubes and the testing pressure were 
then varied, and tubes of different manufacture were also 
used. Tests carried out during the last three years have 
shown that for our practice at pressures up to 10,000 volts, 
the limits of thickness and of quality to be kept in order 


to avoid generation of nitric acid lie within the limits 
which had been adopted by us from other electrical and 
mechanical reasons. Although there are methods by 


which this phenomenon may be overcome, the author has 
not found it aon Sa his own practice to use them; 
but he quite agrees that when stresses are higher, owing 
either to higher potentials against earth, or to the nature 
or dimensions of the materials used, special precautions 
should be adopted. 

In testing carbon brushes the most important details to 
be considered are durability, absence of any vapours deve- 
loped through heating, smoothness of running, low fric- 
tion, and low wear and tear, and also the homogeneity 
of the carbon. 

As to electrical features, a high surface resistance may 
be an advantage in a high-voltage machine, but the 
reverse in a low-voltage. Fig. 9 illustrates the voltage 
required for pairs of carbons at different density of 
current, and the watts lost by the friction per square 
centimetre at a speed of 1 metre per second. The figures 
were taken with a specific pressure of 100 grammes per 
square centimetre. Further experiments showed that 
on a well-polished commutator the A quality carried about 
50 amperes per square centimetre without glowing, and 
the B quality carried about 10 amperes ; but to be on the 
safe side we do not work at a higher current density than 
9 amperes per square centimetre with the A quality, and 
4.5 with B. For instance, to collect 180 amperes with A 

uality, 2 x 20 = 40 square centimetres would be required 
or both poles, and the losses would be 150 watts by dro 
of voltage, and, at a = of 10 metres per second, 
240 watts by friction. ith the B quality the machine 
would require to have 2 x 40 = 80 square centimetre 
brushes, and with these the losses would be 380 watts 
by drop and 640 by friction. From these data it appears 
at once that the A quality is superior to B, and though 
the cost per cubic centimetre is much higher, A would 
more economical both in initial cost and in running effi- 
ciency. For high-tension work, however, it was found 
necessary to use carbons of the B quality, as low-resist- 
ance carbons gave bad commutation, the brushes being 
apt to heat, due to parasitic currents, and to glow at 
ap} tly normal current density. As this phenomenon 
is not due to machine vol: itself, but to the voltage of 
reactance, the difficulty will diminish with the voltage of 
commutation. To allow the use of low-resistance brushes 
for machines with high commutation voltage a sort of 
laminated brush has been proposed with exceedingly low 
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resistance in the direction of the main current and high | 
resistance in the cross section. Excellent carbons of this 
sort have placed on the market by a British firm. 

To obtain comparative values experiments on carbons 
should be carried out with commutators or collector-rings | 
of faultless polish and accuracy; but as we do not desire | 
to make show tests, our practice is to test the carbon | 
brushes on machines under the most unfavourable con- | 
ditions. ‘ 

Some years ago the author’s firm found a carbon brush 
which gave excellent results in the laboratory and for | 
several months on the machines in their own works. | 
When it was on the market, however, though it | 
worked satisfactorily in 99 cases out of 100, yet with | 
certain plants, and on certain machines. it gave trouble, | 
and consequently the firm abandoned the use of it alto- 


ther. 

The chief details to be considered in the electrical 
testing of complete electrical machines are: insulatio 
temperature rise, efficiency, regulation, commutation an 
power factor, both for different loads and for overload. 

In dynamo a as a rule, the result of poor insu- 
lation is not the loss of energy, but the production of an 
‘*earth,” with the possibility of shocks to those in attend- 
ance, the disturbance of ephone apparatus, &c., and 


Fig 
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the risk that in time it may cause a breakdown, due either 
to local heating or to electrolytic action. In the latter 
respect a 2000-ohm leak on a 500-kilowatt 240-volt 
dynamo would be altogether harmless if equally distri- 
buted, while the 29 watts would be dangerous to the insu- 
lating material if the whole of the leakage were concen- 
trated at one spot. To a certain extent, therefore, the 
interest is not so much in the megohms, but in the ques- 
tion as to whether there is any local leakage; that is to 
say, suspicion would arise if the total amount were greater 
than might reasonably be expected, all other factors 
being normal. 

A t improvement was effected by using fibrous 
materials, such as leatheroid, in connection with low- 
tension, and especially with continuous-current, dynamos, 
on account of their elastic and mechanical strength. 
Mica insulation, which is indispensable for high-tension 
machines, is excellent when in thick layers ; but on 
account of its inflexibility and brittleness it is not at all 
suitable for use in thin layers, especially when it is 
necessary to bend it. The purely electrical test of a 
newly-erected machine is likely to give better results with 
a mica-insulated continuous-current armature than with 
an armature insulated with leatheroid; but with mica 
there is more risk of local faults, which are due to the 
embrittling effect of the continual heating and cooling, 
and occur | at the corners. 

What is really wanted is reliability, which can be 
guaranteed by practical experience on the part of the 
manufacturer, and not by a simple physical test alone. 
A machine, even when built with the most suitable 
— has to undergo on completion an insulation 
test with a higher voltage than its normal, in order to 
ensure a reasonable factor of safety. It is desirable that 
a machine be able to stand any surges that may possibly 
arise under working conditions ; but to insulate a machine 
in such a manner as to safeguard it against lightning 
discharges would not, as a rule, prove advantageous or 
commercial. 

The probability of the occurrence of surges in a plant 
of gives output increases with an increase in voltage. 
Although, from this point of view, the factors of safety 
to be taken ought to increase with the voltage, in prac- 
tice the opposite is actually found to be the case, this 





being due to mechanical and electrical reasons. A certain 
thickness of insulation is necessary in order to gain 
mechanical strength and stiffness ; and it is not good | 
practice to use mica tubes thinner than 2 millimetres, | 
otherwise they will not stand the mechanical stresses. 
Thus at lower pressures the factors of safety are un- | 
necessarily high, simply on account of mechanical reasons. | 
The ratio between the thickness and the piercing pressure | 
increases with the former, Consequently, t» increase the 


struction of a 10,000-volt machine much more than that | the factors of safety are chosen to prevent troubles which 
of a machine of 5000, not to mention the difficulties! might lower the insulation value, such as dust in cen- 
which arise owing to the excessive space in the active | tral stations, moisture in 7% and deposits in rooms 


zone taken up by insulation of great thickness. We 

uire for our mica tubes a safety factor of 5 or 10, in 
order to ensure safety against accidental weakness of the 
material. For this reason an additional thickness must 
be adopted, which, as will be easily understood, will not 
increase the factor of safety of thicker tubes to the same 
extent as that of thinner tu 

Having to take account of the fact that single layers 
may be faulty, it is necessary to increase the number of 
layers in proportion as the total thickness of the insula- 
tion is diminished. Even if it were desired to increase 
the thickness of the mica tubes portionately, the 
dielectric strength of the tube will still not increase in the 


same ratio as its thickness. This is shown by curves of | 


dielectric strength in relation to thickness, which, as is 
well known, d at higher values. 2 
Again, the weak point of an extra high tension machine 
is often not to be found in the insulating tubes themselves, 
but at the ends outside the slot. i 
pattern is about the same in a 1000 as in a 10,000-volt 
machine ; therefore the factor of safety here decreases as 
the voltage increases. ; 
Another weak point which becomes apparent with the 
rise in voltage is the electrical stress between different 
layers of the single coils; the number of coils being 
usually fixed by the number of poles, the stresses inside 
the coils increase with the voltage, and therefore the 
~— of safety “rm noe 4 this direction as ~ 
voltage increases. Accordingly, the test pressures ought 
not to be in the same ratio for all voltages, and the follow- 
ing rules, drawn up by the Verband Deutscher Elek- 
trotechniker for the testing of insulation of machines and 
transformers, appear to be of the best practical value :— 


Working pressure = P. p 
For P < 5000, test pressure applied 
for half an hour 3 - rived | 


. 2P. 
For 5000 < P < 10,000, test pres- 


sure applied for half an hour . = P + 5000. 
For P > 10,000, test pressure ap- 
plied for half an hour... -- =1$P. 


In first-class works, however, the finished machines are 
tested at a higher pressure than is vided for by those 
rules, and the single parts are tested, before being fitted, 
at a still higher pressure. os . 

As regards the risk to the machines in carrying out 
high-tension tests, nothing need be said, in reference to 
the damage which might ——- through setting up an 
arc, and burning both conductors and insulation ; but 
discussions have arisen as to whether the risk of a break- 
down is increased by applying a high electric stress during 
a certain time. As far as the author's own experience 
goes, he has never held the view that a high-pressure test 
weakens a dielectric in the same manner as excessive 
mechanical stresses weaken an elastic metal. It often 
happens that a material stands a few minutes’ test, and 
then suddenly breaks down. This is generally due to a 
puncturing, or, in some cases, to acarbonising effect. On 
account of the variation of the dielectric factor of the 
materials employed, and of the metrical form of the 
electrodes, the stresses of the dielectric vary, and if there 
are any points where these exceed the disruptive strength, 
the dielectric punctures and carbonises. This increases 
the stress in adjacent and the average stress per 
centimetre ; consequently other parts become punctured in 
turn. The phenomenan was exceedingly clearly observed 
during a 60,000-volt laboratory experiment made on a 
tube. A few minutes after applying the current bright 
brush disch«rges were noticed burning and carbonising 
the surface of the tube, which progressed at the rate of 
15 centimetres in 20 minutes. It is therefore advisable 
not to exaggerate testing pressures, but rather to seek 
safety in well-selected | tested materials, and in careful 
and thorough construction. The object of putting the 
finished machine under a pressure test before starting up 
would then be to detect any accidental fault which might 
possibly have arisen during transport or erection. ’ 

In all cases the conscientious building up of the machine 
on the part of the designer is a better guarantee than the 
voltage test made on a newly-erected machine. It must 
be borne in mind that this latter takes place under the 
most favourable circumstances, while, on the other hand, 
an experienced designer will consider the unfavourable 
conditions which may arise in actual practice. Todemon- 
strate the effect of such conditions, experiments were 
made in our laboratory which are depicted by the fol- 
lowing curves, shown in Fig. 10. ‘ 

Curve A shows the relationship between the creeping 
roe seg in millimetres and the pressure, for clean mica 
tubes. 

Curve B the same for mica tubes sprinkled with dry 
carbon dust. 7 : 

Curve C that for mica tubes sprinkled with carbon dust 
and damped with steam. i 4 

Although two ee —_ tructed Lad different 
creeping di may 8! same normal pressure 
test, it may be that one is much better suited for practical 
work than the . This cannot be ascertained by 
increasing the voltage of the retest It may happen 
that the weakest point of the clean machine is the pierc- 
ing point of the insulation. This iid in no way be 
altered by increasing the creeping distance, but the 
machine of ample design would puncture at the same 
pressure as the inferior ine, given that both were 
clean. With a well-designed machine the factors of safety 
are, of course, not taken against ssures which may 
arise in practice under ideal circumstances, but 

inst ures which may be met with in actual py 
tice under unfavourable circumstances, and would diffe- 
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Coil Tested Outside. 





Coil 
Tested on 
peo Machine 
Without Fixed Running. 
| Pole, Pole. 
deg. deg. deg. 
(a) Maximum inside temperature 7 | 60 
(b) Ave measured by thermo-. 
16 daa Dies as aiaes os 70 54 
ce) Av measu varia-| 
‘dent resistance ai ee 72 55 35 
(d) Outside temperature mea- 
sured by thermometer... 48 40 9 
| (¢) Ratio z be 1.5 1.4 4 


) = CO al. Se 
| ‘Ten years good machines used to run without an 
appreciable - of temperature, due to the fact thee, 
experience in those days as commutation, regula- 
tion, materials, &c., being limited, disproportionately 
high factors of safety were taken. The machine was con- 
8i 


ered faulty if any part of it heated up beyond 30 deg. 


1.10. CURVES SHOWING RELATIONSHIP BETWEEN 
EEPING DISTANCE IN mm. AND 
CLEAN AND DUSTED MICA 





Volts. 
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(250) Creeping distance uv rm. 
ig.11. HEATING CURVES OF A MAGNET COIL OF A CON- 
TINUOUS-CURRENT FLY-WHEEL GENERATOR OF 2700 KW. 


| 
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Insideo 204 6 8 W 12 4 16 18 2 220utside 
(9725 1) Layers. 


or 40 deg. Cent. At the present day the only reason 
why we are interested in the temperature is the harm it 
may ultimately do to the machine, and iully to the 
insulating material. From experiments made on samples 
of cotton.covered wire by the National Physical Labora- 
tory of Great Britain, 125 deg. t. was taken as an 
approximate safe limit. With an engine-room tempera- 
ture of 35 deg. Cent. there would thus be left a margin 
for heating of about 90 deg. Cent. 

The temperature of the outside of the machine is easily 
measured with a t ometer, and in making spevial 
researches the inside temperature can be measured by a 
thermojunction, a method, however, which is impracti- 
cable for actual work. The temperature inside the coils 
varies to a great extent with the construction. Heat is 
generated equally in the body of the coils, and passes to 





| 





the outside, and so to the surrounding air, poles, pole- 
| pieces, &c. There is a remarkable drop of temperature 
| 1m every layer of insulation, this drop being proportional 
| to the thickness of the Jayer and to the local intensity 
|of the flux of heat. complicated nature of the 
| phenomenon is demonstrated by Fig, 11, which shows 
'the inside and outside temperatures of the same ovil 
| when mounted and dismounted from its pole. It would 
| not be worth while to treat the problem by theory, besed 
on the specific heat-conductivity of cotton, &c. Even 
h we cannot measure the maximum temperatu 


factor of safety to a given amount will affect the con- rently affect the various parts of the machine. Above all, | inside a machine, when the latter has been built— 
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strictly speaking, this is what interests us—the change of 
resistance offers a very convenient means for ascertain- 
ing the mean temperature. poeing to the regulations 
of the Verband Deutscher Electrotechniker, the average 
heating of magnet coils is measured by this method. A 
mean tem ture rise of 60 deg. is permitted, which 
compumpenlll te an increase in the resistance of 24 per cent. 
This mean value also corresponds, as a rule, to a tem- 

ture rise of 40 deg. Cent. at the exterior, measured 
4 a thermometer. ‘or machines constructed on the 
same pattern the variation of the ratio of mean to outside 
temperature, as measured by resistance and thermometer 
ww, is very small, as shown by the following 
table :— 


Average Values of Temperature Rise in Different Motors. 














‘Heating of the Field-Coils as 
Ratio of Temperature as 
Horse- cename sed Measured by Resistance 
Power. | —____ in perature db 
| Resistance. Thermometer. Thermometer. 
| mean temp. outside temp. 
| deg. deg. 
20 | 54 32 1.68 
a 50 30 1.66 
380 45 27 1.66 
40 55 83 1.66 





When the coil above referred to was fitted and the 
machine was running, an outside temperature rise of 
9 deg. Cent. was measured by a thermometer, while the 
average inside temperature rise, measured by variation of 
resistance, was found to be 35 deg. Cent. In this case 
the ratio of inside to outside temperature rise is about 4. 
This extraordinarily high value is due to the fact that the 
machine is of the fly-wheel type, thus ensuring a remark- 
ably good cooling effect. — sonata 

With armatures there is no material difference between 
the inner and outer temperature, since the winding consists 
only of a very few layers. ( uently it is not worth 
while to go to the inconvenience of indirect temperature 
measurements with direct-current armatures, particularly 
since the measuring of the resistance becomes complica 
and inaccurate, especially in the case of series parallel 
armatures. The German regulations therefore provide 
in these cases for thermometer measurements. They 
limit, however, the permissible temperature rise to 50 deg. 


Cent. 
(To be continued.) 











Our Locomotive Exports.—The past year closed well 
with regard to our locomotive exports, the shipments 
made in December being valued at 313,729/., as compared 
with 238,2907. in December, 1905, and 230, . in De- 
cember, 1904. The increase observable in last month’s 
locomotive exports is explained by the larger deliveries 
made to South America, which took engines to the value 
of 205,3067., as com with 138,9232. in December, 
1905, and 40,2142. in mber, 1904. There was also a 
better demand in ber for locomotives upon British 
Indian account, the value of the shipments in that direc- 
tion having been 57,633/., as compared with 18,1697. and 
95,672/. The demand for locomotives upon South African 
account still continued languid, however, in December. 
The value of the locomotives exported for the whole of 
last year exhibited a considerable increase, coming out at 
2,891,6112., as compared with 2,384,576/. in 1905, and 
1,924,311. in 1904. .The locomotives exported to South 
America last year represented a value of 1,547,093/., as 
compared with 824,805/. in 1905, and 377,030/. in 1904. It 
follows that the whole of the increase observable in last 

ear’s exports was explained—and more than explained— 
GC the larger orders given out in South America, and 
especially in Argentina. The colonial demand was not 
very satisfactory last year, principally in consequence of 
the extreme languor still observable in the South African 
railway interest. The value of the mp ery to three of 
the leading groups of colonies during the last three years 
was as annexed :— 


1904. 





Colonial Group. 1906, | 1905. 
att a ee 
British South Africa $8,277 64,768 494,406 
British India “ 767,319 764,902 570,421 
Australasia .. R $5,045 23,375 97,420 


The course taken by the exports to South Africa last year 
was particularly disappointing, 1906 being the fourth 
twelve months since the close of the war. It is satis- 
factory to note that there has been some little inquiry for 
British locomotives upon European account, various 
European countries having taken engines last year to the 
value of 149,554/., as compared with 32,820/. in 1905, and 
20,3602. in 1904. ‘The value of the locomotives exported 
from the United Kingdom during the sixteen years end- 


ing with 1906, inclusive, was as annexed :— 
Year. Value. Year. Value. 
E £ 

1891 . 1,617,254 1899 1,467,389 
1892 752 1900 1,496,849 
1893 842,660 1901 1,911,340 
1894 749,586 1902 2,299,179 
1895 798,027 1903 2,358,700 
1896 1,077,823 1904. 1,929,311 
1897. . 1,006,136 1905 2,384,576 
1898 1,483,600 1906 2,894,61 


It will be seen that, notwithstanding all difficulties— 
South African depreasion uded—our locomotive ex- 
ports, after all, beat the record last year. 


to| to break. The chuck is a 


ted | such as the Eastern Bengal, 


CATALOGUES. 


THE Dowsing Radiant Heat Gorm Limited, send 
us a list illustrating a number of types of luminous electric 
radiators. These are of both highly ornamental and plain 
styles, suitable for all classes of rooms. 


From Messrs. H. A. Jackson, Caxton Hall, Salford, 
come a number of price-sheets relating to cables and 
wires, B.T.H. lamps, and all manner of accessories, 
such as switches, roses, holders, &c. ; ‘‘H.A.J.” incan- 
descent lamps and luminous radiators. Some of the 
latter are of very neat design, and made of hand-beaten 
copper suitably finished. 

The Consolidated Pneumatic Tool Company, Limited 
have issued a age ang! on the Rich chuck an high-speed 
flat drill. This drill is made of flat bar of high-speed 
steel, and is designed to take the place of twist-drills for 
high-speed work, being cheaper than Gm and le liable 

one, the length ranging 
with size of drill, Morse Fey ow being provided. 

We have received a sand-glass from Messrs. W. T. 
Glover and Co., Limited, Manchester. It is a neat little 
instrument intended to be used as a tell-tine for trunk- 
line calls. As the time element is one of three minutes, 
it will doubtless sometimes disappear from the call-box 
and be discovered in the domestic offices, being put to 
equally practical use in important culinary operations. 


Messrs. T. and E, Wannbacher, 28a, Basinghall-street, 
E.C., send us a circular of the ‘‘ Arma” pumps, for which 
po Ege agents in this country. This pamps a horizontal 
double-acting lift and force hand-pump. The drive is by 
chain transmission, one end of each of two chains being 
bolted to the pistons, the other ae Soe to pulleys on 
the spindle of the handle. . The ting motion of the 
handle pulls the piston backwards and forwards. 


From Messrs. Nasmyth, Wilson, and Co., Limited, 
Patricroft, we have received an illustrated pamphlet on 
locomotives built by them in 1906. Among the engines 
turned out we notice standard gauge locomotives for the 
North Staffordshire, Furness, Cambrian, Brecon and 
Merthyr, and other railways; and for narrow gauge lines, 
West Australian, the Delta 
lines of Egypt, and several of the Japanese systems, &c. 


We have received from Messrs. Zeitz and Co., Agents, 21, 
Lime-street, E.C., a large catalogue of tools constructed by 
Messrs. Breuer, Schumacher, and Co., Kalk. The cata- 
logue is a collection of illustrations, mostly wood-cuts, of 
pi ong machine-tools made by this firm. A few parti- 
culars of size or capacity of the largest patterns of each 
machine are given. eyond this the firm consider it 
impossible to go, in view of the varied nature of pur- 
chasers’ requirements. 


We have received from Messrs. W. H. Palfreyman and 
Co., 17, Goree Piazzas, Liverpool, circulars relating to 
their preparations for case-hardening and rust-prevention. 
The a ro-carbonated Bone Black is claimed to be 
especially well suited to the case-hardening of fine work 
where a deep treatment is desirable, The Rust-Pre- 
ventive is said to be in use by several railways, engineers, 
machinists, and others, whose interests require them to 
preserve bright metal surfaces from oxidization. 


Messrs. Applebys, Limited, forward us an illustrated 
list showing the work in progress at their shops in Glasgow 
Leicester, and also a selection of types of cranes and 
transporting machinery they have built in the past. 
Such examples include electric cantilever cranes, giant 
cranes, overhead travellers and walking cranes for ship- 
building berths, revolving tower cranes, titans, derricks, 
locomotive cranes, cantilever goliath cranes, &c., as well 
as smaller gear, such as trolley-hoists and transporters, 
capstans, &c. 

From the Mork Patent Pulley Block Company, 
42, Moor-lane. E.C., we have received two little price- 
lists of hoisting tackle. These blocks are worm- 
and self-sustaining. Two distinct patterns of blocks 
are described, one of which, the Mork block, is pro- 
vided with disengaging gear, so that the worm-wheel 
may be lifted out of gear. This enables the idle block to 
be overhauled at a speed far above that possible with the 
ordinary block. These blocks are also fitted up as tra- 
vellers, while the firm also make electric travelling blocks. 


The ‘‘Oban” double-acting cylinder pump is described 
on a leaflet sent us from Messrs. W. H. Willcox and Co., 
Limited. This is a pump with reciprocating motion, the 
pistons and ing horizontal. At each end of 
the barrel ‘are valve boxes, containing easily accessible 
delivery and suction valves. The principle is an adapta- 
tion of that of the well-known semi-rotary wing pum 
The motion of a a is transmitted to the 
piston by a rack a 

made either for working by hand or power. 


From the Joseph Dixon Crucible Company, Jersey 
pina 6 U.S8.A., we have received a little pamphlet de- 
scribing the merits of No. 635 Special Graphite. This 
graphite is Dapeng from the best Ticonderoga flake 
graphite, and is very carefully ground. It is especially 
suitable for scientific instruments, textile mills, news- 
per plant, &c., where cleanliness in lubrication is a 

deratum ; but it is also adapted to the lubrication of 
gas cylinders owing to its heat-resisting iti 
and to practically all conditions in which solid 
is applicable. 
|_ The New ~~ Metal Company, Limited, of 
| York Mansions, ork-street, S.W., who have acquired 
the sole rights for this country, the Colonies and other 
| countries, of the Expanded Metal Cup-Lathing, from the 

Crittal Expanded Metal Company, ‘Limited, have sent 
us @ circular relating to this and the other well-known 


qualities, 
lubricant 





sector of a pinion. The pump is | 


eumzntes metal lathing. The chief feature of the cup- 
lathing is increased depth and stiffness. The sheared 
metal is not on edge, as in the ordinary pattern; the 
junction points of the diamonds are alternately raised 
and depressed, giving increased depth to the sheets. 


From the Switchgear Company, Limited, Newhall- 
street, Birmingham, we have received pamphlets and 
lists relating to motur-starters and circuit-breakers made 
by this firm. The pamphlet makes out a case for 
the time-lag principle —— to circuit-breakers, the 
device in question being of the pattern made under the 
Statter patents. It is pointed out that with such an 
addition motors of economical size can be in sh 
without constant peas from momentary overl 
which the motor is well able to stand. The lists are 
priced, and statistics given, showing the lines alon 
which economy may be sought by the use of suc 
appliances, 

Messrs. Osborne Brothers, Princess Works, Lincoln, 
have sent us sheets illustrating their variable gear and 
clutches for motor-car and other purposes. The variable- 
8) gear is arranged so‘ that the size of the driving 
and driven pulleys can be altered. This is managed by 
making the pulleys of two parts, the belt running in a 
deep V-shaped groove. If the two sides of the groove 
are separated, the belt runs on a small diameter pulley ; 
if brought together, the belt runs on a larger diameter 
pulley. Driver and driven are arranged to alter in size 
simultaneously. This arrangement is combined with a 
ae | device, whereby the end-thrust due to the pres- 
sure of the belt in the groove is counteracted. 


A brochure from Messrs. Davy Brothers, Limited, Park 
Iron Works, Sheffield, is devoted to their types of rapid- 
action forging-presses. These presses consist of the press 
prcpes, a steam-hydraulic intensifier, and an air-vessel. 

They are constructed on the Holmes and Davy patents, in 
sizes up to 1500 tons. The main press ram cylinder is sup- 
plied with pe poy! pressure from the intensifier, in which 
a ram attached to the piston of a steam-cylinder of large 
diameter produces pressure in an hydraulic-cylinder of 
small diameter. The air-vessel contains water and air 
under pressure for the supply of the main ram. The 
cut-off action is automatic, and the stroke of the press 
can be varied from full stroke downwards at full power 
and low consumption. The presses are made of the four- 
column or the overhang types. For larger powers up to 
an a duplex cylinder-type of press is recom- 
mended. 








THe New Swepisn Iron Works.—The large scheme 
for starting extensive iron works on the West Coast of 
Sweden for the purpose of aie down, and further 
handling more especially North Swedish iron ore, is being 
steadily proceeded with, and a suitable locality has now 
been found and secured. This is the outcome of a series 
of surveys in the Gothenburg ‘‘ské »” which has 
always been considered the most desirable place, and 
where a sufficiently deep harbour near the sea could be 
found. The company has now, it is understood, finally 
decided to place the iron works at Onnesed, in the 
southern portion of the Gothenburg ‘‘skérgard,” which 
has the advantage that railway connection can easily be 
established with the Fiissberg station on the West Coast 
line, and uently with the whole Swedish railway 
system, In addition,.the harbour accommodation is all 
that could be desired—deep and easily accessible. 





GoLp.—The value of the gold imported into the United 
Kingdom in November was 5,496,258/., as com with 
4,314,763/. in November, 1905, and 2,094,6652. in Novem- 
ber, 1904. In these totals South African gold figured 
for °3,046,1077., 2,377,827/., and 1,343,9762. respectively ; 
British Indian gold for 219,025/., 1,241,814/.. and 349, 5631. 
respectively ; and Australasian gold for 258,666/., 
349,563/., and 324,890/. respectively. Last month’s im- 
ports were, however, considerably increased by the re- 
ceipt of 568,690/. of gold from France, as com with 
24,256/. and 15,094/. respectively. The large imports of 
French gold in November were made to increase the 
metallic reserve of the Bank of England. The imports 
of Indian and colonial gold in the eleven months ending 
November 30 compared as follows with the corresponding 
imports in the corresponding periods of 1905 and 1904 
respectively :— 











Colonial Group. 1906. 1905. 1904. 

: £ £ £ 
British South Africa -| 23,705,833 | 19,800,452 | 14,427,144 
British India oo 8,441,518 6,862,162 | 6,706,096 
A 6,856,048 3,888,583 | 4,316,568 
Canada 120 1,120 | Nil 








| The very marked increase observable in the deliveries of 
| South African gold is obviously explained by the support 
given to South African mining industry by inc sup- 
plies of Chinese and native labour. In the adjustment of 
commercial ces gold was received from any to 
November 30 to the value of 1,741,311/., as compared 
with 2,131,789. and 1,834,572/. in the corresponding 
periods of 1905 and 1904 respectively ; and from France 
to the value of 1,869,330/., as compared with 363,889/. 
and 447,8710. tively. Account should be taken of 
the fact that in the eleven months ending November 30 
gold was received from West Africa to the value of 
709,425/., as compared with 583,612/. and 301,340/. in the 
corresponding periods of 1905 and 1904 respectively. The 
value of the gold recei from all sources in the eleven 
months ending November 30 was 41,846,861/., as com- 
ae with 36,376,387/. in the corresponding of 
905, and 30,350,554/, in the corresponding period of 1904. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompiILep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
d&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 

‘latent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the ptance of a plete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 





ELECTRICAL APPARATUS. 


27,175. C. C. Garrard and Ferranti, Limited, 
Hollinwood. Electrical Meas Instruments. 
(3 Figs.) December 29, 1905.—This invention relates to electrical 
measuring instruments, and is especially applicable to measuring 
instruments working on the induction principle. In such in- 
str t for ple, a voltmeter, a shaded pole electro- 
magnet is caused to induce eddy currents in a rotatable , and 
cause the disc to rotate against the action of a spring, the deflec- 
tion of the disc indicating the voltage applied to terminals. 
It has been found that the readings of such induction instruments 
are subject to errors due to variations of the temperature of the 
instrument, and to variations of the electrical frequency of the 
circuit. In the case of instruments of considerable self-induction, 
the resistance and self-induction of the coils may be so adjusted 
that with increase of frequency, less current flows thi h the 
coils, owing to the increased reactance, thus compensating for the 
larger driving torque which would be produced by the increased 
frequency itself if the current has remained unaltered. In this 











way compensation for frequencies over a range of from 25 to 
100 periods can be obtained. The invention consists in the use 
of a coil of varying self-induction, the variations of self-induction 
being dependent upon changes of temperature. In carrying the 
invention into effect, according to one modification, a choke coil 
a is placed in series with the operating magnet of the voltmeter. 
The choke coil has a gap in its iron circuit J, and in this gap is 
arranged a piece of iron or other magnetic substance i, held in 
place by a support j, which changes its position with changes of 
temperature. The support may consist of a composite strip of 
metals of different coefficients of expansion with temperature, 
bending one way or the other, as the temperature rises or falls, 
and so arranged that the total self-induction of the instrument 
rises or falls, according as the temperature falls or rises, In this 
manner a fall of temperature increases the reactions of the instru- 
ment, and so compensates for the larger driving torque which the 


diminished temperature would otherwise result in. (Accepted 
November 7, 1906.) 

1881. Veritys, Limited, London and ham, 
and A. E. Gott, Erdington. Fuses xes. 


Fus 
(3 Figs.] January 25, 1906.—The invention provides a simple and 
effective method of fitting an electrical fuse toa fuse-box. Ithas 
hitherto been proposed ee fuse within a fuse-box by the use 
of two distanced-apart porcelain or other insulating blocks carrying 
cable attachments and fuse-terminal fittings, and secured to the 
box so that the fuse is, at its ends, detacha' ly connectable to the 
said fittings. According to the present invention, each insulating 
block d is secured and fitted within and to the box a ina dis- 
tinctive manner, enabling it to be independently capable of some 
adjustment in the necessary directions to compensate for any 
inaccuracies in the formation of the box and its fitting thereto, 
in the attachment of the cable to it, and in the construction and 
fitting of the terminal on the end of the fuse ¢, and the terminal 
fitting carried upon the block, the said block having in respect of 
the box a small amount of movement both horizontally, ver- 


Pig 4, 
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tically, and angularly, without any disconnection from the box, 
and preferably without the loosening or unscrewing of any por- 
tion of the means used to connect it to the box. The said securing 
and fitting is preferably by a loosely-fitted pin g g trans- 
versely through a clearance hole A in the block large enough in 
dismeter—although parallel with the pin—to permit of the block 
having an amount of movement on the pin, both orizontally, 
vertically, and angularly, sufficient to meet any inaccuracies in 
the formation of the box a, in the fitting of the block to the said 
box, in the attachment of the cable connection, and in the con- 
struction and fitting of the parts ; and this without any disconnec- 
tion of the block from the box a, or preferably the loosening of 
any, part by which the said block is secured to the box a, the 
sides of the box a (if a single fuse-box, as shown) giving sufficient 
room for the block to make its compensating movement. Practi- 
cally, the block d has a compensating universal movement about 
the ping. (Accepted November 14, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. | 
Simpson, Strickland, and Co., Limited, 
gage 

In the internal 


3760. 
Dartm . 
i is invention relates to 
sparking-plugs for internal-combustion motors. In the in 
combustion engines of motor-boats the ing-plugs have often 
given considerable trouble, owing to ing coated with 


moisture when in exposed positions. This invention has for its 
object to provide a water-tight fitting applicable to any, if not all, 
iyPes A plugs without alteration. To this end 

vention, 


carries at its closed end the terminal of the high-tension wire. 
The te ic casing is composed of two thin metal tubes a, b, 
turned in at their outer ends and formed with an aperture thereat, 
one member b being secured at its outer end to the plug-socket c, 


| 
| 














h ted 





whilst the other a upon a vulcanite disc d 
having a central hole with a ledge formed around same, and upon 
which ledge rests a disc of conducting material. Into this hole in 
the disc da plug f of non-conducting material, carrying the high- | 
tension wire g, is screwed so as to clamp the frayed ends of the | 
wire on to the disc inside the telescopic member a. On the oppo- | 
site side of the disc is attached a spring A, to the — end of 
which is attached a cap adapted to make contact. between the 
disc and the sparking-plug by a contact-piece k mounted at its 
end. The whole is so arranged that by the act of pushing the 
telescopic tubes one on to the other, the spring ae 
t 








engi the terminal of the sparking-plug of whatever ty 
may be, and the telescopic members = a chamber which is 
——_ to be of such dimensions that practically any type of 
| sparking-plug may be enclosed therein. (Accepted November 14, 
1906.) 


| $126. Sir W. G. Arms 
| Limited, and F. G. D. Jo 
Ss Gear. 


| to supply ordnance with 


GUNS AND EXPLOSIVES. 


Whitworth, and Co., 
hnston, Newcastle-on-Tyne. 
. (2 Figs.) - February 8, 1906.—It is now usual 
a large range-dial having the gradua- 
tions arranged spirally on its face, in order to get large gradua- 
tions on a dial of moderate size. With the dial is a pointer | 
capable of radial movement relatively to the dial by means of a | 
spiral groove cut therein. According to this invention, means 
are provided for adjusting the pointer to compensate for the 
falling-off in velocity due to the gun ¥_g worn or other 
causes, the same dial being always retained. A pointer is em- 
loyed which extends across the face of the dial, and has in it a | 
ong slot by which it is guided on the axis-pin on which the dial 
revolves. One end of this pointer has on it an arrow point to 
follow and point out the range graduation, while the other end 
carries a pin or roller engaging acam groove cut in a separate 
piece attached and hinged clear of the outside of the dial. This 








toad 


ed and rep d, there being 
ve to the pointer the correction 
necessary for the various muzzle velocities. a is the dial revolv- 
ing on the pin b, and having cut on its outer face a spiral groove 
c. dis the pointer guided on the pin b by a long slot e, and 
carrying a stud / provided with a roller g working in the groove 
c, 80 that as the dial turns the pointer is moved radially inwards. 
The end of the pointer 0; te that which gives the reading, is 
provided with a stud h roller i working in a ve k in a cam- 
piece / carried by a piece m hinged on a fixed hingen. There are 
several interchangeable cam-pieces | for different muzzle veloci- 
ties, that shown in the drawings being, say, for the mean muzzle 
velocity, while the dotted lines 1, 2, 3,4 t the centre of the 
groove in four other pieces, those above the middle line repre- 
senting pieces used with muzzle velocities above the mean, and 
those below the middle line corresponding to velocities less than 
the mean. (Accepted November 14, 1906.) 


MOTOR ROAD VEHICLES. 





cam-piece can be readily di 
several different cam-pieces to 





, Limited, and 
23,678. She Bathe Crete Commeny me, ome 


|W. G 
Throttle. (2 Figs.) November 17, 1905. — This invention 
relates to the regulating mechanism of motor-vehicles, in which 


the operating handles pe ewe he 
| are mounted upon the steering-w' with an independent sector 
| fixed to the —s casing, the present improvements consisting 
|of means by which the sector or quadrant is mounted upon 
stop fp -——-— — ‘the wh see heel ae 
| form a ven steering-w 
too far. In cantying this invention into effect, a divided quad- 
| rant A is mounted above the steering-whee] B with a tube O as 


j 





centre. The tube C is contained within, and is concentric to, the 
steering column E insuch a manner as to be free to votete in any 
direction, and is attached at its upper end to one of the levers a 
which operate the ignition or throttle while the other lever a! is 
petted Wis et Hang wth, pital Fee 
rov as 4 a spindle e 
ttom end of sueh spindle secured to a lug on exterior 
of the steering pillar E, while the top of the spindle is secured 
to the quadrant A to retain it in a rigid and stationary position, 
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and enable the steering-wheel B to be rotated through any angle 
within 320 deg. without turning the quadrant A. The stud F, 
besides keeping the quadrant stationary when the wheel is 
rotated to its full extent, meets the ends A! of the slot H, and 
acts as a stop, thereby preventing the steering-wheel from rotat- 
ing too far. ends of the control levers a! are provided with 
adjustable praetins studs, which take into any desired notch 
or division in the yuadrant when the levers are stationary. (Ac- 
id November 7, 1906.) 


52 8. Bramley-Moore, London. Change-Speed 
Fig.) March 8, 1906.—This invention relates to the 


change-speed gear forming the subject-matter of Letters Patent 
No. 6859, 1905, and it consists in employing an intermediate 
bearing for aperite both the spur-wheel common to both 8, 
through which the motion is transmitted from one shaft to the 
other on the direct drive, and also the engaging ends of the two 
shafts. V is the driving shaft, W the driven shaft, Z the counter- 
shaft, X the wheel on the driving shaft, Y the wheel on the driven 
shaft, M the wheel mounted between the two shafts and common 
to both, and A, B, and C the wheels on the countershaft. Accord- 
ing to this invention, an intermediate bearing is used in the gear- 
box for carrying both the en g ends of the driving and driven 
shafts V and W, and also the wheel M common to both shafts. 
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This bearing, which is supported by one part of the gear-box, is 
a compound one, the outer bearing E being, preferably, a long 
plain one, and the inner bearing E!, preferably a ball bearing, as 
shown ; but these constructions are not obligatory. The common 
centrally arranged spur-wheel M 1s fixed or formed on a sleeve O, 
on the ends of which are formed or fixed a series of claws m and 
m! with which the claws of the sliding clutch P and Q engage. 
On the end of the driving axle V is a flange F which carries a Stes 
of claws f with which the claws of the sliding clutch Q on the 
driven axle W engage, after they have thro the claws 
m! carried by the adjacent end of the sleeve O, the fiange F with 
its claws f lying within the outer bearing E and between the two 
sets of claws on the sleeve 0. The end bearings of the gear-box 
may also be made compound. (Accepted November 7, 1906.) 

En- 


15,522. J. N. Paxman, Colchester. Traction 
gines. (2 Figs.) July 9, 1906.—This invention relates to that 


type of traction engine capable of being also used as a stationary 
engine, and it co in the employment of a clutch for coupling 
the fly-wheel to the driving pinion of the self-propelling trans- 
ion gear. On the end of the crank-shaft A outside the horn- 


m 
plate X is keyed the fly-wheel B, and on the said shaft inside the 
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ree 
sleeve ©, inside the 


with a en —e 
he moving ‘part 


he 
ig, 

¥ the 
fixed a epur pinion D which 
on the first motion shaft Z 
sleeve outside the horn plate is moun 


the self- 
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clutch which consists of a sleeve E 


3}, of shoes G, 
radial movement with respect thereto, 
necting the sleeve E with the shoes G 
wheel % forms the fixed part of the 
matin is eaneeee So to the sleeve E by means of a lever, the to foi 
sie aetna gle aa ce ep 

rov for loc ever ion r the 8 
ne ci il erstood that the aeeers 
the > eure E towards ce ouiee causes the G@ to move 
radially outwards and - and grip the interior padA of th 
pan B= or ame fly- 
spur pinion e sel Lgvepelliag 
carry renewable blocks. (A easier 14, 1906.) 


RAILWAYS AND TRAMWAYS. 
22,529. J. Stone and 


p AT a (7 Figs.| November, sine inge 


wire 10 
| lead 18. If the trolley be 


the | for the 


and thus couple it to the Griving | the trolley-head. 
e shoes G- preferably | with the conductor 9, the contact-piece 12 will be moved away 


upward, will bring the contact-piece 12 
iece 14, a so complete a 
e lead 13. It will be seen 


from the Wolter -wisd 


inte ni the gay 
io engage solley-wire 
hat the eh eee rane: Sly toned dered that the contact-piece 
12 will have a rubbing movement over the contact-piece 14. Thir 
ru action will tend to keep the two phew ey pieces clean. - If | 
the trolley-head be dirty,and there is bad electrical connection 
between it and the conductor 9, current will pass from the on | 
through the contact-pleces 12 14 to the conductor 9 and | 
clean and there is electrical con 
nection between it and the conductor 9, two 


When the trolley-head moves out of contact 


the contact-piece 14 by reason of the conductor 9 turning on 
its hag -pins due to its weight. (Accepted November 14, and 
[4 


J. Lambert, Perth. Tram Steps. 
, Limited, Deptford, ‘one 5, 1906.—This invention relates to ‘Sitios steps for oo 


cars, the object being to provide a step which can be folded away 


when not required, such operation being effected by ye ~ 
according to these improvements are mgt, simp icable to/| ing, as disti ished from bevel-gearing, viously used. 
railway-ca. doors, where great stren ity, auto- | carrying out invention, each step 5 is hinged to a precket - 
matic or continuous lubrication, and the entry of | attached to the floor, or to the frame 8 of the car, the hinge con- 


water and dust are needed, or greatly desired ; esvhile it is also of 
importance that the article ‘should be cheap to make, and that it 
should have no such outer protuberance as would be apt to catch 
into @ person’s dress. The upper end a of the hinge-pin is enclosed 
and fixed in the upper socket ) by a cross-pin, after being driven 
in tightly. The lower = 4 is enclosed Lt ae aie — te mo 

htly tapered at ite lower part, w lorms the wearing 
cuaiaens = clonpenes space being left at the bottom of the +ocket 
to allow for the slight drop occasioned by very long wear. In the 
upper ™ of this lower socket ¢ an annular chamber g for the 
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reception of graphite or other suitable pee is provided ; and 
inserted therein * bush of the so-called oil-less carbonated kind. 
The upper socket b has a set-off or diminished lower slightly 
tapering spigot end h, which fits in a recess in the lower socket e, 
so as to exclude water and dust, small clearance spaces being left 
to allow for wear. The pin d has a small peg or projection i fixed 
in its circumference, and the lower socket has a corresponding 
notch in an inner flange . a ae as ae on the top of 
the lubricating J me pet through 
the notch when brought bred a ligament wi with it, so Mbat t e socket 
6 of the uppe per hinge part, whi the door, can only then be 
lifted off the socket ¢ of the lower hinge part, which is fixed on 
the carriage. In another form the hinge-pin is formed with a 
collar, which has a notch formed in it. The bottom socket has a 
Rew corresponding to the notch, so that the door can only be 

ifted off the socket when the pin “and notch are in a line one with 
the other. (Accepted November 7, 1906.) 


12,694. Brecknell, Munro, and Rogers, Limited, 
and E. M. Munro, Bristol. and Point- 
Arrangements. {3 8.) May 81, 1906.—This 

invention reference to contact-making and circuit-controlling 
devices employed in connection with the signalling and point- 
shifting arrangements of electric tramways and the like, of the 
kind in which a conductor connected to the circuit to be made 
and controlled is pivotally mounted parallel to, but insulated from, 
the current-carrying line of the tramway, and in such tion 
that the current-collecting means of a ing tramcar come 
= contact therewith, and current will flow from the current- 
pow” hang line to the conductor. Contact-making and circuit-con- 
rolling devices of the kind specified have the vantage that 
should the t of the current-collecting means which comes in 
contact with and rubs along the conductor be dirty, bad elec- 
trical connection will be made, and this connection may be so 
bad that current cannot flow from the current-carrying line 
through the current-collecting means to the conductor, and 
therefore to the circuit controlled thereb ‘A In such case the sig- 
nalling or point-shifting arrangements will not be operated. The 
present invention vides a contact-making circuit-con- 
trolling device in which the movement or swing of the conductor 
on its pivots when the current-collecting means come in contact 


Fig. 2. 
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therewith is caused to close a circuit from the current-carrying 
line direct to the conductor. this circuit or broken when the 
current-collecting means move out of with the 
With the present arran; t 
the current, and when Seon rrent-collecting means are clean and 
— electrical My yee with Ba apenas nM “~ ohn 
parallel! paths open for current. e uctor v 
connected at or near each end to an car 2, 11 are clamps that 
are secured to the conductor 9, and serve to carry a contact-piece 
12 “ metal having a certain amount of spring. The clamps 11 
are in electrical connection with the conductor 9 and contact- 
piece 12, and there is also secured thereto one end of the lead 18 
of the circuit to be controlled. 14 is — contact-piece of 
metal having a certain amount of spring. This contact-piece 14 is 
ee > Se cea 12, is carried by a hanger 
-off nd is in electrical connection with an ear 2, and 
therefore with wee wire 10.16 is the trolley-head of a tram- 
The cond be made of any suitable material ; a 
ordinary rot A ty will be found a. Normally 
the contact-pieces 12, 14 are out of contact, and 
is maintained eee gt ceapty aa will be in th pda 


ad — troliey-head. When a tramcar comes a 
“ comes in contact with the conductor 9, and and wail ¢ ray 
pom my on its pivotal pins. This movement, which. is away 





there is always one path open to ~—_ 





sisting of arms 9, each bent at right angles, and each having fixed 
to, or incorporated with it, a pivot pin. One of the pivot pins has 


Fig.t. Fig 2. 
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a worm-wheel 13 keyed thereon. Working into such worm-wheel 
13 is a worm 14, carried by the bracket 7. The worm has a shaft 
15, which can be d by the ductor by means of a crank 
handle, which can be placed on the squared end of the shaft. The 
rotation of the worm 14 causes the worm-wheel 13 to rotate, thus 
making the arms 9, which carry the step 5, to move about the 
pivots. This movement will yn A the step 5 rise, and fold in over 





.the floor of the platform, the underside S the step at that time 
(Accepted 


being uppermost. November 21, 1906 ) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
roett J. N. Colchester. Steam-Gene- 
rator Furnaces. (6 Figs.) July 2, 1906.—This invention 

relates to furnaces for steam-generators "of the fire-tube type, 
adapted to burn straw as fuel, and it consists in corrugating the 
plate edge of the rocking baffie-plate, in forming holes in the said 
jate immediately under said corrugations, and in fixing fingers 
hh the top of the fire-box so that they project into the depres- 
sions of the corrugations in the baffle- me the object being to 
revent the fire-tubes from becoming choked with half consumed 








uel. Y is the usual curved and pivoted baffle-plate. The te 
edge of this plate instead of being straight and plane as usual, 
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made with a rib Aand is corrugated. Under the corrugations are 
a series of holes B which allow the flame to pass through the 
baffle-plate and hold the partially-burnt straw. Incidental with 
the depressions a of the yon ee upper edge of the curved 
baffle-plates X are a series of fingers C, carried either directly or 
indirectly A top plate of the fi fire-box and arranged in one or 
more rows. These fingers hold - loose straw that a be carried 
upward inst the e- y the draught until the flame 
consumes it, and when the We-plate is rocked on its pivot they 
clear avay ‘any partly. -burnt straw or ashes out of the corruga- 


tions. (4 October 31, 1906.) 
1333. Belliss and ee Limited, and R. 
— trolling Fluid-Pres- 


, Birmingham. 

‘otors. (9 Figs.) e, y 17, 1906.—This invention 
= to improved means of contro whereby a steam-engine, or 
other fluid-pressure motor, can be promptly stopped, either auto- 
matically or by the hand manipulation of an attendant. The 
means for effecting the arresting operation will comprise the 
cutting off of the supply of pressure fluid, and may be supple- 
mented by the break ing of t he —-. in _ exhaust pipe or 
condenser, when steam- 
nes, and by the acumen of a ty The automatic 
lication of the controlling devices may be arranged to be 
oy the attainment a 8 which exceeds a pre- 
oomees limit, or any other physical effect which is adapted to 
produce isplacement of a control valve may constitute the 
cotpmatie agent. In one form of construction a  double- seated 

and approximately balanced valve b!, U2 is ad d to i 
the steam which enters the valve casing at ty and when the 
mara is by guy flows from b4 to the engine. The valve is secured 
op oe el, which > i cylinder C, to which steam 
= = admitted through pipes ce, o3. The Ye rod ¢ is secured 
to a cross-head, are connected, > pease manner, 
rods dl, di, which a within cguinponeaie ng boxes d?, d2, 
pivotally mounted. sere Se the of parts is such that in 
position of Poh a bi, b2 the axes of the spring-boxes 
aoe os t angles to the line of travel of the valv ve and its 
actuating , in which an seen, the springs d®, d3 will be in 
their most com: ‘compressed tion. In the movement from either 
extreme position up to the mid-position the ngs d°, d3, which 
are subjected to a fairly considerable ini compression, will 
Oppose the force exerted on the piston c! by the pressure fluid to 








paths will be open other pal A 
current, the one as set forth above, and the other through | vacuum in the low-pressure cylinder, or passage leadin 





move the valve b}, 12. After having passed the centre, = com. 
pressive force of the springs will to a com- 
ponent of effort in the direction of the movement of the =. 
with the result that the valve will be compelled to to its 
opposite extreme position without requiring any further effort 
by the pressure fluid on the piston cl, - the valve will be 
securely retained in the extreme p iti d. The 

rod d! and spring-box d? are pow kn in Tuplicate, in 
order that the component of the force of one spring may be 
| balanced by the component of the force of = 
In Fig. 2 is shown a contrivance for iS 
ere 


from to the condenser of the condensing steam- engines. In order 
to get rid of an urging force on such engines and arrest their 
motion with promptness, this operation should take place simul- 
taneously with that of interce ting the flow of the steam to the 

high-pressure cylinder. For this purpose a valve h, which normally 
| closes an aperture leading to the atmosphere ‘from a vacuum 
space h! in communication with the exhaust passage of the low- 
pressure cylinder, is adapted to be lifted by the admission of 











steam to a cylinder h? beneath a piston A’, the admission 
taking place through a h4, The piston A? and valve A are 
so connected as to allow the valve to seat itself without restraint. 
Also the connection is such that the piston h° will be free to rise 
for a fraction of its stroke without lifting the valve. During this 
unresisted portion of its stroke the piston will acquire momentum, 
and when the nut secured to the lower end of the piston-rod 
reaches the valve, it will exert an impulsive force thereon much 
greater than that which is due to the statical pressure of the 
steam on the piston A3. The knock-off effect of such momentum 
will break the vacuum, and allow the valve to be lifted by a com- 
paratively small force exerted on the piston. By means of this 
device a relatively small piston and cylinder will be able to open 
a large area for the admission of air. The space h7 above the 
piston can be in communication with the condenser if 
thought desirable, and thus enhance the available effort of the 
steam pressure. To lessen the liability to the leakage of air past 
the valve A and the impairment of the normal vacuum in the 
condenser, it will be advisable to provide a water-seal around 
the valve seating. (Accepted Nove 21, 1906.) 


23,922. W. Chilton, Loughborough, and the . 
Electri eering Company, 
beth. Turbines. [11 Figs.) November 20, 1905. wa ¥. — 
to this invention, turbine blades formed from sheet-metal blanks 
by stamping or pressing have the free end-portions or tips shaped 
in the said process in such a manner that the several blades can 
be conn together at their free ends or tips so as to strengthen 
and support one another by means constituting one or more lines 
of metal which extend to or project beyond the tops of the blades 
at right angles, or a) as so, to the axis of the turbine. 
1 shows in dot lines a sheet 1 of metal, from which the 
blsie blanks—two of which are shown in full lines at 2—are 
stamped. In the example, the blank blades 2are of T-shape, and 
each of them is subj d to a pressing or stamping operation so 
as to convert the stem portion a into the required blade body by 
giving it a curved cross-sectional form, and to bend the arms 3, c 


Fig.1. 











of the blank forward as shown in Fig. 2, so that when several 
such blades are assembled together, as shown in Fig. 3, to form a 
ring of blades, the arms }, c of one blade will overlap the arms b, 
c respectively ‘of the adjacent blade, to which they can be secured, 
as by rivets or brazing. The shank or root d of each blade may, 
as shown, also have formed on it by the same “— or stamping 
ration raised portions or ridges on one depression~, 
els, or grooves on the other side, for facilitating the fixing 
of the blade to the turbine spindle or cylinder. Fig. 4 shows an 
arrangement in which the free-end portion or tip of the blade is 
flattened as by being doubled along a longitudinal line to form 
flattened ions h adapted for attachment to a connecting stri B 
g (Fig. 5). The flattened portions of the blade may be arrange 
close together for the attachment of the connecting-strip to one 
side thereof, or they may be spaced apart and the blade slit at the 
end or tip for the attachment of the connecting-strip g between 
and to such flattened portions. (Accepted November 21, 1906.) 
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A Sketch of Scottish Industrial and Social History in the 
Eighteenth and Nineteenth Centuries. By AMELIA 
Houtcaison Stiruine, M.A. (Edin.). Formerly Ex- 
aminer in History in the University of St. Andrew’s. 
London : Blackie and Sons, Limited. [Price 6s. net. ] 

ALTHOUGH the nineteenth century is still too close 

to us to allow a full and impartial estimate to be 

made of its influence on the history and develop- 
ment of Great Britain, no student of industrial 
progress can fail to realise that the Victorian era 
introduced great and important changes into the 
conditions of life of the ple and into the fabric 
of modern civilisation. It was an era of national 
progress in time of peace, of domestic activity little 
disturbed by wars with European Powers. The 
eighteenth century, on the other hand, was es- 
sentially for this country a period of expansion 
and development in and through war. Though we 
then lost the American colonies, we gained Canada 
and India, and secured that supremacy on the seas 
which has enabled this island country to build up 
her enormous foreign trade to the great benefit of 
her people. These two centuries, therefore, are full 
of interest for the historical student, and the period 
derives a special interest from the fact that although 
Scotland and England had become one kingdom 
as far back as 1603, it was not until the beginning 
of the eighteenth century that a real United King- 
dom came into being, as a result of the union of 
the Scottich and English Parliaments in 1707. It 
is natural, therefore, that some writers, instead of 
dealing with Great Britain as a whole, should 
endeavour to trace the results of that union on 
one or other of the constituent countries, and the 
book now before us is the latest of several which 
have appeared in recent years devoted entirely to 

Scotland and the Scottish people at, and after, the 

Parliamentary union. 

The scheme of the present work is not that of a 
complete and detailed history, nor does the writer 
aim at adding much, if at all, to our knowledge by 
original research among unpublished historical 
records. She does indeed claim to have “‘ broken 
new ground,” but this we take to refer rather to 
the scope and general scheme of her work than to 
the actual facts there stated ; while the contents are, 
perhaps, best described in the writer’s own words as 
“* materials not hitherto brought together.” This, 
however, is no disparagement of the work of the 
authoress, for she has given a most interesting 
account of Scottish life in the eighteenth and nine- 
teenth centuries, devoting her attention especially 
to the chief steps of progress in agriculture, manu- 








ee 


industries, and the {improvements 
wealth of 


facture fand 
thereby made in the social comfort an 
the people. 

At the beginning of the eighteenth century Scot- 
land was a country rich in historical, ecclesiastical, 
and academic traditions, but in little else; her 
great natural resources in the form of minerals 
were then practically untapped, and the t 
majority of her people were extremely poor. That 
this poverty was due rather to lack of opportunity 
than to lack of will to do better things was abun- 
dantly proved after the union of Parliaments, when 
the artificial restraints on Scottish trade were re- 
moved, and, for the first time, free trade with 
England was permitted. Before that union a great 
step towards progress had been made by the pro- 
vision of facilities for the education of the people. 
By an Act of the Scots Parliament of 1696 it was 
ordered that in every parish in Scotland a school- 
master should be appointed and a suitable school- 
room provided ; and though many years passed before 
this scheme could be carried out in its entirety, the 
Church of Scotland fought nobly to achieve that end, 
and the people showed themselves eager to obtain 
the education thus provided for their children. It 
would be very difficult to over-estimate the im- 
portance of the part played in the subsequent 
development of Scotland by these parochial schools, 
and we should have liked to see the authoress of 
this volume dea] more fully with this branch of her 
subject. She describes the origin of these schools, 
the provisions made for their maintenance, and 
the education there provided, but we should like 
also to have a sketch of the spread of education in 
the country during the eighteenth century and up 
to the time when the system of school boards was 
introduced. We are told, for example, that in 
Fife, up to 1715, only one man in three was able 
to sign his name, and only one women in twelve ; 
but we should also like to know what percentage 
of Scotsmen and women were able, a century later, 
_ read accounts received of sie ~r of eter 
oo. And, again, the la yy the parochia 
school-masters in the pws om one of Scotland by 
cultivating a love of scholarship in every ‘“‘ lad o’ 
pairts,” and by nurturing — ability wherever 
it appeared and helping clever lads to go to the 
university, deserves proper mention and a due meed 
of praise in a work of this kind. Once or twice it 
does appear, but only in a subordinate manner. 
Thus, for example, the authoress tells us of David 
Livingstone, the missionary and explorer of Africa, 
that as a boy of ten he was employed in a cotton- 
mill from 6 a M. till 8 p.m. ; but, nevertheless, he 
managed in his leisure time, “‘ with the help of 

















the schoolmaster,” to learn Latin, botany, and 
other subjects, and ‘‘ could read easily some of the 
great Latin authors before he was sixteen.” That 
‘“*help of the schoolmaster” to a working lad, 
spending the night in study, is but an instance of 
the work done in and for Scotland by a noble army 
of men to whom Scotland owes a deep debt of 
gratitude. We emphasise this matter here because 
we believe that it was largely this spread of educa- 
tion among the people of Scotland, from the dawn 


|of the eighteenth century, which enabled them to 


make the best and fullest use of the opportunities 
offered after the union of Parliaments, and to show 
the wonderful progress which is the theme of this 
volume. 

We have not sufficient space at our disposal to 
follow the authoress into all the different subjects 
with which she deals. We must therefore pass over 
the arts of letters and of painting (though the period 
here discussed produced such men of genius as 
David Hume, Robert Burns, Walter Scott, Thomas 
Carlyle, and Henry Raeburn) in order to devote our 
attention to Scotland’s record during that period 
in a matter of special interest to our readers—the 
production of men of science, of inventors in the 
technical industries, of engineers, and of ship- 
builders. That record is truly notable, as the 
following names will show :—In the eighteenth 
century, and early years of the nineteenth, Scot- 
land produced Joseph Black, the chemist and dis- 
coverer of the principle of ‘‘ latent heat ;” James 
Watt, John Rennie, and Thomas Telford ; Andrew 
Meikle, the inventor of the threshing-machine, 
which met with immediate success, and brought 
enormous gain to the country, but left the inventor 
poor ; William Symington and a Bell, the 

ioneers of steam-navigation ; David Napier, who 
built the first sea-going steamer ; James Kasmmyth, 
the inventor of the steam-hammer ; James Beau- 
mont Neilson, the inventor of the hot-blast ; and 
Macadam, who devised the method of road-making 
with which his name is permanently associated. 
We must also mention, in a class by himself, Adam 


| Smith, the author of ‘*The Wealth of Nations,” 


who was first a student and afterwards professor 
at Glasgow University, and who, by contact with 
the business men of that city, acquired that know- 
ledge of commercial questions which led him 
to meditate on the principles underlying inter- 
national commerce, and to write the great work 
which has made him the founder of the science 
of political economy. Other names could be added, 
but the list given is sufficient to show a truly 
remarkable record of talent from a country whose 
people at the opening of the eighteenth century 
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were extremely poor. Of each of the persons 
named our authoress gives a slight sketch ; indeed, 
her record of national progress consists not of a 
consecutive narrative, but rather of a series of 
biographical sketches of remarkable men, with 
interesting information sometimes added, showing 
the state of knowledge in the particular branch of 
learning or manufacture in which the subject of 
the biography excelled, and the advance and 
benefits which followed his work. We can only 
refer our readers to the book itself, with the 
promise that they will find much to interest them 
in the account which the authoress gives of the 
rise of prosperity in Scotland, and of the indi- 
viduals and national characteristics which made 
such remarkable progress possible. 

Before closing this review we may, perhaps, 
refer to some points in the authoress’s narrative 
which seem to require correction or amplification. 
On page 93 it is stated that Joseph Black became 
‘*professor of chemistry” at Glasgow University 
in 1756. This is not correct, as there was no 
Chair of Chemistry there, and no ‘‘ Professor” of 
that subject till 1817. As early as 1747, however, 
there was instituted a lectureship in chemistry, 
and Black was appointed ‘‘ Lecturer” in 1756, 
holding that post till 1766. He was, however, 
Professor of Anatomy and of Practice of Medicine. 
Although the authoress refers to Black’s discovery 
of the principle of ‘‘latent heat,” she does not 
mention that this discovery was made while he 
was lecturer in Glasgow, and that he afterwards 
taught it regularly to his students there, We 
shall see presently that some importance attaches 
to this. The authoress refers to Black's other 
discoveries ; but one more might be added to her 
list, as Black appears to have been the first to 
observe diffusion of solutions—a very important 
discovery—which he illustrated by the diffusion of 
copper sulphate into water in a tall glass, and he 
gave an explanation of it. 

With regard to James Watt, the authoress says 
(page 111) :— 

‘* Born in Greenock in 1736, Watt had been 
carrying on business in Glasgow for some years as 
a maker of mathematical instruments, when, in 
1764, a Newcomen engine was brought to him for 
repair, and his thoughts were thus turned to the 
ject which ever since has been associated with 

im.” 

Now the statement that Watt ‘‘carried on 
business ” in Glasgow is only true in a particular 
and very restricted sense, and, put thus generally, 
it ignores circumstances which throw an interesting 
light on the methods of trade at that time, and 
which ought, therefore, to be described in a work 
of this kind. Watt tried to set up a business in 
Glasgow, but he was prevented from doing so by 
the Corporation of Hammermen—a trade guild— 
on the ground that he was not a burgess nor the 
son of a burgess. In this state of affairs the Uni- 
versity authorities gave him a workshop within the 

recincts of the college, where he worked as an 
instrument-maker, and made apparatus and did 
repairs for the professors. His intercourse with 
these learned men, and their encouragement, were 
of great advantage to Watt, and the Newcomen 
engine, the repair of which set him finally to work 
on the steam-engine, belonged to the Department 
of Natural Philosophy in the University. That 
was in the winter of 1763-64; but Watt had pre- 
viously given thought to the steam-engine, as the 
following words from his own account show :— 
92 — was first directed in the year 1759 
to the subject of steam-engines by the late Dr. 
Robison himself, then a student in the University 
of Glasgow (afterwards Professor), and nearly of 
my own age. Further, while Watt was working 
in the college, Black was lecturing in chemistry, 
and had his apparatus made for him by Watt, and 
we know that an intimate friendship sprang up 
between the two men. Now theauthoress of this 
work says, quite truly, that without Black’s discovery 
of the principle of latent hea: ‘* Watt could not 
have reached the invention by which the steam- 
engine was perfected,” and it is therefore surely 
worthy of notice that as soon as Black made and 
began to teach that discovery, about 1761-2, Watt 
would learn of it from his friend and be able to 
discuss it withhim. It is also noteworthy that the 
discovery was made not long after Watt had first 


had his attention directed to the steam-engine, and 
only a year or two before he finally devoted him- 
self to that subject. 





We have thought it right to refer to these 


matters as indicating some points in which the 
authoress might improve her work in a later 
edition. Little is to be gained by speculations 


regarding the possible, or probable, intercourse of | 


contemporary men of genius in past ages, but where 
there is positive knowledge that such intercourse 
took place and that there was a free interchange of 
thought between investigators whose work was to 
any degree inter-related, surely this ought to be 
mentioned in any record which involves a sketch 
of the lives of these men. It is a weakness in the 
present volume that individuals are too often dis- 
cussed without due regard to their social surround- 
ings. In spite of this weakness, however, the 
volume deserves to be read by students of social 
and industrial progress. 





Ancient and Modern Ships. Part II.—The Era of Steam, 
Tron, and Steel. By Sir Grorce C. V. Howmss, 
K.C.V.0., C.B., Hon. Member I.N.A. Whitworth 
Scholar. Formerly Secretary of the Institution of Naval 
Architects. London: His ‘Majesty's Stationery Office. 
[Price 1s. 6d. in paper, 2s. 3d. in cloth.] 

Tue first part of Sir George Holmes’ work on 

shipping, that which related to wooden sailing-ships, 

was published by the Board of Education some time 
ago, and the edition has long been exhausted. It 
contained a great deal of matter of considerable 
historical interest not readily accessible. We are 
glad to see this book has been reprinted. The 
second part of the work—that which is now before 
us—is a larger volume than its predecessor, and is 

more fully illustrated, there being in all over a 

hundred full-page plates and engravings in the 

text. 

The chronicle of steamers here given commences 
with the earliest days of mechanical propulsion, and 
carries the record to the most noted vessels now in 
service. The first illustration is Fulton’s Cler-. 
mont, of 1807. The history of steam navigation 
did not, however, commence in the nineteenth cen- 
tury, as the author has shown in a former work,* 
to which he alludes. The experiments of Miller 
and Symington, made on Dalswinton Loch in 1788, 
are well known; whilst, in the following year, a 
second steam vessel was run by them on the Forth 
and Clyde Canal. In 1802, Symington successfully 
tried the Charlotte Dundas, a steam-tug intended 
for use on the same canal. Robert Fulton, the 
American pioneer in this field, visited Symington 
in company with Henry Bell, and witnessed the 
trial trip of the Charlotte Dundas. In 1803 he 
entered into negotiations with Boulton and Watt 
(he had been in communication with them in 1794), 
and obtained the main working parts of a trial 
engine ; these were delivered in the United States 
in 1806, and in the following year they were fitted 
into the Clermont. Copies of the original draw- 
ings, and of the correspondence between Fulton 
and Boulton and Watt, are to be found in the 
fortieth volume of the Transactions of the Institu- 
tion of Naval Architects. Two other pictures give 
——. a Clyde passenger steamer of 1817, 
and a Thames passenger steamer of 1819. Many 
details of early sveamers are given in this part of 
the work, and the author then takes up his record 
on the other side of the Atlantic. 

A picture of the ever-famous Savannah shows 
her to be a ship-rigged vessel, with paddle-wheels 
hung naked on the side, there being neither spon- 
sons nor dle-boxes. It is hardly necessary to 
say that the Savannah—the first steamer to cross 
the Atlantic—did not steam and sail the whole 
voyage in this gallant style. Her paddle-wheels 
were made to unship, and would fold up like a 
fan ; apparently they passed the greater part of 
their time, on the voyage to Europe and back, in 
the ship’s hold or on deck. 

The development of coasting and cross-Channel 
steamers, which were the parents of the later 
ocean-going vessels, is in the book, many 
illustrations being given. They are mostly from 
old prints. A charming little picture is given of 
the Isabella Napier, a Londonderry packet, built 
in 1835, and engined by Robert Napier. The 
Sirius, the Great Western, and the Royal William— 
the first vessels to cross the Atlantic under steam— 
are all illustrated, evidently from contemporary 
pictures. The former vessel, according to the illus- 
tration, was a barque-rigged paddle-wheel steamer 
of the cross-Channel or coasting type ; whilst the 
picture of the Great Western shows a four-masted 


paddle-wheel schooner, with yard and fore-topsails. 


* “Marine Engines and Boilers,” published by the 
Board of Edueation. 





important event of the two, and this ship may be 
said to have inaugurated the trans-Atlantic service 
which has grown to such magnificent proportions 
at the present era. The Sirius, on Zags return 
home, was relegated to the coasting trade in which 
she had cslaiaalie been employed. Another boat 
of the cross-Channel type in appearance, the Royal 
William, was the first steamer to cross from Liver- 
pool to New York. This wasin July, 1838. Another 
steamer that crossed the Atlantic about this time 
was the British Queen, of which an excellent illus- 
tration, from a contemporary print, is given. She 
appears as a handsome barque-rigged vessel, and 
was considered—and justly so, we should say from 
_  § peaillinas most magnificent steamer of 
er day.” 

The era of trans-Atlantic steam navigation may 
be said to have been fairly started by these events. 
They led up to the establishment of the Cunard 
Line, inaugurated by the Britannia and her three 
sister-ships. 

The next section of the book is devoted to ‘‘Ship- 
Building in Iron and Steel.” Richard Trevithick, 
whom Sir George Holmes describes as ‘‘ probably 
the boldest, most imaginative, and far-seeing engi- 
neer of the early of the last century,” sug- 
gested iron ships in 1809, in conjunction with Mr. 
Dickinson. The first iron vessel of which record 
exists was the Vulcan, built near Glasgow, in 1818, 
by Thomas Wilson. As late as 1875 this same craft 
was engaged in carrying coal from the Forth and 
Clyde Canal. It would be interesting to know if 
she is still in existence. The first iron steamer 
was the Aaron Manby, ‘‘ put together in London.” 
It was, however, the Great Britain, built in 1843, 
by Patterson, from Brunel’s designs, and her 
wintering, stranded, in Dundrum Bay, that had the 
effect of demonstrating the supremacy of iron over 
wood. An engraving of this ship under way is 
given, showing her with six masts. Her rig was 
afterwards modified ; in fact, she was converted 
into a sailing ship, and broken up at Barrow after 
fifty-seven years’ existence. She was a screw 
vessel. Many of the celebrated steamers that 
followed are illustrated, and their histories given ; 
and, finally, that wonder of her age, the Great 
Eastern. Sir George Holmes devotes a consider- 
able section of the book to this ever-famous ship. 
Some of the more modern vessels of the Irish 
cross-Channel service are also dealt with. 

After referring to the use of steel, a short chapter 
on ‘‘ The Influence of the Admiralty on Shipbuild- 
ing in Iron and Steel” is given ; and is followed by 
a section on ‘‘ Modern Passenger Steamers.” This, 
indeed, is the principal feature of the book, and is 
excellently illustrated. The author traces the rise 
of the White Star and other ocean lines of steamers, 
giving details of typical vessels that have been from 
time to time built. A striking feature is the illus- 
trations of the splendid interiors of modern Atlantic 
liners ; asthe author says, the main saloons of some 
of these ships are more like the interior of a 
spacious theatre than the cabin of aship. A very 
effective view of the main saloon of the North 
German Lloyd Kaiser Wilhelm II. is given. 

A chapter on ‘‘ The Development of Type” treats 
of a more technical aspect of the subject in a clear 
and able manner, and is well illustrated ; the same 
may be said of an historical sketch on ‘‘ The 
Development of the Structural Features of Iron 
and Steel Ships.” It is a subject with which the 
author, by his long connection with the Institution 
of Naval Architects, as well as by his early train- 
ing, is well able to deal. Finally, there is an 
appendix, in which ‘‘The External Forces which 
Act on Ships, and the Strains which they Produce,” 
are explained. This appendix is entirely technical, 
but the matter is luci q treated, so that the prin- 
ciples need not be beyond the comprehension of any 
one who gives reasonable time and attention to the 
subject. Another appendix treats of ‘‘ Tonnage 
and its Measurement at Different Times.” 

On the whole, the book may be said to be an 
excellent example of what a work of this class 
should be. The volume is well printed and well 
bound, and does credit both to the author and to 
the Government department by which it is issued. 





The Theta-Phi Diagram practically applied to Steam, 
| Gas, Oil, and Air-Engines. By Henry A. Goupixe, 
| A.M.I, Mech. E. Manchester : The Technical Publish- 
| __ ing Company, Limited. [Price 3s. net. ] 

‘Tuts is the second edition of a work brought 
,out first about eight ycars ago, and now revised 
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and enlarged. Unfortunately, however, the revision 
has been less thorough than was desirable, as the 
method given of determining the dryness fraction | 
of steam is not strictly correct, and the error was | 
pointed out by Mr. C, H. Wingfield in the Pro-' 
ceedings of the Institution of Mechanical Engineers 
for 1903, page 313. Still the competent reader, 
should have no difficulty in — the proper 
correction, and Mr. Golding shows clearly enough 
the general nature of the losses which occur in the 
steam-engine cylinder. Numerous engine-trial data 
are worked out in detail, and these will prove highly 
instructive to those readers who are — of fol- 
lowing the author’s demonstrations. This section 
of the work includes a description of Professor 
Boulvin’s very ingenious chart, by which the indi- 
cator diagram can be analysed by purely graphical 
methods. The second portion of the volume, 
dealing with the application of the temperature 
entropy diagram to gas and air-engines, is, to our 
mind, written in a much clearer fashion than the 
earlier portion of the book. Here will be found a 
highly interesting thermal analysis of the cycles of 
all the standard types of explosion and hot-air 
motors, supplemented by a discussion of actual 
experimental results. 

The volume concludes with a valuable appendix 
in the shape of a table giving the weight of 1 cubic 
foot of dry saturated steam for every ,) lb. of 
pressure between 1 Ib. and 219 lb. per square inch. 
A column of differences is included with the main 
table, by which the specific weights can be obtained 
for each +}, 1b. variation of pressure. 
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| 
THE TRANSPORTATION AND 
SHIPMENT OF ORE. 


Tae handling of minerals in bulk has always 
afforded an interesting problem to the engineer, 
partly because of the economy obtainable, and also | 
in view of the difficulties due to the varying condi- 
tions prevailing and the variety of materials to be | 
dealt with. In this country attention has been 
concentrated chiefly on the storage and shipment of 


coal, since this has bulked most largely amongst | 


our products, and the result has been, and is now, | 
highly creditable to en 

company enterprise. This was especially brought 
out at the meeting of the Institution of Mechanical 
Engineers in South Wales last summer, when the 
splendid facilities afforded at several of the harbours 
dealing with Welsh coal were described and dis- 
cussed.* In America the handling of iron ore, 
especially from the Lake Superior district, is 
achieved with a marvellous degree of perfection, 
the engineer being stimulated in his effort because 
of the high labour charges prevailing in the States. 
In other countries cheap labour has been hitherto 
a disability, because there can be no doubt that 
economy of labour, whether it is highly paid or 
otherwise, improves the economic condition of any 
country. In Spain and other countries which might 
be named, where labour has been plentiful and 
comparatively cheap, the problem of the mechanical 
handling of minerals has not been tackled with the 
same enterprise as in some other countries. 

In Spain a very large export trade is carried on, 
notably in iron and copper ores, the export of the 
former amounting to about eight million tons per 
annum, and of the latter one milliontons. In most 
instances the mines are situate among the moun- 
tain ranges, some distance from the seaport, and 
the mineral is conveyed by ropeway or railway 
formed for the purpose to a suitable port of ship- 
ment, or is fed to existing trunk lines, and thence 
conveyed to the port. In the former case the 
engineer is free to make selection of the most suit- 
able site for storing and delivering the mineral | 
into vessels; but where the existing railway is 
utilised the conditions are more or less restrictive. 
At Bilbao the river has been made navigable,“and 
loading wharves have been constructed where the 
ore from the district served by the various lines 
converging on the port is discharged into vessels. 
The Rio Tinto and Tharsis Companies have each 
constructed loading-stages or piers at Huelva, 
where the ore is discharged directly from railway 
wagons into vessels alongside. The ore from the 
Bacares hematite mines, in the province of Murcia, 
is brought down by the Great Southern of Spain 
Railway, and shipped at the port of Aguilas, at 
which the loading es are amongst the most 
recently constructed. The configuration of the 
shore has lent itself to the construction of V-shaped 
hoppers excavated from the rock, which are charged 
by the railway wagons from above. The ore is 
drawn off into other wagons which run upon rails 
passing in tunnels beneath the hoppers imme- 
diately under the points of discharge. These roads 
are on the level of, and are led on to, a pier or 
loading-wharf, provided with shoots, which has been 
constructed close at hand. By this means the ore is 
transferred from the storage-bins into the vessels. 

Numerous other cases might be described where 
the varying conditions have called for different 
methods. On the North Coast of Spain several 
examples occur where advantage has been taken 
of the more or less precipitous coast to construct 
cantilevers projecting sufficiently far to enable the 
material to be dropped through shoots into the 
holds of vessels lying immediately under the ex- 
tremity of the cantilevers ; in this case storage is 
effected on shore in the immediate vicinity. Of 
such cantilever systems the Embarca‘e:vs of Le- 
tares, Decido, Lonavia, Castro- Alen, Castro- 
Urdiales, and Onton are notable examples. The 
last-named system of cantilever has a total over- 
hang of 65 metres (213 ft.), while the arm is 17 
metres (56 ft.) above water-level. Such systems 
deal with from 2000 to 3000 tons of mineral per 
day, depending upon the number of shoots. 

- the system which is here illustrated the pro- 
blem of shipment in connection with the Alquife 
mines has been admirably solved by the well-known 
firm of Formans and McCall, C.E., of Glasgow, 
who have made a special study of this department 


* See ENGINEERING, vol. Ixxxii., pages 152, 162, 165, 


ineering ingenuity and dock | 





and 363, 





| of engineering. In this case the appliances had to 


be adapted to the existing railway and port, neces- 
sitating an extension of the railway seaward in the 
form of a pier with storage and loading-stage. The 
Alquife mines* are situated on the eastern slopes 
of the Sierra Nevada, being 3800 ft. above sea- 
level, and a quarter of a million tons of iron ore 

roduced annually is conveyed by an 8-mile private 
ine to the South of Spain Railway, which completes 
the 62 miles distance separating the mine from the 
port of Almeria. Formerly the ore was dealt with 
entirely by manual labour at this port, being un- 
loaded by hand from the wagons into stock-heaps, 
from which, on the arrival of a vessel, it was 
filled into small baskets capable each of carrying 
about 30 1b. These were placed in mule or ox carts 
and conveyed to the mole alongside which the 
vessel lay, and from thence emptied into the hold. 
The best recorded result obtained by this means is 
the loading of about 1000 tons per day of 10 hours 
by aid of a little army of some 350 men with carts, 
mules, and oxen. ow, however, with the new 
system which we are about to describe in detail, 
8000 tons can be shipped in a day, with the em- 
ployment of about a dozen men. Thus a vessel 
need only be in port for a day instead of a week, 
as under the former system, and as the voyage to 
Glasgow, the princi port of consignment, only 
occupies eight days, it will be seen that the propor- 
tion of time ay ye in loading to time required 
for transporting the material has been reduced from 
100 to 12}, which is in itself an important mecha- 
nical oy In other words, whereas the time 
occupied in loading and transport was formerly 
sixteen days, it is now nine days. 

As shown in the general plan of the new work on 
page 104, a railway line 1650 ft. long has been con- 
structed, with a gauge of 5 ft. 6 in., and on a gra- 
dient of 1 in 44 from the terminal dépét at Almeria 
station. This new line is carried for almost its 
entire length on a viaduct extending seaward until 
a sufficient depth of water is reached. From this 
point the loading-stage extends, carrying four 
parallel railway tracks, each capable of accommo- 
dating twenty of the Alquife Company's 15-ton 
hopper-bottom wagons. These wagons deposit 
their load into a row of suitably-shaped hoppers 
having discharging-shoots which can deliver by 
gravity the contents of the hopper into the holds 
of the ships. The deck of this loading-wharf is 
614 ft. above the water-level, and the openings 
where the shoots are hinged are 39 ft. above 
water-level. The shoots are 25 ft. in length. The 
depth of water alongside the wharf at high water is 
26 ft. at the outer end and 18 ft. at the shore end, 
the rise of tide being 2 ft. ; but the foundations of 
the columns bearing the superstructure have been 
carried to a depth which will permit of subsequent 
dredging to 29 ft. throughout the whole length of 
the stage. 

Deferring the description of the interesting 
details of the outer part, where provision is made 
for storing over 11,000 tons of ore, and of the 
carefully planned loading arrangements, which we 
will deal with in our next article, we turn now to 
the construction of the viaduct from the station to 
the foreshore. As shown on the plan, Fig. 2, the 
line had to be curved to suit the property owned 
by the — Company. The viaduct is con- 
structed of arching, built with the limestone of 
the district, and where thoroughfares had to be 
crossed lattice and pe ay 4 work was adopted. 
This part of the work calls for little comment. Tho 
largest of the bridges—that over the Calle de 
Tejares—is of 92-ft. span, built on a skew of 23 deg. 
of obliquity. The girders are 98 ft. 6 in. in length, 
with a depth of 9ft. 9in. The decking is of steel 
cross-joists, floored with timber on the outsides, 
and in the centre between the rails with steel 
sheeting. The rails are carried on longitudinal 
timber way beams. This bridge is well shown 
in the perspective view of the viaduct, which forms 
Fig. 3 on Plate IX., published with our present 
issue. On the foreshore and seaward to the loading- 
stage the approach is constructed of trestle-work, 
the more interesting details of which are illustrated 
on the two-page plate just referred to. 

The strata, according to the bores, was found to 
be composed of sand and gravel, with an admixture 
of clay, and it was accordingly decided to sink the 
foundations by means of open steel cylinders, the 
material being grabbed from within, and these were 


* See the pescontiogs of the Institution of Civil Engi- 
neers, vol. clix., page 312, 
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The maximum load required in connection with the 
sinking of all the cylinders was 24 tons. The two 
outer rows of cylinders of the loading-stage were 
carried to a depth of 12 ft. below the level of the 
prospective deepening, and the two inner rows 
10 ft., while the minimum depth of any cylinder 
was 10 ft. below the existing surface. In the case 
of the loading-stage the total length of — in 
several instances amounted to 42 ft. There are 
under the broader trestles in the approach six 
foundation columns (Figs. 2 and 4); on all other 
trestles, four. 

When the columns had reached the required 
depth, the bottom was dressed by a diver, and a 
seal of 4 tol concrete was putin. After this had 
thoroughly set, the water was pumped out, and 
there was then placed in position vertically a series 
of eight steel rails, bound at intervals by hoops, as 
shown in Fig. 6. These rails serve the purpose of 
reinforcing the concrete filling of the cylinders, and 


combine in constituting the main piers for support- | elevation. 














20. 


114 tons per square foot of bearing area on the 
foundations. he maximum settlement did not 
exceed 18 in., and such a case was the exception, the 
average being about 5in. The load was maintained 
for 24 hours after all settlement had ceased. The 
top part of the column was subsequently completed 
with 3 to 1 concrete, finished with 2 to 1 grano- 
lithic. Into this were fixed the long bolts and 
washer-plates for securing the wee 4 ates of the 
standards. The bases of the standards were after- 
wards set to true level, rere by steel wedges, 
and the space between the bed-plates and the grano- 
lithic was grouted with 2 to 1 fine mortar. 

The piers for the viaduct of approach to the 


| loading-stage consist of a series of trestles, of which 


general drawings are 2 in Figs. 7 and 8 of 
the two-page plate. here the line is single, as 
shown in Figs. 7 and 8, the trestles consist of four 
standards, set well apart, at distances proportionate 
to the varying heights, as shown on the transverse 
hese have a batter of 1 in 6, while 


ing the superstructure. This concrete is of five | longitudinally they are perpendicular. The trestles 


parts of gravel (as found on the foreshore) to one | are sup 
of Portland cement. Each column was designed to | 
stand a test load of 240 tons, which is from 40 to | 


60 tons in excess of the maximum load under all 
conditions which could be brought upon the 
columns of the loading-stage. This test load was 
applied by the superposition of lead blocks, which 





rted for the most part on steel cylinders 
filled with concrete, as already described. he con- 
struction of the standards, with their bracing and 
connections, is very clearly illustrated in the 
details reproduced on the two-page plate, Figs. 7 to 
18, Figs. 16 to 18 showing the connection with the 
foundation columns, Figs. 14 and 15 the connection 


were kept in place for three weeks after the concrete | with the diagonal bracing, and Fig. 10 the connec- 
in the cylinder had set. The test-load was equal to tion with the horizontal member at the top, while 


Figs. 11, 12, and 13 show the connection of the 
diagonals at the point of intersection. Fig. 18 is a 
sectional plan at the top of the column, showin 
clearly the transverse and longitudinal horizon 
bracing. The girders carrying the permanent-way 
are of the plate type, of a depth of scantling to 
suit the various spans which are given on the general 
section, Fig. 1. The girders are secured at one 
bearing, and are free to expand at the other. The 
permanent-way, which was made to the pattern of 
the existing railway, is similar to that of most 
Spanish railways, and consists of flat-bottomed rails 
fastened by wooden screws and bent washer-plates 
to the longitudinal-way beams, which bear upon 
steel cross-joints resting on the top flanges of the 
main longitudinal girders. 

Fig. 20, annexed, gives a very good idea of 
the method of building these trestles, and of the 
temporary staging constructed in connection with 
the sinking of the foundations. As already re- 
marked, this staging was useful in the erection of 
the various members of the superstructure, which 
the engraving likewise serves to illustrate. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordin eneral meeting of the Institution 
| of Mechani ngineers was held on Friday last, 
the 18th inst., at the Institution House, Storey’s 
Gate, Westminster, the President, Mr. E. P. Martin, 
being in the chair. 


NOMINATION OF OFFICERS. 


The proceedings commenced by the President 
stating that, in accordance with the rules of the 
Institution, the President, two Vice-Presidents, 
and seven Members of Council would retire at the 
ensuing annual general meeting. The list of those 
| retiring was as follows shar ae, Mr. Edward P. 
| Martin ; Vice-Presidents, Mr. E. B. Ellington and 

Mr. T. Hurry Riches; Members of Council, Mr. W. 
| H. Allen, Sir Benjamin Baker, Sir John Wolfe 
Barry, Mr. H. A. Ivatt, Mr. T. P. Reay, and Mr. 
John Tweedy. Mr. George Whale, who had been 
elected by the Council during the session to fill a 
vacancy which had occurred, also retired in accord- 
ance with the rules. The following had offered them- 
selves for re-election, and had been nominated by 
the Council:—As Vice-President, Mr. Ellington ; 
as Members of Council, the seven retiring members. 
Ihe following nominations had also been made by 
the Council for election at the annual general 
meeting. As President, Mr. T. Hurry Riches, of 
Cardiff ; as Vice-President, Mr. Henry Chapman, 
of London ; as Members of Council, Dr. Archibald 
Barr, of Glasgow, and Mr. Walter Pitt, of Bath. 

The President, in aecordance with custom, then 
pointed out that it was open to any member to 
add to the list. After a pause, no further nomina- 
tion being made, Mr. Martin announced that the 
names submitted to the meeting would constitute 
the nominations for election at the annual general 
meeting, to be held on February 15. 


New Members. 

The Secretary then read the ballot list, from 
which it appeared that fifty-five members, associate- 
members, and graduates had been duly elected, and 
that three transferences had been made by the 
Council from the class of associate-member to full 
member. 








ALTERATION TO THE By-Laws. 


The President next made the announcement that 
at the annual general meeting, to be held on Feb- 
ruary 15, the pro alterations to the by-laws, of 
which copies had been circulated, would be pre- 
sented and discussed. 


Licutine oF Rarpway PREMISES. 

It will be remembered that at the general meeting, 
held on December 14 last, a paper on the ‘‘ Lighting 
of Railway Premises : Indoor and Outdoor,” by 
Mr. Henry Fowler, of Derby, was read and partly 
discussed. The discussion on this paper was re- 
sumed. 

Mr. George S. Hughes, chief mechanical engineer 
to the Lancashire and Yorkshire Railway, was the 
first speaker in the adjourned discussion. He said 
that the lighting of — was a subject not 
only of scientific interest, but also of great com- 

mercial interest. It not only embodied the points 
that the author had dealt with, but also such items 
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as train-lighting, the lighting of signals, of hand-| ask if any body would say in what direction inves- | at least twice the amount of light was given. There 


lamps, and of the head and tail lamps of trains. | 
The paper had stated that the choice of a lighting 
agent was necessarily of a restricted nature in the 
sense that every station and every point had to be 
taken on its merits. The author had referred to 
oil, gas, and electricity. It would be admitted | 
‘that electricity had given a great fillip to the gas 
industry, and now that gas-lighting had become | 
such a formidable competitor with electricity, gas, | 
in its turn, would act the same part towards electric | 
lighting. .General experience on the Lancashire 
and Yorkshire Railway showed that on small 
country stations, employing oil-lamps giving about 
11 candle-power, ne burning on the rycen about 
tive hours per diem, the cost amounted to about 3d. 
per light per night. In the country station the 
only other available agent would probably be acety- | 
lene, which, to give the same result, would cost 
about twice as much ; therefore oil had the advan- 
tage in the case of the small country station.. Where 
gas and electricity could be obtained, the experi- 
ence of his company was that incandescent gas 
with the ordinary C burner was the cheapest, and 
amounted to just under 1d. per night on an average 
of five hours for the 60 candle-power ; where they 
had employed gas at about 8 in. pressure it was some- 
what cheaper. The author had referred to the effect 
of train-lighting on platforms ; and the speaker said 
that for many years gas had been a most valuable 
agent in lighting trains, but at the present time it 
was under a cloud, as certain authorities had pointed 
out that in train-wrecks gas added somewhat to 
the risks. He had examined records of all the 
accidents to passenger trains which had been re- 
ported upon by the Board of Trade for the last 
twenty-six years, and the result was that out of 
1478 accidents there had been fourteen cases in 
which the wreckage had been involved in fire. In 
one instance the fire was due t» a defective motor ; 
in another instance to a lighted reading-lamp ; in 
three instances it could not be located; in four 
instances it was due tu gas, and in five instances to 
fuel from the locomotive. This showed that gas 
was responsible for a percentage of but 0.27 on) 
the total number of accidents. He would add that 
these figures, combined with the fact that gas was 
commercially superior, should not prevent the use 
of such a valuable lighting agent. The thing was, 
to prevent accidents, and these being prevented, | 
the secondary risks would take care of themselves. 
The speaker next exhibited on the screen some | 
photographic slides, taken by artificial light, show- | 
ing some of the shops at Horwich. The exposure 
varied from 20 minutes to half an hour, and the 
Particulars of the conditions | 
under which the photographs were taken, and the | 
floor area lighted per lamp, would, Mr. Hughes | 
stated, be handed to the Secretary. 
There was also shown an interesting diagram, | 
which we reproduce in Fig. 1, in which the upper | 
part ikewen the relative cost of light per candle- | 
power-hour in thousandths of a penny as compare | 





detail was excellent. 
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with the cost of electric current per unit. The | 


diagram also showed the results obtained with a 
tantalum lamp (one of the most recent electrical 
developments in incandescent lighting) as compared 
with a vertical carbon filament lamp. Although the 
first cost was re the tantalum lamp was a much 
lamp. The speaker would like to, 


more economica 


| it would become quite harmless, and the more air 


| the speaker remarked, put in new pipes, and in 


| 0.685 to 0.695 ; neglect of this was usually the cause 


| burners. 


tigation was going on in connection with electric | 
lighting. Reverting to the diagram, the speaker | 
said the upper part represented a total life of .500| 
hours, while the lower diagram showed the total | 
history of the tantalum Jamp, and some ordinary | 
filament lamps, from which it would be observed | 
that the tantalum lamp ran about 1200 hours, and | 
only lost about three or four candle-power in the 
whole life, whereas the filament lamps fell from 30 
to 10 candle-power. 

Mr. Mackworth Praed said he agreed with the 
author in believing that there was a future before 
petrol-fed lamps; but he considered the author 
was unfortunate when he added that the time for 
their adoption had not yet come. Mr. Praed had 
caused to be placed in the theatre a machine 
invented by Mr. John Gore, of Sutton. There 
were now, he added, several others of a similar 
kind. This apparatus had proved itself to be a 
practical working and lasting machine, giving a 
most excellent and steady light. It was evident 
that the author had not had an opportunity of 
examining or testing this machine, or he would 
hardly have said in the paper that very much 
ingenuity had been shown in the construction of | 
air-gas plants, and several seemed to be theoreti- | 
cally perfect; but he had not come across one | 
which had been tried practically with absolutely | 
satisfactory results. The paper had also stated | 
that this form of lighting was not simple enough | 
to leave in charge of the staff of a small wayside 
station. For some time one of these machines 
had been erected at Trentham Station, and too | 
larger installations were being put into Sudbury | 
and Rocester. The Trentham Station installation | 
had proved satisfactory during eighteen months. 
There were other stations at which the same form 
of lighting was to be adopted. 

With very ordinary precaution, the apparatus 
could be dealt with as safely, or more so, than 
ordinary coal-gas. Should there be a leakage of 
coal-gas in enclosed premises, it would get mixed 
gradually with a certain amount of air, and thus 
form an explosive mixture; whereis if the air- 
gas did leak into a room, having already the required 
amount of oxygen with it before it left the burner, 





added to it the more harmless it would become. 
The author had said that the air was usually 
carburetted by passing it over or through the 
petrol ; the machine which the speaker exhibited 
did neither one nor the other. The petrol was 
atomised and sprayed on to the air, by which it 
was absorbed, and the mixture so formed passed 
off as a fixed gas. Any petrol not absorbed by 
the air returned to the tank, and the process was 
repeated with every revolution of the machine, so 
that the gas was always manufactured from fresh 
supplies of petrol and air, thereby ensuring a gas 
of constant density, the lack of which had always 
proved a stumbling-block in previous machines, 
where the petrol and air were mixed in the way 
described by Mr. Fowler. 

Any person adopting that form of lighting should, 


no circumstances employ pipes which had been pre- 
viously used for acetylene, as something in the form 
of sludge was deposited in such pipes, and this had a 
very detrimental effect on air-gas made from petrol. 
As members would know, mantles were necessary 
unless it were desired to use the gas for cooking 
purposes, in which case Bunsen burners would be 
required. Personally, he thought variation of tem- 
pees did not make much difference, but he 

lieved in heating the air previous to it being 
saturated with the petrol, as that materially assisted 
the manufacture of a fixed gas. If failure arose 
at all, it would be in regard to the supply of petrol. 
This should be of a specific gravity not greater than 


of trouble, but arrangements were being made to 
secure the supply of petrol of the desired quality. 
Two machines similar to that exhibited were 
in use last summer at Pirbright Camp. There 
were fifty-six lights, and, in addition, five Bunsen 
The cost was ll. 15s, per month, as 
against 4/., the estimated monthly cost of oil 
to give equal light and cooking facilities. The 
secretary and general manager of the canteen 
mess, who had supplied the figures, had said that 
he considered this gas to be a great improvement 
on oil-lamps. There was no smell, nor was 
there danger of oil dropping on the eatables. 
There was a great saving of time and labour, whilst 





had been no trouble with the plant, and the light 
had never failed. Finally, the speaker would say 
that as there was no sulphur in the gas, no damage 
would be done to paint, paper, or fittings. The 
apparatus to which Mr. Praed referred was shown 
in action, both during his speech and at the con- 
clusion of the meeting, four or five lights of extreme 
brilliancy being in operation. 

Mr. Henry of Birmingham, said that tho 
author had referred, early in the paper, to a photo- 
meter for ascertaining the real amount of illumina- 
tion obtained from the lights installed. Most 
people would regard that as a reasonable method 
of testing; but some years before, when he had 
wished to go rather carefully into the matter, he 
found that no such thing as a photometer for his 
purpose was to be obtained ready made. One, 
specially constructed, would not work, so he de- 
vised a simple instrument which anyone could 
make, and which he proceeded to describe by the 
aid of a wall diagram, which we reproduce in Figs, 











(9797.4. 
2 and 3. The idea was not patented, so anyone 
could make the apparatus. He would premise 
that the illumination should not be measured on 
the floor. Nobody wanted to know what candle- 
power was lighting up his boots ; the real problem 
was, What light existed about desk or table-level ? 
The drawing of the instrument exhibited was, the 
speaker said, exaggerated in scale, the actual 
height of the apparatus being about the height 
of an ordinary table. The apparatus consisted of 
a plain rectangular box, the top having a round 
hole through it, covered with a translucent dia- 
phragm, having a grease spot in the centre. A 
slider carried an electric lamp of one candle-power. 
This lamp had been calibrated by a proper photo- 
meter to give that power at a definite voltage, 
ascertainable by a voltmeter fastened on to the 
photometer. Current was derived from two or 
three small storage cells. The weight of the slider 
was taken by a cord passing over a pulley, and 
by means of the cord, the full length of which 
did not appear, the lamp could be raised or lowered 
to the extént of the height of the box. A little 
contrivance on the back of the slider was opposite 
the centre line of the filament of the lamp, and slid 
up and down the slot in the box represented by the 
opening shown. While the observation was being 
made the opening was closed by a shutter. It was 
easy to stand about a yard off, and, by pulling the 
cord to and fro, a balanced light on the grease-spot 
was obtained ; that done, the cord was made fast. 
The shutter was then opened, and by means of 
the scale attached, the illumination could be read 
off. The apparatus was portable, and it could be 
taken up and put down anywhere on the floor 
of the room, so that a large number of observations 
could be made in a few minutes. If it were desired 
to ascertain the effect of an angular ray of light, it 
was only necessary to tilt the instrument in the 
direction from which the light came. Information 
could also be obtained regarding the effective illu- 
mination from an angular ray on a horizontal sur- 
face. The speaker had endeavoured to get some- 
one to make this instrument, but was met with the 
usual objection—namely, that there was no demand. 
People liked the business of putting lamps into 
buildings, but did not apparently much mind what 
the effect was. 

Mr. J. W. Wainwright said that the author had 
referred to pressures greater than 8 in. or 10 in. 
as being efficient in the case of high-pressure light- 
ing; the speaker, however, found that with a 
pressure above 10 in, greater illumination was 
obtained, but with less efficiency. Many makers 
had introduced anti-vibrators with spring suspen- 
sion for use with mantles, and these had the effect 
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of considerably increasing the life. The author 
had mentioned water-power apparatus, using town 
mains, and had not apparently thought much of 
them, as they used from 187 to 327 gallons per 1000ft. 
of gas compressed ; that consumption had, however, 
been reduced to 170 gallons with the Keith auto 
matic machine. The breakage of mantles was 
doubtless considerable when they were taken off a 
lamp by ordinary workmen. e speaker then 
proceeded to sketch upon the blackboard an appa- 
ratus with which he was familiar ; the mantle being 
arranged on a sleeve, on which was a rod, with a 
set-screw at the base. If that were unscrewed, 
the whole mantle could be safely removed without 
breaking. The operation exposed the gauze at the 
top of the cone-shaped interior, and the gauze could 
be taken off, cleaned, and placed on again. But if 
the attempt were made to take the mantle off in the 
ordinary way, it naturally broke. The adjustment 
of the gas and air was accomplished by the aid of a 
cone, shaped something like an injector, screwed on 
as indicated by the speaker, and a micrometer screw 
fixed for pressure. When the true pressure was 
arrived at, excellent results were obtained. 

On the question of the consumption of water- 
power for pressure purposes, this, in the case of 
water-engines or motors, was, the speaker said, 
one-fourteenth of a brake horse-power—or one- 
sixteenth of a brake horse-power for a belt-driven 
compressor of the 500-cubic-feet-per-hour type— 
and the electrically-driven compressor was one- 
fourteenth B.T.U. Comparing gas with electricity : 
—for 100 glow-lamps of 16 candle-power, taking 60 
watts (assumed), and also allowing 1d. per unit, the 
cost would be 6d. per hour ; whereas 100 gas-lamps 
of the inverted type, at 45 candle-power, using 1 
cubic feet per hour for each lamp, came out, at 2s. 10d. 
per 1000, to5.1d. per hour ; in other words, nearly 
three times the illumination at 85 per cent. of the 
cost per hour, even taking the cost of electricity at 
ld. per unit—not often the case. The figures 
went to show that gas held its own with electric 
light in these matters. There were works installa- 
tions of 200,000 candle-power lit with the Keith 
light, also many railway works and sidings. 

Mr. Goodenough, the chief inspector of the Gas 
Light and Coke Company, was extremely interested 
in Mr. Lea’s photometer, and in the remarks as 
to the necessity of not measuring light on the floor- 
level. To the speaker the floor-level measurement 
appeared a mistake, and he preferred a point 4 ft. 
from the ground. The light should be somewhere 
between floor-level and a couple of feet above a 
man’s head, the mean of which would be about 
4 ft. above floor-level. If an arc-lamp were placed 
20 ft. above the ground, and the lamp were of 500 
candle-power, that had to be divided by the square 
of 17 in order to find the effective light on an 
imaginary plane underneath the arc-lamp, and 3 ft. 
from the ground. If a 200-candle-power lamp were 
used and placed 12 ft. above the floor, the division in 
that case would only be by the square of 9, and this 
lamp, placed at 12 ft., would be found more effective 
than the arc-lamp placed 20 ft. high. Mr. Fowler, 
referring to goods-yard lighting, stated that three- 
light incandescent gas-lamps, about 80 ft. to 100 ft. 
apart, were practically interchangeable with arc- 
lamps 100 ft. to 120 ft. apart. The speaker esti- 
mated the incandescent gas-lamps at 150 candle- 
power, and the arc-lights at 500 candle-power ; but 
if the former were put nearer the ground, they 
would be found to be practically as effective as the 
arc-lamps higher up. 

It appeared to the speaker that in his arrange- 
ment of lights Mr. Fowler had the sun in his mind 
as an ideal ; but that was not a practical or econo- 
mical standard if the light were artificial. The 
author evidently wanted a big light a long way off, 
in order to get the light soft and diffused ; but a 
more effective and efficient way of lighting was to 
place a very considerable number of lights onl 
a moderate height above the space to be lighted. 
It was there that gas-lighting had such an advan- 
tage over the arc light, because the smaller nominal 
candle-power gave an equally effective light where 
it was wanted, as com with the nominally 
higher candle-power of the arc-lamp, put up some- 
where to illuminate the heavens. Mr Fowler had 
mentioned the convenience of being able to switch 
electric lights on and off. At Victoria Station, 
which his company were lighting, the whole of the 


lights on the platforms were switched on and off in| 


groups by taps at a distance ; and separate control 
was secured to meet the case of a platform not re- 
quiring to be fully used. They had, therefore, with 


gas poled, at o> mae state of convenience as | wees — — seers m on the ends —ow 
existed with arc-lighting. |quickly. In such cases special arrangements 

Mr. Fowler had stated that he would have liked | been made for illumination in a vertica os light 
to use incandescent burners for small country being thrown on the ends of the wagons. ny years 
s- tonal thareintes eunetheaed sh ton saneamens orendipatetionaienmemmemnaebinammates 

o winter months, and it was nece even illum ; . 

always to have the burners ready for use. There | that he believed in patchiness. This might be well 
was @ system which might very well be adopted in | enough in streets, but in railway ice the only 
cases like that, whereby an incandescent burner | case in which the general lighting ould be patchy 
was made to fit over an ordinary Bray flat-flame was that of sidings, where the separate points were 
burner. The moment it was put on the burner the only portions of the ground whic uired 
became incandescent, while the incandescent burner lighting. In such a case, as Mr. Goodenough had 
—_ bg lgeeiy the summer months by — ne Atty — thought he had —_ 
simply lifting it off. | clear, a light o candle-power was quite sufli- 

Mr pws «bade continuing his remarks, agreed cient. It was in this direction that gas had pushed 
with the author that the Kern burners required | electric light aside. Atone time there was nothing 
more attention than the C type burners ; but the | between the 16-candle-power incandescent electric 
former had a somewhat higher efficiency. The|lamp and the arc-lamp; many intermediate types 
— se = oe of the higher Loma A per _. however, re wor pesgy a aby -¥ use, a : 
cubic foot obtained when a pressure beyon in. ere was not time to go in e question o 
of water was used, instead of the 8 in. te 10 in. of | photometers, but he would like to speak of Mr. 
the high-pressure systems ; but he had regarded | rotter's Sages yen in as appreciative terms as he 
the unit of light as higher than that required for rail- | could. e had worked for many years on the 
way purposes. At Victoria Station they were using Lancashire and Yorkshire mg | é 
a pressure of 50 in., and were working with units| and Trotter photometer, and found it heavy 
of light from 175 candle-power upwards, without 
any serious loss of efficiency. With a 5-ft burner 
33 candles were obtained per foot, and with a 10-ft. 


with the Preece 


and cumbersome for taking a number of readings 
about a —s or moving from station to station. 
Although Mr. Lea’s apparatus was nicely adapted 
burner 38 to 40 candles. As many as 45 candles fora modern room, he considered it would suffer 
to the foot had been reached, but that was quite | from the same defect. Mr. Trotter had, however, 
exceptional. The system of pressure burners used | succeeded in making his instrument even lighter 
was that adopted at Woolwich Arsenal, where the | than the amylacetate lamp which the speaker used. 
shop illumination would compare very well with, He (Mr. Fowler) had mentioned in his paper 
any that had been shown on the screen. Sheffield Station as being among the best-lighted 
The author had said that within the last year or|on the Midland system, and he had had some 
two the inverted type of burner had been much photographs taken at night with a ten-minutes 
improved, and the smaller types supplied a want in ‘exposure. [Prints from these photographs were 
-lighting, as they gave an economical light of | handed round at the meeting.) Mr. Hughes had 
about 12 candles. Commenting on this the speaker | been good enough to inform him that he proposed to 
said that Mr. Fowler had corrected that statement | show the drawing-office at Horwich of the Lanca- 
by giving in the table below the smallest candle- | shire and Yorkshire Railway ; and the speaker had 
power used as 25. The author must have under-| had a (nay. taken of the drawing-oftice of 
rated the small inverted burner spoken of, as|the Midland Railway Company at Derby. It was 
12 candle-power would be of extremely low effi-| partly lighted with four Cooper-Hewitt lamps, 
ciency. Mr. Goodenough would also take exception | using 3.3 amperes, the four being in series on a 
to the statement in the paper that for interiors of | 210-volt circuit. The luminous portion of the 
stations electric lighting was much more satis-|lamp (luminous tube) was 20 ft. long. Other 
factory, as in many cases an 8-candle-power lamp | photographs of a similar nature were also shown, and 
over a desk was all that was required. He would | the conditions under which they were taken were 
like to say that an employer who expected his staff | explained by the speaker. 
to work with an 8-candle-power lamp was doing his| Continuing his remarks, Mr. Fowler said that 
best to blind his employés. Defective eyesight|the curve given in the paper, although very old, 
was | ly the result of working by an 8 candle-| was the only one available; it was taken under- 
power i , which probably was only effectively | neath the reflector. He had, however, quite re- 
5 candle-power, instead of with a light of 30 or 40| cently had one taken in which the curve was much 
candle-power. . | better. Since the paper was written considerable 
The President then called upon Mr. Fowler to/| alterations had been made in the lighting of one 
reply, requesting those members who already | of the sheds by the use of high-pressure lamps, the 
expressed their desire to speak, to communicate | results having been very satisfactory. Not being 
their remarks in writing. He hoped others would|a photographer, the author would not dispute 
follow the same plan. what Mr. Hughes had said, but he thought that 
Mr. Fowler, in response, said that Mr. Trotter|the detail shown by the photographs which ap- 
had questioned the use of oil-lamps when the arc-| peared in the paper was excellent. The screens 
lamp was the most economical from a candle-power | used with high-pressure light were simply adapta- 
standpoint. As had been said, however, when | tions of the screens with inve arcs under them, 
small units were to be dealt with, arc-lamps|as shown in the Lame a of the fitting-shop at 
were not required. Probably the most ineffi-| Horwich. In to Mr. Praed’s remarks about 
cient lamp used on any railway was the small|carburetted air, Mr. Fowler said that for the past 
signal-lamp, giving one-tenth of a candle-power, | twelve months he had had a system at work which 
but it was the most economical, because it was all | gave better results than were at command when the 
that was required. The curves given in the paper| paper was written, He could assure Mr. Praed 
were those which in practice had been considered|that other railway companies were quite dis- 
suitable in all circumstances. They had all been|interested, and had watched what the North 
taken 9 in. from the ground. On this point| Staffordshire Company were doing. Many com- 
the speaker would join issue with Mr. Lea and Mr. — had put up one plant, and had gone no 
Goodenough. Speaking from a railway point of |further. He suggested that the reason why good 
view, and, he believed, from a shop point of view | results were not obtained by putting petrol gas and 
also, he would state that if the illumination were|carburetted air into acetylene pipes was that the 
sufficient at 9 in. from the ground, the light would|latter were so much smaller in diameter than 
be all right elsewhere; at any rate, if there were an| those required for ordinary gas. Speaking upon 
error, it would be on the right side. Rather more| Mr. Wainwright’s remarks on the mantles used for 
might be got than was desired, but the floor was| high-pressure lighting, the author said that if these 
undoubtedly the point first looked at. Inany shop| were looked after by skilled men, no difficulty 
there were often small articles to be picked up, or|should arise. At Derby, at certain periods of the 
to he dealt with on the floor. The same thing| year, they had meetings at a hall situated a mile 
held true with regard to the railway platform, and | from the station, and used mantles, these mantles 
therefore, as a railway-lighting engineer, the | being afterwards removed, and used at the station. 
speaker looked only at the floor. He had, perhaps, | The water-power plant for the od wenger light- 
not expressed himself quite clearly in the paper, but | ing, referred to as using over 300 gallons of water 
per 1000 cubic feet, was of a very old type ; but 
one of the troubles in London with plants driven 
in that way was that when the water was cut off, 
although the light did not corny org Bn out, it 
nearly did so. . Goodenough had been correct 
in assuming that the speaker had the sun in mind 





by horizontal and vertical illumination he meant 
illumination in horizontal and vertical planes. If, 
for railway work, the horizontal illumination were 
| right, the vertical illumination would, in the majority 
| of cases, be found to be also right. The only excep- 
| tion he knew was the case of sorting-sidings where 
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FAILURE OF ANTENNA FOR TRANS-ATLANTIC TELEGRAPHY. 


Fie. Ll. 


as being the ideal light ; and for shop-lighting he 
considered the result obtained by putting the 
lights high was satisfactory, even if it involved 
a greater expenditure of gas. The reason for 
the height of light in the case of the fitting, 
foundry, and erecting-shops was that the crane 
ran underneath. Mr. Evered, speaking of the 
Kitson light, said that there was a device b 
means of which the lights were fastened to as 

jib-crane, which, as the crane hit it, swung round; 
the speaker assumed that it swung back again, but 
he did nut consider the plan was needed. It was 
better to put the light higher up, with the range 
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VIEW AFTER THE ACCIDENT. 
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fixed, for the reason that what was required was 
a general illumination, and not an illumination of 
a particular point. It would be interesting to hear 
from Mr. Goodenough how the lamps were switched 
on and off at Victoria Station, as many devices 
had been brought forward for the automatic lighting 


of gas. 

Mr. Gvodenough here explained that at Victoria | 
Station an independent low-pressure by-pass ser- | 
vice was employed. There was a mercurial seal, 
which formed an air-lock and prevented air getting 
back in the pipe, so that light was obtained directly 
pressure was turned on. 





Fie. 4. Guy-Rore Joint wuicn Fartep First. 


In conclusion, Mr. Fowler stated that he had 
worked under an 8-candle-power lamp, such as that 
to which Mr. Goodenough had taken exception, 
and, with a reflector, he had experienced no diffi- 
culty nor detriment to his sight. 


Ercuta Report or THE ALLoys ReszaRcH 
CoMMITTEE. 

The next business was the reading of the Eighth 
Report of the Alloys Research Confimittee ; the sub- 
ject being the “* Properties of the Alloys of Alu- 
minium and Copper.” The authors of the report 
,are Professor H. ©. H. Carpenter and Mr. ©. A. 
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FAILURES OF GUY-ROPES OF THE MACHRIHANISH ANTENNA. 
(For Description, see Page 110.) 
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Edwards. The former author read the report in 
part, but as the reading was not finished when the 
usual time for concluding had arrived, Mr. Martin 
postponed the presentation of the remainder, and 
also the discussion, until the next meeting, which 
will take place on Friday, February 15. We com- 
mence the publication of an abstract of the Alloys 
Research Report on another page of our present 
issue. 
Lecrure on AERIAL NaviGaTIon. 

The President announced that on“ Monday, 
February 11, a lecture on ‘ Aerial - Navigation ” 
would be given by Dr. H. Hele-Shaw. All classes 
of members were invited. The proceedings were 
then brought to a close. 








TRANS-ATLANTIC WIRELESS | 


TELEGRAPHY. 

In our last issue we described the wireless telegraph | 
stations constructed, one at Brant Rock, Massa-| 
chusetts, U.S.A., and the other at Machrihanish, 
N.B., by the National Electric nage gee gard 
of America, for trans-Atlantic service. » It will be 
remembered that shortly after all preliminary experi- | 
ments had been made, and the apparatus got into | 
rsa working order, the tower at Machihanish was 

lown down bya storm. The primary cause of the | 
disaster was the faulty jointing of the guy-ropes ; and, 
by the courtesy of the National Si ing Company, | 
we are now able to describe more fully the construc- | 
tion of the towers, and to reproduce photographs 
illustrating the details primarily responsible for the | 
fall of the tower. 


Fig. 1, page 108, isa ae a of the tower at Brant 


Rock, the one at Mavhrihanish being identical with it in 


every respect. Figs. 2 and 3 show the oe of the 


wreckage of the tch tower after the accident, and 
Fig. 4 shows a view of a socket and cable end wrenched 
apart, the socket having been sawn in two to render 
the joint visible. Further views of the same socket 
and rope are given in Figs. 11 and 12, page 109, and are 
of special interest, as this was the joint which failed 
first. Figs. 5 to 10, and Fig. 13, on the o— e, 
show the condition of other joints which failed, the 
guys to which they belonged being indicated under- 
neath the respective illustrations.. Figs. 5 and 6 
show a joint which belon to the 100-ft. guy .rope 
on the north-west side. In Fig. 7 another socket is 
shown, and the corresponding rope, of which several 
strands were torn, as illustrated in Fig.8. Fig. 9showsa 
socket as discovered, one half being cut away to show 
the interior, The rope end belonging to it is shown in 
Fig. 10, All the strands are practically intact, and the 
rope has apparently been able to come out without much 
injury to itself, on account of the bad pouring of the 
zinc. Fig. 13 shows the rope and socket of the 100-ft. 
guy on the south-west side. The joint never completely 
separated, but the rope slip 4in. in the socket, 
proving the faultiness of the method of attachment. 
The following are the calculated stresses given b 

the Brown Hoisting Machinery Company for the dif- 
ferent sets of guys, at 50 lb. pressure on a flat surface : 


Lb. 
Top guy at x: ea oe «. 18,400 
Second guy ... ina ae: a ... 14,750 
Third guy... as Rc be ... 13,200 
Fourth guy ... “7 i ... 12,800 


Tests made at the Massachusetts Institute of Tech- 
nology, by Professor Miller, to determine the break- 
ing strength of the insulators, showed that the insu- 
lators were stronger than the forgings to which the 
wire — and insulators were attached, the holes in 
the steel forgings elongating } in. at 46,000 lb. 

A new method of attachment was used, and it was 
found that the porcelain insulators cracked between 
51,000 lb. and 56,000 1b. The tower is insulated to 
stand approximately 500,000 volts, When the potential 
reaches above 500,000, discharges take place over 
safety-gaps, to prevent injury to the insulators. 

As regards the method of fastening the wire ropes 
to the steel forgings, it had been intended to use 
Crosby oa The engineers of the Brown Hoisting 
Machinery mpany, however, pointed out that 
the method used by Roebling had proved very satis- 
factory in the of the Brooklyn Bridge, and this 
method was adopted. This method .s shown in Fig. 14, 
annexed. pe ns of binding wire A is put around 

each strand of the end of the cable 
unlayed, so that no two wires are twisted together. 


strength of this joint is shown by Professor 
Miller’s tests at the Massachusetts Institute of 
Technology, where the steel forgings (castings ?) 
went at 46,000 lb., and the insulators at 56,000 lb., 
without the rope pulling out. In addition, the 
joints, which were made on the Brooklyn Bridge by 


this method, continue, so we are informed, to be en- 
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principal dependence is upon the friction between the 
wire and the wedge and the socket, The fact that 
this form of joint is very much inferior to the Roebling 
joint used at Brant Rock is shown by the fact that 
after the fall of the Machrihanish tower it was found 
that five or six of the joints had been pulled out, 
showing the joint had given way first, before either 
the insulators or the socket, instead of, as with 
| the Roebling joint used at Brant Rock, the socket 
jand insulators giving way first. Even with this 





| inferior type of joint, the tower would doubtless 


| have withstood the wind pressure but for the 
way in which the joints were made by the man em- 
ployed for the purpose by the sub-contractors to whom 
the work was entrusted by the Brown Hoisting Machi- 
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'tirely satisfactory. As regards strength and dura- 
bility, therefore, experience appears to show that this 
| form of joint leaves nothing to be desired, provided, of 
| vourse, it is properly made. As soon as the accident 
to the tower at Machrihanish was reported, the 
| National Electric Signalling Company cabled for infor- 


The unstranded end of the cable, which is, of course, | mation as to the cause, and found that the accident 


of galvanised wire, is then dipped in dilute hydrochloric 
acid. The wires are then bunched ther and pushed 
into,the socket C. A wire is wrapped around the cable 
at B, as shown. The socket C is then poured full of zinc 
D, asshown. The socket is then washed with water. 
It might . be thought that there would be some 


| had been due to the cables pulling out of the sockets. 
Further investigation showed that the Brown Hoisting 
Machinery Company had adopted a method of making 
these joints differing from that above described. This 
method is shown in Figs. 15,16, and 17, above. In 
Fig. 15 the end of the cable is shown stranded. In 


corrosion from the hydrochloric acid, but a careful | Fig. 16 a portion of the end is turned back. In Fig. 17 


examination made a few weeks 
which had been poured nearly two years ago showed: 


ago of the sockets|a wedge F is driven into the stranded end of the 


cable, and melted zinc is poured into the space G 


that absolutely no corrosion had taken place. The | It will be evident that with #his form of joint the 





The joint which gave way, and 


nery Company. y, at 
caused the destruction of the tower, is shown in dia- 
gram in Fig. 18, and Figs. 4, 11,and 12, already referred 


to, show the final a ce of the first joint to fail. 

The wedge H split, and, as will be seen from the 
illustrations, the fact that the wedge was split was 
plainly visible—it was simply pounded flat. The 
wedge then, instead of being withdrawn and a new 
wedge inserted, as should have been done, pre- 
vented the melted zinc from flowing into the socket ; 
and as in addition the zinc was cold, the rope 
was merely held in the socket by the friction be- 
tween the rope and the socket. The only wonder 
is that the tower did not fall before. It will be 
seen, therefore, that the fall of the tower was due to 
the joint being left in the condition indicated by 
the photograph. Fortunately, it happened that no 
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lives were lost through the fall of the tower. Quite 
apart from the question of workmanship, the form of 
joint used appears to be much inferior to the Roeblin 

type, and if the latter had been used, ‘the tower woul 

probably still be standing, as it was designed so as to 
stand the necessary wind-pressure even with one side 
of guys entirely gone. The fact that all the joints 
pulled out, instead of pulling the sockets apart, shows 
conclusively that the joint is not what it should be. In 
addition, care should be taken, whether the Roebling 
or other type of joint be used, to ensure that the zinc 
is poured in a sufficiently hotstate. We are informed 
that examination showed that a considerable number 
of joints made by the workman above referred to had 





been poured too cold. 

Diagrams showing the method of staying of the} 
tower, and the stages in its fall, are given in Figs. 19 
to 24 on page 110. After one stay had gone, the top | 
of the tower leaned over under the tension of the! 
opposite stay, and threw more stress on the remaining | 
cables, They parted one by one, until the tower col-| 
lapsed at about a quarter of its height from the ground, 
as shown in Figs. 21, 22, and 23. The plan of the | 
wreckage is shown in Fig. 25, which is comparable | 
with Figs. 2 and 3 previously given. The guy attached 
at the 400-ft. level went first, the 300-ft. guy suc- 
c:eded it, and so on. 

The above experience is published for the reason | 
that wire-rope is being used in a great deal of engi- | 
nzering construction work ; and there have from time 
to time been a considerable number of accidents caused 
by the pulling out of improperly-made joints. 





A NEW VICKERS AUTOMATIC RIFLE- 
CALIBRE GUN. 

THE recent issue of the Admiralty return giving 
the results of the quick-firing gun practice of the 
Fleet makes opportune the publication, on pages 112 
and 113 of this number, of the details of a new Vickers 
automatic rifle-calibre gun, intended for naval and field 
use, because the results of Vickers improvements 
on the quick-firers of the fleet give promise that the 
new rifle-calibre gun will also add to the efficiency of 
any force possessing it. The Admiralty return in 
question embraced eighty -nine ships, who in their 
year’s practice fired from 1421 guns an aggregate of 
13,511 projectiles, and registered 34.53 per cent. of 
hits, against 21.63 per cent. in the previous year; and 
Admiralty commendation is given to the fact that 
the Vickers 3-pounders made 8.144hits per minute, 
against 3.358 for 3 and 6-pounders of other designs 
in 1906, and of 1.97 in 1905. The same outstanding 
elements in construction and sighting apparatus have 
been applied to the new rifle-calibre gun, the feature 
of which is its accuracy of fire and lightness. It em- 
bodies the best features of the well-tried and univers- 
ally adopted Maxim gun, but in its construction high- 
class steel and aluminium have been used, and thus 
the weight is reduced by 33 per cent. The service 
rifle-calibre automatic gun is 60 lb. in weight, the new 
Vickers gun is only 40.5 lb. The same gun on a 
light tripod weighs only 70 lb., as compared with 
116 lb. for the service equipment; and this difference 
of 46 lb. must materially increase the usefulness of 
the weapon in field operations, because adding to the 
mobility of the forces. 

Again, as to accuracy of fire, a commission of 
experts of one of the Continental army authorities 
recently made tests, when, as shown by the targets 
reproduced on page 111 (Figs. 14 and 15), 30 single 
rounds were fired at a 600-metre range, and all struck 
the target within a space 2 ft. 6 in. by 1 ft. 9 in. 
With the automatic firing mechanism in use 500 
rounds were fired against a target at 600 metres 
range, and all struck within a space of 6.5 ft. by 9 ft. 
This latter result was greatly facilitated by the new 
pattern of muzzle attachment fitted, by means of which 
the accumulation of fouling is practically eliminated, so 
that the gun can be fired continuously, without occa- 
sional periods of cessation for cleaning out the muzzle 
attachment, as in the service gune. 

Before entering upon a detailed description of the 
new gun, as illustrated on pages 112 and 113, the 
principal changes in constructive material, as com- 
pared with earlier rifle-calibre automatic guns of the 
Maxim type, may be briefly indicated. 

The water-jacket is of thin corrugated steel tubing, 
combining great girder —— with lightness and 
an increased cooling area. The trunnion-block is of 
steel instead of gun-metal, and considerably reduced | 
in weight. The end cap is also of steel instead of gun- | 





tuetal, and is also lighter. The body of the feed-block is consists of the water-jacket and breech-casing, and is 
oi high-class aluminium alloy, the working parts being, attached to the crosshead of the mounting by joint 


as formerly, of steel. The handle-block is of alumi- | 
nium, with a steel trigger-lever, instead of gun-metal. | 


which in other weapons tended to the accidental firing 
of the gun without the pressing of the trigger-lever. 
The cover-block is of aluminium, and the cover-plate 
is cut out in ree to reduce weight. The spring- 
box is of nicke 





for about 7 pints of cooling water. 
of water, and in view of 
tion, the boiling point is not reached until 700 rounds 


steel instead of gun-metal, which also | have been fired at maximum rapidity, and as many as | firiog mechanism, which move to and fro upon guides 


tends to lightness. The bottom plate is of a lighter | 2000 rounds may be fired with but short intervals 


pattern, of steel instead of gun-metal. 
The gun may be conside 
portions—the non-recoiling and the recoiling. 


as divided into two | openings in the 
It is| near the breech for filling, one underneath near the 


before water is again’ supplied. There are three 
barrel—one on the upper right side 


worked automatically by two forces : the explosion of muzzle for drawing off the water, and the third (also 


the charge, which forces the recoiling portion back-| near the muzzle) for allowing the steam (but not water). 


wards, and a strong spring (called the fuzee-spring) to escape. The water connections are closed with 
which carries it forward. The non-recoiling portion screwed plugs, the steam exhaust is always open, and 


Rring of Light Automatic Gun on Light Tripod 
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Fring of Light Automatic Gun on Light Tripod 
1906. 


Fie. 15. 


ins. 


a ‘ ‘ t Dealing first with the non-recoil portions, which are 
"he trigger-bar is of steel, and of improved form, so| shown in section to the right of Fig. 1, and in 
that no débris can remain in front of the hand-sear, | cross-section in Fig. 2, the barrel is of high tensile 








venting any movement of the sight. 
steel, as is also the water-jacket, which has a capacity entirely does or with the objectionable noise caused 
With this quantity | by the teeth of t 

e efficiency of the corruga- | teeth on the sight-carriage. 


| connected with the steam tube. To prevent the escape 
of water, at the forward end of the water-jacket there 
is asbestos packing, which is held in position round 
the barrel by a packing gland. At the rear end of 
the barrel is a cannelure, also filled with asbestos 
| packing, which prevents the escape of water. In 
| addition, a cork plug is provided which can be inserted 
| in the steam-escape hole, to prevent waste of water 
| when the gun is in transit with the troops. Under the 
| water-jacket is the ejector-tube, through which the 
empty cartridge-cases are ejected from the gun. The 
tube is fitted with a spring which prevents these 
cases falling backwards into the gun when firing. 

The steam outlet tubes are titted in the water- 
jacket above the barrel, and secured by the keeper- 
screw in the front face of the water-jacket. The inner 
tube of the two thus fixed has a hole near to each end. 
The outer tube is arranged to slide freely outside of it, 
and is thus termed a slide valve. If the gun is fired 
when elevated, this valve slides back wards, and (closing 
up the hole at the rear end of the tube) prevents water 
entering. At the same time it leaves the front hole 
uncovered, which, being above the water-level, per- 
mits the steam to enter the fixed tube and to escape 
through a hole bored in the solid part of the front end 
cap of the water-jacket, with which the tube is con- 
nected, Similarly, if the gun is fired when depreseed, 
the valve slides forward, uncovers the rear hole, and 
allows the steam (but not the water) to escape. 

The actuating mechanism of the is shown in 
detail in Figs. 1 to 10. Fig. 1 isa section of the gun 
being fired; Fig. 3 shows the firing mechanism recoiled 
and the extractor dropped; in Fig, 4 the gun is seen in 
the firing position om for firing ; Fig. 6 isa plan partly 
in section with cover removed ; Fig. 8 shows the com- 
ponent parts, Fig. 9 the firing mechanism in, cocked 
position, and Fig. 10 the same mechanism after firing. 
All the mechanism is contained within or attached to 
the breech casing, the side plates of which are dove- 
tailed into the water-jacket, and, together with the 
cover, are secured by means of the cover joint-pin. 
In both plates are slots in which the crank bearings 
of the automatic firing mechanism move, partly closed 
by filling-in pieces. On the inside of both are solid 
cams, which control the path of the extractor, These 
are shown in Figs. 1, 3, and 4, On the outside of the 
right-hand plate are a roller and a check-lever, pivoted 
on a stud on the right filling-in piece. The check- 
lever is kept in position by the roller, which in vurn is 
secured by a collar and split-pin. Outside of the leit- 
hand plate are three studs for holding the fuzee spring- 
box, the rear one being on the leit filling iu piece. 
Along the bottom lies the trigger-bar, and underneath 
is a bracket, to which is attached the elevating gear 
(Fig. 6). The rear cross-piece is fitted with handles 
for traversing, which, being hollow, are also used for 
carrying oil. These are closed by milled heads, into 
which are fitted camel-hair brushes. 

In the centre of the rear cross-piece a firing-lever is 
pivoted, the lower end of which engages with the 
trigger-bar. The upper end is Scovlded with a double 
button for firing, and an automatic safety-catch which 
is so arranged that, unless it ere up, the firing- 
lever cannot be pushed forward. The cover is fitted 
with springs which ensure the extractor dropping 
upon the recoil of the gun ; an aluminium block keeps 
the lock down when Tis. On the upper surface is 
the tangent sight, which is uated. 

The illustrations, Figs. 11, 12, and 13, show an 
arrangement by means of which the rear sight used 
with the new Maxim gun may be rapidly raised or 
lowered on the sight-rack without causing the slightest 
noise. For this purpose a sliding-piece, provided with 
projections at each end, is fitted outside the retaining- 
cap, and is held in position there by a screw. When 
the ends of the re are flush with the retain- 
ing-cap, as shown in Figs. 11 and 12, the back of the 
sliding-piece presses inst the lug on the locking- 
pawl, the teeth of which now engage with teeth in the 
sight-carriage, locking the sight-carriage to the pinion 
in exactly the same manner as in the existing sights. 
When the sliding-piece is pressed out, as shown in 
Fig. 13, the teeth in the locking-pawl disengage from 
the teeth in the sight-carriage, and by turning the 
| retaining-cap the sinht-costtan is free to move noise- 

lessly. The sight can be locked in any position on the 
stem by simply pushing, the sliding-piece into its 
original position, when the teeth of the locking-pawl 
| will engage with the teeth on the sight-carriage, pre- 
is arrangement 





e locking-pawl scraping against the 
The recoiling portion Tnslailes the barrel and the 
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VICKERS AUTOMATIC RIFLE-CALIBRE GUN. 
CONSTRUCTED BY MESSRS. VICKERS SONS AND MAXIM, LIMITED, AT THEIR WORKS AT ERITH. 
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Fic. 9. Frramnc Mecuanism 1n Cockep Position. Fie. 10. Arter Firine. 


attached to the frame, the requisite motion being im- ridge from the belt, to introduce the same into the 
parted by the recoil, the energy of which is stored up | chamber of the gun, fire it, and to eject the empty 
and regulated by means of a spring. The functions | case, The lock is of a modified pattern, and arran 

of the mechanism, or lock, are to receive a live cart- to give an extra forward movement after the cartridge 
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Fie. 13. View or Sicut sHowrna Disencacep 
Positron: : 


is placed in the chamber, whereby the eartridge is 
firmly supported at the instant of explosion, thus mini- 
mising any tendency of the cartridge to break or 
separate during firing. The details of the lock have 
been simplified, so that it can be stripped and assembled 
without using any tools beyond an ordinary punch. 

This recoiling portion is mounted inside the non- 
as portion, and consists of the barrel and two 
recoil plates which carry the lock and the crank. The 
barrel is coated with copper to prevent it being cor- 
roded ; the breech end is formed in the shape of a block 
which has a stud on each side forming the barrel 
trunnions, for attachment to the recoil plates. The 
muzzle attachment consists of a disc, which is clamped 
to the muzzle end of the barrel, and a perforated 
sleeve which is connected to the barrel gland by a 
kind of bayonet-joint, consisting of a series of seg- 
mental Jugs arranged so that the sleeve can be rapidly 
removed. The front of the sleeve is concave, and 
the disc is cup-shaped, coming almost close up to the 
front part of the sleeve when the barrel is fully home. 
In firing, the gases escaping from the muzzle are de- 
flected by the cup-shaped barrel disc, forcing the barrel 
to the rear after each discharge. 

The right recoil-plate is fitted with an extractor 
holding-up spring near the barrel, the use of which 
will be explained later. The left recoil-plate is pro- 
longed to the front, and has a recess in which the lever 
on the underside of the feed-block engages. The crank 
is fitted on the right with a handle, the lower surface 
of which bears on the roller, and is of a special curved 
form ; on the left it is fitted with a fuzee, to which 
are attached two links by which it is connected to the 
fuzee spring ; the remainder of the crank is inside 
the breech casing. In the centre of the crank is 
a connecting-rod, which is free to revolve on the 
crank-pin. 

On the left of the breech-casing there is a strong 
spiral spring, called the fuzee-spring, shown in Figs. 4 
and 5, the rear end of which is connected (as before 
described) with the crank ; the fore end is attached 
to the breech-casing by means of the fuzee spring-box 
and adjusting screw. The action of the recoil extends 
the fuzee-spring and winds the links which are attached 
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to it about the fuzee, so that when the crank-handle 
is right forward, the fuzee-spring is not only extended 
about 1 in. by the recoil of the barrel, but the winding 
of the links on the fuzee causes still further extension. 
As soon as the recoil is exhausted, the action of the 
fuzee-spring is to pull the recoiling portion into the 
firing position and to unwind the links from the fuzee, 
thereby causing the crank-handle to fly back and 
strike the check-lever, which is so constructed that 
when the crank-handle reaches the stop it is prevented 
from rebounding. 

The lock, or firing mechanism, shown in Figs. 8, 9, 
and 10, includes the following ae frame (1), side- 
levers (14), extractor (16) wit git (21), gib-spring 
(22), gib-spring shutter (23), and tail-spring (24); firing- 
pin (5), safety-sear (2), safety-sear spring (3), tumbler 
(6), extractor-levers (11), hand-sear (8), and lock-spring 
(10); also axis pin for safety-sear (4), side-levers (15), 
tumbler (7), and hand-sear pin (9). This lock is attached 
to the connecting-rod by a bayonet-joint, and when 
in the firin _—— closes the breech. In this posi- 
tion it is hel by the side-levers, the crank (which bears 
against stops on the recoil plates), and the connecting- 
rod. The lock has a reciprocating motion communicated 
to it by the rotation of the crank, and is kept in posi- 
tion during its backward and forward movements by 
means cf flanges working in guides on the recoil 
plates, and by the block underneath the cover. The 
side-levers are so constructed that, when the lock 
is assembled, they cover the axis-pins for the tumbler 
and hand.sear, thus preventing them from shaking 
out. This arrangement does away with wire for 
securing the pins. The side-Jeyers, instead of bein 
pivoted on studs on the sides of the frame, are sec 
on an axis-pin, pases through the frame and through 
the longitudinal slot in the firing-pin. The side-levers 
are attached to the connecting-rod by a bayonet-joint, 
and an adjusting-nut is placed on the connecting-rod, 
by means of which the distance between the face of the 
extractor and the face of the barrel may be adjusted. 

The extractor-levers, connected by an axis-pin, form 
one single piece, and are supported in bearings formed 
at the bottom on the lock-frame, The extractor levers 
support the extractor during the whole period of 
action, and limit the downward movement of the 
extractor ; consequently, the lower stop is not neces- 
sary. The lock-spring is simply held in position by a 
recess formed in the lock-frame (no pin being re- 
quired), and the insertion of the same in its place is 
made very easy. The extractor is only slightly altered. 
The lower lugs of the extractor-levers have been re- 
moved, and the tail-spring is dovetailed in. 

The gun is supplied with cartridges from a belt 
placed in an ammunition-box on the right-hand side of 
the gun. The loaded belt is introduced into the gun 
by means of the feed-block, and in passing through the 
gun the cartridges are withdrawn by the action of 
the mechanism. On the top of the feed-block is a 
slide, which is made to move laterally by means of a 
cranked lever actuated by the recoil-plate, which 
moves with the barrel. The slide is fitted with two 
archae held up to their work by a spring. At each 
orward movement of the barrel these pawls push the 
belt one step to the left, placing a cartridge in posi- 
tion ready to be gripped by the extractor of the | 
mechanism. On the underside of the feed-block are 
_ two retaining pawls actuated by a spring, which | 
prevent the belt from slipping back ; but if for any | 
reason it should be desi to withdraw the belt, the 
retaining pawls can be released by hand. 

A description of the action of the mechanism will 
further assist to a full conception of its details. Upon 
the gun being fired, the explosion causes the recoiling 
pa to move backwards through a distance of about 

in., thereby causing the lower surface of the crank- 
handle to press against and travel over the roller, 
thereby imparting an upward movement to the handle, 
thus rotating the crank (thereby drawing back the 
lock), and causes the crank-handle to fly forward. 
Thus the greatest portion of the ene of recoil is 
transfe ed to the crank. The travel of the recoiling 

ortion to the rear also moves the upper pawls in the 
eed block to the right, so as to engage behind a fresh 
cartridge in the belt. When the lock moves back- 
ward the extractor withdraws the empty case from 
the barrel, and takes a fresh cartridge from the belt 
in the feed-block, The extractor is kept in posi- 
tion by means of its horns, which move along the 
upper surface of the cams inside the breech-casing, 
until the cartridge is clear of the belt. When it arrives 
at the rear ends of these cams, it falls, partly by its 
own weight and partly by the action of the springs, 
on the cover, bringing the cartridge drawn from the 
feed-block into line with the barrel, and the empty 
case (drawn from the barrel) into line with the ejector- 
tube (see Fig. 3). When the lock is quite back, it is 
kept in position by the cover-block, as its flanges 
are then clear of the guides on the recoil plates. 

When the force of recoil is expended, the action of 
-he fuzee spring comes into play, carrying the recoil- 
ng portion forward, and recoiling the crank by the 
unwinding of the fuzee-links, thereby forcing the 
lock to the front. As the recoiling portion travels 








automatic 
have been kept as low as possible consistent with sta- pool chamber or diffuser, from whence it passes into 


forward it moves the upper pawls on the feed-block 
slide to the left, and thus brings up automatically a 
fresh cartridge into position in the feed-block. 

As the lock moves forward into the firing position, 
the live cartridge and the empty case are - 
tively placed in the barrel chamber and ejector-tube ; 
the extractor is moved upwards by the side levers 
acting on the extractor-levers, thereby leaving the 
empty case in the ejector-tube, where it is held by 
the ejector-spring until pushed out by the next case; 
also causing the live cartridge to slide over the gib 
until opposite the Bring in ete. and engaging a fresh 
cartridge which has n automatically moved into 
position in the feed-block (see Fig. 4). e extractor 
reaches its highest — before the side-levers have 
finished their travel ; so that, during the latter part of 
their movement, their points press against the inclined 
surface of the bents on the extractor levers, thus 
giving an additional forward motion to the lock, and 
thereby tightening up all the joints in the breech 
mechanism, and supporting it firmly against the breech 
at the instant of explosion. 

The turning of the crank handle to the front not 
only draws the lock away from the barrel, but also 
gives a downward motion to the connecting-rod and 
rear end of the side-levers, which latter, bearing on 
the tail end of the tumbler, rotates it on its axis ; and 
the head of the tumbler, being engaged in a recess in 
the firing-pin, forces the latter to the rear, compressing 
the lock-spring. When the bent of the tumbler has 
moved above the bent of the hand sear, the latter is 
forced to engage with it by the action of the lock- 
spring, and it thus holds the tumbler in cocked 

osition. Thecontinued motion of the tumbler carries 

k the firing-pin until the safety-sear (which is 
above, and is acted upon by the safety-sear spring) is 
forced into the bent of the firing-pin, and retains it. 
The firing-pin is thus prevented from flying forward 
by two actions—viz., that of the safety-sear and that 
of the hand-sear—so that the firing-pin cannot move 
forward unless both these parts are disengaged. 

On the crank-handle returning to the check lever, 
the lock moves to the front, and the connecting rod 
and rear end of side-levers have an upward motion ; so 
that when the lock is in the forward position, the 
latter lifts the safety-eear, thereby disengaging it from 
the firing-pin, which then moves slightly forward, till 
stopped by the bent of the tumbler engaging the 
bent of the hand-sear. If, now, the upper end of the 
firing-lever is pressed forward, the trigger- bar is drawn 
backwards; at the same time a projection on the latter 
engages and draws with it the tail-end of the hand- 
sear, thereby releasing the tumbler, the lock-spring 
then propels the firing-pin on to the cap, and explodes 
the cartridge. If the gun has been set for rapid fire, 
and the pressure on the double button on the firing- 
lever is maintained as the lock moves forward, the 
lower end of the hand-sear comes in contact with the 
projection on the trigger-bar, and its bent is thus 
withdrawn from the tumbler before the extractor has 
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reached the firing position; the firing-pin is therefore | workin 
held by the safety-sear only, and when the latter is | lifts an 
lifted by the rear end of side-levers, it is released, and | 
is thrown forward on to the cap by the action of the | lift of about 300 ft., discharging 600 to 800 gallons per 
lock-spring. The release of the safety-sear from the minute, when running at 1200 to 1400 revolutions per 
firing-pin is so timed that it cannot take place until! minute. The pump casing is constructed of cast-iron 
after the lock is in the firin 
tightened up against the breech by the last movement | vanes being of special high-tension bronze. The water, 
ot the crank, which caused the points of the side-levers on leaving the guide-vanes, is led to the eye of the 
to 
above described 


ition, and has been 


the inclines on the bent of the extractor-levers 


A tri has been designed to suit the new light 


n, and the weights of all the components 


| bility during firing. The steadiness of the mounting 
|has been well demonstrated during extensive trials, 
and very satisfactory results have been obtained. The 
tripod consists of crosshead, elevating gear, pivot, front 
legs, rear leg, and seat. The crosshead is made of man- 
ganese bronze, and arranged to receive the gun ; it is 
mounted on the pivot, and secured to the same by a 
central stud with a spring washer. An arm extend- 
ing to the rear of the crosshead is connected to the 
elevating gear, and also contains the training clamp. 
The training clamp is very simple and efficient, 
and consists of a clamping-dog actuated upon by 
an eccentric bolt, with a handle. When che handle 
is moved forward the clamping-dog is raised, and 
by this means the crosshead-arm is securely clamped 
on the pivot-arc. The eccentric-bolt is screwed 
at one end, so that when the => is released, 
the head of the bolt advances slightly against the 
side of the crosshead arm, and by this means the 
position of the handle is controlled, The angle of 
training is limited by a flat disc, which is carried on 
the pivot-stud, and has two projections passing through 
corresponding spaces formed on the crosshead. 

The pivot is made of manganese bronze, and is 
extended to form a socket for the rear leg. Above 
this socket is the training arc, which serves as a sup- 

rt for the arm of the crosshead. At each side there 
is a pocket and a lug, provided with a stud and wing- 
nut for securing the front leg in firing position ; an 
extension on the front of the lug serves, along with 
the stud and wing-nut, for ve the front leg in 
the carrying position. The front legs are made of 
steel tubing, each fitted at the upper end with a link 
having a longitudinal slot for attaching to the stud on 
the pivot, and at the lower end with a spiked shoe to 
prevent digging into the ground. The tripod, when 
folded up, is strapped for transit. The rear leg is a 
steel tube, the top end of which is fitted into the 
socket formed at the rear of the pivot, and the lower 
end is fitted with a flat shoe to prevent it from sinking 
into the ground. The rear leg is also fitted with a 
bracket and a collar for attaching the seat. The seat 
slips into the collar, and is secured to the seat-bracket 
by means of two bolts. The seat is made of thin 
steel plate, flanged and pressed into shape. A longi- 
tudinal slot is cut out at each side to form handles 
for carrying the tripod. The total weight of the 
mounting is 29.5 lb. 

These guns are now being constructed by Meesrs. 
Vickers Sons and Maxim, Limited, at their works at 
Erith. 








HIGH LIFT CENTRIFUGAL-PUMP. 
WE illustrate in Fig. 1, page 101, an electrically- 
driven pump of the high-lift turbine type, having three 
impellers mounted upon the same spindle, arranged to 
work in series, so that the total lift of the pump is 
the sum of the heads generated by the three impellers. 
The pump has been designed for use in colliery and iron 








g plants, where the demand for pumps for high 
moderate quantities is every day increasing. 
The plant shown in the illustration is suitable for a 


| and the spindle of nickel steel, the impellers and guide- 


next disc by passages which have been carefully 
| arranged so as to cause the water to move with as 
little friction as ible. The last impeller of the 
series delivers its discharge through an annular whirl- 
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the delivery pipes. A balancing piston is fitted, being 
so adjusted as to neutralise the end-thrust from the 
pump, and a small ball-thrast bearing is also provided 
to take up any small unbalanced end-thrust w ich may 
arise during working. All the bearings of the pump 
are of the self-oiling type, so as to enable the pump to ; 
run with the minimum of attention. The casing is| The Board of Trade Journal re} that in Argentina 
provided with an arrangement of air-vents to clear | the Provincial Government of Entre Rios is about to 
oe pena sinh shen Serine 5. Seo enc tg Te a tet fe 
This pump was tested at Messrs. Allens’ works at Obras de Salubridad de 1 Nacion ” is slso about to» 


MISCELLANEA. 

Mr. Caries Brieut, F.R.S.E., M.1E.E., on Thurs- 
day, the 17th inst., delivered a lecture to the Royal 
ao of Institution, Woolwich, on ‘‘ Submarine Tele- 
graphy.” 


Bedford, and every precaution was taken to make the | io oun of 54,0207, on improving the water supply of | }.. ve increased by 26,508 tons ; 


test a true account of the performance of the pump. 
For this and similar work, Messrs. Allen have recently 
installed two ‘‘ Venturi” water-meters in their testin ‘ | pom 

department, which have been carefully calibrated, a tw 2 to Meg & ies be The 
which render it possible to read the discharge of the | C°’®opment. “his sum : 

‘ : . : | proportions :—A bout 1,200,0002. for the completion of the 
pump in gallons per minute at any instant directly by railway system ; about 1,200,000/. for the construction 
means of a mercury gauge. » It will be seen from the of new railways; 480,000/. for road construction, and 
curves in Fig. 2 that the efficiency of the pump is high, | about 220,000/, for the purchase of lands for colonisa- 
reaching actually 75 per cent. when on a lift of about! tion. 

300 ft. : _, | A. Rubfus, in Stah? und Hisen, 1906, states that the 

It is of very great importance in the design of high-| smaller a casting, and the quicker the cooling, the more 
speed pumps to ensure smooth running and to elimi- is retained in it. Samples taken at different stages 
nate every possible cause of vibration, and with this _ a Siemens-Martin furnace, quickly cooled, and then 
end in view the greatest care has been taken in the| sawn, and the sections examined, showed that,as the 
balance and design of the spindle and the rotating | temperature rises, and the fluidity of the charge increases, 
parts carried by it. Considering the simplicity of the | the gas-bubbles concentrate towards the‘centre of the 
arrangement and the high working efficiency of this po ante then gradually diminish in size and number 
type of pump, it will be obvious that for the class of | ‘Wards the exterior, : 
work for which they have been designed they have| According to the Journal Offciel of Egypt, tenders are 
peculiar edvantages, occupying only a small space and | invited for a steam screw-tug, 72°ft. long, for the Coast- 
requiring very occasional attention. . The. makers of | Guard Administration of that country. The tug is to be 
the pump illustrated are Messrs. W. H. Allen, Son, | 16 ft. 6in. breadth and 9 ft. 3 in. depth moulded, and 
and Co., Limited, of Bedford. classed 100 Al at Lloyd’s for towing. Specifications, 
. plans, and particulars of contract may be seen at the Ad- 
ministration Offices in Cairo, or at the offices of Mr. A. M. 
Gordon, Baltic Chambers, Wellington.street, Glasgow. 

New York, January 9, 1907. Tenders to be sent in before February 15. 

THe latest large orders placed in this city were for; The American Locomotive Company has recently 
material for fifteen bridges for the Erie road and an| completed an electric shunting locomotive for the General 
order for 7000 tons of steel. rails for the Harriman| Electric Company. This locomotive oy 1 37} to 
lines. The orders for the week have been rather light, | Working with direot current at 250 — t 1s equip 
and buyers are hesitating somewhat because of the | With two four-wheeled os — aving two 175-horse- 


difficulty of obtaining satisfactory deliveries. Speak- mic oer ape By beh and third-rail shoes. The length 
: . 


ing generally, the steel business is rather quiet so far over all is 31 ft. 1 in., with a total wheel base of 22 

as new business is concerned, but the mills are every-| the bogie-wheel bases being 6 ft. 6 in. The truck-wheels 
where choked with business, and a great deal of work | are 36 in. in diameter. tractive effort of 15,000 Ib. 
is hanging in the background awaiting acceptance. | is obtained, while the instantaneous draw-bar pull at 
Reports from western steel mills show a pressure from | starting is said to amount to 18,800 Ib. 


the smaller buyers, such as boilermakers, founders, H. Morel Kahn (Comptes Rendus, 1906) finds that com- 
small engineering plants, pipe works, &o. The bar-| mercial calcium carbide always contains a certain amount 
mills throughout the country have all the business | of graphite, which is believed to have separated from 
they can do, and many of them have more busi- | solution in the fused carbide on cooling. The amount of 


Catamarca. 
Steps are being taken to authorise the Government of 











NOTES FROM THE UNITED STATES. 





ness on their books than they have had for twelve | carbon so dissolved increases with the intensity of the | Rea; 


months. This is the case notwithstanding bar iron electric current employed in the furnace, and with 
has been advanced in price twice in the past six the time of pangp the current when its intensity is 
months. The advances in plates have rather stimu-| kept constant. Heated for 34 minutes with currents 
lated demand than discouraged it. The railroad pe pn Samay Fane et ony von Hy mg vols oe Lem 
buyers have a great deal of business to place, but there | ° Sur 900 Ose a0 to 600 amperes, the pez anes . of 
is considerable difficulty ia inducing mills to accept | .oived increased with the atten 2h 5 'S) minntes ~ 
orders for delivery of material before next May. The) 5 in 64 minutes. When the period of heating is further 
American Steel and Wire Company is expanding capa-| prolonged, the results are complicated by decomposition 
city, or, rather, has perfected plans for same. The | of the carbide. 


American Bridge Company have an order for 2000/ vanadium ore is being mined in the San Miguel County. 
tons for the extension of this company’s plant at | Qojorado, in considerable quantities. The ore occurs in 
Elmira, N.Y. The Chicago, Milwaukee, and St. Paul | yeins varying in thickness from 1 ft. to 12 ft. It is a green 
Company have just orde 8000 tons of rails, and the | sandstone underlying a strata of black limestone, and it 
Chicago and North-Western Company have ordered | contains from 2 to 45 per cent, of metallic vanadium. The 
4000 tons of structural material to go into bridges. crushing plant is at present of a capacity of about 40 tons 
The Lake shipyards have seventy-one vessels under | perdiem. Treatment of the ore is briefly as follows :—The 
construction, of which forty-five are bulk-freighters, | ore is crushed in roller-millsand then roasted. It is then 
four passenger steamers, four package freighters, five  exapeg oy the vanes | ov -— pee se pe Rae so 
tugs, two dredgers, two car-ferries, five scows, three | :* 7 bested wit wer ca Bowed ace (-7~ Frage 
hopper barges, and one quarantine steamer. Thirty | ferrous sulphate. » A vanadate of iron is thus produced 
of these are being built in the yards of the American | containing 50 to 75 per cent. V, O, free from silica and 
Shipbuilding Company, nine by the Great Lakes Engi- | other impurities. This vanadate of iron is then reduced 
neering Works, three by the Toledo a in an electric furnace, producing ferro-vanadium contain- 
Company, two by the Collingwood Shipbuilding Com- | ing from 25 to 50 per cent. vanadiuni with less ‘than 1 per 
pany, and one a the Canadian Shipbuilding Coni-| cent. of carbon. The plant in>question is‘situated at 
pany. These forty-five bulk-freighters will have a| Newmire, and is operated by the Vanadium Alloys Com- 
carrying capacity of 302,000 tons on a single trip, or | Pany, of New York. 
6,040,000 tons for the average season of twenty trips. | Commercial America, a publication issued by the Phila- 
The stimulus to shipbuilding is due to the remarkable | delphia Commercial Museum, recently ‘reviewed the 
development of the steel industry as well as to the| world’s commerce for the last few years. In imports, 
general opening up of the Far North-West. The| figures for 1905 show that Great Britain doubled the 
. H é : amount of the goods imported into the United States, 
Pittsburg Steamship Company, which belongs to the hile i ; aol to hly. t 
United States Steel Corporation, has placed orders for | {it epetts Seay sees Se eee 
four 600-ft. vessels, which will make twelve in all) .; : : - 
, r since 1884 amounts in the United States to 87 cent., 
Ta completed. These are the largest carriers on the | in Germany to 106 per cent., and in Great Britain to 
4aKes, 
building three steamers, which will be 605 ft. long. _| second, with the United States first a few years back, 
The United States Metal-Selling Company is book- | is again at the head of the list of exporting countries ; 
ing orders for electrolyte for May delivery at 24 cents, | Germany coming third with exports of a value about 
delivered in thirty days, and is also booking orders for | 20 per cent. lower than Great Britain. Since 1884 exports 
domestic consumers for April, May, and June de- | have increased in the United States by 118 per cent.; 
liveries. The export of copper from Atlantic ports| Germany, 78 per cent.; and Great Britain, 41 per cent. 


for the past week was 1243 tons, and since January 1 | r 
1833 tons. The lead market is without particular | a at or pment s a 
vitality, and quotations are 6.15 to 6} in car lots. while in exports those countries. have pee tewed pet per 
cent., 380 per cent., 390 per cent., and 130 per cent. 
respectively. ie < 
The increase in qonmemation of copper due to activity 
in the engineering and allied trades has attracted a con- 





Swepisa Rariway Execrriricatioy.—The line from 
Stockholm to Jirfva, a distance of 7 kilometres (4.35 miles), 
is to be electrified for dealing with the suburban traffic. 





he Tonowando Iron and Steel Company are | 49 per cent. In exports, Great Britain, though figuring | 


Among the other countries, imports in this period have | 


| 





siderable amount of attention during the past year, as the 
large demand resulted in a phenomenal increase of price. 
Messrs. Jas. Lewis and Son’s annual report estimates the 
total production of copper of the world as about 730,000 
tons. This compares with 708,000 tons in 1905, and 
645,000 tons in 1904. The output has, therefore, in- 
creased on the whole, but the important districts of 
Montana, U.S.A., show a d od output of about 
11,688 tons. As a set-off against this, Arizona’s output 
increased by 18,943 tons. Inimports into‘Europe, Japan 
accounts for an increase of no less than 12,746 tons, and 
Australia 8082 tons. In consumption the United States 
has taken 19,960 
in 1905 ; France, 7709 tons; and Germany, 
than in 1905. The consumption in 


tons more than 
28,232 tons more 


000,000/. for internal | 1905 oh mcg however, was lower than that for 1904, 
otted in the following | and the 


ures for 1904 are even slightly higher than for 
this last year, 1906.» The totals are given as 2.4 tons 
in 1904, and 382,985 tons in 1906 for Europe. The con- 
sumption in England is put’at 80,251 tons in 1906, in Ger- 
many at 165,107 tons, and in France 56,328 tons in this 

ear; 158,495 tons were imported’into’ England vid 

iverpool, London, Swansea, &c., the chief contributors 
being the United States, Australia, Spain, and Chili. 
Into France some 52,000 tons were 7 ~~ chiefly from 
‘thie’ United States. According to the Board of Trade 
returns, imports of ores, bars, ingots, pyrites, precipitate, 
&c., for 1906 we to — he —_ bon oi of 
copper, wrought and unwrought, yellow me On, 
amount to 74,387 tons. The total English and French 
consumption, together with English exports, amount to 
206,829 tons, some 15,000 tons more than last year, but 
less than the amount for 1904 and 1902. 





Contracts.—Among recent orders, Messrs. A. Borsig, 
Berlin, have obtained contracts for fifteen ten-wheel four- 
cylinder compound express locomotives,’ of 68 tons weight 
without tender, for the Western Railway of France ; 
five ‘‘Mogul” tender engines for the Beira-Alto Rail- 
wey, and a 36-ton eight-wheeled electric locomotive for 

orway. 





PeRsonat. — Messrs. Pilley and Co., Eldon-street 
House, E.C., have been appointed representatives for 
London and the South of England for the Railway and 
General Engineering Company, Limited, Nottingham.— 
Messrs. H. F. Crohn and Co., Balfour House, insbury 
Pavement, E.C., have been appointed agents for London 
~ the a by. weg cen See. aes waren red 
of mining and pumping machinery.— We are reques to 

ive — 5 that ieene. Davidson and Co., Limited, of 
fast, are changing their Glasgow address from 115, 
Hope-street, to 53, Bothwell-street, in that dity. 





IMPROVEMENTS IN THE PropvucTion oF IRON AND 
Srrrt.—In his recent presidential address before the 
Royal Scottish Society of Arts, Professor T, Hudson 
re, B.Sc., M. Inst, C.E., I. Mech. E., surveyed 
the wonderful development of the iron and steel industries 
during recent years, pointing out several characteristics 
of modern steels, and also drawing attention to the 
various processes recently introduced with’ the object of 
improving the quality or quantity of products. Among 
recent improvements in the production of steel, Professor 
Beare directed attention to the Talbot continuous open- 
hefirth process. First tried on a scale at Pencoyd, 
U.S.A., in 1897, this 88 was first used in 1902 in 
England at the Frodingham Iron Works. At these 
works a 100-ton furnace was used. Since 1902 furnaces of 
this type have been introduced at the Fleet Works, 
Middlesbrough, where there are three of 175 tons capa- 
city each, and at Cardiff, where there is one of 160 tons. 
In Pittsburg, U.S.A., there is in use a 200-ton fur- 
nace.* During the first twelve months that the Talbot 
furnace was in use at Froding’ it was only stopped 
three times, for ey to side walls and posts. It 
uses molten pig wit 1.75 per cent. to 2 per cent. of 
phosphorus, and produces from 600 to 625 tons of steel 
per week, and a very rich phosphoric An inter- 
mediate mixer between the blast-furnace and steel furnace 
has now been introduced.’ The weight of steel produced 
varied from 103.8 to 106 cent. of the total metal 

, 4.4 owt. of ore 1.5 owt. of lime being used 
per ton of ingot produced, and a small amount of cold 
pig and scrap. "At the Wishaw Steel Works 670 tons of 
steel are uced per week from two 30-ton open-hearth 
furnaces. The metal is transferred hot from the blast- 
furnaces to the steel furnaces, no interthediate mixer 
being employed. By charging with hot metal instead of 
cold, the output is found to increased 30 per cent. 


| The yield is rarely less than 99 per cent: of the metal 


charged. Repairs to the furnaces are not much greater 
than with cold charging, while the whole of the 
cost of sand and pig casting work is eliminated at 
the blast-furnaces. A reduction of fuel at the steel 
furnaces also results. In connection with recent changes 
in blast-furnace practice, Professor Beare cited the case 
of the new installation at Herriing, Swéden. At this 
spot ore of a very pure quality is obtained from the 
mines. It is conveyed first of all to a crushing plant, 
where, in crushers and ball mills, it is reduced to 0.02 in. 
size. It then passes to the magnetic separators, and the 
concentrates produced usually contain about 65 per cent. 
Fe. It is then passed to the briquette house, where, 
under a drop-press, briquettes 6 in. by 6 7 3 in. are 
made, which are then taken straight to gas-fired furnaces, 
where, subjected to a heat of it 300 deg. Cent., they 
become firm and hard, any sulphtr being eliminated at 
this stage. The blast-furnaces are fired with charcoal of 
Baltic timber. * Waete gas from these bl@at-furnaces fire 
the briquette-drying furnaces, and also grive gas-engines 
for blowing, electric lighting, power, &c,"*- 
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OVERHEAD TRAVELLING REVOLVING FOUNDRY-CRANE. 


CONSTRUCTED BY THE MASCHINENFABRIK AUGSBURG-NURNBERG, ENGINEERS, NUREMBERG. 
(For Description, see Page 125.) 
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NOTICES OF MEETINGS. 


Tae InstirvTe oF Marine Enciverrs.—Monday, January 28, 
at 8 p.m. Lecture by Mr. A. E. Battle (Member), on “‘ Electricity.” 
With experiments. Junior Section. 

Tue Surveyors’ IxstrrvTion.—On Monday, Jan 28, a paper 
entitled ‘‘The Uses of a Geological Collection,” illustrated b 


lantern, will be os by Dr. H Woodward, LL.D., F.R.S8., 
F.G.S., V.P.Z.8., Keeper of Geology, British Museum, more 

icularly referring to the Institu ’s Geological Collection, 
which he has recently classified. 


Society or ArTts.—Monday, Jan 28, atSp.m. Oantor Lec- 
tures. ‘Gold Mining and Gold uction,” by Professor John 
ep mabey a D.Sc., F.R.S., F.G.S. Three lectures. Lecture I. 
** Alluvial Gold- 


Mining.”—Tuesday, January 29,at8p.m. A 
Art Section. ‘‘ Artistic Treatment of the Exterior of the 
forte,” by Mr. William Dale, F.S.A. Mr. T. G. Jackson, R.A., 
will preside.—Wednesday, January 30, at 8 p.m. tice- 
ship,” by Mr. James Parsons, M.A. Sir William Bousfield, M.A., 
LL.D., will preside. 

RoyaL ScormsH Socrety or Arrs.—Monday, January 28, at 
the Hall, George-street, Edinburgh, at 8p.m., Professor T. Hud- 
son Beare, President, in the chair. The following communications 
will be made :—‘‘ On an Ovoidal-Motion Valve for Dry Gas- 
Meters,” by Messrs. Henry O’Uonnor and W. Alexander. “On 
Further Improvements in Kitchen Ranges,” by Mr. Thomas Omit. 

Tue InstiTuTION oF C1vi, EnGineers.—Tuesday, January 29, at 
8 p.m. Paper to be further discussed :—‘ Internal-Com’ ion 
Engines for Marine Purposes,” by Mr. James Tayler Milton, 
M. Inst. O.E.—Students’ Visit, Wednesday, Jan 30, to the 
Telegraph Department of the General Post Office. Students who 
intimate their intention to take in this visit will be informed 
individually of the hour of the visit and the place of assembly. 

Tue Farapay Socrety.—Tuesday, January 29, at 8 p.m., in the 
Library of the Institution of Electrical neers, 92, Victoria- 
street, 8.W., when a general discussion on “‘ Osmotic Pressure” 
will take place. Prof H. E. Armstrong, F.R.8., will preside. 
The Earl of Berkeley will exhibit and describe his ap 8 for 
the direct measurement of Osmotic Pressure. Mr. W. ©. Dampier 
Whetham, F.R.S., will speak on “ Indirect Methods of Measuring 
Osmotic Pressure.” Dr. T. Martin Lowry will speak on ‘‘ Osmotic 
Pressure from the Standpoint of the Kinetic Theory.” 

Tue Roya InstiTvTION or Great Brirain.—Friday, February 1. 
The Friday evening discourse will be delivered by Sir Almroth 
E. Wright, M.D., F.R.S. The subject is ‘“‘The Methods of 

ria of Disease in the Interior of the 
Organ at 3 p.m. :—Tuesday, January 29. 
“Survivals from the Past in the Plant World,” by Professor A. 
C. Seward, M.A., F.R.S. (Lecture I.) 
* Standards of Weights and Measures,” by Major Percy A. Mac- 
Mahon, D.Sc. F.R.S., M.R.I., Deputy Warden of the Standards. 
(Lecture I.) Saturday, February 2. ‘‘ Papal Deposing Power,” 
by Rev. William Barry, D.D. (Lecture I.) 





READING - Cases.—Reading - cases which will ‘hold twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
newsagent. Price 6s. each. 
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PATENT LAW REFORM. 

In our issue of the 4th inst. we mentioned that 
we had been induced to again take up the subject 
of patent law reform in the hope that piece-meal 
legislation of a detrimental kind might be averted, 
and we dealt with the examination and treatment 
of applications for patents under the existing rules, 
and pointed out certain defects. 

To what we then said we desire to add that, 
presumably to facilitate the work of the examiners, 
the practice with to what constitutes one 
invention is now such as to involve in some cases 
the taking out of two or more patents where it is 
desired to cover subject-matter that might formerly 
have been protected under a single grant. 

In principle, it appears desirable in the interests 
of the inventor to avoid overloading his patent, 
because, in the event of its being infringed, he might 
have to incur heavy costs in defending it against 
attack as to features other than that or those which 
he deemed to be infringed ; and, indeed, he might 
find himself in the unfortunate position of having 
to disclaim features which, under other circum- 
stances, it might be advantageous to him to retain. 
At the same time, in the public interest, it does 
not seem advisable to allow a patentee to enforce a 
good claim if his specification includes also a bad 
claim, because that course is calculated to encou- 
rage the deliberate inclusion of unjustifiable claims, 
which might be improperly made use of to the 
detriment of our manufacturing industries. It is, 
nevertheless, reasonable to allow an inventor to 
settle his own claims at his own risk ; and if he 
abuses that privilege, it is equally just that ready 
available for those whom he may 
attack. 

If, however, the subject-matter of a grant is to 
be strictly limited, with, in many cases, consequent 
multiplication of the number of patents necessary 
to cover an inventor’s improvements, it becomes 
obviously expedient that there should be a material 
reduction in the amount of the already high 
periodical renewal fees. We do not favour the 
abolition of annual payments, because they provide 
for the weeding-out, in an automatic fashion, of 
such patents as may be found, from one cause or 





another, not to result in directly promoting our 
manufacturing industries. But it is not n 
to the end in view that the periodical payments 


should be heavy, especially seeing how large is the 
annual surplus derived from patent fees. In 


¥ | countries where the periodical fees are light, they 


are found to have an adequate weeding effect, thus 
clearing the ground for successive inventors, who, 
working in the same direction, succeed in ultimately 
producing practically valuable results. : 

Another valuable amendment in our law would 
be ample provision for inclusion, by way of amend- 
ment, of improvements, developments, and modifica- 
tions of the invention as originally specified, as, for 
example, according to some such scheme as was 
fully described in Enarngerine of January 29, 1886, 
and which had the approval of that experienced 
authority the late Mr. John Imray. 

We now come to the question which is under- 
stood to be at the present time more pn 
under consideration by the President of the Board 
of Trade—namely, the injury to British industries 
which has been found to result from the use of 
patent privileges to secure monopolies here for 
products manufactured abroad. Under the Act of 
1902 any person interested may petition the Board 
of e, alleging that the reasonable require- 
ments of the public with respect to a patented 
invention have not been satisfied, and praying 
for the grant of a compulsory licence, or, in the 
alternative, for the revocation of the patent. 
If the parties do not come to an . arrangement, 


the Board of Trade, if satisfied that a primd facie 
case has been made out, is to refer the petition 
to the Judicial Committee of the Privy Council. 


| If it be proved to the satisfaction of the latter 


body that the reasonable requirements of the 
public have not been satisfied, the agree i may be 
ordered to grant licences on such terms as the 
Committee may think just; or, if the Committee 
be of opinion that such grant of licences will not 
meet the requirements, the patent may be revoked 
by Order in Council ; but no order of revocation is 
to be made before the expiration of three years 
from the date of the patent, nor if the patentee 
ives satisfactory reasons for his default. Should 
it be proved to the satisfaction of the committee 
that the patent is worked, or the patented. article 
manufactured, exclusively or mainly outside the 
United Kingdom, then, unless the patentee can 
show that the reasonable requirements of the public 
have been satisfied, the petitioner is entitled either 
to an order for a compulsory. licence, or, subject to 
the proviso already mentioned, to an order for the 
revocation of the patent. The reasonable require- 
ments of the public are not to be deemed to have 
been satisfied if, by reason of the default of the 
patentee to work his patent or to manufacture the 
patented article in the United Kingdom to an 
adequate extent, or to past licences on reasonable 
terms, any existing industry, or the establishment 
of any new industry, is unfairly prejudiced, or the 
demand for the patented article is not reasonably 
met. Costs are in the discretion of the Judicial Com- 
mittee, but in awarding them the Committee ma: 
have regard to any previous request for, or offer of, 
a licence, made either before or after the applica- 
tion to the Committee. Although the Act is four 
years old, we are not aware that any application 
under it has yet been carried completely through. 
From this it might, perhaps, be inferred that, in 
ersten, the alleged evil against which the Act was 
irected had no existence in fact, or that if it did 
obtain, the existence of the provisions in the Act 
has sufficed to remove it; but the more probable ex- 
planation is that, failing compromise, the cumber- 
some and costly character of the proceedings to be 
encountered has deterred aggrieved persons from 


P > 

Under the Act of 1883, which provided for the 
granting of compulsory licences in certain circum- 
stances, the Board of Trade, if satisfied that a 
primd facie case had been made out by the appli- 
cant, could at once appoint a referee, who would 
deal with the case forthwith. But, as pointed out 
by Mr. J. W. Gordon in his recent paper to the 
Society of Arts, under the Act of 1902 the Board of 
Trade, if satisfied as to the primd facie case, must 
send the applicant to the Judicial Committee—the 
most expensive Court of first instance in the realm 
—and the Judicial Committee, if satisfied with 
the applicant’s case, must send him to a referee 
for the discussion and settlement of terms, with 
the possibility of another hearing and further argu- 
ment upon consideration by the Committee of the 
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referee’s report. In this connection Mr. Gordon | appropriate evidence? At any rate, the question is 
remarks :—‘‘To do justice to this method of one deserving of careful consideration, remember- 
amending the law one must have recourse to some- ing that progress in the manufacturing arts is not 
thing like Rehoboam’s truculent speech, ‘my little likely to be promoted by providing for the settle- 
finger shall be thicker than my father’s loins.’ ment of disputes none other than legal machinery 
You did not greatly wonder that the Act of 1883 so cumbersome and costly that persons of moderate 
failed—you can hardly wonder more that the Act means who conceive themselves to be wronged dare 
of 1902 has proved abortive.” | not seek a remedy. 

Mr..Gordon pleads for reconsideration of the’ The Chambers of Commerce decline to afford 
present practice of granting injunctions. He, information as to the proposals lately submitted 
regards the patentee as usually desiring more than | to the President of the Sant of Trade, but it has 
he is entitled to obtain in the way of relief, even if | been asserted that one is to the effect that if, after 
his complaint of infringement be well founded, and | the expiration of three years from the date of any 
says that argument can hardly be necessary to| patent, the ~:tented manufacture shall not be 
prove that profit, and not control, is what sound | established i2 profitable use within the United 

licy assigns to an inventor, and what, in fact, a| Kingdom, and if in the same time it shall be so 

ritish patent is intended to convey to the patentee; | established elsewhere, the fact of its non-establish- 
and that there is a great risk that, by the injunc- ment in the United Kingdom shall be deemed to 
tion, the Court may give to the patentee not profit, | be due to default on the part of the patentee, and 
but control. He attributes the weakness of the | shall be conclusive evidence that his patent is 
compulsory licensing tribunal provided by the Act | hurtful to trade and inconvenient to the public, 
of 1883 to the fact that it could only deal with a| unless the patentee can show good cause for the non- 
part of the matter in controversy. He says the | establishment of the manufacture in this country. 
demand for a compulsory licence only arises when| A further proposal is to provide a summary 
a manufacturer is threatened with a patent action ; | procedure for provisionally getting rid of obstruc- 


and if he has then to carry on litigation in two 
courts, his case is of necessity very hard, his defence 
in an ordinary case being really threefold :— 
‘*1. Your patent is bad. 2. Even if good, it does 
not cover my manufacture. 3. Even if wrong 
under heads 1 and 2, I ought not to be restrained, 
but only compelled to pay you a reasonable royalty.” 
To send litigants first to the High Court to get an 
injunction, and then to the Board of Trade to get 
rid of it, was, says Mr. Gordon, the worst possible 
form of legislation, tending to ‘* confound confusion 


tive patents by the intervention of the Board of 
Trade. The scheme is that the Board may issue a 
certificate that the patent is hurtful to trade, and 
thus suspend the patentee’s privileges. If the 
| certificate remains uncancelled, the patent, which 
| cannot be renewed by payment of fees during the 
continuance of the certificate, will lapse at the 
next ensuing renewal date. But the patentee 
may not only oppose the issue of the certificate ; 
he may also apply to the High Court to set it aside 
when issued, and, if his application is successful, 





and multiply expense.” Since the first and second | his privileges will revive after only a temporary 
issues po only be decided in a court of law, he suspension. Thus he has recourse to the ordinary 
considers that the third ought to have been re- | courts for the protection of his property ; but in a 
mitted to the High Court also, and that then the case where his default is flagrant, and issue of a 
whole controversy would have been disposed of at certificate manifestly right, relief will be afforded 
one trial, and the question of the licence decided to the public by a process which, its promoters hope, 
without additional expense. will prove cheap and expeditious. It has been 
Now, having regard to the fact that the fate of reported that on all points raised Mr. Lloyd 
an application for Letters Patent, opposed on the | George was sympathetic, and that the deputation 
ground of a prior patent or of fraud, is left in the| he received left highly satisfied with their recep- 
hands of the Comptroller-General or his niet ition, but that, at the same time, the right hon. 
with a final appeal to the Law Officer, it hardly! gentleman made it clear that he would not 
seems logical to relegate to a more expensive pledge the department to details in advance. 
tribunal the duty of determining whether a patent Savestbelene, it may now be regarded as at least 
that has been granted is valid, much less the ques- | highly probable that the Government will submit 
tion whether, ina given case, the grantee should | proposals to Parliament in due course for the 
be required to grant a licence to the party seeking | purpose of removing what many regard as the 
it, ‘ail, if so, upon what terms. It is true that serious anomalies which arise out of a system 
under existing arrangements the patent-granting| under which they complain that a foreigner can 
authorities would not be able to cope with the| obtain patent rights in this country without incur- 
additional work, and are not armed with adequate ring the obligation of manufacturing here. 
powers to enable them to conduct the investiga-| We can hardly be expected to criticise a scheme 
tions that would necessarily be involved ; also that, | the details of which are not fully disclosed, but it 
in practice, in dealing with an opposed application | seems to us that under the Act of 1902, slightly 
for a patent, it is customary to give the applicant modified, the condition of affairs would not be so 
the benefit of any doubt, seeing that from the ad- bad as it is painted, assuming an economical tribunal 
verse decision of the Law Officer he has no appeal ; | to be substituted for the Judicial Committee of the 
whereas, if the patent be granted, its validity may | Privy Council. 
be subsequently impugned and the grant may| We do not favour compulsory working in the 
be revoked. The fact remains, however, that sense in which that expression is Prtaoen, & under- 
notwithstanding the limited facilities and powers| stood. A British patent ought not to be made 
enjoyed by the Patent Office authorities and Law revocable for non-working, or on the broad ground 
Ofticers, they do occasionally refuse the grant of | that, although worked abroad, it is not being worked 
Letters Patent on the ground that the applicant | in this realm. But it might well be provided that 
has fraudulently obtained the invention from some | (whether the patentee be a British subject or an 
other person or persons, or that the alleged in-| alien) if products manufactured abroad, according 
vention has been already patented. Surely a to the patented invention, are being imported to an 
tribunal entrusted to go so far cannot logically be | 2 agen extent after, say, the first four years 
regarded as incapable of enlargement and develop- | of the term of the patent, and the patentee fails, 
ment into one which may be entrusted with the | when called upon, to satisfy a competent tribunal 
additional duties of (1) taking evidence as to, and | that the article in question is being manufactured 
determining, validity, and reporting thereon to a/ here to at least as large an extent as it is being 
superior tribunal armed with power to formally | imported, or, in the alternative, that there is 





revoke Letters Patent ; and (2) dealing with ap- 
plications for compulsory livences. Under the 
existing practice, in dealing with unopposed appli- 
cations for patents, time is needlessly spent in 
attempting to carry matters, without adequate 
evidence, further than is required by the Act of 
1902 ; and, as our readers already know, one result 


is that official endorsements are placed on speci- 


fications which unwarrantably injure patentees 


by making known the opinions ot irresponsible 


officials, in defiance of the proviso that reports 
of examiners are not to be made public. 


be, with adequate authority and oh po organisation, 
advantageously devoted to deali 


Might not 
much of the time wasted upon this mischievous work | revoked. 


with questions | be subject to as little uncertainty as possible, an 


jample justification for the failure to manu- 
facture here, then official notice shall be given 
that revocation will ensue, and revocation shall 
take place, in the event of the practice being 
continued. In this way the interests of all 
parties would be fully safeguarded. The patentee 
would have ample opportunity of showing (if such 
were the fact) that, regard being had to the charac- 
ter of the invention or to other circumstances, it 
was not feasible, or desirable iu the public inte- 
rest, to manufacture here ; and in that case, as 
nobody would suffer, the patent should not be 


It is highly im 





the objections to the laws of most foreign countries 
in which there are compulsory working provisions 
—namely, that a patentee never knows, until too 
late, whether he has done enough to satisfy the 
law or not. That is certainly a state of things it 
would not be advisable to establish in this country; 
what is really needed being merely a reasonable 
condition of affairs, such as would give preference 
to our own manufacturers and workpeople in those 
cases where patentees succeeded in securing com- 
mercial adoption of their inventions here. This 
would involve absolutely no hardship upon inven- 
tors, however poor; especially assuming the tribunal 
to be of the character we have suggested, as dis- 
tinguished from the much less accessible and more 
costly Privy Council (as at present) or High Court 
(as some suggest), the very mention of either of 
which is appalling to the average inventor of smal! 
means. Furthermore, it is to be noted that the 
suggested scheme would in no wise prejudice the 
position of this country under the International 
Convention for the Protection of Industrial Pro- 
perty, as might be inferred from a superficial con- 
sideration of views to which utterance was given 
at the Society of Arts. 

In the line we take in these matters we are 
guided by a sincere wish to further the interests of 
inventors, rich and poor alike, as well as those of 
British manufacturers and workpeople, believing, 
as we do, that, in view of increasing foreign com- 
petition, their prosperity is more than ever essential 
to the welfare of the country. 

Patent law reform, unfortunately, does not 
readily appeal to the popular mind, and therefore 
often tails to enlist the widespread and active co- 
operation which, by reason of its importance to our 
national industries, the subject ought to receive ; 
consequently, our patent practice is dictated and 
controlled largely by permanent officials, backed up 
by parties whose interests are not identical with 
those of either inventors, manufacturers, industrial 
workers, orfconsumers. Comparatively few Members 
of Parliament are familiar with the subject, and 
successive Presidents of the Board of Trade, being 
too much occupied to master the details, are con- 
tent to adopt views and methods pressed upon 
them by permanent officials, and to shelter them- 
selves behind law officers little, if any, better 
acquainted with the various ramifications of the 
subject than are the much-occupied presidents 
themselves ; whilst the permanent officials, in turn, 
are so secure in their own positions that they can 
quite ‘well afford to ignore outside opinion, no 
matter how distinguished may be its exponents. 
In this connection, we need only remind our 
readers of the treatment that was accorded to the 
influential memorial (which, as is well known, was 
signed by many eminent persons and firms) respect- 
ing Patent Rule 10. That rule affords a lamentable 
example of the unjustifiable interpretation (to the 
serious detriment of inventors) which, under the 
existing condition of affairs, can be despotically 
placed upon an Act of Parliament, notwithstanding 
most weighty representations on the subject to the 
Board of Trade. 

Reverting, however, to the working of patents, 
a striking example of the sort of objection some- 
times raised by those opposed to even reasonable 
legislative provisions against creation of monopolies 
here for products of foreign manufacture is the 
contention that many inventors would count the 
cost beforehand, and not take out patents in this 
country at all. In whose interest is that urged ’ 
We ask this question because we fail to perceive 
by what process of reasoning the realising of such 
an objection can be regarded as favourable either 
to British manufacturing industries, or to inventors 
other than aliens who might contemplate taking an 
unfair advantage of our Patent Laws in a manner 
detrimental to the community. 

We have no desire to discourage foreign inven- 
tors, or to prohibit the importation of articles 
manufactured abroad with a patentee's consent ; 
but, on the other hand, sound policy dictates that 
our laws should not operate to close British manu- 
facturing establishments and take bread out of the 
mouths of our own workpeople. 





THE LONDON COUNTY COUNCIL 
TRAMWAYS. 


Ars est celare artem. We have been strongly 


rtant that patent rights should reminded of this phrase while reading the Report 
d| on Tramways presented by the Finance Committee 


n . 
affecting patents actually quated, in the light of the course above suggested would obviate one of of the London County Council at the meeting of 
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Council, held on Tuesday, January 22.. It would 
be difficult to find a better example of apecial 
pleading than is presented by this report, which 
deals with the finance of the Council’s tramways 
undertaking in an apparently artless and straight- 
forward manner, but which betrays on every page, 
to those who are familiar with the subject, a pains- 
taking effort to slur over, or ignore, all difficulties, 
and, at the same time, to seize upon any little thing 
which may be made the basis of an argument, 
sometimes childish, sometimes fallacious, in sup- 
port of the case-which the Finance Committee set 
out to prove. We have no doubt that many mem- 
bers of the general public may be impressed by 
this report; but no one who has examined the 
tramways accounts for himself will accept as sound 
the arguments here given. To begin with, the form 
of the report is most extraordinary. The Finance 
Committee was asked to pre and submit a 
report showing the financial results of the Council’s 
tramways undertaking up to date. Now that 
committee is in no way responsible for the manage- 
ment of the tramways ; its only concern is to report 
upon the proposals made from time to time by the 

ighways Committee. Its duty, therefore, on the 
present occasion was to bring forward an impartial 
statement in accordance with the terms of the 
Council’s request, setting ;out the financial posi- 
tion of the tramways in such a form as could 
be understood by all, and leaving to the High- 
ways Committee the duty, if occasion required, 
of defending the position disclosed by that state- 
ment. But the Finance Committee has in its report 
refrained from doing this, and has produced instead 
a one-sided and highly partial document, which, if 
accepted, might make one believe that the world 
has never before seen such heaven-born financiers 
as the managers of the Council's tramways, and 
that this undertaking is the most successful busi- 
ness enterprise in the history of mankind. The 
curious thing about it is that the report goes into 
matters which are not within the scope of the 
return asked over, nor directly connected with the 
Finance Committee—such as the benefits conferred 
upon employés in the matter of hours of labour, 
uniforms, &c., and upon the public in the matter 
of fares—and one feels » strong suspicion that 
whoever was responsible for the preparation of the 
report had at least the assistance of a member of 
the Highways Committee who is an advocate of 
what is known as the Progressive policy in tram- 
way matters. It is also noteworthy that the report 
is not signed by Lord Welby, but is presented by 
the Vice-Chairman of the Finance Committee. 
We do not know the reason for this, but we should 
be surprised to learn that he is prepared to adopt 
this report as his own. 

Let us consider now some of the points raised 
in the report. It begins with an attempt to show 
that the ‘‘surplus on working” in the Council’s 
accounts is the equivalent of what would be called 
by a commercial company the ‘‘ profit” on which 
the dividend would be declared, whereas the Council 
has to pay interest on capital and contributions to 
the sinking fund and to the renewals reserve fund 
before it has a ‘‘ surplus balance.” The argument 
is that in considering the position of the tramways 
we ought to go by the “‘ surplus on working” as 
showing the real profit made, and not by the surplus 
balance. Now this is an extraordinary argument to 
come from a Finance Committee, for two reasons. 
the first place, when we are told that a company would 
declare a dividend on its surplus on working “‘ after 
making provision for future renewals or deprecia- 
tion,” we must point out that a sound company would 
before declaring a dividend make proper allowances 
for both renewals and depreciation, and that the 
County Council has made no allowance at all for 
the latter item, and only an admittedly insufficient 
allowance for the former. 
return presently. In the second 
ment is unsound because it ignores t 


To this point we shall 
‘mew the argu- 
e real difference 


between a tramway undertaking worked by a/| 


money must be found even if there be a deficit on 
the year’s working. A true comparison between 
the two kinds of undertaking indicates, there- 
fore, that a local authority is at an economic dis- 
advantage as compared with a company, and 
unless some counterbalancing advantage can be 
shown as the result of municipal working, the only 
sound conclusion is that the community as a whole 
must suffer by the undertaking being operated by 
the local authority. The advocates of municipal 
working ought to recognise this fact : they ought to 
see that the old argument that local authorities 
can borrow money more cheaply than can com- 
panies is untrue, and they ought to try to show 
some other advantage to set against this disadvan- 
tage. But to ignore the above fact in such a com- 
parison, @r,to attempt to distort it so as to make a 
surplus appear as ‘ profit” when large standing 
charges have still to be deducted from it, is to mis- 
lead the public in the most reckless manner. The 
comparisons made ip,this report, by which balances 
are stated as equivalents of tages profits which 
would be paid by a company, are little credit to 
the Finance Committee, either as advocates or as 
competent financiers. 

On the question of provision for renewals the 
Finance Committee say :—‘‘ We have arrived at the 
conclusion that a renewals reserve fund based upon 
1d. per car-mile would be approximately sufficient,” 
and we are therefore promised next year a payment 
of 62,5001. for this purpose. Now, even if we 
over the fact that, as we showed last week, Lord 
Welby has stated that 1d. per car-mile was pro- 
bably ‘‘ somewhat less than the rate which it would 
be right to take as their standard,” we have the 
admission in this report that only 35,000/. has 
been paid in 1906, and the same sum in 1905; 
and the excuse is made that, owing to reconstruc- 
tion work in progress, ‘‘it could hardly be expected 
that during this period large sums could be pro- 
vided out of revenue by way of reserve.” Now 
one piece of track does not refrain from wearing 
out use a new track is being laid in another 


part of London; and this attempted excuse is | 


an admission that in spite of the boasted 
‘* profits” in 1905 and 1906, the surplus 
each year was inadequate to allow the proper 
sums to be set aside for renewals. The Com- 
mittee appears to be conscious of the weakness 
of its position here, as it goes on to labour the 
point by asserting that ‘‘Parliament has not placed 


in | 


‘tense is not unieppanat, but, as Captain Swinton 
| pointed out on Tuesday, the report says nothing 
|regarding forty-eight other street improvements 
| which were included in his indictment. Then, 
|as to central office and solicitor’s charges, the 
|report says: ‘Charges have been regularly made 
/also to the tramways revenue account . each 
|year for proportion of salaries of the comp- 
| troller’s and solicitor’s departments.” But one 
would like to know what is the portion so 
| charged, and then one would further ask, ‘‘Is 
nothing to be paid for rent of offices, and are soli- 
citor’s costs in tramway matters not to be debited 
totramways?”’ The Glasgow tramways department 
paid last year 1000J. as rent for its share of the Muni- 
cipal Buildings ; 61621. 1s. 1d. as ‘‘sajaries and wages 
| of general officers and staff ;” and 4001. to the 
| ** town clerk’s fee fund.” Where do we find similar 
_ charges in the London accounts? And, as regards 
| solicitor’s costs, the accounts shaw that last year 
|the sum of 13,6431. 19s, 10d. was’ paid as ‘‘ com- 
[ cee "that is, damages in accident cases. 
| Where do we find the costs ine in défentling 
cases in the accounts? And where is the item 
showing the amount paid to the solicitors who 
look after similar cases on the Northern system / 
|The only item we find is 94/. 18s. 5d., under 
the head of ‘‘Law Charges.” These, it may 
be said, are not substantial sums, even if they 
are omitted; but with this we do not agree, 
and even if it were so, that would not affect the 
principle that every item of expenditure incurred 
on tramway matters ought to appear in the tram- 
way accounts. If we understand the accounts 
rightly, that is not done at present, and the 
Council cannot complain if even in the larger items 
the accounts are not accepted as complete. 

There are many other points in the report which 
we should like to mention, but these must wait 
|for the present. The general conclusion is..that 
as a piece of special pleading this report may be of 
| interest, but it is certainly far from convincing. 











FIFTY YEARS OF EXPLOSIVES. 
Tue standpoint from which Sir Andrew Noble, 
| F.R.S., treated his discourse on ‘* Fifty Years of 
| Explosives,” delivered at the Royal Institution on 
| Friday last, was essentially that of the physical 
|investigator. Sir Andrew did not refer to blasting, 
| nor did he particularly dwell on guns. His main 


upon municipalities owning such undertakings as | points were : the gas volumes, pressures and com- 


tramways any requirements as to renewals or itions, heat units and 


otential energies pro- 


depreciation funds, but as the undertaking must | uced by the explosion, the resulting velocities, 


be maintained out of revenue, it is apparently | 
regarded as sufficient if the debt is paid off within 


and the methods of systematical research which 
|have helped us to the remarkable progress in 


the life of the works.” If this be so, then it Propellants achieved during the past fifty years. 


follows that at the end of that life the capital must | 


be again borrowed to rebuild the undertaking; and | 
what then becomes of the promised ‘* tramways | 


During his voyage to South Africa in 1856, Sir 
Andrew Noble said, in introducing his discourse, 
his attention was first called to the curious discre- 


free of debt?” The undertaking will never be free | P@ncies in the views of distinguished men concern- 
of debt, and still efficient, unless proper allowance | 128 the motive force and pressure of gun-powder. 
is made each year not only for renewals, but also Ba ew men had been placed in a better position for 
for depreciation, as the plant and equipment are | ©@!Tying out the diff cult and somewhat dangerous 
wearing out as well as the track; yet a depreciation | investigations to which he then resolved to devote 
fund appears to be considered of no importance by | himself. He had completely examined no less than 
the Finance Committee, as none exists. We are | eighteen different propellants. . 

told that ‘‘ maintaining the undertaking in an| The following abridged tables give the average 
efficient condition out of revenue” is ‘‘the prudent | compositions of some of the older powders and of 
course to follow,” but we look in vain in the ac-| the modern explosives with which the lecturer has 





company and one worked by a local authority. A | 68,5001. as special depreciation on buildings and 
company does not require to repay its capital, nor | electrical equipment. 
need it pay interest thereon, unless the balance, | 


after making all necessary provisions, allows this to 
be done. 
has to pay full interest at fixed rates every year, 
and also has to repay a certain percentage of 
its debt, whatever = the financial condition of 
the undertaking. With the interest at 3 per cent., 
and a sinking fund allowance at 2 per cent., there 
is a fixed annual charge of 5 per cent. on the 


capital debt upon the undertaking, and this 


A local authority, on the other hand, |made by Captain Swinton—that the tramways 


central office and solicitor’s department expenses. 
The report deals with thirty-one street-widenings, 
of which the estimated cost is 1,255,9611., and 
says that of this amount 358,2301. ‘‘ will become 
chargeable to the tramways account.” The future 

















In| counts and in this report for any sign that this | &*perimented :— 
course is going to be adopted by the County | ~~ 3 - 
Council. The renewals reserve fund now stands|  ojder Powder, x } 
at 103,6831. 14s. 7d., while for the Glasgow Cor-|  Explo-- . gi'2:83)f amide 
poration tramways there is a depreciation and per- "'"** | g Ze Se Uae 
manent-way renewals fund of 905,2531. 11s. 1d. | _\_* | @ & ai 
In 1906 the Glasgow Corporation paid out of its KNo, — .. \0.8180 0.6374 0.7888 0.7476 0.7550 0.6192 0.40 KNO,, 
surplus a sum of 75,5831. 16s. 2d. to permanent- § .. .. 0.0018 0.1469 0.0204 0.1007 0.1242 0.1506 0.83 (NH,4)» 
way renewals fund, 84,3021. 13s. 3d. for deprecia-|q | —__ 0.1671 0.2018 0.1780 0.1422 0.1184 |o.2141 0.220. 
tion, and 10,0007. as special depreciation on build- | H,0 .. |0,0181 0.0139 0.0133 0.0095 |0.0065 |0.0161 
ings. In 1905 the corresponding payments in | 
| Glasgow were 72,1761. 19s. 10d. for permanent-way | Ta — — 
renewals, 81,114]. 13s. 4d. for depreciation, and ae | wéite, | Norwegian. | F 
ern . : ° 
Explosives | z , $ 8 | : Nitrocellulose. 
Another point in the report remains to be Jia) aia 
noticed. We referred last week to the charge | Nitrogiycerine .. 58 30 96 40 | 471. 
“ aed = - Nitrocellulose 37 65 52 50 | 62.9 “ ies peeved 
|undertaking has not been ca upon i . 
| proper share of the cost of prccaeir, wew Red es of Sosret teaeedions ; ; 


5 


Mineral jelly 

The subsequent remarks further concerned the 
French B.N. powder (blanche nouvelle), which con- 
sisted of partly gelatinised nitrocellulose, asso- 
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ciated with tannin and the nitrates of potassium 
and barium ; and also lyddite, which, on account of 
the violence with which it detonated under certain 
circumstances, could not be used as a propellant, 
but was interesting as a useful explosive for shells 
ignited by means of suitable detonators. 

Robins, the father of gunnery, had put the pres- 
sure develo by the explosion of gun-powder at 
1000 atmospheres (6.6 tons per square inch), Hutton 
at 2000 atmospheres, and Rumford at 101,000 
atmospheres. ‘To account for the small velocities 
obtained, in spite of the enormous pressure, it had 
been assumed that the powder burned slowly in rifles 
and guns, and that the initial tension was never 
realised. The weight of Robins’s views, that the 
powder must all be exploded before the bullet was 
much rémoved from its seat, and that, if this were 
not so, much greater energies would be realised 
when the weight of the shot was doubled and 
trebled, was not recognised. Sir Andrew returned 
to this point at a later stage of his discourse. In 
his own day similar discrepancies had existed. 
The text-book of the Royal Military Academy at 
Woolwich of 1870 put the gun-powder pressure at 
2200 atmospheres, while Piobert supported Rum- 
ford, and fixed the tension of the powder when 
fired in its own space at 23,000 atmospheres (150 
tons per square inch); Cavalli's —e 
figure was 24,000 atmospheres. The question h 
been set at rest by the experiment of the lecturer 
and the late Sir Frederick Abel, in which they 
determined the gas pressures at various gas den- 
sities, and retained all the gaseous products of 
combustion even when the charges filled the whole 
chamber. They had found the pressure to be 42 
tons per square inch, or about 6500 atmospheres 
for unit density of the 4 

As an associate member of the Ordnance Select 
Commitee, Sir Andrew also ascertained that the 
energies of new powders of different makes varied 
by 25 per cent. of the total energy developed, and 
in the case of powders in service, subjected to 
climatic influences, more still; but that much of 
the variation was due to the éprouvette mortar 
tests then in use. Yet rifles had sometimes to 
bear pressures which would not be permitted in 
the much, stronger guns of our days, and hence 
failures did occur. The introduction of rifled 
guns raised the velocity of spherical shot from 
1200 ft. to 1400 ft. per second, and for large guns 
to 1600 ft. and 1700 ft. The first improvement in 
the old powders was due to Major Rodman, of 
the United States, who appreciated the impor- 
tance of the size and density of the grains in 
diminishing the excessive pressures, and invented 
a most ingenious pressure-gauge, which gave re- 
liable results with breech-loading guns. For the 
English muzzle-loaders of that time, the crusher- 
gauge was more suited, and it has since been in 
almost universal use. The exceptionally high 
pressures sometimes observed were due to waves 
passing backward and forward from the end of the 
chamber to the base of the projectile. Thus the 
first Explosive Committee, having fixed five crusher 
gauges in the first 3 ft. of the chamber and bore, 
measured pressures of 28, 29.8, 30, 29.8, and 
19.8 tons during the first round, and of 63.4, 41.6, 
37, 41.9, and 25.8 tons during the second round, 
during which wave action had been set up; the 
muzzle velocities were the same. 

Passing to the volumes of gas (marked ‘‘ Volume”), 
and heat units (marked ‘‘ Heat”), the lecturer had 
arranged the explosives in his tables in descending 
order of the potential energy which was approxi- 
mately represented by the product (which we give 
in round numbers) of pressure and heat units— 
approximately, because the two factors depended 
upon the pressure under which the propellant was 
exploded. 








| Fowder B. Powder A. | 


inferior to the other modern ye gprs although 
it will reduce the greater part of a cast-iron shell 
to dust. The amide powder, which contains no 
sulphur, is 65 ed cent. more powerful than the 
old Waltham Abbey b ecatrsa. and it might have 
displaced the old powders in spite of the tendency 
of the nitrates to absorb moisture, if the much more 

werful nitro-compounds had not been discovered. 
Why sulphur was so long retained, Sir Andrew did 
not understand. The four powders, A, B, C, D— 
some of which we have mentioned—had been speci- 
ally prepared for the lecturer to investigate the in- 
fluence of sulphur ; the sulphur percentages varied 
by 80 per cent., and the energies were in the inverse 
order of the sulphur percentages. The tables further 
showed that a high gas volume went together with 
a low heat value ; the latter determined the erosive 
power of the gases, and was high for the Spanish 
and the Cocoa powders. 

Before experimenting on the nitro-compounds, the 
lecturer continued, he had a gun of 32 calibres 
bored to a diameter of 5.87 in., and five successive 
chambers made, the largest having five times the 
capacity of the first; in each chamber four gas 
densities were employed—0.24, 0.48, 0.72, and 
0.96-—and the weights of the shots increased from 
30 Ib. to 60 Ib., 90 Ib., 120 lb., 150 lb., and 360 1b. 
We reproduce of the tables of these experiments 
conducted with the R LG,, Pebble, Prismatic, and 
two Cocoa wders, those made with RLG, 
powder, which contains :—K NO,, 74.56 per cent. ; 
8, 10.09 per cent.; C, 14.29 per cent.; and H,O, 
1.06 per cent.; the results concern the first of the 
five chambers, the charge being 10 Ib. 














Weight Mean 

- | Velocity. + canna Energy. Pressure 

Shot. 4 in Bore. 
Ib. ft.-sec. tons persq.in.| ft.-tons tons 
30 2126 | 14.0 972 2.29 
60 1641 } 17.5 1125 2.65 
90 1870 18.5 1178 2.78 
120 | 1209 | 18.9 1196 2.82 
160 1083 19.6 1192 2.81 
691 22.7 1192 2.81 








While the chamber-pressure rose with the heavier 
shots from 14 to 22.7 tons, the velocity of the ball 
fell from 2126 to 691; the limit of energy was 
reached with the shot weight of 120lb. Thus 
Robins was right in his main points ; the whole of 
the powder which he employed must have been 
fired before the shot was materially moved, and the 
combustion of the powder could not have been so 
slow as Rumford, Piobert, and Cavalli assumed. 
These — had led to most important 
results. Inthe Elswick muzzle-loading and breech- 
loading guns the chamber pressure and the muzzle 
velocities had at one bound been raised, the latter 
from 1600 ft. to 2100 ft. Sir Andrew, there- 
fore, passed with regret from those old powders, 
and especially from the amide powder, which he 
had been able to keep in service powder-cases for 
eighteen years, and whose protection against mois- 
ture Sir W. Crookes and he himself had recently 
been able further to improve materially. 

Sir Andrew then proceeded to describe the appa- 
ratus with the aid of which he has pened 4 his 
recent researches. The explosion vessel, he ex- 
plained, was closed by a plug, through which the 
gas passed either at feeble pressure into the gaso- 
meter, or at pressure into a system of glass tubes, 
previously charged with mercury and fitted with 
stop-cocks below and above. The gas analysis 
apparatus of Dr. Sodeau had proved most reliable. 

e calorimeter used for the heat tests was of the 
Ostwald type, all surfaces being nickel-plated and 
highly polished ; the observed caloric values varied 
very little—for ballistite only between 1308.9 and 
1293.5 ; mean, 1301.2 heat units. The apparatus 
which measured the time required for the transfor- 

















Older Explosives .. Amide. | , Few Pebble. | Mining. | PowderC. | Spanish. | Cocoa. 
| 
Volume ‘aor 400 815 254 278 - 800 347 | ) 
a) gs bo he 832 715 800 721 517 525 767 a7 
Energy pea 332,800 225,000 | 208,000 200,400 186,120 | 182,200 179,500 | 166,000 
“Aten ie AOD cnet, SADE i Broke. 
Mode ine egian - meee i cieine 20 amie 
rm ’ Norw q Nitro- Norw b 7 
Pan Cordite I. Ital, Ballistite. MD. sonst! oe) a Lot ie.” | BN. |  Lyddite. 
; | 
Volume ..| 875.5 | = 810.5 912.5 | seo | 934 909.9 2 | 
Heat -.| 1246 | — 1306 1080 1005.5 924 935.5 | 1003 | 856.3 
Energy ..| 1,090,873 | 1,057,700 | 940,900 | 904,860 863,000 851,200 824,460 | 822,390 





it will be seen, are about four times as} great as 
those of the old gun-powders; but lyddite is 


The geocamg energies of the modern powders, 





mation of the explosive and the rate at which the 
heat was communicated to the walls of the vessel 
was an explosion vessel closed by gas-tight plugs at 





both ends. The firing ane through the one 
plug ; to the other was fi the steel plunger, of 
small area, of the pressure-indicator. e = Dead 
compressed a spiral spring and carried a lever, to 
which two electromagnets were attached; other 

were a marine chronometer with a second make 
and break device, and a revolving drum running at 
two esa 40 in. and 1 in. per second ; the pen 
over the drum was released by the firing circuit. 
Before firing, the high — was put on, and when 
the drum had attained the desired speed, as shown 
by the tachometer, the charge was fired ; one or 
two seconds later the speed was changed. 

As regards the gas pressures, Sir Andrew gave 
the following figures :—(a) gas density, 0.4, which is 
far above the permissible limit: cordite, mark I., 
41 tons per square inch ; ballistite and Norwegian 
167, 39 tons; M.D. cordite and Norwegian 165, 
38.3 tons; nitrocellulose, 34 tons; amide, 16.5 
tons ; gun-powder, 7.8 tons. (b) gas density, 0.23, 
the practical limit : cordite I., 20 tons ; ballistite, 
19 tons; Norwegian and nitrocellulose, 16.5 to 
17.5 tons per square inch. Curves concerning the 
differences in the composition of the explosion 
gases, as — upon the gas density, were first 
shown for Italian ballistite (I.B.) and the Nor- 
wegian _— (N.), the gas density being raised 
from 0.05 to 0.50. The percentage of carbon di- 
oxide (CO,) rises from 26 to 35 (I.B.), and from 
13 to 33 (N.); the percentage of carbon mon- 
oxide (CO) changes from 20 to 14 (I.B.), and from 
39 to 20 (N.); the percentage of hydrogen (H) is 
almost constant at 10 (1.B.), and falls from 20.5 to 
7.7 (N).; the percen' of marsh gas (CH,) rises 
from a trace to 2.7 (I.B.), and from a trace to 12 
(N.); the mtage of aqueous vapour falls from 
29 to 24 (LB), and is nearly constant at 14 (N.). 
A smell of ammonia was always noticed. These im- 
portant changes were further illustrated by sets of 
curves concerning other explosives. As regards 
the heat liberated, cordite and ballistite and other 
explosives differed a good deal at the lower gas 
densities with which artillery was concerned ; at 
the higher densities all the curves dropped at first, 
and rose rapidly as the densities increased because 
more CO, was then formed. 

The points so far discussed rested on direct ob- 
servations, and the facts were generally accepted. 
With respect to the estimation of the explosion 
temperatures, Sir Andrew stated that there was 
less — Sir F. Abel — lecturer had 
Pp the tem tures of ex ing gun-powder 
much lower dan Denes an Schischkoff. Sir 
Andrew estimated that exploding mining-powder 
reached a temperature of 1800 deg. Cent. (at which 
platinum was melted) ; Spanish powder, 2200 deg. 
Cent. (an iridio-platinum wire being melted) ; 
the temperature of pellet gun-cotton was much 
higher, as it volatilised platinum. Two methods 
had been used by the lecturer for determining the 
temperature of the explosion gases. According to 
the first, that of Bunsen and Schischkoff, the tem- 
— was found by dividing the units of heat 

y the specific heat; the second method started 
from the known gas-pressures at the moment of 
explosion and at 0 deg. Cent. and the known ex- 
pansion coefficient, and calculated what tempera- 
ture was requi to raise the pressure of the gas 
volume at 0 deg. and 760-millimetre barometer to 
the pressure at the explosion moment. With 
regard to the first method, the specific heat of 
carbon dioxide, by far the most important product, 
had recently been determined with great care by 
Holborn and Austin (in the Reichsanstalt), and the 
formula, deduced for temperatures up to to 800 deg. 
Cent., had been confirmed by Langen. The incre- 
ment of the specific heat of CO, was considerable 
at lower temperatures, but it vanished at 1400 deg. 
Cent., when CO, was partially dissociated. The 
other principal gases concerned, carbon monoxide, 
hydrogen, and nitrogen, followed Marriotte’s law 
more closely than most gases. 

Now for densities ranging between 0.30 and 0.35, 
the two methods (of Bunsen and of the lecturer) 
gave almost identical temperatures for the five 
explosives tested ; for lower densities, however, 
the results differed widely—by as much as 1500 deg. 
and 2000 deg. Cent. For the average artillery 
density of 0.20, the difference, in the case of cordite, 
decreased from 2000 deg. to 800 deg., and for the 
Norwegian explosive from 1500 deg. to 600 deg. 
Cent. In Sir Andrew’s opinion the discordance 
between the two methods was due to the dissocia- 
tion of CO, at lower densities, which dissociation 
was prevented when the density exceeded 0.30. 
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If that view were correct, the discrepancy should 
be greatest for high percentages of CO,, and for 
high heat values, which would dissociate larger 

rtions of this gas, and his data corroborated this. 
fn further confirmation of this view, Sir Andrew 
referred to two of his experiments, the one made 
with a low temperature explosive, the other with 
a very high temperature explosive. A charge of 
6.5 lb. of nitrocellulose, containing a small packet 
of osmium was exploded ; the scrapings of the walls 
of the chamber contained osmium, which must have 


been volatilised, he thought. The melting-point of | 


osmium was 2500 deg. Cent., and his temperature 
estimate for this case was 3200 deg. Cent. In the 
second experiment a similar charge of Mark I. 
cordite and carbon was exploded, and Sir W. 
Crookes had afterwards found diamonds in the 
chamber ; Sir Andrew estimated the temperature 
in this instance at 4300 deg. Cent., while Sir W. 
Crookes assumed carbon to melt at 4400 deg. 

Finally, Sir Andrew threw some cooling curves, 
traced by the explosives, on the screen. The 
abscissee were seconds, the ordinates pressures in 
tons per square inch. Working at gas density 0.25, 
the maximum pressure of 22.4 tons was halved in 
24 seconds; at density 0.2, maximum pressure 
17.8 tons, the halving of the pressure took 1.5 
seconds; at density 0.1, the maximum pressure 
was reduced to one-half its value in less than one 
second. As regards the actual time intervals from 
firing the charge, and, further, the times taken to 
consume the cordite after the charge was fully 
lighted, other automatic curves were shown. These 
two intervals were for densities of 0.15, 0.2, and 
0.25 respectively: the first, 15, 11, and 10 
thousandths of a second, and the second interval, 
9, 15, and 13 thousandths of a second. 

Specimens of the various explosives with which 
the lecturer had dealt were exhibited on the table, 
and there were also some still more interesting 
specimens of the strangely powerful erosions which 
the rush of the gases out of the chamber through 
more or less narrow channels had produced in the 
steel plugs. Sir Andrew Noble could not find 
the time to dwell upon these mechanical effects in 
his most instructive discourse. 








THE BORDEAUX MARITIME 
EXHIBITION. 

Tue letter from Lord Brassey, which we print 
on another page, calls attention to the Exhibition 
to be held in Bordeaux from May to November 
of the present year. This Exhibition has been 
organised by the League Maritime Frangaise, under 
the official patronage of the French Government ; 
the General Council of the Gironde, and other 
local bodies, also being interested in the venture. 
The occasion—and all exhibitions must now have 
an occasion—is the celebration of a century of 
steam navigation, and the Exhibition will, there- 
fore, be, as its title indicates, devoted solely to 
maritime affairs. The singleness of its object 
will not be looked on as a defect by those who 
remember the pleasant and instructive Fisheries 
Exhibition held in London twenty-four years 
ago, and who also may, perhaps, have memories 
of the overwhelming displays of Chicago, St: 
Louis, and, to a less extent, Paris. It is plea- 
sant to learn that the Institution of Naval Archi- 
tects has taken the matter up, an influential 
committee of that body having been nominated, 
Lord Brassey—who, it will be remembered, is a 

t-president of the Institution—being chairman. 
‘he object of this committee is to secure a good 
representation of British shipping at the Exhibi- 
tion; and the members have been fortunate in 
securing the co-operation of many of the leading 
shipbuilding and shipowning establishments of the 
United Kingdom. Among these may be men- 
tioned the firms of Messrs. Armstrong, Whitworth, 
and Co., of Newcastle; the Fairfield Company, 
of Govan; Messrs. Palmer, of Jarrow ; Messrs. 
Denny, of Dumbarton; Messrs. John Brown and 
Co., of Clydebank ; Messrs. Swan and Hunter, of 
Wallsend-on-Tyne ; Messrs. Vickers, of Barrow ; 
Messrs. Scotts, of Greenock ; Messrs. D. J. Dun- 
lop, of Port Glasgow ; Messrs. Hawthorn, Leslie, 
and Co., of Newcastle ; and Messrs. Yarrow and 
Co., of London. All these, and some others, have 
signified their intention of exhibiting, as well as 
many of the ship-owning lines, who will send 
models of their most famous vessels. With such a 
commencement there is every reason to hope that, 
a good representation of * 


|Thundering Behemoths” of Britain—to quote a 


classic publication—will be made at Bordeaux. 

We are sure that every one will echo the wish 
of the committee that this country’s shipping 
industry at large may be worthily upheld at an 
exhibition open to all nations, and that will 
take place in a neighbouring ——e with which 
we are on such friendly terms. he splendid 
collections of models owned by the various lines of 
|ocean steamers and builders of mercantile and 
naval vessels would form a striking exhibit in 
themselves, and it would be excellent policy, as a 
means of gaining publicity, to — them to 
Bordeaux. The city is the centre of a large 
and wealthy district, and now that ocean liners 
are calling regularly at Cherbourg, it may be 
anticipa that a great many more Frenchmen 
will travel than formerly was the case. An ex- 
hibition specifically devoted to a single object 
affords opportunity of making things known, 
and with the growing competition in over-sea pas- 
senger and goods traffic, it is to be hoped that, on 
this comparatively new ground, British shipping 
enterprise may not appear inferior to that o 
Germany or any other country. 

To judge by the plan of the Exhibition, the 
arrangements have been well thought out. The 
site is on the banks of the River mne, there 
being a pier and landing-stages on the quay, 
so that the heavy exhibits can be landed from 
vessels directly into the Exhibition grounds. The 
large central building is to be devoted to materials 
of construction and marine engines, whilst two 
bays are arranged symmetrically on each side 
for other marine exhibits. An aerial navigation 
section has two buildings allotted to it—one for 
aeroplanes, and another for flying-machines, or aero- 
nautical automobiles. In the main buildings, and 
in many pavilions in the grounds, various special 
subjects connected with maritime affairs will be 
accommodated. Among these may be mentioned 

rt and harbour works, sea and river fishing, 

ygiene, salvage, sports, provisions, social eco- 
nomy, ocean geography, and the various in- 
dustries connected with maritime affairs. 

Lighter attractions, one may depend, will not 
be forgotten in this pleasant southern land. In 
the gardens of the Exhibition, the Casino, the 
Salon Parisien, and the various restaurants and 
cafés—perhaps especially those on the river bank— 
will afford such distractions as even the most serious 
and business-like visitors appreciate in a foreign 
country. Bordeaux itself is a pleasant city, 
situated on a noble river, and is the centre of one 
of the most beautiful districts of France ; which is 
equivalent to saying one of the most beautiful in the 
whole world. e town itself is of sufficient size 
to afford the conveniences and amenities of a 
capital city ; indeed, in regard to ‘‘The Keystone 
of Civilisation,” it is, its citizens proudly claim, 
facile princeps. Whether or not this boast can be 
justified, whether Bordelaise chefs outrival those 
of even Paris herself, is a problem belonging to 
another science than ours ; and it is, moreover, one 
that those who visit Bordeaux during the comin 
season will be able to solve themselves by empirica 
methods. 





PETROL-ELECTRIC TRANSMISSION 
FOR ROAD VEHICLES. 
THERE are few tasks that can have greater fasci- 
nation for the mechanical engineer than the attempt 
to solve the problem of electric transmission for 


described as ‘‘ brutal ”—practically holding the 
field. Our latest contribution to the discussion on 
this subject takes the form of an interesti r 
contributed to that active and ee Poby. 
the Society of Motor-Omnibus Engineers. The 
authors are Messrs. E. W. Hart and William P. 
Durtnall, who have worked out an ingenious system, 
in which polyphase alternating-current apparatus 
isadopted. A car, or omnibus chassis, fitted on their 
system, has been recently constructed, and has, we 
hear, been running for a week or ten days with satis- 
factory results. According to the paper and to illus- 
trations shown at the meeting of last Monday, when 
the paper was read, there is a four-cylinder petrol- 
engine placed in the usual position under a bonnet. 
Immediately behind this is a fan, and then on the 








petrol-driven motor-cars. Many able minds have | 
devoted much time and labour in endeavouring to | 
arrive at a solution, but we still see the primitive | 
device of toothed-gearing—it has recently been | 


combined with a series-wound exciter. The poly- 
phase alternating-current induction-motor is aa 


on the same line, an electro- etic clutch being 
between thedynamoand motor. a line, 
a propeller-shaft conveys power to the back axle in 


the usual way, su g the clutch to be in o: - 
tion. In thatanee thes rive is direct from the her 
to the axle. As the revolutions are 800 per minute, 
it will be easily understood that this gives the 
highest road s . The direct current for the 
clutch is derived from the exciter. 

Lower ® are obtained by resistances in the 
rotor circuit, in conjunction with a system of split- 
ting the stator windings of the motor. Resistances, 
of course, result in loss of power ; whilst the s 
variation obtained by the splitting of the windings 
is somewhat abrupt. Mr. Shrapnell Smith, who 
took the chair at the meeting, stated, however, 
that he had made excursions in the car in crowded 
thoroughfares, and had never before had experience 
of a vehicle so easily controlled. Mr. , of 
the Associated Omnibus Company, also stated that 
the vehicle was perfectly under command ; in fact, 
that the control was as easy as advancing the spark 
in an ordinary motor-car. There are no batteries 
with this system—a most important advantage in 
regard to saving of weight, though batteries have 
a saving virtue in giving a self-starting feature, 
which all who drive their own cars will appre- 
ciate. A good deal of stress is laid upon the 
absence of the commutator, and the avoidance 
of brush troubles, in this system. No doubt 
the commutator has been, in times past, the cause 
of great anxiety ; and it may be that the authors’ 
experience in this matter is not quite recent. 
Latterly, however, the design and construction has 
been greatly improved; and though no engineer 
would be otherwise than glad to eliminate any 
delicate piece of mechanism from a motor-omnibus, 
yet the absence of the commutator might easily be 
too dearly purchased. 

It is, however, somewhat premature to discuss 
the relative virtues and defects of various elec- 
trical methods of power transmission in motor- 
omnibuses or motor-cars. What it is necessary 
for the advocates of electricity to do is, first, 
to show that any electrical system whatever is — 
superior, on balance, to the well-known and com- 
monly-used mechanical methods. When an elec- 
trical method establishes such a claim, it will be 
quite time enough for a rival system to challenge 
its supremacy. Practically, what the advocates of 
the electrical plan ask us to do is to substitute for 
the gear-box a dynamo and motor. How much 
should we gain, and how much should we lose? 
This the paper does not tell us ; but Mr. Shrapnell 
Smith, speaking for the authors, said that Mr. 


Durtnall was thirsting to be asked questions. 
As the discussion was adjourned for a fortnight, 
we may hope that questions may be put which 


will be to the point, and that the answers will 
be full, clear, and quantitative. In the mean- 
time, we would suggest two questions as a basis : 
What is.the difference in weight, and what would 
be the addition to cost—allowing, of course, that 
the system were commercially established — be- 
tween ordinary sliding spur-gear and the Hart- 
Durtnall system ? e authors hold out to us 
delightful visions of smoothly-gliding cars; but 
non - multi- millionaire motorists would say first, 
‘** What will it cost ?” 





NOTES. 

INTERNATIONAL EXHIBITION IN JAPAN IN 1912. 

Tue Japanese have not been slow to take ad- 
vantage of exhibitions—national and international 
—as means of developing industry; and ever since 
their country was opened to foreigners they have 
not only taken a prominent part in all the In- 
ternational Exhibitions which have been held in 
different of the world, but they have also 
held in Japan exhibitions which showed in a re- 
markable manner the developments which had 
taken place in trade and industry, not only on 
Japanese but also on Western lines. The first of 


|these National Exhibitions was held in Tokio, in 


1878, when a beginning only had been made on 
foreign industries ; it was on a very modest scale, 
and many of the exhibits were of a very crude 
nature. Two similar Exhibitions were held in 
Tokio later, which showed considerable develop- 


|ments in Western arts. The fourth Exhibition 


was held in Kyoto in 1895, and the fifth in Osaka, 


The Rich Argosies and | same line a polyphase alternating-current generator, |m 1903. This last was the most complete illustra- 
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tion of the progress which had been made in Japan 
in Western arts and manufactures, and attracted 
a considerable number of visitors from all parts 
of the world. It was, however, only inter- 
national in a very limited sense; but it is now 
proposed to hold an Exhibition in Tokio, in 
1912, which will not only fully represent the possi- 
bilities of Japan in every department of trade and 
industry, as wellas of art, but also be international 
to a very considerable extent. Of course, the geo- 
graphical position of Japan makes it unlikely that 
European and American manufacturers will send 
exhibits to.the same extent as they would to any 
country in Europe or America ; but still it is ex- 
pected that a very good representation will be 
possible from all the chief countries in the world. 
Of course, as yet, only preliminary arrangements 
have been made; but, by way of preparation, an 
Exhibition is to be held in Tokio this year, and a 
short time ago the ceremony of raising the roof of 
the building took place in Nyeno Park. Itis stated 
that it was attended by some 20,000 people, and 
that the affair was very brilliant. The grounds 
cover an area of 34,470 tsubo (nearly 29 acres), and 
there will be 6775 tsubo (over 5} acres) of build- 
ings. The cost is estimated at 350,000 yen, of 
which a local association—the Tokio Kagyo Kyokin 
—will pay 150,000 yen, and will subsequently take 
over the buildings for the pur of a permanent 
bazaar, in which will be shown all the latest deve- 
lopments of industry, and all the products dealt 
with in commerce. The Japanese evidently take 
every opportunity of making their educatijonal 
arrangements as complete as possible, and among 
them they attach great importance to exhibitions. 


Tae CoMMERCIAL VALUE OF THE MICROSCOPIC 
EXAMINATION OF METALS. 

In an article dealing with the practical value of 
metallography, published in a recent issue of the 
Revue Z la Metallurgie, M. Henri Le Chatelier 
remarks that whilst every one admits the interest 
and value of the microscopic examination of metals, 
many are disposed to question whether in practice 
the cost of the apparatus and equipment is not 
so large as to more than off-set the value of the 
information thus obtained. Many works, he states, 
have provided highly elaborate and expensive 
apparatus for this purpose, and were this essential 
he concedes that the extra cost of a microscopic 
examination by an expert, as compared with that 
of a simple examination of a fracture by the 
workman himself, is not made good by the value 
of the additional information required. Whilst he 
welcomes the fact that this considerable outlay on 
the part of manufacturing firms has popularised 
micrographic methods and established their value, 
he contends that this elaborate equipment is not 
really essential, and that a complete and efficient 
equipment can be provided at a cost much below 
that of the chemical laboratory of the works, and be 
run also at a very much smaller annual expenditure. 
Of course, in any case the microscopic examination 
of a metal must cost more than the simple exami- 
nation of a fracture, but the difference is much less 
than is often supposed. He declares that micro- 
photography is unnecessary, save where records are 
required for scientific lap on The apparatus 
necessary for making the photograph is expensive, 
and the manipulation complicated. In works prac- 
tice an eye examination through the microscope is 
all that is required, and the apparatus necessary 
for this costs only about 8I., instead of nearly 801. 
M. Le Chatelier continues that much of his own 
early work, including even the taking of photo- 
graphs magnified 1000 diameters, was accomplished 
with a microscope then thirty years old, to which 
he added, at acost of 8s., a small mirror giving per- 
pendicular illumination of the cbject. As for the 
operator, M. Le Chatelier does not. consider a spe- 
cialist necessary or even wise, and maintains that 
the chief engineers of the works should themselves 
examine the samples, as they now do fractures ; but 


the samples would, of course, be made ready by other | pressed 


hands, a work which can be taught to any decent 
mechanic in the course of a few hours. The time 
taken in the laboratory for this preparation is half 
an hour. The time stated, however, could, he 
thinks, be materially reduced in workshop practice : 
which would correspondingly diminish the cost per 


specimen. Even at the rate given, however, the 
cost is much less than that of preparing specimens 
for tensile-testing, which, he states, is never below 
4s. each, and often more when large bars have to 
be cut. 


| 
INTERNAL-COMBUSTION ENGINES FOR | 
MARINE PURPOSES. 


AT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, January 22, Sir Alexander | 
Kennedy, President, in the chair, the paper read was | 
‘*Internal-Combustion Engines for Marine Purposes,” | 
Rad J. T. Milton, M. Inst. C.E. The following is an 
abstract of the paper :— 

The author states that the economy and the increasing | 
use of internal-combustion engines on land has led to | 
| considerable interest being taken in their application to | 
| Marine rane, and that we | a large number of such 
| engines have been fitted in small craft on the Continent, 
in most of which heavy mineral oil is the fuel used. On 
| land, various fuels are used for these engines— namely, 
| petrol, refined oil, heavy oil, coal-gas, producer-gas, 
| coke-oven gas, and blast-furnace gas, but, for marine pur- 
| posts generally, pootneer Gre and heavy oil are at present 
| the only available fuels. In the paper, however, the 

question of fuel is not dealt with, only the mechanism and 
arrangement of the engine being discussed. 
|. Itis pointed out that very large engines are in use on 
land, and that the experience of details necessary to make 
the large cylinders capable of withstanding the shocks of 

explosion, and the high temperatures of the burning fuel, 
will be available for marine engines, if the other necessary 
mechanical requirements are complied with. 

The special conditions required for a successful marine 
engine are :—(a) The engine must be reversible. (b) It 
must be capable of being quickly stopped, and of being 
quickly started, either ahead or astern. (c) It must be 





between full speed and dead slow, which latter speed 
ought not to be greater than one-quarter of the full 4 
(d) It must be capable of working well, not only in 
smooth water, but in heavy weather in a seaway, in which 
the varying immersion of the propeller causes rapidly- 
changing conditions of resistance. 

In large engines these conditions prohibit the use of 
movable-bladed propellers, clutches, and toothed gearing, 
and also of a fly-wheel, and necessitate the use of a re- 
versing engine with a direct drive on to a fixed propeller, 
and they require also a fairly equable turning moment at 
all working speeds. 

In marine engines the revolutions are practically pro- 
portional to the speed of the ship, and as the vessel’s 
resistance increases much more rapidly than the speed, 
it follows that for a reduction of speed of revolution the 
mean effective pressure must be reduced much more 
than in proportion to the revolutions. This is a much 
more difficult problem in marine engines, where no fly- 
wheel is practicable, than on land, where the use of a heavy 
fly.wheel permits the suppression of alternate fuel charges. 

The question of the turning moment of the engine 
receives consideration. With the four-stroke cycle, where 
one single-acting cylinder only is employed, the fluctua- 
tion of moment varies from 7,7 times the mean moment 
in a forward direction to 1.5 times the mean moment in 
the reverse way. With two such cylinders, or with one 
double-acting cylinder, the motion is better, but is still 
unsuitable, and the minimum number of cylinders which 
will always give a positive turning moment is four single- 
acting or two double-acting. 

Diagrams are shown of the turning moments resulting 
from a vertical two-cylinder tandem engine with one 
crank ; also of three such engines working on one crank- 
shaft with the cranks at — angles, and of four.such 
engines with cranks at equal angles, and at intermediate 
positions ; and the inference is drawn that the arrange- 
ment with three cranks is, on the whole, preferable for 
marine work. Such an engine, however, working on the 
four-stroke cycle will not give the range of low speed 
necessary for marine work. 

The question of carrying out the compression and 
expansion in separate cylinders is next considered. It is 
pointed out that if this is done, the compression cylinders 
are not subjected to the very high > and high 
ee ge emg produced by ignition, but, on the other 
hand, there is considerably more work performed in the 
compression — as the gas has not only to be com- 
pressed, but to be forced out of the cylinders. The 
extra work necessary for this may, however, for the most 
part, be returned by making the expansion cylinder with 
a minimum of clearance, and arranging for the admitted 
charge by its pressure to force the piston some part of the 
stroke before ae. By this arrangement separate 

e 


capable of being promptly speeded to any desired point | 60s. 





compression and expansion could be arranged for without 
much loss of economy. 

The arrangement permits of other advantages. As the | 
clearance is minimised, there is practically no burnt gas | 
left in the cylinder to unduly dilute the charge. The | 
mean pressure can therefore be reduced in two ways— 
(1) by diluting the charge with excess of air down to the 
lowest firing proportion ; and (2) by throttling the supply. 
It may also be possible to arrange for an earlier cutolt, 
Altogether the arrangement will permit a much lower | 
mean pressure to be obtained than is possible with the 
four-stroke cycle. Further, by admitting only com- 
air, suitably throttled, the engine will work at 
very low s' in the same way that a steani-engine will 
work when throttled. An incidental advantage is the 
cupetestpeetnien et the two-to-one » 

An lation which the author thinks would be suit- 
able for marine purposes consists of an independent main 
engine driving the screw, having three double-acting ex- 
— cylinders with three cranks set at equal angles. 

’ compression is proposed to be effected by a separate 
engine without reversing-gear, having two sets of tandem 
engines, four cylinders in all, working on the four-stroke 


cycle driving two-stage air and gas-com 


The | President, on behalf 





com would deliver into storage-receivers, from 
which the main engine would receive its 





NOTES FROM THE NORTH. 
GLascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was weak, and Cleveland warrants showed 
a decline. Nearly 6000 tons were put through at from 
603. 8d. to 603. 64d. to 60s. 7}d. and 60s. 7d. cash, and at 
61s. 1d. one month. At the close there were sellers at 
60s. 74d. cash, and 61s. 14d.one month. One lot of hema- 
tite was done at 783. 3d. cash, with sellers over. In the 
afternoon the downward tendency continued, and 8000 
tons of Cleveland warrants were dealt in at 60s. 2d. and 
60s. 34. cash, from 61s. to 60s. 74d. one month, and at 
61s. 6d. three months. Closing sellers quoted 60s. 3d. cash 
and 603. 9d. one month. Hematite was quoted 3d. easier 
at 78s. cash sellers. On Friday morning the opening 
tone was weak, and values declined about 1s. per ton. 
About 25,000 tons were done at 593. 11d., 59s. 3d., 59s. 6d., 
and 593. 54d. cash (with buyers over at the latter figure), 
and between 593. 9d. and 603. 14d. one month, and at 
603. 44d. and 60s. 3d. three months, and closing sellers 
uoted 593. 11}d. one month. At the afternoon session 
the market was steadier and 15,000 tons of Cleveland 
warrants changed hands at 59s. 6d. and 593. 54d. cash, 
593. 8d. seventeen days, and 60s., 593. 11d., and 59s. 114d. 
one month. At the close there were sellers at 593. 6 
cash and 59s. 1ld. one month. Hematite was easier, 
and 2000 tons were done at 77s. 44d. twenty-four 
days, 77s. 6d. one month, and 783. three months. On 
Monday morning there was a further decline in the 
market, and Cleveland warrants were dealt in at 59s. 3d. 
and 593. 4d. cash, 59s. 44d. three days, 59s. 104d. six- 
teen ove 60s. 14d. and 59s. 94d. one month, and at 
5d. three months. Sellers’ closing quotations were 
59s. 44d. cash, and 593. 94d. one month. One lot of 
hematite changed hands at 76s. 74d. cash. The turnover 
amounted to 10,000 tons. In the afternoon 11,000 tons 
of Cleveland warrants were done at 59s. 24d. and 59s. 44d. 
cash, 59s. 9d. one month, and 60s. 3d. three months. There 
were buyers over at 59s. 4d. cash, 59s. . one month, and 
603. 4d. three months. About 1500 tons of hematite changed 
hands at 76s. 6d. four days, and 77s. 14d. and 77s. 3d. 
one month. On Tuesday morning the market opened with 
an improved tone, and Cleveland warrants were better at 
593. 5d. and 59s. 64d. cash, 5%. 9d. fourteen days, 
59s. 11d., 59s. ae and 60a. one month, and 60s. 3d. 
March 18. The close was firmer at 59s. 8d. cash and 
60s. 14d. one month sellers, and with buyers at 4d. less 
in each instance. Hematite was quiet at 763. 6d. thirteen 
days, and the total turnover was about 10,000 tons. In 
the afternoon the opening was strong, and Cleveland 
warrants were dealt in at 593. 104d. cash and 60s. 3d. one 
month, but values declined to 59s. 8d. cash and 603. 14d. 
one month, and there were buyers over at the latter 
figures. Three months’ warrants were done at 603. 104d., 
and the dealings amounted to 10,000 tons. Hematite— 
1000 tons—was done at 77s. 2d. one month, and closing 
sellers quoted 77s. one month. When the market 
opened to-day (Wednesday) the tone was weak, and 
leveland warrants dropped from 593. 6d. to 59s. 14d. 
cash, and from 60s. 1d. to 59s. 7d. one month ; but towards 
the close there was a slight recovery to 59s. = cash, and 
59s. 84d. one month, with buyers over at the latter prices. 
There was some dealing at 60s. 74d. three months, and 
also in hematite at 76s. 6d. one month, The turnover 
was about 11,000 tons. In the afternoon Cleveland 
warrants were still weaker, and a large business of nearly 
40,000 tons was put through at 59s., 593. 2d. cash, 59s. 6d., 
593. 54d., and 59s. 74d. one month, and 60s. three months. 
Closing sellers quoted 59s. 3d. cash, and 593. 8d. one 
month. Hematite was also weaker, and 3000 tons were 
done at 75s. 9d. and 753. 84d. cash, and 75s. 104d. twenty- 
two days, and closing sellers quoted 75s. 9d. cash. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia been rather better during the past week, 
and the price is firmer at 12/. per ton for prompt busi- 
ness Glasgow or Leith. The shipments from Leith Har- 


bour last week amounted to 1250 tons. 


Scotch Steel Trade.—The Scotch steel trade continues 
to show an improved tone, and makers report that speci- 
fications are rather more numerous. A business is 
still being done on foreign account, but the home market 
has not exhibited any great improvement during the past 
week. Shipbuilders have, however, fixed up several new 
contracts, and steel material for that industry is likely to 
be in better demand. Full employment is the rule all 
round, and the pa conditions are looked upon as 
being very satisfactory at the present time ; prices remain 


rm. 

Demand for Pig Iron,—There has been a renewal in 
demand for both Scotch and Cleveland pig iron during 
the past week, for shipment to America. Several large 
orders are re from the Continent for Cleveland 
iron, and it is stated that large inquiries were received 
here to-day, from America, for Scotch foundry iron for 
delivery in February, March, and April, and June to 
September. 

Institution of Engineers and Shipbuilders.—The fourth 
general meeting of the fiftieth session of the Institution 
of Engineers and Shipbuilders in Scotland was held in 
poy on Tuesday evening. A discussion took place 
on the paper by Mr. Hugh Campbell on “' Gas-Engines 
and Suction-Gas Plants.” 


A r on “ The Stability oi 
Submarine Vessels,” by Mr. a . Johnstone, B.Sc., was 
also read. 





RoyaL Mergorowoeicat Socrery.— At the annual 
eral meeting of the Royal Meteorological Society, 
id on Wednesday, the 16th inst., Mr. Ri e 

of the members of the council, pre- 
sented an illuminated address to Mr. William Marriott, 


in recognition of his services as lecturer for the Society. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Wages Question.—At the present time there is in 
several branches of the coal, iron, and engineering trades 
considerable unrest on the question of wages. Interviews 


between representatives of employers and employed are | 


of frequent occurrence, and, where possible, concessions to 
the men are being made; but it is pointed out that the 
cost of working is steadily on the increase. 


Tron and Steel Trades.—The iron trade, taking it all 
round, continues in a prosperous state, and prices are 
very firm at recent advances. West Coast hematites 
are now selling here at 91s. to 923. 64. per ton ; East Coast 
ditto, 893s. to 903, The makers of Lincolnshire qualities 
are still so heavily booked ahead that they are not 
quoting except under special conditions to oblige cus- 
tomers. For Derbyshire No. 3 foundry 64s. 6d. per ton 
is asked, and forge ditto, 60s. Bars now stand at 
7l. 153. to 8l. 53. per ton, and sheets 9/. 103, to 10/. 
The majority of the works are running under pres- 
sure, as they are still in arrears with deliveries, 
and no satisfactory promises can be made for the 
near future. The same state of business rules alike 
in the raw and finished iron departments. The de- 
mand for all classes of open-hearth steel shows no 
signs of falling off, and at most places the limit of the 
output is gay up. A very large proportion of 
the output is being worked up in the forges, railway 
and other shops. There has been little change in the 
situation with regard to Swedish iron and steels. The 
best brands are still scarce, and the supply is much below 
the requirements of buyers. It is probable that efforts 
will be made to induce the Swedish Government to allow 
of an increase in the output at the mines, The activity 
already noticed in the moulding and engineering branches 
is being well maintained. New orders, alike from the 
home and foreign markets, continue to come to hand. 


Coal and Coke Trades.—The sustained activity in the 
coal trade is encouraging coalowners to hold out for full 
prices in any contracts that are being made. A levelling 
up of Lapeer is also going on. The steam-coal pits 
are making good time, and at the present the house and 
gas coal collieries are for the most part running four, and 
even five, days a week, There fas been considerable 
relief of the block on the railways, and traffic is being 
dealt with more promptly. The call for blast-furnace 
cokes is still very brisk, and at most of the ovens there is 
a full output. Business in steel cokes is steady, but it 
is not appreciably developing. 








Tests or Gas-BURNERS AND Exxcrric Lamps.—For 
some time the Westminster Electrical Testing Labo- 
ratories, York Mansion, York-street, S.W., have had 
in re aration reports on the candle-power, consumption, 
and life of the principal gas-burners and electric lamps. 
These results are‘ now issued in book form in three 
volumes, leather bound, at a cost of 2ls. per volume. 
The electric-lamp testswere on a 500 hours’ period, with 
the exception of Osram and Tantalum lamps, which were 
run on for 1000 hours. Vol. I. comprises tests on some 
different kinds of gas-mantles and five burners. Vol. II. 
contains the results of tests on Nernst, Tantalum, and 
Osram lamps. Vol. III. comprises reports on twelve 
different makes of carbon filament lamps. 





InstiTUTION OF Civit ENGINEERS: GLASGOW ASSsoCIA- 
TION OF StupENTS.—The meeting of the Glasgow Asso- 
ciation of Students of the Institution of Civil Engineers 
held on Monday, the 2lst inst., in the Institution 
Rooms, Bath-street, was — over by Mr. Hall 
Blyth, of Edinburgh, the tch representative on the 
Council of the Institution of Civil Engineers. The Pre- 
sident, Mr. D. A. Matheson, in his inaugural address 
had pointed out the importance of ‘‘maintenance” in the 
economics of civil engineering, and at his suggestion a 
number of brief essays dealing with the maintenance of 
works were, last Monday, submitted for discussion. The 
subjects dealt with included the maintenance of water 
works, sewers, railway and bye nee permanent way, 
roads, bridges, &c. The prize offered by the Council for 
the best paper was awarded by the vote of the a 
to Mr. D. Clark, Stud. Inst. C.E., for his paper entitl 
“The Work of the Railway Maintenance Engineer.” 





E.ecrric OvgRHEAD Wrres.—The Board of Trade 
have issued a memorandum relating to applications for 
permission to erect electric overhead wires. In maki 
application for such permission the following information 
should be given :—1. Where the undertakers are a com- 
pany, evidence of the consent of the local authorities, 
where the wires cross any road; the local authorities 
being (a) in England and Ireland :—Borough councils, 
urban district councils, rural district councils ; and (6) in 
Scotland :—Police commissioners, gas commissioners, 
town councils, and county councils. 2. A statement 
showing commercial or other considerations why under- 
ground cables should not be used. 3. A brief de- 
scription of the pro 
to ioe (i) oe extension of an existing system of under- 
ground cables ; or (2) of an existing traction system ; or (3) 


an independent system’? 5. A plan ona scale of about | 


6 in. to the mile, showing the proposed route of the over- 
head wire. (In the case of ped mae ow maps, the sheets to 
be sent separately.) 6. In the case of high and extra-high 
pressure, plans of construction of Foyer &c., on a scale of 
about 1 in. to the foot. It should be noted that proposals 
for high or extra-high pressure wires carried alongside 


roads cannot be entertained ; such transmission lines must 
g9 across open country. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 
_ The Cleveland Iron Trade.—There is not much doing 
in pig iron just now, and the only reason that can be 
— for this is that speculative operations in warrants 
ve disorganised the market. The general situation 
must be regarded as satisfactory, for makers of pig iron 
have sold their output for some months to come, more 
orders have been received from the States, and enquiries 
from America, as well as on Continental account, continue 
to come to hand. In addition, the home consumption is 
good. Under these favourable conditions it is rather 
surprising to find that the vutside speculators are able so to 
manipulate as to depress the market, yet such undoubtedly 
is the case. Shipments are by far the best on record for this 
season of the year, and the clearances for January promise 
to be considerably over 100,000 tons. No. 3 g.m.b. Cleve- 
land pig is said to be obtainable from second hands at 60s. 
f.o.b., but merchants have not much to dis of, and 
makers as a rule are not pre to sell at the foregoing 
uotation. The lower qualities are scarce, and it is 
ifficult to fix their quotations. No. 4 foundry is about 
59s. 6d., and ‘No. 4 forge a shilling below that figure. 
There is not quite so much firmness in hematite pig, but 
there is really no reason for any easing beyond a sym- 
pathy with Cleveland iron, for there are no stocks what- 
ever of hematite, and the output is absorbed as quickly as 
it is made. The market quotation for mixed numbers 
remains at 81s. 6d., but small odd lots might be bought 
from merchants at 81s., and there are buyers who endea- 
vour to fix the quotation at 803. 6d. Spanish ore main- 
tains its value, but there is little doing in it, consumers 
regarding quotations as too high. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts continue to be given of almost all 
branches of the manufactured iron and steel industries. 
Firms are —— busily employed ; and not only have they 
contracts booked sufficient to keep them going into 
the second half of the year, but there are a number of 
— inquiries in the market. The outlook can thus be 

escribed as bright and encouraging. Common iron 
are 8. ; best bars, 8/. 10s. ; best best bars, 9/.; iron ship- 
a and iron “en each 7/. 15s.; iron ship-rivets, 

. 23. 6d. to 81, 5s.; steel bars, 7/.; steel ship-plates, 
7l. 103.; steel ship-angles, 7/. 23. 6d.; steel boiler-plates, 
81. 5s. to 8/. 103s. ; steel joists, 67. 17s. 6d.; and — 
sections of steel rails, 6/. 12s. 
per cent., except rails, which are net cash at works. 

Coal and Coke.—There is a got deal of briskness in 
fuel, and quotations are firm. e period of highest con- 
sumption of gas-coal, however, is e by, and smaller 
deliveries, with easier prices, may looked for. The 
excellent demand for bunker coal is met by an ample 


6d.—all less the usual 24 | 


NOTES FROM THE SOUTH-WEST. 
aetek cad Seles capes f suptiem, ts bp Garlilg 
’ an. . 1 
farther upwards. ‘The best Admiralty descr, tons have 


made 17s. et wy ton. Large steam co 
quoted at 17s. 3d. to 17s. 9d. per ton, while secondary 
qualities have ranged from 15s. 6d. to 17s. per ton. As 


regards household coal, the best ordinary qualities have 

| been quoted at 16s. to 17s. per ton, while secondary 
| descriptions have made 14s. to 15s. per ton. No. 3 
| Rhondda large has been quoted at 17s. to 17s. 3d. per 
| ton. Coke has been active, and prices have exhibi a 
| firm tone. Foundry qualities have made 283. to 30s. 
| per ton, and furnace ditto 22s. to 25s, per ton. As 
| regards iron ore, Rubio has been quoted at 22s. 9d. to 
| 23s. 3d. per ton, and Almeria at 22s. 6d. to 22s. 9d. per 
| ton, upon a basis of 50 per cent. of iron, and charges, 
including freight, insurance, &c., to Cardiff or Newport. 


Messrs. Cammell, Laird, and Co., Limited.—Whether 
| Messrs. Cammell, Laird, and Co., Limited, are coming to 
| Swansea or not, the Swansea Harbour Trustees are ex- 
tending the orignal plan of the King’s Dock at the 
|eastern end. A provisional arrangement has been 
| arrived at between Messrs. Cammell, Laird, and Co., 
Limited, and the agents of the Duke of Beaufort, for 
the use of certain land for tipping pur; in the event 
of the company establishing works at Swansea. 

| he Forest of Dean.—The Forest of Dean abounds in 
| minerals, and intooetios. developments are expected 
| shortly in connection with iron-mining. Experts are of 
opinion that there is practically an inexhaustible supply 
of iron ore in the Forest, and a company will be formed 
to work mines in Cinderford and Ruspidge. 


The Swansea Valley.—The steel and tinplate works of 
this district have been well occupied. The demand for 
steel bars has been so considerable that bars of foreign 
manufacture have been impo’ The collieries at both 
ends of the valley have been actively engages, and prices 
for both bituminous and anthracite coal have been tend- 


bars | ing upwards. 


Dowlais.—As regards steel-making, heavy steel rails 
have made the greatest showing in the output, the rails 
made being principally intended for exportation, There 
has been a moderately large production of steel sleepers. 





The Big Mill has been engaged upon fish-plates, angles, 
| aad lig t rails for colliery purposes, The engineering 
shops have been well employed, 


| Welsh Coal Exports.—From Cardiff and other Bristol 
Channel ports there were sent foreign last year, as cargo, 
23,412,534 tons of coal. This was 3,300,000 tons above 
| the pominpencing Sete for 1905, and was far ahead of 

revious years. The chief buyers were France, Italy, 


supply. Durham unscreened bunker is 12s. 6d. 
to 13s. f.o.b. Manufacturing coal is steady and in normal | 
demand. Coking coal is firm. The local consumption of | 
coke is very heavy, and contracts cannot well be made | 
under 25s. for average blast-furnace qualities delivered at | 


ypt, and Argentina, all of which countries consider- 
ably increased their demand, though there has been a 
sharp advance in the price of the best Welsh coal. 








system. 4. Is the supply | and 


Teesside works. 








Iron AND Street Institute.—It has been arranged to 
hold the annual general meeting of the Iron and Steel 
Institute at the Institution of Civil Engineers, Great 

teorge-street, S.W., on y 9 and 10. The annual 
dinner will be held on May 10 at the Hotel Cecil, under 
the Presidency of Sir Hugh Bell, Bart. The council of 
the Iron and Steel Institute will, we understand, shortly 

ie research scholarships, and 


proceed to award the _—— 
candidates must send in applications before February 28. 





Tue TRAINING OF SToKERS.—With a view of putting 
within the reach of stokers and others knowledge of the 
time principles underlying the work of correct firing, the 
Borough Polytechnic Institute, 103, Borough-road, 8.E., 
have arranged a course of about ten lectures, at a very 
moderate fee, on Wednesdays, at 8.30 p.m., on the subject 
of ‘‘ Firing and Smoke-Abatement.” The course will be 
given under the auspices of the Coal-Smoke Abatement 
Society, the lectures being delivered by Mr. W. H. 
Booth, A.M. Inst. C.E., assisted by Mr. W. Hildred. 
The course covers all subjects bearing on this question, 
the ay fuels, products of combustion, tempera- 


tures, bo grates, dampers, draught, mechanical 
stokers, &c. Practical demonstrations will given and 
visits paid to central stations, and so on. The opening 


lecture was given on Wednesday, the 23rd inst., at 8.30 
p.m., by Commander W. F. Caborne, C.B. 





Tue Cosuision at Exuior Juncrion.—The public 
into the cause of this accident on the joint 


and Caledonian Railways terminated on Friday 


inquir. 
British 


heads mentioned in our last issue. The more important 
points of this verdict may besummarised as follow :—The 
driver is ered at fault in not observing the instruc- 
tions given him at Arbroath relating to the a h of 
Elliot Junction ; that considering the state of t 1 
the rules of the company, the station-master at Elliot 
Junction should have had fog signals on the line as a 
i that the station-master at Arbroath should 











have wed a longer interval between the 

| the two trains; that there appeared to bea 

| pliances to keep the line clear, and a lack p t 
| supervision ; and, finally, thatunderground t 
and the provision of -indicators might have assisted 


| in the prevention of such an accident. With regard to these 
| findings we would point out that the provision of a = 

indicator is no preventive measure, but only one of slight 
| assistance to the driver. 





ARMSTRONG CoLLEGE Enoingertna Socizry, New- 
CASTLE - UPON - Tynz.—The Engineering Society at the 
| Armstrong College has a programme drawn op Banad 
| the first three months of this year. Papers have been 
| arranged for by students, and six are still to be read 
between now and the end of March. Several visits have 
also been arranged to works and places of interest in the 
Newcastle district. Visits have already been paid this 
session to the locomotive works of the North-Eastern 
Railway at Gateshead, and to the works of Messrs. C. A. 
Parsons and Co., Limited. Visits still to be made in- 
clude the Cambois Colliery, Carville Power Station, 
Holmes Electrical Works, and others. 





Tenpver Invirgp.—The commercial intelligence branch 
| of the Board of Trade are informed that the Direction des 
Ponts et Chaussées, of the city of Ghent, invite tenders 
for the extension of the intermediary canal crossing the 
city, at an estimated cost of 53,5907. The cahier des 
charges special, No. 155, and the plans may be obtained 
at the Administration Centrale, Rue des Augustins 17, 
Brussels, price 1.50 francs (1s. 3d.) and 2540 francs 
(12. Os. 4d.) respectively. Sealed and registered tenders 
should be received at the Direction des Ponts et Chaussées, 
22, Rue des Champs, Ghent, not later than February 18, 
A deposit of 67,000 francs (2680/.) is required to qualify 
any tender. 


CuT.Lery.—It is satisfactory to observe that the external 





| little 
weather | observe that last year’s total beat 
| value of the exports to the follo 

| 50,0007. 
Geepatch of | Atrios Shar, ney pared with 54,492. and 60,0387. 

es oO rica, +) 88 com wit! . and 60, ; 
lack of ap- | British India, 66,292/., as compared with 70,051/. 

of efficien 


‘ 


demand for British cutlery broadened out somewhat last 


orth | year, the value of the exports for the twelve months 
| com 
morning last. The jury returned a verdict under the six | 1905. 


out at 706,059/., as compared with 667,099/. in 
n the previous ge the value of the exports 
8 as follows :—1898, ,334/,; 1899, 602,984/ ; 1900, 
639, 269/.; 1901, 636,778/.; 19€2, 659,631/.; 1903, 685, 4227. ; 
and 1904, 696,558/. This branch of our exports shows 
but it ie, at the same time, poses vege Aa 
previous records. The 
countries exceeded 
last year :—United States, 91,066/., as com 
and 81,203/. in 1904; British th 


and 
73,843/.; Australia, 107,420/., as compared with 97,922/. 
and 104,210/.; and Canada, 89,855/., as compared with 
85,250/. and 85,4737. It is encouraging to note that we 
still do business in cutlery with the United States, not- 
withstanding the great development of the American . 
| ware industry. Our best external markets for cutlery 
appear, however, to be Australia and New Zealand. 


124 


ENGINEERING. 





[JAN. 25, 1907. 








STEAM TRIALS OF THE PERUVIAN 
CRUISER ‘*CORONEL BOLOGNESI.” 


Tue Peruvian cruiser Coronel Bolognesi completed 
at Barrow-in-Furness on Thursday, the 24th inst., her 
official steam trials, which were in all cases completely 
successful, The Coronel Bolognesi, with the Almirante 
Grau, have been constructed by Messrs. Vickers Sons 
and Maxim, Limited, for the Peruvian Navy, and of 
the earlier vessel we reproduced drawings and illus- 
trations on the occasion of her steam trials (see ENGr- 
NEERING, vol. lxxxii., page 434). The Coronel Bolog- 
nesi differs only in having no half poop, which. was 
adopted in the case of the Almirante Grau, as she is 
to be the flagship. The cruisers are 370 ft. long, the 
beam being 40 ft. 6 in.; with a draught of 14 ft. 3 in., 
the displacement is 3200 tons. There is an armoured 
deck throughout the whole length of the ship, 
which encloses the machinery compartments, maga- 
zines, steering - gear, &c., while coal - bunkers are 
arranged along the sides of the vessel to protect 
the vital parts of the mechanism. The conning-tower 
has 3-in. armour. Each vessel carries a bow- and a stern- 
chasing 6-in. gun, protected by a shield, and on each 
broadside there are four 14-pounder guns, which, with 
an installation of pom-poms, give a satis’ ry offen- 
sive power for the displacement. The trials consisted 
of a full series of progressive speed runs, in addition 
to full-power and progressive-power -consumption 
trials. During the full-speed trial the vessel made 
six runs over the measured mile, and attained a speed 
of 24.726 knots, the teed rate being 24 knots. 
The engines, which are of the four-cylinder triple- 
expansion type, averaged 218.7 revolutions, the power 
developed being 14,384 indicated horse-power. Every- 
thing worked satisfactorily, and on the conclusion of 
this trial the required manceuvring tests were carri 
out, the vessel making circles at 14 and 18 knots. 
The vessel made a 24-hours’ endurance test, which 
was divided into four successive periods of equal 
length, and the machinery was run at p ive 
powers. The results are tabulated, and alongside we 

ive the performance at the corresponding trial of the 

Imirante Grau. 


—— me 
“Coronel Bolognesi.” | ‘‘ Almirante Grau.” 














| | 
| Coal a | Coal nar 
oo sumption. sumption 

gg Pounds per | 5 a Pounds per 

| * | Indicated | ~ | Indicated 

| Power. Power. 

} Horse- | Horse- 

} Power. Power. 
First six hours .. 1078 2.31 913 2.27 
Second six hours | 3058 1.66 | 3689 1.45 
Third six hours | 6764 1.71 6342 1.68 
Fourth six hours 9485 1.7 8817 1.68 








Admiral Carvajel, the head of the Naval Commis- 
sion, was present at the trials, and determined the 
powers at which the successive coal consumption 
trials were to be run ; this accougts for the variation 
between the Almirante Grau and the.Coronel Bolog- 
nesi. The Admiral is to be congratulated on the 
success of his work in connection with the construc- 
tion of these two vessels, as they ss a high 
8 and good offensive and defensive powers for 
their size, with a large radius of action, the 
distance steamed at cruising — r ton of ‘coal 
burnt — between 8 and 9-miles. It is hoped that 
they will form a nuclevs for a new navy for Peru; 
they are bound to awaken interest in naval affairs among 
the Peruvians, may prove a satisfactory training- 
school, and at the same time will, when called upon, 
give a good account of themselves in the protection of 
the Peruvian coast against heavier and more costly 
ships not endowed with the same speed. 





THE BORDEAUX MARITIME EXHIBITION. 
To Tae EpiTor or ENGINEERING. 

Srr,—I have been asked to bring to the notice of those 
who are interested in ships and shipping the Maritime 
Exhibition which is to be held at eaux this spring. 
At the request of the organisers of the Exhibition (of 
which M. le Comte Bertin, late director of French Naval 
Construction, is the Commissaire Général), and under the 
auspices of the Council of the Institation of Naval Archi- 

8 committee of British exhibitors has been formed, 
of the obial shipswning and shipbellding firma of the 
of the chi powning an rms of the 
country. Messrs. Armstrong Whitworth, John Brown, 
Swan and Hunter, Palmers, Vickers Maxim, Scotts of 
Green: Dennys, D. J. Dunlop, Hawthorn Leslie, 
Yarrow, the P. and O., the General Steam Navigation 
Company, Thomas Wilson and Sons, &c., are among the 
number who intend exhibiti ship-models ; _ ex- 
hibits at Bordeaux will also include examples of the many 
and varied accessories that go to make up the ship of to- 
day. whether warship, liner, cargo or re boat. 

. Tn this instance our Government 
lend official wnee, as was done last year for Milan ; 
but it is very desirable, nevertheless, 


with its vast maritime interests, be uately 
represented at such an Exhibition. Those ee, 


ed | the interestin 


that this country | wished 





take part should apply without delay, as the space and 

time available are Tinited Further particulars ~~ be 

obtained of the secretary of the Institution of Naval 

Architects, 5, Adelphi-terrace, W.C., who is acting as 
honarary secretary to the committee. 

I am, Sir, yours faithfully, 3 
Brassey, Chairman of the Committee 
January, 1907. of British Exhibitors. 








H.M.S. **‘DREADNOUGHT.” 
To THe Eprror or ENGINEERING. 

Sin,—The readers of ENGINEERING will all thank you 
for reproducing in your issue of the 11th inst. the main | 
points of Lieut.-Commander W. 8. Sims’s most interest- | 
ing and instructive analysis of the powers and economies | 
of the ‘‘all-big-gun one-calibre battleship of high speed.” | 

ere is, however, one weak point which the author | 
has not mentioned, although he took care to state ‘“‘ one | 
of the great advan with a large vessel is that the | 
under-water hull may be so designed that the ship cannot | 
be materially damaged by one torpedo.” Thesame cannot 
be said of a submarine mine, whether fired from the 
shore and forming part of the fixed defences of a place, 
or fired by the impact of the vessel itself on a floater 
above the mine, the whole being purposely drifted on the 
open sea to achieve the said result. I merely wish to 
point out that the size of a battleship is no help against 
such an attack, and, if anything, the longer the hull the 
more vulnerable would it be to the submarine mine, for 
the same reason that it is easier to break a long stick 
across the knee than a short one. 

Your obedient servant, 
J. Ts Buckniw1, late Major R.E. 


| 








THE KITSON LIGHT. 
To THE Eprror or ENGINEERING. , 

Srr,—In your issue of the 21st ult. there is a notice of 

1g paper ye a H. M. Fowler, of way f 
upon the ‘Lighting of Railway Premises,” in which he 
gives the consumption of oil in the Kitson lamps per candle 
per hour as 8.3 ge 

Excellent as this result may appear, it is not nearly so 
good as that recently obtained. 

Professor Lewes and Dr. Boverton Redwood, in a joint 
report on this system, stated that their results were at 
least 13 per cent. better, the difference between Mr. 
Fowler’s and their measurements being in the amount of 
candle-power shown on the photometer. 

The result of 781 candles lamp mentioned by Mr. 
Fowler was, we presume, taken at the horizontal measure- 
ment. This does not exactly give the effective candle- 

ower of the light, because, as Mr. Fowler states, these 
igh-candle-power lamps are fixed at a considerable height 
above the platforms or sidings where they are used, and 
the effective illumination should be taken at the angle at 
which the light strikes the objects which are to be illumi- 
nated. This is usually an angle of from 30 deg. to 45 deg. 
from the horizontal. 

After all, the object of measuring the light should be 
to ascertain the effective illuminating power of the lamp ; 
and if the lamp is so contrived to throw these rays—which 
otherwise would be lost—below, such an arrangement 
forms a part of the lamp, and should be included when 
measuring its efficiency. The horizontal measurement 
is, therefore, of very little use for practical purposes. 

Of course, at the angle we have mentioned there would 
be a considerable amount of reflected light, since the 
object Mr. Kitson had in designing this type of lamp was 
tocatch the vertical and part of the horizontal rays, an’ 
reflect them below. 

We may also mention that the lamp shown in the dia- 
gram you have published is an old type, and also one 
which we have practically discarded for a much more 
efficient and a ey oe type. 

Several of our foreign companies now manufacture a 
petroleum lamp in which the needle of the vapour-tube 
—which was hitherto a source of great annoyance in the 
ori lamp—is rendered a. and the lamps 
now burn for upwards of 100 hours without any attention 
whatever. 

In confirmation of Mr. Fowler’s statement as to the 
commercial success of these lamps, we may add that there 
are now upwards of one million Kitson lamps in use 
throughout the world. 

Yours truly, 
For the Kitson Licut Forrien Suprty Company, 
GRAHAM CHUBB. 
100, St. Martin’s-lane, Charing Cross, London, W.C., 
January 18, 1907. 





A METALLURGICAL MISREPRE- 
SENTATION. 
To THE Epitor or ENGINEERING. 
Srr,—A well-known French engineer was recently 
good enough to call my attention to a paper on the 
‘Heat Treatment of Metallurgical Products,” by M. 
Léon Guillet, read before the French Society of Civil 
eers, and published in October, 1906, in the Mé- 
moures et Rendu des Travauaz, of the Society. I 
note on page 93 of the bulletin the following ph :— 
** The carbonists, if there exist any still, Chick is v 
I their chief, M. Arnold, professor, at Sheffiel 
having ted very cleverly, besides* pretend that the 
carbon has a erating influence, without denying, 
however, that the allotropic forms of the iron have an 
influence.” 
It is, I regret to say, quite evident that M. Guillet 
to convey to his the impression that in a 





| meeting of the Iron 
| from withdrawing my theories, I at the end of that Paper 





* Revue de Metallurgie, 1906, page 900. 


French metallurgical review I had, in 1905, withdrawn 


my conclusions concerning the influence of carbon on 
iron. May I, Sir, emphatically state that there is not 
Se smallest foundation ry ys Lp ee a 

at really appeared in the French jou was & : 
executed re y t of a angen memoir [ i 
coll essor McWilliam, and myself, entitled 
“ The Transformations of Carbon Steels,” 
which we read in Se ber, 1905, at the Sheffield 
Steel Institute. Therein, so far 


expressed my regret that I was compelled, fundamen 4 
but conscientiously, to dissent from the views of M. 
Osmond, of which, by the way, M. Guillet’s voluminous 
effusions are merely noisy and reiterated echoes. 

M. Guillet’s suggestion that the carbonists are prac- 
tically extinct is, unintentionally, humorous, because 
they still vigorously exist in thousands. Possibly, how- 
ever, the views of this species will be scorned by M. 
Guillet, since they are enunciated by persons who are 
merely practical makers and users of steel. . Moreover, 
in their blind ignorance, of course the result of inexperi- 
ence, these people persistently yd as of paramount 
importance the percentage of carbon to be present in the 
iron. 

Well, Sir, we must look forward with hope to the 
metallurgical millennium, when really scientific specifica- 
tions in strict accordance with the allotropic pow | will be 
issued. I pay suggest to posterity and spring- 
makers the following specification for volute springs. 

Carbon, anything from —s to 2 per cent. (See 
theories of Professor H. Marion Howe.) 


Alpha iron 
Beta iron 
Gammairon ... 32, rd as a 
Delta iron te Ss as a bo 7. 
Total dee a! eit | 
Yoors faithfully, 
J. O. ARNOLD. 
The University, Sheffield, January 17, 1907. 








TESTS OF A PETROL-ENGINE. 
To THE EprtTor or ENGINEERING. 
S1z,—With respect to the article on ‘‘Some Tests of a 
Petrol-Engine,” which op in your issue of the 
28th ult., we should be if you would place on record 
the thanks we owe to fessor Ayrton, F.R.S., of the 
Central Technical a, where the experiments were 
conducted, for the use of the — and necessary appa- 
ratus ; and to Mr. Mather and his assistants, Mr. Howe 
and Mr. Irwin, for the valuable advice they gave us in 
the work. 

Trusting you will be able to find space for this short note, 

Weare, yours faithfully, 
H. Topuam, Wh. Sc. 
H. G. Tispaun, Wh. Sc. 


88, Bath-street, Rugby. 


Tue Late Mr. George CocksurN.—With regret we 
record the death of Mr. George Cockburn, which occurred 
on the 12th inst., from pneumonia, following on a chill 
caught earlier in the month. Mr. Cockburn, who was a 
member of the Institution of Engineers and Shipbuilders, 
was ing-director of Messrs. Cockburns, Limited, of 
Cardonald, near Glasgow. He was for some time assistant- 
superintendent of the Allan line. Through his connection, 





d|in this capacity, with marine boilers and machinery, his 


attention turned to the improvement of safety-valves and 
stop-valves, the works of which he was director being 
engaged in the manufacture of such fittings. 


Conco Rai.ways.—The expenditure made on capital 
account by the ae Railway Company to the close of 
June, 1906, was 3,288,291/,, further capital having been 
expended in 1905-6 to the extent of 6925/. This outlay 
arose principally froni the despatch to Central Africa of 
the steel and other materials used in the construction of 
a hotel and warehouse at Thysville. It is proposed to 
lease these buildings, and several offers to take them 
have been received upon terms which lead the council 
of administration to suppose that a satisfactory remune- 
ration will be obtained upon the capital paid out. The 
share capital of the company stood at the close of June, 
1906, at 1,188,700/., while 2,042,700/. had been raised by 
obligations. e renewal fund formed by the company 
8 at the close of June, 1906, at 53,069/., or 349/. less 
than the ding amount to the credit of the fund 
at the close of June, 1905. The difference of 52,720/. te- 
presented the value of rails and sleepers used in the 
renewal of permanent way during 1905-6. The revenue 
of the company for the twelve months ending June, 
1906, nem | to 428,976/. This total was made up 
as follows:—Passenger traffic, 31,436/.; goods traffic, 
382,2267.; and miscellaneous receipts, 15,313/. The 
revenue collected for 1904-5 was 199/., but certain 
tariff reductions were made July 1, 1905. The workin 
ex for 1905-6 were i20,156/., as com wit. 
116,9062. in 1904-5. The net profit obtained from work- 
ing in 1905-6 was ingly 1202. Out of last year’s 
profits 11,3487. was carried to the | reserve, which 
stood at the close of June, 1906, at 90, The financial 
—_— for 1905-6 absorbed oo — — 

course, being interest on 0 ons. v 
other charges had been provided for, a dividend of 3/. 86. 
per share was declared for the year. ts of the 
company for 1906-7 are considered t 
cagubed ts November 30 showing an increase of 20, 960., 
as com the receipts for the corresponding 
period of 1905-6. 


























Jan. 25, 1907.] 


ENGINEERING. 





125 





OVERHEAD TRAVELLING REVOLVING FOUNDRY-CRANE. 
CONSTRUCTED BY THE MASCHINENFABRIK AUGSBURG-NURNBERG, ENGINEERS, NUREMBERG. 






Fig. 1. 





(91540) 


THE cranes illustrated above, and also on 116, 
built by the Maschinenfabrik Augsburg-Niirnberg, are 
of a new type as their application and method 
of working. The track of the traveller consists of two 
rails, the outer one carried in the usual way, near the 
outside wall of the building ; the inside rail is 
from the roof, this being of special construction to 
meet the case, The arrangement does away with all 
inside pillars, and leaves the whole of the floor-space 
entirely free. 

The crab is provided with a circular race, upon 
which the revolving crane-post, carrying the jib beneath 
the traveller girders, is made to travel with the inter- 
position of four conical rollers. The crane » a8 
shown, is therefore suspended from the crab, and is 
free to revolve underneath the traveller. The rear 
end of the crane carries the counterweight and the 
lifting drums. The driver’s stand is at the base of the 
jib, and is fitted with the four controllers which 
govern the four separate electric motors for pean 6 
and slewing the load, traversing the crab, and travel- 
ling. The current, three-phase at 500 volts, is sup- 
plied by sliding contacts from a conduit which lies 
parallel with the traveller-track. The main features 
of the traveller are as follow :— 


ied | sented here by Mr. James 





Norma! lifting power... 30 tons 

Span of traveller... ... 43 ft. 

tre of crane-post to 
centre of hook . 13 ft. 

Lift -» 30 ft. 

The special advantage of this 
type of crane is that it leaves ab- 
solutely free the whole floor area 
as above stated, while every part 
of the area can be served by the 
| hook, which is not the case with 
the ordinary type of overhead 
| travellers, Further, the hook 
can be made to act under the 
track in the area served more 
especially by the neighbouring crane; and by this 
means heavier loads can be lifted, the two cranes 
working together ; or if on.each track there are two 
cranes, the four running togethcr can deal with a load 
of 120 tons. The installation in a shop of several 
cranes of the type illustrated is Cesigned to afford 
more elasticity in the rapid handling of loads than is 
a when the ordinary type is used, and one 

ppens to be engaged for a certain length of time, 
as often happens in foundry practice. 

The motor for lifting the Toad is a 50-horse-power 
machine at 580 revolutions; it drives the hoisting- 
a worm and wheel-gearing. A band-brake, 
operated by a brake-magnet, serves to hold up the load 
at any height ; lowering is regulated by braking the 
motor electrically. The jib-crane is revolved by a 
12-horse-power motor running at 950 revolutions, 
which operates by gearing two of the rollers above 
referred to. A similar motor supplies the n 
power for traversing the crab; it operates the four 
wheels. Longitudinal travel of the overhead crane is 
obtained by a 40-horse-power 580-revolution machine, 
which drives by gearing two of the four travelling- 
wheels, The following are the speeds per minute with 
a 30-ton load :—Travelling, 164 ft. ; lifting, 13 ft. to 
16 ft. ; traversing, 49 ft. ; while the jib-crane can be 
slewed round completely in 45 seconds. 

The Maschinenfabrik Augsberg-Niirnberg is repre- 
alcrow, of 18, Coleman- 





850 -->! 


street, London, E.C. 





INDUSTRIAL NOTES. 


Tue state of the labour market, as shown by the 
returns published by the Labour Department of the 
Board of Trade, is by no means unfavourable, includ- 
ing» as the returns do, the Christmas holidays, 1906. 

ese returns cover a wide area, and all the chief 
groups of industry. They number, in the gate, 
7733, of which 4357 are from employers or their associa- 
tions, 2884 from trade unions, 395 from local corre- 

lents, and 97 from other sources. The results 
show that employment in December showed little 
change as com with the previous month. There 
was & decline in some » and employ- 


trades 
ment was also affected by the holiday suspensions. 
The coal-mining industry is very brisk. 
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In the 271 trade unions, with an see te member- 
ship of 597,198, making returns, 29,212 (or 4.9 per 
cent.) were re as unemployed at the end of 
December, 1906, as compared with 4.5 per cent. at the 
end of November, and 4.9 per cent. at the end of 
December, 1905. 


Employment in the building trades continued dull. 
It was worse, on the whole, than in November, and 
showed little change com with a year ago. 

In the coal-mining industry employment continued 

ood ; it was better than a month i os and a year ago. 
The average number of days worked per week at the 
collieries included in the returns was 5.60 during the 
four weeks, as com with 5.50 in November, and 
5.39 in December, 1905. 

Employment continued good in iron-mines, and was 
much the same as a year The average number 
of days worked per week at the mines and open works 
included in the returns was 5.92, as compared with 
5.89 in November, and 5.88 a year ago. 

In the pig-iron industry employment in December 
continued , and was better than a year ago. 
Returns relating to the works of 108 ironmasters, 
employing about 25,000 ene showed that 340 
furnaces were in blast at the end of December, as com- 
pared with 342 in the previous month and 335 a year 





0. 

Employment at iron and steel works continued ver 
brisk, and showed a slight improvement on a mont 

, while it was considerably better than a year ago. 
The volume of employment at 206 works from which 
returns were received was 0.2 per cent. greater in the 
week ending December 22 than in November, and 3.1 
per cent. greater than a year ago. 

In tin-plate manufacture employment during De- 
cember continued good, and was better than a year 

o. According to returns received, 441 tin-plate and 
sheet mills were working at the end of December, 
compared with the same number at the end of Nov- 
ember, and 429 at the end of December, 1905. 

The engineering trades continued fairly good, but 
were not quite so good as a year ago. The percentage 
of trade-union members unemployed at the end of 
December was 4.1, as compared with 3.5 a month ago 
and 3.7 a year ago. The percentages for December 


were affected by holida ons. 

The shi building oles hewed some improvement 
on a month ago, and employment was about the same 
asa yearago. The percentage of trade-union members 
unemployed at the end of December was 11.3, as com- 
pared with 13.6 at the end of November, and 10.2 at 
the end of December, 1905. 


Employment in the cotton trades continued very 
brisk, and was better than a year Returns from 
| firms employing 130,439 workpeople showed an in- 
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crease of 1.3 per cent. in the amount of wages paid 
compared with a month ago, and of 3.7 per cent com- 
pared with a year ago. 

In the woollen trades employment continued good, 
but showed a slight decline compared with a month 

and a year ago. Returns from firms employing 
25, 197 workpeople showed a decrease of 0.3 per cent. 
in the amount of wages paid compared with a month 
ago, and of 0.9 per cent. com with a year ago. 

The worsted trades were fairly good, better than 
a month ago and a year ago. Returns from firms 
employing 45,133 workpeople showed an increase of 
1.8 per cent. in the amount of wages paid compared 
with both a month ago and a year ago. : 

Employment in the flax (linen) trade continued 
good, and was better than a month ago and a year 
ago. Returns from firms employing 46,229 work- 
people on the last psy-day in December showed an in- 
crease of 3.5 per cent. in the amount of wages paid 
compared with a month ago, and of 3.9 per cent. com- 
pared with a year ago. 

In the jute trade things continued good, but were 
not quite so good as a month ago. Returns from 
firms employing 18,513 workpeople on the last pay- 
day in December showed a decrease of 0.5 per cent. 
in the amount of wages paid compared with a month 
ago, but an increase of 0.8 per cent. compared with a 
year ago. ; 

Employment in the silk trades showed little change 
as compared with a month agoand a yearago. Returns 
received from firms employing 8547 workpeople 
showed a decrease of 0.3 per cent. in the amount of 
wages paid compared with a month ago, and of 0.5 per 
cent. compared with a year ago. 

The lace trade was good in England and moderate 
in Scotland. It was considerably better than a year 
ago. Returns from firms employing 9051 workpeople 
showed an increase of 3.2 per cent. in the amount of 
wages paid compared with a month ago, and an in- 
crease of 10.8 per cent. compared with the previous 

ear. 
4 Employment in the hosiery trade was, on the whole, 
fairly good, and better than a year ago. Firms em- 
loying 14,210 workpeople showed an increase of 
.3 per cent. in the amount of wages paid compared 
with a month ago, and of 5.5 per cent. compared with 
a year ago. 





In the bespoke branch of the tailoring trade in 
London employment showed a seasonal decline, and was 
moderate ; but it was better than a year ago. In the 

rovinces trade was slack. In the ready-made branch 
it was fair, and slightly better than a year ago. 

The boot and shoe trades showed a further improve- 
ment, and were fair ; compared with a year ago little 
change was shown. Returns from firms employing 
63,000 workpeople showed an increase of 4.9 per 
cent. in the amount of wages paid conpared with a 
month ago, but a decrease of 0.4 per cent. compared 
with a year ago. 

Employment in the other leather trades was gener- 
ally quiet, and worse than a month ago, and rather 
worse than a year ago. Trade unions with a mem- 
bership of 3677 had 7.1 per cent. unemployed at the 
end of the month, as compared with 5.3 per cent. in 
November, and 6.1 per cent. in December, 1905. 

a | 

Employment in the papermaking trades continued 
good, and showed little general change compared with 
@ month ago and a year ago. 

‘In the printing and bookbinding trades employment 
was fairly good on the whole, except in the last week 
of the month, when a decline occurred ; it was about 
the same asin December, 1905. In the printing trades 
the percentage of trade-union members unemployed 
was 4.7, as compared with 3.1 in November, and 4.6 
in December, 1005. In the bookbinding trades the 
percentages were 3.2 for December, 2.2 for November, 
and 3.4 for December, 1905. 

The furnishing and woodworking trades were dull 
generally, and worse than a month ago, but better 
than a year ago. Trade unions with a membership 
of 34,979 reported 6 per cent. unemployed, as com- 
pared with 4.8 per cent. a month ago, and 7.1 per 
cent. deena ag rag Le ak 

Employment in the glass trades was fairly good, 
and better than a month ago and a year ago. |S coon 
from firms employing 9289 workpeople showed an 
increase of 3.6 per cent, in the amount of w paid 
as compared with a month ago, and of 6.2 per cent. as 
compared with a year ago. 

In the nerd trade employment continued , 
and was better than a year _ The brick an tile | 
trades were dull, and much the same as a month ago 


and a yearago. 

Agricultural employment generally was fairly re- 
mg until valve e end of the month, when ee 
caused day labourers in many parts of the country to. 





| 





be out of work. : 
Employment of dock and riverside labour on the 
whole was fair, but had declined a little as compared | 


with the previous month and ayearago. The average 
daily number of labourers employed at the docks and 
principal wharves in London during the four weeks 
was 12,210—a decrease of 6.5 per cent. compared with 
a month ago, aud of 5.5 per cent. compared with a 
year ago. 


The changes in rates of wages reported in December 


were all advances. They affected 129,400 workpeople, | 


including 107,000 coalminers in Scotland, 6000 in 


Cumberland, 5500 in the Forest of Dean, and 3500 iron- | 


ore miners in Cumberland. The total computed effect 


of the reported changes was an advance of about 


8400/. per week in the wages of those affected. The) presented six weeks to the close of the year 1906. 


changes of the previous month affected nearly 160,000 
workpeople, the net result being an advance of nearly 
36002. per week. During December, 1905, the number 
of workpeople affected was 26,400, and the net result 
an increase of 660/. per week. Four changes, affect- 
ing 101,900 workpeople, were arranged by conciliation 
boards, and one change, affecting 600 workpeople, 
took effect under a sliding scale. The remaining 
changes, affecting 26,900 workpeople, were arranged 
directly between employers and workpeople, or their re- 
presentatives ; only two of these changes, affecting 260 
workpeople, being preceded by disputes causing stop- 
page of work. Twenty new labour disputes began in 

ecember, compared with twenty-one in November, 
oe . ane ee 1905. oe total number of 
workpeople affected by disputes whic » or were 
in progress, during Re 4 nm was A ye 30,609 
less than in November, but 1034 more than in De- 
cember, 1905. The aggregate duration of all disputes 
in the month, new and old, amounted to 201,300 
working days, or 316,500 less than in November, but 
2500 more than in December, 1905. Definite results 
were reported in the case of ten disputes, new and 
old, affecting 2898 persons, Of these ten disputes, 
five were decided in favour of the workpeople, two 
in favour of the employers, and three were com- 
promised, 





The question of the legality of levies being binding 
upon members of a trade union came before the 
Divisional Court on Friday and Saturday, January 11 
and 12 respectively. The judges were Mr. Justice 
Darling and Mr. Justice Phillimore. It was an appeal 
from the County Court of Monmouth, the judge 
of which held that Steele, a member of the South 
Wales Miners’ Federation, being the plaintiff in the 
case, could not recover the four years’ levies paid by 
him voluntarily—amounting to 4s., being Is. per 
annum. Of course, it. was a test case, the miner 
named being only the nominal plaintiff, which raised 
the whole question of levies for Parliamentary repre- 
sentation as part of the policy of trade-anionism. 
The contention on appeal was that, waiving the 
amount of 4s. already paid, the said member should 
not be compelled to pay such levies in the future. 
In fact, it was asking for an injunction to restrain 
the South Wales Miners’ Federation from exactin 
such levies. The —— given in the case covere 
all the points raised by counsel in support of the 
original plaintiff, and, later on, the appellant in 
the case. The appeal was dismissed with costs, but 
leave to appeal turther was granted. Whether the 
case will carried to the Court of Appeal, and 
further to the House of Lords, remains to seen ; 
but the grounds of action appear to have been well 
stated by Mr. Justice Darling, and concurred in by 
Mr. Justice Phillimore. 





In general tone the January report of the Boiler- 
Makers and Iron-Shipbuilders is fairly sanguine for the 
present year. There was an increase of members 
on the funds in December, as compared with November, 
due mainly to the dispute on the Tees and the usual 
slackness during the Christmas holidays. The total was 
9701 ; previous month, 9433 ; but of the increase only 
45 were on the unemployed list—from 5740 to 5785. 
On sick benefit there were 2417; previous month, 
2235; on superannuation benefit, 1519; previous 
month, 1458. The total expenses of the month were 
15,128/, 93. 4d. ; increase of members, 43, after allow- 
ing for deaths and those run out by arrears. It is 
stated that the prospects of early improvement in 
trade are great, so that the members have every reason 
to rejoice. It is hoped that in the current year there 
will be a large increase in funds. The report specially 
commends six out of a total of 56 Acts passed during 
1906—namely, the Trade Disputes Act, the Work- 
men’s Compensation Act, the Merchant Ship ing Act, 
the Education (Provision of Meals) Act, the Notice of 
Accidents Act, and the Fatal Accidents (Scotland) 
Act. Of the other 50 Acts carried there were, of course, 
the usual Acts relating to taxation and finance, the 
Appropriations Acts, various administrative Acts, and 
Departmental Acts. The Clyde secretaries are warned 
against a loafer, who, with a bogus card, has man 
to get money from the wives of officials on the plea of 
distress ; he will have a warm time of it when he is 
caught. This is a busy month for gee and re- 
electing members to the executive council, and delegates 





to various positions ; the candidates’ appeals for sup- 
port are given in the report. 


The report of the Ironmoulders of Scotland is fairl 
satisfactory as trade, seeing that it deals wit 





| the month of December, 1906, when work is usually 
slack in most industries. 


The new propaganda to 
increase the membership of the society was successful 
in the month to the number of 77, bringing the total 
up to 8065, the highest point in the history of the 
union. Of these members, there were 503 on super- 
annuation allowance. The net income for the period 
covered by the report was 4669/. 193. 6d. ; this re- 


The expenditure amounted to 3363/. 0s. 5d., leaving a 
balance to the good of 13067. 193. The balance in hand 
was 87,6937. 14s. 9d. The interest on bank balances 
and investments amounted to 704/. 15s. 3d., rents to 
99/7. 5s., and invested cash to 803/. 19s. 5d. ; total, 
1607/. 193. 8d. Idle benefit for the period amounted to 
1183. 13s 5d., and super tion benefit, 11777. 19s. 2d. 
This union is the first to publish a full account of income 
and expenditure for the year 1906, which shows how 
well and closely all the accounts are kept. The total 
income for the year 1906 was 29,252/. 33. 2d. ; balance 
from 1905 brought forward, 80,390/. 23.; total, 
109,643/. 5s. ld. The total expenditure was 219,949/. 
10s. 4d. Of this amount, idle benefit cost the union 
5903/. 8s.; superannuation benefit, 9845/. 103.; funerals, 
27931. 15s. Od: money lent, 5484/. 4s. 3d.; salaries and 
deputations, 44,572/. 15s. 6d. ; rent, printing, stationery, 
postages and telegrams, 1166/. 8s. 6d.; miscellaneous, 
833/. lls. 1d. In these items are grants to other trades 
of 750/., property purchased, &c. The net balance in 
hand represents 11/. 5s. 2d. per member. This is a 
high average for any trade union. Altogether, 
numerically and financially, the society appears to be 
in a prosperous state, with fairly good trade, and even 
better prospects for the current year. 


rts the results of the 





The Ironworkers’ Journal re 
two last ascertainments of the net selling prices of 
iron and steel for the North of England Conciliation 
Board and the Midland Wages Board, which govern the 
rates of wages in these industries up toFebruary. The 
sliding-scale rates remain at 8s. 9d. per ton for 
puddling, millmen’s wages in proportion in the North 
of England, and in the Midlands the same plus the 
difference usually recognised. 





The Associated Blacksmiths’ report reminds the 
members that this is the jubilee year of the society, 
which was established in August, 1857. During the 
past month the unemployed list was still affected by 
the disputes on the Clyde, the Tees, and the Hartle- 
pool districts ; but there was, nevertheless, a reduc- 
tion of fifty-three on the funds. Again there are com- 
plaints of reduced membership, due to nt 
of arrears. The drain on the funds by unemployment, 
accident, superannuation, and other benefits has 
reduced the balance ; but the union has still an amount 
equal to 8/. 1ls. 10d. per member. 





The Trades and Labour Gazette is unsparing in its 
criticisms of friends and foes of labour. fa this 
month’s issue it takes to task Professor Beesly’s article 
in the Positivists’ Review. Well, the Professor did 
much for trade-unionism in the ’sixties and ’seventies, 
before the writers in the Gazette had left their Board 
school. These things are overlooked or forgotten. 
The other portions of the Gazette give reports of pro- 
vincial trade councils and of Continental unions. 


The general tone of the iron and steel trades, as 
represented in last week’s markets, was fairly strong, 
though in some instances it is reported that there was 
an indication of weakness. But this cannot mean 
much, as producers are less ready to accept offers for 
forward delivery. They are well supplied, and are 
consequently indifferent. In the Midlands negotiations 
entered into at the quarterly meetings were, it is 
said, successfully <ontinied, though buying was more 
quiet. The furnaces and mills are in full swing, with 
an expectation of an advance in wages. On Man- 
chester Change the tone was good. 


The miners’ dispute in Wales about collective 
notices came to a happy conclusion last week. Some 
640 summonses were issued against the men for breach 
of contract, the owners demanding individual notices, 
whilst the men contended that collective notices were 
sufficient. The cases evoked great interest, and large 
numbers, besides those summoned, poured into Ruabon 
on the day of hearing. But the whole matter col- 
lapsed. The owners, through counsel, stated that 
there was no attack intended on the men’s rights, and 
counsel for the men stated that in future the notices 
should be more ific as to the men involved. There 
was a great outburst of enthusiasm as counsel and 
—— the court. This happy ending is to be com- 
mended. 


An eight-hour working day has been conceded to 
the steel-workers in the Swansea district through nego- 
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tiations between the employers and representatives of | aluminium u 


the men. The employers went further, and arranged 
that the lower-paid men should not suffer in wages 
by the reduction in hours. 


In reply to a large representative deputation of 
factory operatives on ‘‘ the system of time-cribbing,” 
the Home Secretary indicated that the Government 
had determined to stop the system, in the interest of 
all parties. Factory inspectors have power to enter at | 
all times, and he ur, 


a1 end to the practice. | 





| 

The stevedores in the port of Glasgow have locked 
cut 1000 dockers on the question of wages. The men | 
demanded 10d. per hour as overtime rates, the em- 
ployers offered 8d. per hour for either day or night | 
work. This the men refused. 





An important decision was given last week in the 
Todmorden County Court against employers. The 
Fustian- Weavers at Hebden Bridge tende-ed notices to 
strike. In the meantime the management gave pre- | 
ference to the non-unionists when the looms got empty | 
of work, The intended strikers, therefore, sued for | 
damages, and the Andee held that they were right — 
the master must find work or pay damages. Notice) 
of appeal was given, and it will be an interesting case. 





ALLOYS OF ALUMINIUM AND COPPER. 


By Professor H. C. H. Carpenter, M.A., Ph.D., and 
C. A. Epwarps, of the National Physical Laboratory. 


Abstract from the Eighth Report to the Alloys Research | 
Committee: On the Properties of Alloys of Alwminium | 
and Copper.* 

GENERAL INTRODUCTION. 


Tue following research has been carried out by the 
authors with the co-operation of the Broughton Copper 
Company, Manchester, and the British Aluminium Com- 
pany, Milton, who have furnished respectively the best 
commercial copper and aluminium for making the alloys, 
have undertaken the rolling and drawing of the materials, 
and have made special castings where necessary. 

More than 1000 tests have been made, exclusive of | 
about 2C0 specimens that have been microscopically 
examined and photographed. The experimental material | 
is so extensive that it is not easy to grasp the salient | 
points of the research ; and, accordingly, an vag is | 
ee in this introductory section to set these forth | 

riefly :— 

(a) The number of alloys that have been found of any | 
industrial and technical promise is small. Such alloys 
are chiefly those very rich in copper. At this end of the | 
series the limit of serviceable alloys must be placed at | 
11 per cent. At the other end of the series the limit is | 
even smaller. Among the a ect ape light alloys rich in 
aluminium the limit is probably not higher than 4 per 
cent. of copper. Between 11 and 96 per cent. of alu- 
minium (exclusive) the alloys do not appear to be of any | 
practical promise. 

(b) Butif the range of serviceable alloys is narrow, their | 
quality is certainly high in several instances. This state- | 
ment holds for certain of the rich copper alloys contain- | 
ing between 7 and 10 - cent. of aluminium. It is not) 
going too far to say that in certain respegts the best of | 
them equal, and even surpass, high quality steels of the | 
same general character. 

— following summary refers only to the rich ——) 
alloys :— 

(c) Four features of the results of the tensile stress | 
tests of ye ng interest merit a special comment. 

_1. In view of the doubt which exists at the present 








time as to whether copper and its alloys possess true 
yield-points, it is important to record that from 0.1.to 9 
per cent. of aluminium the alloys possess clearly-marked 
yield-points. 

2, It has been recently shown by Messrs. Stanton and 
Bairstowt that the primitive yield-point of a rolled or 
saa steel is usually an artificial figure, and is due to a 
stiffening caused by this mechanical treatment. Such is 
not the case with these alloys. Their primitive yield- 
point is the true one. 

3. The ductilities (considered as a product of the per- 
centage elongation and reduction of area) of alloys con- 
taining from 0.1 to 7.35 per cent. of aluminium, are very 
high and practically constant, even although the tenacity 
increases markedly with rise of aluminium. 


4. The tenacity and ductility of the widely-known | PFS 


“aluminium bronze” or “gold,” containing 10 per cent. 
of aluminium, have been found to be as good in the form of 
small chill castings as in the rolled bar, where an 80 per 
cent. reduction of area of the original ingot has been 
effected. So far as the authors have been able to learn, | 





this result has no parallel. At their request, therefore, + 


independent tests were instituted at the Broughton | 
Coppe — and these have conionet the above | 
result, which may have important practical consequences. 
_ (d) The research has brought to light several — 
instances of the profound influence of a small quantity | 
x Paper read before the Institution of Mechanical | 
ogineers on Friday, January 6 very great lengt 
of this extremely valuable and comprehensive report 
prohibits us from printing it in extenso. 


: Re Proceedings of the Institution of Civil Engineers, 


that the police authorities | 
should be induced to aid the Government in putting | 


| Cent. 


| tions in the conditions of preparation, of which pro- 


nium copper, notably in the tension tests, but | 
especially in the torsion and electrical conductivity experi- 
ments. One-tenth of 1 per cent. raises the angle of twist 
of copper in torsion 90 per cent. ; it lowers the electrical 
conductivity 23 per cent. 

(e) The behaviour in torsional stress of the alloys con- 
taining from 0.1 to 7.35 per cent. of aluminium is one of 
the outstanding features of the report. 

(f) The alloys containing from 5 to 10 per cent. of 
aluminium have come well out of the dyramic stress tests. 
The particular merit of alloys Nos. 9 and 13 when tested 
in alternating stress is the close approximation of the 
maximum stress under which they will bear an unlimited | 
number of reversals to the stress at the elastic limit, as | 
determined in a tensile test. In this respect they are 
markedly superior to the iron and steel specimens hitherto | 
investigated. 

Alloys Nos. 6, 9, and 13 stood up well when repeatedly | 
stressed my teem the yield-point in Arnold’stest. In fact, | 
Professor Arnold has informed the authors that ‘‘ Alloy | 
No. 9 constitutes a record in its capacity of resisting | 
alternations.” 5 

(g) At about 15 per cent. of aluminium the alloys are | 
entitled to rank with quenched steels in hardness. Thus | 
the hardness number of No. 17 (15.38 per cent. aluminium) | 
in the cast state (untreated) is 539, which is about that of | 
a 0.45 cent. carbon steel quenched in water at 20 deg. 

{os deg: Fahr.),* and is only slightly lower than | 
that of a 0.66 per cent. carbon steel similarly treated. 

(h) In the corrosion tests, which were purposely made | 
88 severe as possible, alloys containing from 1 to 10 fer | 
cent. of aluminium have shown themselves to be practic- 
ally incorrodible by sea-water, whether alone or bolted to 
a plate of mild steel. In these tests they showed them- 
selves superior both to Muntz metal and Naval brass, 
which corroded appreciably. In tap-water of medium 
temporary hardness the positions were exactly reversed. 

(k) In view of the discussion in the previous Report as 
to the trustworthiness of temperatures measured with a 

tected thermo-junction, the exact influence of the 
jacket (a fire-clay tube 7, in. in thickness) between tem- 
peratures of about 1100 deg. Cent. and 550 deg. Cent. 
(2012 deg. Fahr. and 1022 deg. Fahr.) has been deter- 
mined. It has been found to cause a lowering of not 
more than 3 deg. Cent. (5.4 deg. > at the higher, and | 
9 deg. Cent. (16.2 deg. Fahr.) at the lower temperature, | 
and above 800 deg. t. _— deg. Fahr.) comes within | 
the experimental errors and uncertainties of the method. | 

(2) Finally, a special comment must be made on the 
wrely extraordinary similarity in physical and mechanical | 
qualities between alloy No. 13, which consists of 90.06 | 
per cent. of copper + 9.90 per cent. of aluminium, and | 
Swedish Bessemer rolled steel of about 0.35 per cent. of | 
carbon and 38 tons per square inch ultimate tensile stress 


Summary or Rerort, INCLUDING STATEMENT OF MORE | 
ImporTANT REsuLTs OBPAINED. 
Preparation of the Alloys.—The authors think that the | 
following conclusions may be drawn from the results of 
their experiments :— 

1. There is no need to re-melt the alloys rich in cop’ 
in order to obtain thorough mixing, obviate brittleness, | 
and secure the best mechanical properties. With due care 
the first cast is as likely to be as good as any that may | 
follow it. Such differences in properties as have been | 
found are probably to be ascribed to accidental varia- 





bably the most important are variations in casting 
temperatures, and small holes in the castings. This | 
conelusion is not intended to apply to other than small | 
castings. In large castings the difficulties of secur- 
ing thorough mixing are much greater. In such cases re- 
melting ey ene constitute the best practical method 
of ensuring homogeneity of material. 

2. Copper-rich alloys can be perfectly satisfactorily pre- 

from the pure metals, and no advantage is gained 
y using the per cent. alloy instead of aluminium. 
The alloys described subsequently have been 
some of them from the pure me others from copper 
and the 50 per cent. alloy. The continuity of P——_ 
that has been found in the various members of a series 
constitutes additional evidence that the alloys may be 
satisfactorily pre by either method. 

3. Alloys rich in aluminium can also be satisfactorily 
made with only one melting. This conclusion is intended 
to apply | to small castings. It has been the authors’ 
experience during the research that it is far more im- 
portant to cast these alloys at the right temperature than 
to remelt, in order to get the best mechani i 

As will be shown later, it was unn to test the 
influence of remelting on the properties of alloys of inter- 
mediate composition. The research has thoroughly con- 
firmed M. L. Guillet’s conclusion that only the alloys at 
the extreme ends of the series are of any industrial 

mise. 
Accordingly, all the alloys subsequently prepared were 
melted only once. The greatest care was paid to the two 
important points :—(a) casting temperature ; (b) thorough 
stirring. 
Measurements of the total linear contraction of castings 
cooling from the freezing-point to the ordinary tem- 
ture showed :— 

(a) That these vary between 1.83 and 2.34 per cent. 
among the rich-copper alloys. 

(b) a uniform value of 1.66 per cent. holds for the 
rich-aluminium alloys (0 to 3.76 per cent. copper). 


PROPERTIES OF THE Rich Coprer ALLOYS. 


_ Specific Gravities.—Attention is directed to the follow- 
ing features of the results :— 
. The chilled castings and relled bars have the same 
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TabLe I.—AUoys Rich in Copper. 
Percentages. 
A ee 2. (eee Ree Be 
No. 
pper and» 
Copper. |Aluminium. Aluminium. Silicon Iron. 
1. 2. 3. 7360 6. 
1 99.86 0.10 99.96 0.000 0.000 
2 93.95 1.06 100.01 6.010 trace 
3 97.88 2.10 99.98 0.018 0.004 
4 96. 98 2.99 99.97 0.024 008 
3 95.92 4.05 99.97 0.019 0.011 
6 | 94.90 5.07 99.97 0.018 0.006 
7 | 94.20 6.76 99.96 0.027 0.010 
8 | 98.23 6.73 99.96 0.026 | 0.016 
9 | 9261 7.35 99.96 0.027 | 0.017 
10 | 9185 8.12 99.97 0.012 0.012 
1, | 91-38 8.67 99.95 0.032 | 0.021 
12 90.58 9.88 99.96 0.021 0.019 
13 | 90.06 9.90 99.96 0.027 0.017 
1¢ |) «(80.17 1¢.78 99.95 0.031 0.015 
5 | 8a.23 11.78 99.96 0.028 0.010 
16 | 86.92 13.62 99.04 0.013 | 0.013 








TaBLe II.—Alloys of Intermediate Composition. 


Percentages. 
Alloy ae Z 
Number. | 
Copper. Aluminium (approximate). 

17 81.57 15.38 
18 79.22 20.7 
19 72.76 27.1 
20 70.77 29.1 
21 64.70 35.1 
22 59.81 40.0 
23 54.95 44.9 
24 49.90 49.9 
25 44.49 55.3 
26 39.14 60.6 
27 35.52 64.2 
28 $1.42 68.3 
29 28.80 71.0 

19.58 80.1 
81 15.62 84.0 
82 10.34 89.3 


| ' 
specific gravity. Certain of the alloys—viz, Nos. 10, 
12, 13, and 15 (Tables I. and II.)—have practically the 
same structures in the two conditions, while in Nos. 
14 and 16 a similarity exists. In these cases an identit; 
and similarity respectively of specific gravities is natural. 
But no such structural similarities exist between the chill 
castings and rolled bars of alloys Nos. 1 to 9. 

. ith the peepee mp —— of alenioion, up 
to r cent. the specific gravity drops regu . This 
fact .. of importance, because very marked oA me 
— are caused by the addition of aluminium between 
8 and 13 per cent. 

3. The specific-gravity curve of the sand castings ex- 
hibits a general similarity to thuse of the chill castings 
and rolled bars, but is less regular. Up to 7 per cent. of 
aluminium the specific gravity values are either equal to, 
or, in most cases, are lower t. those of the chill and 

rs. Within this range the alloys are hom 

appear to consist of a solid solution of aluminium in 
copper. Beyond, and as far as 10.8 per cent., they are 
higher. In this range the structure is duplex, and the 
alloy consists of at least two structural constituents. 
Denser pr are obtained by the slow than by the quick 
cooling of these two constituents, Beyond 11 per cent. 
there isa further structural c and the sand casti 
are no longer sound. This is the princi factor in 
conned the apparently rapid fall of specific gravity at 
this point. 
_ 4. 8.90, the specific gravity of the sand and chill cast- 
ings of the alloy containing 0.1 per cent. of aluminium, is 
the standard specific gravity for copper conductors 
adopted by the Sub-Committee on Cables of the Engi- 
neering Standards Committee. 

Tensile Tests.—In considering these results as a whole, 
attention may be directed to the following features :— 

(a) The limit of industrially-eerviceable alloys must be 
placed at 11 per cent. of aluminium. For most purposes 
the limit might be put at 10 per cent , beyond which there 
is a rapid fall of ductility with no rise of ultimate strees. 
It will be noticed, however, particularly in the castings, 
—_ the yield-point is usually decidedly better at 11 than 

r cent. 
(6) Between these limits the alloys fall into two 


asses. : 

1. Those containing from 0 to 7.35 per cent. of alumi- 
nium, 

_2. Those containing from 8 to 11 per cent. of alumi- 
nium. 

Class I. represents material of apparently low yield- 
[aor Rag moderate ultimate s but of very good 

uctility. The introduction and further addition of 
aluminium causes a gradual increase of strength, but 
hardly affects the ductility. It is true that as regards 
the steadiness of the ductility this has only been estab- 
lished for the rolled bars. But the sand and chill cast- 
ings ap “— the same kind sie as the rolled 
in © properties examined, and it appears legiti- 
mate to draw this conclusion for them also. This ‘as 
is not very sensitive to heat-treatment, but is much im- 
proved by mechanical work. 

Into C 2 come alloys of relatively low yield-point, 
but good ultimate stress. From 8 to 10 per cent. of 
aluminium, the ductility is also good. in alloys in 
this class are very sensitive to heat treatment, but one of 





-* Journal of the Iron and Stecl Institute, 1901, No. 1, 
page 267. 


them is remarkably indifferent to hot rolling (No. 13). 
(c) Taken as a whole the chill are superior to the sand 
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castil and are themselves surpassed by the rolled bars. 
Alloy No. 13, and to a less extent No. 12, constitute a 
notable exception to this ge tion. tee 

(d) One of the most characteristics of the 
alloys asa whole is their low yield-point, absolutely and 
relatively. Accordingly, the elastic ratio of an alloy of 
given ultimate stress 1s com: with that of a steel 


of the same ultimate stress. us No. 13 (with 10 per 
cent. of aluminium), with an ultimate stress of 38 tons 
per square inch, has an elastic ratio of only 0.39 per cent., 
whereas that of a Swedish Bessemer steel, containing 
about 0.35 per cent. of carbon, of the same ultimate stress, 
is 0.68 per cent. This —_ to place these alloys in a 
ition of inferiority. But it has been shown recently 
Messrs. Stanton and Bairstow that the primitive 

yield-point of a steel is usually an artificial figure, and is 
due to a stiffening caused by mechanical treatment in 
preparation. Thus they found that the yield- 
point of the Bessemer steel mentioned was 15.2 tons per 

uare inch. The elastic ratio then became 0.40 per cent., 
which isidentical with that of No.13. These rich copper 
alloys do not show anything like the same tendency to 
assume an artificial yield-point. The inferiority of the 
aluminium bronzes is thus only apparent, not real. _ 

(e) Cold-drawing raises the ic ratio to a very high 
figure, and leaves a considerable measure of ductility, but 
it has not been successful at about 5 per cent. of aluminium, 
where a tendency to pipe has been noticed. — a3 

(f) Another striking feature of the mechanical qualities 
of the alloys is the —_ _ ductility which is almost 
constant between 0 and 7.35 per cent. of aluminium. 
More especially is this the case with the reduction of 
area. The values obtained were so much superior to those 
given as the best results found in the literature that the 
authors became suspicious of their results. It was accord- 
ingly decided to obtain an exact copper blank of the 
series. At their request a rolled bar }# in. in diameter 
was prepared at the Broughton Copper Works from the 
same ‘‘cathode” copper as that used in the research. 
Analysis showed that it contained 99.96 per cent. of 
copper. In order thoroughly to soften it, the bar was 
slowly cooled from 800 deg. Cent. (1472 deg. Fahr.). The 
conaiio-steess test gave the following result :— 

Yield Point. Ultimate Stress, Elongation on Reduction of 

. in. tons per sq. in. r cent. r cen 

— < tis Maar Per56 Pe eT.84 

These figures may be compared with those obtained 
from pg No. 1, in all respects similar as regards 
physical treatment and composition, except that it con- 
tains 0.10 per cent. of aluminium and 99.86 per cent. of 


co} asm 
natal 4.4 14.18 62.0 92.52 


The tenacities are the same, but the ductility of No. 1 

is very much superior. The effect of this small percent- 

a aluminium is equally marked in torsion and 
electrical conductivity tests. 

(g) A study of the experimental results shows that up 
to 9.4 cent. of aluminium the ultimate stress of the 
rolled . j in. in diameter ee is always higher 
than that of the chill casting (untreated). (As previously 
pointed out, the tenacity of the chill is usually superior 
to that of the sand casting.) The amount varies between 
3 and 10 tons persquareinch. In the case of alloy No. 13, 
however, the chill casting has a tenacity of 37 tons per 
square inch and an extension of 30.5 per cent., as against 
the 38 tons and 29 per cent. extension of the rolled bar. 
These ape pepe are practically identical. Further, the 
tenacity of the chill is 2 tons higher than that of the rolled 
bar 1} in. in diameter. This must be regarded as an 
astonishing result. The authors have searched for a 
oa among other known alloys, but without success. 

far as they are aware, it is a unique exception to the 
view generally held, that rolled 1s superior to cast 
material. 


No. 14 presents a very similar case. The chill casting 
is 1.73 tons better than the 1} in. diameter bar, but it is 
nearly 2 tons worse than the rolled bar }j in, diameter, 
and its extension is 5 per cent. lower. at 

That the long-known aluminium bronze or aluminium 
gold, containing 10 per cent. of aluminium, should be as 
strong and as ductile when cast in chill (1 in. in diameter) 
as when rolled from a 3-in. diameter ingot down to }} in., 
appeared to the authors to be of such importance, both 

ically and theoretically, that they have confirmed 
it by making and testi other casts and bars, and by 
having the results checked by an independent worker. 

Structures.—The structures revealed by the microscope 
throw considerable light on the classification of the alloys 
into two chief classes under the mechanical tests. Up to 
7.35 per cent. of aluminium the alloys consist -of ductile 
crystals of a solid solution. Heat treatment affects the 
size of the crystals to some extent, but does not cause 
profound structural changes, as in the case of alloys con- 
taining from 9 to 11 per cent. of aluminium. Its influence 
on mechanical properties is not very far- ’ 
the other hand, the crystals are very much broken up by 
rolling, and are interlocked into a tougher combination 
than the cast material. 

The sudden stiffening of the alloys beyond 8 per cent. 
of aluminium coincides with the appearance of a dark 
structural constituent, which has been shown by micro- 
scopic examination to be acicular. Instances of the asso- 
ciation of brittleness with an acicular structure are well 
known. At 11.73 per cent,, where the structure is wholly 
acicular, the alloy has only slight ductility. 

Heat-Treatment Tests.—Alloy No. 13 was the most 
thoroughly tested of the series on account of its sensitive- 
ness to heat treatment. Between 300 d 
Cent. (572 deg. and 752 deg. Fahr.) this alloy undergoes a 
profound change. Compaiing the results, it appears that 


after treatment at 300 deg. Cent. the properties are su 
stantially the same as those of the bar as 


b- 
rolled, but that 


. and 400 deg. | the 





at 400 deg. Cent. there is a rise of nearly 100 per cent. in 
tha elastic ratio due to an increase in yield-point and de- 
crease in ultimate stress. Most im t of all, the 
ductility has cnopees almost to nil. fracture also is 
characteristically different. It is somewhat 
that the microscope reveals no evidences of structu 
inthealloy. The etched surface ap identical 
with that of the untreated bar. From 500 deg. to 700 deg. 
Cent. (932 deg. to 1292 deg. Fahr.) there is a slight return 
of ductility, and the elastic ratio falls, both yield-point 
ad ultimate stress decreasing. At 800 deg. and 
t. 


deg. 


loss of stren: the fracture mes coarsely 
crystalline. etched surfaces of specimens heated in 
this range show considerable struct alterations. 


These results show that the properties of the 10 per 
cent. aluminium-bronze are most ny affected by 
heat treatment at even moderately low, as well as high, 
temperatures ; 400 deg. Cent. (752 deg. Fahr.) appears to 
be particularly fatal. This fact, unfortunately, limits the 
usefulness of this otherwise valuable alloy, and prevents 
its application to any moderate or high-temperature work. 
Time has not itted the authors to carry out strength 
tests on this alloy at varying temperatures. 

Ball Hardness Tests.—The ts are of the same kind 
under the two loads—viz., 1034 and 3000 kilogrammes. 
The values with the latter load represent, however, 
** standard ” numbers, and only these will be considered. 
The hardness number 66 was obtained for No. 1, the base 
of the series. The introduction of aluminium at once 
hardens the material, but there is no — notable increase 
in the number up to 7.35 per cent. At 10 cent. there 
is a marked rise, and from here up to 15.38 par cent. the 
increase is rapid. At the last-named poneninge the 
gow was obtained. This is more than eight times 
that obtained for No. 1, and must be considered a v 
high figure for an alloy that is not a steel of some kind. 

e figure for the est steel known is about 800, and 
although this is considerably higher than 539, yet the 
latter is just about the hardness number of a 0.45 per cent. 
carbon steel quenched in water at 20 deg. Cent. (68 deg. 
Fahr.), and is only slightly lower than that of a 0.66 = 
cent. carbon s' similarly treated. Accordingly, alloy 
No. 17 is fully entitled to rank with these hardened steels 
in this respect. 

Torsion Tests.—Maximum Load.—The variations of load 
with rising aluminium are similar to those obtained in 
the tension tests, except that at 9.90 per cent. there is a 
slight decrease in torsional stress as compared with a de- 
cided increase in tensile stress. 

Total Twist.—These figures must be regarded as very 
noteworthy. In particular those obtained with alloys 1to3 
are far higher than those of either pure copper or any of 
its alloys of which the authors have found mention in the 
literature. (The value for No. 3 would have been even 
higher had the length been 3 in. instead of 2.8 in.). 
Professor T. Hudson Beare obtained a mean total 
twist of 5.41 turns in three closely-agreeing deter- 
minations of copper of same dimensions, and this 
appears an average figure for good copper. It is 
the authors’ opinion that the particularly high figure 
for No. 1 wet turns) may be attributed chiefly to the 
presence of one-tenth of 1 per cent. of aluminium. Rolled 
compar generally contains more or less dissolved oxide, 
which diminishes its ductility. Accordingly, in casting 
No. 1 alloy, particular care was taken that a slight excess 
of aluminium should be added in order to remove oxy 
and yield as pure a commercial copper as possible. The 
authors do not regard No. 1 as a copper-aluminium alloy 
so much as the base of the series which contains as little 
aluminium as possible consistent with the absence of 
— Viewed as copper, it contains only about one- 
tenth of 1 per cent. of impurities, as does the ‘‘ Lake” 
copper used in this research. 

A direct comparison was.obtained by testing the blank 
of the series—viz., pure Gathode copper. ‘The copper 
broke after 7.6 complete turns; that is, it showed itself 
only about half ‘as good as alloy No. 1. .(The calculated 
maximum stress was 4.6 tons per square inch lower.) 


The figures of the alloys immediately succeeding No. 1 This th 


show that even = 4 per cent. of aluminium the total 
twist is ter than in the copper tested by Professor 
Beare. There is a steady fall in ductility as far as 7.35 
per cent. The drop at 9.90 per cent. brings out 
the brittleness of the dark structural constituent in alloys 
of this class. At 11.73 } my cent. the alloy breaks after a 
twist of 5ideg. Thus the effect of adding this percen 

to pure copper is to diminish the angle of twist from 
5184 deg. to 51 deg.—i.e., to reduce it more than one 
hundred times. 

To Sum up.—Alloys containing aluminium up to 
74 per cent. behave extremely well under the torsion 
test, but beyond this percentage there is a rapid deteriora- 
tion of properties. 

Stanton’s Alternating Stress Test.—Under this test the 


On | 10 per cent. aluminium bronze (alloy No. 13) shows itself 


a most useful material. Its maximum limit of resistance 
for one million reversals of direct stress at a rate of 800 
per minute, and with a ratio of tension to compression 
of 1.4, is about 28.3 tons per square inch. Compari 
this figure with those obtained by Messrs. Stanton 

tow for ten varieties of iron and steel, the alloy 
takes the third place, equal to piston-rod steel containing 


0.446 cent. of carbon, (The highest figure, 31.5 tons, 
was obtai with Swedish Bessemer steel (0.645 per 
cent. carbon). ) 


But the particular merit of this alloy (and also the 
5 and 74 per cent. bronzes) is the close approximation of 
maximum stress under which it will bear an unlimited 
number of reversals to the stress at the elastic limit as 
determined in a tensile test. In this respect it is 
markedly superior to the iron and steel specimens hitherto 
investigated. This is shown in Table III., which contains 


(1472 deg. — deg. Fahr.) there is a further | 44 
8 





the values of the ratio of the maximum range of stress to 
the primitive yield-point of each alloy. 


Taste III. 
Maximum Range of Stress 
Alloy No. Ratio ~~ primitive Yield-Point 
1 1.33 
‘ 1.47 
6 1.80 
9 1.93 
13 1.91 


The ratio aqpety, cunshen 2 in the case of Nos. 9 and 13, 
is high in No.6. In the case of irons and steels 
referred to the ratio varied between 1.80 and 1.13. 

_ Although in the foregoing tests the alloys were some- 
times stressed beyond the yield-point, the materials were 
for the most part in the elastic condition. 

Arnold's Alternating-Stress Test.—Professor Arnold 
found that all the alloys behaved well under this test, 
but particularly those containing from 5 to 10 per cent. 
of aluminium. He has informed the authors that ‘ Alloy 
No. 9 constitutes a record in its capacity of resisting 
alternations.” Thus, when the alloys were subjected to 
alternating stresses beyond the yield-point, the capacity 
to resist fracture rose with the addition of aluminium to 
a maximum at about 7.35 per cent., but fell sharply at 
10 per cent. This drop coincides with the appearance of 
the dark brittle structural constituent, and appears only 
natural. The variations thus found fall more into line 
with those revealed by the impact tests (in the succeed- 
ing section) than with those shown by Dr. Stanton’s tests. 
‘mpact Tests.—These were carried out in the Izod 
machine on notched bars 2 in. by 3 in. by ys in. Alloys 
Nos. 1 to 9 did not break under this test. The figures 
obtained bring out the gradual stiffening caused by in- 
creasing aluminium up to 7.35 per cent., already shown in 
the static tests. 

Summary of Kinetic Stress Tests.—These tests have 
yielded one result of particular interest. They have 
shown that the primitive yield-points of these alloys are 
very much nearer the poet — than those of steels, 
or, in other words, that ove show much less ten- 
dency to assume an artificial yield-point in their manu- 
facture. Alloys Nos. 9 and 13 are nearly theoretically 
perfect in this respect. 

The alloys containing from 0 to 10 per cent. of alu- 
minium behaved very satisfactorily in these tests, but 
the most valuable e is from 5 to 10 per cent. 

Freezing Curves.—The alloys containing from 0 to 13 
per cent. of aluminium, whose properties have been 
investigated in such detail, appear to solidify at one 
temperature. From 8 to 13 per cent. evolutions of heat 
take place on cooling at temperatures for the most part 
between 600 deg. and 500 deg. Cent. (1112 deg. and 
932 deg. Fahr.). These have been investigated by diffe- 
rential cooling, and are discussed in the complete 
paper. The rise in the liquidus curve—that is, the tem- 
peratures at which the molten alloys begin to deposit 
crystals on cooling—from 8 to about 12 per cent. of alu- 
minium coincides with the appearance and growth toa 
maximum of the dark needles in the alloys after they 
have cooled to the ordinary temperature. But this must 
be carefully distinguished from the fact that the alloys 
solidify to an apparently homogeneous mass from which 
~ — and yellow structural constituents are ultimately 
ormed. 

Heating and Cooling Curves.—The complexity of the 
curves increases with rise of aluminium, and no attempt 
is made to give a complete may interpretation of them. 
This cannot be done without definite and extensive ex- 
periments made with this end in view, and time has only 
permitted their execution in a preliminary way. The 
authors think, however, that the following interpreta- 
tion on b lines is true as far as it goes. 

At 8.12 per cent. of aluminium a very small heat 
absorption occurs at 563 ay 566 deg. Cent. (1045 deg. 
to 1050 deg. Fahr.), and that this increases with rising 
aluminium to a maximum at 12 to 13 per cent. This 
coincides with the appearance and growth to a maximum 
of the dark needle-like structural constituent in the alloys. 
i ermal change appears to connected with a 
change in the properties of the constituent thus charac- 

ised. (Experiments have been made with alloy No. 13, 
and the authors think their generalisation will hold for 
alloys Nos. 10, 11, 12, 13, 14, and probably 15.) 

hen alloy No. 13 was quenched at any temperature 
not exceeding 560 deg. Cent. (1040 deg. Fahr.) no struc- 


tage | tural change was detected. When quenched at 600 deg. 


however, it was observed that 
the dark constituent has me lighter in colour and more 
striated. The change at 560 deg. to 570 deg. Cent. 
(1040 deg. to 1058 deg. Fahr.), which is remarkably con- 
stant in temperature throughout the series, appears to 
correspond to a in the dark constituent, as a result 
of which it can dissolve the light yellow constituent. 

The heat absorptions between 600 deg. and 800 deg. 
Cent. (1112 deg. and 1472deg. Fahr.), which are more - 
longed and variable in position, seem to correspond to 
the gradual solution of the yellow in the dark constituent. 
The structures of alloys quenched from 700 deg,, 800 deg., 
and 900 deg. Cent. (1292 deg., 1472 deg., and 1652 deg. 
Fahr.) show the gradual disappearance of the yellow 
constituent, which appears complete at 900 deg. Cent. 
The alloy then consists of a mass of needles, whose colour 
varies from yellow to dark brown. 

This succession of changes was found to be reversed on 
cooli Above 800 deg. Cent. the needles persist to the 
exclusion of the yellow constituent. Below this tem- 

ure the latter makes its appearance, and increases 
down to about 530 deg. —. = deg. Fahr.). porte vay 
this temperature, cooling is pur ly re ad, 
the acicular constituent becomes dark and partly loses its 
acicular character. ; 

The foregoing interpretation has taken no account of 


Cent. (1112 deg. Fahr. 
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the thermal aa between 200 deg. and 400 deg. Cent. 
(392 deg. and 752 deg. Fahr.). Nostructural changes corre- 
sponding to these have been found by microscopic ex- 


amination. 

ion Tests.—In these tests the conditions were 
made as severe as ——. Thus, if the plates had not 
been freed from deposit each week by ing, it is 
probable that the latter would have protected them to 
some extent from further action. It was considered im- 
portant, however, to present the alloys in as unfavourable 
a light as possible, and to publish maximum corrosive 
figures. 

The alloys containing from 1 to 10 per cent. of alu- 
miniam have shown themselves, under the conditions 
chosen, to be practically incorrodible by sea-water whether 
alone or bolted to a plate of mild steel. This is an im- 
portant result. But it must be accepted with this reser- 
vation, that it does not necessarily hold true in cases where 
sea-water is exposed to local contamination of particular 
kinds—for example, town drainage, &c. In the sea-water 
tests (A) these alloys were undoubtedly superior both to 
Muntz metal and Naval brass, which corroded appreci- 


ably. 

The fresh-water tests gave an opposite result. Muntz 
metal and Naval brass were unaffected, whereas the copper- 
aluminium alloys corroded to some extent. . 

It should be mentioned that cast plates of the aluminium 
copper alloys and rolled plates of the Muntz metal and 
Naval brass were used. The authors’ experience of etching 
polished surfaces of cast and rolled materials leads them 
to think that cast specimens are usually more readily 
attacked by liquids than rolled specimens. If this is 
so, then the conditions were severer for the copper- 
aluminium than the other two alloys. 

A Comparison of the Properties of Alloy No. 13 with 
those of Swedish Bessemer Steel of about 0.35 per Cent. of 
Carbon.—The research has brought out a fact of ve 
remarkable interest—namely, ¢ the qualities, bot. 
mechanical and physical, of Alloy No. 13 resemble those 
of a Swedish Bessemer steel of about 0.35 cent. of 
carbon to a truly astonishing degree. hen it is 
remembered that the former is an alloy of copper and 
aluminium, the latter an alloy principally of iron, carbon, 
and manganese, the —— of qualities appears espe- 
cially interesting. It is, however, a matter of surprise 
that the resemblance between two well-known alloys—for 
No. 13 is the so-called aluminium-bronze or aluminium- 
gold—has not hitherto, so far as the authors are aware, 
been adequately described. 


(To be continued.) 





THERMAL BEHAVIOUR OF ACETYLENE.—Mr. William G. 
Mixter, about a year ago (see ENGINEERING, vol. Ixxx., 
page 443, October 6, 1905), showed that the carbon 
obtained by the decomposition of acetylene is different 
from charcoal or graphite. He found its heat of com- 
bustion to be 7894 calories, as against 8057 and 7831 for 
charcoal and graphite respectively. He has now deter- 
mined the heat of dissociation and the heat of combustion 
of acetylene, and compared the various data by the aid 
of his previous determination of the heat of combustion 
of hydrogen and acetylene-carbon :— 

Calories. 
Heat of combustion of hydrogen on - 
carbon (24 by 7894) .. 189,456 








“4 dissociation of acetylene 53,879 
311,775 
Heat of combustion of acetylene on -- 812,677 
Difference o 902 

(or 0.29 per cent.) 


The heat of combustion of acetylene at constant pressure 
has been determined by Julius Thomsen as 310,050 
calories, a difference of 2627 calories, or more than suffi- 
cient to account for the difference between the heats of 
combustion of acetylene-carbon and phite. Mixter 
found no evidence of the production of radioactive gases 
in the explosive dissociation of acetylene. 





THe Tatiest Cummnzy IN THE Worip.—The con- 
struction of a gigantic chimney is contemplated at 
the Boston and Montana smelter, at Great Falls, Mon- 
tana, U.S.A., which, when finished, will eclipse all 
undertakings of a similar nature yet carried out. The 
height of the chimney from the top of the founda- 
tions is to be 506 ft., or 46 ft. more than the highest 
chimney at present in existence, which is, we be- 
lieve, one of 460 ft. at Frieburg, in Germany. The 
stack in contemplation will be built by the Al- 
phons Custodis Chimney Construction Cunenep. 
New York. It will have an internal diameter at the 
top of 50 ft., and an external diameter at the bottom of | 
75 ft. It is intended for the purpose of carryi of | 
4,000,000 cubic feet of gases per minute from smeltin 
furnaces ; and as these are of a highly acid nature— | 
containing much sulphur dioxide—the lining of the 
chimney will be constructed of acid-proof bricks, 4 in. 
thick, set in acid-proof mortar. The lining will be carried | 
every 20 ft, or 30 ft. on corbels built from the main wall, 
and there will be an air-space between the inner and | 
outer shells. ~At the top of each length of the lining | 
an —— joint packed with mineral wool to keep 
dust from the air-space will be formed. The chimney 
will weigh about 16,000 tons, and will, it is expected, take 
about a year to build, the estimated cost being about | 
200,000 dols. As the site on which it is to stand is very | 
exposed, the wind-pressure has been taken as that due to | 
a velocity of 125 miles 





chimney, if it should be found to require it owing to lack 
of draught. 


MATERIALS FOR ELECTRIC MACHINERY.* 
Selection and Testing of Materials for Construction of 
Electric Machinery. 

By Professor J. Epstein. 

(Concluded from page 98.) 

As to the influence of time, Fig. 12 shows the heati 
curves of a 7.5-kilowatt transformer, and Fig. 13 that o' 
a 1600-kilowatt turbine-driven alternator. The former 
machine is illustrated in Fig. 14, below. The tempera- 
ture of the small transformers became stationary after 
a 16-hour run, that of the alternator coils after a six- 


hour run. For the transformer the cooling effect is | } 


very poor as compared with the heating capacity. We 
.12. HEATING CURVES OF 7:5-K.W TRANSFORMER. 
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Fig. 43. HEATING CURVE OF MAGNET COILS 
OF 600-K.W. ALTERNATOR, 500 R. P.M. 
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found that this effect in all Felten-Guilleaume-Lahmeyer 
transformers of the same design, from 3 up to 100 kilo- 
watts, became stationary after a run of about 16 hours, and 
the temperature rise after a six-hour run was for all of them 
80 per cent. of its final value for the copper, and 66 per 
cent. for the iron. But with well-ventilated high-speed 
machines, even in the first hours the amount my 
dissipated by the cooling effect is much greater than the 
heat capacity of the masses, and so they practically reach 
the maximum very soon, as the diagram (Fig. 13) shows. 
The temperature rise in an oil transformer can be seen 
from Fig. 15, 130. The transformer itself is shown in 
Fig. 16. Here the lower parts do not heat at all at the 














Fic. 14. 
beginning of the test. The lower the thermometer is 
= greater the difference between the tempera- 
ture rise obtained after a few hours’ run and the stationary 
value. 
From these examples it will be seen that it is impos- 
sible to establish a universal ratio between the tempera- 


hour, and provision bas been | ture rise after continuous running and after a six-hour 
made for an extra 60 ft. in height to be added to the | — 





* Paper read before the Institution of Electrical Engi- 
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| resistances ought to 





run. It is desirable, therefore, in drawing up general rules, 
that these should not refer to any arbitrary time, but to 
the stationary temperature after continuous running. 

In actual tests ei the increase in temperature 
be followed up in order to see when the highest tempera- 
ture is reached, or such running time should be allowed 
as has proved sufficient for ines of similar type. 

With machines for long intermittent service the period 
of the service should be used as a basis, while with 
machines for short intermittent service one should en- 
deavour to take into consideration the special character 
of the work. In order to avoid complications, however, 
it is customary in the latter case to take as a basis a one- 
our continuous run. 

The greater the heat cngecity of the mass of the motor 
in comparison to its iating capacity the more will 
these —- differ from the - Keay = a ahaa 

is no opportunity for fully loa t' ine, 
an idea of its thermal pw hearse ws may be obtained by 
the well-known method of running it alternately with a 
higher vol aud with a higher current, so that in each 
case the full losses are obtained. For example, the 
following is the method we have employed to test a 
single 200-kilowatt transformer for a veltage of 10,000/ 
28,000, in which the iron losses amountéd to 3420 watts, 
and the copper losses to 2500 watts, under normal work- 
ing conditions, The transformer was first run for one 
hour with 13,900/34,700 volts, a to losses of 
5830 watts. It was then run for one hour thort-cirouited 
with 19.3 mongoose and with 8 amperes respectively, corre- 
ing to losses of 7040 watts. Though in each case 
losses were practically the same as those occurring 
under working conditions, by continuing the test for a 
sufficient length of time it was possible to gauge the 
togpertane rise of the machine. 

The object of the —— E test is solely to ascertain that 
the recognised standard limits for the heating are not 
transgressed. Whether the temperature of a machine 
increases 20 deg. or 50 deg. Cent. is otherwise wholly 
immaterial, and it would be entirely premature to draw 
a conclusion as to the ample design of the machine from 
the increase of temperature alone. A cooler machine is 
certainly an advantage, inasmuch as it may be used in 
warmer localities, but apart from this a low tem ure 
rise is of no practical value if the machine cannot be over- 
loaded owing to its commutator beginning to spark, its 
regulation being insufficient, or perhaps on account of its 
mechanical construction, or owing to being driven by a 
gasengine. It is not even certain with regard to the 


‘thermal qualities, that, if of two machines, A shows 


30 deg. Cent. and B 40 deg. Cent. increase of temperature 
with normal load, A will allow of a higher overload than 
B before the permissible limit of 50 deg. Cent. is reached. 
This might actually not be the case if A worked with 
small iron losses, with great copper losses, and with high 
magnetic-field saturation. 

Finally, much depends upon the reason why one machine 
heats more than another. If, for example, in a gas- 
driven plant one of two similarly constructed machines 
runs at a temperature of 50 deg. and the other at 30 deg., 
the difference being due alone to the fact that the arma- 
ture openings have been covered in the former case to 
prevent the entrance of gases and dust, the machine 
with a 50 deg. rise is to be preferred to the other 
cooler machine. Extraordinary low tem tures may 
no doubt be preferable under certain conditions ; if, for 
instance, a very exact constancy of field is required, with 
low saturated ets ; but, as a rule, if the temperature 
does fall below the given limit, this does not constitute 
any particular advantage. 

The efficiency of electric machines is defined by the 
ratio between input and output of energy. The output 
is, as a rule, mechanical or electrical, the input the 
same, or a combination of both. he accuracy of 
mechanical measurements, both by brake for output, and 
by indicator or hydraulic tests for input, is m bebind 
the accuracy of electrical measurements. It is therefore 
good practice to avoid mechanical measurements, and to 
check by electric measurements the losses defining the 
difference between input and output. However, even when 

ing with input and output of electrical energy alone 
from such machines as transformers, converters, and 
motor-generators, &c., more accurate results are obtained 
by testing the losses than by comparing input and 
output. In the first place, an inaccuracy of an instrument 
of 1 per cent. will affect the result by 1 per cent. in com- 
paring input with output, whilst the same inaccuracy in 
measuring the losses will affect the value of the efficiency 
by 5 per cent. as a maximum. For supposing that the 
efficiency may be about 90 per cent., an inaccuracy of 1 
cent. in measuring the losses will influence the value of 
efficiency only to one-tenth of 1 per cent., the losses 
themselves being about 10 per cent. of the input. 
Besides this, instruments for measuring the losses are 
mostly more reliable and the ts less com- 
plicated. As the designer calculates the losses, and 


| these are tested in a simpler and more reliable way, the 


guarantees ought to be based on them, as it is im t 
that they should be of a kind which both the designer 


| and the user can check. 


To check the copper losses at full load in armatures, the 
be measured after a regular normal 
run. To correct the resistance for the heating at half or 
three-quarter load is unnecessary, as at these values 
an inaccuracy of the copper losses scarcely affects the 
efficiency. Special care must be taken with continuous- 
current armatures in regard to the different brush con- 
tacts, and to the exclusion of the contact resistance of 
carbons. The results will scarcely be exact within a few 
per cent., but an error of even 5 per cent. would affect 
the total losses only by about 1.5 per cent., and the 
efficiency by not more than about 0.1 per cent. In 
special cases, where heavy current armatures are con- 
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cerned, the resistance may be calculated from the copper 
——, hi f l le 

8 is the testing of iron losses, a very simp! 
method was announced last year in the technical Press. 
To investigate those of a several thousand kilowatt | 
alternator, small samples of the iron used in the armature 
were reserved and tested in the laboratory, at the same 
inductance and frequency as in the machine. By multi- | 
plying the figures with the ratio of weights of the iron in 
the armature and of the sample, the iron lossses in the 
armature were supposed to be checked. Every ex- 
perienced designer who has ever compared actual losses 
in machines with the losses calculated on the above basis 
is aware that the method is faulty and that the results 
will be too low. 

What are guaranteed as iron losses in machines are not 
the losses which occur in the unfinished iron, when the 
lines of force are uniformly distributed in exactly the way 
which the designer has prescribed in the armature core, 
but the additional losses due to pen | density, disper- 
sion, and, above all, to h ssteresis and eddy current losses 
in other parts of the machine, whether solid or laminated. 
The data necessary for the computation of the losses can 
only be obtained by thorough research, and not alone by 
simple measurements on a test-piece in the laboratory. 

_Thus in the early days of dynamo manufacture a | 
difference between the losses calculated by the Steinmetz | 
formula and those found by tests on machines was ob- 
rerved, to compensate for which the multiplication of the 
theoretical losses by a certain factor was proposed. Fig. 
17 refers to observations made at that time on continuous- 


Fi. 5 HEATING CURVES OF OiL TRANSFORMER. 
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current machines. The full lines show the losses as found | 
by testing laboratory samples and as measured on actual | 
machines, For a varying induction both for 15 and | 
30 ~ the ratio between losses in the machinery and losses 
in the laboratory samples increases both with the 
frequency and the induction, as will be seen by the 
dotted lines. This is principally due to the fact that 
there are more eddy currents in a dynamo than in a 
laboratory test-piece. 

Assuming that eddy currents vary with the square of 
both the frequency and the induction, while hysteresis 
varies directly with the frequency and with the 1.6 power 
of induction, it will be seen that it is impossible to find a 
constant factor which will give the exact actual losses by 
multiplication of the theoretical factors. To emphasise 
the difference as much as possible, the curves are based 
on measurements taken from out-of-date machines; but 
similar results will be found in modern machines. We 
therefore see that to calculate the iron losses of a machine 
we must take into consideration the machine running 
urider normal conditions ; and to calculate the iron losses, 
either for the purpose of designing a machine or for 

uarantees, we must base our calculations on curves of 
losses as determined from actual machines. 

The most thorough method of guaranteeing a machine 
consists, therefore, in basing the guarantee on the most 
unfavourable values, obtained from previous machines of 
similar construction. Such values will be found to differ 
toa very considerable degree from those deduced from 
theoretical considerations. 

In illustration of this, some curves of ron losses are 
given in Fig. 18, which are teken from a few of the best 
standard works on electrical machine construction. The 
figure also contains a curve of ag ee by the author 
as a basis for guarantees. Naturally, the efficiency which 
has been calculated for a certain machine is very greatly 
affected y by choice of the curve of iron losses. The 
curves in the next figure (Fig. 19) have been taken as a 
basis for the calculation of the efficiency of a certain 
machine. As may be seen, differences occur of 3 per 
cent. at full load and of 5 per cent. at half load. 

In order, then, toestablish a comparison of guarantees 
as regards iron losses, and to enabie any one to judge the 
comparative value of different machines, it is essential 
that these guarantees should be calculated on identical 
lines. Because otherwise, in specifying the efficiency of a 
machine, a low efficiency is often not so much due to the 
fact that the machine offered is an inferior one, as that the 
specification has been worked out in a more thorough and 
coascientious manner. 

Tron losses can be accurately tested with transformers 
or motor-generators. In motor- the iron losses 
are easily tested. With continuous-current machines 
pee eee ee 0 ee eee brushes. 

ig. 20 shows the variation observed on a machine 


maan 
own information can se iction and iron losses by 
different methods, but the buyer will be satisfied with a 





combined test. With engine-driven generators indicator 
tests give the no-load losses of the set and the losses due 
to excitation and magnetisation. The inaccuracy of 
light-load indicator diagrams is diminished, but not 
altogether avoided, by throttling the steam to work with 
lower pressure. 


Fig. 16. O1L TRANSFORMER. 








Fig. 17 “LOSSES AS TESTED IN MACHINES AND 
Jo uf IN LABORATORY SAMPLES. 
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For nstance, a 400-kilowatt steam alternator gave the 
following results :— 





ee : Average 
| Minimum. Maximum. Value. 





| | horse-power 
Friction losses .. os] $7.5 | 42. 40 
Friction and iron losses | 4.60 60.3 58 
Iron losses ee awl 11.8 | 22.8 18 











A great number of diagrams are therefore required to 
get some degree of exactness. 
If the voltage available differs a little from normal, a 


|Correction may be made, assuming that the losees 


with the square of the voltage. This assumption is 
correct in mcst cases, so that it is not worth while to 
refer to any special laws with to the relation be- 
| tween hysteresis loss and the eddy-current loss. This 
|is evident from the following data, which have been ob- 
a with reference to the iron losses of a direct-current 
| machine. 





Watts 
Volts. Watts. Volts? 
244 340 0.00572 
327 605 0.00565 
415 970 3.00563 
| 500 1405 0.00562 
552 1715 0.00562 
589 1965 0.00566 
Average ... 0.00565 


| 

These figures show that the iron losses of a machine 
| built for a normal working pressure of 500 volts can be 
| correctly represented between the limits of 244 to 589 
volts by the formula, watts = 0°00565 x volts.? 

| Testing is simplified if the efficiencies of engine and 
| generator are not guarant separately, but combined. 
| In this case the result will be obtained by indicating the 
engine and measuring the output of the generator. The 
simplicity of this method and the importance of the 
|result of this test for the buyer has brought it into 
| frequent use. Sometimes the iron losses can be tested in 


a more accurate way than by the indicator method, if the 
generator can be disconnected from the were be om 
and if a second set is available to run the first when fully 
excited. If required in this test, the separation of friction 
from iron losses can be effected either by varying the 
|induction and extrapolation cr by the running - down 
method. 

Though the accuracy of electrical measurements is 
much higher than that attainable in other branches of 
engineering, we must bearin mind that it is not absolute. 
Even with continuous-current tests special care is required 
| to measure current or voltage within 0.5 percent. In 
| dealing with high-pressure wattmeters it is very difficult 
to get within 1 per cent., though the readings may be 
accurate within 0.1 per cent. 

Taking into account the inaccuracy of mechanical 
measurements, it appears absolutely necessary in the case 
of efficiency tests to allow a margin of error, up to 2 per 
cent. being commonly agreed upon. Even higher margins 
must be allowed in hydro-electric plants, particularly 
when working with a small head of water. 

Formerly the losses in the carbon brushes in direct- 
current machines were underestimated and regarded as 
negligible. The friction losses are included in the total 
friction losses of the machine, while thore due to the 
resistance of the carbons are ascertained either on the 
basis of curves, plotted for the different kinds of carbon 
brushes, as shown in Fig. 9 ante, or by adding one insu- 
lated brush, and measuring the difference of potential 
between it and the current-carrying brush. 

The slip losses of 3-phase motors can be ascertained 
either by measuring the copper resistance and the current 
absorbed, or, in the case of slip-ring motors, the frequency 
of the rotor can be measured by means of a millivolt- 
meter. 

Moreover, against the no-load method the objection 
has been raised that under load additional iron losses 
will occur in the machine due to distortion of the field ; 
and with a direct-current armature additional commuta- 
tion losses occur in the short-circuited coils. Though 
theoretically these objections are well founded, they are 
the less important the stronger the field and the better 
the commutation. Therefore, the better the machine is, 
the less these losses may be considered. é 

Efficiencies measured directly and indirectly coincide, 
asa rule, within the limits of the error of the observa- 
tions, which is about 1 to 1.5 per cent. The author 
therefore prefers the simple and more exact method of 
the separate loss measurements. It is, moreover, his 
opinion that this method should be used for calculating 
guarantees, as it is important that guarantees should be 
capable of being checked in a simple and unobjectionable 
manner. 

There is no difficulty in ascertaining power factors. 
Due consideration should be taken that possibly differ- 
ences exist between the phases in two or three phase- 
plant, caused either by a slightly unbalanced line, or in 
certain cases by an unbalanced motor winding, which 
frequently cannot be avoided if the motor is designed so 
as to be separable into two or more parts. The 
simplest way to obtain the power factor is by the 2-watt- 
meter method. Slight inaccuracies of the wattmeters 
a | be eliminated, if necessary, by interchanging them. 

here is no doubt that the greater the value of cos ¢ 
the greater the advantage to the owner of the machine, 
and particularly to the supplier ef energy ; but in con- 
sidering Se ae sane must be a a= it is not 
attained ucing the air-gap to too fine a degree. 

With - alerubtiog current the regulation is defined 
as the percentage drop of the voltage between no-load 
and full-load current with a certain power factor. In the 
case of transformers, however, it is usually ascertained by 
short-circuiting the secondary by an amperemeter, and 
observing in the primary the voltage required to give the 
normal amperes. But as a a good regulation 
is essential with transformers, it should not be obtained 
| by reducing to a minimum the distance between the 

high and low-tension coils. In ss transformers for 
a very high voltage, the author would prefer one with 
ample distance between high and low-tension coil 

even if the regulation is poorer. Apart from specia 
cases, such as ines for electric furnaces or tramway 
machines to work in with buffer batteries, the 
closer the range of the regulation of generators the 
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better. The very small values, however, as a rule, are not 
attainable, on account of the variation of speed of prime 
movers. Furthermore, one must not lose sight of the 
fact that with direct-current dynamos and motors a too 
great degree of regulation might produce oscillations and 
fluctuations between ines working in parallel, and 
small variations of voltage will influence the amperes to | 
a great extent. ; : 
he overload capacity for motors must be tested both 

8 ig and running. In calculating the 

ue of alternating-current motors, one must not lose 
ight of the fact that if the torque varies with the position 
of the rotor, the user has to reckon with the lowest value. 

For measuring the torque, the most convenient method 
is perhaps to start against a spring-balance attached toa 
rope passed over a pulley, and to allow the motor to 
choose a position ; but more accurate results are obtained 
by adjusting a lever in different positions and allowing it 
to raisea weight. 

The overload capacity of alternating-current motors is 
often ascertained in the simplest way by lowering the 
voltage until the motor ceases to run. In motors for 
pumps, fans, ventilators, and such-like, where a variation 
of the torque will never occur in actual service, it is 
this overload cupecity (stability when the voltage falls) 
which is of chief importance to the user. 

Machines, as a rule, are not intended to run with a 
continuous overload, though it may be ee for them 
to beable to doso for a short time. According to the 
German regulations, machines should, as a general rule, 
be tested with a 25 per cent. overload for half an hour, 
and with 40 per cent. overload for three minutes. 

It is, perhaps, enough if these prescribed conditions are 
fulfilled, and that the manufacturer should not be pressed 
to guarantee better results. In building up his machine, 
he should take all precautions to ensure that it works 
well under normal conditions, and should not risk im- 
pairing it in this respect by introducing an undue 
overload capacity. 

With continuous-current machines the maker must 
devote attention in designing a machine to making it run 
absolutely sparklessly. Formerly, when the shifting of 
brushes was usual for dynamos, we checked the com- 
mutation of our machines by ascertaining at different 
loads the most forward and the most backward position 
of the brash gear before any sparking was noticed. 
This is clearly shown by the diagram in Fig, 21, taken 
from a machine running without any sign of sparking, 


19. GURVES OF IRON LOSSES. 
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Fig20.cURVE SHOWING EFFECT OF VARYING 
POSITION OF BRUSH GEAR. 
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| 
from no load up to 1400 amperes, and without any | 
injurious sparking from no | up to 1600 amperrs, the 
brushes pany always in the same position. neutral 
zone at no load equals 30 deg., and at full load 10 deg. 
i.ven if the driver shifted the brushes, and did not take | 
the best position for the given load, there is ample 
margin for varying the load without sparking. Tests of 
this description are less important at the present time, 
since with com ted machines a fixed position is 
guaranteed by the construction of the machine. ‘ 

_A fairly idea is obtained from the commutation 
diagram. Fig. 22 shows some examples of commutation 
curves, taken from a machine working well and from one 
working badly. 


machine under test does not spark, this does not mean 
that it is good. It often happens that a machine which 
runs, say, fairly well to-day will give trouble after some 
months of actual work. What is required, and what 
cannot be checked by a mere test, is reliability. This 
reliability in the first place is guaranteed by the s 

of the mechanical construction. A machine running 
under good mechanical conditions may give trouble if 
these conditions co! through wear and tear, just as in 
testing the materials for a machine we must not lose sight 
Of the fact that the electrical part, although important, 
is only a and that a machine to be good enough must 
be sound both from an electrical and a mechanical point 
of view. It is needless to state that there exist a number 
of methods and instruments for testing a machine elec- 
trically, but it is rather more difficult to test the 
mechanical part. The simplicity and the exactitude of 
electrical measurements are important for the progress 
of the industry ; but one is apt to overestimate the points 
which can be checked without difficulty, to the detriment 
of those which can be checked only by experience. 


simplify and strengthen the manvfacture in general. 
far as necessary in the present paper, the author has 


followed the German standards, mony 4 use they are 
familiar to him, and partly because he considers them 
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Fig.22.COMMUTATION CURVES OF GOOD AND BAD 
WORKING MACHINES. 
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good. A machine must fulfil certain requirements, other- 
wise it is bad. But if these requirements are exceéded, 
the degree of excess is not necessarily a criterion of the 


respect of an icular uirements which may be 
pnts Wy A bob-volt pal ee ster macbine which will 
stand a 3000-volt insulation test may not have so good 
an insu/ation as another which the manufacturer would 
trust with only 1000 volts. For such a machine will never 
be called upon to stand 3000 volts in service, whereas 
copper and coal-dust and want of cleanliness in caring for 
the machine are conditions which are likely to occur. 
The fitness of the machine to withstand these may be 
guaranteed by a thoroughly well-considered design, based 
on experience as to what may prove the weakest point 
under bad circumstances. The same applies to ‘kless 
running. Iftwonew machines run cgelllialy with a final 
test within the overload limits as given, say, by the 
German Regulations, the experienced designer, in com- 
paring them, will not ask if he can go 10 per cent. bigher 
with A or 30 per cent. higher with B, but he will ask 
how the sparkless running is obtained and definitely 


If with B the sparkless running is due to a scrupu- 
lously accurate adjustment of the brushes, to the em- 
ployment of only a certain quality of brusb, or to the 
absolute truth and steady running of the bearings and a 
highly polished cummutator, whereas if with A it is due 
to structural details, such as the use of compensation 
poles, smple dimensions of the cross connections and 
commutatcr, the designer will recognise in A a better 
machine in every way, and even a cheaper, though its 
price will nat y appear higher. 


Efficiency as far as motors are concerned is very im- 





No doubt a sparking machine is bad, but even if the 


It is necessary to have certain standards by which to | based 
As | of the materials, and 


quality of the machine as a whole, nor even of its value in | 5 


have to pay a high price for power, but as 


not pay to trouble about one tenth of 1 per cent. if it 
cannot be checked with accuracy, and if you are losing 
efficiency in your engine and boiler-house. Insist upon 
efficiency in your boiler -house, and renounce a few tenths 
oagh mena of efficiency in your machine, +e this it can 

improved as regards tion overl capacity or 
safety. For instance, we often decrease to a great extent 
the efficiency of low-tension direct-current machines by 
increasing the number of brushes. With a lower number 
of brushes the machine would stand all that is 
required by the specification and all that can be checked 
by the test ; but we prefer a machine fitted with a greater 
number of brushes, as it will stand both an overload and 
bad attention. The latter is a very im t point, as 
there is a great difference between a machine enduring a 
test under testing conditions, and being able to withstand 
all irregularities which may happen in actual service, 
however stron safe it may be in every res; 
Features like this can only be guaranteed by good design 
on ample experience, selection and checking 
conscientious work in all matters 
connected with the tendering for, and the construction and, 
erection of, the machine. 

From the foregoing observations it is clear that one 
must not Soenl on y upon messurements in order to 
form a due estimate of the capabilities of a machine, nor 
must one regard it as a better machine the better the 
values that are obtained. 

Such theoretical calculations must always be sup- 
ee pe by taking due account of the constructive 

etails of the machine, and also of the operas gained 
from acquaintance with machines of similar construction 
and origin. Hence the importance of selecting the most 
suitable materials, and of testing them in a practical 
manner. There is also another personal reason which 
has led the author to deal in this paper with the testing 
of materials on the one hand and testing of machines 
on the other—namely, that he may be regarded as 
defending the interests of the consumer in the one case, 
and those of the manufacturer in the other; and having 
come to the same conclusion from both points of view, 
this may serve to strengthen his arguments. 

Good factors cannot based on the amount by which 
the standard values are exceeded, but the practical points 
must be considered. Where accurate measurements are 
possible, such measurements should be made by all means ; 
but at the same time the qualities which cannot easily 
be gauged and are equally important must not be lost 
sight of. In all cases where measurements do not suffice 
one must take into account the workmanship, and, above 
all, make use of the experience obtained from similar 
objects based on the same lines, 








TRANSITION Pornts oF STeets DeTERMINED BY ELkEc- 
TRICAL ResistaNce.— P. Fournel (Comptes Rendus, 1906) 
gives curves representing the relationship between the 
electrical resistance and the temperature, which are 
drawn for five samples of steel. e transition points 
designated by Osmond, A;, Ao, and As, are clearly indi- 
cated by breaks in the curves in the case of thes con- 
taining a small amount of carbon. The composition of 
— and the critical temperatures are given in the 
table :— 
































Number of| 
steel .. 1, | 2. | 8. 4. | 6. 
Com- Per Cent., Per Cent. Per Cent.) Per Cent. Per Cent 
ponents. } ¥ 5 | 4 
Carbon . 0.03 | O11 | 028 0.37 | 1.05 
Silicon .. 0.24 | 0,02 0.33 0.126 ? 
Mangan- | 
ee .. 043 | 086 | 087 0.47 | 0.95 
Total .. 0.75 O48 | 1,12 0966 | ? 
A, deg C. .- 670 695 | 
2 775 780 740 730-770 | 780750 
As 8s0 890 790 | 
: -| 8142 21.14 43.36 83.87 | ? 
@ «ew ee matohedite beenciradited \reetredtis 3.8x10-4 4xlU-4 
| 





The resistance was measured on a wire 0.3 millimetre in 
diameter, rolled round a double sheet of mica, and heated 
in a vacuum by an electric resistance furnace. The wire 
was arran in ceries with a known resistance, and a cur- 
rent of a few hundredths of an ampere passed through, 
The electrical resistance was measured by the potentio- 
meter method. The temperature was ascertained by a 
Le Chatelier pyrometer, the junction of which was in- 
serted between the folds of the mica, Care was taken 
that the rates of heating and ccoling were the rame in 
each series of tests. For temperatures below 600 deg. 
the curves are arranged on diagram in the order 
of the value of =, where = for each steel is the sum of 
the yroducts of the carbon, silicon, and manganere con- 
tent of the steel and the corresponding atomic weights. 
Curves representing the relation between the change of 


electrical resistance with the tcmperature (4%) and the 


tem ture (t) are given for the five samples of steel. 
Each curve consists of two straight lines, one parallel 
to the axis of temperature, and the other oblique, and 
for the five curves the temperatures corresponding with 
the meeting-points of the two lines increase as the values 
of = decrease. Above 900 deg. the resistance increases 
with the temperature according to the equation R t Rog = 
iret) the coefficient of variation a increasing with >. 

e values of = and a for the fivesamples are incorporated 





portant in connection with a eentral station, where you 


in the above table. 





generators this point is often overestimated. It does 
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‘‘ENGINEERING” ILLUSTRATED PATENT | furnace throug 
RECORD. 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902, 
The number of views given in the Specification Drawings is stated 
in each case ; where none are tioned, the Sp ifioati is not 
illustrated. 
Where inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. 
of Specifications may be obtained at the Patent Office, Sale 
vanch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform P pew of 8d. 
The date of the advertisement of the acceptance of a Complete 
—— is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is gi 








wen. 
ay may, at any time within two months from the date of 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 
23,757. Callender’s Cable and Construction Com- 
pany, ted, London, and A. V. Downton, Erith. 
a (4 Figs.) November 18, 1905.—This invention relates | 
to apparatus employed in the manufacture of stranded — | 
iron, and steel wires, and its object is to do away with the slow, | 
expensive process of winding the wires from the coils on to the | 
bobbins or reels. The coils of wire are placed on improved 
collapsible bobbins, which are then expanded so as to the 
coils, to prevent the wire from being loose when revolving in the 
machines. a is the carriage with spindle, which can be readily 
slipped out to release the bobbin. The flange is formed of a 
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central sleeve b, a fixed flange c, and a flange c!, that can be lifted 
off the sleeve to allow of the insertion of a coil of wire. d are 
arms, of which there may be three or more, working in slote in 
the flanges ¢ and c!, and carried by nuts working on screws ¢ 
carried 3 the sleeve-band by the ec. On the inner ends 
of each of these screws is a bevel-wheel ¢!, The bevel wheels all 
gear with a central bevel-wheel f loose on the sleeve b. The 
arrangement is such that if one of the screws e be turned by a 
handle on its outer or squared end, all of the screws are turned 

ually, and the arms d move in or out together. The bevel- 
wheels may be omitted, and each arm worked separately if 
desired. (Accepted November 28, 1906.) 

9688. C. E. L. Baden, Switzerland. Cir- 
cuit-Breakers. (4 Figs.) April 25, 1906.—This invention 
relates to an improvement for the utilisation of such alternating 
current circuit-breakers as are described in Letters Patent 
No. 15,500, of 1908, and has for its object to obtain a circuit- 
breaker which shall be effective within very wide limits of current 
———-. The invention consists in controlling the operation of 
the circuit-breaker by varying the tion of the short-circuited 
ring on the laminated poles of the electromagnet, whereby, owing 
to the variation of screening effect, a ~~@~ may be obtained 
and controlled from zero to a maximum. =" Fig. 1, 3 
is the laminated core of the electro-magnet, with the short- 
circuited windings 4 and 4! on both sides of the poles for pro- 
ducing the screening effect, 1 is the disc armature of the electro- 
motor, and 2 the coil of the electro-magnet. The pole of the 
electro-magnet carrying the short-circuited ring 4! can rotate on 
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an axis situated perpendicular to the plane of the disc armature 1, 
and carries a graduated ring R, 80 that the rotation of the pole 
can be seen and measured by means of a fixed pointer. By means 
of this device it is possible to vary the relative position of both 
the short-circuited windings 4 and 4). Various adjustments are 
thus effected. In Fig. 2 both short circuited windings are similarly 
situated, the angle of rotation being 0 deg., 80 that they a 
support each other in their action on the disc-armature. In th 
case the torque exerted on the disc attainga maximum. When 
the short-circuited windings are toeach other the angle 
of rotation is 180 deg., so that they counteract each other in their 
action on the disc-armature. In case the torque exerted on 
the disc is zero. Instead of arran only one of the 
the ——oe 80 as to rotate, may be 

able, in order to permit of an exce; ly fine regulation of the 
torque exerted on the disc-armature. (.1 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
14,947. F. K. Siemens, 
Gas-Furnaces. 
No. 25,057, of 1902, is described a om aes gas-furnace wherein 
hearth or bed is 
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The gas 

a port ¢, which is on the 

The air, pod gam | the usual reversing valve d, passes 
ugh one of the two regenerators ¢, worked in 





then the corresponding heat-equaliser /, finally entering the 

‘h one of ths te packs a, walsh axe controlled by 
suitable valves operated in alternation to cut off communication 
between the furnace and the equaliser, which is not in use ; or the 


Sian the furnace, mop So Some wnwe SL 
port. flame sweeps along furnace- to 
cooler end of the furnace, wh ducts of combustion 





escape through one of the ports i, controlled by valves worked in 
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alternation. From this port the products pass through a short 
flue into that merator which is not at the time being traversed 
by the air, and foally escape to the chimney-flue 1. e ingots, 
or other pieces to be heated, are propelled from the cooler to the 
hotter end of the furnace by a suitable pusher, or otherwise 
moved along, and are removed through a lateral opening o at the 
hotter end of the furnace, either by a pusher or other appliance. 
(Accepted November 28, 1906.) 
2502. W. J. Crossley, and W. Webb, 
‘In bustion es. [5 Figs.) 
February 1, 1906.—This invention relates to means of governing the 
speed and — of internal-combustion engines. h cylinder 
is provided with two admission-valves opening into the sti 
chamber : one valve for admitting air to the cylinder, and the 
other valve for admitting either fuel or a mixture of fuel and air 
to the cylinder. In the passage leading from the atmosphere to 
the air-valve is a throttle-valve which is connected to and con- 
trolled by a centrifugal or other governor. The fuel-valve and 
ignition device may be placed in a pocket or recess, and if re- 
quired, this pocket or recess may only communicate with the 
main combustion-chamber by a contracted . When the 
engine is at work, the fuel, or the mixture of fuel and air, enters 
the cylinder during the suction strokes through the fuel-valve F, 





| difficulties, and to 


80 adjusted that in the hori- 


y 
an arm / provided with an adjustable weight g. U; 
on which this arm rocks is spell te oe A eae 
centre of the membrane by a connecting-rod k, this membrane m 
the of the submersion ‘rudder z by 
a 


sage npc 
| means rod v. ‘’ With the axis of the to: in the horizontal 


position and the torpedo at normal depth of immersion, the 
weigh sracthalennan thet, 


or downward steering takes place. If the torpedo is situated at 
less than the normal depth, the rotary moment of ee 
will force the membrane outwards, by which means the rudder 
will be caused to rock downwards ; if the depth of immersion, 
however, exceeds the normal, the membrane will be pressed 
in overcoming the counterpressure of the rotary moment 
of the pendulum, and the rudder will be caused to rock — 
Besides this function the weighted arm / also serves as sub- 
mersion oe because its ro’ moment increases or de- 
creases with the inclination of the longitudinal axis of the torpedo. 
(Accepted November 28, 1906.) 


WORKING. 


oun B. H. Locke, New York, U.S.A. Rock- 
(8 Figs.) October 18, 1906.—This invention relates to 
the construction of drills re in es machines, 
such as electric drills, and in which provision is made for carryin 
a stream of air or water through the drill stock to be disc! 
bottom of the hole being made by the drill for the 
of stirring up and facilitating the ejection of the mud. 
drilis are provided with longitudinal axle-bores or channels 
which terminate in, or close to, the drill-head. In sharpening 
the drills such a hole is closed, and provision must be made for 
re-opening it. It is also found that such a hole is liable to be 
H by a fragment of rock driven into it under the action of 
the drill, so that the of the stream of air or water is 
prevented. The object of this invention is to overcome these 
means for admitting the stream of 


pro 
| water or air at a point near the drill face, which shall not be 


liable to be rendered inoperative by plugging, shall not be closed 
in the process of sharpening, shall not require attention, 





except the removal of a plug during successive resharpenings. 
In accordance with the invention, the drill stock a is provided 
with a longitudinal channel d, which is connected at the ex- 
t ity of the drill stock, or at any suitable point, witha supply 





the amount being determined by th i 


ep of the 
valve T, which controls the amount of air entering the cylinder 





through the air-valve A during the suction strokes. When the 
speed of the engine falls below the normal,or when the load 
carried by the engine is increased, the throttle-valve T is partly 
closed by the governor, thus increasing the vacuum in the 
cylinder during the suction strokes, and thereby inducing a 
ater amount of fuel or mixture to enter through the fuel-valve 
. The effect of this is to increase the power of the following 
impulses until the normal speed of the engine is regained. Ina 
similar manner, when the speed of the engine rises, or when the 
load on the engine is reduced, the throttle-valve T is further 
opened by the governor, thus admitting more air to the cylinder, 
reducing the vacuum therein during the suction strokes, and 
poms | inducing a less amount of fuel or mixture to enter 
through the fuel-valve F, with a corresponding reduction in the 
power of the following impulses until the normal speed of the 
engine is regained. The air-valve A and the fuel-valve F may be 
operated mechanically, or they may be automatic in their action. 
Accepted November 33, 1906.) 


GUNS AND EXPLOSIVES. 


4587. A. E. J Fiume, Austria. 
(3 Figs.) February 24, 1906.—This invention relates to improve- 
ments in those devices which serve to maintain a travelling 
at a predetermined depth, and in which the movements of the 
horizontal rudder are initiated on the one hand by a membrane 


Fig. 2. 
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of air or water under moderate pressure, for the igo of stir- 
ring oe ont facilitating the disc’! e of the mud from the hole 
being led. At frequent intervals along its length, back of the 
drill-head, thechannel d is provided with lateral holes or open- 
ings e, el, the same opening through the side of the drill stock. 
These holes are so placed one of them shall be within a short 
distance of the of the drill occasioned by ning, and 
this opening is left free, while the openings above it are plugged 
temporarily with small wooden plugs lightly driven in. In the 
use of the the stream of air or water issues from the hole ¢ 
nearest to the drill-head c, where it is found the issuing stream 
of air or water acte with as much efficiency as if it issued 
axially in the face of the drill. If the hole ¢ is closed when the 
drill is resharpened, then the plug is removed from the next hole, 
asel. (Accepted November 28, 1906.) 


MOTOR ROAD VEHICLES. 

15,598. M. S. Napier and 8. F. Edge, London. 
Stossing Seantee. (3 8.) July 10, 1906.—This in- 
vention relates to improvements in adjustable nuts for the steer- 
ing gear of motor vehicles and other similar mechanism. It is 
known that nuts and screw-threaded sleeves become slack through 
wear, and where movement is transmitted through such nuts, as 
in steering, the play between the screw-threads injuriously affects 
the accuracy of the transmission. To obviate this disadvantage 
it has been proposed to employ divided nuts, having two sections 
relatively adjustable, and the present improvements are par- 
ticularly applicable to nuts of this type. According to this in- 
vention, in a nut divided through ite screw surfaces into parts 
that, for the purpose described are relatively adjustable, there 
are provided upon one part holes of a pitch different from that of 
the holes of the companion ow for the pe of enabling a 
differential adjustment that is finer than the pitch of the holes to 
be obtained by a device that centres any opposite pair of holes. 
The nut comprises one internally th ied section A, which is 
prevented from rotating in any convenient way, and carries teeth 
Al to operate a steering quadrant or the like. On the face 
nearest the other nut-section is a series of recesses A2, fifteen 








recesses being employed in the example shown in the full specifi- 
cation. ne re ature wholly or partially closed at their 
inner ends to retain the connecting plug. A wonses Etwenty- 
threaded section B, having threads of the same pitch as those 
A, is arranged to screw on to the same screwed rod, and is pro- 
vided on its meeting face with a series of recesses B!, of smaller 
diameter than the recesses A2, and in this case seventeen recesses 
B! are shown in the full specification. The plug C has one portion 
of a diameter to fit the recesses’ A2, and a smaller portion to fit 
the recesses B!1. By inserting the plug C into different pairs of 
recesses A2, BI, a delicate relative adjustment of the sections A, B 
can be obtained. In the example illustrated in the specification, 
a mov 


of a revolution. It will be clear 


that, when the sections are in place upon the screwed rod, the 
retained in position Without being secured to either 


C is 
oles. (Accepted November 28, 1906, 
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ude Expérimentale du Cement Armé. Par R. FERet, 
Chet du Laboratoire des Ponts et Chaussées a Bou- 

logne-sur-Mer. Paris: Gauthier-Villars. [Price 20 fr. 
In this well-printed and adequately illustra 
volume M. Feret has collected together the results 
of many years’ experimental researches into the 

roblems arising in the use of ferro-concrete. 
Practically each element affecting the strength of 
this material has been the object of a separate 
investigation ; and as full details of the conditions 
of the test are given in all cases, the tabulated 
results form a mine of data which must prove of 
extreme value to the engineer concerned in the 
constantly extending applications of this relatively 
novel structural material. Very many experi- 
ments on the strength of ferro - concrete have, 
of course, been made by practical constructors ; 
but though no doubt these have served a useful 
purpose, they have not in general been calcu- 
lated to throw much light on the theory of this 
composite material. For this it is essential that 
each series of tests shall be concerned with the in- 
fluence of one only of the several elements in- 
volved, which alone should be varied throughout 
the series, whilst all others are maintained con- 
stant so far as is practicable. The supreme 
importance of this procedure has been fully re- 
cognised by M. Feret ; but, naturally, the time 
required to cover so extensive a field of investiga- 
tion has been very great, and the volume before us 
represents, accordingly, the result of no less than 
thirteen years’ labours. 

M. Feret’s early experiments were made upon 
small bars, about 16 in. long by 14 in. square, rein- 
forced with wires of high-tension steel varying in 
diameter from No. 36 S.W.G. upwards. The points 
investigated included the influence on the strength 
of the model beams, of the number of reinforcing 
wires used, of the character of their surface, 
whether rusty or polished, of the quality of the 
mortar used, and of a number of points of equal 
interest. Since, however, there is no certainty 
that the concrete in larger beams would harden as 
thoroughly as in these small models, M. Feret 
supplemented these with an extensive research, 
conducted on much larger beams, some of which 
were over 20 ft. long, and of correspondingly large 
cross-section. The steel-work used for the rein- 
forcement consisted of commercial bars ranging 
from fin. up to 1lgin. in diameter. In the first 
series of tests these beams were simply supported at 
two points and broken by loading them centrally. 
The points investigated included that of the best 
spacing between the bars. It was found that for 
a given total section of metal the resistance was 
greater the greater the number of bars; but it 
also appeared that for each size of bar there was a 
limit to the closeness with which they could be 
grouped together. 

Amongst the most interesting of the experiments 
described are those in which M. Feret investigates 
the effect on the beams (reinforced or not) of 
repeated loadings. In the case of the model ex- 
periments, it was found that plain unreinforced 
beams broke in two under these conditions at 
much about the same loading as the reinforced 
beams first began to show cratks. In the case of 
the unstrengthened beams, the first crack was 
identical with complete rapture, but in those con- 
taining a metal reinforcement there was still a very 
large reserve of strength left. These experiments 
with repeated loadings, moreover, indicated a 
certain ‘* fatigue” of the materials, since the 
halves of a beam thus btoken, if tested afresh, 
always gave way at‘a lower ‘bending moment than 
was required to break the complete beam in the 
first instance. A similar series of experiments 
were next made on large beams, the interest of 
which was much increased by the fact that the 
actual extensions of the top and bottom fibres 
were measured, in addition to the central de- 
flection. A curious feature observed in con- 
nection with all these measurements was the 
existence of a certain elastic ‘“‘ inertia.” On 
applying a load the registering needles never, at 
the outset, took up their proper positions, but 
only did so after the beam under test had been 
hit in vibration by a few blows from a mallet. 
This done, there was no further creep of the indi- 
cators on leaving the load in position for some 
hours. It appeared, moreover, that although in 
a sense the beams might be considered perfectly 


elastic, this ex ion could only be employed 
with a somewhat restricted significance. After 
the beam had by re loadings been brought 
to a state of ease, the upper and the lower limits 
of the deflection, on the complete application 
or removal of the load, remained constant, so that 
there was no further plastic yielding or increase 
of permanent set. evertheless, if the loads 
were put on or removed by instalments, and the 
deflections under intermediate loads noted, the 
curve for deflections with increasing loads never 


loads, but was quite different in shape. The same 
was found to be the case with the elongations and 


the beams. The phenomena in question were not 
due to ‘‘ sticking” of the instruments, as no 
ing was taken until after the whole system had 
been brought to a state of ease by blows of a 
inallet, as aforesaid. 

In another interesting series of experiments M. 
Feret submitted cubes of concrete to repeated 
loadings, taking stress-strain curves at each re- 
petition. In the case of the first application of 
the load the stress-strain curve was of the usual 
form for granular materials, At the outset the 
strain increases much faster than the load, and 
curves somewhat sharply upwards, being concave 
to the axis of the loads. This portion of the curve 
is followed by another, in which the material 
follows Hooke’s law fairly approximately, after 
which it curves over convex to the axis of loads 
in much the same way as is observed with plastic 
materials. The shape of the curve is therefore 
very much that of the sign for integration. When 
the loadings are repeated a sufficient number of 
times, the curve, asa whole, straightens out, the 
initial bend in particular becoming much less 
marked. In the course of these experiments it 
further appeared that so long as the maximum 
load on the cube did not exceed about half the 
ultimate breaking strength as determined in the 
usual way, the material was in no way injured 
by repeated repetitions of the loading. When, 
however, the load, alternately put on and taken off 
the cube, was two-thirds the original breaking 
strength, it was found that a sufficient number— 
in one case fifty-nine—of repetitions of this load 
would ultimately crush the specimen. Similarly, 
five applications of a load equivalent to four-fifths 
the original crushing strength of the concrete also 
produced failure. 

Following the description of these ee 
of which we have given only a rough outline above, 
M. Feret takes up the discussion of the strength of 
concrete ferro-concrete beams from the theoretical 
standpoint, treating the question in the utmost 
generality. His final conclusion is that the only 
practicable hypothesis is the usual one—that normal 
cross-sections of the beam plane before flexure still 
remain planes afterwards ; but the stresses in the 
concrete do not, as with metal beams, vary propor- 
tionately to the distance from the neutral axis. 
The whole question is very minutely investigated, 
and a graphic method given for determining the 
effective resistance of a beam from the known 
stress-strain curves of its component materials. 

This discussion is followed by a very complete 
bibliography of ferro-concrete, which is certain to 
prove of great use to those interested in this sub- 


ject. The section devoted to this numbers 145 
pages, and must include fully 1200 different 
entries. 


Further experimental researches form the con- 
cluding section of the volume. Amongst the inte- 
resting points here dealt with is the variation in 
the compressive and bending strength of cement 
mortars and concrete with variations in the pro- 
portions of the different materials used. In the 
case of cement mortars, the author finds that if c 
be the volume of the cement, s that of the sand 
used, and V the volume occupied by the cement as 
mixed to a good plastic condition, then the com- 


pressive strength varies as ( Vv f y. A similar for- 
—8 


mula applies also to concrete, so long as no portion 
of the aggregate exceods j in. in diameter. In this 
c 

y -) , where S=the 
sum of the volumes of the sand and gravel. 

The important question of the adhesion between 
concrete and iron also receives in this section ade- 
quate ition. M. Feret distinguishes between 


case the strength varies as 











corresponded with that obtained with diminishing | 


contractions of the lower and upper surfaces of | 


sion. The former can be determined without 
much difficulty, but experiments on tangential ad- 
hesion are much less satisfactory. In ferro-con- 
crete probably both factors are involved. By 
pushing rods of different lengths and sizes through 


|a block of concrete, into which they had been 


moulded, M. Feret found that there was no 
oun relation between the areas of the contact 
surfaces and the forces required to start the rods. 
With concretes made of different portions of 
the same cement, sand, and gravel, the adhesion to 
iron appeared to be pretty nearly proportional to 
the compressive strengths. In all cases the adhe- 
sion is improved by mixing the concrete with a 
liberal, but not excessive, proportion of water. 

For fuller particulars of Vie experiments, and for 


read- | further information as to other important conclu- 


sions established, we must refer our readers to the 
volume itself, which will well repay careful study. 





Theoretical Mechanics: An Introductory Treatise on the 
Principles of Dynumics. By A. E. H. Love, M.A., 
D.Sc., F.R.S., Sedieian Professor of Natural Philo- 
sophy in the University of Oxford. Secon ition. 

Cambridge: University Press. [Price 12s. ] 
A few years ago Professor Love published a work 
on theoretical mechanics, intended for those who 
have made no great progress in mathematical 
analysis. A knowledge of solid geometry and a 
familiarity with differential equations were not of 
necessity required from the student ; but perhaps 
his path would —_ less thorny if he had some 
acquaintance with those subjects. A second edi- 
tion of this well-known work has now been issued, 
but in his preface the author states that the changes 
that have been made are for the most part simply 
of the nature of a rearrangement of the order of 
the material with the view of presenting the theory 
in a less abstract fashion, and avoiding long prelimi- 
nary discussions. 

In the interval between the appearance of the 
two editions the outery against the methods ordi- 
narily pursued in the teaching of mathematics has 
become acute, and as one reads through the several 
chapters dealing with the motion of a particle, or the 
theory.of a momentum, or the rotation of the earth, 
or many another division of the familiar ground 
covered by dynamics; one looks to see whether, 
and to what extent, this recent discussion has 
affected the author. Can the influence of Professor 
Perry’s crusade be in this treatise? We 
think not, although the work is essentially modern 
in its character, betraying the modes of thought 
to be found in the most advanced schools. The 
mechanics of the engineering laboratory, whose 
principles, to a certain extent, are empirical, to be 
discovered by experiment, and whose laws are 
applicable to gross and destructible materials, find 
little space here. The word “theoretical” in the 
title perhaps excludes this view, and consequently 
‘*the occult phenomena described by writers on 
mechanics,” which have given so much offence to 
the distinguished engineer, continue to make their 

ance. This feature is, perhaps, more notice- 
ble in the numerous examples with which the 
book is enriched. These do not exhibit that prac- 
tical character which would recommend them to 
the adherents of the new school. A graver objec- 
tion, some may think, is that many partake of the 
nature of conundrums, which one would like to see 
abolished from the examination paper, where they 
are so rife. From these remarks it will be under- 
stood that Professor Love is not writing for those, 
or mainly for those, whose education has to be 
hurried, in order that their work may become 
quickly productive, 

It is not necessary to describe at length the 
contents of the several chapters. In a work of 
this character the method of treatment is of more 
importance than the subject treated. Many will 
be grateful to the author for his elegant and lucid 
exposition on two dimensional motion of a rigid 
body ; and some may take exception to the intro- 
duction of new terms, such as ‘‘ frame of reference” 
for ‘co-ordinate axes,” ‘‘localised vector,” &c.; 
but such terms are very descriptive, and. will be 
generally accepted. Perhaps the most interesting 
and the most original chapter in the book is the 
last, in which is presented a summary and discus- 
sion of the principles underlying the fundamental 
notions of dynamics. Itisa chapter addressed to 
the metaphysician, perhaps, rather than to the 
student, who may solve problems in mechavics and 
yet have very incorrect notions of ‘‘force.” Ex- 





what he calls the normal and the tangential adhe- 





periments purposeful and methodically performed 
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have enabled us to detect accelerations, and to 
produce these accelerations we have inferred 
*taction” or ‘“‘force.” ‘* But,” says the author, 
‘*when we draw these inferences we go beyond 
the facts. The occurrence of definite accelerations 
in definite places is a physical fact. The inference 
that some action in force produces them may, or 





may not, be legitimate.” But we suggest that this, 
like some other questions raised in this chapter, 
connected with the structure of bodies, or the} 
conservation of energy, need not disturb the 
student. As long as he is consistent he may define | 
force how he pleases. To measure force it is not 
necessary to define it. Asa matter of convenience 
we may regard force as the product of a number 
expressing mass by another number expressing 
acceleration, and we shall get on merrily. Mass 
may be as difficult a conception as force; and this 
method of measurement does not advance us one 
whit ; but for practical purposes, and for the re- 
quirements of tuition and training, which we 
imagine is the — of the work, we can get 
along very well without ‘‘ concepts.” 

The Chemistry of Paints and Paint-Vehicles. By CLARE 
H. Haut, B.S. London: Archibald Constable and Co., 
Limited. [Price 8s. net.] 

Tue scheme of this work may be outlined by indi- 

cating the contents of its five separate chapters. 

Chapter I. gives methods of determination of the 

different chemical elements which form constituents 

of paints. In Chapter II. the dry raw materials 
used in the manufacture of paints are set out, with 

a short sketch of their physical properties; and of 

the methods of analysis to Se followed to split them 

up into their elementary constituents. Chapter III. 

deals with the analysis of samples consisting of a 

mixture of two or more of the raw materials dis- 

cussed in the previous chapters; the matching of 
samples is discussed in Chapter IV., while the 
final chapter is devoted to descriptions of paint- 
vehicles and methods of determining their purity. 

For young chemists engaged in oil and colour fac- 

tories the book should be useful, as the author 

writes from their standpoint, and is able to empha- 
sise practical points which experience shows to be 
important. 
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-_TYNESIDE INDUSTRIAL PROGRESS 
AND PROSPECTS. 

Surricient justification for such a review of the 
industrial situation and prospects of Tyneside as 
we propose to make is to be found in the desire 
on the part of many manufacturers for what Mark 
Vwain would call ‘‘more elbow room.’’ Indeed, 
the steadily growing migratory movement of fac- 
tories to the provinces makes of wide interest an 
analysis of the economic conditions prevailing in 
districts suitable for new works, and we are further 
encouraged in this review, so far as Tyneside is 
concerned, because of the propagandist movement 
organised jointly by the North-Eastern Railway, 
the Tyne Improvement Commissioners, and the 
Chamber of Commerce of the district. Such com- 
binations, with the aim of educating manufacturers 
regarding the suitability of such areas for new 
works, deserve to be encouraged, and we readily 
accepted the invitation to make an investigation 
regarding Tyneside industrial progress and pro- 
spects 


The rich coal deposits of the district provide 
exceptionally cheap fuel ; the Cleveland ironstone 
affords ready supply of anotler important item in 
manufactures ; and two or three e chemical 
works further assist to meet other possible demands 
for raw material. The climatic conditions are 
suitable for almost any industry; it would be 
difficult to name a branch of applied science not 
prosecuted successfully on a commercial basis in the 
district. As regards labour, it is plentiful ; and as 
the educational resources are quite satisfactory— 
from the admirably equipped Newcastle and Durham 
Colleges to the equally essential elementary schools 
—the quality or intelligence of the labour ought to 





be above the average. Thus early it should be 


enforced that what the district needs most, from 
the point of view of the utilisation of labour, are 
establishments employing female labour. The sexes 
are equally divided, but on an average only about 
36 per cent. of unmarried females over ten years of 
age are employed, excepting in Newcastle, where, 
as in similar large towns, the proportion is from 45 
to 47 per cent. Shopkeeping and domestic service 
account for the greater number. In purely indus- 
trial communities, like Wallsend, Gateshead, 


' Jarrow, and South Shields, the proportion of 


domestic servants to the total unmarried female 
community of working age is only about 10 per 
cent., and the total employed 35 per cent. There 
is thus an opening for such works as could utilise 
the services of the large available female labour. 
Tyneside differs in an important respect from 
Tees-side, regarding which we wrote in a recent 
issue.* There the comparatively recent discovery of 
ironstone brought about almost mushroom growth. 
The Tyne industries are of more remote origin, 
and are associated mostly with coal and ge 
Ironmaking is not extensive, there being only 
about a dozen blast-furnaces, as compared with ten 
times that number on the Tees. The advance in 
industries generally has been steady rather than 
great. The increase in the population of New- 
castle, as shown in Table I., has been 2.3 per cent. 
per annum during the past three decades, in South 


TasLe I.—Population of Tyneside Towns. 


Gates- Wallsend, 
| head, in- Borough Jarrow, | Willing- 
| New- | Gaudin South of Hebburn, lton Qua 

Ss | castle. Hmm Shields. Tyne- and Hed. “" i y> 
4 & Felling. mouth. worth. | Howdon. 





1801 33,045 11,484 | 11,011 13,171 1,566 | 8,120 
1811 32,573 11,687 | 15,165 17,558 3,193 | 8,584 
| 3,530 


’ '’ 
1831 53,613, 20,601 | 19,756 23,206 3,593 5,510 
1841; 70,337| 26,513 | 28,072 25,481 3,600 | 4,758 
1851 87,784 33,674 | 28,974 29,188 3,835 5,721 
1861 109,108 | 43,064 | 35,239 34,021 6,494 | 6,715 
1871, 128,443 | 61,563 | 45,336 38,941 24,361 
1881) 145,359 90,386 | 56,875 44,118 40,825 13,737 
1891, 186,300 | 104,312 | 78,391 46,558 53,587 28,969 
1901) 215,328 | 140,618 | 97,263 51,366 58,617 | 86,141 
| | | 








Shields 3.8 per cent., and in Gateshead 4.3 per 
cent. This is higher than the increment in the 
population of the counties. The gain in Northum- 
berland has been under 2 per cent., and in Durham 
2.6 per cent. In the comparatively new industrial 
centres of Jarrow and Wallsend the advance has 
been much greater. Another feature which throws 
some ,light on the progress in manufactures is the 
rate of increase in the assessable value of the 
various towns. New factories should bring about 
a larger pro ruta increase. Inthe case of Newcastle, 
as shown in Table II., the increment in the past 


TABLE II.—Quinquennial Advance in Rateable Value 
in each Town, 1881 to 1906. 


| | 
| Tynemouth 
. 7 | South 
Year. Newcastle. Gateshead.| and North Shield 





Shields. 
£ £ £ 
1881 732,723 224,524 154,851 199,838 
1886 806,113 234,995 179,138 235,272 
1891 915,841 256,647 139,759 | 254,643 
1896 1,075,153 205,724 | 187,506 300,697 
1901 1,299,388 | 359,562 216,687 365,778 


1906 | 1,614,097 424,758" | 243,192 418,155 
! i i 


Nots.—The date of srapesition ot the assessment roll varies ; 
but this is negligible if the reader confines his parison to the 
quinquennial progress in each town. 
twenty-five years has been 4.8 per cent. per annum, 
about double the rate of advance in the population. 
In Gateshead the assessable value has not increased 
pro rata with the population, the increment in the 
former instance being only about 3.6 per cent. In 
the case of South Shields the value has advanced at « 
greater rate than the population—namely, by about 
4.4 per cent., and Tynemouth, which includes North 
Shields, by 2.3 per cent. Until we have the results 
of such an industrial census as Parliament last 
year authorised, it would be a mistake to place 
too much reliance on the figures we have given, 
because there are variants which militate against 
accurate comparison. There is, however, room for 
recognising possibilities of improvement. The 
municipal authorities, it may be assumed, will be 
anxious to encourage any proposal which will add 
to the prosperity of the respective communities. 

The facts obtainable regarding the railway and 
river traffic indicate that there has been an ex- 
pansion in business of greater proportion than in 








*See EnoivetrinG, vol. lxxxii, pages 2 and 34. 


the case of population. The North-Eastern Rail- 
way Company have, during the past five years, 
spent something like 1} millions sterling in railway 
works in and around Newcastle. These have, in 
}some measure, been associated with passenger 
traffic: the construction of the new high-level 
bridge into the central station, and the substitution 
of electric, for steam, traction on the local lines 
| north of the Tyne. A considerable sum has, how- 
| ever, been spent on increased freight traffic facilities, 
|as shall presently be explained, and in the past 
| thirty years the tonnage received at and forwar- 
ded from Newcastle has grown to the extent of 
75 per cent., totalling now nearly a million tons, 
while traffic at Tyneside stations to the east of 
Newcastle has been increasing during the past ten 
years at the rate of 10 per cent. per annum, the 
total being now 1} million tons, exclusive of coal. 
The company would naturally welcome an augmen- 
tation in freights of the better class. This remark 
applies even in a greater degree to river traffic. 

The Tyne Commissioners have in the past thirty 
years spent something like three millions sterling 
in river and other improvements, exclusive of the 
cost of substituted works, and works of maintenance 
and repairs ; and, as a reward, they have increased 
their revenue in the thirty years from 177,7631. to 


Taste III.—Progress of Harbour. 











Tyne Tonnage of Net Ton- 
Commis. | Tonnage | Coal Ex- “other im- nage 
Year. of Ships : . 
si in Port. | Tonnage. Ports and | of Ships 
Revenue. : ange. Exports. Built. 
iy 
1855 | 84,529 | 2,791,371 ee | 
1860 66,271 3,120,265 | 4,264,901 
1866 114.854 4 087,422 | 5,164,175 52,555 
1870 136,975 | 4,574,565 | 5,816,737 | | 60, 
1875 177,763 | 5,205,146 | 6,918,310 | 41,890 
1880 253,466 | 5,855,171 | 8,131,419 | 2,098,804 | 93,632 
1885 | 267,163 | 6,105,932 | 9,601,835 | 2,200,823 | 64,114 
1890 305,632 | 7,150,464 | 10,729,199 | 2,504,560 142,939 
1895 309,256 | 7,566,502 {11,351,693 | 2,319,737 | 101,598 
1900 883,503 | 9,433,326 | (4,520,929 | 2,771,565 | 178,312 
1905 420,754 _— 193 | 16,455,557 | 2,763,697 | 180,631 





420,7541., or by about 4.2 per cent. per annum, 
while the tonnage of ships using the harbour has 
doubled, the total being now close on 11,000,000 
tons, reckoning once only the tonnage of a ship 
arriving and departing. The figures in Table III. 
indicate that about 85 per cent. of the tonnage of 
imports and exports is coal, and this, unfortunately, 
is not a decreasing proportion. The coal exports 
total now about 16} million tons ; all other goods, 
imported or exported, make up only 2? million 
tons. Thus, leaving out of account the great mining 
industry, the increase in the shipping trade during 
the past twenty-five years has been at the rate 
of about 1.3 per cent. per annum, which is less 
than the increase in the population or rateable 
value of the industrial communities. Undoubtedly 
the natural and economic conditions obtaining 
justify a greater development. In considering these 
we may review, first, the facilities offered by 
the railway companies and by the Tyne Improve- 
ment Commissioners. 

The map which we publish on the opposite page 
shows in black some of the sites available for new 
works. Many of them are on the riverside, and the 
terms of purchase are in several instances encourag- 
ing, especially in view of the port facilities available. 
Some of the sites are to the west of Newcastle— 
notably at Dunston and at Derwenthaugh—and 
therefore on the upper reaches of the river. The 
land there is level, and would not require much 
making up. Under about 2 ft. of soil there is a 
4-ft. or 5-ft. layer of yellow clay, and below that, 
for a considerable depth, soft blue clay, so that 
the conditions ends tr foundations are favour- 
able. The following may be taken as the fairly 
approximate present depths in the channel of the 
river at high water of ordinary spring tides above 
the bridges—viz. :—To Scotswood Railway Bridge, 
about 33 ft.; from Scotswood Railway Bridge to a 
little above Newburn Bridge, about 27 ft. The 
rise and fall of the tide is 15 ft. The river is 
250 ft. wide at Newcastle, 550 ft. at Dunston, and 
150 ft. at Blaydon and Newburn. Anvther point 
which influences the river traffic is the bridges, 
notably those at Dunston, Scotswood, and New- 
burn, where the headway at high water of spring 
| tides is only 18 ft. to 214 ft. The fact that the 
‘number of vessels passing the swing-bridge at New- 
| castle going to or coming from the upper reaches 
|has doubled in about ten years, »nd now totals 
about 3370 going upwards, with an aggregate ton- 
|mage of 14 million tons, indicates that the river 
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maximum figure of 350,000 tons gross. Several of 
the ships have 4 draught, when completed, of from 
28 ft. to 30ft., which proves alike the need and the 
sufficiency of the deepening operations carried out. 
In connection with the shipping industry two 
factors of importance have reference to the accom- 
modation for berthing ships in the stream or in 
docks, and for the rapid loading and discharge of 
0. These have a direct effect on the rates of 
freight of imported or exported goods, because, 
conditions being favourable, shipowners prefer to 
op 9 the port where delays are avoided. Many 
of the manufacturers on the river sites have their 
own wharves. We have already referred to the 
coal-loading facilities at Dunston. The Tyne Com- 
missioners have two docks, both on the north side 
of the river, while the North-Eastern Railway 
Company have one dock on the south shore. Of 
the former, the Albert Edward Dock, the one 
nearest the sea, as shown on the map on page 135, 
is adapted for general import and export trade. 
The water area is about 22} acres, the tidal basin 
about 2} acres, and the entrance is 80 ft. wide at 
the top and 74 ft. 6in. at the bottom, the side 
walls being battered. Vessels of about 300 ft. long, 
and drawing about 20 ft., can be *‘ locked” in at 
low water, while at high-water vessels of any 
length and of 70 ft. beam, drawing from 27 ft. 
to 30 ft., can pass through. The dock has modern 
double-sided coal-shipping staithes, sixteen hy- 
draulic and four steam cranes, and a large six-storied 
warehouse, 200 ft. long and 100 ft. wide, with hy- 
draulic machinery, Adjacent to the Albert Edward 
Dock, there is on the river side a series of coal- 
loading staithes. Some of these, erected thirty- 
one years ago, have been modernised, and others 
are of recent construction. Hydraulic wagon-hoists 
are fitted in practically all cases, and even the 
older staithes discharge coal into ships’ hatches 
55 ft. above high water of ordinary spring tides. 
The latest staith is fitted with a movable spout, to 
discharge into a hatch 65 ft. above high water of 
ordinary spring tides, the coal-wagon being raised 
by hydraulic hoists. The depth of water alongside 
is-from 45 ft. to 43 ft. at high water of ordinary 
spring tides. The Northumberland Dock contains 
eleven coal-shipping staithes, and has a water area 
of about 50 acres, with a tidal basin of 2} acres. 
The entrance is about 70 ft. wide at top and about 
64 ft. at bottom ; the side-walls in this case are 
curved. The lock is about 250 ft. long, with a 
width of 52 ft. at the top and 47 ft. at bottom, 
and a depth over the sill of 24 ft. at high water of 
ordinary spring tides and of 19 ft. at neap tides. 
The Tyne Dock, which is on the south side of 
the river, and the property of the North-Eastern 
Railway, is also two miles from the entrance to the 
port. This is the largest of the three docks, the 
water.area being about 50 acres, exclusive of timber 
ponds, and the tidal basin about 10 acres. There 
are three entrances, the t being 300 ft. long 
and 70 ft. wide, while the depth of water is from 
One of the shallower locks is 
wider, so that vessels of 80 ft. beam can enter at 
high water. The coal-loading facilities here are 
modern. There are four jetties over 500 ft. long, 
and these, in all, have thirty-seven ordinary spouts. 
The coal is discharged from hopper wagons, and 
the spouts are arranged so that two, and in some 
cases three, can discharge simultaneously into as 
many hatches of one vessel. Sixteen vessels may 
be loaded simultaneously. There are also belt- 
conveyors for delivering coal to ships’ bunkers, 
and these load from 400 to 500 tons per hour. The 
angle of the belt may be 20 deg. above the horizontal 
without greatly affecting the efficiency. Coal ship- 
ment is continuous without any extra charge for 
night-work, and the record of coal and coke is here 
34,975 tons per day of 24 hours, 162,368 tons per 
week of six days, and 7,207,000 tons per annum. 
The railway facilities are very extensive, there being 
for the dock 70 miles of tvack. The quayage for 
dealing with general cargeces in this dock has a 
length of 7000 lineal feet. There are twenty 
hydraulic and eighteen steam cranes. There are 
fourteen large warehouses and sheds for sto 
purposes, and 100,000 quarters of grain can 
accommodated at one time. Adjacent to this dock 


the railway comp ny have 30 acres of timber ponds, | 
exclusive of the 5 acres for the same purpose within |and in which the web is thick compared with the 


the dock, and, in addition, they have storage yards 


of 115 acres, with 100 acres more for future exten- | and does not cause much waste of material ; when, 
sion. Since the docks were opened, in 1859, there | however, larger spans come to be considered, the 
has been a continuous a aa of traffic, and | difficulty of determining ee ao rtions of the 
the tonnage of goods impo per annum has in- | weband stiffeners is accentuated. In 


creased from 28,552 tons to 665,616 tons ; and of 
the goods exported, from 2387 tons to 79,285 tons, 
while the coal and coke shipped has increased from 
about 1} million to 6,137,243 tons. Little difficulty 
is experienced in the exportation of manufactures 
to any country, as there are ' or sailings to 
almost every part of the world. 

There are thirty graving-docks on the Tyne, 
belonging entirely to shipbuilding and repairing 
firms. Of these, three are floating and four are 

mtoon docks. The largest dock is that of Messrs. 

bert Stephenson and Co., Limited, at Hebburn; 
this has a length over all of 711 ft., and on the 
blocks of 675 ft., with a width of 90 ft. The 
Wallsend Slipway and Engineering Company’s dock 
has a length over all of 533 ft. Messrs. Swan, 
Hunter, and Wigham Richardson have one of 
650 ft. over all, and there are several between 300 ft. 
and 400 ft. in length. In this respect the river is 
exceptionally well equipped. In addition there 
are fifteen slipways ; those of the Wallsend Com- 
pany, already named, being 1000 ft. long, with 
cradles 300 ft. long. 

As regards the dues exacted by the Tyne Improve- 
ment Commissioners, it is difficult to give an idea 
in a short space. The dues on vessels entering 
and leaving the port without receiving, delivering, 
or discharging cargo, are 2}d. per ton. The river 
tonnage for ships coming from or going to ports on 
the coast or North Europe is 14d., and for other 
foreign ports 3d. per registered ton. There are, 
further, harbour-light dues, which are compara- 
tively light; being, for vessels up to 100 tons 
burthen, 11d., ranging up to 1s. 5d. for vessels 
above 300 tons burthen, with an additional rate for 
buoys and beacons for entering and leaving the 
port, of 4d. for vessels up to 50 tons, increasing to 
1s. 3d. for vessels of 300 tons and more. The pier 
rates are, for home and North European ports, 1d. 
per registered ton, excepting for coasting vessels 
trading between the Holy Island and Flamborough 
Head, when the charge is $d. per registered ton ; 
for other vessels the rate is 2d. ‘The mooring 
charge is }d. per ton, but if the mooring is mono- 
polised for any lengthened period, the charge is }d. 
per registered ton for each four weeks; and should 
the period continue beyond sixteen weeks, the rate 
is doubled. In the case, however, of vessels load- 
ing or discharging at moorings, the rates corre- 
spond somewhat to the port rates. In regard to 
dues and coaling charges, the rates for the docks, 
either of the Commission or of the railway com- 

any, are pretty much the same as those for 

iddlesbrough, given in our previous article. 

The dues on goods are variable. In the case of 
chemicals, for instance, soda crystals are charged 
at 14d. per ton, and the others range up to 4$d., 
which is the rate for bicarbonate of soda, Epsom 
salts, &c., while sulphate of copper is rated at as 
much as 6d. per ton. For iron ore the rate is 1d. 
per ton if imported from foreign ports, and ?d. if 
coastwise ; fur manganese and zinc ore, 3d. ; for 
chrome, 4d. ; and for copper, lead, and antimony, 
6d. Manganese productionsare put at 3d. per ton ; 
machines at 3d. per kage (an uncertain ele- 
ment); while for ships built-on the Tyne the rate 
is 4d. per ton, and for new propelling machinery 
4d. per ton. A separate schedule of rates is pro- 
vided | for goods discharged or loaded at the quays, 
wharves, or docks, &c., of the Commission ; but 
these compare generally with the North-Eastern 
Railway rates, already published in our article on 
the Teesside (ENGINEERING, vol. Ixxxii., page 35). 


(To be continued.) 








WEB STRESSES IN PLATE GIRDERS. 


By Professor W. E. Litty, Trinity College, 
Dublin. 
In the design of plate-girders the practice is | 
generally to consider the web of the girder as trans- | 
mitting the shear stresses, and that the effect of | 
the stiffeners is to stiffen the web to enable it to | 
transmit these stresses. The disposition and the 
area of the cross-section of the stiffeners become) 
under these conditions largely a matter of ex- 
perience. 
For girders of small span, having few stiffeners,| 





depth of the girder, the error involved is small, 





such cases it 


is not sufficient to assume that the web wholly 
transmits the shear stress, or that the function of 
the stiffeners is only to stiffen the web. 

Some time ago the author enunciated the view 
that the stiffeners, when placed on the web of a 
plate-girder, acted partly as struts, and that the 
web should be considered jointly with the struts if 
economy was to be attained. An alternative 
method to the usual procedure for the design of 
plate-girders was then proposed, in which the web 
was assumed only to transmit tensile stresses, and 
the struts or stiffeners compressive stresses; it was 
then shown that the subject so considered led to a 
rational method of design of the girder, and did not 
leave the proportions for the web and struts so 
much to the individual judgment of the designer. 

In order to test how far these views could be 
expected to hold true, the experiments about to be 
described were undertaken in the Engineering 
Laboratory of Trinity College, Dublin, the object 
of the research being to study the effect of various 
dispositions of stiffeners on the deformation of the 
web of the plate-girder. 

Since the classical experiments carried out on the 
model for the design of the Menai Tubular Bridge 
some sixty years ago, little research work in this 
direction appears to have been done, which seems 
inexplicable considering the importance of the 
subject and the enormous number of plate-girders 
in existence. No doubt the proportions adopted 
in the majority of these girders are approximately 
correct; being the result of experience and the out- 
come of a long course of trial and error, it could 
hardly be otherwise. It must, however, be con- 
fessed that the proportions adopted, more especially 
of the web and stiffeners, are to a large extent 
empirical, and for this reason the subject requires 
further investigation. 

A plate-girder of the following dimensions was 
constructed :—Depth, 94 in.; length, 5 ft. 3 in. 
The flanges were made up of two flat iron bars, 
2 in. by # in., and two angle-irons, 1} in. by } in. 
The framework of the girder was made in separate 
halves, and bolted together to the web. This 
construction allowed of different thicknesses of 
mild-steel plate being used in the experiments. 
The arrangement of the girder and the method of 
testing are clearly shown in Fig. 1. One side of 
the angle-irons on the top and bottom flanges was 
cut at intervals along the length of the girder by 
vertical cuts; this was done to secure as far as 
possible flexibility of the flanges. For testing the 
girder a vertical 10-ton Wicksteed testing-machine 
was used, the concentrated load being applied 
centrally to the top flange of the girder, two vertical 
struts transmitting the load to the lower flange. In 
order to study the effect of placing stiffeners on the 
web flat bars 1 in. by 4 in. were bolted together on 
each side of the web, the stiffeners being } in. 
shorter than the depth between the edges of the 
angle-irons, thus ensuring that no stress could be 
directly transmitted directly by the angle-irons to 
the stiffeners. , 

A large number of tests were then carried out 
with different thicknesses of web and dispositions 
of stiffeners. The results of some of these tests 
were as follow (see illustrations, next page) :— 

Plate Girder. Length, 5 Ft.3 In. ; Depth, 94 In. 
Web, Mild Steel Plate, 28 8S.W.G. 
Fig. number... 2 3 v6 4 5 6 


Number of stif- 
feners eo a 2 6 12 2 4 


Web, Mild Steel Plate, 18 8. W.G. 
Fig. number ... 1% << — ie 
Number of stif- 
- — me 0 
ota in 
pounds * ook ; 12,000 
Plate Girder. Length, 5 Ft 3 In.; Depth, 74 In. 
Web, Mild Steel Plate, 24 8.W.G. 
Number of stif- 


7 


feners we 0 2 6 12 
Total load in 
pounds... 1800 2500 3300 4000 


Web, Mild Steel Plate, 18 S.W.G. 
Number of stif- i 
feners i 0 2 6 12 
Total load in 
pounds ... 5500 8500 12,000 16,500 


The exact determination of the loads causing 
distortion of the web was extremely difficult. As far 
as possible the numbers given refer to the loads 
just sufficient to produce the wave formation in 
the web, and from which an allowance requires to 
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be made for the shear stress transmitted by the 

flanges. To obtain the results shown in Figs. 1 to7, 

the loads were increased in order that the wave 

formation should be well defined ; these show clearly 

the effect of the stiffeners in changing the shape 

and direction of the wave formation. 

To enable a comparison to be made between the 
wave formation in the web of a built-up plate- | 

































Fic. 2. 


In order to obtain the wave formation. it was 
necessary in the larger sections, Figs. 9 and 10, 
to stiffen the web at the ends of the machined 
portion of the web with stiffeners ; the distortion 
of the girder taking place sideways unless this was 
done. Fig. 11 shows this sideways distortion and 
its effect in changing the angle of inclination of 
the wave surface. 





| is constant, and the smaller this ratio the smaller 


the angles of inclination with the vertical. The 
effect of the stiffeners is to change the direction of 
the stresses in the web, the part of the web between 
the stiffeners acting partly as a strut. The stif- 
feners prevent the formation of the waves, and 
severe local stresses are set up round the ends of 
the stiffeners, causing a crumpling up of this part 
| of the web. Figs, 2 to 11 show the effect produced 
| by this kind of distortion. The wave-length de- 
| pends on the angle of inclination of the wave for- 
mation in the web, and is roughly proportional to 
the length of the centre line of the wave measured 
between the stiffeners or flanges of the girder. 

The permissible shear stress that should be adopted 

in the web of a plate-girder, and the amount of 
its variation with the disposition of the stiffeners, 
have been much ime The ordinary method 
of procedure is usually to adopt some arbitrary 
| value for the working shear strength of the material 
of the web ; and the web, after design, is stiffened 
to enable it to transmit the shear stresses, some 
variation of the Rankine-Gordon formula being 
used for this pur’ ; this method gives roughly. 
the disposition of the stiffeners, but in no way 
determines their cross-section. Now the experi- 
ments show that the stiffeners, when placed on 
the web, act partly as struts, and therefore require 
to be proportioned for the loads on them ; in fact, 
the stiffeners play a double part—in stiffening the 
web against secondary flexure, and in acting as 
struts. 

For these reasons the author considers that the 
plate-girder may best be looked upon as a dual 
sort of structure, in which the shear stresses are 
partly transmitted through the web, as in a rolled 
girder, and partly as in a triangulated girder. The 
change iu the angle cf the wave formation and the 





Fia. 3 





Fie. 6. 





Fie, 8. 





Fra. 10. 


virder and of a rolled-girder section, experiments 


were carried out on three different ty 
section, a8 shown in Figs. 8 to 11. 
aiter machining, were as follow :— 


of rolled 
he sections, 


Flanges. Web. 
4 in. in. in. in. 
Fig. 8 2x 4 34x vs 
%” ” 3 x + if ve 
” 9 3 x 2 5 x vs 
» 10 2x 5 x vs 
” ll 2x t 5 x ys 





The following conclusions may roughly be drawn | 


from these experiments. The wave-length of the 
wave formation set up in the buckling of the web is 
nearly independent of the thickness, if the stif- 
feners are of great strength compared with the 
web. The angle of inclination of the waves de- 
pends upon the distance apart of the stiffeners 
and the depth of the girder. For a given value of 
distance apart of stiffeners 


depth oF girder the angle of inclination 





Fria, 9. 





Fia. 


11. 


value of the total loads obtained as the distance 
apart of the stiffeners is varied, is conclusive 
evidence that some such distribution of the stresses 
takes place. 

The following solution of the permissible shear 
stress on the web of a plate-giider the author 
believes to be new. Consider one of the waves 
shown on the girder in Fig. 1, and assume that it 
could be circumscribed by a rectangle, as shown in 
Fig. 12 ; also that it is under the action of a thrust 
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of intensity p per unit of area along two parallel 
sides of the rectangle, and a pull of intensity q 
per unit of area along the other two sides of the 
rectangle. The wave surface may approximately 
be assumed to be sinusoidal, and its equation 
referred to the co-ordinate axes is 
a x E] 
z = 6 cos i 00s = 

The plate is subjected to two different kinds of 
stresses, one of thrust and the other of pull at 
right angles to each other. Consider now the plate | 
as a series of parallel strips, such as a, a; these | 
strips ma looked upon as forming a kind of 
spring atch, in which the thrust is partly resisted, 
as in a column, by bending, and partly resisted by | 
direct thrust, as in an arch ring. Similarly, a 
series of strips, such as }, b, ie looked upon 
as a kind of spring suspension-bridge, in which 
there is bending and tension—that is, the plate is 
in a state of strain of thrust and bending in one 
direction, and of bending and tension at right 
angles to it. It is required to determine the wave- 
length A in terms of L, the breadth for given 
values of p and q, and the thickness of the plate. 

Assume that the strip a, a in its arched form is 
subjected toa load proportional to the area between 
the curve and its horizontal base. Take the origin 
+ the co-ordinates at the centre of the base, and 
et 





w = density of unit volume of the load. 
\ = span = wave-length = 7k. 
6 = rise of arch = deflection at the centre of the 





plate. 
Then the intensity of the load at any point is | 
w 8 cos *- 
k? 


and the shearing force at one support 


N/g 
r-| wdeos £ dx =wd«| sin =| =wik, 
0 0 
and the bending moment at the centre, 
Nae Ne 
a= | w desing dx = 05 | 008 i] om 
0 


wits 


and the horizontal thrust 
Pp, = %™ 
2 pa) ° 
Now the strip a, a is also subjected to bending 
as a column ; let P; be the load it would carry by 


wid? 
a 





Euler’s formula = 7 I where E = Young’s 


L 
modulus of elasticity, and I the moment of inertia. 
The total thrust P = P, + P,; hence 

1 mEI\_ w 

s(P- “a )7S ee 

Consider now the strip b, b, and imagine it 

loaded partly as a suspension-bridge and partly as 
a beam, with a load of the same intensity » as on 
the strip a, a. Let , be that part of the load 
supported by bending, then the bending moment at 


the centre is “A=. Now if the strip were 
T 


loaded as a column, the bending moment at the 
centre would be EI 3 ; these two expressions 


are assumed to be equal — that is, 
w, L?_ w EI 
i ee 
The other part of the load a, = » — , is sup. 
ported by the tension Q, and this is equal to 
@») 12 


; giving 
T 
ww + w _ 1 rEI 
ier = 5 (@+45-) . - (2) 


Substituting from equation (1) in equation (2) the 
equation obtained is ' 
1/p_ EI\_ 1 rE 
a (P a )= g(@+ ) it 
The value of P per unit breadth equals pt, and 
of Q equals q t, where ¢ equals the thickness of the 


plate, the moment of inertia I = La ; also let p = 
rq, where r represents the ratio of the stresses to 


one another. Substituting these values in equa- 
tion (3), the equation obtained is 


ofc) 282(bs 3). 0 





Now let p and \ be the only variables in this 
equation, then, on differentiation and equating the 
result to zero, the condition obtained for a mini- 
mum is 


> ce 2 

5 : 

That is, the wave-length A is independent of the 

thickness, and only depends on L and r. Sub- 

stitute the value obtained for A in equation (5) in 

equation (4), then 
peat ee sr (6) 

12 x2 1b? J/p4+i1-1 


showing that p varies as ba also that the strength 


of the plate under gompound stress of wave-length A 
is twice as strongas it would be when considered 
under direct compressive stress as a column. The 
expression obtained for p applies to the intensity 
of the load just sufficient to produce the wave- 
surface ; the value of the load to produce failure by 


| sensibly affect it; and for materials in which the 
strength to compression is about equal to the 
strength to tension, that the strength to pure shear 
has nearly the same value. 

The Rankine-Gordon formula. as derived, above 
| has, with various values of c and F, long been used 
| for stiffening the webs of plate-girders. The formula 
| being derived from experimental and theoretical 
| work on columns, its use was naturally extended 
| to the case of a buckled plate, and it is satisfactory 
to find that it has some theoretical basis. 

The experiments are not of sufficient range to 
allow of any generalisation for determining \ in 
terms of L; also the problem is very complex, as 
the solution involves the slope of the waves, the 
ratio of the stresses, and the relative yielding of 
the web and stiffeners. For these reasons it is better 
to make some assumptions to determine the value 
of \ to be used in the formula which will give a 
good approximation. ‘On the usual hypothesis the 
waves are supposed to slope at 45 deg., and the 
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° stresses p and q to be equal to one another —that is, 
7s. 2 4 the web is assumed to be under a pure shear stress. 
- i 7 The experiments certainly do not support this view, 
‘\ the stiffeners also act as struts, and therefore p 
“ must be less than g. For these reasons it is better 
H * to consider the ive as @ dual sort of structure, 
_s ; in which the transmission of the stresses takes 
' ; < place partly as in a triangulated girder, and partly 
| ae \ as in a rolled girder. 
\ \ Now suppose the web to be designed first on the 
\ Sd ae assumption that the web transmits tensile stresses 
ong F f a ‘=\ |only; and then, secondly, designed on the assump- 
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B A 


crumpling of the aes is greater than this, owing 
to the ratio r of the stresses changing as the 
deformation goes on. This case differs from that 
of long columns in which a small increase of the 
load when near its maximum value produces 
failure. 

For the same reasons that apply to Euler’s for- 
mula for long columns equation (6) only applies to 
plates in which ¢ is small compared with A ; in order 
to modify it for all cases it takes the form of the 
Rankine-Gordon formula for columns, thus :— 


—  , . See ae 


where « = aud F is the strength per unit of 


2r°K 
area either to compression, pure shear, or tension, 
the values of which for mild steel or wrought iron 
are sensibly equal. 

It is necessary here to remark that one of the 
arguments used in favour of the plate-girder is that 
the material of the web is under tensile and com- 
pressive stresses at right angles to one another ; 
and under such conditions the material does double 
duty when com with the struts and ties of 
the triangula’ girder, and therefore should be 
more economical. The question then at once arises, 
In what way do these compound stresses affect the 
strength of the material? On this point little is 

known. Experiments, so far, show that if 
the material is under a compressive stress, that a 


tion that the web transmits the shear stress alone, 
and that the struts only act as stiffeners; then, if 
the thickness of the web and the distance apart 
of the stiffeners are the same for both designs, it 
would satisfy all.the requirements from either 
point of view, and at the same time would lead to a 
rational method for the design of the struts. 
Consider now the girder shown in Fig. 13 ; let S 
be the shearing stress at the section A, A. Assume 
that the shear stress is wholly transmitted by the 
tensile stress in the web, and the lines of stress 
are at 45 deg.; then, if y = the factor of safety, 


-. = f the working strength to tension or com- 
q 


g 
pression of the material ; also f sin 45 deg. cos 
45 deg. = f/,, and a the area of the cross-section 


of the web = Dt = 28 


It is now required to determine the distance 
apart of the stiffeners in order that the web may be 
sufficiently stiffened tu enable it to wholly transmit 
the shear stresses as a pure shear stress ; to do this 
requires that the value of \ in Equation (7) should 
be determined. ° 

The assumption of a pure shear stress would give 
r = 1, and on substitution in Equation (5) A’ = 
(J/2- 1) L?. This view, however, cannot be 
maintained, as the experiments show that some of 
the shear stress is transmitted as in a triangulated 
girder, and the remainder as in the web of a 
rolied girder. It seems reasonable to suppose 
that the shear stresses should be nearly equally 
divided between the two structures if the proportion 





tensile stress at right angles to it does not 


of the web and struts were not abnormal, Under 
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these conditions the value of r, the ratio of the 
stresses, would be from one-third to one-half. 
Assuming one-half to be the best value to adopt, and 
substituting in Equation (5), gives \=0.5 L nearly. 
Also the waves are assumed to slope at 45 deg., 
giving L = /2 d, and on substitution °=0.5 d?. 
Equation (7) then takes the form 
F 
P= — 3F a. 
1+RE @ 
For ordinary solid columns of wrought iron 
F = 60,000 lb. per square inch, and E = 27,000,000, 
giving 
; | ene. 
rE 4500 
and on substitution 


nearly, 


(8) 


where f = - » 9 being the factor of safety. For 


a pure shear stress p = q = s, and st D = 8, giving 
on substitution in Equation (8), Fi 
_ SRY Ee, 
ow Dt 54 1 a (9) 
1500 


The author is given to understand that the 
Rankine-Gordon formula in this form ‘has already 
been applied to the design of plate-girders. It is 
satisfactory to find that the empirical constant is 
more or less correct. 

The web as designed has a thickness 
28 S 


fD t D 


i= 


or I= . 
tb 

Now if the web were subjected to a pure shear 
stress, p = q =8=f/,, giving on substitution in 
Equation (9) 
3(2 + 1 d :) = Il, 

2 1500 ¢? 

or aratio of : , about 40 for the distance apart of the 


struts compared with the thickness of the web, a 
result which compares favourably with existing 
practice. The dimensions of the struts now 
require to be determined. Assuming the web to 
transmit one-half of the shear stress by a pure shear 
stress, and the other half by a tensile stress, then 
the load on the strut B B (Fig. 13) would be 
Sd 
2D 
varying as the distance apart of the struts is varied, 
the load on the strut for values of d greater than 
D is somewhat less than the above, and for values 
of d much smaller than D it is rather greater. For 
the usual values that obtain in practice the value 
obtained is sensibly correct. 

Now the Rankine-Gordon formula for columns is 


Owing to the inclination of the waves 


7 


Ly — 36,0008 


1 @B 

1+ > 

For struts, if irregular, such as are used in 

girders, this formula* gives the best average results. 

The value 36,000 is about 0.6 F the strength 

to compression of wrought iron by — per 
.6 


square inch; dividing by g gives ——— = 0.6 f; 
q 

also | = D, and p is the radius of gyration of the 
cross-section of the strut, P = :D On substitu- 
tion of these values the formula becomes 

Sd _ 06fA 

2D 1 bp 

9000 p? 

If the value of P is taken about 40, this gives 


1+ 


A= Hs a cross-section of the struts equal to one- 
half of the cross-section of the web when d = D. 
he web so designed satisfies the requirements 
when considered either from the view that the web 
takes the whole of the shear stresses as a pure 
shear stress, or that it transmits them only by a 
tensile stress; ab the same time it leads to a 
rational method for the design of the struts. 
will be found that the web, if judged by the as- 
sumption that the stresses are > et | equally 
between the two parts of the dual structure, is 


jooieorecdinge of the Institution of Civil Engineers, 





It| P 


about 25 per cent. stronger than necessary, and 
that a value of about 1.78 for the area of the cross- 


section of the web would have been sufficient. 
Owing, however, to the uncertainty of the ratio r 
of the stresses, it seems better to proceed on the 
lines indicated, as the ‘difference in the thickness 
| of the web is only a small quantity. 
| There is yet to be considered an allowance for 
the stiffening of the girder to resist distortion side- 
| ways. The allowance for this depends upon the 
| strength of the flanges to take up the small bending 
land twisting moments caused by the stresses not 
acting in the plane of the web, the flanges, together 
with the ends of the girder, tending to make an 
| angle with one another, and show in plan roughly 
| like a figure eight. To make allowance for this is 
difficult, and yet experiments show that it is 
| very necessary. Sup) the flanges connected to 
the struts and web by ball-joints, then although 
the girder would be of sufficient strength to 
transmit the stresses ia a vertical plane, it would be 
unstable ; the ends of the girder, together with the 
gusset-plates, prevent this relative movement by 
setting up torsion in the flanges. Usually the ends of 
the girder, together with gusset-plates, at intervals, 
connect the flanges firmly together, their function 
being to play a double part in resisting the distor- 
tion sideways and the wind pressure. The flanges 
must also be of sufficient breadth and cross-section 
to resist the twisting moments thus set up. 

In girders of small span only few stiffeners are 
required, owing to the web being thick compared 
with the depth of the girder ; Bn for practical 
reasons, it is better to give a little extra material 
to the web and reduce the number of struts toa 
minimum. In large spans, however, owing to the 
web being relatively thin compared with the de 
of the girder, more stiffeners are necessary. Th 
reason for this is that in railway and similar type 
of girders the total load varies approximately 
ithe span. Now if the ratio of the depth to th 

n is assumed to be constant for different spans 
then the thickness of the webs of these girder 
‘would be nearly the same throughout, and th 
number of stiffeners would be directly proportion 
to the span. The question then arises, What are 
the limiting spans for plate-girders? When the 





value of a = L = gives a thickness of the web less 


than from gin. to }in. it seems better to use trian- 
gulated members; for practical reasons it is undesir- 
able to use plates of less thickness. If these condi- 
tions are granted, it will be found that about 60 ft. to 
80 ft. is about the limit for the span of the plate- 
girder, and for 80-ft. to 100-ft. spans compound 
girders are preferable, in which about one-third to 
one-half of the centre part of the span of the girder- 
bracing is used, with web and struts for the re- 
mainder of the span ; and for spans greater than 
these triangulated girders become necessary. The 
— of evolution from the plate to the triangu- 

ted girder shows that for certain spans compound 
girders of the type mentioned are not only econo- 
mical of material, but have certain’ advantages for 
cheap construction, and it is a matter for conjecture 
why they are not more used. 





RECENT PASSING-OFF CASES. 

A.tHovucH the best-known method of securing 
that goods and manufactures shall not be pirated or 
imitated by a trade rival is to take out a patent, 
there are other ways in which a kind of limited 
monopoly for the manufacture and sale of specific 
goods may be acquired. Thus, by continually 
applying to his g an invented name, or selling 
them wrapped up in a peculiar way, a man may 
acquire a means of protecting himself against any 
trade rival who imitates his methods. It is not 
easy to deduce principles of general application 
from the many ‘‘ passing-off”’ cases which are heard 
in the Courts from time to time; but a study of 
these decisions may serve as a guide to persons 
who imagine that their rights are being infringed. 

In the case of King and Co. v. Gillard and Co., 
Limited (22 R.R.C., 327), the plaintiffs and their 
redecessors for upwards of fifteen years had made 
and sold three varieties of a special preparation of 
dried materials for soup in packets of certain size, 
shape, and printing, and these packets were put up 
in steel boxes of a peculiar kind. They claimed that 
their goods had become, and were, known and recog- 





nised and distinguished from all other prepared 


|soups by means of their mode of packing and 


get-up. In 1903 the defendants, who had been 
ee ncbeiliniens for many years, began to 
|make and sell similar preparations of soup, which 
|were put up in a series of similar packets and 
| boxes, and their name ‘ Gillard’s” appeared where 
‘*Edward’s” ap on the plaintiffs’ goods. 
|The plaintiffs also complained of the wrapper of 
the defendants’ as containing untrue statements as 
to prize medals and awards in the came position as 
accurate statements on the plaintiffs’. It was decided 
_at the trial by Mr. Justice Kekewich that the plain- 
‘tiffs’ goods were not distinguished from all other 
_ goods by the packing or get-up, that the defendants’ 
goods were not calculated to deceive even unwary 
urchasers, and that no actual deception was proved. 
5 udgment was given for the defendants, but without 
costs, on the ground that they had made untrue 
statements on the packets containing their goods as 
to prize medals and awards. The plaintiffs appealed, 
and the defendants presented a cross-appeal on the 
question of costs. On appeal, Mr. Justice Keke- 
wich’s judgment was sticeat, but on the cross- 
appeal it was held that the learned judge had de- 
prived the defendants of their costs on a ground 
that was not open to him, and the cross-appeal 
must be allowed, and the plaintiffs must pay the de- 
repose per in the ig and also the costs of 
the a and cross-a; . 

This case illustrates the fact that it is by no 
means easy to acquire, by constant user, a monopoly 
in any particular kind of package or method of 
packing up goods. 

In “ppin and Webb, Limited, v. Leapman (22 
R.D.C., ), the plaintiffs, Mappin and Webb, 
Limited, incorporated in 1898, were the successors 
in business of two old-established firms—Mappin 
Brothers and Mappin and Webb. The defendant, 
a London retailer, sold goods similar to the plain- 
tiffs’, but made by one Blyde, who was alleged, 
without strict proofs, to have bought the business 
in Sheffield of one Theophilus Mappin, trading as 
Mappin and Sons. The goods sold by the defen- 
dant were marked ‘‘ Mappin and Sons,” aud bore 
price-tickets with such phrases as ‘‘ Mappin’s A 1 
Quality.” The defendant’s salesmen had repre- 
sented that the goods were the same as the plain- 
tiffs’. Separate proceedings were pending against 
Blyde. It was decided that the plaintiffs were 
entitled to an injunction restraining the defendant 
from selling goods not of the plaintiffs’ manufacture 
as and for such goods. 

In Defries and others v. Electric and Ordnance 
Accessories, Limited (23 R.P.C., 341), the plaintiffs 
were the American manufacturers of electrical Jamps 
and other accessories. Their English agents were 
also plaintiffs. In 1896’ an English syndicate, 
called the Stewart Electrical Syndicate, Limited, 
began to sell in England lamps made to their order 
by the American company, and sold by them under 
the name ‘‘ Stewart Arc-Lamps.” In 1903 the 
syndicate was wound up, and in 1904 the Receiver 
sold its goodwill and its rights to the use of the 
word ‘* Stewart,” in connection with the goods, by 
auction to the defendants, who continued the sale 
of the goods under that name. The plaintiffs, 
having commenced to sell similar goods under the 
name ‘‘ Stewart,” sought an injunction to restrain 
the defendants from selling them under that 
name; the defendants thereupon counter-claimed 
for similar relief. It was held that the word 
‘* Stewart,” as associated with the goods in ques- 
tion, was the sole property of the syndicate and 
its -successors, the defendants, and the plaintiffs’ 
action was accordingly dismissed, and an injunction 
granted to restrain the plaintiffs on the defendants’ 
counter-claim. 

Closely associated with what are ordinarily 
known as mp -off ” cases are cases of infringe- 
ment of trade-marks. The following recent. cases 
relating to trade-marks may be referred to :— 

In Christy and Co. v, Tippir and Son (21 T.L.R., 
53) it was held that the word ‘‘ Absorbine” as ap- 
plied to a liquid veterinary preparation for absorb- 
ing and removing wind-puffs, capper-hock, and 
other puffs and swellings, was not an invented 
word capable of being registered as a trade-mark. 

‘In iene v. Gebruder Bauer and Co. (21 
T.L.R., 80) it he seg ge the -word Ba oat 

n,” as applied to the preparation of a drug 
ed \« Haemoglobin,” was not an invented word 
within the meaning of Section 64, Sub-Section 1 
(d) of the Paténts, &c., Act, 1883, as amended by 
the Patents, &c., Act, 1888, Section 10 (1), and was 








therefore not capable of registration as a trade- 
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ENGINES OF TWIN-SCREW FERRY STEAMERS FOR THE RIVER HOOGHLY. 
CONSTRUCTED BY MESSRS. J. 








I, THORNYCROFT AND CO., LIMITED, ENGINEERS, LONDON. 








(For Description, see opposite Page.) 


om, 7 





4 Y-. 
ime 


*t 
he ¢ 
y 


at, 
‘ 


“A 


7 ’ ' 
* —_ 
Py ————— . ’ 3 \ 
, " 
~e ae \ eogeee 
Re a a 
sal \esnearere " 





DIF 
}. B 




















Fie. 2. 








141 


ENGINEERING, 


Fes. 1, 1907.] 








Pel9A00 BI YOop oyy, “suiqevo snoioeds 443q our, | arq7L4 pozojduioo sem Jo B]OYA Oy} ‘Jo" JO 10748eur 
ae oe ee ‘oop opim pooS 8 seals sy, “sopis|esy “eqissod sv A;yomb se Go1ase8 043 UO oq pmnoys 
oy} Ut Su1eq s4y3y{ UIquO O49 ‘ser UTM O43 O40q8 | s}¥0q OY} 44} sNOTsEP Sareq 4 ‘syJUOM oUTU aIYyITM 
periz¥0 sy “458 pu e103 y30q ‘yoep seddn eyy, “sieBues quoudiys 103 Apwor oq 03 sjossea oy} Jo ejoym oe 
-sed jo 0m 943 10y pepiaoid ore sfemZuv3 | ‘sopio jo o7¥p 4} WOIy SYITOU! XIs UIYIIM opeul eq 04 
Surpuy, paw Suryseqme eyeivdeg 43u sf ‘szo1zzeq | sem yuomdiys 4819 04} 484} 4oIQU0D ey} UI pogroads 
ejqeqiod jo suvem Aq payeredes st yorym “ ~puooes | sem 41 puv ‘90961 ‘Avy UI porepio 13M s[osseA o80t, J, 

ey} puv ‘eoevds Arouryovul oy} jo einjonayasedns peste. | *U014008-88010 8 F “Big pus ‘uoreaoyo 
ey JO PIBMI0; Zuleq uoMwpoMUIODON ssE[O-j814 OY} [eUOI}Oes JeUTPNyIZuO] wv ¢ Bq ‘MOA YORq @ SIZ “BIT 
‘pelavo ov sieBucssed jo sosevjo omy, ‘soquinu 4vyq3 | ‘mora oatjoadsued yuoay v #1 | “Btq “A[yBoo s0Ary 04} 
J{8Y 10; Zaryees st o1043 pu ‘e103: 00Z JHOge ‘un UO eolAtos AIO} IO} ‘B44ND[BD JO 410g ey} Jo si9U0Is 
“xeai @ se ‘ozepoumosoe [1m Aoyy, “s10uy ZI peeds | -srmul0D ey jo Jepi0 oy} 04 poyojdmoo Ayyue0e1 oavy 


peozuwiend 043 puv ‘93 ¢ st papeo; Ajjny J0y¥m jo ‘aoydmeyynog puv yoLMstyy Jo ‘pezrury ‘-0- puv 4j010 
4ySnerp oyy, "yydep pepjnow “33 O[ jo paw ‘opi “43 Oz | -Aas0U, "[ “f “suss0p_ YOIUM si0MrVE;s ALO} M9108-U1M4 
‘srejnotpu woem eq Buo] “45 NOT ‘s[es80a 104818 GIv | UeAeS. JO eu OVNI pe}Yy seuFae e434 Jo suOTyeIySNqTTI 


fey], ‘A{yZooxy oy} Jo soqower epim oy} UO YIM 40m | 00] OAI3 om soSud yueserd puv etsoddo ey) xC 


semljomos st se Yous ‘103em YySnor Ajirey ul Aqyiom| . " 

98 0q P[noys pue “43810 Faryoo}-poo$ oav ‘joo4s plu | ATHSOOH FHL YO SUANVALS-AUUTA 

JO peyonsysu0o exe yorum ‘seajosmey, 8}¥0q oul 
“WOT}d [1080p 

8144 JO y10M 10} peddimbe yom way v-Aq 4no. potise0 . *8}800 puv ‘soSvuep 

weeq easy ATUO plnoo 484} 4voy & ‘syJUOM xIs oy} | ¥veuINs euO YyyM ‘yo Sarssed pue yrvu-epely 








‘NOGNOT ‘SHAENIONG ‘AALIWNIT 





“OO GNV LAOHOANYOHL T 


jO JUCUIOZULIJUI UTeSe1 04 pepremMe sem uoMount 
“Ul Ue puy “poyst[qeyse sem esvO O43 484} Ploy 
sum 41 ‘sjs00 puv ‘seSvuep ‘uoyounfur ue 3ut 
-WT¥PD 44BnoIq Useq ZulAvy UOHOR UY ‘sseId.107)0[ 
aeprus 470A yy sepeds jo eov uv jo solAep 043 
qe ‘speqe, seus Surdriwo ‘sep330q Ie[rUIs Ut 
[ourvue HOUT ,, INF ,, [[8 0} peousum0s yu"pusjep 
OY], “s8eI1d10340] OatjdiIosep YPM ,,“joureUg youl 
4210, PIOS OY Yorym ul ‘s9I}30q euOys UO posed 
8]9q¥] UO oUT¥S OY} posn pue ‘41 UOdNn | qnTo,, pom 
oy} YIM sqnj> jo cow uv jo Sunsisuco yivm 
-eper} & Jo 10je11doid peseysiZer oy} s¥m yryuteyd 
o43 “(E28 “O'd'U 33) AomeQ ‘a Avpunyy uy 
"87809 Y}IM pomorre sem [vodde oy], “joryor 
fae 04 pepyyue jou e10M syyureld ey} yey} pay 
‘19}48UI oY} UI syTyUTETd O43 Jo yonpuoS O43 Jo UOSsBeI 
4q peyyenf os orem Aoyy 4eq3 pue ‘outa s.oufo8mg 
88M CULM OY} 4BY} WOISN[OUCS oY} 03 Zurm0S mI peyg 
-ysnf{ erom Loy} 4¥q3 prey sem 41 ‘porvedde Saraey 
sjUBpUsjep ey, “poyaeIS o104 syyoid yo yuNODOR UE 








pave uoyounfal uy “oul I10q3 SY OUT O44 Jo oTeE 
94} Sururer}se1 wory yonpuoo Tey} 4q peddoyse you 
orem syrjurerd 043 3¥y} puv ‘oulM spurte oq} you 
SUM CULM O43 484} Ploy Sea ot ‘ouTM sBHyUTErd Jar 
se uorsenb ui cura ey} go Surssed wo puv ‘y2eu 
oper} spryured oy} SurSuyyor woy “a 
OY} UleI}Ser 0} DONO" UY Jo Tw} e4R UG ,, “Apu 
-Ing uvyerysny Jouedng s,eufoZing ,, sv 41 plos-or 
pus ‘uormone 64} 48 OUlM oY} pes¥yornd syuvpUoy ° 
“Op SY], ‘“sIemoIS ey} JO 4yUNOOOw UO pfos sem 
puv ‘moy3 Aq poyoofer pue ‘teaordde uo syrureyd 
04} 04 peusisuco udeq pvy oulM oY], ,,"Wopuocy 
‘eufo3ing,, uorndtiuosur oy} Sarrveq sys"o UI CULM 
uorjone Aq pos ‘ourm 103 ,, oudoZing ,, ¥reUI-epel4 
ey} jo siojetidoid peieysiSer oy} ere Oym ‘syryuTeyd 
43 “(891 “O'd'H 33) “OD pure cerypox ‘a eudoZing 
‘ad ‘d paw ‘peymry “og pue oudofimg uy 
*spoo3 8 4 4 
-urerd ey} Zarjouep Ayearsnjoxe Saruvour Spanele 
® pesnbow you pey prom oq} 4Ny} (g) pue ‘yzem 


bh eon 





‘f ‘SUSSHN AG AALONULSNOO 


‘ATHSOOH UWHATY AFZHL WOHX SHANVALSAYMHAA MAYOSNIML AO SHNIONGD 





142 





ENGINEERING. 





[Fes. 1, 1907. 








by a wood sun-awning, supported by light steel 
stanchions. There are two companions forward, one 
communicating with the first-class lavatory. There 
is a single funnel, and the steering wheel is forward. 
A capstan is fitted in the bows, together with a 
davit for getting the anchor. The hulls were con- 
structed at the firm’s Woolston Yard, at South- 
ampton, where they were put together, and were 
afterwards taken apart for shipment to India. 

The engines, which were made in the Chiswick 
shops, are, as will be gathered from our illustrations, 
of the three-stage expansion type, and are intended 
to develop 500 indicated horse-power at about 275 
revolutions per minute. It will be seen that the 

eneral design is typical of the productions of the 
Chiswick firm, being of the type introduced by Sir 
John Thornycroft with such marked originality and 
success, The turned steel columns on a cast-iron 
bed-plate, and connected by forged bars, afford a 
structure which is both light and rigid, and thus 
avoid vibration ; whilst the liberal bearing surfaces 
render the engines trustworthy for continuous service. 

The cylinders are separate castings, the diameters 
being 9 in., 13 in., and 204 in., with a stroke of 11 ia. 
The high-pressure and medium-cylinder slide-valves 
are of the piston type, the low-pressure steam being 
distribu by a flat valve. The valve motion has 
solid Stephenson links, the eccentrics being solid on 
the crank-shaft. The latter is in one forging, and this 
provides a more compact <lesign. The air-pumps and 
two main coene are driven by levers off the low- 
ex] cross-head. The condenser is of steel, and 

as an independent steam-circulating pump. The 
shafting is of steel, and is withcut liners ; the stern- 
tubes being of steel, with white-metal bushes. The 
propellers are three-bladed, and are solid castings of 
gun-metal. 

Steam is supplied by one cylindrical return-tube 
boiler, the nition pressure being 180 1b, to the square 
inch, There are two Morison renewable suspension 
furnaces. The grate surface is large, and is arranged 
so that Indian coal can be burnt. For working with 
forced draught there is a 48-in. rotary fan, which 
ro pe airto the closed stokehold. There are auxiliary 


pumps, bilge-pumps, and bilge-ejectors. Electric | 
light is fitted throu hout, current at 110 volts being | 


— by a 3.3-kilowatt engine and dynamo. 

‘The Calcutta authorities may be congratulated on 
having secured a small fleet of very efficient little 
vessels for a service where they will be much appre- 
ciated. The whole of the work was carried out under 
the superintendence of Mr. J. H. Apjohn, M. Inst. C.E. 








THE WORLD'S SHIPBUILDING IN 1906. 

Tux shipbuilders of the world during the past year 
proluced new shipping, including warships, totalling 
3,282,735 tons, the measurement of 1984 vessels. This 
total has never before been approached. While this is 
undoubtedly satisfactory from the point of view of 
the marine constructor, shipowners will look askance 
at the great addition tothe over-sea carriers repre. 
sented by this total. Of merchant ships alone, the 
total comes to within a very short range of 3 million 
tons ; to be exact, the 1836 merchant vessels launched 
make up 2,919,763 tons. This is 400,000 tons more 
than in the previous year, and the previous record 
total—namely, 2,617,539 tons in 1901—is exceeded by 
300,000 tons. This increase is credited entirely to the 
United Kingdom, a matter for which there is some 
satisfaction; but analyses of statistics for recent 
years suggest that a nations are extending their 
shipbuilding resources. This is d gg mcnagn 4 noticeable 
in the case of Germany, Holland, Japan, and Norway, 
to the work in which and other countries we shall 
presently refer. 

‘* Lloyd’s Register of British and Foreign Shipping,” 
from whose return we take the figures, do not include 
vessels under 100 tons, a fact which explains the dis- 
crepancy 
Kingdom and those published in ENGINEERING, page 28 
ave. In our return we included all vessels of which 
we had cognisance; and amongst the number were 882 
boats under 500 tons, Our total for Britain is there- 
fore higher than Lloyd’s, the figures being 2,033,000 
tons, including. all merchant and naval vessels, as 
compared with 1,936,793 tons, a difference of 97,000 
tons, From other points of view, and notably in 
connection with the proportion of work for foreign 
owners, the figures given in Lloyd’s agree with those 
published in our article. Leaving out the small craft, 
we find that the output in the United Kingdom of mer- 


chant ships is 1,828,343 tons, 200,000 tons more than f 


in the preceding year, 623,000 tons more than in 1904, 
and 300,000 tons greater than the highest previous total 
—that of 1901. hen it is remembered that the loss 
of British ships through misadventure and compulsory 


breaking up accounts for only 251,000 tons per annum, | 


it will be seen that the addition to the carrying 


capacity of our fleet is very great. Sales to foreign | 
Jonial buyers make up about half a million | 


and co 
tons, but these really are used in competition with 
existing British ships. Even accounting for this, it 





between their statistics for the United |} 


lis found that the British-owned steam —- has, 
|in the past year, been increased by 885, tons, 
| while the sailing tonnage has decreased 121,000 tons. 
| We have thus a net increase in tonnage of 764,000 
| tons, which is nearly equal to the net increase of the 
two previous years combined. Indeed, sinc> the 
| beginning of the century up till last year the average 
net increase per annum has been under half a million 
|tons, so that the a: year’s augmentation of the 
| carrying capacity of the British fleet is more than 50 
| per cent. higher than in the immediately preceding 
years. Since the volume of over-sea commerce may 
not have increased to anything like the same extent, 
the effect is increased ve infreights. Beyond 
this there is, as we have already indicated, the increase 
in the fleets of foreign nations, not only by new con- 
struction here and at home, but by the purchase of 
something like half a million tons per annum from our 
mercantile fleet. 

In Table I. there is given the tonnage of vessels of 
100 tons gross and upwards (excluding warships) 
launched in the United Kingdom and in the principal 





United  Austria- 











. | | 

British Den- | Ger- 

Year. Kingdom. Hungary. | Colonies. | mark. ‘ous many. 
tons tons | tons tons | tons tons 
1892 | 1,109,950 2,302 | 19,792 12,707 | 17,228 64,888 
1893 | 836,383 7,435 | 17,089 | 10,719 | 20,387 60,167 
1894 | 1,046,508 1,703 | 6,803 | 7,300 | 19,636 119,702 

1895 950,967 7,371 10,381 10,982 | 28,851 87,7 
1896 1,159,751 | 6,246 | 11,124 11,814 | 44,565 | 103 295 
1897 952,486 | 6,601 | 12,431 | 13,539 49,341 | 139,728 
1898 1,367,57 5,432 25,021 12,7038 | 67,160 | 153,147 
1899 1,416,791 | 9,248 8,464 26,613 | 89,794 211,684 
1900 | 1,442,471 | 14,889 9,563 11,060 | 116,858 204,731 
1901 1,524,739 20,013 28,134 22,856 | 177,543 217,593 
1902 1,427,558 15,192 28,819 | 27,148 | 192,196 | 213,961 
1903 1,190,618 | 11,328 34,690 | 25,609 | 92,768 | 184,494 
1004 1,205,162 16,645 30,965 | 15,859 81,245 | 202,197 
1905 1,623,168 | 16,402 | 10,798 17,557 | 78,124 | 255,423 
1906 | 1,828,343 18,590 26,042 35,214 | 318,230 


24,712 | 


TaBLe I1.—Tonnage of Ships Launched (including 
Warships) in each Maritime Country. 


ioe 1903, | 1904. 1905. | 1906. 








Austria-Hungary .. 28,848 28,125 26,832 21,350 
Belgium cul 12,804 | 6,686 2,000 5,813 
cc soe 2,364 | 709 5,070 2,898 
Denmark oe os 32,059 | 15,859 17,557 24,712 
France .. «-| 123,528 | 124,845 105,365 58,502 
Germany 245,084 | 247,167 295,010 381,614 
Holland és 59,594 = 61,404 44,357 | 72,489 
|Italy .. .. «.| 57,889 | 58,678 74,859 | 84,719 
Japan .. se . 41,004 33,577 50,075 85,806 
Norway 41,599 50,469 52,580 60,874 
Russia .. 45,404 8,143 17,559 59,060 
Sweden ee ad 15,505 10,375 13,652 11,579 
Other European 
countries - 3,669 3,436 5,894 19,056 
United States .. ..| 450,000 409,403 401,027 486,650 
Other countries wy 592 763 2,580 | 778 
Colonies “ 34,690 80,965 10,798 26,042 





Total foreign and 
colonial .. -.| 1,194,223 | 1,090,604 1,125,164 1,345,942 
United Kingdom . | 1,342,508 | 1,332,837 1,752,969 | 1,936,793 


Total for world .. 2,536,731 | 2,422,941 | 2,878,133 3,282,735 











i TABLE III.—Wumber and Tonnage of Warships 
Launched, 1892-1906. 








British. Foreign. 

No. Tons. No. Tons. 
1892 .. 30 151,157 63 157,744 
1893 . 18 46,898 33 133,635 
1894 .. 31 82,971 27 87,(50 
1895 . 59 148,111 23 100,614 
1896 . 55 163,958 $7 167,833 
1897 . 48 95,465 42 133,435 
898 . 41 191,555 50 175,318 
1899 . 35 168,590 56 176,170 
1900 . 29 88,364 70 192,100 
1901 .. 41 211,969 82 255,578 
1902 .. 23 94,140 80 191,166 
1903 . 41 151,890 78 239,210 
1904 .. 37 127,175 65 307,831 
1905 . 23 129,801 90 233,410 
1006 .. rh 103,450 119 2° 4,522 


| foreign countries during the past fourteen years; 
| while Table II. gives similar figures, including war- 
ships, for the past four years. It will be noted that 
| Britain is still responsible for a very large proportion 
of the world’soutput. During the past year, however, 
oreign countries have again exceeded the 1,000,000 
tons, as was the case in 1902 and 1901, and a closer 
examination of the figures suggests a steady advance 
in the production in Germany. Here it will be noted 
that 2 Ee has been continuously maintained for a 
period of years, and now the total, excluding war- 
| ships, is quite 50 per cent. higher than it was at the 
beginning of the century. Between 1896-9 the average 
was only 152,000 tons, in the next four years, ending 
with 1903, it was 205,000 tons, and for the past 
three years it has been 258,000 tons. It is a notable 











fact that a larger proportion of the output in Ger- 
many consists of vessels of very great size, and 
that fewer are of the standard size—between 4000 
and 6000 tons—common to British yards. In the 
past year the Vulcan Company, of Stettin, launched 
the Kronprinzessin Cecilia, of 19,400 tons, and Ger- 
many’s list includes twelve steamers between 6000 
and 10,000 tons. Germany also launched the largest 
sailing ship of the year—the five-masted barque R. C. 
Rickmers, of 5548 tons. This vessel is fitted with 
auxiliary steam power. 
The next European country in point of we He is 
Holland, but here the total fluctuates ; that for the 
t year is 2300 tons less than for 1902. This total, 
owever, might have been very much greater had 
barges, lighters, and other river craft been included, 
the tonnage ot these being over 45,000 tons. Norway 
comes next, and here the progress has been consistently 
maintained, the output in seven years having been 
doubled. The great majority of vessels included in 
the 60,744 tons produced were between 1000 and 1500 
tons, the largest vessel of the year being only 2735 





TABLE I.—Tasie SHowinc THE TONNAGE OF VESSELS OF 100 Toxs Gross AND Upwarps (Exciupina 
Warsuips) LAUNCHED IN THE UNITED KINGDOM AND ABROAD DURING THE YEARS 1892-1906. 




















, United Other 

Holland Italy. Japan Norway states. Countries. Totals. 
| tons tons tons tons tons tons No. tons 
14,368 13,885 .. 24,572 62,488 15,762 105] 1,358,045 
| 1,889 10,626 1,132 16,552 27,174 17,788 846, 1,026,741 
15,360 5,896 3,173 17,169 66,894, 13,894 932, 1,323,538 
8,292 5,693, 2,296 12,873 84,877 7,881 880 1,218,160 
| 12,405 6,779 7,849 12,059 184,175 7,820 1113 1,567,882 
20,351 12,910 6,740 17,248 86,838 | 13,711 990 1,331,924 
19,468 26,530 11,424 22,670 173,250' 8,968 1290 1,893, 
34,384 (19,472 6,775 27,853 224,278! 16,382  12€9 2,121,738 
45,074 67,522 4,543 82,751 333,527 21,174 1364 2,304,163 
29,927 60,526 | 37,208 36,875 433,235 1538 2,617,539 
69,101 16,270) 27,181 37,878 | 379,174 33,277 (1650 2,502,755 
59,174 |50,089/ 84,514, 41,599 | 381,820 35,928 1650) 2,145,631 
55,656 (30,016 32,969 50,469 238,518 23,254 1643) 1,987,935 
44,135 |61,629| 31,725) 52,580 | 302,827 25,554 1576) 2,514,922 
66,809 | 30,560) 42,489 60,774 | 441,087 26,913 1836 2,919,763 


|tons. In the case of France, the influence of subsidy 
| legislation is clearly indicated: there Las been a 
rapid decrease since 1902, the totil for the past year 
| being little more than one-sixth that of the year 
named. The output of the past year is, indeed, the 
lowest since that of 1895, and is due in part to the fact 
that very few even moderate-sized ships are included ; 
the largest was a steamer of 6000 tons, and only two 
others were over 3000 tons. 

The only other nations to which reference may be 
made are the United States and Japan. In the case 
of the States it will be noted that the output is 139,000 
tons greater than in any previous year, and the addi- 
tion, as compared with 1905, accounts for three- 
quarters of the total augmentation of tonnage built 
outside of the United Kingdom. A great part of this, 
however, is due to the shipbuilding on the great lakes, 
the total built on these inland seas making up 
272,000 tons ; this includes thirty vessels of between 
6000 and 7500 tons. There is, however, an increase 
also in the number of large sea-going steamers. The 
largest, the Mexican, of 8991 tons, was built at San 
Francisco, while six others, of between 6000 and 7000 
tons, were constructed during the year. A six-mastcd 
schooner, of 3132 tons, was built at Bath, in the State 
of Maine ; and amongst the vessels of the year were 
| three fitted with turbine machinery—the Creole, of 
| 6500 tons ; the Yale, of 4500 tons ; and the Governor 
Cobb, of 2525 tons. As regards Japan, progress is 
slow, but gives promise of developments in the future. 

A word may be said regarding warship construc- 
| tion. The figures of total output, including warships, 

are given in Table II. The largest augmentation 
| of fighting ships is that of Germany, where twenty- 
five vessels, totalling 66,384 tons, were launched. 
| Russia makes a good second with thirteen vessels, of 
| 57,804 tons. Included in the German list are eight 
| small craft for foreign owners, two for Greece, four 
|for Russia, and two for Turkey. Third on the 
|list_comes the United States, where six vessels, of 
| 45,563 tons, were constructed, all of them, except- 
‘ing a small Haytian craft, for the American Navy. 
Japan takes fourth place with twenty-six vessels, 
| of 43,317 tons ; and it is significant of future pos- 
sibilities that amongst these are included three 
vessels of 2220 tons for China. France’s addition 
to the fighting fleet includes eight vessels of 23,288 
tons, of which one large cruiser and one torpedo- 
boat were for foreign owners—the former for Russia 
and the latter for Turkey. The other additions 
to warship fleets are comparatively small. Austria- 
Hungary built ten vessels, of 2760 tons; Italy, 
twenty-one, of 4159 tons; Holland, seven, of 5680 
tons ; and Spain one, of 5287 tons. 

Table III. shows that the warships launched in foreign 
countries are again greatly in excess of those floated 
in Britain, but it may be reassuring to know that 
although the past year was the least satisfactory 
for three or four years, the two-power standard is 








practically maintained even in this respect. The 
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tendency, however, must be towards a reduction of | heated steam, extra high-pressure steam, and so on, to- 
by the adoption of more powerful | gether with more exact scientific methods of testing and 
some one 
| more familiar with the working of the British locomotive 


tonnage, since, : 
ordnance, the fighting efficiency per unit of displace- 
ment tonnage is steadily increasing. 








RAILWAY OF FRANCE. 
To tHe Eprror or ENGINEERING. 


work in France in 1906, one cannot fail to be struck with 
the great progress and development of the compound 
locomotive on French railroads. Runs, such as your 
writer describes, at high average speeds, with loads by 
no means light, over difficult roads, are certainly very fine 
performances, and speak well for the compound loco- 
motive. 

A question we may well ask ourselves at the beginning 


towards the development of the locomotive engine? [ 
think it is fairly generally admitted that our locomotive 
engineers have grappled successfully with the ever: 
increasing demands of the traffic departments of our 
railways; but in what manner have they met these 
demands? 

Have they produced a locomotive which is merely an 
enlargement of the locomotive of, say, ten or even twenty 
years ago, or is the present engine a more scientific piece 
of machinery in every respect than its predecessors ? 

To my mind the only essential difference between the 
present day locomotive and its predecessor of fifteen 
years ago lies in the proportions of its boiler. Cylinder 
dimensions are much the same as they were then, and the 
same applies to the other details of the mechanism in 
general, such as the valve-gear. 

In my opinion the modern engine is not a more efficient 

iece of machinery than its predecessors many years 
= Can it be said that the efficiency of the modern 
locomotive boiler is any greater than that of the boilers 
of fifteen years ago? Are there not the same mechanical 
troubles, such as leaky tubes, stay troubles, and so on? 
Can it be said that its evaporative efficiency per pound of 
fuel has increased at all? I doubt it. 

Then, again, the way in which mechanical troubles 
have been met by some of our locomotive engineers—I 
refer to a reduction of boiler pressures when these 
troubles occur—is not what one would consider a very 
progressive step. The old questions, such as “piston v. 
slide-valves,” ‘‘outside v. inside cylinders,” “large vr. 
small boiler,” ‘compounding or non-compounding,” and 
so on, are apparently still as far from solution as they 
were twenty years ago. 

Take the question of compounding, for instance. 
Although it 4 ee to be more or le:s solved on the 
Continent, how have we in this country advanced in this 
direction? One cannot do better than refer back to that 
classical paper read before the Institution of Civil Engi- 
neers in June, 1899, on the subject of ‘‘ compounding,” 
by one of the most capable, practical, and scientific engi- 
neers it has been the good fortune of this country to pos- 
sess, and which was published in full in ENGINEERING at 
that time (vol. lxvii., page755), In it was detailed a com- 
plete history of compounding as applied to the locomo- 
tives of our age | railway, together with results of the 
trials with both three and four-cylindered compound 
engines. Many wil], no doubt, remember the conclusions 
drawn by that eminent engineer on this vexed question 
of compounding ; but these will, in the writer’s opinion, 
well bear repetition, and are as follow:—‘“ As regards 
economy of fuel, from careful and exhaustive experiments 
made by the author, the saving due to compounding is 
about from 19 to 20 per cent., and this is confirmed by 
observations in the United States.” 

If we now refer to the state of affairs at the present day 
on this leading railway, what do we see now’? Nothing 
more or less than a complete change from the policy 
of that great locomotive engineer, and a complete rever- 
sion to the simple engine. On other lines in this 
country the compounding question is being, and has 
been for years, played with in a more or less unsatis- 
factory way. If there is something to be gained by com- 
pounding—and it is pretty obvious there is—why do not 
our engineers tackle the question in wholesale fashion, 
and by more scientific methods? But if there is nothing 
to be thus gained, why do not our engineers devote their 


energies to the improvement of the simple engine, and | 
| You also remark that the speed variation is obtained by 


leave the compoun Gees ate alone ? 
The fact is, every locomotive engineer has his own pet 
notions on such questions, and it is more than likely ‘that 


his successor will have his own ideas, which are certain to | 


be different in every respect. One hears that Mr. X, 
locomotive superintendent of N——M Railway, believes 
in outside cylinders, for example, whilst Mr. Y., of a 
competing line, goes in entirely for inside cylinders; and, 
again, that Mr. K. gives his 
heating surface, whilst Mr. L. considers 1500 quite suffi- 
cient ; and so on almost ad infinitum. At the present 
day our locomotive engineers can just manage to build 
engines which, while complying with the conditions and 
limitations imposed by the ing gauge and curves, can 
grapple successfully with modern traffic requirements. 
But what about the future? 

The time is not far off in the writer’s opinion, when 
the electrical engineer will have charge of the rail- 
way problem, and will solve it in much the same way as 
the tramway problem is now solved, and the heavy, costly, 
mammoth locomotives now seen on our railways will 
relegated to the scrap-heap, to give way to that more 
scientific piece of mechanism, the electric motor. Mean- 
while, why do not our locomotive engineers do all that is 
Possible to improve and develop the steam locomotive, by 
the imnediate adoption and use of compounding, super- 





ilers 2500 square feet of | 


experimenting with this machine. Perha 


| than I am may enlighten me on some of the above points, 


T am glad to see you acknowledge that there have been 
commutation and brush troubles in times gone by; but 
you must in all fairness admit that if they can be avoided, 
it tends to great simplicity and for reliability ; and you 
can take it from me we have had some. be 


and at the same tinie give me a a fatisfactory answer to | delighted to hear of a continuous-current dynamo and 


the following questions. 


Has it ever been conclusively 


LOCOMOTIVE WORK ON THE NORTHERN éproved that the famous Webb compounds were, generally | 


motor combination that will stand the severe trial’ of 
having its over-full load suddenly thrown on and off with- 


| speaking, a failure? and also, How is it that the French | out damage, not in the course of a week, but at the end 
| locomotive engineers have made the compound engine a | of, say, twelve months’ run. It stands to reason brush 
Str,—In reading your interesting article on locomotive Success, while our engineers have failed? Apologising for | friction alone would demand the turning up of commu- 


| the length of my letter. 
<=) Tam, Sir, yours faithfully, 
Birmingham, January 17, 1907. “ Err icrency.” 








PATENT LAW REFORM. 
To tHe EprTor or ENGINEERING. 
| 


f ll ask Sir,—As a reform of the Patent Law is now under 
of a fresh year is, What is being done in our own country | consideration, I venture to call your attention to a feature | 
which, in my opinion, should be improved, in order to 


avoid causes of litigation. 


|. I refer to the effect of patents on manufacturers who | 
on a commercial | 


| had secretly used a patented 
| scale before it was made or protected by the patentee. 


while the second course would be unjust to the patentee, 
creasing the risks incurred by a patentee, 


in secret, rather than seek protection by a patent. 
. The decisions i 
ancient date, and they are not all the same way. 


the said patent, but it shall have no effect on such an 


excluding mere experiments or abandoned trials). A 
somewhat similar provision is contained in the German 
Patent Law. 

seems also worthy of consideration. 

Many inventions are worked in the country of origin 
by the inventor himself alone, and have such a limited 
demand that only one or two manufacturing firms in this 
country would be likely to take them up. In such cases 
the manufacturers, knowing the difficulties in the way of 
the patentee, would be tempted to offer only a nominal 
sum for the patent or for a licence, far less than is 
warranted by the value of the invention. Would the 
inventor be compelled to accept any offer that is made to 


is he to know, before the time for working the invention 
has expired, whether he has done enough to satisfy the 
law? He should have an opportunity of applying to the 
Board of Trade or to the Court for a decision before it is 
too late for saving the patent. 
Yours faithfully, 
J. Werrer, Chartered Patent Agent. 
37 and 39, Ezsex-street, Strand, London, W.C. 
January 17, 1907. 








PETROL-ELECTRIC TRANSMISSION FOR 
ROAD VEHICLES. 
To THe Eprrog oF ENGINEERING. 

Sir,—I have just seen a copy of your very valuable 
paper, dated yesterday, in whic 
read by my friend Mr. E. W. Hi 
Hotel Cecil last Monday evening. 

I regret to have to draw your attention to a few inaccu- 
rate remarks in your kindly statement and description, 
|and would be glad if you will kindly correct them in the 
next issue of your journal. You state :—‘* Lower speeds 
are obtained by resistances in the rotor circuit.” It is 
not correct, as we do not acknowledge that it is good 


art and myself at the 





source of trouble, and are not what we consider a g 
mechanical engineering job, and are not required in con- 
nection with the Hart-Durtnall system; we have used 
them, but found them very wasteful as regards power. 


| splitting of the windings of the motor stator, which is 
abrupt. 


windings, but provide two or more separate and distinct 

| windings—one for each speed of our motor; and when 
changing from one speed to another no abrupt shock can 
be felt, but a very gentle retardation or acceleration, 
according whether the speed is changed to lower or 
higher (electro-magnetic) gear. 

Mr. Carter was perfectly right in his statement ; the 
control is perfect, and, in fact, the control-lever on our 
omnibus was originally the advance spark-lever of the 
engine, as we do not require this for advancing the spark 
of our engine, as we provide a much more scientific 
method, and one which will in the end assist in proving 
how economical the Hart-Durtnall omnibus is during the 
| petrol-consumption trials, which will be shortly carried 
out. 

Yes, there are no batteries for propulsion purposes, as 
we avoid them wherever possible, like His Satanic Majesty 
did poison; we only use them for minor purposes, such as 


| purchased are very good; in fact, we wou 
| them on our main Y 


| reliable, and smoothly-gliding cars may 


In such cases the question arises whether the patentee | 
can prevent such a manufacturer from using the inven- | 
tion, or whether the prior use of the invention by an | 
independent inventor renders the patent invalid. The | 
first course would be unjust to the prior manufacturer, 


I think the law should contain a clause making it clear | tap A 
that a patent shall be valid notwithstanding the same| cussed. As 
invention may have been used even on a commercial | sume, from Mr. Durtnall’s remarks, that the commutator 
scale, but secretly, by another inventor before the date of | of his continuous-current exciter would be gladly dis- 


inventor if he had used the invention continuously (thus 


In framing a oe tem! working clause, the following | 


| in any way in an exposed 
him, in order to avoid the risk of losing his patent? How | your readers, 


you refer to the paper | ore 


I would respectfully remark that we do not split the | 








tators and renewals; besides, there are other things in 


| store for those who do not care to profit by our practical 
| experience. 


our remarks about the commutators being too dearly 
id not have 
apparatus at any price. 

You are right; any transmission system must prove 
itself commercially good, taking cost of maintenance and all 
the other little matters into consideration, and perhaps 
your delightful visions of well-lighted, practically silent, 


lage f be 
realised only too quickly ; and when the fat dividends 
arrive, the multi-millionaire motorist will say, ‘‘ How glad 
we are that at last there was a sincere practical 
attempt at petrol-electric transmission, and at quite a 
reasonable cost !” 
I am, dear Sir, most sincerely yours, 
Wituiam P, DurrNa.t. 
Luton, January 26, 1907. 


[We are sorry to have assumed that Mr. Durtnall used 


as well as injurious to the interests of the public by in- | resistances in the rotor circuit of his induction motor to 
and would | vary the speed, It ap 
thereby induce many inventors to work their inventions | nections of his system 


rs from the diagram of con- 
at the only sliding contact em- 
ployed is that which controls the number of sections of 


ng on this question are all of | the exciter field in circuit. With reference to splitting 


the stator windings, the question is purely one of the 
preferred, and therefore need not be dis- 
regards commutators, one would almost pre- 


pensed with. However, what perfection has been attained 


| in commutator design is shown by the behaviour of train- 
| lighting dynamos and traction motors.—Ep. E.] 





NICKEL-PLATED STEEL WIRE. 
To THE Epitor or ENGINEERING. 

Sir,—We have recently been wanting some nickel- 
plated wire, and have experienced some difficulty in 
getting this. The wire we require is the ordinary amy 
of steel nickel-plated, so that it will buff up, and have a 
good appearance. The only wire we have been able to 
get has lost all the plating in the buffing up, and parts 
which were not buffed up, or in any way touched up by 
tools, have corroded with a fortnight’s use, and not bein 
position. Can you, or any o 
help us in the matter? 

Yours faithfully, 


January 25, 1907. LANCASHIRE. 








IRON-ORE BRIQUETTES. 
To tHe Epitor or ENGINEERING. 
Srr,—In your issue of the 18th inst. allusion is made to 


| the output of iron-ore briquettes in Norway and Sweden, 
| and it is stated that Norway has taken the lead of Sweden 
in this respect by means of the Dunderland Mines, from 


which shipments of iron-ore briquettes are being made. 
As we are solely responsible for the installation of the 
Edison process of handling, crushing, and magnetically 


| separating iron ore, which is being utilised by the Dunder- 


land Iron Ore Company, we should like to draw attention 
to the fact that the elimination of phosphorus from the 
can only be effected by magnetic separation, and that 


| briquetting plays no part whatever in this change, but 
| merely serves to bind together the prepared material in a 


suitable form for use in the blast-furnace. 

On reading your article, it might appear that some 
briquetting process has been discovered which is able to 
eliminate phosphorus from the ore, but, of course, such is 
not the case. " i 

May we ask you to be good enough to insert this correc- 


practice to use resistances on motor vehicles ; they pod | tion in your next issue, so as to avoid misapprehension ? 


Yours faithfully, 
Eptson Org-Miuiine Synpicatsr, Limirep, 
J. Haut, Junr., Secretary. 
Fitzalan House, Arundel-street, London, W.C., 
January 29, 1907. 





Tue British Fire-Prevention Commitrer’s Trsts.— 
The coming session of the British Fire-Prevention Com- 
mittee, 1, Waterloo-place, Pall Mall, 8.W., will com- 
mence next week, when two tests on reinforced-concrete 
floors will be carried out. Both the tests are intended 
to obtain classification as ‘*‘ fully protected ”—i.e., to with- 
stand fire for four hours, followed by the application of 
water from a steam fire-engine. the same day the 
Committee will inaugurate a fresh departure, and will 
undertake loading tests with floor sections that have 
been put forward for fire tests, and two such floor sections, 
of 14 ft. and 28 ft. span respectively, will be investigated. 
The Council of the British Fire-Prevention Committee 
will be represented for the load ve hd Sir James 
Williamson, C.B., late Director of Dockyards, and for the 
fire tests by Mr. W. T. Hatch, M. Inst. C.E , chief engi- 
neer to the Metropolitan Asylums Board. It is a 
expected that practically the entire executive and general 
testing sub-committee will be engaged on this testing day, 


ignition, for lighting the omnibus, quite a small affair, or |as the operations will be of an unusually extensive 


for cigar-lighters, or inspection hand-lamps. The battery 
| then weighs only a few pounds, and is of special construc- 
tion. 





character. Mr. Ellis Marsland will act as directing 
member of the firetest and Mr. Max Clarke, F.R.1.B.A., 
for the load teste. 
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SIX-COUPLED PASSENGER EXPRESS LOCOMOTIVE; CALEDONIAN RAILWAY. 
CONSTRUCTED AT THE WORKS OF THE COMPANY; MR. J. F. M‘INTOSH, LOCOMOTIVE SUPERINTENDENT. 


Fig .3. 








WE are now enabled to reproduce detailed drawings 
of the latest six-coupled passenger express locomo- 
tives designed by Mr. J. F. M‘Intosh, the locomotive 
superintendent of the Caledonian Railway, for the 
heavy corridor-train servive between Carlisle and 
=e and Glasgow and Aberdeen, an engine of 
which we gave a few ticulars some months ago, 
end which has been doing consistently good work 
with almost continuously increasing loads on the West 
Coast express service. This engine is the latest 
development of the now widely known and highly 
appreciated ‘‘ Dunalastair” type, and before enter- 
ing into details of this class, known as ‘‘ No. 903,” 
we may note the successive advances in design. 
All of the engines are remarkable for their sym- 
metrical proportions. On the accompanying table 
there are given the comparative dimensions of three 
of the series. 

The developments are shown most prominently in 
the increase in the size of the boiler—the heating sur- 
face having increased from 1403 to 2360 square feet— 
giving greater steaming capacity; in the working 
steam-pressure, which has advanced from 160 lb. to 
200 Ib., and in the increase of diameter of cylinders 
from 18} in. to 20 in., which permits of a greater appli- 
cation of power. At the same time there is additional 
adhesion secured by the provision of an extra pair of 
driving-wheels, these being 3ix-coupled, instead of 
age ony, as in the earlier types. 

A further improvement of detail has reference to the 
introduction of direct staying of the fire-box crown 
to the fire-box shell, which means a freer circulation 
of the water and increased steaming power, with less 
wear on the fire-box. By the changes mentioned the 
tractive effort has been increased 50 per cent., from 
14,400 Ib. to 21,333 Ib. ; in other words, the load 
which may be dealt with in the journey between 
Glasgow and Carlisle, notwithstanding the very severe 
gradients on the Beattock Rise, is 360 tons in the 
case of this latest locomotive, whereas in the case of 
ite predecessors of the ‘‘ 900” class the load was 280 
tons, and for the earliest ‘‘ Dunalastair ” ines 


240 tons. Such an advance within ten years is indi- 





a ae 


Fig. 4. 
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cative of the serious problems which the locomotive 
engineer of to-day has had to tackle in order to meet 
the increasing demands for comfort and luxurious 
travelling afforded by the traffic department to the 
general public. 

















Table giving parative Di s of Progressive 
Caledonian Passenger Locomotives. 

oo 721 Class. | 900 Class. | 903 Class. 
oe os | 
- Cylinders, ft. in. | ft. in. ft. in. 
Diameter i 1 6 a 1 8 
Stroke Se es 22 . ti 2-4 
Between centres .. 23 2 44 | 2 Of 

Wheels. 
Diameter of bogie on tread + ee! is 3 6 
Diameter of driving and trailing 
nwa. a. Se 6 6 6 6 

Boiler. | 
Height of centre from rail i 7 9 8 0 6 
Length of barrel .. ..  ..| 10 3 |11 1 #=|17 7% 
Mean outside diameter of bar-) 

rel .. <a ee ea | 4 9} 4 9 5 3} 
Fire- Box. 

Length outside .. » a =. 6 ll 8 6 

Breadth outside at bottom —) 4 4 0 

Depth from centre of boiler, 

front ve os a x 5 6 5 9 5 60 

Depth from centre of boiler, 

back ve ms ne -| 6 0 5 3 3 9 

Tubes. 

Distance between tubeplates 10 7 ll 44 #16 8 =| 
Diameter outside .. ~ wi 0 Wj 0 1 0 2 


! 





Heating Surface. 

Tubes. . os + -. 8q. ft. 1284.45 1402 2,211.75 | 

Fire-box .. ae co op | | CRS 138 | 148.25 
Total .. -- 8q. ft.) 1408.23 | 1540 2,360 
ogee area ~ <a” | 20.63 23 26 

orking re in pounds per } 

square pe ée "2 160 180 200 
Tractive force de -- Ib| 14,400 17,350 | 21,333 
Capacity of tender tank.. gals.) 3,570 4,125 5,000 





| crown in 











Of this newest type of locomotive a general section 
and plan are given on our two-page ye while on 
this and the opposite page are several cross-sections 
and a general view of the engine. ‘ 

Between the locomotive class ‘‘900,” of which 
dimensions are given in the table, and this latest 
engine, Mr. M‘Intosh introduced a six-coupled engine 
—in 1903—which is known as ‘‘ Nos. 49 and 50” (see 
ENGINEERING, vol. lxxvi., page 399), and it is inte- 
resting to note the variations between these two 
types of six-coupled engines. In both cases the cy- 
linders are inside the frame—that is Mr. M‘Intosh’s 
invariable practice—and they drive on the front 
axle. The wheels are 6 ft. 6 in. in diameter, 
and there is the same four-wheeled leading bogie. 
The connecting-rod, however, has been increased from 
6 ft. 8 in. to7 ft. The cylinders are 1 in. smaller in 
diameter. The valve motion is practically identical, 
the slide-valves being, as before, placed on the top of 
the cylinders. The stuffing-boxes of the valve spindles 
and piston-rods have a patent metallic king. _No 
trouble has been conned in increasing the dimensions 
of the bearings, which are for the driving axle 94 in. 
in diameter by 104 in. long, and for the intermediate 
and trailing—which are concave journals—8 in. in 
diameter in the centre, 94 in. in diameter at the ends, 
and 12in. long. For the purpose of, as far as possible, 
eliminating the ibility of heating, the big-end 
bearing has also — yay f increased, being now 
94 in. in diameter by 47 in. long, as against 44 in. 
Another variation of the previous stan design is 
the provision of 4 in. total side play on the trailing- 
axle. This, of course, necessitates a knuckle-joint in 
the trailing coupling-rod. A better distribution of the 
weight has also been obtained by substituting a built- 
up steel plate drag-box in place of a cast-iron one, 
and also by the use of direct stays for the fire-box 
place of roof-bars, as already mentioned. 

The diameter of the boiler, which is constructed of 
shell-plates $4 in. in thickness, has been inc 
from 5 ft. to 5 ft. 34 in., so as to give a ter heat- 
ing surface and steam capacity. The tubes are 2 in. 
in external diameter throughout, and are of mild steel 
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CALEDONIAN RAILWAY. 
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galvanised. The fire-box shell is 8 ft. 6 in. lon by | brake fittings, and has also an ejector and “‘ through” 
4 ft. wide, and has a grate area of 26 square feet. | pipes to enable it to work vacuum-brake-fitted trains 
The side-plates are § in., and the crown plates ? in. in| when required. Sand-boxes have been fitted to the 
thickness. The safety-valves are of the double type, | driving and intermediate wheels. The form of steam 
having four valves 4 in. in diameter, with independent | reversing-gear used is the Caledonian standard pattern, 
*prings, which are set for a working pressure of| which retains the use of the reversing-lever and 
200 } - per square inch. Under test the boiler has | notch-plate. 

shown improved steaming power, robably due to the | The weight of engine in working order is 73 tons, 
substitution of the direct stays for roof-bars in the | and the weight of tender, which has two four 3 ft. 3 in. 
crown of the fire-box, and also to an increased water | wheel ies, is 57 tons, including 5000 ons of 
space between the outer and inner fire-box shells. water and 6 tons of fuel. The total weight of engine 
The engine is equipped with the usual Westinghouse | and tender is thus 130 tons. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 14, 1907. 
A LARGE,volume of business has been booked within 
the past week or two, which calls for basic pig, and 
most unexpectedly these requirements have in pre- 
sented calling for 50,000 tons for delivery during the 
first three months of this year. Some of the material 
was contracted for at 24 dols. at furnace, but that 
which was wanted within two weeks commanded 
25dols. There are 20,000 tons more wanted for prompt 
delivery. Under the strain for additional material 
capacity is being increased, and orders for foundry 
iron are being taken care of by northern and southern 
makers. The manufacturers of agricultural imple- 
ments in the Central West, and of electrical apparatus, 
as well as of railroad equipment and engines and heavy 
machinery, are all in the market this week wanting 
to place their orders, and they expect to doso. The 
most encouraging feature at present is the coming in of 
a good deal of capacity, which has been under construc- 
tion for some time. A part of the pressure will soon 
be relieved in consequence. In the West and Central 
West contracts have been placed within ten days for 
foundry, basic, and Bessemer pig, amounting to 100,000 
tons, and there are pending negotiations in Atlantic 
Coast markets for, perhaps, as much more. The strong 
demand for pig iron is pushing prices upward. The 
buying movement for 1907 is now on. The material 
mostly wanted is Bessemer and basic. The consumers 
of foundry iron are snatching at some faint evidences 
of increasing supply, and are pretending to believe 
that the highest point has been reached. Last week 
the Westinghouse interests closed contracts for 20,000 
tons of foundry iron. They are willing to take 20,000 
tons additional if satisfactory deliveries can be made. 
The Jones and Laughlin Company crowded their 
furnaces too fast, resulting, it is stated in public 
prints, in a disaster from that cause. A number of 
workmen were killed by an explosion. The matter is 
being looked into. Arrangements have been made for 
bringing down from the head of the lakes 40,000,000 
tons of ore during this year. The facilities for hand- 
ling this immense quantity have been considerably 
improved. Railway facilities between Lake Erie and 
the furnaces around Pittsburg are also being increased. 
The Pittsburg and Lake Erie Railroad will be ex- 
tended from Youngstown to Cleveland. This will 
reatly facilitate the handling of ore. The Jones and 
ughlin Company are seriously cramped for room in 
the city of Pittsburg, and they have bought five miles 
of river front on the Ohio River below Pittsburg. 
Work has been started to erect plants there. The 
steel-rail market is very quiet, but there is enough 
business in sight to fill the mills for a month with all 
the work they could do, were they to accept it. A 
large rail demand is likely to set in at any time. 
Southern railroad building will be prosecuted on a 
large scale. The Southern States are developing 
industrially with remarkable rapidity and railroad 
facilities are demanded. There is an abundance of 
capital ready to prosecute the necessary work. A 
great deal of mineral land has been purchased in anti- 
cipation of these improvements. 
January 21. 
We have entered upon the era of small orders in 
iron and steel. The smaller buyers all over the 





country, who buy at thirty or sixty days’ delivery, or 
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a little longer, are now placing their ordera, and find 
that prices are considerably higher than Jast autumn, 
when they purchased heavily. An indication of the 
activity in the small shops and the small factories of 
the country is found in the multitude of small orders 
which are coming along, and which are welcome to 
the manufacturers and machinery makers, because of 
the better margins they are able to make. Within 
the past two weeks all of the larger tool-making plants 
of the country are reporting a steady influx of these 
small shop and factory orders. mye Mang standard 
tools. A many inquiries have also been sub- 


mitted within the pist forty-eight hours by railroad | 
companies that desire to more fully equip their! 
machine-shops with tools of various kinds about April | 


or May. ‘There have also been numerous inquiries of 
late for power-plaut equipment from railroad com- 
panies. ‘he Pennsylvania Railroad will shortly place 
orders for the equipment of a power-house at Wash- 
ington, D.C., 77 ft. by 238 ft., and a repair-shop, 
30 ft. by 156 ft., for which both tools and machi- 


nery will be required. Advices from the larger | 
engineering plants in the West and North-West also | 


show quite an influx of orders for tools, machinery, 
and steam and electrical equipment, which will result 
in filling up most of those plants with business that is 
regarded as profitable. 

he orders for steel rails have been falling off, and 
those now coming in are for small lots, mostly for 


the smaller lines. The largest order recently placed | 4! 


came from the Far South-West for 7000 tons. It is 
estimated this week that the rail-mills have now 
orders on their books for 2,800,000 tons. The rail- 
roads are still placing orders for material for steel 
bridges, these orders averaging from 1000 to 2000 tons. 
San Francisco is a g uyer of steel for building 
purposes, and other cities on the Pacific Coast are also 
making known their requirements, which are figuring 
up into large quantities. There is an active demand 
for iron and steel bars, and the rolling-mills of the 
country are running full time, with an abundance of 
business. The sheet-mills are similarly well.employed, 
and the mills making tubes are still swamped with 
ordera. The output of Connellsville coke last week 
was 409,866 tons. Seventy-two-hour foundry coke is 
now held at from 4 dols. to 4.25 dols, a ton at oven, 
and orders can only be taken for delivery after April 
1, The carrying of ore from the Lake region will be 
greatly facilitated by the addition of the forty-five bulk- 
freighters which will be ready for the coming season. 
There will be no more difficulty in obtaining prompt 
supplies of ore after the opening of the season, Large 
contracts are being quietly placed, and by the opening 
of spring the entire ore requirements of the furnaces 
of the United States will be fully provided for. The 
present activity in all lines of iron and steel is of a 
retail character, and it will continue throughout mid- 
winter. 





Texpers Invitep. —The Commercial Intelligence 
Branch of the Board of Trade announces that tenders are 
invited by the Antwerp Municipal Authorities for the 


construction of a swing bridge across the maritime lock | by 


of the Bonaparte dock, at an estimated cost of 80,200 
francs (about 3208/.). The specification (cahier des 
henge. No. 1161) and the plans may be obtained from 
the Hotel de Ville, price 1 franc and 23 francs respec- 
tively. Tenders in sealed registered envelopes should be 

dressed to ‘‘M. le Bourgmestre de la Ville d’Anvers, 

otel de Ville, Antwerp,” and should arrive there not 
later than February 18. A deposit of 5000 francs (about 
200/.) is required to qualify any tender. A copy of the 
specifications may be sven by British firms at the Com- 
mercial Intelligence Branch of the Board of Trade, 73, 
Basinghall-street, London, E.C. 





Tae Nortuampron Institute, CLERKENWELL.—The 
annual prize distribution and students’ conversazione 
took place at the Northampton Institute, St. John- 
street, Clerkenwell, E.C., on Friday and Saturday, the 
25th and 26th ult. On both evenings the Institute was 
open from 6.30 p.m. to ns pe m., and the functions were 
well attended by friends of the students and persons 
interested in the work being done at the Institution. 
Prizes and certificates were distributed by Mr. Evan 
Spicer, J.P., Chairman of the London County Council. 
Organ recitals were given, and displays in the gym- 
nasiums and swimming-baths. In various rooms on the 
different floors a number of exhibits were displayed 
relating to electrical apparatus, mechanical engineering 
appliances, electrotyping and stereotyping, arts and 
crafts, &c. Many of the exhibics consisted of complete 
working sets of instruments in operation; while in other 
branches, such as in the electrical workshop, students 
were to be seen at work on the construction ef tanchions: 
The British Horological Institute had a good exhibit of 
the various branchas of work in which they are interested 
at the Institute, including watchmaking, lens-grinding, 
&c, The arts and crafts work included chasing and 
embossing, silversmiths’ work, modelling, and carving. 
Among the mechanizal exhibits were to seen con- 
tinuous indicators, steam-traps, and other appliances. 
The machine-tools were in operation, and demonstrations 
were given on the testing-machines. The occasion passed 
off most successfully, as is only fitting in the case of an 
institution doing such a work as that carried on in St. 
John-street, Clerkenwell. 


NOTES FROM THE NORTH. 
Griascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Th 
Cleveland warrants opened at a decline of about 8d. at 


ciliation and Arbitration Board :—‘‘In terms of the remit 
I have examined the employers’ books for November and 
December, 1906, and I certify that the average realised 


ursday morning | net selling price at works brought out is 6/. 15s. 7.47d. per 


ton.” This makes no change in the wages of the work- 


583. 6d. cash, and then declined to 57s. 74d., but re-| men. 


covered to 57s. 104d. cash. Forward warrants were done 
at from 583. 3d. to 58s. 1d. to 58s. 3d. one month, and at 
583. 74d. three months, and at 57s. 9d. twenty-one days. 
At: the close sellers quoted 583. cash and 58s. 44d. one 
month. Hematite was 1s. 24d. down, and was dealt in 
at 74s. 6d. cash. There was a lot of excited dealing, 
and the total turnover was about 30,000 tons. In the 
afternoon the market was rather less active, and Cleve- 
land warrants changed hands at 583. 104d. cash, 
58s. 3d. eleven days, from 583. 6d. to 583. 2d. one month, 
and at 593. 3d. three months. Closing quotations 
were 57s. 9d. cash, and 583. 24d. one month sellers, 
and the dealings amounted to 18,000 tons, inclusive of 
some hematite at 74s. 10}d. one month. On Friday 
morning there was an improvement in the marker, 
; and Cleveland warrants were better, at from 583. 1d. 
| to 58s. 6d. cash, and from 583. 74d. and 583. 6d. to 
59s. one month. Other dealings were at 58s. 104d. 
April 8, and 593. three. months. Closing sellers quoted 
58s. 64. cash, and 58s. 114d. one month. Two lots of 
hematite at 74s. 1ld. twenty days were included in 
the business of 15,000 tons. In the afternoon about 
14,000 tons of Cleveland warrants were put through 
at 583. 44d. and 583. 54d. cash, 583. 44d. seven days, 
58s. 94d., 583. 10}d., and 583. 114d. one month, and at 
593. 34. and 593. 44d. three months. At the close, sellers 
uoted 58s. 6d. cash, and 58s. 114d. one month. Hema- 
tite—500 tons—changed hands at 74s. 104d. one month, 
and there were buyers over at 75s. one month. On Mon- 
- & morning the market was flat and less active, and 
7 tons of Cleveland warrants were dealt in at from 
583. to 58s. _ cash, from 58s. 44d. to 58s. 6d. one 
month, and 59s. 3d. three months. The closing quo- 
tations were 583. 4d. eash and 583. 9d. one month 
sellers, and there were buyers of hematite at 743. 6d. 
cash, and 753. 14d. one month. At the afternoon 
session 7500 tons of Cleveland warrants were done at 
58s. 14d., 58s., and 58s. 04d. cash, 58s. 64d., 583. 5d., and 
58s. . one month, and at 593. 14d. and 593. three 
months, and closing sellers quoted 58s. 0}d. cash and 


tons were done at 75s. 6d. and 75s. 9d. one month. On 
Tuesday morning the market was excited, and fully 
40,000 tons were dealt in. Opening weak, Cleveland 
warrants were done at 57s. 74d. cash, and then declining 
smartly to 56s. 8d., recovered to 563. 94d. cash, while 
forward warrants were done at from 57s. 10d. to 57s. 6d. 
to 57s. 2d., and then at 57s. 3d. one month. Closing 
sellers quoted 56s. 94d. cash and 57s. 3d. one month. 
Hematite at one month dropped 1s., being done at from 
74s. 104d. to 74s. 9d. one month, and also at 74s. 3d. six 
days. ‘The weakness was intensified in the afternoon, and 
Cleveland warrants were dealt in from 563. 6d. to 563. 44d. 
cash, at 56s. 11d. ten days, and from 57s. 2d. to 56s. 

and 563. 10d. one month, closing with sellers at 563. 54d. 
cash and 56s. 104d. one month. Hematite changed hands 
at 74s. 104d. one month, and the total turnover for the 
session was about 17,000 tons. When the market opened 
to-day (Wednesday) the tone was firmer, and about 14,000 
tons of Cleveland warrants were done at 56s. 9d., 563. 8d , 
and 56s. 9d. cash. 56s. 9d. and 563. 11d. five days, 57s. 2d., 
57s. 14d., 57s. 34d., and 57s. 3d. one month, 57s. 44d. 
two months, and 57s. 9d. three months. There were 


yers overat 56s 9d. cash, and sellers at 56s. 10s. cash and 
57s. 3d. one month. In the afternoon the market firmed 
up a bit further and Cleveland warrants were put through 
at 56s. 114d., 57s., and 563. 104d. cash, 57s. 34d. and 
57s. 4d. one month, 57s. 34d. and 57s. 3d. twenty-one 
days, and 58s. three months. At the close sellers quoted 
57s. cash and 57s. 5d. one month. Hematite was also 
stronger, and two lots were done at 743. 7d. fifteen days, 
with buyers over at 74s. 3d. cash. The total turnover 
was about 8000 tons. The following are the market 
quotations for makers’ (No. 1) iron :—Clyde, 76s.; Calder 
and Gartsherrie, 76s. 6d.; Summerlee, 78s.; Langloan, 
793.; and Coltness, £53. 6d. (all shipped at Glasgow) ; 
Glengarnock (at Ardrossan), 77s. 6d.; Shotts (at Leith), 
76s. 6d.; and Carron (at Grangemouth), 81s. 


Sulphate of Ammonia.—The sulphate of ammonia market 
continues to show signs of improvement, and a better 
inquiry is being felt. The current price is from 12/. to 
12/. 23. 6d. per ton for prompt business Glasgow or Leith, 
and the forward quotation is from 120. 2s. 6d. to 12/. 5s. 

r ton, same ports. The amount shipped from Leith 

arbour last week was 1179 tons. 


Scotch Steel Trade.—The conditions prevailing in the 
Scotch steel trade this week are, if angtping. rather 
quieter. Fresh inquiries ars reported as fair, but new 
orders are scarce, and those which have been placed are 
said not to represent a very large quantity of material. Pro- 
ducers’ order-books are, however, fairly well filled, but an 
a in specifications inst contracts would be 

comed. The momentary dulness in new business may 
be due to the fall in the price of pig-iron warrants, buyers 
holding off, perhaps, in expectation of steel prices easing. 
On the other hand, makers retain a firm attitude wit 
regard to prices, and no alteration has been made in the 
official list. 

Steel Nails Advanced in Price.—Scotch nail-makers 
have made a further advance of 10s. per ton in the price 
of all kinds of steel nails. The advanced price is now in 
operation. 

Wages in the Iron Trade.—Mr. John M. MacLeod, 





| taries of the Scottish Manufactured Iron 


583. 5d. one month. Hematite was stronger, and 1500, 


Galvanised Sheets Advanced in Price.—The Scotch 
galvanised sheet makers have just intimated another 
advance in prices. The rise is 103. per ton on all sections, 

| and this ee an increase of 20s. per ton in the course 

| of three months. It is stated that some producers are not 
only getting higher terms than the official list prices, but 

| in some instances even more than the above advance. 

| 


| The Tube Trade.—At the present time there is a very 


| 


been secured. Onerather good line has been booked 
| for South America by a local firm, and the value of the 
| order is reported to be about 10,000/. The tubes are 
designed for irrigation purposes. Prices are firm, and 
the outlook is generally considered as satisfactory. 

Thin Steel Plates Advanced in Price.—Scotch steel- 
makers have resolved to raise their terms for thin plates 
by 2s. 6d. per ton, in so far as in the buyers’ specifications 
these exceed the recognised proportion of 20 per cent. 


| Some demand for tubes for export, and some fair orders 
ve 








Water Suppity or Lincoty.—The water works com- 
mittee of the Lincoln Town Council has, after consulta- 
tion with Mr. Percy Griffith, decided to 7 the bore 
at Boultham to a further depth of not more than 180 ft. 
from the present level, in the belief that the supply 
obtainable will materially improve. 





Moror-Car Exutsition IN DENMARK.—An automobile 
and electric exhibition will be held in Nykébing Falster, 
Denmark, March 2 to 11, 1907. The exhibition will com- 
prise automobiles, motor-cycles, motor-boats and acces- 
sories, cycle2, stationary and portable engines for petro- 
leum, benzene, gas, spirits, hot air, &c., wind motors, 
electric motors, &c. Nykébing Falster has a favourable 
position for an exhibition, on the route between Berlin 
and Copenhagen. Count Roben Lewetzan, the Danish 
Minister for Foreign Affairs, is President of the exhibi- 
tion. 





TRANSVAAL ComMMISSION ON Muninc.—The Commis- 
sion appointed by the Transvaal Government to enquire 
into the question of many, 4 single outlet is formed of 
the following members :—Mr. U. P. Swinburne, Acting 
Government Mining Engineer (Transvaal), Chairman ; 
Mr. J. 8. Fisher, Inspector of Mines, Johannesburg ; 
Mr. J. Harry Jones, Consulting Engineer, Johannesburg 
Consolidated Investment Company ; Mr. H. Ross 
Skinner, Manager, Durban, Roodepoort Gold-Mining 
Company, Limited ; Mr. W. L. Honnold, Consulting 
Engineer, Consolidated Mines Selection Company, 
Limited ; Mr. J. H. Ronaldson, Consulting Engineer ; 
Mr. Thomas Willis, Miner. Secretary: Mr. J. R. 
Mackinlay, Mines Department, Johannesburg. The 
Commission will take evidence on the working of mines 
with one outlet, and what precautions, &c., should be 
taken for such conditions of work. Intending witnesses are 
requested to communicate with the Secretary of the Com- 
mission, address P.O., Box 1132, Johannesburg, or Room 
71, Winchester House, Johannesburg, giving a short sum- 
mary of evidence they are willing to bring forward. The 
Commission also invites written communication from = 
sons conversant with mining matters, but who are unable to 
attend in person. Such statements should be type- 
written if possible, and supported by an affidavit. Among 
regulations controlling the working of mines with single 
outlets the following articles appear :—Regulation 45. 
No person shall be employed in a mine, or be permitted 
to be in a mine for the purpose of being employed therein, 
unless there are, at least, two shafts or outlets to the sur- 
face, with which every reef or mineral bed for the time 
being worked in the mine shall have a communication 
of not less than 3 ft. wide and 3 ft. high, so that 
such shafts or outlets shall afford separate means of 
ingress or egress, available to all persons employed in 
such mine, whether the shafts or outlets belong to the 
same mine, or to more than one mine. Such shafts 
or outlets must not lead to the surface in one and the 
same shaft shed, and must not at any point be 
nearer to one another than 30 ft. Regulation 47.—The 
foregoing provisions with respect to two shafts or outlets 
shall not apply (a) in the case of a new mine being 
opened, to any working for the purpose of making a 
communication between two or more shafts, or to any 
working for the purpose of searching for or proving 
minerals, or (b) to any opened mine so long as it 1s 
exempted in writing by the Government Mining Engi- 
neer ; (c) to any mine while a shaft is being sunk, or an 
outlet being made, or in which one of the shafts or out- 
lets has temporarily become unavailable for the persons 





C.A., Glasgow,.has made the following intimation to | necessary with om, : 
Messrs. James C. Bishop and James Goris, joint secre- | collapse of shaft, &c., as well as sinking precautions, 
Trade Con- | such as timbering, &c. 


employed in the mine, so long as every effort is being 
made & the manager to repair the damage. Suggestions 
|and comments on these from competent persons are 
invited by the Commission. The terms of reference of 
the Commission’s inquiry have special reference to— 
(a) metalliferous outcrop and deep-level mines and coal- 
| mines; (b) incline and vertical shafts and compound 
| shafts (i.¢., partly vertical, partly inclined). It is pro- 
| posed to take evidence on what mining, if any, may be 
permitted in a mine with one outlet only, pending the 
sinking of or making connection with another outlet, and 
| what time limit shall be allowed in order to complete the 
| work of making such other outlet ; and also precautions 
to ventilation, fire, explosion, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Staveley Coal and Iron Company.—The directors of this 
company have declared a dividend of 5/. per share on the 
A and G 
shares. 


| 


shares, and 16s. 8d. per share on the B and D | Cleveland warrants caused by 
| preventing legitimate business. As is usual in an un-| per ton. Quotations for house 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Continued fluctuations in 
speculative operations are 


Manchester Association of Engineers. — To-day the | steady market, genuine buyers of pig iron are holding off, 


members of this association paid a visit to Sheffield, in | and sellers are at a loss w 


t to fix values at. The sta- 


response to the cordial invitation of the Master Cutler | tistical position is good, the only unfavourable fact being 
(Mr. R. S. F. Osborn) to visit the Clyde Steel Works. | a half million odd tons of Cleveland pig in the public war- 


The programme o ; 
Cutler at the Cutlers’ Hall, and this was followed by a 
luncheon, to which a very considerable number sat down. 
The guests were afterwards conveyed in carriages to the 
works, where they saw produced various brands of high- 
speed and other steels for which the firm are famous, 
steel castings and railway material, and the manufacture 
of high-speed twist-drills, milling-cuttera, and other 
tools. The various operations were witnessed with much 
interest. 

Iron and Steel Trades.—A feature of the steel trade 
continues to be the enormous demand that continues for 
high-speed qualities, and for twist-drills and other tools 
made from the same. Some firms are sending all they 
can spare to America, and have difficulty in meeting the 
calls upon them. The steel-makers in that country have 
so far Soveted their attention more to the production of 
the older tool steels, but those who wish to rush work call 
for the new steel and tools, and Sheffield houses are doing 
their best to meet it. There is very general activity in 
the moulding and engineering shops, as the orders now 
on hand from manufacturers of motors, electrical and 
hydraulic machinery, are both numerous and heavy. 
Improvement is going on in the gen tool branches. 
The demand for files is beyond anything on record. They 
are being ordered by thousands of dozens, and workmen 
all round are fully employed. Some of the older trades 
of the city re that business is not developing. The 
home orders for cutlery, silver, and plated goods have 
rather fallen off, and the outlook is discouraging. 


South Yorkshire Coal Trade.—There are still serious 
complainings on the part of coal-owners of the delay on 
the railways. They can neither get the laden wagons 
away nor empty ones returned, and much loss and incon- 
venience are being caused. There is no change in the 
demand for steam coal, and the severe weather has given 
a fillip to the house-coal branch. Taking advantage of 
the improved state of the market, coal-owners have united 
in lifting prices, and new contracts are being made on 
more favourable terms. There isa well-sustained demand 
for small coal of all descriptions, but the supplies are 
ample. A large business continues to be done in cokes, 
and prices are firm. 








Buenos Ayrrgs.—The Argentine Minister of Public 
Works has instructed Mr. Henderson, an English engi- 
neer, to proceed with surveys and plans for the enlarge- 
ment of the port of Buenos Ayres. 

Ecectric Traction In SwepeN.-—~The works on the 
electric experimental railway—the Stockholm-Jiirva line 
—are being pushed on rapidly. The electric railway 
will have separate accommodation at the Stockholm rail- 
way station. 

BIRMINGHAM ASSOCIATION OF THE INSTITUTION OF 
Civit Encingess.—The twentieth annual dinner of this 
Association was held at the Grand Hotel, et a on 
the 24th ult. Mr. J. D. Watson, M. Inst. C.E., Presi- 
dent of the Association, was supported by the Lord 
Mayor of Birmingham (Mr. Councillor J. H. ‘~e. Sir 
Oliver Lodge, Sir Alexander Kennedy, Sir illiam 
White, Mr. C. Hawksley, Mr. J. C. Inglis, and others. 
In his remarks the President of the Association men- 
tioned the fact that the roll of the Institution of Civil 
Engineers now contained some 8000 names, and that an 
income of 25,0007. was handled by the Institution. Bir- 
mingham Students’ Association now numbered about 
120 students resident in that district 





Coat 1n Sourn StarrorpDsHirE.—On Monday last, 
the 28th ult., the miners engaged on Lord Dudley’s 
Baggeridge Wood sinkings on the fringe of the Black 
Country struck a seam of coal at a depth of £56 yards. 
The seam is 20 ft. thick, of superior quality, prac- 
tically inexhaustible. The sinking operations have ex- 
tended over nearly ten years, and the discov has 
verified the predictiqns of Professor Lapworth other 
eminent geologists respecting the existence of coal 
measures under the sandstone rocks to the west of the 
South Staffordshire coalfields. When the colliery is in 
full working order a daily output of 2000 to 3000 tons is 
wnticipated. Whilst sinking, the miners also discovered 
a valuable deposit of iron ore, equal to the best Cumber- 
land hematite. 

DvunstTaBLE AND InpDusTRIES.—In connection with the 
movement for the encouragement of industries in Dan- 
stable, for which a re tative local committee has 
been appointed, with Mr. James Field as chairman, there 
has just been issued in connection with the Homeland 
Library a volume entitled ‘‘ Dunstable: Its History and 
Surroundings,” by Worthington G. Smith, the first free- 
man of Dunstal This work gives much information 
regarding ~ pw position and ibilities of the 
town which is of great antiquity, and yet is progressive 
in its present-day policy. The archeological information 
in the book forms a narrative of great yey bape om | 
directly upon the progress of Britain from earliest 
times. There are recorded various finds associated with 


the paleolithic and neolithic eras. 


ed with a reception by the Master | 








rant stores, and it is gratifying to notice that this is 
being steadily reduced, —— are altogether un- 
precedented for this period of the year. During January 
the clearances of pig iron by sea were well over 100,000 
tons, whereas the previous t on record for the first 
month of a year was 94,047 tons in 1899. Inland deliveries 
werealso good. The general price named for No. 3 g.m.b. 
Cleveland pig is 57s. 6d. f.o.b., whilst No. 1 is put at 
593. ; No. 4 foundry at 56s. 9d. to 57s.; and No. 4 forge 
at 56s, to 56s. 3d. East Coast hematite pig is easy, in 
sympathy with Cleveland iron, but the output is fully 
consumed, and values are dear as compared with those 
of Cleveland pig. the differences being more than double 
what they usually are in ordinary times. Mixed numbers 
of hematite are on sale at 80s, and probably 79s. 6d. 
would not be refused by second hands; but several lead- 
ing makers held out for at least 81s. Spanish ore is not 
so strong as it has . Rubio of 50 per cent. quality is 
23s. 6d. ex-ship Tees. That is recognised as the general 
market quotation; but one big firm cf merchants have 
offered to sell largely at 22s. 6d. Freights do not alter, 
being about 4s. 10d. Bilbao to Middlesbrough; and 
though boats are supposed to be plentiful, some diffi- 
culty has been experienced in fixing vessels for early 
cargoes. 


Manufactured Iron and Steel.—A very healthy and 
satisfactory condition exists in the various branches 
of the manufactured iron steel industries. These 
branches have not been at all influenced by speculative 
business in warrants, and it is pleasing to learn that not 
only have producers well-filled order-books, but that 
inquiries concerning new contracts are on a satisfactory 
scale. Messrs. Bolckow, Vaughan, and Co. have secured 
orders for steel rails, of 7000 tons, for the Indian State 
Railway, 7500 tons for the West Australian Railway, 
and 85v0 tons for the Cape Government Railway. Market 
quotations stand :—Common iron bars. 8J. ; bars, 
8/. 103.; best best bars, 9/.; packing iron, 62. 123. 6d.; 
iron ship-plates and iron ship-angles, each 7/. 15s.; iron 
ship-rivets, 8/. 23. 6d. to 8/. 5s.; steel bars, 7/.; steel 
ship-plates, 7/. 10s.; steel ship-angles, 7/. 23. 6d.; steel 
joists, 67. 17s. 6d.; and heavy s rails, 62. 12s. 6d. 
—all less the customary 24 per cent. discount, except 
rails, which are net cash at works. 


Ironworkers’ Wages Unchanged.—The accountant to the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England 
has just certified the annual net selling price of iron rails, 
plates, bars, and angles for the two months ending Dec- 
ember 31 last at 6/. 14s. 11.26d., as against 6/. 12s. 11.47d. 
for the previous two months, and in accordance with 
sliding-scale arrangements ironworkers’ wages for Feb- 
ruary and March will be the same as prevailed during 
the preceding two months. 


Coal and Coke.—Fuel maintains its value well. Coke 
is hardly so scarce as it has been, but sellers do not 
reduce their rates, and prices are still on a basis of 25s. for 
average blast-furnace kinds delivered here, which is far 
too high compared with the present value of Cleveland 
iron, 





ARGENTINE Ratiways.—In the course of last a! 3103 
miles of line were opened in the Argentine Republic, 
making the extent of Argentine railway in operation at 
the close of December 12,681{ miles. The number of 
passengers carried last year was 32,501,400, and the 
quantity of freight transported was 26,742,600 tons. ‘The 
receipts upon a gold basis last year were 16,248,100/.; the 
working expenses of the year were 9,624,540/., leaving a 
net profit of 6,623,560. This net profit was equal toa 
return of 5} per cent. upon the capital expended. 





Gas anv Exexcrricity.—In recent numbers of the 
Journal fiir Gasbeleuchtung, Franz Schiifer, of sau, 
ublishes some careful statistics proving that electricity 
by no means developed at a greater rate than gas. 
The statistics concern Berlin, in the first instance, then 
30 large German towns, and Germany, during the period 
1890 to 1906. The number of gas consumers in Berlin is 
still eleven times as large as the number of consumers of 
electricity, and during 1905 the number of gas users in- 
creased at five times the rate of the electricity users ; for 
the German towns this ratio was 8 to 1. Comparing the 
energies, Schiifer finds that Berlin utilises seventeen times 


as much gas energy as electrical energy. The basis 
comparison in such cases is always a little doubtful. The 
Berlin electricity works supply the equivalent of 1.78 
million standard candles, the gas 


works 3.6 million 
candles—2.5 million more than in 1890. As regards 
safety, more fires were attributed by insurance com- 
ies to electricity in 1900 than to gas, although the 
tter category comprises accidents charged to all kinds 
of gases. As to fatal accidents, tn electricity have 
little to re h each other with. By far the greater 
numbers of fires are ascribed to children playing, and 
to petroleum lamps; and ng all these features, 
Schiifer does not see any more necessity for inspecting 
electric installations than there is for inspecting houses 
in which gas is laid on. 





} 
NOTES FROM THE SOUTH-WEST. 
| Cardiff.—The steam coal trade has presented no new 
feature, but the undertone has continued strong. The 
best large steam coal has made 18s. 3d. to 18s. 6d. per ton, 
| while secondary qualities have — 49> from 16s. to 17s, 9d. 
1 have been well main- 

| tained. The best ordinary qualities have made 16s. to 17s. 
per ton, while y descriptions have ranged from 14s. 
|to 15s. perton. No. 3 Rhondda large has made 17s. 3d. 
to 17s. Gd. per ton. Foundry coke has been or at 
28s. to 303. per ton, while furnace ditto has made 22s. to 
25s. per ton. As regards iron ore, Rubio has made 22s. 
to 6d. per ton, and Almeria 21s. 9d. to 22s, per ton, 
upon a basis of 50 per cent. of iron, and charges, including 
freight, insurance, &c., to Cardiff or Newport. 

Dowlais.—The production of the Siemens and Bessemer 
furnace de ts have been upon a considerable scale, 
and the output of the blast furnaces has been equal to 
the demand. The Goat Mill has been u 
90-lb. per yard steel rails ordered for the London, 
Brighton, and South Coast Railway. Some steel sleepers 
have also been turned out. The Big Mill has been en- 
gaged upon fieh-plates, largely for foreign shipment. 

Swansea Docks.—The Swansea Harbour Board Trustees 
paid a visit of inspection on Thursday last to the new dock 
works of the Trust. The area under use for the whole 
of the works is about 400 acres, and the present water 
area is to be 66 acres, to be extended later on to 104 acres, 
The walls of the dock itself have been completed to the 
extent of nearly 1000 ft., and 2000 ft. more are under 
construction. dock walls are constructed of concrete, 
the upper 11 ft. being faced with blue bricks. The exca- 
vation of the dock involved the removal of 3,000,000 
cubic yards. The level of the dock bottom is 20 ft below 
the level of the foreshore, and the concrete wall is to be 
built up 20 ft. above that level. Some 400,000 tons of 
concrete are required for the dock walls and 4,000,000 
bricks for the facework. 


Death of Mr, J. Brogden.—Mr. J. Brogden, of Porthcawl, 
died on Saturday last. Mr. Brogden, who was seventy- 
four years of age, was the fifth son of the late Mr. J. 
wy x en, of Messrs. J. Brogden and Sons, founders, of 
the Llynfi and Ogmore Railway, and was intimately as- 
sociated with the Welsh iron and coal trades. 

Midland Railway.—The Midland Railway Com 
has completed extensive improvements at Gurnos, where 
a number of sidings have m made. A new line has 
been constructed between Ystalyfera and Cwmtwrch, by 
means of which a short turning has been dispensed with. 


Coalite.—A company is stated to be in course of forma- 
tion in the Swansea district for the production of coalite. 
The woe oy A will develop a age of dealing with bitu- 
minous coal by which valuable by-products are extracted, 
the residue remaining equal to ordinary house coal. 


Rhymney House Coal.—The Rhymney Iron Com % 
Limited, last week raised 7000 tons from the heoeus Gea 
pits of Cefn-Brithdir, Darran, and Gilfach Bargoed. 
Success has also attended the efforts of the company in 
sinking ventures at Groeswen and Pengarreg. 


ny 





THe ULLESKELF Accrpent, Nortu-EasTern Ratiway. 
—This accident, which occurred on November 24, 1906, 
at 7.23 p.m., has now been reported on by Lieut.-Colonel 
P. G. von Donop, R.E., for the Board of Trade. This 
accident was due to a passenger express running into the 
rear of a stationary empty coal train. Between York and 
Leeds the up trains may, for a certain distance, be run on 
either the up Leeds line or the up Normanton line. On 
the date in question it appears that a goods train and an 
= ty coal — were ahead of we up ex from York 

8, and by arrangement between the signalmen it 
was arranged to hold the slow trains on the up main at 
Church Fenton and Ulleskelf respectively, while the 
express was to be allowed to get ahead of them by work. 
ing over a portion of the Normanton road and then back 
again on to the up main. Twoex trains were offered 
to the signalman at Bolton Percy almost simultaneously, 
and this operator allowed the one, a Lancashire 
Yorkshire ex “line clear” on the Normanton up line, 
intending to delay the up Leeds express at his box till the 
Normanton line became clear. Signals for this latter train 
were kept at “danger.” - The two express trains came up 
on parallel lines with very little difference in time. The 
Leeds express, instead of drawing up at Bolton Percy, 
ran on past Ulleskelf. This train ran past the three 
signals at Bolton Percy, and the distant and home signals 
at Ulleskelf, all of which were at ‘‘danger.” Endeavours 
were made by the signalman and the guard of the stationary 
train to stop the express, but they resulted in practically 
et - The driver and — of the express were 

, thus preventing any definite cause being ‘assigned 
to the accident. weather, though slightly foggy, was 
not thick enough to obscure the signals; but the smoke 
and exhaust of the Lancashire and Yorkshire train blew 


of | directly across into the way of the Leeds express, and 


this may have contributed towards rendering the signals 
more difficult of detection by the men on this latter train. 
The fact, however, that the train ran about 2 miles and past 
five signals at ‘‘ danger” seoms, as the Board of Trade 
inspector points ony fix at least a charge of want of 
care on the driver who lost his life. Insuch a distance, 
having certain landmarks to guide him, such as the lighted 
station at Bolton Percy, he have been aware that 
in that length of line there were signals requiring his 
attention, and if he failed to see them at the expected 
time or point, he should have slowed down to find out 
where he was. The driver, be it remarked, wasa man who 
had been in the service ‘of. the company for nearly forty 
years, and was of steady character. * 
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THE CATARACT DAM, SYDNEY, NEW SOUTH WALES. 
MR. B. WADE, CHIEF ENGINEER FOR RIVERS, WATER SUPPLY AND DRAINAGE, N.S.W., ENGINEER. 


(For Description, see Page 156.) 














” Fie, 2. 











1907. 


I, 


FEBRUARY 


ENGINEERING, 








PASSENGER EXPRESS LOcoyo 


D 


~ 
4 
~ 


OU Pi 


~ 
4 


SIX-C 


V, FROM THE D 


GLASG( 


COMPANY, 


WORKS OF THE 


THE 


CONSTRUCTED AT 


or Description, see Pé 


( 


ee 


K--——=-- 97.7% - 








Oo 




















my 
/ es My 
1 
ak 
enaregre 
Fi 
5H 


1 
ug 
a |. 
2 
ut 
“1 
i 
! 
Wa) 
t | l 
i | 
y 
S 14 
SS 7 
= i 
Y 
wy 
Ys y 








10’. 10° 
























































— 


--— SS aepere------+--- 







































































See, 








Fh nrnonrneinenneteemmorninall: i 































































































+ 
is 
T 














4 r Jims ty 
pa 

! 

4 


aS 











Spee 


























PLATE X 


q) 
-4 
4: 


RAILWAY. 


r 


o}0 0 00 6 6 Oo 
o-oo ew 


08 


-20 Biq,.@ 0 0 02000 0 


e 0 © ajo 68" CY 


9988 @ |8 0.8 


Four Valves 4 dia. 
Working Pressure 


200Lbs. per Sq. Inch. 








FROM THE DESIGNS OF MR. J. F. M‘INTOSH, LOCOMOTIVE SUPERINTENDENT. 


’ 


ICOYOTIVE FOR THE CALEDONIAN 


r Description, see Page 144.) 


ote 


2 |e o\' a 

0 0 |0 \s 
eo .°0 
oo 70 


°o\°0 @ 





. ; by” 4 
ese ey sates 
“1 : o° gf? 
“o-9--70 0,9 & 2) 
ects. — oft Bh OLg. 0, 
91 © | ogi 
ob N dle seo 
oo lat dp) o oo \ 
a biecdok 
pelo gea 








, of Frame-~ 


wane Gt snot ee 


-—-shunsoag jh saspuay 9°. 
conosecneon AaaMIa E&P - 


£. PRICE. ENG. 


ae debate, 

















Aus 
BEL 
EDL 
FRA 


GEE 


pos 
ad\ 





FEB. 1, 1907. ] 


ENGINEERING. 


149 








AGENTS FOR “ENGINEERING.” 


meee - : Gordon and Gotch, Melbourne; Sydney; Brisbane ; 
erth. 


Turner and Henderson, Sydne aN 

T. Willmett and Co., Townsvil e, North Queensland. 
W. ©. Rigby, Adelaide, South Australia. 

Melville an Mullen, Melbourne, Victoria. 

AusTrRiA, Vienna : Lehmann and Wentzel, Karntnerstrasse. 

Beverum : E. F. Satchell, 314, Place du Chatelain, Ixelles-Brussels. 

EDINBURGH : John Menzies and Co., 12, Hanover-street. 

FRANCE, Paris: Boyveau and Chevillet, Librairie Etrangtre, 22. % 
Rue de la Banque; Em. Terquem, 19, Rue Scribe. Also for 
Advertisements, Agence Havas, 8, Place de la Bourse. 

GeRMANY, Berlin : Messrs, A. Asher and ©o., 13, Unter den Linden. 
Frankfurt-am-Main : Messrs. G. L. Daube and Co. (for Ad- 

vertisements). 
Leipaig : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 

Guaseow : William Love. 

Inpia, Calcutta : Thacker, om. and Co. 

mbay : Thacker and Co., Limited. 

IraLy : U. Hoepli, — and any = 

LIVERPOOL : Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 

New ZEALAND: Gordon and Gotch Proprietary, Limited, Welling- 
ton; Auckland and Christchurch. 

Norway, Christiania : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerpaM : H. A. Kramer and Son. 

South Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, "Port Elizabeth, 
Bloemfontein, Durban, and their various Branches 

kstalls th hout South Africa. 

ee Gordon and Gotch Proprietary, Limited, Launceston ; 





UNITED eave, New York : W. H. ‘Wiley, 43, East 19th-street. 
Chicago : H. V. Holmes, 957-958, Monadnock Block. Sole 
Agents for Advertisements in the United States :—Morse 
International Agency, 19, West 34th-street, New York. 


We . beg t to announce that American subscriptions to ENGINEERING 
may now be addressed either direct to the Publisher, Mr. C. R. 
JoHNSON, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States: Mr. W. H. Wiley, 43, East 19th-street, New York. 
and Mr. H. V. Holmes, 957-958, Monadnock Block, Chicago, 
The rates of subscription n (pay able in advance) for one year are :— 
For thin (foreign) paper, ition, 1. 16s. Od. ; for thick (ordinary) 
paper edition, 2. Os. ; or, if remitted to agents, 9 dollars for 
an and 10 dollars for ne 


ADVERTISEMENT ‘RATES. 








The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. 
line averages seven words. Payment must accompany all orders 





The | ¢ 


NOTICES OF MEETINGS. 


Tue GroLoaists’ Association, LonpDon. —oee February 1 
at be he m. The annual Olnes General of the —es will 





. 


for the ro, we On th 2 will then deliver his 
en “On the Management of 
Scientific Societi 
Socrery oF , February 4, at 8 m. Cantor Lec- 
tures. ‘* Gold- Production,” by Professor John 


Mining and Gold 

Walter Gregory, D.Sc., F.R.S., F.G.8. Three iectures. Lecture II. 
—Wednesday, Fe! 6, at p.m. “ The Princi and Practice 
of Insurance, and their Modern Deve! its,” by Mr. Thomas 
Emley Young, B.A., Past President of the ag of Actuaries, 
mm Soar or of the ow Monday, obveae? 
ENGINEERS. —! 4, at the Ro: 

United Service ‘Tastitution, Whitehall. The President for the te 
past year, Mr. Maurice Wilson, will present 
awarded for rs read during the year. The President for the 

Ri inaugural 


year 1907, Mr. Richard St. George Moore, will deliver his 
address. ' The chair will be taken at 7. oe pmo. poocteaty. 
Tue Society or CuEmicaL InpusTRY : LONDON Saves. ‘Monday, 
4, at the Chemical Society's House 
Piccadilly, at 8 p.m. Mr. Watson Smith will it a portrait 


will be read and discussed :— “The Chemical Composi of 

some Motor-Tyre Rubbers ;” 2. ‘‘On the Com: of some 

Hye Crude Rubbers,” by Messrs. P. Schidrowitz, Ph.D., and 
aye. 


Tae INsTITUTE OF MARINE ENGINEERS.—Monday, 
at 8 4p. 5 Paper by Mr. Graydon Hume (Member), ba 


gt Tnoesronsost or Civ. Enernsers.—Tvesday, February 5, 
me Paper to be read :—‘*Modern Motor-Vehicles,” oy 
onel R. E. B. Crompton, C.B., M. Inst, O.E., and ballot for new 
members. —Students’ meeting, Bridge a 8, at 8 
“The Reconstruction of a Swing Brid; thwold ‘i. 
“4 Mr. Claude Pain, Stud. Inst. OF. 
iB INSTITUTION OF ELEOTRICAL ENGINEERS. ey. Febru- 
ary 7, at the Institution of Civil oe at 8 p.m. “In- 


vestigations on Light S e Present Condition of 
the High-Vol Glow-Lamp, "by a“. * Olittord Cc. " 
Associate Member. (Conclu ion, ee a 
Life Tests on Carbon, Nernst, and Tantalum In t Lam 


Using Alternating Currents,” by Messrs. H. F. Haworth, T. i 
Matthewman, and D. H. Ogiey. 

Tae Rovat INstirvTion oF GREAT BRITAIN. —Friday, Fe 
at 9 p.m., Professor I. Gollancz, M.A. Litt. D., on ti Old Emalich 
Poetry.” Afternoon Lectures at 3 Pe —Tuesday, February 5. 
“Survivals from the Past in the jant World,” by Professor A. 
C. Seward, M.A., F.R.S. (Lecture II.) Thursday, February 7. 
“Standards of Weights and Measures,” by Major Percy A. Mac- 
Mahon, D.Sc. F.R.S., M.R.L, Deputy Warden of the Standard 
Lecture II.) Saturday, February 9. Papal-Deposing Power,” 
by Rev. William Barry, D.D. Gectare 1) 


for single advertisements, otherwise their insertion cannot be| THE PuysicaL Socmry oF —Friday, February 8, at 
guaranteed. Terms for displayed advertisements on the wrapper | § p.m., at the Physics Laboratory, of th the Royal College of Science 
and on the inside pages may y's rial Imperial Institute-road, South Kensin 1. Annual general 
advertisements will be inserted with all meeting. President’s address. 2. “ e Magnetic Fi 


sna regularity, but 
absolute regularity cannot be quamenteek 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing Advertisements should be 
received not later than 1 p.m, on Tuesday afternoon 
in each week. 








ENGINEERING can be ae direct from the publisher, 
—_ free, for twelve months at the following rates, payable in 
vance :— 


For the United Kingdom ............ it 08 
» all places abroad— 

Thin "aed BE  64.b6esnnin £1 16 0 

Thic a OS ee £22 0 6 


All weaned are payable to ‘*‘ ENGINEERING,” a ntTED. 
Cheques should be crossed ‘‘ Union of London and Smith’s Bank, 
Limited, Charing Oross Branch.” — = Orders. should be 
made payable at ‘Bedford: street, Strand, W 

When Foreign Subscri tions are sent iy Post-Office Orders, 
advice should be sent to the Publisher. 

Foreign and a Subscribers receiving incomplete copies 
through n d to communicate the fact to the 
Publisher, together with, the agent’s name and address. 


Offices for Publication and Advertisements, Nos. 
35 and 36, Bedford Street, Strand, London, W.C. 


TELEGRAPHIC Appress—ENGINEERING, LONDON. 
TELEPHONE Numper—3663 GERRARD. 








CONTENTS. 

PAGE PAGE 
fe 133 | Notes from the North...... 146 
Books Received .......... 134| Notes from South York 
Tyneside Industrial Pro- GND nb ste cc sdedeveacces 147 


Notes from Cleveland and 
4|,_ the Northern Counties .. 147 
in Notes from the South-West 147 
Girders (Illustrated) .... 136 Industrial Organisation.... 149 
Recent Passing-Off Cases .. 139 Osmotic Pressure.......... 150 
Ferry Steamers for the Metallic Filament Lamps . 151 
Hooghly (Illustrated) 141 Insurance of Labour in Italy 152 
The World’s Shipbuilding High-Temperature les.. 153 

in 196 142 | The Stettiner Maschinenbau 

“Locomotive Work on the ew Gesellschaft Vul- 
orthere Railway of 


gress and Prospects (Jl- 
lust: 


DUE ccd ccaiinbosens 143 Notes potesanees péntwrreee 154 
Patent Law Reform........ 143 || The + * Mr. O. P. Clements 155 
Petrol-Electric . Transmis- The _ Mr. Frederick 


sion for Road Vehicles .. 143;| Maurice ................ 155 
Nickel-Plated Steel Wire .. 143 |The late Mr. David Mac- 
Iron-Ore Briquettes........ 143 ee a - 
Six-Coupled Passenger Ex- | Year- <u and Annuals . 


press Locomotive for the || The Cataract Dam, Syd i 
Galedonian Railway ea allt New South Wales (Jl/us.) 156 


lustrated) ............+- Industrial Notes .......... 57 
Notes . the United || Alloys of Aluminium and 
Siecnesepedhieninn 145) Copper (IUustrated) .... 158 


ree a Two-Page Plate of a SIX-COUPLED PASSENGER 
EXPRESS LOCOMOTIVE FOR THE CALEDONIAN 
RAILWAY, 





Inductive Coefficients of Circular, Cylindrical, and Helleal = 
rents.” by Mr. A. Russell 


Reape - ‘Oases. — Reading - cases which will hold twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
ape, Price 6s, each. 





“ENGINEERING. 


FRIDAY, FEBRUARY 1, 1907. 





INDUSTRIAL ORGANISATION. 


Ir is a tradition of our leading British technical 
— scientific societies that the president’s in- 
ral address is regarded as non-controversial, 
consequently not open to discussion “f the | a 
snomlbens, This convention, it would ap 
not obtain in the case of the American Rocioty of of 
Mechanical Engineers, and we find accordingly, in 
the last issue of their Proceedings received by us, 
that Mr. F. W. Taylor’s discourse on the ‘‘ Art of 
Cutting Metals” was discussed by a number of 
the members of the assemblage to which it was 
addressed. The discussion, however, turned less 
upen the subject-matter of the dissertation in 
uestion than on that of Mr. Taylor’s system of 
po organisation, to which the researches de- 
scribed by him, and summarised in our issue of 
January 11 last, were merely incidental. We have 
on various occasions indicated the main features of 
this plan, but in view of the very extraordinary 
results which have in many instances been ob- 
tained with it, we have little hesitation in again 
dealing with the matter. The essential basis of 
the system is the putting the management in a 
position to know more thoroughly than the work- 
man himself the best it is possible for him to 


188 | do, and, armed with this knowledge, to lay down 


for him in detail the precise course of opera- 
tions, and the tools, if any, which he is to use 
in executing any particular piece of work. In 
the case of a turner, for instance, time is lost 
whilst he considers how a certain piece is to be 
clamped, what tools he is to use, what setting 
of them to adopt, and what should be the 
8 and feed, having due regard to the capa- 
bilities of the lathe, the nature of the material, 
and the rigidity or flexibility of the piece. 
On the Taylor system, written instructions as to 


would il it by ‘‘springing” 
tion ot Spo P 





all these points accompany the piece to the ma- 
chine, the capabilities of each individual one of 
ae have previously been 7 clhngie ag studied by 
specialist in such matters. The necessity of 
employing such a specialist, and the futility of 
attempting to approach the speeds and feeds 
given in Mr. Taylor's address without his aid, 
were strongly insisted on in the discussion. 
An interesting summary, evidently based on dire 
personal experience of the troubles to be antici- 
pated in attempting to speed up a shop through 
the ordinary staff of foremen, already overladen 
with routine duties, was contributed by Mr. H. K. 
Hathaway. The effort, he stated, will generally 
cease after the workman running the machine, when 
told to use a certain feed, speed, or depth of cut, 
replies in a convincing manner that ‘‘ the machine 
won’t stand it,” or thatthe job he is Ses we on is 
of such a peculiar nature that such a heavy cut 
it, or making it 
come ‘‘out of round.” “If the foreman is still 
unreasonable enough to insist. on his trying,” Mr. 
Hathaway continued, ‘‘he will either quit or 
i | proceed, more in sorrow than in anger, to prove the 
truth of his statements; and the foreman will 
robably lose heart after the following things 
e pen: The cone-belt will slip, and have to be 
tightened ; next the countershaft-belt will slip, and 
have to be tightened ; then, if the belts pull the 
cut without breaking or pulling out at the lacings, 
it will be found that the carrier, driver, or 
chuck will not hold the job.” After surmount- 
ing these difficulties and Ca the tool break 
or give out by roper treatment or grind- 
ing, the foreman war the speaker said, find that 
for three hours he has been neglecting important 
matters in other parts of the shop, and conclude to 
leave the workman to his own devices in the future. 
In order to avoid such difficulties, it is therefore 


8. | essential to know the capabilities of each machine 


better than the workman, and this knowledge can 
only be obtained by the employment of a special 
staff ange with the securing of it, and, after it is 
secured, cial officials must be retained to lay 
down all details as to the handling and machining 
of the die and to see that the instructions given 
are carried out. In the absence of this, the work- 
man will soon slack off in his output ; since, for 
instance, it is much less trouble to reduce the cut 
than have the belt tightened, 

In spite of the enormous increase of output 
which, it is claimed, results from the adoption of 
this system, some of the speakers asserted that 
no greater effort is demanded from the workman. 
The latter, Mr. J. M. Dodge stated, in his contri- 
bution to the discussion, is not required to do 
twice as much as he did in the same way that he 
used to do it. A certain daily output, or ‘‘ task,” 
is required from him, but the 8 er claimed that 
by using the prescribed tools and methods his work, 

lace of being increased, was actually lightened, 

sal i a consequence the men set these ‘‘ tasks” 
y we bad that they went home less tired than they 
used to do when working under the old system. 
This statement may well be true so far as machine 
work is concerned, but with respect to manual 
operations it is controverted by Mr. Taylor himself 
in a previous paper, in which he explained the extra- 
ordinary results following the application of his 
system to the common labour staff at the Bethle- 
hem Steel Works. The initial steps to the intro- 
duction of this system there were taken in 1899, at 
which time the whole of the common labour was 
under the direction of foremen, themselves labourers 
promoted for steadiness and special ability. The 
work consisted mainly of shovelling coal and ore, 
and Mr. Taylor’s initial procedure was to set a 
technical graduate, armed with a stop-watch and 
note - book, to determine the time taken for 
each elemental operation involved in the whole 
process. The net result of the system introduced 
as the sequel to these observations was that the 
annual labour bill was reduced over 50 per cent., 
the individual wages of the workmen raised by 
over 65 ay cent., and the tonnage handled per man 
increased from 16 tons per day to 57 tons per 
day. Mr. Taylor, however, stated that only men 
of exceptional physique could accomplish the iam, 
and it would interesting to learn if this be 
also in the case of some remarkable figures quoted 
by another contributor to the discussion, Mr. Calvin 
W. Rice. According to the latter, the Taylor system 
is now being introduced into the Sayles Bleacheries, 
Pawtucket, Rhode Island. Here, even in the simple 
matter of folding cloth, the output in individual 
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cases has been increased fivefold, and the rate of 
wages swelled 20 to 40 per cent. This speaker 
again was insistent on the impossibility of collecting, 
with merely the usual staff of foremen and over- 


and the motion continues until equilibrium results. 
In the living organic cell the diffusion is more or 
less one-sided ; that is to say, water rushes into 
the cell, which is distended, but the cell membrane 


seers, the information which is a necessary pre- | does not allow the cell matter to flow out. Physio- 
cedent to the execution of the reforms embodied logists have studied these phenomena, and to 
in the Taylor system of management. | physiologists we also owe the first laboratory ex- 


Though not directly connected with the fore-| 
oing questions, reference may, perhaps, be made | 
ates to Mr. Taylor’s views on the vexed question | 
of the use or uselessness of the technical graduate 
in industrial establishments. Since his coadjutors 
in his quarter century’s researches have been | 
largely drawn from this class, his views are de- | 
serving of especial weight. They are set forth in| 
a supplemental address to the society, in which he | 
institutes ‘‘a comparison of university and industrial | 
methods and discipline.” He quotes with approval | 
the written instructions drawn up by an important | 
industrial undertaking for the selection of candidates | 
for certain positions offering opportunities for rapid 
development and advancement. These provided 
that preference should be given to graduates from 
technical schools, but no candidate was to be ac- 
cepted who had not left college for at least two 
years. Mr. Taylor maintains that when technical 
graduates first come into the shops they are gene- 
rally discontented and unhappy for a period of 
from six months to two years, being apt to think 
themselves unappreciated, and their employers 
tyrannical; and hence it is generally only after 
changing employers once or twice that they finally 
start on a career of usefulness. The same trouble 
arises also in this country; but here the techni- 
cally-educated youth, who is often possessed of 
considerable abilities, too frequently finds a re- 
fuge as teacher in some technical school, an 
appointment to which his lack of a reasonable 
amount of shop or office experience appears to be 
seldom considered _ disqualification. Mr. Taylor 
attributes the trouble mainly to the laxity of the 
discipline to which the youth is subject in the 
American universities. Here absence from lec- 
tures, it appears, has to be very persistent before 
any attention is paid to it by the college staff, whilst 
in business the same young man would be dis- 
charged if absent two or three times without per- 
mission. Moreover, he is, Mr. Taylor proceeds, 
pretty much allowed to lay out his own course of 
work, and naturally chooses only those sub- 
jects in which he is interested; whilst in the 
workshop the valuable man is he that dog- 
gedly puts through his day’s work with equal 
thoroughness, whether of a kind to interest him or 
whether tiresome and monotonous. Mr. Taylor, 
we imagine, would therefore be much disposed to 
agree with the renowned Mr. Dooley’s views of 
education, in which he expressed the opinion that 
it mattered little what a boy learnt as long as he 
didn’t like it, and undoubtedly there has of late 
years been too great a tendency to insist on teach- 
ing of all kinds being made interesting. 

Judging from Mr. Taylor's statements, we 
imagine that greater latitude in the matter of the 
the choice of studies is granted by American uni- 
versities than is customary here ; but in Germany, 
we believe, great latitude is the rule. In the latter 
country, however, such evil effects as may result 
from the lack of discipline find their corrective in 
the military service exacted from every citizen. In 
the case of the university class, this experience is 
probably wholly beneficial, since they have one 
year’s experience of it only, and, consequently, 
escape the soul-deadening effect which, we have 
good reason for believing, it exercises on the ordi- 
nary workman, whose time with the colours, up till 
recently, extended over three years, and is now two. 








OSMOTIC PRESSURE. 
Tue discussion on ‘‘ Osmotic Pressure,” which 
the Earl of Berkeley opened in the Faraday 
Society on Tuesday last, was very instructive. To 
arrive at any general understanding would, how- 
ever, have required far more time than the two 
hours of the meeting. The speakers had barely 
time to — their not by any means concordant 
views in the briefest manner. The difficulties of 
the problem are as great as its importance ; the 
very character of the phenomenon is disputed. 
In osmotic pressure we have to deal with 9 
ticular kind of diffusion. When water is pou 


r- 
on 


the surface of a solution, say, of sugar—with which 
most of these experiments have been conducted— 
the sugar diffuses against gravity into the water, 








periments with artificial membranes of this semi- 
permeable nature. Parchment, natural gelatines, 
or gelatines of silica and ferric hydrate, answer 
more or less. But the ideal semi-permeable mem- 
brane, which will not permit any of the sugar or 
salt to leave the cell in the opposite direction to 
the inrushing water, is still to & discovered, if it 
exist at all. The first exact quantitative experi- 
ments were made by Pfeffer in 1877. He saturated 
porous earthenware vessels first with copper sul- 
phate, and then with potassium ferro-cyanide, thus 
producing a brownish precipitate of ferro-cyanide 
of copper in and upon the earthenware or porcelain. 
Water can be filtered through such a cell. When 
the cell is filled with sugar, we can only force the 
liquid out by applying considerable pressure, and 
what is filtered is merely water, not sugar solution. 

Coating a cell of biscuit porcelain on its inside 
with such a membrane, filling it with sugar solu- 
tion, fitting a gauge-tube to its neck, and placing 
the cell in pure water, Pfeffer observed that the 
water rose slowly in the gauge-tube to a height 
indicating a very high pressure—the so-called 
osmotic pressure. Studying Pfeffer’s data, Van’t 
Hoff—then in Amsterdam, now in Berlin—proved 
that the osmotic pressure increases proportionally 
to the temperature, and is equal to the pressure 
which the sugar would exercise if it were contained 
as gas in the same volume as the solution occupies. 
In other words, solids in solution behave like gases. 
When we dissolve a number of grammes corre- 
sponding to the molecular weight of the body, we 
find that the molecular osmotic pressure is the 
same for all substances, so far as examined. But 
electrolytes gave too high osmotic pressures, and it 
was assumed that electrolytes split or dissociate in 
solution more or less completely into two or more 
ions, each of which exerts its pressure like a mole- 
cule; and as the resulting pressure depends upon 
the number of molecules, we should observe a pres- 
sure twice as great as that of sugar in the case of 
potassium chloride—e.g., whose two ions are potas- 
sium and chlorine. This was confirmed, and it is 
the basis of the dissociation theory of Arrhenius. 

The theory would never have attained credence 
if there were not many surprisingly analogous 
effects which all appear to be inter-connected. 
Water freezes at 0 deg. Cent., any aqueous solution 
has a lower freezing point ; similarly a solution has 
a higher boiling point than pure water, and a lower 
vapour density ; and all these effects can be calcu- 
lated on Van’t Hoff's law. The modern theory of 
electrolytic dissociation or ionisation, we should 
add, rests on independent evidence; but it fits 
into this hypothesis. Ordinary determinations of 
osmotic pressure are tedious and difficult experi- 
ments. Hence we rely more on cognate pheno- 
mena, especially on determinations of vapour pres- 
sure. The vapour pressure of a volatile liquid (or 
solid) can be measured in various ways : by bringing 
some of the liquid over the mercury of a barometer 
tube, by weighing bulbs of equal volumes charged 
with different vapours, or by bubbling air through 
the solution until it becomes saturated with the 
vapour. To this last-mentioned method of Ostwald 
and J. Walker we shall presently refer. 

The Earl of Berkeley exhibited the beautiful 
apparatus with which he and Mr. E. G. J. Hartley 
have been experimenting. With the ordinary 
Pfeffer arrangement it was difficult, Lord Berkeley 
stated, to keep the gauge-joint tight. Their cell 
was filled inside with water, and surrounded by a 
gun-metal case containing the solution ; the water 
therefore rushed out of the cell, and sank in the 
gauge. By putting a gradually increasing pres- 
sure on the solution (Tammann’s method), they 
compensated the osmotic pressure. They did not 
wait until the gauge came absolutely to rest, but 
measured the difference of pressures corresponding 
to a slight rise in the gauge, indicating too high a 
pressure, and a slight fall, indicating too low a 
compensating pressure. Such an experiment would 
be completed in a few hours. Their cell is a tube 
of Pukall material (a porcelain made in Charlotten- 
burg, very rich in silica), 15 centimetres in length, 
internal and external diameters 1 and 2.5 centi- 
metres, coated on the outside with the copper 
ferro-cyanide. After having been coated as we 











explained above, the membrane is further im- 
proved, and fixed in an electrolytic bath by an 
electromotive force of 100 volts. Both ends of the 
cell tube are closed with rubber stoppers, through 
which brass tubes pass. The cell is immediately 
held by a cage, and then fixed in the outer case of 
gun-metal, the end nuts bearing against washers 
of dermatine (a rubber compound). A steel pipe 
leads over to the hydraulic accumulator of Schiiffer 
and Budenberg, consisting of a steel plunger work- 
ing in oil and loaded above. Lest the oil be forced 
over into the cell, a steel tube of U shape, filled 
with mercury, is interposed. This part has been 
made by the Cambridge Scientific Instrument Com- 

ny, and the rest of the apparatus in Lord 

erkeley’s own laboratory. In starting the ex- 
periment, pressure has to be put on rapidly, and 
this is done with the aid of a lever. There was 
sometimes a slight leak round the washer, Lord 
Berkeley said, and the membrane was not quite 
impermeable to sugar. Of other difficulties he 
made hardly any mention ; ‘‘some slight correc- 
tions kept us busy for months,” he remarked in an 
aside. 

The improved Ostwald-Walker vapour-pressure 
apparatus, he continued, consisted of four sets of 
bent glass tubes, so arranged that the purified air 
was first drawn through two sets containing the 
solution, then through one set filled with water, 
and finally through sulphuric acid ; each set was 
afterwards weighed separately ; the first three lost 
in weight, and the fourth should gain as much in 
weight. The apparatus further checked itself so well 
that they had in this way discovered an impurity in 
the dextrose first used in the experiments. The 
whole apparatus is attached to an oscillating plat- 
form, and immersed in ice-water ; the tubes are 
only half filled with liquid, and the advantage of 
the rocking is that the air is not bubbled through 
the liquid, but plays upon the glass surfaces wetted 
by the oscillating motion. An experiment would 
take a week. 

On both methods the experiments were made at 
0 deg. Cent. We tabulate a few of the results, 
giving the osmotic pressures as measured by the 
direct method in column I., and the pressure de- 
rived from the vapour pressure in column IL, in 
both cases expressed in atmospheres ; the grammes 
mean weight of substance dissolved in one litre of 
water. 





Osmotic Preesure in Atmospheres. 


Substance. 
Ll IL. 
Cane sugar, 660 grammes .. 101.0 101.9 
Dextrose oe ge “e 103.9 103.5 
Galaxtrose.. & 62.9 62.5 
Calcium ferrocyanide 130.5 128.9 
Methyl glucoside .. 98.8 99.5 


The agreement, it will be seen, is very good, also 
in the case of the one electrolyte, the calcium 
ferrocyanide, the others being all non-electrolytes. 

Mr. W. C. Dampier Whetham, F.R.S., who 
spoke on the indirect method of measuring osmotic 
pressures, agreed with Lord Berkeley, whose 
splendid painstaking work he eulogised, that the 


| vapour-pressure method was the most promising, 


and dwelt on the theoretical difficulties of interpre- 
tation. Lord Berkeley had used the formula: 


osmotic pressure P a log, ” , where p is the 
? 


1 
vapour pressure of the water, p, of the solvent, 
s the density of the solvent (water) — all at the 
temperature 0 deg. Cent.—and 4 the density of the 
water vapour under the barometer pressure A. 
This, we may mention, is almost the formula 
of Arrhenius. But Mr. Whetham rather thought, 
with Mr. Spens, of Cambridge, that the s should 
be fin oh. by V,, which signifies the change 
in the volume of the solution produced when 
the solute (dissolved substance) enters. This 
change is small in the case of sugar. Further 
experiments might decide this difficult question. 
Dr. T. M. Lowry spoke from the standpoint of the 
kinetic theory in an ingenious way. The gas 
analogy was dangerous, because all gases would mix 
with one another, but not all liquids. In the early 
days it had been believed that the sugar molecules 
bombarded the membrane; later Poynting had 
pointed out—what Van’t Hoff had foreseen—t hat 
they might also shield the membrane. Thus we 
might have pressures in different directions. 
The free paths of a particle of a liquid were limited, 
especially near the surface; and the mobility of 
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resence 
ernst’s 


the water would be diminished by the 
of the solute. Dr. Lowry finally arrived at 
formula : 71 = > where the p have the values 

n 
explained, N is the number of molecules of the 


solvent, and » the number of the molecules of the | 


solute. 

Dr. Kahlenberg, of Wisconsin, had sent to the 
meeting comments upholding his standpoint. In 
this connection we should remind our readers of the 
discussion on osmotic pressure at the British Asso- 
ciation meeting at York.* Kahlenberg thinks thata 
relative action of the membrane with regard to solu- 
tion and solvent decides the direction and magnitude 
of osmotic pressure. This might sound feasible if it 
did not attribute strangely powerful effects to the 
membrane. That surface tension has something to 
do with the osmotic pressure, as assumed by 
Traube, Monti, Battelli and Stefanini, was men- 
tioned by several speakers. Dr. Armstrong, who 
occupied the chair, did not explain his views, owing 
to the lateness of the hour; it is well known that 
he opposes electrolytic dissociation. Lord Berkeley 
was able to add some interesting remarks, but, of 
course, the other speakers could not reply; a 
summary by Mr. Whetham would have been very 
welcome. One point we should like to mention. 
It is often objected that Van’t Hoff’s law was only 
meant to be applicable to dilute solutions. That is 
so, and the objection holds particularly also for the 
consequences of his views for electrolytic pheno- 
mena. But thermodynamically, even the concen- 
trated sugar solution of Morse and Frazer, of 
Baltimore, may pass as dilute. The exceedingly 
careful and extensive researches of these investi- 
gators have made them conclude that cane sugar in 
aqueous solutions, indeed, exerts an osmotic pres- 
sure equal to the pressure that it would exert if it 
were gasified, and the gas volume reduced to that 
of the solvent in the pure state. There is some 
difference of opinion concerning the calculation of 


volume and masses, and we must not forget that | Pe 


Berkeley and Hartley do not arrive at quite the 
same conclusion, and that so far only very few 
aqueous solutions have been examined, and not any 
solutions in. other solvents, for want of suitable 
semi-permeable membranes. 








METALLIC FILAMENT LAMPS. 

For a period of twenty years or so, during which 
astonishing progress was being made with other 
branches of electrical engineering, the carbon-fila- 
ment lamp has remained unmoved as the one and 
only means of using electricity for domestic light- 
ing. Its supremacy has been due mainly to the 
fact that it has had no serious competitors, for it 
seems to have been tacitly assumed that no material 
except carbon was practical for the construction of 
filaments. This idea isa little surprising in view 
of the fact that the first incandescent lamps had 
filaments cf platinum ; but the obvious advantages 
of carbon, both as regards cheapness and efficiency, 
probably discouraged inventors from further re- 
search among the metallicelements. Besides, until 
quite recently, very little was known of that class 
of metals among which suitable properties for fila- 
ment-making are found, and what was thought to 
be known was in most cases inexact. These metals, 
moreover, are not, as a rule, ready to the hand of 
the lamp-maker. Most of them are hardly known | 
outside chemical laboratories They have to be 
obtained in the metallic form in quantities suffi- | 
cient for experimental purposes ; and if, then, they 
appear promising, some means has to be de- | 
vised for manufacturing them into wires of 
about the thickness of a human hair. This latter | 
part of the business is by no means the least | 
difficult. It is discouraging, to say the least, to 
find that an otherwise promising metal becomes 
hard enough to cut glass when worked, or per- 
sistently remains in the form of incoherent dust. 
Ingenuity and patience, however, have discovered 
methods of dealing even with the last state of 
affairs, which at first sight seems to give rise toa 
problem akin to that of the manufacture of ropes 
jrom sand. 

The reversion to the idea of using metallic fila- 
ments has been the outcome of a desire for greater 
etliciency in light-giving than incandescent carbon 
is capable of. There are other incidental advantages 
to be obtained by the change, such as greater 
steadiness of light under fluctuating voltages ; but 





* Sce ENGINEERING, August 17, 1906, page 212. 


these have their offsets, and the increase of efficiency | suggests that tungsten enters into their composi- 
is the great object. Now the efficiency of a lamp |tion, and this is not unlikely, as it is generally 
is proportional to the light given for the power believed that the osrain lamps are composed of 
| consumed, for it is electric power, and not tempera- practically pure tungsten. The osmin filament is 
| tare, that the householder has to pay for. But it is| probably made of tungsten also. Tungsten is a 
the temperature of the filament which determines | metal generally known as a very important in- 
the amount of light, so that we have a three-|gredient in the manufacture of self-hardening and 
cornered relationship to consider. By Guilleaume’s | high-speed steels. It is hard and brittle, and only 
law the light emitted should vary as the twelfth | fusible at an extremely high temperature, given 
power of the temperature, and as the total power by Waidner and Burgess as deg. Cent. 
radiated from, and therefore absorbed by, the lamp | Owing to its want of ductility and the diffi- 
varies as the fourth power of the temperature, the culty of squirting it, the problem of making it 
light must vary as the cube of the power. For a into lamp filaments is by no means easy, particu- 
given consumption of power, then, we must attain | larly as it combines readily with carbon and oxygen 
the highest possible temperature, as under such at high temperatures. Two methods seem to have 
conditions the proportion of the total energy | been put to practical use. One is a substitution 
| radiated uselessly as heat is the smallest possible. | process, consisting of depositing tungsten upon a 

The temperature which a filament will stand is | carbon filament by heating it in an atmosphere of 
in general limited by its melting-point. Carbon, | tungsten chloride and hydrogen. Heating the 
which never melts, fails at very high temperatures | filament, then, by the of a current con- 


by the disintegration or volatilisation of the fila- 
ment, as appears from the rapid deposit of a black 
coating on the inside of the bulbs of over-run 
lamps. Platinum melts at or about 1710 deg. 
Cent., and can, therefore, never be worked at tem- 
peratures necessary for the high light-giving effi- 
ciencies now expected. It is among the rare 
metals, some of which have melting-points above 
2000 deg. Cent., that the field for the filament- 
maker lies. The present situation, as regards 
metallic filament lamps, has been recently sum- 





verts it into tungsten carbide, which is afterwards 
reduced to metallic tungsten by a third heating in 
an atmosphere of hydrogen and steam. The other 
method depends upon obtaining tungsten in the 
colloidal form by the production of an arc under 
water between tungsten electrodes. The colloidal 
tungsten can be squirted into a filament, which 
when dried assumes the metallic crystalline form 
on the passage of a current. 

The misfortune of the tungsten lamp is the 
fragility of its filament. The latter does not develop 


marised by Mr. J. Swinburne, F.R.S., in a par- | the semi-fractures on alternating current that have 
ticularly interesting paper, read before the Institu- | been mentioned as occurring with a tantalum fila- 
tion of Electrical Engineers. The review of the ment, but seems to be inherently weak. Up till, 
rogress that has been made in developing such | at any rate, quite recently the lamps could only 
amps, and its effects on the electrical industry | safely be worked in a pendant position ; although, 


generally, was most opportune, for the number of 
new incandescent a made, or talked about, has 
increased more rapidly than engineers in general 
have been able to keep pace with. The tantalum 
lamp of Messrs. Siemens is now well known, the 
culiar shape of its filament, and the whiteness of 
its light, rendering it at once conspicuous. The 
metal tantalum, when pure, is very ductile, but, 
alloyed with a slight percentage of carbon, becomes 
so hard that it is said a diamond drill can hardly 
make any impression on it. The pure metal is 
drawn down into wire of about 0.05 millimetre, or 
s}g in. in diameter, for the purposes of Jamp manu- 
facture, a filament for a 25-candle-power 110-volt 
lamp being 254 in. long. The melting-point of 
tantalum is given by Dr. Harker as 2150 deg. Cent. 

A peculiarity of the tantalum lamp is the curious 
behaviour of the filament on alternating-current 
circuits. On such circuits its life is not long, as a 
rule, the filament breaking comparatively early. 
Whether the magnetic effects |etween neighbour- 
ing loops, or the alternate heating and cooling 
due to the nature of the current, are responsible 
for this result, is not clear; but the alternating 
current certainly causes a remarkable change in 
the structure of the filament. From its initial 
condition as a smooth round wire it changes to 
an irregular concatenation of little cylinders, the 
connectious between which appear under the micro- 
scope as of the most fragile nature. Its appearance 
has been likened to that of a badly jointed bamboo 
rod, but judging from micro-photographs one would 
say that it resembled more a fallen stone column, 
of which the separate stones still made contact, 
though not squarely on their original faces. The 
higher the frequency of the current the sooner does 
the filament fail, and the more rapidly and markedly 
do the semi-fractures develop. It is said, however, 
that recently tantalum lamps have been made to 
give better results on alternating circuits than was 
the case with the earlier ones. 





it must be addéd, that under what might be thought 
unsuitable conditions for a delicate lamp, they have 
in many cases proved unexpectedly robust in prac- 
tice. In the discussion on Mr. Swinburne’s paper, 
Mr. H. D. Munro, the city electrical engineer of 
Exeter, said that in that town osram lamps were 
used for street-lighting, and showed an average life 
of 1000 hours, even when subject to the vibration 


| due to their fixture on tramway poles. 


Of the metals, besides those we have mentioned, 
which have characteristics suggesting their suita- 
bility for incandescent lamp filaments, titanium, 
thorium, vanadium, niobium, chromium, molyb- 
denum, and iridium may be mentioned. Besides 
these, there are many carbides, of which zirconium 
carbide has already been tried with considerable 
success. Mr. Swinburne pointed out the leading 
characteristics of practically all the likely metals 
and alloys, so far as they are at present known, 
and showed the extent of the field open to inventors, 
the thorough exploration of which cannot but have 
a most important effect on the electrical industry 
——, It is already certain that the carbon 

lament has serious competition before it, even in 
the very unlikely supposition that metallic filaments 
will not advance much on their present qualities. 
The present difference in price is certain to be 
diminished, as methods of manufacture are improved 
and competition increases among makers of the 
new filaments. The strong position held by the 
common carbon lamp can hardly be maintained in 
the face of rival lamps consuming from one-third to 
one-quarter of the ene for equal amounts of 
light. In fact, the stimulus of rivalry has already 
developed an improved carbon lamp, in which some 
allotropie modification of the filament by heat 
gives it many of the properties of a metal filament. 
The ‘‘metallised” carbon filament is claimed to 
give the extraordinarily high efficiency of under 
one watt per candle, which is com ble with the 
very best the metallic filaments have done up to 


Another metal which has been used for lamp-|the present. Whether this efficiency will last as 
making is osmium, and besides osmium lamps/long, or whether the bulb will soon become 
there are others whose names, such as osram and |blackened in the same way that it does with 
osmin, would lead one to infer the use of osmium. | ordinary lamps, is an important question. 


Osmium is a crystalline metal hard enough to 
scratch 
wire. his does not preclude its use 


It may be taken for granted that the advent of 


uartz, and impossible of a drawn into | high-efficiency lamps must, in the long run, benefit 
t or filament- | the electric-supply industry in the same way as the 


making, for it can be got into a powdered form, | invention of the gas-mantle did the gas industry. 
mixed with a suitable substance to form a paste, Just at first, however, the decreased consumption 
and then squirted in the same way as carbon per lamp may possibly check the demand for elec- 
filaments are made. The binding material can | tricity, until the effects of the much greater cheap- 
be removed by burning it off at a temperature | ness of light have had their inevitable result in 
sufficient to fuse the metallic dust together into a. use. There is, however, anothcr 
some sort of a wire. Osmium is said to melt at/| factor to considered—namely, comparatively 
2200 deg. Cent , and therefore would give a very large units of light, which appear inevitable if the 
high efficiency used asa filament. It is, however, as | new lamps are to be used on the common voltages 
| Mr. Swinburne pointed out, very doubtful whether of this country. The resistance of a metallic fila- 
| pure osmium is the metal employed in lamps. He ment is so low, compared with that of a carbon one, 
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that its length has to be very much greater to 
absorb a given voltage, and consequently the light 
of the lamp is much increased. Hence, as we 
can hope for no reduction in the voltage of supply, 
we must be content, at least at present, with 
the advantages of the new lamps appearing more 
in the quantity of light for a given price, than 
in the smallness of the bill for a given amount of 
light. Small units of light, with metallic fila- 
ment lamps, mean low voltages across the 
lamps, and in high-voltage circuits the use of 
two or more lamps in series has been adopted 
to get the equivalent result. In order that 
lamps so run in series shall be satisfactory, 
they must share the pressure equally, and this 
requires them to be accurately matched as to re- 
sistance, which would never be done properly in 
an ordinary household. Alternating-current supply 
gives another possibility—namely, the use of house- 
transformers to reduce the comparatively high pres- 
sure of the mains to a value suitable for the new 
lamps. This idea, however, will not meet with 
favour, either from the supply companies or the 
consumers, who remember the troubles that arose 
when house-transformers were in common use. 
The probable outcome of the greater lamp effi- 
ciency will probably be, as Mr. Swinburne showed, 
that people will get accustomed to lamps of greater 
power, and will wonder how they used to manage 
with low powers, just as people now are astonished 
that a candle or two should have been thought 
sufficient light for a room a generation ago. 

There is one point in connection with metallic 
filament wa which has hardly been touched 
upon, although it is of the greatest importance both 
to the supply authorities and to the consumer— 
namely, the self-regulating qualities of the lamps. 
The ordinary carbon lamps go painfully dim with 
a comparatively slight drop of ia in the circuit, 
and blaze forth with uncalled-for splendour when 
the voltage is above the normal. e reason for 
this is that the temperature coefficient of a carbon 
filament is negative, or, in other words, the hotter 
it gets the more current will , making it still 
more hot, and vice versd. Close voltage-regula- 
tion is therefore essential, in order to keep the 
light reasonably uniform. The metal filaments, on 
the other hand, have a negative coefficient, and 
consequently can stand comparatively wide changes 
in voltage without the light being much affected. 
Curiously, and fortunately, the ‘‘ metallised carbon” 
filaments show the same property, although not in 
so marked a degree as in the case of the metals. 
A comparison of the effect of a 5 per cent. increase 
in voltage on various t; of lamps is given by 
Dr. C. M. Sharp, who finds that an ordinary carbon 
lamp increases 30 per cent. in candle-power, and 
gains 15 per cent. in efficiency under these condi- 
tions. A ‘‘metallised carbon” lamp increases 27 
per cent. in candle-power, and rises 13 per cent. 
in efficiency ; the candle-power of a tantalum lamp 
increases 22 per cent., while the efficiency rises by 
1l per cent. According to his figures, the tungsten 
lamp comes out the best of all, for a voltage increase 
of 5 per cent. only increases the light by 20 
per cent., and the efficiency is raised by 10 per 
cent. The relief that this property of self-regula- 
tion will bring to the central-station engineer is 
considerable, and the comfort that it will add to 
the evenings of the householder on certain supply 
systems is not negligible. 





INSURANCE OF LABOUR IN ITALY. 
Tue Italian law which deals with the compensa- 
sation to workmen for accidents is dated January, 
1904 ; in this law there are also grouped together 
all former decrees dealing with the question. It 
covers all industries and trades ; all installations 
and enterprises in which there are more than five 
operatives ; fisheries ; all establishments in which 
motive power is used, and where over five persons 
are employed. In the building trades the em- 
ployers are responsible, even when the number of 
operatives is below five, when work is being 
executed outside buildings, with the use of plank- 
ing, fixed and movable scaffolding. The followin 
are considered as operatives under the law :—Al 
those who, either permanently or temporarily, 
are occupied for a daily wage, or on piecework, 
away from their homes; those who, although not 
participating directly in the work, superintend the 
work of others, provided their fixed wage does not 
exceed 7 lire (53. 7d.) per day, payable in regular 
periods not exceeding one month ; apprentices who 








take in the work, with or without wages ; and 
attendants on agricultural machinery. 

All employers of labour have to insure against 
accidents. Should the job not be permanent, an 
insurance has to be effected to cover the time it 
lasts. Those employers of labour who attempt, by 
direct or indirect deductions from the operatives’ 
wages, to make the latter contribute to the cost of 
the insurance are liable to a fine not exceeding 
4000 lire (160/.). An incorrect declaration as to the 
number of men employed is also punishable by a 
fine of from 2I. to 401. 

Insurance must be effected with the National 
Fund ; but the following firms are exempted from 
this form of insurance :—Those who have instituted 
at their own cost private funds recognised by Royal 
decree, and who seein deposited with the National 
Fund a guarantee consisting of State, or trustee, 
securities to an amount fixed by the Ministry of 
Agriculture, Industry, and Commerce. Such a 
fund must be able to provide compensation for 
accidents at least equal to that prescribed by the 
law to a number of operatives exceeding five hun- 
dred. The sum deposited as guarantee is in no 
case to be below that of five times the premium 
that would otherwise have to be paid annually to 
the National Fund when the operatives number 
two thousand, and three times the premium if the 
number of operatives el two thousand ; in 
both cases the minimum is 40,000 lire (16001.). 
There are also excepted from the obligation to 
insure with the National Fund the firms who have 
combined together for mutual insurance, on bases 
approved by the State, who employ at least four 
thousand operatives, and who deposit as security 
with the National Fund 10 lire (8s.) per operative 
insured up to a maximum 250,000 lire (10,0001.). 

The compensation for accidents paid the opera- 
tives is as follows:—In the case of absolute per- 
manent incapacity for work, the compensation is 
equal to the sum of six years’ wages—minimum, 3000 
lire (1201.). In the case of partial, but permanent 
incapacity for work, the compensation is equal to 
six times that part by which the wages are reduced, 
or may be reduced, by reason of an accident, the 
minimum to be 500 lire (201.). Should the in- 
capacity for work be complete, but, nevertheless, 
temporary, the indemnity — the operative during 
the time he is out of work is a daily sum equal to 
half the daily pay he received at the time the acci- 
dent occurred. When the accident has caused 
partial and temporary incapacity for work, the daily 
compensation is equal to half the reduction in the 
daily pay. In all accidents the contractor, or his 
representative, has to bear the cost of first aid and 
of a medical certificate. In case of death, the 
indemnity is equal to five years’wages. This sum is 
divided as to two-fifths to the consort (husband or 
wife), and three-fifths to the children who are under 
eighteen years of age, or who are physically or 
mentally incapable of working. Should there be no 


children, or should the latter be able to earn their | had 


living, half the indemnity is paid to the consort, 
and the other half to the descendants who were 
dependent upon the deceased. Should there be no 
children or descendants, but yet brothers or sisters 
of deceased who were dependent upon him, less 
than eighteen years of age, or physically or men- 
tally incapable of work, the latter receive the 
remaining two-fifths, the consort taking three- 
fifths. Should there be no children and no other 
relatives as here stated, the consort would receive 
the whole of the indemnity. Should the de- 
ceased have been alone in the world, the in- 
demnity is paid into the deposit and loan fund— 
a fund into which are also paid the fines above 
alluded to—to be used for indemnifying the opera- 
tives who would have received no compensation for 
an accident, by reason of the insolvency of cheir 
employers. This fund serves also for subsidising 
the associations who aid the operatives during the 
first five days of sickness ; for providing prizes in 
favour of inventors of protective devices ; and for 
subsidising the societies who supply medical treat- 
ment to injured operatives. 

Indemnity to apprentices is based upon the 
wages of the lowest paid operatives engaged on the 
same work. 

By annual wage is meant that paid during the 
twelve months preceding the accident, in or 
in truck, up to a maximum limit of 2000 lire (80/.). 
In the case of operatives who had been employed 
less than twelve months when the accident occurred, 
but not less than six, the annual wage would be 
reckoned as 300 times the daily pay in cash or in 








truck, unless the wage had been agreed upon for 
an annual figure, the maximum in both cases being 
also 2000 lire (80/.). When, from the nature of the 
work, or for other reasons, the operative would be 
employed for less than six months, and whatever 
shape the compensation takes, the daily pay and 
annual wage are determined, if need be, by the 
Court. 

After a period of two years following an accident 
the operative and the insurance office are at liberty 
to consider the revision of the indemnity, should 
the estimate first arrived at have proved erro- 
neous, or should the physical condition of the 
operative have undergone changes traceable to the 
accident. Should the operative die before the ex- 
piration of the term of two years from the day of 
the accident, his heirs-at-law may claim the revision 
of the indemnity ; but their claim has to be put 
forward within two months from the death of the 
operative and still within the two years aforesaid. 

In the case of permanent absolute incapacity for 
work, and in that of permanent and partial in- 
capacity, when the reduction on the annual wage for 
the fixing of the indemnity is at least half the said 
wage, the compensation above-mentioned is de- 
posited by the insurance office with the National 
Provident Fund, instituted for affording relief to 
invalid or aged workmen, from which an annuity is 
paid to operatives, or their heirs-at-law. The com- 
pensation in question is due in all cases from the em- 
ployers ; the latter are compelled to insure in some 
accepted form against labour risks, but have a free 
choice with regard to the selection of an insurance 
company, or the formation of an association for 
insurance ; both, have, however, to be approved 
by the State. 

The law stipulates in a general way that safety 
devices shall be used for the protection of labour ; 
it then details the compensation which has to 
be paid in cases of accidents, briefly reviewed in 
the foregoing. Judging from the comparatively 
numerous clauses which provide for judicial action 
in the event of disputes with reference to the 
application of the law ; seeing also the various 
penalty clauses which apply to employers of labour 
—a very curious feature of the measure—difficulties 
were evidently foreseen and doubts were enter- 
tained as to the satisfactory working of the law in 
question. The law is, no doubt, found one-sided, 
both by operativesand employers. And in this con- 
nection it is interesting to put on record an article 
which appeared in a recent issue of the Milan tech- 
nical paper L’ Industria, written by an employer of 
labour, whose works occupy about 1800 operatives. 
In this article the employer calls attention to 
frauds which have been perpetrated since the 
coming in force of the law of January, 1904. It 
seems hard to believe that workmen would get 
injured willingly with a view to receive compensa- 
tion in cash; but it is difficult to find any 
other explanation of the ‘facts. Firms who 
always compensated their men many years 
before the law came into force, and at a period 
when protective devices were hardly used at 
all, do not seem able now to cope with the unto- 
ward increase in accidents and claims for compensa- 
tion. The writer of the article in question gives 
the instance of his own works, and says: ‘‘ The 
experience gained on the subject in our own works 
is to the point ; we have about 1800 operatives, and 
at the present time the increase in claims for com- 
pensation under the law is 40 per cent. over the 
figure of several years ago, when we, of our own 
free will, and without State compulsion, insured 
our men, and when a large number of protective 
devices to prevent accidents now in use were un- 
known.” According to another report, the number 
of accidents caused by engines, lifts, motors, and 
shafting has decreased of late, while the number 
of falls and accidents in hand-labour have doubled, 
many other claims being for cases of arthritis and 
rupture, traced invariably by the men to their 
work for the employers, and for which they claim 
the benefit of the law, aided in this by unscrupu- 
lous medico-legal advisers. 

The National Provident Fund, above referred 
to, was formed in July, 1898 ; it is governed under 
a law dated July, 1901, completed by statutes and 

lations approved by Royal Decree of May, 
1902. All Italian subjects are free to pay deposits 
into the fund for securing an old-age pension or 4 
pension in case of disablement, and the State has 
endeavoured to encourage thrift on the part of the 
subjects, not by adding to the individual deposits 
made by them, a given percentage, as is the case in 
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Belgium,* but by paying subsidies direct to the 
fund. Thus the State, in the first place, endowed 
the fund with 10 million lire (400,0001.) from sums 
in the Treasury from savings and deposit accounts, 
and also part of the profits of the Post Office 
Savings Bank. Various other payments and con- 
tributions have been, and are being, made to the 
fund in question ; among others may be mentioned 
a tenth part of the credit for public worship. 

All operatives of both sexes, being Italian sub- 
jects, may pay deposits into the National Pension 
Fund. ives may do so without the consent of 
their husbands, and minors without the consent of 
their parents or their guardians. Each depositor 
must not exceed the total of 100 lire (4/.) each 
year, to be paid in instalments not under 50 cen- 
times (5d.). The minimum annual contributions 
are fixed at 6 lire (4s. 10d.) for enabling the 
depositors to participate in a distribution of an 
addition to the deposits, which addition is made 
from sums available in the fund. The sums thus 
available for distribution among the depositors are 
those which can be deducted from the annual pay- 
ments to the fund made by the State, or by Govern- 
ment institutions, after various conditions stipu- 
lated by the law have been met. These sums, 
which, in a sense, are diverted from the capital of 
the fund, are divided in equal proportions, and 
added year by year to the contributions made by 
each depositor; during the first five years this 
addition is not to exceed 12 lire (9s. 7d.) per de- 
positor per year. The remainder of the annual 
sum available, after distribution as aforesaid, is 
assigned as follows :—Four-tenths to a fund for in- 
creasing the pension of disabled depositors ; one- 
tenth to a guarantee fund ; and five-tenths to in- 
crease the sum available for distribution the fol- 
lowing year. 

On starting payments into the fund, the depo- 
sitors have to state whether they intend to retain 
their ownership of the capital or to let it lapse by 
their death. 

All individual accounts are closed, and old-age 
pensions are paid on these accounts after a 

riod of twenty-five years from the date of the 

rst deposit, provided a depositor has reached his 
sixtieth year; he is, however, at liberty to post- 
pone the receipt of his pension until he reaches his 
sixty-fifth year. For women the limit of age is the 
fifty-fifth year, provided at that age they have been 
subscribers to the fund for a period of twenty- 
five years; they are at liberty to postpone their 
pension until they reach their sixtieth year. But 
individual accounts may be closed at any age, and 
pensions paid on the amount then available, 
should the beneficiary become an invalid. In case 
of the death of a depositor, the sums in the 
account, exclusive of the accumulated interest, are 
transferred to the consort, the descendants and 
relatives, at the rate of two-fifths to the consort 
and three-fifths to the descendants, or three-fifths 
to the consort and two-fifths to the relatives, as 
the case may be. The interest on the individual 
accounts is calculated year by year. 

Italian workmen are far from being improvident ; 
they are, on the contrary, more thrifty than those 
of almost any other nation ; but their thriftiness 
does not ap to have been attracted to any 
extent towards the National Provident Fund in 
question, notwithstanding the subsidies paid by 
the State to the fund as an inducement to private 
initiative. These State subsidies have been inter- 
mittent ; they do not form part of the budget of 
the nation. The small number of depositors is not, 
however, attributable to this fact, but rather to 
the light-heartedness with which the Italian work- 
ing men face emigration. 








HIGH-TEMPERATURE SCALES. 

Durine the discussion of the paper on ‘‘Glow- 
Lamps,” which Mr. Swinburne presented to the 
Institution of Electrical Engineers, and to which 
we refer in another part of this issue, Dr. Harker 
exhibited a table of the melting-points of elements 
as at present known. In concluding the discus- 
sion, Dr, Glazebrook, the President, remarked that 
the just-published researches of the Reichsanstalt 
threw doubts on some of the fundamental deter- 
tainations on which our estimates had so far been 
based, and our knowledge of those melting-points 
was hence more uncertain than we had believed. 
As the question is of considerable importance, we 


will briefly indicate the character of the research 
and of these recent experiments, conducted by 
L. Holborn and S. Valentiner in the Reichsan- 
stalt ; the authors have given an account of their 
investigations in the January number of the 
Annalen der Physik. 

Our temperature scales are chiefly based on the 
indications of nitrogen thermometers and of 


thermo-couples. Former experiments had shown | i 


that a thermo-couple of platinum and platinum- 
rhodium followed, within the range 250 deg. and 
1100 deg. Cent., very closely a quadratic formula, 
which held for couples consisting of the other 
platinum metals, except palladium. It had also 
been ascertained that when different thermo-couples 
were used for extrapolation up to 1500 deg. Cent., 
their indications remained in good agreement. The 
melting-points of the more refractory metals, and 
the researches of Lummer and Pringsheim,* and of 
Paschen and Wanner, and others, on the radia- 
tions of the ‘‘ black body,” all rest on this tem- 

rature scale. For the visible spectrum Wien’s 

w on the relation between the brightness of a 
radiation H, its absolute temperature (in deg. Cent.) 
T, and its wave-lengths i: — ° (s a 
found to hold. The constant c of this formula had, 
according to Wanner, the value 14,510; according 
to Lummer and Pringsheim, the value 14,580; the 
temperature range of the former was from 720 to 
1300 deg. Cent. ; that of the latter, 790 to 1430 
deg. Cent. 

eating now these experiments, Holborn and 
Valentiner have arrived at a somewhat different 
value for c. Their mean value is 14,600; but the 
chief point is that their c is not constant, but 
seems to rise, as the temperature increases from 
800 to 1450 deg. Cent., from 14,200 to 15,000. 
This deviation from the theoretically constant value 
the investigators ascribe toan error in the tempera- 
ture scale, and a new comparison between the 
nitrogen thermometer and the thermo-couples has 
hence been made. Two bulbs have been used for 
the nitrogen thermometer, the one bulb consisting 
of pure iridium, the other of a platinum alloy con- 
taining 20 per cent. of iridium. The latter proved 
more suitable than the former, as had been ex- 
pected, because iridium volatilises at high tempera- 
tures to a noticeable extent. This volatilisation, it 
will be seen, is the chief source of trouble. The bulb 
was placed vertically in an electric furnace, being 
surrounded by three mantles of Marckquardt mass, 
a refractory material; and the inner cylinder was 
wound with platinum-foil, through which the heat- 
ing current from accumulators was sent. The 
nitrogen used for filling the thermometer was 
chemically prepared, and purified by being passed 
through pyrogallol, caustic potash, a platinum coil 
at white glow, calcium chloride, phosphorus 
pentoxide, copper oxide at red heat, and, finally, 
through liquid air. Thus every precaution was 
taken, and the expansion of the bulb, of course, 
was very carefully measured. 

The vertical arrangement was adopted for cer- 
tain reasons. With regard to the uniform tem- 
perature distribution in the furnace, a horizontal 
arrangement might have been preferable. The 
bulb thermometer may in itself produce errors; 
but the thermo-couple is the most suspected part, 
as we mentioned already. Although the experi- 
ments were made in an atmosphere of nitrogen, 
some iridium was volatilised from the bulb, and 
this iridium was sufficient to blacken the parts of 
the apparatus projecting outside the furnace. The 
iridium found its way through various jackets with 
which the couples were sheathed ; quartz tubes 
alone kept the iridium off, but the quartz softens 
at the highest temperatures applied, and crystallises 
on cooling, so that such a tube could not be re-used. 
Any condensation of iridium on the thermo-couple 
would alter its thermo-electromotive force, and thus 
vitiate the temperature estimate. Experiments 
have also been made with the black body of 
Lummer and Kurlbaum, with their optical pyro- 
meter, and with the optical spectro-photometer of 
Lummer and Brodhun. 

The authors conclude that the former compari- 
sons between the nitrogen thermometer and the 
thermo-couple were not as reliable as they had 
thought. ey consider that they now have agree- 
ment within one degree between the two methods. 
They have further made a very careful determina- 
tion of the melting-point of palladium, which is 


now one of their fixed P nae 1575 deg. Cent. 
Their redetermination of the melting-point of plati- 
num He 1589 deg.—that is, nearly 80 deg. higher 
than Harker’s value of last year, which been 
widely accepted. Dr. Harker, it will be remembered, 
succeeded in constructing electric furnaces of 
Nernst material, and using thermo-couples of dif- 
ferent platinum metals, in these he fixed the melt- 
ee of platinum at 1710 deg. within deg. His 
results* were in so good accord that one hesitates 
to adopt the new, much higher figure. The National 
Physical Laboratory will no doubt enable Dr. Harker 
to resume these researches. The Reichsanstalt does 
not itself propose to make any alterations in accord- 
ance with the new determinations until the matter 
has been thoroughly cleared up. The object of 
these lines is to acquaint our readers with the 
aspect of the problem which will eagerly be dis- 
cussed. 








THE STETTINER MASCHINENBAU 
ACTIEN-GESELLSCHAFT VULCAN. 
Tue Stettiner Maschinenbau Actien-Gesellschaft 
Vulcan, of Bredow, near Stettin, on the Oder, 
celebrated this week, on Jan 29, the fiftieth 
anniversary of their foundation. We offer the com- 
pany our sincere congratulations. Their ships have 
for some years held the Atlantic record, and for 
this and other services the firm have in recent years 

roduced efficient, safe, and comfortable steamers. 

hat they have built several notable warships is 
equally well known ; their locomotives are possibly 
not so familiar to our readers, but they also enjoy 
a high reputation. 

The Vulcan Company was established under the 

full name which .heads this article, on Jan 

29, 1857, for a period of fifty years. Frederick 

William IV. was then King of Prussia, and the 

statutes of the company state that an extension 

of the period of fifty years would require a re- 
newal of the Royal Licence of that date, a cop 
of which is added. to the jubilee publication which 
the company has issued. It is a dsome quarto 
volume, any by G. Lehmann - Felskowski. 
Shipbuilding had always oa pe on the bays of 
the Baltic, owing to the wealth of timber on the 
shores. But fifty years agoiron had commenced to 
replace wood in shipbuilding, and the company 
arose out of the engineering works of Fiirchtenicht 
and Brock, two Hamburg gentlemen who had settled 
near Stettin. The founders of the new company 
were Ferdinand Brumm, who remained chief 
director till 1885, A. Euchel, P. Gutike, L. Hin- 
dersin, C. Metzenthin, W. Schlutow, Werner 
Siemens, and G. Wellmann, all men of note. Loco- 
motive construction was taken up in 1865, when 
the second era of the company an, as the 
memorial volume remarks. The third era opened 
in 1871, when the Prussian Government, after 
much hesitation, entrusted the firm with the order 
for the first turret ironclad Preussen, which was 
launched in 1873. The launch of the Sachsen in 
1877 was attended by the Ambassadors of China 
and Japan, with which Powers contracts were 
subsequently concluded. On the first six Prus- 
sian mail steamers the firm lost nearly two 
million marks; but, backed by influential ks, 
they in 1887 secured orders from the Hamburg- 
American Packet Company, and thus entered 
upon their fourth era. A fifth era dates from the 
triumphant steaming of the Kaiser Wilhelm der 
Grosse in 1897, which crossed to New York at 
21.39 knots average speed, and beat its own re- 
cord in returning at 21.91 knots. The Deutsch- 
land, Kronprinz Wilhelm, and Kaiser Wilhelm II. 
—the sister-ship Kronprinzessin Cecilie will soon 


-be finished—have attained average speeds of 23.58 


knots. The huge yard on the Oder no longer 

suffices for modern requirements, and new works 

are now in course of erection at Hamburg, on the 

Island of Ross, which is situated within the free- 

port area of Hamburg. Thus the Vulcan Com- 
y will c on marine construction both on the 
er and on the Elbe in its sixth era. 

Of the chief men to whom the remarkable suc- 
cess attained is due we may perhaps mention 
Kommerzienrat Dr. Ingenieur H. J. Stahl, who has 
written the introduction to the jubilee volume; 
Baurat Robert Zimmermann, the chiet of the ship- 
building department; and Baurat Justus Flohr, 
chief of the engineering department. These latter 
two gentlemen are still directors, and associated 
with them are Messrs. P. Stahl, Jun., Dr. G. Bauer, 





* See ENGINEERING, vol. lxxxii., page 769. 





* See ENGINEERING, vol. lxxvi., pages 686 and 751. 





* See ENGINEERING, vol. lxxix., page 367, 
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Louis Schwartz, and Gustav Fliege. The area of 
the Bredow Works, which we described some years 
ago, now covers 28 hectares (70 acres), and the 
new yards at Hamburg are almost as large. The 
average number of employés had risen from 600 in 
1857 to 7000 in 1900—the culminating point—and 
was 6300 in 196. A training school of six classes 
has been provided for the 300 apprentices of the 
firm, and due attention is, of course, paid to bene- 
volent features. 

What the Vulcan Company has achieved is familiar 
to our readers. We have repeatedly been enabled 
to place before them fully illustrated descriptive 
accounts of new mail-boats, warships, and locomo- 
tives, with suggestive details of construction. In 
the recent work, to which we hope soon to refer at 
— length, turbine-steamers play some part. 

he small cruiser Liibeck, of 3250 tons displace- 
ment, was on general lines a sister-ship to the 
Hamburg, but has four turbines of the Parsons 
type, and ten Schulz-Thornycroft boilers. She was 
originally fitted with four pairs of small propellers; 
these propellers have, for some of the trials, been 
replaced by one large and one small propeller on 
each shaft, and during the trial runs, made in 
November, a speed of 23.15 knots was realised 
at 14,158 horse-power and 700 revolutions. The 
coal consumption was less satisfactory, however, 
than with the Hamburg. The stopping trials 
a'so did not quite come up to expectation; the 
best results were obtained at full power with the 
original eight small propellers. The Kaiser, built 
for the Hamburg-American line in 1905, is the first 
German turbine mail-boat. She accommodates 2000 
passengers, and steams at 20 knots. Her boilers 
are Vulcan water-tube boilers for steam pressure 
of 200 lb. per square inch, and each of the two 
3000-horse-power turbines of the Allgemeine Elec- 
tricitiits-Gesellschaft is coupled with one propeller. 
The turbines weighed 57 tons each, instead of the 
70 tons allowed ; the contract speed was exceeded ; 
the coal consumption remained below the specifica- 
tion, and the trials were on the whole very satis- 
factory. The new warship Preussen, of 13,200 
tons displacement, Msteraar ¢ in 1905, is fitted with 
six cylindrical and eight water-tube boilers, and 
three vertical triple-expansion engines, developing 
17,000 horse-power. The Vulcan Company have 
thus done their share in solving scientific and tech- 
nical nautical problems, and we wish them pros- 
perity in their further endeavours. 








NOTES. 
THE STANDARDISATION OF Carbon Lamps. 

Tue latest report of the Engineering Standards 
Committee deals with the standardisation of carbon- 
filament glow-lamps. It is the work of the sub- 
committee on Physical Standards, in collaboration 
with representatives of the leading British lamp- 
manufacturers, and is probably of more direct im- 
portance to the public at large than any of its 
—— Standard carbon lamps will in future 

e constructed in sizes of 8, 12, 16, 25, and 32 
mean hemispherical candle-power, for use on the 

ressures already standardised of 110 and 220 volts. 

hey will be divided into two classes, one havin 
a useful life of 400 hours, and the other of 
hours. All lamps purporting to be British standard 
lamps will be distinctly marked on the bulb with 
the name or trade-mark of the manufacturer, the 
rated M.H.C.P., the voltage for which they are 
supplied, and a reference letter denoting the useful 
life of the lamp. The Jatier quantity is defined as 
the time taken for the light of the lamp to drop 
20 per cent. from its standard value. ‘he exact 
dimensions of the brass caps of the lamps are 
specified, and the caps must be made to limit- 
gauges, so that the householder in future will be 
sure of British standard lamps fitting their sockets 
properly. Some of the cheap foreign lamps sold 
in this country are very defective in this - 
ticular, or have lumps of solder on the top, which 
make most unsatisfactory contact. Tests are 
also prescribed for insulation resistance between 
the cap and filament, for the evenness of the 
filament, and for other defects; and should a certain 
percentage fail to these tests, the purchaser 
can reject the whole consignment. In spite of the 
predilection of the average householder for buying 
the least expensive of articles, of whose quality he 
is no judge, it will undoubtedly be in the interests 
both of the — and the electric-lighting in- 
dustry if con 





ormity with the standard specifica- | 
tion is insisted on by all concerned. Consumers | 


now have matters in their own hands. Large buyers 
of lamps should obtain the standard specification 
for themselves, and take care that it is rigidly 
adhered to. It is to be bought direct from the 
Sr | Standards Committee, 28, Victoria- 
street, S.W., or from Messrs. Crosby Lockwood 
and Son, at the price of 5s. net. 


Tue Comparative Cost or Marine TURBINES 
AND RectprocaTInc ENGINES. 


While data as to the cost of steam-turbines for 
land stations show a considerable saving as com- 
pared with reciprocating engines, it has not so far 
been possible to establish the same advantage in 
connection with marine installations. This is due 
in part to the less extensive application of the 
system, and to the variable conditions being 
inimical to direct comparison. The prices asked 
by contractors for the machinery of warships afford, 
perhaps, the fairest basis of arriving at the relative 
costs. For the boilers and turbines of the three 
new Dreadnoughts, to develop 23,000 shaft horse- 
power, the tenders, including the auxiliaries, 
ranged from 11.131. per horse-power to 141.—wide 
limits, due to the present condition of the industry 
and to the degree of experience of turbine manu- 
facture by the respective firms. It is, however, 
significant that four firms who have made machinery 
of this type quoted between 11.131. and 11.351. per 
meg ay ; and thus the machinery of the Superb, 
to be built at Elswick, will be constructed by the 
Wallsend Company, while the Fairfield Company 
and Messrs. Hawthorn, Leslie, and Co. will make 
the machinery for the Téméraire and Bellerophon 
respectively, to be built in the dockyard. The price 
paid for the reciprocating engines of the five dock- 
yard-built vessels of the King Edward VII. class 
ranged between 11.7/. and 12.51. per indicated horse- 

wer. The average per shaft horse-power would 

about 12.2/., so that we have in turbine 
machinery a saving of between 15s. and 20s. per 
horse-power. When it is noted that the aggregate 
power is 23,000 horse-power, the total saving is 
considerable. The machinery of the modern 
battleship Agamemnon, with reciprocating engines, 
also comes out at 12.11. per horse-power. In the 
case of the latest of armoured cruisers, with 
reciprocating engines, the price averages 10.6l. 
per horse-power, and here the power is the same 
as in the new Dreadnoughts. What is certain, 
therefore, is that, notwithstanding the necessity 
for additional turbines for cruising, turbine ma- 
chinery for warships costs probably less than 
reciprocating engines. In the merchant service, 
where no cruising turbines are required, the cost 
is already considerably less ; with experience there 
will be appreciable reductions. 


Evectrotytic CoprperR FROM SULPHIDIC OREs. 


Few metallurgical problems have exercised 
electro-chemists more than the direct extraction of 
copper from its ores. In view of the perfect 
success of the electrolytic refinery of copper, the 
problem appears simple enough ; yet none of the 
many processes tried has proved more than tem- 
porarily successful. Dr. St. Laszczynski is now said 
to have overcome the practical difficulties in the 
recently-opened copper-mines at Miedzianka, in 
the south-west corner of Russian Poland, not far 
from the Prussian and Austrian frontiers. Accord- 
ing to a description given by Walter Stoeger, of 
Vienna, in Metallurgie, of December 22, 1906, 
Laszczynski follows in the main the well-known 
lines of Siemens—lixiviation of the ores by means 
of sulphuric acid. The ores are roasted to convert 
the sulphide and oxide into sulphate, and extracted 
with dilute sulphuric acid. Copper sulphate is 
dissolved and electrolysed with insoluble anodes, 
when all the copper should be deposited. But the 
iron always present in the electrolyte is, near the 
anode, transformed into the sulphate Fe, (SO,),, 
and thisiron sulphate re-dissolves the already depo- 
sited copper. Even if little iron is dissolved in 
the extraction process, the iron would accumulate. 
The iron can be precipitated, when losses of electro- 
lyte are inevitable, or a diaphragm can be used, 
the anode being placed in dilute sulphuric acid, so 
that the iron is kept away from the anode. 
Diaphragms complicate the construction of the cell, 
however, involve a double pipe system, increase 
the internal resistance of the cell, and do not last 
long as arule. The remedy which Laszczynski has 
adopted has long been applied in silver refineries. 
The lead anode of the copper sulphate cell is 
covered with a fairly tight-fitting bag of thick 





cotton texture. When such a new anode is fixed 
in the bath, the electrolyte will penetrate through 
the bag, and the electrolysis will start as if there 
were no bag-diaphragm. But the iron ions travel 
towards the cathode, and the bag will keep off new 
iron ions, although the electrolyte in the cell is 
stirred. The bags are said to last a year. Several 
other novel features have been introduced at 
Miedzianka. The ores have carefully to be roasted, 
to convert all the copper into sulphate ; any un- 
oxidised sulphide hss «5 be lost, as insoluble in sul- 
phuric acid. The ore is ground, stirred with water 
and 5 per cent. of loam, and pressed into bricks, 
which are then, deprived of most of their water by 
the pressure, delivered into the roasting furnace 
without being dried. The furnace forms a vertical 
shaft, with the grate half-way up, in which the 
bricks glide down, the roasted bricks being taken 
out below. The porous mass is ground again and 
lixiviated for 35 hours in shallow tanks, with the 
sulphuric acid drawn off from the electrolytic 
ram The electrolysers are wooden tanks, lined 
with lead, containing each nine lead anodes and 
eight cathodes, and stirrers between each pair of 
electrodes. The four baths absorb each 900 amperes 
at from 2.25 to 2.5 volts, 1 kilogramme of copper 
requiring 2.16 kilowatt-hours. So far the plant 
yields 100 kilogrammes of copper per day; the 
Francis turbine would give 50 horse-power, of which 
15 are wanted at present. The electrolysis is con- 
tinued until the cathodes have attained a thick- 
nes3 of 20 or 30 millimetres, which takes about 
four weeks. The cathodes are made by deposit- 
ing about 0.5 millimetre of copper on sheet- 
copper plates covered with graphite; the de- 
posited oer is then separated from the plate 
to serve as cathode in the electrolysing tanks. 
The resulting copper is described as very pure, 
free from the other metals—lead, zinc, arsenic, 
antimony, &c.—and it is sold without further 
treatment. A larger plant is now being erected in 
the district of Semipalatinsk, in Southern Siberia, 
more than 400 miles from any railway station. 
The process is recommended, on account of its sim- 
plicity, for badly accessib!e mines, especially when 
coal is expensive and water-power available. The 
insoluble lead anodes and their bags should further 
answer for the regeneration of the sulphuric acid 
of copper refineries. 


Tue ELECTRIFICATION OF THE SWEDISH STATE 
Raltways. 


That the Swedish State Railways are in earnest 
as far as the adoption of electric power is concerned 
would appear from the fact that they have just 

roposed the purchase of further water power. 
The Swedish State already owns the Laholm Fall, 
in West Sweden, formed by the River Lagan at no 
great distance from its mouth. This fall, however, 
is not important enough to justify the installation 
of any power station for the railways, wherefore 
the railway department now proposes the purchase 
of the Karse Fall, in the same river. ‘This fall, 
which is the biggest south of the Gota and the 
Motala rivers, has a height of 80 ft., five times as 
much as the Laholm Fall, and it has the advantage 
of being situated at only some two or three miles 
distance from the West Coast Railway. In order 
to be able to introduce satisfactory electrification of 
the State Railways, it is necessary to have at their 
disposal an efficient fall in Southern Sweden, south 
of the contemplated power-stations at Trollhittan 
Falls, and at the Motala Falls(purchased by theState, 
December 12, 1906, and mentioned in a previous 
issue of ENGINEERING). The cost of the Karse Fall, 
with necessary land, will be 1,271,900 kr., and 
unless the fall and the adjoining property be secured 
now, the price might be put up. The position of 
the fall is comparatively central within the area 
for which it is intended to supply power, the dis- 
tance from Malmé being 80 miles, from Trelleborg 
100 miles, from Gothenburg 112 miles, and from 
the Trollhattan Falls 150 miles, so that power can 
be advantageously supplied to the West Coast Rail- 
way from the point (Falkenberg is considered a 
likely station) where the limit of the Trollhittan 

ower-station is reached, as far as Malmé, or, per- 
aon Trelleborg. Nor is the distance from the 
Karse Fall to the Southern main line so great that 
power might not very well be supplied to a portion of 
this line—say the Malmé-Safs}6 section—for all of 
which lines the contemplated power station, after 
proper regulation of the fall, should have capacity 
enough. At presentthe water in the Lagan River 
varies considerably, but a contemplated regulation 
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of the Bolmen, the Vidéstern, and other lakes 
should result in the Lagan yielding a sufficiency 
of water for all the purposes in view. The cost of 
this regulating work, which in all likelihood will 
be undertaken in conjunction with the South 
Swedish Power Company, which owns several 
waterfalls in the Lagan, is calculated to entail an 
expenditure of 300,000 kr. The capacity of the 
Karse Fall, after proper regulation, will be some 
12,000 horse-power, which, at the purchase price 
mentioned, would make it 106 kr. (51. 18s.) per horse- 
power, which is considered reasonable. It is pro- 
posed to construct a reservoir whereby it will be pos- 
sible at times to develop a power considerably above 
the average, which is of importance for railway pur- 
poses. It is, therefore, proposed to give the power- 
station an additional capacity above the average a 
city of the fall : according to one plan up to 20, 

horse-power, and according to a second plan up to 
15,000 horse power. The power installation com- 
prises a dam at the Karse Fall, and a canal on the 
north side of the river of about 4700 ft. im length, 
which leads into a distribution basin, from which 
the water is conveyed through pipes to the power- 
station ; having passed the Sackdaen, the water is 
led back to the river through a canal of about 
1700 ft. in length. The cost, according to the 
first plan, with six machines of 4900 horse-power 
each, of which one is looked upon as reserve, 
is calculated at 3,900,000 kr., including the con- 
tribution of the railways to the regulation of the 
lakes. The annual cost, including 3.8 per cent. 
interest and sinking-fund, maintenance, salaries, 
and requisites, is calculated at 300,000 kr., or 15 kr. 
per maximum turbine horse-power. The figures 
for the second plan are respectively 3,600,000 kr. 
and 274,000 kr., which means 18.30 kr. per maxi- 
mum turbine horse-power. The annual charge on 
the purchase sum, which, with some compensation 
for fishing rights, may be put at 1,500,000 kr. in 
round figures, amounts to 67,500 kr., assuming inte- 
rest and sinking fund reckoned at 4.5 per cent., or, 
respectively, for the two plans, 3.40 kr. and 4.50kr. 
per horse-power. The total annual cost per maxi- 
mum turbine horse- power thus comes out at 


18.40 kr. (Il. Os. 6d.) and 22.80 kr. (11. 5s. 4d.). | 


The railway department appears to be in favour of 
the first plan, amongst other reasons, on account of 
the possible larger supply of power in the daytime 
than at night. 








Coneress FOR HycigngE AND Democrapuy. — The 
fourteenth International Congress for Hygiene and 


Demography is to be held in Berlin, lasting from Sept- | 
ember 23 to 29. Subjects for discussion by the different | 


sections have already been fixed. All papers and informa- 
tion relating to the ng sy co! may be obtained 
from its head-quarters, Berlin 9 W. Eichhornestr. 9. 


PERSONAL.—We are informed that Mr. John Watson, | 
lecturer on mechanical engineering for the Ayrshire | 


County Committee, has resigned this position to take up 
an appointment with Messrs. A. eden, Sons, and Co., 
Limited, Kilmarnock.—Mr. J. Arthur Reavell, for some 
time general manager of the Blake and Knowles Steam 
Pump Works, Limited, and subsequently director of the 
Worthington Pump Company, Limited, has resigned his 
seat on the Board of the latter company, consequent on 
his appointment as general manager to Messrs. Manlove, 
Alliott, and Co., Limited, Nottingham.—Messrs. W. E. 
Burnand and Co., Lowfield Works, London-road, Shef- 
field, have acquired from the Burnand Transformer Com- 
pany, Limited, Salford, all pa. plant, &c., con- 
nected with the manufacture of the Burnand transformer, 
and these will in future be only obtainable from the 
Sheffield firm. 





BIRMINGHAM Untversity.—It has been decided, in 
connection with the Faculty of Commerce of the Univer- 
sity of Birmingham, to establish an advisory board of 
business men to co-operate with the professors. The first 
board chosen consists of eight members, all of them | 
ing men of business in Birmingham, representative of 
the chief industries of that city. The members of the 
board are as follow:—Mr. Neville Chamberlain, Mr. 
G. H. Claughton, Mr. F. Dudley Docker, Mr. A. H. 
Gibson, Mr. Edward Hickman, Mr. W. E. Hipkins, 
Mr. J. 8. Taylor, and Mr. T. Sydney Walker. The 
purpose of the board thus established is, in the first place, 
to assist in obtaining for the students the most advan- 
tageous training for business, according to modern re- 
quirements; and, secondly, to promote interest in the 
faculty among general business men. The board is to a 
certain extent experimental, and has been established for 
a period of two years. Should the institution become 
permanent, it is still proposed to have but a comparatively 
short term of office, in order that the board may be com- 

of men thoroughly in touch with modern methods 
and requirements. Advice will be given by it, on 
systems and subjects for studies, keeping the work in 
touch with first firms, and assisting those to obtain, 
through the University, men of special training or aptitude 
for any desired work. 





THE LATE MR. O. P. CLEMENTS. 


By the death of Mr. O. P. Clements, which occurred 
on Thursday, the 24th ult., at Olton, near Birming- 
ham, the profession has lost a member who had ren- 
dered it most valuable service in several branches of 
mechanical engineering, and whose loss will be much 
felt and regretted by his personal friends and profes- 
sional brethren. The end came very suddenly, for 
the deceased gentleman attended business as usual on 
Tuesday, the 22nd ult., but was found dead in his bed 
on the morning of the second day afterwards, having 
died from an affection of the heart. For many years 
he was prominently connected with the cycle trade, 
and, during the last fifteen or sixteen years, was 
| chief engineer in the cycle department of the Birming- 
| ham Small Arms Factory, previous to which he had 
| filled a similar position with Messrs. William Brown, 
| of Birmingham. 
| Owing to the very intimate knowledge that Mr. 
| Clements had of the cycle trade, and his wide experi- 
ence of automatic machinery, particularly in connec- 
tion with the cutting of screw-threads, his advice 
was found of the greatest value to the Engineering 
Standards Committee when the question of screw- 
threads was under consideration, for, previous to the 
formation of this committee, Mr. Clements had taken 
a very active part in bringing about the adoption of 
the Cycle Engineers’ Institute standard threads by 
cycle manufacturers. It was his experience in con- 
nection with this action that was partly instrumental in 
making his services so valuable when he came to sit on 
the committee for the standardisation of British screw- 
threads. He was connected with these committees for 
about four years; and among those on which he sat 
may be mentioned the Sectional Committee on Screw- 
Threads and Limit-Gauges, the Sub-Committee on 
Small Screws and Screw-Heads, and the Sub-Committee 
on Rolled and Drawn Sections in use in Automatic 
Machines. Although he rendered great assistance on 
all these committees, his services were probably most 
valuable in connection with the British Standard Fine 
Threads. The extent of his knowledge was not so 
much theoretical as practical ; and his clear insight 
into what could, tol could not, be done in the 
workshop was such that his opinion always carried 
weight. He was, however, a man of a very retiring 
disposition, and never cared for publicity. It was 
for this reason that he was not very widely known 
outside his immediate circle of friends and his pro- 
fessional brethren; but by those who knew him he 
was much respected. 











THE LATE MR. FREDERICK MAURICE. 
Tue death of Mr. Frederick Maurice, as the result 
| of a cardiac affection, from which he suffered for some 
| time, is in some respects petite, occurring, as it did, 
— a few weeks after the passing away of his chief 
and practically life-long friend, Sir Edward J. Reed.* 
Born fifty years ago last November, Mr. Maurice 
| received his technical training at the Crystal Palace 
School of Engineering, and after a short sojourn at 
Milford Haven, joined the staff of Sir Edward Reed 
during the construction of the first of the Japa- 
| nese modern ships designed by Reed, and constructed 
|at Samuda’s Works on the Thames. From this 
period the late Mr. Maurice was almost continuously 
| associated with Sir Edward. There was a ten years’ 
| interregnum, between 1885 and 1895, when, on the 
| recommendation of his chief, he occupied the position 
| of chief naval constructor for the Chilian Government, 
and was responsible for the maintenance of the fleet. 
| He went through the Chilian revolutionary war in 
| 1891, and, following upon that, had extensive work 
| to do in rehabilitating the fleet. 

He returned to this country, still in the service 
of the Chilian Government, and was associated with 
Sir Edward in carrying out new constructional work 
for some time. He continued in this capacity until 
1899, when he joined in partnership with Mr. Kelson 
as consulting naval architects, their work being 
| associated for the most part with the South Ameri- 
|ean Republics. When Sir Edward received in- 
| structions to design and construct the two vessels 
| which were launched for the Chilian Government, 
| respectively by the Vickers and Armstrong Com- 
| panies, and which were named the Libertad and Con- 
| stitucion—becoming subsequently H.M.SS. Triumph 
|and Swiftsure—Mr. Maurice rejoined Sir Edward 
| Reed’s staff, taking the management of the London 
| office. This.continued from 1902 onwards, and arrange- 
| ments had been made for continuing the work after Sir 
| Edward Reed’s death. 
| Mr. Maurice was a member of the Institution of 
| Naval Architects. He was of a quiet and unassumip 
disposition, and was known chiefly by the many with 
| whom he was associated in business, and with them 
| enjoyed a high reputation, not only as a naval archi- 
| tect, but as genial friend. Mr. Maurice married only 
| last year, and his wife, thus suddenly and early 
| bereaved, has the sympathy of a wide circle of friends. 











| 


* See ENGINEERING, vol. Ixxxii , page 770. 


| THE LATE MR. DAVID MACBRAYNE. 


ArHovuen not a technical man, reference may be 
made in our pages of the passing away of Mr. David 
MacBrayne, at Glasgow, at the ripe age of ninety-two 
years, because few men have done more for the deve- 
nese of shipping in the West of Scotland than Mr. 
MacBrayne. In this he shared the honours with his 
| uncle, Sir George Burns, Bart., one of the founders of 
| the Cunard Company, and of the coast shipping firm 
G. and J. Burns, as well as with his cousin, Mr. John 
Burns, the first Lord Inverclyde. Mr. MacBrayne, who 
was of an old Glasgow stock, life as a typefounder, 
but in his 7 youth entered a shipping office, where 
he became imbued with the enormous importance of 
p> ome a shipping service to the Western Highlands 
and Islands of Scotland. Messrs. Burns had made a 
beginning in this business, but the development of the 
Liverpool and Belfast traffic soon occupied their atten- 
tion to such an extent that they abandoned the West 
Highland service. Mr. MacBrayne, in association 
with Messrs. David and Alexander Hutchison, be 
business with several small boate, and opened up what 
has ultimately become one of the most extensive ship- 
ping services in the country. In 1876 Mr. David Hutchi- 
son retired, followed two years later by his brother, 
leaving Mr. MacBrayne the sole partner. Through his 
close application to business, Fis courage and his 
ey and business aptitude, he had increased 
nis fleet to twenty-nine vessels, one of them, the 
Columba, and another, the Iona, having a world 
renown. Mr. MacBrayne retired two years ago at the 
|age of ninety, leaving the business in charge of his 
elder son. Mr. MacBrayne was associated with 
several of the public movements in Glasgow, serving 
for a number of years on the Clyde Trust. He was 
predeceased by his wife some years ago, but is sur- 
vived by two sons and one daughter. 





| 





YEAR-BOOKS AND ANNUALS. 

The Motorist’s Hand-Book and Calendar, 1907. 
London: The Academy of Motoring, Limited, 85, 
New Bond-street. [Price ls. and 2s. 6d.]—This is the 
first year of publication of this work, which contains 
a great deal of information useful to the motorist. 
The calendar gives lighting-up times and the most im- 
portant event to the motoring or general sporting 
world opposite each date. There is also a motor-log, 
for entering distances, petrol consumption, &c., for 
every day in the year. Other sections comprise a 
summary of the Motor-Car Acts, rules for care of 
tyres, foreign customs duties for motor-cars, and de- 
scription of several of the important routes out of 
London. A road-map of the 8.E. quarter of England 
is given, and a list of the distinguishing letters for 
different counties. With reference to the latter we 
note that the letters B.F., which were strongly re- 
sented by Dorset motorists, are retained, though we 
were under the — they had been superseded, 
or, at any rate, that the county had been granted 
alternative ones. 


Laxton’s Builders’ Price-Book for 1907. Ninetieth 
edition. Printed and published by Kelly’s Directories, 
Limited, High Holborn, W.C. [Price 4s.]—Since the 
eighty-ninth edition of this useful reference - book 
for architects, surveyors, builders, and contractors 
appeared two additional es have been added, the 
number now being 732. he prices have been revised 
and brought into conformity with those now ruling. 
The volume contains a corrected list of brand-marks 
denoting the qualities and shipping ports of timber, 
and, as usual, maintains its high position as a book 
of reference. 


Calendars and Diaries.—We have received calen- 
dars and diaries from the following firms :— Messrs. 
Mavor and Coulson, Limited, 47, Broad-street, Mile 
End, Glasgow; Messrs. Stegmann and Co., of 
Brighton Railway Approach, St. John’s-hill, Clapham 
Junction, 8.W.; a calendar of considerable artistic 
merit from the Xgyptian Gazette, Alexandria, Egypt ; 
the Electric and Ordnance Accessories Company, 
Birmingham ; the D.P. Battery Company, Limited, 
Lumford Mills, Bakewell; a block calendar from 
Messrs. Appleby’s, Limited ; and others from Messrs. 
Nalder Brothers and Thompson, Limited, 34, Queen- 
street, E.C.; and the Savoy Typewriting Office, 
115, Strand, W.C.—Messrs. Mountain and Gibson, 
Limited, electric tramway and railway engineers, of 
Elton Fold Works, Bury, Lancashire, have issued a 
very neat form of pocket-diary, giving a whole page 
for each day in the year, a number of pages containing 
useful data being also included in the volume, which 
is of a handy pocket size, 








Sree. SLEEPERS FOR ARGENTINA. —The Central Cordoba 
Railway Company has applied to the Argentine Congress 
for permission to im 200,000 tons of steel sleepers, 
alleging in support of its application that there is a scarcity 
of que ho sleepers. It is not admitted, however, that 
this is the case. 
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THE CATARACT DAM, SYDNEY, NEW 
SOUTH WALES. 

Tue Cataract Dam, which is the largest of its kind 
in the Southern hemisphere, is expected to be finished 
within a few months. It is situated within the water- 
shed of the Prospect reservoir, which for about twenty 
years has been the source of the water supply of the 
city of Sydney, and has been constructed to supple- 
ment the storage. 

Occasionally, for some years back, and especially in 
1902, severe droughts occurred, and the Prospect 
reservoir became dangerously low. Owing to this, and 
to the concurrent steady increase in the population of 
the city and suburbs, serious shortage of water was 
feared; and though the inhabitants were never reduced 
to a limited supply, except occasionally for watering 
ornamental gardens, it was felt that, in view of the 
future, more of the water escaping a the rainy 
years must be impounded for the city a y: 

The execution’of this great work is a forcible illus- 
tration of the great cost which must be incurred by 
engineers abroad in semi-tropical parts of the Empire, 
who have to construct water supply or irrigation 
works, as compared with that of similar undertakings 
at home. Here we have a moderate rainfall, fairly 
spread over the year, and not differing from year to 

ear in any great one. In Sydney the average rain- 
fail of about 50 in., but varying greatly from year to 

ear, comes down spasmodically in bursts, with long 
intervals of dry weather, when not only does the 
supply fail, but the fierce sun and hot westerly winds 
abstract, by evaporation, much of the water previously 
stored. ence much greater storage is required than 
in more temperate climates. Also, in New South 
Wales the rainfall diminishes rapidly as the coast is 
receded from ; and even this is felt in the short distance 
inland of the Sydney water supply catchment area. 

The water supply of the City of Sydney is derived 
from the Nepean and Cataract Rivers. The catch- 
ment area of square miles, with the good rainfall 
which is characteristic of the coastal districts of New 
South Wales, is ample for the requirements of the 
city, even supposing enormous expansion, but the 
existing storage at Prospect (only 5,502,400,000 gallons 
by gravitation) is quite inadequate ; and, further, as 
the water from the rivers mentioned is conveyed to 
Prospect by a system of canals and tunnels, having a 
daily capacity of only 150,000,000 gallons, the storm 
flow of the rivers cannot be fully availed of. 

For many reasons the original dam could not be 
raised.. The plan, therefore, was adopted which has 
been so successfully carried out in the New York 


supply, where the Cross River dam was recently built | 


within the watershed of—but at a much higher level 
than—the new Croton dam reservoir. . 


In order to increase the storage, a masonry and | Ra 


concrete dam is being erected on the Cataract River, 
and in this way the ae 2 capacity of the Prospect 
dam will be increased by no less than a ible 
21,400 millions. The site is highly favourable for such 
a work, as will be judged by some of the following 
figures, which give the main dimensions :— 


ft. in. 
Lengthofdam  ..._ ... 811 0 
Height above river-bed ... 154 0 
Depth below river-bed 40 0 
Top width : 16 6 
Bottom width a awe ae .. 158 0 
Maximum depth of stored water ee a 
Total storage capacity ... ... 21,411,500,000 gals. 
Area covered by water 2 2145 acres. 


The work illustrated in Figs. 1 to4 on pages 148 
and 157 originated in the recommendation of a 
Royal Commission appointed in March, 1902, their 
proposal being submitted to the Parliamentary Stand- 
ing Committee on Public Works, who reported favour- 
ably in July, and the Act of Parliament authorising 
construction followed on October 28 of the same year. 
Operations were at once put in hand, the urgency of the 
work accounting for this great expedition in prelimi- 
naries, unusual in the conduct of Government pro- 


ceedings, and especially so in the case of such a large | ted 


undertaking. 

The dam was commenced under day labour, but a 
Ministry more favourable to the contract system having 
come into power, the work remaining to be done in April, 
1905, was let to a contracting firm— Messrs Lane and 
Peters—the plant on hand being transferred to them, 
and the date of completion st.pulated to be April 10, 


1907. 
The body of the Cataract dam is eae of cyclo- 
pean rubble masonry, consisting of blocks of sand- 
stone weighing from 2 to 4.5 tons, built to break joint 
both vertically and horizontally, and to have a maxi- 
mum of bond. The stones are bedded in cement mortar, 
and the vertical joints are made with concrete. The 
proportion of blocks to concrete and mortar is approxi- 
mately as 65 to 35. The up-stream face consists of 
concrete blocks, 5 ft. by 2 ft. 6 in. by 2 ft., - 
and jointed with special cement mortar, and ed 
by an average of 3 ft. of basaltic concrete. The down- 
stream face is of concrete, 6 ft. thick. Reinforced 


concrete is used in the construction of the valve- 
chambers at the base of the dam. The total quantities 
are approximately as follow :— 


cubic yards. 

Hearting masonry 109,711 

Rubble masonry ... 3,800 

crete ... $6 27,005 

8104 facing blocks... 7,484 

Total 148,000 

Total cement used nee ee 22,000 tons. 
Ironwork in pipes, valves, &c. 300 tons. 


A by-wash to pass surplus flood, with a weir 730 ft. 
long, is provided. The top of the latter is about 150 ft. 
above the river-bed, the overflow water joining the 
river about one-eighth of a mile below thedam. The 
top of the dam is 7 ft. higher than. the top of the 
by-wash weir. Two 48-in. pipes with valves, com- 
municating with outlet wells and sluice-valves in the 
up-stream face of the work, will form the permanent 
outlet ; but two additional 48-in. pipes—making four 
in all—are provided to pass the river flow during 
construction. The valve-house on the down-stream 
side of the dam is roofed with ferro-concrete, to 

rovide against damage. by water topping the work 

uring construction ; and the contracts provide that 
the velies shall be left open till the lowest portion of 
the wall reaches a level of approximately 80 ft. above 
the river bed. 

It is in connection with this provision that the 
remarkable coincidence which resulted in the dis- 
charge of an enormous volume of water over the 
dam, shown in Fig. 3, occurred. An _ exceed- 
ingly dry period of fifteen months’ duration, prior 
to August 30, resulted in the depletion of the 
city supply ; indeed, so small was the flow of the 
river during that period that one 48-in. pipe more 
than sufficed to carry it off. An arrangement was 
accordingly made with the contractors that the valves 
should be closed, and water, if any, impounded on 
August 30. On August 28 work was being concen- 
trated upon the lowest portion of the wall, then 76 ft. 
above the river-bed, the gap being about 65 ft. in 
width. August 29 was p= - On August 30, 
at 5 p.m., the valves were closed. At 6 p.m. 
the same day, after fifteen months dry weather, 
heavy rain—amounting to 10 in.—fell in the catchment 
area, and by 6 o'clock a.m. on the following day— 
the 3lst—the water was flowing over the dam to 
a depth of 16 ft. in the gap, the lake above the dam 
holding at that time approximately 2,000,000,000 
gallons. The engineers opened one of the 48-in. 
valves to reduce the surcharge, but it was not con- 
sidered advisable to open. the other three valves, on 
account of the vibration likely to result from the high 
velocity, as the fixing of the valves was not completed. 
in on August 31, and on September 3 the 
discharge from the open valve, and over the wall, had 
reduced the level of the lake to the level of the top 
of the wall—viz., 76 ft.—when the valve was par- 
tially closed and work resumed. No damage was done 
to the structure, though one or two blocks of sand- 
stone not yet set were carried from the top of the wall, 
and struck the roof of the valve house in falling. 

The sandstone is obtained from two quarries, 
one at each end of the dam, from which the 
stones are lifted and carried to their destination by 
cableways. Sandstone suitable for crushing is ob- 
tained about half a mile away, and here crushin 
and sand-washing plants are installed to supply sand. 
About seven miles up the river is found a quarry of 
hard blue stone—as it is locally called—to make the 
concrete, a tramway connecting it with the dam. 

As regards the general plant, the power-house sup- 
plies three units of 65 kilowatts, working 14 electric 
motors varying from 8 to 40 horse-power. Two 
electrically - operated Lidgerwood cableways, each 
having a span of 1100 ft., handling 44-ton loads, are 
erected above the dam. The towers of one set are 
stationary, and the other traversing, their height 
being 57 ft. Special Lidgerwood electric-hoists are 
provided, with double drums 53 in. in diameter, opera- 
by two General Electric 57 direct-current motors, 
designed for 500 volts, and provided with series 
parallel controllers. The hoists have a maximum 
speed of 1200 ft. per minute. 

There are six 4-ton cranes driven by electric motors, 
and six travelling steam cranes—four of 10 tons, one of 
5 tons, and one of 3 tons capacity. There is also a very 
complete concrete mixing-plant. At the quarry supply- 
ing the broken stone, there is a Gates crusher, produc- 
ing 40 tons per hour, a revolving screen separating the 
metal into different bins. For the conveyance from 
the nearest railway station of the material not found 
on the site, traction-engines and wagons are specially 
provided. 

A temporary township has been established for the 
people engaged on the works, and the tradespeople 
and others connected therewith; and as this is un- 
avoidably situated within the catchment area of the 
Sydney water-supply, special tions had to be 
taken to provide against its pollution. These include 
the conveyance of the sewage outside the catchment 








area. The camp is divided into two sections, for 
married and unmarried men respectively. For the 
latter a large barrack building was built and partly 
furnished, a being mime by the Government 
for the accommodation. The married men had to 
erect their own dwellings under supervision ; and the 
sanitary arrangements, including a septic tank, are 
under the supervision of a resident medical officer. 
The sale of intoxicants is forbidden. The probable 
cost of the dam is expected to be about 325,497/., of 
which approximateiy the subdivisions are :— 





Clearing forest 21,294 
Excavation... ben 55,494 
Concrete in dam ... 235,996 
Outlet works 4,925 
River diversion a a 400 
Supervision and contingencies 23,942 
Total - ... 942,051 

Less allowance of 50 per cent. on cost 
of plant available for future works... 16,554 
325.497 


The estimate was 341,650/. The completion of this 

magnificent work will relieve the citizens of Sydney 
from any fears of a water-famine for many years to 
come. ‘ 
Mr. L. A. B. Wade, M. Inst. C.E., chief engineer for 
rivers, water supply, and drainage, is responsible for 
the design and ag aw ag of the structure, assisted 
by Mr. E M. de Burgh, M. Inst. C.E., of the same 
department, who has principal charge of the work; 
Mr. J. Symonds being resident engineer, and Messrs, 
Lane and Peters, above referred to, contractors. 

Our illustrations are from photographs taken by Mr. 
E. M. de Burgh, M. Inst. C.E., on August 31, 1906, 
when about 10 ft. of water was flowing over the wall. 








Sr. Gornarp Rartway.—The revenue of the St. 
Gothard Railway (comprising, of course, the great St. 
Gothard Tunnel) amounted last year to 1,123,905/. The 
working expenses of the were 657,301/., leaving the 
net revenue at 466,604/. The corresponding net revenue 
for 1905 was 462,6761. 


Ro.itne - Stock rorR Russia.—A company has been 
formed under the auspices of the Rouvier Bank for the 

urpose of owning railway trucks for hire principally in 

ussia. The company’s head office is at Paris, but it has 
an official representative in Russia. The capital is provi- 
sionally fixed at 200,000/. in 10,000 shares of 202. each. 
These shares are subscribed for and are paid up to the 
extent of 5/. each. The company has two Russian directors, 
Mr. Joseph Birkham, at Moscow, and Mr. Alexander 
Wichnegradsky, at St. Petersburg. 





SotipiricaTIon or Coprer.—P. Dejean has determined 
the temperature of solidification of copper by a thermo- 
electric pyrometer, comparing the indications of the same 
instrument to by each sample of copper with those 
given by gold. Assuming that the solidifying point of 
a: is 1065 deg. Cent., his conclusions are as follows :— 

. Pure copper prepared by deoxidation of best selected 
copper in hydrogen and fusion under charcoal solidifies 
at 1085 deg. Cent., thus confirming Holborn and Day’s 
value of 1084 deg. Cent. 2. It forms with cuprous oxide 
a eutectic containing 4.5 to 5 per cent. of oxide. 3. The 
eutectic with 4.7 per cent. of oxide freezes at 1065 deg. 
Cent. The solidification point falls slightly as the per- 
centage of oxide is reduced, Poe through impurities 
in the copper, which are all dissolved in the oxide. The 
eutectic point is so well defimed as to be a convenient 
fixed 4 ee in the standardisation of pyrometers. 4. The 
solidifying point of copper may be used to calibrate a 
thermo-electric pyrometer. For this purpose it is best 
to melt the copper in an open crucible; the oxidation 
during the time of experiment will give 2 to 3 per cent. 
of oxide, and the mixture will usually show two points of 
arrest on cooling. The temperature of the second arrest 
may be taken at 1062 deg. Cent. 5. The freezing point 
of copper is depressed by the addition of aluminium, a 
temperature of Tose deg. Seing reached at 8.6 per cent. of 
aluminium. Heyn, in the Revue de Métallurgie, 1906, 
doubts the accuracy of Dejean’s tests. He confirms the 

res which he obtained in 1904—viz., that pure copper 
solidifies at 1103 deg., and that the eutectic point, where 
3.4 to 3.5 per cent. of cuprous oxide is present in the 
alloy, is 1084deg. The value found by Dejean—namely, 
4.5 to 5 per cent., instead of 3.5—he considers too high, 
and points out that care must be taken in the sampling of 
these alloys for analysis, owing to the friable character of 
the oxide. Copper and cuprous sulphide are not mutually 
soluble in all proportions, so that fused alloys of copper 
and sulphur at certain concentrations (viz., with more than 
9 per cent. of cuprous sulphide) form two layers, the 
lower one being the richer in copper. No mix crystals 
of copper and cuprous sulphide are formed, but there is 
an eutectic containing 3.82 per cent. of cuprous sulphide. 
Solid alloys containing less than this amount of cuprous 
sulphide consist of crystals of —— surrounded by the 
eutectic, whilst alloys richer in sulphide consist of crystals 
of the latter embedded in the eutectic. Sulphur dioxide 
(SO,) alone does not attack copper at temperatures be- 
tween 900 deg. and 1160 deg. Cent. ; bat in presence of a 
reducing agent, such as carbon or hyd cuprous sul- 
phide is f . _Cuprous sulphide, at its melting-point, 
cannot co-exist with cuprous oxide; the two compound: 
react with formation of copper and sulphur dioxide, until 
the supply of sulphide or oxide is exhausted. 
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INDUSTRIAL NOTES. 

THE report of the Labour Department of the Board 
of Trade on employment, wages, disputes, and prices 
in 1906 shows that there was a marked improvement 
generally as regards ae over 1905. The 


upward movement began in March of that year, and 
has since that date been continuous ; but the-disputes 
in the shipbuilding trades affected the proportions of 
unemployed in the last quarter of the past year, other- 
wise the percentage would have been lower. As it 
was, the proportion was 4.1 per cent., the lowest since 
1901. In 1904 the proportion was 6.5; in 1905, 5.4 
per cent. The building trades were the slackest, all 
the other great groups of industries being fairly well 
off for work. In spite of this, the proportion was 
about equal to that of the previous ten years’ average, 
which was 4.04 per cent. A table is given showing 
the proportions of unemployed in each month of the 
years 1904, 1905, and 1906, with the mean for each 
year, together with the relative decrease, for com- 
parison. 

There was a considerable increase in labour disputes 
in 1906, as compared with some recent years. The 
total number was 458; the number of workpeople 
affected was 215,446, and the aggregate loss of time 
amounted to 2,989,000 working days, or in round 
figures nearly three million working days. These 
figures appear large, but the number of persons in- 
volved was only equal to about 2 per cent. of the total 
industrial population of the United Kingdom, exclu- 
sive of agricultural labourers, domestic servants, and 
seamen. The proportion of time lost per head was, 
by the same comparison, about one-third of a working 
= in the year for the whole working population. 

he greatest loss of time occurred in the metal, 
engineering, and shipbuilding groups of trades. This 
was chiefly due to the labour as utes on the Clyde, the 
Tees, and at Hartlepool. These disputes alone involved 
over 20,000 workpeople. In the mining and quarrying 
group of industries the number of disputes was slightly 
below that of the previous year, but the number of 
workpeople involved was larger, owing to the strikes 
of the South Wales miners to compel non-unionists to 
join the Federation. In the textile trades the number 
of disputes exceeded those in any other group of 
trades ; while the number of members affected, and 
the duration of the disputes, were higher than in 
the previous eleven years. They mostly affected the 
linen and jute industries. In the building trades 
labour disputes were fewer. 

The upward tendency in wages, which began in the 
second half of the year 1905, continued throughout 
1906. Wages advanced in the five years 1896-1900, 
and declined in the next five years, 1901-5; last year 
saw a net increase of 55,546/. per week in the trades 
affected. In the eleven years given in the table the 
aggregate increase for the period, after deducting the 
decreases in the five years 1901-5, was equal to 
257,000/. per week—adding the year 1906. The total 
number of workpeople who received advances was 
1,053,000, whilst those who suffered decreases num- 
bered 5000. 

Changes in the hours of labour were few. The 
hours of 52,000 workpeople were reduced to the extent 
of 84,000 hours per week. 

With respect to prices, on the basis of those of 
1900, then at 100.0, there was an advance in 1906 to 
100.5, all the intervening years being lower. The 
slight advance did not touch the chief articles of food 
and drink of the working classes. 





The report of the Labour Party presented to the 
Seventh Annual Conference, Belfast, on January 24, 
1907, is a document of considerable historical value, 
and one which future historians of labour will have to 
consult when treating of the industrial events in the 
tirst decade of the twentieth century. It states the 
present membership is the highest ever attained, both 
as regards the number of societies affiliated and the 
aggregate of persons represented. A year ago the total 
membership was 921,280, now it reaches 997,665. Fur 
two years the number of societies affiliated stood at 
158 ; now increased to 175. Besides this there are 73 
affiliated trades councils, the Independent Labour 
Party, and the Fabian societies, both of which bodies 
have increased from an aggregate of 16,784 members 
‘0 20,885. In addition, two co-operative societies 
have affiliated, with 2271 members, and fourteen labour 
associations. A table is given of numerical strength 
in each year 1900-1 to 1906-7 inclusive to date, dis- 
tinguishing the several’bodies affiliated. The financial 
accounts are given in detail, and every contribution 
accounted for, so that each society affiliated can test 
the accuracy of the figures given. Nothing can be 
more important than this, for it gives confidence 
to,all concerned. The present income is stated to be 
in round figures 40007. On the present basis the ex- 
penditure to be provided for amounts to 6290/., hence 
the appeal to raise the annual contributions, so as to 
secure an income of 8000/. a year, an amount often 
exceeded in many a single constituency in the past. 





The maintenance of members alone reached 5800/. ; 
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the cost of rent, saJaries of officers, and other details 
of management only reached 490/, on the present basis 
of expenditure. 

A list is given of twenty-one candidates by the 
affiliated organisations, all of whom have received 
official endorsement. They are not all what may be 
called labour men; one, at least, is said to be very 
rich, but they all subscribe to the platform of the 
Labour Party. It is payens to — an able and 
efficient election agent, whose sole business it will be 
to supervise registration, to visit the different con- 
stituencies, and advise. Reports are given of the two 
by-elections last year, and of deputaticns to the Trades 
Congress at Liverpool. A list of publications is 

iven, and a report as to a daily labour newspaper. 

he hasty issue of the ill-fated Majority, which 
only lasted a week, had a prejudicial effect on 
the project. The action of the Joint Board of the 
three National Committees is reported, and also the 
joint action on ioternationalism. The chairman’s 
report. of the party’s work in Parliament gives an 
account of the measures reported, and generally the 
action of the Labour members thereon. There is 
also an ‘‘ Appendix of Private Members’ Motions in 
the House of Commons,” with the dates of debates 
thereon, and results. The several Bills brought in by 
various members, and the Acts in the two 
sessions are also — in Appendices (6), (c), and (d). 
The reprint of all these is useful, for Bills soon dis- 
appear after the session closes, except that copies are 
eke found in the House of Commons library, and in 
such other libraries as subscribe for all sessional 
papers. Particulars are given of each Labour member’s 
work on Committees, and a ‘‘ Parliamentary Chron- 
ology ” of proceedings, with the names of the Labour 
members taking part in the debate. 

The opening ponte 3 of the Labour Conference 
at Belfast at the end of last week could scarcely be 
called conspicuous. No final judgment can be ex-. 
pressed as to the outcome of the gathering—its re- 
solves and programme—until the full result is pub- 
lished. There were about 300 delegates present, includ- 
ing most of the Labour members of the Party. The 
povcmpenrsangpe: 4 Committee of the Trades Union Con- 
gress were also represented. A breeze occurred over 
the report on its presentation to the Conference. In the 
report there was a proposal to give an honorarium to 
Mr. Henderson, M.P., for services rendered during 
Mr. J. R. Macdonald’s absence in Canada, Australia, 
and New Zealand. A resolution was proposed that 
Mr. Macdonald should pay for the extra services him- 
self. It was explained that leave of absence had been 
given to the secretary on account of ill health, and 
that the total amount voted to him for all his laborious 
work was only 150/. However, the resolution went to 
the vote, when 294,000 votes by card were recorded 
for the honorarium, and 219,000 against ; majority for, 
75,000. On the vote for an extra 20/. to the members 
for expenses, &c., during the autumn session, a rather 
noisy discussion took place, and the Committee were 
asked to withdraw the recommendation. This they 
refused todo. It was explained that the Independent 
Labour Party had voted 20/. extra to its members. 
The amount was regarded as for overtime. This was 
declared to be ‘‘ nonsense.” The vote was taken by 
card ; when counted there were 449,000 for the grant, 
and 443,000 against— majority for, 6000. Yet these 
are the men who clamour for time and a-half, or even 
double time, for what is termed overtime. The par- 
simony exhibited by trade unionists towards their 
officials is singular, as they are always ready for a 
strike to increase their own wages. 





The thirtieth quarterly report of the General Fede- 
ration of Trade Unions is also an important document, 





apart from its usual official report and balance-sheet. 
It contains a full report of the banquet and speeches | 
in commemoration of Mr. Shackelton’s work in pilot- | 
ing the Trade Disputes Bill through the House, and | 
articles by three other members on Labour in Parliament | 
in 1906 ; also a full report of the conference of General | 
Labourers’ Unions, with the view of consolidation or | 
federation, and a reprint of the circular of the Trades | 
Union Congress Parliamentary Committee 7¢ municipal | 
employés. All such documents and reports go to the | 
sade of industrial history as regards labour organisa. | 
tions, which are now the order of the day, and reach 

even music-hall artistes and jovrnalists. The general 
report says that ‘‘ the past year has been es ially one | 
in which the work of many prev;ous years has come to | 
fruition. The seed sown in seemingly unyielding soil has | 
ripened for the reaper with amazing rapidity.” Quite 
true; it was a fat year for labour, making a golden 
harvest for many of those who had not sown the seed. 
So it has ever been in the world’s history, and more | 
especially in industrial history. Reference is made | 
to the movement for general labourers’ unity as the 

one thing needful. The iron and steel moulders and | 
the brassworkers have been aiming at the same thing ; 


also other metal-workers and pottery-workers. There | 
is a retrospective review of labour disputes during | 
the period. The gain, it is thought, is with labour. | 


| seems to extend to most industries, coal and iron, 


Questions arise sometimes which seem incapable of 
solution ; but the report says that ‘‘the great factor 
towards a settlement of all disputes is to keep on 
negotiating.” Progress is reported in membership and 
affiliations. The total number of unions affiliated is 
now 112. The income was 8691/. 3s. 8d.; the ex- 
penditure, 2702/. lls. 4d.; balance to the good, 
5988/. lls. 4d. The reserve fund has now reached 
146,770/. 13s. 8d. 


In some of the Russian provinces and great towns 
there was this year an attempt made to commemorate, 
by general strikes, the direful 22nd of January, 1905 ; 
but it was not successful. In two or three districts 
there were strikes in many industries, but few of the 
sad riots so frequent in the last two years. The con- 
tests are now more political than industrial, but the 
industrial element is still at the bottom of most of the 
electoral contests for seats in the Duma. Little can 
be expected of this body when elected, for the sword, 
the rifle and the bayonet, and the cannon are too 
powerful. 








The iron and steel trades continue to maintain a 
strong position. Order-books generally are fairly full 
for some time to come, and producers appear to be 
indifferent to new contracts at quoted rates. The 
works in the Midlands have been in full swing, except 
in cases where the severity of the weather interfered. 
The sheet trade is booming, an advance of 10s. per ton 
being made last week. Makers’ books are so full of orders 
that they are booked ahead for nearly four months. 
Even higher prices than the quoted rates are obtained 
in some instances. There is a large demand for steel 
for structural and other work, and also for the raw 
material, which is said to be scarce. Finished iron is 
in good request, the leading makers being well booked 
ahead. Common bars are also selling well. The nut 
and bolt trades are also busy. The engineering group 
of trades generally continues busy. According to the 
latest returns issued by the Labour Department of the 
Board of Trade, the proportion of unemployed members 
of the unions was 3.2 per cent.; at the same date a 
ow ago it was 3.3 per cent. in the Manchester, 

jive 1, and Salfo districts. In the Oldham, 
Blackburn, and Burnley districts the proportion was 
2.7 per cent. ; a year previously, 3.5 per cent. A con- 
siderable amount of overtime was being worked at 
Manchester, and in the textile machinery shops at 
Oldham. In the Midlands employment generally was 
good. The proportion of unemployed was 2.8 per 
cent., as compared with 2.3 per cent. a year previously. 
In many cases overtime was being worked, as orders 
were pressing. 


The coalminers in the Federation area are moving 
for a further advance of 5 per cent. in wages. The 
last advance of 5 per cent. only came into force from 
the first making-up day in January last, but the men 
declare that the advance in the selling price in coal 
warrants this further application. The proposal will 
come before the Conciliation Board at an early date. 





The Scottish coalowners’ representatives have been 
giving evidence before the Committee appointed by 
the Government to inquire into the miners’ eight- 
hours’ day agers so often before the House of 
Commons. The witnesses examined were all against 
a statutory es day, both on the ground of 
expense and of safety. 


A threatened strike of 300 weavers at a cotton-mill 
at Rochdale has been averted by a voluntary offer of 
the firm. The dispute arose over the use of ag a 
bad material, and consequent loss in wages. The firm 
offered 24 per cent. as compensation for the next nine 
weeks to work off the stock of unwoven material. 


Further steps have been taken by the Home Office 
to ensure ery i to operatives, of both sexes, under the 
provisions of the Factory and Workshops Acts. Noti- 
fication of accidents is to be given, whether there is 

rsonal injury or not, in less than 24 hours. The 
result of this will be to discover defects and avert 
accidents—a most wise provision in the interests of 
employer and employed, for accidents are costly. 





There appears to be a great labour boom both in 
Canada and in the United States. Lord Strathcona, 
High Commissioner for Canada, says that 20,000 men 
will be required for railway extension—the Grand 
Trunk Pacific alone will require 10,000 men. In the 
United States the railway companies have extended the 
limit of age, as labour is scarce in America. The boom 
the 
textile trades, railway works, and all the branches of 
trade connected therewith, and others. 


The South Wales Miners’ Federation have resolved 
to make a further demand of 24 per cent. in wages, 





_ the increase to date from February 1, 1907. 





active in 


The insurance societies appear to be fairl 
orkmen’s 


preparing rates of insurance under the new 





Compensation Act. As regards domestic servants 
indoors, the rate generally pro: is 5s. per head 
perannum. The rating for various trades varies very 
considerably in the figures obtainable. For example, 
engineers are quoted at 10s. per annum ; this would 
mean 25007. a year where 5000 men are employed. It 
is hardly possible that the average number of serious 
accidents would require so large a premium. But ai 
present the companies doubtless want to guard them. 
selves very closely from loss, 





Some of the distress committees under the Unemploy- 
ment Act seem to think that itis only necessary to ask 
fora portion of the grant of 200,000/. in order to get it. 
But the Local Government Board hold a tight hand 
upon the purse-strings. They want to know the num- 
bers requiring relief, what works are to be carried out 
with the money, and what the local authorities are 
doing. If the work is for any real benefit to the locality, 
substantial local aid must & given before a grant can 
be made. This is reasonable, especially as there was 
a scarcity of willing workers when the snow was on 
the ground at Christmastide. Loafers and incapable; 
must be dealt with according to their deserts, the 
willing workers according to their merits. 





ALLOYS OF ALUMINIUM AND COPPER. 


By Professor H. C. H. Carpenter, M.A., Ph.D., and 
C. A. Epwarps, of the National Physical Laboratory. 


Abstract from the Eighth to the Alloys Research 
Committee: On the Properties of Alloys of Aluminium 
and Copper.* 

(Concluded from page 129.) 


PROPERTIES OF THE RicH ALUMINIUM ALLOys. 


Specific Gravities.—As was found for the rich copper 
alloys, so here the specific gravities of the chill castings 
and rolled bars are identical. The identity also extends 
to the drawn so far as they have been examined. 

With the introduction and addition of copper up to 
8 per cent. the —— gravity rises regularly, and a 
smooth curve results. The specific gravities of the sand 
castings are lower and vary less uniformly than those of 
the chill castings and rolled bars. 

Tensile Tests of Bars.—1. These alloys appear to be 
unaffected by such heat treatment as quick or slow 
cooling. 

2. Small chill castings possess superior mechanical 
qualities to sand castings. 

3. In order to get the full value of the inherent pro- 
perties of the alloys, a considerable amount of mechanical 
work—e.g., rolling or drawing, with or without annealing 
—should be performed onthem. From 0 to8 per cent. of 
copper all the alloys roll well, and from 0 to about 4 per 
cent. of copper they draw sound. As an illustration of 
the beneficial effect of mechanical work, alloy No. 37 is 
selected. The improvements effected in yield-point and 
reductionof area are icularly noticeable and important. 
An alloy whose specific gravity is only 2.79, whose yield- 
point is 18.5 tons, and whose reduction of area is 20.84, 
may bave an industrial future in cases where a combina- 
tion of lightness and h is desired.” 

4. The tests of the sand and chill castings, of the rolled 
and drawn bars, agree in showing that nothing is to be 
gained by adding more than 4 per cent. of copper to 
aluminium. The introduction of copper causes a fall of 
ductility, and a rise of tenacity, which are fairly steady 
up to 4 per cent. Beyond this there is no increase in 
tenacity, while the ductility continues to diminish. 

5. The elastic ratios of these rich aluminium alloys 
average much higher than those of the rich copper alloys. 

Tensile Tests of Sheets.—The variations of properties 
caused by the introduction and addition of copper to 
aluminium have been found to be very similar in the 
alloys in the form of sheets to those in the form of rolled 
and drawn. bars. In icular, the conclusion previously 
drawn, that bag sn gained by adding more than 4 per 
| cent. of copper, has been confirmed by these experiments. 
Corrosion Tests.— The rich aluminium alloys have 
proved to be strongly corroded by sea-water, but un- 
| corroded by fresh water of the type used. The rich 
|copper alloys exhibited an opposite behaviour, being 
| uncorroded y sea-water, and slightly, but quite appre- 
ciably, corroded by fresh water. 

a) The Effect of Remelting Alloys Rich in Copper.— 

{ = cent. Copper \ Alloy.—This alloy was selected 
10 per cent. Aluminium J ; 
as being the best known of those rich in copper. Ex 
| periments were made on a 45-lb. charge. The *‘ cathode’ 
| copper was first melted down. There was no lid on the 
|erucible, but the metal was melted under pure wood 
| charcoal, and by adjustment of the petroleum spray and 
| blast the flame was kept slightly reducing, in order to 
| prevent, as far as possi the oxidation of the copper. 
_ As this metal does not take up carbon, the stirrer used 
| wasa rod of Acheson graphite (1 in. in diameter)—which 
| is an extremely pure form of carbon—fitted with an iron 
le. When the copper was thoroughly fluid, the 
‘aluminium was stirred in. The view generally held is 
| that under these conditions the aluminium and copper 
' combine with a disengagement of so much energy that a 
| “white heat” is attained. This has been found to be 
| very destructive to the crucibles, which are useless after 
nine or ten heats. The authors have not found that the 

* Paper 
Engineers on Friday, January 18. The very great length 
of this extremely valuable and comprehensive report 
prohibits us from printing it in exfenso, 
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solution of aluminium in molten oven is attended with 
this great rise of temperature, provided the copper has been 
protected from oxidation. Under these conditions mixing 
occurs with a barely sensible increase of temperature. But 
it has been their apeeate that if the copper contains 
oxygen, a very marked evolution of t does occur. 
Accordingly, the rise of temperature should be attributed, 
not, as has sometimes been done, to the combination of 
aluminium and copper, but to that of aluminium and 
oxygen—one of the most powerfully exothermic chemical 
syntheses known. . 

Particular attention was paid to the thorough stirring 
of the two metals. After this was finished the dross and 
wood-charcoal were removed, and the molten surface 
cleared with a gentle air-current from a pair of bellows. 
It was then teemed into a sand-mould for six castings 
(7 in. by § in.), two small chill-moulds (7 in. by ? in.), 
and the remainder into a large chill-mould. The sand 
used was ordinary brass-foundry green sand. 

A view held by some commercial experts is that in 
preparing the copper-rich alloys better results are ob- 
tained by melting copper and an alloy of aluminium and 
copper containing 50 per cent. of each metal than by 
melting and mixing the pure metals. Three casts of the 
alloy containing 90 per cent. of copper and 10 per cent. 
of slaminiom were made from copper and the 50 per cent. 
alloy. The latter is a beautifully crystalline substance 
with a silvery lustre. Castings of it are so brittle that 
they break if dropped upon a stone floor. This property 
makes the alloy extremely convenient for weighing out 
charges. It has a very large coefficient of contraction on 
cooling from the freezing-point, 575 deg. Cent. (1067 deg. 
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Fig.2. rensiz€ TESTS ON SANO CASTINGS. 


Slowly 


cooled from 800°C. (1472'°F) 





(say 


° Aluminius per Cent. 


doing give out a clear musical note. The three casts of | 


the 10 per cent. aluminium alloy made in this way were 
carried out similarly to the previous one, but no advan- 
tage was found to attach toits use. 

The compositions of the alloys rich in copper (100 to 87 
per cent.) are contained in Table I., page 127 ante. The 
purity of these alloys is evident from an examination of 
column 4, which gives the combined percentages of copper 
and aluminium. The other elements present do not exceed 
from 1 to 6 parts in 10,000. These results show that 
alloys of very high purity cun be prepared from the best 
commercial materials ona scale and by methods approxi- 
mating to works practice. 

Table IL., page 127 ante, contains the copper and alumi- 
nium percentages of alloys whose composition varies be- 
tween 84.5 and 10.3 per cent. of copper. These alloys are 
8o brittle that they cannot be regarded as of any practical 
importance, Accordingly full analyses were not made. 
Copper was estimated directly by the electrolytic method. 
The figures in the aluminium column are only approxi- 
mate. They were obtained by “difference” after making 
allowance for the gradually increasing amounts of silicon 
and iron as the alloys became richer in aluminium. 

In Table IV. supra will be found the compositions of 
the alloys in whieh aapeee ranged from 8 to 0 per cent. 
In alloys Nos. 33 to 35 the elements other than copper 
and aluminium aggregate about 47 parts in 10,000, 
whereas in Nos. 36 to 41 they average about 30 parts in 
1.000, The reason of this difference is that the latter 
alloys were prepared from purer aluminium than the 
‘ormer. The impurities in the rich aluminium alloys 
thus vary between 0.3 and rather less than 0.5 per 
cent. In this respect the alloys in Table IV. are in- 
ferior to those in Table I., w the impurities do not 
exceed 0,01 to 0.06 per cent. 

Table V. contains alloys similar to those in Table 
IV. The analyses are those of alloys ially cast 


TaBie IV.—AUoys Rich in Aluminium. 








| Percentages. 
Alloy No. |—— smh lint Ti oa ese - 
Copper and 
Copper. Aluminium. Alomintom. 
33 0.00 99.54 99.54 Wy 

34 0.86 98.67 99.53 
35 1.90 97.63 99.53 
36 2.77 98.91 99.68 
37 3.76 95.93 99.69 
38 4,97 94.72 99.69 
89 6.15 93.52 99.67 
40 6.91 92.82 99.73 
8.08 91.61 99.72 


TabLe V.—Composition of Alloys Tested in Sheet Form. 














for rolling into sheets. The combined percentages of | 








Percentages, 
Alloy No. —- a 
Copper. Aluminium. coves ant 
42 0.00 99.53 99.53 
48 0.93 93.61 99.54 
44 1.57 97.99 99 56 
45 2.36 97.20 99.56 
46 3.74 95.82 99.56 
47 4.74 94.89 99.63 
48 5.34 94.30 99.64 
° — 
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copper and aluminium correspond to those of Nos. 33 to 
35, but the impurities are present in somewhat different 
proportions. In Table IV. the percentages of silicon 
and iron are lower, and those of sodium and carbon higher 
than those in Table V. In fact, no carbon was found 
in Nos. 42 to 48. In spite of these differences of compo- 
sition, the alloys in Tables IV. and V. are, broad 
speaking, comparable with one another from 0 to 5 per 
cent. of copper. 


Part II.—Tue Properties oF THE Rich CoPpPEeR 


These alloys have proved to be the most important of 
those joveuioeins, and accordingly they have been the 
most thoroughly examined. 

The Melting and Casting of the Alloys.—The authors 
had been warned that they might expect difficulties in 
casting some of the alloys. They were led to expect that 
the alloy containing 5 per cent. of aluminium was very 
difficult to pour successfully on account of the tendency 
to separation of a difficultly-fusible constituent. An 
instance of this kind was witnessed in one of their works 
visits. No examples of difficulties of this kind have been 
met with in the tresearch. All the alloys prepared 
were teemed to the last drop of metal. Two casts of the 
5 per cent. alloy were made to test this material in parti- 
cular. Both were su ul. Care was always taken 
that the alloys were thoroughly fluid and well stirred 
before pouring. i 

The view that it is difficult to obtain sound sand cast- 
ings is, however, well founded. M. A. Le Chatelier has 
gone so far as to say that the difficulties are so great that 
the alloys present little interest from a practical point 
of view.“ The authors have made numerous 
ments designed to overcome these difficulties, 





” “Contribution a Pétude de la Fragilité dans des 
Fers et les Aciers,” page 134, 


succeeded, by simple methods and ordinary precautions, 
in obtaining perfectly clean and sound castings of alloys 
containing from 0 to 11 per cent. aluminium, These are 
the limits of serviceable alloys. F : 

In every case the alloys were cast as quickly as possible 
to minimise oxidation. Should any oxide get into the 
castings, it renders the turning of the specimens very 
difficult, as the edge of the tool is soon blunted. 


If suitable utions are observed, the melting and 
casting of rich copper alloys can be thoroughly satis- 
factorily carried out. Moreover, it has been found that 


with the clean method of heating, and the care taken to 
prevent oxidation, the life of the crucibles can be made 
much longer than has been ——— Crucibles were 
still perfectly sound after twenty heats. f 

Tensile Stress Tests.—In this section chief prominence 
is given to the variations caused by the introduction of 
aluminium into copper and its gradual rise to 13 per cent. 
‘ (a) “5 Wafheenaaiinoes results are shown graphically 
in Fig. 1. 

Yield-Point.—Up to about 7 per cent. of aluminium the 
values are low, and differ only slightly from one another. 
Beyond this they rise steadily until at 13 per cent. the 
yield-points and ultimate stresses coincide. 

Ultvmate Stress.—Up to about 7 per cent. the stress 
rises steadily. From 7 to 10 per cent. the rise is steady 
and more rapid. Beyond this there is a steady fall. 

The elastic ratio is —- low. Up to 7 per cent. of 
aluminium it averages only 0.25, From 7.35 to 9.90 it is 
approximately steady at 0.33. Beyond here, where the 
yield-point continues to rise, but the altimate stress falls, 
the elastic ratio gradually rises tol. The change of pro- 





y | by the addition of aluminium up 





perties which occurs between 7 and 8 per cent. of aluminium 
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corresponds to an important structural alteration of the 
alloys. As far as 7. cent. the alloys appear to be 
homogeneous. Beyond this a second structural constituent 
appears, which is hard and brittle. This fact is also 
brought out by the figures representing the ductility of 
the alloys. The percentage elongation is quickly rai 

to 4 percent.; from here 
to 7.35 per cent. there is a slight fall, and the figures are 
rather irregular. Beyond this point there is a rapid and 
almost uniform fall until at 13 per cent. the alloy frac- 
tures with only 1 per cent. extension. 

The cross-section of the fractured surfaces of both sand 
and chill castings was found to be so irregular that the 
measurements of reduction of area were uncertain. Ac- 
coodingty these foe have not hewcad ott — ionally 
the test-pieces pu out so irregularly that the - 
marks could not be detected. inal 

(b) Sand-Castings, Slowly Cooled from 800 deg. Cent. 
(1472 deg. Fahr.).—The results are shown graphically in 
Fig. 2. If they are compared with those obtained from 
the — sand castings, the following features will be 
noti i— 

1. Up to 7.35 per cent. of aluminium this heat treat- 
ment has practically no influence on the properties of the 
castings. The yield-points and ultimate stresses are the 
same in the two series. The only difference is that in 
the heat-treated alloys the ductility reaches a maximum 
at 7.35 per cent., as compared with 4 per cent. in the un- 
treated ae 

2. From 68 to 13 per cent. of alaminium the properties of 
the alloys deteriorate under this treatment. This is par- 
ticularly noticeable in the case of the alloy containing 
9.9 per cent. of aluminium. In both tests made on this 


experi- | material it broke in the head shortly after the yield-point 
and have | had been 


n passed, and the fracture was found to be coarsely 
crystalline. The reason for this change of behaviour is 
that the two structural constituents of alloys in this class 
themselves change under this treatment. Thus it will 
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be seen that nothing is gained by subjecting the alloys 
to a slow cooling from 800 deg. Cent. after they have been 


cast. 

(c)Sand Castings, quenched from 800 deg. Cent. (1472 
deg. Fahr.) in Water.—The results are shown graphically 
in Fig. 3. In this case also the alloys containing not 
more than 7.35 per cent. of aluminium are indifferent to 
the heat treatment. The yield-points, and therefore the 
elastic ratio, are slightly higher {the ultimate stresses are 
hardly affected); the ductilities are slightly less as com- 

with the untreated specimens. From 8 to 11 per 
cent., however, the alloys are considerably stiffened by 
this treatment. The ultimate stress rises sharply to a 
maximum of 50 tons per square inch at 9.90 per cent., 
while the maximum yield-point—viz., 29.7 tons per 
square inch—occurs at 10.78 per cent. Lege pom J to 
this there is a very rapid fall in ductility, a 3 per cent. 
extension being obtained at 9.90 per cent. : 

(@) Chill Castings.—The results are shown graphically 
in Fig. 4. The character of these results is very similar 
to that shown by the sand castings, but the materials are 
rather better. The yield-points and ultimate stresses 
average higher, particularly the former, so that the 
elastic ratio is also higher. It averages about 0.38 
cent. among alloys Nos. 11 to 15; in No. 16 it approaches 
unity. There is a steady rise in ductility up to 4 per 
cent. of aluminium, where the high figure of 82 per cent. 
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and as the rise is more marked in the yield-points, the 
elastic ratio averages out at 0.42, as cctmanel wb 0.39 
for the 1}-in. bars. The ductilities are somewhat re- 


duced. 

The best mechanical potion are reached at 9.38 
cent. of aluminium in Poti series. The further addition 
of aluminium causes a diminution of ductility with- 
out increasing the tenacity. Beyond 11 per cent. the 
ultimate stress also drops. 

(m) Cold-Drawn Bars (}% in. in Diameter).—The results 
of these tests show that at 5 cent. of aluminium 
the alloy does not draw sound, and there is a slight 
tendency to draw hollow at 7.35 = cent., without, 
however, a serious impairment of properties. The 
remaining alloys drew well. As in the other series, 
there is an abrupt change of properties beyond 7.35 per 
cent. of aluminium. The most important result is the 
rise of yield-point, both absolutely and relatively to the 
ultimate stress throughout the series. Up to 3 per cent. 
of aluminium it averages 0.95, from 5 to 9.4 per cent. it 
aver 0.77, and at 9.9 per cent. it rises to 0.92. Even 
in this stiffened condition the alloys preserve a very 
a ductility. No. 13, with 40 tons yield-point, 

: uces 22 per cent. on fracture, with an elongation of 
1 r cent. 
3 on the Recrystallisation of the Alloys at 








High Temperatures.—These experiments were undertaken 





g.10 FREEZING CURVE OF COPPER-ALUMINIUM ALLO 
100% HW 0 60 50 0 30 


qualities, even after exposure for some time at high 
temperatures. 

It is otherwise with the alloys in Class 2. 

Alloy No. 13 was the most Lees | tested of the 
series, on account of its sensitiveness to heat treatment. 
The results are given graphically in Fig. 8. They show 
that between 300 deg. and 400 deg. Cent. (572 deg. and 
752 deg. Fahr.) this alloy undergoes a profound change. 
Comparing the results, it will be seen that after treatment 
at 300 deg. Cent. the sg are substantially the same 
as those of the bar as rolled, but that at 400 deg. Cent. 
there is a rise of nearly 100 per cent. in the elastic ratio 
due to an increase in eet og and decrease in ultimate 
stress. Most im nt of all, the ductility has dropped 
almost to nil. The fracture also is characteristically dif- 
ferent. It is somewhat surprising that the microscope 
reveals no evidences of structural change in the alloy. 
The etched surface a rs identical with that of the 
untreated bar. From deg. to 700 deg. Cent. (932 deg. 
to 1292 deg. Fahr.) there is a slight return of ductility, 
and the elastic ratio falls, both p menage ye and ultimate 
stresses decreasing. At 800 deg. and 900 deg. Cent. 
(1472 deg. and 1652 deg. Fabr.) there is a further loss of 
strength, and the fracture becomes coarsely crystalline. 
The etched surfaces of specimens heated in this range 
show considerable structural alterations. 

These results show that the properties of the 10 per 
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is reached, As in sand castings, there is a drop from 
here, followed by a rise up to 7.35 percent. of aluminium, 
where the percentage elongation is 84. From here on- 
wards there is a rapid fall in ductility. 

(¢) Chil Castings, Slowly Cooled from 800 deg. Cent. 
(1472 deg. Fahr.).—The results are graphically shown in 
Fig. 5. Just as in the case of the sand castings, up to 
7.35 per cent. the alloys are indifferent to this treatment, 
and beyond this they are deteriorated by it. Alloy No. 5, 
containing 4 cent. of aluminium, gave a percentage 
extension of 89 on 2 in. 

(f) Chill Castings, Quenched from 800 deg. Cent. (1472 
deg. Fahr.) in Water.—The results are graphically shown 
on Fig. 6. Beyond 7.35 per cent. of aluminium the alloys 
are less stiffened by this treatment than were the corre- 
sponding sand castings. The reason for this is that in the 
former case the volume queues was 5.5 cubic inch 
in the latter 2.4 cubic inches. The surface of the san 
castings was also relatively greater. The rate of cooling 
of the chill was therefore less than that of the sand cast- 


in 

o) Bars Rolled to 1} In. in Diameter.—The results are 
graphically shown in Fig. 7. With the tntroduction of 
alumivium, and its gradual rise to 13 per cent., the pro- 
perties vary in a manner similar to those of the sand and 
chill castings. Up to 7.35 per cent. of aluminium the 
properties are on an average decidedly superior to those 
of the castin The yield-points and ultimate stresses 
are higher than those of the chill castings, but the elastic 
ratio is the same—namely, 0.39, as compared with 0:38. 
The pare gs | reaches a very high value. Regarding the 
product of the percentage elongation and reduction of 
area as a measure of this, theductility is practically con- 
stant from 1 to 7.35 per cent. of aluminium. 

From about 9.38 to 11.73 per cent. of aluminium the 
properties of the rolled bars are little, if at all, 
superior to those of the chill castings. In the case of alloy 
No. 13, the so-called “aluminium gold” or ‘‘ bronze,” 
with 9.90 per cent. of aluminium, the figures for the chill 
castings are actually superior to those obtained with the 
rolled bar. . 

Fractures.—Up to 3 per cent. of alumiuium double cup 
fractures were obtained; beyond this, cup- and -cone 
fractures as far as 5 per cent. After this point was 
passed the fractures were irregular, Up to 10 per cent. 
of aluminium the fractures were silky; beyond this, 


markedly opeenee 

Surface.—The rolled bars pulled out regularly, and the 
cross-section of the fractured test-piece was, as a rule, 
uniform, thus enabling the reduction of area to be calcu- 
lated. Up to 7.35 per cent, of aluminium the surface of 
the which had und ¥ extension,” was 


general 
uniformly frosted, whereas in the chill and sand castings 
it was irregularly wavy. 
(h) Bars Roll 
tion of area brings about a 


tt In. in Diameter.—The further reduc- 
—_ stiffening of the alloys. 
‘timate 





Both the yield-points and 


stresses are higher, 
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in order to test the extent of the recrystallisation of the 
alloys at various temperatures and of changes of mechani- 
cal properties ensuing therefrom. M. A. Le Chatelier 
states* that the 9 per cent. aluminium bronze has, 


at 15 deg. Cent. (59 deg. Fahr.) an ultimate stress of 
25.4 tons per square inch, 

117 deg. Cent. (243 deg. Fahr.) an ultimate stress of 
20.3 tons per square inch, - 

180 deg. Cent. (356 deg. Fahbr.) an ultimate stress of 
10.8 tons per square inch, 


and that the aluminium bronzes cannot be used with 
safety at high temperatures It has already been shown 
in the present research that a slow cooling of the 10 per 
cent. aluminium bronze from 800 deg. Cent. (1472 deg. 
Fahr.) ruins both the chill and sand castings, and the 
rolled bar (Fig. 2), the effect on the ductility being par- 
ticularly fatal. It appeared from the quality of the frac- 
ny that these results were connected with recrystallisa- 
ion. 

bod alloys ae pa heated oe K wer ee g the pene 
peratures desi cooled in a quickly cooli urnace, an: 
afterwards tested at the qothenry = her Sag 

Under this treatment the alloys of Class I., containing 
— Boe Lge r cent. fa. 
yield-poin' more rapidly e ultimate stresses, 
and consequently the elastic ratio is lowered. The duc- 
tilities increase ex 
particularly marked in Nos. 4 and 9. No. 9 has an elonga- 
tion of 92 cent. after one hour’s treatment at 900 deg. 
Cent. (1652 deg. Fabr. 

Thus the alloys in this class preserve good mechanical 





are softened. The | bars 


cept in the case of No. 1, the rise being | Arn 


Fig. G9 ALTERNATING STRESS TESTS (STANTON). 
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cent. aluminium bronze are most injuriously sievted by 
heat treatment at even moderately low as well as high 
temperatures; 400 deg. Cent. (752 deg. Fahr.) appears 
to be particularly fatal. This fact, unfortunately, limits 
the usefulness of this otherwise valuable alloy and pre- 
vents its application to any moderate or high-tempera- 
ture work. Time has not permitted the authors to carry 
out strength tests on this alloy at varying temperatures. 
Alternating Stress Tests Jf Rolled Bars }% in. in Dia- 
meter.—These have been carried out on duplicate sets of 


(a) In the Engineering Department of the Laboratory. 
0 Ee the University of Sheffield, by Professor J. O. 


(c) These tests were under the charge of Dr. Stanton, 
who has furnished the following report : : 

‘**The tests were carried out in the alternating stress- 
testing machine of the engineering department. e rate 





* “Contribution a l'étude de la Fragilité dans les Fers 
et les Aciers,” page 134, 





of reversals was 800 per minute, and the ratioof maximum 
; to compression stress was 1.4. The limiting value 


of the resistance given in Table VI. is the maximum 
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range of stress for fracture after one million reversals. 


This resistance is estimated from plotting the actual 
results obtained, the ranges of stress being 6 ordinates, 
and the corresponding number of rev the abscisse. 


In this way a curve can be drawn from which the 
uired limit can be obtained.” * 

"Table VI. contains the range of stress calculated 

from the experi tal results at which these specimens 

will break after one million reversals. The results are 

shown graphically in Fig. 9, page 160. 


Taste VI. 

Alloy No. Aluminium. Range of Stress. 
Per Cent. Tons per Sq. In. 

1 0.10 9.2 

4 2.99 17.0 

6 5.07 20.5 

9 7.35 20.5 

18 9.90 28.3 


(b) Duplicate Alloys as tested at Sheffield by Professor 
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Arnold were stressed beyond the yield-point. In these 
tests the rate of alternation was 650 per minute. 

Professor Arnold has furnished the authors with the 
following table of results :— 














Tasie VII. 
| jAbeeations 
ndured under 
| Standard Conditions. ae 
Alloy | Alumi-| Shape and | —, 
No. | nium. ize of —| Quality of 
Test-Piece. the Alloys. 
First Second yy 
Test. | Test. — 
per cent . | 
0.10 fin. round, | 308 | 266 287 | Fair 
5} in. long } 
4 2.99 it 330 | 334 832 Good 
6 5.07 Ditto 658 606 632 | Very good 
9 7 35 Ditto 1530 | 1260 | 1395 | Excellent 
13 9.90 Ditto | 707 607 657 | Very good 
1 0.10 gin. square, | 430 456 443 Good 
54 in. long 
4 2.99 Ditto 432 480 456 Good 
6 5.07 Ditto 804 7 814 | Very good 
9 7.85 Ditto 1280 1466 1373 | Excellent 
13 9.90 Ditto 810 756 783 | Very good 





Except in the case of No. 9, where the round and square 
bars gave almost the same mean value, the square 
gave the better results. It will be seen from Professor 
Arnold’s report that all the alloys behaved well under this 
test, but particularly those containing from 5 to 10 
cent. of aluminium. He has informed the authors t 
‘ Alloy No. 9 constitutes a record in its capacity of re- 
sisting alternations.” Thus, when the alloys were sub- 


jected to alternating stresses beyond the geet int, the 
the addi 


capacity to resist fracture rose with tion of 
aluminium to a maximum at about 7.35 per cent., but feli 
sharply at 10 per cent. is drop coincides with the 
appearance of the dark brittle structural constituent (loc. 
cut.), and appears only natural. The variations thus found 








fall more into line with those revealed by the impact 
tests (in the succeeding section) than with those shown 
by Dr. Stanton’s tests. 

Impact Tests on Bars Rolled to tj in. in Diameter.— 
These were carried out in the Izod machine on notched 
bars 2 in. by 3 in. by ;4 in. The results are given in 
Table VIII. 

A Comparison of the Properties of Alloy No. 13 with 
those of Swedish Bessemer Steel of about 0.35 per Cent of 
Carbon.—The research just described has brovght out 
a fact of very remarkable interest—namely, that the 
qualities, both mechanical and physical, of alloy No. 13 
resemble those of a Swedish Bessemer steel of about 0.35 
per cent. of carbon to a truly astonishing degree. When 
it is remembered that the former is an alloy of copper 


and aluminium—the latter an alloy principally of iron, 
carbon, and manganese—the parallelism of qualities 





jp pene especially interesting. It is, however, a matter 
surprise that the resemblance between two well-known 


Fig.14 


Tons ” TENSILE TESTS ON CHILL CASTINGS. 


és 


Although no figures are available for an exact com- 
parison of the quenched alloys, there is an undoubted 
resemblance between the two. The tenacity is raised 
and the ductility lowered. 


Alternating Strese Test. 
Maximum Limit of Resistance for One 


Million Reversals at 800 per 
Minute, with a Ratio of Tension 
to Com; of 1.4, 
Steel (0.35 CO.) 29.5 
No. 13 ns 28.3 


Impact Test (Izod Machine). 
Foot-Pounds Absorbed on 





Fracture (without 
Deformation). 
Steel (0.35 C.).. 4.3 
No. 18 .. a 4.5 


TENSILE TESTS ON BARE ROLLED 
To A INCH DIAMETER. 
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(gratk) Copper per Cert: 
Tas.e VIII. 
| % 
Alloy | : | Foot-Pounds Conditions 
No, | Aluminium. | “Absorbed. Mean. | after Test. 
7 2. 3. 4. 5. 
per cent. 
0.10 8.9) 
L { 0.10 9.0 > 8.9 Unbroken. 
0.10 8.9) 
f 2.99 meh ; 
‘j { 299 128 12.3 Bs 
f 5.07 14.5 
a 4 5.07 13.7 14.2 - 
\| 5.07 14.3) 
{| 7.35 15.7 
a. 7.85 15.9 15.4 “ 
\ 7.35 14.7 
f 9.90 4.4 
13. 9.90 4.9 4.5 (Broken 
\ 9.90 4.3 
f 11.78 8.6 
15. +4} 11.78 3.8 3.9 ; 
\} 11.78 4.2 
f 13.02 0.9) 
16. | 13.02 0.8 | 0.9 : 
(| 13.02 11) 





bars | alloys—for No. 13 is the so called aluminium-bronze or 


aluminium-gold—has not hitherto, so far as the authors 
are aware, been adequately described. 
(A) Similarity of Mechanical pyaar (Rolled 
Materials). Tension Test. 





Ultimate Elastic Elongation 
Stress. | Ratio. | on 2 In. 


Yield- 
Point. 








tons per| tons per per cent. 
sq. in. | 9q. in. 
Steel (0.35 per cent.) 
carbon). . os -+| 16.2* 38.0 040 26.0 
Alloy No. 13 --| 14.8 38.1 | 0.39 28.8 








roceedings of the Instituti f Civil Engi 
oes teen gs itution of Civ ngineers, 


* This is the true, not the primitive, yield-point. 
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(B) Similarity of Physical Properties.—Hardmness and 
Hardening Capacity Tests. 


Hardness Numbers. 





| Harden- 
face Cee: | ing Capa- 
Quenched in Water city. 
Annealed. at 20 deg. Cent. 
(68 deg. Fahr.) | 
Steel (0.35 per cent. of 
carbon) oh - 156 402 2.68 
No. 13 210 349 1.66 


| 


The similarity is probably closer than the above table 
represents. The hardness number (210) of No. 13 is that 
of the unannealed alloy. A lower value would probably 
be obtained for the annealed alloy. Thus the hardening 
capacity figure would be raised and brought nearer that 
of the ay 

Structures.—(a) Rolled Bars.--In both cases the struc- 
ture is duplex. 


Structural Constituents. 
Steel (0.35 per cent. of re asso Pearlite ied 
t er 


carbon (so! 

Alloy No. 18 Yellow crystals Dark crystals 
(soft) (harder) 
(b) Bars Annealed for a Short Time.—The structure 

remains duplex. In both cases a banded structure is 

developed in the harder of the two constituents. Fig. 129 

is typical. * 

(c) Bars Annealed for a Long Time.—The pearlitic struc- 
ture eventually disappears. In both cases the resulting 
duplex structure is almost featureless. 


Structural Constituents. 
Steel (0.35 per cent. of Ferrite (white) Massive cemen- 
carbon tite (white). 
Alloy No. 13 Yellow crystals Light brown 
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(d) Bars Quenched from a High Temperature in Water. 
—The structure becomes markedly acicular in both cases. 
The similarity of the so-called martensitic stiucture of 
steels is very close. 


Part 1V.—Tue Properties or THE Rich ALUMINIUM 
ALLoys, 


The percentages of aluminium in these alloya varied 
from 91.64 to 99.54. These alloys have been studied in 
considerable detail, Lut less attention has been given to 
them than to the rich copper alloys, whose technical 
promise appeared greater. 

The general operations of melting and casting alloys of 
this type under ordinary pressure have been described 
already. It was eventually decided to follow the same 
pr ure asin the case of the rich copper a but only 
after experiments had been made to see whether the pro- 
perties of the alloys were improved by casting them 
under posses. It was hoped that by this means mate- 
rials of higher tenacity might be obtained without any 
— increase in density. 

he results of the experiments, although not unpro- 
mising, were rather i lar. The properties of some 
casts were superior, of others inferior to those cast under 
ordinary pressure. The authors think that this was a 
direct consequence of the fact that they were working 


Tong *g- 18 TENSILE TESTS ON BARS COLD-ORAWN. 





diameter, reannealed, and finally drawn to }4 in. in dia- 
meter, The drawivg was by sixteenths. Some bars were 
annealed more frequently, as their behaviour on drawing 
showed it to be necessary. Even thus, either hollowness or 
breakage occurred. Of the good bars, about 5-ft. lengths 
were available. 

TENsILe Tests. : 

These tests to the number of about 300 have been carried 
ie = specimens of 0.564 in. in diameter and 2 in. gauge 

length. : 

(a) Sand Castings.—The results are shown graphically 
in Fig. 11, page 159. 

(b) Sand Castings, Slowly Cooled from 450 deg. Cent. 
842 deg. Fahr.).—The results are shown graphically in 

ig. They show that this treatment does not improve 
the properties of the castings. 

(c} Sand Custings Quenched from 450 deg. Cent. (482 deg. 
Fahr.) in Water.—The results are shown graphically in 
Fig: 13. This treatment has very little effect on the pro- 
perties of the castings. : 

_ (d) Chill Castings.—The results are shown graphical] 
in Fig. 14. They show that the properties of the chi 
are superior to those of the sand castings both in strength 
and ductility. The absolute values of yield and ultimate 
stress are higher, with only two exceptions. The elastic 
ratio varies somewhat irregularly, but shows a general 
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with only a small quantity of metal. It was necessary | 


to pour at a higher temperature than would have been 
desirable had the cast been made under ordinary pressure, 
in order to have time to adjust the plunger in position 
and appl ressure before the metal in the gate had 
solidified. This was in itself a drawback, since it had 
been shown that a high casting temperature militated 
against good tenacity and ductility. Thus with small 
castings any advantages due to pressure are neutralised 
by the disadvantages due to the temperature at which 
the metal must be poured. The authors think, however, 
that in the case of castings which could be made at 
a lower temperature, it would be worth experimenting 
with the material under pressure. 

Nine alloys, whose copper varied from 0 to 8 per cent., 
were prepa As in the case of the rich copper alloys, 
six sand and three chill castings and a billet for rolling, 
&c., were made. 

Mechanical Treatment.—The billets were sent to the 
Milton Works (Staffordshire) of the British Aluminium 
Company, and were treated as follows :— 

The billets, 20 in. long and 3 in. in diameter, were 
heated to about 400 deg. Cent. (752 deg. Fahr.), and 
rolled in round grooves to 1} in. in diameter. m this 
& piece about 18 in. long was cut. All the bars were 
found to be in good condition. 

The remainder was divided into three lengths :— 

(a) One — was at once rolled to if in. in diameter, 
first ses square, and finally thro round grooves ; 
4-ft. lengths were then available, and they were all in 
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rise from 0.44 to 0.68 as the copper increases from 0 to 
8 percent. The alloys containing upwards of 4 per cent. 
of copper possess satisfactory ductility. At 8 per cent. 
of copper, however, the ductility is practically nil. The 
values of the percen elongation and reduction of area 
of alloy No. 34 are probably lower than the true ones, for 
the character of the fractures and surfaces of the broken 
test-pieces, both of the sand and chill castings, indicates 
that this alloy was cast at too high a temperature. 
(e) Bars Rolled to1} In. in Diameter.—The results are | 
shown graphically in Fig. 15. The properties of these 
represent in their turn a marked advance upon those 
of the chill castings, and show the beneficial effect of 
mechanical work upon these alloys. The effect is par- 
ticularly noticeable in regard to ductility, which is well 
maintained, even in the range from 4 to 8 cent. of 
copper. At the same time the results show that there is 
no increase in either yield or ultimate stress above 4 per 


‘| 


%) Burs Drawn (with pete) to }3 In. in Diameter, 
—The results are shown graphically in Fig. 17. 

(h) Bars Cold-Drawn.—The results are shown graphic. 
ally in Fig. 18. This treatment produces the stiffest 
forms of the alloys examined, but in every case a consider- 
able measure of ductility is retsined, particularly as 
evidenced by the reduction of area. 

In order to get the full value of the inherent properties 
| of the alloys, a considerable amount of mechanical work— 
¢.g., rolling or drawing, with or without annealing—should 
be performed on them. From 0 to 8 per cent. of copper al! 
the alloys roll well, and from 0 to about 4 per cent. of 
| copper they draw sound. As an illustration of the bene- 
| ficial effect of mechanical work, alloy No. 37 is selected. 
| The facts are summarised in the following table :— 
| ensile Tests of the Alloys in the Form of Shects.— 
| om castings were made for these teets at the Milton 
| Works of the British Aluminium Company, under the 
superintendence of Dr. Seligman and one of the authors. 

he width of the test-pieces was 1 in. and the distance 
between the gauge-marks 3in. The total parallel length 
was 33 in. 

Of the eighty specimens broken in tension, forty were 
longitudinal and forty transverse. On comparing the 

















Tabie IX. 
| | ! | 
} Ulti- 7 Elonga- Reduc- 
Condition. | Yield- mate Elastic tion on | tion of 
| Point. Stress Ratio. oI aude. 
\tons per tons per per cent per cent 
sq. in. sq. in. 
Chill casting --| 6.4 9.60 0.56 10.5 21.46 
l}-in. rolled bar ..; 9.0 16.83 0.54 20.0 38.21 
ji-in. rolled bar ../ 11.6 17.00 | 0.63 21.0 49.76 
{2-in. bar drawn) 
with annealing ..| 15.5 16.90 0.92 8.0 21.79 
g2in. bar drawn| 
0.92 7.5 20.84 


without annealing) 18.5 20.00 


results, it was found that in twenty-eight cases the diffe- 
rence between the tenacities of ngs egy longitudinal 
and transverse specimens was less than 1 ton per square 
inch, Of the remaining twelve, in which the differences 
ranged between 1 and 3 tons per square inch, higher values 
were obtained in the transverse specimens in nine cases. . 
Thus, although there is a slight balance in favour of the 
transverse specimens, it is hardly sufticient to warrant the 
conclusion that they are superior to the longitudinal ones. 

Tensile Stress Tests—(a) Plates 0.25 In. Thick.—The 
results are shown graphically in Fig. 19. 

i, ealed Specimens. — The values are similar to 
those obtained with the cold-drawn bars, but are rather 
inferior both in tenacity and ductility. The elastic ratio 
is steady between 0.91 and 0.96. Alloy No. 48 is brittle. 

Annealed Specimens.—The elastic ratio is about half that 
of the unannealed alloys, and varies between 0.40 and 
0.51. Ductility is well maintained throughout the series. 

(6) Plates 0.10 In. Thick.—The results are shown gra- 
phically in Fig. 20. The tenacity of the unannealed 
alloys is slightly higher than in the previous series (0.25 
| in.), but the properties do not exhibit the same uniformity. 
Thus the elastic ratio varies between 0.78 and 0.96. The 

ductility is lower than in the previous series. 

| Annealed alloys Nos. 42 to 46 are very similar to 
those of the previous series. But Nos. 47 and 48 are 
‘obviously unannealed, the values agreeing with those 
peter see: with the unannealed specimens. 

(ce) Plates 0.05 In. T'hick,—The results are shown gra- 
phically in Fig. 21. They are very similar to those of the 
| previous series. There is a slight increase in the tenacity 
and a decrease in the ductility of the unhardened alloys. 
| Fig. 10, page 160, shows the freezing curve of copper-alu- 

minium alloys. The most suitable etching reagent has been 
| found to bea 10 per cent. cold aqueous solution of sodium 
hydrate. The average time required is from 3 to 5 minutes. 
The castings etch more readily than the rolled bars. 
Experiments to Test the Suitability of the Alloys for 
Cooking Utensils.—Plates were exposed for six hours con- 
tinuously to the action of — 


(a) boiling tap water. ae 
| (2) boiling 1 per cent. aqueous oxalic acid. 
(c) boiling 1 per cent. aqueous acetic acid. 
(d) boiling 2 per cent. aqueous citric acid. 
The concentrations: of solutions (b) to (d) represent the 
maxima likely to be met with in ordinary cooking opera- 
tions. The results are given in Table X. 


TaBLe X. 














Loss in Pounds per Square Foot per Hour in 
Boiling 
Alloy — 
Copper. 
me as lper Cent. 1 perCent. 2 per Cent. 


























cent. o ig 
(f) Bars Re it Jo. in Diameter.—The results are 
shown graphically in Fig. 16. They show that the im- 
provement conferred by mechanical work did not reach a 
maximum in the previous section (e), but that rolling can 
be advantageously continued until a reduction of at least | 
80 per cent. of the original area has been effected, if | 
greater tenacity and a higher elastic ratio be desired at) 
only a slight ex of ductility. The yield-point and | 
ultimate stress of No. 39 are very similar to those given | 
| Messrs. Yarrow and Oo. for their 6 per cent. copper | 

loy* rolled to a medium extent of hardness. 


a 








(6) Another piece was annealed, drawn down to 1 in. in 
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Water. Aqueous Aqueous Aqueous 
Oxalic Acid. Acetic Acid. Citric Acid. 
gue th: Famer 4 a. Zan! b. C. d. 
r cent 

42 PO 09 Nil 0.0010 0.0002 0.0001 
44 1.57 - 0.0019 0.0002 0.0002 
45 2.36 ” 0.0020 0.0001 0.0002 
46 3.74 ” 0.0021 0,9002 0.0002 
47 4.74 ” 0.0022 0,0002 0.0002 
48 5.34 " 0.0023 0.0003 0.0003 


The foregoin: . research would have been im ible of 
execution without the co-o tion of the Broughton 





per Company and the British Aluminium Company, 
and the authors have the t pleasure in thanking Mr. 
Leonard Sumner and Mr. F. Tomlinson of the former, 


and Mr. Bonner, Mr. Harvey, and Dr. Seligman of the 
latter works, for their cordial help whenever asked for. 
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TYNESIDE INDUSTRIAL PROGRESS 
AND PROSPECTS. 
(Concluded from page 136.) 

Tue other elements, regarding which information 
is available for the guidance of prospective manu- 
facturers, include the cost of power, labour, illu- 
minant, and building material. There is, of course, | 
the question of rent or cost of site, to which we 
have already referred. It may be taken that on 
the Tyne there are riverside lands which will 
be cheaper than similar areas in large towns, and 
the municipal rates are much lower than in large 
urban districts. In London the rates range between 
8s. and 12s. per £ ; in Manchester they are about 
8s. ; in Liverpool, practically 7s. 9d. ; in Birken- | 
head, 6s. 5d. ; and in few other large industrial 
towns are they less than 7s. per £. In Newcastle, | 
on the other hand, the rates are only 5s. 8d. ; | 
in Gateshead, 6s. 9d. ; in South Shields, 5s. 6d. ; | 
in Tynemouth and North Shields, 8s.; and in the 
rural districts embraced by Dunston and Derwent- 
haugh, ts. 5d. A further satisfactory feature is the 
small amount of municipal trading carried on in the | 
Tyne district. So far as the tramways are con- 
cerned, the undertakings, excepting those within 
Newcastle-on-Tyne, are in the hands of well- 
organised and economically - managed companies. 
Water, gas, and electric supplies are for the most 
part, as shall presently be shown, managed by 
private companies, and the results are such that 
there is little encouragement offered to the attempts, 
time and again made, to extend municipal trading. 

First, as regards the water supply, the reservoirs 
of the Newcastle and Gateshead Company, which 
supply the greater part of Tyneside, are situated at 
Whittle Dean, Hallington, and on the River Rede 
at Catcleugh, the storage capacity being 5366 
million gallons, which is equal to about 300 days’ 
supply. The composition of the water varies | 
somewhat, according to the source from which it | 
is drawn ; the water from Hallington and the Rede | 
is much softer than that from Whittle Dean, but 
the approximate average composition is given in 
Table 1V. As, however, increasing quantities are 


Tas_e LV.—Average Composition of Newcastle-on- Tyne 
Water. 








Grains per 

; Gallon. 
Total solid matters in solution 15 
Chlorine existing as chlorid 0.9 
Ammonia “ ss 0.001 
Albuminoid ammonia 0.008 
Nitrogen existing as nitrates .. 0.025 
Oxygen absor in 15 minutes .. 0.100 
Oxygen absorbed in 4 hours 0.170 
Hardness before boilin: 10 deg. 


es a 
Hardness after boiling one hour 


taken from the upper sources of supply, a greater 
portion of the water will be of softer quality. The 
charge for household supply is on a sliding scale at 
a rate per £ on the gross letting value of the 
premises, varying with the amount of the rent from 
about 1s. per £ ona house at 7/., 94d. on a house at 
501., and 7d. on a house at 1001. per annum, An ad- 
ditional charge is made for baths and water-closets, 
but the company only charge for one water-closet in 
each house. Regarding tenement property, the 
maximum for a tenant occupying one room is 5s. 
per annum. The water used for manufacturing 
purposes is supplied by meter, the rate varying 
according to the quantity used per quarter, The scale 
commences at a minimum of 10s. for a consumption 
up to 10,000 gallons per quarter. It then falls by a 
decremental ratio to 54d. per 1000 gallons. For 
instance, 5 million gallons per quarter would be at 
7d. per 1000 gallons; between 5 millions and 10 mil- 
lions per quarter at 64d. per 1000 gallons ; between 
10 millions and 30 millions per quarter at 6d. per 
1000 gallons ; above 30 million gallons per quarter 
at 5d. per 1000 gallons. An additional charge of 
2d. per 1000 gallons is, however, made for supplies 
on the high service ; but inasmuch as the works on 
Tyneside are principally:on the low service, this 
additional rate does not affect many, and certainly 
no large consumers. 

The gas supply, which is on a similar sliding 
scale, is also managed by a company. The price 
is, with the exception of a few outlying districts, 
2s. per 1000 cubic feet, less the discounts, which 
vary with the total quantity taken. Thus for con- 


Sumers up to 100,000 cubic feet per annum the 
deduction is 10 per cent.; for those taking 400,000 
cubic feet per annum, 15 per cent.; for those con- 
suming 1,000,000 cubic feet, 17} per cent.; and so 
on up to consumers of 80,000,000 cubic feet and 
upwards, who secure a discount of 26 per cent. 








The manufacturing works are at Elswick and | nected to the companies’ mains, The advantage of 
Redheugh, and the total producing capacity is 20 the bulk scheme is not alone confined to low cost, 
million cubic feet per twenty-four hours, while the | because the companies have a special staff of 
capacity of the gas-holders there, and at Forth consultants who assist prospective consumers in 
Banks and St. Anthony’s, is 16 million cubic feet.| the installation of electric drive. Moreover, 
The consumption has now reached about 3000 mil- | they keep in stock such a reserve of motors as 


|gauge, and by the use of suitable burners and 


sold for light and power purposes 
2,562,383 units ; 


lion cubic feet per annum. As a measure of the 
economy attained the following figures are not 
without interest. 


Per Tonof Per1000 Per 1000 











--= Coal Car- Oubic Feet Oubic Feet 
Lonised. of Gas Made. Sold. 
8. a, 8. d. 8. d, 
Manufacture -|13 10.387 1 80389 1 4,948 
Distribution. . ‘i --| 1 10488 O 2028 0 2286 
Lighting and repairing 
public lamps a . 0 O88 OO 06086 0 0.006 
Rents and taxes . 1 0076 OO 1.002 0 1.230 
Management * - 2 G882 0 1.165 0 1313 
Parliamentary, law, debts, 
superannuation and mis- 
cellaneous. . we 2151 0 01% 0 0,219 
| Gross cost .. . 18 0892 1 7.604 1 10.002 
Less residuals 6 6.430 0 7.089 , 0 7,988 
ll 6.462 1 0.515 1 2104 
| Less meter rents and mis- 
cellaneous receipts 1 9£140 0 1910 O 2153 
Net cost. .. --| 9 9.322 | O 10.605 0 11.951 


The net average price realised per 1000 cubic feet sold is 1s, 8}d. 


There are in the Newcastle area many hundreds 
of gas-engines doing all classes of work, and the 
consumers in such cases are supplied on easy terms. 
Small compressors are now extensively used for 
improving the illumination. Gas is thus increased 
from normal pressure to 30 in. or 40 in. water- 


lamps a candle-power as high as 40 per cubic foot of 
gas consumed per hour can be obtained, whereas 
with other artificial illuminants this rate of 
economy—viz., 2000 candle-power for one penny 
—can only be got by using it in units of about 
2000 candle-power; high-pressure gas can be adop- 
ted in units as small as 50 candles, giving a better 
distribution of light. 

In connection with the difficulties in dealing with 
high-speed steel, gas is now used in high-tempera 
ture non-oxidising furnaces, and the Newcastle 
and Gateshead Gas Company have held a series 
of demonstrations to show the value of gas 
for this purpose. By means of suitable arrange- 
ments, temperatures of 3000 deg. Fahr. to 3500 
deg. Fahr. are easily obtained in muffle and other 
furnaces. In the glass trades, again, the use of gas 
as an economical agent has, in numerous instances, 
been fully demonstrated, and in many operations 
the total cost of gas can be more than covered by the 
labour saved. The items mentioned might be easily 
multiplied, and owing to the energetic and forward 
policy adopted by the gas company any consumer 
can have expert advice on the possible use of gas. 

The Tyne district is further fortunate in its elec- 
tric supply works, as here there are located in the 
industrial area the following ay &c.:—The 
Newcastle-upon-Tyne Electric Supply Company, 
with its associated company, the County of Durham 


| enables them at very short notice to lend to large 
| consumers motors of all sizes and powers to tem- 
| porarily replace such of the consumer’s motors as 
may break down. Further, they are prepared to 
supply on a hire, or hire-purchase system, complete 
electric motive-power installations to manufacturers 
who hesitate to burden themselves with much 
| capital expenditure before their works ve re-' 
munerative. These two advantages, which are 
gratuitous, are greatly appreciated, and are im- 
portant elements in the development of electric 
drive. Many of the shipbuilding and engineering 
firms have preferred to discontinue their own 
stations and to take supply in bulk from the com- 
| panies, and the inatafla tions in some of these 
|works range up to 7000 horse-power and 8000 
/horse-power. Again, the variety of applications 
| of electrical power is great, and during the course 
| of our visit there was nothing but satisfaction ex- 
. It may be said that from the three power- 
stations the current is distributed by high-pressure 
cables along the north and south banks of the 
river, the supply area being 625 square miles in 
extent. As a rule the main distribution is at 6000 
volts, and some of the lines are overhead. In one 
or two more remote districts a voltage of 20,000 
is adopted. The high-tension cables are purely 
trunk lines, and at various points sub-stations are 
built, from which radiate service cables. 

Although these allied companies have a very 
extensive business, there are other electric supply 
undertakings equally anxious and able to meet the 
requirements of clients. The Tynemouth Corpora- 
tion Electricity Works supply the borough area, ex- 
tending about three miles in length. Arrangements 
are being made, or have been made, to supply various 
important works in the area named ; power in many 
cases being taken in bulk from the Newcastle-upon- 
Tyne Electric Supply Company. The total number 
of units supplied for trams, power, public lighting, 
&c., during the year ending March, 1906, was 
1,327,662, exclusive of bulk supply. The cost per 
unit sold for the Tynemouth Ccapurstion supply 
last year was 1.16d.; the total average price per 
unit to consumers was 1.91d. The power installed 
at the station, including motor generators for 
bulk supply, equals 2570 kilowatts. The South 
Shields Corporation Electricity Works supply the 
whole of the borough area. The plant has a capa- 
city of 5400 horse-power : that is, two direct-cur- 
rent generators, 1100 horse-power each, and six 
ae current sets, totalling 3200 horse- 
power. ntil recently these works supplied 
current for lighting only ; but at the end of Nov- 
ember, 1906, they began to supply power for indus- 
trial purposes, and they have been supplying electri- 
city for tramways since March, 1906. The Northern 
Counties Electricity Supply Company have works 
at Hebburn, and supply the areas of the urban dis- 











Electrical Power Distribution Company ; the Tyne- 
mouth Corporation Electricity Works ; the South 
Shields Corporation Electricity Works; the Northern 
Counties Hlectricity Supply Company; and the | 
Newcastle and District Electric Lighting Company. 
The first named supplies a large part of Northum- 
berland and Durham. The Tyneside stations are at | 
Carville, Wallsend, and Blaydon, and the generating 
units already installed make up over 45,000 horse- | 
power. The newer units operated by Parsons steam- | 
turbines have a nominal output of 4000 kilowatts, 
but, owing to the careful system of ventilation | 
evolved as the result of research and experience, it | 
is possible to maintain for two hours an overload | 
up to 6000 kilowatts, so that it is possible to_ 
meet any extra demand that may be made at any | 
particular time. The extent to which electricity 


| 


the fact that whereas in 1901 the total units | 
equalled 
in 1903, 9,033,625 units; in| 
1905, 30,378,852 units; and in 1906, 47,228,390) 


units. The total cost per unit sold has very steadily | lighting, maximum, 3}d. 
decreased. 
1.09d. ; and in 1906, 0.85d. 
the enlightened policy of giving their consumers the 
benefit of economies due to improved 
load factor, which accounts for the rapi 
in the units sold, and for the fact that motors of district for power purposes as formerly, but because 
over 70,000 horse-power are at the present time con-|of furnace and other work the fuel 


In 1901 it averaged 1.63d.; in 1903, 
e companies adopt | 
ant and | 
increase | 


pl 


| units. 


tricts of Hebburn and Felling. The generating sets 
include two 1500-horse-power Parsons renew hon 
hase 6500-volt sets, ead ue 320-horse-power Allen- 
rompton 500-volt direct-current sets. The esti- 
mated supply during the year 1906 is 1,800,000 
his company and the Newcastle-upon- 
Tyne Electric Supply Company endeavour to make 
their charges to consumers similar. These works 
supply various important shipbuilding, manufac- 
turing, and colliery establishments. 

The Newcastle and District Electric-Lighting 
Company have two works at Newcastle, and one at 
Lemington, further up the River Tyne. The area 
of their supply extends from Newcastle-on-Tyne, 
through Benwell, Fenham, and Lemington to 
Newburn. The whole of the generating machinery 


|is worked by Parsons turbines, and gives a total of 
is purchased from the companies is suggested by | 12,000 horse-power. In 1904, 3,259,389 units were 


supplied ; in 1905, 5,533,702 units; and in the 

t year there has been a further large increase. 

he cost per unit sold is 0.78d. for Newcastle and 

0.93d, for Newburn ; and the charges are :—For 

oy unit ; for power, 

maximum, 14d. per unit. This firm supply elec- 

tricity to several important firms, including Sir W. 

G. Armstrong, Whitworth, and Co., Elswick, and 
Messrs. Spencer and Sons, Newburn. 

Coal is not so extensively used in the works of the 


supply is a 
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factor in the economic situation. The whole of the 
district north of the Tyne and as far south as Durham 
is dotted with coal-pits. North of the river excel- 
lent steam and house coal is mined; on the 
south there is gas and house coal of good quality. 
The north country coal-field, especially in the 
vicinity of Durham, is, indeed, one of the most 
importantin the kingdom. |The coal is worked toa 
depth of 2000 ft., the average being 1000 ft. The 
collieries in the Annfield Plain district, such as 
East Castles, are about 30 fathoms deep; at 
Horden, 200 fathoms ; at Wearmouth, 317 fathoms ; 
while the Northumberland collieries have a depth 
of from 80 to 120 fathoms. The ruling prices per 
ton at the time of our visit were, for smalls, 7s. 6d. 
to 8s. ; for seconds, 10s. 3d. to 10s. 6d. ; for coking 
coal, 10s. 6d. to 11s. 6d. ; and for the best steam 
coal, 11s. to 12s, 

Regarding the supply of labour, we have already 
indicated that the conditions are favourable for 
female workers. For engineering works, too, the 
conditions are satisfactory; the existence of so 
many works already makes it possible to tempo- 
rarily increase the number of employés in any one 
concern. Enquiry of the principal employers of 
labour disclosed that the men of the district are 
above the average in industry and intelligence, 
while few complaints were made of indifferent time- 
keeping. Much of the work in engineering fac- 
tories is done on piece-work, and it is diffi- 
cult to give average rates of remuneration.* 
In a new establishment fitted with the best 
of machinery there is no doubt that a high 
degree of economy of labour might be realised. 
The rates are rather under than over those pre- 
vailing in large towns, and the purchasing value of 
the wage is higher than in London, or even Man- 
chester. Every district has its large co-operative 
society, and this is fully supported by workmen. 
Indeed, some of the wholesale producing factories 
are located in the Tyne district.t The Tyne is one 
of the centres for the importation of dairy produce 
from the Scandinavian countries, there being a 
regular weekly service for supplies. 

ents are only moderately low. As a rule, the 
men live within walking distance of the works in 
which they are employed, so that, apart altogether 
from the cheap means of transit provided by tram- 
ways and electric and other lines of the North- 
Eastern Railway, there is little time or money 
spent in transit. One notable feature in regard to 
the housing of the people is the large number of 
workmen’s building societies. We were informed 
that in the earlier years some of these were ‘‘ sus- 
pect,” but, later, more satisfactory records have 
been maintained. The proportion of working 
men who own their own houses is probably larger 
than in some other districts. The cost of houses 
is about an average, common building bricks 
being supplied at the works for 23s. per 1000. 

As regards health, the death-rate is rather higher 
than the average in large towns, having in New- 
castle been 17.4 in 1905, as compared with 15.7 
in seventy-six towns; but on an average the cases 
of zymotic diseases are lower. The death-rate has 
steadily decreased. In the eighth decade of the 
last century it was 26.2 per 1000; in the following 
ten years, 23.5; and in the tenth decade, 20.6. 
Since then it has averaged 19.1, the last year, 
already given, being the lowest on record. So far 
as opportunities for recreation and amusement are 
concerned, the condivions are favourable, while 
the facilities for reaching the coast north and south 
of the river are extensive, and the rates reasonable. 


* From employers of labour in the district we have 
received the following list of time rates per day—Engine 
Works Department :—Fitters, 6s.; turnera, 63.; machine- 
men, 4s. 4d. to 63.; brass-finishers, 6s.; coppersmiths, 
63. 3d.; tinsmiths, 6s.; plumbers, 6s. 2d.; metal-moulders, 
6s. 4d.; metal-cleanera, 4s. 7d.; steel-cleaners, 4s. 7d.; 
brass-moulders, 6s. 4d.; bras:-cleaners, 4s. 9d.; black- 
smiths, 6s. 3d.; blacksmiths’ strikers, 3s. to 4s.; pattern- 
makers, 6s. 6d.; joiners, 6s, {d.; boilermakers—angle- 
smiths, 6s. 8d.; rw 6s. 7d. to 6s. 11d.; riveters, 
63. 5d.; holders-on, 5s. 4d.; hand drillers, 4s. 9d.; crane- 
men, 3s. 11d. to 4s. 7d.; labourers, 3s. 9d. Shipyard 
Department : — Caulkers’ felters, 4s. 1d.; carpenters, 
6s. 6d.; > 8d.; pattern-makers, 6s. 6d.; cabinet- 
makers, 6s. 5d.; joiners, 63s. 6d.; riggers; 5s.; blacksmiths, 
6s. 1d.; blacksmiths’ strikers, 4s.; rivet-makers, 4s.; 
labourers, 3s. 4d. to 3s. 10d.; umbers, 6s. 2d ; fitters, 
6s.; machinemen, 4s, 6d. to 53. 7d.; electricians, 6s. 

+ The prices for several representative articles of 
one are :—Bread, 1s. 11d. per stone; flour, 1s. 4d. to 
Is. 10d, per stone; butter, 1s. 4d. per pound; cheese, 
Qd. to 1ld.; bacon, 9d. to 11d. per pound; eggs, ten 
for a shilling. 





In conclusion, we wish to express our indebted- 
ness to Mr. H. H. Carrick, district superinten- 
dent, Mr. T. Edington, assistant divisional goods 
manager, and to Mr. H. D. Dryden, of the 
Commercial Agent’s Office, of the North-Eastern 
Railway; to Mr. J. McDonald Manson, the 
secretary, and Mr. James Walker, the engineer, 
of the Tyne Improvement Commissioners ; to Mr. 
Herbert Shaw, secretary of the Chamber of Com- 
merce; to Mr. Murray, Mayor of Wallsend ; and to 
the staff of the Newcastle-upon-Tyne Electric Supply 
Company, for their courtesy to our representative 
on the occasion of his visit to the district. 





EFFICIENCY TESTS ON A HIGH-SPEED 
PETROL MOTOR. 


By B. Horxtnson, Professor of Mechanism in the 
University of Cambridge. 


So far as I have been able to ascertain, no accu- 
rate measurements of thermal efficiency have been 
made upon the high-speed internal-combustion 
motors used for motor-cars and similar purposes. 
The fuel consumption in such motors has not 
hitherto been regarded as of great practical im- 
portance, but the aim of designers has been, broadly 
speaking, to produce engines which shall develop 
the greatest possible power for a given size, without 
much regard to the fuel used. Moreover, these 
engines can only be indicated with rather special 
appliances, and, consequently, the only efficiency 
tests which can be taken without much trouble are 
those based upon brake-power, which, though they 
are no doubt of much practical interest, are not of 
great value from the scientific point of view. It, 


therefore, seemed worth while to carry out on a/| 


high-speed petrol-motor a series of tests for efli- 
ciency comparable in accuracy with those which 
have been made upon the ordinary slow-speed gas- 
engine. The experiments here described are the 
first portion of such a series which I have lately 
been engaged. upon in conjunction with one of my 
students, Mr. H. R. Ricardo, of Trinity College, 
Cambridge. Mr. Ricardo, I should say at the 
outset, has done practically the whole of the ex- 

rimental part of the work, and several points 
in the arrangements for testing are due to him. 
The engine on which the experiments were made is 
one of the Daimler Company’s four-cylinder motor- 
car engines, rated to give 16 to 20 horse-power. 
It is capable of being worked at any speed between 
250 and 1400 revolutions per minute. It will be 
seen, therefore, that its speed of revolution is of a 
different order of magnitude from that of an ordi- 
nary stationary gas-engine, and it can, moreover, 
be varied over a very wide range, so that the tests 
may be expected to throw some light, upon the 
effect of speed on efficiency. The engine has been 
kindly lent by the Daimler Company for experi- 
mental purposes. The following are particulars of 
the engine :— 


Total volume of one cylinder with 


piston on out-centre “a ... 0.04 cub. ft. 
Volume of compression space ... 0.0104 ,, 
Compression ratio... as + 3.85 
Diameter of cylinder ... 3.56 in. 
Length of stroke 3.23 ., 


The engine is fitted with the standard Daimler 
carburettor, which is so arranged that a portion of 
the air supply passes over the petrol-jet, and after 
doing so meets the main air supply and mixes 
thoroughly with it. That portion which 8 
over the jet is usually taken past the hot oileae - 
pipe or otherwise heated. The power of the engine 
is varied by throttling the mixture after it has 
passed the carburettor or by altering the timing of 
the spark. The petrol was supplied to the carbu- 
rettor by age 4 under a head of about 2 ft. 

The only difficulty about the measurement of 
efficiency is the determination of the indicated 
power. At speeds such as are here used the ordi- 
nary pencil type of indicator is, of course, quite 
unsuitable, owing to the inertia of the parts. 
Optical indicators of the diaphragm type, origin- 

y due to Perry, of which the best-known repre- 
sentative is the Hospitallier-Carpentier manograph, 
are in many ways convenient, but they suffer from 
the disadvantage for quantitative work that the 
scale of pressures is not proportionate, and the 
diagrams cannot therefore be measured up in the 
ordinary way. I have therefore designed a new 
type of indicator which is free from this defect, and 
which gives correct diagrams at high speeds. It is 
not necessary, for the purposes of this paper, to give 





a full description of the indicator ; but it may be 
said that it is of the piston type, the piston being 
forced against the middle point of a piece of straight 
steel spring held at both ends, the deflection of 
which turns a mirror, and so moves a spot of light. 
In addition to the proportional scale the instrument 
has the further advantage that it is very easily cali- 
brated by deadweights. In order to avoid the trouble 
of a great deal of photography I have devised an 
arrangement for observing the diagrams, by which 
they are projected on to a transparent screen, 
which is graduated vertically and horizontally in 
millimetres. The diagram can then be read off 
and plotted on a piece. of squared paper while 
the engine is running. Most of the diagrams were 
taken in this way, but I give on the next page some 
photographs to show the kind of diagram thus 
given. 

Two methods of obtaining the indicated power 
were available. Of these, the first—that is, to 
indicate the engine when running fully loaded— 
involves a great deal of complication, since there 


| are four cylinders which have to be indicated simul- 


taneously. I therefore determined to adopt the 
second method—namely, to determine the brake 
power, and to make a separate measurement of the 
mechanical losses in the engine, which, when added 
to the brake power, give the indicated power. 
This only involves indicating one cylinder, and is 
certainly at least as accurate as measuring the 
indicated power directly. The tests here described, 
therefore, involved three sets of measurements— 
that is, engine losses, brake power, and fuel con- 
sumption. 

echanical Losses.—For determining the mecha- 
nical losses the engine was driven without load by 
one cylinder only, and the indicated power of that 
cylinder was measured at various speeds, 

For the p of these experiments I take 
‘*indicated power ” to mean the positive loop of 
the indicator diagram, and I regard the negative 
loop representing the power absorbed in suction 
and exhaust as part of the engine losses. When 
running with one cylinder in the manner described, 
the indicated power of that cylinder will be equal 
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to the mechanical friction of the engine plus the 
negative work shown on the diagrams of all the four 
cylinders. When the engine is running fully loaded 
at the same speed the loss by mechanical friction will 
be substantially unaltered, but the suction losses will 
not be the same ; for the negative loop indicated by 
a cylinder when firing is smaller than when it is not 
firing. Moreover, in the light-load tests with one cy- 


| linder, the three cylinders which are idly compress- 


ing and expanding air will indicate a certain amount 
of negative work, because of the loss of heat in 
compression, which causes the expansion curve to 
fall somewhat below the compression curve. This 
effect is well shown in the diagram, Fig. 4, from 
which it appears that this negative loop on the 
compression curve gives a mean pressure of 1} Ib. 
per square inch, and at low speeds is comparable in 
areawith the suction loop. From these causes the 
total power indicated in the light-load trial would 
somewhat exceed the engine losses when running at 
full load ; but this fact is, to some extent, counter- 
balanced by the fact that in the light-load test I 
arranged matters so that two cylinders out of four 
drew in air from the atmosphere direct, instead of 
from the induction-pipe, thus reducing somewhat 
the suction losses. By taking diagrams from cy- 
linders when firing and running idle at different 
speeds I have estimated the losses in pumping 
and compression, both when all cylinders are firing 
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and when three are running idle. The power the engine was run at a certain speed, and the 
absorbed in this way is small, amounting to about timing of the ignition was then adjusted until the 
one-sixth of the total power required to drive| power shown on the brake was a maximum for 
the engine round at 1060 revolutions with only | that s It is to be noted that under these 
one cylinder firing, or rather less than 1 horse-power. | conditions the thermal efficiency (reckoned either 
When the engine is running in the ordinary way these | on brake power or indicated power) is not neces. 
negative loop losses are rather less—perhaps two- | sarily a maximum. A different strength of mixture 





thirds of a horse-power instead of 1 horse-power— | from that given by the carburettor might give a 


but having regard to their small total amount. it | 


did not seem worth while to take account of this 
difference. I assume, therefore, that the total loss 
—negative loop plus mechanical friction—is the 
same when all cylinders are firing and the engine 
fully loaded as it is when only one cylinder is 
working. 

The curve A, Fig. 1, shows the indicated horse- 
power required to drive the engine with a single 
cylinder at various speeds, and the curve B on the 
same figure shows the indicated horse-power lost 
in pumping and compressing, estimated as above. 
The purely mechanical loss is the difference between 
these two curves. It increases considerably more 
rapidly than in proportion to the speed, which is 
to be expected, because it is due mainly to fluid 
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friction—that is, to the viscosity of the oil between 
the piston and the cylinder. I take curve A as 
giving the power which must be added to the brake 
power observed at any speed in order to obtain the 
indicated power at that speed with the throttle 
fully open. 

Brake Power.—The power given by the engine at 
a given speed depends mainly on two factors—that 
is, the supply of petrol and the timing of the 
ignition, and regulation is effected by varying one 
or both. In this engine the petrol supply is regu- 
lated by throttling the air which passes through the 
carburettor. The jet is adjusted by the makers, 
and the air drawn over it by the engine takes up an 
amount of petrol per cubic foot which is determined 
by the velocity of the air stream and its tempera- 
ture, and possibly also by the amount of moisture 
that it contains. The result is that the composition 
of the mixture of petrol vapour and air drawn into 
the engine is not under the control of the experi- 
menter, though the amount of mixture taken per 
stroke can be controlled by the throttle. Regula- 
tion by throttling involves a reduction of pressure 
in the engine at the commencement of the com- 
pression stroke, and there is a proportionate 
reduction throughout the whole cycle. A consider- 
able amount of pumping work has also to be 
done when the throttle is closed. In the tests 
here described the throttle was kept fully open, 
so that the pressure in the engine at the begin- 
ning of compression was only less than atmo- 
spheric by the amount necessary to draw the air 
over the carburettor and past the valves. Under 
these circumstances the quantity of fuel drawn 
into the engine per stroke at a given speed is 
determined by the carburettor, and is independent 
of the timing of ignition. In making a brake test 








higher efficiency. 

The brake-power so found is plotted in terms of 
the speed in Fig. 2 on the curve marked “ B.H.P.” 
Adding to the brake horse-power at any speed the 
mechanical and suction losses at that speed given 
by curve A (Fig. 1), the indicated horse-power is 
obtained, and this is plotted in the curve marked 
‘‘I.H.P.” From the latter curve, and from the speed 
and cylinder dimensions, is deduced in the ordinary 
way the mean effective pressure shown on thé 
diagram, and this is plotted in terms of the speed 


in the dotted curve marked ‘‘M.E.P.” The lower | 


curve, marked ‘‘ Torque,” is related to the B.H.P. 
curve in the same way as the M.E.P. is related to 
the I.H.P. curve—that is, it represents the mean 
pressure in the cylinder which would be necessary 
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to give the observed brake horse-power.if there 
were no mechanical or pumping losses. The ordinate 
of this curve is, of course, proportional to the 
torque exerted by the engine at the corresponding 
speed. The mechanical efficiency, which is the 
ratio of the B.H.P. and I.H.P. ordinates, is plotted 
in terms of the speed in Fig. 1 (curve C). 

The curves for mechanical loss, mechanical effi- 
ciency, and I.H.P. are plotted as far as 1100 re- 
volutions per minute, which is the highest speed at 
which the engine can be driven with one cylinder. 
At this speed the efficiency is oo penne 75 
per cent.; when the engine is loaded, one cylinder 
is occupied in overcoming losses, and the other three 
develop the brake power. The B.H.P. curve is 
carried as far as 1400 revolutions per minute ; but 
at speeds above 1100 the action’ of the carburettor 
becomes rather uncertain, and the B.H.P. varies a 
good deal. 

Attempts were made to confirm the accuracy of | 
the engine loss determinations by running the | 
engine without load and with all four cylinders 
working. The spark had to be greatly retarded in 
order to reduce the power sufficiently for this pur- 
pose, as regulation could not, of course, be effected 





by throttling. The result was that, in most cases, 
the explosion was of a very irregular character, and 
it was impossible to get even a rough approxima- 
tion to the mean indicated power. The diagram 
Fig. 4, which was taken with all four cylinders 
firing, no load, and ata speed of about 450 revolu- 
tions per minute, shows three consecutive explo- 
sions, and the area of the smallest cycle is not 
more than about one-third of the largest. More- 
over, it is probable that with the spark so much 
retarded as is here the case, the diagrams given by 
the four cylinders are far from being the same. 

Thermal Efficiency.—The determination of ther- 
mal efficiency involves a measurement of the con- 
sumption and calorific value of the fuel. The 
measurement of petrol consumption presented no 
difficulty, except that of keeping the speed con- 
stant. It was found very difficult to keep both the 
brake-load and the speed the same for more than 
a few seconds at atime. In order to eliminate the 
uncertainties introduced by varying speed, the 
petrol consumption in a definite number of revolu- 
tions—about 2000 or 3000—was observed, the speed 
being kept as constant as possible during the test ; 
but. the attention was centred rather on brake- 
luad and petrol consumption per revolution than 
on measurements of speed. 

The determination of calorific value proved to be 
a more difficult matter. The fuel used was Pratt's 
motor spirit, having a density of 0.715. The values 
yiven in books for the calurific value of petrol vary 
very greatly; results as low as 11,000 thermal 
units per pound having sometimes been recorded. 
Apart from adulteration, however, there cannot be 
much doubt that the calorific value exceeds 17,000. 
Robinson gives 19,800 (higher value) or 18,300 
(lower value) thermal units as the value for gaso- 
line, of specific gravity 0.69, obtained with a bomb 
calorimeter. I had not a bomb calorimeter at my 
disposal, and therefore tried burning the petrol in 
a coil lamp under a Junker calorimeter. The first 
result obtained was under 16,000 thermal units 
(lower value), which was certainly too low ; and on 
searching for the cause of this, it was found that 
there was a large deposit of carbon in the vaporiser 
coil of the lamp. The petrol had apparently 
cracked on coming into contact with the red-hot 
coil, and the calorific value of this separated carbon 
was, of course, lost. Determinations were then 
made with an external vaporiser, the temperature 
of which could be controlled and kept below the 
point at which petrol cracks. With this vaporiser 
in use considerably higher values were obtained, 
the best results averaging about 17,500 (lower 
value). ‘This, I think, cannot be very far from the 
truth. After a large quantity of petrol had been 
burnt, the vaporiser was opened up, and was found 
to be quite free from any seca of carbon or other 
residue. I think it very probable that the low 
calorific values of liquid fuels which are frequently 
obtained with the J unker calorimeter are mainly 
due to decomposition of the fuel in the coil lamp. 
The lower calorific value was obtained by de- 
ducting from the heat given to the calorimeter 
water the latent heat of the water actually con- 
densed in the test. 

Taking, then, the calorific value as 17,500 thermal 
units per pound, the petrol consumption and 
thermal efficiency found in a number of tests is 
given in the following table :— . 








| 
Speed. Petrol Consumption (Pounds). Thermal Efficiency. 
| 








Revs. per . Per 1000 | On | On 
Minute, | LHP. | BHP. | Reve. | LHP. | B.HLP. 
400 0.78 0.9 | O80 | 186 16.1 
400 0.75 0.87 | 0.28 19.3 16.6 
600 0.685 0.81 | 0.26 21 17.9 
600 0.655 0.77 0.2% 22 18.8 
800 - 0.24 
1000 0.6 0.75 0.22 24.2 19.3 
1000 0.6 0.75 0.206 24.2 19.3 
1100 0.59 0.785 | 0.208 6 18.4 
1225 (0.65) 0.94 | 0.22 (22.8) 15.4 


Nors.—At speeds 400, 600, and 1000, two tests are given to show 
the range of variation. At 1225 the indicated horse-power is 
uncertain, as no direct measurement of loss was made at that 


| speed 


It is to be noted, in criticising these efficiencies, 
that the efficiency at each speed is not necessarily 
the best possible for that speed, since, as already 
stated, the strength of mixture could not be varied. 
Moreover, it should be stated that at low - §ro 
the usual practice is to run the engine with the 
throttle partially shut ; at such speeds, therefore, 
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the tests do not quite represent the conditions of | the two engines (gas engine running at 250 revo-|so small a community. The Welland Canal alone 
practice. lutions, and petrol-engine at 1000 revolutions), | has cost over 5,000,0001. sterling. In the United 


General Observations.—It will be seen that the 
efficiency of the engine increases considerably with 
the speed. This, of course, is to be expected to! 
some extent on account of the reduced heat losses ; | 
but since the heat saved from g ‘ing into the jacket | 
water is, in Jarge measure, merely reserved to be | 
discharged into the exhaust, but little of it being con- 
verted into work, it is difficult to suppose that the 
whole of the large difference between 400 and 1000 
révolutions per minute can be accounted for in this | 
way. Ithink that the difference is probably due | 
in large measure to more complete mixture and | 
combustion of the fuel at the higher speeds. 

The petrol taken per revolution falls off very’ 
markedly as the speed increases. This is, in part, 
due to the fact that at high speeds the quantity of 
air taken per revolution is less than at low speeds. 
At a speed of 1000 revolutions per minute, with the 
throttle fully open, the pressure in the induction- 
pipe is about 14 1b. per square inch below atmo- 
sphere, and the pressure in the cylinder at the end 
of the suction stroke is slightly, though very little, 
below the pressure in the induction pipe. At a 
speed «f 400 revolutions per minute, the pressure 
in the induction pipe is less than 4 lb. below atmo- 
sphere. The pol fe contents in the former case 
will, therefore, be at least 6 per cent. less than in 
the latter. At high speeds, moreover, the tempera- 
ture of the cylinder contents will become greater, 
because the amount of exhaust gases left in the 
cylinder bears a larger proportion to the whole 
charge. On all accounts, therefore, we may expect 
a considerable reduction of the air supply as speed 
goes up. It can hardly be supposed, however, that 
only two-thirds as much air is taken per revolution 
at 1100 revolutions as at 400; the fact that the 
petrol supply is reduced in nearly that ratio points 
strongly to the conclusion that at the lower speed 
the mixture taken into the engine is much richer 
than at the higher. At low speeds, running with the 
throttle wide open, the engine is apt to fire back 
into the induction pipe, and this is usually supposed 
to indicate that there is excess of air in the mixture. | 
It seems to me that the excess may be the other 
way, there being more petrol than can be burnt in | 
the available air, and if that is so, it would go far to | 
account for the low efficiency at the low speed. I| 
am, however, investigating this point further. 

It is interesting to compare the results obtained | 
from this high-speed engine with the corresponding 
figures for au ordinary gas-engine of the same com- 
pression ratio. There happens to be in the labora- 
tory a gas-engine in which the compression ratio is 
379; speed, 250 revolutions per minute ; cylinder 
diameter, 7}in.; and the stroke, 9 in. This engine 
gives about 5 horse-power on the brake—that is, 
about as much power as a single cylinder of the 
Daimler engine. It has been tested very accu- 
rately under all sorts of conditions, and it has been 
found that the thermal efficiency, when fully loaded, 
varies according to the strength of the mixture from 
20.3 to 23 per cent. on the lower calorific value of 
the gas used. The best efficiency found is rather 
less than the best efficiency obtained with the 
Daimler engine in any test—that is, 24} per cent. | 
The greatest mean pressure obtained in the gas- 
engine when fully loaded was 674 1b. per square 
inch. In the Daimler engine a mean effective pres- 
sure of as much as 85 lb. per square inch has ea 
recorded at a — of 1000 revolutions per minute. 
The difference between the engines in this respect 
is very marked. The calorific values of mixtures | 
of — vapour and air, and of coal-gas and air, | 
each of the maximum explosive strength, do not. 
differ substantially. To obtain a higher mean! 
— with one than with the other, it is there- | 
ore necessary either to use it more efficiently or to 
use more of it per cubic foot of stroke volume. 
The higher mean pressure given by the ?— 
engine is mainly due to its greater efficiency. The | 
gas-engine, when giving its highest mean pressure | 
was using a mixture of maximum strength, and was 
working at low efficiency—about 20 per cent. | 
The Daimler engine, with an efficiency of 244 per, 
cent., therefore does one-fifth more work for the | 
same fuel. In addition to this, however, the 
Daimler engine takes more fuel per cubic foot of | 
stroke volume than the gas-engine, because the | 
air supply is cooled by the evaporation of the/| 
petrol. e density of the mixture at the end of | 
the suction stroke is 28 gam to its pressure, | 
and inversely proportional to its absolute tempera- 
ture. The pressure is substantially the same in| 








being about 14 lb. per square inch below atmo- 
sphere in each case. But the temperature is 15 deg. 
to 20 deg. lower, or 5 or 6 per cent. in the petrol- 
engine, and there is correspondingly more fuel 
taken per cubic foot of stroke volume, and a 
corresponding increase in the mean pressure over 
and above that due to the higher eftliciency. 

Fig. 3 shows the pressure at the middle of the 
suction and exhaust strokes at various speeds when 
the cylinder was not firing. These pressures were 
taken from light spring diagrams, and were checked | 
by the use of a valve which was opened at the 


States the Erie Canal has been taken in hand by 
the people of New York State, the necessary funds 
having been voted for enlarging the canal from a 
draught of 7 ft. to 12 ft. This work has been in 
htnd for two years, and the reports of the progress 
made are particularly favourable. 

To return to England, the city of York has a 
useful waterway along the River Ouse, but its 
depth is dependent upon the rainfall. At its best 
there is 9 ft. 6in. to York, but after a drought 
vessels are sometimes neaped, drawing 5 ft. 6 in. 
The witnesses before the Royal Commission com 





| middle of the suction or exhaust stroke, and placed | plained with reason at the great cost they had 


the cylinder momentarily in communication with a| from time to time incurred for the protection of 
mercury gauge. The dotted curve on the same) the navigation from the onslaughts of railway 
figure shows the pressure in the induction pipe. | companies and other bridge-buildera. Hitherto 
When the cylinder is firing, the pressure in the the efforts have been crowned with success, for 
suction stroke is substantially unaltered, but the every bridge over the river is movable. The York 
exhaust pressure is lower, sometimes falling below Corporation are the custodians of the river, and 
atmosphere. | the weight of municipal authority has secured for 

Of the other diagrams, Fig. 4 has already been | the navigation to the small city of York immunity 
explained ; Fig. 5 is a full-load diagram, at a speed | from overhead trouble, whereas the Aire and 
of 900 revolutions per minute; and Fig. 6 is a| Calder Navigation has only a headway of 12 ft. 9 in. 
light-load diagram, with the throttle partly closed ;| where the Goole Canal is crossed by the Lancashire 
speed, about 1100 revolutions per minute. The/|and Yorkshire Railway. The approach to Man- 
slight rise of pressure at the end of the exhaust | chester by masted vessels from the sea was ob- 
stroke shown on No. 1 is due to the fact that the} structed by four low fixed bridges over the Mersey 
exhaust-pipes of the four] cylinders are coupled ;|and Irwell Navigation, two built by the London 
when the cylinder which is being indicated is just|and North-Western Railway, and two by the 
completing its exhaust, the exhaust-valve of the/| railway owned by the Cheshire Lines Committee. 
adjacent cylinder is just opening. A sharp puff of | This difficulty was, however, overcome by the rail- 
gas is then discharged into the exhaust-pipe at this| way companies undertaking to convert the fixed 
point, and the consequent rise of pressure is felt in| into swing bridges when an improved navigation 
the other cylinder, and shown on the indicator. was made inland. At Runcorn the London and 
North-Western Railway crosses by a bridge 75 ft. 
above high-water of spring tides, and this set the 
gauge to the height of the railway bridges, as altered 
at the expense of the Manchester Ship Canal Com- 
pany, at a cost of 875,000/. The York people are 
to be congratulated un having maintained an access 
to the sea, unlimited as to headway, possessed by 
no other community so far from the coast. 

East of Goole, with the exception of the Trent, 
the inland navigations are but little used. The 
Trent is the outlet for the Sheffield Canal and Don 
Navigation, which has also a connection with Goole 
Docks and the River Ouse by a branch made re- 
cently from Stainforth. This branch canal, 5} miles 
long, has 10 ft. of water on the lock-sills, and cost 
50,0007. a mile. It brings the South Yorkshire 
collieries into direct connection with the Port of 
Goole, and does away with any necessity for train- 
ing, or otherwise improving the Trent between the 
outlet of the canal at Keadby and Trent Falls, 
where the Trent joins with the Ouse, and is thence 
known asthe Humber. From Goole to Trent Falls, 
8 miles below, the Ouse has been trained by the 
Aire and Calder Navigation, and vessels drawing 
18 ft. have access to the docks at Goole on spring 
tides, on a regulated and lighted estuary. 

Above Keadby, the Trent continues navigable 








ROYAL COMMISSION ON CANALS AND 
WATERWAYS.—No. V. 

In previous articles in our issues of November 2, 
November 30, December 28, and January 18, we | 
have dealt with the waterways leading from the | 
Severn to the Midlands, from the Midlands to the 
Mersey, and the Mersey to the Humber, as spoken | 
of by various witnesses who have given evidence 
before the Royal Commission. Poor as the quality 
of the service rendered to the community is shown 
to be, these waterways are the best in England, 
for we are nowhere provided with an artificial 
navigation giving 9 ft. depth of water for more 
than 30 or 40 miles from the tideway. With the 
exception of Manchester, no inland manufacturing 
town is provided with a navigation more than 
9 ft. deep, and Leeds is the only one which 
enjoys this advantage. It must not be forgotten 
that the Cheshire Salt district, where Messrs. 
Brunner, Mond, and Co. have their large chemical 
works, is well served by the Weaver Navigation ; 
but the population is not very numerous in this 
river em We notice that the Manchester 
Canal deals already with 4,500,000 tons per 
annum, and that the Aire and Calder, serving 
Leeds and Wakefield, carry 2,500,000 tons per | past Gainsborough, and is toll free to 4 miles above 
annum. Sheffield has to put up with a waterway | Torksey, which is at the mouth of the Foss Dyke 
which limits the craft to mlength of 58 ft. and a | Navigation, a work of the Romans connecting the 
draught of 5 ft. 6 in., with only 10. ft..of head-| Trent with the River Witham,.and opening up a 
way. Birmingham has nothing’ but narrow canals, | waterway to Lincoln. The River Trent would 
limiting the cargo to 50 tons ; but the vitality of | appear to be especially well adapted for navigation 
water-earriage under such circumstances is shown purposes. According to Priestly, its navigation 
by the traffic on this system, reaching the great commenced at Burton, 117 miles above Trent Falls, 
total of 8,600,000 tons per annum in 1898. The | and the inclination to low-water mark at Trent Falls 
bulk of this is coal delivered to the works on the! is only 118ft. Mr. Rayner, engineer and manager 
canal side, but there is also a large traffic in goods|of the Trent Navigation Company, was examined 
collected and delivered by the railway companies. | at considerable length during an early sitting of the 
The London and North-Western, Great Western, |Commissioners. He stated that the company’s 
and Midland Railways all have canal docks and waterway extended from Gainsborough to the junc- 
dépéts where this business is transacted. | tion with the Trent and Mersey Canal at Wilden 

We find a very different condition of things | Ferry, above which the river is not now navigable, 
abroad. All the waterways included in the first and connected with the Trent and Mersey Canal at 
category in France—and there are nearly 4000 miles Derwent-mouth, some miles lower down stream. 
of these—have a depth on the lock-sill of 6 ft.6in., | In the 1898 return the depth is given as 2 ft. on 
and accommodate vessels carrying 280 tons. In the river generally, and the limit of headway 9 ft. 
Germany the canals are being made with 8 ft. 3 in. |The locks are 85 ft. long and 15 ft. wide. With 
of water on the lock-sills for craft carrying 400) the volume of water provided by the Trent, which 
tons, and on the Rhine an enormous traffic is/| has its rise on the confines of Cheshire, and drains 
carried from the ports of Holland and Belgium in| an area of 3500 square miles, there should be no 
vessels drawing 9 ft. of water and carrying up to difficulty in securing an ample depth for naviga- 
2300 tons. The Berlin Stettin Canal is to accom- | tion purposes by a combination of works—viz., by 
modate 600-ton barges. By an enactment of training the channel and raising the weirs with 
April 1, 1905, 16,728,7501. was destined for the movable caps. There are only nine locks on 
further improvement of inland waterways. 68 miles of navigation. The river course has been 

In Canada provision has been made for 14 ft.| improved for navigation purposes by numerous 
draught, from the Great Lakes to tide-water at artificial cuts, and many canals branch out from it. 
Quebec. This has entailed an enormous outlay for, The original Act dealing with the Trent dates from 
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the reign of William IIL. In 1887 an Act of Parlia- 
ment was obtained granting power to dredge a 6-ft. 
channel ; previously to this the limit of draught was 
2ft.6 in. Dredging the shoals, however, without 
taking steps to impound the water, has left the 
channel apparently shallower than before; for 
whereas the 1888 return gives the draught of vessels 
as 2 ft. 6 in., the return of 1898 puts it at only 2 ft. 
During last session an Act was obtained enabling 
additional locks and weirs to be built, so as to 
provide 6 ft. of water for navigation purposes. 
The tonnage carried is about 400,000 tons per 
annum, but the weight varies greatly, as in times 
of drought the traffic is interrupted. A large pro- 

rtion of the tonnage consists of sand and gravel 
for building purposes, which are dredged from the 
bed of the river. For these, when sold, the Naviga- 
tion has to pay a royalty to the riparian land- 
owners, so that the latter make money out of the 
parties who remove obstructions to the flow of 
water and lessen the height of floods, which are a 
frequent source of damage. Poor as the navigation 
is in point of capacity, from a trade point of 
view, it is held to have a beneficial effect on the 
railway rates over a large district, extending as 
far inland as Nottingham, in spite of the tran- 
shipment of goods which takes place at Torksey, 
owing to the miserable condition of the navigation 
above. 

The new locks proposed for the Trent are to be 
180 ft. by 30 ft., with a view to accommodate a train 
of barges, and to enable lighters carrying 150 tons 
to pass along the navigation. Mr. Rayner com- 
plains of the condition of the railway-owned canals, 
which should be feeders to the Trent Navigation 
Company. On both the Nottingham and Grant- 
ham Canals, owned by the Great Northern Railway, 
there has been, from time to time, a shortage of 
water during the last six years, with intervals of 
weeks and sometimes months, during which traffic 
has been interrupted. On the Cromford Canal, 
the property of the Midland Railway Company, 
the tunnel has fallen in, and a block has existed 
for several years. This canal taps the coal-field, 
and should be an important feeder to the Trent 
navigation as well as the canals towards Lough- 
borough, Leicester, and on the route to London. 
There should naturally, even in agricultural 
districts, be a considerable demand for canal- 
borne coal, over 167? miles, between Langley 
Mill and Brentford on the Thames. This latter 
‘‘lache” is so grievous a burden upon the neigh- 
bouring navigations and carriers thereon that 
the Board of Trade has been applied to for relief, 
with the result that Sir Villiam Mathews, 
K.C.M.G., of Messrs. Coode and Mathews, West- 
minster, has been appointed to hold an enquiry 
and report on the subject. A shortness of water is 
one of the chief causes of complaint ; it is not, there- 
fore, a good time of year for the inspector to ex- 
amine the waterway and reservoirs, and more 
delay is scarcely to be avoided without prejudicing 
the value of ‘‘the view.” Under the Bill it was 
proposed to spend from 150,0001. to 200,000/. on 
improving the navigation of the Trent, and certain 
municipalities, such as Newark and Nottingham, 
were to be invited to contribute 20,000’. apiece. 
The railway companies, however, opposed this as 
ratepayers in the towns, and the clause was dropped 
out of the Act. Mr. Rayner does not favour barges 
* of 300 tons and upwards at present. The Trent 
maximum load on a draught of 5 ft. 6 in. is 85 tons, 
and 150 tons looms large enough to spell a great 
improvement on the present working. Like Mr. 
Morton and Mr. Dykes, Mr. Rayner wishes for a 
larger unit than he has now to work with, but 
hesitates to adopt Mr. Bartholomew’s standard of 
300 tons to 400 tons in a single bottom. His ideal 


navigation is one providing the same draught of | 


water throughout, but with reduced size of locks as 
it proceeds inland, accommodating at the summit 
two craft ; at, say, one-third down, four craft ; and 
at two-thirds down, six craft. 

In dealing with the Trent River this suggestion 
might serve as some slight guide towards arriving 
at a principle for a basis of outlay, as the expendi- 
ture on locks would be a far greater percentage of 
the whole cost to be incurred on a large river than 
on a canal to be carried through the country, more | 
particularly a hilly district. The larger the canal 
the greater is the proportion of the cost which | 
must be spent on earthwork. This item is re-| 
duced by using a river channel where there will be 
no accommodation bridges, and but few high-road | 
bridges ; the percentage to be spent on bridges is | 


therefore much less in proportion. The problem and boys manning the boats for England and Scot- 
to be solved in laying out a canal, with due regard land was 82,000, a reduction of nearly 1 per cent. 
to economy of construction and working, differs| per annum since 1885, but the number of persons 
very materially from the one which calls for a solu- otherwise employed in allied trades—e q., coopers, 
tion when the line of the waterway follows the packers, curers, net-makers, &c.—would probably 


course of a river. 

Moving southwards we part with Mr. Rayner 
to listen to Mr. Gordon C. Thomas, the engineer 
of the Grand Junction Canal, in which position he 
has succeeded his father, who has been connected 
with the Grand Junction Canal for a great many 
years. 

Mr. Thomas states that the main length of canal 
from the Thames to the junction with the Oxford 
Canal at Braunston has a sectional area of 160 
square feet, and locks 14 ft. 6in. wide. The branch 
canals to Aylesbury, Buckingham, and Northamp- 
ton have narrow boat-locks. This shows the great 
value attached to the possibility of carrying goods 
by water in times when the district was too poor 
to support a large canal even to a town of the size 
of Northampton. Of late years the Grand Junc- 
tion Canal Company has purchased 414 miles of 
canal—viz., the Leicestershire and Northampton- 
shire Union and Grand Union—and thus extended 
operations to Leicester. This is the solitary in- 
stance of canal amalgamation that has taken place 
of late years, and shows that in some cases the 
difficulty of so doing is not insuperable, and we 
regret the more that the same policy was not pur- 
sued as far as Birmingham, as a much more impor- 
tant gathering ground for traffic. The northern 
route was poorly maintained, and was purchased 
for 17,0001. The canals linking the Grand Junc- 
tion with Birmingham—viz., the Warwick and Nap- 
ton, and Warwick and Birmingham—carried ten 
times as much traflic as the two Union canals ; but 
in principle the need for amalgamation is there- 
fore more urgent, and the means for bringing it 
about ought to be found if this desirable object 
were pursued with diligence. Doubtless the inter- 


tween Braunston and Napton would add to the 
difficulty of arranging for the acquisition of the 
entire connection; but the whole of the Oxford 
Canal might very properly be incorporated in a 
company reaching from the Thames to Birming- 
ham, and pointing northwards for further exten- 
sions. 

Seeing how important it is that canals should 
amalgamate and consolidate their interests, if sufli- 
| cient inducement does not exist to constrain them 
to do so from within, then they must be compelled 
to do so by pressure from without. They were 
called into existence by the Legislature, and given 
powers and privileges over land, roads, and private | 


— of the 5$ miles of the Oxford Canal | 


more than treble these figures, these trades having 
| increased at an enormous rate in the last twenty- 
five years. 
_ Fishery harbours differ from commercial harbours 
in that they cannot, by reason of their peculiar 
| trade, command such remunerativo revenues, while, 
at the same time, the accommodation they must 
| provide at the present day, if not so costly, yet 
demands a very much greater outlay of capital by 
|comparison than does the provision of similar 
| facilities at commercial harbours. (A glance at this 
| map of Great Britain, on page 168, will give a very 
| fair indication of the enterprise and progress which 
has distinguished the end of the old and the begin- 
ning of the new century in this direction.) The 
number of Irish and Manx fishery harbours is so 
small, and the total expenditure on their develop- 
ment so insignificant as compared with English 
|and Scottish fishery harbours, that no future refer- 
ence will be made to them in this article. 
Interesting as they would be, it is not possible 
within the compass of a general survey of this 
subject to enter into details or give descriptions of 
the many great works which have been carried out 
in connection with this branch of trade, or of the 
difficulties which have been encountered and suc- 
| cessfully overcome. It is self-evident, however, that 
|harbour engineering which caters for the fishing 
| industry, dependent as the lacter is so largely upon 
| wind and tide, | pee ye many features of interest 
| peculiar to itself, and cannot fail to appeal strongly 
| to the imagination of those who so much appreciate 
| the value of fish as an article of food, but seldom, 
| perhaps, pause to consider the toil involved in 
| maintaining a fresh supply to the inland districts, 
wherein they themselves may perchance reside. 
| Before, however, dealing with the engineering 
‘aspect of the subject, it would be as well to con- 
| sider the causes which have led up to the present 
| state of affairs, and brought about so many changes’ 
| which have been recognised by a beneficent Govern- 
ment as worthy of its assistance. 
| . The primary cause of the modern extension of 
fishery harbours is the evolution of steam, and the 
| consequent development of railways throughout the 
|country. Previously the whole of the fishing indus- 
| try had been carried on by sailing vessels of com- 
| paratively shallow draught, and the means of loco- 
motion in those days prohibited a wide distribution 
| of the fruits of the fisherman's labour, and limited 
the supply of fresh fish to relatively small areas ad- 





| 


property, withauthority to levy charges pro bono | jacent to the seaboard. Nowadays, however, these 
publico, and if they plainly neglect to keep their | conditions are entirely changed. Steam trawlers, 
business going in a reasonably healthy and useful | steam herring-drifters, and other fishing vessels, prc- 
fashion, then we think that they and all other | pelled by steam, have come into being afloat just as 


corporations having privileges bestowed for like | steam-transport has ashore, and their size, draught, 


purposes should be made to amend their methods 
or make room for others who will do better service 
for the common weal. 








THE MODERN DEVELOPMENT OF 
BRITISH FISHERY HARBOURS.-—No, I. 


By H. C. M. Ausren, Assoc. M. Inst. C.E. 


Amonest the many engineering works of import- 
ance carried out in the United Kingdom within the 
last quarter of a century, there are none, perhaps, 
which present greater difficulties of execution, or so 
largely affect the prosperity of the immediate in- 
habitants, than those which have been undertaken at 
fishery harbours. So great, indeed, are the benefits 
conferred upon the community and the country at 
| large by adequate accommodation for the modern 
| requirements of the fishing trade, which has grown 
enormously since the inception of the railway era, 
that the _ oer at the instance of a Committee 
of the Board of Trade, known as the Harbour 
Grants Committee, now undertakes to subsidise, 
under certain financial conditions, any fishery har- 
bour authority, subject to their approval of its plans, 
to the extent of not more than one-third of the total 
——— proposed on new works, thereby not 

only stimulating their enterprise, but materially 





assisting in what may be justly described as a great 


national work. The following figures, which give 
the number of people engaged in fishing and in 
the fishing industry, show how great a claim this 
large proportion of the — has upon the 
public funds. In 1905 the number of fishermen 


| speed, and capacity for work have revolutionised 
|the fishing trade and enlarged its requirements as 
| regards harbour accommodation in much the samo 
| way as the development of merchant shipping has 
increased its demands upon the dock accommoda- 
| tion of fifty years ago. 

| The history of the growth of trawling and the 
| subsequent introduction of steam in fishing vessels 
generally requires more space than is possible to 
| follow in detail within the limits of these pages. 
Trawlers and other steam fishing vessels did not 
come into being until 1880, and the fact that there 
‘are now in England and Scotland 2003 on the 
register, with a tonnage of 99,253, of which 77 per 
cent. hail from English ports, speaks for itself of 
the mushroom-like growth of this great industry, 
which rape nearly 34 per cent. of the total 
tonnage for the two countries. 

The effect of this comparatively modern change 
in the character of fishing vessels upon fishery har- 
bours has been, and, indeed, still is, a very serious 
matter. The new class of fishing vessel, although 
|much more adapted to certain kinds of fishing than 

others, immediately took the place of first import- 
ance in the fishing industry, or, in other words, ob- 
tained command of the boat markets. Also, its 
requirements in the way of accommodation were 
considerable, and very few harbours were able to 
provide sufficient depth of water to meet its de- 
| mands as to draught, &c. Hence the few harbours 
already thus equipped at once obtained a prefer- 
ence over all others, and, as was inevitable, drew 
away trade from the majority of harbours not so 
well provided, with the result that the latter, upon 
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THE DEVELOPMENT OF FISHERY HARBOURS IN GREAT 
(For Description, see Page 167.) 


BRITAIN AND IRELAND. 
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which thousands of pounds had in many instances | 


been spent on improvements, suffered serious 
fallings off in revenue, whilst the favoured ones, of 


course, prospered proportionately, and continue so primary conditions may be said to qualify for 


to prosper. © 

In speaking of the causes of harbour develop- 
ment, in so far as the fishing industry is concerned, 
mention must not be omitted of another natural 
consequence which the added power of steam in fish- 
ing vessels has brought about—viz., the enormous 
increase in the quantity and value of fish caught. 
In the year 1885, for instance, the total catch for 
Racha and Scotland was 11,130,578 cwts., valued 
at 5,091,4701., whilst in 1904 the corresponding 
figures were 19,312,913 cwts., worth 8,721,0261. 
Of this quantity, the English catch preponderates 
with 57.6 per cent. of the total in 1885, and 58.9 
per cent. of the total in 1904. 

The introduction of steam also has mainly been 
instrumental in opening up new and hitherto 
practically untried fishing-grounds, the most im- 
portant perhaps of which are those in the vicinity 
of the Shetland Islands, where enormous catches of 
herrings are now made every year, the quantity 
caught in 1904 representing over one-third of the 
whole season’s herring catch for Scotland. Steam 
trawlers and liners have also been attracted to 
Icelandic and Faroese waters, and large catches 
have been landed of late years in England at Hull, 
Grimsby, Cardiff, Swansea, and Milford (some of 
which are not, strictly speaking, fishery harbours) 
from the coasts of Morocco, from the Bay of Biscay, 
and off Portugal. 

Whilst, however, steam fishing vessels have in- 
creased so rapidly within the last quarter of a 


century, it must not be supposed that sailing boats | 


have been, or ever will be, entirely superseded on 
this account, although they no longer retain their 
former hold upon the market. On the contrary, 
they, too, have increased in size and numbers, 
and it is a matter upon which fisher folk may well 
have cause to congratulate themselves that the 
fishing trade in many instances may be followed 
with equal advantage by sailing vessels, and that 
their natural employment and means of subsistence 
can never be affected in the same way as nearly all 
other conditions of labour have been affected by 
the introduction of machinery and the application 
of it to steam, gas, and electrical power. 

It must also be borne in mind that fishing is carried 


on in a great variety of forms and by a great variety | 
of means, to all of which the use of steam is not | 


equally applicable. White fishing, as distinguished 
from herring and mackerel fishing, is carried on 
under conditions which differ as much as seine and 
line-fishing differ from trawl and drift-net fishing. 
The effects of time and distance also may be to a great 
extent eliminated by the use of ice for storing fish 
at sea; and large fishing fleets, which maintain their 
supply to the markets without leaving the grounds 


by means of steam carriers, are often as well served | . 


by sail as by steam, and certainly save much in 
working expenses. Local trade, moreover, in some 
districts-is considerable, and the use of steam, 
requiring an abundance of coal, is not of advantage 
in such cases when plenty of storage room aboard 
for fish and ice is of paramount importance. 

At the same time it should be remembered that 
a merely local trade is of very little practical value 
as a means of revenue to the modern fishery har- 
bour, as compared with a properly-developed inland 
trade, having long-distanee lines of distribution, 
facilities for dealing with a large bulk of fish, and 
ample provision for quick delivery and prompt 
despatch. 

Again, thanks to steam, the large inland towns 


and manufacturing centres are linked up with the | 
more important sea-ports, and the demand for | 


fresh fish inland is, it would seem nowadays, 
almost insatiable, whilst the quantities exported to 
the Colonies, Germany, Russia, and Spain are 
ever increasing. 

From an engineering point of view the foregoing 
considerations suggest certain omer essentials 
for the proper development of the modern fishery 
harbour, in order to justify the expenditure of 
large sums of money on works of improvement. 
They may be enumerated thus :— 


1. Proximity to principal fishing-grounds. 


2. Accessibility at all states of the tide for all 
classes of fishing vessels. 

3. Situation on a salient rather than an embayed 
part of the coast-line. 

4. Capability for affording adequate refuge for a 
fishing flee 


t in bad weather. 


| 5. Good railway communication for the disposal 
| of fish inland. - 
| Any harbour, therefore, which satisfies these 


development. It is not possible in these pages 
| to touch upon the various engineering works which 
| will provide the degree of accommodation made 
|necessary by the exigencies of the trade as it exists 
to-day. They may, however, be classified under 
the heading of Equipment, and obviously the more 
complete the latter the more popular and remunera- 
tive the port. 

In England and Wales there are forty-four 
fishery harbours, and in Scotland and the adjoining 
islands there are sixty-six. The subjoined table 
gives an idea of the engineering work done within 
the last twenty-five years in connection with these 
harbours. (See also map, page 168.) 


Number of Per- As per 





Number) Fishery Harbours |centage Second |, ba © 
of atwhich Improve-- of (Column, ¢¢ Total 
- Fishery ments have been | Total | where Number 
Har- le within the Number Oost ex- thus Im 
| bours. | last Twenty-Five | Im- ceeded) oved. 
| Years. | proved. | 10002. P 
England... 45 27 60.0 | 20 434 
41 25 38.0 


Scotland..| 66 








With a view to ascertaining the relation of 
capital expenditure on improvement works at 
British fishery harbours to their population and 
revenue, the writer has compiled a table, which will 
appear in a later number, dealing in more detail 
with these points. The figures given therein throw 
a very clear light on this side of the question, and 
in many instances bear striking testimony to the 
great economic policy shown by certain controlling 
authorities, whose grasp of the situation, both as 
regards the future requirements of the trade and 
the potentialities lying to their hands for supplying 
adequate accommodation to meet it, has been so 
thorough and consistently wise throughout the 
whole process of its development. 

In England, much more than in Scotland, where 
the harbours are more exclusively utilised for the 
fishing industry, the figures have been somewhat 
affected by outside circumstances ; the census returns 
in several cases show figures which are inflated by 
the increasing popularity of the place as a seaside 
resort, or its general manufacturing and internal 
trade expansion, whilst the growth of revenue may 
often be traced largely to the development of its 
commercial sea- borne trade. Nevertheless, in 
certain cases, notably at Newlyn, Lowestoft, Yar- 
mouth, Grimsby, Shields, Newhaven (Leith), Aber- 
deen, Peterhead, Fraserburgh, and Buckie, all of 
which are important fishing centres, the prosperity 
of these places, both as regards population and 
revenue, are traceable to their harbour develop- 
ment, 

Many of the fishery harbours, especially those 
in the Moray Firth, of which there are eighteen on 
the south shore alone, are geographically unsuited 
to great extension, being without the primary 
essentials for this branch of trade, as already out- 
lined. But that these essentials are now being 
realised evidence is forthcoming in two recent in- 
stances— Whitby and Southwold—where works of 
considerable magnitude are in contemplation or in 
progress. In the latter case a substantial free 
grant has been made by the Treasury on the recom- 
mendation of the Harbour Grants Committee of 
the Board of Trade, and in the former case it 
is hoped that similar aid will shortly be forth- 
coming. Whitby Harbour, which breaks an in- 
terval of about 120 miles of coast-line without 
a properly accessible harbour, and has the Dogger 
Bank and principal fishing-grounds on one side, 
and the great manufacturing districts of West 
Yorkshire and Lancashire on the other, is admir- 
‘ably situated for development ; and there can be 
little doubt that Southwold, when its harbour im- 
provements have been effected, will attract a cer- 
tain proportion of the trade from Lowestoft, even 








if there is not sufficient need of an additional har- 
bour in that vicinity, as the promoters of the 
Southwold scheme very reasonably maintain there is. 

Although Whitby Harbour is at the estuary of 
& river, a position always requiring considerable | 
| engineering skill to render accessible, owing to the 
|fact that nearly all river harbours have bars, 
and although Southwold Harbour is on a very 
treacherous, silty part of the coast, the primary 
essentials are indisputably present in both cases ; | 
‘and it is a matter for engineers to utilise the | 





natural features of these localities to the best 
advantage, and, by their professional skill, adapt 
or create those conditions which have been referred 
to in general terms as the equipment of a modern 
fishery harbour. 

A further point for the engineer of a fishery 
harbour may be briefly touched upon. There is 
probably no sea-borne trade carried on in which the 
vessels employed show so great a variety of design 
as in the fishing trade. Take, for instance, the 
Newlyn or Cornish boats, the Brixham trawler, the 
Ramsgate lugger, the Lowestoft, Yarmouth, and 
Grimsby boats, the Yorkshire mules and cobles, 
and the Scotch boats. All these are sailing vessels, 
but all different, and yet all equally suitable each 
for its own class of fishing—deep-sea or otherwise, 
line or nets—and for its own port of register, 
and the local conditions obtaining there. On one 
point, at any rate, which largely affects the 
nature of accommodation required, it would doubt- 
less be thought unanimity would prevail—viz., 
the method of unloading fish or disposing of 
it at the quayside for distribution inland. But 
this is not so. Space does not now permit of a 
description of the various methods in vogue, but it 
may be said that whilst many are simple, ingenious, 
and economical, others are elaborate, wasteful, and 
costly, though it must be admitted that the fault, 
as often as not, lies with the authorities, who, not 
sufficiently realising the needs of the trade, do not 
provide the requisite facilities. 

Thus it is very important that an engineer, in 
making his designs for the suitable equipment of a 
fishery harbour, should take into careful considera- 
tion, though not necessarily follow, the local 
customs as to the class of vessel, the class of trade, 
and the methods of landing, packing, and despatch- 
ing the fish. These, it will frequently be found, 
have their own peculiar merits, and often indicate 
a line of treatment in design which wide experience 
and professional knowledge may convert to the 
most satisfactory resuits. 

In outlining thus briefly the causes which have 
brought about, and the means which, it must be 
conceded, should be adopted for the proper develop- 
ment of fishery harbours to suit modern require- 
ments, and in considering the subject from both 
economical and engineering points of view, the 
thought occurs that the whole question of the 
administration and development of tishery harbours, 
involving as it does an important item of food 
supply, is a national one, and that whilst its claims 
upon the public funds have already been recognised 
by the Government, there is yet room for the 
further consolidation of the interests centred 
around it, 

England and Wales, under the Sea Fisheries 
Regulation Acts, 1888 to 1894, are divided up into 
twelve districts, with local committees and fishery 
officers, who send annual returns to the Board of 
Agriculture and Fisheries, and draw the attention 
of the Board to any matter requiring its notice. 
The eastern, southern, and western coasts are each 
— into four districts, thus making the twelve 
in all. 

Scotland under the Sea Fisheries Acts of 1868 
and 1883, and Sea Fisheries (Scotland) Amendment 
Act of 1885, is divided into twenty-seven districts : 
fifteen on the East Coast, two in the North (Orkney 
and Shetland), and ten on the West Coast. They 
are under the control of the Fishery Board for Scot- 
land, which consists of thirteen members, and em- 
ploys thirty-four inspectors and officers. Their 
annual report is sent in yearly to the Secretary of 
State for Scotland. The powers exercised by the 
Scotch Fishery Board are very similar to those held 
by the Board of Fisheries for England, and their 
duties partly consist in gathering materials for 
drawing up most elaborate and useful annual re- 

rts, replete with statistics. Until 1890 the Scotch 
Fishery oard made loans to fishermen, and still 
makes loans and grants to harbour authorities in 
need of funds. 

Excellent as is the work done, and valuable as 
are the statistics drawn up by these boards, the 
control of all sea fisheries and the powers of all 
fishery harbour authorities might, with still better 


‘results, through the instrumentality of a Royal 


Commission, be consolidated under Sea Fisheries 
District Trusts, fully representative of every interest 


| involved, in such a way as to serve to the best 


advantage the requirements of the fishing trade, 


| the wants of the fishing population, and the welfare 


of the country at large. 
In succeeding articles the writer hopes to further 
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elucidate several points, which space at present has 
only permitted him to dwell upon in genera] terms 
(introducing illustrations from photographs where 
possible), and to outline a scheme for the consoli- 
dation of interests above referred to, whereby 
all fishery harbours may be classified according 
to their importance within the various districts to 
which they belong. Some account also will be 
given of the more interesting works at a few of the 
principal fishery harbours as executed in recent 
years, and of the equipment necessary nowadays 
for carrying on a lucrative trade, as well as other 
matters relating to their development, of which 
some idea may already have been gathered in the 
foregoing pages. 








THE TRANSPORTATION AND 
SHIPMENT OF ORE. 
(Concluded from page 105.) 

Havine described the approach-gangway in our 
previous article, we turn now to a description of 
the loading-stage, the drawings of which are re- 
produced on our two-page plate, while on page 169 
there are various views of the structure. The 
stage is 360 ft. in length and 62 ft. in height above 
water-level, with a width between the side — 
of 54 ft. It carries four lines of railway track. 
Each track accommodates twenty of the company’s 
15-ton hopper-bottomed wagons, which are 18 ft. 
in length, while the storage space is divided into a 
series of twenty hoppers on each side of the stage, 
to correspond with the lengths of the wagons. 
Each hopper has a storage capacity for 250 tons, 
which affords a total storage of 10,000 tons in the 
hoppers, while a further 1200 tons may be stored 
in wagons on the stage. The hoppers can, if 
necessary, be replenished as the loading proceeds, 
by train-loads from the adjacent dépét. It will 
thus be seen that two vessels may be loaded simul- 
taneously and well within two days. As shown in 
the main cross-section, Fig. 22, the bottoms of the 
hoppers are inclined at an angle of 40 deg. to the 
horizontal, while the lower portions of the sides or 
divisions are likewise inclined towards the outlet 
and discharging-shoot, which we shall presently 
describe. 

The columns supporting the superstructure corre- 
spond with those for carrying the trestles, and were 
described in our previous article. There are, as 
shown in Fig. 22, twenty-one transverse rows, with 
four columns in each row, spaced at 17 ft. 7 in. 
centres, while the rows are 18-ft. centres ; that is, 
a transverse row is placed at each division of the 
hoppers, making in all eighty-four columns. The 
superstructure of the loading-pier is fully illustrated 
on our two-page plate. The steel standards are 
built up of plates and bars, and the scantlings are 
very p fet indicated in the detailed drawings 
published on the two-page plate (Figs. 24 to 44). 
The connection to the concrete column enclosed in 
the steel cylinders is clearly shown in Figs. 42 to 44, 
which also show that at the lower ends the stan- 
dards are connected to each other by a series of 
longitudinal and transverse members. The con- 
nections at the intermediate level are illustrated 
by Figs. 32 to 35, and at the level of the shoots 
by Figs. 24 to 28. Longitudinal and transverse 
stresses are further provided for by the introduction 
of diagonal members, as shown in Figs. 22 and 23. 

The floors of the storage hoppers, which are, as 
already indicated, inclined at an angle of 40 deg., 
are carried (as shown in the general sections, 
Fig. 22, and in detail, Fig. 40) on rolled joists, 
spaced 6 ft. apart (Fig. 23), and these, in turn, 
support a series of longitudinals, illustrated in 
detail in Fig. 36. These longitudinals, again, carry 
the 4-in. pitch-pine flooring of the hoppers, which 
is connie for the most part, with }-in. steel sheet- 
ing. It will be noted that the floors of the hoppers 
are supported by intermediate standards resting 
on the cross-members of the main structure, as 
illustrated in detail in Fig. 36. The outer rows of 
main standards and intermediates extend to the 
top deck of the pier; and these latter not only 
support the outer faces of the hoppers, but carry 
the fixed mouthpiece and its mechanism (Fig. 22). 
These intermediate standards are reinforced by tie- 
bars in the interior of the bin, connecting with 





the main floor joists, as shown in Fig. 40. The | 
tops of the outer standards are bound together | 
transversely and longitudinally, while the inter- 
mediate standards bear upon a lower series of 
outer horizontal longitudinal ties, from which 


ints the pressure is conveyed by diagonal mem- 
ers to the main standards at the intersection 
with the next lower system of longitudinal ties 
(Fig. 23). These last-named longitudinals are 
further utilised in connection with the mechanism 
of the shoot in the formation of a gangway which 
extends throughout the length of the stage, con- 
veniently near to the deck-level of vessels, and 
which also carries the winches for operating the 
shoot and mouthpiece. 

This brings us to a consideration of the arrange- 
ment for the discharge of the material from the 
storage hoppers into the ships lying alongside, a 
subject which received very careful consideration. 
Owing to the slope of the bottom, the contents not 
only exert a very considerable pressure against the 
front of the hopper, but particularly against the 
door, and in similar cases difficulty often arises in 
attempting to close the door before the hopper has 
been emptied. An ingenious arrangement has 
been introduced in this case for overcoming this 
difficulty. This consists of a curved steel plate 

in. thick, forming something analogous to a sluice- 

oor, which is operated in conjunction with a fixed 
mouthpiece, being centred on trunnions of cast iron 
fixed to the intermediate vertical standard already 
referred to. Attached to the sides of the doors are 
strong angle-bars, 5in. by 3 in. by 4 in., which are 
carried back to form levers, and are so arranged 
relative to the position of the trunnions that in the 
movement of opening and closing the door the path 
described by the outer ends is approximately 
vertical. These levers at their outer end are con- 
nected by a cross-bar, which carries a counter- 
balance weight to facilitate the instant closing of 
the door. The door itself is opened by raising 
these levers, which is effected by means of a §-in. 
wire rope, operated by a winch fixed upon the 
platform below, as shown in Figs. 22 and 23. Any 
winch can be thrown out of gear, when the counter- 
balance weight, acting on the levers, at once 
forces the door upwards, and chokes the passage of 
the ore. 

The shoots, which are constructed of steel plates 
ys in. thick, with an additional renewable bottom 

late of } in., are of box section, and, as shown in 
Fig. 22, have a length of 24 ft., the width tapering 
from 4 ft. 2in. at the door of the storage hopper to 
3 ft. at the discharge end, while the height simi- 
larly ranges from 2 ft. 8 in. to 2 ft. 3 in. There 
are 20 sets on each side, each weighing 3 tons, 
and to facilitate the housing of them the heel is 
fitted to a cross-bar. carrying rollers, which engage 
with vertical guides, as shown in Figs. 22 and 23. 
The arrangement of the fixed supporting chain is 
shown in Fig. 22, from which it will be seen that 
there are two points of support, which are so 
arranged that as the heel travels down the guides 
the centre of gravity of the shoot is maintained at 
approximately a constant level. The heel is centred 
to admit of lateral adjustment, so as, when neces- 
sary, to adapt the direction of the discharge to the 
hatchways of the vessels, The shoot is housed in 
bringing the heel to the bottom of its travel on the 
vertical guides, and vice versd, the operation being 
performed by means of an endless wire rope 
attached to the cross-bar carrying the rollers pass- 
ing round pulleys at top and bottom, and wound 
round a 35-cwt. winch fixed upon the gangway 
already described. Pitch-pine fender-posts, 14 in. 
square, with elm facing-pieces 4 in. thick, are sup- 
ported by brackets on the main standards, 7 
ject immediately in front of the columns. ese 
fender-posts are carried to about 20 ft. above water- 
level, and project 3 ft. above the gangway, where 
they are finished off, so as to form mooring-pawls. 
Upon the outer faces of the main standards are 
riveted 2-in. by $-in. horizontal bars, 18 in. apart, 
which serve as ladders, and provide access be- 
tween the gangway and the top of the pier, whilst 
at the shore end there is a cross-gangway of timber 
between the platforms, with a stairway leading to 
the top of the pier, which provides an easier means 
of access than the ladders. 

The views on e 169 assist further to a clear 
understanding of the structure. Fig. 49 shows the 
hoppers fully charged, with some of the company’s 
hopper-wagons in position. The top of the pier is 
open, excepting for a width of 6 ft. 7 in. along both 
front edges, and for 8 ft. along the centre, where 
the men are seen standing alongside the wagons. 
These portions are covered with planking to pro- 
vide a passage for the men engaged in connection 
with the discharge of the wagons into the storage 


| hoppers. Fig. 50 affords a good idea of the general 








appearance of the trestles and of the stage for 
storing and shipping the ore. The steel cylinders, 
with their concrete filling, are shown just abovo 
the water-line, and the vessel is alongside the shoots 
in course of loading. The action of the shoots is 
further clearly illustrated in Fig. 51, while Fig. 52 
is a view from the temporary timber staging during 
construction, looking seaward from the end of the 
approach, and illustrates the general system of 
supporting the storage hoppers. 

n order to facilitate the movement of ships 
alongside the pier, and to obviate liability of strain- 
ing the structure by undue contact, a system of 
mooring-buoys has been arranged round the pier, 
and in Figs. 46 to 48 on the two-page plate we 
give details of the construction of these buoys and 
relative anchors. 

The work at the site was executed within a period 
of twenty-one months, and since the loading of the 
first steamer the pier has continued in constant 
amg with complete success. The Alquife 

ines and Railway Company are to be congratu- 
lated on their position with regard to mines com- 
panies in Spain, as beiog owners of a valuable 
property, second to no other in equipment and 
transport facilities. As already stated, the whole 
of the work we have described was designed by 
Messrs. Formans and McCall, of Glasgow, under 
whose charge it was likewise executed; the ccn- 
tractors being Messrs. Alexander Findlay and Co., 
Limited, of Motherwell, N.B. 





ROTARY SNOW-PLOUGH. 

In order to cope with deep drifts of snow, rotary 
ploughs have been in use in America for some twenty 
years. Where drifts are up to 15 ft. and 20 ft. in 
depth the ordinary wedge-plough is useless. In using 
wedge-ploughs several locomotives are required to 
ee —— sufficient, and the result of butting into 

eep drifts is often only to drive the snow into a hard 
mass, derail several of the locomotives, and, perhaps, 
cause loss of life. A serious accident of this kind 
occurred some years ago on one of the chief railways 
of this country. Snow drifts are, however, so seldom 
really of a bad nature here that we are inclined to do 
the best we can with the ordinary wedge-plough, and 
if that fails, to make the best of it. In countries in 
which heavy falls of snow occur regularly throughout 
the long winter months, or at least at sufficiently 
frequent intervals to render it necessary to take 
more certain measures of keeping the line clear, 
than it is economical or possible to adopt in this 
country, mechanical ploughs are used with advan- 
tage. Their use is quite extended in the west of the 
North American continent. These ploughs will handle 
deep drifts with ease, and besides clearing the line far 
more effectively than the ordinary wedge-plough, 
there need be no risk of derailment, either of the 
pa orof the pushing locomotive, with probable 

eavy bill for repairs. A locomotive derailed in a 
drift is a troublesome object, as the plough ahead of it 
has probably only just cleared a road wide enough for 
the engine to proceed through. If, therefore, work is 
necessary alongside of the locomotive, room must first 
be made for the breakdown gang and appliances by 
digging away the snow on either side. Such con- 
tingencies are of a very common nature when bucking 
is resorted to to force the plough through a deep drift 
ahead of five or more locomotives. With a rotary 
plough, one heavy locomotive, or at the most two, is 
all the power needed behind the plough. The prin- 
ciple will be at once evident on reference to the illus- 
tration, Fig. 1, which we give on page 172, of a large 
rotary plough construc lately by the American 
Locomotive Company, at the Cooke Works, for the 
Denver, North-Western, and Pacific Railway. The 
large wheel in front, in rotating, cuts into the snow, 
which is thrown out at the top, off to one side or the 


other, well clear of the track (see Fig. 2). This wheel 
is com of ten cone- scoops fitted with 
hinged knives. It will be seen that every two knives 


are coupled together in such a fashion that one knife 
is always set for cutting. If the wheel revolves, 
therefore, in one direction, the leading knives are eet 
outwards, while the others flap back against a stop. 
If the wheel be reversed in direction, the knives set 
themeelves almost instantaneously. The casing is 
13 ft. 4 in. wide, and is provided with a bevelled edge 
on the inside. A hood at the top is provided to direct 
the snow off to one side. This hood is fitted so as to 
be reversible. Operated by an air-cylinder, it can be 
thrown over on either side, according to the direction 
in which the snow is to be deposited. The wheel must 
be run, of course, in the proper direction for the position 
of the hood. The wheel is rotated by a two-cylinder 
horizontal engine fitted with Walschaert valve-gear. 
Steam is supplied by a locomotive type boiler fitted 
with Belpaire fire-box. 

The plough is carried on a steel frame of channel 
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ROTARY SNOW-PLOUGH; DENVER, NORTH-WESTERN, 


AND PACIFIC RAILWAY. 


CONSTRUCTED AT THE COOKE WORKS OF THE AMERICAN LOCOMOTIVE COMPANY. 





Se hte etter of. 














Fie. 2, 


and I section, and is mounted on two four-wheel | axle, These are also operated by an air-cylinder. The 
trucks. In order to guard against derailment of the | illustration, Fig. 3, gives a fair idea of the road-cut in 
plough the front truck is provided with ice-cutters | deep snow, and also shows how clean the rails are left 
and flangers. The cutters are attached to a frame | after the plough has passed over the ground.. As we 
hung iu front of a leading truck, and are worked by | have already stated, in the western portion of North 
means of an air-cylinder to allow of raising when | America these ploughs are used a great deal, and we 
crossing frogs and switches, The flangers are hung | are now informed that the American Locomotive Com- 





in the rear of the truck, and are connected to the | pany, 26, Victoria-street, S.W., have received orders | 








Fie. 3. 


| for one from the Transandine Construction Company 
| for use on the Chilian slope of the Andes, while one is 
| already in use on'the Argentina side of this chain. 








LiLaNHARRY.—A company styled the Cardiff Hematite 
Iron Ore Company has decided to sink a shaft for iron 
ore at Lianbarry. It is hoped that the output of ore 
will be proceeding in about twelve months, 
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THE TREZZO D’ADDA ELECTRIC-POWER 
STATION. 


Tue River Adda has ita source in the Stelvio Pass, 
and previous to flowing into Lake Como it is utilised 
at Morbegno for the production of over 6000 horse- 
power for electric traction on the’ Lecco-Sondrio Rail- 
way. The Adda leaves Lake Como at Lecco. From 
Lecco to Paderno, a distance of a few miles only, the 
fall amounts to 40 metres (130 ft.), and at the latter 
place a generating-station was built in 1893, producing 
13,000 horse-power, utilised by the Edison Company 
of Milan. In the Paderno Valley, at Trezzo, a distance 
of about 19 miles from Milan, the river takes a sharp 
curve (Fig. 1, page 173), at which point an electric- 
power station has been put down. 

The barrage which has been built across the river is 
shown in Figs. 1 to 4. It is divided into two parts, 
the discharge near the right bank, made with three 
sluices, fitted with sluice-gates 4 5 metres (14 ft. 9. in.) 
wide each, the sillsof which are 5 metres (16 ft. 5 in.) 
below the up-stream water-level, and the barrage 
proper 80 metres (262 ft.) in length, 2.55 metres (8 ft. 











| river through two discharge tunnels of about 60 square | 
metres (645 square feet) section, after a flow of only 
90 metres (295 ft.). For navigation purposes a canal 
has been cut in the right bank of theriver. It com- 
mences near the barrage (Figs. land 2). Its developed 
length is approximately 400 metres (1300 ft.), its 
minimum width 12 metres (39 ft.), and minimum depth 
of water 2 metres (6 ft. 6in.). It is provided on the 
down-stream end with a lock, 42 metres (140 ft.) in} 
length and 6 metres (19 ft. 8 in.) wide. A fish-ladder | 
(Fig. 2) has been built on the opposite side of the river. | 
Of the ten large turbines, six were built by Messrs. 
Riva, Monneret, and Co., of Milan, and the remaining 
four by Messrs. Escher, Wyss, and Co., of Zurich. 
These turbines revolve at a speed of .105 revolutions 
per minute, with a flow of 3740 gallons under a head 
of 6 metres (19 ft. 8 in.), or a flow of 3520 gallons 
under a head of 8 metres (26 ft. 3 in.). The two 
smaller turbines have a speed of 190 revolutions per 
minute, with a flow of 880 or 660 gallons, under the 





same heads. In order to obtain the speed, double 

































































2 in.) high, laid at an angle of 45 deg. with the direc- 
tion of the river. It is built of concrete; the edges 
of the steps are faced with granite courses (Fig. 4). 
The foundations were driven by compressed air. At 
some parts they have been carried to a depth of 
17 metres (55 ft.) below the river-bed. 

The engine-room is shown in the plan (Fig. 5). It 
is to contain, when fully completed, ten large and two 
small water turbines, the latter driving the excit- 
ing dynamos. The turbines have vertical shafts, as 
shown in Figs. 6 to 9, the ten larger ones being each 
direct-coupled to a 1000-kilowatt alternating-current 
machine. The hydraulic plant is to have, therefore, a 
total capacity of 10,000 kilowatts. The normal out- 
put at the present time is 60(0 kilowatts when the 
water-discharge available is 1)0 cubic metres per 
second (22,000 gallons); but in winter, during two or 
three months, the minimum quantity falls to 40 cubic 
metres (9000 gallons), and the deficiency in the out- 


put—4000 kilowatts—is supplied by a steam plant | 


(Fig. 5). 

The approach-channel is slightly above the turbines, 
and is divided into ten delivery heads, 4 metres (13 ft.) 
in length each, These are covered by gratings level 
with the roadway along the front of the building. 
The tail-race in the rear varies in width from 15 to 
22 metres (49 ft. to 72 ft.), the depth of water reach- 
ing 3.5 to 5.5 metres (11 ft to 18 ft.), varying with the 
seasons of the year. The water is returned to the 














discharges downwards and the other upwards in the 
centre of a common housing, and thence into the tail- 
race. In this way the lower wheel, which discharges up- 
wards, has the whole of its disc submitted to the full 
water-pressure, this reducing the weight on the shaft- 
bearing. An aspirator-tube removes the pressure from 
the space between the top-wheel disc and its cover. 
The alternator shaft is connected to the turbine 
shaft by a forged flange coupling. A heavy star-frame, 
bolted down to the engine-room floor, carries, and 
serves as a guide for, the whole of the rotating parts 
of the machines. The upper end of the alternator 
shaft revolves freely in the star-frame, inside a bushed 
vertical bearing, and is drilled and tapped concentri- 
cally toa depth of over Sin. The hole in the shaft is 
tapped with left-hand rectangular threads, for taking 
an extension shaft, or bolt, at the top of which is 
keyed a reversed step- bearing, this being further 
secured to the extension shaft at the top by a nut and 
cotters. The reversed step-bearing rests on a corre- 
sponding fixed bearing bolted to the star-frame, the 
whole being cased in and amply lubricated. A device 
which consists of a double serpentine pipe with water 
circulation is provided inside the casing for cooling the 
oil. 
The maximum pressure on the step-bearing work- 
ing area is about 16 kilogrammes per square centi- 





metre (2351b. per square inch); normally, the total 
load on the bearing is about 20 tons, and this, during 


turbines, of the mixed-flow pressure type (Figs. 6 | 
and 7), have been adopted. . Of the two wheels, one | 








the tests, was carried: up to 32 tons. An automatic 
governor with hydraulic relay regulates the working 
of each turbine by-acting on the sluice-valves. 

The rotor of the larger alternators acts also as a 
fly-wheel ; a fly-wheel is added to the smaller exciting 
machines to compensate for the comparatively small 
weight of the rotor. Each turbine is fitted with a 
powerful brake, which is capable of holding it fast 
even when under the water pressure. 

Three-phase current was found the most suitable 
form of current for this generating-station ; the pres- 
sure is 13,500 volts.. One of the reasons which deter- 
mined this pressure was an eventual combination of 
the supply with that from the Paderno station, which 
also generates three-phase current at the above voltage. 
The current from some of the alternators has a fre- 
quency of 42 cycles ; two work at 50 cycles for supply- 
ing power to a Bergamo company, who own machines 
built for this higher frequency. The alternators are 
of the rotating field type, built to generate direct 
at 13,500 volts; the builders are the Unione Elet- 
trotecnica Italiana, Gadda and Co. The outside 
(stationary) armature is built in two parts; it is 


1 | Fig. 72. 


6 metres (19 ft. 8 in.) in diameter, cast with six foun- 
dation-plates for bolting to the concrete flooring. There 
are two radiating supports—a top one, which acts also 
asa guide, and a bottom one, serving both as a guide 
and a bearing for the field, the shaft, and the turbine 


wheel. The main function of the top support is to 
carry the whole of the rotary system, the lower ‘one 
maintaining the position of the rotor with regard to 
the stator; the latter is fitted with a ‘white-metal 
bearing. Beneath the collar of the lower support are 
the ee tins for the rotor. The top support contains 
a step-bearing, to which a constant flow of oil is sup- 
plied’ by the serpentine pipe above referred to; the 
bearing is also fitted witha white-metal lining. The 
oil from the top bearing is léd down to the bottom 
one through the boss of the machine. The field con- 
sists of a cast-iron wheel to which are fixed the lami- 
nated poles in the usual way; the windings are of 
flat copper wire, paper-insulated. In the course of the 
insulation tests, the machines withstood a pressure 
of 20,000 volts. 

The two smaller turbines each drive an exciting 
8-pole dynamo at a speed of 190 revolutions. Each 
dynamo absorbs 240 horse-power, and generates 1250 
amperes at 130 volts. The mechanical details are the 
same as in the case of the larger machines. The 
commutator is on top, and easy of access. 

The switchboard is located on a platform placed 
against the partition-wall towards the steam-engine 
room, with a view to utilising it for both parts of 
the plant ; this simplifying the installation, and leading 
toa saving incopper. A diagram of the distribution is 
reproduced in Fig. 10, in which are marked the 42- 
cycle and 50-cycle systems. A system of bus-bars has 
been adopted, of sufficient section to collect the current 
of the fourteen alternators, inclusive of the four steam- 
driven ones. The current from each separate machine 
flows first through an oil-switch, and an instrument 
transformer, thence to the ring of generator bus-bars. 
The feeder bus-bars are connected to the generator- 
bars, as illustrated in Fig. 10. Each switchboard 
apparatus is placed in a separate concrete cell, Fig. 11 ; 
the lines running through the walls in porcelain insu- 
lation-tubes. 

The steam-engines are horizontal, of 1500 horse- 

wer, fitted with Lentz distribution gear, supplied 

y Babcock and Wilcox boilers. They run at a speed 

of 148 revolutions, aud their steam consumption is 
guaranteed not to exceed 5 kilogrammes (11 lb.) of 
superheated steam at 350 deg. Cent. (660 deg. Fahr.) 
per brake horse-power. hey are direct-coupled to 
13,500 volt, 42 period alternators, of similar type to 
those of the hydraulic section of the plant ; they are 
excited from the two hydraulic-driven dynamos. 

The line extends as far as 30 kilometres (19 miles) 
from the generating etation. Most of the current, 
however, is transmitted to Monza, a distance of 21 
kilometres (13 miles). The main to Monza consists of 
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twelve copper wires, 9 millimetres (0.35 in.) in dia- 
meter. The insulating supports on which it is car- 
ried are mounted on poles placed 110 metres (360 ft.) 
apart. Besides the 50-cycle current supply to Ber- 
gamo, another line starts from the station for dis- 
tribution over the province of Milan. This consists of 
six wires, 6 millimetres (0.23 in.) in diameter, carried 
on iron posts placed 100 metres (330 ft.) apart. Over 
forty townships are lighted by current from Trezzo, 
transformed down to 250 volts on the spot. The 
secondary distribution is in charge of a separate 
company. 

Tests are now being made with a view to using 
galvanised iron wire in part of the secondary distri- 
bution system at 13,500 volts, for lengths exceeding 
10 kilometres (6.25 miles). The results of these will 
show whether the increased loss due to the magnetic 
property of iron, the increased fall in preesure, and 
the life of the lines, will compensate for a lower first 
cost. 

The plant has been designed throughout by Engineer 
A. Covi, of Trezzo. 








MODERN MOTOR VEHICLES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 5, the President, 
Sir Alexander Kennedy, in the chair, the paper read_was 
‘*Modern Motor Vehicles,” by Lieut.-Colonel R. E. B. 
Crompton, C.B., M. Inst. C.E. The following is an ab- 
stract of the paper :— 

The paper is divided into two parts, the first containing 
matter of general interest, suitable for reading and dis- 
cussion, the second part, of almost equal length, contain- 
ing statistical matter. 

In the first part the author deals with the rapid growth 
of the automobile industry, touching shortly on its his- 
torical side and on the general ignorance of the good 
start made by Hancock and others in the early part of 
the last century. He then describes generally the recent 
development which has followed the invention of the 
Daimler petroleum spirit engine. 

He next gives a general account of the arrangement of 
the mechanism of the various classes of vehicles in use, 
dealing first with the motor-car used for pleasure—a de- 
velopment of which is used for public-service vehicles, 
such as motor-omnibuses—and then with the heavier 
vehicles used for commercial purposes, such as traction- 
engines, steam-wagons, and parcel-vans. These are dis- 
cussed in three groups — namely, those propelled by 
engines using petroleum spirit, those using steam, and 
thos? using electricity. He states the reasons why the 
development of most of the vehicles in the streets appears 
to be in the direction of using petroleum spirit, and 
dwells at considerable length on the recent progress in 
the use of steam, which he considers may have far- 
reaching effeets on other users of steam power. 

The general engineering questions involved were next 
discussed, by comparing the road-locomotive with the 
railway locomotive. The author deals with the power 
question and the various resistances met with. In con- 
nection with that of the road he goes somewhat fully 
into the question of road-construction and maintenance ; 
and he also discusses the air-resistance question, with 
which the dust problem is so intimately connected. 
Questions of wheels, elastic tyres, gearing, steering- 
mechanism, brake-mechanism, skidding, and fuel are all 
dealt with in turn. Finally he comes to the important 
matter of the cost of working motor-vehicles in town and 
country, and summzarises the statistical matter contained 
in Part IT. 

Part IL. gives running costs of traction-engines, steam- 
wagons, petrol-driven wagons, motor-omnibuses in 
London and in the country, a private petrol-driven car, 
& private steam-driven car, and a private electrically- 
driven car. It also contains typical illustrated descrip- 
tions of modern motor-vehicles, including all those that 
are best known and that have passed beyond the experi- 
mental stage. 





German Mrininc UNDERTAKINGS IN Norway. — Two 
German iron and engineering works in Upper Silesia 
have just bought the Salangen iron-ore mines in Norway. 
To effect the purchase, which has received the approba- 
tion of the Norwegian Government, a Norwegian com- 
pany has been constituted, the two German firms 
finding the share capital between them. The capital, 
which it will be necessary to promptly increase, is 
1,500,000 kr , which also represents the sum the Germans 
are to pay the vendor, a Swedish gentleman, for the 
mines, in addition to another 1,500,000 kr. in royalty— 
20 dre (or barely 3d.) per ton of ore. The Norwegian 
Government has in one or two cases shown an indis- 
position to allow foreigners to become interested in 
Norwegian undertakings, mines, waterfalls, &c., and 
several restrictions have also been embodied in the con- 
cession granted to the said German firms ; thus one third 
of the members of the board must be Norwegian citizens, 
and the company must only employ Norwegian engineers 
and labour. The German firm are to pay the Norwegian 
Government a sum of 2000/. for the concession. The iron 
ore in question is not of a very high class, and will have 
to be briquetted, the necessary patent rights for this pur- 
pose having been already secured by the vendor, and 
included in the sale. The annual output is calculated at 
200,090 tons, all of which the two German firms in ques- 
tion are expected to consume. The concession stipulates 
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**QUESTIONS OF MOTOR-CAR DESIGN.” 
To THE Eprror oF ENGINEERING. 
Srr,—Referring to your very excellent article with 
reference to springs in your issue of the 18th ult., page 69, 
there is just one point on which it seems to me there is room 
for a difference of opinion, and that is with reference to 


| Figs. 10and 11. The design of Fig. 10, it seems to me, 


is necessary, or an equivalent to Fig. 10 is required owing 
to the very long springs required, and the fact that users 
do not want the back of their body to protrude backwards 
as far as would be the case in Fig. 11 if the frame is taken 
right out tothe cross-spring. If this were done, the coach- 
builder would either have to leave some 12 in. of frame 
projecting behind the body on a given length of frame, 
or, if he built right back to the pat of the frame, the back 
wheels would be too far forward in relation to the body. 

Fig. 10 is really a compromise to try and suit public 
demand in regard to position of carriage-work in relation 
to the wheels, and yet give amply long springs. 

Would you mind considering the matter from this 
point of view, and say if you have any alternative sugges- 
tion to make? 

Yours truly, 
8S. F. Epcr. 
14, New Burlington-street, London, W., 
February 5, 1907. 

[The relative length of the body and the frame, as well 
as the shape given to the end of the body, vary so widely 
for different types of cars that there appears no reason 
why the body-work should not always be brought back 
far enough to terminate over the cross-channel of Fig. 11. 
Even if with any particular arrangement of wheels and 
seats the back of the coachwork fell short, it could easily 
be swept outwards at the base, with an easy curve to 
finish flush with the cross-channel. There is no need to 
have uncovered framework projecting at the back of the 
car. We think that nothing justifies the unmechanical 
arrangement shown in Fig. 10. As Mr. Edge asks us to 
suggest an alternative, we may mention that we con- 
sider the plan adopted by the makers of the car that won 
the last Tourist Trophy race distinctly preferable, although 
the correct solution of the problem is to — the frame 
itself over the rT spring, as indicated in Fig. 11 


| of our article.—Eb. 





COMPOUND LOCOMOTIVES. 
To THE EprTor OF ENGINEERING. 

Srr,—The letter of ‘‘ Efficiency,” appearing in your cur- 
rent issue, has revived the time-worn controversy of com- 
pound versus simple for locomotives ; but his remarks are 
sufficiently pertinent to present practice on the world’s 
railways to justify a few remarks on the part of the 
writer, more especially as he can claim the qualifications 
of considerable research and close observation of the 
practice of locomotive engineers in all countries in refer- 
ence to this question. 

The curious and somewhat paradoxical attitude of 
British locomotive engineers in reference to compounding 
contrasts strongly with the attitude of foreigu locomotive 
engineers as a whole; but it must be remembered | 
after all, Great Britain employs only a small proportion 
of the locomotives of the world, wee | to obtain a correct 
idea of the real state of affairs great allowance must be 
made for the immense differences in area, conditions, 
and statistics of foreign countries. Therefore it may be 
that in proportion this country does not compare quite so 
unfavourably as is generally supposed. Furthermore, in 
many countries, either because of the fact that the rail- 
ways are State administrations, or that the locomotive- 
builders, with their! special designs, have a greater share 
in the supply of locomotives, with e comparatively free 
hand, than 1s the case here, the extent of adoption of 
designs possessing special features can be considerably 
greater than in this country. 

Such explanations as these are, at best, only of slight 
importance; but it is as well to realise them. It is 
impossible, however, to seriously review the world’s 
practice and avoid the conclusion that compound loco- 
motives are employed principally by choice, and the self- 
interest of firms associa with particular systems is 
really only a minor factor; therefore, the fact must be 
f that in France, Austria, Hungary, and Switzer- 
land nearly all locomotives now built, of all classes, are 
compound engines; and in Germany, Italy, Russia, and 
South America—many of these latter are British-built and 
British-designed—they form a large proportion. More- 
over, the compound locomotive is accep more or less 
extensively in Spain, Portugal, Scandinavia, Belgium, 
Asia Minor, the Balkan States, and the United States, 
besides other parts of the world. 

Many of the best-known systems are associated only 
with particular firms, but the two-cylinder compound 
pom gone A according to the Worsdell-von-Borries- 

apage system) is used in most countries more or less, 
and the de Glehn. four-cylinder system and the Mallet 
articulated system are used very largely without reference 
to the engineers responsible for their introduetion. This 
may be due to the fact that the special features of these 
systems are covered by patents now expired, or have 
never been patented ; but it is an important argument in 
favour of the acceptance of the compound locomotive on 
its merits. 

What, then, is the explanation of the general bad 
character that is considered so extensively applicable to 
the compound locomotive here ? 

In the writer’s opinion, the explanation can be briefly 
es i as follows :— 

. The advantages of the compound locomotive are 
usually overstated, though real ; and under some circum- 


for rational working having to be commenced before the | stances, and for some duties, particularly when very mis- 
cellaneous in character, they may be negatived. 


expiration of 1910, 





2. The comparative perfection of the simple locomotive 
in this country renders the comparison still more un- 
certain. ; ! : 

3. The official policy of many railways is rather in 
favour of the use of locomotives which give good all-round 
efficiency, in preference to locomotives which give special 
efficiency in some respects (as economy), possibly with a 
weakness in other respects. , 

4. A great deal depends upon the drivers and firemen, 
and they may be seriously influenced by official policy. 
How far this is justified only those behind the scenes in 
locomotive engineering can truly say, but it is believed. to 
be a real argument. - : 

5. It is probable, too, that the mechanical advantages 
incident to compounding are, at least, as important as 
those directly due thereto. . 

All uments notwithstanding, and however anti- 
compound one may be, the position must be faced that 
the overwhelming evidence in favour of compounding 
shows that theory and fact are not really opposed in this 
matter. There are many engineers abroad who prefer to 
use non-compound locomotives, but then there are very 
large numbers who are uninfiuenced in their choice of 
compound locomotives; and the thousands of compound 
engines of various types and for various duties which 
have been introduced since the commencement of the 
present century, is satisfactory evidence that progress 
necessitates the consideration of compounding. 

At the present time the extending use of compound 
locomotives on the Midland Railway, and the desultory 
experiments on several other railways, is evidence that 
the somewhat mysterious fate of the Worsdell compounds 
on the North-Eastern Railway, the Webb compounds on 
the London and North-Western Railway, and the recent 
statements that the de-Glehn compounds on the Great 
Western Railway are not so satisfactory as the simple 
engines, must not be considered as conclusive against 
the compound locomotive ; and it seems justifiable to argue 
that although foreign engineers have preferred to use 
the compound locomotive reece it is a necessary factor 
in progress and development, British lccomotive engi- 
neers will before long proceed in like manner and will 
maintain the prestige of British engineering practice. 


Yours, &c., 
J. F. Garrns, 
32, Bromley-street, Stepney, London, E., 
February 4, 1907, 








Contracts.—Messrs. Ernest Scott and Mountain, 
Limited, have recently completed an installation of main- 
shaft pumps for the Dunston and Garesfield Coal Com- 

y, pumps delivering 1200 gallons per minute and 
in-bye pumps of 850 gallons per minute capacity. They 
have several electric installations in hi at collieries, 
eg., Manton Colliery, where three compound horizontal 
condensing-engines, each of 600 horse-power drive, direct 
400-kilowatt three-phase alternators for 500 volts. Several 
—— of motor-driven centrifugal pumps are also 
in hand. 





Tue LATE Proresson .MENDELEIEFY.—Dmitri Ivano- 
vitch Mendeleieff, who died at St. Petersburg on Feb- 
ruary 2, was born in Tobolsk, Western Siberia, on 
February 9, 1834, the youngest of seventeen children. 
Having studied natural science in St. Petersburg and 
taught science in Odessa, he resumed his studies in Heidel- 
burg in 1859, and was, in 1866, appointed Professor of 
Chemistry in the University of St. Petersburg. Physicol 
chemistry was his domain, and his clear formulation, in 
1869, of the ‘‘ Periodic Law” made his name famous all 
over the world. Thislaw arranges the elements in natural 
groups, according to their atomic weights, and regards 
the physical and chemical properties as periodic functions 
of those weights. The idea had been foreshadowed in 
Débereiner’s triads of 1829; and the late John Newlands 
had, here in aot, been grouping the elements in 
octaves since 1864, and bad pointed out, indeed, that certain 
vacant 8 in his table might be filled by the discovery 
of new elements. Lothar Meyer, who died in Tiibingen in 
1895, shares with Mendeleieff the honour of having, simul- 
taneously witb the latter, conceived the periodic law in its 
vast bearing, and subsequently developed it further. 
Both these scientists were awarded the Davy medal of 
the Royal Society in 1902. Among the elements which 
were discovered within fifteen years of their prediction 
by Mendeleieff were scandium, gallium, and germanium ; 
among those to which the recognition of the periodic law 
assigned their proper atomic weights, differing widely 
from the formerly-assumed values, were indium and the 
metals of the rare earths which have become so important 
for illumination—cerium, yttrium, and lanthanum. The 
later discovered new gases at first appeared to claim 
places in Mendeleieff’s tables which could not be con- 
ceded to them. In his ‘‘Chemical Conception of the 
Ether,” of 1902, Mendeleieff regards the ether as the first 
of the two elements of a zero group, both having smaller 
atomic weights than hydrogen ; an imponderable hydrogen 
he could not accept. Solutions he considered to be homo- 
geneous liquid systems of unstable dissociating compounds 
of the solvent with the dissolved substance. His general 
views are expounded in his ‘ Principles of Chemistry.” 
which have appeared in seven editions since 1870. His 
researches on wane took him to America, and he also 
investigated smokeless powders. The whole scientific 
world sent congratulatory addresses when he celebrated 
his seventieth birthday two years ago. Last year he 
retired from his eotignsy Drotemeesl uties, and received 
the Copley medal of the Royal Society. An honorary 
member of several academies, he was not a member of 
the Imperial Academy of St. Petersburg; he had been 

when ting himself as a candidate, owing, 





op 
it 1s said, to his —— spirit, and would not accept 
the proffered honour later. 
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PNEUMATIC-POWER HAMMERS AT BEARDMORE’S NAVAL CONSTRUCTION WORKS. 


CONSTRUCTED BY MESSRS. PETER PILKINGTON, 
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~ Fig. 2. 











Fig. 1. 


One of the interesting features in connection with 
the equipment of the new Naval Construction Works, 
at Dalmuir, of Messrs. William Beardmore and Co., 
Limited, is that all the hammers in the shipyard, en- 
gineering, and boiler works are operated by pneumatic 
power. This is, of course, consistent with the general 
scheme for the total abolition of steam power in the 
works, all machines and cranes being operated elec- 
trically by current generated in dynamos driven 
by Oechelhauser producer-gas engines. The producer 
gas is also utilised for the furnaces. One of the 
Oechelhauser gas-engines drives an air-compressor 
of the intercooling type, supplied by Messrs. Alley 
and MclLellan, Limited, of Glasgow, and _ illus- 
trated in detail in a previous volume (vol. Ixxxi., 
page 449). The compressor delivers 2300 cubic feet 
of free air per minute at two different pressures 
—namely, 30 1b. and 100 1b., and the valves on the 
hammers are arranged so that the exhaust, when the 
hammers are working at full power, returns toa receiver 
in connection with the low-pressure system. Asa rule 
it is found that the exhaust from the hammers, when 
striking the maximum blow, is 66 per cent. of the full 
charge, and this passes to the low-pressure receiver. 
But, as will presently be explained, the hammers are 
arranged to take low-pressure air when working at 
light luad, in which case the exhaust to the 
atmosphere. The amount of air, therefore, which is 
recoverable, or which returns to the low-pressure 
system, varies, and may be said to average 30 per 
cent. of the full pressure supply. This adds to the 
econemy of the system ; but, apart from this utilisation 
of the exhaust, the pneumatic arrangement has proved 
much more economical than steam ; indeed, it is esti- 
mated that the fuel consumption for air-hammers is 
about one-third that for steam-hammers. 

The p tic-power ha s used at Messrs. 
Beardmore’s Naval Construction Works have been 
manufactured by Messrs. Peter Pilkington, Limited, 
of Bamber Bridge, near Preston, who are the patentees 

















and sole makers, There are twelve in the shipyard 
department—viz., six of 74 cwt. each, and two of 
12$ cwt., one of 15 cwt., two of 20 cwt., and one of 
45 cwt.; and in the engine works department one 
of 23 cwt. twin, one 5 cwt. twin, one 5 cwt. single, 
two 74 cwt., two 10 cwt., and one of 20 cwt. and of 
30 cwt. The nominal size of each is the weight of the 
falling parts, without the pressure. 

This type of hammer is a new departure, and has 
all the good points of a steam hammer with equal 
facility of control. Dead blows, light and heavy blows, 
single blows, holding down, holding up, &c., can be 
effected at the will of the operator without any risk. 
In appearance, as shown on the engravings above, 
it resembles a steam-hammer of the thick-rod type, 
the only noticeable difference being the two cylinders 
—high-pressure and low-pressure — arranged tandem 
fashion. These cylinders are single-acting, the lower, or 
high-pressure, being called the ‘‘ striking cylinder,” and 
the upper, or the low-pressure, the ‘‘ lifting cylinder.” 
The air is distributed by two piston valves, operated 
by the hand-lever in theusual way. After the hammer 
has struck a heavy blow, the high-pressure air in the 
striking cylinder, when exhausting, divides into two 
portions, one of which lifts the tup, and then escapes 
to the atmosphere, and the other passes into the low- 

ressure main. Light blows are struck, and the tup 
is lifted by low-pressure air. In addition to the 
great economy realised, these hammers have other 
advantages over steam-hammers generally in use; for 
instance, the rods are thicker and of extra strength, 
and there is no stuffing-box or gland at the bottom of 
the cylinder, and, as this dispenses with the usual 
— there is no leakage of water with its atten- 

nt inconvenience and danger. The two pistons on 
each hammer are forged solid with the rod and tup. 
The tup has a claw end, dovetailed and fitted with 
a pallet. The anvil base and column are similar in 
design to a steam-hammer, but stronger, as will be 
seen from the illustrations, j 





THE TEMPERLEY-COCKBURN BOILER. 


On the opposite page we give illustrations of an 
entirely new system of working water-tube boilers, 
the aim of which is to secure additional output and 
efficiency. Figs. 1 and 2 illustrate a boiler fitted 
with the arrangement, and Figs. 3 and 4 show a full- 
size glass model of a boiler element constructed to 
illustrate the principle. The invention has been made 
by Mr. S. M. Cockburn, and is being introduced by 
the Temperley Transporter Company, of 72, Bishops- 
gate-street Within. 

The object aimed at by the system is to keep the 
whole of the heating surface covered by water, in place 
of a mixture of water and steam, as in ordinary water- 
tube boilers This end is attained by means of internal 

ipes or tubes of small diameter, placed inside the 
ooer ordinary tubes which form the heating surface. 
The small internal pipes, or extracting pipes, are per- 
forated on their top sides with small holes, and they 
run parallel with the ordinary tubes at the top of the 
space enclosed by the latter. Our illustration, Fig. 1, 
shows a Belleville boiler of the economiser type fitted 
with the apparatus. The lower ordinary tube is in 
section, and inside may be seen the extracting pipe 
marked a. The principle of the device is that as steam 
is generated it immediately passes through the small 
holes in the extracting pipes, and is at once carried to 
the steam receiver by the pipe 5, into which all the 
extracting pipes lead, and discharge above the water 
level. It will be noticed that only the lower tubes 
in the element are fitted with extracting tubes, for 
it is in the rows nearest the fire that evaporation 
occurs, ebullition not taking place in the upper rows. 
The main supply pipe taking the heated water from 
the economiser is shown at d, whilst the smaller pipe, 
marked c¢, carries the feed water to each element. . It 
will be seen that the small pipe c supplies water to 
about the middle tube of the element. 

Steam, when generated in the lower tubes of the 
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element, naturally rises to the upper part of the tubes, | 
and it then passes through the perforations in the 
extracting pipes, ’and through the pipes to the steam- 
drum. The water that is in the steam-extracting | 
pipes on starting is driven forward into the steam- | 
drum, its place in the pipes being taken by the 
steam ; and, after that, steam will naturally take pre- 





heating surface being denuded and in contact with 
steam—so long, of course, as a due supply of feed- 
| water is maintained. There is consequently no fear 
lof the tubes becoming damaged by overheating. If 
|excessive heating of the tubes of Belleville boilers 
|could have been obviated from the first by a simple 
|and efficient device, the. boiler troubles of the Royal 
|Navy—which loomed so large in the public mind 
at one time, and which, were often largely exaggerated 
—would never have arisen. There is, however, no 
need to impress the advantage of removing the chance 
| of overheating with any type of boiler whatever. 

A second advantage claimed for the Temperley- 
Cockburn system is secured by ‘‘ progressive heating.” 
In the boiler illustrated in Fig. 1 extracting. pipes are 
fitted only in the bottom lengths of tubes, as already 
pointed out. In the front box that is about the middle 
of the element a dividing plate is placed, and this 
makes a barrier separating the bottom lengths of tubes 
(in which extracting pipes are fitted) from the upper 
rows. The feed-water is introduced by the pipe c 
into the box of the lowest pair of tubes not fitted with 
steam-extracting pipes; that is to say, the fourth box 
from the furnace; and it then flows upward through 
the tubes in the upper half of the element, being 
prevented from descending in the lower tubes by 
the dividing plate already mentioned.’ As the water 
flows upwards it is progressively heated, and ds 
delive into the steam-drum, from whence it flows 
through the usual downcast pipes to the feed -dis- 
tributing box of the ordinary Belleville boiler, and 
thence to the lower tubes to be turned into steant-in 
the manner already described. As the illustration, 
Fig. 1, shows an economiser type of boiler, the water 
is introduced through the pipe d, which leads’from 
the economiser section, where the feed is first . 
It will be obvious that the principle would the 
same were there no economiser and the feed were 
pumped in directly to the lower section ; in fact, the 
upper tubes of the element act as an itional 
economiser. * ' 

Another advan aimed at by this system. con- 
sists of an improved form and arrangement of, the air 
jets above the fire, by which, in the Bellevillessystem, 
more complete combustion is secured than would 
otherwise = present with a limited combustion s 
for burning the gases before they become cooled by 
contact with the tubes. The ordinary jets hitherto 
used are held to be inadequate for the parpose, 
in place of them jets of air of greater velocity are in- 
duced. Experience has proved to the inventors that 
| these jets are found to bring about, by their strength 
|and volume, a more perfect combustion of the furnace 
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cedence of water, owing to the difference in the specific | 8 The principle of the steam-extracting tubes can be 
gravity of the two. here will be, however, some | oes 
water entrained and carried forward by the flow of| « 7, may be added that experiments made subsequently 
steam. This water returns from the steam-drum | to the above being written have shown that the whole of 
to the lower tubes of the element through the re-|the advantages of the economiser can.be obtained by 
gular return connections. By this arrangement the | progressive ting in the main elemen‘s in the way 
tubes are maintained fall of water—no part of the | described. 
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applied to any water-tube boiler ag tubes of large 
size, though it is to the Belleville boiler that our 
poenent description gr Trials have been made 
y Messrs. Burstall and Monkhouse, in order to ascer- 
tain to what extent the objects aimed at by the 
system have been secured. e give a somewhat ex- 
tended account of the practice adopted in carrying out 
these trials, because the details are not only of in- 
terest as bearing upon the boiler in question, but they 
inclade some novel features that may have a wider 
appieenon. 
he Belleville boiler used was ten years old, and 
had been standing idle for some years. It was of the 
non economiser type, having five elements, each con- 
sisting of twenty tubes. The heating surface, accord- 
ing to Admiralty measurement, was 675 ft., and the 
grate area 22 ft. It was considered, however, that 
the Admiralty method of measuring heating surface 
gave too liberal an estimate, as certain areas were 
included that were not exposed to the stream of 
hot gases, and their value would be small. It was 
therefore decided to measure only the actual tube, 
leaving out the junction-boxes, and this brought 
the heating surface down to 618 ft. The boiler was 
erected at the Thames Engineering Works, Greenwich, 
and steam-extracting pipes were placed in the eight 
lowest boiler-tubes, or four lowest pairs, of each 
element, these pipes being in connection with the 
steam-drum in the manner we have already explained. 
The dividing plate, for securing progressive heat- 
ing of the feed, was placed so as to give 40 per cent. 
of the total heating surface for steam generation, and 
60 per cent. for progressive feed heating; that is to 
say, 40 per cent. of the tubes were fitted with steam- 
extracting pipes. The improved higher pressure air 
jets were also fitted for the purpose of securing good 
combustion of the gases. The Belleville gauge glass 
was taken out and an ordinary one fitted ; the auto- 
matic feed-regulator, and the non-return valve in the 
downcast pipes, and the bafiles among boiler tubes 
were removed. In piece of the usual Belleville nipple 
joints there were substituted plain flange joints. The 
fact that the non-return valves in the downcast pipes 
were dispensed with and that a flange joint could be 
used in place of the Belleville nipple is suggestive, and 
will at onte oppent to any engineer who has had charge 
of this type of boiler. The flange joints were adopted in 
order to enable the experiments to be carried out, and 
not because they were an improvement on the original 
fittings. Rolls of wire were placed in the steam-drum 
to prevent the discharge from the steam ascension- 
pipes splashing against the opposite side of the drum, 
and thus causing moisture to be carried over with the 
steam. Some other modifications were also made in 
the arrangement. 

Welsh coal was used on the trials, but the quality 
was said to vary considerably. The rate of firing was 
kept constant at 600 lb. per hour, or 27.7 lb. per 
square foot of grate. The fireman had had previous 
experience of Belleville boilers, and the stoking was 
described by Messrs. Burstall and Monkhouse in their 
report as ‘‘good average stoking.”” Feed-water was 
measured by three graduated tanks, and the water 
in the boiler was kept at almost constant level. Steam 
was generated at 240 lb. per square inch. It passed 
from the steam-drum through a 14 ft. length of pipe 
to a vertical separator (both well clothed with non- 
conducting material), containing a vertical plate, from 
each side of which 100 #-in. iron rods projected, in 
order to arrest any water which passed over them. 
The water thus collected was measured. From the 
separator the steam passed through a stop-valve— 
regulated by hand to maintain the required pressure-— 
and from thence to the condenser. Gun-metal cu 
filled with mercury were fitted in the drum and in 
the separator in order to take thermometers. Glands 
were also provided for inserting glass thermometers 
with the bulbs in direct contact with the steam. A 
stéam-pipe age wey os the Cambridge Scientific 
Company, was also fit to the separator, and was 
used oh one occasion. Some of the thermometers were 
found to give a reading 8.6 . too low at 400 deg. 
Fahr. Unfortunately this was not discovered until 
afterwards, when it was not ible to determine 
which of. the readings reeset were taken by the 
inaccurate thermometers. 

The glass of the thermometers in direct contact with 
steam corroded to such an extent that they could not 
be calibrated after use; but Mr. Cocxburn overcame this 
difficulty by having a thick bulb thermometer made and 
electro-plating the bulb with copper, thus preserving 
the glass from the corrosive action of the steam. One 
of. the thermometers used in the separator was found on 
test to be reading 7 deg. too low at atmospheric pres- 
sure. On submitting it to hydraulic pressure of 240 lb. 
-—equal to the boiler pressure—the mercury rose 3 deg., 


meters were tested, and the allowance made for any 
error. 

The temperature of the gases in the tube space was 
taken, the Cambridge Scientific Company’s electric 

yrometers being placed between the elements at the 
k of the boiler and about half-way up the battery 
of tubes. The mean of 24 readings gave a temperature 
of 1054 deg. Fahr. For the determination of the air 
used for combustion, the weight of the flue gases and 
the heat carried away by them.was ascertained by a 
method suggested by Mr. Cockburn. It consisted of 
determining the weight of flue gases which, if deprived 
of a known quantity of heat, would suffer a known 
diminution of temperature. 

The displacement by steam of the water in the 
generator tubes was determined in the following 
manner. At a given signal, while under full steam 
and burning 27.27 lb. of coal per square foot of grate, 
a record was taken of the quantity of water in the 
feed-measuring tanks and in the hot-well tank, and 
also of the level of the water in the gauge-glass. No 
more coal was then fired, but the blast was kept on. 
The recorded water-level, as shown by the gauge-glass, 
was maintained by the feed-pump, and the stop-valve 
was gradually closed to keep the steam pressure in 
the boiler at 240 1b. As soon as the stop-valve was 
quite shut the feed-pump was stopped, and the quan- 
tity of water in the feed-tanks and in the hot-well 
was recorded. The difference, with corrections for 
temperature, was the quantity of water needed to fill 
the space previously occupied by steam. It was 
found that the net displacement of water in the gene- 
rating tubes for the case in which the displacement 
was greatest was 2.73 cubic feet ; the volume of steam 
—— in the tubes in one second being 2.85 cubic 
eet. 

Several trials were made with this boiler, but not 
all were under the supervision of Messrs. Burstall and 
Monkhouse, although the details are included in their 
report. We will, however, turn our attention first to 
trial No. 20, which was made under the supervision of 
Messrs. Burstall and Monkhouse, and may therefore 
be accepted on their authority. The trial extended 
over a period of four hours. The Admiralty grate 
was removed from the boiler, and cast-iron bars, 
0.84 in. thick, with }-in. air spaces, were substituted. 
The coal used was said to be Nixon’s Navigation, but 
it burnt with a ‘‘sticky clinker,” which dripped 
through the fire-bars like melted glass or slag and 
rendered the fire dirty. Good firing under these con- 
ditions was impossible. The mean evaporation for 
the whole trial was 10.66 lb. An eight-hours’ trial 
was also made under the superintendence of the chief 
assistant of Messrs. Burstall and Monkhouse. In the 
subjoined table we give some of the particulars of these 
two trials :— 


Trial Number .. : he = 20 21 
Area of fire-grate .. - sq. ft. 22 22 
Area heating surface, Admiralty measure- 

ment .. ov “ a sq. ft. 675 675 
Coal used i 7 - Nixon’s Navigation 
Average coal used per hour ns Ib. 600 600 
Calorific value of coal B.T.U. 14,544 14,659 


Average temperature in uptake, deg. F. 682 7 
inches water 0.72 to 0.84 0.82 to 1.3 
Ib, 5829 5s 


834 


Draught through fire. . 
Average feed per hour 


» temperature of feed deg. F. 106.0 91.3 
Steam pressure in boiler, Ib. per sq. in. 240 240 
Average wetness of steam .. per cent. 0.310 0.317 
Factor of evaporation ms mr - 1.17 1.186 
Feed-water per square foot of heating 

surface per hour from and at 212 
deg. F. + ad ‘a ea Ib. 10.07 10.22 

Water evaporated per pound of coal from 
and at 212 deg. F. .. “A aa Ib. 11.83 11.49 
Efficiency of boiler .. +. _ percent. 75.3 75.8 

Coal burnt per square foot of grate per 
hour .. we es ty os am 27.27 27.27 

PS Transmission of heat in four. bottom 

rows of tubes in percentage of total 

heat transmitted to water in boiler 
per cent. 75.7 72.4 


The conclusions Messrs. Burstall and Monkhouse 
based on these experiments were briefly as follows :— 
That the steam-extracting pipes kept the tubes full 
of water and entirely prevented overheating. Such a 
high rate of heat transmission as that taking place in 
the four bottom rows of tubes would be inconsistent 
with the tubes being denuded of water. Curvature 
of the bottom tubes from overheating would have 
caused the plain flange joints, used in place of Belle- 
ville nipples, to leak. It should be here stated that 
before the trials were made the tubes of the boiler— 
which, it will be remembered, was not a new one— 
were measured for curvature. The curvature varied 
in the first row of tubes from 8 to 14 thirty-seconds of 
an inch in different elements respectively. After the 
trials with the steam-extracting pipes in place the 
curvature had not increased. Strips of lead placed 
on the tops of the lower front boxes did not melt. 
Although the tubes had a hard scale about }-in. thick, 





the net error being therefore 4 deg., and a correction 
was accordingly made. Each of the six back boxes in 
the centre element, and six in one wing element, were | 
fitted with mercury cups to receive glass thermometers | 
for the purpose of determining the progressive heating | 
of the water. The lowest of the six boxes came into | 


the steam-generating part of the boiler. 





The thermo- | 


they did not get overheated. ‘‘ It appears from this,” 
the report says, ‘‘ that the steam-extracting pipes will, 
by keeping the tubes full of water, entirely prevent 
ae even with a considerable scale in the 
tubes.” 


pipes and stoppage of the small holes— the report says 
that after the trials the pipes were found to be in 
perfect condition, and none of the holes were stopped 
up. We have seen a number of these pipes taken 
out of the boiler tubes after a considerable period of 
running. The pipes had a certain thickness of clean 
enamel-like scale on them, but the holes were quite 
clear ; indeed, there was evidence that the passing of 
the steam through the holes kept them clear, as the 
scale was bevelled off all round the holes. As the 
report states, however, whether the pipes would be- 
come impaired can only be known by extensive ex- 
perience. It may be added that it would be a fairly 
simple operation to take them out and clean them. 

The advantage of the progressive heating of the 
feed water will be apparent, and the deposit of scale 
in a part of the boiler not subject to the greatest heat 
of the furnace will evidently lead to easier working 
and greater durability of the boiler. The good com- 
bustion of fuel was, the report says, evidenced by the 
absence of smoke, and the thermal results obtained. 

The report compares the performance of this boiler 
with that of the boilers of H.M.S. Hyacinth, and finds 
‘*the efficiency increased 11.5 points, or 17.7 per cent. 
—i.¢., from an efficiency of 65 per cent. to an efficiency 
of 76.1 per cent. at the same rate of combustion, and 
the output is at the same time increased 17.5 per cent. 
The boilers have the same ratio of heating surface to 
grate area.” 

The Temperley-Cockburn system of steam extrac- 
tion has been applied to several Babcock and Wilcox 
land-type boilers, and has been in use, in one case, 
for over eighteen months in practical work at the 
London Electric Supply Corporation, and is.stated to 
have given great satisfaction. The following results 
of trials, have been furnished to us. Before conver- 
sion, the evaporation was 16,623 lb. per hour at 68 per 
cent. efficiency. After conversion, the output wes 
increased to 21,405 lb. per hour at 73.5 per cent. 
efficiency, the maximum evaporation being 24,481 lb. 
per hour at 63.88 per cent. efficiency. These trials 
were of 10 hours duration or more. The conditions 
in regard to fuel, &c., were similar on all trials. Other 
trials have been made in a Government establishment, 
and have given equally satisfactory results. It may 
ée added that a new type of water-tube boiler has been 
designed purposely to take full advantage of the 
system. We propose later on to illustrate and describe 
this boiler, and also to refer more fully to the trials 
last mentioned. 

For the purpose of illustrating the action of the 
steam-extracting pipes, Mr. Cockburn devised the 
apparatus shown in Figs. 3 and 4. It consists of a 
number of glass tubes arranged to represent an element 
of a Belleville boiler with the steam-extraeting pipes 
fitted. In order to represent the generation of steam, 
air is forced into the water in the tubes. By means of 
a valve, the steam (air) extracting pipes can be put 
into operation, or shut off, at will. Fig. 3 is a repro- 
duction of a photograph taken with the steam-extract- 
ing pipes in action, whilst Fig. 4 is from a photograph 
when they were shut off. In the first case the water 
is ina state that might be described as fairly ‘‘ solid,” 
whilst in Fig. 4 the air (representing steam) is carried 
forward, and creates a froth, a large part of the sur- 
face of the tubes not being in contact with the water. 
When we saw this apparatus in operation some time 
ago the effect was very marked. 








Pic In Germany.—The German metallurgical industry 
made a great stride last year, the production of pig for 
the twelve months having been 12,478,067 tons, as com- 
pared with 10,987,023 tons in 1905, 10,105,941 tons in 
1904, 10,085,634 tons in 1903, 8,402,660 tons in 1902, 
7,785,887 tons in 1901, and 8,422,842 tons in 1900. The 
total of 12,478,067 tons, representing the production of 
last year, was made up as follows :—Casting pig, 2,108,681 
tons; Bessemer pig, 482,740 tons ; Thomas pig, 8,088,534 
tons; manganesed pig, 943,573 tons; and puddling pig, 
854, 536 tons. 





Tue Encingerina Inpex, 1901-1905. London: The 
Engineering Magazine. Price 303. net.—This volume is 
a compilation of all the engineering indexes that have 
appeared in the Engineering Magazine in the five years 
1901-1905. The matter is, of course, completely re- 
arranged, so that the work is consecutive, and not divided 
into the monthly lists of the magazine. It is edited by 
Mr. H. H. Suplee, of the Engineering Magazine, assisted 
by Mr. J. H. Chuntz and Mr. C. B. Going, and is the 
fourth volume of the index. It is proposed to issue in 
future the volumes at intervals of twelve months, ins 

of making one volume cover a period of five years. The 
aim of the index is to provide a record of articles of per- 
manent value that appear in the technical Press, and to 
give a short account of the article, sufficiently detailed, if 
possible, to enable a person seeking information to judge 
whether it would be of use consulting any article on any 
subject. The articles listed have appeared in the leading 
technical journals of the world during the period named 
above, the papers of Great Britain and the Colonies, 
America, France, Germany, Holland, Italy, and Spain, 





In ne to a possible defect to the system that 
might anticipated—the scaling of the internal | 





all being indexed, so that articles giving all sides and 
points of view may be traced, and then, if necessary, 
consulted. 
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THE STEAM TRIALS OF THE ARMOURED 
CRUISER ‘* WARRIOR.” 


WE reproduce on page 180 of this issue gpa 
illustrating the propelling engines of Li.M. armoured 
cruiser Warrior, which has just completed her official 

‘ steam trials, with satisfactory results. The Warrior 
belongs to the Duke of Edinburgh class of armoured 
cruisers, being the sixth and last to be completed. She 
was built at Pembroke, and work on her was delayed 
owing to the withdrawal of the men required in con- 
nection with the salvage operations on the Montagu. 
We have already fully described the class and given 
the main dimensions, along with illustrations, in 
vol. Ixxxi., page 571, so that it is only necessary here 
to state that this class is the first designed by Sir 
Philip Watts when he went to the Admiralty as 
Director of Naval Construction. The ships mark a 
great advance, not only in the protection against 
attack, bat also in gun-power; each cruiser mounts 
six 9.2-in. guns in separate barbettes— one on the fore- 
castle, one on each side forward, one on each side 
towards the stern, and one in the centre line on the 
upper deck aft. Four of these guns may be uscd on 
either broadside.. There are also in the waist of the 
ship, on each broadside, two 75 in. guns, and the 
secondary armament includes twenty-six quick-firing 
guns for repelling torpedo attack. 

The machinery of these ships was built to Admiralty 
design, and practically all the parts, including even 
the columns and bed-plate, were. made to standard 
gauges and jigs, in order to ensure, as far as possible, 
interchangeability.. The series of gauges and jigs 
adopted is iliustrated in ENGINEERING, vol. ]xxxi., 


|completed by them. 


company, which but a few years ago confined its opera- 
tions to ordinary merchant work, but has, since the 
appointment of Mr. Andrew Laing as managin 
director, stepped into the front rank, a fact indicat 
not only by the construction of the Warrior’s engines, 
but by the order received for the 70,000 horse-power 
turbine machinery for the Cunard liner Mauretania, 
and still later by the contract for the turbine machi- 
nery for H.M. battleship Superb. 

he first trial of the Warrior at one-fifth power was 
of 30 hours duration, and on this, as on all the trials, 
the vessel was loaded to the mean draught of 27 ft., 
while the bo.leis maintained a pressure of 168 lb. to 
the square inch. The cut-off at the high-pressure 
cylinder was 42 per cent. of the stroke, and the engines, 


power, the coal consumption working out at 2.01 1b. 

The 30 hours’ trial at two-thirds power was run in 
stormy weather, with a heavy sea, and these con- 
ditions militated strongly against economy. The air- 
pressure in the stokehold was 0.4 in., and the steam 
pressure at the boilers 186 lb. The high-pressure 
tend was slightly linked up, the average cut-off 
throughout the trial being 60 per cent. Running at 
121.3 revolutions the power indicated was 16,298 
horse-power, which gave the ship aspeed of 20? knots, 
notwithstanding the heavy weather. The coal con- 
sumption worked out at 2.07 1b., and, as shown in 
Table II., the water evaporated at 9 lb. per pound 
of coal. 

The full-power trial was run on Saturday last in 
favourable weather. The total power developed was 
23,641 horge-power, when the engines were makin 





pages 571, 649, and 751. The main engines were de- 


TABLE I.—Sream Triaus or H.M.S. ‘* Warrior.” 


Duration of trial. . 


8 hours’ full power 


137.6 revolutions. This is equal to 10.8 indicate 


! . 
| 80 hours’ consumption 


30 hours’ —— 
trial at 4700 indi 


trial at 15,700 indicated 








horse-power. horse-power 
Forward. | Aft. Forward. | Aft. | Forward, | Aft. 
Draught of water és bs ed in 26 ft. 27 ft. Gin. 26ft. 7, in. 27 ft. 4gin. | 26 ft. 7} im. 27 ft. 4} in. 
Steam pressure in boile Ib. per eq. in. ‘a 193.7 186.1. | 163 
Air pressure in stokeholds (| Some, Soto tte: Sage . 
Starboard Port. Starboard. ; Port. | Starboard. Port. 
Vacuum in condensers .. o 26.7 in 27 in 26.9in. | 27.2in. 27 in. 26.6 in. 
Revolutions per minute oe 137. 137.5 121.4 | 121.2 83.4 
High . 178 Ib. 178 Ib. 164.3 Ib. 166.4 1b. | 106.1 Ib, 107.7 Ib. 
Mean pressure in receivers .. Intermediate .. 73., 75 5, 63.7 ,, ae 24.1 ,, 23.3 ,, 
Low ; 24,, 23 , 10.5 ,, Bs ate 26. 
High “di ..| 65.9,, 72:6 ,, 68.5 ,, 71.37 ,, 30.47,, 30.5 os 
‘ at ntermediate .. 85.7 5, $2.7, 27.7 4, 25.11 10.61,, T.19 y, 
Mean prewure in cylinders .. — .-) Low, forward ..| 18 ;, 18.5 ;, 12.26}, 12.05 ,, 5.3 5, 5.12}, 
Low, aft... 19.1;,, 19.2., 12.61 ,, |- 12.17 ,, 6.21., 4.71,, 
—_ edi , os yo} a 2621 272 jl = 
; , ntermediate .. 3, 8,56 2668 2414 
Mean indicated horsepower .. --) Tow. forward .. 2,448 2,518 1470 1442 434 431 
Low, aft 2,598 2,607 15 1456 4.9 +88 
Total oi os os a6 & oa ‘i 11,807 | 11,834 8259 8039 2358 2423 
en ee 23,611 16,298 4781 
Consumption of coal per indicated horse-power per 
hour .. 56 ~s eb “ i aa . 2.33 Ib. 2.07 Ib. 2.01 Ib. 


Tas_e Il.—Mcean Results of H.M.S. “‘ Warrior’s” Trials. 








At 
a= |At One geven- At Full 
| Power. lenths Power. 
* Power. 
Heating surface per indicated horse-| 
power of main engines. . -- &q. ft) 7.38 4.1 2.83 
Coal consumed per square foot of grate! 
area... KA od” oe be - Ib| 15.6 25.2 41.4 
Indicated horse-power per square foot 
of grate area... es os << 7.8 12.2 17.8 
Indicated horse-power per ton of 
machinery % sig 5% oo _ 10.8 
Consumption of water per indicated 
horse-power per hour bor main en-| 
gines and auxiliaries) .. ée --|. 21.36 19.08 


18.28 


signed to develop collectively 23,500 indicated horse- 
power, and the high-pressure cylinders were made 
434 in. in diameter, the intermediate cylinders 69 in. 
in diameter, and the two low-pressure cylinders, each 
77 in. in diameter, the stroke in all cases being 42 in. 
1 here are two large condensers to each engine, each 
having a cooling surface of 7009 square feet, which 
serve for the main and auxiliary engines ; either may 
do the work for each ses of engines while the other 
is being overhauled. Some of the vessels have Babcock 
and Wilcox boilers, while others have Yarrow boilers, 


for four-fifths of the power to be developed, the re-| 


mainder of the steam being supplied by cylindrical 
boilers. This combination, it will be remembered, 
was suggested by the Navy Boiler Committee, with 
a view of using cylindrical boilers for low powers. But 
is this combination has not shown any increased 
economy, and has involved a certain measure of 
inconvenience, the practice has been discontinued. 


he boiler installation in recent ships is entirely made 
up of water-tube boilers. 

The machinery of the Warrior was constructed by 
way and Engineering Company, 


horse-power per ton of machinery. The air-pressure in 
the boiler-rooms was 1.05 in. The coal consumed per 
square foot of grate surface was 41.4 1b., while the 
indicated horse-power per equare foot of grate was 
17.8 horse-power, The average steam-pressure at the 
boilers was 193.7 lb. The results, which are set out 
in Tables I. and II., are therefore satisfactory, all the 
conditions of the contract being implemented. 





PrrsonaL.—Mr. Reginald G. N. Markham has_been 
appointed general manager to Tangent Wheels, Limited. 
Me Markham received his training as an engineer at the 
Royal Naval College, Keyham, and during his service in 
the Navy was senior engineer to His Majesty’s Fleet 
repair dép6t ship Vulcan. On retiring from the Service 
in 1900 he joined the Thornycroft Steam-Wagon Com- 

y, and for some time was editor of the Motor-Boat.— 

e are informed that.Mr. W. A. Simpon, A.M.I. 
Mech. E., has been appointed London manager to Messrs. 
Blackstone and Co., Limited, the offices of the firm being 
at 81, Cannon-street, E.C., and 4, Budge-row. — Mr. 
C. E. Brackenbury, A.M. Inst. C.E., was called to the 
Bar by the Middle Temple on the 28th ult.—We are re- 

uested to state that-Mr. J. G. Chamberlain and Mr. 

. Player, carrying on business at the Neptune Engi- 
neering Works, Tipton, have dissolved partnership. e 
business will in future be carried on by Mr. R. Player alone, 
under the name of Messrs. Joseph Wright and Co.— 
essrs. Frampton and Paine, 29, Old Queen-street, 8. W., 
have become agents for Morris and _ Lister, 
Carlton Works, Coventry, having relinquished their con- 
nection with Messrs. Lionel Robinson and Co., Limited, 
Ferry Works, Thames Ditton.—Messrs, Kramos, Limited, 
of the Locksbrook Engineering Works, Bath, have opened | 
offices, in connection with their business of electrical tool 
equipments, at 47, Victoria-street, Westminster, S.W.— | 
Mr. J. E. Cornish, M. Inst. C.E., having, ouleg to bad | 
health, resigned his position as m r of the Alexandria 
Water Company, Limited, Egypt, which he has held for 
the last twenty-five years, his place has been filled by 
Mr. H. R. C. Blagden, M.I. Mech. E., who has been | 





the Wallsend Sli 
Limited, and is th 


e most important naval contract | 


chief engineer to the company for the last 54 years. | 





It marks the progress of this | 


running at 83.2 revolutions, indicated 4781 horse- | 7p), 


OIL FUEL FOR MARINE PURPOSES. 


Mr. Graypon Hume, in a Fey od read last Monday 
before the Institute of Marine Engineers, gave some use- 
ful practical information on the burning of liquid fuel at 
sea. He dealt with three methods—viz. : first, using air 
as an atomising t; secondly, using steam; and, 
thirdly, atomising by centrifugal action. The firat in- 
volves the use of settling-tanks, a pumping system, & 
meter for gauging the quantity of oil, air-blowers, heaters, 
burners, and also a gasolene engine and auxiliary blowers. 
The main object of the tanks is to separate the oil 
from water held in suspension, and to this end there 
are wash-plates in the bottom to prevent the water 
being again mixed with the oil when it has once settled. 
A steam coil is also fitted for heating the oil to from 
100 deg. to 130 deg. Fahr. The pumping system is 
for conveying the oil from the bunkers to the burners. 
ree pumps should be employed for alternate use, 
straining or filtering devices should have careful atten- 
tion, and there should be an efficient air vessel. It 
is essential that all piping should be of iron, and 
not copper. With viscous oils there should be means of 
heating the oil in the bunkers; the usual manner being 
by a few turns of a steam-pipe near the suction. Air- 
blowers, generally of the Roots type, discharge into an 
equalising pressure tank. The oil-heaters are about 10 in. 
in diameter, and have a copper coil inside about 8 ft. in 
diameter and 6 ft. long; either live or exhaust steam can 
used. The burners consist of a pipe through which 
the oil flows, and which is junsepnied by a jacket which 
forms a passage for the air. There are two valves for 
respectively controlling the supply of air and oil. 
he construction of the furnace does not, in Mr. Hume’s 
opinion, get due attention. Complete combustion is 
impaired by too great a volume of air, and if the tempera- 
ture of the gases is not sufficiently raised, smoke results, 
unless the quantity of oil is increased. In early stages 
of combustion the gases distil at low temperature and 
pass away unconsumed. Various arrangements of brick- 
work are used, but all e that an extended front is 
necessary, and that the throat of the furnace should be 
lined. The bottom also should be of brickwork so as to 
cause any leakage of oil to be burnt. The back and sides 
should also be lined up to the lower row of tubes. Re- 
tarders in the tubes are beneficial. In an example 
from practice quoted the machinery of a ship deve- 
loped 2240 horse-power, and the consumption of oil 
was 1.08 lb. of oil per horse-power per hour, the funnel 
temperature being 540 deg. Fahr. rom a letter on the 
subject from a friend quoted by the author the following 
points may be summarised :—Great care should be taken 
to have clean oi), as anything that will stop the regular 
flow will cause smoke, and that runs up consumption. 
The soot, being heavy, cannot be blown away by steam, but 
must be swept; spring-scrapers being best. Water can be 
detected by a “frying” sound. eaters are essential 
with an airsystem, and make a steam system work better. 
With natural draught burners should point so as to con- 
verge about 3 ft. from the burner end; and if draught ‘is 
admitted below, they should be pointed down at a slight 
angle, otherwise the entering air drives the flame up 
- the crown of the furnace. A better way is to 
low air to come in from the four corners of the furnace, 
as this allows a minimum supply without smoking. The 
atomising agent should not be used as a jet to increase the 
draught. Tubes should be swept every two months at 
least. Ferrules will stop tubes leaking, and have to 
be used when boilers are forced ; they, eee retard 
the draught, and are, with small tubes, soon choked by oil 
soot. The oil-pressure on burners should be kept ‘as 
low as possible—about 15 Ib. to 25 lb.—according to the 
density of the oil. With low pressure the valves can be 
run almost wide open. 

Turning to the use of steam as an atomising agent, Mr, 
Hume points out that large evaporators have to be in- 
stalled to make good the water used. This will vary 
from 5 to 15 per cent. of the total evaporation. Examples 
are given of practice at sea with oil fuel with various 
descriptions of burners, the consumption rangin - 
tween 1.26 lb. and 1.48 Ib. of oil per indicated am 
power per hour. The mechanical-spray system is described 
as similar in principle to the form of nozzles used for 
lawn-sprinkling. Pressure is applied to make the oil 
flow and break it up. The passage of the fluid gives the 
required rotary motion, spiral blades being fitted for the 


pu . 

U pon a trial made with a Kérting burner of this type, 
14.9 lb. of water were evaporated per pound of Texan oil, 
from and at 212 deg. Fahr. 





ENGINEERING Exursition aT OLympr1a.—In connection 
with the Engineering Exhibition to be held at Olympia 
from September 19 to October 19 next inclusive, a well- 
attended meeting of the advisory council was held on 
January 28, to make several iminary arrangements. 
The organisation of the Exhibition is well in hand, and 
it appears certain of support among a large number of 
manufacturers and others interes’ in the success of 
such an undertaking. Mr. E. Worthington, B.Sc., 
M.I. Mech. E., was elected chairman of the advisory 
council. It was decided to organise local committees in 
G w, Birmingham, Manchester, ds, Newcastle, 
Cardiff, and other towns in order to keep in touch with 
the several engineering centres. It is hoped that in the 
forthcoming Exhibition the loan section will be consider- 
ably larger than in that held last year. Sub-committees 
were appointed to deal with matters concerning educa- 
tion, lectures, loans, inventions, receptions, &c., and a 
considerable amount of other business was transacted. 
The patronage of a number of leading engineers and 
others has again been extended to the Exhibition, 
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NOTICES OF MEETINGS. 


THE INSTITUTION OF MECHANICAL ENGINBERS—GRADUATES’ ASSO- 


aoe February 11, at 8 p.m. Lecture on “ Aerial 
Navi »" by Dr. H. 8. Hele-Shaw, F.R.S., Member, of London. 
All of members are invited to this lecture. 


Society or Arts.—Monday, Fe ll, at 8 
tures. ‘‘Gold-Mining and Gold uction,” by Professor John 
Walter G , D.Sc., F.R.S., F.G.8. Three lectures. Lecture III. 
“ Gold uction.”—W. , February 13,atSp.m. ‘‘ Motor- 
Omnibuses,” by Lord Montagu of Beaulieu. Mr. A. A. Camp- 
bell-Swinton, M. Inst. C.E., M.LE.E., will e.—Thursday, 
February 14, at 4.30 = Indian Section. _ ‘‘ The Practical Side 
of Famine in India,” by Sir Frederic 8. P. Lely, K.C.LE., C.8.L, 
late Chief Commissioner of the Central Provinces. The ht 
Hon. Lord Curzon of Kedleston, G.C.S.1., G.C.1.E., will e. 

Tus Surveyors’ InstiruTion.—Monday, February IT, a Peper 
will be read by Mr. Alfred A.-Hudson (Associate), entitled “* The 
Ventilation of London.” 

Tug Institution or ExecrrigaL Enemuers.—Giaseow Section. 
—Tuesday, February 12, at.8 p.m., in the Lecture Hall, 207, Bath- 
street, Glasgow. ‘‘ Remote-Control Switch-Gear,” by Mr. Frank 
Walker (Assoc. Member). 

Tue InstirvTion or Civi, Enomveers.—Tuesday, February 12, at 
8 =. Paper to be further discussed :—‘‘ Modern Motor- 
Vehicles,” by Colonel R. E. B. Crompton, 0.B., M. Inst. O.E. 
—Students’ meeting, Friday, February 8, at 8 p.m. “The Re- 
construction of a Swin Bridge on the Southwold Railway,” by 
Mr. Claude Pain, Stud. Inst. O.E. Mr. W. B. Worthington, 
M. Inst. C.E., in the chair. Students’ visit, Wednesday, Feb- 
ruary 13, at 3 p.m., to the Head-Quarters of the London Fire 
Bri ain (Assemble at the Head-Quarters, 82, Southwark Bridge- 

,» 8.E) 

Tue LiverPoo. ENeinesrine Socisty.— Wednesday, February 13, 
at 8 p.m, at the Royal Institution, Colquitt-street, when a r 
will read by Mr. Alaric Hope, Assoc. M: Inst. ©.E., A.M.I. 
Mech. E , entitled ‘‘ Notes on Zeebrugge Harbour Works.” 

Tue INsTiruTION OF AUTOMOBILE ENGINEERS. — Wed x 
February 13, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, 8.W., a paper will be read by 
Mr. Walter Rosenhain, of the National Physical Laboratory, on 
** The Strength and Structure of Alloys.” 

Tue JUNIOR INSTITUTION OF ENGINEERS.—Thursday, February 14, 
at 8 p.m., at the Westminster Palace Hotel. Pa; on “The 
Timbering of Excavations,” by Mr. O. W. Pettit, A.M.I. Mech. E. 

Tue Roya. InstrTuTiIon oF Great Britain.—Friday, ony be 
at 9p.m., Mr. Joseph Jackson Lister, M.A., F.R.S., on “ - 
minifera.” Afternoon Lectures at 3 p.m. :—Tuesday, February 12. 
Professor William Stirling, M.D., D., D.Sc., Fullerian Pro- 
fessor of Physiology, R.I., on ‘*The Visual Apparatus of Man and 
Animals.” (Lecture L)—Thu , February 14. Mr. Alfred 
Harker, M.A., F.R.S., on “‘The Minute Structures of Igneous 
Rocks, and their + gg (Lecture I.)—Saturday. Feb- 
ruary 16. Professor J. J. Thomson, M.A., LL.D., D.Sc., F.R.S., 
M.R.L, Professor of Natural Philosophy, R.I., on ‘“Réntgen, 
Cathode, and Positive Rays.’ (Lecture L) 

Tue InsTITUTION OF MBoHaAnicaL ENGINEERS. — Friday, Feb- 
ruary 15, at 8 p.m. Sixtieth Annual General Meeting. The 
Annual Report of the Council will be presented to the meeting. 
The results of the ballot for the annual election of the President, 
Vice-Presidents, and Members of Council will be announced at 


this meeting. The appointment of a professional accountant, to 
audit the accounts of the present year, will be made by the 
Members, and his remuneration fixed. By-Laws :—Agreeabl 
with Article 22, which sets forth that ‘' alterations in, and addi- 
tions to, the by-laws, may be made only by resolution of the 
Members and Associate Members at an annual general meeting, 
after notice of the alteration or addition has been 
announced at the previous ordinary meeting, and not otherwise,” 
the pro revision of the by-laws, which was issued to Mem- 
bers Associate Members on yy A will be submitted for 
adoption. The prizes awarded by the ncil for the best papers 
by Graduates during the session 1905-6 will be presented to 
Mr. J. H. Hurst and Mr. P. A. Amy. Alloys Report :—The dis- 
cussion on the Eighth Report to the Alloys Committee, 
on the “‘ Properties of the Alloys of Aluminium and Copper,” by 
Professor Carpenter and Mr. Edwards, will be commenced. 

Tue Royat Sanitary Instirvrs.—Saturday, February 16, at 
Stafford. Di i on “*To what Extent must Authorities 
Purify Sewage ?” by Mr. G. Reid, M.D., D.P.H. Visit to Hanley 
Sewerage Works. 





REeapIne - Cases.—Reading - cases which will hold twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
newsagent, Prive 6s, each, 
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MOTOR-OMNIBUSES. 


On Tuesday last Lieut.-Colonel Crompton read, 
before the Institution of Civil Engineers, a paper 
on ‘* Modern Motor-Vehicles,” an abstract of 
which will be found on another page. The fact 
that our premier institution should give to this 
t may be likened to the full - dress 
debate of a neighbouring establishment, and this 
following so shortly on the contribution of Mr. 
Clarkson on his steam-omnibus, read before the 
sister Institution of Mechanical Engineers, indi- 
cates what an important part mechanical propul- 
sion on common roads now occupies in the engi- 
neering industry of the aay Another meetin 
on the evening previous to that at which Colone 
Crompton’s paper was read was hardly less signi- 
ficant. The Society of Motor-Omnibus Engineers 


193 | is one of our youngest technical institutions, and 


we should say, from what we have observed, 
one of the most industrious. One would think 
from its scope, confined to the mechanism of only 
one class of road vehicle, that its membershi 
would be limited, and its choice of subjects ‘ 
Its fortnightly meetings are, however, well at- 
tended, and there has been no lack of papers by 





no means monotonous in character. As a war- 
ranty for continued prosperity, the management 
may point, to the increase in motor - omnibus 
traffic in the Metropolis. According to the Oom- 
mercial Motor, a journal which makes a special 

int of keeping a record of London motor-omni- 

uses, there were eight of these vehicles in com- 
mission on January 1, 1904. After the lapse of 
twelve months the number had increased to 20, 
whilst the lapse of another year brought the 
total to 230. That carries us to January, 1906; 
but during the year just past the remarkable 
growth in numbers continued, for in December 
last there were 795 motor-omnibuses on the road, 
whilst by the middle of January the total had 
increased to 818. 

It is interesting to compare this latter figure 
with the record of horse-omnibuses, and this we are 
able to do, also by the enterprise of our contem- 
porary. Two years ago the number of horse- 
omnibuses in the Metropolis was 3551; a year 
later the number had fallen slightly, the total 
being 3484; whilst in Jan last there had been 
a further decrease to 2964. mparing the figures 
for both classes of vehicles, it will be seen that 
there was an increase in the total number of omni- 
buses of all classes running on the London streets 
during the year. As we are not quite sure to a day, 
we will allow 800 as the number of motor-omnibuses 
on the Ist of last January, and this would give an 
increase of 570 for the year. On the other hand, 
there was a loss of 520 on the horse-omnibus 
account, so the total gain was 50. The motor- 
omnibus, however, carries more ngers, and 
travels much faster than the horse- omnibus, 
so that we might anticipate that the passenger- 
mile would be ly increased. That would be 
but another illustration of the fact that facilities 
for traffic increase traffic. There is, however, a 
set-off against these figures, for the motor- 
omnibus is subject to derangement of its pro- 

ulsive mechanism, such as does not affect the 
Slee agent in so frequent and uncertain a manner. 
The editor of the Commercial Motor again comes 
to our aid here. He has had a periodical census 
taken and finds that ‘‘the proportion of motor- 
omnibuses out of service for teaching, overhaul, 
temporary breakdowns, and painting for re-licens- 
ing, amounts at the present time, averaging all 
motor-omnibuses together, to 24 per cent... . 
The horse-omnibus to be, accidents excepted, 
out of service for, say, at the most, three 
weeks in the year, when it is thoroughly over- 
hauled and repainted.” Three weeks is not 24 
per cent. of fifty-two, so the horse - omnibus has 
the advantage, and this consists largely in the ease 
with which the living motive power can he sub- 
stituted. If it were equally easy to attach a new 
engine as a new horse, the motor-omnibus would 
naturally appear to greater advantage ; possibly a 
nearer approach to this condition may be reached, 
unless the engine becomes so trustworthy, by the 
process of eliminating weaknesses, that such a pro- 
vision against breakdown would not be necessary. 
The latter condition represents the great hope of 
mechanical traction; it is a hope, we may rest 
assured, that the ingenuity of engineers will bring 
to a consummation. Mr. Campbell-Swinton has 
recently said that within a year or two the cost of 
maintenance and repairs of motor-omnibuses will 
be reduced by oné- Our expectation of ad- 
vancement for horse traction is small, for motor 
traction it is almost unlimited ; and, we may add, 
in road surfaces also. 

How far motor-omnibuses will supersede horse- 
omnibuses depends chiefly on the question of cost. 
Some sections of the public will not mind paying 
extra. for higher s » but the majority have to 
look sharply after their pence. Se detailed 
figures of a trustworthy nature of the cost of run- 
ning of horse-omnibuses are not easy to get, and, 

haps, comparison at the present time would not 
a valuable ; our experience is too short. It 
will be remembered that Mr. Clarkson gave 
as the cost of running his steam -omnibuses on 
the Torquay system 8.89d. per mile, including 
wages, fuel, lubricating oil, tyres, depreciation, 
and other expenses. This, of course, was with 
paraffin fuel for generating steam. Another 
of his steam-omnibuses burnt 1 gallon of paraffin 
to 44 miles. Mr, Uampbell-Swinton has stated 
that the cost of running the twelve motor-omni- 
buses in connection with the Bath Tramway 
system is about 8d. mile. The figure included 
petrol, tyres, and outgoings, but was exclusive 








182 


ENGINEERING. 


[Fex. 8, 1907. 








of depreciation, maintenance, and general admi- 
nistration. Colonel Crompton gives a higher 
figure—nearly 13d. per mile—for cost of running 
motor-omnibuses on country roads; but he in- 
cludes the three factors above-mentioned as being 
excluded by Mr. Campbell-Swinton, and 
sibly some other items; and if a fair com n 
were made, there is no doubt that the latter's 
figure would be found higher than that of Colonel 
Crompton. It must be remembered, however, 
that the Bath omnibuses are only twelve in 
number, and, naturally, it is cheaper to work a large 
number of vehicles rather than a smaller number. 
Mr. Campbell-Swinton, however, has stated that the 
Bath Tramway Company were not disappointed if 
the motor-omnibuses themselves did not make a 
profit, as they were put on the road chiefly as 
feeders for the tramway system, running 20 miles 
out in some cases. The advantage of these vehicles 
to the outlying villages must be considerable. 

The cost of running in towns is generally, if not 
always, less than in the country, largely owing to 
the firmer roadway and larger number of vehicles 
engaged on a given area; and Colonel Crompton 
holds out hopes that before long the figure will be 
brought down to about 8d. per mile, including 
wages, fuel, lubricants, maintenance, depreciation, 
insurance, garage, supervision, and other items. 
If the promise held out by some of the oil com- 
panies is fulfilled, and a suitable fuel of higher 
specific gravity than petrol can be used, we may 
reach an even lower figure. We understand that 
one company running a large number of motor- 
buses in London have been using a fuel of this 
nature with considerable success ; and it has been 
stated that a saving of 25 per cent. in quantity 
can be obtained in this way with small alteration in 
the arrangement of the carburettor, A committee of 
the Motor Union have been inquiring into this ques- 
tion, and when their report is published, it will 
doubtless contain matter of considerable import- 
ance. One feature, we understand, will be that it 
is considered that, for heavy vehicles, at any rate, 
petrol of too low specific gravity has been used 
hitherto. 

The further discussion on Monday last of the 
paper by Messrs. Hart and Durtnall, at the Society 
of Motor- Omnibus Engineers, and the authors’ 
reply, did not do much towards convincing us that 
the prospects of electrical transmission of power 
superseding mechanical means were by any means 
certuin, and probably we shall have to wait for 
practical experience on the road to inform us on 
this matter. A great deal was said about the 
respective merits, or demerits, of alternating and 
continuous-current systems; but as we intimated 
in our notice of January 25, the practical matter 
is whether any electrical system put forward can 
rival that already in the field. Messrs. Hart 
and Durtnall in their paper gave an excellent 
résumé of various other electrical systems that 
had been tried; but they were so modest in 
putting their own claims forward that it was 
very difficult to arrive’ at any conclusion re- 
specting the details of the arrangement, and we 
were, therefore, led into the misapprehension of 
the arrangement which occurred in our descrip- 
tion, and which Mr. Durtnall corrected in his 
letter of last week. We gleaned, however, from the 
reply to the discussion that the total weight of the 
electrical gear on a 40-herse-power motor-omnibus 
would be from 11 ewt. to 11} ewt., and this would 
give an addition of no more than 500 lb. on an 
ordinary omnibus, This appears to be cutting the 
weight down a good deal, but it was stated, in 
reply to an objection raised on that account, 
in regard to heating, that as the majority of the 
running was done on direct drive, there would 
be plenty of time for cooling down. How far 
this would apply to hill-climbing remains to be 


seen. The torque was raised, it was also stated, 
by increasing the voltage, which, however, was 
rarely carried beyond 80 volts.. The weight of 


the exciter was 120 lb. In regard to fuel con- 
sumption, the inventors had not made experi- 
ments, but proposed shortly to carry some out. It 
is to be hoped that they will do very much better 
—as doubtless they will—than the two gallons of 
petrol per mile, given by one speaker as the result 
of a trial with another method of electrical 
transmission. It is to be hoped, however, 
that Messrs. Hart and Durtnall will be able 
to show that their system can compete suc- 


cessfully on an economic basis with the ae f 


design of power-transmission and change-s 





gear, which undoubtedly leaves much to be desired. 
The design of motor-omnibus machinery is now, 
perhaps, the most important branch of motor-car 
engineering. Putting aside the vast increase in 
these vehicles that is taking place—and still more 
is likely to take place unless official restrictions 
hamper it—the motor-omnibus chassis will set the 
example for those light delivery vans and fast 
commercial wagons which undoubtedly will carry a 
great bulk of the lighter goods traffic in the imme- 
diate future, just as the steam-lorry will transport 
heavier goods on common roads. 








THE DESIGN OF WORKSHOP AND 
FACTORY BUILDINGS. 

THERE are still extant in this country enough 
examples of old engineering shops to remind us of 
the remarkable development that has taken place 
during the last two decades or so in modern manu- 
facturing requirements. The older buildings, laid 
out without regard to many points which at the 
present day are considered as essential features, 
served their day. For years their masonry walls 
and timber-trussed roofs answered the purpose of 
—a from the weather and, with the unper- 
ected methods of production then in vogue, were 
sufficient, and withal not recognised as incon- 
venient. The time came, however, when these 
original structures were insufficient for the work of 
& prosperous firm, and at first the natural, but 
false, step was taken of building other similar 
buildings where available ground allowed. In this 
way, with but little provision for future re- 
quirements, large areas became covered with 
a number of, so to speak, self-contained buildings, 
dotted about, arranged without any regard to their 
respective positions. Often the shops had each 
its own boiler and engine plant, while frequently 
triangular patches of ground between them were 
put to no useful or productive purpose, serving 
merely as storegrounds, inconvenient in shape from 
the point of view of handling material, and perhaps 
even obstacles in the movement of material from 
one shop to another. In short, the old buildings, 
by their design and construction, did not lend 
themselves to extension, and as new shops were 
put up, while retaining perhaps the same style (if 
style it can be called), fresh dimensions in all 
directions were introduced, making large works a 
vast collection of heterogeneous buildings, attention 
being paid solely to the desiderata of each new shop, 
without regard to those already existing, or to the 
future. 

Contrast this with the position of the present 
day. There are but few new plants that have 
not been laid out with a view to the possible exten- 
sion at some future date of the buildings themselves. 
When the time comes and greater accommodation 
is found necessary, the new shops will be contiguous 
to the old, under even the one roof, and embraced 
in one comprehensive plan for the distribu- 
tion, collection, and general movement of material, 
at the most requiring, perhaps, some slight re- 
arrangement of machine-tools in the older portion. 
Even the smaller works are arranged with this in 
view. There is, may be, a temporary end or side 
screen, beyond which enlargement of plant is pos- 
sible when the business shall warrant such a step, 
at the least cost and inconvenience. It will, of 
course, be conceded at once that by the arrangement 
of works on some comprehensive plan the handling 
of material may be venthy facilitated, thereby assist- 
ing manufacturers to face successfully modern com- 
oo Such considerations as these, of facilities 
or the worksasa whole, and of possible extensions 
in the future, have led to the building of modernshops 
on lines that prove to be often ugly and monotonous. 
It will scarcely be denied, we imagine, that long 
brick walls without breaks of any kind, or broken, 
perhaps, only by some repeated casement of stereo- 
typed form, that ridge after ridge of glazed roofs, 
and other features of the modern shop are not 
calculated to enhance the beauty of a locality. It 
will be remembered that Sir Alexander Kennedy 
referred to this in his presidential address before 
the Institution of Civil Engineers. 

He cited as an instance of an engineering eyesore 
the late Charing Cross roof, which, though objec- 
tionable from the outside, was far from unpleasing 
viewed from within. Soit is with a large modern 
shop—though nothing beautiful from the exterior, 
the interior is often exceedingly pleasing to the 
eye. The light steel truss has taken the place 
of heavy timber work, giving an impression of 





| other. 


sufficient strength combined with a general sense 
of lightness and fitness of design. The lattice 
columns and girders suggest that fit and proper 
use been made of material (a suggestion which, 
by the way, the architect claims to aim at), while 
bay after bay of such long shops bespeak economy 
of construction, knowledge of materials, and method 
both in arrangement and in systems of business. 
The light, airy modern workshop is indeed a con- 
trast to the old, in which but few roof-lights were 
provided, and these to a great extent rendered 
ineffective by the heavy timber trusses, &c. So 
far as the interior is concerned, we think nothing 
of worth can be raised against the modern works. 
Concerning the exterior, opinions will probably 
continue to differ. It requires no little sense of 
taste to do exactly what is required in this direc- 
tion. Spurred on apparently by hopes of improve- 
ment in this respect, some firms have erected 
works of still greater ugliness than less pretentious 
ones ; others have indulged in lavish embellishment 
of a kind totally out of place in such a building, and 
the cause subsequently of much searching of hearts 
at half-yearly meetings. There may be found, how- 
ever, as the President of the Civil Engineers 
suggested, slight and comparatively inexpensive 
alterations, which will result in the complete 
change of appearance of a bare and monotonous 
stretch of masonry. To such matters it were 
foolish not to pay, at least, some notice. But 
these amount practically only to matters of secon- 
dary importance. 

The first object is, of course, to build a shop 
suited to the business. Nowadays this practi- 
cally amounts to a steel structure, to all intents 
and purposes independent of its surrounding 
walls. The width and length of bays are settled 
by the size and amount of work, the height is 
settled by the size of work and the use to which 
cranes will be put; and the form of roof is chosen 
with due regard to lighting and other matters. 
All this stands alone as a structure, and the walls 
—of brick, masonry, galvanised iron, or weather- 
boarding—serve as protection to the contents against 
weather and depredation. And yet the modern 
system is still not sufficiently perfect to be followed 
blindly. It may be that when the time comes for 
extension the class of work done in the shop has 
altered in size, rendering the work in existing 
shops cramped and floor space crowded. Then it 
must be decided whether it be more economical 
to keep to the standard span of the shops or use a 
wider bay for the extensions. Such difficulties 
have already been encountered in locomotive and 
carriage works. Shops considered to be of ample, 
one might say almost noble, proportions have 
grown too small in width or too low for efficient 
crane service ; and new shops, in view of the in- 
creased expense of hindered work under cramped 
conditions, should, if needed, break from any 
blind adhesion to certain accepted features of 
existing structures. 

One of the chief considerations to be taken into 
account at the present day is that of requisite crane- 
power. It may be said that shops for small work 
only present but few troublesome problems. Stiff- 
ness to resist wind-pressure can be easily arranged 
for, while provision for lighting, ventilation, shaft- 
ing, and good floors are other important considera- 
tions. Where cranes have to be employed, how- 
ever, the features of the case alter somewhat. 
Columns which have to support the roof and crane, 
and also the structure, as a whole, must be stiff 
enough to resist all strains due to the use of cranes 
and shafting, in addition to those due to external 
agencies, such as wind and snow. These points 
were recently brought forward prominently in a 
valuable and suggestive paper before the Junior 
Institution of Engineers, read by Mr. Adam 
Hunter. In this paper the author discussed, among 
other matters, the forces on the structure of a shop 
due to cranes, and drew attention, among other 

ints, to the horizontal stresses produced in a 
building by the sudden application of the brakes of 
a crane, or cranes, carrying a heavy load. Cross- 
travel of the crab must be taken into account, and it 
should not be forgotten that cranes are often used for 
dragging things along the shop-floor. The stiffness 
of columns and girders must be ample to withstand 
stresses due to jib or travelling-jib cranes or to 
combination of loads such as those due to overhead 
and jib-cranes working in close proximity to each 
The author drew attention to the allow- 
ances necessary for expansion, stating that, as a 
rule, the rocking of their bases was sufficient to 
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relieve the stress in vertical columns of steel. As 
an example of expansion stresses a shop 300 ft. 
long was taken. With this length the extreme 
end columns might be forced outwards (from 
causes due solely to the range of temperature) 
by no less than @ in. at each end of the 
shop. With columns of 30 ft. height, the stress 
in the columns due to this deflection might amount 
to 34 tons per square inch, which would be near 
the elastic limit of cast iron. It was also stated 
that shops over 900 ft. in length had been built 
with no allowance for such expansion beyond the 
deflection of the end columns, while in one shop, 
850 ft. in length, all the expansion is provided for 
at one end. Inconnection with wind - pressure, 
some interesting particulars of storm - records, 
hitherto unpublished, taken at the Forth Bridge, 
were given by Mr. Hunter. These records show 
that with a gauge placed 378 ft. above high-water 
mark, and in the centre of the channel, maximum 
pressures have been registered of 65 lb. per square 
foot, with an average, for thirteen storms, of 50 Ib. 
per square foot. On the shore instruments, simul- 
taneous records resulted in an average of 28 lb. at 
a point 214 ft. above high-water mark, and 23 lb. 
per square foot at 163 ft. above ‘high - water 
mark. Maximums of 55 1b. and 50 lb. per 
square foot have been recorded respectively 
at these two points. Mr. Hunter considered that 
in factory design an average wind pressure of 30 Ib. 
per square foot should be taken ‘‘in estimating the 
wind-load on any member of the framework sup- 
porting an area of 300 square feet and under, this 
being diminished by 1 1b. per square foot for every 
100 square feet in excess of this amount to a mini- 
mum of 20 lb. per square foot, and that the build- 
ing should resist overturning with a steady pres- 
sure of 50 lb. per square foot.” 

Other points Mr. Hunter referred to, such as 
foundations, columns, girders, designs of roofs, and 
roofing. The introduction of fire-resisting materials 
was not raised, however, and no condemnation 
made of wooden weather - boarding. From the 
tendency at the present time to do the utmost 
possible to render fires less probable, one would 
have expected the recommendation of the omission 
of all kinds of inflammable material. Engineering 
plant is valuable, and in view of the big losses often 
entailed by loss of machinery and interruption 
of business from this cause, it should be the care 
of all concerned to reduce these risks to a mini- 
mum, and only to use wood where other material 
is altogether unsuitable, such as for floors and 
benches. For outer walls undoubtedly, for any 
structure other than one of a purely temporary 
character, brick or galvanised iron should be the 
material employed. 








TRAMWAY STATISTICS. 

In our issue of January 25(see page 118 ante) we 
commented on the Report on Tramways presented 
by the Finance Committee of the London County 
Council, and we were able to compliment that 
body on having produced an example of special 
pleading which it would be difficult to surpass. 
This week, in a return which has been made to 
Parliament by the Board of Trade, we have to deal 
with a less imaginative document, in which are 
given various figures relating to tramways and 
light railways. 

The return, except for a few introductory re- 
marks by Sir Herbert Jekyll, consists essentially of 
four voluminous tables, comprising statistics of 
undertakings owned by local authorities and com- 
panies respectively. Although the details are in- 
structive, they are at times a little disappointing in 
stopping short just at the point where one would 
wish them to go on. For instance, in ‘‘ Part I. 
(A),” we are given figures setting forth the amount 
of capital authorised, paid-up, and expended on 
the various tramways and light railways owned 
by local authorities ; whilst “Part I. (B)” con- 
sists of corresponding data in regard to under- 
takings owned by companies. One column in 
each of these tables is devoted to expenditure 
on “Street and Road Improvement (including 
Purchase of Land) so far as necessitated by the 
Tramways or Light Railway.” Those who have 
read our former articles (more especially that 
published in our issue of January 18, page 85 
ante) will readily understand how cordially we wel- 
comed the prospect of official information on the 
subject. On examination of the tables we find 
little support for our sanguine expectations. On 





the first page of Table A, out of twenty-two 
local authorities owning tramways, only three 
(Aston Manor Corporation, Barking Urban Dis- 
trict Council, and Bexley Urban District Council) 
are actually entered as having paid anything at all 
for ‘‘street and road improvement ;” whilst one 
(Bolton Corporation) has a foot-note which makes 
the matter doubtful. Now it can hardly be sup- 
comes that the Birmingham Corporation, the 

lackburn Corporation, or the Bulton Corporation 
(to take only three examples out of the twenty- 
two) which have a paid-up capital of over a million 
sterling between them, can, in their ancient towns, 
have laid out tram-lines with electrical equipment 
without spending anything at all on ‘‘street and 
road improvement necessitated by the tramways.” 
We can only suppose, therefore, that the ‘*— ,” 
which appears in the column against these names, 
means that the local authorities in question have 
failed to give information on this point. If this is 
the case, the fact speaks eloquently of the way in 
which local government finance is organised, when 
it refers to municipal undertakings that may be 
compared with those conducted by companies ; but 
our assumption would appear to be negatived by 
entries in other columns of the table—‘‘ Details 
not supplied ;” so we are left in somewhat of a 
quandary. 

Turning over one page of the return, we find 
the next entry refers to the electrical tramways of 
the Bradford Corporation. The authorised capital 
is over a million sterling, of which nearly 900,000I. 
have been paid up. The Corporation have spent 
not very far short of half-a-million (453,741/.) on 
permanent way, at which no one, remembering 
that Bradford was by no means laid out for tram- 
way lines, will be surprised ; but what may cause 
some astonishment is that not quite 9000/. had to 
be devoted to street and road improvement. 

If we turn to the ‘‘B” section of this part of 


up to 12,122l. for the electric period, the figures 
for the steam period being somewhat .less than for 
the horse period. The expenditure for ‘‘all items ” 
for the three periods has been :—Horse, 98771. ; 
steam, 10,469/.; and electric, 16,1951. 

In spite of the greater expense of the electrical 
undertakings, the percentage of net receipts to 
|capital outlay has increased in a tatisfactory 
manner; for horse traction the figure was 3.97; 
for steam, 6.38; and for electricity, 6.54. The 
advantages of electrica! traction are well shown by 
| these figures; but the public have secured other 
| benefits, which they owe to engineering advance- 
ment. Amongst these may be reckoned the greater 
speed of electric traction ; this, of course, being 
less apparent as the cars approach crowded centres. 
The average fare per enger has also decreased 
to a very considerable extent. With horse traction 
it was 1.84d.; steam brought it down to 1.23d.; 
and electricity has reduced it still further to 1.10d. 
In addition to this, in relief of rates there was paid 
205,981. out of the profits of undertakings worked 
by local authorities during the year 1905-6. It 
would be interesting to know what relation this 
would bear to the sums paid to local bodies by 
companies who take a lease of lines and work 
them. 

Of the 2240 miles of route mentioned as being 
open in the United Kingdom, 1849 miles are in 

ngland and Wales, 226 miles in Scotland, and 165 
miles in Ireland. There are, in all, just over 1993 
miles devoted to electric traction (1669 in England 
and Wales), over 71 miles to steam, over 25 miles 
to cable, four miles to gas-motors, and over 144 
miles to horse vehicles. There are 175 undertakings 
belonging to local authorities, with a capital ex- 
penditure on lines and works of  27,390,5941.; 
whilst companies and private individuals own 137 
undertakings, having 748 miles, and a capital ex- 
penditure on lines and works of 16,154,864/. The 





the return, we get even less satisfaction. Here we 
have the same heading—‘‘ Street and Road Im-| 
tie (including Purchase of Land) so far as 

ecessitated by Tramways or Light Railway ;” but | 
on the first two pages only two companies (out of | 
forty-nine)—the Chatham and Kidderminster Com- 
panies—are shown to have incurred liability on 
this account, although in two other cases such a 
contribution is stated to be included under “‘ Per- 
manent Way,” whilst in another instance it is 
lumped with ‘‘Cars.” It will be evident that a 
return of this nature, framed on these lines, cannot 
be regarded as affording useful information on a 
point which is especially interesting at the present 
time. No doubt the Board of Trade officials have 
done the best they could with the material at their 
command. It is to be regretted the department 
had not fuller powers. What Londoners would 
like to do would be to compare the amounts spent 
by the London County Council and the London 
United Tramways. The Council’s undertakings are 
divided into a northern and a southern system, and 
on these has been expended the sum of about four 
and three-quarter millions sterling ; of this sum 
57,7041. is due to street improvements. The London 
United Tramways have a paid-up capital of about 
three and a third millions (3,341,042/.), but they 
fail to make any return as to the amount spent on 
street improvements. Under no other heading in 
the table could any sums for improvement or the 
up-keep of roadway be identified. 

We have given precedence to this detail of charge 
for street improvement because it is one that has 
occupied a good deal of attention of late, but we will 
now turn to the figures at large. It will be evident 
that we can only deal cursorily with the extensive 
area of tables set forth, and we must therefore, for the 
present, treat of the matter in the gross. The com- 
parative table, with which the return opens, shows 
a surprising development of street tramway and 
light railway lines. Sir Herbert Jekyll goes back 
to 1879, which he describes as the ‘‘ horse period,” 
and divides the succeeding years into the ‘‘ steam 
period ” (1898), and the ‘“‘ electric period ” (1904-6). 
At the close of the horse period there were 321 
miles of route open in the United Kingdom, and 
the total number of passengers carried annually was 
under 151 millions. During the nine years of the 
steam period the route open had grown to 1064 
miles, and the number of passengers carried annually 
to over 858 millions ; whilst in the electric period, 
still running, the route has increased to 2240 miles, 


proportion of single track to double track is far 
higher with the privately-owned lines than with 
municipal lines; the latter having 1008 miles of 
double-track route, and 483 miles of single-track 
route; whilst the company-owned lines have but 344 
double-track miles of route, and 404 miles of single- 
track route. 

The figures contained in the general tables, 
especially those regarding the way in which capital 
is expended, woillh be more interesting, and also 
more instructive, if they were more complete. We 
will, however, take a single case—that of the Leeds 
Corporation Tramway—as an example of the in- 
formation contained in the return. The capital 
authorised is 1,340,3741., all of which is paid up. 
Out of this has been expended 521,500. on per- 
manent way ; 194,8771. on electrical equipment of 
line, both above and below ground ; 104,839/.' on 
electrical generating plant or stationary engines ; 
nothing, so far as the return shows, on street and 
road improvement; 143,133/. on land and build- 
ings ; and 18,1731. on other purposes. Theseitems 
include the capital expended on lines and works 
open for traffic. About 82,000. is being rn 1M 
or was at the time the return was made—on further 
lines, and nearly 25,0001. on old lines superseded. 
The expenditure on cars has been about 167,000/. ; 
on legal and parliamentary expenses, about 90001. ; 
and on other expenses, over 44,0001. The total 
expenditure has been 1,308,468/. The total length 
of double line authorised has been 51 miles 
34 chains, and 10 miles 33 chains of single track. 
Of this, 45 miles 37 chains of double track and 
8 miles 62 chains of single track are open for public 
conveyance. The gauge is 4 ft. 84 in. 

That gives practi _— the information as to 
the Leeds Corporation Tramway contained in the 
table which constitutes Part I. (A) of the return, 
and which deals with the different local authorities’ 
undertakings. Corresponding details are given as 
to the companies’ undertakings in Part I. (B). We 
will, however, follow the record of the Leeds 
Tramways as given im Part II. (A). Here we find 
that the gross receipts for the year ending March 
last amounted to 312,166. General repairs and 
maintenance of permanent way cost 15, Tie 
electrical equipment, 31311. ; of cars or other roll- 
ing stock, 17,0241. ; and of buildings, tools, &c., 
15521. The actual cost of electrical energy was 
15,9591. ; the traffic expenses were 83,9771. ; rent 
of offices, 11701. ; rates and taxes, 12,0691. ; com- 
pensation for injury, or insurance, 15571.; and 





and the number of passengers to over 2236 millions | 


perannum. The capitalexpenditure per mile of track 


open has increased from 7840l. for the horse period | 


other working expenses, 67331. The total working 
expenditure was 156,3981., and the net receipts 
155,7681. The appropriation of the net receipts 
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was devoted firstly to interest and repayment of 
debt, the former amounting to 34,875/,, and the 
latter to 36,9211. An amount of 29,1791. was 
carried to reserve, a heading which includes depre- 
ciation and renewal ; other appropriations, includ- 
ing balance carried forward, 32931. 

"We have not, however, mentioned one appro- 

riation of the receipts of the Leeds Corporation 

ramways, and that the most considerable item. 
In “relief of rates” there was paid during the 
year 51,500/., or —_ one-quarter of the total 
amount subscribed by all the municipal lines of the 
country. This, as it stands—nearly 10001. a week 
—is a noble contribution to the rates. In this 
particular case, however, we have seen, if the 
return speaks truly, that no contribution was made 
by the tramways undertaking towards altera- 
tions in the public streets for tramway pur- 
poses, unless such outlay is included under ‘‘ land 
and buildings.” One can hardly suppose that in a 
city like Leeds the streets, as laid out for ordinary 
traffic, would be entirely suitable for the accommo- 
dation of electric tramways, and any alterations 
that were made have presnsey been paid for 
directly by the rates. Supposing such to be the 
case, part of the 51,000/. was, at best, equivalent 
to a man taking a shilling from one pocket and 
putting it into another. There is not much 
financial relief in that transaction, but even then it 
only applies to the ratepayers in the aggregate. 
As a matter of fact, it must be that a good many 
ratepayers seldom, if ever, use the cars. 

It may be, however, that the cost of street-widen- 
ings is included under some other heading, al- 
though the table provides one specially for it; but 
in that case the Corporation can scarcely complain 
if adverse inferences are drawn in relation to their 
methods, Bad book-keeping is generally a sign of 
inefficient management. This question of street 
improvement is only one instance of its kind; and 
what one would like to know further is, how much 
of the civic expenses—such as the upkeep of a big 
town hall, and the salaries of Corporation officials— 
are charged to tramways? If due allowance is not 
made in the accounts for supervision—of course, over 
and above that of the salaried general manager—then 
again it is simply a case of changing pockets. We 
are not wishful to apply these considerations espe- 
cially to , where a sum of over 10001., as we 
have said, is allowed for rent of offices, although the 
‘‘company ” Birmingham lines, with the somewhat 
larger capital of a million and a half, pay 90881. a 

ear for office rent. Indeed, we have selected 
as a favourable instance of municipal enter- 
prise, on account of its large contribution in relief 
of rates. There is, however, a still more important 
matter to take into consideration before we can 
pass the 51,0001. as net relief of rates; it is the 
uestion, What would a company have paid to the 
orporation for the lease of the Leeds tramways ? 
Whatever that might have been, it should be con- 
sidered in estimating the sum that the citizens of 
Leeds are supposed to have gained by this instance 
of municipal trading. 

The advocates of the latter will, no doubt, bring 
forward the oft-repeated contention—supposed to 
close the discussion for all time—that whatever a 
company might have to pay, they would take care 
to make a profit, and that profit might as well go 
into the pockets of the ratepayers. That would 
be a aay eg clinching argument if one could 
be sure that, because 4 Mery Ope hoped to make 
a profit, a corporation would be sure to do so if it 
kept the business in its own hands. To reach this 
surety, however, it would be necessary to banish 
one factor that has disturbed so many of the best 
laid schemes of men throughout all ages. The 
missing factor to which we refer is, of course, the 
human factor ; and we have never been able to see 
why corporations and county councillors should 
claim to banish it from ou calculations. If it 
can be proved that a number of more of less irre- 
sponsible persons called a ‘* tramways committee ” 
or a “ highways committee,” who may be thrown 
out of their position at any time for reasons not 
even remotely connected with tramways, who 
have had no practical experience in the manage- 
ment of tramways, who have no material interest 
in the success of the tramways, and who have 
the ratepayers’ money at their back to make 
up for all deficiencies ; if these ple can 
mal what is an intricate commercial venture in 
such time as they can spare from their own proper 
business, the human factor is of no account. 

It will be said that corporations have managers 





and technical men to advise them on special points. 
That is quite true, and very good men some of them 
are. If the mayors, aldermen, councillors, com- 
mittee-men, town-clerks, and various other civic 
and municipal dignitaries, would let these gentle- 
men alone, after taking care that they were ade- 
quately remunerated for their services—and this 
applies not only to the chief officials—there would 
be much more hope for municipal tramways. It 
is, however, hardly within municipal human nature 
not to meddle. The difference between serving a 
board of directors and a municipal body is too well 
known to need enlarging upon to our readers. 
There are many other figures in the report, and 
we hope to have something to say respecting these 
when we have had more time to examine them. 








ALTERNATIVE SCHEME FOR 

THE PANAMA CANAL. 

A HIGHLY interesting and most suggestive paper, 
embodying the results of his unrivalled experience 
of the Isthmus of Panama, was read before the 
Society of Arts on January 23 last, by M. Philippe 
Bunau-Varilla. The gentleman in question was 
connected with the Panama Canal from its incep- 
tion by M. de Lesseps up to the recent transfer 
of the undertaking to the United States Govern- 
ment. He has, therefore, had a unique experience 
of the difficulties to be faced in carrying out earth 
and rock excavations in tropical regions. These 
difficulties appear to have been very inadequately 

ised by the American engineers now in charge 
of the work, although, as the French company have 
removed most of the softer material, the task is 
much simplified, as compared with what it was at 
the outset. Nevertheless, in spite of the harder 
ground on which they are operating, the rate 
of excavation reached by the Americans has 
been less than one-third of the million cubic yards 
per month anticipated by them. The trouble arises 
from the excessive rainfall, which creates extraordi- 
nary difficulties in the matter of maintaining the 
roads over which move the ponderous steam-shovels 
and enormous wagons brought to the task by the 
American engineers. Were the soft surface soil 
still in place, it is questionable whether these diffi- 
culties would not have proved insuperable ; but even 
with the relatively hard foundation now available 
for the roads, President Roosevelt reports that ‘‘in 
the rainy season the steam-shovels can do but little 
in the dirt, but work steadily on rock or on harder 
ground.” 

Under these conditions M. Bunau-Varilla asks, 
Why not abandon the idea of excavating the canal 
in the dry, and accomplish the work entirely by 
dredging and subaqueous excavation? In that 
case the whole trouble caused by the rains dis- 
appears, and, moreover, as it colt | be unnecessary 
to employ the present army of men engaged in 
the work of maintaining the roads and embank- 
ments, the change of procedure would lead to an 
enormous saving in human life. On the dredgers 
and barges required under the system proposed by 
M. Bunau - Varilla, the men are few in number, 
well-housed, and protected from the inclemencies 
of the climate. Some dredgers constructed in this 
country have buckets of 2 cubic metres ca 
and with them, allowing for all stops and delays, 
it is claimed that an excavation of 14,000 
cubic yards a day could be relied upon as a 
minimum daily average output. For the trans- 

rt of the spoil barges es ed 2000 tons would 

employed. For subaqueous rock excavation 
it is pro to use the Lobnitz rock-cutting 
plant, with which extraordinary results have been 
obtained at Suez and also on the Manchester Ship 
Canal, the price actually working out to less than 
if the rock had been excavated on dry land by 
drilling and the use of explosives. In the case of 
the hard rock at Suez, with the earlier machines 
furnished by Messrs. Lobnitz, a rate of 1s. per 
cubic yard has been obtained ; whilst at Manches- 
ter, with softer material, the rate has been but 9d. 
per cubic yard. M. Bunau-Varilla notes as an 
extraordinary fact that though these figures were 
brought before the American Commission in an 
authoritative manner, no reference is made to them 
in either the report of that Commission or its ap- 
pendices, but instead a rate of 10s. per cubic yard 
is quoted. Asa matter of fact, with the still more 
powerful cutters now made by Messrs. Lobnitz, 
there is no doubt the figures stated could be greatly 
improved on. In view of the low costs ible in 
dredging and subaqueous excavation, M. Bunau 
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Varilla declares that it would be possible to con- 
struct a sea-level canal as wide as the Thames at 
London Bridge, and 52 ft. deep, at a cost of 30 mil- 
lion pe sterling, or much the same as the cost of 
the lock canal, 150 ft. wide by 35 ft. deep, now 
being constructed by the American Government. 
The method he suggests is to construct in the 
first place a dam at Gamboa, and whilst this work 
is in progress to build locks at each end of the 
present central cut, and construct at level 130 ft. a 
temporary canal. As the level at this point is now 
157 ft., and the length between’ the locks 11 kilo- 
metres, such a plan involves no great amount of 
excavation in the dry. As soon as this would float 
the dredging and excavating plant, the latter would 
be set to work to widen the canal to 900 ft., 
and to deepen it. When the depth had been 
carried down.another 45 ft., the locks would be 
removed, and the water level lowered to that 
of the reach below, which, again, would be con- 
fined by temporary locks, and the whole widened 
and deepened in a precisely similar way, until 
finally the sea-level was reached. In the way out- 
lined, the amount of excavation to be carried out in 
the dry, which, as stated, involves enormous difti- 
culties, would be trivial. Moreover, the method in 
question would allow of the canal being used as a 
lock canal for a period long prior to its completion. 
The dredgers and excavators would be worked elec- 
trically, ample water-power being readily available, 
whilst the lake formed by the Gamboa dam would, 
he states, provide ample capacity for the dumping 
of the whole of the excavation removed. This plan 
was submitted by its author to the American Com- 
mission, but rejected by them in toto in favour of a 
lock canal at a level 87 ft. above sea. In its passage 
through Congress, however, this was modified, 
Senator Knox promising that this canal should 
ultimately be excavated to sea-level in accordance 
with the plan of M. Bunau-Varilla. The placing of 
the initial canal at level 87 ft., however, involves 
naturally an enormous expense as compared with 
that of starting with it at level 130 ft., as suggested. 








GAS-ENGINES AND MARINE 
PROPULSION. 

From time to time, as advances are made in 
gas-engine practice, the questien of the use of such 
engines for marine popaiee is raised. As one 
difficulty after another is removed ‘by improve- 
ments or new systems, we reach a stage nearer the 
goal. It is evident that sure advances are being 
made in the right direction, but the difficulties still 
are many, and the steps somewhat small and slow, 
compared with the distance to be traversed. For 
instance, we take up a paper—plenty of them have 
been submitted to societies and institutions—and 
read about the application of gas-engines to ships. 
We hear of schemes for sets of engines capable of 
developing 3600, 5000, or more horse-power, and 
all sounds well ; but we also know that the largest 
amount of power yet installed in the form of gas- 
engines on board’ ship is only a mere fraction of 
these amounts. For this discrepancy there must 
be good reason, especially as the names of many 
able men are connected with the study of this 
roblem. 

The chief difficulties encountered in this matter 
arise from the necessity for any system of marine 
propulsion being adaptable to a large variety of 
circumstances, and, if the expression may be used, 
elastic in nature. 

In the matter of fuel the system chosen must be 
suited to the supply obtainable in all parts of the 
world. In the matter of power it is necessary that 
there should be a wide range for working under 
all conditions of weather and circumstances ; and 
in the matter of handling, the engines should be 
prompt and easy to reverse, and, in fact, perform 
all the duties at present carried out by steam. 
With regard to the first, it is futile to equip 4 
vessel with a gas-producer plant using anthracite. 
The only fuel possible is bituminous coal, and that, 
too, in extremely variable qualities. But the pro- 
ducer must be prepared to use these different 
qualities with, at least, something approaching suc- 
cess. We are told that producers for bitu- 
minous coal have now been successfully designed, 
in which the various accessory appliances are 
either simplified or altogether abolished. Others 
have suggested the provision of coke-burning pro- 
ducers, the coke being made on board ; this, how- 
ever, usually being condemned as too cumbrous. It 
is by no means improbable that this producer 
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difficulty, as well as others, will be surmounted. 
The subject is making rapid strides, and will no 
doubt develop to a degree which it is at present 
dificult to gauge. 

Given a successful producer capable of using any 

e of bituminous coal, there still remain such 
difficulties as reversing and reduction of power. 
This problem has been attacked in several ways, 
but with results as yet not wholly satisfactory. 
Indeed, the choice at present rather falls upon that 
which is the least crude, rather than that which is 
best. Reversing may be done by the propeller, but 
this only with small vessels ; or it may be managed 
by rotating the cam-shaft. Again, by adding con- 
siderably to the equipment it may be managed 
by electrical driving, or the result may be attained 
by the system suggested by Mr. J. T. Milton, 
M. Inst. C.E, in his recent paper before the 
Institution of Civil Engineers. Again, a sugges- 
tion has been put forth by Mr. A. Vennel Coster, 
in a paper before the Manchester Association of 
Engineers, that, with three sets of engines, in 
order to reduce power or bring a vessel to rest, one 
screw might be reversed while the other two still 
went ahead, and so on. 

In the electrical drive, in which a gas-engine 
drives a dynamo, connected up to a motor on the 
propeller-shaft, the horse-power of machinery to 
be paid for is three times that required to drive 
the vessel. In Mr. Milton’s system of separate 
engine and compressor, with the example he gives 
of a 3250 indicated horse-power engine, compress- 
ing gear requiring about 1450 horse-power is neces- 
sary. Thus the machinery paid for amounts to 
6150 horse-power, while the net output of the in- 
stallation is 3250 horse-power. Of course, the 
propelliag engine, being on the two-cycle system, 
would be relatively cheap. Machinery compris- 
ing eight or eleven cylinders, together with all 
moving parts, &c., does not impress one favour- 
ably. Mr. Milton’s plan includes three expansion 
cylinders 25} in. in diameter for the propelling 
engines. For the compressors two duiicndion 
air cylinders 31 in. in diameter and two double- 
acting air-cylinders 18 in. in diameter for the first 
and second stages of a two-stage compressor may be 
chosen, this being driven by a four-cylinder tandem 
gas-engine, of cylinders 24} in. in diameter. As 
an alternative, it is suggested to complete the 
second stage of the compression in one cylinder, 
25 in. in diameter, instead of two of 18 in., and to 
drive the compressor, a tandem two-cylinder engine, 
cylinders 34} in. in diameter. 

Mr. Vennell Coster’s system appears to us no 
less unsatisfactory. His proposal certainly involves 
no large auxiliary plant of compressors and driving- 
engines; but to keep engines going full speed ahead 
and to counteract their effect by running other 
engines full speed astern seems a most unmechanical 
method of surmounting these difficulties. “It is 
probable that the efficient reduction of mean pres- 
sure may be attained by fairly satisfactory methods, 
this being possible by Mr. Milton’s plan, and, it 
would appear also, by certain other means. The 
chief difficulty, of course, in this is in the fact that 
the poor mixtures are difficult to ignite. With 
tandem vertical cylinders 50 per cent. reduction of 
power is possible by cutting out certain cylinders. 
Reduction of power below a certain point renders 
the engine liable to stup, no flywheels, or only 
very small ones, being possible in marine work. 

A further difficulty which presents itself to the 
economical mind is the use to be made of gas from 
the producer when the engines are not required. 
On ceasing to draw gas fur the purpose of running 
the engines, the temperature of the producers 
must be maintained by continuing the gas ‘pro- 
duction. Something must be done with this. 
Mr. Coster uses it by running his engines at full 
speed, one counteracting the others. Mr. Milton 
makes no suggestion on this point, and we presume 
that that not required for driving his compressor 
plant would be allowed to run to waste. 

Altogether, the problem is one full ot knotty 
points. Although we are talking airily of installa- 
tions of many thousands of horse-power, and are 
only building a few of a few hundred, and while 
the difficulties that suggest themselves at present 
appear, on present knowledge, difficult to sur- 
mount satisfactorily, we do not doubt that as 
progress is made, these will all disappear one after 
another. There is quite possibly a great future 
before this form of propulsion for marine purposes, 
but it would seem to be well to be not too 
ambitious til] matters are a little more advanced. 





The two branches of the subject of producers and 
gas-engines are, as yet, not far advanced even in 
land practice, and experiment in marine work 
might well seem more advisable in schemes of 
moderate size than on the lines recommended by 
many recent writers on the subject, whose great 
aim appears to be mainly to obtain (on paper) some 
combination of cylinders capable of giving so many 
horse-power. 








NOTES. 
Luoyn’s Surpprnc Returns. 

Tue return of vessels totally lost, condemned, or 
otherwise removed from Lloyd’s Register for the 
quarter ending September 30 last has just been 
published. The total number of vessels thus dis- 

of was 143, aggregating 110,605 gross tons. 
Of this total, 54, aggregating 54,988 gross tons, 
were steamers, the remainder being sailing craft. 
The losses by collision were six steamers and five 
sailing-ships, and by wreck 35 steamers and 47 
sailing craft. One steamer and four sailing vessels 
were burnt, and one steamer and 13 sailers aban- 
doned at sea. The return also shows the nationality 
of the different craft in existence and the tonnage 
owned by each country. The British Empire, of 
course, stands first in the aggregate tonnage with a 
total of 11,411 vessels, aggregating 17,611,099 tons, 
of which 9261 vessels, aggregating 16,166,746 tons, 
are steamers, and 2150, aggregating 1,444,348 tons, 
are sailing ships. In steam tonnage Germany 
stands second, with 1628 ships, aggregating 
3,375,743 tons; the United States being third, with 
1063 vessels, of 1,431,095 gross tonnage ; but this 
figure does not include the vessels employed on the 
Great Lakes. In sailtonnage the United States stands 
second, with 2048 vessels, aggregating 1,291,444 
tons, or very nearly as much as the sail tonnage of 
the British Empire. Of the total tonnage lost 
during the quarter, twenty-six vessels, of 31,415 
tons total, were steel ; thirty-five vessels, of 36,481 
tons, iron ; whilst eighty-two vessels, aggregating 
41,709 tons, were men | and composite. ese 
figures show pretty clearly that the mortality is 
greatest amongst the older and smaller craft, as 
would naturally be anticipated. 


Tue Derence oF COMMERCIAL AND INDUSTRIAL 
INTERESTS. 


At the commencement of the present Parliamen- 
tary session in France a number of members of both 
Houses, says the Moniteur Industriel, have agreed 
to form a committee with a view to consider ob- 
jections to Pa mg legislation dealing with 
commerce, industry, and agriculture. Most of the 
laws passed in 1906 have given rise to constant 
protest ; there has been, indeed, a deluge of 
improvised laws and rash measures, both of an 
economical and a social nature, passed without con- 
sulting the interested parties. These laws were 
forced upon the public, and threaten to submerge 
those whom, on the face of the measures, they were 
destined to benefit. The object of the committee in 
question is to examine all schemes and Bills of an 
economical or a social nature put before Parlia- 
ment. The committee in question will endeavour to 
obtain that, prior to all discussion on a Bill in Par- 
liament, the members in charge of the Bill shall be 
asked to listen to authorised representatives ap- 
pointed by the citizens or trade unions aimed at, or 
attacked, by the measure. When a Bill has become 
law, if one of the clauses provides that rules and 
regulations are to be drawn up for application by 
local public authorities, these rules and regulations 
are to be submitted to the scrutiny of the commit- 
tee, with a view to ascertain that they do not mis- 
represent the object of the law. Any suggested 
changes in the rules and regulations are to be 
arrived at in every instance after consulting the 
employers of labour and the operatives interested 
in the measure. In our recent articles on the 
French labour laws, we pointed out the dissatisfac- 
tion with which these laws were generally received, 
and we may add here that many people and 
chambers of commerce, especially that of Lyons, 
have of late been loud in their protests against the 
action of the Government in seeking to nationalise 
all means of production, and to deprive private 
companies of the ion or management of 
enterprises of some importance. 


Tue CrystaL Patace Moror-Car Snow. 


That the Crystal Palace Motor-Car Show should 
suffer by the rival display at Olympia is not to be 





wondered at, but one would Sa wees ee how 
the passion for motoring still rages, a display 
at Sydenham might have been made a little more 
attractive than it has been this year. Whether 
the failure is due to a boycotting movement on the 
part of trade organisations, or otherwise, we are 
not aware; but certainly there are very few cars 
‘* staged,” and a considerable proportion of those 
that are shown appear to be second-hand vehicles 
—some, perhaps, even third or fourth-hand—sent 
solely for the purpose of sale. A notable excep- 
tion to the general lack of interest is a change-speed 
gear shown by Messrs. Charles Wicksteed and Co., 
of Kettering. It is in appearance not unlike the 
ordinary Panhard sliding-gear, but it S8e8 
this essential difference— it does not slide. 
There is the counter-shaft, with spur-wheels and 
pinions of varying ratios, to give the different 
speeds. In one wheel of each pair is fitted 
a cone friction-clutch, and by putting any one 
clutch in ee the corresponding speed is 
obtained. The action is effected by a separate 
wheel near the steering-wheel, so as to be within 
the driver’s control. ere is a dial to indicate 
how far the wheel should be turned to: get the 
required combination. Of course, when the clutch 
is not in, the wheels run idly. There are three 
— and a reverse on the example shows at the 

alace, the reverse being by a separate handle, 
The arrangement would undoubtedly give a sure 
and easy method of change speed. Another un- 
usual feature in motor-car design is the arrangement 
shown by the Rotary Steering Syndicate, of 31, 
Lombard-street, and 251, Clapham-road. It is a 
steering device, and consists of an attachment 
which is fitted to the front of the car, and which 
carries the front wheels. It is circular, and can be 
rotated through a part of a circle, carrying the fore 
wheels with it, on the same principle as in an 
ordinary horse carriage, though differently carried 
out. hat this reversion to an older idea will 
supersede the Ackermann gear is not likely, but 
one can say it gives greater opportunity for slow 
manceuvring than the ordinary motor -car pos- 
sesses. The Show opened on Friday, the 1st inst., 
and closes on the 9th. 


BRIDGING OF THE YALU. 


The papers from Japan discuss the proposal to 
build a bridge over the Yalu from Siu-Wiju (New 
Wiju) to Yongampho. New Wiju is 10 miles down 
stream from the original Wiju, and lies near 
Antung. The road-bed will be 40 ft. above the 
water, and the length of the bridge will be 
3239 ft. There will be embankments some 300 ft. 
long on each side of the river, but the engineering 


difficulties are not thought to be serious. The cost 
is estimated at two million yen. The bridge will 
be used chiefly for railway p but there will 


also be a road for general traffic, which, however, 
will be so arranged that it can at any time be con- 
verted into the bed of an additional railway track. 
Junks will be able to pass under the bridge merely 
by lowering one section of their mainmasts. It is 
expected that the bridge will be ready for use in 
1909, which is about the time when the conver- 
sion of the Wiju-Mukden line will be completed. 
Travellers will then be able to reach Mukden from 
Fusan (the port in the south of Korea) without 
alighting from the train. It will be remembered 
that a short time ago we described a journey 
between the two capitals, Tokio and Seoul, entirely 
by railway, except the short sea passage between 
Shimonoseki and Fusan. When the railway is 
completed between Seoul and Antung, and the 
bridge which we have mentioned built over the 
Yalu, the journey from Tokio to Mukden will be 
made very quickly. This railway will be of im- 
mense advantage to Japan from a commercial point 
of view, as it makes available all the resources of 
Korea and Manchuria, and for industrial poses 
makes them part of Japan. Raw materials can be 
brought from them more cheaply than from the 
northern parts pf Japan to the manufacturing 
centres, and they open up immense fields for the 
manufactured products of Japan. No doubt the 
people who are oppressed by the nightmare of a 
renewed conflict between Japan and Russia see in 
this railway an increased cause of uneasiness, but 
it is to be hoped that it will only be used for com- 
mercial purposes. The East-China Railway is 
useless, to each Power alike, for purposes of mili- 
tary transport. Neither could employ it without 
such a violation of the Portsmouth treaty as would 
amount to an act of war, The Japanese papers 
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assure us that there is no reason whatever to 
suspect Japan of ambitious designs in Northern 
Manchuria, and that if ever there be a war of 
revenge, the incentive will not come from Japan’s 
side. At the same time they point out that the 
best way to,avert such a catastrophe is to be amply 
provided against it, and the Fusan-Mukden line 
will add immensely to the offensive and defensive 
strength of Japan. 


Mr. HAtpANE AND UNIVERSITIES. 


The visit of the Secretary of State for War to 
Sheffield last week was chiefly interesting to engi- 
neers from an incident not on the official programme, 
and not generally noticed in accounts of the pro- 
ceedings. After presenting the prizes to the 
Hallamshire volunteers, the ostensible object of 
his visit, and having inspected the rifle range, 
various steel works, and other objects of interest, 
Mr. Haldane was taken by Colonel Hughes, Grand 
Master of Ceremonies to the City, to pay a surprise 
visit to the Sheffield Society of Engineers and 


Metallurgists, who had been dining with Sir} 


Alexander Kennedy as their guest. It is, of 
course, @ recognised principle in this country that 
no Minister of the Crown shall be with more than 
a dozen people without their trying to get a speech 
from him, so, upon Mr. Haldane appearing, some 
one immediately proposed his health. The War 
Minister, in returning thanks, was led to speak on 
a subject about which, as he said, he 
reat deal more than he did about the army. 
Mr. Hadfield and Sir Charles Eliot had both 
been speaking on technical education, but though 
both are high authorities on the subject, we 
do not propose to deal with their remarks at 
present. Mr. Haldane gave an account of the 
_ way in which he fought in Parliament for a teach- 
ing university for London ten years ago. Those 
efforts had been crowned with success, whilst 
within eight years Liverpool, Manchester, Leeds, 
and Sheftield all possessed their own universities, 
Birmingham having preceded them. Mr. Haldane 
says that in England we are making strides in 
technical education, and these strides are being 
watched with anxious concern by our neighbours 
on the Continent. This may be true—and Mr. 
Haldane claims to be a keen student of the educa- 
tion movement on the Continent ; but how far is 
this anxious concern warranted? The strides that 
have been made in regard to quantity are un- 
doubted ; but that is of little moment if we are not 
also making strides in quality. How many of the 
thousands of technical students turned out yearly 
make a fair return for the expenditure on their 
education? This question of technical education 
is, frankly, in its infancy. Whether wo are, or 
are not, in advance of our neighbours we need not 
stop to inquire ; the vital point is, Are we doing 
the best that can be done with the resources at 
our. disposal? Mr. Haldane asks for more tech- 
nical colleges. We would rather say, Let us direct 
our resources towards making those we possess 
more efficient. No one can think of the large 
number of young men who are launched annually 
upon the world from the stocks of the technical 
colleges without being aware that there has been a 
vast deal of wasted educational energy. How many 
of these are better engineers than they would have 
been had they simply gone through the old course 
of workshop and drawing-office. No doubt, to 
produce the best results, the college course and 
the works training are both necessary; to get the 
right raw material, and fashion it in this way, is 
the only method by which to produce the highest 
grade of engineer; it being but a matter of con- 
venience whether the two branches of education 
are concurrent or otherwise. Again, there are 
different types of engineers. Some students have a 
bent one way, others different ways, and, there- 
fore, there is need of different: ways of educating ; 
but all are lumped together in a common hotch- 
potch. The fact is that our methods of technical 
education have grown up on the accretion theory, 
like our language ; ae what is now needed is 
scientific examination of scientific education. It 
would be well to spend some money that way before 
continuing the fight blindly for more universities. 








Licut Raitways Act, 1896.—The Board of Trade have | M 
recently confirmed the undermentioned Order made b: 
the Light ee 
- Northwich Light 
1907, amending the Warrington and Northwic 
Railways Order, 1903. 


Commissioners :—Warrington an 
ilways (Extension of Time) Order, 
Light 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market was irregular, and cash Clevelan 
warrants, after opening at 57s. 04d., advanced to 57s. 14d. 
and then drop to 56s. 10d., while forward warrants 
were done at from 57s. 4d. to 57s. 6d. to 57s. 1d. one 
month, and at 583. three months, and also at 56s. 9d. 
eight days. The close was weak at 563, 84d. cash and 
57s. 1d. one month sellers. Hematite was easier, at 
733. 104d. seven days, and 74s. 9d. and 74s. 6d. one month. 
The turnover was about 20,000 tons. In the afternoon 
the tone was weaker, and Cleveland warrants changed 
hands at 563. 10d. eight days, 563. 5d. six days, 57s. 1d., 
56s. 9d., 563. 10d., and 56s. 9d. one month, and at 57s. 7d. 
three months, and closing sellers quoted 56s. 5d. cash, 
and 563. 94d. one month. The business, of 11,000 
tons, included some hematite at 73s. 9d. fourteen 
days, and 743. one month, with buyers over at the 
latter figure, but no sellers. On Friday mornin 
the opening: was easier, but prices strengthened, an 
7000 tons of Cleveland warrants were put through at 
56s. 2d., 563. ojd., and 56s. 6d. cash, 56s. 74d. seven days, 
56s. 84d. and 104d, one month, and from 57s. 3d. to 
57s. 6d. three months. Closing sellers quoted 563. 64d. 
cash, 563. 11d. one month, and 57s. 74d. three months. 
Hematite was idle. At the afternoon session the market 
was firmer, and Cleveland warrants were dealt in at 
56s. 6d. and 56s. 7d. cash, 56s. 1ld. and 57s. one month, 
and 57s. 6d. three months. The closing quotations 
were :—56s. 8d. cash and 57s. 04d. one month sellers. 
One lot of hematite was done at 74s. 3d. one month, 
and the total turnover amounted to 7000 tons. On 
Monda ge | the market was irregular, but gained 
strength, and closed firm. Cleveland warrants—about 
000 tons—were dealt in at 56s. 8d. and 563. 9d. cash, 
57s. three days, 57s. 44d., 57s., and 67s. 24d. one month, 
583. three months, and 57s. 9d. April 26, and cl 
with sellers at 57s. cash, and 57s. 44d. one month. 
Hematite—1500 tons—changed hands at 74s. 94. one 
month. In the afternoon the tone was steadier, and 
about 4000 tons of Cleveland warrants were done at 
56s. lid. cash, 57s. 44d. and 57s. 4d. one month, and 
closing sellers quo 56s. 1ld. cash and 57s. 4d. one 
month. One lot of hematite realised 74s. 64d. cash, and 
there were buyers over at 743. 6d. cash, but no sellers. 
On Tuesday morning the market was not so strong, and 
Cleveland warrants were done at 563. 91., 563. sid. and 
563. 9d. cash, 57s. 14d. one month, and 57s. 9d. three 
months. At the close the quotations were 56s. 94d. cash, 
57s. 2d. one month, and 57s. 9d. three months sellers. 
Some hematite was done at 753. 3d. one month, and the 
business totalled about 8000 tons. In the afternoon the 
tone was a shade easier, but steady, with Cleveland war- 
rants at 563. 8d. and 563. 84d. cash, 563. 94. three days, 
57s., 57s. 1d., and 57s. one month, and with closing sellers 
at 563. 9d. cash and 57s. 14d. one month. The turnover 
was 8000 tons, and also 500 tons of hematite, which was 
easier at 743. 9d. one month, When the market opened to- 
day ef maar o the tone was rather better, and 10,000 
tons of Cleveland warrants were put through at 56s, 10d., 
57s., and 56s. 114d. cash, 57s. 1d. and 57s. 4d. one month, 
and three months; closing sellers quoted 57s. 
and 57s, 5d. one montb, and 58s. 1d. three months. At the 
afternoon session the market was steady, and 5000 tons 
of Cleveland warrants changed hands at 56s. 114d. and 
57s. O}d. cash, 57s. 4d. and 57s. 54. one month, and at 
the close sellers quoted 57s. 04d. cash and 57s. 5}d. one 
month. Hematite was unquoted. The following are 
the market quotations for makers’ (No. 1) iron Clyde, 
753. 6d.; Calder and Gartsherrie, 76s. ; Summerlee, 
77s. 6d.; Langloan, 79s. ; and Coltness, 85s. (all eet 
at Glasgow); Glengarnock (at Ardrossan), 77s.; Shotts 
(at Leith), 76s.; and Carron (at Grangemouth), 80s. 


Sulphate of Ammonia.—Sulphate of ammonia has been 
rather quieter during the past week, but the price is steady 
round 12/. per ton for prompt business, Glasgow or Leith. 
a amount shipped from Leith Harbour last week was 

tons. 


Scotch Steel Trade.—A gcod feeling still continues to be 
felt in the Scotch steel trade, and the works generally are 
running full time. Inquiries are rather more numerous, 
especially on nen eee 5 and with the Clyde ship- 
builders having ked a number of fresh contracts 
during the past few weeks, the prospects for steel- 
makers look fairly bright. An important inquiry, 
said to be for about 70,000 tons of steel material, is 
reported to be in the market. The destination was 
not disclosed, but one of the conditions of sale was 
a guarantee of at least 4000 tons per month. 
Canada is inquiring for plates, angles, and structural 
material for spring shipment, and Germany for ship- 
building material, while Italy and Australia are both 
inquiring for general sections, A strong demand is being 
felt for thin plates and sheets. With regard to prices, 
although pig iron has been weak, steel-makers remain 
firm in their quotations. The prices offering on foreign 
account are none too good, and producers are holding out 
for better terms. The current quotations pack a ates 
7/. 5s. per ton; ship-plates, 7/. 123. 6d. per ton; an 
boiler-plates, 87. 7s. 6d. per ton—all less the usual 5 per 
cent. discount. 


Glasgow Association of Students of the Institution of 
Civil Engineers.—At the meeting of the local Association 
of Students of the Institution of Civil Engineers held last 
onday in the Institution Rooms, Bath-street, Mr. 
Donald A. Matheson, President, in the chair, Mr. 
J. W. F. Gardner, M. Inst. C.E., read a paper on 
‘Renewal of Railway Bridges.” The paper described. 
some of the methods adopted in reconstructing short-span 





bridges, which form by far the larger proportion of the 


osed | with their increasing business. It is pro 





bridges on a railway. Mr. Gardner pointed out that 
necessity for renewal was due to three causes—viz., in- 

loads, bad design, and deterioration of material ; 
the first and last accounting for most of the renewals. 
The heaviest load on the axle of the Caledonian Railway 
Company’s locomotives in 1860 was 124 tons, as against 
18? tons in the present one; stresses obtained from the 
1906 locomotives being in each case about 55 per cent. 
over the stresses obtained from thé 1860 locomotives. Mr. 
Gardner then described in detail some renewals recently 
carried out on the Caledonian system. 


Pig-Iron Demand.—It was reported at the end of last 
week that sevéral fresh inquiries have been received for 
both Scotch and Cleveland pig-iron'for America. 

Clyde Shipbuilding.—Messrs. Napier and Miller, Old 
Kilpatrick. have contracted to build a steamer of 2000 
tons carrying capacity for Messrs. Hugh Hogarth and 
Sons, Glasgow. This vessel will also have some pas- 
senger accommodation. 


Malleable Iron.—The malleable iron trade, although 
not showing any very marked improvement for the home 
market, is rather better on foreign account. There is, at 
least, a better inguey a for marked bars for 
Canada, India, and the Far t, &e. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Henry Bessemer and Co.—The directors of this 
company state that the profit for the past year is 
39,2900. 103. 1d., out of which they recommend a dividend 
for the year of 224 percent. After providing for other 
items, the amount standing to the credit of the new 
revenue account is 29,260/.. The report makes reference 
to the purchase by the company of the Bolton Steel 
Works, in order that they might deal more efficiently 
to raise 
100,000/. of additional capital by issuing 10,000 new ordi- 
nary shares of 10/. each, at a premium of 5/. per share. 
The company’s ordinary 10/. shares are to be divided into 
shares of 11. each. 


North Central Wagon Company.—The directors state 
that the profit for the last half-year is 13,0827. 8s. 5d. Out 
of this they propose a dividend of 10 per cent. for the 
half-year and a bonus of 3 per cent. for the year; carry 
30002. to the reserve fund ; and forward 3127. Mr. J. C. 
poe — elected a director vice Mr. G. W. Chambers, 

eceased. 


Iron and Stel Trades.—Although manufacturers of 
open-hearth steel have had to put up their prices, it has 
in no way checked the demand, Ne Ae continue to come 
in, mainly for forward delivery. The bottom price for 
Bessemer billets of guaranteed temper is now 8/. 15s., 
and for Siemens steel of mild temper 9/. 5s., and for 
higher tempers special prices. There is a heavy demand 
for basic qualities, and the firms who have entered on 
the production of it are busy. Manufacturers of railway 
and tramway material report that business keeps up 
remarkably well. The home railway companies are 
ordering much more freely than at this period last year. 
A considerable increase of business is going on with 
Argentina and with Australia. The run is on rails, 
tyres, axles, springs, and parts of engines and rolling- 
stock generally. From inquiries that are now being 
made a very large demand is expected shortly from 
Russia, where repairs, renewals and extensions are in 
contemplation. akers of belting are busy on orders 
from the South African Goldfields, and some producers 
of electric plant have as much work on their books as 
they can get through this year. 


South Yorkshire Coal Trade.—The demand for coal for 
the London market is beyond anything known for man 
years. Some of the South Yorkshire collieries are send- 
ing to the Metropolis all the coal they can spare, and are 
obtaining 2s. to 3s. per ton more for it than they can get 
locally. There isno decline in the call for steam coals, 
and common qualities are moving off freely. The coke 
trade is well maintained and prices are firm. 





Tue Liverpoo. Satvace AssociaTion.—The fiftieth 
annual meeting of this Association was held on the 31st 
ult., and Mr. J. Sandeman Allen, chairman, made refer- 
ence to the organisation of the Association fifty years 
ago. The Association has had during the past year 
upwards of 500 cases to attend to, while the wreck officers 
during last year have been employed at 51 cases, arrang- 
ing for the floating, repairing, and general handling of 
vessels in distress; while the cargo officers have been 
engaged in 933 surveys, apart from cases abroad, where 
they have rendered service to merchants and underwriters 
by keeping down loss and expense. The work in con- 
nection with H.M.S. Montagu has already been reviewed 
in ENGINEERING. 





Sree. Works IN Denmark.—The Burmeister and 
Wain Shipbuilding and Engineering Company have de- 
cided to erect, as soon as possible, steel works in connec- 
tion with their machinery department and close to their 
foundry. This will be the first important steel works 
in Denmark, and the new departure has been decided 
upon partly so as to utilise the large quantity of scrap 
iron from the shipyard and machine-shops, and partly on 
account of the increase in the firm’s manufacture of ham- 
mered goods, the requirements of which for steel have 
now reached such dimensions that it will pay to have 
their own steel works; hitherto most of the steel has 
come from Germany. Another large hydraulic press, 
with a pressure of 4,000,000 Ib., will be installed in con- 
nection with the new works. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Quietneess rules just now 


so far as pig iron is concerned, the reasons being that | 20s. 


genuine purchasers have placed what orders they care to 
for the present, producers have sold their output for some 
months to come, and are consequently not pressing sales, 
and speculators are, for the time being, holding off. A 
resumption of activity at an early date in either legitimate 
or speculative business, or both, however, would cause 
no surprise. A good deal of pig iron continues to go 
to the States, and the shipments to the other side of 
the Atlantic this month are expected to reach 30,000 
tons, of which practically the whole will be Cleve- 
land pig. One or two enquiries on American account 
have been in the market this week, bub we have 
not heard of them wae = business. No. 3g.m.b. 
Cleveland pig is 57s. 6d. f.0.b., there being both merchants 
and makers prepared to sell at that figure, though some 
of the latter are inclined to hold out for rather more. 
The lower qualities are none too plentiful, and _ realise 
relatively higher rates than No. 3. Thus No. 4 foundr 
is 57s.; and No. 4 forge, 56s. 6d. There is not muc 
doing in East Coast hematite pig, and values are easing. 
Producers are very reluctant to reduce rates, but they are 
bound to admit that quotations are high as compared with 
those for Cleveland iron. Under ordinary circumstances 
a difference of 10s. in the value of hematite and Cleve- 
land No. 3 is big, but to-day it is about 22s. 6d. for the 
recognised market quotation of mixed numbers; hematite 
is 803., though second hands would sell at 6d. below that 
price. Spanish ore is quiet. Rubio, of 50 per cent. 
quality, is obtainable at 22s. 6d. ex-ship Tees. 


Manufactured Iron and Steel.—Satisfactory accounts 
are still given of the manufactured iron and steel indus- 
tries. Producers generally are well employed, and the 
extensive Eston Steel Works of Messrs. Bolckow, Vaughan, 
and Co. are now running full time. Quotations for all 
descriptions are fully maintained, and steel rails have 
been advanced by half-a-crown per ton, the basis of 
quotation now being 6/. 15s. net at works for heavy 
sections. The market rates for other articles stand :— 
Common iron bars. 8.; best bars, 8/. 10s.; best best 
bars, 9/.; iron ship-plates and iron ship-angles, each 
7l. 15s.; steel ship-plates, 7/. 103.; steel ship-angles, 
7l. 23. 6d.; and steel joists, 62. 17s. 6d.—all less the 
customary 24 per cent. discount. 


Tron and Steel Shipments.—Shipments lass month were 
far beyond anything previously recorded in January. 
The total clearances reached no less than 176,104 tons, of 
which 140,148 tons were pig iron. This comes very near 
the best on record—viz., those of November last, 144,741 
tons—and is far and away beyond the previous January 
best, which was 94,047 tons in 1899. Of the pig iron 
shipped last month, 103,373 tons were sent foreign and 
36,775 tons coastwise, the largest customer being America, 
with 36,112 tons, Scotland being second with 23,296 tons ; 
whilst Italy “took 15,618 tons; Holland, 13,982 tons; 
France, 9195 tons ; and Belgium, 7254 tons. The imports 
of Italy, France, and Belgium constitute records. The 
manufactured iron shipped last month amounted to 
12,619 tons, of which 7112 tons went abroad, and 5507 tons 
coastwise ; and the steel despatched by sea during the 
first month of the year reached 23,337 tons, of which 
17,728 tons went abroad, and 5609 tons coastwise. As 
usual, India was the best customer for both manufac- 
tured iron and steel, taking 2879 tons of the former, and 
= tons of the latter. Japan received 3499 tons of 
steel, 


Coal and Coke.—The large supply of fuel is well taken 
up, and quotations are upheld. Coke is rather more 
plentiful, but sellers adhere to the high rates that have 
ruled of late, and quotations are still based on 25s. for 
average blast-furnace kinds delivered here. 





AccIDENT AT Messrs. WILLANS AND RoBINson’s 
Works, Rucpy.—An accident, resulting in the death of 
a foreman, at the works of Messrs. Willans and Kobinson, 
Rugby, points tothe fact that too great a care cannot be 
given to checking drawings. A slip here may pass un- 
noticed through the works, resulting perhaps, as in this 
case, in a fatal accident. In the construction of a water- 
brake, cast iron was used as the material for the drum 
instead of cast steel, and, in working, the drum burst. 
The mistake was traced to an error on the part of a 
draughtsman who, in copying drawings, had put the 
letters ‘‘C.I.” instead of ** C. 8.,” as in the original, on 
his copy, which went down into the shop3 unchecked. 


More SpantsH Iron Onz —Mesz:rs. Cammell, Laird, and 
Co, Limited, have continued their efforts to secure a re- 
gular weekly supply of high-grade iron ore from Spain, 
and they are now largely interested in mines in the district 
of Ojos Negros, 123 miles north-west of Port Sagunto, 
in South-Eastern Spain. This valuable property was 
Lrought to the attention of the company by Mr. E. 
Carlisle, manager at Workington. and Mr. Longden, the 
managing director; and Mr. Carlisle went thoroughly 
into the matter. The results so far have ex ed the 
expectations of both gentlemen, as 70,000,000 tons of ore 
are said to be in sight. The mine has been connected 
with Sagunto by railway. Locomotives have been im- 
ported, and a first cargo of 4500 tons of the new ore, 
which is very high-grade, containing 50 per cent. metallic 
iron. 6 per cent. silica, and 0.3 (maximum) sulphur and 


traces of phosphorus, was landed at Maryport on Thurs- 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal trade has not only shown 
much firmness, but prices have exhibited an upward 
tendency. The best steam coal has made 19s. 3d. to 
per ton, while secondary qualities bave brought 
17s. 3d. to 19s. 3d. per ton. ouse coal has also shown 
considerable strength; the best ordinary — have 
made 183. to 18s. 6d. per ton, while No. 3 Rhondda large 
has been quoted at 19s. 3d. to 193. 6d. per ton. Patent 
fuel and coke have been very firm; foundry coke has 
| been quoted at 28s. to 303. per ton, and furnace ditto at 
| 223. to 25s. per ton. As regards iron ore, Rubio has made 
| 21s. 9d. to 22s. per ton, and Almeria 21s. 6d. to 21s. 9d. 

r ton, ya a basis of 50 per cent. of iron, and charges, 
| including freight, insurance, &c., to Cardiff or Newport. 

Electricity at Bristol.—A comparison has been made of 
the results worked out by the Bristol and Belfast elec- 
trical undertakings. A surplus of 66927. was realised at 
Belfast, while the corresponding surplus at Bristol was 
7527. The kilowatt capacity of the Belfast works is 
6400, while that of the Bristol works is 9050. The capital 
expended at Belfast is 256,112/.; and that at Bristol, 
671,6162. ’ 


Taf Vale Railway.—The length of permanent way 
renewed by the Taff Vale Railway Comeney in the past 
half year was 4 miles. During the half year 56 engines 
received repairs; in 27 cases these repairs were heavy, 
two engines receiving new boilers. The capital expendi- 
ture was 44,958/., the principal items being improvements, 





&c., at Pontypridd and other places, reconstruction of 
tips, &c., at Foearth Dock (12,453/.), and hydraulic 
machinery. 


Rhymney Railway.—The ratio of the working expenses 
to the traffic receipts in the second half of last year was 
60.31 per cent., as compared with 59.99 per cent. in the 
corresponding period of 1905, although the cost of loco- 
motive power and several other items was rather less, 

intenance cost 1.40 more, and carriage repairs 0.59 
more. The principal item of increase in maintenance 
was 2100/7. for special renewals, presumably in consequence 
of land slides. The coal bill was 1204/7. heavier. An 
allocation of 15002. was made during the past half year for 
the renewal of engines. 


Cardiff Docks.—The present area of Cardiff docks is 
250 acres. The corresponding area in 1890 was 216 acres ; 
in 1870, 88 acres; and in 1860, 65 acres. The tonnage 
cl last year was 9,801,000 tons, as compared with 
6,545,000 tons in 1890, 2,372,000 tons in 1870, and 1,520,000 
tons in 1860. 


Swansea.—The trade movement of Swansea last year 
was 5,299,736 tons, as compared with 3,852,799 tons in 
1901, 3,044 297 tons in 1896, and 2,726,935 tons in 1891. 
The tin-plate trade continues to improve, last year’s 
shipment constituting a record. 





Metatiic Frrament Lamps: Erratum.—In our article 
last week on metallic filament lamps, the temperature co- 
efficient of metal was given as negative, whereas it is, of 
course, positive. Fortunately, the slip was made obvious 
by Se pens sentences, though we regret that it 
occurred. 





Frre-Tests with Doors.—No. 117 of the ‘‘ Red Books,” 
ublished by the British Fire-Prevention Committee, 
“ recently appeared. It contains particulars of tests 
carried out on an iron- composite door, panelled 
and moulded on both sides, and on an iron-cased com- 
posite door, the external faces of which had vertical inden- 
tations similar to V-joined boarding, the doors in each 
case being made by Messrs. T. Houghton and Co., of 
London. The object of the test was to ascertain the 
effect of a fire of 150 minutes’ duration at a temperature 
ually increasing to 1800 deg. Fahr., but not exceeding 
deg. Fahr., followed by the application of water for 

two minutes on the fire side. The doors were approxi- 
mately 7 ft. 7 in. by 3 ft. 10 in. in size, the panelled door 
being constructed with a channel-frame of iron 1 in. by 
1} in. by in. thick. It was encased in sheets of iron 
in. thick, which formed the inside and outside faces. 

he portions which formed the poy were stamped in- 
wards by hydraulic pressure, and the sheets were turned 
over at the edges, and secured to the channel-frame by 
screws. The edges of the door were covered by a 
channel-shaped piece of iron ;4 in. thick, which projected 
over each face 1 in. On the outside face of the door 
there was also a strip of iron 1% in. by } in., screwed 
on all round the edge, and projecting beyond the edge of 
the door }in., so as to form an external cover to the angle 
frame. ‘I'he panels were riveted together. The door 
itself was 19 in. thick —_ the styles and rails, and 
§ in. thick through the -pan The space between the 
sheets of iron was said 4 the maker to be filled with 
asbestos composition. e frame was of angle iron, 
and was secured to the brickwork by iron cramps. 
The other door was constructed in a similar manner to 
the one just described, except that the iron forming the 
inside and outside faces had vertical indentations in 
place of panels, and was riveted with rivets going 
through the thickness of the door. Five minutes after 
the heat was applied to the first door the panels bulged, 
and after two hours flame came out between the door 
and the frame. The second door and frame buckled 
ten minutes after the fire had been applied ; and, after 
thirty minutes, the flame came out between the door and 
the frame. ‘‘ Full protection” classification for these 
doors was not obtained, ry = it is only fair to state 
that the executive remarked that the doors came out of 
the test as well as many other doors which are dubbed 


MISCELLANEA. 


A RECENT number of the New South Wales Statistical 
Bulietin reports that during October gold was mined to 
the value of 144,031l. The uction for the first ten 
months of the year shows an increase of 41,713/. over the 
corresponding period of last year. ‘ 


We note that a special course of six lectures on pyro- 
metry, with particular reference to its modern workshop 
oggteetienn, is to be given by Mr. C. R. Darling at the 

ity and Guilds Technical College, Finsbury, commencing 
Friday, February 15. In view of the rapid extension of 
the use of pyrometers in industrial processes, this course 
of - sees should appeal to a wide circle in the engineering 
world. 


We are informed by the Consul-General for the Nether- 
lands in Great Britain and Ireland that there will be held 
in Anisterdam, in August and September next, an Inter- 
national Exhibition of Machinery and Machine-Tools, 
The exhibition is to be well supported, and entries will be 
received up to February 15. Full particulars may be 
obtained from Dr. Th. Muller-Massis, Heerengracht 357, 
Amsterdam. 


The Second International Cage on Sehool me 
will be held in the University of don, Imperial Insti- 
tute, City Technical Coll South Kensington, from 
August 5 to 10, 1907. An “Behibition of School Building 
and Furnishing Appliances will be held in connection 





with the Congress. Full particulars and mme of 
the meetings can be obtained at the office, Royal Sanitary 
Institute, Margaret-street, W. 


We have received from Mr. Edward Stanford, Limited, 
of 12, 13, and 14, Long Acre, a copy of a new map just 
published by him, showing the new railways, tramways, 
and miscellaneous improvements in the Metropolitan area 
for which powers are to be cought during the ensuing 
session of Parliament. The map measures 18 in. by 
13} in., and is printed in colours. The area covered ex- 
tends from Alexandra Palace on the north to Beckenham 
on the south side of the river, the western limit being 
Kew Bridge, and the eastern Abbey Wood. 


A = recently taken of the ratepayers of Middles- 
brough on the question of the advisability of a transporter 
bridge between Middlesbrough and Port Clarence, re- 
sulted in a majority of 635 in favour of the scheme. 
Although there are about 18,000 ratepayers on the lists, 
under 4000 voted on the question. ‘I'he Corporation have, 
of course, already had the scheme under consideration, 
and referred the matter to the ratepayers in order to.learn 
whether it was their wish that the town should proceed 
with their Bill in Parliament for powers to construct such 
a bridge. 

A plan has been put forward in Sweden, purporting to 
establish a new and very fast connection between Berlin 
and St. Petersburg by way of Stockholm. The plan, as 
far as Sweden is concerned, comprises a quick electric 
train service between Stockholm and Trelleborg, ard 
a similar service between Stockholm and Koppelskiir, 
from which latter place a fast-steamer service would 
have to be established with Abé, in Finland, from where 
there would have to be run express trains to St. Peters- 
burg. This new route will, according to caloulations, 
reduce the time between Berlin to St. Petersburg from 
31 to 20 hours. 


In 1905, sixty ships, carrying a total load of 43,858 tons, 
entered the new Bruges Canal, most of these proceeding 
as far as Bru Of these ships, 43 were British, 1 French, 
5 Dutch, and 1 Belgian. From January 1 to September 
30, 1906, 280 ships entered, with a total burthen of 216,318 
tons ; of these, 234 were British, 16 Dutch, 12 Belgian, 
6 Danish, 6 German ; French, Norwegian, and Swedish 
each two. A large number of British ships supply 

to the coke works located at Zeebrugge, at the northern 
end of the new canal. A coal briquetting plant is being 
completed near the coke works; the col supply to this 
will further increase traffic. 


According to the Journal of the Board of Trade, the 
Bill recently laid before the Italian Chamber by the 
Minister of Public Works, providing for a large expendi- 
ture on port improvements, allows for works at Palermo 
about 304,000/.; for the improvement of horn, about 
400,000/. ; for Venice and Chioggia, about 620,000/. ; for 
Spezia, 186,400/.; Ancona, 140,0007.; Bari, 104,000/, ; 
Naples, 440,000/.; Savona, 280,000/.; Porto Torres, 
106,0007.; and to several other ports sums of smaller 
amount. It is stated in the Bill that during the period 
1862-1905 nearly 120,000,00C/. have been spent on State 
railways in Italy, 20,000,000. on other salle ween. and 
coy De on port improvements, and the present 
Bill is introduced to help to adjust this deficiency. 


On Wednesday, February 6, the cotton-mill of Messrs. 
Ashworth, Hadwen, and ‘bo. Limited, Droylsden, near 
Manchester, was thrown open for inspection, and a repre- 
sentative body of cotton spinners and manufacturers 
attended. It will be remembered that in our issue of 
January 11 we gave a description of the electric drivin 

installation at this mill. At a luncheon which follow 

the inspection, Mr. Drake, of Messrs. Drake and Gorham, 
Limited, who have been the consulting electrical engineers, 
gave some interesting facts concerning the conversion. 
He also gave some figures which were the result of tests 
made at the mill. He stated that each Board of Trade 
unit was being produced at the mill for 0.263d., or a 
little over }d.; while it was not pcssible to obtain a 
supply of current from any of the supply stations, 
either corporation or limited, for less than 4d. Ratin 

the efficiency of the turbine at 95 per cent., 13 Ib. o 
were required to produce 1 brake horse-power. The 
machines throughout the mill have been speeded up 








day. 





with the title of “fireproof.” 


to 6 per cent, 
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BOWS OF THE ROYAL MAIL SS. “ORINOCO”. AFTER COLLISION. 











Fie, 1. 


WE illustrate in Figs. 1 and 2 annexed the bows of 
the steamship Orinoco, reproduced from photographs 
taken after her collision, on November 21 last, at 
Cherbourg Harbour, with the North German Lloyd 
steamer Kaiser Wilhelm der Grosse. After the acci- 
dent occurred, which tore away the British liner’s 
forecastle head, and caused damage to the starboard 
*tween-deck plating and to the engine-room of the 
German liner, the Royal Mail Steam Packet Company 
gave the passengers on board the Orinoco the option 
of remaining at Cherbourg, to await the following 
liner, or of returning to Southampton by the Orinoco 
or another steamer. The damaged British liner, on 
November 23, proceeded under her own steam to 
Southampton, where she was docked and repaired at 
Messrs. Thornycroft’s works. Fig. 3 shows the liner 
after renewal of the upper part of the stem, bowsprit, 
figure-head, hawse-pipes, &c., and of several of the 
bow plates. 








YEAR-BOOKS AND ANNUALS. 

The Universal Electrical Directory (J. A. Berly’s) 
for 1907. London; H. Alabaster Gatehouse and 
Co., 4, Ludgate-hill, E.C.—The twenty-sixth annual 
edition of this directory now fills a large volume of 
some 1500 pages of names and addresses of electrical 
firms and engineers. It is as complete a directory of 
the electrical engineering profession as it is possible 
to compile. It is divided into two main sections, A 
and B, but falls into nine sections altogether. The 
first division isdevoted to British and Colonial names 
and addresses, the matter being subdivided. under sec- 
tions of alphabetical name-list, classified trades, and 
geographical lists. The second division of the work 
comprises alphabetical lists for colonial and general, 
Continental countries, and the United States, each of 
these lists being provided with a cross-indexed classi- 
fied list. 





Sell’s Directory of Telegraphic Addresses for 1907. 
London: Henry Sell, 166, Fleet-street, E.C.—This 
directory is again brought up to date, the new volume 
containing all names or alterations registered at the 
Post Office up to December 31 last... It forms a list of 
some 70,000 names of firms in the United Kingdom. 
A feature of this work is, of course, the provision of 
the three-monthly list of alterations with which sub- 
scribers are provided during the year, thus keeping 
the volume up to date until the next is published. A 
complete list of His Majesty’s consuls in foreign coun- 
tries is also given, classified under the towns in which 
they are resident. Such alist must be of continual 
assistance to manufacturers having much foreign busi- 
ness. The volume is divided into several sections, 
such as two lists of firms, London and provincial, 
giving their re address and telephone numbers, 
section of telegraphic addresses for London and the 

rovinces, colonial and foreign list, classified trades 
ist, and too-late list to January 1, 1907. 








Tre Royat AcRicutTuRAL SHow at Lincotxn.—The 
Royal Agricultural Society of England has now issued 
the prize-sheet for live-stock, poultry, produce, imple- 
ments, &c., to be exhibited at the Show of the Society, to 
be held at Lincoln from Tuesday, June 25, to Saturday, 
June 29 next. The total value of the prizes (inclusive of 
champion prizes, special prizes, and medals) is 8366/., of 
which 900/, are contributions from the Lincoln committee, 











Fie. 2. 
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1392. from the Lincolnshire Agricultural Society, 2596U. 15s. 
from various breed societies, and 730/. 5s. from other 
sources. In cases of sufficient merit the judges of mis- 
cellaneous implements appointed by the council are em- 
— to recommend to the stewards the award of the 

iety’s silver medal to new implements for agricultural 
or estate purposes, or to new improvements in such imple- 
ments, and to efficient modes of guarding machiner 
from contact with persons es in attending to suc 
machinery while at work. If the judges report to the 
stewards that an implement entered for a silver medal is 
not new, or is not such an improvement as, in their 
opinion, warrants the designation ‘‘new implements for 
agricultural or estate pu ” a fine of 1/. for eac 
such implement will be imposed on the exhibitor. 





Lincotn Water Suppiy.—Temporary arrangements 
have now been concluded whereby Lincoln is assured of 
a “ane supply of water pending the completion of the new 
scheme, which is not expected to be finished for two or 
three years. The River Witham is only liable to pollu- 
tion in flood time, and water in ordinary weather is taken 
from this source, and after suitable treatment is supplied 
to the town. The temporary measures involve dispensing 
with the Witham water in flood time, and drawing pure 
water from Hartsholme Lake, and a large area of gravel, 
where certain ae an infiltration trench, have 

carried out. ese sources will supply in flood time 
more than the 2,000,000 gallons per diem required by the 
city. These works have been carried out at a cost of 
15,0002. The Corporation have now sanctioned the ex- 
penditure of 50,000/. on a new covered service reservoir 


h | constant qualit 





of 6,000,000 gallons capacity, a water-tower with tank of 
300,000 gallons capacity, and trunk mains. In view of the 
fact that the Royal Agricultural Show is to be held this 
year at Lincoln, it is satisfactory to know that the water 
supply of the city is satisfactory. 





Borneo Sprrir ror Prrrot-Enaines.—The present 
high price of petrol, which is generally believed to be 
due more to the action of those controlling the supply 
than to the natural effect of the increasing demand, has 
resulted in the search for other sources of fuel. In the 
days of the surface carburettor extremely low density and 
were essential, but — the —_ 
carburettor of the spray type it is possible, at a pinch, to 
run even with edianey paraffin. Hence the field is opened 
for comparatively dense spirits, amongst which the Borneo 
spirit appears to offer an escape for the motorist from 
what he considers the present extortionate prices. A 
comparison between the running of a six-cylinder Napier 
car, when using Pratt’s spirit and Borneo spirit, has 
made by Mr. S. F. Edge. The carburettor was of the 
ordinary type, adjusted for Pratt’s spirit, and when 
Borneo spirit was used the engine ran as well in every 
particular as on the lighter fuel. It answered the throttle 
equally well, ran as fast, and exhansted clean. When 
the engine was quite cold, as at starting, the Borneo spirit 
was slightly more difficult to vapourise. Brake tests on 
an engine showed that at all speeds the heavier spirit gave 
about 2 per cent. less power; but Mr. Edge does not 
mention the relative consumption in the two cases. The 
specific gravity.of the Borneo spirit was 0.765 at 39 deg, 
Fabr., a8 compared with 0,720 for Pratt’s spirit, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
NovEMBER, 1906. 


DEcEMBER, 1906. 


JANUARY, 1907. 
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Ly the accompanying diagrams each vertical line represents a market 








JANUARY. '07. 
day, and each horizontal line 


represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 1. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 Ib. to 80 Ib. The meta] 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes 


Tue Nortu-East Coast Institution OF ENGINEERS 
AND SHIPBUILDERS.—At a meeting of this Institution 
held on January 25, in the lecture theatre of the Literary 
and Philosophical Society, Newcastle, the President, 
Mr. W. H. Dugdale, M. Inst. C.E., presented to Mr. J. 
Mitchell Moncrieff the anemone os medal for his 
paper, read last year, on ‘‘Commercial Dry Docks.” 


Gotp-Minine IN_ THE TRANSVAAL.—The quantity of 
gold raised in the Transvaal last year was 5,786,617 fine 
ounces, as compared with 4,897,221 fine ounces in 1905, 
3,779,621 fine ounces in 1904, 2,963,749 fine ounces in 1903, 
and 1,707,661 fine ounces in 1902. The value of last 
year’s production was 24,579.987/., as compared with 
20,802,0742. in 1905, 16,054,809/. in 1904, 12,589,247/. in 
1903, and_7,253,665/. in 1902. The number of stamps at 
work in December, last year, was 8060, as compared wit 
6920 in be The ey effected last year was 
due, beyond doubt, to the employment of Chinese 
coolies. The number of these labourers employed in 
January, 1905, was 23,025; in December, 1905, the cor- 
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responding total had increased to 45,804. In January 
last year 47,217 Chinamen were employed, and in 
ember the aes total had risen to 53,004. On 
the — hand, the num : _—- —— om 
practically no progress. In Janvary, , the number 
employed was 76,611, and in December, 1905, 82,962. In 
January, 1906, the total stood at 80,954, but in December 
it had declined to 78,177. It is calculated that the re- 
triation of the 53,004 Chinamen employed in m ber 

t year would have the effect of reducing the wages 
now paid to white men, to the extent of 2,520,000/. per 
annum. Great efforts are being made to improve labour- 
saving appliances, so as to obtain a larger extraction of 
old from ore, and avoid generally waste and loss of time. 
Bome ati voy ——— have been vey ordered 
one of the Rand mining groups ; and if the ve 
4 set > work. These Grills 
cost about 40/. each, and it is claimed for them that they 
will have the effect of reducing manual labour by two- 





thirds. The ag te dividends pai Saas gold-min- 
ing companies last year amounted to 5,565,970/. 


- | tinction of sex and race,” 


INDUSTRIAL NOTES. 


THE proceedings and resolves of the Labour Party’s 
Seventh Annual Conference in Belfast ended in sur- 
prises. There was ample evidence of the individualism 

| of the leaders of that party which teaches collectivism 
| to its rank and file and to those who attend its propa- 
| gandist meetings. These leaders, however, reserve to 
| themselves the right to think and act as individualists. 
| Singularly enough, the real rift in the lute was over 
| quite an outside question—women’s suffrage, a ques- 
| tion that has never been a plank in .any political 
| programme, except as s the Women’s Suffrage 
| Associations. In all other sections it has ever been 
|a matter of. individual opinion—each voter was. free 
to vote for it of against it as he thought p: ; 
In the Chartist movement adult suffrage, aia dens 
term was used, meant manhood suffi It' was_ the 
same in the Manhood ‘Sui and Vote by Ballot 
Association in the early ’fifties, and in the Reform 
League from 1854-5 to 1870. John Stuart: Mill,.Peter 
Alfred Taylor, Professor Fawcett, and some others 
were advocates of extension of the suffrage to women, 
but always .on the basis of property—that is, to 
female householders who paid rates and taxes. The 
resolution submitted to the conference was in sup- 
rt of a Bill before the House of Commons last year, 
on the present franchise, It claimed equality 

of rights and adult suffrage for women on the same 
conditions as for men. The amendment declared 
against the motion, but supported the theory of equal 
rights to all men and all women—mistresses and ser- 


vants and women workers without distinction. The 
amendment was carried by 605,000 votes against 
268,000 ; majority against the official motion, 334 ,000. 


For the moment this vote on an outside issue has 
clouded over a far more important matter—the deci- 
sive vote against imposing a Socialist test upon Labour 
members, and, singularly enough, the speeches and 
votes on that occasion, on the second day of the Con- 

ress, included those of most of the more prominent 
eaders of the Socialists in the House of Commons. 
The resolution-carried voting-card showed 835,000 to 
98,000 against any attempt to impose the Socialist 
test; majority inst, 737,000 votes. It is for those 
leaders to satisfy their consciences and their indignant 
followers outside as regards the recantation involved 
in the amendment, and even more so in the speeches 
delivered on the occasion. Some hard things were said 
about the President of the Local Government Board; but 
then he is in the inner circle, they are outside; he has 
succeeded, they have not. The resolutions in favour 
of old-age pensions and an eight-hour day were carried. 
On the whole, the Conference has been a ter 
success than was anticipated by politicians and Labour 
men generally outside, by reason of the fact that the 
trade unionists won, and the Socialists lost in the 
contest. 

By a singular coincidence, just at the time when 
the Independent Labour Party and the pronounced 
Socialist Labour leaders were prudently surrendering 
at discretion to the trade unionist party at the Belfast 
Conference—not, however, without a strong protest 
from the rank and file—the German Socialists were 
being beaten at the polling-booths in the German 
constituencies. The two facts and incidents taken 
together are significant. It must not be understood 
that the German Socialist Party and the proclaimed 
Socialism in Britain are identical ; by no means. 
British Socialist leaders demand by speech, resolution, 
manifesto, and demonstration that all the means of 


| production, distribution, and exchange shall be taken 


over and be ap cp er a by the State. In Germany 
this appears to be the ultimate aim, but they expect it to 
be accomplished by evolution in distant ages, when the 
whole agg | ae and desire such consumma- 
tion. This, in ,» was the basis of Owenism, 
preached in the ‘thirties, ‘forties, and the early 
fifties. The poy is thus described in Vorwiéiris, of 
January 4, of this year :—‘‘The Social Democracy, 
as the party representing the working class, is the 
natural guardian of their rights and demands. It 
does not fight for new class privileges, but for the 
abolition of class rule and of the classes themselves, 
and for equal rights and duties for all, without dis- 
It adds :—‘‘ There will be 
no premature upheaval. When the nation has given 
them the majority, they will demand the right of 
governing the country ; and they appeal to the count 
on the strength of the electoral programme,” set fort 
at the above-quoted date. In brief, the programme 
included (1) equal suffrage for men and women ; (2) 
the right of public meeting and combination for all ; 
(3) a ten-hour day, to be reduced to nine, and then to 
eight hours ; (4) limitation of Sunday and night work ; 
(5) separation of Church and State, and secular educa- 
tion ; (6) progressive income and property tax ; (7) a 
citizen army ; (8) protection of workers, factory legis- 
lation, and (9) an impartial judicial system. 
There is nothing very revolutionary in such a pro- 
ramme. The manifesto adds :—‘ But this aim cannot 
suddenly attained ; it is only to be realised with the 
consent of the great mass of the people interested in 
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such a transformation, who have become convinced | date, together with the ambitious schemes on foot for 
Karl Marx and his most notable | expansion. 


of its necessity.” 


| The little vile» of Catfield, in Surrey, has shown 
t 


an example in the way of a solution of the old-age 


It appears that the operatives are mostly 
pension problem which might well be imitated. The 





pupil and disciple, Lassalle, were both opposed to ‘‘ all | females, and many young children of tender age are em- 
Utopian dreams and plans for building up a Socialist | ployed, as mill-owners have often to take the whole 
Commonwealth.” The set-back given to the Socialist | family, At the date of the report the mills were running 
Party at the recent general election was a surprise night and day without cessation, including Sundays. 
to most ple—perhaps, to the German Emperor The workers have two holidays at most of the mills, 
most of all. He seems to have expected a further on the Ist and 15th of each month. The engines start 
extension of Socialistic triumphs at the |at 6 o’clock on the 2nd, and work continuously until 


villagers pay a small sum weekly, which is supple- 
mented by the wealthy and well-to-do in the neigh- 
bourhood, and from the fund thus created the villagers 
of 60 years of age and upwards draw a weekly sum 
sufficient to keep them in comfort. Lady Idina 
Brassey is the hon. secretary of the fund. 





yp rane 
As it is they have lost twenty seats, and it is thought 

robable that they will lose another ten in the second | 
Ballot in the present month. But the numerous sections 
in the Reichstag may bring about new combinations, 
for some of the sections hate each other even more 
than they fear and hate the Socialists. The causes of 
the Socialist defeats may be many; not the least of 
these may be the wild talk of some of the rank-and- 
file, and the articles in newspapers, which tend to 
frighten the shopkeepers and the lower middle-class, 
It is a reaction which ought to teach lessons, and the 
wiser heads of the trusted leaders may take heed of 
them. 





It is evident that the Labour members-of all groups 
in the House of Commons will make old-age pensions 
the chief object of their united action in the session of 


Parliament which opens on Tuesday next, the 12th | po 


6 a.m. on the 15th ; and then re-start at 6 a.m. on the . . 
16th, and work continuously until 6 a.m. on the fol-| The strike at Hebden Bridge has, unfortunately, 
lowing lst of the next month. This is as near per- | been attended with riotous conduct. Still more un- 
petual motion as human beings and machines can | fortunate is it that, at a political gathering of women 
stand. No stop is made for meals, the hands taking | suffragists, one of the women advocates gave more 





30 minutes in rotation, the spare hands taking the | than a hint to those on strike to adopt measures not 


places of each batch. Wages are very low, but the | consistent with law and order. Such advocates can 
operatives live rent free, and they get food and other | do as they like in their political campaign, but then 
commodities below cost price, which brings up the| they must bear the personal consequences. In the 
total earnings higher than the averages given in the | cause of labour their interference is uncalled for and 
wages list. The managers and overlookers get their | dangerous. 

experience chiefly in American mills, and generally | ; ——— 

there is all the hustle to be found in the Japanese, The Epping Forest Committee report that the work 
mills that there is in those of the United States. The | done by the unemployed under the supervision of the 
conditions of employment, low wages and long hours, East Ham Corporation was well done, but that which 
have led to labour troubles, especially as the cost | Was done under the auspices of the Central Committee 


of living has increased. The machinery is all im- | W48 far from satisfactory. The men were unused to 
rted, so that the cost of production is thereby spade work, and unwilling to do any more than they 


increased to that extent; but the Cotton Export 
Association is striving to effect amalgamations in 
order to affect competition in the markets open to 
them, especially in China, some of the directors being 
Chinese. It seems that the Japanese excel in skill in 
ps + mixing of yarn, and they use very little sizing as a 
rule, 


inst. With that view the Parliamentary Committee 
of the Trades Union Congress has issued to the 
officials of all the trade unions of the United Kingdom 
a circular, signed by each member uf the committee 
and its officers. In it they say that ‘‘the principle 
of universal pensions has mn affirmed LA ongress 
and by special conferences fur many years.” They add : 
—*" ester, the question has been submitted recently 


Last week the representatives of the mineowners 


| could possibly help. 


The Secretary of State for War and the First Lord 
of the Admiralty will receive deputations from the 
Trades Union Congress Parliamentary Committee and 
other bodies on the subject of low wages and the 
methods of employment known as, the ‘‘ Fellowship 
piece-work system.” This system caused a good deal 
of friction at the docks some years ago. 


to the Prime Minister and the Chancellor of the Ex- 
chequer, both of whom declared themselves in favour 
of universal pensions, so that the matter is ripe for 
treatment.” Again :—‘‘We consider that a serious 
effort should be made in the House of Commons in the 
following session of Parliament to get old-age pensions. 
All the evidence obtainable has mn obtained ; all 
the facts are known; commissions and committees 
have sat long enough.” It states that ‘‘ half a million 
of old people over sixty-five years of age are dependent 
upon charity or Bumbledom for the ordinary neces- 
saries of life; the pressure of workshop life is such 
that old people find increasing difficulty in getting 
employment, and the workhouse is, in too many in- 
stances, the only refuge after a life of labour.” It adds 
that about 200,000 persons are now in receipt of over 
9,000,000. a year in pensions from the Exchequer, 


It is said that some grocer firms have taken steps 
practically to evade the provisions of the new Work- 
men’s Compensation Act. Counsel’s opinion has been 
taken thereon, and it is declared that the methods con- 
templated are illegal under the Act. 


and of the miners in the Federation districts held 
meetings in connection with the reconstitution of 
the Conciliation Board, the existence of the old 
Board having terminated by lapse of time. The rules 
of procedure were altered in accordance with the 
resolutions passed, and were adopted. The same 
officials were reappointed — president, vice - presi- 
dent, and secretaries, one of each on each side 
as formerly. Lord James of Hereford was again 
nominated as independent chairman, if he will accept 
the post for another term. It is reported that the 
men’s representatives, at a private meeting, resolved 
to put forward a claim for a further advance of 5 per 
cent. in wages, but this claim could not be put forward 
until the Board had been fully reconstituted. This 
had been effected at the Thursday’s sitting, but the 








METALLURGY IN FraNce.—The number of blast-furnaces 
in activity in France at the commencement of this year 
was 120, as com with 114 at the commencement of 
1906. The total of 120 representing the furnaces in blast 
at the commencement of 1907 was made up as follows :— 
— district, 74; northern, 14; and central and south- 
west, 





BgictaN Coat Imports.—The imports of coal into 


notices had not been tendered at the first formal 
meeting of the reconstituted Board. It was under- 
stood, however, that instructions had been given to 
the men’s secretary to give such notice forthwith. 
The rise in the price of coal is not due to the miners’ 
demands, the latter being the result of the advance 
made by the mineowners, not the cause of it. 


most of whom were well paid in the public service. 
Nothing is urged against this, but the plea is put 
in for the ‘‘ soldier of labour,” Ruskin being cited in 
its support. It is mainly a question of ways and 
means, and the demand for ‘‘ universal pensions” 
only complicates the situation. 








The boom in the cotton trades is phenomenal. All 
over the world it isthe same. In Lancashire the 
activity is such that new mills are springing up ‘‘like 
wild fire,” to use an old simile. The profits are such 


The South Wales miners have also lodged a demand 
for a further increase of 5 per cent. in wages, and the 
Scottish miners for 124 per cent. advance. Coal is 


Belgium last year were 5,350,584 tons, as compared with 
4,230,313 tonsin 1905. The imports of coke were 350,381 
tons, as compared with 356,136 tons. Of the coal im- 

rted into Igium last year, 2,880,181 tons came from 
yermany, as compared with 2,371,479 tons in 1905; from 
Great Britain, 1,555,487 tons, as compared with 680,280 
tons ; and from France, 850,029 tons, as compared with 
1,145,789 tons. 





THE JuNIon INSTITUTION or ENGINEERS.—With the 
_—— of the President of the Royal Naval College, 
reenwich, Admiral Sir A. D. Fanshawe, K.C.B., an 





in the spinning branch that 10 per cent. is in a sense 
guaranteed for years to come in numerous instances, 
and in others large bonuses are given in addition to 
dividends. These facts are vouched for by the Man. 
chester Guardian, a high authority, ublished in the 
very centre of Lancashire’s great industry. There is 
a dearth of labour in many places, and efforts are being 
made to return to “‘ indentured labour,” not after the 
Chinese modes on the Rand, but according to British 
law and custom. The cotton lords and the operatives 
deserve this prosperity; for a long time profits were 
low, in many cases nil, and wages and employment 
were at alowebb. The fear is that over-production 
now will react against this prosperity in the near 
future. 
The cotton industry in Bombay is equally active, 
and an ambitious scheme is on foot to supply electric 
wer to the Bombay mills—cotton and otherwise. 
here are eighty cotton-mills in and around Bombay, 
giving employment to at least 90,000 operatives. The 
ro electric power is to be obtained from the 
hats Mountains at the back of the city, ata spot 
where there is an ample annual rainfall. It is first 
proposed to supply 60 per cent. of all the mills with 
electric power, with reserves for further supplies 
later on. The scheme has the support of the mill- 
owners, but the sanction of the Indian Government 
must be obtained before it can be carried out. One 
of the largest millowners in the city claims that it 
would enable them to compete with cashire, and 
open up new markets and develop existing ones, from 
Persia in the West, to Japan in the East, and control 
the market for cotton goods throughout Asia. The 
control of the markets is the ultimate object aimed at. 
The Japanese mill-owners are as ambitious to cap- 
ture foreign markets as are those in Bombay, in the 
United States, and in Lancashire. The report pre- 
sented to the American Government by its representa- 
tive in Japan gives a fairly full account of the deve- 
lopment and extension of spinning and weaving up to 





the assistance of Dr. James A. Ewing, F.R.S., Director 
of Naval Education, upwards of one hundred members 
of the Junior Institution of Engineers on Saturday after- 
noon, January 19, visited the College and precincts. They 
were received in the Painted Hall by Professor J. B. Hen- 
derson, D.Sc., Mr. Henry F. V. Negus (Secretary to the 
College), and the Hon. Lieut. Thos. Pratt, R.N. (Curator 
of Museum). After seeing the notable collection of naval 
pictures, &c., there, they were shown over the chapel and 
museum. Proceeding to the new engineering laboratories, 
they were met by Dr. Ewing, Vice-President of the Insti- 
tution. All the apparatus, &c., was on view, including 
that used to demonstrate Dr. Hele-Shaw’s ‘‘stream 
lines,” shown by Mr. John Smith. The laboratory is 
equipped on research lines, and not for elementary teach- 
ing, since the engineering students have had a five years’ 
course at Keyham College and Devonport Dockyard, on 
the ‘‘ sandwich ” system, before going to Greenwich. The 
course extends to one year for the average student, and 
to three years for the best students, who are destined 
later for expert work at the Admiralty or dockyards. The 
equipment of the laboratory comprises a 2000-horse-power 
triple-expansion steam-engine ex H.M.S. Rattlesnake ; 
a 45-horse-power Bellis engine and Siemens dynamo; a 


getting dearer all round in all the coal areas, due to 
the large export demand and to the cold weather 
throughout the United Kingdom. It is a case of 
supply and demand; large users for manufacturing 
purposes and the poor suffer most by the rise in price, 
as is — the case ; the London poor most severely, 
because they have to obtain the smallest possible 
supplies from day to day, while the rich can lay in a 
store at the lowest summer prices. 





The position of the iron and steel trades is said not 
to have been as buoyant as a week or two ago, but 
this relates to pig iron, rather than to the finished 
sections. In the Midlands work is plentiful every- 
where, and in most instances the advanced rates are 
well maintained. One sure evidence of the increased 
activity and peony is that the wages of puddlers 
have been increased 3d. per ton, the rate now being 
93. per ton, while mill workers’ wages have been 
advanced in proportion to the advanced rate. The 
order-books of makers of finished iron are said to be 
well tilled. On Manchester ‘Change the same want of : 
tone was evident last week, but this also related to | 45-horse-power Parsons turbine dynamo; a 30-horse-power 
pig iron. Finished iron was reported to be active | a na —— boy ° wy et se % —- 
at quoted rates. The demand for sectional steel is | fry ; : 7 Be et . 
said to be as strong as ever, and in other departments | 5 ae ee be te Suntaee oe 
makers are well booked forward. The steel trade, | rating plant ; 4 Gusshae torpedo ao-comaduent i an 
both in Lancashire and in the Midlands, is flourish- | 18-in. torpedo; an hydraulic pumping-engine ; two by- 
ing. Generally the position and the outlook are con- | draulic motors ; a Babsock and Wilcox water-tube boiler, 
sidered to be good in all departments. superheater separately fired ; a water-softening plant; a 

_—— ite-Forster boiler with oil fuel ; a 100-ton md a 5-ton 

Reference was made a week or two ago in these | Wicksteed testing-machine ; a complete Zeiss apparatus 
notes to the “ bitter cry of the chainmakers” in Staf- | for the study of the microstructure of metals; a well- 
fordshire. Since then the employers’ and men’s repre- | ©4"!P: workshop for making and repairing harp eaet 
sentatives have met and considered the situation, with ona cquipment of measuring apparatus of all kinds 


: : A i i tal work. At the conclusion of the visit 
the satisfactory result that, without a strike, the wages | a Oa, ; : 
of outworkers have been advanced from 10 to 20 the party were entertained to tes by Dr. Ewing, and on 


r | 4 4 i ded 
cent. This is the best indication of activity, and alec |fr' Bret 3. Helo Shen Fee a woke at thake ws 


. 7 Hele-Shaw, F.R.S., a vote of thanks was 
a general financial prosperity of this branch of | tendered for all that had been done for the reception of 
e. 


| the Institution that afternoon. 
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NAVAL POCKET-BOOKS. 


The Taschenbuch der Kriegsflotten, 1906, which is 
edited by Captain-Lieutenant B. Weyer, is published 
by Lehmann, Miinchen, and gives complete tables, 
with details of design, of the ships of all navies, with 
plans and elevations of the more important ships, 
showing the armour and the disposition of the guns. 
So far as the German ships are concerned, these 
details are most complete, and ap to be practi- 
cally official. There is asuspicion, too, that the book, 
being, like most official publications in Germany, 
intended to create an interest in the Navy, is officially 
helped by the Naval ee Department in regard 
to foreign ship designs. It is a commentary on our 
official secrecy methods to note that we have here 
reproduced an elevation and plan of the Dreadnought. 
Articles regarding the relative strength of fleets, 


tables giving the ballistics of guns of various makers | 
and nations, and ready-reckoning tables, &c., make up | 


quite a useful book of reference. 


Les Flottes de Combat, 1907, is a book of kindred 
nature, edited by Commandant Batincourt, and 
published at 5 francs by Berger-Levrault et Cie., 
5, Rue des Beaux-Arts, Paris. In this case the 
arrangement is somewhat simpler. After a short 
preliminary statement of the preliminary work done 
for each navy, there is published a series of suc- 
cinct descriptions of each type of vessel, and oppo- 
site to it the elevation and plan of such ship, so 
that it is at once easy to follow the details. It 
is perhaps a little unfortunate that the ships of 
the respective classes are not arranged according 
to their modernity. In this case, also, we have 
reproduced the drawings of the Dreadnought, and in 
their essentials these are accurate. The six ships 
about to be laid down for the French Navy are also 
illustrated. An elevation and plan is also given of 
one of the designs of the new ships prepared for the 
German Navy; but it is questionable if the arrange- 
ment illustrated will now be adhered to. No definite 
decision appears to have been come to as to whether 
1l-in. or 12-in. guns should be adopted. 





Published at 2 francs by J. Alte, Ancienne Maison 
Rumebe, Toulon, is the Liste Navale Francaise, 
edited by B. Lerortier. This is specially commend- 
able for its bibliographic record, which seems one of 
the most comprehensive on military and maritime 
subjects. The book further serves the purpose of a 
French Navy List; and there is given a list of the 
ships of the fleet, with the officers on the staff of each. 

The Royal Navy List and Naval Recorder, published 
quarterly by Witherby and Co., 326, High Holborn, 
London, gives not only a complete Navy List, with a 
record of active service, but includes much interesting 
information regarding the recent progress of the 
Navy, with a record of the commissions and ser- 
vices of first and second-class ships now on the active 
list. It is useful also to have a list of the composi- 
tion of the Board of Admiralty from the founding of 
the Royal Navy List to date. There is also a biblio- 
graphy of naval literature ; this has been compiled by 
Mr. L. G. Carr Laughten, and dates from the very 
earliest period. We would suggest as a useful 
appendix to this a note in each Navy List of the 
articles on naval subjects in current publications, 








New Locomotives FoR THE Danisu State Ratiways. 
—The increasing traffic on the Danish State Railways 
often necescitates the using of two engines for the trains, 
an arrangement which is not economical, but which is 
necessitated by the rails not being sufficiently heavy to 
allow of larger locomotives being used. On the line 
through Fuhnen, between Jutland and Zealand, 45-kilo- 
gramme rails have now been laid; and for use on that 
section the Danish State Railways have ordered some 
new powerful locomotives, of the type generally called 
‘* Atlantic,” the steam pressure having been fixed at 
15atmospheres. The tender is calculated to carry 21 tons 
of water and 6 tons of coal. 





Coat aT Hamsurc.—The imports of Westphalian and 
British coal at Hamburg during the five years ending 
with 1906 inclusive were as follow :— 


| not place t 





Year, Westphalian. British. 
tons tons 
1902 1,773,000 2,793,000 
1903 1,874,300 3,067,400 
1904 1,986,000 2,954,000 
1905 1,976,000 ,600, 
1906 2,317,000 8,770,000 | 


The imports of British coal thus largely exceeded those | 
of Westphalian coal, and they appear also to be increas- 
ing still more rapidly. In 1900 the imports were :— | 
Westphalian coal, 1,598,200 tons; British coal, 3,019,400 | 
tons. In 1890 the correspondin 
halian coal, 815,820 tons; British coal, 1,587,700 tons. 
n 1880 the corresponding amounts were :—Westphalian | 
coal, 338,910 tons; British coal, 1,025,550 tons. There 


totals were :—West- 


has thus been a very great increase in the imports during | Section 1 (2) (c) of which 
the last quarter of a century—in consequence, no doubt, | that the inju 
of the growth of German manufactures and G 
steam navigation, 





THE LAW OF MASTER AND SERVANT. 


Caine and others v. The Palace Shipping Company, 
Limited.—This was an appeal from the judgment of 


Mr. Justice Lawrance at the trial of an action without | 


a jury, reported in 22 Times Law Reports, 816. Theaction 
was brought by certain seamen to recover wages alleged 
to be due to them. 

Mr. 8S. T. Evans, K.C., Mr. Neilson, and Mr. Morgan 
ame were for the plaintiffs; Mr. Hamilton, K.C., and 
Mr. Dawson Miller were for the defendants. 

I; appeared that the seamen had agreed to serve on a 
voyage of specified duration to ports between certain 
degrees of latitude, ending at a port in aurene, The 
ship took in a cargo of coal at an English —_ ar had 
then been declared between two foreign Powers, and coal 
had been declared contraband of war, and ships carrying 
it liable to seizure. During the voyage the seamen 
learned for the first time that they were expected to 

roceed to a foreign belligerent port within the above 
Fimite. On refusing, they were left at a British colonial 
port, where they were convicted of impeding the voyage, 
and imprisoned. They brought an action against the 
owners of the vessel for wages from the time they were 
left behind until ‘final settlement” of their claim, and 
for damages. 

It was decided by the Court of Appeal on December 20, 
1906 (Collins, M.R., Cozens-Hardy and Farwell, L.JJ.), 
that as the character of the voyage was changed from an 
ordinary commercial vo for which the seamen had 
signed on, to one involving increased risk, the seamen 
were entitled to refuse to continue it, and were therefore 
entitled to their wages down to the date of the judg- 
ment, which was the “‘final settlement” of the claim; 
that the conviction did not operate as an estoppel, so as 
to them from making the claim; but that they were 
not entitled to damages for the proceedings taken against 
them in the colonial port, 

Nicholson v. Piper.—This case, which arose under the 
Workmen’s Compensation Act, 1897, was heard by the 
Court of Appeal on December 18, 1906. It came up on 
appeal from the decision of the Deputy Judge at Green- 
wich, to whom an application had been made for the 
review and increase of the weekly payment payable to 
the applicant. 

Mr. Shearman, K.C., and Mr. Edmond Browne ap- 
peared for the applicant; Mr. Shakespeare represented 
the employer. 

{t appeared that the applicant, having been injured by 
an accident, his employer agreed to pay him a certain 
sum per week, and a memorandum of this agreement was 
duly registered. Upon an application by the ——~ 
more than a year afterwards, the County Court Judge 
ordered that the agreement ‘‘ be this day terminated, and 
that the weekly payments to the workman thereunder be 
ended oanerng , nl The workman subsequently applied 
to the Deputy County Court Judge to review and increase 
the weekly payments. 

The Deputy County Court Judge was of opinion that 
the arbitration was finally determined by the award of 
the judge made in November, 1905, and that, as his order 
put an end to the weekly payments, there was no pay- 
ment which could be reviewed or increased. He, there- 
fore, declined to hear evidence and refused the applica- 


tion. 

It was decided  f the Court of joee (Collins, M.R., 
Cozens Hardy and Farwell, L.JJ.) that, as the weekly 
payments had been ordered to be ended and the agree- 
ment terminated, the Court had no jurisdiction to increase 
the weekly payment. 

Brooker v. Warren.—This case raised the question 
as to what constitutes ‘‘serious and wilful misconduct ” 
within the meaning of the Act of 1897. The appeal 
(which was heard in the Court of Appeal on December 19) 
was brought by the employer of a man named Warren, 
whose widow had had an award made in her favour under 


the Act. 

Mr. Ruegg, K.C., and Mr. Wethered agg for the 
employer; Mr. Maddocks was for the applicant. 

It appeared that Warren was a in a factory 
at a circular saw which was driven machinery. His 
duty was to hold the wood and guide it when it was 
being sawn. He was told on several occasions, both by 
his cmployer and by the factory inspector, to keep the 

uard upon the saw when it was in use. The object of 
the guard was to prevent the wood which was — 
sawn, if it was jerked up, from being caught by the teet 
at the back of the saw and hurled about the workshop, 
to the danger of those at work there. The workman ha 
worked for several years at circular saws before the guard 
was invented, and he had a great aversion to using a 
guard. — the day in question he intentionally did 

c guard upon the saw when using it, and the 
piece of wood which was being sawn jerked up and was 
burled y dae saw against him, and he was killed. The 
County Court Judge found that the injury to the work- 
man was not attributable to his serious and wilful mis- 
conduct within Section 1, Sub-Section 2 (c) of the Work- 


| men’s Compensation Act, 1897, and made an award of 
| com 


tion in favour of his widow. 
The Court of aon (constituted as above) held that 
the appeal should allowed. At the conclusion of his 
judgment, the Master of the Rolls said :—‘‘It seems to 
me to be a ectly clear case of serious and wilful mis- 
conduct. Indeed, I can hardly imagine a case of more 
serious and wilful misconduct. Upon the admitted facts 
we are bound to enter judgment for the appellant.” 
This case is of peculiar interest, having regard to the 
provisions of the Workmen’s Compensation Act, 1906 
vides that “‘ if it is proved 
to a workman is attributable to the 


erman | serious and wilful misconduct of that workman, any com- 


pensation claimed in respect of that injury shall, wnless 


the injury results in death or serious and permanent dis- 
ablement, be disallowed.” The italics are ours. Had the 
Act of 1906 been in force when the claim in the above 
action was made, the widow must have succeeded. 

Niblett v. Midland Railway Company.—This case, 
which was heard in the Divisional Court on January 21, 
on appeal from a county court, raised a question of great 


| interest to railway companies. The action was brought 


d second seizure, 





by a point-holder to recover a sum of 332. 5s. in respect 
of wages all to be due. 
Mr. 8. T. Evans, K.C., and Mr. Sturgess appeared 


for 
the plaintiff; Mr. Hugo Young, K.C., and Mr. E. W. 
Cave were for the company. 

It appeared that the plaintiff had for some years been 
in the company’s service, and worked his way 
up to the pene of pointsman. In November, 1898, 
he signed the company’s rules and ulations, one of 
which provided that he should join the Midland Rail- 
way Friendly Society. By a rule of this eociety he was 
entitled to sick pay during sickness, but not while 
receiving wages from the company. In August, 1896, 
the plaintiff suffered from an attack of giddiness while at 
his work, and went on sick- pay fora fortnight. In April, 
1899, he had another attack, which proved to be epileptic, 
and the company, deeming it unwise to allow him to per- 
form the duties of pointsman, removed him from this 
work, and promised to try to find him other employ- 
ment. In the meantime he was = sick-pay. Being 
unable to find him other work, the company, in Sept- 
ember, 1899, gave him a fortnight’s notice to leave their 
service. He then brought an action to recover wages 
from April to September, 1899, alleging that during that 
period he had not been discharged, and was always ready 
and willing to work. 

Mr. Evans, on behalf of the appellant, contended that 
the rules of the friendly society had nothing to do with 
the plaintiff's contract with the company, and that in 
regard to the latter, if he ceased to be able to follow his 
employment on the ground of illness, his wages would 
still be due to him until he was dismiseed from the 
service of his employers. In support of this proposition 
he referred to Cookson v. Stone (1 E. and E., 248), K. v. 
Raschen (38 Z.7'., N.S., 39), and Warren v. Whittingham 
(18, the Z'mes Law Reports, 508). 

The Court, without calling on counsel for the respon- 
dents, dismissed the appeal. 

_Mr. Justice Darling, in giving judgment, having re- 
viewed the facts, said that 1t would not have been a hard 
thing on the part of the railway company if, when this 
happened, they had given him notice to leave, or had paid 
him what was due to him and let him go. They did not 
do that; they took a very kindly and considerate view of 
this man’s position ; and if this appeal were to succeed, 
he (Mr. Justice Darling) was afraid that it would be 
disastrous to the interests of railway servants, because it 
might be taken for granted that, if they were to decide in 
favour of the plaintiff, never again would a railway com- 
pany be disposed to treat a servant with the considera- 
tion they had shown here. It was contended that during 
the whole of this time he was in the service of the com- 
pany, and that he was entitled to draw his full weekly 
salary. He (Mr. Justice Darling) did not think that the 
cases cited as authorities for this proposition governed 
this case. He agreed that the statement of the County 
Court Judge when he said that this action was an 
attempt to apply general —- of law to a special 
contract which they would not fit. There was a special 
contract between the parties, and to find it they must 
look, not only at the terms of the plaintiff's engage- 
ment as pointsman by the Midland Railway Com . 
but also at some of the rules and regulations of tl e 
railway company and of the benefit society. To his 
(Mr. Justice arling’s) mind the whole intention 
of the scheme was what the plaintiff understood it to be 
according to his evidence at the trial—namely, that if he 
was in the service of the company undischarged, and was 
incapacitated from work so as to be entitled to the benefit 
of sick pay, he should not be entitled to the benefit of 
whole pay. He could not imagine a more reasonable 
bargain for a man to enter into. If he did not enter into 
such an agreement, it was perfectly obvious what might 
happen. The moment he was unwell the company would 
discharge him, and give him no chance of waiting until 
other work could be found for him. That the plaintiff 
understood this he could not doubt. When he was ill 
once before he was away for three weeks. He received 
sick pay, and he never asked for his full pay. When he 
was well he went back to his work. He then had a 

and went on sick Pay, and again never 
asked for his full pay. Week by week he took his sick 
y, and never asked for 5! other so long as he was 
ept on by the company in a kind of sus Sed service. 
He was a servant who was giving no value for what he 
received, and was therefore paid no w except a pro- 
portion of the contribution made by the master to the 
sick fund. Duriog this time he never asked for wages, 
but when he was finally dismissed from the company’s 
service, simply because they could not find anything fit 
for him to do, then, and not until then, he put forward 
this claim, which he might have put forward during his 
first illness or during any week of his second. In these 
circumstances he (Mr. Justice Darling) thought the deci- 
sion of the County Court Judge was right, and the appeal 
must be y Races | 
Mr. Justice Phillimore concurred. 








Sovurn AvusTRIAN Souncen Rattways.—This com- 
pany has been officially required to expend 2,000,000/, in 
the course of the next five years in the enlargement of its 
stations and bridges, additional rolling-stock, and the 
execution of works for increasing the general security of 
the system. The necessary resources for 1907 are aseured, 
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TIERNEY AND MALONE’S ELECTRICALLY-OPERATED TRAMWAY POINTS. 


CONSTRUCTED BY MESSRS. BRECKNELL, MUNRO, AND ROGERS, LIMITED, ENGINEERS, BRISTOL. 
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THE number of different routes on a modern tram- | 
way system, and the consequent number of points to | 


be traversed by a car on any route, renders the opera- 
tion of the points a matter of some importance. The 
stoppage of every car while the conductor gets off and 
sets the points becomes impracticable on a busy 
system, and the provision of stationary pointsmen 
avout the roads is an expensive alternative. Hence 
some method is evidently needed whereby the control 
of the points shall be in the hands of the driver, who 
thus would be in a position to determine whether the 
car should maintain its direction or be switched off to 
another route. To meet this want, Messrs. Tierney 
and Malone have devised an electrical method of 
controlling the points, which is illustrated on this 
page. All that appears on the surface of the ground 
isa pair of cast-iron boxes, the covers of which are 
flush with the road-level, one on each side of the point- 
tongue. These boxes can be seen in position in Fig. 3, 
while what is inside them is shown in Figs. 1 and 2. 
Each box contains an ironclad solenoid, lying horizon- 
tally, with its plunger abutting against a lever. This 
lever is fastened to a vertical spindle in the corner of 
the box, which carries at its upper end a second lever 
abutting against a stud fastened into the point of the 
tongue. 
solenoid will result in pushing over the point-tongue 
towards the other box, so that the points may be set 
for either direction by this means. 

Normally the points will be required to keep one of 
the lines open. Hence, when the branch is to be used, 
the points must be operated for the passage of the car, 
and returned to normal position after it has passed. 
This entails the excitation of one solenoid just before 
and during the passing of the car, and the excitation 
of the other for a few moments after the car has gone 
through. The methcd of effecting the excitation of 
these solenvids will be understood from Fig. 1. About 
48 ft. from the points on the entrance side, the trolley- 
wire carries an insulated contact-bar, suspended by 
three insulators a few inches below it. hen the 


trolley wheel runs on to this, the line current passes | 


from the = T, through the fase F,, and switch §,, 
through the series solenvid M,., returning rid switch S, 
and fuse F, to the point C,, and thus making the 
contact-bar alive. The circuit to earth is, of course, 
completed through the motors of the car, in the same 
way as if the current was drawn directly from the 
line. It will be noticed that there is a shunt circuit 
to earth through switch §,, the signal lamp G, and 
then either through the right-hand lamp R,, or the 
left-hand lamp R,, according to the position of the 
point tongue. 

After the car has passed the points the trolley-wheel 
runs on to a second contact, insulated from the trolley- 
wire, but so arranged as to be electrically connected 
with it when the car is passing. At this time, then, 
a small current shunting the motor current of the car 


t is obvious that the excitation of either | 
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| 
| passes from C., through fuse F;, and switch S,, through 
| the solenoid M,, and thus to earth. This restores the 
points to their original position, putting out the lamp 
Re, and re-lighting the lamp R,. These two lamps are 
| both red, and the centre one, which is always alight, 
whichever direction the points are set for, is green. 
The use of the lamps at night in indicating to the 
driver the position of the points is obvious, and, further, 
their total extinction informs him if the points are not 
properly ‘“‘home.” The lamps are fixed on a convenient 
trolley-post, with the box for the switches and fuses 
beneath them. 

Should the driver on coming to the points wish them 
to remain as they are, he will put his controller in the 
‘*off” position while the car passes under the first 
contact on the trolley line. It does not matter in 
what position the controller is when the car 
the second contact. If required, the overh fro; 
can be interconnected with the points, either electric- 
ally or mechanically, so that it works automatically. 

As the tongue is positively operated in both direc- 
tions, and there are no springs either to move or 





Fia. 


€ | two other falls, already in use, may be taken u 











3. 


return it, a failure of the current will not affect its 
position. Furthermore, the presence of the apparatus 
does not interfere in any way with the operation of the 
points by a bar if required. The system is applicable 
to all kinds of track, whether worked on the overhead, 
conduit, or surface-contact principles. The makers 
are Messrs. BreckneJl, Munro and Rogers, Limited, 
of Bristol. 








Lance Water-Power Scneme IN West SwEDEN.— 
A comprehensive water-power scheme is at present being 
Pp ed with in West Sweden, referring more especi- 
ally to aseries of falls at Broby, of which two are already 
being exploited, whilst three, so far, have not been used. 
It is pro to construct a canal of close upon two miles 
long to Broby, whereby a fall of about 50 ft. would be 
obtained, and the three falls in question are estimated at 
25,000 to 30,000 horse-power. It is not unlikely _ = 

vy e 
same concern. The plan, so far, is only intended to com- 
prise towns in Sweden, but it is thought quite possible 
that part of the electric power may be transmitted to 
Copenhagen under the Sound. 
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THE “CONREX” 
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Tue illustrations above represent a very simple 
and convenient form of portable tang} which 
is manufactured by Conduits and Fittings, Limited, 
Salusbury-road, London, N.W. The tool has been 
brought out to meet the demand for a bender which 
is capable of dealing with tubes of all the sizes 
and gauges — of being operated on by such 
an appliance. It is made in several sizes, the first of 
these, No. 0, is capable of taking brass and copper 
tubes from 4 in. to 4 in. in diameter, and is arranged 
so that it may be held in a vice, as shown in Fig. 1. 
No. 1 size has four grooves, and is suitable for all 
varieties of tubes from § in. to 1} in. in diameter. 
This type is shown in Fig. 2, and is made to fix 
on a bench, with the grooves in a horizontal posi- 
tion, or it may be used with the grooves in a 
vertical position, in which case it is not fixed to the 
bench, but is steadied by means of an attached lever 
(not shown), which may be held by one man, while 
the tube is bent by a second man. Of course, 
when the tool is firmly fixed to a bench, one man can 
perform the bending operation alone. No. 1 § size, 
similar to No. 1, has five grooves, and will take 
close-jointed tubes from 4 in. to 1 in. in diameter; 
No. 2 size is for all varieties of tubes 14 in. or 2 in. 
in diameter; No. 3 size is for lead, copper, and com- 
posite tubes from 2 in. to 3 in. in diameter, and has 
six grooves ; while there isa sixth type, No. 1 H, which 
has a special hinged die for making intricate bends in 
pipes from } in. to ?in. in diameter. These are the stan- 
dard types, but other sizes can be made toorder. One 

reat advantage of this bender is that it has no 
oose parts, which is in itself a recommendation. The 
operation of bending is performed by placing the tube 
in the proper groove, and then pulling it round, little 
by little, by hand, slipping the tube further into the 
grooves for a short distance after each bend. 

The advantages claimed for the bender are that it 
does its work very rapidly, without flattening or kink- 
ing, and that it will bend tubes to any radius. From 
what we have seen of the work turned out by it, the 
result appeared to be very satisfactory. 





URBAN AND SUBURBAN TRAFFIC. 
The Distribution of Population by Facilities of Rapid 
Transit.* 
By Lynpen Macassgy, M.A., LL.D., Secretary to the 
late Royal Commission on London Traffic. 

Many remedies locally or partially relieve concentrated 
pepeticn in modern cities—housmg schemes, decentra- 
isation of factories, and garden cities—but permanent and 
comprehensive cure lies only in adequate provision of 
means of rapid transit. The term, American in origin, 
describes the means of intraurban and suburban locomo- 
tion afforded by mechanical traction for local as opposed 
to long-distance or main-line travelling. The remarkable 
effect of such facilities in diffusing population, in control- 
ling the structure and lines of growth of cities, is fre- 
quently overlooked for want of definite statistics. On 
t int much valuable information has thered 
by the Royal Commission on London Traffic, with which 
the writer has been associated for the past three years. It 
is only by the aid of such facilities that & city is eble to 


* Paper read before the Economic Section of the British 








Association, at York. 
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follow out its true line of development—the separation of 
the districts of business and residence with a correspond- 
ing distribution of population, a process characterised 
primarily by the gradual subservience of the centre ex- 
clusively to —— of commerce, and, secondarily, by 
the occupation of the outskirts for habitation, the inter- 
mediate spaces falling to transitional uses. 5 

Cities under recent improvements in traction now 
clearly exhibit the secondary stage in their development. 
Liverpool is an excellent example of the removal that is 
involved of residences to the outskirts. The tramways 
were electrified in 1899. Between 1895 and 1898, in the 
areas added to the city in 1895, 3613 new houses were 
erected. Electrification results in increased cheapness 
and speed of transit and frequency of service. Asa result 
between 1900 and 1903 no less than 6696 new houses were 
erected in the added areas, being an increase of 85 per 
cent. Nearly all these new houses were artisan dwelli 
averaging 6s. and 10s. per week, and were taken up by 
city workmen. As against this the number of new houses 
built in those two periods within the old city decreased 
by 40 per cent. oreover, of the so-called new houses 
within the old city, very many were merely reconstruc- 
tions of existing working-class dwellings by the en 
Corporation. These notable figures are directly attribut- 
able to provision of improved means of transit between 
the centre and the suburbs. 

Leeds, again, is similar. Leeds electrified its tramways 
in 1897. The effect was to increase at once the rateable 
value of the districts situated two miles outwards from 
the city centre on the tramway routes. Comparing the 
seven — subsequent to 1897 with the seven previous 
years, Hunslet township showed a septennial increase 
in rateable value of 110,000/., as compared with 22,000/. 

reviously ; Potternewton 65,000/., as against 33,000/. ; 
Shapel Allerton 14,000/., as against 2000/. In fact, every 
such township showed a largely augmented ratio of in- 
crease in rateable value almost entirely due to residential 
suburban development following on the provision of 
enlarged facilities of urban transit..As part of the process, 
large aggregations of workmen in the central districts 
were completely scattered. 

No more convincing proof of the suburban development 
that follows in the train of transit facilities can be offered 
than the extensive building now in progress in West 
London along the routes so magnificently served by the 
London United Tramways. __ ; 

New York City furnishes striking figures as to the dis- 
persive effect on central urban oe ny of facilities of 
transit. In the 24 wardsof Manhattan Borough, between 
1890 and 1900 the population increased by 400,000, or 28 
per cent. Of this increase 231,000, or 56 per cent., took 

lace in the Twelfth Ward alone, the ulation of which 

oubled during the decade. The Twelfth Ward com- 
prises that part of Manhattan Island lying north of 86th- 
street, about 7 miles from the southern extremity of the 
city, almost entirely inhabited b eo commercially 
engaged in “‘down-town” New York. This enormous in- 
crease in population was entirely due to the extension of 
means of transit to the ward. 

The population of Brooklyn a New York City, 
likewise increased in the decade 1890-1900 from 839,000 
to 1,161,000, an increase of 328,000, or 39 per cent. Of 


this total increase, 66 per cent. took in the nine out- 
lying wards of the h, in which the population 
most exactly doubled i owing to improved Tecilities 


for locomotion. In the remaining 21, the central wards, 
the population only increased 18 per cent. That the in- 
crease in the outlying wards originated in the provision 
of facilities of rapid transit was evidenced by the suburban 
development following radially outwards the line of the 
surface and elevated railways. Even more remarkable 


| instances of suburban development due to rapid transit 





| are furnished by the boroughs of the Bronx and Queens. 
At home Glasgow, a Dublin, Newcastle, and 
Bristol have all in a marked degree entered upon this 
secondary stage of their development. 

The primary stage of a city’s development—the appro- 
priation of its anciently ness district to 
purposes of commerce, or, in a modern city, the creation 
of a business centre—cannot be carried to fruition without 
adequate facilities of rapid transit. It is only when 
means for locomotion have been provided that the resi- 
dents, with the exception of those of the stationary care- 
taker class, di —_ to the suburbs. Hence the stage is 
marked by a decrease of population in the central dis- 
tricts. This is what is found to-day in Paris, Berlin, and 
even in New York, Boston, and Philadelphia. 

The dispersive effect of means for locomotion has been 

ronounced in the business districts of London. If 

reater London—that is, every ee whole of which 
is within 15 miles of Charing , or any part of which 
is within 12 miles, be divided into “inner or business 
London,”—an elliptical area seven miles east and west 
and four miles north and south, with St. Paul’s at the 
intersection of the axes—Middle London—the rest of the 
County of London outside Inner on—and Outer 
London—the remainder of Greater London outside the 
county—it will be found that for the decennary endi 
1891, while the population of Middle London incre 
21.4 per cent., and Outer London 50.1 per cent., that of 
Inner London decreased 4.2 per cent., the decrease in 
certain districts being as much as 12 per cent. Again, 
for the decade ending 1901, a middle increase of 13.5 per 
cent. and an outer increase of 45.5 per cent. were accom- 
panied by an inner decrease of 3.2 per cent. The night 

pulation of the City of London has steadily dropped 
rom 112,000 in 1861 to 27,000 in 1901. 

How largely the increased population of Outer London 
consists of persons dispersed from the centre is seen by 
deducting the excess of births over deaths from the in- 
crease in the enumerated population, and by examina- 
tion of the birth-places of the inhabitants. For the de- 
cades ending 1891 and 1901 Inner London lost by emigra- 
tion 259,000 and 235,000 persons per annum respectively, 
while Middle London gained b immigration 141,000 an 
54,000 respectively, and Outer London 800,200 and 400,000 
in the same periods. That the immigrants into Outer 
London consisted largely of persons born in the County 
of London appears from the proportion of inhabitants of 
the eight large towns in Outer London who were born in 
the County of London—the only places for which such 
statistics are available—and who presumably, from the 
census record of occupations, still work in Inner London. 


Proportion of 





Proportion of 
Town in Outer | Population Town im Outer | Population 
London. Born in London. | Born in 
London. | London, 
per cent. per cent. 
1. Walthamstow) 45 5. East Ham .. 40 
2. Willesden ..| 43 6. Leyton ..| 88 
8. Tottenham ..| 41 7. West Ham. .| 31 
4. Hornsey... 41 8. Croydon | 22 


Facilities of rapid transit in harmonising suburban resi- 
dence and intraurban occupation thus satisfy the economic 
requirements of progressive commerce, which involve the 
attraction of mankind towards the city business cen 
and which, if there is no counter current, mean conges 
population. The evolution of our great cities out of 
primitive villages, trading only with the surrounding 
country, which, owing to their command of a break in 
some trade route, have expanded into emporiums of 
trade, indicates the enormous constraining power of 
commerce —how it drags mankind towards business 
centres. 

Industrial progress also contributes to urban a: 
tion. Industrial organisation, culminating as it has in 
the factory system, has resulted in centralisation of 
population. hether such centralisation means con- 
centration entirely depends on economic considerations, 
of which time does not allow discussion. Certain 
industries naturally gravitate to the source of supply of 
raw material ; but an increasing number are attrac’ to 
cities principally by special facilities for sale and distribu- 
tion. Improvements in transportation are fast i 
commercial centres the seats of industry. Fortunately, 
however, only a select few industries are dependent for 
success on local situation within the commercial centre of 
the city, as is evidenced by the movement already setting 
in towards factory decentralisation. A suburban facto 
and a city office seem for many industrial concerns all 
that is required. For these reasons the distribution of 

pulation in a commercial city, depending on facilities 
cs movement into and from the centre, is a wholly distinct 
problem from that found in an industrial city, In the 
two cases radically different facilities of rapid transit are 

uired to effect similar ta geome 
he mode of a city’s growth enables its lines of super- 
ficial development to be controlled by internal facilities 
for locomotion. It grows earlier by ‘‘influx”—a fact to 
which John Stow, Major Graunt, and Corbyn Morris 
long ago directed attention—and only later by ‘“‘ natural 


increase.” For effective distribution the development 
should be by a combined — of internal ex ion 
and exte accretion. e@ susceptibility of urban 


development to the guiding influence of transit lines is 
remarkable. Many instances can be given of cities where 
the directions of growth have been entirely changed by 
the discreet location of railway and tramway lines. 
Boston and St. Louis are cases in point. In London 
the circumstance was commented on by early chroniclers 
—how the city straggled along the river, its ba ny 
transportation route, then advanced successively west- 
ward and inland on roads constructed to the west, then 
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northward and southward from the river, fullowing the 
later northern and southern roads. The wonderful shaping 
influence of railways on the growth of don is strikingly 
illustrated by a series of maps published by the Royal 
Commission in Vol. V. of their report. 

The early movement Londonwards, it is interesting to 
notice, drew down upon it the famous but futile restrictive 
ordinance of Elizabeth. In 1676 Grauat, in his ‘‘ Observa- 


tions on the Bills of Mortality,” put it at 6000 persons | 


rannum. It set in with greatest force in the decade 
1841-51, following on the introduction of main-line rail- 
ways into the Metropolis. Between 1881-1891 no less than 
163,000 persons made their way into Greater London from 
outside, a number which between 1891-1901 increased to 
218,000—22,000 persons per annum—an increasing figure. 
Not till the beginning of the nineteenth century could 
London claim a natural increase—an excess of births over 
deaths. 

The bulk of this external influx naturally seeks the 
central districts, unless through the existence of means 
for locomotion, residence in the suburbs is rendered com- 

atible with work in the centre. Messrs. Reading and 
Saunders, of the General Registry Office, have kindly 
taken out for me from Census sheets, not published in 
detail, figures which show for each Metropolitan borough 
the proportion of the population born out of London. 
The figures, which I summarise below, indicate that the 














tide of country immigration scarcely permeates to the 
central districts, and is mainly arrested in the suburbs. 

| Percentage of Percentage of 

Metropolitan (Total Popula-| Metropolitan Total Popula- 

Borough. tion Born out Borough. | tion Born out 

| of London, of London. 
r cent. r cent. 

Bethnal Green ..! a 10 Lambeth .. - 81 
Stepney .. a 13 Battersea , $2 
Shoreditch 14 Greenwich er 33 
Finsbury .. os 18 Fulham .. ms 35 
Bermondsey... 18 Hammersmith .. 36 
St. Pancras - 21 Oity of London . 37 
Southwark Me 22 Lewisham “4 38 
Poplar 22 3t. Marylebone .. 38 
Hackney .. 23 Wandsworth . 89 
Clerkenwell 26 Woolwich be 39 
Islington. . Fi 27 Chelsea .. ‘+ 40 
Deptford .. - 28 Paddington * 41 
Stoke Newington 29 Westminster .. 42 
Holborn .. « 29 Kensington a 42 
Hampstead i 44 





While it is fortunate that the tide of country immigra- 
tion is diffused before it is allowed to converge and cause 
overcrowding in the centre, the failure of the vivifying 
stream to reach the central districts makes it all the more 
important to disseminate the residents of these districts 
into the suburbs, 

The process of external accretion to any great city 
follows recognised laws. It is essentially a movement on 
economic grounds, although partly on indefinite attrac- 
tion. It proceeds stage by stage, the counties of England, 
in the case of London, contributing contingents generally 
in proportion to their outlying distance. Mr. Llewellyn 
Smith in ‘“‘The Life and Labour of the People of London” 
has ably investigated on these lines the influx into East 
London. The distance which immigrants will travel 
varies with the size of the objective, Levasseur’s hypo- 
thesis being that a city’s attracting power directly varies 
with its mass. According also to Van Mayr the per- 
centage of immigrants increases in the same ratio as the 
magnitude of the city. Only, it would seem, by means of 
rapid transit can this central seeking current be irrigated 
over the outer districts of the city. 

The effect of modern commercial and industrial organi- 
sation being thus to concentrate population, in direct 
properten to which it is evident dispersive agencies are 
required, the question arises whether there is any eco- 
nomic limit to a city’s size. Aristotle limited his ideal 
city to 10,000 persons. With no better, and py 
worse, internal communications than contemplated by 
Aristotle, ten times that number in the reign of Eliza- 
beth had congregated in London. Sir William Petty, 
the famous economist in the reign of Charles II., in a 
valuable essay on the growth of London in his “ Political 
Arithmetic,” argued, on the then current rates of increase 
in London and in England and Wales, that in 1842 
London would contain 10,700,000 persons; but that at 
the same date England would only consist of 10,900,000 
inhabitants, leaving only 200,000 persons to supply the 
Metropolis with provisions. Petty estimated that A 
would have in 1800 a population of 5,000,000 persons, 
whereupon it would cease to grow. ndon’s virility, 
great as it is, however, hardly equalled the prophecy. 
In 1801 Greater London had a population of 1,115,000; 
in 1901, 6,582,000; having doubled itself in the previous 
forty years. To-day it has an estimated population of 
7,150,000 ; that is to say, in the 693 square miles of area 
known as Greater London there is contained an agglo- 
meration equal to one-fifth of the total 
England and Wales. It is hardly possible to predict 
to what size under modern conditions a city may not 
grow. To put the case concisely, the greatness of a city 
mainly depends on its commercial and industrial im- 
oer Pg expansibility, its directions of growth, the 

iffasibility of its population, on its means for internal 
locomotion. Between these two factors, however, there 
is extensive reflex action. 

Without adequate means of internal transit it is, 
therefore, evident that there must be severe congestion 
in the central districts of a commercial city, and without 
comprehensive means of transit great local concentration 
in outside districts, when only a few are opened up for 
residence. Both these conditions are found in London 
to-day. As to the first, in Inner London there is a 


pulation of | 


| population of 1,500,000, and no less than 25.2 per cent. 
of it is living in overcrowded conditions—that is, with 
more than two persons per room in tenements of one to 
| four rooms. If the census figures were more exhaustive, 
| in districts inhabited by the working-classes there would 
|be found an even FF enigma proportion of overcrowding. 
Rents in Inner London are so high as to preclude muni- | 
cipal working-class housing on commercial terms, or | 
workers from obtaining adequate and healthful accommo- 
dation at rents which they can afford to pay. And no 
| less than 1,500,000 persons in Greater London, or one- 
fifth of the total population, may be taken as belonging 
to the working-classes. Most serious of all, there is a 
section of peop!e usually found huddled in a city’s central 
area always most difficult to disperse. The lower east 
side of New York City is a case in point. There, in spite 
of facilities for locomotion, excellent in all respects save 
in that of cost, below 14th-atreet and east of the Bowery 
455,000 persons, mostly foreign immigrants, and persons 
working on the spot, are piled on 979 acres. 465 persons 
ed acre, one-fourth of the -whole population of Man- 
attan borough actually living in one-twelfth the area of 
the island; and this district inc by 34 per cent. at 





the last census. I do not think there is anything so 


is manifest, but, so far, facilities of rapid transit have | 
not reached those districts. When they do, if fares are | 
cheap enough, I do not think the districts can resist the 
dispersive force. The second feature is also noticeable 
in Greater London—that is to say, the rapid apprecia- 
tion of rents in the few outside districts, which alone are 
opened up for workmen’s residence. So enhanced have 
rents become that the cost prevents all but the aristocracy 
of labour from living in Outer London, and paying in 
addition the daily price of travelling to and from Inner 
London. 

What then is wanted is all-round and uniform expan- 
sion to mitigate central overcrowding and to relieve 
suburban congestion where solitary outside districts alone 
are prem he This involves means for local travelling 
of three separate kinds:—(1) throughout the centre ; 
(2) from centre to nearer suburbs; and (3) from centre 
to remoter suburbs—usually respectively designated as 
intraurban, short-distance, and long-distance suburban 
| locomotion. The mileage required, which is a function 
of the traffic, depends on local configuration, the total 
amount, density, and industrial character of the popula- 
tion, and other factors. The three qualities in the ser- 
vice which affect various classes of the community in 
different ways in regard to choosing residences are :—(1) 
the ‘‘ time” of the journey from the place of residence to 
the work ; (2) the “‘cost” of the journey, and (3) the 
‘*convenience” of the agency of transit—meaning its 
accessibility, frequency of service, and comfort of travel- 
ling, &c. Te time is the governing factor, and half an 
hour morning and evening permissible for travelling, 
doubling of speed in all directions outwards from the 
centre means four times the residential area to choose 
from. If cost, and the cost is halved, there is the same 
effect. The effect of these factors on rent will be found 
explained in Dr, C. H. Cooley’s ‘‘ Theory of Transpor- 
tation.” 

To the working classes the factor of cost is the all- 
important quality, whether for intraurban or long or short- 
distance suburban travelling. Nothing is more potent 
than cheap fares in attracting them to suburban districts 
reasonably accessible. 

A notable instance is the enormous appregetion of the 
working classes in the north-east of London, in the artisan 
dormitories of Edmonton and Walthamstow, since the 





appalling in London as that. Still the same immobility | 
on the part of inhabitants of districts in Inner London | 





Great Eastern Railway commenced to run workmen’s 
trains to those places. The population of Edmonton 
jumped from 14,000 when two trains were started to 
62,000 when seven trains were put on, and Walthamstow, | 
from 11,000 when two trains were started to 95,000 when | 
eight trains were put in service. Such local aggregation | 
of the working classes in any district is of serious social | 
moment. Houses of good rental are not built, the total 
rateable value is very low, and the rate in the pound 
exceptionally high. 

Leeds also illustrates how mobile central-dwelling 
artisans become under the influence of cheap fares. There 
a feature is the great growth of workmen’s houses in every 
direction, at the limits of the penny fare upon the tram- 
ways at a radius of 2 to 24 miles of the centre of the city. 
In New York City it was also found that, after the 
we aca of a uniform 5-cent fare by the Steam Elevated 
Railroad, the centre of population moved up from T wenty- 
Third to Fifty-Ninth-street. 

The London County Council early insisted on the 
necessity of special fares for the working classes, a policy 
repudiated in the United States, but adopted with con- 
spicuous success by the Belgian Government on the 

Igian State Railways as far back as 1870. Under 
ne a of the Decree of March 19, 1901, of the Prussian 

inisters of Trade and Commerce, of the Interior, of 
Religion, and of Agriculture, many Prussian towns have, 
| by the establishment of such fares, been successful under 
| adverse conditions in removing workmen from the centre 
| to the outskirts. The cities of Frankfort and Mannheim 
| have, of all the German cities, most effectively followed 
| the example of the London County Council in this en- 
|deavour. In American cities the dispersive power of the 
| uniform 5-cent fare is that which is relied on, but uniform 
| fares have been tried and have failed in Germany, and 
| will always, it seems to me, do so under European con- 
| ditions. 
| In the case of the wealthier classes, for intraurban or 
| short-distance suburban distances, the factor of ‘‘con- 
| venience,” which primarily consists in accessibility, and 
secondarily in frequency of service, seems to exert the 
, Sreatest influence. The Pennsylvania Railroad Company, 








recognising its inability to compete for this class of traffic 
with parallel tramways in Philadelphia, through its steam 
service being inherently deficient in these two qualities, 
closed all their stations, some fourteen in number, within 
4 miles of their Broad-street Terminus. Dublin presents 
a unique example of this proposition. The population is 
stationary. The wealthier section of the community has 
been entirely attracted frcm the centre by one or other of 
these qualities of the tramway service, and the same 
population is now spread over a residential area some four 
or five times greater than the original area of residence. 
But for long-distance suburban distances the factor of 
time is, to the wealthier classes, the all-important con- 
sideration. Many instances in support of this appear in 
the Royal Commission’s Report. 

What agencies then are required in the case of our large 
cities to furnish the required facilities of rapid transit ? 
Intraurban movement is along, and necessarily follows, 
the routes of streets, and requisite facilities must. if 
possible, be provided by surface tramways or motor 
vehicles. There is no doubt that tramways for this class 
of traffic furnish the cheapest, the most rapid, and the 
most convenient means for locomotion. But there comes 
a stage—that approaching short-distance suburban dis- 
tances—when, except for the poorest, the slow speed of 
passage through congested streets calls for a quicker mode 
of transit, and underground or elevated railways come in 
vogue. For long-distance suburban distances even quicker 
locomotion is required, over and above the time necessarily 
taken by a tube or elevated railway, with its closely con- 
tiguous stations. To afford such facilities, suburban rui!- 
ways with rapid and frequent services are essential. 

The ideal facilities for long distance suburban travelling 
is that contemplated over the electrified suburban lines 
of the New York Central Railroad into New York City. 
Specially-designed tramcars will collect passengers in the 
streets of the suburbs, will then pass on to the main line, 
there to be coupled up with other cars into trains and 
run as such into the City, where the trains will be broken 
uP and the separate cars forwarded on to the City surface 

ines. 

As illustrating the relative functions of different means 
of transit in New York City, it is found, along routes 
where there are tramways on the surface, elevated rail- 
ways overhead, and an express eronge J underneath, all 
operating at a uniform fare of 5 cents, that passengers re- 
quiring to make journeys for about 1 mile, attracted by the 
convenience of the street-cars, travel by them, for 1 mile 
to 24 miles, attracted by the quicker time of journey by 
the elevated railway, travel by it, in spite of the incon- 
venience of having to walk to the end of a street to the 
elevated station and then climb the stairs; and that for 
distances above 24 to 3 miles passengers are prepared to 
walk further to the less frequent express stations on the 
subway to obtain the still greater speed. 

For effective distribution more than isolated operation 
of the transit agencies above described is wanted. In 
nothing is co-ordination more essential. Tramways are 
necessary at both ends of purely suburban railways for 
collection and distribution of passengers, else suburban 
development will cluster round the railway stations. 
Through bookings are expedient, the utmost harmony of 
working between traction authorities essential. Boston 
ea an illustration of the sort of thing required. 

here the central commercial district is served by tram- 
ways—on the surface where practicable, in a subway 
where the streets are too congested, and also encircled by 
an elevated railway which uses the subway for a portion 
of the circuit. The elevated railway is continued out- 
wards some distance from the centre of this district, 
where it forms excellent connection with the tram- 
ways by means of interchange stations. The remoter 
suburban residents are picked up by the tramcars in the 
suburbs, conveyed to the interchange stations of the 
elevated railway, thence rapidly transferred across a 
platform, and quickly carried into the central district, 
any point of which they can reach by means of the 
elevated railway circuit. The elevated railway and 
the tramcars likewise provide the necessary facilities for 
long and short-distance travelling through the central 
districts. Asa result, in no city in the world, perhaps, 
is the population so equally distributed as in Boston. In 
Greater ton 1,147,000 persons are diffused over a dis- 
trict extending to a 12 miles radius of the city, and com- 
prising 292 square miles. . 

Tosecure equable distribution by means of rapid transit, 
the German system of a municipal “‘ building plan” to 
regulate suburban development is a most valuable, if not 
essential, adjunct. If such had been in existence in 
London, Tottenham and Walthamstow would not form 
such unlovely excrescences as they do to-day. ? 

It is obvious that it is only possible to equalise the 
density of urban settlement by projecting and construct- 
ing in many cases railways and tramways into districts 
in advance of population.. Such has been held to be 
no part of the duty of a railway company under the Cheap 
Trains Acts. If it is to be generally done—and the 
necessity in many cases is undoubted—it must be on some 
basis of pecuniary co-operation between the local and the 
railway authorities; but whether under financial subsidy 
or guarantee, or by remission, suspension, or abatement 
of local rates, is an economic question entirely apart from 
the subject of this paper—one, however, which must be 
decided in the immediate future. There is no more 
pressing question at the present day than this problem 
of distributing urban population, and the time to deal 
with it is now. 








Larcr GAsoLinE Moror.—What is claimed to be the 
largest line motor as yet constructed has recently been 
ship) from Baltimore, Ohio, to Russia. It is of 1600 
ee and is one of four ordered for submarine 

oats. 
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Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oj 
the advertisement of the acceptance of a Complete Specification, 


give notice at the Patent Ofice of opposition to the grant of a) 


Patent on any of the grounds mentioned in the Acts. 
MOTOR ROAD VEHICLES. 


21,400. Humber, Limited. and T. C. Pullinger. 
Beeston. Change-Speed Mechanism. [3 Figs.) Nov- 
ember 25, 1905.—This invention relates to change-speed mecha- 
nism suitable for use on ees vehicles, and has particular 
relation to the means for locking such mechanism, so that when 
one gear is operated the others shall be definitely locked. The 
invention is applicable to that type of sliding gear in which more 
than one operating rod is employed for moving the various change- 
speed wheels. ‘ 
in a jaw, through which the selecting-arm is able to travel, and in 
which it can lie when required ; the arms lie close together, and 
in its neutral positicn the selecting-arm lies in the notch of the 
centre rod free of the other two. Suitably disposed and carried 
by any suitable bracket or equivalent device are oe eee 
p-unger-boxes, so arranged that the plungers lie in the axial line 
of the movement of the operating end of the selecting-arm, so 
that the plungers when pushed towards each other by their 
springs enter the jaws of the two rods that do not engage the 
selecting-rod, and thus lock them so that theycannot move. The 
selecting-arm A is ed by a rocking shaft A! connected with 
an operating lever. Opposed to the free end A? are a series of 
operating rods B, B!, B? respectively, each of which has a jaw 
indicated at b, bi, b2. The selecting-arm A is free to move late- 
rally—that is, in the axial direction of the shaft Al—and the jaws 





Fig.1. 


b, b1, U2 are in line with each other when the operating rods are 
in the inuperative position, so that the end A% of the arm which 
lies in the path of the jaws can be moved into any one of the 
same by sliding it laterally. On opposite sides of the selecting- 
arm locking-members C, C! are provided. Each member is free 
to slide in its yy ae bearing, which may be formed in the 
arms D1, D2 of a bracket D, and is controlled by a spring C2, so 
that it is always urged forward against the end of the selecting- 
arm. The operation of this device is as follows :—If it is desired 
to operate the rod B, the selecting-arm is moved laterally until 
its end A’ engages the jaw 6 of the rod. During this movement 
of the selecting arm the locking-member C has been forced back 
against the action of its spring, so that it now lies clear of the 
jaw b, whilst the locking-member C! has followed the selecting- 
arm, and now lies in both jaws b!, l2 of the rods B!, B2. Ther 

B can thus be operated by rocking the shaft A! and swinging the 
selecting-arm A, whilst the rods B!, B2 are securely locked by 
the member C!. It will be seen that with the selecting-arm in 
the central position, as shown in the drawings, the rod B! may be 
operated, and the rods B, B? are locked ; and, similarly, by moving 
the arm A into the jaw b2 of the rod B2 this rod may be ope- 
rated, whilst the rods B, B! are locked by the member C. Con- 
veniently, a yielding stop F is employed for holding each operat- 
ing rod in its normal and operative position. (Accepted Nov- 
ember 28, 1906.) 


nt. a Volt - Am uo -Geseiioshats Vigedmenn 
pany, an eischmann, Frankfo: 
Germany. Speed-Indicators. (2 Figs.) October 15, 1008" 


—This invention relates to the speed-indicator forming the sub- 
ject of the application for Letters Patent No. 9352, of 1906, and 
has for its object to enable the speed of travel to be ascertained 
from inside the vehicle. This object is effected by arranging 
within the soft-iron armature (which is constructed in the form 
of a drum, and is mounted on the revolving shaft, and has an 
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interrupted wall) a drum of non-magnetic material surrounding a 
core of soft iron provided with coils of copper wire, and connected 
by wires to a voltmeter, so that the current induced in the coils 
by the eddy currents generated by the rotation of the armat 

may be read off. a is the casing of the instrument, and } the 
permanent steel magnets mounted in this casing, between the 
poles N, 8 of which a free space is left. cisan axle which is 
mounted so as to be ble of rotation. fis a drum of non- 
magnetic material, to which the lower end of the axle cis fixed. 








Outside the gear-box each of the rods terminates | 


gisadrum arranged between the drum / and the ends of the 
les of the magnets b, the said drum y having a wall formed with 
nterruptions, serving as an armature to the magnets. The drum 
er fixed to a shaft j, which is mounted in the casing @ 80 as to 
capable of rotation, but not of longitudinal movement. A core 
k of soft iron is fixed to a disc r of the casing, and projects 
within the drum /, and has a central bore for the reception of the 
axlec. The core is provided with lateral arme, serving as supports 
for the wire coils m. Wires n extend from the coils and are led 
through the casing a to a voltmeter 0, which is located in the 
interior of the motor vehicle, or in any other suitable place. The 
drum g is rotated Py the magnetic poles, and produces a pul- 
sating magnetic field, and induces !currents in the wire coils 
m, such currents being transmitted by the wires n to the volt- 
meter 0, so that the speed travel ma: read off from the latter 
as well as from off the indicating device of the speed-indicator. 
(Accepted November 28, 1906.) 

16,278. M.S. Napier and 8. F. Edge, London. 
| Number-Plates. (3 Figs.) July 18, 1906.—According to the 
eae invention, the number-plate and lam: 

ined together in one structure. This combination 


| 


several advan 
| unvarying relation to the face of the plate, so that the plate 
cannot get out of the position in which it is properly illuminated ; 
and another is that the lamp can be mounted close to the plate, 
| so that in alamp of given power a much better illumination of the 
| plate surface is obtained than if the same lamp were more distant. 
e member A, the edges of which are stiffened by being turned 
back from the rear face of the plate into the form of flanges A 


has riveted to it a lamp-carryiny bracket B, which is permanently 


Fig. 2. 
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| secured in place by rivets. The central portion D of the rear 
| transverse spring of the chassis supports the combined number- 
| plate and lamp-bracket A, B, by means of two members—one E, 
| and the other F, F!, F2. The member E isa flat plate riveted to 
the top flanged member of the plate A, and secured by nuts 
to extensions of the rear bolts of the rear spring D. The 
member F, FT, F2 is similarly secured by nuts to extensions of 
the forward bolts J of the rear spring D, the ends F!, F? ex- 
tending downwards from these bolts to points upon the lower 
flange of the number-plate, to which they are riveted. It will be 
| seen from the side elevation that the ends F!, F2 of the member 
F, Fl, F2 afford a strut to support the lower edge of the number- 
plate. (Accepted November 14, 1906.) 


5297. The Wolseley Tool and Motor-Car Com- 
aes Limited, and A. W. Windsor, Birmingham. 
e Me {6 Figs.) March 5, 1906.—The great 
frequency in on of the brakes of motor-cars neces- 
sitates freq j t of the brake mechanism to énsure 
the proper bearing of the brake-blocks against the surface 
between which and such blocks the frictional resistance is 
required ; and the object of this invention is to ay facilitate 
such adjustment by means which ensure that immediately any 
desired adjustment has been effected, the portion of the mecha- 
nism which has been used in effecting the adjustment will be- 
come automatically locked, so that the adjustment cannot become 
accidentally altered. The adjustment is effected through the 
medium of a stretcher bolt A of the usual type. The brake 
mechanism is arranged so that the adjusting screw B is outside 
the framing of the car, rendering it consequently very easy to 


c. 
the applicati 
t adjust 








manipulate. The screw is provided with a weighted pivoted 
arm F, which normally hangs down alongside the screw, but is 
raised up and used as a lever to turn the screw for adjusting 
the brake ; and this arm is adapted to lock the screw from turn- 
ing, being formed conveniently with ears /, which, when the 
arm is down, enter between the sides of the screw and pass 
across opposite faces of a square c? which is formed on the end 
of the part D, to which the screw is swivelled, thus securely 
interlocking together the screw and the to which it is 
swivelled, and ensuring that the adjustment cannot become 
accidently altered. The arm is formed, preferably, with a round 
knob at the end, to provide the most effective ion of the weight, 
| and also a convenient handle by which it may be lifted, and 
| then used as a lever for a adjusting-screw. The arm 
| readily falls by gravity imm ly it is released, and thus 
ensures the automatic locking of the ustment. ecept 
th ic locking of the adj (Accepted 
November 21, 1906.) 


RAILWAYS AND TRAMWAYS. 


6268. T. A. N. Leadbetter, Rossett. Life-Guards. 

{6 Figs.) March 15, 1906,—This invention has reference to life- 

| pat. for tramway vehicles of the kind in which a life-guard 
| proper is normally held by a catch in its in rative position, 
| but is released and allowed to fall into its operative posi when 
the retaining-catch is displaced or operated by movement of a 

trip-guard. In a life-guard, in accordance with this invention, 
the trip-guard is pivotally suspended below the car-platform near 
= — = = oe pay oy -_ oe the pivotal connec- 

tions there is prov a part 11, preferably arc-shaped, 
by the trip-guard and through a curved slot 12, in which 








operated 
extends 
and works a pin 15 that is carried by one end of a rod 14 connected 





bracket are com- 


possesses | 
es, one of which is that the lamp is supported in 





| with the life-guard proper. This rod, hereinafter termed the 
| “release-rod,” is connected to one part of a retaining-catch, 
| which is pivotally mounted, and the other part of which is 
| formed on arod 17, by means of which the life-guard proper is 
| returned to its normal or inoperative position after use. The 
| first-mentioned part of the — may comprise a seg- 
| mental-shaped piece of metal that is pivotally suspended at 23 
| below the car-platform to the rear of the trip-guard, is formed as, 
| or with, a tooth 22 at a second corner, and at 24 is connected to 
| the release-rod. The pivotally mounted part of the retaining- 
catch is normally maintained by a spring in such a position that 
| it is always ready to engage i's co-operating part 21 on the re- 

setting-rod 17. The arrangement is such that when the life- 
| guard proper is in its inoperative position the connection of the 























1. | release-rod 14 with the slotted part 11, is behind the pivota 


connection of the trip-guard to the car platform, and the length 
of the slot 12 is such that the = pos will be able to swing to 
either side of the vertical to a slight degree without moving the 
part, to cause the end of the slot to come against the pin 15, 
and, if it be the back end of the slot that so comes in contact 
with the pin, move the release-rod 14 in a direction to rotate the 
| first-mentioned of the retaining-catch on its pivot, and dis- 
| engage it from the part 21 on the resetting-rod, and so allow the 
life-guard proper to fall. The movement of the first-mentioned 
part of the retaining-catch is limited by the pin 24 engaging in a 
slot 25 in a depending bracket. The resetting-rod 17 is connected 
to the life-guard proper, so that after the life-guard proper has 
been dropped, the life-guard proper can be raised to its inopera- 
tive position by the actuation of a lever or pedal by the driver. 
| (Accepted November 14, 1906. 


| $096. J. A. Lycett and G. J. Conaty, Birm 

|ham. Radial Trucks. [7 Figs.) February 8, 1906.—Th 
invention relates to a four-wheel electric tramcar having two 
radially.moving axles mounted in bearings carried by two radially- 
moving frames, which are mounted to turn about the centres of 
the radial areas of the axles, and two electric motors, which 
drive the axles and have the same jal movements as the axles. 
According to this invention, the frames are continued beyond the 
wheels towards the ends of the car, and are there furnished with 
double inclined bearing-pieces or slides, on to which bear corre- 
sponding double inclined bearing-pieces or slides carried by the 
underframe of the car, and so arranged that when the axles and 
radial frames are moved out of their normal position square with 
the longitudinal centre line of the car, the weight of the latter, 
acting through the double inclines, tends to bring the radially- 
moving frames and axles and electric motors carried thereby back 
to their normal positions. 30 is the double inclined bearing-piece 
with which the cross-bar 29 that connects the outer ends of the 
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} 
| side members of the radially-movable frame 12 together is pre 
vided. 31 ie the corresponding double inclined bearing-piece 
carried by the cross-bar 32 fixed t» the side bars of the car. ch 
| of the cross-bars 29 is by preference made with upwardly -projecting 
sides 83 and ends 34, which are higher than the top surfaces of the 
inclines 30, so as to form an oil-bath to k the inclined bearing 
properly lubricated. By providing the double inclines 30, forming 
obtuse angle depressions 36, situated at the two sides of the 
| longitudinal centre line of the car, the weight of the car is 
| properly supportei by the inclines on both sides of the said 
centre line when the car is running round a curve as well as when 
it is running on the straight. This will be clear by an examina- 
| tion of Figs. land 8, in which Fig. 1 shows the position of the 
| upper and lower inclined bearing surfaces relatively to one 
another when the car is running on the straight, whereas Fig. 3 
shows the position of the upper and lower inclined bearing sur- 
faces relatively to one another when the car is running round a 
curve. (Accepted November 21, 1906.) 


| 6974. W. Horsefall, Leeds. Rails. [5 Figs.) March 
31, 1906. —This invention relates to improvements in divided or 
compound rails for use on tramways or street railways. Its object 
| is to furnish a rail that can be renewed at the wearing part with- 
out the whole of the roadway having to be taken up. Accord- 
ing to this invention, a bed of concrete A is provided in the usual 
way in the trench below the level of the road. Upon the con- 
crete bed are placed two bars B, © of L-iron of any suitable 
section. The bars are placed parallel, and at a suitable distance 
| apart, with the flange or horizontal portion of each |_-iron above 
the concrete bed. The vertical portions of the |_-iron may be kept 
} 
| 





apart by means of collars D, held in position by bolts or rivets E. 
The rail proper consists of a cap portion with the usual longitu- 
dinal groove G in its “pees surface, and is provided with a central 
longitudinal web H, to fit between the two portions of 
the [-iron and to be retained in position by bolts J passing 
transversely through the two angle-irons and the web. A recess I 
is made in the under surface of the rail on each side of the 
central longitudinal web, into which the upper ends of the vertical 
parts of the angle-irons pass. After the angle-irons with their 
collars have been placed in position and stayed together by stays, 
the space K between the two vertical portions of the angle-bars 
and the under surfaces of their flanges may be filled with slurry 
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cement. It is upon this bed of cement that the under surface 
of the central web of the tram-rail is allowed to rest. The tram- 
rail can be taken off when worn out and ed with a new one, 
the only thing that is required being that two or more sets 
close proximity to the transverse retaining-bolts J be removed. 
When the cap is removed from the angle-irons the latter remain 
on the bed of concrete. (Accepted November 28, 1906.) 


058. M. B. Mo G. M. Gibson, and A. F. H. 
Head Bury. Tram-Car Trucks. (2 Figs.) November 22, 
1905.—The motors of electric tramcar trucks are ly sus- 
pended in the truck-frame by an arrangement of two spiral 
rprings at each side of the frame, one above and one below the 
har by which the motor is suspended, one spring taking the 
weight of the motor and the other cushionip any recoil when 
starting. The object of this invention is to do away with the 
upper or recoil spring, and to cause one spring to act for check- 
ing the movements of the motor both upwards and downw 
According to this invention, a small cylindrical casing a is 
attached to each side of the truck-frame. Within this casing is 
placed a strong spiral spring f. At both ends the casing is 
flanged inwardly, and at one end the flange is made detachable to 
admit the spring. A tubular neck part or bush e passes through 
each flange and fies against the inner face of the flange or one 
an intermediate india-rubber or fibre washer. The spring / bears 
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against and is placed between the two bushes. Through the 
casing, bushes, and spring passes a bolt or stud g, and at the 
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has a transverse section of the shape shown in Figs. 1 and 2, there 
being a ridge b! left in the centre of the bottom of the groove by 
tu a and narrow groove J? on each side thereof. If a 


in wee le or vane formed as described is forced or driven into 
ie groov: 


e until the shoulders a4, a* come in contact with the 
surface of the stator or rotor (Fig. 2), the fangs a5, a5 will be 
splayed into the undercut side grooves 02, b2, thus clinch the 
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connection. Between the guide-blades or vanes a filling or dis- 
tance-piece c? (Fig. 3), whose section has a profile like that of the 
shank a!, can be similarly clinched. In the modified form of con- 
struction shown in Fig. 4, instead of the ridge b!, there is substi- 
tuted a d which will serve to s the fangs a5, a into the 
undercut sides of the ve b, and similarly clinch the guide- 
blades or vanes within the groove. (Accepted November 21, 1906.) 


10,111. L. Taylor, Saltburn-by-the-Sea. Steam- 
Generators. [5 Fige| April 30, 1906.—This invention relates 
to that kind of steam-generator in which the furnace chamber is 
formed between longitudinal rows of upwardly-extending water- 
tubes arranged at te sides of a fire-grate, and connected at 
their upper ends to the lower side of an upper horizontal steam 
and water-drum, which is arran above the fire-grate, ard 
provided with a number of return-flame tubes that are in com- 
munication at one end with the furnace chamber through a rear 
combustion chamber, and at the other end with an uptake. This 
invention hag reference to an improved construction of steam- 
generator of the kind referred to, the object being to improve 
the working, and at the same time simplify and cheapen the 
constructi‘n. a is the cylindrical main steam and water-drum, 
having front and rear tube-plates ) and c respectively, between 
which flame-tubes d extend. These tubes occupy the middle and 
lower portion of the drum a, and communicate with an uptake. 
At its rear end the upper part of the main drum a is provided 
with two or more comparatively small cylindrical extensions or 
drums /, that are in free communication with the upper part of 
the n drum, and extend rearwardly, so as to form the top of 
the rear combustion-chamber g, which is in communication with 








upper end the bolt passes through the motor suspension — k | the flame-tubesd. According to this invention, the furnace cham- 


sion- 
At ite upper end, above the suspension-bar k, the bolt is fitted 
with a pair of nuts or other means for adjusting the bolt and 
forming a shoulder thereon. The spring is, by apogee put 
into the casing with an initial compression sufficient to counter- 
balance the weight of the motor, and thus allow the bushes to 
remain normally at the ends of the casing. Should, however, any 
depression of the suspension bar & take place, ee bush will 
be forced down, and the spring / further comp: . The spring 





will tend to resist compression, and, when the bar rises again, | i a Y 


will return the bush to its former position. On the other hand, if | 
the suspension bar should rise, due, say, to the recoil of the | 
motor, the bolt, acting through the head j on the lower bush, | 
will compress the spring in an upward direction, and thus check | 
any further rise, and afterwards cause the suspension bar to again | 
rest on the upper bush. (Accepted November 28, 1906.) | 
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20,394. Belliss and Morcom, Limited, and A. Jude, 
eatagham. Turbines. (34 Figs.) October 9, 1905.— 
This invention relates to improved methods of constructing, 
assembling, and securing the moving vanes of the rotor and the 
fixed guide-blades of the stator of a turbine. From a strip a 
portion is stamped or machined, so that its two ends a!, a? are 
reduced in width (Fig. 1), leaving a portion a of full width. The 
end a! is secured to a shrouding strip in the usual way, and the 
end a? forms the shank, he ae an attachment is made to the 
rotor or stator. The shank a? is then bent to form a foot, as 
shown in Fig. 2. The foot portion of a? is made of such a length 
that when its extremity butts against the bent corner of the 


Pig Fig, 


pes shank, the vanes or guide-blades will be equally and 
suitably 6 The bent shanks a? are assembled within an 
undercut ring-groove b, shown in transverse section in Figs. 3 | 
and 4, and in developed longitudinal section in Fig. 5. The 
assembled guide-blades or vanes are then secured by means of 
rar em geen ¢. The blocks ¢ are so bif: ted as to dapted 

iverge and occupy portions of the spaces provided by under- 
here J the sides of the ring groove ) when the blocks c ae forced 
into the said groove, as shown at c! in Fig. 4. In this way 
each of the blades or vanes will be separately and securely held in 
place. The blocks c are not Soo distance-pieces, though it 
will be advantageous for them to li the space in the groove 
between two shanks. (Accepted Nov :mber 21, 1906.) 
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da M Limited, A. 
Turbines. (36 Figs.) November 14, 1905. 
—Thie invention relates to improvements in the construction of | 
ide-blades and vanes, and to means for assembling them and | 
or securing them to the stators and rotors respectively of turbine 
motors. The principle of connection involves the employment of 
a ring-groove with an undercut side formed in the stator or rotor, 
and means for diverting transversely into the undercut portion 
of the groove one or more fangs of the elements which it is | 
desired to secure to the stator or rotor in which the groove is 
formed. In the form illustrated, a strip of metal of section suit 
able to form a ie-blade or vane @ is stamped or machined to a 
indicated, the breadth of the portion a1, which 
forms the shank of the vane, being lessened b the removal of the 
thin edges, and a notch a2 e extremity of the 
. At the other end of the aa lug a is for the 
purpose of making a riveted attachment to the in the 
usual way. The groove }, into which the shank a! is to be ted, 





| through the adjacent down 
| of temperature, to the lower ends of the uptake tubes, so that a 


| ber A is formed by and between front and rear walls n, 1 of refrac- 


| tory material, and the steam and water-drum a@ is connected to 
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is equal, and in another portion of the length of the turbine 
steam E& from the self-balance, and tly there 
from cough the m or differential pressure of steam so 
passing, acts on the blading of the said portion (hereinafter 
termed the propeller bal ) in opposition to the thrust of the 
propeller. In the figure the self-balance and propeller balance 
portions are ively denoted by the lettersS BandPB: a 
is the eteam inlet ; d, d are the blades on which the steam acts to 
producé rotation of the drum c ; ¢, ¢ are communications between 
the steam-chamber and the interior of the drum c. f/f, 9 are 
trunnions or shafts carrying the drum c provided with glands. jis 
the exhaust for the steam, and & is the ordinary pro- 
peller shaft thrust block. In the construction illustrated, the 
self-balance is a considerable length of the turbine extending 
from the forward end rearward, and from the steam inlet, which 
is at the middle of the said length ; the steam passes directly to, 
and both forwardly and rearwardly through, the self-balance. 
The propeller-balance is rearward of the self-balance and receives 
steam from both ends thereof, the steam from. the rearward end 
of the self-balance passing first into the drum and thence through 
the openings ¢, ¢ into the propeller-balance. (Accepted December 


5, 1906.) 
MISCELLANEOUS. 





17,517. Alfred Dunhill and Co., Limited, and 
J. London. Tents. (3 Figs.) . August 3, 1906.- 
This invention relates to improvements in construction 


of tents as used by engineers and others when opening the 
man-holes of cable conduits and the like, or for use in any posi- 
tions in which a screen is required. Hitherto such coverings or 
tents have been usually formed in half sections on a fixed frame, 
which takes up a iderable amount of room and is difficult to 
fix in tion. The object of this invention is to construct a tent 
of this nature which is entirely self-contained, without looxe 
parts required for its tion, and which is portable and easily 
capable of erection by one man. A is a framework formed of 
flat bar, Lor T iron on edge, the back end formed asa half 
circle and the front ends joined by a cross-piece B with turned- 











up ends riveted to the ends of the side bars. Plates C are inter- 
posed and riveted also to the ends of the side bars, and pivoted 
thereto are three arched timber stays D, E, F. To the stay D is 
fixec at O one end of the levers N and P, and connected with these 
levers by knuckle-joints are two other levers, fixed respectively 
to the base A at R and to the front arched stay Fat S. By open- 
ing these levers the arched stays are pressed apart and stretch 
the canvas covering T over them, thus forming the tent. The 
| tent remains open, owing to the tension on the canvas T keeping 
| the knuckle-joints extended, but by pressing the levers inwards 
| 80 that they reverse the position of the knuckle-joints with 
to the centre line of the levers, the latter come together, 
| the tension on the canvas is removed, and the canvas and stays 
can be folded. (Accepted November 28, 1906.) 


7847. J..W. Macfarlane, Glasgow. Centrifugal 
Machines. [1 Fig.) man | 4, 1906.—This invention has for 
its object to provide an improved device for holding the discharge 
valve of a centrifugal machine off its seat. The device is such 
that the valve is automatically released to close the discharge 
aperture when the basket has reached a predetermined speed of 
rotation ; thus it may be made of advan in indicating to the 
workman when the speed attained is sufficiently great for him to 

mmence charging the basket. The device consists of a series 





two lower horizontal water-drums k, located at opposite sides of the | @ wlaied ‘eatches hinged upon a part embracing the spindle, 


fire-grate, by two groups of straight water-tubes j at opposite 
sides of the chamber, each group consisting of two longitudinal 
rows of tubes, the tubes in each row being spaced apart. By this 
arrangement the water-tubes forming the inner rows of tubes 
are constrained to form uptake tubes, whilst the tubes forming 
the adjacent outer row of tubes are constrained to form downtake 
tubes. The front wall _of the furnace chamber is faced by a 
metal plate, between which @nd'the said front wall n a layer of 
non-conducting material is placed, two fire-doors being formed 
through the plate and wall. The rear wall 1 of the furnace 
chamber A is formed with a large flame opening 2, whereby the 
furnace and combustion-chamber are placed in communication 
with each other. Each of the rearward extensions or drums f 
located at the top of the busti hamber is ted to a 
rearward extension of the corresponding lower water drum k by 
two longitudinal rows of straight water-tubes p, so that the tubes 
in the inner row will serve as uptake water-tubes, whilst the tubes 
in the outer row will serve as downtake tu By connecting 
the main drum a and each drum * to each water drum & by inner 











and outer rows of water-tubes, as described, the water delivered 
from the upper ends of the uptake tubes will be at once delivered 
e tubes, uniformly and without loss 


very rapid circulation of water and generation of steam will take | 
place. (Accepted November 28, 1906.) | 
7156. J. Samuel White and Co., Limited, and | 
E. C. Carnt, Eas: igs.) March 
24, 1906.—This invention relates to turbines of the Parsons 
| amg wd type in which the whole of the blading is on a single 
rum, through which steam on its way from one part to 
another of the blading, and the main object of the invention 
is to dispense entirely with the balancing piston or “‘ dummy ” 
piston which has hitherto always been required for receiving the 








steam at such part of the turbine, 80 arranging the blading | 
that in a portion of the length of the turbine (hereinafter call 
the self-balance), the steam 

steam inlet flows through o) 


and caused to move inwards by springs applied to them, in which 
position they engage a rim formed upon the upper edge of the 
valve, or on a part carrying the valve. When the spindle com- 
mences to rotate, centrifugal force tends to make the catches fly 
out, so as to release the valve, and they doso when a speed has 
been reached such that their centrifu moment overcomes the 
moment of the springs, upon which the valve falls and closes the 
discharge. In carrying out the invention, there is fitted on the 





spindle A of the centrifugal machine a sleeve B, the upper part of 
which has a taper screw thread, is split, and is fitted with a nut 
©, so that it may be clamped at any point upon the spindle. The 
lower part of the sleeve B carries lugs D upon opposite sides. To 
these lugs are hin a pair of dependent catches E, weighted so 
as to hang noi ly downwards, but under centrifugal force to 
move outwards. The lower parts of the catches E are bevelled 


| and hook-like, so that they readily engage a counterpart lip G ona 
| sleeve H. The sleeve es on 


and rotates with the spindle A 


and carries the discharge valve at its lower end. The sleeve H is 
vided with a J running on ball-bearings, so that the sleeve 


|end thrist of the steam in such turbines. According to this | and valve may continue to spin freely whilst being raised without 
invention, this obj:ct is attained pd meeps 4 for inlet of the | 


injuri 
tween 
catches are so propo; 


the hands of the tor. Springs K are arranged be- 
the catches E at side, and they and the weight of the 
rtioned relatively to each other that the 


directly thereto from the | centrifugal moment,of the weight of the catches overcomes the 

pposite portions ot the self-balance in moment of the , ys when a predetermined speed is reached 
opposite directione, and acts with equal force in each of them to and the valve is then released and falls. A ylobular casing L is 
produce the required rotation of the drum, so that the effect of | carried u 


the lugs D of the sleeve B, and it is of such a size as to 


the steam pressure in each of the two portions of the self-balance | enclose the catches and springs (Accepted November 28, 1906.) 
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THE NEW NAVAL DOCKS AT 
DEVONPORT. 


Tuerr Royal Highnesses the Prince and Princess 
of Wales will, on Thursday next, inaugurate an 
extensive addition to the naval resources of the 
country, which has involved an expenditure of 
over four millions sterling. On board the Vivid, 
the yacht of the Commander-in-Chief at Devon- 

rt (Admiral Sir Lewis Beaumont, K.O.B., 
K.0.M.G.) their Royal Highnesses will S 
through the entrance lock of probably the largest 
series of docks ever constructed simultaneously, 
constituting an extension of nearly 120 acres to the 
Devonport naval establishments. These works form 
part of the extensive scheme decided upon twelve 
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years ago, when the late Lord Goschen was First 
Lord of the Admiralty, including large and new 
docks not only at Devonport, but at Gibraltar, 
Simon’s Bay, Hong Kong, Bermuda, and other 
strategical stations. Constructed under special 
Acts of Parliament—the Naval Works Acts—they 
have involved an expenditure in all of about thirty 
millions sterling, and the result is a valuable 
augmentation to the efficiency of the Fleet, since 
the final issue of a naval war must depend in large 
measure on the rapidity with which vessels can be 
repaired for a second attack after the fleets of the 
enemy have had a close engagement, and have 
suffered more or less e. Thus, when measur- 


ing recent additions to our mobile force, it is 
equally important to appraise the value of the 
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pew Jand works, vital as they are to the mainten- 


ance and repair of the Fleet. It, is consequently 
appropriate that Royal recognition should 
to the completion of the undertaking at Devonport. 

A la 
the Naval. Works Acts has been carried out by 
Major Sir Henry Pilkington, K.C.B., R.E., who, 
up till a. year ago, was Civil Engineer-in-Chief, 
having as deputy Mr.,C. Colson, C.B., M, Inst. ,C.E. 
Other works of an important character—notably 
those at Malta, Bermuda, and Chatham—have been 
carried forward simultaneously by Colonel. Sir 
Edward Raban, K.C.B., R.E., Director of. Works, 
who succeeded Sir Henry Pilkington a year ago as 
Civil Engineer-in-Chief, continuing at. the same 
time his other duties. Since April last he has 
been entirely responsible for all the civil engineer- 





paid 
rge proportion of the extensive works under 


lishment at Plymouth is the proposal to make a 
yard at Saltash. Plans were prepared by Sir 
James Bagye in’ 1625, but the scheme fell through. 
In 1677 Charles II, visited Plymouth, to organise 
a similar establishment to the one laid down by 
him at Sheerness. In 1688 the site was visited by 
William III. and the Duke of York, then Lord 
High Admiral, and as a result the present dock- 
ard was commenced in 1691, under the name of 

lymouth Dockyard, a small natural inlet being 
utilised to form a basin and dock. This first section 
was finished in 1693, and was the southern end of the 
works on the chart. The area included was about 
35 acres. In time this was found to be inadequate, 
and in 1727 the docks at the north end of what is 
now known as the South Yard were constructed. 
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ing undertakings connected with the Navy, Mr. T. 
Sims, M. Inst. C.E., and Mr. F. W. Kite, M. Inst. 
C.E., being Assistant Directors of Works. The 
Superintending Civil Engineer throughout the 
whole of the Devonport Extension Work up to 
November last, when the main contract was prac- 
tically completed, was Mr. Whately Eliot, M. Inst. 


C.E. Since November Mr. W. J. Clarke; M. Inst. 
C.E., has been the Superintending Civil Engineer, 
and Mr. H. Sadler, A.M. Inst. C.E., has been Chief 
Assistant throughout the construction of the whole 
works. 

Historica. , 

In Fig. 1, appended, is a chart showing the 
whole of the Devonport Naval Works; the 120 
acres now added 
establishment. 
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| Extensions northwards were again made in 1798, 
The total area was then just over 70 acres. 
When, in 1844, further docking accommodation 
;and extended workshops were required, difficulties 
| were experienced, because the town had extended 
along the northern boundary down to the Hamoaze 
near the Ferry. The new works—the Keyham 
Steam Yard, or, as it is now known, the North 
Yard, is separate from the Devonport Dockyard 
roper; a tunnel, about half a mile long, has 
Go constructed to connect the two. The Keyham 
works, the construction of which was commenced 
| in 1844, and practically completed in 1853, covered 
| originally 72 acres. It comprises two spacious 
| basins, a boat-basin, and several graving-docks, in 
addition to the extensive capnetcing works and 
| Royal Naval Engineering College, of which a de- 
| scription was published in ENarng£eR1n@, vol. lxviii., 
| page 216. us to the south and north yard 
there has now been. added 120 acres, mostly in 
basins and docks. Several large workshops, stores, 
.&c., are in course of construction, so that the 
new works will greatly facilitate the maintenance 
and repair of ships, while affording increased 
berthage. 





| Tue GeneraL Dimensions or THE New Basrns. 


Apne of the new works is also given on this page, 
in Fig. 2. From this it will be seen that there, 
is at the northern end a closed basin, having an 
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area of 354 acres. The total length is 1550 ft., and | 
the width about 1000 ft. The uniform depth of water | 
at low water of ordinary spring tides is 32 ft. 6in., | 
and as there is a range of tide of 15 ft. 6 in., 
the depth at. high water is 48 ft. The walls of the 
basin are built of concrete, faced with limestone. | 
They have a thickness of 30 ft. at base, and a| 


—_ the floor of the basin to the coping of | 
55 


, they 


| 
| 


.; but, as shall 


—" be explain 
extend into the subso 


for a considerable distance, 


-having been built. in trenches varying in depth to | 


a@ maximum of 90 ft. from the original surface. 
There : projects 500 ft. into the basin from its 
northern end a pier, having a width of 75 ft. between 
the edges of the ome. This increases the 7 
of the quayage within the basin to 5000 ft. The 
pier will also facilitate the movement of ships 
within the basin by means of cables and capstans. 

The main entrance to this dock from the 
Hamoaze, probably the finest anchorage in the 
South of Evgland, with a depth at low water of 
ordinary spring tides of 33 ft., is, through an 
entrance lock, which is similar in dimensions and 
construction to two adjacent graving-docks, and is 
made suitable for the dry-docking of ships. It has 
a length of 730 ft., with the ordinary sliding 
caissons; but here, as in the graving-docks, arrange- 
ments have been made for using floating caissons 
against outer stops, whereby the length available 
for ships within the lock is increased to 787 ft. 
The width of the entrance at coping-level is 95 ft., 
and the walls have a batter of 1 in 12, rounded off 
with a radius of 5 ft. at the sill. The depth over 
the sill is 32 ft. at low water of ordinary spring 
tides, or 47 ft. 6 in. at high water. The founda- 
tions of the walls enclosing the dock, as well as of 
the sill and floor, were carried down to the rock. 
Concrete was used for the greater part of the 
construction. The facings are of granite, except 
in the upper altars and the top vertical walls, 
where granolithic concrete blocks are used with 
granite coping. The total height from the sill to 
the coping is 55 ft. In addition to this lock there 
is a direct entrance, with sliding caisson, from the 
harbour to the closed basin, as shown in Fig. 2. 
This may be used at high water when the entrance 
to the lock is occupied by a ship, or as er 
mentary to the entrance lock. The width of this 
entrance is 95 ft. at coping-level. 

At the south end of the new works there is a 
tidal basin 600 ft. long and 740 ft. wide, the area 
being about 10 acres, and the length of the wharfage 
2000 ft. The entrance to this tidal basin is 120 ft. 
wide, the river wall on each side of. the entrance 
being 60 ft. wide.at coping-level.. The north round 
head ‘of the tidal-basin entrance and the whole 
length of the outer or river wall were constructed 
within a cofferdam by the sinking of concrete 
columns in trenches, as shall presently be explained. 


Tue Dimensions OF THE Gravina-Docks, 


Between the closed basin and the tidal basin 
there is an intervening space about 900 ft. long, 
and there are constructed in this area three _— 
graving-docks almost parallel to the entrance lock. 

‘Two of these docks have an entrance at each end 
—at the north from the closed basin, and at the 
south from the tidal basin. Stops have been con- 
structed at mid-distance in the length for floating 
caissons, so that both docks may be divided into 
two independent parts, to accommodate two vessels, 
which would enter together or independently, and 
respectively from the closed or the tidal basin. As 
shown on the plan, the larger part of each divided 
dock will accommodate, in the one case, a ship 
462 ft. long, and, in the other, 459 ft. long. These 
lengths, it will be realised, include all but the 
largest battleships, and the use of the floating 
caisson in the'outer stops will increase the available 
length to about 500 ft.;, The smaller part of each 
divided dock takes a ship 250 ft. in length, which 
will accommodate many of the smaller craft of the 
Navy. Here, again, the floating caisson increases 
the length by 43 ft.. Undivided, the central dock | 
(No. 9, in Fig. 2) has a length of 745 ft., and the | 
other—the western dock—(No. 10, in Fig. 2) of | 
741 ft. By the adoption of a floating caisson these 
lengths may be increased by 43 ft. The section of | 
entrance corresponds to that adopted for theentrance | 
lock. The western dock (No. 10) has a depth of 

water over the sill of 32 ft. at low water of spring 
tides, or of 47 ft. 6 in. at high water. Thus at 
almost any stage of the tide any of our warships, 
even laden with war stores, may pass in from the | 
tidal or the closed basin to this dock. Even if| 








water-logged, as the result of damage in war, they 
could enter this dock at nearly all stages, excepting 
at low water. The central dock (No. 9) has a depth 
over the sill of only 20 ft. 6 in. at low water of spring 
tides, or of 36 ft. at high water, but is admirably 
suited to ordinary requirements. 

The _ third ving-dock, with one entrance— 
from. the cl basin—was originally only 480 ft. 
long, but was subsequently extended to 660 ft., in 
view of the increasing length of the modern war- 
ship. The entrance in this case is similar in section 





of 36 ft.; below the. mud surface, or into the rock 


when it was encountered above that level. It was 
found that the rock undulated considerably, there 
being one deep depression from the Weston Mill 
Lake to the Hamoaze, and this partly accounts for 
the triangle in the river-wall. This not only in- 
creases the quay space for the storage of coal, but 
enabled the greater part of one of these depressions 
to be skirted by the front and rear walls. Another 


‘such depression passed through the tidal’ basin. 


to the other docks, and the depth of water over | 


| the sill, as in dock No. 9,. is 36 ft. at high water of 


spring tides. The walls are 43 ft. 6in. high to 
coping-level. In this case, also, the available 
length can be increased by 43 ft. by the use of a 
floating caisson in the outer stops. 

Around the western side of the site at the 
Hamoaze, and the north side at the Weston Mill 
Lake, is a river wall about 3100 ft. in length, con- 
structed. within the cofferdam, of concrete columns 
and concrete in mass in trenches, with heavy rubble 
masonry, backed by concrete, above low-water level. 


Tue Contract; PRELIMINARY WoRK. 


The contract for the works was let on January 1, 
1896, to Sir John Jackson, London, and throughout 
the undertaking his chief agent has been Mr. 
George Hall Scott, and his superintending chief 
engineer Mr. S. A. Lane. 

he upper section of the site of the works had 
been utilised as a dumping-ground for the material, 
mostly shaley rock excavated from the docks and 
basins constructed over fifty years ago at Keyham 
Steam Yard. A further part consisted of fields 
through which ran a brook, carrying off the over- 
flow of what was at one time known as the Keyham 
Lake. About 77 acres were between high-water 
and low-water mark, having a surface covering, 
of varying depth, of soft mud overlying the 
slaty shale locally known as ‘‘shellat” and be- 
longing to the Devonian shale known to geolo- 
gists. The shale proved to be capable of bearing 
considerable loads, but the mud gave some trouble, 
as shall presently be explained. The preliminary 
operations included the construction of a retaining- 
wall to support the parade-ground of the Royal 
Naval Barracks.- This wall, which was formed of 
concrete founded on the rock exposed by the ex- 
cavation of a trench, stretches along the eastern 
side of the works, and attains a maximum height 
of 16 ft. above the ultimate level of the coping of 
the docks and basins. At the same time sewers 


had to be diverted, new gas-mains made, and a new | 
| walings inserted on each side of the sheet-piling to 


road formed to the Naval Barracks. Fig. 3 on the 
opposite page shows the excavation of the trench 
for this retaining-wall andjnew sewer. The sewer 
was of ‘‘egg”’ section, 3 ft. by 2 ft., and skirted 
the front of the wall. 


Tue CoFFERDAM FOR Exqpvome TrpaL WaTER 
FROM THE WORKS. 


Simultaneously there was constructed a coffer- 
dam, extending along the banks of the Hamoaze 
and Weston Mill e. This dam, with two sup- 
Fao gd dams across the site, made up a total 
ength of about 7600 ft., and enclosed the entire 
site of the works. The object was, of course, to 
drain the whole of the site, and enable the works 
to be carried out entirely in the dry. Of this 
cofferdam two engravings are given, one, Fig. 5, 
on the opposite page, and the other, Fig. 14, on 
Plate XII. The main dam consisted for the most 
part of a double row of timber sheet-piling, with 
the 5 ft. intervening space filled with clay puddle 
up to low-water level. As shown in Fig. 5, there 
was, at some distance to the rear, a further row 
of sheet-piling, with raking-struts from the coffer- 
dam. On the deck, as shown in Fig. 14, there 
was a track for the piling-machine, which drove 
the piles in advance of the track. At one stage of 
the operations, where the sand proved troublesome, 
the inner sheet-piling and raking-struts were re- 
moved, and rubble was tipped to temporarily weight 
the mud, which showed a tendency to move. To 
the right in Fig. 5 there is shown the timbering 
and space for the cutting of the trenches for the 
river-wall along the Hamoaze, and for the west 
wall of the entrance lock. The top staging, shown 
in Fig. 5, was for the conveyance of the material 
which, excavated from the interior, was drawn up 
the inclines to the extreme right, and was tipped 
into barges in the river, to be taken to sea, and 
there dropped beyond the three-mile limit. 

The piling of the cofferdam was driven to a depth 








The maximum length of pile used was 72 ft. 
These were chiefly of Oregon pine, in one length. 
The contractors attached importance to securing 
piles of one length in order to dispense with junc- 
tions, which usually involve trouble in the ultimate 
withdrawal of them, owing to the increased friction 
of the butt-straps at the joins. 

At three points in the length of the dam there 
were series of sluices. The overhead gear for one 
such series is shown prominently in Fig. 5. These 
sluices were arranged to prevent any great rush of 
water, which might have damaged the cofferdam 
during the final closing of the opening. As soon as 
the dam had been completed the sluices were shut 
down at low water, and the remaining drainage water 
was pansy: ve, pumped out. ‘The line of the 
cofferdam closely followed low-water mark, so that 
at the final closing little water remained to be 
pumped from the area of the works. In addition to 
the sluices there were at various intervals through 
the dam series of 15-in. pipes, fitted with screw- 
down valves on the inside, to be opened in case of 
emergency, or for the flooding of the area on the 
completion of the works. The sluices were situated 
at the level of low water. 

In addition to the main cofferdam surrounding 
the area the site was divided by two transverse 
cofferdams, one approximately across the sites of 
the entrances at each end of the graving-docks. 
These dams were formed so that the work of ex- 
cavating the area required for the graving-docks 
could be proceeded with before the main cofferdam 
had been completed. These transverse dams were 
of single sheeting, except where the depth to the 
rock was considerable. Both of the engravings, 
Figs. 5 and 14, illustrate the driving of the piles 
in the cofferdam near the entrance to the lock. 
The pile-driver was a double machine, so that both 
the outer and inner rows of sheeting could be driven 
alternately by the same winch. ‘The monkey was 
14 tons in weight, and the fall from 6 ft. to 7 ft. 
Work proceeded from several points simultaneously, 
and Fig. 14 shows two of the pile-drivers approach- 
ing each other. This view also illustrates the timber 


form washers for the tie-bolts connecting the outer 
and inner rows of sheeting. 


THE ConsTRUCTION OF Basin anpD Lock-Wattis 
IN TRENCHES. 


During the progress of the construction of the 
cofferdam the excavation of the trenches for the 
various walls was commenced. That for the 
eastern wall of the closed basin, which was for 
the southern half of its length above the high-water 
mark, was the first to be cut. The trench averaged 
about 45 ft. in width. The upper layer was made 
up by the deposited material excavated from the 
basin in the Keyham Steam Yard. This was 
mostly slaty shale in fairly large pieces, and was 
worked mainly with pick and shovel. The mud 
below extended for a depth of from 16 ft. to 30 ft., 
and had been considerably compressed by the 
material above. This solidification assisted the 
excavating operations, as the material was less 
inclined to slip when the trench was made. The 
illustration, Fig. 4 on the opposite page, is from 
a photograph taken when this trench had been 
excavated to about 60 ft. below the surface, or 
within 15 ft. of its ultimate depth. The timbering 
was very heavy, owing to the great depth and 
width of the trench. In this trench, and in that 
for the walls of the dock furthest from the Hamoaze 
—namely, No. 8 on plan, Fig. 2—the timbering 
consisted of 3-in. runners at each setting—about 
15 ft. in the depth—and they were held in position 
by 12-in. by 12-in. walings and struts. When the 
surface of the rock was reached (Figs. 4 and 6), no 
timbering was needed. Fig. 6 on page 200 shows 
the trench for one wall’ of Dock No. 8, and, in the 
foreground, the timbering in connection with the 
construction of the main-drainage culvert. It is 
interesting to note in passing that the four gentle- 
men shown in the view are, reading from the 
right, Mr. George Hall Scott, the chief agent 
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for the contractors ; Mr. Whately Eliot, the Admi- | 
ralty superintending civil engineer in charge of | 
the works; Mr. Sadler, his chief assistant ; and | 
Sir Juhn Jackson. Fig. 7, which is given on the | 
present page, shows the beginning, in this same | 
trench, of the construction of the lower altars for | 
Graving-Dock No. 8, with one of the timber slides. 
We shall describe the construction of the graving- | 
’ docks in due course, 











the extreme depth to the rock surface being 60 ft. 
for a length of 140 ft. of this trench, it was not 
considered prudent to excavate the mud in this 
length to a greater depth than 25 ft. The procedure 
thereafter was to sink at short intervals hollow con- 
erete cylinders. These cylinders were sunk, at 
unequal intervals, when the surrounding material 
was excavated, and the courses forming the cylin- 


_ ders removed to as great a depth as it was prudent to 


Fie. 7. Bortptye or East Wart or Gravina-Dock'No. 8 in Trenag. 


Similar timber trenches were made for the walls 
on all sides of the closed basin, for both walls of 
Dock No, 8, and for the west wall of the entrance 
lock. Docks Nos. 9 and 10 were constructed in 
the open, as well as the east wall and the floor of 
the entrance lock, the whole of the material in this 
area -having been removed after completion of the 


|go. As the cylinders were thus of varying heights, 


the concrete deposited in situ was effectually bonded, 
and the wall was completed like the others. The 
illustration, Fig. 8 on this page, shows several of 
these cylinders carrying the concrete wall. 


- EXcavations. 
While the work of building the several walls in 





cofferdams.- -The- west -wall-of the-lock, however, 
for part of its length demanded special treatment. 
In this case 6-in. close timber sheeting had been 
driven for the sides of the trench, but owing to 


| the trenches was in progress, the cofferdams having 
| been completed, the excavation of the three million 
jcubic yards of material within the enclosed area 








was begun. Three different methods were adopted 
in succession, principally to suit the nature of the 
soil. In the earlier stages the mud was fine and 
wet, and was therefore unable to bear the load of 
ordinary steam-navvies—probably the most efficient 
machines in the removal of such material. This 
softness of the mud suggested the adoption of 
scoops,* drawn from east to west along the surface, 
the edge digging out the material which passed into 
the interior. The load varied from 2 to 3 cubic 
yaids when the mud was wet, to about 5 yards 
when dry. Their traverse was continued up the 
incline, shown at the right of Fig. 5, and along 
the upper gangway, where the contents were tipped 
inte, barges lying alongside the cofferdam in the 
Hamoaze. The winding-engines for this work were 
of 40 horse-power. When empty the scoop was 
drawn back again by a 20-horse-power engine at 
the opposite side of the dock works. Travelling 
frames were utilised to guide this scoop as far as 
possible across the ground to be excavated ; but 
when the travel of the scoop became great (it 
reached 1000 ft.) it was difficult to ensure that it 
would travel along the ground required to be 
excavated, and carry out the work economically. 
The wear and tear on the wire hauling-rope was 
very great. This system at least sufficed to pre- 
pare the way for other methods, as it effectually 
removed the softer material. For a time ordinary 
1-cubic-yard tip-wagons, filled by hand-labour, and 








Fic, 8. CyLinpERs IN FounDATION OF WEST 
Watt or Entrance-Lock. 


drawn by the same steam-winches, were utilised 
instead of the mud-scoops ; but ultimately, when 
the mud became drier and harder, steam navvies 
were adopted. Indeed, the greater part of the 
work was done by these navvies, as shown in the 
illustration, Fig. 15, Plate XII., which gives a 
good idea of the extent of the excavation carried 
out. A large cableway was used at a later date 
with 4-cubic-yard trays for removing the material ; 
but this was only adopted for a short period. The 
side tip-wagons, adopted for the greater period, 
were of 5 cubic yards capacity, and, as a rule, took 
a net load of 3} cubic yards of solid material, the 
incline and tip into barges being still utilised. 


Tue CoNnsTRUCTION OF THE GRAVING-DOCKS. 


This brings us to the actual work of constructing 
the graving-docks. As already mentioned, the two 
walls of Dock No. 8 were constructed in timbered 
trenches, the dumping between them being sub- 
sequently taken up by the steam-navvies. The 
concrete was put in the trench up to the level of 
the lowest altar (Fig. 7) ; the granite altar stones 
forming the face and the concrete backing were 
carried up simultaneously, the latter being stepped 
by shuttering at the back in the usual way. After 
the dock had been practically finished, it was, as we 
have already hinted, decided to increase its length 
from 480 ft. to 660 ft., by removing the end wall 





* These scoops, and other appliances used in the works, 
were described in a paper aie by Mr. Whateley Eliot at 
the Plymouth meeting of the Institution of Mechanical 
Engineers in 1899, reproduced, with illustrations, 19 
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Fic. 10. Froatine Caisson ror Gravinc-Docg, 











Fie. 11. Deck or Caisson. Fic. 12. Interior Bracine or Caisson. 


| shown in Fig. 19, Plate XTV., and constructing an 
additional length at the head, as seen in the centre 
ae of Fig. 18, Plate XIV. This work, which was 
gun in July, 1906, was carried out under the 
Director of Works Department. The contract for 
the additional work was let to Sir John Jackson, 
Limited, and its completion in five months from the 
date of commencement is a meritorious performance. 
The method of executing this work was somewhat 
different from that previously adopted, the whole 
of the excavation being taken out of the solid 
rock at one time. This involved the removal of 
36,009 cubic yards, much of it being rock, which re- 
quired to be blasted by gelignite. As much as 
7500 cubic yards were taken out in one week. 
Some 3000 cubic yards of concrete in the original 
end wall had to removed. After the end was 
| removed, the floor was put in and the new walls 
. * ‘| built. The work was carried out entirely in concrete, 








Fic. 13. Framine or Cover or Caisson CAMBER. 
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excepting the lower altars and coping:, which are 
of granite. , 

The illustration, Fig. 20 on Plate XLV., shows 
the beginning of the construction of Dock No. 9 in 
the completely excavated area. This is the largest 
of the graving-docks. The illustration shows that 
the material was excavated to the approximate 
shape, not only of the floor, but of the altars, the 
rock there being benched. In the middle distance 
there may be seen the process of constructing 
the floor of the dock. . The concrete was de- 
posited in situ in uniform squares, usually the full 
depth of the floor. The longitudinal grooves, or 
chases, on the surface, shown in the engraving, 
were left for bonding the granite floor-stones. 
In the distance there will be seen the work of con- 
structing the lower altars of the docks. Skew backs 
were left at the sides of the floor for the insertion 
of the lower altars, which’ are of granite. The 
concrete backing was thus placed in situ simul- 
taneously with the setting of these masonry blocks. 
The upper altars, which are 4 ft. 7 in. im height and 
2 {t. broad, are of granolithic concrete blocks, built 
in situ, and faced with granite coping-stones.~ Each 
altar, with its backing, was compléted;‘afd allowed 
to set before ‘the next altar was commenced.’ The 
concrete backing has a maximum thickness of 
25 ft., reduced to 12 ft. at the bottom of the upper 
wall. This latter was faced with heavy grano- 
lithic concrete blocks, backed’ with concrete. ©The 


lower altar attained a height of 13 ft. 6 in. in| ° 


practically all the “docks; the five upper altars 
totalled 23 ft.; and the upper wall, which is vertical; 
as shown in Fig. 19 on Plate XIV., is in the case 
of No. 9 Dock 13 ft.*high,' and in’ Dock No. 10 
23 fo. high. The total average depth in the case of 
Docks Nos. 8 and 9, from floor to cop2, is 49 ft. 6 in , 
and in the case of Dock No. '10 and‘of the entrance 
lock 59 ft. For drainage purposes, the floor has 
a fall from the centre of its length towards each 
end cf12 in., while from ‘the ’céntre line in the 
cross-section there is a fall of 6 in. to the gutters 
at each side. Drainage culverts are constructed 
at both ends of the three docks and lock, and on 
both sidés, discharging into’ the niain “culvert; to 
which reference will presently be made. This 
drainage culvert is oval in section, and is 6 ft. high 
by 3 ft. 6 in. in maximum width. 

The keel-blocks are arranged so that the top is 
ractically level with the sill ; the blocks are of oak. 
n addition to the ordinary keel-blocks there are, 

24 ft. 8 in. on each side of the centre line, a series 
of blocks to support ships at their bilge-lines. The 
keel-blocks are at 2-ft. 6-in. centres, the ground 
block being 6 ft. long, and the upper block 4 ft. 9 in., 
the width in both cases’ being 12 in. These are 
held down by chains secured to eye-bolts let into 
the granite floor. The side or bilge-blocks havo 
been introduced owing to the great weight of armour 
and barbette gun-mountings along the broadsides of 
battleships and modern cruisers. Thesé blocks are 
at 4-ft. centres, the dimensions of the blocks being 
practically the same as those in the centre line. 
All the upper blocks aré’adjustable by means of 
iron wedges. 

The entrance lock, which, as already stated, is 
fitted with keel- blocks and other appliances 
suitable for docking ships, will be used when 
required for this purpose. Its length between thé 
sliding caissons is 730 ft.; but with the floatin 
caisson at the inner end, where stops are provided 
for it, the total length is773 ft. The dock is shown 
approaching completion in Fig. 23 on Plate XVI., 
the temporary bridge being that in connection with 
the transit of spoil from the excavation of the 
interior to the shoots communicating with the 
barges on the Hamoaze. This illustration shows 
the timber slides, 4 ft. wide, at intervals of 150 ft. 
Alternating with them are flights of steps,’5 ft. 
wide. There are also special steps near the entrance 
to each dock, as shown in Fig. 19, Plate XIV. 

The main-drainage culvert is 7 ft. in diameter, 
and the docks may be pum from each end, 
which is only consistent with the idea that the 
two parts on either side of the central floating 
caigson can be used independently. The drainage 
culverts discharge into the main culvert, the greater 

rt of which was executed in tunnel, and is 

ined with bluc-brick with concrete backing. The 
penstock doors in connection with the working of 
these culverts are operated by gun-metal lifting- 
screws, which engage with a vertical spindle driven 
by a compressed-air motor. 

The entrances to all the ducks and the lock 
are constructed of heavy granite ashlar masonry, 





as shown in Fig. 19 on Plate XIV., which illus- 
trates No. 8 dock. The stones are of unusually 
large dimensions, in order to resist the stresses 
transmitted by the sliding caisson when subject to 
the great pressure due to the head of water ina 
dock so wide and so deep. The thickness of the 
ashlar maso on the side varies from 3 ft. to 
4 ft. 6 in., and the total thickness of the wall at 
coping-level is 19 ft. The batter in front is 1 in 12 
down to the sill, where, as we have already indi- 
cated, there is a curve of 5 ft. radius to meet the 
sill, which is flat. The thickness of the concrete 
forming the sill is 18 ft., and it is faced with granite 
blocks. The stop for a floating caisson on the outer 
part of the main entrance is shown at the bottom 
and on the left side of the engraving, Fig. 19. 


Tue Caissons FoR THE Docks. 


All of the caissons—namely, cight of the sliding 
type, involving the use of 10,500 tons of steel and 
iron-work, and three of the floating type, of a total 


weight of 3000 tons—were constructed at the Civil | 


Engineering Department of the Thames Iron Works, 
Shipbuilding, and Engineering Company, Limited, 
under’ the direction of Mr. A. M. Alexander, 
M. Inst. C.E., civil engineering contractor ; while 
the machinery in connection with the caissons was 
completed by the Hydraulic Engineering Company, 
of Chester. These caissons are illustrated on the 
preceding page. 
All of the eight sliding caissons have been built 
to, suit the standard width of 95 ft. at coping-level 
adopted in all the dock entrances ; but those for the 
entrancé to Dock No. 8, and for the two ends of 
Dock No. 9, which are of less depth than the others, 
are 43 ft. 6 in: deep from cope to sill, and of 
16 ft. 6in. breadth over the frames. The other five 
‘are larger, having a depth of 55 ft. from cope tosill, 
and a breadth of 20 ft. 6 in. over the frames. 
‘These ate for the entrance from the Hamoaze to 
the ‘closed ‘basin, for the two ends of the entrance- 
lock, and for the two ends of Dock No. 10. The 
construction and system of working, however, is the 
same for all of the sliding caissons, the modifica- 
tions being entirely due to the differences in size. 
When at rest across the entrance, the sliding 


caisson stands in an invert on two granite sliding | 


ways, on a gradient of 1 in 49, extending down into 
a recess or camber in the dock-wall (Fig. 21, Plate 
XV.). Between the ways a heavy cast-steel roller 
path is bolted to the masonry and is continued the 
full length of the camber. '‘I'wo cast-steel rollers, 
one at each end of the caisson, can be brought into 
contact with the roller path, either independently or 
together, by the action of hydraulic rams worked by 
hand-pumps in a chamber under the top deck. 

When the entrance is to be opened, the caisson 
is hauled back by compressed-air machinery into 
this camber, the cover of which is level with the 
ground at the dock side, and is hinged at the inner 
end to admit of its being raised or lowered for the 
entrance or exit of the caisson. During hauling, 
one or both of the rollers are forced on to the path 
by the operation of the rams to such an extent as 
is rendered necessary by the tidal conditions to 
relieve the ways and diminish friction during the 
run. The operations of raising and lowering the 
steel camber cover, and hauling the caisson in or 
out, are performed by means of compressed-air 
machinery. 

The sliding caissons (Fig. 9, page 201) are of the 
double-faced type, the joint with the masonry being 
made by greenheart timbers following the contour 
of the opening. The central portion of the depth 
of each caisson, enclosed between two water-tight 
decks, forms an air-chamber which provides suffi- 
cient buoyancy at all states of the tide to relieve 
the ways of weight. Permanent ballast in the form 


of pig iron and'concrete is provided on the lower | 
deck to provide the necessary stability when the 


caissons are floated out of the stops for repairs, 
painting, or any other reason. 
of 4-in. oak, with a line of rails of standard gauge. 
The hand-railing at each side is arranged to fold 
down automatically into troughs when the caisson 


is being hauled under the camber-cover, and to | 


resume its erect position when the caisson is again 
run out itito position across the entrance. 
The steel cévers over the cambers (Fig. 13) are 


each about 107° ft. in length, the framing being pa 


composed of two longitudinal girders. As in the 
caisson itself, the deck is of oak, 4 in. thick, and 
the line of rails in the caisson is continued on the 
camber-cover, with automatic switches. The cen- 


tral portion of camber-cover—between the rails—is | 


The top deck is | 


lin the form of portable hatches, to afford access 
| to the caisson when in the camber. The cover is 
|lifted: by massive screw-gear operated through 
shafting from the machinery pit at the rear of the 
cover. 

| The engines for moving each caisson are worked 
| by compressed air supplied from the dockyard 
|mains. They exert a pull of 35 tons on each of 
|two hauling-chains, actuating through sprockets 
| connected to the yoke girder, when the air-pressure 
is at 70 lb. per square inch, and under these 
| conditions haul the caisson at a speed of 25 ft. per 
/ minute. 

| On the side of the dock remote from the camber 
|a@ holding-down girder, strongly anchored to the 
masonry, is provided, to prevent the caisson rising 
| under the influence of an unexpectedly high tide, 
‘or in the event of the water ballast being acci- 
|dentally discharged. Volute spring buffers are 
|provided on these girders to bring the caisson 
| gently to rest at the limit of its travel. 

The floating caissons (three in number) are 
illustrated by Fig. 10 on the preceding Page. They 
are of different sizes, that for Dock No. 9 being 
| 95 ft. 11 in. long at the top deck, 45 ft. 6 in. deep 
| from coping-level to sill, and 28 ft. long over the 
| air-chamber; that for Dock No. 10 is 95 ft. 4 in. long 
'at the top deck, 57 ft. deep from coping-level to 
sill, and 50 ft. in breadth over the air-chamber ; 
while the corresponding dimensions for the one for 
the closed basin entrance are 95 ft. 4in., 55 ft., and 
30 ft. respectively. Each caisson is divided horizon- 
tally by two water-tight decks, which enclose the 
air-chamber between them, and above the air. 
chamber the structure is further divided vertically 
into three compartments by means of two water- 
tight ner a ag The sinking of the caisson is 
effected by opening valves in the ballasting chamber, 
and for floating it the water is ejected by com- 
pressed air. ‘The roadway deck is of Dantzic oak, 
34 in. thick, hatches being provided for access to 
trunks and top compartments; and in the case of 
the caissons for Docks Nos. 8 and 9 a line of rails 
| of standard gauge is also carried by the top deck. 
| Locking-gear securely anchored to the masonry, 
and engaging with steel castings on the caisson, is 
introduced at the top of the groove at each side of 
the dock, as a safeguard against accidental uplifting 
of the caisson. 

Before departing from the subject of the graving- 
docks and entrance locks and their caissons, refer- 
ence may be made to the comprehensive view of 
these docks given on the two-page Plate XIV. 
To the left there is seen the cruiser Gibraltar 
lying in the tidal basin against the entrance to 
Graving-Docks Nos. 9 and 10. The covers of the 
cambers and of the sliding caissons complete the 
roadway across the series of graving-docks and 
the entrance lock. The waterway beyond is the 
Hamoaze, where a flotilla of torpedo-boats are seen 
lying at moorings. The central view of the series 
shows the two docks, Nos. 9 and 10, and the 
entrance lock. In Dock No. 9 there will be 
alongside the steps the stop in the centre of the 
dock for the floating caisson ; in the bottom right 
corner is the new end of Dock No. 8. In this dock 
there are seen in course of construction the three 
floating caissons. Beyond, in the distance, also in 
the third view of the series, are the closed basin 
and the extensive new naval barracks, which latter 
are enclosed by the new retaining-wall, to which 
reference was made earlier. 





Tue Tipat Basin. 

The engraving, Fig. 22 on Plate XV., shows 
the tidal basin a few days before the water was 
admitted. The procedure in constructing this 
basin closely resembled the work carried out in 
the closed basin, and already we have described 
the process so far as refers to the work on inner 
walls ; to the building of the river-wall we shall 
refer presently. In the view, Fig. 22, there 
is seen to the right the entrance to Dock No. 9, 
/and in the centre the entrance to Dock No. 10, 
'with the filling culverts from the tidal basin to the 
docks. ‘The difference in the level of the sill of 
the two docks is here clearly illustrated. The 
'walls of the tidal basin are faced with granite 
ashlar masonry above low-water level; the lower 
rt is of concrete. Timber fendering is attached 
to all the walls, blue gum being used because ex- 

ience had shown that it was well suited to 
withstand the attacks of the teredo, and was, more- 
over, more economical than some other of the 
Colonial timbers. ‘The teredo was found to be very 
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active in the Hamoaze, as in most other South of 
England waters ; even creosoted pitch-pine was 
not proof against its destructive propensity. Some 
of the temporary piles of the contractor’s jetties, 
which were of this material, were entirely destroyed 
in three or four years, many of them being eaten 
completely through. From time to time, therefore, 
some of the piles had to be replaced. 


Tue ConsTRUCTION OF TUE RiveR-WALL. 

We come now to the construction of the outer 
wall, which was the last of the woiks completed. 
The original intention was to excavate the mud 
in timbered trenches up to a depth of 50 ft., 
and to sink concrete cylinders from. this level to 
the rock, but the mud tended -to rise at various 
paitsin the excavated trench, and after careful con- 
sideration of the subject a form of concrete column. 
of considerable area was decided upon, which reduced 
to a minimum the tendency to tilt as the result of 
the uncqual bearing strength of the material. The 
form of column adopted is very well shown in the 
illustrations, Figs. 16 and 17 on Plate XIII. The 


columns. A large amount of kentledge had to be 
used to force some of the columns to their ultimate 
depth. The view on this e shows a column 
being sunk with 800 tons of kentledge super- 
posed on the top; the mud around the column 
and to the rear of it was excavated, and the com- 
plete trench filled with concrete. 

This system of column and monclith construc- 
tion was carried up to a level of 5 ft. below low 
water, and the wall above this was built of granite 
ashlar masonry, backed with concrete in mass work. 
This wall extends 7 ft. 6 in. above the level of high 
water of spring tides, or 23 ft. above low water. 
The coping is 3 {t. 6 in. above the highest tide 
level recorded. 


Tue Crosep ‘Basin WALLS. 

The closed basin walls were built in timbered 
trenches, with front and back shuttering. ‘They 
have a thickness of 30 ft. at the foundation, 
narrowing to 11 ft. at coping-level.. The wall has 
a batter of 1 in 8 to a level 28 ft. below the coping, 





while the lower section of 10 ft. haya batter of 1 in 











Fic. 2d. 


former of these illustrates the yard for making the! 4. 


. ee 
| . bene J 
4 eas 








Siyxixe CoLuuns 1n River-Wawt. Founpatioyx, witn 800 Toys Surermrosep WetIcutT. 


The difference in angle of the upper and 


concrete columns, and the latter the sinking of | lower parts is made up by a curve with a radius 


them. 


of 135 ft., which gives a very effective appearance. 


It will be seen that the form adopted is a develop- The upper part of the wall is faced with irregularly 


ment of the triune cylinders introduced by the late 
Mr. James Deas in conncction with the construc- 
tion of docks at Glasgow. (See ENGINEERING, vol. 
Ix., page 293.) At Glasgow the columns were 
made up of three complete cylinders, while at Key- 
ham a more angular form was adopted. This was 
in part due to the fact that the depth to which 
the columns had to be sunk at Keyham was 
enormously greater than at Glasgow, ranging from 
30 ft. up to 90 ft., and the angular form greatly 





coursed limestone. The pier, projecting 500 ft. 
into the basin from the north wall, is 75 ft. wide 
between copings, and the batter of the wall is 
lin 8 from top to bottom. It is constructed of 
concrete ; but in this case the faces were built in 
timber shuttering. For the hearting in all quays 
the rock excavated from the docks was used. 


Tue Cost or THE Works. 
The whole of the foregoing works, with the ex- 


facilitated the excavating of the material in the | ception of the caissons, have been carried out under 


short spaces between the columns, in order to ao 


it with concrete in mass to finally achieve a com- | 
plete monolithic structure. 


the main contract, involving an expenditure of 


about 3} millions sterling. The caissons constituted 
la separate contract, amounting to about 360,0001. | The ad 


The extreme dimension of each column was 20 ft. |The machinery, cranes, &c., excluding the electric 
from front to back ; the other, or transverse dimen- | generating plant, cost about 235,000/., and to this 


sion, being 17 ft. 


The columns were sunk in the there falls to be added 350,000. for workshops, 


usual way, with the assistance of a superimposed | store-houses, and necessary railways around the 
weight of kentledge rings, the material in the | docks, so that the total cost of the works is nearly 
centres being taken out by Hone grabs operated by 4} millions sterling. 


the 10-ton crane. This grab (Fig. 25 on this page) 
was found specially suitable, as it was built up| 
of four sections, which closed up to a sphere ; 


Tue MecHanicaL EQuipMeEnt. 
In addition there has been arranged for, and 


and thus, whether open or closed, was specially | practically completed, an extensive mechanical 


suited for entering the cylindrical corcs in the! equipment for the dock. This we shall describe in 





a subsequent article, but meanwhile it may be 
said that the pumping-engines, which are accom- 
modated in a large power-house, are in duplicate, 
and each is capable of emptying the largest of 
the docks in four hours, the maximum quantity of 
water discharged being 120,000 tons, while the 
maximum height to which this water has to be 
lifted—namely, from the bottom of the dock to 
high-water level—is 53 ft. Two independent sets 
of drainage. pamps are ‘provided, each capable of 
delivering 1500 tons of water per hour to a height 
of 53 ft. The steam plant includes ten separate 
cylindrical boilers. The docks will be equipped 
with electric cranes, capstans, &c. The principal 
crane will be of the cantilever type, placed on 
the east side of the closéd basin, and capable of 
lifting 160 tons. The’ cranes will be ' operated 
by electric power, and their location is shown on 
the plan (Fig. 2 on page 197). The capstans, as 
well as much of: the caisson machinery, are 
actuated by compressed air, and a powerful com-. 
pressor has been supplied, and will, be described 
in our next article. Subways are provided around: 
the basin and dock-walls for the reception of com- 
pressed-air,.hydraulic, and electric mains. The 
whole area is lighted by electricity, and sufficient 
generating plant has been provided to enable new 
workshops to be driven by electric power. 


(To be continued.) 





Gop In Western AustRratia.—The yield of gold in 
Western Australia fell off rather appreciably last year, 
the output for the twelve months having been 1,794,432 oz , 
as compared with 1,955,316 oz. in 1905, and 1,983,230 oz. 
in 1904. The falling-off observable in the production last 
year remained unchecked all through the twelve months ; 
the test decline occurred, however, in September. 
The high prices which have prevailed for copper and tin 
have had the effect of checking the Western Australian 
gold-mining industry to some extent. The reduction in 
last year’s output occurred principally in the East Cool- 
gardie field. Apart from the Black Range field, Higgins- 
ville, and one or two remote localities, there have been 
no important discoveries of late. 





Coat 1n New Sovutn Wates.—The Sydney Harbour 
Collieries Company expects to start two headings 
this month to obtain coal upon a commercial scale. 
The drives are almost up to the main 10-ft. seam dis- 
covered bores sunk about two miles from the pit- 
mouth at Cremorne. A 4-ft. 6-in. seam isat present being 
worked, and it is expected that the output will be more 
than doubled. 1 business has been brisk in the South 
Coast district of New South Wales, there having been 
plenty of orders in hand to keep the mines going full 
time. In the northern district coal-mining has n, 
however, in rather an unsettled condition ; five mines— 
the Wallarah, the Waratah, the Rhonda, the Teralba, 
and the New Lambton—having been idle through labour 
difficulties. 





THe JOURNAL OF THE [RON AND Steet InstiTuTr.—The 
members of the Iron and Steel Institute certainly get the 
rae fg worth of their subscriptions in the publications 
issued by the executive. our large, well - bound 
volumes, containing the proceedings of last year and 
other technical matter, have been presented, the two last 
volumes having been distributed within the last few days, 
The bulk of the matter naturally consists of papers pre- 
sented and the discussions upon them ; and it is remark. 
able how large a proportion of the latter consists of corres- 
pondence. ‘This is often the most valuable part, for it is 
evident that to study a paper at home and write at leisure, 
with opportunity to amend, and correct, gives better 
means to furnish full matter than does the hearing a paper 
once read and speaking extemporaneously. It is true 
that speakers often read advance copies of the paper and 
prepare their s hes, but it is not always that this course 
can be followed, and even when it is, the speakers are 
often away from their sources of detailed information. 
The additional bulk of the Journal for last year is 
largely accounted for by the visit to this country of 
the American Institute of Mining Engineers, who held 
their meeting, during July last, in London, conjointly 
with the summer meeting of the Institute. The pro- 
ceedings were fully reported in ENGINEERING at the time. 
In virtue of a friendly arrangement between the two 
societies, the papers contributed to each were available 
for publication in the Transactions of both respec- 
tively. The extensive excursions of the members of 
the American Institute to the centres of mietallurgical 
industry in this country are also notived at some length. 
dresses of both Mr. R. A. Hadfield, the President 
of the Iron and Steel Institute, and of Captain R. W. 
Hunt, President of the American Institute of Minin 
Engineers, are given, as well as the s; hes— whic 
were more than of ordinary after-dinner interest—given 
at the annual diner in the Guildhall. The usual “* Notes 
on the Progress of the Home and Foreign Iron and Steel 
Industries,” which form so valuable a feature in the 
journal of the Institute, have not been thrust aside by the 
access of additional matter; and a report of the Inter- 
national Testing Congress, held last year in Brussels, is 
also reproduced. The editing bears evidence not only of 
care, butof technical knowledge of a comprehensive nature, 
such as one has learnt to expect from Mr. Brough. 
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KORTING GAS-ENGINES AT THE SHELTON IRON WORKS, STOKE. 
CONSTRUCTED BY MESSRS. MATHER AND PLATT, LIMITED, ENGINEERS, MANCHESTER. 


Fig.1. 
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Lona before the advent of steel as a structural 
material, the Shelton Iron Works, of Etruria, near 
Stoke, was famous for the production of wrought iron 
of excellent quality, the Granville marked bars made 
here enjoying a very high reputation amongst the 
Staffordshire brands. When steel came into favour, 
the proprietors laid out works for the manufacture, on 
the basic open-hearth system, of this material, which 
now forms a very large proportion of the total output. 
A remarkable characteristic of the latter is the extra- 
ordinary variety of the sections rolled, In addition 
to bars up to 8 in. in diameter, channels up to 165 in. 
in depth, and other structural shapes, a very large 
number of what may be called fancy sections are 
rolled, including those, for instance, from which horse- 
shoes are produced, and many others adapted to the 
special requirements of the very varied industries of 
the Black Country. In passing we may note that the 
enormous piles of tap cinder, amounting in the aggre- 
gate to some tens of thousands of tons, analysing 
40 per cent. metallic iron, are now forming an impor- 
tant source of raw material for the basic steel fur- 
naces. The district, therefore, is likely, before many 
years elapse, to lose the enormous mounds of this 
material which disfigure it over an area of many miles. 

The firm, who employ some 6000 hands, possess 
also their own collieries ; but these furnished a coal 
which, on the faith of unsuccessful attempts, many 





years ago, was generally held to be of the non- 
coking type. It contained 18 to 20 per cent. of ash, 
and during the slack season of the year, the ‘‘run 
of the mine.” fetched not more than 4s, 6d. per ton. | 
Some two or three years ago, however, Mr. W. H. | 
Davies, the late general manager of the company, 
and Mr. W. Simons, the steel works manager, decided to | 
try if, with modern methods, it would not be possible , 


Fig.2. 
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KORTING GAS-ENGINES AT THE SHELTON IRON WORKS, STOKE. 
CONSTRUCTED BY MESSRS. MATHER AND PLATT, LIMITED, ENGINEERS, MANCHESTER, 
(For Description, see opposite Page.) 
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to make from this fuel a coke reasonably well adapted 
for use in the firm’s blast-furnaces. ‘Trials of the fuel 
were made, and these were so promising that repeated 
offers were made by German firms to erect and work a 
complete coke-making plant, and to take their pay- 
ment entirely in the shape of the residuals extracted 
from the gases produced in the process of coking. 
These offers, however, were not accepted, and the firm 
decided to instal a plant of their own, the contract 
being entrusted to 


of 20, Mount-street, Manchester. This firm erected, 





fessrs. Simon-Carves, Limited, | 


in the first place, a coal-washing plant capable of | 
handling 800 tons of coal per day, and forty of | 
their well-known coke-ovens, an additional fifteen | 


being now in course of erection. The coal enters the 
works over the company’s private railway, and, after 
being tipped from the wagons, is raised by a large 
elevator to the washing machinery. Here a very large 
roportion of the ash-forming material is carried awa 
e the wash-water, and at the same time the coal, 
after washing, is passed through revolving screens, 
which sort it into lump coal, nuts, and bean coal, the 
still smaller material being carried by the wash-water 
to the coking plant. The washed lump coal thus 
separated is saleable at about 83. per ton, when the 
‘*run of mine” will not bring more than 4s,6d. A 
considerable quantity of water is needed for the coal- 
washing plant, and for that in which the by-products 
are removed from the gas produced by the coke. ovens. 
This water is obtained from the canal which passes 
through the works. It is first drawn through a couple 
of filters, and then raised 90 ft. by turbine centrifugal 
umps, supplied by Messrs. Matherand Platt, Limited. 
This firm, it may bo stated, were the first to build 
this type of pump under the original patent taken out 
by Professor Osborne Reynolds in the early ’seventies. 
his was subsequently improved by Messrs. Sulzer 
Brothers, of Winterthur, and this again by the 
Salford firm, who have built them for almost every 
possible capacity and head. For coking purposes the 
smudge carried over by the wash-water is used almost 
exclusively. At present, indeed, some 10 per cent. of 
crushed bean coal is also added, but it is hoped before 
long to dispense with this addition. After boing drained 
from surplus water the smudge is, by means of power- 
driven beaters, compressed into a large cake about 30 ft. 
long by 15 in. wide and 8 ft. to 9 ft. high. In charging 
the ovens this cake is thrust bodily by a plunger into the 
oven, the whole operation lasting little over a couple 
of minutes (see ENGINEERING, vol. lxxiii., page 694: 
vol. lxxvi., page 481). The preparation of the cake so 
that it shall be feasible to treat it in this manner necessi- 
tates some nicety in the proportion of moisture to coal. 
This must be between 10 and 16 per cent. If too wet, the 
cake cannot be forced from the mould in which it has 
been prepared ; and if too dry, it will not bind. When 
the operation of coking is completed, the contents of the 
oven are discharged by a plunger thrust into the oven at 
one end, which forces out the mass of coke at the other. 
Daring the process of coking, gas of high quality is 
liberated in large quantity. When some coals are used 
for raw material, a calorific value of over 600 B.Th.U. 
per cubic foot of this gas has been recorded, but this 
tigure is unusual, a little over 400 thermal units per 
cubic foot being mere common. In no case, moreover, 
is the calorific value of the gas constant during the 
whole period of coking. At Shelton-it decreases from 
about 450 B.Th.U. per cubic foot at the outset of the 
process down to about 350 B.Th.U. at the end. The 
whole of the gas produced is passed through scrubbers 
where the ammonium sulphate and other valuable by- 
products are collected and most of the tar removed. 
About half the gas made is utilised for heating the 
ovens, being burnt in flues arranged below and 
between them for this purpose. The remainder is 
used in part to drive two Kérting gas-engines made 
by Messrs. Mather and Platt, Limited, of Salford, the 
surplus being burnt under steam boilers. The gas 
contains much hydrogen, naphthalene, and other 
highly inflammable constituents, which make it a 
matter of some difficulty to apply it to the driving of 
gas-engines, as the liability to pre-ignition is great. 
With blast-furnace gas, on the other hand, the 
trouble is rather to get the gas to ignite, so that there 
is but small risk of pre-ignition. Hence, whilst a 
number of the Continental makers of large gis-engines 
have worked successfully with blast-furnace gas in 
engines of the largest size, few »f them, so far as we 
are aware, had succeeded, up tili a very recent period 
at any rate, in securing satisfactory running with coke- 
oven gas. This was, we believe, first accomplished 
in this country with the four-cycle single-acting engines 
ut down at Cargo Fleet by the Premier Gas-Engine 
‘ompany, Limited, some years ago, and Messrs. 
Mather and Platt, Limited, of Manchester, have, in 
their turn, succeeded in adapting the Kirting two- 
cycle double-acting engine to the same work. The 
engines supplied by this firm to the Shelton Iron 
Company are two in number, and have now been in 
successful operation for a period of over twelve months. 
They are designed to develop 400 indicated horse- 
power, but can easily take an overload of 600 indi- 
cated horse-power. They run at 107 revolutions per 





minute, and are each direct-coupled to a 225-kilowatt 


The engine is governed by throttling the supply of 


continuous-current generator, from which is supplied | gas to the gas-pumps. The governor is driven from 
the current at 500 volts to a number of electric! the side shaft, but it has been found inadvisable to 


motors throughout the works. 


The coal-washing | effect this by helical or bevel gearing. In fact, the 


plant alone absorbs some 200 horse-power ; but even | side shaft, being run under intermittent strains, springs, 
so, there is, it will be seen, a large surplus of power | so that the governor, if driven from it by spur-gearing, 


available for other uses. 


The arrangement of the | would ‘‘ hunt,” slowing every time an admission valve 


— inside their house is clearly shown in Figs. 1 | was opened, and speeding up every time the valve 
and 2, page 204. As will be seen, the space occupied | closed. Belting is therefore employed, the elasticity 


is moderate, probably not in excess of that required 
for a steam-engine of similar output running at the 
same speed. Owing to its high initial pressure the 
as-engine requires massive parts; but, on the other 
ied, since the average pressure in, say, a triple- 
expansion engine is not greater than some 35 1b. per 
square inch, when reduced to the basis of the low- 
pressure cylinder a larger cylinder is required to de- 
velop the same power with steam than is necessary 
with the Kérting engine, which, as is well known, is 
not only double-acting, but operates, moreover, on 
the two-cycle principle, so that with it there is an 
impulse every stroke, just as in the case of a steam- 
engine. A sectional elevation and a plan of the 
engine are represented in Figs. 3 and 4, page 205, 
whilst Fig. 5 shows a section through the gas and air 
pumps, which are a special feature of this engine. 

As will be seen from Fig. 3, the piston is very long, 
an arrangement which enables it to act as the exhaust- 
valve for the engine. The exhaust-ports are arranged 
at the centre of the cylinder, as indicated, and are 
uncovered by the piston at the finish of each in and 
each out stroke. A free escape being thus provided 
for the spent gases; these are blown out of the cylinder 
by a charge of pure air forced in through the admis- 
sion-valve by a double acting air-pump shown at A, 


Fig. 5. 

The ends of the main cylinder are designed to mini- 
mise as much as possible the mixing of this charge of 
air with the Pant se of combustion, the latter being 
swept out of the cylinder through the exhaust ports, 
whilst the air remains behind. Before the air-pump 
finishes its discharge of air into the cylinder, a charge 
of gas is added to it by one or other of the two single- 
acting gas-pumps, shown at each end of the air- 
_— er in Fig. 5. The delivery of this gas com- 
pleted, the admission valve to the cylinder closes, and 
the returning piston compresses the charge, which is 
tired at the proper tims for the next stroke by an 
electric spark. A similar cycle of events occurs at the 
other side of the piston, sc that, as already stated, 
there is an impulse given to the piston every stroke, 
just as in the ordinary double-acting steam engine. 
The admission of air to the air-pump, the discharge 
of it to the cylinder, and the admission of gas to the 
two gas-pumps, and the discharge thence to the main 
admission valves is controlled by the single piston- 
valve represented below the pumps in Fig. 5. This 
valve is operated by a rocking bar, driven by an 
eccentric on the engine crank-shaft. The ports from 
the gas and air-pumps to the cylinder are not shown 
in our illustrations, but in Fig. 6 we give an enlarged 
view of the front of the cylinder, with the admission 
valve in place. Two annular passages, it will be seen, 
surround the guide in which the valve spindle moves. 
The ianer of these passages is that through which the 
gas is pumped into the cylinder, and the outer that 
along which the air enters. The admission valves will 
operate automatically, but it is preferred to effect this 
positively by the linkage represented in Fig. 7, which 
is operated by cams on a side shaft driven by the 
engine. Provision was originally made for water- 
jacketing the admission valves of the Shelton Iron 
Works engine, but experience proved this precaution 
unnecessary. As will be seen from Fig. 6, a dash- 
pot at the top of the valve spindle cushions the 
seating of the valve. This not only reduces noisa, 
but deadens the blow on the seating, and as a 
result, we may add, the valves at Shelton, which 
have been in steady use for over twelve months, have 
never been re-ground. The general practice of the 
firm is to run each engine for 36 hours on duty and 
twelve hours off, a single engine taking the load during 
the lighter portion of the 24 hours, whilst both are in 
use during the day. The over-load capacity being 
high, however, a single engine has, on occasion, re- 
peatedly taken the whole load, the longest continuous 
run made being a full week. The gas contains no 
small amount of tar, so that it is customary to clean 
up the valves every four or five weeks. It also contains 
much hydrogen, naphthalene, and other highly ioflam- 
mable bodies, so that, to avoid ow risk of pre-ignitions, 
the compression adopted is 100 1b. per square inch, in 
place of the 140 lb. or so admissible with producer- 
gas. The mean pressure works out to about 75 Ib. 
per square inch. 

In Fig. 6 will also be seen the arrangement for 
keeping cool the gland through which the piston-rod 
passes. The water space in the cover, it will be seen, 
surrounds the gland (not shown in the figure) which 
fits into the seatings bored for it. The piston and rod 
are, of course, water-cooled, the supply being taken 
— the swinging links, shown in Te 3 and also in 

ig. 8. 





of which damps out the oscillations in the speed of the 
cam-shaft. The belts used are two motor-bicycle belts 
running in Y grooves, and having a quarter-twist, since 
the governor spindle runs in the vertical position. 

The engines are fitted with electrical ignition, there 
being two plugs at each end of the cylinder. There are 
also two magnetos to supply the current, each being 
connected to one plug at each end of thecylinder. The 
arrangement is shown in Figs. 9, 10, and 11, page 204. 
Here B and C represent the cylinder ends with 
the admission valves and casing removed. The two 
magnetos are mounted on a bracket bolted to the 
engine frame, as indicated at D, Fig. 9. These arma- 
tures are both vibrated at each stroke by one or other 
of two eccentrics mounted on the cam-shaft, as indi- 
cated at E. At the same time, a lug, on whichever 
eccentric operates the magnetos, opens also by suitable 
link-work both contacts at the corresponding end of 
the cylinder. In this way, two magnetos are arranged 
to work four sparking plugs, the two at each end of 
the cylinder being entirely independent of each other 
from the electrical standpoint. 

The engines have now been at work for over twelve 
months, and have given complete satisfaction to their 
purchasers, a fact on which the builders have every 
right to congratulate themselves, in view of the ad- 
mitted difficulty of running large gas engines with 
coke-oven gas. 

Recently, another quality of coal has been tried in 
the ovens, giving a gas averaging but 381 B.Th.U. per 
cubic foot, and with this gas the engines at full load 


develop 1 horse-power for 22 cubic feet of gas. The 
analysis of the gas is as follows :— 
Per Cent. 

Carbon dioxide 3.55 
Olefines, &c.... 5.18 
Oxygen 1.59 
Methane 27.82 
Hydrogen 54.33 
Nitrogen 3.16 








Tue British Firg-PREVENTION ComMiTreRr’s Tests.— 
The fire tests and the loading tests of floors, inaugurated 
by the British Fire-Prevention Committee, and referred 
to by us in our issue of February 1, have commenced ; and 
were on the firat occasion attended by over sixty public 
officials, and others who are members, or who represent 
public authorities who subscribe to the Committee. Par- 
ticulars of these tests will, in due course, appear in the 
‘*Red-Books” published by the Committee. 





ENGINEERING AND SCIENTIFIC ASSOCIATION OF IRELAND. 
—The programme of this Association includes some eight 
fixtures, among which are visits to works, the annual 
dinner, &c. Meetings for the reading and discussion of 
my are held monthly, among the forthcoming papers 

eing ‘‘ The Steam Car,” *‘ The Steam Turbine,” ‘ Com- 
mercial Testing of Electrical Machinery,” ‘‘ Theory of 
Gas-Producers,” &c. In 1906 some twenty meetings were 
held, exclusive of social entertainments and visits to 
works, &c. There are 214 names on the roll of the Asso- 
ciation, which appears to be in a flourishing condition. 


THe ASSOCIATION OF ENGINEERS - IN- CHARGE. — On 
Wednesday last Mr. W. F. Goodrich read a paper before 
this Institution on the subject of ‘‘ Fuel Economics.” in 
the course of which he pointed out the great increase in 
the duty now expected of a boiler over what waz thought 
possible ten years ago, and how the problem of smokeless 
combustion had thereby been accentaated. Whereas a 
Lancashire boiler 30 ft. by 8 ft. then hardly evaporated 
10,000 lh. of water per hour, as a maximum, this quantity 
was now looked upon as comfortable work with coking 
stokers and forced draught. The author knew of boilers 
of this size evaporating 15,000 lb. of water per hour, and 
in paper-mill work it was now common practice to burn 
an average of 40 Ib. of coal per hour per square foot of 
grate over a week of 150 hours. For continuous running 
at high duty the author unhesitatingly recommended a 
coking stoker, ay from the point of view of 
smokelessness. If proper care was exercised, and stokers 
were periodically examined, their annual expense for 
repairs should not exceed 5 percent. on theircost. Taking 
into account every factor, capital cost, and running ex- 
penses, a really first-class fireman could compete with 
any mechanical stoker on the market. G firemen, 
however, were rare, and their work was not adequately 
appreciated, nor sufficiently paid. For very inane fuels 
hand-firing was preferable, though with ordinary fuel a 
modern stoker was better than the average fireman. Many 
of the older patterns of stokers in use could easily be 
beaten by a fairly good fireman. As showing the greater 
care now taken to ensure the best results being obtained 
from boiler plant, the author remarked that whereas ten 
years ago there were probably less than a score of CO, 
recording apparatus in this country, the number now 
amounts to at least 300, one firm alone having fitted 180 
of these instruments for British steam-users. 
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MICROSCOPIC ANALYSIS OF IRON AND 
STEEL. 


To THE Epitor OF ENGINEERING. 

S1r,—I. note with great pleasure that M. Le Chatelier, 
whilst fully acknowledging the pure scientific value of 
microscopic work as now universally practised, yet holds 
that for practical uses the examination of the fracture of 
the metal is quite sufficient, and, above all, trustworthy. 

When Professor Sorby first published his original re- 
searches on the microscopic structure of the polished 
surface of steel and iron, I at once commenced a series of 
microscopic examinations on steel under varying condi- 
tions of both heat treatment and chemical composition. 

The final results were found unsatisfactory ; indeed, 
confusing, and of little value in our steel works pam, 
although very interesting, and, in a sense, valuable. 

It was ultimately found that careful examination of 
the fracture of 1-in. steel bars, with a lower power micro- 
scope, resulted in showing that this mode of procedure 
could be relied upon. The grain of the steel—in other 
words, the crystalline formation—afforded all that was 
necessary to us, more especially when compared with 
steel of known quality. 2 

I have therefore done little or nothing as regards the 
examination of polished surfaces, in spite of some friendly 
opposition by many of my colleagues. 

still hold that fracture is really the most reliable, and 
I have at present, for many reasons, little confidence in 
the other method. Prominently, there is the risk of de- 
formation of the polished surface, often the result of 
careless manipulation in the final polishing. 
Yours truly, 
JOHN Parry. 
20, Llanthewey-road, Newport, Mun. 





STRAIGHT STEMS AND CLIPPER BOWS. 
To THe Eprror or ENGINEERING. 

Sir, —Your interesting illustration of the injury inflicted 
on the Orinoco through collision with the Kaiser Wilhelm 
der Grosse, and the description of the damage to the 
latter through the Orinoco’s forecastle-head crashing into 
her tween decks, omits to notice the happy, and almost 
unique, result that a collision, severe enough to cause such 
damage to both these fine steamships, inflicted fatal inju 
to neither. This immunity is evidently due to the hand- 
some clipper bows of the Orinoco. Had her stem been 
of the ordinary cleaver-like shape, the accident might 
have proved disastrous to both ships. 

There is evidently a predilection for associating a bow- 
sprit or jib-boom with the clipper stem, and for adopting 
the straight stem when the bowsprit is omitted ; but with 
the practicalabandonmentof sails in full-powered steamers, 
this predilection or prejudice might now give way, and 
handsome-looking steamers might now be designed wit! 
clipper bows and no bowsprit. With the forecastle-head 
shaped less finely than that of the Orinoco—say, with 
convex instead of concave lines converging to the figure- 
head—the deadly cleaver stem would be more effectively 
masked even than in her case ; there would also be some 
scope for the resumption of beauty and symmetry in naval 
architecture, which the universal adoption of the straight 
stem sadly limits, 

Another point, likewise suggested by this collision, is 
the want of a marine brake in full-powered steamers. 
With such a brake the sudden stopping and backing of a 
ship going at 5 would be more practicable, while 
avoiding the risk of carrying away the screw-blades by 
too suddenly stopping the powerful propelling engines. 
Under existing conditions, when a person falls over 
from a steamer going at speed, the chances of effectual 
rescue are about nil, as is too often proved, with a 
vexatious, because useless and unavailing, waste of time 
on the passage. Ice or floating wreckage suddenly met 
with at night, and fog, with all its attendant dangers, 
would be better provided against if a good marine brake 
were in general use. 


Yours faithfully, 
February 11, 1907. R. 








MARINE GAS PROPULSION. 
To THE Epitor oF ENGINEERING. 

Srr,—I trust you will permit ms to reply to your criti- 
cisms on my paper, given in your issue of February 8. 
My position is this: that a single-unit gas marine-engine, 
with a reservoir of comp! air, for running slow and 
reversing, is as impossible as the single-unit marine steam 
turbine engine, and that in each case a practical solution 
is found by having two or more independent engine 
units. So far I have seen no objection to this arrange- 
ment when applied to steam-turbine gen, as in 
the s.s. Carmania, H.M.S. Dreadnought, &c., in which 
vessels the several propellers may driven simulta- 
neously, or separately, ahead or astern for manceuvr- 
ing purposes. This system gives more perfect control 
than any other for stopping, reversing, or turning the 
vessel, and, when applied to gas-engines, has an additional 
advantage as regards the gas-producers. Your critic 
designates this system as ‘‘unmechanical,” Is a brake 
unmechanical when applied to any machine that has a 
surplus of power and requires restraint? Temporarily I 
turn one or more of the engine units into brakes, and there 
is no ship afioat whose propeller is not systematically used 
for the same purpose. As you are aware, a Vv may 
be moving full speed ahead and the en mage runnin 
full astern, it being used as a e; also wi 
twin-screws it is customary, when turning, to rotate one 
propeller ahead and the other astern at varying speeds, 
to obtain, with or without the assistance of the rudder, 
the necessary radius of movement. Is this necessary, 


and every-day utilisation of eg Sent in marine 
i en I must plead 


propulsion unmechanical? If it is, t 


h | amateurs of the subject of locomotive engineering might 


some full astern in a vessel driven by gas.* 
meaning was not sufficiently explicit. 

In a gas-driven vessel, when it has to be slowed down, | 
the first thing to do is to slow all the engines ; if this is | 
continued for any length of time, one or more of the gas- 
producers may be shut down temporarily, and their pro- 
duction of gas practically suspended, the remainder 
working at or about their usual load. If further reduc- 
tion of is required, then one engine unit at a time 
may be reversed until the correct s is obtained. As 
a rule these reduced speeds are only required at the end 
of a voyage, and then for two or three hours only ; and I 
contend that this system is sufficiently elastic to cover all 
possible circumstances, and in this must appeal to naval | 
circles. The suspended producers may, in from 5 to 10 | 
minutes, be put into work again. 
_ Asin multiple steam-turbine-driven vessels, each engine | 
is controlled by the officer on the bridge by separate | 
telegraph to the control platform above the engines, | 
where the engineer in charge has all the control gear, | 
with gauges, throttle and stop-valves, assembled before | 
him, for manipulation by himself and an assistant. This | 
is done for steam, and can be done for gas. Marine gas 
propulsion is developing steadily, and one by one its 
obstacles will be surmounted. My hope is that these 
remarks may lead to further controversy, and thereby 
assist in propelling ahead this immensely important 
subject. 

Yours faithfully, 
A. VENNELL CosTER. 
Openshaw, Manchester, February 12, 1907. 





COMPOUND LOCOMOTIVES. 
To THE EpiTor oF ENGINEERING. 

Srr,—A correspondent, ‘“‘ Efficiency,” asks why Eng- 
lish engineers have not had the same measure of success 
with compound locomotives that has been customary in 
Continental practice. 

Opinions will differ as to the causes, but one of the 
most important appears to reside in the too small ratio 
of volume for the low-pressure cylinders commonly 
adopted in England. 

It is not impossible that pee rr influences peculiar 
to our unique climate may contribute to produce a greater 
total back pressure on the low-pressure pistons even at 
moderate rates of yp ey miles hour. This 
ratio of volume is the most important element affecting 
the economical and satisfactory working of a com- 
pound locomotive. For any engine running normally at 
60 miles per hour, and using steam of 240 lb. pressure, a 
proportion of 1: 2.95 is usually adopted abroad, and 


turn their attention to this interesting study of low- 

ressure cylinder volumes. In this country it is unusual 
or engineers connected with railways to take part in the 
periodic discussions on locomotives in the correspondence 
columns of the technical Press ; and those letters that are 
usually written very frequently reveal their authors to 
experts as persons of little competence. For instance, 
they refer to de Glehn locomotives as if such machines 
were the best that could be found for English railways ; 
and, indeed, as though they were the chief four-cylinder 
compounds used on the Continent, whereas in reality 
they form a ar ae and rapidly-decreasin; on oan 
in the total number of compound locomotives. The arrange- 
ment in general that has been termed ‘* De Glehn” was, it 
is true, employed by a very limited number of railways in 
countries outsideof France, as Alsace, Switzerland, Saxony, 
and Roumania, previous to 1902; but since that date this 
arrangement is being abandoned in nearly all countries, 
even in Switzerland, to give way for the universal balanced 
compound system called ‘‘ Central European,” ‘‘ Ameri- 
can,” &c., of which prominent examples are the locomotives 
of Austria, Prussia, Italy, Bavaria, Baden, Pfalz, Hun- 
gary, Belgium (Class 19), Switzerland (Gothard), &c., and 
which is the same system as that agg = 4 employed in 
the United States, and which Mr. Webb ultimately 
adopted, asalso, now, Mr. Worsdell, on the North-Eastern 
Railway. Yet figures continually going the ‘ rounds ” 
in the technical Press show that some imaginative amateur 
counted all four-cylinder compounds in Europe as de 
Glehns ; and, in fact, the popular idea has it that all such 
engines are de Glehns. ‘ 

Few, even including railway age, outside of 
France are able to define what is a de Glehn compound. 
Properly so-called, only one such engine was ever built (in 
1885), and the Nord railways tried it as an experiment up 
to the year 1891, until which time these railways had not 
one single-balanced compound at work, although four- 
cylinder-balanced compounds for all kinds of services had 
been in regular use for several years previously on the 
Paris-Lyons lines; but these earlier machines were not 
de Glehn, but Henry compounds. The de Glehn com- 
pound was nothing more, or nothing less, than the Webb 
compound with two, instead of one, ot seme cylinders. 
It was never repeated. Mr. de Glebn, or rather the 
Société Alsacienne de Constructions Mécaniques, then 
designed, in 1889, a second de Glehn ine, which was 
never executed. It had, in common with the universal 
practice of to-day, only one set of valve-gears (as one set 
of valves was opera through rocking-arms), and the 
driving-wheels were to be coupled, or the engines 
built so that they could be cou @ matter which was 
impossible in the old experimental ine ‘‘ No. 701.” 
This arrangement was not adopted, but instead a modi- 


* [The words used by Mr. Coster in his paper are ‘‘by 
running the centre engine full speed ahead, and the wing 
propellers about full speed astern, the vessel can be prac. 
tically stationary.”—Ep. E.] 








| upon two different axles in t 


guilty to your indictment. Again, nowhere in my paper | fication, having four sets of valve-gears, with the high- 
o I advocate engine units run some ful speed ahead and | pressure and low-pressure reversing rods quite inde- 
I fear my | pendent. This was Mr. du Bousquet’s first balanced 


compound engine, modelled on Mr. de Glehn’s, and two 
such locomotives were built in 1891. 

There is no doubt that the division of the motor stresses 
engines was inspired by 
Mr. Webb’s compounds, and experience has now shown 
that, while a division of such stresses was as unnecessary 
then as now, the disposition of the cylinders—in two 
different transverse sunset re) a to the perfect 
balancing of the motor efforts ; the distance separatin 
the high and low-pressure cylinders is not consid 

steam practice ; and that, constructively, the cross- 
race between the two outside cylinders, as usually 
arranged, is a great impediment to the examination of 
the inside mechanism. In addition, if the al a oe 
cylinders are to be placed outside, as is obligatory for very 
oe modern locomotives, then troubles arise from the 
indifferent fixing on the box-brace or caisson. This latter 
also adds appreciably to the weight of the engine. 

Yet our amateur engineers would have our railways 

adopt an arrangement which pe experience every- 
erior to that other simple 
ced ore arrangement now almost universally 
employed, and of which the very first practical realisa- 
tion appears to be due to our own countryman, Mr. 
Charles Sandiford, in the year 1884, or seven years pre- 
vious to the date which they have attributed to its 
origin, in assuming, as they do, that ‘‘Sandiford and 
de Glehn developed their four-cylinder compound 
systems contemporancous/y,” which brings us up to 1891 ; 
because the first two Du Bousquet balanced compounds 
were built in 1891, notin 1884. ‘These loose statements are 
in keeping with various others on the same subject. 
Do our amateurs know how many four-cylinder Du 
Bousquet-De Glehn balanced compounds have 
built for the Northern Railways of France, and for 
which they were originally designed? Their reply of 
“‘about one thousand” may be anticipated. Up to the 
time of the Liége Exhibition, in 1905, there were, all 
told, 220 such ; which shows that, up to 1905, lees than 
sixteen per year had been built even for these railways! 
All this ex ted geting se Sy amateurs of the loco- 
motives of Mr. de Glehn and Mr. du Bousquet must be 
very distasteful to the first, who has, before now, expressed 
his mind on the harm done by such copious writing in the 
Press ; while with French railway engineers in general 
(as with other engineers) this lauding—quite unsought by 
those to whom it applies—creates a mute resentment. 


Yours truly, 
February 12, 1907. GALLI. 


WEB-STRESSES IN PLATE-GIRDERS. 
To THe Epiror or ENGINEERING. 

Sir,—A practice not unusual amongst railway engineers 
and others responsible for the — of a is to 
determine the thickness of the web solely with reference 
to the area necessary to prevent failure of rivets by bear- 
ing, and to assume that this thickness gives ample strength 
against failure by crumpling, provided that the stitfeners 
are spaced at a distance apart equal to one and a haif 
times the depth of the girder, and are strong enough to 
take, as posts, the vertical shear, This view appears to 
be supported by the experiments made by Professor 
Lilly, and illustrated in his article in ENGiIngerine of 
February 1, page 136. 

Although the plate girders tested were only from 74 in. 
to 94 in. deep, and were loaded with from 1 to 7 tons, it 
was by pf necessary to reduce the web thickness to 
18 to 8.W.G., or, say, sein. to 7s in., before they 
would crumble ; whereas }-in. to }-in. webs would have 
been required to keep within the limits of bearing stress 
ordinarily allowable. Animportant consideration is that 
a web can fail by crumpling only, and in so far as it fails 
in tension, as it obvio cannot crumble without stretch- 
ing. The tension on the fibres of a a as ordinarily 
designed rarely if ever exceeds 2 or 3 tons per square 
inch. The amount of crumpling which would be per- 
mitted by the elongation of the web fibres under this 
stress would be negligible. Cases of failure of girders 
subjected to very severe web-stresses, as in shallow 
cross-girders in railway under-bridges, by the rivets 
failing in bearing are not uncommon ; but an instance 
of a girder, as ordinarily designed, showing signs of 
failure by web crumpling has, I believe, yet to be 
found. There are certainly instances of old girders with | 
aw pe | thin webs and very scanty stiffening doing 
useful work for many years without the slightest sign of 
failure. If the design of yahoos webs be based on 
resistance to crumpling as a primary factor—as I believe 
Professor Lilly also suggests in his book on the subject— 
the formule involved in carrying out the highly impor- 
tant operation of estimating the weight of girders from 
the data of span and me so long and compli- 
cated that on | would hardly ever be used in a busy 
office. As trial and error in seed design is costly, and 
takes considerable time, such formule would perpetuate 
the system of more or lucky guesses at the probable 
weights. Such even when made by men of great 
experience, are higbly unreliable, either for bridge-builders 
desiring to give alternative estimates without t ex- 
pense—for comparison of different types in the drawing- 
office, or for the proper estimation of working loads. If, 
however, the webs of plate-girders be designed in the 
usual way, the correct estimation of the girder weights to 
within 1 apt ve cent. becomes a simple slide-rule opera- 
tion by an ordinary draughtsman. _ 

Yours faithfully, 
_ Percy J. WALDRAM. 

12, Buckingham-street, Charirg Cross, W.C., 

February 13, 1907 
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THE .MOORE TRACK - DRILL. 


- CONSTRUCTED BY THE KALAMAZOO RAILWAY SUPPLY COMPANY, KALAMAZOO, MICHIGAN, U.S.A. 












































Tue Moore track-drill, manufactured by the Kala- 
mazoo Railway Supply Company, Michigan, U.S.A., 
is designed for heavy drilling work. At the same time 
care has been taken to make it as portable as possible. 
Its chief feature lies, paar in the fact that it can be 


instantaneously dismantl in order to allow the 
passage of trains, and as quickly set up again for work 
to be continued. The manner in which this is accom- 
plished will be clear on reference being made to 
Figs. 1 to 4, annexed, in which we give drawings and 
views of this drill. 

The drill consists of two main parts. In the one 

rt are embodied all the essential features of the 
Pead of a drilling-machine ; in the other is the driving- 
shaft, and what practically forms the table. The head 
rests on a cross-piece, the ends of which are supported 
by the two sleepers adjacent to the place at which 
work has to be done. The vertical portion is then 
clipped to the head casting, and a large claw is thrown 
over the rail, as in Fig. 3. To maintain the pillar in 
an upright position, a lock-stay is carried from a point 
about half way up the pillar to the outer end of the 
head. This stay can be immediately disengaged from 
the head by means of the hook-clamp, shown in 
Fig. 1. When in place, and the drill is up against its 
work, the whole is perfectly rigid. It will be seen to 
be worked by bevel gearing operated by hand-cranks, 
the height being great enough to enable men to work 
it without undue stooping. When dismantled, each 
part can be easily carried by one man. 

The feed mechanism is of an ingenious character, the 
ordinary toothed ratchet being onmaed with, and a 
dog, sliding in a slot, substituted therefor. The primary 
parts of the feed mechanism are three in number:— 
(1) The feed-nut, in which is cut the groove A, Fig.'1; 
(2) a dog sliding in this groove ; and (3) a rocking lever 
working the dog. The dog is a righ t-angled piece of rect- 
angular section, one limb sliding in the groove, while 
the other engages with the rocking lever. It will be 
evident that a pull by the lever at the end of the limb 
parallel to the axis of the nut will cant the dog, and 
cause the other limb, in the groove, to twist, till its 
ey aga opposite corners press up against the sides 
of the groove. If the lever is still pulled, the nut is 
turned and feed given to the drill. .As soon as the 
lever has reached the end of its stroke, a spring 
acting near the heel of the dog returns this to 
its normal position, ready for another stroke of 
the lever. A variable stroke may be given to 


this lever, and by this means feed can be lated 
between the limits of 50 turns of the spindle per 
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inch, and 650 turns per inch of feed. This regula- 
tion is effected by the lever, by means of a cam surface, 
being kept in contact with a friction roller for a longer 
or shorter period. If the roller be held up against the 
cam for a comparatively long time, the feed is in- 
creased. The reverse happens if the two are in con- 
tact for only a short period, This lever and roller are 
visible in Fig. 2. A further contrivance allows of the 
feed being temporarily thrown out of gear should it be 
rather too great for a moment, and the drill works off 
the surface metal without feed when the gear is put in 
again. This is only used in case of a temporary check 
in the drilling. 

The mode of fixing the drill is very simple, and 
scarcely needs explanation. Having placed the head 
in position and erected the pillar, the drill may be 
run up to the work quickly if the lever B is over as 
far as possible towards the rail. This disengages the 
clutch-nut working the automatic feed, and the spindle 
can be advanced rapidly against the work. When 
hard up, the feed-nut having been held from revolving 
by the foot if necessary, in order to force the point 
home, the lever B is thrown over, so that the clutch 
engages and the lar feed mechanism is in gear. 
To draw back if, when ~— up, the drill is too far 
out, or after the hole is drilled, the clutch-lever B 
must again be thrown out of gear, and the crank turned 
back wards. 








the clamping of the over-rail pattern is so simple and 
effective, allowing of such prompt dismantling, that 
the under-rail type can claim but little, if any, supe- 
riority over the other. 








Mininc Macuinery.—The value of the exports of 
mining machinery from the United Kingdom during the 
ten years ending with 1906 inclusive was as follows :— 


Year. Value. Year. Value. 
£ £ 
Oe 6. t:c0~, 1902 .. .. 547,855 
1898 .. sie 716,377 1903 . 781,773 
1899 .. oa 730,818 1904 .. $73,914 
1900 .. - 561,557 1905 .. : 832,519 
1901 509,249 1906 .. . 730,873 


It will be seen that, notwithstanding the eae activity 
of gold-mining industry last year, the value of mining 
machinery exported during the twelve months was smaller 
than in any one of the previous three years. The ex- 
ports are making, indeed, little or no progress, 1904 
having been the record year. The chief explanation 
which presents itself is the capriciously uncertain 
character of mining pursuits. The value of the mining 
machinery expo to British South Africa during the 
last three years was as follows :—1904, 335,768/. ; 1905, 
279,208/. ; and 1906, 246,604/.—an illustration of what an 
Irish statistician once styled ‘‘a progressive decline of 
prosperity.” British India took mi machinery last 
year to the value of 67,973/., as compared with 45,657/. in 
1905, and 74 983/. in 1904; and Australia to the value of 


This drill is also made in an under-rail form, but | 65,578/.. as compared with 77,8877. and 134,238, 
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SANKEY’S WORKSHOP TESTING -MACHINE. 
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UnpovusTeDLy, practical engineers at the present 
day have but a limited faith in the adequacy of the 
ordinary tensile test as a means of determining the 
reliability of steel plates and bars, It isan unquestioned 
tact that many instances can be furnished in which 
the ordinary tensile test has totally failed to distin- 
guish in any adequate manner between a sample of 
undoubted excellence and material the use of which 
on any —— structure would be absolutely dan- 
gerous. In fact, it was an appreciation of this 
fact which led the great inspecting corporations, 
such as Lloyd’s and the Board of Trade, to insist on 





specifying not only the tensile strength of steel, but 
deo its methods of manufacture. This p ure 
was taken in spite of the strong protests of the 
steel manufacturers, who maintained with much 
venemence that the consumer was concerned only 
in the results obtained, and the method by which 
the maker reached the desired end, was a matter with 
which the consumer had no right to interfere. This 
contention would have been perfectly reasonable had 
the consumer d any adequate method of ascer- 
taining that the result he desired was actually obtained. 
What he required was not a steel which passed satis- 





factorily certain tensile and bending tests, but a steel 
which he could rely —_ as giving satisfaction in 
actual use; and the different tests specified were, 
accordingly, not an end in themselves, but merely a 
partial proof that he was being supplied with what he 
required, the remainder of the proof being supplied 
by the fact that the metal had been prepared” ya 
method known to yield a reliable material. 

Within recent years, however, much has been done 
in the matter of devising tests which shall give reliable 
information as to the actual quality of the metal, and 
| it mayetherefore be ible in the future for consumers 
| to lay less stress than heretofore on the methods of 
| manufacture adopted. An interesting comparison of 
| the relative efficiency of the old tensile test and of 





; | these new methods of testing is furnished by Mr. 


Longridge’s last annual report on the failures of 
maehipery insured by his company. An oil-engine 
‘crank-shaft broke after being in use a little over a 
year. ~A tensile test of the metal made subsequently 
showed a tensile strength of 324 tons per square inch, 
a yield-point of 144 tons, and an elongation on 3 in. 
of 19 to 22 per cent, The yield-point is, of course, 
rather low compared with what would have been 
expected had the metal been new, but it is now 
established that the yield-point for new metal has an 
artificial value higher than its natural one, and after a 
rod has been used under varying stresses for some 
time a marked reduction in this yield - point may 
be anticipated. The elongation is also smaller than 
desirable, but certainly the test, as it stands, quite 
failsto indicate the dangerous quality of the material. 
On the other hand, in a notched-bar test, specimens 
broke with an absorption of but 24 foot-pounds of 
energy, instead of 8 to 10 foot-pounds—the proper 
figure for crank-shaft steel ; and in Professor Arnold’s 
machine, in which the metal is alternately strained 
beyond the elastic limit in each direction, failure took 
place at about two-thirds the number of repetitions 
of stress which good material would have carried. 
Professor Arnold’s machine is somewhat elaborate, 
but in the paper on chrome vanadium steel, read before 
the Institution of Mechanical Engineers, by Captain 
H. Riall Sankey and Mr. J. Kent Smith, an extra- 
ordinary parallelism was shown between the results of 
Arnold’s tests and the number of times a bar could be 
bent alternately through a given angle without frac- 
ture. The machine which we illustrate in Fig. 1 on 
this page is an outcome of that investigation. 

Its general character will best be understood by 
reference to.Figs. 2and 3. It consists essentially of 
a bed-plate, to which is secured the small vice repre- 
sented at A. One end of the specimen is secured in 
this vice, whilst the other end is gripped in a similar 
vice B mounted on the end of a movable frame. A 
gauge is used in fixing the specimens, to ensure that the 
ength subjected to bending is in all cases the same. 
The specimen having been thus secured, is bent through 
a definite angle, first in one direction and then in the 
other, by means of the handle E, until it breaks. On re- 
ference to Fig. 2 it will be seen that the handle E is 
pivoted to the movable vice-frame at D, and that the 
pressure exerted on it is transmitted to this frame 
through the springs F, the compression of which is ad- 
justable by the set-bolts shown at N. The compression 
of these springs therefore measures the load applied to 
the specimen, and, as the springs compress, the handle E 
at the same time swings round the point D. This dis- 
placement of the handle is utilised for the drawing of 
an autographic diagram, which shows the maximum 
force applied on each alternate bend of the specimen, 
and also the total number of bends made before failure 
occurs. Sample diagrams are illustrated in Figs, 4 and 5. 
The cards on which the diagrams are drawn are, it 
will be seen, circular in form. They fit down on to 
the ratchet-wheel K, with which they are concentric. 
A pencil, beet seen in Fig. 1, but indicated at G in 
Fig. 2, is carried by an arm attached to the lever E, 
ol as the latter is pushed over, compressing one of 
the springs shown at F, this pencil traces a circular 
arc on the card, as shown in Fig. 5. The lever E 
being pushed over to the left to the position shown in 
the dotted lines at M, the ratchet coming in contact 
with a fixed stop feeds round the wheel K one tooth, 
so that on the return bend, in which the frame is 
carried to the position indicated at M,, the pencil G 
describes another arc on the card. It will thus be 
seen that each arc traced on the diagram represents a 
bend in each direction, so that the total number of 
bends is equal to twice the number of arcs shown on 
the card. The concentric circles shown on the diagram 
represent equal increments of load on the specimen. 
Thus, it will be seen that much more effort was re- 
quired to bend the specimen, from which the diagram 
number 5 was traced, than was n y for that to 
which Fig. 4 has reference. These cards, it will be 
seen, form thus a permanent record of the stiffness of 
the material and the number of bends required to 
fracture it, and of the moment exerted. 

The specimens used in the machine are § in. square 
in section and 4 in. long, so that there is no difficulty 
in providing them. Indeed, they can often be cut 








from finished parts without rendering these useless. 





210 


ENGINEERING. 





[Fes. 15, 1907. 








THE FREUND TRAMWAY BRAKE. 


Tue number of collisions and runaways that have 
recently occurred on tramway systems has brought 
the question of the braking of these vehicles into 
special prominence, and a great amount of discussion 
has taken place as to the most reliable type of braking 
mechanism. In our issue of January 11 last we 
briefly referred to some tests which had been carried 
out on the Yorkshire (Woollen district) electric tram- 
ways between an ordinary hand-brake, a modern 
magnetic brake, and a new type of brake patented by 
Mr. Edwin Freund, of 39, Victoria-street, West- 
minster. It will be remembered that the latter brake 
succeeded in stopping the car in a shorter distance 
than either of its competitors, and as the principle 
involved appears to have many practical advantages, 
we illustrate in Figs. 1 to 4 on page 212 the arrange- 
ment of the Freund equipment. 


The brake acts on the track, as will be seen in) 


Fig. 1, the brake-blocks being guided by horn-plates 
fixed to the framing of the truck. ach shoe is 


l 
| 





| 


wanted to go on; and, moreover, such powerful 
spriogs could not fail to give a clear indication if they 
broke. 


This system is also applicable to wheel brakes, and | 
Mr. Freund claims that skidding of the wheels is then | 


impossible, as the power springs would be adjusted on 


a greasy track before the car leaves the shed, and as 
the driver could never obtain more than this brake | 


pressure, the wheels could not skid. Even with the 
spring track-brake, skidding of the wheels does not 


occur, because the driver can so easily keep his car | 


under control with it that a very slight application of 
the hand-brake is quite sufficient. 

The controlling lever sits on a square part of the 
auxiliary brake spindle, and is pthach with a hook, 
which engages with the bearing below. When changing 
amperes the driver has to take this handle off, but 

e cannot do this without letting the track-brake 
down, and he has to re-wind it from the other platform 
before he can start the car. This ensures that the 
brake is tried at every terminus. 

It is claimed for the Freund brake that better 


attached by means of a connecting-rod to the end of a| braking results can be obtained than with either the 


short horizontal lever keyed to a cross-shaft, the 
bearings of which are bolted to the inside of the side 
frames. Vertical levers keyed to the same shaft are 


connected to strong compresston springs, which are trical energy, generated by the motors, an 


housed in barrels attached to the end cross-bar of 
the truck. Each of these springs exerts a mean pull 
of about 18 or 19 tons, which tends to turn the rocking- 
shaft and force the brake shoes down on to the track. 
The springs are of such a length that 3}-in. brake- 
blocks may be worn down without the necessity for 
adjustment. The brake is normally held off by one 
or other of the winding spindles on the driver's 
platforms. The chain from the lower end of each 
spindle is connected by means of a pull-rod to a lever 
keyed to the rocking-shaft. 
as can conveniently be arranged, and one points up- 
wards and the other downwards, so that whichever 
rod is pulled, the effect is to release the brakes. Into 
these pull-rods are inserted compression springs, by 
means of which the brake pressure can be varied from 
nothing up to its maximum value. It will be readily 
understood that if these regulating springs are absent, 
only one brake pressure could be obtained—viz., that 
which corresponds to the length of the power springs 
when the brake-blocks bear on the rails. By means 
of the regulating spring a counter-pull is effected 
which balances a smaller or larger part of the pull 
exerted by the power springs, and the difference of 
these pulls gives the brake pressure. 

The winding gear, shown in detail in Figs. 3 and 4, 
consists of the usual tubular spindle, on the top of 
which a hand-wheel is fixed, while a pinion, which en- 

ages with a gear-wheel, is mounted on the lower end. 

‘he ratio of these wheels is about 1 to5. The larger 
gear-wheel is keyed to a chain-barrel, upon which the 
winding chain can be taken up by turning the hand- 
wheel clockwise. Instead of the usual ratchet-wheel 
and pees for arresting the winding spindle, a ratchet- 
pawl is mounted on the tubular shaft, and engages with 
teeth on the top of a brake-pulley, which is free to turn 
round the tubular-shaft. A’ leather-lined brake-band, 
kept tight by a spring attached to the brake lever, 
normally makes this pulley a fixture. The pivot of 
the strap-brake is extended upwards, and is provided 
with a lever, against which the driver presses with his 
body when he wants the brakes to go on. It de- 
pends on the length of time during which he kee 
this strap-brake open how far the winding-spindle will 
spin back. The farther it spins back the more will 
the regulating spring get released, and the higher will 
the brake pressure become. 

If the brake pressure is not high enough at any time, 
the driver presses again against the controlling lever. 
If the brake pressure is too high, he turns the hand- 
wheel clockwise and reduces it to any extent desired. 
In case of emergency he only presses more rapidly 
against the controlling lever, and keeps the strap-brake 
— till the regulating springs are entirely released. 

is does not take longer than it requires to turn the 
handle of the electric controller into the ‘‘ off” posi- 
tion, which means that the brake is full on at the 
same moment as the current is cut off. 

As the driver requires neither hand nor foot for this 
brake, he can simultaneously work the wheel-brake 
with his right hand. This accounts for the remark- 
ably good results which are reported from Liverse:/ge, 
where this brake is being tried on a car belonging to 
the Yorkshire Tramways Company. 

The way in which the springs are arranzed, efficiently 
guards against failure. If a spring should break, the 
broken turn settles upon its neighbour, and the brake- 
power is only reduced as much as corresponds to one 
turn of the spring, which is only a small fraction of 
the total force of the spring. It seems worth noting 
that springs a in this way would be unlikely 
to fail when the brakes are applied, as they are released 
for this yurposo. A failure would be more likely to 
occur whi n thesprings are strained in the act of pulling 
the brakes off. It is obviously less objectionable for 
a brake to fail when it is taken off than when it is 


These levers are as long | 


} 





magnetic or pneumatic brake, because more energy 
can be stored in the springs when winding off the 
brake than with pneumatic storage, or through elec- 
trans- 
formed into magnetic force at the moment the brakin 
isdone. The capacity of pneumatic brakes is limite 
by the space available for the compressors and brake 
cylinders, and by the necessity of working with com- 
aay low pressures, while the capacity of magnetic 

rakes is obviously limited by the friction of the wheels 
on the rails which furnishes the energy. In addition, 
the action of the release springs is quicker and more 
reliable than magnetic excitation, and also quicker 
than that of pneumatic brakes. The speed of the 
latter is limited through the necessity of using supply 
tubes of considerable length and of comparatively small 
bore. 

The driver can ascertain at any moment whether 
he has the full brake power available by turning his 
hand-wheel clockwise. 

This brake also fulfils a request which the Board of 
Trade very often makes, and which cannot be pro- 
perly fulfilled by the magnetic brake—viz , that the 
tee Se be put on beforea car enters a down 
gradient. As this brake in no way interferes with 
the motors or with the wheel brakes, this can be done 
without making a preliminary rush, as would be neces- 
sary with the magnetic brake in order to get the car 
on the down grade after the (magnetic) brake has been 
applied. 

PT he spinning back of the hand-wheel clearly shows 
the driver that the brake is acting, and a second 
direct connection between the winding-spindle and 
the brake-shaft can be arranged so as to pull the brake 
on in the ordinary way should the springs fail. This 
connection is not shown in the drawing. 

An interesting experiment is shortly to’ be made 
with this brake—viz , magnetic shoes are to be used 
instead of the ordinary shoes. This way of applying 
magnetic shoes would have the advantage that they are 
put down rapidly, which, as everybody knows, is the 
great point in braking. 





City AnD GuILps or Lonpon InstituTE.—A course of 
six lectures on *‘ Pyrometry” has been arranged at the 
City and Guilds of London Institute. The course of six 
lectures will be given by Mr. C. R. Darling, on Friday, 
at 8 p.m., commencing February 15. Special attention 
will be paid in the lectures to modern methods of appli- 
cations of pyrometry, and the many methods and instru- 
ments in use will be dealt with. The fee for the course 
is 


Tue InstrruTion OF MecHantcaL ENGINEERS: ABER- 
DEEN SUMMER MEETING, 1907.—A well-attended meeting 
of the members and associate members of the Institution 
of Mechanical Engineers and others, representing the 
engineering interests in Aberdeen and the East Coast of 
Scotland, was held on Monday, February 11, at 7.30 p.m., 
in the Town House, Aberdeen, for the purpose of forming 
a local committee to receive and co-operate with the 
members of the Institution during their annual summer 
visit to Aberdeen in July. Mr. William Jackson, the 
senior member of the Institution in Aberdeen, occupied 
the chair, and the representatives present resolved to 
constitute themselves a local reception committee, with 
power to add to their number. The names of about 100 
gentlemen connected with engineering and manufactures 
in Aberdeen and district were then selected, and it was 
resolved to ask these gentlemen to join the local reception 
committee. It was agreed to request the Lord Provost, 
Sir Alexander Lyon, to become chairman of the com- 
mittee. Mr. William Jackson and Mr. R. Gordon Nicol, 
the harbour engineer. were elected vice-chairmen of the 
committee, and Mr. William Simpson honorary local secre- 
members of the Institu- 
e visit of the Institution 


tary, these three gentlemen eoine 
tion of Mechanical Engineers. T 
will take place at the end of July, and the programme 
will comprise the reading and discussion of papers on 
engineering subjects, visits to places of engineering in- 
terest, and pleasure excursions to Deeside and Speyside, 
ending with a visit to engineering works in Dundee. 


NOTES FROM THE NORTH. 
Griascow, Wednesday. 


Glasgow Pig-Iron Markect.—Last Thursday morning 
the pig-iron market opened fiat, and the turnover con- 
sisted of about 7000 tons of Cleveland warrants at 56s. 8d. 
and 563. 64d. cash, 563. 8d. and 56s. 74d. eleven days, 
57s. 14d. and 57s. one month, and 57s. 6d. three wT 
Closing sellers quoted 56s. 8d. cash, 57s. one month, and 
57s. 9d. three months. The afternoon session was very 
quiet, and only 1500 tons of Cleveland warrants were done 
at E6s. 6d. and 57s. and 563. 11d. one month, and 
| closing sellers quoted 56s. 6d. cash and 56s. 104d. one 
month. There were sellers of hematite at 74s. 4d. cash, 
but no buyers. On Friday morning, with a lot of local sell- 
ing, prices declined stillfurther. Cleveland warrants, 21,000 
tons, changed hands at from 56s. 04d. to 55s. 3d. to 55s, 5d. 
to 55s. 4d. cash, from 56s. 6d. to 55s. 9d. one month, and 
at 56s. 6d. three months. At the close sellers quoted 
55s. 44d. cash and 55s. 94d. one month. Hematite was 
weak, and dropped from 73s. 9d. to 72:. 9d. one month, 
and the turnover of 2000 tons included dealing at 72s. 6d. 
twenty days. In the afternoon the tone was rather better, 
and Cleveland warrants were done at 55s. 54d., 55s. 7d., 
and 553. 64d. cash, 56s., 55s. 104d., and 55s. 11d. one 
month, and at 56s. 6d. three months. Closing sellers 
quoted 55s. 64d. cash, and 55s. 114d. one month. Hematite 
was firmer at 72s, 44d. cash and 72s. 6d. ten days, with 
sellers over at 72s. 6d. cash. The total turnover was 
estimated at about 26,000 tons. On Monday morning a 
strong tone prevailed, and Cleveland warrants advanced 
to 56s.4d. and 56s. 3d. cash, 56s. 7d. seventeen days, and 
56s. 64d. one month, closing with sellers at 56s. 34d. 
cash, and 56s. 74d. one month. The dealings amounted 
to 7500 tons. Hematite was also stronger, and 500 tons 
were done at 733. 3d. ten days. In the afternoon the 
upward movement continued, and about 10,000 tons of 
Cleveland warrants were dealt in at 56s. 8d. and 56s. 74d. 
cash, 56s, 5d. and 56s. 74d. four days, 56s. 84d. ten 
days, and 57s. one month. Sellers at the close quoted 
56s. 74d. cash, and 67s. one montb, and there were 
buyers of hematite at 73s. 3d. one month, but no sellers. 
The market opened steady on Tuesday morning, but 
the turnover was smal], and consisted of about 6000 
tons. Cleveland warrants were done at 56s. 74d. cash, 
57s. 14d. and 57s. one month, and at 57s. and 563. 11d. 
ten days, and 57s. 6d. April 22. The closing quotations 
were 56s. 74d. cash and 57s. one month. Included in the 
above total are two lots of hematite at 743. 6d. one 
|month. In the afternoon the market was quiet, but 
stronger, and Cleveland warrants advanced in price. 
The dealings were at 56s. 9d., 56s. 10d., 563. 84d., and 
56s. 9d. cash, and 57s. 24d. one month, and closing 
sellers quoted 56s. 94d. cash and 57s, 2d. one month. 
Hematite was weaker, and was dealt in at 74s. 3d. one 
month, with closing sellers at 74s. 6d. one month. The 
total business was 4000 tons. When the market opened 
to-day (Wednesday) the tone was good, and 7000 tons of 
Cleveland warrants were put through at 57s. and 57s. 14d. 
cash, 57s. 54d. and 57s. 6d. one month. The close was 
firm, with sellers at 4d. above the higher values. 
Hematite improved, and about 500 tons were done 
at 75s. one month. In the afternoon the market be- 
came weaker, and the business consisted of 5000 tons 
of Cleveland warrants at 57s. Ojd., 57s. 14d., and 
56s. 104d. cash, 57s. 3d. fifteen days, and 57s. 44d. 
and 57s. 54d. one month. At the close sellers quoted 
56s. 104d. cash and 57s. 34d. one month. Hematite was 
not dealt in, but there were sellers at 75s. 1d. one month. 
The following are the market quotations for makers’ 
(No. 1) iron :—Clyde, 75s. ; Calder, 75s. 6d.; Gartsherrie, 
75s. 6d.; Summerlee, 77s. 6d.; Langloan, 79s. ; and Colt- 
ness, £53. (all shipped at vary pelt Glengarnock (at Ard- 
rossan), 76s. 6d.; Shotts (at Leith), 75s. 6d.; and Carron 
(at Grangemouth), 793. 


Sulphate of Ammonia. — The sulphate of ammonia 
market has remained rather quiet during the past week, 
and there has been only a limited inquiry. The price is 
round 12/, 1s. 3d. per ton for prompt business, Glasgow 
or Leith. The amount shipped from Leith Harbour last 
week was 375 tons. 


Scotch Steel Trade.—No change falls to be reported in 
the conditions prevailing in the Scotch steel trade. Most 
of the specifications to hand have been against existing 
contracts. No improvement has taken place with regard 
to orders for the home market, and buyers are still holding 
off, although it is reckoned that there must be orders still 
to. place for a goodly quantity of steel. On the other 
hand, the foreign inquiries are on a large scale, and some 
fairly good orders have been fixed up for spring shipment. 
This latter fact is a very satisfactory one, and helps con- 
siderably to keep the various works running full time. 
Prices are unaltered, and remain firm round last quota- 
tions. 


Shipbuilding.—The Ailsa Shipbuilding Company, 
Limited, Troon, have contracted to build a steamer of 
about 2000 tons gross for the General Steam Navigation 
Company, London. The dimensions are about 2704 ft. 
in length, 38 ft. in breadth, and 18 ft. in depth ; and the 
cylinders of the engines are to be 22 in., 35 in., and 59 in. 
in diameter, with a 39-in. stroke.—Messrs. Hawthorns 
and Co., Limited, Leith, have received an order from 
|Mr. Thomas Devlin, Junr., Newhaven, for two steel 
| steam drifters. It is stated that Mr. Devlin intends 
| forming a fleet of drifters to follow drift-net fishing in 
| the North Sea. 








Contracts.—Mes:rs. Veritys’, Limited, have receiv d 
a further order from the Melbourne Corporation, Aus- 
| tralia, for Aston-Wozley arc-lamps. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield Chamber of Commerce.—The annual gathering 
of this chamber was this year an entire success. At the 
meeting, Mr. Joscph Dixon, President, occupied the chair, 
and offered congratulations upon theincreased membership. 
He, however, urged that 300 was not adequate in pro- 
portion to the population, and suggested that from 700 to 
1000 might reasonably be looked for. He touched on the 
question of the coal trade, and said that on certain fuels 
required in the manufacturing industries, especially slack, | 
the value at the pit-mouth had in a few months advan 
70 per cent., or from 43. to 7s. per ton. He warned 
owners not to push their opportunity too far. Mr. S. | 
Roberts, M.P., who is largely interested in the coal trade, | 
remarked that the greater part of the coal sold was under | 
contract, and that the advanced prices only applied to a} 
very small proportion of the output. At the dinner the 
principal guests were Captain Muirhead Collins, the 
representative of the Australian Commonwealth Govern- 
ment in London, and Baron de Sousa Deird, President of 
the Anglo-Portuguese Chamber of Commerce in London. 
Both made excellent speeches on very different topics. 


The Hull Coal Trade.—The coal trade has been much 
disturbed by high prices and irregular deliveries. The 
year, on the whole, has opened fairly well, the imports 
jast month reaching 38,528 tons, which was 30,000 tons 
more than was sent in mber, but an exces; of 
50,000 tons over the import of January, 1906. The coast- 
wise trade has increased largely of late. The total last 
month dealt with at the port reached 90,534 tons, an 
increase of about 15,000 tons over the business done in 
December. The bulk of this increase is chiefly due to the 
extra business done with the Metropolis. The exporta- 
tion of coal abroad last month reached 144,280 tons, being 
a decrease of nearly 23,000 tons compared with January, 
1906. The bulk of the decrease is due to the falling-off in 
the Swedish trade, but the demand for the Continent, on 
the other hand, has been fairly maintained. 

The Engineering Trades.—The Amalgamated Society 
of Engineers is taking a prominent part in a movement 
for federating all the societies interested in the engineer- 
ing trades of Sheffield and the district. The avowed 
object they have in view is to secure advances of wages 
and further advantages to the men. 

The Iron and Steel Trades.—What has been going on 
in the Middlesbrough warrant market has caused a lull 
in buying, but stocks are being greatly depleted, and a 
scarcity is anticipated. Very few makers now have any- 
thing but what is being made from day to day, and 
another advance in prices at an early date is by no means 
improbable. A distinct improvement is going on in the 
heavy branches of the finished-iron department, and as a 
rule works are well employed. The rolling-mills, tilts, 
and forges continue very busy, and there is considerable 
delay in making deliveries. Owing to the better trade and 
the increased cost of working, owners are contemplating 
a reduction in their discounts at an early date. For almost 
all classes of steel there is still an inquiry, and little effort 
is being made to further load the books with orders. 


South Yorkshire Coal Trade.—The coal trade is still in 
a very unsettled state, and advances in prices are 
frequent. A large proportion of the output at most 
collieries goes to fill contracts entered into when prices 
were low, but some classes of common col are now double 
the prices they were in October. The situation is aggra- 
vatel by continual delays on the railways, wagons not 
making two journeys a month where they used to make 
six journeys. 











Mancuester Sure Canat.—The directors of the Man- 
chester Ship Canal Company report that the expenditure 
on capital account last half-year was 50,120/. The total 
expenditure is now 16,486,4277. The Ship Canal revenue 
receipts for the six months ended December 31 amounted 
to 265,661/., and the expenditure to 130,305/., leaving 
135,356/. The profits of the Bridgewater department were 
15,2991. The ce carried to net revenue account was, 
therefore, 150,655/., and 1032/. was received for bankers 
and general interest, making a total profit of 151,687/. 
Interest upon the first and second mortgage debentures 
requires 44,743/.; upon the debenture stock, 3500/.; upon 
the mortgage of surplus lands, 1000/.; rent of transit shed 
No. 8 dock, 3130/.; and rent of No. 9 dock and transit 
sheds, 12,5007. The balance (86,814/.) has been disposed 
of by placing 15,000/. to reserve fund as a further pro- 
vision in respect of mar | litigation with Warrington, 
and by a payment of 71,814/. to the Corporation of Man- 
chester on account of interest due on the debentures 
which it holds. Ths total amount paid to the corpora- 
tion in respect of 1906 was 125,974/., and the helene 
required to make up the 160,000/. in respect of the 
5,000,0007. loan from the corporation will be satisfied by 
the issue of 34,026/. 34 per cent. preference stock. The 
weight of toll-paying merchandise which passed through 
the Ship Canal last half-year was 2,457,788 tons, as com- 
pared with 2,260,227 tons in the second half of 1905. The 
result of the half-year’s working of the Ship Canal de- | 
partment was an increase of 24,969/. in the receipts, of | 
4007/. in the expenditure, and of 20,962/. in the profits. | 
The receipts for the year showed an increase of 49,401/., | 
and the expenditure of 17,439/., including a provision of | 
8900/. for an Irlam accident. The net result was an in- | 
crease of 31,962/. in the working profit. Two Bills have 
been deposited in Parliament this session, One is to| 
authorise the working of mines and minerals under and | 
adjacent to the Leigh branch of the Bridgewater Canal. 
The other Bill is to empower the company to obtain an 
increased supply of water for the Ship Canal, to construct 
protective jetties outside the Eastham Locks, and to 
acquire land for the deposit of dredgings at Warrington. 





-| million tons. Shipments up to date this month are very 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mipp_essroucH, Wednesday. 
The Cleveland Iron Trade.—There is a an feeling 
in the market so far as pig iron is concerned, and trans- 
actions of late have been , Bane but the situation, on the 
whole, cannot be regarded as otherwise than satisfactory, 
seeing that producers have excellent order-books and 
deliveries are on an exceptionally heavy scale for this 
season of the year. In order to satisfy customers for 
Cleveland pig the warrant stores are being substantially 
drawn upon, and the stock there is now below half-a- 


good indeed, and more inquiries on Continental account 
are reported. No. 3 gm.b. Cleveland pig is 57s. 6d. 
f.o.b., at which figure both makers and merchants 
are prepared to do business, though some of the former 
are inclined to hold out for a rather higher price 
No. 4 foundry pig is 57s, and No. 4 fo 6 

East Coast hematite pig stands at 793. mixed numbers. 
As there is none available for early delivery, however, and 
buyers just now do not show inclination to do forward 
business, the quotation is nominal. Probably any inquiry 
on forward account would elicit a higher quotation than 
the foregoing from some of the por ye makers, all of 
whom have a lot of work in hand, and they are masters 
of the situation in this branch, as there are no stocks 
whatever to hamper them. Hematite pig 18 ver dear 
compared with the present value of Cleveland iron. 
Under ordinary circumstances the difference between 
hematite mixed numbers and No. 3 Cleveland is 8s. to 
103., but at present it is 21s. 6d., and there does not seem 
much likelihood of hematite makers giving way to any 
extent. Spanish ore is quiet. Rubio of 50 per cent. 
quality is 22s. 6d. ex-ship ‘lees. 

Manufactured Iron and Steel.— Very good accounts con- 
tinue to be given of these two important branches of the 
staple industry. Several firms have orders on hand suffi- 
cient to keep them going for a considerable time, and a 
few new contracts are from time to time being made. 
The outlook is encouraging, and naturally ee are 
strong. Common iron bars are 8/.; best bars, 8/. 10s.; 
best best bars, 9/.; iron ship-plates and iron ship-angles, 
each 71. 15s.; steel ship-plates, 7/. 103.; steel ship-angles, 
71. 23. 6d.; steel joists, 6/. 17s. 6d.; and heavy sections of 
steel rails, 6/. 153.—all less the usual 24 per cent. discount, 
except rails, which are net cash at works. 


Coal and Coke.—Fuel maintains its value well. As the 
days lengthen, deliveries of gas-coal are dwindling, but so 
far prices have not been quotably lowered. The large 
supply of bunker coal is well taken up, and prices are 
firm. Coking coal keeps in request at the same 
rates as have ruled for some little time. Coke is not so 
scarce as it has been, but sellers do not give way at all, and 
quotations are based on 25s. for medium blast-furnace 
qualities delivered here. 





British COMMISSION FOR THE MILAN INTERNATIONAL 
Exuisition.—A meeting of the Milan International 
Exhibitions Committee was held at the London Chamber 
of Commerce this week, the President, Sir Albert Rollit, 
in the chair. There were also present :—Mr. A. Serena, 
honorary executive commissioner; Lord Brassey, honorary 
president ; Sir Thomas Brooke-Hitching, Mr. Thomas 
Cope, Mr. Imre Kiralfy, Mr. Edwin O. Sachs, Mr. E. 
Ristori, Mr. Arthur J. Giles, Mr. G. Briggs, Mr. C. 
Rozenraad, Mr. C. Pavin, Mr. E. Canziani, Mr. C. Busk, 
Mr. J. H. Polak, and Mr. Kenric B. Murray, honorary 
secretary. The chairman said the finance and other 
committees had met that morning and had finally gone 
through the accounts, which would be presented to the 
commission, and they would show a surplus of upwards of 
40007. Medals had been received, and would be presented 
by the commission to the successful exhibitors. The 
success of the British exhibitors had been t, and the 
percentage of high awards which they had received 
through the juries was remarkable. The executive 
commissioner read the accounts in detail, and various 
payments to the staff and others were ordered to be 
made. The executive commissioner also presented the 
draft report of the commission to be made to the Govern- 
ment, and it was resolved to consider this at a future 
meeting. 

MANCHESTER CORPORATION TRAMWAYS.— From recently 
issued Board of Trade returns, the Manchester Corporation 
Tramways compare most favourably with those of other 
towns. The percentage of net receipts on capital outlay 
is given as 13.9, a figure higher than the result uced 
by any other of the large municipal systems in England 
or Scotland. This 13.9 per cent. is apportioned in 
the Manchester undertaking as follows :—Interest and 
sinking fund, 5.4 per cent.; rent, income tax, &c., 0.9 per 
cent.; reserve, renewals, depreciation, &c., 4.5 per cent. ; 
in relief of rates, 3.1 per cent. It is noteworthy that 
while Manchester puts aside only 4.5 per cent. for reserve, 
renewals, and depreciation, Glasgow, which earns 13.8 
per cent. net on capital outlay, sets aside 8.9 per cent., 
other accounts being pny reduced. The 
Manchester system is still being extended, powers 
already obtained sanctioning extensions to Altringham 
and the Northenden district, while powers will’ be 
sought for borrowing 50,000/., and leave to construct 
some ten or more short connecting lines linking up 
main routes. We note that one of these short lines is for 
the purpose of providing communication between the 





existing and the new works of Sir W. G. Armstrong, 
Whitworth, and Co., Openshaw; and it is stated that | 
should Parliament not sanction this line, the above-men- | 
toned firm will probably remove their works from . | 
chester. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Large steam coal has shown little change, 
but supplies apeeer to be increasing, and there is an im- 

ression that lower prices may be looked for. The best 
arge steam coal has made 19s. 9d. to 20s. per ton, while 
secondary qualities have ranged from 17s. 6d. to 19s. 6d. 
per ton. ouse coal has shown scarcely any alteration ; 
the best ordinary qualities have made 17s. 6d. to 18s. 6d. 
per ton. No. 3 Rhondda large has brought 20s. per ton. 
Coke has exhibited little variation; foundry qualities 
have made 28s, to 30s. per ton, and furnace ditto 22s. 


to 25s. per ton. As regards iron ore, Rubio has brought 
203. 6d. to 21s. per ton, and Almeria 20s. 3d. to 20s. 6d. 
r ton, upon a basis of 50 per cent. of iron, and 


including freight, insurance, &c., to Cardiff or Newport. 


The Swansea Valley.—The tin-plate works and steel- 
roducing mills have continued busy, and the demand for 
ome rolled bars for tin-plate manufacture has exceeded 

the supply. 


Port Talbot —The directors of the Port Talbot Railwa 
and Docks Company state that the accounts for the half- 
year to December 31, 1906, show a gross revenue from all 
sources of 56,241/., as compared with 49,749/. in the cor- 
responding half of 1905, bemg an increase of 64921. The 
working expenses were 30,231/., being at the rate of 53 75 
it cent. of the gross revenue. In the corresponding 

alf-year of 1905 the ongueene were 28,193/., being at the 
rate of 56.66 per cent. The percentage of expenditure to 
receipts on docks and shipping for the half-year was 
50.24 per cent., and that on the railways 58.05 per cent., 
after allocating to each department its due proportion of 
the general expenditure. The traffic carried over the 
company’s — during the half-year amounted to 
1,195,560 tons, while the imports and exports at the 
docks amounted to 853,665 tons. Of the 1,195,560 tons 
carried over the railways, 1,115,514 tons consisted of coal 
and coke, of which 771,699 tons were ery at the 
company’s docks. A dividend at the rate of 2 per cent. 
per annum is pro for the past half-year upon the 
ordinary stock. 


Welsh Coal Shipments.—The shipments of South Welsh 
coal from the six principal Wel —Cardiff, New- 

rt, Swansea, Port Talbot, Neath, and Llanelly—in 
anuary were 2,484,559 tons, as compared with 2,268,213 
tons in January, 1905, showing an increase of 216,346 
tons. This increase cccurred wholly in foreign ship- 
ments, 


_ Welsh Dock Congestion.—Owing to a breakdown at the 
tips at Penarth, in consequence of frost, shipping at that 
dock has been a good deal congested. At one time, 
indeed, the dock was so blocked that several ships 
had to be refused admittance. The docks at Cardiff and 
Barry have also been crowded. 


Dowlais.—The demand on both home and forei 
account for heavy steel rails has continued good, and the 
output of the Goat Mill has been maintained at 3000 tons 
per week. Several large contracts are in hand; those 
which are at present being executed are for the London 
and South-Western Railway Company and for Argentina. 
The Big Mill has continued to be employed upon steel 
sleepers for exportation and light material. 


Walsh Steel Bars.—At a meeting of the South Wales 
Siemens Steel-Bar-Makers’ Association at Swansea, it 
was decided to raise the minimum price of bars from 
51. 15s. to 6/. perton. At the same meeting the question 
of an eight-hour day desired by the men was disc 
(the B apeene pn having already been a upon), and 
details were arranged for consideration by the men. 





Tue LATE Mr. Ernest Gearing. —We regret to learn, 
at the moment of going to press, of the sudden death of 
Mr. Ernest i. the managing director of the Leeds 
Forge Company. r. Gearing did splendid work in this 
position, and in earlier posts, and we hope to say more 
regarding him in our next issue. 

Tne Temprrcey-Cocksury Borter: Erratum.—By a 
printer’s error, Figs. 3 and 4 of the Temperley-Cockburn 
boiler, on page 177 of our last issue, were transposed. 
Fig. 3 showed the model boiler, with the steam-exhausting 
oa out of action, and Fig. 4 with the pipes in action. 

he views were pre from photographs of a full-sized 
model, which can be seen on application. 

Tae British Frre- Prevention Commitrer.—The 
executive of the British Fire- Prevention Committee 
announce that they have formed among the members 
of the committee and representatives of the public 
authorities subscribing to the committee, a special com- 
mission on concrete aggregates. This has béen done 
because special attention was called to the matter in 
connection with the committee’s series of fire-tests with 
steel and concrete, and with reinforced concrete floors. 
The scope of the commission js described in the following 
resolution :—‘* That having regard to the confusion exist- 
ing as to concrete agerogetes and the absence of their 
exact specification, British Fire-Prevention Com- 
mittee do hereby constitute among its members and 
subscribers a special commission to report and define the 
tes suitable for concrete floors intended to’be fire- 
resisting, having due regard to questions of strength, 


expansion, and chemical constituents and of the 
ageregs ” In forming the commission, it has con- 
sidered of importance that the various technical interests 


should, as far as possible, be considered. Sir William 
Preece, K.C.B., F.R.S., Past-Pres. Inst. C.E , late chief 
engineer, General Post Office, will act as chairman, an 
Mr. Matthew Garbutt, F.R.I.B.A., A.M. Inst. C.E., 
will act as honorary secretary. 
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THE FREUND TRAMWAY BRAKE 
(For Description, see Page 210.) 
Fig .1. 
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NOTES FROM THE UNITED STATES. % 
PHILADELPHIA, January 30, 1907. ~ 

SoMETHING of a surprise came to the market during 
the past few days in a weakening of prices in pig iron. 
Some buyers who presented their inquiries were sur- 
prised to receive prompt responses that their contracts 
were acceptable, and that the material could be had 
during the first and second quarters of the year at 
prices a little below those recently quoted. One lot 
of 7000 tons of foundry grades was bought at a dollar 
per ton less than recently quoted figures. Furnaces 
in Eastern Pennsylvania during the past few days haye 
been quietly accepting lower prices, and the com- 
petition for business between Western and Eastern 
furnaces is quite apparent. There are more liberal 
offerings of foreign material. Middlesbrough iron has 
been offered within a few days at 22 dols., but the 
best price obtainable was 21 dols. About 10,000 tons 
of foundry iron were purchased for New England 
delivery at these low prices. Basic iron has also felt 
the weakness as well as malleable. No statement has 
been made.as to the secret cause of this unexpected 
decline, but it will probably be found in the large 
additional capacity that will blow in shortly, and 
the policy of the large number of consumers to with- 
draw from the market on this account. 

It is figured out that 40,000,000 tons of iron ore 
will be moved from the lakes this year, which will 
be 3,500,000 tons more than was moved last year. 
The Pittsburg Steamship Company, which last year 
handled 11,355,000 tons of ore, will move 14,000,000 
tons this year. 

February 6. 

The condition of the American iron market has not 
changed substantially from what it was a week or two 
ago. Recent developments have shown that there 
will be an enormous demand for structural material 
for the coming year, and one bird’s-eye estimate of 
the probable requirements for the next few months 
= the figures at the enormous total of 700,000 tons. 

hether these figures be accurate or not, the state- 
ment can be made that the structural-steel requirements 
now in sight are far larger than they have been at any 
time. A number of great enterprises are now about 
ready to be figured upon, among which are terminal 
facilities for railroads and car-building requirements, 
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to say nothing of a vast amount of general construc- 
tion, into which iron and steel will enter. The facili- 


ties for turning out structural material have been 
greatly increased during the past twelve months, and, 





no doubt, further expansions will be made within the 
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next six months. The capacity of mills is largely over- 
sold, and it is therefore believed in high quarters that 
these new requirements will be presented for considera- 
tion very soon. Steel rails are also selling, the last large 
order being for 50,000 tons, which was taken by the 
Pittsburg mills. A sale of 20,000 tons of steel plates 
was made at that point a few days ago, in addi- 
tion to a number of orders for railroad material, 
mainly for track equipment. The manufacturers of 
railway equipment are also expanding capacity, in 
view of the rush of inquiry for additional material 
for track-laying during the coming season. There 
is a struggle on hand for the establishment of rail- 
ways under one management, extending from the 
Atlantic to the Pacific Coast; but this is more of 
interest to stock-jobbers than manufacturers. The 
only interest these big enterprises have to manufac- 
turers of material is that when these schemes are 
carried out, there will follow the construction of a 
large amount of mileage throughout the Rocky Moun- 
tains regions and the Pacific slope. The demand in 
the iron ore market continues good and large sales 
are being made of non-Bessemer ores. Silicious ores 
are in active demand. Bessemer ore is very well sold 
up. Efforts are’ being made to ascertain the proba- 
bility of the deposits vutside of the supposable area, 
and some mining engineers and geologists have 
been endeavouring to prove that the Lake Superior 
deposit, while the largest and nearest to the 
surface, is not by any means the only source of 
supply which is available and within convenient 
reach. The business in tin-plate continues good under 
a heavy demand for delivery during the second 
and third quarters of the year, at an advance of 
10 cents per box over recent quotations. Prices of 
raw material continue high, and the capacity of the 
mills is well taken up. ere is a firm undertone in 
all grades of pig iron, and the influx of orders con- 
tinues, but they are mostly of small proportions. 





Nicota Coat.—The Nicola Coal and Coke Company 
has been formed to work coal areas at the confluence of 
the Nicola and the Coldwater, 218 miles from Vancouver. 
It is estimated that there are 100,000,000 tons of coal in 
sight. The coal is of the hard bituminous class. The 
company is p ing to secure electric power, lighting 
plant, coal-cars, coal-cutting machines, &c. 
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THE NEW NAVAL DOCKS AT DEVONPORT DOCKYARD. 


MAJOR SIR HENRY PILKINGTON, K.C.B., R.E., CIVIL ENGINEER-IN-CHIEF, NAVAL LOAN WORKS, ENGINEER; 
MESSRS. SIR JOHN JACKSON, LIMITED, LONDON, CONTRACTORS. 
(For Description, see Page 197.) 
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Fic. 14. View or Correrpam in Course or Construction, Looxine Norts. 
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Fic. 15. Excavation on Site or Docks, Looxine Norrs. 








(To face Paye 202.) 
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THE NEW NAVAL DOCKS AT DEVONPORT DOCKYARD. 


MAJOR SIR HENRY PILKINGTON, K.C.B., R.E., CIVIL ENGINEER-IN-CHIEF, NAVAL LOAN WORKS, ENGINEER; 
MESSRS. SIR JOHN JACKSON, LIMITED, LONDON, CONTRACTORS. 


(For Description, see Page 197.) 














Fic. 16. THe Movu.pinc or Concrete CoLuMNS. 


























Fic. 17. Sinxrinc Concrete Cotumns in River WALL. 
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THE NEW NAVAL DOCKS aT 
MAJOR SIR HENRY PILKINGTON, KC.B., R.E., CIVIL ENGINEER-IN-CHIEF, NA. 41 LOAN WOR 
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Fic. 18. GENERAL VIEW OF THE 
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S AT DEVONPORT DOCKYARD. 


\L LOAN WORKS, ENGINEER; MESSRS. SIR JOHN JACKSON, LIMITED, LONDON, CONTRACTORS. 


Deseription, see Page 197.) 
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1, Basty, Exstrance Locks, Gravinc-Docss, Hamoaze CLosep Basin, aND Naval Barracks In Rear. 
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Fie. 20. Construction oF FLoor or Gravine-Dock No. 9. 
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THE 


MAJOR 





NEW 


SIR HENRY 


NAVAL DOCKS AT DEVONPORT DOCKYARD. 


PILKINGTON, K.C.B., R.E., CIVIL ENGINEER-IN-CHIEF, NAVAL LOAN WORKS, ENGINEER; 
MESSRS, SIR JOHN JACKSON, LIMITED, LONDON, CONTRACTORS. 


(For Description, see Page 197.) 
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Fic. 22. 


View 1n TrpaL Basin BEFORE ADMISSION OF WATER, SHOWING ENTRANCE TO GRavinc-Docks Nos. 9 anp 10. 
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THE NEW NAVAL DOCKS AT DEVONPORT DOCKYARD. 


MAJOR SIR HENRY PILKINGTON, K.C.B., R.E., CIVIL ENGINEER-IN-CHIEF, NAVAL LOAN WORKS, ENGINEER; 


MESSRS. SIR JOHN JACKSON, LIMITED, LONDON, CONTRACTORS. 


(For Description, see Page 197.) 














Fic. 23. View or Entrance-Lock to CLosep Basin, NEARING COMPLETION. 

















Fic. 24. Gravinc-Dock No. 10 CompLetep aND FLOoopED. 
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NOTICES OF MEETINGS. 


Tue InsTiITUTION OF MEoHANICAL ENGingERS. — Friday, Feb- 
ruary 15, at 8 p.m. Sixtieth Annual Genera Meeting. The 
Annual Report of the Council will be ted to the meeting. 
The results of the ballot for the annual election of the President, 
Vice-Presidents, and Members of Council will be announced at 
this meeting. The appointment of a professional accountant, to 
audit the accounts of the present year, will be made by the 
Members, and his remuneration fixed. By-Laws np 
with Article 22, which sets forth that ‘* alterations in, and addi- 
tions to, the by-laws, may be made only by resolution of the 
Members and Associate Members at an annual general meeting, 
after notice of the proposed alteration or ition has been 
announced at the previous ordinary meeting, and not otherwise,” 
the pro revision of the by-laws, which was issued to Mem- 
bers Associate Members on January 3, will be submitted for 
adoption. The prizes awarded by the Council for the best papers 

by Graduates during the session 1905-6 will be presented to 
Mr. J. H. Hurst and Mr. P. A. Amy. — + Report :—The dis- 
cussion on the Eighth Report to the Alloys Committee, 
on the “ Properties of the Alloys of Aluminium and r,” by 
Professor Carpenter and Mr. Edwa: 1 be commenced. 

THE STAFFORDSHIRE IROn AND STEEL InstiTUuTs.—Saturday, Feb- 
ruary 16,at 7 p.m., at the Institute, Dudley, when a paper will 
be read on “‘ Internal-Combustion Engines,” by Professor F. W. 
Burstall, M.A., M. Inst. O.E., M.I. Mech. E. 

Tux InstiTuTe oF Marine ENGINEERS.—Monday, February 18, 
at 8 p.m., at the Institute of Marine Engineers. Adjourned dis- 
cussion on “‘ Oil-Fueland Burners.” 

Socixty or Moror-Omnisus ENGINEERS.—Monday, February 18, 
at 8p.m., at the Hotel Cecil, when a paper will be read on “‘ The 
Evolution of the Motor-Omnibus, and a Forecast of its Ultimate 
Lines of Development,” by Mr. W. Worby Beaumont, M. Inst. C.E., 
M.L. Mech. E., M.LE.E. The chair will be taken by Mr. F. ©. A. 
Coventry (Chairman of the Society). 

Tue Farapay Society.—Tuesday, February 19, at 8 p.m., in the 
Library of the Institution of Electrical Engineers, 92, Victoria- 
street, 5.W. Mr. John B. C. Kershaw, F.1.C., will read a paper 
on “ The Present Position and Future Prospects of the Electrolytic 
Alkali and Bleach Industry.” 

Tue InstiTuTION oF Civil, ENGINBERS. ~Tuesday, February 19, at 
8 p.m. Paper to be further discussed :—‘* Modern Motor- 
Vehicles,” by Colonel R. E. B. Crompton, C.B., M. Inst. O.E. 
Student's Meeting, Friday, February 22, at 8 p.m.—Paper to be 
read :—‘‘ Impurities in Boiler Feed-Water ; Their Nature, Effect, 
and Elimination,” by Mr. F. E. Walker, Stud. Inst. O.E. Mr. 
Bertram Blount, Assoc. M. Inst. C.E., in the chair. 

Socrgry or ArTs.— Wednesday, February 20, at 8 p.m. ‘‘ Cold 
Storage and Food Supply," by Mr. Hal Williams. Sir E. Montague 
Nelson, K.C.M.G., will preside. 

Roya MrTgoroLoeicaL Socrery.—Wednesday, February 20, at 
7.30 p.m., at the Institution of Civil Engineers, Westminster, 
S.W. Papers to be read :—1. “‘ Report on the Phenological 
Observations for 1906,” by Mr. Edw: Mawley, F.R. Met. Soc., 
V.M.H. 2 ‘* The Metric System in Meteorology,” by Mr. Richard 
Inwards, F.R.A.S. 

Tue Instirv1i0N oF MINING AND METALLURGY. — Thursday, 
February 21, at the rooms of the Geological Society, Burlington 
House, Piccadilly, London, W., at 8 p.m. The following papers 
will be discussed :—* Electrically-Driven Centrifugal Pumping 
Plant at the Tywarnhaile Mine,” by Mr. W. R. Thomas (Associate). 
(To be illustrated by lantern-slides.) ‘‘ Development Results 
versus Stope Results,” by Mr. E. H. Garthwaite (Member). 
“ Minerals and Metalliferous Lodes of Kulu and Lahaol, Kangra 
District, Punjab Himalayas,” by Mr. F. G. Hughes ( Associate). 

Tus LystircTion oF ELgcrricaL Eneinesrs.—Thursday, Febru- 
ary 21, at 8 p.m., at the Institution of Civil Engineers. Lec- 
ture on “ Modern Theory of Conduction of Electricity in Metals,” 
by Prof: J.J. Th ’.R.8. 

Tus INSTITUTION OF ELECTRICAL ENGINEERS. —LEtDs LOCAL SECTION. 
—Thursday, February 21, at 7.15 p.m., at the University, Leeds. 
Paper to be read, “‘ Fuel Economy,” by Mr. H. B. Maxwell 
(Member). 

Tue PuysicaL Socirery or Lonpon.—Friday, February 22, at 
5 p.m., at the Physics Laboratory of the Royal College of Science, 
Imperial Institute-road, South Kensington. Agenda :—‘‘ Trans- 
former Indicator Diagrams,” by Professor Lyle. ‘‘ lonisation of 
Gases by a Particles of Radium,” by Professor Bragg. ‘‘ A Micro- 
manometer,” by Mr. B. Roberts. 

Tue Royat InstitvTI0n oF Great Britain. —Friday, February 22, 
at 9 p.m.— Mr. Dugald Clerk on “ Flame in Gas and Petrol- 
Motors.” Afternoon Lectures next week, at 3 p.m. :—Tuesday, 
February 19. ‘‘ The Visual Sgocesias of Man and Animals,” by 
Professor William Stirling. ursday, February 21. ‘‘ The Minute 
Structures of Igneous ks, and their Significance,” by Mr. 
Alfred Harker, F.R.S. Saturday, February 23. ‘ Réntgen, 
Kathode, and Positive Rays,” by Professor J. J. Thomson, F.R.S. 
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NAVAL POLICY. 


CoINCcIDENTLY with the opening of Parliament 
we have a recurrence, or an intensification, of 
hysteria navalis, as it has been aptly described by 
a distinguished naval historian in the Nineteent 
Century and After. Two books have quite recently 
appeared demanding a Committee of Inquiry into 
naval policy, and a statement has been issued 
suggesting that Lord Charles Beresford is not 
satisfied with the position assigned to him under 
the new arrangement of the Fleet. He has accepted 
the command-in-chief of the Channel Fleet, the 
most powerful squadron in the world ; but it would 
seem—although the communication issued is vague 


220 | —that the gallant Admiral wishes also to have under 


his command the new Home Fleet, to be based at 
the Nore, Portsmouth, and Devonport. This is a 
detail, and ought not to influence the widely- 
entertained approval of the Admiralty’s naval 
policy, notwithstanding persistent and virulent 
criticism. From some points of view the agita- 
tion might be neglected, for the same reason that 
has induced Admiral Sir John Hopkins to publicly 
retire from the Navy League—its ‘‘ general inter- 





ference in technical details that must and should 
be left to the Admiralty.” But the continuance of 
the agitation, however unjustifiable, with its dis- 
semination of information, misleading by intention 
or through ignorance, must have unfortunate con- 
sequences. We are certain also to have a repeti- 
tion in Parliament of the plea for the appointment 
of a committee to satisfy the few irresponsible 
critics ; and for this reason it is opportune that as 
vigorous a protest as possible should- be made 
against such a diversion of naval responsibility and 
of naval progress. Such committees are not, and 
cannot be, satisfactory. The questions to be con- 
sidered are highly technical. A distinguished 
Admiral—one of the most respected of the critics 
of present naval policy—bases his objections to 
Admiralty reforms on the belief that they are not 
consistent with the teachings of history—of the 
strategy and the tactics of the past. Admitting 
this for a moment, how can laymen—Members of 
Parliament, who, according to the agitators, should 
constitute such a committee—acquire during the 
course of a few sittings of the committee a more 
profound knowledge of the practice of war as it is 
disclosed by history, or by.manceuvres planned to 
elucidate the influences of pr in material, than 
those who have made the subject a life study. 

The critics of to-day joined all interested in the 
Navy a few years ago in the request for a strong 
hand at the helm, for a correlation of de ments 
concerned with the preparedness of the Fleet for 
war and with its fighting efficiency, for concentra- 
tion of responsibility, and for a master-mind to 
evolve definite plans of operation. This necessi- 
tated some measure of autocracy ; as Lord Rosebery 
phrased it, this required a Cromwell. There was 
thus universal satisfaction when Sir John Fisher was 
chosen First Sea Lord. Even now Mr. J. St. 
Loe Strachey—another of the most capable and re- 
spected of critics—writes that ‘‘the First Sea Lord 
is a very able officer, and the Navy owes a great 
deal to his ceaseless activity, to his capacity for 
originating, entertaining, and developing new 
ideas, and to his remarkable driving power.” Yet 
this distinguished writer has been an influential 
agent in the agitation against placing any trust in 
this ‘‘ administrator of high quality.” It is con- 
tended, we think, wrongly, that the new distribu- 
tion of business at the Admiralty involves one-man 
power, because instead, as formerly, of being 
responsible for the organisation of war and distri- 
bution of the Fleet, the First Sea Lord is now, 
according to the new scheme, concerned with the 
preparation for war, with all large questions of 
naval policy and maritime warfare ; with the fight- 
ing and sea-going efficiency of the Fleet, its organisa- 
tion and mobilisation; with the distribution and 
movements of all ships in commission or in the 
Fleet Reserve, and with the control of the intelli- 
gence, hydrographical, and naval ordnance depart- 
ments. This, however, is nothing more or less than 
an elaboration of the old order. In spirit it is the 
same ; and so far as the interpretation is concerned, 
there is the fact that Sir John Fisher, as one of 
three members of the Esher Committee, recom- 
mended that the old Admiralty system be applied 
at the War Office, because, inter alia, it has retained 
the confidence of the Navy and the nation, and 
this was at about the same time as the new order 
was made at the Admiralty. ‘‘The organisation of 
war,” in the old phraseology, covered everything : 
the study of strategy, the evolution, from time to 
time, of tactics to suit the newer conditions in 
respect of matériel, and the improvement of 
matériel to conform to those requirements. Thus 
the study of war and iel are inseparable. 
‘*The value of history,” as Mr. Julian 8. Corbett 
says, ‘‘is not only to set forth the experience of 
the past, but also to show when some radical change 
of fundamental conditions has made that experi- 
ence dangerous precedent.” This must affect ships’ 
guns and armour as well as tactics. 

This general supervision, however, does not 
preclude co-operation with colleagues and subordi- 
nates, and the First Sea Lord would not be ‘‘a 
very able officer” if he failed to recognise the 
fact. He has had brilliant colleagues, so that it 
is idle to speak of one-man power; in a few 
weeks he will be joined by Sir William May and 
Rear-Admiral Winsloe, both of them capable, ex- 

rienced, and progressive officers. Errors may 

ave been made, and there may be grounds for 
some criticism. Criticism, indeed, is desirable ; 
but it should be without bias, with conscious- 
ness of the possibilities of inadequate information 
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on the part of the critic, and, as far as possible, it 
should be constructive criticism. But, as Mr. 
Julian 8. Corbett points out in his article in the 
Nincteenth Century and After, ‘‘ just as free states 
desiring the higher freedom of federation must 
each surrender part of its individual freedom, so 
where you wish to secure the working of a general 
staff, and the free play of instructed opinion 
within its ranks, Members of Parliament must 
forego a little of their right to question, and the 
public dispense with part of its cherished privilege 
to carp and grumble.” 

But apart from this, the charges made against 
the present naval policy, when closely investigated, 
practically fail in every instance. We have from 
time to time dealt with most of the points raised, 
and we commend to all who take a keen interest 
in the Navy the series of articles which have been 
just published in the Times. These have been 
written, not only with unbiassed judgment, but with 
an intelligent appreciation of the facts and the pos- 
sibilities of the naval situation. The main points 
on which critics base their plan for a Parliamentary 
Committee have reference to the entry and train- 
ing of officers, to the relative power of the British 
Fleet against possible combinations, to the dis- 
tribution of the Fleet, to the design of battleships, 
to the absence from the building programme o 
cruisers of intermediate size, to the ‘‘ scrapping” of 
a large number of ships, and to the policy pursued 
in connection with the dockyards.* 

As regards the first of these points, there is prob- 
ably more room for difference of opinion than in 
any of the others. As in the case of the training 
of engineer managers, so with officers ; there 
must ever be a difference of opinion as to the 
relative proportion of time devoted to theory 
and practice. Effort has been made to organise 
a ‘‘sandwich” system for the naval officer, and 
this promises good results; it is yet too soon 
to dogmatise as to the result. n apy case, 
few of our readers will be inclined to respect the 
judgment of a critic—a well-known Admiral— 
who contends that what the marine engineer re- 
quires is ‘‘ frequent and long-continued experience 
in the actual work of driving and running marine 
engines, and in the care, maintenance, and manage- 
ment of engines and boilers. With the actual 
manual work of repairing the machinery in his 
charge he has no more to do than a civil engineer 
has with the manual work of repairing the bridges 
which are under his supervision. It would be 
quite by accident if there is a single engineer in 
the Navy who would be capable of repairing with 
his own hands a ship’s damaged engines.” This 
requires no comment.. Reading it we commend 
more fully the present tendency to require the 
staff on board ship to do as much as possible of 
the repairs necessary to machinery, &c. This much 
more directly saddles the ship’s company with the 
responsibility of maintaining the matériel in efficient 
fighting condition. It is true that seamanship can 
only be learnt in cruises; that the engineer, 
whether constructive or sea-going, is all the better 
for experience in the running of machinery ; but in 
the present-day ship there is so much asscciated 
with applied mechanics that there should be sound 
training in theory as well as practice, and this can 
be well got on shore. Moreover, the naval officer 
ought ra i a well-balanced judgment, as well as 
a thoroughly disciplined mind, and, in view of this, 
‘*college” training need not be sneered at as in- 
comparable with sea training. 

As regards the relative power of the British 
Fleet and the reduction in recent programmes, 
here also we have written at length.t The writer 
in the Times has made a comprehensive, dispas- 
sionate, and impartial examination, and has shown, 
as we have previously done, by official figures 
which cannot be disputed or explained away, that so 
far the ‘‘two-power standard, in any legitimate 
application of that rather unscientific measure, has 
not been placed in any jeopardy either now or here- 
after by the action of the Board in dropping one of 
the four armoured cruisers adumbrated in the 
Cawdor Memorandum.” In respect to the design 
of ships, the critics have time vr again been proved 
wrong. The publication of Lieut. - Commander 
Sims's report has had a powerful influence on 
public opinion in regard to this matter. This dis- 
tinguished officer lifts a corner of the veil of secrecy 
regarding gun-control, and ENGINEERING is, so far, 
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the only paper which has published the whole of | intelligent survey of the international situation, 
the report.* This contribution showed conclu-| that it is aimed at ensuring a preparedness for 
sively, as the writer just quoted points out, that the | instant action where the present state of interna- 
basis of the design of the Dreadnought is to be tional politics indicates such action to be most 
found in the development of modern methods of desirable. This, as we have before pointed out,* 
fire-control as embodied in the current system of would seem to be thoroughly realised in Germany. 
target practice, and that the speed is rather a by- | Germans are warned against the deception which a 
product of this principle than a wanton and thought- number of English papers, bond fide or mala fide, 
less pursuit of speed as such. Criticism of the | give out, that the new organisation means a reduc- 
design of the Dreadnought, in the absence of the | tion of the English fighting force, because it is the 
information given and suggested in Commander | very opposite, being, indeed, an ‘‘extremely care- 
Sims’s report, affords proof of the danger of | fully planned economy.” 

accepting as reliable criticism based on insufficient; As we have said at the outset, Committees are 
information and immature judgment. This is| objectionable, and are inimical to progress, while 
especially so when it is set up in opposition to the | at the same time weakening the influence of respon- 


decision of the Board of Admiralty, who, at very | sibility. The writer in the Times, from his judicial 
and searching inquiry, comes to the conclusion that 


considerable cost, have acquired, as the result of | 

modern battle practice, information vital to success | he has written to very little purpose—indeed, to no 
in war. It would be a thousand pities if such purpose at all—if he has not made it abundantly 
information had to be disclosed, even to a Parlia- clear that there is not even a primé facie case for such 
mentary Committee, against the better judgment | an inquiry into the whole policy of the Admiralty, or 
of the Board, in compliance with what is known in even into any essential part of it, as has lately been 
the Temple as the ‘‘attorney trick” of putting | demanded. Mr. Corbett points out the danger of 


on which to base a case. 
Objection has been taken to the ‘scrapping ” 
of many of our ships, because they might have been 


f| of service in warfare in connection with the pro- 


tection of commerce. The distinguished Admiral 
who writes under the pen-name of ‘ Barfleur” 
contends that these vessels, notwithstanding their 
deficiency in gun-power, protection, and speed, 
might be useful ier rotecting commerce. Ad- 
miral Togo, we are told, succeeded in using effec- 
tively in the Battle of the Sea of Japan vessels 
of corresponding obsolescence. Here, however, 
there is grave danger in failing to recognise 
that ‘‘history may be misleading if we look 
for guidance on the surface, instead of seeking 
the underlying conditions which give that surface 
its conformation.” It is particularly important in 
reading the lessons of war, and especially Togo’s 
success, to eliminate the influence of fortuitous 
circumstances. As to whether or not cruisers of 
intermediate size ought to be included in the build- 
ing programme, there may be room for difference of 
opinion ; but Mr. Julian S. Corbett, the naval his- 
torian, points out that to maintain a parallel 
between the cruiser of to-day and the frigate of 


‘fishing interrogatories” in order to extract facts | such inquiry when he indicates that it not only 


| interrupts the office concerned, but ends, if it ends 
|in anything, in overworked administrators con- 
senting to some compromise, wholly indefensible 
on any theory, in order to rid themselves of annoy- 
ance aud get back to honest work. We hope that 
the Government will carefully consider the situation 
before they enter upon a course which would be 
disadvantageous to the Navy, and that they will not 
even countenance a demand for such a committee, 
unless made by a statesman of first rank, for it 
is most significant that no statesman of Cabinet 
rank has, even indirectly, associated himself with 
the present agitation. 








THE ADVANCE OF THE 
AUTOMOBILE. 
THE automobile industry having passed the 
| perils of infancy and early youth, seems to be 
| coming fast into its rightful inheritance as a pro- 
minent factor in the commerce of the country. 
Almost as soon as it was born it was attacked by 
that most terrible disease of young mechanical 
inventions, the microbe of which is the company- 
|monger. We remember with some satisfaction 





old is illusory, because, in the first place, the that we did what we could to counteract this 
larger the frigate the less its sea speed and | danger, but its effect was so serious that for a long 
‘*nimbleness,” whereas with the cruiser increase | time the native industry was stunted in growth, 
in size facilitates the maintenance of high speed, | and this country had to depend chiefly on imported 
and its manceuvring is practically unaffected. | cars for itssupply. Another infantile ailment from 


Again, modern war conditions require that re- 
connaissance work must often be pushed home, 
and the screen of the enemy penetrated. Power- 
ful cruisers are necessary for this purpose. If the 
cruiser has merely speed to escape, it may not sus- 
tain the watch. In the commerce-protector speed 
is necessary, as well as gun-power, so that the 
watching cruiser may outrun and outstay the great 
liners, and at the same time defeat the commerce- 
destroyers, of our possible enemies. If cruisers 
are to be built for commerce-protection, there is 
little extra cost involved in armouring them ; but 
|in any case it seems that the conditions in con- 
nection with cruiser work have been enormously 
modified by the rapid development of wireless 
telegraphy. On this matter, as on many others, 
reliance can be placed upon our present naval 
advisers. Moreover, there is the striking fact that 
of all the first-class naval Powers Germany alone 
is building intermediate-size cruisers. 

The only other point to which we need make 
reference here relates to the distribution of the 
Fleet. That objection should have been raised to 
| the Admiralty proposals on this subject seems one 
| of the most surprising elements in the present 
| controversy. Parliamentary questions and public 
demands for a premature official pronouncement 
have frequently been put regarding this, but infor- 
mation has been refused, probably on the principle 
| laid down by a distinguished Lord Chief Justice of 
| England—that there is no duty to tell the truth in 
| answer to a question which a man had no right to 
| put. Again it is conceivable that some Admiralty 
/memoranda which are issued are not always in- 
tended entirely for home consumption, and are 
| therefore invested with a certain measure of ob- 
scurity and even of contradiction. The reason for 
| the organisation of the Home Fleet has been con- 
_ cealed officially, but there can be no doubt, from an 
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which the motor-car suffered was due to those 
| owners of cars who used them simply for rushing 
along the highways of the country at the highest 
speed they could reach, regardless of the comfort, 
convenience, and even safety of all other users of 
the road. Shortcomings in design that marked the 
| earlier stages of the movement we do not regard 
}as morbid symptoms. Nothing mechanical is born 
| perfect, and progress towards higher efficiency is 
| always through experience ; that which is aban- 
doned on one day forming a stepping-stone for the 
more perfect device of the next. The steps, how- 
| ever, would have been fewer had the engineer been 
oftener consulted in early days. The trail of the 
unmechanical is still over the industry, but happily 
| it is fast being obliterated. 

During the last few days there has been quite a 
carnival of automobilism. To take the most ex- 
citing piece of intelligence first, we are told that it 
is proposed to visit the South Pole by motor-car— 
not all the way, of course ; and a vehicle is abso- 
lutely in course of construction for the purpose. 
It should possess some very special features. On 
Friday last there was a set debate at the Automobile 
Club on the rival merits of four-cylinder and six- 
cylinder motor-car engines. (n Monday, the 11th 
inst., the Royal United Service Institution followed 
with a timely paper by Colonel Sir J. H. A. Mac- 
donald, of the Army Motor Reserve, on ‘‘ The 
Organisation of Power Traction on Roads for 
National Defence ;” we deal at length with these 
two papers in our present article. On Tuesday the 
Institution of Civil Engineers continued the dis- 
cussion on Colonel Crompton’s comprehensive 
paper on ‘‘Modern Motor- Vehicles,” the meeting 
turning its attention largely to the road question. 
On Wednesday last there was the divided attraction 
| of a lecture delivered by Mr. Walter Rosenhain at 
|a meeting of the Institution of Automobile Engi- 














* See ENGINEERING, vol. lxxxii., page 804. 
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neers, held in the theatre of the Institution of 
Mechanic:l Engineers, the subject being ‘‘The 
Strength and Structure of Alloys ;” the rival event, 
at the same hour, was a paper read at the usual 
Society of Arts meeting by Lord Montagu of 
Beaulieu, on ‘‘ Motor-Omnibuses.” We do not, 
however, propose to deal with all this vast record 
of erudition and experience on the present occasion. 

Before the discussion commenced at the Civil 
Engineers Colonel Crompton psid a tribute to the 
memory of the great French automobilist, M. Ser- 
pollet, whose lamented death had just been an- 
nounced. M. Serpollet was one of the pioneers 
of the modern motor-car. We well remember a 
ride we made on his steam phzton about seventeen 
years back,* and our admiration for the easy manner 
with which the vehicle could be manceuvred. ‘The 
laws of his native land, or perhaps the absence of 
laws, enabled M. Serpollet to continue his pioneer 
work, whilst those of this country then compelled 
him to run his car only on private ground. We 
propose making further reference to the work done 
by M. Serpollet in our next issue. 

The discussion at the Automobile Club on the 
respective advantages of four and six cylinders was 
an attempt, in the nature of it abortive, to settle 
a problem which has been given more prominence 
than engineers would have expected during many 
months past. It was opened by Mr. S. F. Edge by 
the reading of what was practically a paper. It is 
hardly necessary to say that Mr. Edge made out 
an excellent case for the six-cylinder design, mar- 
shalling all the facts in favour of his contention 
with dialectical skill. The impression left by the 
discussion was that either six or four cylinders 
was largely a matter of taste, or, as one speaker put 
it very aptly, of ‘‘ suitability.” A very large number 
of cars perform very creditably with only one 
cylinder; but it does not need much mechanical 
instinct to appreciate that the addition of cylinders 
gives a more equal turning moment ; and that is a 
great virtue in a car. It is, however, largely a 
question of fly-wheel ; and whether there is any 
sufficiently appreciable saving in weight with a 
six-cylinder fly-wheel, as compared with a four- 
cylinder fly-wheel, is a moot point. We will, 
however, let Mr. Edge speak for himself by para- 
phrasing some of his remarks. 

He lays down as the governing factors in design- 
ing a motor-car—firstly, that the weight must at all 
costs be kept down; secondly, that the engine 
must develop over 30 horse-power ; and, thirdly, 
that wear and tear on tyres is of primary import- 
ance. It is evident that Mr. Edge was considering 
only that superior class of cars with which he mostly 
deals. With the Otto cycle, he points out, each 
cylinder wastes three parts of its time, and early 
engineers got over this fundamental trouble by fly- 
wheel ; but to carry a heavy fly-wheel is undesir- 
able in itself, and every time it is brought to 
rest undue stress is put upon gears, chains, and 
tyres. The latter are the most expensive part of 
a car in regard to upkeep. The weight of some 
parts of two motor-car engines of six and four 
cylinders respectively were given in detail, both 
engines developing 110 horse-power. For the six- 
cylinder the tutal was 890} lb., and for the four- 
cylinder 9487 1b. This was for two engines of 1902. 
Coming down to the present day, weights were 
given for the machinery of a four-cylinder Renault 
car of 35 to 45 horse-power, and for a six-cylinder 
40-horse-power Napier car. . The Renault engine 
complete, with fly-wheel- and all piping, weighed 
706 lb.; the Napier engine, 681 lb. The radiators 
were :—Renault, 156 lb.; Napier, 50 lb.; rear 
axle complete, without wheels—Renault, 307 lb.; 
Napier, 236 lb. ; gear-box complete, with foot-brake, 
drum, and front half of universal joint —Renault, 
200 lb.; Napier, 1651b. The greater weight of the 
axle and gear-box of the Renault vehicle was 
attributed by Mr. Edge to the more uneven torque 
of the four-cylinder engine. The Napier gear-box 
was designed to transmit 75 horse-power. The 


reason of the marked difference between the weights 


of the two radiators is not stated. 


In regard to space occupied, the Renault engine | have made reference, is another sign that the 
long, as compared to 43 in. of the | automobile is comin 
The six-| never do if confine 


was 413 in. 
Napier, but the latter was 24 in. lower. 
cylinder engine is also easier to start. Mr. Edge 
acknowledges that six cylinders are dearer than 
four, but cost less in upkeep. 


The main part of Mr. Edge’s argument rested in | the demand for such vehicles will always constitute 


ee — ae 


* See ENGINEERING, vol. li, page 317, also vol. lii., | 
page 195. 





the question of vibration, and in order to get some| prove more efficient than the railway for concen- 
definite information on this point, he had com- | trating a defending force on a given spot in case of 
missioned Messrs. O'Gorman and Cozens-Hardy to| invasion. Naturally, his contention did not pass 
make certain tests. An endeavour was made to get| without criticism, though he certainly made a 
the use of a high-class English four-cylinder car | stronger case than many doubtless had anticipated. 
for com tive trials, but without success ; partly, | Rapid concentration is the key to success in re- 
as Mr. Jarrott explained in the discussion, because | pelling invasion from the sea. A hundred men on 


the notice was too short, and to some extent, |the spot, when the invading forces are compara- 
/no doubt, because makers of four-cylinder cars tively helpless in boats, and the defenders are well 


would have preferred to compete in trials that | entrenched, would be worth a thousand an hour 
were not under the control of a competitor; in later. If the Russians could have taken this advan- 
fact, there was some very plain speaking on this tage over half a century ago, Sebastopol might 
point during the discussion. Under these circum- | never have been taken. The point is, whether the 
stances recourse was had to the four-cylinder railway train or the automobile gives the greatest 
Renault. Apparatus was designed by Mr. Duddell, | facility for concentration. 
and diagrams recording the amplitude of vibra-| It is of the nature of the discussion that it cannot 
tion set up by the two engines respectively | be treated quantitatively on known data; but we 
were exhibited by the lantern. Without entering| think it may be said at once that our mili 
into details, it may be said that the six-cylinder | authorities would doubtless take advantage of bot 
car showed marked superiority ; which, however, | means of transport, and would not abandon the 
was more apparent at low speeds of turning than at railway altogether, as the author of the paper almost 
higher speeds. We gather, however, that the | appears to suggest. No doubt the motor-car will 
diagrams were taken with the car stationary, |play an important part in any future campaign, 
and it may be that at higher speeds the road | certainly any campaign where a well-settled country 
vibration would largely mask the engine vibration, | forms the field of operations ; but for purposes such 
though the two would be of different natures ;!as Sir J. Macdonald had under consideration, the 
and, of course, much would depend on the road | motor-car—so far as it is at present developed— 
surface. In regard to petrol consumption, com-| may be expected to be rather an auxiliary to the 
parative figures were not given by the speaker| railway than a prime-factor. The objections to 
until his reply, when he stated that a six-cylinder|the use of the railway which the author puts 
car of 44 to 48 horse- power would run nearly| forward are ten in number. Briefly, they are: 
19 miles on a gallon. He pointed out that six-|that the adjustment of traffic would be diffi- 
cylinder cars can be driven more continuously | cult; that the marshalling of rolling-stock would 
at top speed, and the piston movement may be|take time; that there would be no opportu- 
relatively slow. With a four-cylinder engine the| nity of picking up small units on the road ; that 
speeds are changed much more often, and the/| ordinary traffic must be stopped ; that fast traffic 
piston speed is faster. cannot pass slow traffic; that an accident might 
These were the chief points advanced by Mr. | block the road for hours; that the place where 
Edge in favour of the six-cylinder car. The four-| troops are needed may be a day’s march or more 
cylinder type suffered in the discussion by having| from the station ; that transit of matériel involves 
no avowed champion, and even those speakers who | loading and unloading ; that delay would be caused 
brought forward some of its merits did so ina some: | by the difficulty of providing sufficient road trans- 
what negative fashion ; rather, it appeared, by way | port from the station to the scene of action ; and, 
of attacking Mr. Edge’s position. Mr. OGorman| lastly, that there might be confusion due to 
showed the difficulty of arriving at a definite con- | transfers between road and rail vehicles. 
clusion ; it was, he said, an effort to compare things} The majority of these difficulties would be les- 
different in their nature. It was like trying to get | sened, if not eliminated, by proper organisation and 
a sum of six out of four apples and seven ideas. | foresight ; and though we arebound to admit that 
If a purchaser of a car wished for the utmost | these are qualities which have not hitherto distin- 
luxury, regardless of cost, he might add a very | guished our military authorities, we cannot see 
big fly-wheel to a four-cylinder engine, and pay | that they would be less apparent in the transpor- 
for it in tyres. He knew ofa good one-cylinder | tation of men and munitions of war by motor-cars 
car, but the maximum turning moment compared /on the road than by railway. The automobile is 
with the mean turning moment was 9 to 1, and the| as yet by no means a certain vehicle, even on the 
rider had to put up with the jolting. Although | easy surfaces of London streets ; and on the sudden 
the six cylinders gave a better turning moment) call and excitement of an invasion we fear many 
over a large scale of useful speeds, there was | would be lefc at the road-side, especially if the 
a period during which the four-cylinder car| weather were unfavourable. On the other hand, 
actually had the advantage. At high speeds the|the locomotive is as sure as any thing made by 
four-cylinder car would have a very appreciably | man can well be. We should think that a general 
larger fly-wheel ; at 1800 revolutions, which prac- | having to transport a body of men and equipment 
tically no four-cylinder car could properly accom- | over a considerable distance would prefer to use 
plish, the fly-wheel would have to be 34 times as| the railway for the chief part of the work. If 
big as that of the six-cylinder car. He did not| the terminal station were some distance from the 
consider Mr. Edge fair in giving 300 revolutions as | field of operations, he would send his automobiles 
the lowest speed for a four-cylinder car ; it could | by road to take the troops to the scene of action. 
be run much more slowly. Mr. J. E. Hutton was| The paper gave some interesting particulars of 
of opinion that to go slowly with a maximum of | the facilities for road transport of troops that exist 
luxury the six-cylinder car was the best, but forspeed|in the country. At the present time we have 
and efficiency four cylinders were to be preferred, | 120,000 vehicles on the road moved by mechanical 
a view that was supported by other speakers. power, and many thousands more are ready for 
We have given some of the points touched upon | delivery ; whilst about 500 new vehicles are 
in the discussion at greater length than we other-| turned out each week. There are also the im- 
wise should have done, because we have not| ported cars. Last year they were valued at 
hitherto noticed a subject that has excited a good | 4,371,0001. All these vehicles would cover 150 
deal of controversy, and which is undoubtedly one | miles a day, and many 250 miles in 12 to 15 hours. 
of mechanical interest. It is not one, however, |There are about a thousand motor-omnibuses in 
which can be decided, so far as the practical busi-| London, and the author of the paper estimated 
ness of selecting a car is concerned, by purely | that there would be 2000 at the end of this year. 
mechanical considerations. The average man (who |The author assumes 1500 would be available, and 
is not a millionaire), thinking of purchasing a car, |that they would carry thirty men each at 12 











| balance, and then try both types. 


would do well to first get prices, consider his bank | miles an hour. As an instance, he supposes the 
army would be required to concentrate at Dorking, 
and they would be able to make six journeys a day 
from London; or, if the distance were longer, 
nearly 45,000 men could be conveyed 180 miles in 
aday. In fast auto-cars, naturally, greater expedi- 
tion could be secured, and in London there would 
| be 10,000 such vehicles, which would take 40,000 
men. For transport of matériel there would be a 
large number of wagons of varying capacity. Pick- 
ford’s have haulage capacity equal to 480 tons load, 
and one other firm are substituting 300 power- 
driven vans for horse vehicles. 

We have not space to follow Sir J. Macdonald in 


Sir J. H. A. Macdonald’s paper, read at the 
| Royal United Service Institution, to which we) 


by its own, which it would 
to mere pleasure purposes, 

| such as touring and racing. At the same time we 
may acknowledge that the pleasure-car has been the 
chief means hitherto of fostering the industry, and 


an important part of the trade, especially when 
prices reach a more ‘‘ popular” level. . The lecturer 
, held that the motor vehicle on common roads would | 
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the further details with which he deals, or to put 
the various points that have been advanced on the 
other side of the question. It may be fairly 
claimed that the motor-car gives greater mobility, 
or, rather, flexibility, than the railway; but so far as 
present development is concerned, the latter is 
more certain. With troops going by fast vehicles, 
and matériel by slower wagons, there would be the 
danger of separation; whereas on the railway both 
could travel at the same speed, and, in the 
event of so critical a matter as invasion, trains 
could follow at very short intervals. Whatever 
may be the respective merits, however, of train 
and motor-car transport, we know enough to be 
sure that the latter should take an important posi- 
tion in the calculations of military authorities, and 
Sir J. Macdonald has earned the thanks of the 
country in bringing the matter forward. 

We propose in our next issue to again refer to 
Mr. Rosenhain’s paper, as well as that of Lord 
Montagu of Beaulieu at the Society of Arts. 








THE DISADVANTAGE OF 
PROSPERITY. 

Tue world has never lacked Jeremiahs, and Jere- 
miahs have never lacked matter for lamentation, 
which can be manufactured if not ready to hand ; 
but we should hardly have sought a prophet of 
sorrow among the financial magnates of the United 
States. The American correspondent of the Morn- 
ing Post has, however, recently met such a one— 
after dinner of all times—at an embassy in Wash- 
ington ; and the parlous state of the American 
nation, as explained by this ‘‘ eminent financier 
of international reputation,” is set forth in the 
columns of our contemporary in detail that must 
be alarming, if convincing. The catastrophe that 
now threatens the Great Republic is, not the race 
problem, the labour wars, the tyranny of trusts, 
socialism, race-suicide, nor even earthquakes, 
potato-bugs, and blizzards—all of which have 
troubled those who keep a watchful eye on the 
American future—but simply too much prosperity ; 
and this not from moral degeneracy that follows 
luxury—-as the preachers tell us—but for quite 
material and economic’ reasons. The position is 
novel and worthy of consideration. 

It was in the smoking-room after the embassy 
dinner to which reference has been made that the 
opinion was expressed by some harmless conversa- 
tion-maker ‘‘ that the United States had reached the 
crest of the present wave of prosperity,” and that 
there would be a ‘turn of the tide.” Others, 
equally amiable, attributed the coming crisis to 
‘‘over-production.” The financier of international 
reputation listened for a time, and then disturbed 
the ful atmosphere of coffee and cigars by an 
oration which occupies nearly a whole column of 
our contemporary. 

What the United States had to fear was under- 

roduction—not by any means over-production. 

here was under-production of money, under-pro- 
duction of men, and under-production of the 
‘*instrumentalities of commerce.” Every railroad 
would spend millions if it could get them ; not one 
could handle its traftic. The eminent financier, it 
appears, is not the only authority who trembles 
for the future of his = Amongst others is 
Mr. Shaw, Secretary of the United States Treasury, 
who recently said—this was also after dinner— 
that ‘‘every man ought to go down on his knees 
every night and pray that there should be no in- 
crease of prosperity, as the country was suffering 
from too much prosperity.” We are further told 
that men prominent in commerce and finance have 
endorsed these views ; Mr. J. J. Hill, *‘ the test 
constructive railway mind in the United States,” 
says that between the years 1895 and 1905 the 
volume of freight moved in the United States 
had increased 110 per cent., while, the increase in 
railroad facilities had only been 20 per cent. ; and 
he has recently stated that to enable the railroads 
to perform their duties properly, it would be neces- 
sary to spend 1,100,000,000 dols. a year for the 
next five years. 

This state of affairs may be legitimately ascribed 
to under-production of railways; but may it not 
also be due to over-production of commodities ? 
To answer that question there is needed a clear 
ides of the relative meanings ofthe terms. Under- 
production of the reasonable necessities of life— 
and that is the true under-production—is a condi- 
tion fairly easily stated when we have defined what 
are reasonable necessities. The western farmers 





want to send their grain eastward, and to receive 
in return those agricultural implements or machines 
which are essential to their operations. This is 
a demand for reasonable necessities, and if the 
railways cannot meet them, a case of under-produc- 
tion is clearly made out against them. But if the 
lines are blocked by trains freighted, say, with 
cargoes of pianos, for wives and daughters who 
ibly cannot play them, elegant machine-made 
Reslieee from the East, to take the place of entirely 
useful articles on the spot, fine tailor-made clothes 
from New York, and other things more or less 
unnecessary, should it be said that the country is 
suffering from under-production of railways. 

Naturally, the railways will carry the goods that 
it pays best to carry, but these will be those most 
needed. The East cannot do without the corn of 
the West ; the West cannot do without implements 
made farther East ; so for both will be paid such a 
price as will cover the cost of a higher freight. 
Grand pianos and ‘*Chippendale” furniture can 
never compete with bread when it comes to grips. 
That is the natural economic law, but this may be 
disturbed by compulsory schedules of freight 
charges, such as a low one on wheat and a high one 
on grand pianos ; but when this proves a menace to 
the State it will be within the power of the State 
to remedy it. It is true that high railway freight 
on wheat, caused by the competition of bulky 
luxuries, might result in the importation of wheat 
from over-sea, and that would certainly be a blow 
for the Western farmer ; but the American Govern- 
ment has a ready and quite unphilosophic method 
of dealing with a problem of this nature. 

The wail of the eminent financier as to under- 
production may be reduced to under-production of 
railway facilities; for, obviously, if there were 
greater production of commodities to be moved, 
there would be, proportionately, less means of 
moving them. There is no want of grain in the 
West, nor of machinery in the East ; it is that the 
grain and the machinery are not produced in the 

laces where they are to be consumed. No doubt 
if there is not an extension of transport facilities, it 
may lead to a reduction of the luxuries of life in 
the United States ; but to translate this into ,a 
danger of starvation that menaces the country is to 
exaggerate the gravity of the situation. 

We are told that the railways of the United 
States cannot carry out extensions because they 
have not the money; that is to say, they cannot 
get the money from the public, although there 
is practically a certainty of plenty of traffic for 
the new lines when made. hat is the reason ? 
There are financial houses in this country and in 
America, together with enterprising contractors, 
who would gladly supply the means for building 
railways in the United States on reasonable security 
for areturn. Why do they holdaloof? Is it that 
many railways—not all—of the United States have, 
in times past, been so largely the instruments of 
financial juggling, and. have been so little managed 
with a view to earning honest dividends for the 
stockholders, that people do not feel reasonably 
sure of a return for investments? Is it not that 
which is the cause of the present under production 
of money for railway enterprise in the United 
States ? The Pennsylvania Railroad Company have 
been able to arrange for the construction of an 
enormously costly extension to their system by 
tunnelling under the Hudson and the East River, 
and by constructing a great station in the very 
heart of New York City. They have found it 
necessary to contract for equipment that will cost 
over 5$ millions sterling, and are to increase their 
— stock by over 40 million pounds. ‘‘ Eve 
other railroad in the country,” we are told, ‘‘is 
trying to find money for its physical improvement.” 
: hy can they not do the same as the Pennsylvania 
ine? 

Not only is money needed, however, but men 
also. ‘* We can safely absorb a million able-bodied 
men and women of the right kind, not only this 
year, but for many years to come,” said the emi- 
nent financier. t, no doubt, is true, for the 
United States includes vast undeveloped terri- 
tories that might be covered with prosperous com- 
munities. We do not quite see, however, how 
these millions of new comers would—for some time 
at least—help the country out of the difficulty fore- 
told for it. If they stay in the towns and cities of 
the older settled States, their industry will but add 
to those commodities which already choke the 
avenues of distribution ; if they migrate to the 
undeveloped areas of the interior, and engage in 





oe pursuits; they will contribute to a like 
en 


The situation in America has a parallel in our 
own country. Even here, where we are so much 
more self-centred, our means of transport have not 
kept pace with the demands of comfort and luxury 
due to what is called the higher civilisation. A 
colliery manager has this week stated that the high 
price of coal, which is now troubling the minds of 
householders, is due to the insufficiency of our 
railway system. ‘‘The collieries in the great 
Midland coal-field are continually laid idle,” we 
are told, ‘‘through the inability of the railway 
companies to remove their traffic or return the 
empty trucks ;” and we hear of coal-trucks being 
delayed on both outward and homeward journeys 
for weeks, and in some cases for months. ‘‘ Train 
— train is held up at exchange juuctions for a 
whole day at a time,” and wagons released at the 
sea ports have taken a fortnight to cover 50 or 60 
miles. We, too, have had an accession of manu- 
facturing prosperity, as our trade returns have 
shown, and have to pay the price of success by 
some inconvenience ; but we trust we shall produce 
no unnecessary Jeremiah to tell us that the danger 
of starvation meriaces us on that account. 








STANDARDS OF WEIGHTS AND 
MEASURES. 

Tue lectures which Major P. A. MacMahon, 
D.Sc., F.R.S., Deputy-Warden of the Standards, 
delivered at the Royal Institution on ‘‘ Standards 
of Weights and Measures,” on the 31st ult. and 7th 
inst., well brought out the difficulties and importance 
of the problems of metrology. The Jews, the lecturer 
stated, kept their standards in the Temple, the 
Romans in the Capitol, the Saxons at Winchester, 
and since 1856 the English standards had been in 
charge of the Standards Department of the Board 
of Trade. The lecturer did not refer to the old 
Babylonian talent, which is supposed to have been 
a cube of 1 ell side length, containing unit weight 
of water which, flowing out of the cube, gave also 
the unit of time adapted to the day of twelve hours, 
and was further connected with the basis of the 
coinage. But he quoted various examples of the 
strange forms which the preference for natural 
units has taken. The old French toise (about 6 ft.) 
was believed to be the width of the gate of the old 
Louvre, the ell the length of somebody’s lower 
arm, the inch the length of three barley-corns, and 
the grain the weight of a barley-corn. 

The demand for absolute scientific measures, based 
on pendulum lengths, meridians, &c., first became 
pronounced in France towards the end of the seven- 
teenth century. Of the many toises then in use the 
toise de Pérou, which had been used in arc measure- 
ments in Peru and France, was the favourite. Its 
copper standard represented both an end measure— 
a bar of the desired length—and a line measure, in- 
asmuch as two points were markéd on the bar for the 
length of the toise, and part of the bar was cut off 
to the right length. The toise was divided into 12 
inches, at 12 lines at 12 points—a regular duodecimal 
system ; but the pound of the Pile de ——_ 
was subdivided in the ratios 2, 8, 8, 72. e 
—_ desire for a decimal system of the days of 

outon and Huygens was not challenged, when, 
during the French Revolution, the National 
Assembly, in 1790, demanded a reform of the 
measures to put an end to the terrible confusion of 
measures oak weights. But the change was by no 
means the hasty revolutionary step which it has 
sometimes been considered. The committee worked 
first in conjunction with our Royal Society ; the 
French Academy then took the matter in hand, 
decided in favour of the metre as one ten-millionth 
of the quadrant of the meridian of Paris, and 
ordered a new arc measurement — Dunkerque- 
Barcelona—for this pu This measurement 
was completed in 1798, the astronomers who carried 
out the work having twice been imprisoned as poli- 
tical suspects ; and in 1799 the new metric system 
was made legal. It met with much opposition. 
Napoleon, who disliked decimals, encouraged the 
old system as late as 1812, and it was only in 1837 
that the metric system became compulsory in 
France, Gay-Lussac being among the opponents. 

Although there had been many changes and much 
confusion in England, the lecturer continued, the 
pound weight did not appear to have substantially 
altered. e standards of Elizabeth remained 
legal until 1829. Among those exhibited was an 
Elizabethan bed standard, a bar provided with 
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recesses into which the ell (about 45 in.) and the 
yard fitted for ready comparison. In 1742 the 
Royal Society sent the Tower yard, which was not 
of the legal standard length, however, over to Paris 
for comparison. In 1758 the Commons appointed 
a committee on weights and measures. Sub- 
sequently, Sir Ch. Kater studied the so far neg- 
lected temperature effects, suggesting that the 
marks should be made on the neutral layer of a bar 
which, bending, would become too long on one 
surface, and too short on the other. The newly- 

repared standards having been destroyed when the 
owes of Parliament was burned down in 1834, the 
committee decided, in 1838, that the new standards 
of length and weight and capacity should not be 
natural units, nor be directly inter-related. 

The modern period of the construction and 
preservation of standards dated, the speaker said, 
from the Metrical Conference, invitations fer which 
the French Government issued in 1869, and whose 
first meeting, in 1870, had to be adjourned to 
1872, owing to the war. It was then resolved 
that the new standards should simply be copies 
of the old standards of the archives, and that 
line measures whose length is determined with the 
aid of comparators, as Major MacMahon explained, 
should be preferred to end measures. For the con- 
struction of prototypes and of derived standards, 
the Bureau International, which works in the 
Pavillon de Breteuil, was created in 1873 ; Messrs. 
Benvit, Chappuis, and Guillaume are now in charge 
of the researches, and Major MacMahon represents 
the British Government on the bureau. The 
bureau has had to solve many delicate problems 
of metrology, thermometry, and other branches of 
science. The new scratch marks made with special 
diamonds -had a width of only 0.24. Platinum 
alloyed with 10 per cent. of iridium was, said the 
lecturer, more suitable than platinum or any other 
metal or bronze, but also expensive, and the British 
standard metre cost 12001. Of the sections for stan- 
dard bars, rectangular, with grooves on the sides, 
H shaped and X shaped, the Tresca X having thick 
feet at the four corners and the defining lines marked 
on the upper neutral plane (the central groove is not 
angular, but flat), were now most in favour. The 
length of a steel bar did not appear to change in 
thirty years, but the temperature coefficients and 
temper seemed to vary in the course of time when 
the temperatures changed. The invar-nickel-steel 
(64 parts of steel, 36 of nickel), which was practically 
unaffected by temperature, was regarded with some 
suspicion, as it underwent slow molecular changes, 
and was recommended only for secondary standards. 
In order to reduce the effect of the buoyancy of the 
air, we selected heavy masses (platinum) of small 
dimensions for our standards of weight. One of 
the two famous Paris balances was operated from 
a distance of 6 metres in vacuo, the balance being 
placed in a copper case ; the Standards Department 
in Old Palace Yard also possessed a vacuum balance, 
designed by V. Boys. Balancing there recently two 
20 lb. weights against one another, and adding one 
grain to one of the weights, the lecturer observed 
that the balance continued to oscillate for twenty- 
six hours. Standard weights were compared by 
two methods—the methods of Borda and of Gauss. 
Major MacMahon finally explained the method by 
means of which A. A. Michelson had, at Sevres, de- 
termined the length of a metre in terms of the wave- 
length of the red cadmium line. Three observers 
at intervals of several weeks counted exactly the 
same number of interference fringes, differing only 
in the decimals, their numbers being 310678.48, 
0.65, and 0.68 fringes. The length of one metre 
was about 1} million of these wave-lengths. Thus 
we had an absolute unit of length, independent of 
the dimensions and figure of the earth. 








AERIAL NAVIGATION. 

On Monday evening, February 11, Dr. H. S. 
Hele-Shaw, F.R.S., delivered a lecture before the 
Graduates’ Association of the Institution of Mecha- 
nical Engineers. Sir J. Wolfe Barry occupied the 
chair, being supported by Sir William White, while, 
the meeting being open to all classes of the Insti- 
tution, was well attended. The lecture was illus- 
trated by some ten dozen lantern-slides, and by 
numerous small models and toys illustrative of flight 
through the air. 

The lecturer, in commencing, stated that he had 
at first chosen as his subject for the evening the 
starting and stopping of machinery, but in view of 
the revival of interest in aerial navigation, which, 








in the case of some of the daily papers, almost 
amounted to excitement, he had asked leave to 
change from his original subject to that of the title 
of this lecture, ‘‘ Aerial Navigation.” 

But a few years ago a man’s reputation was 
considered to be risked if he experimented, or even 
spoke, on this subject. The lecturer himself had 
had to conduct early experiments in secret, and on 
his work becoming known he was gravely warned 
that if he had any regard for his reputation he 
would abandon this subject at once. Now, however, 
things were changed, and men no longer considered 
the matter one merely for cranks. e considered 
that, perhaps more than any other subject, this one 
of aerial navigation had been brought into disrepute 
by the amount of nonsense, clothed in scientific 
language, which had been written and spoken in 
past years. Patent records of inventions relating to 
flight are numbered by scores, and in only one of the 
recent years—1862 to wit—was there any slackening 
off of this stream of inventions and claims. Many 
of the inventions were completely unintelligible 
and distinct rubbish; but, on the other hand, 
the work of Dupuy de Lome, Maxim, Langley, 
Lilienthal, Giffard, and others rescued the subject 
from this hopeless state, and placed it upon a surer 
foundation of scientific investigation, and minute 
consideration of experimental results. The subject 
had suffered from being treated by men with but 
little knowledge of the subject, each in his own 
way ; and the lecturer considered the solution of 
the problem impossible so long as men worked 
singly. Railways were produced by the co-opera- 
tion of many minds ; Christopher Columbus alone 
would not have succeeded in proving the existence 
of the American Continent, and so in aerial naviga- 
tion; if individuals worked alone, and did not 
co-operate with others, little advance would, he 
thought, be made. The matter had now advanced 
so far that a business man like Lord Northcliffe had 
said that Santos Dumont’s work had caused this 
matter to be changed from one of mere theory and 
speculation to facts. 

The lecturer then proceeded to illustrate by 
means of lantern-slides the legendary records re- 
lating to flight in the earlier ages. After some 
few slides the subject turned to actual historical 
records of early ballooning, copies from early en- 
gravings illustrating the work of the two Montgol- 
fiers, Charles, and incidents of early ballooning 
days. Professor Hele-Shaw then described, by means 
of a blackboard sketch, the modern balloon and 
the principle on which it worked. He drew atten- 
tion to the netting surrounding the gas-bag, to the 
relief-valve at the top, and to the ripping seam and 
line by means of which the gas can be let out of 
the balloon in 10 seconds. The use of the trailing- 
rope was explained. A series of a dozen slides or 
so were then given of ballooning scenes from 
Glashier’s ‘‘Travels in the Air,” followed by an 
interesting set of photographs of views of a 
balloon train of the British Army. In this set 
views were given of the various operations of 
adjusting the valve, filling the balloon, searching 
for a leak, and charging one balloon from another, 
ascending, &c. 

From this subject the lecturer passed to the 
matter of navigable balloons. In this connection, 
having briefly referred to a few historical points, Dr. 
Hele-Shaw paid a good deal of attention to the work 
of Santos Dumont. The gradual perfection of his 
‘* Dirigeables ” was followed from the early designs 
to the more successful air-ships made by M. Santos 
Dumont. It was pointed out that Santos Dumont 
used Japan silk ; that the valves fitted to the balloon 
only opened under pressure ; that one balloon was 
practically fitted within another, for the purpose 
of maintaining the pressure of the large one, prevent- 
ing it from collapsing ; that this experimentor did 
away with network, and used piano wire instead of 
cord ; that he performed his balancing operations 
by hauling in his trailing-rope towards or away 
from the centre of the whole apparatus. This, the 
lecturer explained, was accomplished by looping 
rope up to the girder frame. The various phases 
of development of the suspending arrangements 
and of the frame and engine were explained, and 
photographs given of the many types tried, some of 
the most interesting in this connection being those 
of No. 2 buckling and collapsing during flight. The 
famous accident in which the air-ship was wrecked 
against the Trocadero Hotel, Paris, was illustrated 
with several slides. As a direct outcome of this 
work the lecturer drew attention to the latest 
French military dirigible balloon, which is a deve- 





lopment of M. Santos Dumont’s air-ships. The 
Barton air-ship was also briefly described. 

Attention then was turned to flying-machines and 
aeroplanes, the work of Lilienthal, Herring, 
Langley, and others being touched upon. It was 
somewhat surprising that no mention was made of 
Hargrave, considering the fact that his work has 
had a considerable influence on recent experiments 
in this matter. The difficulty of maintaining equili- 
brium was illustrated with pictures of Lilienthal 
using his gliding machines. Slides were also 
shown of the first Wright machine, and the 
lecturer remarked that, considering their claims, 
it was surprising that these brothers did not 
come over here to win some of the prizes 
offered. We have no need to recount in full this 
portion of the lecture, inasmuch as this aspect of 
aerial navigation was fully dealt with in a recent 
issue of this paper.* The lecturer had to pass over 
this, perhaps the most important branch, rather 
rapidly, and but brief attention was paid to slides 
illustrating Maxim’s, Langley’s, and other work. In 
concluding his remarks the lecturer laid stress on the 
difficulty of maintaining equilibrium on account of 
the great eddies and local currents in the air. As 
an illustration of local currents Dr. Hele- Shaw 
showed on the screen two photographs of a cyclone 
in South Africa, a black mass of dusty cloud, one 
of the views being specially remarkable from the 
fact that it showed a galvanised iron roof in mid 
air being carried along in the cloud. Finally, the 
lecture was brought to a close with a few simple 
demonstrations of model planes, the lecturer point- 
ing out that the superposed plane arrangement 
gave additional stability to the machine. A vote 
of thanks of a most hearty nature, and a few 
words by Sir J. Wolfe Barry, brought a most 
successful meeting to a close. It may be remarked 
that the ‘‘Antoinette” motor shown during the 
evening is illustrated on page 703 of vol. Ixxxii. of 
ENGINEERING, 








THE POLICY AND WORKING OF THE 
WESTERN AUSTRALIAN RAILWAYS. 

From the latest report of the working of the 
State Railways of Western Australia there appears 
to have arisen in that country a state of affairs not 
unlikely to occur wherever the Government of a 
State controls the railways and chief means of com- 
munication. We do not now wish to enter here 
upon the wide and much-discussed question of 
State control, but to consider for a moment the 
situation where such control exists. 

Two policies are possible under the name of State 
control. In the onea commercial ideal is followed, 
and the best possible economic results obtained, 
working the railways as a distinct and separate 
undertaking with the avowed object of securing the 
greatest possible ae In such a policy rates and 
charges are similar to those on company-owned 
lines, organisation may be similar, and the profits 
which accrue from the working are paid into the 
State treasury, going in this way to the relief of 
the whole community. Pushed to an extreme 
such a policy may benefit all classes at the ex- 

nse of those making most use of the railways. 
The second policy is practically the antithesis 
of this. The railways are run without profit 
save sufficient to well cover all necessary expendi- 
ture, including, of course, interest on capital and 
contributions to betterment and other funds deemed 
necessary for keeping the system in first-class order 
as an organisation. This policy, in its extreme, 
would bring with it rates lower than it would be 
possible for a private company to consider ; no relief 
due to profits would be given to the taxpayer from 
payments handed over to the treasury, and the 
users of the railways would benefit at the expense 
of the rest of the community, the Government 
virtually subsidising their undertakings. It may 
happen that with a single-handed strong-minded 
direction a policy something between these two 
may beselected. Such is, for instance, the case in 
Egypt, where Lord Cromer has been prompted 
occasionally to recommend plans of action which 
he considered would benefit the community, but 
which would do so, perhaps, at the expense of the 
railways. At the same time the endeavour is made 
to maintain the railways of that country as suc- 
cessful financial undertakings. 

With a policy thus directed by ope head the 
working becomes simplified; but with popular 


* See ENGINEERING, vol. Ixxxii., page 792. 
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control, with the inhabitants divided into three 
or perhaps more parties, a continuous manage- 
ment along any fixed lines will surely lead to 
discontent on the part of certain factions. We 
have named above two policies, and there will in 
most cases be a third party—maybe a small one— 
who are altogether opposed to State ownership. 
Among people who have a voice, therefore, in the 
management of departments, it is not unnatural 
that complaints should arise with regard to their 
policy ; and while it is with regret, it is by no 
means with surprise, that we note that some 
slight friction appears to have been developed: in 
this manner on the Western Australian Railways. 
The Commissioner, in his most recent report, 
draws attention to the fact that while he was 
appointed to the management of the State 
Railways with the object of making of them 
a profit-earning department, yet in his endeavours 
he has constantly been thwarted in his policy 
and criticised for his poor results. It would seem 
that the critics cannot possibly have it both ways. 
Either they must allow the Commissioner to work 
the lines on a business basis, or they must not 
expect such large profits. ‘The Commissioner draws 
attention to numerous items, the result of which is 
to affect very seriously the net revenue of the rail- 
ways. The railways, he claims, pay more for coal 
and water than should be justly charged, freights 
are reduced in order to promote development, and 
unprofitable spur lines are carried into agricultural 
districts, and will not, perhaps for years, be able to 
show profitable working. 

The gross earnings of the railways for the year 
1905-6 amounted to 1,634,444/., and the working 
expenses and interest amount to 1,550,2201., 
leaving a net balance of 84,224). This the Com- 
missioner claims is far less than the amount should 
be, if rates were properly adjusted. Asan example 
we may take the facts given relating to the water 
supply. The railway department purchased for 
the use of the Eastern Goldfields Railways from the 
Goldfields Water Supply Administration some 
65,536,000 gallons of water during the twelve 
months, at a price of 63. 3d. per 1000 gallons. 
Now comparatively small consumers on this route 
are, it is stated, supplied with water at 3s., 4s., 
and 5s. at different places along the Coolgardie pipe 
line, and in view of the large consumption of the 
railways, it is claimed that 3s. per 1000 would be a 
fair rate. The difference between the cost of water 
at this rate and that at the present rate amounts 
to over 10,0001. per annum paid to one department 
by another of the same State ; in brief, to a bonus, 
being an amount by which, had the water been sold 
to private consumers, the water department would 
not have benefited. 

Again, a mixture of lozal coal costing 83. 10d. per 
ton, and imported Newcastle coal, costing 15s. 4d. 
per ton, is burned on portions of the system. This 
mixture is made up of 80 per cent. of the former, 
and 20 per cent. of the latter, a proportion laid 
down by the Government. Tests have been carried 
out, however, showing this mixture to be far from 
the best obtainable with these two coals, and by 
being fixed to such a poorly proportioned mixture 
the Commissioner states that the railway is paying 
some 16,250/. per annum too much for its local 
cosl. The proportions were, it seems, fixed by 
Government with a view to encouraging the local 
collieries at Collie. In connection with the ques- 
tion of freight rates the Commissioner notices the 
reduction in rates on local-grown timber, which he 
expects will amount to a loss of revenue of 16,0001. 
during the current year. Leaving out this last 
item, since the new rates were not in force during 
the period under consideration, the revenue could 
be enlarged, according to the Commissioner's case, 
by some 26,000/., if only the fuel and water 
supply were properly considered. This takes 
no account of the construct’on of unremunera- 
tive lines, which, while naturally objectionable 
to the mind of a business man when claims 
are made on him for present good returns, 
must be considered to some extent necessary in 
such a country, in order to encourage development. 
The policy, however, of constructing such lines 
should be sound and well-reasoned, and well- 
weighed counsel must not be ignored. 

It seems scarcely fair, therefore, on the whole. 
to expect very much. The Commissioner appears 
to have been placed in office, and subsequently to 
have been forsaken. While working with one 


end in view, the means he takes have been offset by 
uneconomical policy in other directions ; and, as 





he points out, a definite line of policy has now | The earnings per train-mile are slightly less than 


become necessary. Either it must be one line or| 
the other. 


in the previous year, and the working expenses 


The State appears to have attempted | are also rather less, the ratio of these two, cited 


both at once, with something of the inevitable | above as 73.53, being lower than in any year since 


results of ‘‘ please all, please none.” 

The proportion of working expenses to earnings | 
is still high—73.53 per cent.—but not so high as 
in many previous years. From what has gone 
before, it is evident that the working expenses 
might be reduced. It is argued, and rightly, that | 
if it be desirable to subsidise private collieries, | 
or to assist the Water Administration, this should 
be done by vote of Parliament direct, and the| 
railway accounts should be clear of the transac- 
tions. In considering the heaviness of the working | 
expenses, it should be borne in mind that the rail- 
ways work through most unsuitable country. Collie 
coal is used on the systems on which it is possible 
for it to be employed without it being hauled too 
great a distance ; for the rest Newcastle coal is 
used, landed at Albany, Geraldton, Bunbury, and 
Fremantle. The use of local supplies has consider- 
ably reduced the fuel bill of the locomotive depart- 
ment, the cost being now about 4.42d. per train- 
mile, compared with 6.99d. per train-mile in 1902. 
Water in many districts is non-existent for many 
months of the year, and, in places, what exists is 
thoroughly unsuitable for boiler purposes. In the 
matter of water, the greatest trouble is now ex- 
perienced on the Great Southern system. During 
the year 190,200 gallons of water, drawn from the 
Goldfields scheme, were hauled from Northam 
to York, and 6,493,600 gallons to Beverley. In- 
cluding haulage, this water cost the railways some 
71221. ; when it is stated that three tank-cars had 
to be attached to each passenger train, and four 
to each goods train working between Wagin and 
Albany, a distance of 147 miles, some idea may 
be obtained of the water difficulty. The chief 
water trouble of the system may be said to have 
been settled with the completion of the Coolgardie 
water supply. If we refer for a moment to the 
year 1902, the last before the opening of the Cool- 
gardie scheme, we find the locomotive department 
was only supplied with water at a cost of over 
83,0001., extra train-miles to the extent of 167,753 
being run solely for the conveyance of locomotive 
water. The total train- mileage for that year 
amounted to 4,507,919. In the most recent year 
the train miles amounted to 4,359,633, and the cost 
of water to the department was 31,5771., on which 
figure, as has been pointed out above, a still further 
reduction is possible if the Government will con- 
sent to adjust the charges of the one State depart- 
ment to the other. This comparison is only 
approximate, as it is not obvious from the report 
as to whether the cost of haulage is included 
in this figure of 31,5771. The cost of haulage is 
apparently estimated at about 5200/., and even if 
this be added to the above, the result of 36,7771. is 
still far below the cost of water in the year 1902. 
Besides haulage expenses and the inconvenience on 
the road, some idea of the old conditions may be 
obtained when it is stated that in 1902 no less than 
255 trucks were mounted with 400-gallon tanks for 
the conveyance of water, there being 352 such 
vehicles in use at the close of that year. 

Water-supply troubles, however, although greatly 
alleviated by the opening of the Goldfields water 
supply, have not been abolished all over the lines. 
For instance, at Laverton, the inland terminal of 
the Eastern Goldfields Railway, a much-needed 
softening plant has been erected in order to enable 
local water to be employed. With this plant in 
uss water at Laverton costs 8s. per 1000 gallons, 
as against 31. 5s. 1lld. per 1000 had it to be 
brought from the G.W.S. administration at Kal- | 
goorlie. At the coast terminal of Fremantle water | 
is bad, and has to be drawn from Perth, though | 
Perth water is by no means all that could be! 
desired. At Geraldton, on the Northern Railway, 
a condenser plant must be used, and this sup- 
plied some four million gallons of water during the 
year. Thus the working expenses are bound to be 
heavy, and cannot but continue to be so, though | 
doubtless improvements will be possible as time 
goes on. 

The locomotive department expenses amount to 
35.7d. per train-mile, maintenance of way to 11.46d., 
traftic expenses to 16.31d., the total of all expenses 
per train-mile amounting to 66.16d. Earnings per | 
train-mile amount to 89.98d. Comparison with the | 
previous year is difficult, as in 1904-5 there were | 
special charges, amounting to some 78,0001., which | 
somewhat altered the complexion of the accounts. | 











1900. The surplus of earnings over working ex- 
penses, excluding interest charges, is higher than 
at any previous time, and everything seems to be 
being done in order to obtain efficient service. 

The goods earnings for the year are slightly lower 
than in the previous year, but passenger and live- 
stock returns show a small increase in traffic. The 
principal classes of goods traffic are timber, fire- 
wood, minerals, and coal. The coal traffic emanates 
solely from Collie, on the South-Western Railway, 
in the interior, and from the ports on the coast. 
Local-grown timber is shipped from a number of 
stations, the more important being on the South- 
Western line. On this system shipments amount- 
ing to over 290,000 tons are shipped from seven 
stations within a circle of about 30 miies radius, 
other .towns within this tract shipping in smaller 
quantities. Minerals are shipped in the largest 
quantities from towns on the Boulder Railway, the 
Eastern Railway, and in the Armadale and Kala- 
munda districts. The largest shipments of firewood 
handled are at three points on the Eastern Gold- 
fields Railway, in the heart of the Coolgardie 
district. At Kanowna, 111,870 tons; at Kurra- 
wary, 243,845 tons ; and at Lake Side, 76,754 tons 
of firewood are recorded. Such traftic as wool, 
hay, wheat, &c., are only in evidence in compara- 
tively small shipments. Between Donnybrook and 
Bridgeton, on the South-Western, between Spencer 
Brook and Henis Hill, at the western end of the 
Eastern Goldfields Railway, and for the greater 
part of the Northern Railway up to Nannine, ship- 
ments of these goods appear in fair quantities. 

Commendable improvements are noticeable in 
all directions in the way of improved plant in the 
shops or systems of working. The State Railways 
now include some 1607 miles worked. They are 
in the undesirable position of being divided into 
two groups separated by a length of private line 
over 270 miles in length. This line was constructed 
with the help of a Government grant at a time when 
the Government itself was not in a position to 
undertake such construction. Roughly the Govern- 
ment systems consist of the South-Western Rail- 
way, tapping the coastal district south of Perth for 
some 180 miles ; the Great Southern Railway, by 
which Perth and Albany are in communication, 
which traverses a high inland plateau; the 
Eastern and Eastern Goldfields Railways, running 
from Perth directly inland to Coolgardie, and 
thence in a north-easterly direction to Laverton, 
595 miles from the coast; and the Northern 
Railway, from Geraldton on the coast to Nannine, 
310 miles inland, in a north-easterly direction. 
Besides these there are numerous branch lines, 
while a short tramway, which never pays, be- 
tween Cossack and Rvebourne is also under the 
management of the railways. These last-named 
places are over 500 miles away, either by land 
or sea, from the nearest railway centre, and efti- 
cient supervision is found to be impossible. The 
State of Western Australia has a population of 
255,556, and an area of 1,060,000 square miles, 
and as large portions are unsuited to settlement, 
the country is not a favourable one for railway 
development. With relation to the population of 
the State, the capital of the railways now works 
out at 391. per head, the revenue of the last 
year at 6.391., and the working expenses at 4.701. 
per head. The last figure is rather less than in 
former years, but the revenue has also fallen below 
that of former years. The number of passenger 
journeys per head of a stands at 50.15, 
higher than ever before, but the tonnage of goods 
shipped per head of population, 9.22, is rather less 
than usual of late years. 








NOTES 
THE Harsour Extensions OF THE HANSA 
Towns. 

Tuer. Hansa towns seem determined to keep up, 
or rather to enhance, their old-time reputation for 
spirited enterprise, and the sums they have ex- 

mded, and are about to expend, upon their 
ae send extensions and waterways are enormous. 
In the year 1898 the expenditure under these heads 
during the decade which had then elapsed since 
their amalgamation, in the matter of customs, with 
the German Empire, was estimated at 15,000,000. 
as far as Hamburg was concerned, and 5,700,0001. 
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for Bremen and Bremerhaven, in addition to some 
2,000,0007. expended upon the improvement of the 
Weser waterway. Since then, and up to the year 
1905, the figure for Hamburg has been further 
swelled by some 4,500,000/., and for Bremen by 
about 2,000,0C0/., making a total for the two towns 
of over. 29,000,000. The shipping, however, has 
increased vastly during the period in question. For 
Hamburg the figures were :— 


Vessels, Tons. 
1888 ... 7,524 4,355,500 
1905 ... 15,118 10,400,000 


and for Bremen—that is, harbours at Nether Weser 
for Bremen’s account :— 


Vessels, Tons. 
1888 ... 2665 1,477,500 
1905... 4335 3,350, 200 


Hamburg still holds the premier place on the 
Continent, in spite of Rotterdam, with the Rhine 
waterway at its back, and of the immense sums 
which the Belgian State expends upon the port of 
Antwerp. The figures for Rotterdam for last year 
were 8,339,000 tons, and for Antwerp, 9,846,000 
tons. Neither Hamburg nor Bremen, however, 
mean to rest on their laurels; they have, appa- 
rently, every faith in their future, and they do 
not mean to let further developments of their 
shipping and trade find them unprepared. Both 
cities are apparently aware of the fact that it takes 
time to extend old and provide new and modern 
harbour accommodation, and they mean to act 
accordingly. If Hamburg’s shipping goes on in- 
creasing at the present rate, it will, in the year 
1910, approach 14,000,000 tons, and this will 
require new and large extensions, for which, how- 
ever, it is somewhat difficult to find suitable 
areas. The most available land is that below 
the Elbe Bridge, and after that the Kéhlbrand 
area on the other side. The Harburg people, 
however, object to this, as their only connection 
with the sea is by way of Kéhlbrand, and they do 
not want Hamburg to establish railway connec- 
tion over or under Kohlbrand, which they want to 
deepen. Still Hamburg’s harbour extensions are 
likely to lie in that direction. Bremen is about to 
open itssecond free harbour of the town, the first 
having proved too small. The Nether Weser, which 
has been deepened from 6 ft. to 16 ft., will be further 
deepened to 23 ft., which will entail an expenditure 
of 1,500,0001. Bremen is anticipating an important 
increase in its traftic through the construction of the 
Khine-Hanover Canal, which will soon be taken in 
hand. Still greater extensions have been planned 
for Bremerhaven, which has already proved too 
small, in spite of the Kaiser Harbour extension, 
with its double lock of 716 ft. length, 93 ft. breadth, 
and 35 ft. depth. Further extensions, with a still 
larger double lock, have become necessary. The 
city of Bremen having already exploited her own 
territory, has had ceded to her by the State of 
Prussia an area of 550 hectares, adjoining the 
Kaiser Harbour. The harbour works here will 
entail an expenditure of about 5,000,0001., for 
which sum the North German Lloyd has guaranteed 
interest. The whole scheme will not be taken in 
hand at once, but the time has been fixed when 
‘he different sections have to be ready. 


Tue Merric System at Messrs. Kynocu's. 


During the last twelve months the everlasting 
question of the relative merits of the British and 
metric systems of weights and measures has been. 
brought into special prominence by the action of 
two important firms. Messrs. Kynoch, Limited, 
created enthusiasm among the supporters of the 
metric system by announcing that they intended 
to introduce that system throughout the whole of 
their nine factories, embracing such a variety of 
work as the manufacture of cartridges, steel cast- 
ings, gas-engines, bicycles, high explosives, and 
soap. If the metre can prove its superiority, 
nothing whatever stands in the way of its accept- 
ance by the whole of the English-speaking nations ; 
but as the vast majority of the world’s industry is 
carried on by means of British units, the metre 
will have to attain considerably greater favour 
before any attempt to suppress its rival can be 
justified. However, any manufacturer in this 
country is perfectly at liberty to adopt which 
system he likes; and whatever the result of their 
experiment, Messrs. Kynoch deserve the thanks 
of the industrial community for their courageous 
attempt to tcst their convictions, As it is 
quite possible that other manufacturers in this 
country would be willing to give the metric 


system a trial, we will endeavour to describe how 
the change is being made at Messrs. Kynoch’s, our 
information being drawn from a short article in 
the last quarter’s issue of Kynoch’s Journal, by the 
hand of Mr. Arthur Chamberlain, the chairman of 
the firm. The writer points out that the clerical 
work in a factory is employed in two directions— 
the first dealing with the interior economy, and the 
second with the external operations of the com- 
pany. Messrs. Kynoch intend to use metric 
measures and the decimalised pound sterling for all 
internal purposes, and to retain the usual system 
only in their dealings with British and Colonial (and, 
presumably, American) customers. Goods, when 
received at the works, will be checked on an English 
weighing-machine, and the weight there and then 
converted into kil mes and the cost into deci- 
mals of a pound sterling. Conversion tables will be 
provided for this purpose. All the works’ weigh- 
ing-machines will be calibrated metrically, and the 
cost of every article made in the works will be 
traced through all its stages in metrics and decimals 
of a pound sterling, the selling price so arrived at 
being finally converted to English currency by 
means of tables. The cost is stated to be insigni- 
ficant, amounting, according to the chairman’s 
estimate, to only one-half per cent. on the year's 
profits, and it is expected that the saving on 
clerical work will off-set this in the first year. The 
2-ft. folding-rule is to be replaced by a folding 
}-metre rule, and the 12-in. rule by a }-metre rule, 
apparently at the firm’s expense, although a very 
large proportion of workmen’s rules now have one 
edge graduated metrically. The provision of new 
rules, micrometers, weighing-machines, and printed 
conversion tables, of course, entails quite insigni- 
ficant cost. The article we have referred to does 
not make it clear whether, in the drawing-oflice, 
for example, designing will be done in inches, and 
the drawings merely dimensioned in the equivalent 
metrics. This will necessitate extremely awkward 
numerical dimensions, but, on the other hand, it 
seems out of the question to depart from standard 
sizes in the matter of bolts, threads, &c. 


Tue GREENWICH GENERATING-STATION AND 
THE OBSERVATORY. 


The discovery that the large generating-station 
recently built at Greenwich for the London County 
Council was practically on the meridian, and 
threatened by its smoke and vibration seriously to 
interfere with the work of the Royal Observatory, 
resulted in the appointment of a small committee 
to report on the situation. The committee con- 
sisted of three persons—Lord Rosse, representing 
the Observatory; Professor Ewing, representing 
the Admiralty; and Sir Benjamin Baker, for the 
London County Council. Their report has now 
been published, and contains the following recom- 
mendations as to the best course to be adopted 
under the circumstances :—(a) The questions, both 
as regards effects of vibration and obstruction 
through chimneys, or discharge from chimneys, to 
be further reviewed after, say, two years, by which 
time experience should be obtained with the second 
portion of the station at work. (b) The generating- 
plant for the second portion to be turbines, which, 
as well as the dynamos, must be of a perfectly 
balanced type, such as has been proved by trial 
not to cause vibration. (c) An undertaking to be 
obtained that when the plant in the second portion 
of the station is available for use, the reciprocating 
engines of the first portion shall not, in ordinary 
circumstances, be used after 10 p.m, and their 
use shall be restricted, as far as possible, after 
8.30 p.m. (d) The two chimneys of the second 
portion, at present incomplete, to be not higher 
than 204 ft. above Ordnance datum. (e) The dis- 
charge of gases both from these and from the exist- 
ing chimneys not to be materially hotter than the 
discharge is now from the existing chimneys— 
namely, about 250 deg. Fahr. (f) No further 
extension of the station to be made beyond the 
20,000 kilowatts now contemplated in the equip- 
ment of the second portion. The Highways Com- 
mittee of the London County Council have con- 
sidered the recommendations, and —_— to the 
Council that they ‘‘ are advised that the difficulty 


with regard to the erection of the second two 
chimneys to their full height of 271.88 ft. above 
Ordnance datum would be met if one of them were 
carried to the same height as the existing chimneys ; 
and if the other, which is on the meridian of the 
altazimuth, were constructed to a less height, so 





| meridian. This continuation upwards of one of the 
chimneys would have the additional advantage of 
minimising any possible interference with observa- 
| tions by the hot gases from the other chimney.” 
It would be interesting to know who it was that 
‘*advised ” the Highways Committee that many of 
| the precautions recommended by Lord Rosse, Pro- 
fessor Ewing, and Sir Benjamin Baker were need- 
less. Unfortunately, the name is not given, so that 
the individual escapes the fame, or notoriety, that 
he deserves. To no one but the Highways Com- 
mittee would it have occurred to contend that 
| the ‘‘ continuation upwards” of one of the offend- 
|ing chimneys was a positive advantage instead of 
| the drawback that the expert Committee find it. 
|The history of the Greenwich station has been in 
| many respects an unfortunate one. It has been built 
| at enormous expense, and —e with steam plant 
which, although good of its kind, practically be- 
came out of date for central-station work before the 
station ever started. Had turbines been installed, 
beside the saving in cost of buildings, the vibration 
trouble now experienced would never have arisen. 
The limitation of the hours of working of the 
14,000 kilowatts of plant now installed is a serious 
matter, and would probably mean bankruptcy to 
a commercial undertaking without the purse of 
the ratepayers to fall back on ; but, serious as it is, 
it must inevitably be faced under the circumstances 
which have arisen owing to the unwise choice of the 
site. Moreover, it may do something to extend 
the life of the plant to the twenty-five years which 
was so confidently predicted for it by the Chief 
Engineer when giving evidence before the recent 
Parliamentary Committee. 








Taxes ON Motor Cars.—According tu the Monitcur 
Industriel the annual taxes on 45-horse-power motor-cars 
are the following :—In Paris, 1794 francs (71/. 15s.) ; in 
Italy, 1557 francs (62/.53.); in Germany, 397.50 francs (15/7, 
183 ). On 8-horse-power cars the tax is 445 francs (17/, 
163.) in Paris ; 425 francs (17/.) in Italy ; and 110.50 francs 
(47. 83.) in Germany. . 





Wootwicn PotyTscunic.— Messrs. W. and T. Avery, 
Limited, Birmingham, have just delivered to the Wool- 
wich Polytechnic a torsion-testing machine of a capacity 
of 10,000 in.-lb. The steelyard is uated up to 
2000 in.-lb. double power, or 1000 in -lb. single power, 
by divisions of 10 in.-lb., with a vernier scale on the 
poise for ooting down to 1-lb. divisions ; while a graduated 
scale at the end of the steelyurd enables readings to be 
| taken down to one-tenth of a pound. 








Crane Accipent aT Barrow 1N-Furness.—Ona the 
9th inst. there occurred at the works of Messrs. Vickers 
Sons and Maxim a serious accident to a 150-.ton electric 
crane which was under erection. This crane stands 174 ft. 
high, and carries a horizontal jib 210 ft. in length. The 
counterbalance weighs some 130 tons. The counter- 
balance broke away from the jib, the accident resultin 
in damage to the whole structure, The crane was o 
German make; but we are requested to state that it 
was not constructed by Messrs. Bechem and Keetman 
(Duisburger-Maschinenbau-Actien Gesellschaft), Duis- 
burg, who are well-known makers of cranes and lifting 
appliances. 





Tar Juntor InstituTION OF ENGIngERS.—The twenty- 
third annual dinner of this Institution was held at the 
Hotel Cecil on Saturday, February 9, the President, 
Mr. W. B. Bryan, M. Inst. C.E., and Chief Engineer to 
the Metropolitan Water Board, commas the chair. 
The guests included Sir Alexander b, W. Kennedy, 
LL.D., F.R.S., President of the Institution of Civil 
Engineers, Lord Farrer, Sir Melvill Beachcroft, L.C.C., 
chairman of the Metropolitan Water Board, and many 
other distinguished gentlemen. In replying to the toast 
of the “‘ Houses of Parliament,” proposed by the Presi- 
dent, Lord Farrer spoke of the work of the al Com- 
mission on Canals and Waterways, of which he was a 
member, and showed that the decadence of canals in 
Great Britain was due to economic causes. Railways had 
proved themselves a cheaper and more satisfactory means 
of transport for nearly all purposes; but the decline 
of canals did not 7 that railways were left in 
a monopolist position, for three-fifths of the railway 
rates in. this country were ruled by the competition 
of sea-borne traffic. Mr. E. B. Barnard, M.P., replied 
for the Commons. The health of the President and the 
Junior Institution of Engineers was proposed in a 
humorous speech by Mr. B. Alfred Raw and acknow- 
ledged by the President. Mr. Lewis H. Rugg, Assce, 
M. inst. C.E., the Chairman of the en proposed 
the toast of ‘‘ The Guests,” who were responded for by 
Sir R. Melvill Beachcroft and Sir Alexander Kennedy, 
the latter reminding the junior members of the Institu- 
tion that early specialisation was the greatest drawback 
to future eminence as an engineer.. Broad knowledge 
and wide interests enabled a man to take up any branch 
of work which came to his band, whereas the narrow 
training of a specialist unfitted him for anything outside 
his special line. Sir Alexander Kennedy proposed as 
an extra toast the health of Mr. Walter T. Dunn, the 
Secretary of the Institution, who had done so much to 





as not to interfere with the observations on that 





place the Institution in the position it now held. 
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THE LATE MR. GEORGE MACKROW. 


Many naval architects, especiaily those of the older 
school, will deeply regret the passing away at the age 
of seventy-seven years of Mr. George Mackrow, who 
for about fifty years has been closely identified with 
shipbuilding on the Thames. Born in March, 1830, 
he, after serving some time at one or two other trades, 
found his true vocation in the then flourishing in- 
dustry of wooden shipbuilding on the Thames. He 
received his training in the shipbuilding yard of 
Messrs. Ditchburn and Mayer, at Blackwall, then 
one of the most progressive of works. As sug- 

estive of the progress made since then, it may 
be noted that, at that time, the Fairy was being 
built for Queen Victoria, and in this vessel the screw 
propeller was introduced for the first time in a Govern- 
ment ship. Later, Mr. Mackrow joined the Thames 
Iron Works, and for many years has been responsible 
for the shipbuilding department. 

The subject of our memoir was intimately connected 
with the building of the Warrior, the first of our iron- 
clads; and since it was launched there has followed 
from the Thames Iron Works a long succession of 
notable warships, not only for the British, but for several 
foreign navies. Although in later years the machinery 
for the vessels was coustructed in other works, princi- 
pally at Messrs. Penn’s, Mr. Mackrow, in the earlier 
days of steam warships, built the machinery, and the 
purchase of Messrs. Penn’s works a year or two 
ago was thus a return to the former practice of build- 
ing the machinery as well as the hull. Included 
amongst the number of notable. ships for the British 
Navy are the battleships Benbow and Sanspareil, the 
armoured cruisers Grafton, Theseus, and Blenheim. 
Then come, amongst modern battleships, the Albion, 
Dancan, and Cornwallis for the British Navy, and the 
Fuji and Shikishima for the fleet of the Mikado. 
The latest ship built was the armoured cruiser Black 
Prince, the machinery of which was also constructed 
by the company. 

For many years Mr. Mackrow was also occupied in 
the production of mail liners, but the change from 
war to iron and steel, and from sails to steam, had a 
considerable effect, as is well-known, upon the economic 
condition of the industry on the Thames, because of 
the distance from the sources of supply of iron and 
steel. This fact, combined with the increasing cost of 
living in London, and consequent advance in the cost 
of labour, has had, and continues to have, an unfortu- 
nate effect upon the shipbuilding industry of the 
Thames, so that in recent years Mr. Mackrow, who 
continued devoted to the establishment where he had 
been brought up, had not the same scope for his ability 
and energy. But the work turned out under his direc- 
tion was at all times of the best. 

Mr. Mackrow in recent years devoted much time 
to the evolution of a satisfactory method of coaling 
ships at sea, and among his last contributions to our 
technical societies was a paper at the Royal United 
Service Institution describing a system he had in- 
vented, which has since been tried in the service. He 
also did useful service in connection with the con- 
struction of a coaling-barge with the necessary machi- 
nery. This machinery proved satisfactory for unload- 
ing ships in the river as well as for coaling warships. 

He maintained very pleasant relationships with his 
staff and the workmen, a not only a most genial 
chief, but a just and right-thinking man. His death, 
on the 6th inst., was therefore received with genuine 
regret, not only by his workmen, but by his associates 
in the shipbuilding industry throughout the country. 
Of Mr. Mackrow’s sons, one has succeeded him as 
shipbuilding manager at the Thames Iron Works, and 
another is on the staff of Messrs. Hawthorn, Leslie, 
and Co., of Newcastle-on-Tyne. 








Tue Napier Instruction Boox. London: S, F. Ed 
Limited, 14, New Burlington-street, W. Price 1s.—This 
little volume is, as its name implies, an instruction book 
with special reference to Napier cars. It is, in fact, a 
useful hook to which a good deal of matter bas been 
added which is not, strictly speaking, instraction. For 
instance, notes on winning the Gordon-Bennett race, 
the origin of the six-cylinder car, photographs of the 
company’s erecting-shop, &c., ye ol interesting per- 
haps, do not add to the utility of the book from a driver's 
point of view. There is, however, much really useful 
matter; little points of routine »re emphasised which 
perhaps an inexperienced driver might tend to treat 
somewhat carelessly. The many points to which daily 
attention must be paid are noticed, and the correct 
adjustments given, so far as such a thing is ible by 
means of a book. In the matter of failures the possible 
causes are s' ted, with the steps it is necessary to 
take to trace the fault to its origin. In view of the fact 
that motors often get into the hands of drivers who have 
very little experience of machinery or a driver’s duty, the 
instructions are perhaps not too minute; and from what 
we know of chauffeurs, many of them would be the better 
for a knowledge of some of the points herein set down as 
coming within the term of “duties.” We regret that 


the illustrations are in some cases On so small a scale that 
the words are indistinguishable, and the drawings them- 
selves rather indistinct, 








MISCELLANEA. 


In connection with a recent announcement regarding 
the construction of a quay-wall at the Asia Dock, Antwerp, 
it is now stated that a modification of the specification 
has been found necessary, and the adjudication of the 
contract will not take place till March 5. ~ 


A union was formed recently between forty -two 
charcoal-burners and vendors from different parts of 
North Sweden. It has been decided to materially re- 
duce the output, and that the minimum = during the 
present season is to be 10 kr. per last, delivered at Ange 
railway station. 

The Bulletin Commercial states that the Municipality 
of Agram (Hungary) is about to contract a loan amount- 
ing to about 416,000/., to be expended on canalisation, 
electric generating station, public baths, &. The Muni- 
cipality of Temesvar, also in Hungary, is about to spend 
190,000. on canals, new streets, &c. 


The Board of Trade Journal announces that a scheme 
has been pre in the Danish Public Works Depart- 
ment providing for the construction of several new State 
and private railways. - An estimate of 1,888,888/. is given 
as the cost of these lines, besides which the State will 
expend funds on the acquisition of two private lines. 


According to the Board of Trade Journal, it is pro- 
posed to spend the sum of 1,400,000/. of. a loan of about 
3,600,000/., lately contracted by the Servian Government, 
on improvements to the railway systems and on new 
lines and stock, the expenditure to be spread over three 
years. Of the above loan, some 1,840,000/. is to go for 
quick-firing guns and other war material. 


The construction of a canal from Buenos Ayres to 
La Plata is under contemplation. The cost of con- 
struction of such a work is put down at 54 million pounds 
——- The cost of maintenance is estimated at about 
337,000/, per annum, and revenue is estimated at about 
360,000/., leaving a probable net revenue of 23,000/. It is 
considered that the work should be given to a foreign firm. 


We understand that steps have been taken by the 
Tramways and Light Railways Association and the 
Municipal Tramways Association to appoint a joint 
committee to enquire into the matter of brakes for tram- 
ways. The Board of Trade will nominate a representa- 
tive to sit with this committee. This action results from 
Colonel Yorke’s report on the tramway accident at High- 
gate in June last. 


Sir William Cook presided on Saturday, February 9, at 
the annual dinner of the Birmingham Association of 
Mechanical Engineers. The company present included 
the Bishop of Birmingham, Professor Turner, Alderman 
Johnson, Mr. T. H. Dacres (President), Mr. A. Cook 
(Vice-President), and representatives from kindred asso- 
ciations, such as Messrs. J. Harrington (London), R. 
Lupton (Leeds), J. Stephenson (Newcastle), W. H. 
Jeyes (Middlesbrough), T. Renvill (Woolwich), and A. 
Barneston (Glasgow). 

The fifty-first anniversary dinner of the Manchester 
Association of Engineers took place on Friday evening, 
February 8, at the Grand Hotel, Manchester, there being 
present a very large attendance of members and guests. 
Amongst the latter were Mr. J. K. Bythell (the chairman 
of the Manchester Ship Canal), Mr. W. J. Crossley, 
M.P., and Mr. W. F. Osborn, of Sheffield, the Master 
Cutler. The chair was occupied by the President of the 
Association, Mr. W. Henry Hunter, who is the chief 
engineer of the Manchester Ship Canal. The speakers 
generally alluded to the prosperous condition of the engi- 
neering trades. 

Among forthcoming Exhibitions, at which a consider- 
able amount of space will be devoted to motors and 
motor-boats, will be an Automobile Exhibition at Prague 
from March 24 to April 1. The Exhibitions at Bergen 
from July 5 to 14, and that at Kiel from June 15 to 30, 
have already been mentioned in these columns. Com- 
mencing on May 18, and open for a fortnight, there will 
be held a Cycle and Automobile Exhibition at Milan. 
At the Prague Exhibition all classes of motor-boats, 
cycles, and automobiles will be shown. Application for 
space must be addressed to the Exhibition committee, 
Wenzelsplatz 13, Prague. 


Messrs. Sim and Coventry re 
plates and tinned sheets for 1906 as 375,414 tons, valued 
at 4,946,1282. This export trade is r than that of 
previous years, being some 21,000 tons in excess of that 
for 1905. The United States, as usual, was the largest 
customer, some 61,518 tons being exported during the year 
to that country. This amount is less than for the year 
1905, and considerably less than the shipments in 1904, 
when 71,861 tons were exported to that country. e 
with Germany has shown a steady increase. Black plates 
for tinning have been exported to the value of 655,9032., 
the tonnage amounting to 65,698 tons, or rather less than 
1905, but above the records for 1904. In this trade Ger- 
many took the largest shipments—some 15,000 tons, the 
United States yoy bee us only 17 tons. Bars have 
been imported from rmany and America, but in 
amounts less than in previous years. Imports in this 
line amounted to only 486,029 tons in 1906, while the 
figures for 1905 and 1904 were 603,949 and 522,706 tons re 
spectively. 

At a general meeting of the shareholders of the British 
Aluminium Company, Limited, held on February 7, the 
woe ghd m 2. Bonner, pa a on to say with 

to the development of the company’s enterprise. 
It was stated that the works at Loch Leven are progress- 
ing rapidly, but that in order to enlarge their output as 
quickly as possible steps have been taken to develop some 
3000 horse-power at this place as, apparently, a temporary 


rt the export of tin- 





arrangement pacing, the completion of the whole scheme. 
This can be done, it is said, without interfering with the 
progress of the main scheme—the production of alumi- 
— at Loch _— in — —_— At be same time 
the company has acqui a plant at Stangfjord, in 
Norway, which it is hoped will be ready to commence 
work in three months’ time. In July last also concessions 
were acquired for water power at Orsitres, in Switzer- 
land, ascheme that will ultimately develop into one larger 
than the Loch Leven scheme. Shortly upwards of 70,000 
electrical horse-power per annum will be at the use of 
the company. As large plants in other parts of the world 
will also be getting to work at about the same time, a 
modification in the present price of aluminium may con- 
fidently be rtntiewnd 4 


A recent report on Belgian trade by Sir C. Hertslet, 
His Majesty’s Consul-General at Antwerp, draws atten- 
tion to & practice—common, apparently, among Belgian 
cement manufacturers—of using labels in English, and of 
styling their material ‘‘ Portland ” cement, when in reality 
it is not whatis usually accepted under this title. In the 
vicinity of Ghent and Tournai, in Belgium, there exist 
deposits which are a mixture of calcareous and argillaceous 
materials. The strata are exceedingly variable in com 
position ; but, without attempting to produce proper 
proportions, this material is calcined, ground, and pre- 
pared for the market. The result is a material known 
properly as natural cement, of very variable qualities, and 
unable to conform to the tests usually demanded for real 
Portland cement, which is the result of a properly pro- 
portioned mixture of in ients. The practice of em- 
ploying labels in English is followed, it is, of course, sup- 
posed for facilitating the sale of this natural cement in 
Great Britain and the colonies, the labels describ- 
ing the goods bearing such legends as ‘‘ Best Portland 
Cement,” ‘*‘—— brand,” ‘best quality,” and other 
words indirectly suggesting thet the material is of British 
manufacture. It is pointed out in a little brochure re- 
cently issued by the Associated Portland-Cement Manu- 
facturers, Limited, that the British Standard specification 
calls for a limit of 12 millimetres expansion under the Le 
Chatelier test, whereas natural cements often give up to 
374 millimetres ye ee while in the specific-gravity 
test the limit for Portland cement is a minimum specific 
gravity of 3.15 when freshly ground, and 3.10 when aged, 
— cements, on the other hand, will not give more 
than 3. 








PeRsonaL.—We are informed that Messrs. Henry 
Pels and Co., 265, Strand, W.C., have opened offices and 
show-rooms in Paris, at 109, Rue et Place, Lafayette.— 
Robert W. Hunt and Co. have been appointed consulting 
engineers to the receivers of the Union Traction Company, 
Chicago, and placed in direct charge of the lowering of 
the car tunnels under the Chicago River. 


New ZEALAND PETROLEUM.—Satisfactory progress is 
being made with the development of the New Zealand 
petroleum industry. The New Zealand Minister of Cus- 
toms was recently asked to make a reduction in the duty 
on petroleum-boring machinery, and he has promised to 
fully consider theapplication, A representative of Sydney 
capitalists has completed negotiations for a lease of pro- 
perties adjoining New Plymouth, on the Carrington road, 
and at Inglewood, for oil-boring pur On the prin- 
cipals confirming his action, boring plant will be at once 
secured, and work will be started on the New Plymouth 

on poy which is only half a mile from the Birthday 
ell at Moturoa. The Taranaki Oil and Freehold Com- 
pany has ordered a boring ee and is negotiating with 
an experienced driller with a view to the commencement 
of operations. 





OtyMPIA ENGINEERING AND MACHINERY EXHIBITION, 
1907.—We recently referred to the arrangements being 
made for this Exhibition, which will be held at Olympia 
from September 19 to October 19 inclusive. The pro- 
spectus may now be obtained giving the necessary infor- 
mation to intending exhibitors, &c. The nising 
managers are Messrs. G. D. Smith and F. W. Bridges, 
who were responsible for the management of last year’s 
Exhibition. The offices of the Exhibition are at Balfour 
House, Finsbury Pavement, E.C., where plans of the 
halls, particulars of space, and other information may be 
obtained. As has already been announced, it is hoped 
that this Exhibition will include other branches of the 
engineering trades not in evidence at the last ; and, on 
account of the Colonial Conference and other matters, it 
is expected that a large number of colonials will take ad- 
vantage, by of this Exhibition, of becoming better 
acquainted with up-to-date products of British firms. 








Potar EXPEDITION AND THE Use oF Moror-CaRs.— 
A British South Polar Expedition is in course of prepara- 
tion, the intention being to leave this country in October 
next. The expedition will be under the command of Mr. 
E. H. Shackleton, who was third lieutenant on the Dis- 
covery, of Captain Scott’s famous expedition. It is in- 
tended to to New Zealand, and thence to winter 
quarters, where, having landed the party of explorers, the 
vessel will return to Lyttleton, N.Z. The expedition is 
supported by several well-known Glasgow men, and will 
be a notable one, if only from the fact that it is proposed 
to employ motor transport. The new Arrol-Johnston 
Car Company, Limited, have in hand the design and con- 
struction of a car for this purpose, especially adapted to 
ice. That such use for a motor-car should be thought 
feasible is quite remarkable, in view of the short period 
of time during which motor vehicles have been developed 
in this country, and the result of such an addition to the 
equipment of a scientific expedition will doubtless be 
watched with interest. 
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THE PEARSON AUTOMATIC FIRE-ALARM. 
CONSTRUCTED BY THE PEARSON FIRE-ALARM COMPANY, LIMITED, LONDON. 
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Ir is quite-inmecessary for us, at the present time, 
to point out the great utility of any —— that 
wil, in a thoroughly reliable way, call attention to 
the commencement of fires which, if not discovered in 
the early stages, might lead to far-reaching and disas- 
trous results. There are several systems now in use 
which have for their object this timely intimation of 
danger ; but though the end in view is the same with 
them all, the means vary, the expansion of mercury by 
heat being utilised by some makers, while others 
favour the vaporisation of some volatile substance, 
the movement caused by increase of volume being the 
means of making certain electric contacts, which give 
the necessary warning ona special indicator. Other 
makers, again, prefer to employ the expansion of metal 
strips; and it is. this form of gpecases which it is 
now our intention to describe. The particular systein 
to which we allude is known as the Pearson automatic 
fire-alarm, the apparatus for which is made and in- 
stalled by the Pearson Fire-Alarm Company, Limited, 
62, King William-street, E.C. Its success is indicated by 
the fact that wherever it is installed maximum rebates 
on premiums are allowed by all insurance companies, 
pm we are informed also that it has been adopted in 
a large number of establishments all over the country. 


It has also been rigidly tested by the Fire - Office | bee 


Committees, and has received their approval. 

The vital part of this system is an instrument 
called a thermostat, the action of which depends, as 
we have before said, on the expansion of metal. This 
thermostat is built in the form of an oblong iron 
chamber, which is approximately 5in. by 2 in. by 
14 in. in size. It is shown in Figs. 1 and 2, above, 
the former being a section through the centre, and 
the latter a plan with the cover removed, so as to 
show the interior. On examining the drawings it will 
be seen that the instrument consists of. a box a 
which carries on its underside a strip of metal } 
which is fixed rigidly to the box at each end by 
means of the screws c. At the centre of this strip a pin 
d having an insulated tip is fixed. This pin passes 
through a packed chamber into the box'a, the packing 
being for the purpose of guarding against the accumu- 
lation of moisture or acid. It does not, however, 

revent the pin d ftom moving in and out when the 
Biade b expands or contracts with a variation of tem- 
perature. The internal apparatus consists of two 
contacts built 6n"@ porcelain base or support /, and 
connected to a terminal at each end. One of these 
contacts is an adjustable screw g, which carries a 
pointer h which registers on a dial-platei the degree 
at which the instrument is set to act. The other 
contact k is a hard-drawn phosphor-bronze spring, 
which rests on the insulated pin d on the thermal 
strip 6. Any deflection of the thermal strip at once 
affects the position of the flexible contact-*k, and when 
the temperature reaches the point at which the instru- 
ment is set, contact is made with g, and the alarm is 
given. The connecting wires / and m are led from 
the braes blocks o through stuffing-boxes, as shown in 
the figures. The lid n may be readily removed for 
purposes of inspection or for the adjustment of the 
index h. There is a perforated guard e placed over 
the thermal strip, as a protection against injury. The 
dial ¢ is moun loosely on the contact g, and is 
secured to the bracket j by a screw passing through a 
slot in the dial, whereby the latter can be adjusted. 
The bracket p, which is part of the box, is for fixing 
the instrument. 

It will readily be seen that a movement of the 
contacts can only be produced by the action of heat, 
tampering with the instrument, of course, not being 
conidial. The thermostats are wired in parallel on 
looped circuits, the ends of the wires being brought 
back to an indicator-board (Fig. 3) fixed at the en- 
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trance of the building. This indicator - board is 
divided into separate portions, one for each ‘section of 
the building, and is provided with an annunciator and 
test-key for each call. The key is for testing the 
continuity of each loop; for, when pressed com- 
wend home, it breaks the loop of the wiring and 

rings the ends together, which, if continuity is 
complete, causes a bell to ring on that section. The 
key automatically replaces itself after each test has 
nm made. 

At the fire-station an annunciator-board (Fig. 4) is 
installed which gives separate indications for eac 
risk with a bell which rings at each call, and a verify- 
ing instrument which decides whether the call shall 
taken as indicating a fault on the outside line, or a 
fire at the building in question. A single wire con- 
nects the fire-station with the protected risk through 
its own indicator. The fire-station battery is arranged 
in opposition to the protected building battery. 
While in opposition nothing is happening, but directly 
the fire takes place a pole-changer on the building 
is arranged to change the circuit of the signalling 
battery and put it in series with the fire - station 
battery. This forms a continuous circuit through the 
earth, drops the indicator, and rings the bell. The 
insertion of the plug of the verifying instrument into 
the jack provided beneath the annunciator that has 
fallen indicates on the verifier that a fire has taken 
place. This is by reason of the fact that the verifier 
is arranged to read as a voltmeter the product of both 
batteries. If, however, the overhead line becomes 
connected with the earth by accident, the same call is 
given in the fire-station; but upon inserting the 
verifying plug in the circuit, half the battery volts 
only will be read; therefore the instrument denotes 
a fault. 

Provision is made on the fire-station board for test- 
ing the continuity of the outside lines at any moment by 
means of the keys beneath the indicator-board. When 
these keys are pressed the station battery is cut out, 
and the line is put to earth. The distant battery, if 
the line is complete, will drop the annunciator and 
ring the bell, thus showing that everything is in work- 
ing order. If upon pressing any key a signal is not 
received, it clearly . that a break has occurred in 
the overhead line. 

It will be seen that with this system very complete 
protection against fire is obtained, with the result 
that it has been adopted in a large number of estab- 
lishments, and its connection to between fifty and 
ony fire-brigade stations has been officially autho- 





Tue Ese Tunnet.—The Hamburg municipal authori- 


ties have passed the proposal by the Senate about the | P 


ding of a tunnel. under the Elbe, from Saint Pauli, 
intended for carriage and passenger traffic. The cost 
is estimated at rather more than 500,000/., and the plan 
has been referred to in a previous issue of ENGINEERING. 
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INDUSTRIAL NOTES. 


Tue German Emperor is well pleased with the 
results of the elections for the Reichstag, and he has 
shown his pleasure by act and speech. The set-back 
to the Socialists was his one bright hope, and it has 
been realised. The blow to the Socialists in Saxony 
was the most severe, because it was thought that 
there they were fairly safe. Many reasons will be 
given to explain the reaction, scarcely any one of 
which will be all-sufficient. The causes were many, 
and the lessons will doubtless be learned by the 
Labour readers when they have well settled down to 
the defeat. That it is a severe one cannot be denied. 
As an organised party, the Socialists in Germany are 


h | not violent, nor are they very extreme, as judged by 


those in Britain. But some of the leaders have not been 
as moderate as the official programme set forth on the 
eve of the election. The party is not-wholly confined 
to labour : university men, professors and students, 
journalists and authors, commercial men, and shop- 
eepers are in its ranks, and doubtless the defeat 
was promoted by some of these sections. But the 
working-class section, as shown in Saxony, was also 
implicated in the revolt and defeat. 


In the London County Council campaign we see on 
a more limited scale a similar contest to that in Ger- 
many; the Socialists, and all who more or less sym- 
pathise with them, either on ae or a8 a matter 
of policy—collectivists generally—being opposed by 
the Moderates. The issues really involve the prepon- 
derance in London of the London County Council, or 
of the groups of borough councils which now govern 
London in the place of the old vestries. The policy 
of the boroughs was changed at the last elections, and 
now a determined attempt is being made to stop the 
municipal trading of the Council, and to replace the 
Progressive policy by one that is less expensive to 
the ratepayers. The labour policy of the London 
County Council was the first point of attack, and is 
still the base of the attacking parties. 





In the Amalgamated Engineers’ Journal for this 
month attention is called to ‘‘ our booming trade.” The 
external trade of the United Kingdom last year beat all 
records. The aggregate value of all imports and exports 
exceeded one thousand millions sterling, figures so 
stupendous that the human mind can scarcely grasp 
their extent-and meaning. The proportion of our 
colonial trade—even inclusive of India—is only a trifle 
over what it was fifty years ago, reaching 32.2 per 
cent. of British exports of uce and industry, as 
compared with 31.5 per cent. in the five years’ averages 
of 1855-9—only a gain of 0.7 per cent. in fifty years ! 
The “ Editorial Notes” on our stupendous trade of 
last year are not quite accurate where they say that 
this development has “little to do with real national 
rosperity.” It is true that internal trade is the best 
index to prosperity—that is, what we produce at home 
and consume at home; but our export trade means, 
above all, expansive industry. ‘or instance, on 
another page attention is to the increased ex- 
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ports of British-made machinery; this gave work to 
engineers generally. From January to December, 
1906, the proportion of unemployed members of the 
Amalgamated Society of Engineers was far lower than 
in 1905; it just touched the lowest point in 1905 
about the middle of December, going a point above | 
it at the close of 1906. The average in the year) 
was 3.5 per cent.; in the year previous, 4.1 per cent. | 
The salaries of the two elected Members of Parliament | 
have been raised to 350/. per year, but the Labour 
Party returns 200/. per year to the society, which 
more than covers the increases. 





The report of the Apatgoeanted Society of Car- | 

nters and Joiners again shows a decline in mem- | 
| eee but probably many were ip arrears at/| 
the end of December, 1906, and the beginning of | 
January, 1907, by reason of sJackness of trade, with 
no intention of ceasing membership and losing all 
benefits of the society. The total membership at date 
was 66,937: Of these, 4307 were on doriation benefit, 
1970 on sick benefit, and 1982 on superannuation 
benefit ; total, 8259 on the three benefits. This isa large 
number to be sustained by a,union with only 66,937 
members during atime of slack trade in this branch 
of industry. The reason doubtless is that joinery work 
is now turned out in large quantities by improved 
machinery, the fitting only being done by carpenters 
and joiners. Seven of the firms engaged in preparing 
joinery are mentioned as refusing to recognise the con- 
ditions of labour agreed upon by other employers in 
this trade. In twelve towns there are disputes, so that 
the difficulties of getting work are increased. In all 
the thirteen branches of the union in South Africa trade 
is reported to be bad ; in some of them very bad. In 
Australia no branch complains of bad trade; but in five 
branches in the Melbourne district there is a lock-out. 
In New Zealand trade is good, except at Christchurch, 
Canterbury. In Canada trade is good, except in 
Toronto, and in one other place, but no members are 
out of work. In nearly all the American towns trade 
is good, except in San Francisco, where perhaps the 
rebuilding is not yet forward enough for joiners. 
There does not appear to be any strike or lock-out in 
the United States at the date of the ek Proposals 
are again being discussed for the amalgamation of all 
the woodworking unions, and a resolution to that 
effect has been carried by a mutual conference. The 
subject is being remitted to the members for conside- 
ration. 





The report of the Ironfounders’ Society shows im- 
provement on the whole, though not quite up to the 
expectations of the Council. The decrease in the list 
of unemployed was 523, as compared with an increase 
of 594 in the month previous. As the season ad- 
vances the er. are that trade will still 
further improve. The complaint is that the finances 
do not keep pace with the improvement in trade. 
There was a loss of capital to the extent of 1631/. 
in the previous month, and a gain of only 424/. 
last month; but circumstances may explain this. 
The state of trade, as given in the monthly returns, 
is most favourable. The number of places where 
trade was very good was 42—previous month, 36 ; in 
47 places it was good—previous month, 42; not so 
ol, 2—previous month, 5; improving, 4—previous 
month, 1. In 10 places, with 921 members, trade was 
from ‘“‘short time” to very bad; in the month Foe 
vious the same terms applied to 14 places, with 1630 
members.. This brief summary shows the trend of 
trade to be actively improving. The total number on 
benefit was 2957—previous month, 3581; decrease, 
624. The decrease was under all heads :—Unemploy- 
ment, 523 and 30 respectively ; sick, 18 ; superannua- 
tion, 14; disputes, 67. The total number of members 
was 19,128—last year, 18,392. The weekly expendi- 
ture on benefits was 1089’. 9s. 10d., or over 1s. 23d. 
per member per week. The cash balance was 
91,5437. 8s, 2d.—increase in the month, 424/. 123. A 
year ago showed a decrease of 778/. 16s. 1d. The 
movement for the federation of collateral trades is 
being pushed forward, but the response is not enthu- 
siastic, A conference is fixed for the consideration 
of terms and conditions. The advance-in-wages move- 
ment has resulted in a concession of 2a. per week 
at Rotherham, Liverpool, and Birkenhead. Heywood 
and Stalybridge are on the mov». The subject of old- 
age pensions is urged upon the Labour Party for the 
present Session. 

The Jronworkers’ Journal contains severa] matters of 
direct interest to the members of the association. 
The first is the retirement, on account of old age, of 
Mr. W. Aucott from his ition, held from the first, 
of representative on the Welsh Committee in connec- 
tion with the Midland Wages Board. His retire- 
ment is regretted as much by the employers as b 
his brother operatives, for he has won and enjoy 
the respect and confidence of all during his long con- 
nection with the Midland W: His attitude 


| scale was 
| That is one great advantage of the methods of the 





from a sentence in his 


own speech on the occasion of his retirement being 
discussed.” He said: ‘‘It is now necessary to find a 
successor, who will require not only a knowledge of 
the trade, but strength to dare either side of it should 
occasion require.” The latter part of the sentence 
shows the calibre of the man, and explains his in- 
fluence and success. At the special meeting over 
which he presided when his resignation was discussed, 
at Newport, the question of the payment of ‘‘ under 
rollers” on day rates by the contracting rollers in 
sheet-mills was discussed, and the basis of a fair 
to, in proportion to the furnacemen. 


conciliation boards—they fix the payment to the under- 
hands as well as the wages of the chief workers. 





The Durham Miners’ Monthly Circular says that the 
members started ‘‘the New Year with a prosperous 
outlook. Trade everywhere is steadily improving, and 
the indications are strong in the direction of higher 
wages.” ‘‘ Employment is regular and has been for a 
considerable time, though in some other mining dis- 
tricts it was not so .” The members are reminded 
of the difficulties and the delicate conditions of trade, 
and that supply and demand really control the markets 
of the world. . Artificial prices cause other markets to 
be sought, or demand will slacken as a consequence. 
Then will come restriction of output, and a deficiency 
of employment. Fluctuations in trade are inevitable. 
A period of prosperity is followed by depression ; one 
is the summer of opportunity, the other is the winter 
of slackness and difficulty. The men are, therefore, 
urged to use the present opportunity wisely. The 
total membership of the association at the close of 
1906 was 83,874 full members and 11,642 half members, 
an increase of 4981 in the former, and of 164 in the 
latter class, or a total increase of 5145 in the year. 
The total income in 1906 was 128,426/. 9s. 8d.; the 
total expenditure, 83,0437. 12. 6d. The increase in in- 
vestments in the year was 40,000/., bringing the total 
up to 360,400. The expenditure on strikes was prac- 
tically nil, owing to the operation of the Conciliation 
Board. Sick benefit alone cost the union 57,277/. 9s. 8d. 
in 1906 ; cost of relief for out-of-work and stop : 
10,2471, 4s. 7d. The attention of members is ps to 
the facts above given, and they are assured that amic- 
able settlement of disputes is better than contention. 
The grants for the year amounted to 1368/. 7s., of 
which 10007. was sent to the French miners when 
stricken down by the sad accident at Courrieres. The 
Compensation Committee met frequently and settled a 
mumber of cases. The amounts paid by the owners 
in cases of injury was 19,120/. 193. The total cost to 
the union was only 392/. 7s. 2d., all expenses included. 





The dispute at Hebden Bridge has led to prosecu- 
tions for riotous conduct and violence, and a number 
of persons were sentenced to fines or imprisonment. 
These are the first cases since the passing of the Trades 
Disputes Act, 1906. It is most regrettable and de- 
plorable to find that some women, in no way concerned 
in the dispute, had to be sent to prison for inciting to 
violence ; these were the advocates of Women’s 
Suffrage, who attended meetings and made speeches 
which the Court found amounted to an incitement to 
violence. Unhappily, in labour disputes there is con- 
stantly a tendency towards riotous conduct and 
violence. The friction and irritation are always there, 
and it often needs but little to evoke feelings of 
revenge for what is deemed injustice or unfairness on 
the part of employers. For outsiders to incite a crowd 
at such a time is dangerous; it is also unlawful and 
punishable. It is to be hoped that the sentences in this 
case will act as a deterrent in the future. One thing 
is obvious—the Trade Disputes Act will not avert the 
punishment of offenders if offences are committed. 





There was a more cheerful tune in the Midlands 
iron market last week. The uncertainty that has 
been manifested of late is chiefly in pig iron, the 
warrants of which have fluctuated in price by the 
operations of speculators. As regards the finished 
branches of iron and steel there has been little 
change. The dearness of the raw material and of 
coal and coke has operated badly for finished-iron 
makers, and users not already fairly supplied ahead 
will doubtless feel the pinch. Ironfounders are very 
busy, but w -makers are not requiring as much as 
they did, and the demand for structural purposes has 
slackened off somewhat. The state of things in Lan- 





cashire is similar, both as regards pig iron and 
finished iron. 
aoa | 
The boom in the coal trade continues. In the | 
Forest of Dean there have been three advances of Is. | 
per ton in the price of coal since Christmas, and the | 
wages of miners have been advanced 5 per cent. each | 
time, making 15 per cent. in less than two months. | 
Their wages are now 40 per cent. above the standard. | 
More evidence has been taken by the committee | 
appointed to inquire into the probable effects of a 
legal eight - hour day for miners. The witnesses 





examined were employers, or their representatives, 
and therefore averse to legal enactment. The chief 
ints urged were lessened output and consequently 
igher prices for coal. To what extent the Govern- 
ment will be influenced by this inquiry remains to be 
seen. The battle will be fought out in the Commons, 


The New Compensation Act, 1906, has aroused the 
insurance companies, as was expected. Three very 
— and influential companies have put forward the 
following premiums:—For indoor servants 53, 3s., 
and 2s. 6d. per annum respectively. The latter price 
is quoted by an office enjoying the highest reputation 
in the City of London. The other two are also of 
high repute. The probability is that the rates will 
level down to 2s, 6d. or 3s. per annum. 





The Transvaal was to have been the white man’s 
adise. Unemployment and starvation have been 
riviog him out of it. Its future will, to some extent, 
be determined before the end of this month by the 
elections under the new constitution. All the can- 
didates put forward have been nominated, but the 
final result can only be known upon the declaration of 
the polls. 





By a friendly conference between the Wholesale 
Newsagents’ Federation and their employés an arrange- 
ment has been effected whereby in general terms the 
wages will be advanced 25 per cent., and the hours of 
ans reduced, on an average, 20 hours per 
week, 





A rather serious stoppage of work has taken place 
in the engineering firms in Liverpool and district by a 
strike of 300 ironfounders. This, if contibued for 
some time, will dislocate employment in various other 
branches of the engineering trades. The men in various 
other towns in Lancashire and elsewhere have re- 
ceived 2s. per week advance ; but the Liverpool em- 
=e state that even with such advance the rates 

© not come up to those in Liverpool. They further ray 
that the rates are higher than in other great centres. 





The Dandee jute-mill workers recently requested 
that their wages should be advanced 10 per cent. The 
Employers’ Association considered the matter at a 
meeting on Saturday last, and agreed to give an 
advance of 5 per cent. on piece rates, and of {d. to all 
workers with fixed wages at time rates. 








Frencu Rattways.—The ate revenue of the six 
great French railways and the French State lines last 
year was 63,695, 2887. This aggregate exhibited an increase 
of 2,706,708/., as compared with the corresponding total 
for 1905. The increase of revenue upon the Southern of 
France system last year was 1.12 per cent.; upon the 
Northern of France, 2.88 per cent.; upon the Orleans, 
3.56 per cent.; upon the French State lines, 3.59 per cent. ; 
upon the Paris, Lyons, and Mediterranean, 4.09 per cent. ; 
upon the Western of France, 4.59 percent.; and upon the 

tern of France, 6.20 per cent. 

Houpine Power or Ratiway Spikes.—In a bulletin 
recently published by the University of Illinois Engineer- 
ing Experimental Station, Mr. R. I. Webber describes a 
series of tests carried out to determine the holding power 
of various types of railway spikes under varying con- 
ditions. The experiments were performed on sleepers 
supplied from the stocks of various railroad companies in 
the States. Treated sleepers were used in the majority of 
cases, creosote, zinc-creosote, and zinc-tannin being the 
systems Of treatment represented, Oak was the timber 
mostly used, but elm, b, ash, loblolly wy sweet 
gum, poplar and chestnut were also tried. he conclu- 
sions arrived at by Mr. Webber were that—(1) The maxi- 
mum resistance to direct pull varies from 6000 lb. to 
14,000 lb. for screw spikes, from 3000 Ib. to 8000 Ib. for 
ordinary spikes in untreated. timber, and from 4000 lb. to 
9000 lb. for ordinary spikes in treated timber. (2) The 
am required t> withdraw ordinary spikes 4 in. varies 

rom 2000 Ib, to 3500 lb. for untreated, and from 2500 Ib. 
to 3500 Ib. for treated timbers. (3) Ordinary spikes re- 
uire a pull varying from 3000 Ib. to 5400 lb. to with- 
daw them } in. ts) Timbers with loose fibres have 
lower resistances than those with more compact fibres. 
(5) The amount of withdrawal which must occur for 
ordinary spikes to develop the maximum resistance is less 
for soft than for hard woods. (6) Treated timber offers a 
ter resistance to direct pull than untreated, the dif- 
erence between the two being greater for soft than for 
hard timber. (7) The difference in resistance for the 
different spikes in use is very small. (8) The resistance of 
ordinary spikes to direct pull varies directly as the depth 
of penetration, the tapering point being neglected. (9) 
Blunt-pointed and bevel-pointed spikes have a slightly 
ter resistance to direct pull than chisel-pointed. 
(10) For withdrawals less than } in. ordinary spikes driven 
into bored holes have a slightly greater resistance than 
those driven in the usual way. (11) Re-driven spikes 
have a resistance from’60 to 80 per cent. that of newly- 
driven. (12) Screw spikes resist withdrawal with about 
twice the power of common spikes, and they are more 
efficient in ating ent dis; ment. (13) The resis- 
tance of § in. spikes to lateral pressure is somewhat 
greater than that of ,% in. spikes. 
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COTTON-MILLS IN JAPAN. 


Or all the Western industries introduced into Japan, 
the one which has made the most rapid progress is 
that of cotton-spinning and manufacturing. Its pro- 
ducts are also those which compete most directly with 
the corresponding British manufactures; and hence 
many of our readers will be interested in its progress 
and present conditions. We have, from time to time, 
no the most important facts re ing it, our 
information being, as a rule, obtained from the 
Japanese Government reports and those of the British 
Consular Service, supplemented by articles from the 
Japanese newspapers and from private correspondence 
with those directly connected with the industry. It 
is well, however, to look at a subject from different 
points of view; and therefore we take the opportunity 
of directing the attention of those of our readers who 
are interested in the subject to a valuable report by 
Mr. W. A. Graham Clark, a special agent of the 
United States Government, on the development, present 
position, and prospects of the cotton-spinning and: 
manufacturing industry in Japan. It is written 
primarily for the information of American cotton- 
manufacturers and exporters; but a good part of it 
deals with matters which closely concern the textile 
industry in Lancashire, and we will note a few of its 
most important points. 

Mr. Clark states that cotton manufacturing is the 
most important singe industry of modern Japan. 
Some of the most enterprising men of the Empire 
control the factories; and behind the young in- 
dustry is the whole force of the paternal Govern- 
ment urging it on. There are 49 cotton - spinnin 
companies in Japan, operating 85 mills. All o 
the 85 mills make yarn, and 14 also manufacture 
cloth. On June 30 there were, according to the 
reports of the Japanese Cotton Spinners’ Association 


Of the 474,989 bales made by Japanese mills, the 
numbers of the grades were as follows for the six 
months ending June 30, 1906 :— 





Bales. % 
Under 16's weft 93,938 30'sto60’sdoublingyarn 16,202 
16's - oe 160,608 Gassed yarn— 
17’s to 30's Se 7,637 Under 60's .. 1,189 
Under 20's warp 36,430 60's ° 4,906 
20's warp +“ 117,055 80's tw a i 4,251 
21’s to 42's warp 26,304 100’s .. his os 16 
50’s to 100’s warp Bs 66 Extra yarn ‘ie re 6F3 
Under 30's doubl ng Japanese hank yarn .. 1,040 
yarn .. _ : 1,282 
30's doubling yarn 3,822 474,989 
These figures show that most of the yarn being 


made is of the two great export numbers—16’s weft and 
20’s warp. Nearly all the yarn exported goes to 
China and Korea, where it is woven in the country 
districts, and is not only used to clothe the people of 
those districts, but an immense quantity of the cloth 
so made is sent to Manchuria, where it comes into 
active competition with American and English cotton- 
piece goods. There is an inexhaustible market for 
cotton yarn in China, but, owing to various causes of 
late, among which may be noted the flood of Indian 
yarn sonnel into the —- and the keen competi- 
tion caused thereby, the fluctuations in silver, and 
the rice crop failures, &c., the market for Japanese 

arn in China has been somewhat curtailed, and prices 
oe not been so good as formerly. 

As showing the development of the cotton-mills in 
the last few years, the following table for half-year 
periods is given :— 


Six Months Ending 


June 30, June 30, | June 30, 
1904. 1905. | 1906, 











1,450,949 spindles, of which 1,373,709 were ring, and | number of mills Cea Oe ae 49 
77,240 mule ; also 133,052 twister spindles and 9136 Capital aac Sy he dols | 18,927,700 | 17,231,450 21,906,673 
looms. The capital of these 49 companies was ~_ te ow | Meer ine | i rd 
21,966,675 dols., the capital paid in 18,675,479 dols.;| ping spindles -. ”.., 1262854  1,804786—_‘1,373°709 
the reserve fund 6,271,323 a = ee —_ Mule spindles 86,220 | 83,060 77,240 
rmanent investment) 17,746,271 dols., and the aoe - 
eeas of fire insurance carried on buildings and oman”. | ee | 1,887,846 | — 
machinery was 15,992,900 dols. The total liabili- | Looms 4,891 6.443 | 9,186 
ties of the forty-nine companies were 6,598,836 dols. | Working days * ..| 148.6 163.2 164.4 
There were employed 14,369 men at an average wage | Working hours perday ..| 19.5 22.2 22.3 
of 36.17 sen, or 18.08 cents (9d.) a day, and 61,462 | Average counts of yarn) 
women at an ave wage per day of 22.42 sen, or Ring made :— | os 20.7 0 
11.21 centsa day. This gives six months’ total wages| Mule i. 42.0 40.4 38.6 
of operatives as 948,832 fa, or the yearly wages as | vy... produced :— 
about 2,000,000 dols. The mills report a total of | Ring .. |g. Tb, | 197,685,325 | 180,020,986 | 189,546,728 
5,370,931 dols., as ——— cost of —— Mave oy Mule + oe op | 2,082,408) 2,261,012 | 2,376,802 
bales of yarn and about 71,168,497 yards of cloth. = in sree 
To Bee Rom this there were consumed 221,994,790 lb : anmellli ++ _o» | 120,717,788 | 188,282,608 | 191,023,080 
of cotton. There was reported a total net profit of a ee per 
3,980,984 dols. for the first six months of this year;| Ring we 0.686 0.842 0.817 
1,200,014 dols. was charged i fo gw nag: Oe of one a sn eos one son ont oes 
buildings and machinery ; and, after paying about Boonsumed .. 899, 583, 21,094,700 
10 per cent. average semi-annual dividend, 940,276 dols. | Gotten fy >» ‘Veerane | “Lreoees| ‘Tenens 
was carried forward. ne Fact Coal ores (2000-lb. acne iti pec 
There was a larger margin between cost of cotton | _ tons Sali eee 97,595 | , ’ 
and selling price of yarn fn 1905 than the Japanese | 4%:"#gePriceperton,dols = =6171¢ | = 2.148 3.562 
mills had ever experienced before, and this continued = horse-power :— anit dian on 
into 1906. During 1905 every cotton-mill paid divi-| Wottr or electric” 1168 1'196 sal 
dends ranging from 10 to 40 per cent. The Settsu | Coal per horse-pover pei 
Spinning Company, at Osaka, declared a 40 per cent. | hour --  «. Ib! 8.066 | 8.982 4.278 
dividend. One company—the Tokio Grand Yarn | Operatives :— 
Company—paid even more than this, declaring a divi- — . pen om “ae 
dend of 70 per cent. The average dividend paid by — ee ’ on , 
forty-nine cotton mills in 1905 was 22.1 percent. | Wagesperday:— | anh _ 
The following table shows the bales of yarn im-| Women |= =: ,, | 0.101 | 0.108 0.112 


ported into Japan for the last five years; also the 
total production of yarn by the native mills, and the 
proportion of this exported and the proportion con- 
sumed at home :— 


Cotton Yarn in Japan, 





| Cotton Yarn Production. 
Six Months Ending | 








| No. 16's | No. 20’s 
Weft. Warp. Others. Total. 
bales | bales bales bales 
June 30, 1906 .. 160,608 117,056 197,325 474,989 
Dec, 31,1905 .. 136,345 109,469 197,359 453,173 
Jure 30, 1905 .. 162,827 100,346 189,188 452,362 
Dec. 31, 1904 .. 139,102 76,266 158,725 874,093 
June 30, 1904 .. 112,765 8),782 127,572 | 821,119 
Dec. 31, 1903 177,019 | ,083 145,604 | 406,706 
June 30, 1903 153,648 91,759 149,624 395,03: 
Dec. 31, 1902 .. 121,618 97,430 158,072 | 377,121 
June 80, 1902 .. 132,680 | 101,253 159,799 393,782 
Yi Total Yarn Domestic 
Six Months ending Imported Bales. ©xported. Demand. 
Bal < Bales. jes. 
June 80, 1906 .. 11,462 486,451 124,820 361,631 
Dec. 31, 1905 .. 6,111 459,285 128,637 330,545 
June $0, 1905 .. 1,339 453,701 138,746 314,955 
Dec. 31, 1904 .. 975 375,663 136,113 238,955 
June 30, 1904 .. 817 | 321,936 | 121,194 | 200,742 
Dec. 31, 1903 945 | 407,651 168,513 | 239,138 
June 30, 1903 .. 2,594 | 397,625 138,688 | 258,937 
Dec. 31, 1902 .. 2,995 | 380,116 112,761 267,355 
June 80, 1902 .. 5,998 399,730 | 84,7 315,010 











This table shows a steady, but very slow, increase in 
number of spindles and weight of cotton and coal con- 
sumed, also various ——— of interest. Mr. Clark 
says that, although there is no doubt that the Japanese 
mills are now prosperous, he believes that the rate of 
increase of spindles and looms will be much more 
rapid than the hitherto slow growth. He gives many 
details of the present conditions, and points out that 
a comparison of the size of mills in Japan and Britain 
or America do not show the real strength of the 
Japanese competition, as their mills work longer 
hours, and so produce more per spindle, and the 
hand. looms ook’ small power-loom establishments 
have to be taken into account. These small estab- 
lishments in ordinary times look after the domestic 
wants, and leave the r cotton mills free to handle 
the export trade. a the Japanese, comparatively, 
have only a handful of looms in their regular cotton 
mills, yet they are pushing to get every yard possible 
from the looms they have, not only by working each 
shift for very long hours, but in some cases using two 
shifts, running the looms both night and day. Mr. 
Clark gives some particulars showing how dependent 
the Japanese mills are on external conditions. For in- 
stance, there was an expansion of the mills after the war 


with China, but too many were projected with insuffi- | }, 


cient capital, and the reaction of the boom seriously em- 
barrassed the whole industry. In 1900, during the 


xer 


troubles in China, most of the Japanese mills either 
ran short time or shut down. It took two or three 
| years to recover from that blow, and not until the 





Bales, | ussian War did the mills enjoy any great prosperity. 


| That war was a md to them, and had a wonder- 
fully stimulating effect on the whole industry. The 
vast amount of goods needed by the armics gave the 
mills new openings, and the price of goods rose steadily. 
The war advanced the price of blankets 100 per cent. 
Of the requirements of the war, it is estimated that 
Japan produced 70 per cent. and only imported 30 
per cent. Silk apparel was largely discarded, and 


| cotton goods substituted. No trouble was caused to 


the mills by the conscription, as the operatives are 
mainly women. The after-effects of the war are still 
felt by the mills, and with the new markets opened 
and the increase home demand several new mills are 
a ge 

r. Clark gives details of capital costs, combina- 
tions, mill methods, and labour conditions, but for 
these we must refer to the report itself. He con- 
cludes by saying :—‘‘ At present Japanese mills are 
making profits, not because of any special skill of 
their operatives, but simply on account of the differ- 
ence in price between the raw materials and the 
simplest forms of manufactures therefrom. It is 
simply a question of re the belt on the tight 
pulley ; and that they are doing this to the fullest 
extent is shown by the fact that for the last six 
months of the period covered by this report, 81 out of 
85 mills ran both night and day, and averaged over 22 
hours a day.” 





Evsopran Rariwars.—The length of new railways 
opened in Europe in 1905 was 24598 miles. The aggre- 
gate length of line in operation at the commencement of 
1906 was 193,3708 miles, as com with 190,911} miles 
at the commencement of 1905. New railways were 
opened as follows in 1905:—Austria and Hungary, 468} 
miles ; Belgium, 135§ miles; Denmark, nil ; Spain, 185 
miles ; France, 4334 miles; Great Britain and Ireland, 
93? miles ; Greece, 76§ miles ; Italy, 1042 miles ; Luxem- 
bourg, nil; Norway, nil; w Countries, 65 miles ; 
Portugal, be miles ; Roumania, nil; Russia, 166} miles ; 
Servia, 20miles; Sweden, 66 miles; Switzerland, 25 miles ; 
Turkey, Bulgaria, and Roumelia, nil; Malta, &c., nil. 
The length of line in operation in each of these countries 
at the commencement of 1906 was :—Germany, 35,2963 
miles; Austria, 24,948? miles; Belgium, 4536} miles; 
Denmark, 2055 miles; Spain, 9018? miles; France, 
29,041} miles; Great Britain and Ireland, 22,7793 miles ; 
Greece, 778 miles; Italy, 10,1774 miles ; Luxembourg, 
320 miles; Norway, 1556} miles; Low Countries, 18908 
miles ; ep 1606 miles; Roumania, 1985] miles ; 
Russia, 34,358} miles ; Servia, 381} miles ; Sweden, 7927 
miles ; Switzerland, 26808 milea; Turkey, Bulgaria, an 
Roumelia, 1963} miles; Malta, &c., 68} miles. At the 
commencement of last year Belgium had the largest 
length of open railway per square mile; Luxembou 
ranking second ; Great Britain and Ireland, third ; an 
Germany and Switzerland (equal), fourth. 





RAILWAYs AND War.—We gave recently some details 
with reference to the construction and working of the 
Great Circum-Baikal Railway. In accordance with 
military custom, the Russian authorities allowed some 
American officers to be attached to their Manchurian 
army, and these gentlemen have submitted elaborate 
reports upon the experience which they acquired. 
Captain Reichmann, of the 17th United States Infantry, 
arrives at the conclusion that Russia failed through the 
inadequacy of the Circum-Baikal Railway, and the conse- 
quent difficulty of maintaining sufficiently rapid com- 
munication between St. Petersburg and the front. Russia 
managed, indeed, to muster as many divisions as Japan, 
but her divisions were smaller than the Japanese. hile 
each Japanese division comprised 14, infantry, the 
nine Russian East Siberian rifle divisions numbered 9600 
rifles each, and the other divisions, 12,800 rifles each. 
There was nothing to balance the Japanese reserve 
brigades, and all reinforcements for General Kuro- 
patkin had to come from Euro; In artillery, Russia, 

ain, was much inferior. e@ was engaged when 
the war broke out, in transforming her field artillery 
armament, and she had only half enough guns in the 
Far East to supply her tactical unity; even these, 
with their ammunition, carriages, and parks, had to be 
ys for a new ty he gun employed was new 
to the Russian army, and although the Japanese gun was 
inferior to the Russian, the inequality was more than 
counterbalanced by superior mobility, gunnery, and 
numbers. The lack of transport facilities told against 
Russia in every way; The Russian reinforcements had 
to come over a long single track with a light rail, and 

or sand-ballast, while the Japanese line was much 
shorter, and s ips could be employed. In conse- 

uence of this, Russia was never able to accumulate a 
ast enough to equal the Japanese, and she had to fight 
against heavy odds in every battle. While, in short, the 
military resources of Russia were more than ample to 
overcome the Japanese, the means were lacking to move 
Russian troops to where they were wanted, just as in 
1894 China was unable to exert her full power against her 
nimble opponents. Captain Reichmann considers that if 
the Circum-Baikal Railway had been double-tracked 
with heavy rails, Russia would not have sustained 
er recent misfortunes, as she would have accumulated 
such masses of troops as would have enabled her to make 








up by quantity what was lacking in quality. 
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**CONREX” SPLIT INSPECTION 
FITTINGS FOR ELECTRIC CABLES. 


Tue form of fitting which we illustrate below is 
intended for use in connection with eleetric cables, 
in order to facilitate the examination of the wires. 
The fittings are made-by Condvite and Fittings, 
Limited, Salusbury-road, London, N.W., aud are very 
simple in construction ; and it is claimed that their 
use tends to a considerable saving of labour. In our 
illustrations, the upper view is the cap portion, which— 
when the screws which hold it down to the lower por- 
tion are taken out—can be removed, and the cable 
may then be readily examined and handled, The lower 
part has the screwed portion made so that it en- 
circles the pipe rather more than a semicircle, which 
enables the cap to be taken off without the pipes be- 
coming loose on the fitting, and the interior of the tubes 

















a 


and fittings therefore remain in perfect alignment. 
The interior of the fitting is of the same diameter as 
the tube that screws into it, which prevents any 
chafing of the cables when they are drawn into position. 
The channel between the two halves of the fitting 
is filled with red lead, or white lead and shellac, after 
which the cap is put in place and screwed down, the 
joint being then absolutely water-tight for electrical 
pur , and capable of panaraae water pressure 
of from 8 lb. to 10 lb. per square inch. These fittings 
are made of the best malleable iron for all sizes of 
tubes, and it is claimed that their use saves a great 
amount of labour. They are strong, and have a very 
neat appearance, and are made in the form of elbows, 
tees, crosses, and bends. 

In addition to the above, many other useful fittings 
are made by the same firm. 





ANTIPODEAN MalILs.—A new mail route has been sug- 
gested between London and New Zealand, vid Salina 
Cruz. It is stated that passengers and mails could be 
conveyed between New York and Salina Cruz by railway 
within four days, and that they could be forwarded thence 
to Auckland, New Zealand, in thirteen days by steamers 
capable of making 20 knots. The cost of transit would 
be reduced if fomenense and mails were forwarded 
from London to Salina Cruz by sea direct ; on the other 
hand, the time occupied im. transit ‘would be longer. 
Steamers are already rum bstwéen Liverpool and Coatza- 
coalcos in the Gulf of Mexico, and Coatzacoalcos is con- 
nected with Salina Cruz. 


Coat In GerMany.—The output of coal in German 
last year was 136,479,885 tons, as compared wit 
121,298,607 tons in 1905, 120,815,503 tons in 1904, and 
116,637,765 tons in 1903. Lignites were produced to the 
extent of 65,235,189 tons last year, as compared with 
52,512,052 tons in 1 48,635,080 tons in 1904, and 
45,819,488 tons in 1903. The production of coke last year 
was 20,260,572 tons, as compared with 16,358,324 tons in 
1905, 12,331,163 tons in 1904, and 11,509.259 tons in 
1903. Briquettes were made last year to the extent 
of 14,500,851 tons, as compared with 13,009,682 tons in 
1905, 11,413,467 tons in 1904, and 10,476,170 tons in 
1903. It will be observed that there has been a steady 
increase in the production of German combustible 
during the last three years; the advance achieved 
in the manufacture of coke is especially remark- 
able. The consumption of coal in y last year 
is estimated at 126,150,000 tons, as compared with 
112,540,000 tons in 1905; that of lignites at 64,750,000 
tons, as compared with 60,450,000 tons; that of coke at 
17,410,000 tons, as com with 14,310,000 tons ; and 
ry ape * ene oe. as compared with 
12,260,000 tons. It follows that German producing 
on ela as all that is made availa 
a 


LARGE ‘‘ PREMIER” GAS-ENGINES. 


In our issue of January 11, page 47, we published 
illustrations representing a fine gas-engine built by the 
Premier Gas-Engine Company, Limited, of Sandiacre, 
and designed to develop at normal full load 1200 indi- 
cated horse-power, which is equivalent to over 1000 
horse-power on the brake. The engine can, however, 
readily develop for several hours together an overload 
of 20 per cent. in excess of this figure when running 
with ordinary producer-gas. We now give below sample 
diagrams taken during the ordinary shop test of the 
engine. From these it will be seen that, with a compres- 
sion of 125 lb. to 128 lb. per square inch, the average 
mean pressure works out at 113 lb. to 119 lb. per square 
inch, the maximum pressure shown in any diagram 
ie 420 Ib. per square inch. A noteworthy feature 
of the engine is its quiet running. Conversation was 
easily carried on standing close to the bedplate, though 
the speed is 140 revolutions per minute. With many 
large gas-engines the noise prohibits any verbal com- 
munication being made in the engine-room in any 
manner but by shouting. 

We may note that the firm have now in course of 
construction a four-cylinder blowing-engine, which, 






Fig.1. 
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Fig.2. 
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Fig. 3. 
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running on producer-gas, will be capable of developing 
2500 indicated horse-power, and a little less on fur- 
nace-gas, This engine has cylinders 36 in. in diameter 
by 48 in. stroke, and is to be erected at the Bilston 
Works of Sir Alfred Hickman, where a tandem engine, 
with two cylinders of the same size, has now been at 
work for many months. This engine is running on blast- 
furnace gas, and has on occasions run forty-nine days 
and nights without intermission, being then stopped 
_for ten hours, after which it again ran without stop- 
| ping for another period of fifty-one days and nights. 
| Aspecial feature of these engines is their accessibility. 
Continental designs are commonly double-acting, a 
practice which involves the removal of the cylinder- 
| covers before it is possible to gain access to the pistons 
for cleaning. In many cases, too, the exhaust valves 
are most inaccessible, being placed below the cylinder, 
so that they can be reached only by a tunnel underneath 
the engine. The makers, no doubt, claim that such 
valves are accessible, and this is true from the poiot of 
view of the drawing-office, or of the consulting engi- 
neer, but the unfortunate mechanic who attempts to 
| remove these valves, with a dripping accompaniment of 
| water, dirt, or oil, may be excused for the somewhat 
| violent expression of a different opinion. Indeed, it 
may almost be stated as an axiom that accessibility in 
| the workshop sense is incompatible with the placing 
| of parts in such a position that the workman has to 
reach them from below. 





is 
ble is readily | With single-acting engines no arrangement of this 
_ | kind is necessary. 


. The pistons:can be got at without 





breaking any joints, and as the back covers do nut 
require to be removed, once they are in plate, there is 
no objection to placing in them both the inlet and 
outlet valves. In its turn, this leads to the use of 
simple forms, easily cast: and machined for the cylinder 
and liner. It is for these reasons that the Premier 
Company have so far decided to keep to the single- 
acting engine, the greater compactness of the double 
acting ty being, in their opinion, dearly purchased 
by the e ced difficulty of maintaining the engine 
in proper running condition. a up to 500 horse- 
power, we may add, are common — in stock. We 
hope in a future issue to publish drawings of the large 
blowing-engine referred to above. 





Larce Fioatinc Dock, Copgennacen.—The enter- 
prising firm of Burmeister and Wain, Copenhagen, have 
now completed the installation of their large new float- 
ing Gok, the largest in the Baltic, which, it is thought, 

supply a very distinct want. It has been placed 
between their-shipyard at the Refshale Island and the 
Royal Dockyard, and can handle vessels up to 11,500 
tons. The dock is 490 ft. long and 77 ft. wide inside. 
The dock, however, can receive vessels of 600 ft. in 
length. The dock consists of two parts, each of which 
can be moved eaperesely, and is supported by seven 
large pontoons. The eléctric pumps can empty the 
i. of their 11,500 tons of water in less than 
4 hours. The electric installation, however, is nob 
— completed, and wer has to be taken direct 
rom the yard, pending the installation of a 1000-horse- 
power accumulator battery. The first steamer to enter 
the new dock was the Oscar II., one of the Danish- 
America liners; the next will be the Kherson, of the 
Russian Volunteer fleet, which is to undergo repairs cost- 
ing more than 50,000/, 

Heat TREATMENT OF STEELS.—E. Heyn and O. Bauer 
have made investigations with tool steel containing 0.95 
per cent. of carbon, of eutectoid composition. In the 

rst series, test-pieces were hardened by quenching in 
cold water from a temperature of 900 deg. cent., and 
were then tempered by reheating for varying periods at 
temperatures ranging from 100 deg. to 640 deg. cent. In 
thesecond series the test-pieces were quenched in different 
liquids from a temperature of 900 deg. cent. The test- 
jieces after treatment were examined with respect to 

ardness, solubility in dilute sulphuric acid, and be- 
haviour on etching with a solution of 1 c.c. of hydro- 
chloric acid in 100 c.c. of absolute alcohol. The micro- 
photographs showed that in the transition from martensite 
to pearlite on tempering at successively higher tempera- 
tures, there is a well-defined intermediate stage, 
corresponding to a tempering temperature of 400 deg. 
cent., for which the authors propose the name osmondite. 
Troostite is retained asthe generic name for the stages 
between martensite and esmondite, and sorbite for those 
between osmondite and lite. Osmondite is more 
soluble in 1 per cent. sulphuric acid than troostite or 
sorbite. When troostite or osmondite is dissolved in 
10 oe cent. sulphuric acid, the residue contains no iron 
carbide, but some ‘‘ free carbon,” the greatest quantity 
being obtained with osmundite. This special form of 
carbon, for which at present no distinctive name exists, 
is not present in the steel, but is produced on adding the 
dilute acid. Iron carbide is found in the insoluble 
residue only in the case of sorbite. The coloration of 
tempered steels on etching with the alcoholic hydrochloric 
acid, as also the coloration of troostite and osmondite in 
hardened steel, is due to a film of the “free carbon” 
deposited on the surface ; and the coloration is therefore 
deepest with osmondite. The second series of a. 
ments shows that all forms of quenching of the steel are 
equivalent to an ideal under-cooling, with consequent 
complete conversion of the pearlite into martensite, 
followed by a more or less marked tempering effect, with 
formation of troostite alone or with osmondite, theintensity 
of this tempering being dependent upon the rate of cooling. 
C. E. Corson, in the Bulletin of the American Institute 
of Mining Engineers, 1906, records experiments made 
with acid Gang hh steels containing 0.50 and 0.75 per 
cent. of carbon... The test-pieces were heated to tempera- 
tures up to 900 deg. Cent., and then cooled in the air, and 
also immersed in ashes. As the time occupied in cooling 
increased, the tensile strength and contraction decreased, 
whilst the elongation showed a slight increase. A. 
Sauveur (in the Metallographist, 2267) has stated that 
“hot work,” as such, has no influence upon the structure 
of the metal. Indirectly, however, by retarding crystal- 
lisation until a lower temperature is reached, it may have 
considerable effect on the structure ; but the same results 
could be attained by heat treatment alone—i.e., by re- 
heating the unworked metal to the temperature from 
which the worked piece was allowed to cool undisturbed. 
In order to test this alternative, two test-bars were pre- 
from one and the same ingot. One, after being 
cooled, was reheated in a coke furnace to cherry-redness ; 
and the other was hammered until it had cooled to cherry 
redness—about 1350 deg. Fahr. The two bars were then 
cooled side by side in the air, with results as follows :— 





Elongation Reduction 
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Ib. p. sq. in. percent. | per cent. 
No. 1. Hammered for about) 
two minutes to cherry-! 
redness as bie 2] 109,271 15 | 26 
No. 2 Cooled, and then re-| | 
heated to match No. 1 as } 


it left the hammer... ad 106,274 15 | 33 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. . 


Compitep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are tioned, the Specification is not 
illustrated. ‘ 

Where inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. , 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oJ 
the advertisement of the nee of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 

Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


5856. B. M. Drake, A. D. Jones, P. V. Castell- 
Evans, and the Jandus Arc- and Electric 
Company, London. Arc- ips. [2 Figs.) 
March 10, 1906.—This invention relates to electric arc-lamps of 
the type in which carbons impregnated with metallic salts are 
arranged el or slightly inclined to one another. In such 
lamps it m pi to allow the carbons to rest on a 
stop and effect the feed either by gravity or by mechanism. In 
arranging the position of the stops it was found necessary to 
dispose them as far as practicable from the high-temperature 
region of the arc. In these tions, however, i larities in 
the feeding of the carbons are liable to take place. To overcome 
these difficulties it is necessary to introduce the stops well under 
the carbons, and therefore in close proximity to the high-tem- 
perature region. This secures the desired result so long as the 
stops are not damaged by the heat. Now the applicants have 
found that the flame-arc temperature is not so high as that of the 








pure carbon arc, and that on this account it might be possible 
to employ as stops certain bodies which are formed at pure- 
carbon-arc temperatures. They have therefore experimented 
with such bodies and found that certain refractory carbides 
which can be formed in the highest temperatures of get pos 
carbon arc will withstand flame-arc temperatures, and be 
mechanically strong enough for use as stops. The invention 
therefore consists broadly in the application of such refractory 
carbides in the flame type of arc-lamps as stops inserted into the 
high-temperature part of the arc, s0 as to produce an improved 
flame arc-lamp in which regular feeding is effected. The stops 
are formed by selecting a crystal g, or aggregation of crystals of 
carborundum (silicon carbide), and mounting such crystal or 
aggregation of crystals in a suitable support, such as a copper 
tube d, with the crystallisation axis at right angles to the carbon, 
and in alignment with the axis of the supporting tube. (Accepted 


December 5, 1906.) 
774. 8S. Z. De Ferranti, M. B. Field, C. C. Garrar 
~ ‘Beitinwood. ‘Electrical 
(8 Figs.) January 11, 1906.— 


and Ferranti, Limited, 

Measuring Instruments. 

This invention relates to electrical measuring instruments work- 
ing on the induction principle. Such instruments consist usually 
of coils so arranged that they induce eddy currents in a rotatable 
disc, which is controlled by a spring or equivalent means, the 
extent of rotation of the disc being a of the quantity 
that the instrument is adapted to measure. It has been found 
that measuring instruments of this class, unless special means 
are provided, have a bad scale, in that equal divisions of the 
scales do not correspond to equal increments of the quantity 
to be measured. The object of this invention is to construct 
such measuring instruments in such a manner that equal incre- 
ments of current or p prod any desired i ts of 
deflection on the scale, and especially to construct certain in- 
struments in such a manner that equal increments of current or 
pressure produce approximately equal increments of deflection 
on the scale. The invention consists in applying a rotatable 
dise of constant diameter, but of varying thickness, so. t 
the varying thickness of the disc, as rotation proceeds, allows 











of the electrical 





any desired ratio bet the i ti 
forces producing rotation and of the rotation produced. 
applicants produce the varying thickness required by mae 
& copper disc, originally of uniform thickness with part o! 
its lower half in an electrolytic bath, but-so. shielded that 
the deposit only takes place over a segment or of a circle, 
and varying the depositing current during the rotation, so 
that any desired variation of thickness the disc is = 
duced. In applying the invention to an instrument in which 
& uniform le ¢ is required, a disc having an annulus a of 
varying thickness is mounted between the coils b of the instru- 
ment in any usual manner, the thicker part of the disc being so 
arranged that increase of the quantity to be measured turns the 
disc against the ng, 8o that the thinner portion of the disc 
comes under the influence. of the coils, It seen that as 
the current or pressure increases, the Fei of the disc upon 
which it operates becomes thinner, so the torque which is 
produced due to equal increments of current or pressure is less 
than that which would be uced on a uniform disc, as the 


thickness of metal in the disc is jess, and so less eddy currents | passes 


uced in it by the ee eee in the 


are i increase of 
coils of the instrument, (Accepted December 5, 1906.) 





Tubes. [1 Fig.) December 2, 1905.—This invention relates to 
vacuum devices for electric which devices generally 
enclosing an anode in a con- 


comprise a vacuum tube of 
stricted space and a cathode in an space. According to 
this invention, in exhausting the tube or vessel a, a pump is used 
for partially exhausting it, and is subsequently stopped and the 
exhaustion completed by a combustible or vacuum-increasing 
substance Bm in the vessel a prior to the starting of the 
pump, and capable, when submitted to suitable action, of in- 
creasing the vacuum attained by the p;-and there is also 

in the vessel a a vapour-producing or vacuum-decreasing 
substance, capable, when eogeeumatey acted upon, of reducing 
the vacuum to the proper degree whenever such degree is ex- 
form, ouch as yellow phoophotes' and putedie-wax. The pump ¢ 
orm, such as yellow n-wax. pump c 
is connected to the tube through two cocks d and e, and a a 
bulb f containing phosphoric interposed between the cocks. 





(26, 007.4. 


Supposing the anode, the cathode, and the conductors have been 


titted, there are dropped through the tube b into the vessel a a 
few pellets of saselin and a few pellets of phosphorus. The 
tube 6 is drawn into a nozzle, and sealed to the pumpe. The 
pump is set to work with the cocks d and e closed; then the 
cock d is cones, 8o as to exhaust the drying bulb f/ ; afterwards 
the cock d@. is closed and the cock ¢ is opened, whereby com- 
munication between the vessel a and the bulb / is established, 
and the vessel is exhausted ; next the cock ¢ is closed and the 
cock d opened again, and so on alternately. The purpose of 
opening and closing the cocks is to prevent any great rush of 

osphorous vapour into the pump. In a short time a moderately 
good conducting vacuum is reached, which is determined by 
attaching a coil to the terminals and observing if a current is sent 
either way easily; then the tube b is sealed off in the usual 
manner, Prior to putting the device into use, it is necessary to 
“age” the vessel a during the final exhaustion stage by keeping 
the current running for a time, so as to get the vacuum into a 
permanent condition. (Accepted 5, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


1417. J. E. Do Westminster. Gas-Gene- 
rators. (6 Figs.) Jan 18, 1906.—This invention relates to 
that type of gas-generator in which air and steam are drawn into 
the generator by suction, and in which the lower part of the 
generator contains an annular v: su ng steam, which 
enters together with air at the base of the combustion chamber. 
The essential features of this invention are the means adopted for 
producing the steam required in the process of making gas, and 
for allowing steam to be drawn or forced into the fire in the gas- 
generator when required. The construction preferred is a 
vaporiser in the lower part of the gas-generator, consisting of an 
inverted conical or other conveniently-shaped annular vessel or 
chamber a, into which a suitable supply of water is fed. This 
vaporiser surrounds part of the fire in the gas-generator, and in 





this way the water which it contains is heated and steam is pro- 
duced. An opening } is provided in the upper part of the said 
vaporiser, so that the steam produced in it may pass into a space 
or chamber ¢ surrounding the vaporiser ; ¢ is an opening through 
which air is drawn in when there is a suction the engine. 
When air is drawn in, steam also is drawn from the space e, and 
enters the fire. When there is not a continuous suction of 
air (as when a gas-engine is used to suck air and steam into the 
=e steam is only drawn into the fire at each suction, and 
ween the suctions any excess of steam produced can 
through the opening e. In this | the supply of steam to the 
fire in the gas generator is governed automatically by the engine 
itself, just as the air supply is governed also, (Accepted 
December 5, 1906.) 


The | MACHINE AND OTHER TOOLS, SHAFTING, &c. 


25,143. M. H. P. R. Sankey, Ealing. Files. (2 Figs.) 
December 4, 1905.—This invextion relates to files. The invention 
consiste in forming undercut grooves and projections on the file 
blank by stamping, pressing, or rolling. the blank, by means of 
suitable dies or rollers, the undercut projections being formed 
by suitably applying pressure between the dies and the blan 
use of rollers having teeth of such length relatively to 
the diameter that undercut pro. ns are fi on the blank, 
According to the method ot forming the teeth by rolling, as 
shown, the file blank is passed between suitably grooved cylin- 
ders, the grooves on the cylinders being placed at an angle with 
the axis, so that diagonal grooves are produced on the file blank. 
In this method of manufacture, in order to undercut the teeth to 
a slight extent, the grooves on the cylinder are formed so that 
the intersection of a to the axis with the 
face a of the ing part of the groove of the cylinder 

through or slightly in front of the axis b of the cylinder 
the face of the grouve therefore forming an ly 
surface. It will be seen that at the part in contact with the file 


thereof, and, therefore, if the rotation of the cylinder be such 
that the helical surface faces in the backward direction, a slight 
undercut will be formed by the face a squeezing the metal of the 
blank up to form the point of the tooth after the face a has 
passed the tion where it is perpendicular to the face of the 
file blank. It will be seen that if relatively the file moves back- 
wards with approximately the speed of the point of the lowest 








tooth, the ections on the roller which have passed their 
lowest poin ll be able to clear the formed teeth of the file, 
provides t that the angle of undercut is not too t, the limiting 
angle being dependent upon the relative leng’ of the projec- 
tions and eters of the rollers. The d of undercut that 
can be produced, therefore, depends e depth of the teeth 
and the diameter of the cylinder being greater the longer the 
teeth relatively to the diameter of the cylinder. The diameter of 
the cylinder must therefore be suitably proportioned accordin, 

to the degree of undercut required. (Accepted December 5, 1906. 


MINING, METALLURGY, AND METAL- 
WORKING. 


20,637. Vereinigte und 
fabriken yeselischaft, vormals 38. pen- 
heim and 3. ua “ 


4 
e igs.) eptember 17 
1906.—This invention 4 dress. 


ad Schlesinger 
~ hy ~? ; apparatus for 


ing castings in a drum rotating on rolls, According to the 
sent invention, the drum is vided with in devices 
ensure constant motion of the casti: past the nozzles, and a 
uniform action of the sand blast on them. The dressing-drum a 
is rotated by rolls as usual, and is open at both ends. e cast- 

















ings are continuously fed to the drum through the hopper ¢, and 
are automatically moved through the drum by helical ides 
on its side surface. The guides can made in one 
iece, as shown at b, or they can consist of several sections. 
e castings are thus conducted at the same distance it the 
nozzles ¢, and are automatically ejected through the hopper d 
attached to the casing. According to the pitch of the guides and 
to the number of the interruptions between them, the castings 
y tn to the blast for a shorter or longer time. (Accepted 
12, 1906.) 


17,602. M. Whitaker and Whitaker 
Apparatus. 


Excavating (4 Figs. 
August 5, 1906. This invention relates to excavating apparatus 
wherein the eS — by a bucket carried on 
the forward end of a bucket-arm mounted on a crank-pin of a 
crank-shaft rated by a steam cylinder fitted to the under- 
side of the { of a navvy, and in which the bucket with the 
bucket-arm is carried from the head of the jib through the 

















Fisoaw 
niedium of a bucket connection attached to the hook of a lifting- 


rope operated by a winch. In this type of apparatus, the bucket 
connection has hitherto consisted of Aa relies os U-sh: handle 
or bail, having its ends pivoted directly to the sides of bucket, 


In employing this pivoted bail, it is found that it interferes with 
the free entry of the niaterial into the ee aes ie Sees 
ration, while on the loaded bucket being the has 





the effect of removing or throwing out a quantity of the collected 
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material from the upper portion of the bucket. The object of 
the invention is to provide the bucket with a connection arran 

in such a manner as to leave the wu portion or mouth of the 
bucket entirely unobstructed at all times. 1 is the bucket proper. 
6 is the bucket-arm, to which the lugs 3 of the bucket 1 are 
pivoted. The bucket-arm 5 is provided with connection-rods 7, 
to which lugs 4 are pivoted. The back of the bucket 1 is formed 
with an integral bracket 9, in which are fixed eye-bolts 10, each 
provided with a short chain 11, taking into a central ring 12 
adapted to engage the hook 13 of the lift aby ot The bucket is 
thus carried from its rear ion. It will readily seen by 
attaching the rear portion of the bucket to the hook of the lifting- 
rope that the bucket will not only be effectually suspended, but 
that the connection will not interfere with the efficient working of 
the bucket, as no obstruction to the mouth of the bucket is pre- 
sented thereby ; and, further, the connection by ee a flexible 
character is advantageous over the rigid connection hitherto em- 
ployed. (Accepted December 5, 1906.) 


RAILWAYS AND TRAMWAYS. 


25,282. A. K. Baylor, London. Route-Indicators. 
(7 Figs.) December 5, 1905.—This invention relates to the driving 
mechanism for operating the rollers that carry and operate the 
movable band-indicators used for announcing the destination of 
railway and tramway vehicles. The invention relates particularly 
to an improvement in the arrangement and construction of the 
clutching device between the driving mechanism and the rollers. 
The improve ments in the as any | mechanism for the rollers are 
so designed that when one roller is being driven to wind up the 
band the other roller will run totally free from - part of the 
driving mechanism. The sprocket-wheel on each roller is provided 
with a clutch adapted, when the sprocket is rotated in one direc- 
tion, to engage a corresponding clutch device keyed on the roller 
journal], but when rotated in a reverse direction to become disen- 
gaged, so as to allow the roller to rotate independently of the 
driving mechanism. One part of the clutch device consists of a 
spring-controlled paw! pivoted on the —— and adapted 
to engage a ratchet 11 keyed on the roller journal 5. Thesprocket- 
wheel and clutch mechanism for the upper roller is arranged to be 


























disengaged when the clutch of the lower roller is engaged, and 
vice versd. The sprocket-wheel and clutch mechanisms are inter- 
changeable, it being only required that the ratchet-wheel jis 
reversed, and the pawl to engage therewith arranged accordingly. 
Achain, belt, or other suitable driving mechanism connects the 
two sprockets. It will be readily understood that when the open 
ing-rod is turned to cause the upper roller to wind up the b 
the lower sprocket-wheel and bevel-gear on the end of the lower 
roller, constituting a part of the driving mechanism, are rotating 
freely together on their common axis; but power will be trans- 
mitted to the upper sprocket-wheel, and this wheel being clutched 
to the upper roller, the band will be wound on this roller from the 
lower roller, which is rotating free of the driving mechanism. 
Accordingly, when the operating-rod is turned in a reverse direc- 
tion the lower roller sprocket lutched, and the upper roller 

procket lutched. The band will then be unwound from the 
latter roller, and in order that the rotation of this roller will not 
be so free that the band will not be drawn taut, an adjustable 
friction bearing is provided for both rollers. (Accepted December 
12, 1906 ) 


SHIPS AND NAUTICAL APPLIANCES. 


11,142. Scotts’ Shipbuil and Engineering 
Company, Limited, and W. her, Greenock. 
Ships’ Storm-Valves. [: Figs.) May 12, 1906.—This inven- 
tion has reference to storm-valves for — such as are — 
to outlet pipes, according to which such valves are rendered 
more accessible for repair, made so as to occupy less room, and, 
from their construction, can be applied without any change 
(except in the length of the flap-valve and its seat) to any part 
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of the ship’s hull, irrespective of the curvature of the same. In 
carrying this invention into effect the valve-casing 1 is formed 
with a short neck 2 at the upper part to be connected to the 
outlet pipe 8, and a discharge-mouth 4, at right les to the 
neck, flanged for securing it to the ship’s side 5. back of 
this valve-casing is open and provided with a cover 6. The fi 
valve 7 is hin aboye the upper part of a ring 8, and having i 
greatest length at the lower side, so that the edge of the ring 


which forms the valve-seat is at an angle to its radial line. This 
a Ae ormnad bey a flange on a -. — is cpped from the TEXTILE MACHINERY. 
throug’ ie oO} % 13, into the outlet mouth, which 833. George Hattersley Sons, Limited 
formed with a shoulder, or is checked to engage with the — i ,: Warp ne oot (2 J one 
| of the ring. The cover 6 is formed in one with a curved duct 12, | December 23; eaeeeey: invention relates to warp stop-motions 
which, when the cover is in place, completes the passage from | for Jooms, and consists in the construction and application of 
the pipe 8 to the outlet mouth 4. The front part or edge of this | means whereby the applicants are enabled to make use of the 
curved duct 12 coincides with the edge of the valve-ring, and the | class ot warp stop-motion for looms described in their Patent 
upper edge coincides with the lower end of the neck 2 on the | Specification No. 8939, of 1905, in connection with the healds or 
valve-chest, to complete the duct or oe A projection | harness of fcanard machines, to effect which use is made of 
flattened on its underside is formed on the lower part of the | guiding devices in a somewhat similar manner to what has been 
curved duct 12 at the front, as shown, to engage with a flat | pro in connection with other looms for conducting the 
at ge vee on the flange of the ring'8, to prevent the valve turn- | depressing weights or lingoes into the paths of motion of their 
ng. Constructed in this manner, access can be had to the valve slotted rotary bars, which are now mounted in stationary bear- 
by unbolting and removing the cover 6 and the curved duct 12 | ings, as are also the levers which actuate them, instead of being 
formed in one with same, when the’ valve 7 may be removed for | carried by the healds or heddles, as described in the specification 


| repairs. (Accepted December 5, 1906.) just Eoterved to. A indicates the slay-board ofa loss, ont B the 
} cumber-board of a jacquard machine. To attain the object of 
1 J. Steven and T. Burt, Glasgow. Sirens. the invention, use is made of the well-known cross-bars a, whicl 


| ° ‘. 

pall ft 3 tor ite chiott most th Dy met + are mounted in bearings which allow of their adjustment beneath 

rll pe achveuising Tange A Goma de pee bane sly, | the threads of warp ¢, so that the threads c are brought down by 
At present, when two or more sirens are grouped for the purpose 
of efficiently distributing the sound over a large arc of navigable 
water, it is almost impossible in actual practice with the present 
construction of independent sirens, each having independent 
admission-valves, governors, and like fittings, to have each siren 
sounding at exactly the same duration and having the same 
tone and intensity of sound. According to these improvements, 
the motor A is made of sufficient power to drive two or more | 
sirens B, These sirens B are arranged to gear with the motor A | 
by means of wheels mounted on a motor spindle A! and on siren | 








the lingoes or weights d on the harness /, to rest upon the slay- 
board A; they are also brought down to rest upon the upper 
edges of the cross-bars a, which will prevent their further 
descent, irrespective of any continued lowering or descent of the 
harness f above the bars a. However, when any of the threads of 
(95801 warp c break or fail to be in continuity, as the thread c! is shown 
: . to be, then the cross-bars a@ will fail to support them, so that 
spindles B!, and all having the same gearing, the speed of the | their lingoes d will thus descend as far as the continued lowering 
sirens B is identical. Each siren B has the same number of | of the harness f will allow them; in this manner their lower 
slots, and consequently the vibrations of both are identical ; the | extremities will lie in the path of motion of one or other of the 
air or steang admission-valve C is common to all the sirens B, and | rotary bars g, preventing its rotation, and bringing about the 
therefore tlie duration and intensity of the sounds are identical po 2 oa of the loom through the actuating levers h, k, and m, 
and in perfect unison. The spindles Al and B! are fitted with ball- | as fully described in the prior specification referred to. In order to 
bearings. Should it be considered desirable to have each trumpet | guide the lower ends of the lingoes d, so that they will enter the 
speaking a different note in harmony, this is obtained by either | slots in the bars g, the bars g are mounted in bearings p which 
altering the number of slots B? in the siren B, or the relative | are in proximity to the guiding-pieces s, these latter being so 
roportions of the gear wheels. The motor A is arranged to | arranged and in such relative positions that they will guide the 
rive the sirens B at a uniform speed, giving a true note of uni- | lingoesd when descending, as above described, into the s!ots of 
form pitch ; and with this arrangement groups of sirens can be | the barsg. (Accepted December 5, 1906.) 
sounded in unison or harmoniously at the same instant. (Accepted 
Decemer 12, 1906.) MISCELLANEOUS. 


STEAM ENGINES, BOILERS, EVAPORATORS, é&c. | _ 24,8404. me semen, and oo. bane 


Gateshead, and 

2042. John Broadwood:and Sons, Limited, and | Gas Absor [2 Figs.) November 30, 1905.—This inven- 
8. H. Collen, *-Fuel Supply. [i tion relates to absorbers for ammonia-gas. The absorber is built 
January 26, 19U6.—This invention relates to means for feeding | up in known manner of plates and angles, and consists of a box 
fuel to boiler and other furnaces, and is adapted for fuel consisting | adapted to contain water and divided into ccmpartments by hori- 
of wood refuse, ligneous or other combustible material, with or | zontal ition-plates with openings at alternate opposite ends. 
without liquid fuel, small coal, or 6oal or coke-dust, and consists | A vertical perforated plate divides the lower or end compart- 
in a combination of devices whereby fuel is pneumatically fed to | ment of the absorber into two chamberr, into one of which the 
the boiler or other furnace. In the accompanying drawing, a is enters, and coils or pipes for the cooling solution to pass 
the fan or blower, whereof the inlet is connected by means of a | longitudinally through the aforesaid compartments and through 
pipe b! to a fuel-receiver b, while the outlet isconnected by means | the openings in the alternate opposite ends of the baffle-plates 
of a pipe cl toa fuel delivery c. The fuel is preferably delivered | Referring to the drawings, 2 indicates a closed chamber or casing 
into the upper part of the boiler furnace d through an —— d', | provided with the necessary hand-holes, and the horizontal baffle 
which may be regulated by a damper. Refuse is conveyed by 
means of a pneumatic or other conveyor to a centrifugal separator 
f, commonly known as a “cyclone,” wherein the refuse is whirled 
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round in such a manner that the solid particles are separated from ? : 
the air, the latter escaping at the top of the ap; tus, whilst the | or partition plates having openings at alternate opposite ends for 
solid particles are discharged at the bottom Into the hopper 0. e of the cooling pipes or coils 4 and circulation of solution. 
The open mouth of the hopper } also serves for the reception of | 5 designates a vertical perforated plate dividing off the lower 
small coal, or coal or coke-dust, which may in this manner be mixed | compartment of the absorber, and 6 the gas-inlet pipe. 8 indi- 
with the refuse. The supply of air and fuel to the furnace may, | cates the gas-outlet pipe, and 10 and 11 the inlet and outlet 
if desired, be dimin or cut off by a damper placed on the | tively of the cooling-pipes 4. The action of the absorber is 
inlet side of the fan a, and the furnace worked in the usual | as follows :—The gas enters at 6, and passing through the vertical 
manner t the furnace door. When this damper is closed, | perforated plate 5, wd pase below the baffie-plate 3 to the opening 
or partially c , and the centrifugal separator maintained | at the left of the g 2. The direction of the gas is now 
in full operation, the refuse discharged from the separator may | changed to the right, and to the opening at the end of the nex: 
be r in quantity than can be carried away by the fan a, in baffte-plate, again rising and returning to the other end and so on, 
wtih nese the surplus material is free to escape from the n | being cooled on its course by the medium in the pipes 4. Should 
mouth of the hopper. By the means described refuse and other — gas sowie pega in me ater & -- caine, it 
combustible materials may be burned smokelessly. (Accepted | will pass out by the pipe 8, or to another absorber, when such 1¢ 
December 5, 1906.) 4 ¥ | used. (Accepted December 5, 1906.) 
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THE SPECIFIC HEAT OF SUPER- 
HEATED STEAM. 


Peruaps greater uncertainty has existed as to the 
specific heat of superheated steam than with regard 
toany other of the data of engineering. Regnault’s 
original value has long been discredited, though it 
appears from recent experiments to be a fair average 
for the specific heat of steam at atmospheric pressure 
when much superheated. For steam at this pressure 
the variation in the value of specific heat is not great, 
as it ap to range from a little over 0.46 near the 
saturation point to nearly 0.5 at 660 deg. Fahr. 
For many years, physicists, on whom engineers 
generally rely for data of this character, confined 
their attention to experiments on steam at but 
moderate pressures, and they operated commonly 
with very high superheats, and thus they failed to 
discover a most remarkable peculiarity of this coef- 
ficient —viz., that in the case of high-pressure steam 
its value is very high near the point of saturation, 
then falls to a relatively moderate value, and 


kilogrammes per square centimetre, the tempera- 
ture ranging from saturation up to about 670 deg. 
Fahr. e following values have been read from 
the curves :— 


TaBLe I. — Specific Heat of Superheated Steam at 
Different Pressures. 


! 


Specific Heat (‘y) at 





Absolute |_. : - “ ‘ Be 
Pressure | | 
of Steam.| Satura- 302. | 392 482 572 | 662 
| ‘tion, | deg. F. deg. F. deg. F. deg. F. deg. F. 
Ib. B: 84. in| | 

44 0.480 0.477 | 0.472 0.473 0.478 0.493 
56.88 0.512 0.610 0. 492 0.483 0.486 0.497 
85.32 | 0.548 - 0.618 0.491 0.490 0.500 
113.76 | 0,582 0.538 0.499 0.494 0.503 


| 





As the figures stand, nothing could be less con- 
venient for practical applications ; but the explana- 
tion of this extraordinary variation in the value of + 
appears tobe afforded by some experiments described 





in a recent issue of the Jowrnal of the Transvaal 
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finally again increases. The high value of the 
specific heat when the steam is nearly saturated, 
though suspected by engineers for some time, 
seems first to have been established in the labora- 
tories of Sibley College, where experiments, made 
under the direction of Professor R. C. Carpenter, 
led to the following expression for the mean specific 
heat of moderately superheated steam :— 


Y = 0.462 + 0.001525 p, 


where y = the specific heat, and p = the absolute 
pressure in pounds per square inch. For steam at 
100 lb. pressure this formula gives 0.614 as the 
value of y. 

_ These experiments, however, being confined to a 
limited range of superheat, failed to indicate that 
this high value of y near the point of saturation 
rapidly diminished to a minimum as the superheat 
was increased, and then rose again. Some evidence 
of this peculiarity was afforded by the experiments 
made by Professor Lorenz on behalf of the Verein 
Deutscher Ingenieure. This important point appears 
now to have been definitely established by the very 
elaborate and careful experiments made by Messrs. 
Knoblauch and Jakob at the Royal Technical 
School, Munich, in the latter half of 1905. 
In a subsequent issue we shall publish a pretty 
complete description of these experiments, and 
we now reproduce the curves showing the varia- 
tion of specific heat with pressure and tempera- 
ture deduced by the experimenters from their 
observations. We may state that the experiments 


Institute of Mechanical Engineers, by Mr. S. B. 
Bilbrough, B.A. This gentleman’s work is, unfortu- 
nately, marred bya serious slip in his discussion of his 
experiments ; but this fact does not affect his actual 
observations. He repeated with superheated steam 
the famous Joule-Thomson experiment made nearly 
fifty years ago, in which a number of gases were 
caused to flow through a porous plug, the pressure 
on one side of the plug being high, and on the other 
low. It was found in these experiments that for 
practical purposes the temperature of the gas might 
be taken as being the same on both sides of the 
plug. Actually there was a slight cooling on ex- 
pansion with all gases, save hydrogen, with which, 
on the contrary, there was a slight heating effect ; 
but the actual temperature change was in all cases 
small. 

As no useful work was done in the expansion 
of the gas through the plug, no heat was turned 
into work, and hence the gas contained the same 
total heat after as before, from whence it fol- 
lowed that the total heat in the gas was inde- 
— of its pressure, and was measured solely 

y its temperature. Since highly superheated 
steam approximates to a perfect gas, the same 
law must hold for it as for other Mr. Bil- 
brough’s experiments, however, showed no cool- 
ing of the superheated steam on expansion unless 
the superheat was. extremely low, and hence 
it follows that the total heat in steam, more than 
moderately superheated, is also nearly independent 
of the pressure. Mr. Bilbrough declares, indeed, 





were made with steam at pressures of 2, 4, 6, and 8 





that with 100 lb. steam superheated even 2 deg. 


there was no change of temperature on expan- 
sion ; but we are inclined to suspect an experi- 
mental error here, though we have no doubt as 
to the correctness of the general trend of his ex- 
periments. It would, however, be of supreme in- 
terest to have experiments of this kind repeated 
at the National Physical Laboratory. If the total 
heat in superheated steam is nearly independent of 
its pressure, the high value of y near the saturation 
limit follows asa matter of course. = rr 
By in ting with a planimeter the curves ob- 
tained at Mungh we ox the following values for 
the total heat in the steam :— 
Tasix Il.—Total Heat in Superheated Steam at 
Different Pressures, 





Total Heat in Steam per Pound (B.Th.U.) at 





Pressures. | | | 
| Satura- | 302 392 | 482 B72 | 662 
tion. | deg. F.: deg. F. deg. F. | deg. F. | deg. F. 
Ib. p. 8q. in} 
28.44 | 1157.3 1183.0 1225.6 1268.1 1310.9 | 1354.6 
66.88 | 11701 |... 1221.2 | 1264.8 1308.5 | 1363.6 
85,32 1178.4 || 1219.5 | 1264.6 1307.6 | 1852.6 
113.76 1184.7 | | 1216.1 1262.4 | 1806.8 | 1851.6 


The table shows clearly how rapidly after the satu- 
ration point the total heat in the steam tends to 
become independent of the pressure. Asin general 
it is this total heat with which engineers are con- 
cerned, and not the specific heat itself, which is 
merely & means to Ritevuiaiag this total, it 
appears most convenient to prepare a table show- 
ing the total heat of steam at, say, atmospheric 
pressure, at a series of different temperatures, and 
then to determine the total heat in superheated 
steam at any other pressure by making a deduction 
from the tabular number. From the experiments 
of Messrs. Knoblauch and Jakob, we find that the 
total heat in steam at atmospheric pressure is given 
very approximately by the equation 

*U = 1050.8 + 0.445 ¢ + 0.26 ( . y (1) 
100 


Where U = the total heat-in B.Th.U. per Ib. 
and ¢ denotes the temperature of the steam on the 














Fahrenheit scale. Some values of U are tabulated 

below. 

Tasie IIIl.—Total Heat at Different T ratures of 
Superheated Steam at a Pressure of 14.7 Lb. per Square 
Inch. 

py AI | a 

Tempera- Tempera. | Tempera- 
net a ture of faery ture of a 
Steam. | Steam. | . Steam. | ’ 

deg. Fabr.| B.Th.U. |deg. Fahr. B.Th.U. dex. Fabr.| B.Th.U. 

r per n 
212 | 1146.8 370 1219.0 580 1298.8 
220 | 1150.0 380 1223.6 || * 640 1298.5 
230 1154.6 390 1228.2 550 1308.8 
240 «| 1159.2 400 1232.8 560 1808.0 
250 | 1168.7 410 1287.5 570 1812.8 
260 | 1168.38 420 1242.2 680 1317.6 
270 1172.9 430 1246.8 590 1322.3 
230 | 1177.4 440 1261.5 600 1827.1 
290 | 1182.0 450 1256.2 610 1381.8 
300 | 1186.6 460 1260.8 620 1336.6 
310 1191.2 470 1265.5 630 1341.4 
820 | 1195.8 480 1270.2 640 1846.2 
330 | 1200.4 490 1274.9 650 1351.0 
840. | 1205.1 500 1279.6 660 1356.8 
350 | 1209.7 510 1284.3 670 1360.6 
360 1214.8 520 1289.1 680 1365.4 





The total heat in superheated steam at any other 
pressure can then be found by subtracting from the 
corresponding figure in the table the quantity 

AU= 22.8 (¢} — 212) 
t -+150 

Here A U denotes the quantity to be subtracted 
from the tabular figure, t' the temperature at which 
the steam at the same pressure would be saturated, 
and ¢ its actual temperature ; so that t—?t' denotes 
the amount of superheat. This expression has a 
rational basis, and can therefore be relied on 
throughout the whole range of temperatures and 
pressures commonly used in practice. 

For steam at 200 lb. pressure and a temperature 
of 660, we have from the ordinary steam-tables 
t! = 381.6 deg. Fahr., so that ¢ — t' = 278.4 deg. 
superheat. The tabular number opposite 660 deg. 
Fahr. is 1355.8, and the correction is 
AU = 228 (381.6—212) _ 169.6 x 22.8 _ go 
278.4 + 150 428.4 
Whence the total heat in steam at 200 lb. abso- 
lute superheat up to 660 deg. is 1355.8 — 8.9 = 
* In strictness U should contain a term in ¢°, but the 
error involved in the use of the simpler expression is in- 








significant within practical ranges of temperature. 
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1346.9 B.Th.U. per pound. For steam at less than 
atmospheric pressure the corréction has, of course, 
to be added to the tabular number, instead of sub- 
tracted. 

Comparing the formula with the experiments of 
Messrs. Knoblauch and Jakob we get the figures 
shown in Table 1V. It will be seen that the error 
is always less than 1 part in 1000, and hence insig- 
nificant in practice. 

TabLe 1[V.—Comparison between Formula and 
Experiment. 


Total Heat in Seam per Pound (B.Th. U.) at 


482 | 572 | €62 


eft 

Be Pe 

g i | Satura-| 302 | 392 
<* deg F. deg F. |deg F. 


tion. |deg F.| deg. F. 














1310.9 | 1354.6 


{Observed ... 1157.3 |1183.0} 1225.6 |1268,1 
1812.0) 1355.1 


28.44 | Calculated | 1157.1 |1183.6| 1226.4 |1263.9 











56 8S (o— -» 1170.1 1221.2 | 1264.8 | 1308.5 | 1353.6 
“| \ Calculated | 1169.9/ .. 1222.2 | 1266.0 | 1309.7 | 1353.5 
85.3: { oes ..| 1178.4 es 1219.5 | 1264.6 | 1307.5 | 1852.6 
*-**!\ Caloulated 1178.2 oe 1218.5 | 1263.6 | 1397.9 | 1352.0 
118. 7¢ f Observed ..| 1184.7 oa 1216.1 | 1262.4 | 1506.8 | 1351.6 
*““'\ Calculated | 1181.7] .. 1215.2 | (261.4 | 1306.3 | 1350.8 








In steam-turbine work, in addition to the total 
heat in superheated steam it is also necessary to 
know its specific volume. Empirical formule have 
been devised for this, but are not entirely satisfac- 
tory. For all vapours it is known that the volume, 
pressure, and temperature are connected by the 
relation 

(P + r)(V -— b)=RT, 
where P is the pressure, V the specific volume, and 
T the absolute temperature, whilst b and R are 
constants. The constant ) is very small compared 
with V, save at very high pressures, and can 
commonly be neglected, reducing the equation to 
(P+7)V=RT. 
The quantity « becomes small as the volume 
becomes large, in which case the expression reduces 
to the ordinary gas equation 
PV=RT. 

For carbonic acid gas Van der Waals found that 
the quantity 7 could be expressed in the form 
v3 , where a was a constant ; but for steam a better 
result is got by taking as equal to Within 

v?. 
the range of pressures used in practical engineering, 
a may be taken as equal to 63, whilst R = 0.593, 
when P is measured in pounds per squire inch, so 
that we finally get the relation 
PV =0593T — +, 
vi 

This expression gives practically correct results 
for saturated steam, and reduces to the gas 
equation when the volume of superheat is large, 
and can, therefore, be relied upon for intermediate 
points. 








HIGH-TENSION ELECTRIC IGNITION 
FOR PETROL ENGINES. 

By Joun A. Davenport, M.Sc., A M.I. Mech. E. 

In connection with the high-tension system of 
electric ignition, one hears, from time to time, 
mention of ‘‘ big sparks” and ‘‘ fat sparks” with- 
out any further information relating to sparks of 
any kind. That all sparks are not equally good 
for an engine is obvious ; but there must be some 
spark (spark-gap) that will give best results for one 
type of engine. As far as the author is aware, 
there is no reliable experimental information 
upon this point, which appears to be of such im- 
portance, owing to the large number of motor- 
car engines and stationary engines using this form 
of ignition. 

In order to partially fill up the breach, a series of 





experiments were carried out in the engineering 
laboratory of the East London College. The only 
things allowed to vary were the high-tension spark- 
gap and the voltage ; and running in this way two 
sets of experiments were carried out : one at approxi- 
mately four volts, and the other at approximately 
two volts. It will probably come as a surprise to 
many to learn that an engine supplied to run at 
four volts will run quite as well, or (according to 


| results) rather better, at two volts. But that such 


is the case is amply borne out by the experiments 
described later. 

Apparatus.—The engine is a 4-horse-power ver- 
tical Fafnir, with single water-cooled cylinder, 
which takes the mixture from a Stenhos carburettor. 
This carburettor has two air inlets ; the main inlet 
surrounding the exhaust-pipe close to the engine, 
and the auxiliary, 1 ring of oval holes, surrounded 
by a sleeve, which regulates the extra air. When 
running, both inlets were fully opened. The 
petroleum spirit enters the spraying or mixing 
chamber under a small valve, regulated by means 
of a milled head on the end of the valve spindle 
which is screwed. ‘l'o the milled head was attached 
a brass disc, divided into 100 parts, and in this 
way the turns of the spindle opening the valve 
could be very accurately determined. In the results 
given below, this valve is referred to as the throttle. 

A gauge-glass was fitted to the float-chamber to 
indicate the level of the spirit. The ignition is on 
the well-known high-tension system, the primary 
circuit having a make and break on the half-speed 
shaft. It is advanced and retarded by means of a 
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lever attached to the make-and-break casing, and 
graduations on the lever move over a fixed pointer, 
thus enabling the spark to be set at the same point 
of the stroke for all tests. Tho throttle-valve was 
removed because, owing to the constant load, it 
was found to be of little use. 

The brake horse-power was measured by means 
of a fan dynamometer, consisting of two aluminium 
blades bolted to arms, which were in turn bolted to 
the engine-shaft. The brake horse-power at any 
speed is given by the formula 

B.H.P. =4.02 x 10-9 N3, 
in which N is the revolutions per minute. The 
lubricating oil was run into the crank-case, a small 
quantity ~<-* put in each day, upon which tests 
were made. By paying attention to the lubricating 
oil in this way the engine always ran without 


*In using this equation, it is best to proceed as follows : smoke, and without smell, except when there was 
—Required, say, the volume of steam at a pressure of | misfiring. The silencer was placed alongside the 


100 lb. per square inch and an absolute temperature of 
830 deg. Fahr. Neglect, in the first place, the negative 
term, and we have as first approximation, 


V = 2O8S x 890 _ 4 092 
100 
Hence “ | 
= 0.593 x 830 — = 492.2 — 27.5 = 464.7. 
ry x /4.92 492.2 — 27.5 = 464.7. 
Whence as a second approximation 
Vv = 4.64. 


engine and exhausted into the laboratory ; but, as 
far as smoke and smell were concerned, one could 


|not tell the engine was running, although making 
| observations upon the engine itself. To illustrate 
|the clean running of the engine, a piece of note- 


higher level than the cylinder. It entered the 
jacket at the bottom end, and left through a T piece 
screwed into the top of the jacket. In one branch 
of the T piece a thermometer was inserted to read 
off the outlet temperature, while the inlet tem- 
perature was measured in the tank, before the run. 

The petroleum spirit was run from a cylindrical 
tank made of parallel brass tubing, in which fitted 
loosely a tin float. To the top of the float was 
attached a light brass tube passing through a hole 
in the cap, and being also guided at another point 
above. This light tube carried a pointer, which 
moved over a scale fixed to the cap of the tank, 
and the cap was fitted to the top of the tank. The 
scale was divided into gallons and tenths of a gallon; 
and by means of a sliding vernier attached to the 
scale the consumption could be read off to one- 
hundredth of a gallon. A speed-counter, giving 
the number in four figures, was first tried, but 
ewing to the high speed it was found to be unsatis- 
factory, so that a hand-speed-indicator was used 
throughout the tests. 

The sparking-plug used was a cheap form, with 
porcelain insulation ; and although the spark-gap 
was opened and closed many times, it gave complete 
satisfaction. The spark-gaps were measured with 
graduated feelers, by means of which any size, from 
0.002 in. to 0.060 in., advancing by 0.001 in., could 
be measured. The current and volts were measured 
by ammeter and voltmeter, calibrated in the Elec- 
trical Laboratory of the College. 

Running.—After starting the engine, the ignition 
was advanced to the mark 3.25 (see Fig. 1), and 
the throttle opened one turn, as these positions 
were found to be the best for maximum power. 
When the outlet thermometer stood at 155 deg. 
Fahr. the test was started. During the one-minute 
tests the temperature of the outlet water was ad- 
justed by regulating the outlet valve, the thermo- 
meter being observed continuously. The speed- 
indicator was inserted shortly before the test started, 
and when the pointer passed the zero mark the 
chronograph was started. The observer taking the 
speed held the watch, and started and stopped the 
test. At the end of the minute the engine was 
stopped and the observations noted, the sparking- 
plug removed to have the gap set to another width, 
and, after being replaced, the engine restarted. 

In this way a series of nine tests were made, im- 
mediately succeeding one another, the high-tension 
gap increasing from 0.010 in. to 0.050 in., or de- 
creasing from 0.050 in. to 0.010 in. In the earlier 
tests the gap only increased from 0.010 in. to 
0.040 in. The low-tension gap was set at 0.010 in. 
for the first minute, and not altered again for the 
remainder of the nine one-minute tests. 

During the fifteen-minute tests the thermometer 
and voltmeter were read every minute, and means 
taken. The low-tension gap was filed up and set 
for each of these tests. 

TABLE I. 
Constants: Low-tension gap=0.010in. Throttle=1 turn. 
Spark advance lever=3.25. 











Revolu- . | 
e.: , Inlet Tem- Outlet Tem- Spark- | ' 
= Volts. perature. | perature. Gap. Remarks. 
deg. Fahr. | deg. Fahr. in. 
9€0 3.97 | 57 170 0.0 0 Ran well 
966 3.97 57 163 0.015 | ” 
966 3.97 57 | 170 0.020 | om 
968 3.97 57 158 0.025 | os 
960 3.96 | 57 155 0.030 | ” 
968 3.96 57 155 0.035 ‘i 
963 3.96 57 158 0.040 °° 
Tasie II, 
Constants same as Table I. 
Revolu- 
: , Inlet Tem- Outlet Tem- Spark- 
jd gd \Volts. ‘perature. perature. Gap, | B«marke. 
| | 
| | deg. Fahr. deg. Fahr. in. 
96s) =| «209 | 56 156 0.010 Ran well 
973 | 209 | 56 154 0.015 ‘ 
975 2.09 56 154 0.020 ” 
978 2.09 56 156 0.025 ve 
930 2.09 56 158 0.080 ” 
931 2.08 | 56 158 0.035 4 
2.08 56 156 0.010 = Misfircd 


98 
once. 


Results.—Table I. gives the results of one-minute 





tests, with the spark-gap increasing from 0.010 in. 
to 0.040 in., the voltage being 4. The engine ran 


paper was placed about 14 in. from the outlet of | well throughout the series. 


the silencer, and although it remained for seven | 


Table II. gives the results of one-minute tests, 


minutes, it was only slightly scorched, and had no | with the spark-gap increasing from 0.010 in. to 


trace of carbon when removed. 


0.040 in., the voltage being 2. The engine ran 


The cooling water flowed from a tank placed at a | well, except in the last test, when it misfired once. 
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Tass III. 
Constants same as Table I. 











Revolu-| Inlet | Outlet | co. 
tions | Volts ‘Temper-|Temper- oe Remarks. 
per | ature. | ature. » 
Minute. | 
| deg. F. | deg. F. in. 
945 4.01 55 155 0.010 Ran well 
955 | 401 55 158 0.015 - 
958 | 3.99 55 154 0 020 an 
968 | 3.99) 55 156 0.05 ia 
972 | 399!) 55 156 | 0.030 ws 
968 | 3.99 6 | 168 0.035 pin 
947 399 55 158 0.010 Misfired often. 
| Misfired at 100 deg. and 
| | 190 deg. Fahr. 
943 3.99 55 |ls156 0.045 Ditto. 
907 | 3.99 55 153 0.050 Engine nearly stopped 
976 3.99 | 55 156 0.030 Ran well. 
TaBLe LV. 
Constants same as Table I. 
Revolu- Inlet Outlet 
uons ' Volts. Temper- Temper- - Remarhs. 
per ature. ature. 
Minute. | 
deg. F. deg. F. in. 
1,000 | 1.98 55 158 0.010 |Ran well. 
993 1.98 55 158 0.015 Misfired once. 
993 1.98 55 157 0.020 Ran well. 
991 | 1.93) 55 155 | 0.025 ss 
1,002 | 1.98 655 157 | 0.030 H 
985 | 1.93! 55 156 | 0.035 = 
982 1.93 55 155 0.040 9 
976 1.98 55 155 0.045 4 
968 1.9 55 157 | 0.050 Misfircd often. 


The results of Tables I. and II. are plotted in 
Fig. 2. It will be seen that while with 2 volts the 
speed increases with spark-gap, with 4 volts the 
speed increases, and then decreases, with increasing 
spark-gap. When this was noticed, it was decided 
to increase the range till the spark-gap was 0.050 in. 
in order that the critical value of spark-gap (value for 
maximum revolutions) should lie within the range. 

Table IIL. gives the results of one-minute tests, 
with the spark-gap increasing from 0.010 in. to 
0.050 in., the voltage being 4. The engine ran 
well till the spark-gap had the value 0.040 in., 
when it misfired often. It was tried with the jacket 
at 100 deg. Fahr., and again at 190 deg. Fahr., 
but misfiring could not be stopped. The same re- 
mark applies to the test with a gap of 0.045 in. 
When the gap was 0.050 in. the misfiring was so 
frequent that the engine nearly stopped running. 
This misfiring may have been due to some altera- 
tions in the quantities that should have remained 
constant. To determine this point the spark-gap 
was set at 0.030 in., and another one-minute test 
run. The result is given at the bottom of the 
table, and the speed (976 revolutions per minute) 
compares very favourably with the 972 revolutions 
earlier on in the series. Table IV. gives the 
results of one-minute tests with the spark-gap 
increasing from 0.010 in. to 0.050 in., the voltage 
being 2. The engine misfired often with a gap of 
0.050 in., and once with a gap of 0.015 in. During 
the other tests the engine ran well. The results of 
Tables I., II., III., and LV. are all plotted in Fig. 2. 


TABLE V. 
Constants same as Table I. 





























Pe 
Revolu- 
: Inlet | Outlet | | 
a Volts. |Temper-|Temper-| _ | Remarks. 
Minute. ature. | ature. 
| deg. F.|deg. F.| in. ry 
— one ee .. | 0.050 |Could not be started. 
987 4.05 61 156 0.045 | MisGred. 
987 | 4.02] 61 168 | 0.040] ,, 
983 4.01 61 154 0.035 9” 
996 4.0 61 154 0.030 |Ran well. 
983 4.0 61 156 0.025 ” 
983 40 | 61 151 0.020 ” 
984 3.99 61 157 0.015 ” 
936 3.99 61 158 0.010 * 
Taste VI. 
Constants same as Tab‘e I. 
Revolu- | 
F Inlet | Outlet 
— Volts. Temper- Temper- — Remarks. 
Minute. ature. | ature. P. 
deg. F.| deg. F.| _ in. ; 
931 407 6t | 158 0.050 |Misfired often. | 
947 |; 4.07; 6& | 156 0.015 99 
967 4.07; Gf | 156 0.010 |Misfired 
977 4.07 | 6 | 154 0.035 |Misfired four times. 
992 4.07 | 64 156 0.030 |Ran well. 
983 | 4.07/ 6 | 156 | 0.025 % 
978 4.07 ao 86| = «2158 0.020 ” 
930 4.07 64 | (O58 0 015 o” 
978 4.07 64 | 155 0.010 ” 














Taste VII. 


Constants same as Table I. 




















Revolu- | | | 
4 | Inlet | Outlet 
— Volts. Tempe- | Tempe- _ k- Remarks. 
Minute. rature. | rature. P- 
| deg. F. deg. F in. 
956 | 2.06 57 15 .050 | Misfired three times. 
962 2.06 57 155 0.045 | Ran well. 
965 2.06 57 154 0.040 9 
9€8 2.06 57 156 0.035 ” 
965 2.06 57 155 0.030 » 
966 2.05 57 154 0.025 oe 
967 | 2.05 57 156 | 0.020) 3. 
972 2.05 57 155 0.015 | 9 
O78 2.05 57 154 | @.010 » 
| ' 
Taste VIII. 
Constants same as Table I. 
Revolu 
Inlet Outlet 
oo Volts. Temper- Temper — Remarks. 
wibute. ature. ature. | P- 
| deg. F. | deg. F.| in. 
- - a 0.050 Could not be started. 
987 2.05; 84 155 | 0.045 Ran well. 
988 2.05 86 154 | 0.040 a 
988 | 2.05 86 154 | 0.035 a 
987 2.05 86 153 | 0.030 an 
987 | 204| 86 154 0 025 e 
986 2.04 86 155 | 0.020 ” 
987 2.04 86 154 | 0.015 90 
987 2.04 86 156 0.010 2 


The results given in Tables I., II., III , and IV. 


were obtained by increasing the high-tension gap ; | 
at the same time the make-and-break gap was left | 
to look after itself, after being set at 0.010 in. 


Fig. 3. 
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the end of the test this gap would be altered, owing 
to the action of the spark which occurs when the 


primary circuit breaks. 


Revolu- 





Taste IX, 


Constants same as Table I. 


Outlet | 





H Inlet 
— Volts. Tempe- | Tempe- | 7 Remarks. 
Minute. | rature. rature. - 
deg. F. deg. F. in. 

947 4.01 | 62 155 0.010 Ran well 
948 2.04 62 155 0.010 
167 | 4.01 | 61 156 0.015 vA 
979 | 2.04 61 155 0.015 ~» 
962 | 4.05 | 61 154 0.020 am 
75 | 2.07 61 156 0.020 2 
964 (4.15 | 68 156 0.025 - 
967 | 2.10 | 68 154 0.025 zs 
988 | 4.03 70 155 0.030 ja 
992 | 2.05 | 70 155 | 0.030 ed 
967 | 4.10 68 152 0.035 * 
970 |2.10| 68 154 | 0.035 a. 
971 | 4.07 | 68 154 | 0.040 x 
972 |210!| 68 156 | 0.040 
961 | 4.03 7 155 | 0.085 = 
983 | 2.05 70 156 0.045 2 
977 | 4.07 68. 154 0.050 = 
974 | 2.10 | 68 158 0.050 . 


bot. 


N.B.—Some tests were made in hot and some in cold weather, 


and the engine was used for other work besides the tests. These 


facts should not be forgotten in considering any discrepancies 


between the tables. 


To determine whether this alteration had any 


appreciable effect on the results, it was decided to 
repeat the tests in the reverse order. 
results of Tables V., VI., VII., and VIII. were 
obtained, the spark-gap decreasing from 0.050 in. 


Thus the 


At} 


to 0.010 in. It will be noticed that at the larger 
spark-gap the engine was only started once at 4 
volts and once at 2 volts. In the other tests, 
Tables V. and VIII., it was tried hot and cold, 
with an injection of petrol, and without an injec- 
tion, but could not be started. From a spark-gap 
of 0.045 in. downwards, the engine could always be 
started, but there was misfiring at the higher values. 
| The results of Tables V., VI, VIL. and VIII. 
| are plotted in Fig. 3. 

| To complete the series, a number of tests were 
/run in pairs, and of 15 minutes’ duration each. In 
| any one pair of tests the spark-gap was constant, 
| whilst the voltage was 4 in the first and 2 in the 
|second. The results are given in Table IX., and 
| show the effect of altering only the voltage. In 
| the latter tests, from 0.025 in. upwards, the porce- 
|lain_ plug would not work without misfiring at 
| 2 volts, and a mica plug was used. The engine ran 
| well throughout, and at the lower voltage gave a 
slightly better result than at the higher. 

Consumption.—The consumption was measured 
in the 15-minute tests, with the gap at 0.035 in., 
and was the same at the two voltages—viz., 0.096 
gallon. 

Current Taken.—The current was measured when 
the spark-gap was set at 0.030 in. ; with 3.92 volts 
it was 0.18 ampere; with 1.93 volts it was 0.095 
ampere. 

Conclusions.—As some of the supposed constants 
—for example, the carburettor—may vary consider- 
ably, it is impossible to draw any general conclusions. 
When the tests are repeated, with the carburettor 
water-jacketed at one temperature, further points 
| to help to general conclusions may be brought out. 
| But as far as the tests go, they show that for the 

coil used, the best spark-gap is about 0.030 in. 

Further, since the current taken at 2 volts is half 
| that taken at 4 volts, the cells will run four times as 
| long in parallel as they will run in series ; and that 
| without injuriously affecting the consumption. 
Again, as the engine on a long run is slightly better 
at 2 than at 4 volts, everything is in favour of the 
use of 2 volts, instead of 4 volts, as used in the 
standard practice. 








KHUSHALGARH BRIDGE, 

Tue steel bridge which is now under construc- 
tion over the River Indus at Khushalgarh, on the 
Kohat Branch of the North-Western Railway, was 
designed by Messrs. Rendel and Robertson, of 
Westminster, in 1904, to take the place of a pontoon 
bridge and a cableway ; the former doing duty for 
highway traflic, and the latter being used for the 
conveyance of railway goods. Owing to the great 
depth of the main channel of the river at the pro- 
posed site, the construction of a pier in the channel 
was out of the question, and as the main span 
could not be reduced much below 500 ft., a bridge 
of cantilever design was decided upon. The depth 
of the trusses was governed by the necessary levels 
of the road and the railway. A side elevation of 
the bridge is shown in Fig. 1, page 230, while 
various parts are shown in detail in Figs. 2 to 8 
and 18 to 20, page 230, and in Figs. 9 to 17, 
page 231, 

On the east side the cantilever is balanced by an 
anchor span of 303 ft., and on the west side it is 
tied back by links and an anchor casting, the whole 
being embedded in concrete. A detail of this 
anchorage may be seen in Figs. 18 to 20. 

The cantilever span of 471 ft. consists of two 
cantilever arms, each of 104 ft. 8 in., and a sus- 
pended span of 261 ft. 8in. The main girders are 
placed at 20-ft. centres, and the depth from centre 
to centre of chords is 45 ft. The bridge will carry a 
single track of 5 ft. 6 in. gauge on the top, and a 
highway on the bottom chords. On the east bank 
of the river a considerable portion of the bed is 
covered only at flood seasons, and this enables the 
anchor span to be erected on staging, the height 
of which will be about 70 ft. Half the suspended 
span will be built out from each of the cantilevers 
proper, and a junction effected in the middle. 

Just beyond each cantilever nose, and behind 
each suspension point of the bottom chord, wedges 
are placed to effect such adjustments of chord- 
lengths as are found necessary to secure an easy 
— at the meeting of the cantilevers. The 
owering of a wedge to the full extent secures 
a lengthening of in. on the top chords, or 
a shortening of the bottom chords of the same 
amount. The Myo are of cast iron, and work 








against cast-steel blocks, the raising and lowering 
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BRIDGE OVER THE RIVER INDUS AT KHUSHALGARH, INDIA. 
MESSRS. RENDEL AND ROBERTSON, LONDON, ENGINEERS; THE TEESSIDE BRIDGE AND ENGINEERING WORKS, CONTRACTORS. 
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HALF SECTION PART ELEVATION. 


being effected by worm-gear. The wedges are 
battered only on one side, to permit of the use of 
temperature liners attached to the block on the 
vertical side of the wedge. 

The use of these liners will be governed by the 
average temperature of the season at which it is 
intended the junction of the cantilever span is to 
take place, the annual variation being very great 
—from freezing in the winter to a temperature of 
well over 100 deg. in the summer. As soon as 
the joints in the centre of the slung span have been 
made, all the wedges will be withdrawn, allowing 
sliding movements to take place at the east canti- 
lever nose U 16, and in the bottom chord section 
L 15, L 16 (Fig. 1, and Fig. 21, Plate XVIL). To 
confine the cantilever expansions to these points a 
central pin-connection of the flooring, L 26, L 27, 
will be made to the cross-girder at L 27, so soon as 
the wedges are dropped out, and the stress caused 
by the resistance to expansion here will be distri- 
buted to the bottom chord system of the west 
cantilever by specially stiffened floor-plates. This 
arrangement enables the wind-shear stresses in the 
bottom system of the slung span to be taken up at 
the panel point L 27, without any communication 
of direct stress along the chords at this point (see 
Fig. 22, Plate XVII.) 

With the bottom chord tied in this way at L 27 
there will be practically no expansion taking place at 
U 26. A special expansion rail is provided at U 16, 
and at the east abutment, capable of extending 63 in.; 
views of this are shown in Figs. 29 and 30, Plate XX. 

The end stringers have a sliding bearing on the 
east and west abutments. At LO there is a 
knuckle-bearing with a roller-slide, while on the 
pier at L12 the knuckle-bearings are practically 
fixed ; but to prevent the splitting action on the 
pier, which ordinary fixed knuckles would have 
from the unequal horizontal deflection of the two 
spans, by reason of wind, the knuckles, which are 
provided with circular bases, are so mounted that 
one can rotate and the other slide backwards and 
forwards to the extent of 1 in. either way. Details 
of the bearings on the piers may be seen in Figs. 
2 to 8, annexed. 

In fixing these bearings, the sliding-bearing disc 
will be placed at the side towards the direction from 
which the strongest wind prevails, and the rotating- 
bearing disc away from that direction. The bearing 
bases are attached together by means of 2-in. to 
3-in. tie-rods (the saddles here are of cast steel, 
and the knuckles and bases cast iron). 

At the west abutment the vertical end posts are 
pin-connected at both ends, and the bottom chord 
section L 29, L30 slides on a stool attached to 
the pin-bearing at L30, thus avoiding the inde. 
terminate stresses due to a deflection of the canti- 
lever legs. The wind shear at U 30 is communi- 
cated direct to the side of the abutment by means 
of bearing-plates on the top chord, working against 
castings bolted to the abutment. 

The legs spread from 20-ft. centres at L 28 to 
40-ft centres at L 30, where the bases are attached 
to cast-iron pedestals, which are to be entirely em- 

bedded in concrete. A pin-bearing at this point, 
though preferable in some ways, was considered 
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members, except the long hangers at U2, L2, 
U18, and U24, L24. The eye-bars used in the 
anchorage of the west cantilever, and forming the 
suspenders of the slung span, were made in the 
Ambridge plant of the American Bridge Company. 

The bridge has, as we have said, been constructed 
to the designs of Messrs. Rendel and Robertson, 
consulting engineers, by the Teesside Bridge and 
Engineering Works, Limited, of Middlesbrough, and 
has been temporarily erected in their yard by means 
of a large travelling ‘‘ Goliath,” specially built for 
the purpose. Views, which are reproductions from 
photographs, and which give a very good idea of 
the bridge during its erection in the yard of the 
makers, may be seen in Figs. 21 to 28, Plates 
XVII. to XX. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue Sixtieth Annual General Meeting of the 
Institution of Mechanical Engineers was held last 
Friday evening, the 15th inst., at the Institution 
House, Storey’s Gate, the chair being occupied at 
the commencement of the proceedings by Mr. 
Edward P. Martin, who has been President of the 
Institution during the past two years, and later by 
Mr. T. Hurry Riches, who is now the President. 


Tae AnnuaL Report or tHe Councit. 


The usual formal business having been trans- 
acted, and announcement having been made by 
the Secretary that six transferences from the class 
of associate member to full membership had 
been made, Mr. Worthington proceeded to read 
the annual report of the Council. Reference was 
first made to honours conferred by the King during 
the past year upon members of the Institution. 
The Right Hon. W. J. Pirrie had been made a peer, 
and Sir James Kitson a Privy Councillor. The total 
number on the roll of the Institution at the end 
of 1906 was 4982. There were nine honorary 
members, 2472 members, 1913 associate-members, 
69 associates, and 519 graduates. The totai gain 
in numbers was 232. During the year one former 
member was reinstated, and 457 candidates were 
elected. Of these, 41 were formerly graduates, and 
four withdrew after election ; 413 fresh names were 
added to the register ; the total losses were 181. 
Amongst the 55 members who had died during the 
year were: Mr. H. D. Marshall, Sir Thomas 
Richardson, Mr. James Rowan, and Mr. H. H. 
West, all of whom were at the time of their death 
Members of Council. Amongst old members who 
had passed away were: Mr. Abel, who joined in 
1861 ; Mr. A. B. Brown and Mr. Craven, who had 
been members since 1866; Mr. Dove and Mr. 
E. C. Healy, since 1857 ; and Mr. W. P. Marshall, 
since 1847. The latter year was the year of the 
foundation of the Institution. Mr. Marshall was 
secretary for 29 years, filling that post since the 
year 1849. Among others who had died during 
the year were: Sir E. J. Reed, who had been a 
member since 1870 ; Mr. Henry Smith, since 1860 ; 
Mr. Stabler, since 1869 ; and Sir C. Tennant, since 
1864. 


The accounts showed that the total revenue for 
the year 1906 was 13,7331. 8s. 5d. ; whilst the ex- 
penditure was 11,543/. 1s. 7d. The total invest- 
ments and other assets were 77,1111. 14s. 2d. 
Deducting from this the sum of 25,0001. for deben- 
tures, and 7605. 3s. 4d. for the total remaining 
liabilities, the capital of the Institution amounted 
to 44,506 10s. 10d. This excluded the sum of 
76081. set aside for Leasehold and Debenture 
Redemption Fund. The interest on a sum of 5001. 
which had been received from Sir Edward Fry and 
the Metropolitan Water Board was to be devoted 
to prizes for competition amongst members. The 
conditions for the first competition had already 
been announced. The Counzil had decided, after 
consultation with Sir Edward Fry, to offer a 
prize biennially for a paper on an engineering 
subject, to be announced one year before the 
time of sending in papers. The award would 
be known as the ‘‘ Water Arbitration Prize.” 
Members, associate members, associates, and 
graduates might compete. The subject for 1908 


tion. A sum of 50l., to be devoted to charities 
connected with engineering, had been received from 
the organisers of the Eagineering and Machinery 
Exhibition held in London last autumn. This is 
referred to more fully in Mr. Martin’s speech mov- 
ing the adoption of the report. 

in regard to the research work of the Institu- 
tion, the report stated that Professor H. C. H. 
Carpenter’sexhaustive research, madein conjunction 
with Mr. C. A. Edwards, into the alloys of copper 
and aluminium formed the subject of the Eighth 
Repoit of the Alloys Research Committee. This 
report was read at the last meeting of the Institu- 
tion, and was discussed at the meeting now under 
notice, the discussion being adjourned until the 
next meeting, as will presently appear. The 
Committee, under the chairmanship of Sir 
William White, were, the report stated, continu- 
ing, at the National Physical Laboratory, these re- 
searches, and would be glad of suggestions with 
a view to carrying on the work, and making the 
results of the greatest value to engineering prac- 
tice. The Gas-Engine Research, under the chair- 
manship of Sir Alexander B. W. Kennedy, had been 
continued at the University of Birmingham, on a 
specially constructed large gas-engine. A special 
research assistant had been engaged, and it was 
hoped that a report would appear during the 
coming session. During the past year the Council 
gave considerable attention to the question of addi- 
tional research work, and, after consulting the 
whole body of the members, they had set on foot 
preliminary inquiries, which would enable them to 
determine the researches that could most usefully 
be initiated. The Research Committee on Friction 
had, the report said, been re-established for the 
purpose of investigating the action of spur, worm, 
and chain-gearing, including experiments on the 
influence of ball-bearings therewith. Professor J. 
D. Cormack had offered the use of the Mechanical 
Engineering Laboratory at University College for 
making experiments. 

The President (Mr. E. P. Martin) moved the 
adoption of the report. He referred first to the 
501. which had been received from the organisers of 
the Engineering and Machinery Exhibition, as 
already mentioned. It had been suggested that this 
sum might form the nucleus of a benevolent fund, 
if the meeting concurred with the proposal. The 
amount might be small, but, as he had been 
reminded, the now large fund belonging to the 
Civil Engineers had similarly modest beginnings. 

The motion for the adoption of the report was 
seconded by Mr. Graham Harris. He said that in 
some other institutions benevolent funds were kept 
apart, or largely apart, from the council. In the 
case of the fund of the Institution of Civil Engi- 
neers, which had now a capital of from 60,000/. or 
80,000/., not more than three members of the 
Council, and the President, who was ex officio the 
President of the Committee, could at one time be 
members of the Benevolent Fund Committee. 
There were twelve members of the Committee, 
nine other members helping in the distribution of 
the funds. He did not know how the Council 
and the members generally would wish to deal with 
the question, but he would suggest that it might 
be well for the meeting to refer the matter to the 
President and three Vice-Presidents, in order that 
they might suggest some scheme which should 
be brought before either an ordinary or a special 
meeting. The whole matter could then be discussed, 
and that extremely useful institution—as had been 
ste by the cases of other scientific societies—a 

mevolent fund, might be started. 


AMENDMENT OF THE By-Laws. 

The adoption of the report having been carried, 
the President then moved that, in pursuance of 
the notice given on behalf of the Council at the last 
meeting, new by-laws of the Institution should be 
adopted in conformity with the proof circulated to 
all the members and associate-members. It would 
be seen, he said, that the proposed alterations of 





the existing by-laws included the raising of the 
| minimum age of members to thirty years, and the 
| maximum age of graduates to 28 years, the qualifi- 
cations required for the various classes of member- 


would be the *‘Filtration and Purification of Water | ship being more clearly specified. The other 


for Public Supply.’ 
be in by October 


Papers for competition must | alterations were mainly verbal. The new by-laws 
31, 1907. The J. K. Starley 


had been approved by the solicitor to the Institution, 


Memorial Committee had offered to the Institution | and he asked for their adoption. 
a sum of about 4001. for the purpose of making 
awards for the best papers on cycling or road 
locomotion generally, contributed to the Insti(u- 


Mr. E. B. Ellington had much pleasure in second- 
ing the adoption of the proposed new by-laws. 
| The Council as a whole, and especially the sub- 





committee, had given a great deal of time to the 
rectification of these by-laws. The fact had forced 
itself on the notice of the Members of Council for 
some time past that the time had arrived when 
there should be some revision of the qualification 
for associate membership and membership of the 
Institution, if the status of membership were to 
be maintained. The alterations had not been 
drawn with a view to exclude any who had had 
scientific or mechanical engineering training, but 
so as to allow time for work of responsibility 
to be undertaken. He was sure that all members 
would agree that the Council had not taken up this 
matter any too early. The numbers anxious to 
join the Institution were increasing, and it was 
most desirable that it should be clearly understood 
what the required qualifications were. 

Mr. Joseph Adamson considered that the by-laws 
should stand as they were, so far as members were 
concerned. He was unable to see why the age cf 
membership should be increased, as he did not 
consider that advanced years added to the qualifi- 
cations of an engineer, except in relation to ex- 
perience ; certainly not in regard to memory and 
energy. Another difficulty which presented itself 
to his mind was connected with the introduction of 
Clause 3, for which, in view of Clauses 1 and 2 
he did not see the need; he did not object to 
Clause 3 considered by itself. On the reservation 
with regard to general scientific education, the 
speaker regarded the word ‘‘ education” as much 
abused, and in connection with Clause 2 raised a 
distinction between ‘‘ thorough scientific education” 
and a ‘‘good general and scientific education,” his 
personal choice resting with the man who had 
received the good general and scientific education. 
Generally, he thought that if anyone was able at 
twenty-five years of age to impress himself upon 
the Council as worthy of admission to the Institu- 
tion, his age should not count against him. 

Mr. E. B. Ellington then said that the Council 
had had great difficulty in determining the exact 
meaning of the by-laws as they had stood, and it 
was for that reason that the amendments had been 
made. With regard to the question of age, the 
existing rule was that associate members must be 
at least twenty-five years of age. No doubt it did 
happen sometimes that young men of twenty-five 
years attained to responsible positions, and might 
be regarded from the point of view of members 
as eligible for membership. Twenty-five years, 
however, had been laid down as the first stage, 
and it was only reasonable that there should 
be steps, and that the title of member should 
indicate greater experience ; experience being, after 
all, the best foundation for knowledge. Some time 
would have to beixed within which the associate 
member should be raised to the rank of full 
membership. Information had been obtained from 
societies connected with engineering both in this 
country and in America, and it was found that 
thirty years was the lower limit at which full member- 
ship could be obtained. This was the rule of the 
Institution of Civil Engineers, of two great Insti- 
tutions in America, and, he believed, of the Iron 
and Steel Institute and the Institution of Elec- 
trical Engineers. It was clear, therefore, that in 
proposing the new by-laws no radical change was 
being introduced. Commenting on Mr. Adamson’s 
criticisms, the speaker said that if Clauses 1, 2, 
and 3, were carefully read, it would be seen that 
the object was to give the Council a very large dis- 
cretion. It was recognised that members must 
pass through the ordinary course of education, both 
general and scientific, and must be regularly 
trained ; with their education and training they 
became responsible for work. But there were 
those who did not pass through the ordinary 
course of training. They had scientific knowledge ; 
and they became practically engaged in mechanical 
engineering work, eventually taking a position in 
the profession. 

The difference between Clauses 1 and 2 was the 
difference between the ordinary regular training 
and what might be called the training by experi- 
ence. Surely there could be no objection to recog- 
nising the two ways by which men might attain a 
position which would entitle them to membership 
of a great institution. Clauses 1 and 2, however, 
were not exhaustive ; No. 3 took into account that 
there might be, or there were, men who had not 
had a thoroughly scientific education in the ordi- 
nary sense of the word; but, as Mr. Adamson 
had said, from the position they had achieved 
there ought not to be difficulties thrown in the 
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way of their being admitted to the Institution. 
That disposed of the three conditions under which 
anyone could become a member, and no one was 
excluded by the by-laws who could show due 
qualifications. The position with regard to associate 
members was very much the same, but, of course, 
their qualifications were of a different character. 
The President had mentioned that the age for 
graduates had been raised to 28. On that point 
there might bea little misunderstanding. It was not 
intended that candidates should become graduates 
at a later age than at present ; butit was recognised 
that there might be many young men who, from 
causes over which they had, perhaps, no control, 
were not in possession of the necessary qualifica- 
tions for associate membership when, under the 
present rules, they ceased to be graduates. It was 
hard that a graduate should drop out of the Institu- 
tion because he had not had any real practical 
experience, and therefore the Council thought that 
it would be desirable to allow graduates to remain 
until they were 28 if, when they were 26 years 
of age, they had not the qualifications requisite for 
associate membership. 

The by-laws, as amended, were then formally 
adopted by the meeting. 


Grapuates’ Prizes. 


The President then announced that prizes had 
been awarded to Mr. Hurst and Mr. Amy for the 
best papers in the Graduates’ Section. Mr. Hurst 
was absent, but presentation was made by the Presi- 
dent of the prize awarded to Mr. Amy. 


ELECTION OF OFFICERS. 


The election of the following officers of the In- 
stitution was next announced by Mr. Martin as 
the result of the ballot :—Elected as President, 
Mr. T. Hurry Riches; as Vice-Presidents, Mr. 
Henry Chapman and Mr. Edward B. Ellington ; 
as Members of Council, Mr. William H. Allen, Sir 
Benjamin Baker, Sir John Wolfe Barry, Messrs. 
Henry A. Ivatt, Thomas*P. Reay, John Tweedy, 
and George Webb. For filling the vacancy among 
the Members of Council caused by the election of 
Mr. Henry Chapman as a Vice-President, the 
Council had appointed Dr. Archibald Barr as a 
Member of Council ; he would retire at the next 
annual general meeting and would be eligible 
for re-election. 


Tae New President. 


Mr. Martin then inducted Mr. T. Hurry Riches 
to the chair. The new President, Mr. Martin 
said, had been a member of the Institution since 
1874, and was a man in whom theory and practice 
were well blended. Moreover, he was one who had 
given great attention to the training of young engi- 
neers, and had, to the speaker’s knowledge, assisted 
many in their first step up the ladder of life, often 
so difficult to take. 

Mr. T. Hurry Riches, in taking the chair, thanked 
the Institution for placing him in so honourable a 
position, which pee not fail to be coveted by every 
engineer. He would do all in his power to sustain 
the dignity and usefulness of the great Institution, 
so that when it came to his turn to relinquish his 
office, it would be found that he had not discredited 
the trust reposed in him. 


Vote or THANKS TO THE Retirinc PRESIDENT. 


Mr. W. H. Maw said that upon him, as the only 
Past-President present, devolved the pleasant duty 
of proposing a hearty vote of thanks to the retiring 
President, Mr. Martin, for his conduct in the chair 
during the past two years. All would know how 
admirably the presidential duties had been carried 
out during that period, with what care Mr. Martin 
had looked after the interests of the Institution, 
and with what tact and judgment he had controlled 
the meetings. Those who attended the Liége and 
Cardiff meetings were especially indebted to him 
for the great influence he had brought to bear on 
the success of both meetings. At Liége all felt that 
the very hearty welcome received from their Belgian 





friends was not due solely to the respect which was 
entertained for the Institution as an Institution, but 
was largely accounted for by regard for Mr. Martin 
personally. Mr. Martin was as well known to the 
Belgian steel-makers, iron-makers, and engineers as 

he was to those of this country. It was so also 
with the Cardiff meeting last year. There had | 
never been a more successful meeting than that at | 


Cardiff, and the success was due to the respect with | 


which Mr. Martin was regarded in the whole of 
South Wales, and, he should add also, to the 
great influence of the new President, Mr. T. Hurry 
Riches. 

Mr. J. A. F. Aspinall seconded the proposal, 
and expressed the obligation the Institution was 
under to the Principality which first sent them 
so good a President as Mr, Martin, and then fol- 
lowed it up by Mr. Riches. All would join in 
thanking Mr. Martin for presiding with so much 
consideration and care. 

Mr. T. Hurry Riches, in putting the resolution 
to the meeting, said it was unnecessary for him to 
add anything to what had been said by Mr. Maw 
and Mr. Aspinall. He had known Mr. Martin 
for a great number of years, and had always found 
him essentially kind, while his eminence as a pro- 
fessional man was known to all. The Institution 
had benefited materially by Mr. Martin’s presidency. 

The vote of thanks was then put to the meeting 
and passed with acclamation. 

Mr. Martin, in returning thanks, said that two 
years ago he had undertaken the office of President 
with anxiety and even trepidation, but as the result 
of the kind assistance rendered to him, particularly 
by his colleagues on the Council, he left the chair 
almost with regret. 


Tue WILLANs PREMIUM. 


The President next announced that the Council 
had awarded the Willans Premium to Mr. H. A. 
Humphrey for his paper on gas-engines, the selec- 
tion we been from among papers read during 
the last six years. 


Tue Report to THe ALLOYS RESEARCH 
CoMMITTEE. 


The President then opened the discussion on the 
‘*Kighth Report to the Alloys Research Commit- 
tee: On the Properties of Alloys of Aluminium and 
peg oe Foy rig by Professor H. C. H. Carpen- 
ter and Mr. C. A. Edwards. This report, it will 
be remembered, was read in abstract by Professor 
Carpenter at the ordinary general meeting which 
took place on January 18 last, and an abstract of it 
has been printed in our columns (see pages 129 
and 158 ante). 

Mr. E. P. Martin took the opportunity to ex- 
plain that the fact that Professor Carpenter had 
been called upon to read his paper in a very limited 
time at the end of the last meeting was by no 
means in accordance with the wishes of the Council, 
but was due to circumstances not under their con- 
trol, the discussion on the previous communication 
having extended beyond the limits anticipated. He 
considered that public reference should be made to 
this matter, in order that there might be conveyed 
to the authors of the report the real appreciation 
with which the Council regarded their work. 

Professor Carpenter, after thanking Mr. Martin 
for his remarks, said that the main report had been 
read in part, and numerous abstracts had appeared 
in the Press, so that he would not waste time in 
adverting to that report except in one particular. 
He referred to the main report, Section h (see 
page 127 ante), as follows :—‘‘ In the corrosion 
tests, which were purposely made as severe as 
possible, alloys containing from 1 to 10 per 
per cent. of aluminium had shown themselves 
to be practically incorrodible by sea - water, 
whether alone or bolted to a plate of mild steel. 
In these tests they showed themselves superior 
both to Muntz metal and naval brass, which cor- 
roded appreciably. In tap-water of medium tem- 
porary hardness the positions were exactly re- 
versed.” During the interval that had elapsed, 
Professor Carpenter said, since January 18, a con- 
tribution had been sent in by Messrs. Vivian and 
Son, which confirmed the foregoing statement, 
with the difference, however, that the protecting 
metal in Messrs. Vivian’s experiments was not 
mild steel, but cast iron. It would be noticed, 
from the table exhibited, that in the case of the 
oy couples the alloy bolted to iron showed no 
oss of weight. The experiment extended over 
twelve months. Similarly the 10 per cent. alloy 
protected by Muntz metal showed no loss of 
weight. That was a satisfactory confirmation of at 
least one thing in the main report. The foregoing 
remarks by Professor Carpenter were followed by 
the reading of portions of the Appendix to the 
main report, in connection with which Professor 
Carpenter observed that it represented work in 
progress at the time when the main report was 
written, and was summarised in a diagram shown 


on the walls of thetheatre. We print the Appendix 
on another page, together with the dixgram. 

| Mr. Tomlinson, of the Broughton Copper Com- 
|pany, opened the discussion by explaining that 
during the last fow years he had had some prac- 
tical experience in the manufacture and investiga- 
tion of the various aluminium alloys ; but, never- 
theless, he hardly felt competent to open a discus- 
sion upon a paper of a nature such as that before 
the meeting. In regard to the figures in the 
report, the yield-points were not in accordance 
with a large number of tests he had conducted 
during the past few years. Taking the experi- 
ments as a whole, the points were high, and the 
ratio between the yield-point and the tensile 
strength, as shown in the various tables, was very 
erratic in most cases. In saying that the yield- 
points were too high, he referred especially to 
copper. For the No. 1 alloy—practically pure 
copper—the yield-point was given as about 44 tons, 
whereas a yield-point higher than about 2} tons 
would not be obtained with pure copper. Some 
investigators even went so far as to say that pure 
copper had no yield-point at all, but commenced to 
yield as soon as stress was put on. Other dif- 
ferences to be ‘noticed in the paper between the 
yield-point and the tensile strength were, the 
speaker thought, due to the naturally erratic 
nature of aluminium alloys. The authors had 
found practically no rise of temperature on the 
addition of aluminium to copper; but any work- 
man of experience would contradict that. ‘To be 
quite sure on this point, Mr. Tomlinson had had 
some experiments made with pure de oxidised 
copper. The copper was melted under a thick layer 
of charcoal, as recommended by the authors, a 
thermo-couple inserted, and aluminium added. 
There was a considerable rise of temperature— 
about 200 deg. Fahr. 

The authors had also pointed out that they found 
no difficulty in making an alloy of 5 per cent., 
although they had been told by some experimenters 
that such a difticulty existed, as there was a ten- 
dency for the metal to thicken. The speaker had 
experienced no trouble of this kind ; in fact, he did 
not think there was any difficulty in making any of 
the alloys mentioned ; they were all perfectly fluid 
if melted, and the aluminium added, at the correct 
temperature. In respect to the melting tempera- 
ture of the alloys, the authors had stated that it 
was very important to cast the alloys at the 
proper temperature, but had carefully evaded any 
statement of what the correct temperature was. 
There was one important omission in the report— 
that was, absence of information on the testing of 
these aluminium alloys at elevated temperatures, 
He thought all engineers would agree that this 
would have formed a most valuable addition to the 
paper. The late Mr. F. W. Webb read, on April 22, 
1902, before the Institution of Civil Engineers, a 
paper in which he gave his experience of an alloy, 
containing 7 per cent. of aluminium, he had used for 
rolled rods for the stay-bolts of locomotives. The 
results were disastrous. After two months’ work- 
ing on the line, the engine running only 2400 miles, 
the metal became highly crystalline, and broke off 
close up to the tube-plates. In this paper Mr. Webb 
had shown the influence of temperature on the 
particular alloy, the tensile strength of the alloy 
dropping about 50 per cent. at a temperature of 
about 600 deg. Fahr. 

From experiments the speaker had recently con- 
ducted, he had found that at 600 deg. Fahr. the drop 
in tensile strength was not quite so great as that 
recorded by Mr. Webb. He had taken four of the 
alloys, which were duplicates of some of the rods 
described in the paper, the diameter being }} in. 
He had, unfortunately, only four pieces of rod at 
his disposal. He found that No. 10 alloy (8 12 per 
cent. aluminium) dropped to 20.8 tons ; the elunga- 
tion was only 25 per cent., and the contraction of 
area 20 per cent. For alloy No. 13 (9.90 per cent. 
aluminium) the tensile strength at 600 deg. Fahr. 
was 22 48 tons ; elongation, 36 per cent. ; and the 





contraction of area, 56 per cent. No. 14 alloy (10.78 
per cent. aluminium) showed a tensile strength of 
21.64 tons, an elongation of 30 per cent., and a 
‘contraction of area of 47.2 per cent. No. 15 
(11.73 per cent. aluminium) was most extraordinary, 
the tensile strength being 18.41 tons, the elongation 
| 62 per cent., and the contraction of area 96 74 per 
cent. The appearance might be imagined, and tho 
alloy broke like a piece of lead. He mentioned 
these experiments to illustrate the importance of 
, having some work done for the purpose of recording 
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the behaviour of these alloys at elevated tempera- 
tures. His own experience was that the ese 
were most erratic. In years past the varying com- 
— of the aluminium employed had doubtless 

n responsible for this, but that disturbing element 
had been removed by the production of aluminium of 
standard quality. The speaker was impressed by the 
large amount of work which the paper represented, 
but could only feel that, in comparison, the results 
were small. This, doubtless, was often the case 
with research work. One result, however, of the 
paper was of fundamental importanee : it would 
give engineers more confidence in deciding whether 
they could adopt one or other of the various alloys 
for any particular purpose. 

Professor Arnold said that he differed from the 
statement the authors had made in the report with 
regard to results of remelting alloys high in alumi- 
nium, that there was no oxidation of the aluminium. 
From a practical point of view, the speaker believed 
that there was usually a considerable amount of 
oxidation of the aluminium, and this would natur- 


ally be expected, since aluminium was so powerful 
a deoxidiser as, at high temperatures, to decom- 
carbonic oxide itself. It would be a matter of 
considerable practical value if this important point 
could be dealt with in such a way as to show prac- 
tical metallurgists how to avoid this oxidation. He 
had noticed also that the authors had succeeded in 
getting results in which a couple cased with fireclay 
gave approximately the same results as a bare couple. 
n practice it was found that under certain conditions 
there was a very much larger difference than that 
tabulated by the authors. That was another point 
upon which some explanation might be obtained. 
e authors had made an extremely interesting note 
on the resemblance of alloy No. 13 to Swedish 
Bessemer steel, particularly in connection with the 
static tests. The kinetic or dynamic tests’ made for 
the authors at the University of Sheffield showed 
that No. 13 alloy was, under dynamic stress, much 
superior to Swedish Bessemer, although the static 
results were the same. Swedish Bessemer endured, 





under the standard conditions of the Sheffield 
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University system of testing, 350 alternations 
before breaking, whereas alloy No. 13 stood, in 
round numbers, 700 alternations, or had about 
twice the endurance. 

He would next like to deal in a broad general 
way with two points which would have to be 
taken up by scientific men generally. One had 
reference to the recalescence curves, upon which 
the various curves in the paper were founded. He 
had, he believed, previously pointed out to the 
Institution that there were two methods of taking 
these recalescence curves : one the direct way, and 
the other the differential way. The latter method 
involved considerable risk of error ; and it appeared 
to him that the differential apparatus—speaking 
generally, and not of the particular apparatus— 
involved at least seven items of initial error. A 
correct datum line was only possible with the 
differential method when the plus and minus 
qualities exactly balanced one another. He was 
glad to say that a committee had been appointed, 
and that, in connection with the authorities of the 
National Physical Laboratory, they had, at Sheffield, 
been making a careful series of tests on a selected 
steel, the results being taken differentially and 
directly. He would have an opportunity at the 
National Physical Laboratory, with Dr. Glazebrook 
and others, of comparing the curves, and he hoped 
that a settlement of the question as to which was 
the more accurate method of recording these ex- 
tremely important curves would be arrived at. 

Another point which the speaker regarded as of 
still wider importance related to the recognised in- 
adequacy of the tensile test. It was perfectly well 
known that excellent tensile stresses and bends 
might be obtained with steel which, in engineering 
practice, would snap like glass. A large number 
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of tests had been devised to supplement the static 
test. Professor Arnold expressed astonishment at 
having heard a well-known man of science, of 
France, actually suggest the abandonment of the 
static test, and advocate sole reliance on the shock 
test. The static test, however, would always exist, 
and mechanical engineers would have to take 
either an elastic limit, or a maximum stress, for 
their datum line, in order to obtain the factor of 
safety. Although these auxiliary tests could never 
veplace the static test, they were nevertheless of 
considerable importance. A difficulty at present 
was that each deviser of a machine, or of a modifica- 
tion of this kinetic testing of steel, had the highest 
belief in the capabilities of his own device. So far 
*s the speaker’s system was concerned, he was 
¢ onscious of its limitations; what it would do, 
asowever, was to pick out, in a great many cases, 
steel liable to fail in practice, but which the tensile 
vest indicated to be good ; and that was a somewhat 
important result. he machine at the National 
Physical Laboratory was, he believed, a modifica- 
tion of Professor Osborne Reynold’s machine, 
snd it applied a destructive test for the whole 
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piece ; that the speaker regarded as unfortunate, 
inasmuch as his experience showed that the sudden 
fracture almost invariably commenced in the skin. 
Going further into the matter he had reached the 
conclusion that these fractures, which had been put 
down to fatigue, did not arise under the true 
Wohler test at all. We were face to face, the 
speaker said, with some new phenomenon, the 
investigation of which was very urgent, in the 
interests of both engineers and metallurgists. 
Recently he had done some work for Mr. Stead, 
who had made a series of alloys in which he ran the 
phosphorus up to 0.5 per cent. Mr. Stead had tested 
this series of alloys with the rising phosphorus in 
an ordinary Wohler machine, in which the test 
was applied below the elastic limit. They were 
also tested at Sheffield on a machine in which the 
stress was slightly above the elastic limit. Mr. 
Stead’s results en the full test showed that the 
more phosphorus the steel contained the more it 
was capable of resisting alternation and shock. The 
tests at Sheffield went in the opposite direction. 
Mechanical engineers would have to revise their 
opinions in the matter of fatigue tests. It had 





CROSS SECTION THRO AA. 
been suggested to the speaker that the Council 


would probably entertain a paper on the subject at 
the summer meeting, and he then hoped to deal 
with the matter tolerably fully. 

Dr. Seligman wished, at the outset, to refer to 
Professor Arnold’s remarks about oxidation on re- 
melting ; there was undoubtedly a slight oxidation 
on re-melting in all the lighter alloys, but it was 
extremely slight ; the temperature was not unduly 
raised. Mr. Tomlinson~ had spoken about the 
yield-points found by the authors, and had stated 
that in some cases it was asserted that copper had 
no yield-point at all. The speaker was surprised 
to find on reading the paper that aluminium had 
been given a yield-point ; he had never been able 
to find one. With regard to the temperature of 
mixing, the speaker understood the authors to say 
that any rise of temperature was due to deoxidation. 

Professor Carpenter here pointed out that the 
statement was to the effect that rise of temperature 
was due to oxidation of the aluminium. 

Dr, Seligman, continuing, said that the point was, 
whether the rise in temperature was due to other 





causes. It would surely be very simple to test 
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the matter by just adding sufficient aluminium 
to reduce all copper oxide; according to the 
authors, any excess of aluminium subsequently 
added would not give a rise of temperature. His 
experience, however, did not support this view. 
His work with these alloys had been largely with 
alloys rich in aluminium. The authors condemned 
the device of re-melting the alloys before finally 
casting them. The speaker was not certain that 
they had understood why the British Aluminium 
Company had adopted the practice. For big cast- 
ings, such as propellers, it was not essential ; but 
with a very big ‘‘ mix” the possibility of error was 
small. Where, however, a number of small cast- 
ings were made, it was desirable first to mix 
the alloy in large quantities, getting a — 
definite composition, and then to re-cast. If 
the attempt were made only to cast a few pounds 
at a time, no ordinary foundryman could be 
trusted to produce a definite composition of alloy. 
There were many ways in which the methods used by 
the authors must remain as ideals to be striven after, 
rather than practical methods which the foundrymen 
could use. For instance, there was the method used 
in preparing sand-castings. The great difficulty met 
with was shrinkage and the trouble in preparing 
sound test-bars. To avoid this the authors gave 
their castings a gate and head many times the size 
of the castings. Ayain, the authors appeared 
to have misunderstood the reasons which led 
the company to adopt the 59 per cent. alloy. 
It was not that they believed that an alloy made 
in that manner was any better ; it was simply the 
greater convenience of using the 50 per cent. alloy 
when casting small amounts. Owing to its brittle- 
ness the alloy could, as the authors had pointed out, 
be broken up into a fine powder, and the amount 
required could be weighed off with great accuracy. 
Then, by making the alloys rich in aluminium, the 
temperature could be reduced, and that was possibly 
the most important point of all. 

He could confirm the remarks of the authors as 
to the importance of keeping down the temperature. 
The great majority of the complaints as to the poor 
qualities of cast aluminium alloys were due to 
overheating of the alloys during casting. While 
wholly agreeing, however, on the question of 
low temperature, there were some apparent errors 
in the quantities given by the authors, it being 
stated that an alloy cast at 650 deg. Cent. lost 
about 50 per cent. of its tensile strength when 
the temperature was raised to 707 deg. Cent., 
and on a further rise of temperature to 724 deg. 
Cent., the tensile stress went up above that at 
707 deg. Cent. The 650 deg. Cent. was slightly 
above the melting-point, and in dealing with large 
quantities, such as half a ton of alloys, it was im- 
possible not to heat beyond that. The actual 
casting temperature in his practice was about 
710 deg. to 715 deg. Cent., and he did not think 
that the authors would suggest that the alloys 
shown to them by the British Aluminium Com- 

any had a tensile strength as low as 4.5 tons. 
There must, therefore, be an error, and the speaker 
hoped it would be cleared up. At the other end 
of the series he could not hope to speak with any- 
thing like the authority of Mr. Tomlinson, but the 
comparatively bad results of 10 per cent. rolled 
bronze relatively to castings had surprised him ; 
his experience was, of course, limited, but he had 
always found a marked improvement in rolling these 
alloys. The observations, however, as to the bad 
qualities of the metal when heated were confirmed 
by the experience of the British Aluminium Com- 
pany. It was well known, for instance, that the 
10 per cent. alloy would not stand high tempera- 
ture. He was obliged to disagree with the authors’ 
conclusions as to the relative promise of the heavy 
(copper-rich) and the light (aluminium-rich) alloys, 
a he based his disagreement on the great excess 
of the light alloys demanded as compared with the 
heavy alloys. The speaker, in conclusion, com- 
mended to the consideration of those controlling 
these researches the examination of alloys con- 
taining zinc, as he was confident that the results 
obtained would be extremely valuable. 

Captain Sankey, who was the next speaker, 
exhibited an example of his testing-machine, and 


explained that he had been enabled, by the 
courtesy of Dr. Glazebrook and the authors, to 


break, in the little hand bending-machine shown, 


the longer — of the broken test - pieces 
rnold’s alternating stress test. The 
speaker next proceeded to explain the action of the 


of Professor 





|square and the round specimens. 





and described in our last issue (see page 209 ante) ;| remarkable substance, inasmuch as although a 


there was, however, only one spring instead of two, 
so that the bending effort was measured in one 
direction only, and the diagram was somewhat 
altered in shape. Fig. 1, annexed, is a reproduc- 
tion (toa smaller scale) of the diagram obtained, 
by the aid of this machine, with alloy No. 13 (9.9 
per cent. aluminium); Fig. 2 represents a mild 
steel (0.30 per cent. carbon), and Fig. 3 alloy No. 1 
(0.1 per cent. aluminium). The number of bends 
applied is 4 maar | double the number of 
circular lines drawn by the recording pencil ; thus 
in the case of the test recorded in Fig. 3, the 
number of bends applied was fifty-six. Some 
of the alloys had given even a greater number of 
bends than this, oe No. 9 holding the record with 
158 bends. The speaker had plotted the results both 
of the number of bends and of the effort to bend ; 
and so far as the number of bends were concerned, 
they followed proportionately and very closely the 
figures given by Professor Arnold. They also fol- 
lowed very closely the impact figures both for the 
i As regarded 
effort, Captain Sankey had found, in plotting, that 
the line approximated to the yield-point in simple 
tension, as given in the paper, and more closely to 
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the alternating stress test of Dr. Stanton. This was 
a point the speaker considered of the greatest inte- 
rest, because it was pointed out very clearly in the 
paper that, in the case of aluminium, the yield-point 
obtained by Dr. Stanton’s figures, which was now 
known as the true yield-pvint, was also the yield- 
point in simple tension. ‘That was one of the main 
deductions of the paper. In the case of steel the 
yield-point, as generally recorded, was an artificial 
figure, and was higher than the figure obtained by 
means of Dr. Stanton’s experiments, which gave 
the true a The observation points joined 
by the dotted lines in Fig. 4 gave the bending efforts 
for six specimens of steel which Professor Arnold 
had kindly provided ; the bending effort for alloy 
No. 13 was also plotted, and it would be seen that 
it was slightly greater than that of the steels. It 
might be argued from this that the yield-points 
indicated by the hand bending-machine were about 
the same as that of alloy No. 13—namely, 14.8 tons 
per square inch. The true yield-point of similar 
steels was approximately this figure, as determined 
by Dr. Stanton. It followed that the hand bending- 
machine determined the true yield-point of the 
steel, and not the primitive or artificial yield-point, 
because, as shown in Fig. 4, the primitive yield- 
— for the rolled specimens was approximately 
5 tons ; for the drawn specimens it varied from 
36 tons to nearly 39 tons. Therefore, it might be 
said that by means of this machine the artificial 
yield-point, whether produced by forging, rolling, 
or drawing, was broken down, and the true yield- 
point of the material was obtained. 
Mr. Bertram Blount pointed out that the alloy 


machine, which was similar to that we illustrated | containing 10 per cent, of aluminium was a very 





copper-aluminium alloy, its mechanical qualities 
closely resembled those of mild steel. Its be- 


| haviour, therefore, at the high temperatures to 


| which steel of that class was usually subjected, 
| would have been exceedingly interesting. Another 
point of interest was the behavour of the alloys 
/in resistance to corrosion. Mining engineers 
sometimes encountered a troublesome problem in 
providing an alloy which should be mechanically 
good, but at the same time should effectively resist 
corrosive material such as mine waters. That was 
a direction in which research might profitably be 
jundertaken. The speaker would like to learn 
| which of two contending parties was right: one 
|said that copper and aluminium united with the 
| evolution of heat, while the other asserted that 
nothing of the kind took place. A further matter 
| of great interest was, what form of non-static test 
| was the best ? 
| The President then announced that the further 
consideration of the report would be adjourned 
|until Friday, March 1, when an extra meeting 
would be held, and when Sir William White had 
| promised to open the resumed discussion. 
| Dr. Glazebrook at this point informed the 





| President that the strength tests of these alloys at 
|high temperature were now in progress at the 
National Physical Laboratory, and were being 
| pushed on as rapidly as possible. 

| ‘The proceedings then closed. 

| The summer meeting of the Institution will be, 
|as already announced, held in Aberdeen this year, 
_ about the usual date. 





VENTURI METERS AT RIO DE JANEIRO. 

ON pages 234 and 235 we give illustrations of 
a remarkably elaborate Venturi metering plant re- 
cently supplied to the city of Rio de Janeiro by 
Mr. George Kent, of High Holborn, Londcn, W.C. 
The plant, when complete, will comprise no less than 
twenty separate Venturis, which will measure the 
water received from as many different sources of 
supply, the flow-through the meters being recorded 
not only locally, but also transmitted electrically to a 
central station, where twenty recorders, all driven by 
a single clock, are grouped in the oaken cabinet repre- 
sented in Fig. 1, so that the engineer has at his cen- 
tral office a continuous register of the flow from each 
of the many sources of supply. Below each recorder is 
also arranged a totaliser, which shows on a dial the 
total amount which has passed the meter during any 
desired interval of time. 

The city of Rio de Janeiro in former days derived 
the greater part of its water supply—at all events, for 
drinking purposes—from the mountains in its imme- 
diate vicinity, more especially those comprising the 
Tijuca range of hills, between the Pico da Tijuca 
(3000 ft.) and the Morro do Corcovado (2400 ft.). The 
water was brought down to the city by means of 
aqueducts, built by the Jesuits; large sections of these - 
aqueducts are still in use, and can be seen extending 
for miles alongside the roads and paths, high upin the 
magnificently wooded hills. They skirt the steep 
hillsides, from whence they gather the water from 
numerous creeks, and are of very massive construction. 
Yet the water is carried in a comparatively diminu- 
tive trough of semi-circular section, measuring from 
6 in. to 9 in. across. Where the ground is low, the 
trough must necessarily be kept up to grade, and here 
the solidity of the construction is generally relieved by 
arches. A remarkable illustration of this may be seen 
to-day in quite a central part of the city, where the 
aqueduct spans streets, and passes high above the 
roofs of houses for a distance of several hundreds of 
feet. This part is no longer used for the conveyance 
of water, but as an illustration of its solidity it may 
be stated that it is now used as a viaduct for the 

of electric tram-cars of 1 metre gauge, prac- 
tically without any modification whatsoever. 

Rio de Janeiro has now a population of more than 
800,000 souls, according to a census taken last year ; 
and as the population has ually increased, source 
after source of water has been tapped, until now the 
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supply is derived from at least twenty sources. The 
aqueducts are still used where possible, but they only 
convey a diminutive proportion of the total water con- 
sumed. The supply from the hills near by has been 
amplified, but the great bulk of the water supply 
comes from rivers situated about 25 miles to the north- 
west of the city, notably the Rios Sad Pedro, d’Ouro, 
and Barrelad, whence it is conveyed in cast-iron 
mains of 80 centimetres diameter to a large reservoir 
in a suburb called Pedregulho, and from there dis- 
tributed direct to the city or to subsidiary reservoirs. 
The whole of the supply is effected by gravitation. 

Until quite recently the authorities had no means 
of accurately gauging the amount of water they were 
receiving from the various sources, but now at least ten 
of the sources, including the three above mentioned, 
have Venturi meters installed, and provision, as 
already stated, has been made to fix similar instru- 
ments at the remaining sources. 

More than 60,000 houses are connected to the 
water supply. 
cases. Probably about 5000 of these are already in 
use, and the number will no doubt greatly increase in 
the near future. Only certain types are admitted, and 
after being subjected to severe tests, Fragers’ and 
Kent’s being those generally employed. 

The whole of the works are controlled by the 
Inspectoria Geral das Obras Publicas from an office in 
the Rua do Riachudo, near to the centre of the city. 
They are supervised by a staff of engineers under the 
direction of Inspectoria Geral Dr. Luiz van Erven, a 
very able Brazilian engineer, to whom a vast amount 
of credit is due for the introduction of many modern 
improvements. 

The principle of the Venturi meter is now pretty 
generally understood. Its operation is dependent on 
the fact that if a stream of water flows through a 
frictionless and horizontal pipe of varying section, 
which it completely fills, the pressure of the water is 
smaller in the narrower sections, and greater where 
the pipe is of large diameter. Since the same quantity 
of water flows through each cross-section of the pipe, 
its velocity must vary inversely as the area of the 
pipe, and its kinetic energy will therefore be greater 
at these sections. As by hypothesis its total energy 
is unaltered during the flow, it follows that what it 
gains in kinetic energy it must lose in pressure energy, 
the sum of these two remaining constant from one end 
of the pipe to the other. In practice a frictionless 
pipe is unavailable, but by constructing the meter on 
the lines represented in Fig. 2, the friction of the 
conical length of pipe between the entrance and the 
throat is so small as to be immaterial. 

As will b3 seen from Fig, 2, a belt is cast round the 
pipe just before the commencement of the cone shown. 
This space is connected with the interior of the pipe by 
holes drilled through the pipe wall, as in licated, and 
by means of the tap and pipe, shown in Fig. 3, is con- 
nected to one leg of a (J water-gauge, or its mecha- 
nical equivalent. The other leg of this J-tube, or its 
equivalent, is connected to the annular space round 
the gun-metai casting, which forms the throat of the 
meter. This casting is accurately machined so as to 
present a smooth surface to the flow of the water 
through it, the velocity of which is high, and by this 
method frictional losses are reduced to a minimum. 
The diameter of the throat depends upon the calcu- 
lated maximum velocity in the main in which the 
Venturi tube is to be inserted, and is commonly one- 
third that of the approach-pipe at A, A, so that the 
velocity in the throat is nine times as great as at that 

oint, and the kinetic energy eighty-one times as great. 
hus, if at the point A the pressure-head is H feet, 
and the velocity v, the total equivalent head of the 


water at that point will be H + = 
24 


Since at the throat the velocity is nine times as great 
as at A, A, the velocity head here will be 7 and if 
the pressure head here is h, the total ar. SI head 
at this point will beh + 8!” As the loss by fric- 


tion is negligible, we have 


w+" a + OS 
29 29 
or 
ye — 29(H-h) 
80 


This difference of head is shown by the gauge, and 
hence the velocity through the throat can be deter- 
mined, and the area of the latter being known, the 
discharge per second is immediately obtained. Whilst 
the approach to the throat may be pretty abrupt, as 
loJicated, without introducing any serious loss from 
fluid friction, it is necessary to use a much longer 
ccue in swelling out the pipe again to the full diameter 
on the down-stream side of the throat. 

‘a practice a recording-gauge is adopted, the appa- 
ra'us used being represented in Figs. 4, 5, and 6. At 
the base of the instrument are arranged a couple of 


Water-meters are obligatory in certain | 


cylinders communicating at the bottom and filled with 
mercury. From the top of each mercury tube a pipe 
leads off to the Venturi, one being coupled at A, A, 
Fig. 2, and the other at the throat ; hence the pressure 
applied to the mercury is the same as that at the point 
| of the Venturi to which it is coupled. As a conse- 
| quence, when water is flowing through the meter, the 
| mercury stands at different levels in the two tubes. 
In each tube is an iron float resting on the surface of 
|the mercury, and moving with the latter. A pen 
' connected with one of these floats can trace, therefore, 
on a suitable clock-driven drum, a diagram which 
| shows the rate of flow through the meter at every 
| hour of the day ; and from this record it is possible to 
| find the total quantity discharged in any time. 

| The instrument is, however, arranged so that it 
| also automatically registers on a dial the total quan- 
tity passed, thus making it possible to dispense with 
| the trouble of integrating the diagrams. For this 
purpose a second drum is employed, which is driven 
| on a vertical axis by the clock at a fairly rapid rate ; 
in the case of the Rio plant, six revolutions per hour. 
A small wheel, mounted on a rod connected to a float in 
the second mercury-tube, is pressed against this drum 
by a spring. To the surface of the drum is fastened 
a sheet of metal cut in the form of a parabola, so that 
the surface of the drum is on two levels, and as the 
parabolic sheet comes round, the small wheel rises up 
on to it against the tension of its spring. This motion 
of the wheel in or out from the axis of the drum 
throws a small pinion in or out of gear with a wheel 
driven by the clock, If, for example, there is a high 
velocity through the throat of the Venturi, the float 
in the U-tube will have sunk almost to the full extent 
of its possible travel, and as a consequence the wheel 
will have been carried nearly to the bottom of the 
cam drum, at which point the parabolic sheet is very 
narrow. Hence the pinion will bein gear for almost 
the whole of each revolution. Oa the other hand, if 
the rate of flow is small, the surface of the mercury 
will rise and the wheel be lifted to a level near the 
top of the drum, where the parabolic sheet is very 
wide, and as a consequence the pinion will bs held out 
of gear for most of each revolution. The counter, 
being driven by this pinion, records, therefore, the 
actual quantity passed, although the level of the 
mercury in the [J-tube varies as the square of this 
quantity. 

In the case of certain of the Venturis comprised in 
the Rio installation the total pressure to be dealt 
with is small, and here the use of the mercury-tube is 
dispensed with, and the simple arrangement shown in 
Figs. 7 and 8 adopted. ere, it will be seen, the 
Venturi is connected by pressure-pipes to two vertical 
tubes, one of the latter being, of course, connected to 
the throat of the Venturi, and the other to the full- 
bore section. An equalising pipe connects the two 
vertical tubes at the bottom, by opening the cock in 
which, when there is no flow through the Venturi, the 
water-level in the two tubes can be adjusted. This 
equalising-pipe is, however, always closed when the 
water is passing the meter. Asa consequence, the water- 
level in one tube is raised, and in the other lowered, 
and this displacement of the water-levels is trans- 
ferred through a differential gear to the recorder and 
integrator. This differential gear is necessary, since, 
as indicated in the figure, the static level of the water 
varies considerably. It is therefore essential that 
the recording device shall be operated only by a dif- 
ference in the level of the two floats, and unaffected 
by a simultaneous rise or fall of both. 

The instruments just described are situated in the 
immediate neighbourhood of the Venturi, but the 
record has also to be transmitted to the central record- 
ing plant at Rio de Janeiro, the least distance involved 
being 4 miles, and the longest 33 miles. The mechanism 
provided for this purpose is represented in Figs. 9 and 
10. It consists, it will be seen, of an escapement con- 
sisting of an arm carried by the spindle which is 
impelled to rotate by clockwork. Interposed in the 
path of this arm is a spindle driven direct by the unit 
wheel of the counter. The arm, pressed against 
this spindle by the clock, escapes when the revolu- 
tion of the spindle brings round the notch indicated 
in the figure ; and, thus released, flies round, closing 
and opening in the process the electric contact shown. 
Ono making half a revolution, however, its other end, 
which it will be seen does not lie in the same plane, 
comes in contact with the spindle driven by the 
counter, and cannot advance until the latter has com- 
pleted a half-turn, when a second notch allows the 
arm again to escape. In this way it will be seen that 
each half-revolution of the unit wheel on the counter 
closes and opens an electric contact, and thus allows 
a current to flow to the central registering plant at 
Rio. For the longer transmissions the current received 
from the transmitter does not drive the registering 
apparatus at Rio direct, but only through the inter- 
mediary of a polarised relay. 

The largest of the meters provided for the Rio plant 
has a diameter of 800 millimetres (31.5 in. ) in diameter, 
and will pass 2600 cubic metres (573,000 gallons) per 
hour, 








THE RENARD ROAD-TRAIN. 


Tue Renard road-train consists of a petrol locomo- 
tive followed by a number of vehicles, each of which is 
self-propelled, the power being transmitted from the 
engine by jointed shafting running the whole length of 
the train. The idea originated in France in 1903, and 
it is said that trains on this principle are in use in 
several countries. A Renard train has recently been 
imported into this country, and such a limited demon- 
stration of its capabilities as the asphalted yard of a 
large motor garage would permit of, was given in 
London on Friday last. @ may say at once that 
ahy trial intended to convince those who have had 
experience in road traction must be carried out under 
very different conditions. 

The locomotive used last Friday weighed about 
3 tons, and was equipped with a 4-cylinder petrol-engine 
of 75 to 80 horse-power. The three trailers weighed 
about 24 tons each unloaded ; two were for passengers 
and the third for luggage. Each vehicle had six wheels, 
the centre pair beiag iron-shod and driven by chains 
and differential gear from the jointed shaft. The fore 
and aft wheels were rubber-shod and mounted on 
Ackerman axles, interconnected in such a way that 
each vehicle followed in the track of the preceding 
one, and consequently the whole train could be steered 
round a curve or past an obstacle with fairease. The 
train can also be steered backwards by a man guiding 
the (then) leading axle with a crowbar, but the first 
demonstration of its progress in this direction re- 
sulted in a collision with a stanchion of the garage. 

The greatest speed attained at the demonstration 
was about five miles per hour, and this appeared quite 
as high as it was desirable to adopt with such a 
complicated arrangement. Furthermore, as regards 
= there remains the question of the legal status 
of the train, a point which was curiously avoided by 
the gentleman who enlarged on its merits. Even if the 
machinery will stand any greater speed on ordinary 
roads, it is doubtful whether, for a train of vehicles of 
this kind, more than four miles an hour is advisable 
in the interests of drivers, ngers, or other road- 
users. This limits the use of the system for passenger 
service, particularly as a couple of motor-buses would 
carry more people at two or three times the speed, and, 
we should imagine, at considerably reduced cost. 

This question of cost of running was another little 
matter regarding which information was wanting, 
though a 75 to 80 horse-power petrol-motor is not a 
cheap thing to run, and the losses in the transmission- 
gear must be enormous. For goods traftic we fail to 
see how the system can compete with existing methods 
with any hope of success. Apart from fuel consump- 
tion, the upkeep expenses of the machinery—at least 
in its present form—must certainly be most serious. 

Mr. B. H. Thwaites has furnished a long and eulo- 

ee report on the system, but omits to furnish 
gures in support of his contentions, and a report 
by Mr. Campbell Swinton is also entirely figureless, 
except that the latter gentleman certifies that the 
train was capable of mounting a hill a portion of 
which, he was informed, had a gradient of 1 in 9. 
The useful load is not stated. 

Mr. Thwaites shows a most curious idea of country 
life in anticipating that the Renard train will be 
greatly apprecia as a means for the transport of 
‘*farmers and their families!” He also reports as a 
‘* unique advantage” of the system that on ‘‘ special 
cultivation days” the tractor can be uncoupled and 
utilised for ploughing, a suggestion which, like the 
previous one, contirms the wisdom of an ancient Latin 
saw. 








UEENSLAND GoLpD-Minina. —The gold-mining industry 
at Queensland was somewhat under a cloud last year, the 
total production for the twelve months having been only 
496,924 oz, as compared with 578,364 oz. in 1905, and 
639,151 oz. in 1904. It is satisfactory to note, however, 
that production is now reviving. It showed considerable 
dullness in the first quarter of 1906, but it subsequently 
increased, and the output for December was the best for 
any month in the year. 


Tar DEVELOPMENT OF THE GERMAN NAVY DURING 
1906.—The most important event during the year was 
the decision to build six large cruisers for foreign service. 
Both the Imperial dockyards and A ary shipbuilding 
concerns have been busily employed, and the new addi- 
tions to the fleet voted last year comprise two battleships, 
a large and a small cruiser, a turbine cruiser, a mining 
v and two divisions of large o-boats of 525 
tons, with a speed of 30 knots. During the year two 
battleships were launched, of 13,200 tons, two large 
cruisers of 11,600 tons, two small cruisers of 3450 tons, 
and three special vessels, altogether having a displace- 
ment of 59,570 tons. In the course of construction are, 
farther, two battleships, which have to be y next 
ee , three small cruisers, and some smaller craft. Two 

ttleships, a large cruiser, and several smaller vessels 
have recently completed their trial tri The personnel 
of the German fleet now comprises 1470 officers, 241 naval 
engineers, 208 doctors, and 171 commissariat officials ; 
owe" of men rose during the year from 31,788 to 
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KING HOLLOW 
semaiegs EE TT | CONCRETE-BLOCK-MAKING MACHINE, 

THE use of concrete, in the form of separately -made | CONSTRUCTED BY MESSRS. JOHN PICKLES AND SON, ENGINEERS, HEBDEN BRIDGE, 
hollow blocks, as a building material provides a! 
structure which may be made as pleasing in appear- | 
ance as stone, and of about half the cost. ollow 
concrete blocks have the advantage of combining both 
strength and lightness, while the arrangement of the 
hollow spaces in vertical rows provides air channels 
in the walls, which render the latter damp-proof, and 
at the same time assist in the maintenance of a 
uniform temperature in the building. This method of 
construction is also claimed to be 25 per cent. cheaper 
than the best quality of brickwork. 

We illustrate in Figs. 1 to 8, annexed, a machine 
for the manufacture of hollow concrete blocks, which 
is of simple construction, and may be used either in 
the builder’s yard or on the site of the work. The 
general appearance of the machine is shown in Fig. 1, 
while Figs. 2 and 3 show outline views. These and 
the subsequent illustrations will make the construc- 
tion clear. The machine will make a block 16 in. 
long by 10in. wide by 8 in. deep, and can be adapted 
for making other sizes within its scope, also half-sized 
and quarter-sized blocks. The block is always moulded 
with its face side downwards, in order that the best 
m:terial may be served to the face, and a fine water- 
tight finish obtained. When sufficient of the material 
is in position, the two horizontal core-bars are then 
put in place by the hand-lever, the concrete being 
well tamped to secure solidity. When the mould is 
filled, the top is strickled to obtain a fine or rough 
finish as required. 

To get the moulded block away without disturbing 
its shape, the complete mould is turned over on a 
hinge, as shown in Fig. 5, and the side plates, being 
also uvhinged, the block is left standing on a loose 
iron palette, resting on what was previously its side. 
It is carried away on this palette to be ‘‘ cured.” 
This process consists of watering it at intervals, until 
in two or three weeks it is sufficiently hard to be used. 

Various face-plates and other appliances are sup- 
plied with the machine to enable all kinds of blocks 
used in building to be made, including special shapes 
for sills, lintels, &c., the whole outfit being specially 
arranged to meet the requirements of the ordinary 
building contractor. The makers are Messrs. John 
Pickles and Son, Hebden Bridge, Yorkshire. 
































Tue PoputaTiION OF FRaNcE.—The almost nominal 
increase of the population in France continues to attract 
much attention in this country ; last year the number of 
births exceeded that of deaths by only 37,121. The fol- 
lowing table shows how stationary the population of 
France is compared with that of the other large European 
countries :— 

















Millions of Inhabitants. 























1851. 1906. 
France... - = ‘ re 85 39 
Germany .. be _ “ ai 85 60 
Austria-Hungary - ‘ 80 47 
Great Britain and Ireland... 27 43 
Italy . re ee ae - 24 33 























Utiisine THE YARRA.—A nage has been made by 
Mr. Thwaites, engineer-in-chief of the Melbourne Board 
of Works, for the utilisation of the Yarra for the genera- 
tion of electricity, and for motive power for industrial 
works bordering on the river. Mr. Thwaites estimates 
that, by using the available flow for four hours per day, 
8550 horse-power could be generated. At present the 
plant of the Melbourne City Council is capable of gene- 
rating 5900 horse-power per day, and the plant of the 
mar A tramways 4840 horse-power per day. Mr. 

hwaites’ scheme for obtaining power from the Yarra is 
based on the construction of A ear at Dight’s Falls, 
Fairfield, Wonga Park, and Warrandyte; storage to be 
provided at Warrandyte and Fairfield. The cost of 
carrying out the Dight’s Falls scheme alone is estimated 
by Mr. Thwaites at 322,000/. 





















































Our Ratts Asroap.—The shipments of rails from the 
United Kingdom in January amounted to 30,225 tons, 
as compared with 35,346 tons in January, 1906, and 
42,261 tons in January, 1905; so that, upon the whole, i 
our rail exports show a tendency to dwindle. Argentina | paanr wew arran f ee 

















took 9463 tons of British rails in January, 1907, as com- 
with 14,888 tons in Januany, 1906, and 4681 tons in — 
anuary, 1905. The Colonial demand in the first month 
of the last three years has been as follows :— ee 
a a Rl a a eae lee nee Fig.8. ; 
Colonial Group. | Jan., 1907, | Jan., 1906, | Jan., 1905. 9 Fig. 7. 
Feg. 6. rh 
tons tons tons rH |i 


British South Africa...) 4ll.—s| S780 326 : | esaiing occle PH 
British India =... 2s.) 7988 7904 1s 808 PLAN OF BLOCK HE 
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It will be noticed that there is no improvement at present 7) 

in the demand for our rails from ‘South Africa. The 5 OBiocn 

Indian demand has also shown no great activity of late. . 884 Be te) 8; 

The value of the rails exported in January was 178,238/., ; —— 

as compared with 184,841/. in January, 1906, and 198 229/. view WITH END PLATES REMO-\. ‘\ o= 
VEO BEFORE BOK IS COLLAPSED \. 
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NOTES FROM THE NORTH. 

Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market was very weak and the prices o! 
Cleveland warrants fell to 56s. 2}d. and 563. 2d. cash, 
563. 64d. and 563. 6d. one month, 56s. 3d. and 56s. 4d. 
eight days, and 57s. three months. The turnover was 
7000 tons, and closing sellers quoted 56s. 24d. cash and 
56s. 7d. one month. There were buyers of hematite at 
74s. 6d. three months. In the afternoon the market was 


very idle, the business consisting of 1000 tons of Cleveland | 


warrants at 663. 04d. cash and 56s. 11d. three months, 
and at the close the quotations were 55s. 94d. cash and 
56s. 2d. one month buyers, with sellers at 1d. more in each 
case, and at 57s. three months. On Friday morning the tone 
was irregular, and 9000 tons of Cleveland warrants were put 
through at 55s, 84d. and 55s. 104d. cash, 56s. 1d. twenty- 
six days and one month, and closing sellers quoted 
56s. cash and 563. 444. one month. Hematite, 500 tons, 
was dealt in at 733. 3d. seven days. At the opening of 
the afternoon session the market was easier and 4000 
tons of Cleveland warrants changed hands at 55a. 9d. and 
55s. 84d. cash, 56s. 1d. one month, 56s. 2d. twenty-four 
days, and 55s. 84d. seven days. Sellers’ closing quota- 
tions were 55s. 84d. cash and 56s. 14d. one month. 
Hematite was weak, and 1000 tons were done at 
723. 104d, and 72s. 9d. thirteen days. On Monday 
morning the tone of the market was rather better, 
and 6000 tons of Cleveland warrants were dealt in at 
553. 9d. and 55s. 11d. cash, 563. 2d. twenty-three days, 
563. 34d. one month, and 56s. 11d. three months, with 
buyers over for each position. Hematite—1000 tons— 
changed hands at 72s. 9d. cash. In the afternoon busi- 
ness was quiet, and consisted of 2000 tons of Cleveland 
warrants at 663. Od. and 563. 14d. cash, and 56s. y 
one month. Abt the close be were firm, with 
sellers at 56s. 24d. cash and 563. 7d. one month. 
Hematite was quoted dearer at 733. 141. cash, and 
73s. 74d. one month sellers. On Tuesday morning the 
market opened weak, and Cleveland warrants were done 
at 55s. 6d., 55s. 7d., and 55s. 6d. cash, 56s. 3d., 56s. 2d., 
563. 3d., and 553. 104d. one month, and at 55s. 6d. ten 
days. The turnover was about 11,000 tons, and closing 
sellers quoted 55s. 54d. cash and 55s. 10d. one month. 
Hematite was quoted easier at 72s. 6d. buyers and 73s. 
sellers for cash. At the afternoon session Cleveland 
warrants declined further, and 4000 tons were put through 
at 553. 7d. and 55s. 5d. ten days, 55s. 104d. and 55s. 8d. 
one month, and 563. April 9. There were no cash deal- 
ings, and sellers’ closing quotations were 55s. 34d. cash and 
55s. 8d. one month.. Hematite was again weak, and 2000 
tons were done at 723. cash and ten days, and 723. 6d. three 
months, and there were buyers over at 71s. 104d. cash. 
When the market opened to-day (Wedaesday) weaknees 
revailed, Cleveland warrants declining from 55s. 14d. to 
3. 94. cash, while forward iron was done at 553. 34., 553., 
55s. 14d., and 55s. ld.one month, The turnover was 5000 
tons, and closing sellers quoted 543. 94d. cash and 55s. 14d. 
one moath. In the afternoon the market became very 
weak, and about 6500 tons of Cleveland warrants were 
through at from 54s. 7d. to 543. cash, from 54s. 10d. to 
3, 24d. fourteen days, and at 54s. 44d. one month, and at 
the close sellers quoted 54s. 04d. cash and 543. 44d. one 
month. Hematite was flat, and 1000 tons were done at 
71s. 6d. eight days and 71s. 3d. seven days. The following 
are the market quotations for makers’ (No. 1) iron:— 
Clyde, 753.; Calder and Gartsherrie, 75s. 6d.; Summerlee, 
77s. 6d.; Langloan, 793.; and Coltness, 85s. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 76s. 6d.; Shotts 
(at Leith), 75s. 6d.; and Carron (at Grangemouth), 79s. 


Sulphate of Ammonia.—No alteration has lately taken 
place in the — of ammonia market, and the demand 
1s still poor. e current price is 12/. per ton buyers, and 
12/, 1a. 34. per ton sellers, for prompt business, Glasgow 
or Leith. The amount shipped from Leith Sitcheer tase 
week was 1437 tons. 


Scotch Stcel Trade.—The Scotch steel trade has not 
shown much sign of ch during the past week, and 
there seems to be a lull in new business, especially on 
home account. Specifications against contracts are re- 
ported to be coming in rather more freely, and shipping 
orders have again been fairly good. Steel-makers are 
still keeping up their quotations, despite the easier ten- 
dency o pis iron, and consequently buyers are continuing 
to hold off. Officially, no change has been made in prices. 

Malleable Iron.—An improvement has been felt in the 
malleable iron trade in the West of Scotland during the 

ast week or two. Makers report that the demand for 

rs is at ponent a very healthy one, and works are 
running full time. Inquiries from Canada, Australi 
and South America are in the market, and it is expec 
that ordera for some of these lots will be placed locally. 
The export demand is a strong feature of the trade at the 
moment. 

Pig-Tron Demand.—Rather @ good inquiry for pig iron 
has been in the market here this week. The demand 
come from Germany and some of the other Continental 
countries, and spring shipments are desired. 


_ Shipbuilding.—The Clyde Shipbuilding and Engineer- 
in ay Limited, Port Glasgow, have received an 

er from the Navigazione Libera Company, of Trieste, 
for a new and fast steamer of about 4750 tons capacity. 
Delivery of the vessel is wanted in June. 

The Institution of Civil Engineers—Students’ Associa- 
tion.—A meeting of the Glasgow Association of Students 
of the Institution of Civil Engineers was held on Monday 
evening, with the President, Mr. Donald A. Matheson, 
in the chair. An interesting paper, entitled ‘Some Legal 


Procedure in connection with Civil Engineering,” was | the 


read by Mr. D. L. Forgan, solicitor. A description was 


| 
| 





ciated, and Mr. Forgan received the thanks of the meeting. 





iven of the legal procedure in relation to public works | 
a undertakings authorised by statute. The author 
pointed out that a knowledge of | formalities was 
necessary for an engineer, as an observance of these, 
would lead to a saving of time and expense in the ultimate 
carrying out of the works. The paper was much appre- 


Institution of Engineers and Shipbuilders in Scotland. 
—The fifth general meeting of the fiftieth session of the | 
Institution of Engineers and Shipbuilders in Scotland was 
held in Glasgow on Tuesday. . James Gilchrist, the | 
president, occupied the chair. A discussion took place on 
the paper, “‘ The Stability of Submarines,” by Mr. J. G. 
Johnstone, B.Sc., and was ultimately adjourned. A 

per entitled **The Mechanism of Power Transmission 


rom Electric Motors.” was then read by Mr. Wilfrid L. | Te8' 


Spence. 





Exectric Power In YorRKSHIRE.—The eighth half- 
yearly meeting of the Yorkshire Electric Power Company, 
Limited, nary wt at Leeds on Tuesday. The directors’ 
report stated that the company was making substantial 
a gone in securing new customers. The number of units 
sold in 1906 was 1,308,275, as compared with 335,966 in 
1905. The directors anticipated that not only would sales 
of energy show a decided increase in 1907, but that the 
cost of production per unit would be also reduced. The 
chairman, in moving the adoption of the report, said that 
during the past year cable extensions had been made at 
Farsley, Pulver, Rodley, and Liversedge for the purpose 
of connecting upcustomers. The company had got a good 
plant, which ran well, and it had not necessary at 
present to scrap a bit of it. As to the supply of. —e 
to local authorities for the purposes of distribution, the 
company had begun to obtain a definite revenue from this 
source. Mr. Earle, one of the directors, stated that the 
company’s sales in 1907 would probably be increased to 
upwards of 2,000,000 units ; and a sale of 3 500,000 units 
per annum would cover all expenditure. The report was 
adopted. 








“Tue BRITISH AND ForrIGN GUIDE TO THE ENGINEER- | 
ING, STEEL, AND HARDWARE TRADES.”—We have received | 
from Messrs. Adolphe Francis, Limited, of 149, Fleet- | 
street, London, E.C., a copy of their ** British and Foreign | 
Guide to the Engineering, Steel, and Hardware Trades.” | 
The work is a directory, giving the names of makers of 
machinery, railway plant, and the like ; of electrical appa- | 
ratus, of arms and ammunition, and of ships’ boats and | 
their accessories, in Great Britain, the United States, 
and the Continent. The work will therefore undoubtedly | 
prove useful to buyers; but, in spite of its occupying 390 | 
large pages, it = far from complete. Thus, under the 
heading of ‘‘Ironwork Manufacturers,” we find two 
entries only, one being a firm in the Midlands and the | 
other one in Japan. Under that of ‘‘ Cycle Enamellers and | 
Platers,” there are also only two entries. Of drill manu- 
facturers, the name of no English firm is given, and that 
of but one Continental firm. In other cases we are much 
inclined to doubt the correctness of the entries. Thus, 
under ‘‘ Locomotives,” we find the names of firms who 
certainly are not recognised builders of this class of machi- 
nery, and the same remark applies to the list—a some- 
what meagre one—of drilling-machine makers. The price 
of the volume is 10s. 





A Weex-Exp 1n Grascow rrom JAapan.—That the 
<a has shrunk the world into small dimensions is 
well illustrated from the recent experience of a Glasgow 
man, at present resident in Japan, who recently paid a 
week-end visit to Glasgow, and was able to be back in 
Kobe after an absence of forty-seven days. This 
gentleman, Mr. A. Clark, the representative of the 
Kelvin and White Scientific Instrument Company, has 
in this matter been able to establish a record. Not many 
will be inclined to take such a long journey for such a 
short stay at the destination, but still such an experience 
is useful when circumstances demand specially a rapid 
visit to the old country. From an account given in the 
Kobe Chronicle, we learn that Mr. Clark travelled to 
Glasgow vid Tsumga, Vladivostock, Irkutsk, Moscow, 
Berlin, and the Hook of Holland, and reached Glasgow 
in 184 days from the time he left Kobe. The return 
jeareey was not made quite so quickly, as, owing to the 

ussian East Asiaticsteamer leaving Vladivostock about 
an hour before the arrival of the trans-Siberian ex- 
press, he was unable to return to Kobe vid Tsumga, and 
therefore he had 
steamer Kobe Maru. As this steamer calls at Korean 
porta, Mr. Clark was some days later in arriving back in 

apan. than if he had travelled by the Tsumga route. 
The railway journey lasted sixteen days, and on the whole 


| joined the movement. 


to travel by the Nippon Yusen Kaisha | ‘Tp, 





was fairly comfortable, the chief inconvenience being the 
large amount of carried by the Russian pas- 
sengers. Thecars on the trans-Siberian express are well | 


has heated, in fact, they are almost too hot, except for Rus- | 
sians. The contrast between the hot air inside the cars and | Mi 


a temperature of about 26 deg. below zero (Fahrenheit) | 
at a Siberian station is considerable. Observation-cars | 
enable the passengers to obtain excellent views of the | 
surrounding scenery as the train goes along : though when | 
Mr, Clark made his trip, the country was covered with | 
snow. On the journey, English is of very. little use, | 
German and French being the lan best understood. 


neys. The one passport viséd by the Russian Consul at 
Kobe took him through to Great Britain and back again. 


Mr. Clark had ‘no trouble with his passport on his jour- | 


In conclusion, Mr. 
that the Siberian ex 


8 were erated, at least two 


saved on the journey. 


k—speaking as a layman—said | adjoini 
travels ay slowly, i aid that if | to state that the Henry Wells Oil Company have removed 
Faden might be | — business to the Imperial Oil Works, Salford, Man- 

| chester. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Hull Engineers’ Strike.—It is expected that im- 
portant developments will shortly take place in the Hull 
engineering dispute, which has been proceeding now for 
several weeks, Work has been carried on very much as 
usual at all the shops affected, and the men on strike have 
become dissatisfied with the slow Le ane that is being 
made in regard tothe non-federated shops which have not 
far, the employers have been 
able to fill the places of those on strike. 


The Iron and Steel Trades.—There is rather a lull in 
the buying of raw material. Consumers are coming 
under the impression that the high-water mark with 
to quotations has been reached, and they are 
showing less anxiety to buy for forward delivery. Iron- 
makers, however, have plenty of work on hand for 
months to come, and are not pressing for further business. 
The advances in crucible steel have rather checked the 
inflow of orders, but most houses are fairly well booked. 
In open-hearth steel and Swedish material there is good 
business doing. The rolling-mills and forges are still 
crowded with work, and are asking for advances on what 
is now being sent in. The engineering and moulding 
establishments are very busy. The activity in the heavy 
trades has necessitated new plant and extensive repairs, 
and in this department men are generally fully employed. 
One of the features in the lighter trades is the excellent 
orders that have come in for spades, shovels, hammers, 
and other similar tools. Some of the best of them have 
come from Russia, with which country certain local firms 
are doing an increasing trade. There is no slackening in 
the demand for files, and most houses are working up to 
their limit. A slow improvement is going on in most of 
the tool branches, and more is being done than at this 
time last year. There is no change to report in the 
cutlery and plate trades, which remain very dull. 


South Yorkshire Coal Trade.—The activity already 
reported in the South Yorkshire coal trade continues 
unabated. All qualities are going out of hand as rapidly 
as the railway companies can deal with them. Best 
Barnsley steam coal is making 12s. per ton, and seconds 
103. per ton at the pits. So anxious are Metropolitan 
buyers to secure supplies of house coal that they are 
offering 13s. 6d. per ton at the pits. The ordinary 
qualities of house coal are in good demand, and values 
are still rising, 1s. per ton having been put on since last 
report. Some sorts of common coal are making twice the 
money they did six months ago. The calls for blast- 
furnace coke are well maintained, and quotations run up 
to 16s. to 17s. per ton. There is not such an urgent 
demand for steel-making cokes, but prices are very firm. 








Want or Rone Stock 1n GermMany.—The insuffi- 
ciency of rolling stock, under which several countries 
suffer, is perhaps in few places felt more keenly than in 
Germany, where complaints of late have been loud in 
this connection. Several causes have tended to enhance 
the scarcity of goods wagons, amongst them the un- 
usually large beet and potato crops, and the apprehen- 
sions caused by the renewal of the commercial treaties. 
The lack of rolling stock has, for instance, necessitated 
sundry mining concerns stopping work at intervals, there 
being no prospects of despatching their output, and the 
iron industry and agriculture have also been greatly in- 
convenienced. The Prussian railway authorities do all 
in their power to put matters right, and large contracts 
for carriages and engines have Tee placed ; but in the 
meantime the want is keenly felt, and people are afraid 
that the development of the German industry will even 
outpace the increase of the rolling stock. 


Larcr New Execrricat Company In SWEDEN.—A new 
company has been formed in Sweden under the style of 
the United Electric Companies, with a minimum capital of 
2,000,000 kr., and a maximum capital of 6,000,000 kr. The 
new concern is an amalgamation of several firms, which 
have been.in full operation for several years, and the com- 
bine has-been undertaken in order to increase the effi- 
ciency ‘and capacity of the works in question, of which 
there are three, in addition to a new large foundry capable 
of supplying them all. The new company hassome large 
installations in hand, amongst them a power- station 
of 10,000 horse-power, with a tension of 40,000 volts, 
the highest tension so far used in Sweden. The same 
tension is to be used at the Henisjé power-station, c. 
e Board comprises some influential men, and a con- 
siderable export trade is being worked up, to England 
amongst other places; it is also under contemplation to 
work up a trade with China and J apan. 





PrRsonaL.—We are informed that Mr, Henry Brice, 
M.I. Mech. E., chief engineer of the firm of Messrs. J 
d E. Hall, Limited, Dartford, has joined the board of 
essrs. rs, Limited. This firm has been recently 
formed in order to take over the business of Messrs. L. J. 
and C. Seager, Dartford.—We are requested to state that 
the Anti-Attrition Metal Company, Limited, have 
hanged their address from 42a, Great Suffolk-street, 


c 
th|S.E., to 50, Cannon-street, E.C.—Messrs. R. and W. 


Hawthorn, Leslie, and Co., Limited, Forth Banks, New- 
castle-on-Tyne, have for a much-needed extension of 
their locomotive works acquired the chief ay of the 
adjoining works, formerly occupied by Messrs. R. Stephen- 
son and Co. The two works have been established on 
i sites for nearly a century.— Weare alsorequested 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is quiet and 
dull so far as Cleveland Rig is concerned, and quotations 
have dropped sharply. This has shaken buyers off, and 
there is very little business pase just at present. 
Producers, however, are very well placed, having excellent 
order-books, and consequently they are not seeking con- 
tracts at the reduced prices now ruling. The statistical 
position is satisfactory. This month over 12,000 tons of 
Cleveland pig have been taken from the warrant stores 
to meet requirements the current output is unequal 
to. Shipments this month are exceptionally good for 
this season of the year, and, indeed, they promise to 
establisha February record. The cause of the depression 
is not easily understood. Genuine traders take little heed 
of rumoured less favourable situations in America, and 
they attribute the fall to the operations of speculators in 
Cleveland warrants. Early in the week merchants 
realised 56s 3d. f.o.b. for No. 3 g.m.b. Cleveland pig 
iron, but they have since offered to sell the ruling quality 
at as low as 553., without tempting buyers. The latter 
is the lowest price named for some months past. Few 
makers of Cleveland iron can be induced to quote at all 
just now. Those who can be persuaded toname a price put 
No. 3 at 563. 9d. to57s.—figures which buyers, of course, do 
not listen to. East Coast hematite pig is altogether 
uninfluenced by the fluctuations in warrants cau by 
speculators. Makers are masters of the situation, as they 
are well sold, and there are no stocks. They show no 
inclination to give way, and still base values on 793. for 
mixed numbers. Hematite is thus very dear as compared 
with Cleveland iron. Under normal conditions the diffe- 
rence between No. 3 Cleveland and mixed numbers of 
hematite is 8s. to 103., whereas to-day the difference is 
some 24s. Thereis not much doing in Spanish ore. Rubio, 
of 50 per cent. quality, is said to be obtainable at 223. 
ex-ship Tees ; but few sellers who are asked to quote put 
the price below 22s. 64. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts continue to be given of all branches 
of the manufactured iron and steel industries. A lot of 
work is being turned out, and there are a fair number of 
inquiries in the market. Quotations stand :—Common 
iron bara, 8/. ; best bars, 8/. 103.; best best bars, 97.; iron 
ship-plates, iron ship-angles, and steel bars, each 7/. 15s.; 
steel ship-plates, 7/. 103.; steel ship-angles, 7/. 23. 6d.; 
steel boiler-plates, 8/7. 10s.; and steel joists, 67. 1738. 6d.— 
all less the customary 24 per cent. discount. Cast-iron 
railway chairs are 4/. 2s. 6d; and heavy sections of steel 
rails, 6/. 153.—both net cash at works. 


Coal and Coke.—The consumption of fuel is very heavy. 
Coal is a little quieter, but there is every likelihood of the 
output being taken up for some time to come. As usual 
at this season of the year, consumption of gas coal is 
falling away, but demand is still good, and prices are 
steady. Bunker cal is in excellent request, and un- 
screened Durhams range from 12s. 6d. to 133. 34. f.o b. 
Manufacturing coal and coking coal show nochange. The 
supply of coke has been slightly curtailed ; the output 
is fully absorbed by home consumption and by shipment, 
but it is fully recognised that, under present circum- 
stances, prices are several shillings too high. Local users 
have ceased to buy for the present, but sellers are in a 
strong position, and naturally take a very firm stand, 
adhering to 253. for average blast-furnace qualities de- 
livered here. Foundry coke for export is on sale at 29s. 
aay and no doubt purchases could be made at rather 
ess. 








Rattway EnGrngers.—The London and North-Western 
Railway Company-has‘added an engineering department 
to the Crewe Mechanics’ Institution, to which appren- 
tices in the company’s works are able to go at certain 
hours, and receive practical instruction from officials and 
others in mechanical engineering, ‘attendance counting as 
if they were on duty in the works. * During the past year 
the apprentices made a petrol engine, two model loco- 
motives, a model high-speed locomotive, an 8 horse-power 
oil engine, a model horizontal enginé, and other machines. 





ALUMINO-THERMIC WkrLDING Process.—We are in- 
formed by Thermit, Limited, that they intend giv- 
ing, in the presence of representatives of Lloyd’s and 
the Board of Trad 
ships’ stern-frames by means of the alumino-thermic 
welding process. By the courtesy of the Thames Iron 
Works, Shipbuilding, and Engineering Company, Li- 
mited, the demonstration will take place in their dry 
dock department, Canning Town, London, E., on 
March 12, and it is expected that a large number of 
gentlemen interested in the subject will be present. 
Anyone wishing to attend should communicate with 
Thermit, Limited. 





Tur DutcH Navy.—The budget of the Dutch navy for 
1907 is officially a at 1,769,198., showing an 
increase of about 50,000/. as compared with 1906. The 
execution of the naval programme of the Dutch Govern- 
ment will not be fully carried out until 1931. Should it 
be developed in its entirety, the Dutch navy will then 
comprise four ironclads, with a displacement of 7000 tons 
each ; four ironclads, with a displacement of 5000 tons 
each ; three gunboats, four submarines, six torpedo. boat 


destroyers, and twenty-seven torpedo-boats of the Ophir | i 


type. The amount pro: to be devoted to the execu- 


tion of the programme during the next twenty-five years 
18 360.0002, per annum. 





a demonstration of the repairs to| the 


NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown a compsra- 
tively quiet tone ; colliery managers have been adhering 
firmly, however, to recent quotations. The best large | 
steam coal has brought 193. to 193. 6d. per ton, while | 
aes have made 17s. 3d. to 183. 6d. per ton. 
House has continued firm, and the best ordinary 

ualities have made 19s. to 19s. 6d. per ton. No. 3 

hondda large has been quoted at ‘20s. per ton. Coke | 
has shown steadiness; foundry qualities have made 28s. 
to 303. per ton, and furnace ditto 223. to 25s. per ton. 
As regards iron ore, Rubio has brought 203. 6d. to 2ls. | 

ton, and Almeria 20s. 3d. to 203, 6d. per ton, upon a | 
is of 50 per cent. of iron, and charges, including freight, | 
insurance, &c., to Cardiff or Newport. 

Bath Electric Undertaking.—A special committee ap- 
pointed to negotiate with Mr. Schenk, who had offered 
to purchase the Bath Corporation electrical undertaking, 
has concluded its duties and has issued a report. There 
is no recommendation, because the committee was not 
instructed to make one, but it is pre to give its 
opinion when requested ; and it is clear that it considers 
the arguments in favour of selling stronger than those in 
favour of retention. The corporation has spent 162,000. 
in the concern, on which there was a slight loss last year, 
after paying interest and sinking-fund charges. Mr. 
Schenk, who acts for a syndicate which is acquiring the 
powers of the Somerset and District Power Company, 
will pay the Council the actual capital cost of the under- 
taking plus 2000/., which the corporation spent in obtain- 
ing an order twelve years since. If the Board of Trade 
will permit the Council to sell for a cash profit, the com- 
pany is to pay a bonus of 10,000/.; and as it does not 
claim the 28,316!. which the Council has paid into the 
sinking fund as an asset of the undertaking, the offer is 
further advantageous, 


Dowlais.—Further large quantities of heavy rails have 
been turned out at the Goat Mill upon home and foreign 
account. There has also been a output of steel 
sleepers. The Big Mill has been patos upon fish- 
—, light steel rails, &c. The Bessemer and Siemens 


urnaces have been well employed. 

Bristol, &c., Wagon Company, Limited.—Tihe directors 
of the Bristol and South es Railway W Com- 
pany, Limited, state that, after carrying 1000/. to the 


contingent fund, the revenue account shows a disposable 
balance of 16,6407. Out of this an interim dividend of 5 
per cent., amounting with income tax to 7500/., has been 
paid ; and the directors recommend that a further divi- 
dend of 5 per cent., making 10 per cent. for the year, 
less income tax, be declared, leaving 16402. to carried 
forward. The contigent fund stands at 44 214/. 


Cranes for Keyham.—Messrs. Cowans, Sheldon, and 
Co., Limited, Carlisle, have been commissioned to supply 
cranes required at the new dock at the Keyham Exten- 
sion, Devonport. The order includes one 20-ton and two 
30-ton steam travelling cranes, and also two 75-ton electric 
Fairbairn cranes, and one 160-ton electric hammer crane. 
The 20-ton crane is to raise, lower, revolve, travel, and to 
raise and lower its jib by steam power. It will run on a 
railway of 21-ft. gauge, and will have a radius of 60 ft. for 
heavy lifts, and 68 ft. for light lifts. The hoisti 
cylinders for the heavy lift will be 12 in. in diameter, an 
for the light lift 9 in. in diameter, The boiler will be 
5 ft. 6 in. in diameter, and 12 ft. in height. The two 
30-ton cranes will be of similar design, but the radius for 
the heavy lift will be 55 ft., and for the light lift 75 ft. 
The two 75-ton electric Fairbairn cranes will be each 
fitted with five motors—two for the heavy lift, one for the 
light lift, one for revolving, and one for the travelling 
monkey. The height will be 65 ft., and the radius for the 
heavy lift 70 ft., and for the light lift 75 ft. The 160-ton 
electric hammer crane will be driven by seven motors of 
various sizes—viz., two for hoisting the heavy lift, one 
for the light lift, two for revolving, one for travelling 
monkey, and one for the 15-ton cralfor lifting machinery. 
The radius for the heavy lift will be 95ft., and for the 
light lift 128 ft. The height of the tower will be 108 ft., 
and the distance to the top of the girder will be 220 ft., 
and ey depth 28 ft. The diameter of the roller pathway 
will be 48 ft. 


Electric Power.—The South Wales Power-Distribution 
Company is about to und @ reconstruction, This is 
copied. with satisfaction in the Neath district, as the 
district council has completed its system for lighting the 
district—a system which is, however, de ent upon 
company for power. An ment concluded some 
time since between the Neath ncil and the compan 
will now hold and power will be supplied at 1§d. 
per unit, and be sold again at 4d, per unit. 


The Swansea Valley.—The demand for steel bar has 
eased off, and the highest prices appear to have been 
reached for the present. The tin-plate trade has con- 
tinued brisk. The anthracite and bituminous coal-miners 
have been working full time. 








Tue Russian Navy.—The naval expenditure of Russia 
for 1907-8 is ergo f proposed at 11,240,000/. The 
Russian budget of 1906-7 contemplates a similar outlay. 





Tue New Navat Dooxs at Devonrort.—We t 


that in describing the caissons for these docks in last 


week’s issue pase 202 ante), we, by a ty aphical error, 
referred to Mr. A. M. Alexander, of civil engineer- 
ing department of the Thames Iron Works, Shipbuilding, 
and Engineering Company, Limited, who built the 


as the “‘ civil 








caissons, ing contractor,’ iastead of 
as the civil engincer and Seostan. 


MISCELLANEA, 

Tue Brazilian Diario Oficial recently contained a copy 
of a law sanctioning a scheme for improving the water 
supply of Rio de Janeiro. The and estimates were 
prepared by Dom José Mattoso paio Corréa, the esti- 
mate for the works amounting to about 1,875,000/. 


The train de luxe from Naples to Rome, on January 24, 
was stopped by a snowdrift close to the Cajanello station. 
The — line was out of order, and what little local 
help could be procured was altogether inefficient. When 
at last a relief-train came up, this too stuck in the snow, 
and the train de luxe was detained 36 hours. 


The Industrie Electrique states that the Paris gas 
supply is still in the hands of the original gas company, 
whose powers have not yet been rescinded ; the compan 
remains in liquidation, but continues the supply mont 
by month. The Paris County Council have drawn up 
a series of clauses conditions to govern the supply 
in the future; five ‘‘amateurs” have come Medley od 
the Council have not yet selected one of these. Seeing 
that the Council will not settle the electricity question 
while that of gas is still pending, it is probable that 
electricit Ak. «. will be continued for several months 
yet, by the same companies, at the same rates and with 
the sameincertitude. ‘‘ And there are still people who 
are in favour of State and municipal enterprise,” exclaims 
our contemporary. 


Statistics relating to fatal accidents in coal-mines in 
North America show that the annual loss of life in that 
continent does not show signs of decreasing. ‘Tabu- 
lated figures, extending over the period from 1891 to 1905 
inclusive, give the number of fatal accidents in 1891 as 
3.3 per 1000 es Within two years this number 
had fallen to 2.5 per 1000 employés, and it remained 
at about this level for two years. An increase then 
gradually occurred, till in 1896 the figures had reached 2.8 

r 1000. This was again followed by a decrease, the 
lowest recorded number being 2.35 per 1000 in 1897. 
From that time on the number of fatal accidents increa 
to a maximum of nearly 3.5 per 1000 in 1902, and though 
the figures have fluctuated slightly since that date, the 
yearly records have always s high, the year 1905 
recording about 3.44 fatal accidents per 1000 employés. 


The estimated production of tin and black plates of the 
United Kingdom is placed by Messrs. Bradley and Burgh, 
5, _Whittington-avenue, E.C., at 13 million hundred- 
weights. This is the output of some seventy-four works, 
owning 383 millions. As we recently recorded, exports 
in 1906 amounted to 8,822,240 cwt.; of this, 1,230,360 owt. 
going to the United States. This business with the United 
States is rather less than last year, being some 30,000 cwt. 
short of the figures for 1905, and about 207,000 cwt. Jess 
than the amount exported to that country in 1904. With 
the exception of the years 1903 and 1900, this year’s ex- 
ports to the United States are, in fact, lower than in any 
year since 1867. It is satisfactory to know, however, that 
the total exports of 8,822,240 cwt. have only once been 
beaten—namely, in 1891, when the United Btates alone 
took over 64 million hundredweights ; so that apparently 
British manufacturers have found satisfactory markets 
elsewhere, ——— the trade with the United States has 
8o largely diminished. 

A new company has been formed in Sweden, with a 
ror of not below 1,000,000 kr, and not above 
3,000,000 kr., for the purpose of trading in iron ore, steel, 
and iron, and of becoming interested in mining and iron- 
works undertakin @ company will hecome the 
selling representatives of several | concerns, and pig 
iron and ore briquettes will be the leading specialities ; 
at the same time attention will be given to Lancashire 
iron and steel. The formation of this company will 
abolish much competition between Swedish firms in 
foreign countries ; while exertions will also be made to 
open out new markets for Swedish iron. The methods 
in 2 the M irgical Patents Company, 
more especially for briquetting poorer iron ores, have 
been adopted in a good~many places, with the result 
of making charcoal pig-iron eceer and better, and in- 
creasing the output. This has again resulted in keener 
competition, which may be the principal reason for form- 
ing the new concern, or ring. The company will have 
offices in Sheffield, Hamburg, Paris, and some place in 
America, begides agents in Japan, India, and China. 
Special attention will be given to these three countries. 


_In the Archiv fiir Eisenbahnwesen, Vellguth has pub- 
lished a careful study of the costs of automobile traction. 
As regards the omnibus service in towns, he comes sub- 
stantially to the same conclusions as did KE. Manville ir. 
his discourse before the Automobile Club; but he is 
more pessimistic. In Germany, motor-omnibuses, he 
thinks, could hardly pay their way in towns of less than 
two million inhabitants, which means that Berlin alone 
could reckon upon such a service. VelJguth would not 
appear to make sufficient allowance for general and tech- 
nical development, however. The cost of building the 
cars, of oil, tyres, and working ex will be diminished 
with increased number of vehicles, and louger expe- 
rience will enable us to construct cars of longer life. As 
regards the omnibus service on the high 3, Vellguth 
mae 9 cates right in his verdict. One of the lines he 
d with has a length of more than 30 miles; this 
Partenkirchen line is worked only in summer, how- 
ever. On the whole, a light railway, driven by benzene 
motor-cars, would be more promising than the omn»bus, 
which only passen: not goods. Vellguth 
gives a detailed estimate for the construction and work- 


ing of a light railway of 12 kilometres (7.5 miles) length. 
Such a line would probably be more useful for agricul. 
tural and industrial districts than a mere passenger con- 
veyance, 
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150-TON HYDRAULIC WHARF-CRANE AT ELSWICK. 


CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH, AND CO., 


(For Description, see Page 250.) 


LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 
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AN APPRENTICESHIP SYSTEM. 


A GREAT steel-maker once said that he considered 
his trained staff a more valuable asset than his 
buildings, his plant, and his machinery ; that he 
would rather a great fire should destroy the whole 
of his property than he should lose the services of 
the personnel of his works. If one comes to think 
of it, this is hardly more than a truism, for plant 
and buildings, even of great value, can be quickly 
replaced, and that with certainty; but it takes 
years to mature men of experience, and even then 
—for human beings vary so much more widely than 
machines—onecan never tell howa man will fit a posi- 
tion until he has been tried in it. Fortunately, the 
staff of an engineering works is not apt to disappear 
at a blow ; but in all establishments the process is 
always going on to some extent, if only through the 
natura] cause of death and decay. It is surprising 
how little provision is generally made for replace- 
ment. Often, when proprietors or general managers 
are in a confidential mood, one will hear that they 
really do not know what they would do if Mr. 
Blank left; but they defer taking precautions 
against such a catastrophe until the evil day arrives. 


7|Truly one cannot insure against the loss of a valu- 


able servant, as one can against the burning of a 
workshop; but certain precautions can be taken. 
The man who has been brought up in a works, 
and has won his way in them to a high position, is 
a more valuable servant than one who is introduced 
from without, because he has an affection for the 


: alma mater of his mechanical training, a feeling of 
brotherhood towards those with whom he has been 


so long working—of paternity for the good reputa- 


250! tion he has himself helped to create—and this 


begets enthusiasm of a kind never engendered by 
monetary considerations alone, even in an age said 
to be, above all things, prosaic and mercenary. 
These generally unconsidered elements in the polity 


253 | Of management tend more towards smooth working 


and material success than is often imagined. 

There is another aspect of the case. We are from 
time to time asked if we know of a really first-class 
man who will take an important position in an 
engineering works. We seldom do; because those 
who have proved themselves to be first-class men 
are already in first-class positions. Occasionally, 
through -the- breaking up.of a firm or some other 





unusual cause, a man of really high-class abilities 
and experience seeks employment ; but that is not 
often, and a breaking-up firm is not a good school 
for ability. Of course, there are plenty of first- 
class men in secondary positions, but the difficulty 
arises in their abilities not being known, excepting 
by those in their environment ; so, for all reasons, 


it is best to train one’s own staff. 


We trust these few sentences will not appear of 
the nature of unnecessary platitudes when intro- 
ducing to our readers a new system that has lately 
been put in operation at an old-established en- 
gineering works. Messrs. Clayton and Shuttle- 
worth, Limited, of Lincoln, have recently issued 
some circulars in which they put forward a scheme 
that is well devised to secure the advantages to 
which we have made reference. The firm ‘“‘ has 
in mind the virtues of the old system of appren- 
ticeship, under which master and man lived in 
close contact.” They believe that ‘‘a large 
number of parents would gladly put their sons 
into engineering works if they could be assured 
that the boys would receive proper attention 
and be given the opportunity of thoroughly learn- 
ing a trade.” -We are quite sure that Messrs. 
Clayton and Shuttleworth are right in this assump- 
tion. Now-a-days young men of every condition 
do not object to the mechanical part of engineering 
training taken as the old shop apprentices received 
it. They do not mind being under the orders of a 
foreman, they will cheerfully hold the candle and 
fetch tools for a fitter ; they will come in at six, 
and, generally, be the fags of the whole establish- 
ment—as they may have been at school—if they 
can but learn their business. But the business has 
become so subdivided that it needs a good deal of 
shifting from department to department to enable 
a general working knowledge to be obtained ; and 
when an apprentice has acquired sufficient skill to 
be useful in one branch, or in one operation of one 
branch, the management, from foremen upwards, 
do their best to keep him at this one operation. 
In fact, apprenticeship is dead ; employés are no 
longer taught a trade, they simply learn an 
operation. 

In saying this we are speaking of the engineering 
trade in general. There are, as is well known, certain 
employers of more enlightened views who have 

roper feelings of responsibility ; Mr. Yarrow, for 

instance, may be taken as an example ; but their 
number is too few, whereas they ought to be uni- 
versal. Also, we do not, in our comments, take 
into consideration the case of premium pupils— 
young gentlemen whose parents pay a considerable 
sum for permission for them to wander from de- 
partment to department with their hands in or out 
of their pockets, as may please them. A youth 
who starts his career under such conditions is 
heavily handicapped. Fortunately, the system is 
fast passing away. 

Messrs. Clayton and Shuttleworth now propose 


** to t the advantages of the bygone system 
upon the so-called factory system of modern times ;” 
and, as they say, ‘‘it is no easy task.” In their 


ome egy they have kept in view two chief aims : 
rstly; to supplement shop work with courses of 
instruction directly bearing on the work in the 
shops; and, secondly, to give to all deserving 
apprentices a varied shop experience. By com- 
bining mental training-with shop work they hope 
to bring forward men willing to use their brains as 
well as their hands. Apprentices will be moved 
from one class of work to another, diligence, skill, 
and proficiency being a claim for transference. 
‘* Keeping a boy for months on routine work, 
simply because he has become skilful at it, will, as 
far as possible, be avoided.” Wages will be 
awarded at rates comparing favourably with those 
paid where little or nothing is learned. The old 
seven years’ term is to be abandoned, as being too 
long a time to serve for any trade under modern 
conditions. Apprentices will be taken on at any 
age between 15 and 22, but if is hoped that there 
will be a considerable nuniber entering between 
16 and 18 years of age, and who have received a 
thoroughly good school education, so as to be able 
to derive advantage from more advanced courses ; 
but courses of instruction will be arranged to suit 
boys whose parents cannot afford to keep them at 
school beyond 15. 

No premium will be accepted, and the firm will 
maintain its own school in the works, where appren- 
tices will attend without ch , books and utensils 
being provided bythe firm. There will be a superin- 
tendent, whose sole occupation will be to ‘‘super- 
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vise, teach, promote, and advise ;” and it will be 
part of his duty to prevent a boy from “‘ drifting” 
through the works, to prevent favouritism or the 
reverse, and to report cases of merit or demerit. A 
very judicious person will be required for this post. 
Officials of the firm’s staff will take part in teaching 
subjects in which they are specialists. 

The trades to be taught are eight in number, as 
follow :—1. General Machining and Turning ; 2. | 
Fitting and Erecting ; 3. Tool-making ; 4. Pattern- | 
making ; 5. Joinery, Wheelwrighting, and Wood- 
working ; 6. Moulding; 7. Smiths’ work ; and 8. 
Boiler-making. An apprentice would be placed in | 
one of these trades on starting, and in general would | 
not be transferred to another during apprentice- 
ship; but, as far as possible, opportunities will 
be given for him to spend a certain portion of the 
time upon work allied to the trade to which he 
is attached. Thus, machine apprentices will have 
opportunities for gaining experience in fitting, and 
fitters will be employed on machine-tool work, in- 
cluding turning. Tool-makers are amongst the 
best mechanics, and there will be good opportunity 
for lads to enter this desirable branch. They wil] 
have experience similar to that of the machine- 
workers and fitters, but will spend some time in 
the tool-room. They will also have opportunities 
for learning the laying down of plant, and gaining 
knowledge of plant maintenance and management. 
Pattern-makers will spend some time in the foun- 
dries; and in the other trades there will be a 
certain amount of changing about. 

So far it will be seen that the scheme is directed 
more towards the training up of a high class of 
well-educated artisans, the majority of whom, we 
should think, will be sons of workmen already 
employed by the firm. It is stated, however, 
that ‘‘ those apprentices: who show by their 
efforts and natural ability that they are likely to 
become fitted for responsible positions will be 
given special opportunities in the higher branches 
of works management and administration.” With 
the promise of these opportunities before them 
we have no doubt that many graduates, or asso- 
ciates, of engineering colleges will seek to com- 


plete their technical education by taking the prac- | 
one of the most important duties in time of| superior force. It will be easily understood that 


tical course offered by Messrs. Clayton and Shuttle- 
worth. To what extent the works school would be 
of assistance to those who had graduated in a tech- 
nical college will depend on the curriculum ; but, 
we think, even if it prove to be of the compara- 
tively elementary description that may be antici- 
yated from the nature of the case, it would still be 
beneficial to the student who may have passed to 
higher educational levels. It is frequently the case 
that those who have passed through the orthodox 
college course for three years or so, find, on going 
into works, that the elementary matter they once 
knew as lessons, quite well enough for examination 
purposes, is not sufficiently at their finger ends for 
practical use. To these the works school would be 
of great benefit; and it is to be noted that all 
apprentices are expected to attend the school. 
From those apprentices who enter at the age of 
eighteen and upwards as machinists, fitters, tool- 
makers, pattern-makers, or joiners, a three years’ 
apprenticeship only is required. The pay is 8s. 
for the first year, 10s. the second year, and 12s. the 
third year, per week of 54 hours. Moulders and 
smiths entering at eighteen years old, and later, 
serve four years, beginning at 10s. and progressing 
to 18s. per week in the fourth year ; boiler-makers 
of eighteen and over staré at 11s. ~ week and pro- 
gress to 18s. per week. Younger lads, from fifteen 
to eighteen, serve longer in each class and receive 
lower rates of wages. 

The rates of pay are not princely, but they com- 
pare well with those usually offered in this country, 
while the firm do undertake to teach the apprentice 
his trade, and there are no premium pupils to ab- 
sorb the best positions. In the old days the appren- 
tice lived with his master and received a living 
wage, in kind :f not in cash. Whether the wages 
offered may be described as ‘ living,” those best 
acquainted with the domestic economy of the work- 
ing classes will be best able to judge. Certainly a 
fitter of twenty-one, who entered at fifteen, would 
have to be careful if he supported himself on 12s. | 
a week, and he should in the sixth year of his ap- | 
prenticeship be earning far more than that for his 





tirm. However, Messrs. Clayton and Shuttleworth, 
who have to compete with other firms, offer a good 
deal more than the average, and it would ill-| 
become us to look their gift-horse too curiously in | 
the mouth. | 


Ushant to Lizard, Smalls to Tuskar, and Smalls 

DEFENCE OF MARITIME COMMERCE. through Lundy to Hartland Point ; they were also 
Tue public mind seems more than usually exer- | not to be attacked in the Gut of Gibratar to east- 
cised at the present time on the question of national | ward of the meridian of Cape Spartel, or, if 
defence. The reason for this is somewhat difficult | bound for South Atlantic ports, south of 37 deg. 
to assign, as we are on very good terms with| N. latitude. Steamers carrying passengers, live 


all our neighbours, both near and distant. The | stock, and perishable provisions were not asked 


old combination—France and Russia—which was | to take part in the manceuvres, the idea being to 
the chief stock in trade of panic-mongers for two | include only cargo steamers of 10 knots or less. The 
generations, has ceased to trouble us ; the former | operations commenced on June 23 last and lasted 
country having become our very good friend, and until July 2. 
the latter having other things to think of more | _ It will be seen from the above that the condi- 
pressing than an attack on British supremacy. It | tions, necessarily restricted in their nature, robbed 
is true that some of those anxious persons whose | the operations of a good deal of the aspect of real 
strange hobby it is to find—or create out of their | war, and the results therefore need a good deal of 
own imaginations—enemies of their country have | correction to make them typical. _ 
promoted Germany to the place that can no longer| The Red Fleet, whose mission it was to defend 
be assigned to France and Russia, but this ab-| our shipping, was the stronger of the two, it being 
normal growth on patriotism is mostly confined to | the general idea that the British Fleet was protect- 
foreign correspondents and leader - writers, for | ing the mercantile marine from a guerre de course. 
whom it affords an endless supply of exciting | It consisted of the Channel Battle Squadron of 
matter. thirteen battleships, under the immediate com- 
Whatever may be the foundation for the existing | mand of Admiral Sir A. K. Wilson, Commander- 
unrest—whether it is due to the revival of the | in-Chief; the Mediterranean Fleet, of seven battle- 
Channel Tunnel project, the redistribution of the| ships, under Admiral Lord Charles Beresford ; 
Fleet, or simply journalistic enterprise—it is a five cruiser squadrons of twenty-nine ships, eleven 
fault on the right side; the only pity is that the| special service cruisers, a number of scouts, de- 
disposition to cavil is not equalled by an inclination | stroyers, and two special service ships. The Blue 
to help. There are two chief phases of this ques-| Fleet was under the immediate command of 
tion of national defence, and the more important | Vice-Admiral Sir William H. May, and consisted 
is undoubtedly protection of the country from | of nine battleships, eleven cruisers, and a smaller 
invasion. The other is protection of our interests | number of destroyers than in the Red Feet. Five 
abroad, including over-sea commerce ; the former | submarine-boats also formed a part of the Blue 
has been supposed by many to be secured by the| force, but they do not appear to have taken any 
Fleet, the latter by the Navy and Army conjointly. | effectual part in the proceedings, unless it were on 
The protection of maritime commerce, with which | account of their ‘‘ moral effect.” The Red Fleet 
we are about to deal, is wholly naval in character, | acted from Milford Haven, and the Blue Fleet 
and last year’s naval manceuvres were directed | from Berehaven. ; 
solely to gaining experience in this direction. It would be impossible to reduce to a consecutive 
The official report of these manceuvres has just| narrative the operations of the two fleets. The 
been published by the Admiralty, and gives a very | object of the Blue Fleet was generally to avoid an 
full account of the operations. There can, we| engagement, so far as was consistent with the 
think, be no question as to the wisdom of carry- | destruction of merchant shipping, whilst the chief 
ing out these exercises, and naval officers who| operations of the Red Fleet consisted of sweeping 
were engaged can hardly have failed to have | the seas, so as to gain information of the position 
gained valuable experience as to the way in which | of the enemy, and bring them to action with a 


war should be carried out. At the same time the/| this involved a wide distribution of forces, and the 
operations were of a desultory nature ; that was| operations were more of the nature of the frigate 
inevitable from the nature of the case, and the/| services of the old wars rather than what we have 
element of make-believe was quite as apparent | been accustomed to in naval manceuvres of recent 
as in the case of naval engagements which have|times. The chief point that strikes one in reading 
mostly formed the object of previous manceuvres, | the accounts is, how important a part wireless 
But however far a sham fight may be from the real | telegraphy will play in any future war between 
thing, it supplies the best form of experience that | naval Powers owning any considerable mercantile 
can be gained in time of peace; and there can be no| marine, the attack and protection of which would 
doubt that a fleet well exercised in naval manceuvres | involve a wide distribution of forces. To say this 
would form a far more efficient force than it would | seems almost a truism now, but truisms generally 
without such experience. need enforcing, for it is often taken for granted 

In order to carry out the ‘‘ Grand Manceuvres,” | that what is obvious is provided for. 
as they are officially called, the ships engaged were| We may take one example of the value of ‘‘ wire- 
divided into two fleets—the Red and the Blue. | less” where it was successful. At noon on June 30 
The former may bo taken as the British Fleet, | the Red, or British, cruiser Minerva was off Lagos, 
whilst the Blue Fleet represented the enemy, prey- | which was a Blue port. The Red scouts Attentive 
ing upon our commerce. The Admiralty enlisted|and Adventure were enprosching, and got into 
the co-operation of the owners of merchant vessels, | wireless communication with the Minerva. There 
but, unfortunately, a sufficient number did not come | were at the time two Blue destroyers—the Mallaid 
forward to make the operations closely resemble | and the Ariel—about 12 miles S.E. of Lagos, and 
what would take place in time of war. Recourse| they had made two captures of merchant ships, 
was therefore had to gunboats and destroyers|or, rather, two destroyers representing merchant 
to represent merchant steamers; but even then|ships. Now the Minerva has a legend speed of 
the numbers were inadequate. The mercantile | 19.5 knots, whilst the Mallard and the Ariel have 
vessels were sixty in number, and the gun-boats|each made on trial something over 30 knots, so 
and destroyers representing merchant steamers| there would not be much chance of the Minerva 
were thirty-four. fe is stated in the report that | making a capture of even one destroyer, unless 
the actual number of merchant ships traversing the | under conditions of weather very unfavourable to 
narrow area set apart for the manceuvres would | the smaller vessels, and therefore favourable to 
be upwards of 400. the larger one. The cruiser, however, set out in 

The manceuvre-field extended over an area /| chase, directing the scouts—which have each made 
bounded by the parallels of 60 deg. and 30 deg. N. | over 25 knots on trial—by ‘‘ wireless,” to go for 
latitude, and the meridians of 10 mS. and 20 deg. | the destroyers in another direction. This man- 





W. ; that is to say, the northern boundary would | ceuvre was carried out, and when the two scouts 
just pass below the Shetland Isles, and the southern | appeared on the horizon, the Blue destroyers 

undary between Madeira and the Canary Isles.|were caught in a trap, and captured, together 
The eastern part of the Mediterranean and the | with their prizes. That night, however, the for- 
North Sea would be included, whilst westward the|tune of war was reversed, the Minerva being 
distance out into the Atlantic Ocean would extend | torpedoed by the destroyer Angler; that being, 
to about 350 miles from the coast of Ireland, and | apparently, the one successful torpedo operation 
about 500 miles from the coast west of Spain. Of throughout the war. As an example of the un- 
course, the Bay of Biscay and the English and St. | reality of peace manceuvres it may be stated that the 
George’s Channels would be included. Ships were, | Minerva ruled that the Angler was sunk by her 
however, not to approach within the 3-mile terri- fire, and therefore she was not torpedoed, and we 
torial limit from foreign shores, except at Lagos. | read of her resuming her station off Lagos. As 
Merchant vessels were to be considered outside | the Angler burned her Very light (the sea was 
the manceuvre area when above the lines of too rough to recover a torpedo) when 400 yards 
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from the Minerva’s quarter, it is not difficult to 
agree with the subsequent decision of the Chief 
Of 


Umpire that the cruiser was out of action. 
course, the torpedo might have missed if fired, 


especially as the sea was rough ; but in playing at quantity. 


crews must have been devoutly thankful that it 
was only make-believe. With an avenging fleet on 
their heels, the time allowed by war vessels to| 
crews to take to the boats might be a very brief | 
Ultimately the Blue Admiral arrived | 


engine. The steam which filled the engine-room 
was accounted for by the high-pressure receiver- 
valve lifting when the links were centered. It was 
thought at first that the spring-ring was fractured, 
but a card taken was normal. The starboard 


fighting one must abide by the rules of the game, | off Alderney, and, with a view to creating a| engine was kept going until nearing Gibraltar, 


and it does not do to risk the loss of costly tor- 
pedoes. 
Wireless telegraphy is apt, however, at times to 


;commercial crisis, sent a wireless me e to) 
|the King and various high dignitaries o the | 


| State, including mayors of seaport towns, that) 


when the cylinder was opened up, and it was 
found that half the keep-ring had become displaced, 
having been carried into the port, where it was 


prove a snare ; and once or twice during the opera-| he was in command of the Channel, and if any | sheared off, thus accounting for the report. 


tions misreading or interception of ag proved 
unfortunate to one side or another. The most 
serious misuse of ‘‘ wireless” was committed by 


he would 
he display 
rst port visited the accept- 


|attempt were made upon his ships, 
destroy the undefended a anbaoler t 
of a flag of truce at the 


The second mishap of this nature reported in the 
same publication occurred a short time previously 
toa smaller vessel. The third-class cruiser Flora 


the Blue cruiser Drake towards the end of the! ance of his conditions was indicated ; the amount) was cruising at 48 revolutions when the starboard 


manceuvres. 


She had been put out of action and | of indemnity to be settled later. The King Edward | high-pressure engine gave a succession of heavy 


was proceeding home, unfortunately, with the| VII. afterwards proceeded north, passing within| knocks. The engines were eased, and the trouble 


Times correspondent on board. This gentleman 
apparently had obtained permission to send a wire- 
less message, presumably to the shore, that the 
Drake, Berwick, Black Prince, and Amethyst had 
all been placed out of action off Cape St. Vincent. 
This message was intercepted by the Red Com- 
mander-in-Chief, and at once removed all anxiety 
from his mind as to the chance of meeting an 
organised force of hostile armoured cruisers, and 
made it practically certain that any enemy's ships 
fallen in with would be scattered, and acting in- 
dependently without a leader. No doubt in real 
war a captain of a war vessel would not be so com- 
plaisant, even to a newspaper correspondent, and 
the use of cipher would naturally be effective when 
dealing with an actual enemy ; still the lesson is 
not without importance. 

The chief action of the manceuvres was between 
the first cruiser squadron Red, and the second 
cruiser squadron Blue. The tactics pursued are 
not of great interest, as the object of the Blue com- 
mander was not so much the destruction of the 
enemy’s war vessels as to escape himself, for the 
future destruction of merchant shipping ; at least, 
such would appear from the conduct of the engage- 
ment. Such a course would be in opposition to the 
traditions of the British Navy, whose belief has 
always been that a blow at the enemy is the best 
defence ; indeed, the commander of the Blue 
Fleet was, to a large extent, constrained to follow 
a policy of avoidance by the nature of the 
operations. There were equal ships, six each, 
on both sides, excepting that the Blue squadron 
had in addition the small third - class cruiser 
Amethyst. The Blue squadron had a considerable 
preponderance of heavier guns, having fourteen 
9.2-in. guns, against only two (in the Good Hope) 
on the Red side. On the other hand, the Tod 
cruisers had twenty 7.5-in. guns and forty-six 6-in. 
guns, to match seventy-eight 6-in. guns of the Blue 
squadron. It will be seen, therefore, that if the 
Blue commander could keep at long range—9000 
yards—he would have an overwhelming advantage 
in gun-fire. He considered it his duty, however, 
to withdraw from the action, and in doing so he 
gave the Red admiral an opportunity of concen- 
trating in his rear. 

It would, however, take too much space to 
detail the hypothetical results of this action. How 
the Good Hope lost two 9.2-in. and eight 6-in. 
guns, and was reduced to five knots, or. how the 
Blake and Amethyst were put. out of action, and 
other events which would have been serious enough 
if they had not been, happily, imaginary. There 
were, however, during the operations, one or two 
actual points of interest. In an engagement with 
Red cruisers, in which the Black Prince (Blue) 
took part, the speed was said to be 22 knots on 
both sides. The wind was fresh, with considerable 
sea abeam, or slightly abaft the port beam, thus 
enabling the lee starboard batteries of the Red 
vessels to beengaged. On the other hand, the Black 
Prince, steaming at great speed, with the wind 
and sea on the port bow, was in a very bad position 
for fighting her port guns, as green seas were 
sweeping her fore and aft. ‘‘The Black Prince’s 
guns,” we are told, ‘‘although reported cleared 
away, were not trained,” and after a quarter-of- 
an-hour’s engagement she was put out of action, 
whilst her opponent—the Leviathan—was held to 
have received no damage. The incident illustrates 
how great may be the value of speed in enabling a 
vessel to choose position. 

The flight of the battle-squadron, consisting of 
the King Edward VII. class, with the Red Fleet 
in pursuit, must have been an exciting trip, even 
with only blank charges in view. They sunk mer- 
chant vessels in their progress, giving the crews 
sufficient time to take to their ts; and the 


| gun-range of Whitby, and had not been sighted | had 


— Red Fleet when the manceuvres came to an 
| end. 

Out of the 94 merchant ships that were engaged 
in the manceuvres no less than 54 were captured. 
Of these, six were recaptured, and four of them 
captured again, so that the final total of captures 
was 52, or 55.32 per cent. of the whole. To effect 
this the Blue squadron lost two battleships out 
of nine ; eight cruisers out of 17, and 23 torpedo 
vessels. On the other hand, they destroy 0.9 | 
of a Red battleship out of 20 (leaving 19.1 battle- 
ships at the end); 12 cruisers out of 43, and 13 
torpedo vessels. | 

Certainly the Blue Admiral gave a good account | 
of himself, even putting out of consideration that 
he would have frightened the good people of the 
South and East Coast seaside resorts pretty well 
out of their wits had he been a real enemy. 
We must, however, in the future, as in the 
past, be prepared for a considerable sacrifice of 
shipping if we are ever engaged with a strong 
naval combination. The effect will be more 
strongly marked at the commencement of hosti- 
lities, but we may reasonably hope that even 
then it will not be so apparent as during the late | 
manceuvres. As a matter of fact, in this sham | 
fighting the attack has many advantages. The | 
real merchant vessels, in contradistinction to the 
war vessels that represented them, knew they had 
nothing really to fear, and possibly would not exert 
themselves overmuch for their own salvation. | 
Beyond this they were confined to a given area, 
and therefore could not approach their ports from | 
divergent courses. Again, the number of vessels | 
attacking were of large proportion to the number | 
of merchant ships ; and though, naturally, the more | 
ships there were to capture the more would be 
likely to be taken, yet the proportion captured | 
would be less. Making all allowances, however, the | 
manceuvres of 1906 bring home to us in a very 
forcible manner what an extremely unpleasant 
thing a naval war would be. 








A LESSON IN MARINE-ENGINE | 
DETAIL. 

ONE sometimes wonders, when one hears of 
serious results springing from small causes, if we 
shall ever get through the elemental stage of inarine- 
engine practice. Sea-going engineers would do 
much towards reaching this desired end if they 
would oftener take steps to put on public record the 
mishaps which occur to machinery under their 
charge, and the way in which accidents are remedied. 
An excellent example of this nature is given in the 
current number of that useful service publication the 
Royal Naval Artificer Engineers’ and Engine-Room 
Artificers’ Review. The detail that gave trouble in 
two of His Majesty’s ships was the keep-ring ; the 
oer wang given are as follow:—The Argonaut, | 
t-class cruiser, homeward bound from China, | 
reached Malta last September, and on leaving that 
port proceeded to carry out a passage trial. The | 
trial commenced with 125 revolutions, 18 knots | 
being logged. After the run had continued for | 
some time there was a loud report in the starboard 
engine-room. The engineer artificer at once gave | 
the order ‘‘Centre the links,” and the next 
moment the engine-room was full of steam; 
whilst the senior engineer rushed on deck and 
closed the master-valve to that set of engines. All 
men were cleared out and the water-tight doors | 
were closed. The port engines continued revolv- | 
ing at 130 revolutions. It was found ultimately | 
that the mishap had occurred in the forward low- | 
pressure cylinder. Nothing could be seen exter- | 
nally, but on moving the engines very slowly a| 
clicking noise was heard with each stroke of the | 











apparently disappeared, but on increasing to 
above 70 revolutions, it was renewed. As the ship 
was in company with the Cambrian, another third- 
class cruiser, the port engines were increased to 
95, the starboard engines not being allowed to 
exceed 70, revolutions. On opening up, it was 
found that the high-pressure piston Geukaine had 
quite disappeared. Further search revealed parts 
of it, with one stud, in the steam port, other parts 
were jammed on the exhaust side of the slide-valve 
and the strengthening vanes of the valve, whilst 
some pieces were found in the eduction pipe and 
the exhaust side of the medium-pressure slide- 
valve. There were in all 33 pieces, varying from 
lin. to 10 in. long. The ring was 1% in. by @ in. 
The actual damage done was a slight roughening of 
the exhaust edge of the high-pressure slide-valve, 
whilst the medium-pressure slide-valve had a large 
piece of the baffle broken off. This was found ina 
pocket just below the mouth of the medium-pres- 
sure eduction pipe. 

A keep-ring is not, of course, a part actually 
necessary to the working of an engine, it being fitted 
as a matter of precaution to prevent accident. 
When, however, it is not securely fastened it acts 
in a distinctly opposite manner, as these two acci- 
dents show. One cannot but admire the courage 
of the chief engineers of both these “~~ in not 
advising their respective captains to have the 
engines stopped—they are both twin-screw vessels 
—for an immediate examination. No one, in 
either case, knew what was the matter, though 
something of a serious nature had undoubtedly 
occurred ; and this might, at any time, have 
resulted in no inconsiderable disaster. We must, 
however, confess that had such an _ incident 
occurred to a vessel that was our property, 
we should have preferred a more cautious pro- 
cedure, and our leaning that way would havo been 
much strengthened had we been on duty in the 
engine-room. Even if it had been known that it 
was only the keep-ring, it would not have been 
very much more reassuring, for certainly one could 
hardly expect that substantial pieces of metal 
would go through two engines in the manner de- 
scribed without doing very much more damage. 
However, officers and men of His Majesty’s ships 
are expected to run more risks than mere civilians ; 
and we know it is a point of honour in the engine- 
room—and a very salutary one—not to ask to ~~ 
the engines excepting under dire necessity. It 
would seem that there is need for a more stringent 
general order that all mishaps of a serious or 
threatening nature should be inquired into imme- 
diately, unless there should be present some ex- 
tremely urgent reason to the contrary. 

In the case of the Argonaut a new ring was made, 
and the voyage was continued across the Bay of 
Biscay. In the original ring square studs had 
been fitted in the piston, corresponding holes being 
made in the keep-ring, the latter being secured 
by fein. split pins. One would have thought, 
considering the light, though important, duty the 
ring is called upon to perfcrm, this would have 
been security enough ; and this was evidently the 
opinion of the Admiralty and the contractors—the 

airfield Company. Events, however, showed this 
not to have been the case, and probably the split- 
pins were sheared through by constant repetition of 
stress due to the inertia of the ring. In the case 
of the Flora, the engines for which vessel were 
made at Barrow, the ring was secured to the junk- 
ring by five §-in. square-headed studs, and the 
former was held in position by split-pins. When a 
new ring was made the edge was reduced to } in. 
in thickness, and this gave space to allow nuts to 
be screwed on the stude and secured by split-pins. 
What precaution was taken to secure the new ring 
of the first-class cruiser’s engine is not apparent 
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from the narrative; but it is advised that- studs 
should be left longer, and should be screwed above 
the square to receive a nut, as well as a split-pin. 








RUNTGEN, CATHODE, AND POSITIVE 
RAYS. 

Unper the above title Professor J. J. Thomson, 
F.R.S., began, at the Royal Institution, on Satur- 
day last, a series of lectures which promise to be 
of equal interest with the corresponding course on 
the ‘‘ Corpuscular Theory of Matter,” which he de- 
livered last year. Professor Thomson continues 
the traditions of our great British physicists 
by devising mechanical models enabling a mental 
picture to be formed of the kind of action which 
is involved in difficult questions of ultra-molecular 
physics, and the nature of his extraordinarily in- 
genious and far-reaching researches is therefore 
rendered intelligible to those unversed in higher 
mathematics. Amongst his audience on Saturday 
last we noted the late Prime Minister, whose great 
interest in scientific and philosophical questions is 
well known. 

In commencing his lecture, Professor Thomson 
said that in 1895 Réntgen discovered a remarkable 
phenomenon which occurs when an electric dis- 
charge is passed through a highly exhausted 
vessel. The nature of the phenomenon in ques- 
tion he would show that afternoon, by means 
of a partially exhausted glass bulb fitted with 
two electrodes, one, the cathode, being in the 
shape of a hollow cup, whilst the other electrode 
was a flat plate, which acted as a target for the 
discharge which took place when the two elec- 
trodes were coupled up with the terminals of 
an induction coil. The glass bulb was pro- 
vided, he continued, with a long sealed tube, con- 
taining charcoal, and communicating freely with 
the interior of the bulb. By immersing this pro- 
jecting tube in liquid air the vacuum inside the bulb 
could be rendered very perfect, since, as Sir James 
Dewar had pointed out, charcoal at the tempera- 
ture of liquid air would suck up and absorb 
the residual gases in the bulb. On passing the dis- 
charge whilst the vacuum was still poor, the bulb 
glowed with a violet-coloured light; but as the 
charcoal cooled down and became absorbent, the 
appearance of the discharge altered. A dark space 
appeared near the cathode, which gradually 
widened, and a green phosphorescence appeared 
in certain parts of the bulb. At the same time 
a blue pencil could be observed passing between 
the cup-shaped electrode and its target. The 
striking of this blue pencil against the target 
had, the speaker stated, a close connection with 
the production of Réntgen rays. By placing a 
screen coated with platinobarium cyanide at right 
angles to the discharge through the bulb, the lecturer 
showed that, when the vacuum in the latter was 
sufficiently increased, this screen became phosphor- 
escent ; and, further, that the radiation acting on 
the screen would pass through ordinary solid 
bodies. By inserting a spectacle-case between the 
screen and the bulb, it was demonstrated that the 
radiation was stopped more by the spectacle-frame 
and lenses than by the mere case,. thus showing 
that the radiation was sto more by some 
materials than by others. ith a stronger source 
of rays it would, the lecturer continued, be possible 
**to see through a brick wall.” 

The phosphorescence produced by the rays was, 
the speaker went on, the pnenomenon observed by 
Réntgen, though he was afraid that his demonstra- 
tions that afternoon might give a false idea as to 
the difficulty of the original discovery. It was, 
however, always very easy to see an effect when 
one knew precisely where to look for it. The 
sharpness of the shadows thrown on the screen, 
by bodies placed in the path of the rays, showed 
that these rays were propagated in straight 
lines. It was easy, therefore, to locate exactly 
their point of origin, which, he stated, proved to be 
the spot on the target struck by the pencil of 
blue light, which was known to consist of rapidly- 
moving negatively-charged particles. This pencil 
could be, he continued, deflected by a magnet, and 
in this way Professor Thomson showed that the 
phosphorescence of the screen was extinguished 
whenever the cathode rays were deflected to one 
side of the target, sopees again when the 
magnet was removed. e Réntgen rays, he said, 
had many of the properties of ordinary light, and 
had recently been proved to have the same velocity. 


—viz., the Rontgen rays underwent no refraction 
in ing through bodies denser than air. At first 
sight this peculiarity would seem to show that the 
rays in question were not very analogous to light ; 
but if one went more deeply into the matter, the 
fact turned out to be actually rather an argument in 
favour of their being of the nature of light. The 
phenomenon of refraction of light depended upon an 
absorption by the refracting y of some of the 
energy of the light waves ; and, generally speaking, 
the refraction was greater the greater the absorp- 
tion. The time taken by a Rontgen pulse was, 
however, very small compared with the time of 
vibration of any visible light, so that the refracting 
body was acted on for too short a time to absorb 
energy from it. The ability of a vibrating body to 
take up energy depended on the time of action ; aud 
if the waves affecting it were reversed very rapidly 
compared with the natural period of the vibrating 
body, there would be no absorption of energy. 
Hence, if it were ible to obtain ordinary light 
of extremely small wave-length, this would pro- 
bably undergo no refraction. 

In studying the Réntgen rays, he proposed, he said, 
totake advantage of another property they possessed, 
which was more suitable for his purpose than either 
their photographic action or their powers of pro- 
ducing phosphorescence. The additional propert 
he referred to was thut of rendering a gas throug 
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which they were passed a conductor of electricity. 
Professor Thomson demonstrated this property 
by exposing to the action of the rays a brass 
plate sealed into a glass bulb and connected 
with a gold-leaf electroscope. On charging the 
plate with electricity the rate of leakage proved 
extremely small, until Réntgen rays were passed 
through the bulb, when the electroscope quickly 
= showing the loss of the charge. By 
coup 2 Be: the Sulb with an air-pump it was 
shown that the rate of leakage was diminished by ex- 
hausting the bulb, and was therefore dependent on 
the quantity of air present. 
The great advantage of this property, of rendering 
gases conductive, for the study of the Réntgen rays 
lay, the lecturer went on, in its being a ‘‘ metrical ” 
epee With a view to “‘ fixing ideas,” he wished, 
e continued, to bring before them a certain method 
of regarding the Rontgen rays. They were pro- 
duced, as had been shown, by the sudden stoppage 
of an electrified particle. What then would be ex- 
pected to happen if an electrified particle was 
stopped, or, perhaps, more conveniently for the 
purpose of forming a mental picture, if it were 
started suddenly. Considered in all its details, this 
question was a very complex mathematical problem ; 
but it was possible from general considerations 
to perceive the kind of action which would occur. 
Thus, consider an electrified icle such as O, 
Fig. 1. Then, following Faraday, such a particle 
was the origin of a series of lines of force stretching 
out to infinity in all directions. Consider, how- 
ever, one of these lines only, such as O A, and let 
the particle be suddenly jerked to the position Q. 
Then distant points of the line of force ‘‘do not 





One feature of ordinary light was, however, missing 





know ” for some time that anything has happened 


to tlie particle. In fact, this information only travels 
up the line of force at the speed of light. Hence, dis- 
tant parts of the line of force remain for some time in 
their original position, whilst those near the par- 
ticle occupy a new.position as indicated by the 
line Q B on Fig. 1. As the line of force is con- 
tinuous, these: two parts will-be connected by a 
kink in the line of force such as is represented in 
Fig. 2. This bend or kink separates the parts of 
the line of force, which have received information 
of the jerk forward of the particle, from those which 
have not yet obtained this knowledge. The bend 
in question travels out from the particle with the 
8 of light. It would be’observed, he continued, 
that as the line of force represents the direction of 
the force, this near the particle is purely radial, 
but that along A B it has a tangéntial component. 

As a mechanical analogy to the foregoing con- 
ception Professor Thomson had arranged in the 
theatre of the Royal Institution a lung piece of 
stout rubber tubing hanging from the roof to the 
lecture-table. Holding one hand about 3 in. to 
one side of the lower end of this tubing, he struck 
the tube sharply against this hand with his other 
hand, and it was then seen that the shape taken by 
the tube was as represented in Fig. 3. It con- 
sisted of two straight portions, one extending from 
the lecturer’s hand upwards, and the other from the 
point of suspension downwards, and a single very 
sharp kink, such as is represented in the figure, 
which travelled upwards from the lower end of the 
tubing to the top. 

Replacing the rubber tube by a line of electric 
force, the kink, the lecturer stated, corresponded to 
a Rontgen pulse. This view, he continued, received 
strong support from some experiments by Mr. 
Barkla. Referring to Fig. 2, it would be seen that if 
the line of force considered, instead of being nearly at 
right angles with the direction of the jerk imparted 
to the particle, were in the same direction as this 
jerk, there could be no tangential motion given to 
the line of force; and hence if the above view of 
the nature of the Réntgen radiation were correct, 
this radiation should have a maximum value at 
right angles to the direction of the jerk, and be 
zero in the same direction as the jerk. In 
Mr. Barkla’s experiments, a piece of charcoal 
was exposed to the radiation from a Rontgen 
tube ; the .arrangement being represented dia- 
grammatically in Fig. 4.. Here the cathode rays 
striking on the target at A caused, on the hypo- 
thesis stated, a tangential electric force which spread 
out sideways with the speed of light. An electri- 
fied particle at B, therefore, when met by this 
Réntgen pulse, would be suddenly jerked forward 
in the direction of the arrow, and thus become the 
seat of a secondary Réntgen radiation. If the 
view put forward were correct, this secondary 
Réntgen radiation should produce no tangential 
force in the direction B C, and hence there should 
be no signs of Réntgen radiation at C which lies 
in the direction of the jerk. On the other hand, 
the radiation should ss & maximum value at 
right angles to the line BC. This was found to 
be the case by Mr. Barkla, although he did not get 
a zero effect at C (for which it would be necessary 
that the cathode particle producing the primary 
radiation should be ell in a single collision); 
but he did find that at right angles to the line BC 
the secondary radiation was a maximum, whilst it 
was very small along this line. : 

On this view a Rontgen ray was therefore a single 
pulse of magnetic and electric force, and not a regular 
vibration. This view was first put forward by the 
late Sir Gabriel Stokes from optical considerations, 
and had received confirmation by experiments 
which had shown that the velocity of the rays was 
that of light. This had been a very difficult ia- 
vestigation, but there was no reason to doubt its 
validity, and he proposed to deal with it in his next 
lecture. 








THE ELECTROLYTIC ALKALI AND 
BLEACH INDUSTRY. 

In his paper on the ‘* Present Position and Future 
Prospects of the Electrolytic Alkali and Bleach 
Industry,” read before the Faraday Society on 
Tuesday last, Mr. J. B. C. Kershaw did not take 
& more encouraging view than is generally in- 
dulged in. As ~ op the early history of the 
electrolysis of alkali chlorides, he drew attention 
to a very interesting and comprehensive British 
tent of Charles Watt, No. 13,755, of the year 1851. 
att mentions anode and cathode compartments, 
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though not in those terms, porous partitions, effects 
of endosmosis, and that carbonic acid might be 
introduced into the alkali, which is done at the pre- 


sent day in order to convert the alkali to carbonate 


(common soda) or bicarbonate. But as Watt de- 
composed his salt solution with zinc cells, his idea, 
Mr. Kershaw stated, lay dormant for thirty-five 
years, until, in 1884, three German firms entered 
upon a common research. The fruit of four years’ 
investigations was the ‘‘ Elektron” diaphragm cell 
and the erection in 1889 of the first electrolytic 
alkali works at Griesheim, near Frankfort-on- 
the-Main. In the list of works which Mr. Kershaw 
afterwards gave, the elektron process figured in by 
far the greatest numbers. 

The earliest English industrial trials were not so 
successful. The practical experiments of Richard- 
son and Holland of 1891, at Snodland, Kent, led to 
the establishment of the Electro-Chemical Company 
at St. Helens, Lancashire, in 1894, which was, ioe 
ever, closed in 1900. The-processes of the Castner- 
Kellner works, erected at Runcorn in 1895, were 
based upon —- dating from 1892. The first 
trials of the Hargreaves cell, which led to the estab- 
lishment of the Electrolytic Alkali Company at 
Middlewich in 1899, go back to the same date. Le 
Sueur’s works at Rumford Falls, in America, were 
already producing, though not on a large scale, in 
that year, 1892. The great development at Niagara 
Falls came a good deal later ; the Mathieson works 
(Castner process) were opened in 1897, and the 
Acker Process Company’s works, in which fused 
sodium chloride is decomposed with the aid of a 
lead cathode, was founded in 1899. During recent 
years several works, notably in France, seem 
to have abandoned electrolytic processes again, 
so that Mr. Kershaw’s list altogether counts 
twenty-seven works in operation, two closed, eight 
suspended, and one being built, the aggregate power 
being estimated at 54,000 horse-power. According 
to this list, the Castner-Kellner Alkali Company, 
with works at Weston Point and at Wallsend, and 
the Electrolytic Alkali Company, of Middlewich, 
are the only British producers. Castner or Kellner 
processes we further meet with in two Austrian 
works, at Golling and Jajce, and at Niagara Falls. 
The one French company—the Société Industrielle 
des Produits Chimiques, of La Motte-Breuil—has 
adopted the elektron process, which is further 
worked by six German firms—notably, at Bitter- 
feld and Rheinfelden —one Russian, and one 
Spanish company. The Outhenin-Chalandre pro- 
cess (cylindrical inclined diaphragm) we find in 
Chévres, Switzerland, and at Caffaro, Italy. The 
Solvay mercury cathode process is used in 
Jemeppe, Belgium, and also on the Donetz and in 
Eastern Prussia. The bell-gravity process of the 
Oesterreichische Verein fiir Chemische Production 
is in use at Aussig, Austria; the Acker, Bell, 
Dow, Le Sueur, Rhodin (American Alkali Com- 
pany, of Sault Ste. Marie, Canada), and Roberts 
processes are each used in one American works. 
Particulars of the processes could not be given in 
the paper, and the technical difficulties were not 
discussed ; hardly any of the cells are simple, and 
the diaphragms are expensive to maintain. 

In a certain measure communications of the kind 
of Mr. Kershaw’s paper cannot but be disappoint- 
ing. Secrecy remains the policy of chemists and 
electro-chemists. It was once so in other profes- 
sions, and we may hope that at some early day it 
will no longer be so in electro-chemistry. Mr. 
Kershaw’s statistics were partly based upon infor- 
mation he has himself collected by addressing 
inquiries to all the works. But in many cases 
information had been refused, and the scraps of 
information which are allowed to leak out in the 
technical Press are not very reliable. Under the cir- 
cumstances Mr. Kershaw offered his forecast of the 
future with all reserve. What is sometimes repre- 
sented as a strong feature of the electrolytic pro- 
cesses—that there are no by-products—may also be 
regarded as a source of weakness; the industry 
stands too isolated, so far, and the attempts at 
combining electrolytic alkali processes with others— 
ore extraction, e.g.—have not yet attained any im- 
portance. The Blane works, which make salt 
cake from salt and sulphuric acid, and supply 
caustic and carbonated alkalies, hydrochloric acid, 
bleach, &c., will, Mr. Kershaw thinks, depend 
more and more upon their secondary products. The 
Solvay ammonia-soda process will continue to yield 
enormous profits out of the manufacture of car- 
bonates ; but as the chlorine cannot yet be extracted 
from the calcium chloride, our chlorine, and also 





the sulphur, will have to come from other sources. | 607,160,314 dols., and the aggregate value of the 


That is one of the chances of the electrolytic pro- 
cesses, which, Mr. Kershaw believes, may take the 
place of the Le Blanc works in producing bleach, 
chlorates, hypochlorites, &c., further, sodium, 
cyanides, and peroxides. But owing to the great 
operating expenses, only the best processes and 
works will survive. 








NOTES. 
SwepisH Iron Ore. 

THE various issues connected with Sweden’s 
wealth of iron ore, or, as it is now generally called 
in Sweden, the iron ore problem, continue to attract 
much attention, and there is reason to believe that 
important departures will, ere long, be decided 
upon. The two questions more especially to the 
fore are, first, the quantity to be exported ; and 
second, the means of handling a large, or at least a 
cousiderable quantity of the ore within the country. 
These two questions, it is argued, are so closely con- 
nected, that the former ought to be made de- 

ndent upon the latter with a view of steadily work- 
ing tow decreasing the export and increasing the 
home trade. In this connection the ibility 
of the State taking over the vast North Swedish 
iron ore deposits has again been under discussion. 
The proposed Government Commission, as asked for 
by the Graugesberg concern which handles the ore 
deposits in question, for the investigation, techni- 
cally and economically, of the ore question, has not 
met with much favour; Royal Commissions are pro- 
verbially somewhat long-winded, and in this case 
the technical side of the investigation might prove 
a very difficult one. Uncertainty as to the future 

revails, and hampers materially one or two very 
big schemes for the handling of the ore, which, 
under the existing circumstances, cannot be won 
at prices which, in consideration of the freight to 
the west coast, would enable such a large under- 
taking to make a good showing in the world’s 
competition. One way out of the difficulty, it 
has been suggested, would be to allow of an in- 
creased export of iron ore, whereby the Grauges- 
berg Company would be enabled to sell to a Swedish 
steel works the requisite ore at a lower figure. 
Three facts, it is claimed, have been firmly estab- 
lished: the North of Sweden is possessed of 
larger ore deposits than, within a reasonable time, 
it will be able to handle ; a considerable export 
of ore is therefore possible without prejudicing 
the future of Sweden’s iron industry, and there 
are the requisite conditions for handling within 
Sweden the North Swedish iron ore to such an 
extent as the state of the market, the available 
labour, and other circumstances influencing large 
industrial concerns, will allow. All this points to- 
wards a continued export of iron ore for a long 
time to come, and to the promptest possible 
handling within the country of a portion of the 
ore, to which purpose the influx of capital through 
the export of ore ought to be applied. Of exhaust- 
ing the immense ore deposits there can be no fear 
for a long time to come. On the contrary, it is 
urged that the exploiting of the ore deposits ought 
to be pushed ahead as energetically as possible. 
This will benefit the whole country. The proper 
way to go, according to the advocates for this 
principle, is to make the amount exported depen- 
dent upon the quantity of ore handled or reduced 
within the country. 


New York’s IMPoRTANCE AS A SEAPORT. 


The managing director of the Hamburg-Ameri- 
can Line, —_— Ballin, has made an interesting 
statement about the port of New York, in which 
he draws attention to the traffic more and more 
passing to the Gulf ports. New York, how- 
ever, he says, stands in the front of the world’s 
seaports. Nature has formed so splendid a harbour 
that one would think some eminent engineer had 
planned it; and it has natural advantages, for 
the attainment of which the large ports of Europe 
have been obliged to spend millions. During last 
year 4408 ships from foreign ports entered the port 
of New York, and 3914 ships left for foreign ports. 
New York is in direct connection with 184 foreign 
ports, and the connection with Europe is main- 
tained by no less than 34 steamship lines; with 
Central America and the West Indies by 17 : with 
South America by 14; with Asia by 5; and with 
Africa and Australia by three steamship lines each. 
The aggregate value of goods shipped from New 





York during the last financial year amounted to 


imports to 734,350,823 dols., the duty on which 
amounted to about 200,000,000 dols. e import- 
ance of New York as a harbour is bound to 
increase, and amongst its natural advantages must 
be mentioned the unique line of shore, which for 
miles offers shelter for vessels. Besides, New 
York is the terminus of a number of important 
railway lines, extending over the whole of the 
North American Continent, to say nothing of New 
York’s connection with the large lakes. As a draw- 
back Herr Ballin mentioned the aarrow inlet to the 
ne proper; there is only one course—the Gedney 

anal—serviceable for big, modern ships. The 
Hamburg-American line has a number of steamers 
built of 32 ft. to 32 ft. depth, but which at New 
York can only take in cargo up to 314 ft. depth, which 
means more than a thousand tons less cargo each 
trip ; the Amerika and the Kaiserin Augusta Vic- 
toria are still worse off. The company must there- 
fore refrain from building larger steamers until the 
promised new canal—the Ambrose Canal, with its 
35 ft. depth—becomesa reality. Another drawback 
is the high dues levied by the City of New York. 
The prosperity of the United States has, in a 
way, done New York’s shipping harm, inasmuch 
as the big railway lines have nm so taken up 
with local traffic that they have neglected the 
through traffic to New York, from which fact the 
tony of New Orleans and Galveston have profited. 

ew York has almost entirely lost its export of 
grain through the railway companies’ lack of rolling- 
stock. Herr Ballin thought the trade with Eastern 
Asia would beyond a doubt go through the Panama 
Canal instead of the Suez Canal, and the new 
canal is more likely to benefit the Gulf ports than 
New York. He did not care much to express an 
opinion about the advisability of the United States 
subsidies to her shipping ; personally he had always 
been against them, and his own company, with 
the exception of the Hamburg and the Kiaut- 
schau, in the years 1901 and 1903, when engaged 
in the East Asiatic traffic, had never received any 
kind of subvention. 


FaILure OF A REINFORCED-CoNCRETE CHIMNEY. 


It undoubtedly looks as though some drastic regu- 
lations should be adopted in the United States in 
order to prevent the repetition of failures in rein- 
forced-concrete work. There have been far too 
many of these failures of late. It is only a few 
weeks since we recorded (page 700 of our last 
volume) the sudden collapse of a tall reinforced- 
concrete chimney at Peoria, Illinois; and now 
another failure of a similar nature has taken 
place, though, fortunately, like the one previously 
described, it was unattended by loss of life. The 
latest of these failures occurred to a reinforced-con- 
crete chimney attached to the Seelbach Hotel, 
Louisville, Kentucky, on January 19 last, during a 
violent wind-storm. The chimney was completed 
in the early part of 1905, and had, it is said, been 
subjected to stronger winds than the one that over- 
turned it. This wind had a maximum velocity of 
42 miles per hour at the United States Weather 
Bureau. The highest recorded wind velocity to which 
the chimney had been subjected since its erection 
was 54 miles per hour. On the night of the accident 
the wind was from the south-west, and, contrary to 
what would have been expected, the chimney fell 
towards the north-west. phe. that there are 
no drawings of the chimney available, but from the 
best information forthcoming the stack was 176 ft. 
high from the ground level. The lower 70 ft. of 
the stack had an outside diameter of 84 in., and 
consisted of two concentric shells 5 in. thick, which 
were separated by a 5-in. air-s Above this 
portion the stack was formed of a single shell 5 in. 
thick, with an outside diameter of 64 in. As far 
as can be gathered, the reinforcement at the point 
of fracture consisted of about sixteen 1} in. by 
1} in. by 4%; in. T-bars, which were arranged in 
apy he circumferential bars were 1 in. by 1 in. 

y tin. tees, spaced about 2 ft. apart, and they 
were not connected in any way to the vertical bars, 
nor was there any evidence of mechanical bond 
with the concrete. The chimney failed at the 
lowest point of the 64-in. section. Above this 

int the structure appears to have remained 
intact until it struck the ground, when it was 
crushed flat and badly fractured, few pieces larger 
than 1 ft. square remaining, The exact composi- 
tion of the concrete does not seem to be known, 
but it is stated that, after the accident, portions 





of it were found to be so soft that they could 
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be disintegrated by rubbing with the hand. One | with 52,464 tons in 1905, 37,464 tons in 1904, and 


very striking feature disclosed by an examina- | 62,907 tons in 1903. 


tion of the wreckage was that the reinforcing-bars 
were almost as entirely free from concrete as they 
were when they left the rolling-mill. It was 
found that the reinforcing-bars were not broken, 
but had been simply drawn out of the concrete. 
If a wind pressure of 50 lb. per square foot be 
assumed, the compression on the concrete at the 
lee side will be found to work out very high, par- 
ticularly for concrete of the kind that was evidently 
used ; and though, perhaps, not enough in itself to 
cause failure, it may have contributed. It looks, 
however, as though the accident was caused by the 
breaking of the bond between the concrete and the 
steel. From the evidence forthcoming we should 
be inclined to think that this is only another case 
of careless workmanship, and that probably the 
concrete was, for oue thing, laid much too dry. We 
are indebted for the above particulars to the New 
York Engineering News. 


Tue Batance-SHEET oF BritisH SHIPPING. 


A return issued this week shows clearly the 
effect of shipbuilding operations on the mercantile 
fleet of this country, and in this report Lloyd’s 
Register of British and Foreign Shipping states that 
the net addition to the merchant fleet is the largest 
on record, representing 783,556 tons, allowing also 
for purchases from, and sales to, foreign fleets. 
There have, however, been withdrawn a large number 
of sailing ships, and in their place new cargo-carriers 
have been added, so that the effective carrying capa- 
city of the new tonnage is much greater than ap 
on the surface. Altogether 1,493,120 tons of 
steam tonnage were added, and practically the 
whole of this was made up of new vessels, the excep- 
tion being 62,000 tons mostly bought from abroad 
under special conditions. The removals of steam 
tonnage made up 588,613 tons, of which 347,529 
tons were sold to foreigners, so that they continue 
as competitors with British ships. The net result 
is an addition to steam tonnage of 904,507 tons. 
In respect to sailing tonnage, however, there 
has been a net decrease, because only 14,871 tons of 
new sailing vessels were completed, the average 
size being 100 tons, while the purchases from 
foreigners, &c., made up con | 9000 tons more. 
On the other band, there were broken up, sold to 
foreign or colonial owners, or otherwise disposed of, 
vessels aggregating 144,355 tons. There is accord- 
ingly on the balance a decrease in the sailing tonnage 
in the fleet of 120,951 tons, and thus, as we have 
already indicated, the net addition is 181 vessels and 
783,556 tons. This brings the total British fleet to 
nearly 174 million tons, made upas follows :— 


Steam ... 10,105 vessels, of 15,788,101 gross tons 
Sailing bea 9,857 ” ’ y 5 ” 
Total... 20,762 me 17,463, 976 aa 


In ten years the steam tonnage has increased over 
5,000,000 tons—practically equal to 50 per cent.; 
while the sailing tonnage has decreased by about 
1,000,000 tons. Thus the total of ten years ago of 
all vessels was 20,506 vessels, with a tonnage of 
13,155,626 tons. The wastage of tonnage—namely, 
the removals due to losses, breaking-up, &c. (240,000 
tons)—represents a small proportion of the total 
fleet, and equals only about one-sixth of the new 
tonnage added, so that it will be realised that ship- 
owners have increased difficulty in earning a satis- 
factory freight rate, in view of the competi- 
tion. This, moreover, is intensified by the addi- 
tions made to foreign fleets by the purchase of 
British ships. To foreign nations we have sold 
428,000 tons, and have bought from them only 
60,000 tons, so that on a balance we have against 
us under foreign flags 368,000 tons. Amongst those 
who have thus bought largel 
Norway, which took 75,549 tors ; Italy, 53,419 tons ; 
Greece, which purchased 48,564 tons ; Russia, 33,884 
tons; and France, 30,263 tons. Most of the ships 
sold, it is true, are old. Thus, 15 per cent. were 
built before 1880; nearly 36 per cent. before 
1885 ; 48 per cent. before 1890; nearly 65 per 
cent. before 1895; over 80 per cent. before 
1900, and over 93 per cent. before 1905. The 
foreign shipowner is not hampered to the same 
extent with legislative restrictions as are British 
shipping companies, so that he is better able to 
make even old vessels pay. An interesting point 
is that the Colonies continue to purchase an in- 
creasing number of vessels from the British fleet, 
and last year they took 59,208 tons, as compared 





pears |and vol. lii., page 195). 


from us are:| 


Of course, the ships built in 
this country directly for foreign and colonial owners 
are not included. > 





THE LATE MR. LEON SERPOLLET. 

At the meeting of the Institution of Civil Engineers 
on the 12th inst., to which we referred in our previous 
issue (see page 215 ante), a very graceful tribute was 

id by Colonel Crompton to the memory of the great 
Poeneh automobilist, Mr. Léon Serpollet, whose death, 
at the age of forty-eight, occurred on the 11th inst. Mr. 
Serpollet was born in October, 1858, at Culoz, a small 
French town on the Rhone, to the south-east of Geneva. 
To use the general expression current with our Con- 
tinental neighbours, Mr. Léon Serpollet was, in the 
fullest sense, /e fils de ses euvres ; he was a born engi- 
neer, and by his genius and hard work he has left a 
name which will ever be associated with automobilism. 

After completing his primary education, he was sent 
to the Lycée Ste. pe in Paris, a college for secon- 
dary education, where he studied for several years, 
gaining special distinction in mathematics. He did 
not graduate in an engineering school, but shortly after 
leaving college set up a small mechanical shop in the 
Rue Caumartin. This he coon left for a larger fac- 
tory in the Montmartre quarter of Paris, where he 
busied himself with general mechanical work, and 
gradually perfected his boiler, the first designs of 
which he had prepared while he was still a schoolboy. 
He also designed and built at the same period a steam- 
motor. Early in 1887 he completed a steam-tricycle, 
which was followed a few months later by a steam- 
propelled tri-car. We gave an illustrated description 
of the latter in our issues of 1891 (see vol. li., page 315, 
Later on he built steam- 
propelled four-wheel cars, which we described also 
(see vol. lx., pages 471 and 499). 

In France, as in this country, but not to the same 
extent, Parliamentary authorities were very much 
opposed at first to mechanical traction on common 
roads. This opposition, however, did not last as long 
as it did here, and its removal made it possible for the 
automobile industry in France to flourish as it did 
during the latter years of last century, and still con- 
tinues to do. In this connection it is interesting 
to note that Mr. Serpollet was the first to obtain 
Government authorisation to make runs in the Paris 
streets with the cars he built. This authorisation is 
dated April 17, 1891. These firat cars were designed 
and constructed throughout by Mr. Serpollet at the 
small shop he had set up, as above stated, and were 
improved year by year by himself, or under his personal 
supervision. He also carried out personally all tests, 
whether at his works or on the road. In 1899 he 
entered into partnership with Mr. Gardner, and put 
down larger works in another quarter of the French 
Metropolis, at 9 and 11, Rue Stendhal, where he 
built a large number of steam-cars of every descrip- 
tion. Last year he combined with Messrs. Darracq, 
the new firm making a speciality of the construction 
of heavy vehicles, omnibuses, delivery-vans, and the 
like, an association which immediately proved highly 
successful, 

Mr. Serpollet’s aim—which is, in fact, that of all 
motor-car builders—was to endeavour to reduce the 
weight of his vehicles while increasing their power 
and speed ; in this his ingenuity met with success, 
and during races at Nice, with his 20-horse-power car, 
he gained the world’s record for the kilometre, with 
a flying start, by covering the distance at a speed of 
120 kilometres (about 75 miles) an hour, a record 
which we believe he held for three years. 

In engineering circles Mr. Serpollet will always be 
remembered as an ardent believer in steam. He 
was alone the inventor of the boiler—or, rather, rapid 
steam-generator—which bears his name, and which he 
also improved alone, first starting with coke as fuel, 
then using a system of liquid-fuel burners. 

Mr. Se 
man; he 
number. 


let was a most genial and kind-hearted 
as left only friends, and these in large 








THE LATE MR. ERNEST GEORGE GEARING. 

As we briefly announced in last week’s issue, Mr. 
Ernest George Gearing, the managing director of the 
Leeds Forge Company, Limited, died suddenly in 
London on the 8th inst., as the result of acute appendi- 
citis. Mr. Gearing had only reached his fifty-eighth 
=. Having accumulated extensive experience, and 

ing not only a sei 4 A ynanee engineer, but a 
man of great resource, he succeeded in maintain- 
ing the Leeds Forge Company, which he joined fifteen 
years ago, in a highly successful state from an engi- 
neering point of view. 

Mr. Gearing was trained as a marine engineer in the 
works of the Union Steamship Company at South- 
ampton, and had seven years’ continuous sea experi- 
ence, during four of which he was chief engineer. 





This training had undoubtedly a large eg in the 
moulding of Sis character, and particularly in deve- 


loping an active and buoyant nature, which, with his 
engineering skill, enabled him to surmount difficulties. 
In 1882 he joined the staff of Messrs. James and 
George Thomson, of the Clydebank Shipbuilding Yard 
(now Messrs, John Brown and Co.), and for six years— 
until 1888—held the position of assistant engineering 
manager under Mr. Parker. During this period the 
Clydebank firm was engaged in the building of many 
notable Atlantic liners and warships, and Mr. Gearing 
was closely associated with these, his work at Clydebank 
culminating with the completion of the machinery of 
the City of New York and the City of Paris, the two 
vessels built for the Inman and International Line, 
agg en J the American Line. For a few months 
Mr. Gearing was engineering manager of Messrs. 
Oswald Mordaunt and Co.’s yard at Southampton, 
but in September, 1888, he joined the Inman and 
International Company’s service. The two new vessels 
already named embodied several departures in their 
pans machinery, and as assistant superinten- 

ent Mr. Gearing had special charge of the vessels. 
Indeed, he made eight voyages as chief engineer in the 
City of New York and three in the City of Paris, and 
under his control both vessels made passages which at 
that time were most satisfactory, especially in respect 
of the speed of ship per unit of weight of machinery. 
In 1890 he became superintending engineer of the 
Inman and International Company, and he re- 
signed this position to become engineering manager 
of the Southampton Naval Works Company. His 
next appointment, in 1892, was general manager and 
secretary of the Leeds Forge Company, his ex- 
perience in marine work proving of great utility in 
connection with the development of this concern. 
The directors recognised his ability by appointing 
him managing director of the company after the death 
of Mr. Samson Fox. 

For his services in various directions associated with 
the Navy he was made a chief engineer officer of the 
Royal Naval Reserve. Mr. Gearing joined the Insti- 
tution of Naval Architects in 1891, but took little 
public part in their proceedings. He was an enter- 
taining companion, and devoted to outdoor pastimes, 
and of the cricket, bowling, and rifle clubs, and other 
associations in the district where he resided, he was 
an active supporter. He enjoyed robust health, and 
his death was very sudden. He was in London on the 
company’s business when he was seized with appendi- 
citis on the morning of the 7th inst. Although an 
operation was performed that evening, there was little 
hope of recovery, and death took place at a nursing 
home, to which Mr. Gearing had been removed, at 
noon on the 9th inst. He was married and had three 
sons, and the wide sympathy felt for them in their 
bereavement was indicated by the large and repre- 
sentative gathering which attended the funeral from 
his house at Rosehurst, Headingly, on the 13th inst. 

It is noteworthy that all the members of the Board 
of the Leeds Forge Company of ten years ago have 
passed away within four years. First, death took 
away in June, 1903, Mr. John Scott, C.B., chairman ; 
in October of the same year Mr. Samson Fox, founder 
of the works, died ; and in 1905 occurred the deaths 
of Mr. Robert S. Scott and Mr. Septimus Henry Ward, 
of Sheffield. Now comes the loss of Mr. Gearing. 





ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on Wed- 
nesday evening, the 20th inst., at the Institution of Civil 
gee Great George-street, Westminster, Dr. H. R 
Mill, President, in the chair. 

Mr. Edward Mawley presented his report on the pheno- 
logical observations made during 1906 by observers in 
various parts of the British Isles. The most noteworthy 
features of the weather of the phenological year ending 
November, 1906, as affecting vegetation, were the dry 
period lasting from the beginning of June until the end 
of September, and the great heat and dryness of the air 
during the last few days in August and the first few days 
in September. Wild plants came into flower in advance 
of their usual dates until about the middle of April, after 
which time they were, as arule, to about the same extent, 
late. Such early spring immigrants as the swallow, 
cuckoo, and nightingale reached these islands somewhat 
behind their average dates. The only deficient farm crop, 
taking the country as a whole, was that of hay, all the 
others being more or less over average. The yield of 
apples was about an average in all but the north of Eng- 
land and in Scotland, where there was a very scanty crop. 
Pears and bya were everywhere very deficient, whereas 
all the small fruits yielded moderately well. As regards 
the farm crops, the past year proved even a more bountiful 
one than that of 1905. 

Mr. Richard Inwards read a paper on “ The Metric 
System in Meteorology,” in which he called attention to 
the advisability of adopting some uniform system by all 
the meteorological observers upon the globe. 





Tue Execrric Centra, Sration aT GOTHENBURG.— 
Several contracts have now been placed for this installa- 
tion—so far, all within Sweden. Two engines, of 1500 
effective horse-power each, have been ordered from two 
different works, and two boilers, of the Babcock and 
Wilcox ty have been ordered from another firm. 





These are the first boilers of this type made in Sweden, 
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GAS-ENGINES. 
To THE Epitor oF ENGINEERING. 

Srr,—The comparative merits of gas-engines of the 
two and four-cycle types in themselves, or for particular 
duties, such as marine gas propulsion, is quite evidently 
at the present time a question of considerable importance 
and interest both to eonge and engineers in general. 
Such a comparison has, of course, its difficulties in the 
selection of a basis which shall allow of a perfectly even 
parallel being drawn, especially so when it is borne in | 
mind that each system has several well-known modifica- | 
tions, particularly favoured for some special duty, or by | 
certain people or countries for, perhaps, less well-defined 
reasons. One point before making such a comparison is 
well worthy of note ; it is the persistence with which con- 
structors of large engines in this country stick to the 
single-acting type. — p : 

No more typical instance of this can be met with than 
in the large ‘‘ Premier” engine lately described in your 
columns, or in the marine ty as suggested by Mr. 
Coster. The reason why, it is difficult to understand in 
the present advarced stage of the art ; it seems an inade- 
quate use of the material used, and so contrary to the 
practice on the Continent, where such a success has been 
made of the double-acting engine. ; 

In the marine gas-engine, where evenness of turning 
effort, variability of rotative speed, quick starting, weight, 
&c , are so very essential, it would appear that the two- 
cycle engine has undoubted advantages, advantages which 
may also be with it in many forms of land service. 

There is little doubt that the induced charging of the 
four-cycle cylinder will not admit of the exact stratifica- 
tion of the charges essential to slow running for such 
duties as marine work, A stratified charging is imperative, 
in that a strong mixture must lie around the firing points, 
however weak the rest of the mixture may be. The posi- 
tive charging of the two-cycle engine has now reached 
such a point that these conditions can be obtained for all 
speeds and loads. 

It is emphasised by the authors reviewed by you that 
a simple engine is essential. 

I should like, therefore, to finish a brief letter by 
giving a comparison of types, taking as a basis, say, even 
ness of turning moment, and allowing the four-cycle to 
be double-acting. Of couree, if this is single-acting, as in 
English practice, the disparity is inc ' 

The parts of the engine given are the ones subject to 
most strain, heaviness of duty, or inequality of working 


temperature. 
2000 Horse-Power, 
Two-Oyele. Four-Cycle. 
Cylinders Two Four 
Valves : 
Inlet Four Eight 
Cae? ..«. None 9 
Exhaust. . se ” 0 
Valve-gear .. Two eccentrics 16 eccentrics or cams 
Side shaft wi 
Gear-wheels .. »” Two pairs 
Water-cooled parts : 
Pistons .. - Two 
Piston-rods_ .. “. Four to six 
Exhaust valves None Eight 


Further comment is needless, though much might be 
said about the general superior etarting powers of the 
two-cycle engine. 

Tam, saa Se * 


Manchester. LAN E. L. CHoruton. 








COMPOUND LOCOMOTIVES. 
To THE EpitoR OF ENGINEERING. 

Sir,—I haveread with great interest ‘‘Gallia’s” letter 
re the above, but I am afraid his statement about the 
number of de Glehn compounds is misleading. It may 
be, or may not be, that de Glehn compounds have 
been built for the Northern of France Railway, but 
the fact remains that over a thousand have been built for 
various Continental countries since these engines became 
the standard types of the French railways. These 1000 
engines include, not only four-coupled, but also six- 
coupled locomotives, a type which extensively 
adopted in France for both passenger and goods traffic. 
I am glad to see ‘‘ Gallia” has made mention of the P.L.M. 
compounds, which were designed by the late Adolphe 
Henry. The question of balancing was ably dealt with 
by Mr. Henry, but his mode of balancing has not found 
favour. Nevertheless, these early P.L.M. compounds, 


as well as the present ones, may, despite some construc- | board 


tional oddities, be classed as belonging to the same type 
as the de Glehn compounds. 

You, some time ago, published an article on the per- 
formance of the French compounds, which appears to 
emanate from the pen of a well-known English writer. 
From this article it appears that the de Glehn compound 
is unquestionably the engine par excellence for express 
traffic, and if such runs had to be made on English rail. 
ways, our railway companies would have to adopt com- 
— engines of the de Glebn type. In this country, 

owever, economical runs do not appear to have been 
closely studied. In a country like Prussia, for instance, 
it i3 usual to haul as many cars as an engine can draw at 
the booked speed, and to run no more trains than is 
necessary, the result being that the cars are always well 
filled up. But what do we see here? Trains are run 
half empty, and first-class coaches appear to be but a 
perfectly useless dead load. When railway companies 
wake up some day and become more fully alive to their 
own interests, they will have to follow a very different 
policy as regards the running of er trains. But it 
will not be till then that the question of locomotive 
compounding will be more carefully studied. With 
regard to the origin of the balanced compound engine 


suggestion has been made prior to 1884. I believe that | 


a patent was taken out in 1872 for asimilar id 
not particulars at hand for the moment. 


Yours faithfully, 
February 18, 1907. MERNiK. 


ea, but I have 





‘MARINE GAS PROPULSION.” 
To THe Epiror or ENGINEERING. 

Sir,—In further reference to the above subject, the 
— quotation from my paper in the margin of your | 
ast issue certainly appears to make my statements con- | 
tradictory. But is it fair to the subject, or your readers, 
to give only part of the evidence’? And as regards the 
particular quotation in question, why is the qualifying 
context omitted? The result is that your ers have a 
distorted and misleading conception of the system I 
advocate. Your article states that my proposal is ‘‘to 
keep engines going full speed ahead, and to counteract 
their effect by running other engines full speed astern.” 

his is not correct. 
_ If you are unable to give full abstracts, I trust you will 
insert again the complete quotation (page 19, from line 4 
to line 16). This and my last letter to your paper will, I 
trust, put the whole matter clearly before your readers. 

Faithfully yours, 
A. VENNELL CosTER. 
Openshaw, Manchester, February 18, 1907. 


[As Mr. Vennell Coster expressly wishes us to quote a 
rather longer extract of his paper than the few lines given 
last week, we place before our readers the passage in 
question. It is as follows :— 


It is possible, as already intimated, with this arrangement of 
machinery to run the vessel at any speed from full speed to dead 
slow, either ahead or astern, without stopping the engines except 
for reversing. For example: taking the propeller going astern as 
having only 50 per cent. efficiency when pared with going 
ahead, by running the centre engine full speed ahead and the 
wing propellers about full s astern, the vessel can be prac- 
tically stationary. Then by slowing down the wing ea pees to 
half speed astern the vessel can be made to move about quarter 

ahead, and as these engines can vary their speed from 
150 revolutions down to 75 revolutions per minute, any in 
any direction can be attained by the vessel without stopping the 
engines. In narrow waters, entering or leaving port or working 
up dock, the vessel is under as complete control as if fitted with 
the latest steam-engines, and with no fear of the quality of the 
gas being reduced. , 

It will be remembered that the point at issue was 
whether our description of his method of control of a 
vessel as ‘‘unmechanical” was justified or not. Mr. 
Vennell Coster asserts that a vessel can be as safely 
navigated in narrow waters with gas-engines running 
in opposite directions at speeds from full down to half 
speed as with steam-engines which can be stopped or be 
= ey slow. With this opinion we do not agree,— 

p. E 











MOTOR-CAR DESIGN. 
To THe EprTor or ENGINEERING. 

Srr,—With reference to the article on ‘‘ Motor-Car 
Design” in your impression of the 18th ult., there are one 
or two points regarding which I should hke, with your 
permission, to say a few words. 

One point raised by the writer of the article was the 
best position for the rear springs, which he seems to think 
should be placed underneath the frames in a similar 
manner to the common practice for the front springs. 
There are, at least, two excellent reasons why the springs 
should not be arranged in such a manner: One is, as t 
writer of the article supposes, that such a disposition would 
throw the whole frame up, and raise the centre of gravity 
of the comple car ag High frames are 
objected to by the purchasing public; and at the present 
moment one firm, at least, is making a frame with a 
considerable drop just forward of the rear axle, in order 
to meet a demund for a chassis for town-carriage work, in 
which the floor level is even nearer the ground than is 
usually the case. 

The second reason is that it is desirable to get the rear 
springs as wide apart as possible in order to minimise any 
tendency to oscillation which, with the present large and 
heavy bodies, would be very marked were the springs 
brought nearer in towards the centre line of the car. The 
alternative to this, supposing the difficulty as to height be 
overcome, would to materially increase the Jjoggle, 
found in many frames, in the neighbourhood of the dash- 


rd. 
I think, Sir, you will admit that this off-setting of the 

frames in the horizontal plane is not sound design if it 

can ibly be avoided, and as a matter of fact it is quite 

possible to design a frame which is perfectly straight in 

plan, and which yet allows of asufficiency of ‘‘ lock” for 

the front wheels. This, of course, involves the over- 

hanging of the rear springs, which arrangement is surely | 
fully justified by the better frame design of which it 

permits, if for no other reason. _ 

The front springs are of necessity placed underneath 
the frame in order to allow of the necessary movement of 
the front wheels in the act of steering. Here, the weight 
being low and concentrated between the springs, the 
question of oscillation does not occur. 

he second question to which I wish to refer is the | 
design of epring shackles. The author of the article in | 
uestion takes exception to the not uncommon design of | 
ouble shackle, consisting of a block, four pins, and four 
links, which he illustrates in Fig. 12, page 69. 

To anyone accustomed to the severe conditions under | 

which these em pen os conpention that the nove 
ement shou re y an arrangement o 

two a links, @ la butcher’s cart, is ludicrous. I am 

prepared to assert that such an arrangement, possessing 








with four cylinders, I am under the impression that the 





only what is practically a point contact, would, supposing 


the links to be made of, say, 4-in. material, and applied 
to a car of, say, 30 horse-power, and about 35 cwt. weight, 
wear through inside three months. Moreover, owing to 
lack of lubrication, it would almost certainly squeak 
badly and probably rattle also. ; 

Had the author seen the condition of the pins of many 
a motor-car shackle after twelve months of hard wear 


| with the minimum of attention, which is usually their lot, 
| he would hesitate before advocating the ‘‘ butcher’s cart ” 


design. 

It is owing to the difficulty of hosping. these pins pro- 
perly lubricated that at least one leading firm have adopted 
the further refinement of fitting each shackle pin with its 
own little ‘‘stauffer” lubricator, and I do not think that 
the most critical can say that this is in any way un- 
necessary. : 

As in all classes of engineering, large wearing surfaces 
and plenty of lubrication thereof are excellent maxims 
— to the design of mutor-cars. 

trust, Sir, that I have not trespassed too far upon 
your valuable space, but I think that, while many of the 
criticisms contained in your article are without doubt 
much to the point, the writer’s remarks would have had 
more weight had he made himself more familiar with the 
conditions governing the design of motor-cars before 
condemning current design to the extent which he does. 
‘d am, Sir, yours faithfully, 
Hupert C. Ciark, 
February 12, 1907. A.M.I. Mech. E. 


[As the only reference we made in the article as to the 
position of the rear springs was to express our acceptance 
of the view that it appeared impracticable to adopt the 
mechanically better arrangement of placing them under 
the channels, we fail to see the relevancy of the first part 
of our correspondent’s letter. We may point out, how- 
ever, that as it is possible to build a chassis with the 
channels straight in plan, the amount of joggling which 
is found in ordinary practice would be quite sufficient to 
allow the channels to come over the springs, did not the 

uestion of height arise. With regard to our correspon- 
dent’s second point, we may say that it is because we are 
perfectly cognisant of the usual condition of the pins of a 
motor-car shackle after twelve months of hard wear, that 
we have no hesitation in advocating the alternative design. 
The “block, four pins, and four links” wear badly, are 
expensive, and ane liable to squeak and rattle more than 
a pair of simple shackles can possibly do. Mr. Clark does 
not seem to know that the design which he considers 
‘ludicrous ” for a large car has been adopted for motor- 
omnibus work by at least two firms, both with long ex- 
perience in heavy motor-vehicles, or he would not be 
‘* prepared to assert” unfounded views quite so freely. 
It has also been used on motor-cars for several years, 
without any of the terrible consequences which he 
imagines would follow.—Eb. E.] 





AERIAL NAVIGATION. 

To tue Eprror or ENGINEERING. 
S1r,—Now that this subject has been taken up by the 
Institution of Mechanical Engineers the attention of 
inventors and experimenters should be called to what has 
always seemed to me, as a practical man, the great diffi- 
culty in connection with the problem of mechanical flight 
—not ballooning—viz., some safe method of coming down. 
It is possible to make a machine that shall run along 
the ground, raise itself, and fly for almost any distance, 
provided the atmospheric conditions are favourable and 
that there exist no such “local currents” as Dr. Hele- 
Shaw is said (on page 217 of your last issue) to have shown 

on the screen. Y 
A picture of the galvanised-iron roof coming to earth, 
so that the audience might realise how gently an aero- 
plane descends when properly handled, would have em- 
phasised the point I desire to remind my fellow-readers of. 

Your obedient servant, 

Wm. H. Massey, 
Twyford, Berkshire, February 16, 1907 








Messrs. Henry Bessemer AND Co, Limirep.—At the 
annual meeting of this company, Mr. OC. Allen, who 
presided, stated that the profit realised for 1906 was 
39,293/., as compared with 28,686/. in 1905, The com- 
parative prosperity of the company was due, to some 
extent, to the fact that both Germany and America had 

mn having a similar prosperous period. The company 
had purchased the Bolton Steel Works, and had oe 
50477. on account. The Bolton Steel Works covered an 
area of 28,493 equare yards, of which 26,124 equare yards 
were freehold, the remainder being held on a 999 years’ 
lease. The ground was in the centre of Bolton, and the 
London and North-Western Railway ran through the 
works. About 75 per cent. of the land was covered with 
substantial roofs and buildings well suited to the business. 
There were four Siemens-Martin furnaces, whose output 
arengee 500 tons per week. They were old-fashioned, 
and frequently required repairs, so that it mn 
decided to replace them with modern furnaces, which 
would ensure an output of 900 tons per week. There was 
a 28-in. rolling-mill, which could roll up to 9 in, round, 
a 24-in. mill, a 16-in. mil], and a 10-in. mill. The total 
output was about 300 tons per week, but plans were in 
hand which would make it possible to more than double 
this production. There was plant available for makin 
tyres and axles, the capacity being 150 tons of axles an 
75 to 80 tons of tyres per week. For general forging work 
there was a 25-ton hammer, an 8-ton bammer, and a 
30-cwt. hammer, suitable for dealing with modern shafting 
and general engineering requirements up to 20 tons in 
wae. The directors’ report was adopted, and a divi- 
— K. 48s. per share upon the ordinary 10/, shares was 
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150-TON 


CONSTRUCTED BY SIR W. G. 


HYDRAULIC WHARF-CRANE 


ARMSTRONG, 


WHITWORTH, AND CO., 


AT ELSWICK. 


LIMITED, 


ENGINEERS, NEWCASTLE-ON-TYNE. 














We illustrate on this page and on page 242 a new 
150-ton crane just erected by Messrs. Sir W. G. Arm- 
strong, Whitworth, and Co., Limited, on the jetty at 
Elswick. It is for putting heavy loads, such as guns, 
armour, engines, boilers, &c., vn board ships that are 
being fitted out, is worked by hydraulic power, and is 
= le of dealing with weights up to 150 tons at a 
radius of 99 ft., and with lighter loads up to 25 tons 
at a radius of 117 ft. The range in lifting is through 
a height of 100 ft, and the range in turning is un- 
limited. The crane, which is ‘carried on piles, is 
mounted on a steel pedestal with an archway through 
it, so that the traffic on the jetty is uninterrupted. 
The crane revolves ona roller path on the — 
and is of the jib pattern, with hydraulic luffing ma- 
chinery, this type of crane being very convenient 
for use in fitting out vessels, as the luffing gear 
enables the heavy loads to be put on board without 
risk of fouling masts, rigging, &c. The main lifting 
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purchase is worked by two sets of two hydraulic 
cylinders so arranged that each set can be worked in- 
dependently of the other, each set giving a lifting 
ower of 75 tons, or, working together, giving a lifting 
power of 150 tons. An independent purchase is also 
provided for light loads up to 25 tons. 

The buffing motion of the jib is obtained from an 
hydraulic cylinder placed in an inclined position at 
the upper part of the post and at the back. It will 
be seen from Fig. 2 that this cylinder acts on a cross- 
head, coupling the inner ends of the tie-rods, and 
forces it downwards along inclined slides, thus raisin 
the end of the jib. The latter is of the usual bi 
rectangular construction, tapering towards the ends, 
as shown in the illustrations. The crane was formally 
inaugurated yesterday by lifting the mounting of a 
12-in. gun on board a vessel bine alongside, the 
ceremony being witnessed by a large number ‘of 
spectators, 














Royat COMMISSION ON CANALS AND WATERWAYS.— 
This Commission will resume its sittings at the West- 
minster Palace Hotel on Tuesday and Wednesday, the 
26th and 27th inst., and will take important evidence on 
each Tuesday and Wednesday following until March 20. 
Evidence will be taken as follows:—Tuesday, Feb- 
ruary 26. Traction and Engineeriog: Mr. Dunel! ; Pro- 
fessor Marchant, D.Sc.; Mr. Middleton, M. Inst. C.E. 
Wednesday, February 27. Engineering: Mr. Wells, 
M. Inst. CE: Mr. Perman. Tuesday, March 5. Lon- 
don and North-Western Railway Company; Birming- 
ham and Shropshire Union Canals: Sir Frederick 
Harrison; Mr. Jebb, M. Inst. C.E.; Mr. Macpher- 
son. Wednesday, March 6. Great Western Railway 
Company: Mr. Rendell; Mr. Grierson. Tuesday 
March 12. Midland Railway Company. Wednesday, 
March 13. Great Northern Railway Company: Mr. Bury. 


Tuesday, March 19. Birmingham and eee: Mr. 
Kenrick; Mr. Wright; Mr. Taylor; Mr. Shepherd ; 
Mr. Cooper. Wednesday, March 20. Iron Trade; Mr, 
Jeans, 
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LARGE PUNCHING AND SHEARING MACHINE. 


CONSTRUCTED BY 





MESSRS. CRAIG AND DONALD, ENGINEERS, JOHNSTONE. 
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THE illustration above shows a punching and 
shearing machine constructed by Messrs. Craig and 
Donald, Johnstone, for the Naval Construction Works 
at Dalmuir, of Messrs. William Beardmore and Co., 
Limited. This machine—of the eccentric type—is 
suitable for the heaviest class of boiler work, being 
capable of punching 1}-in. diameter holes through 
l}-in. steel pilates, 42 in. from the edge, and of shear- 
ing 14-in. mild-steel plates 30 in. from the edge of the 
plates. The two main castings of the machine are 
made of a strong quality of cast iron, and are firmly 
bolted together at the top and bottom. The eccentric 
shaft is of forged steel, and is driven through very 
strong and powerful gearing by means of a Vickers 15- 
brake - horse - power compound-wound motor. This 
motor is carried on a bracket attached to the main 
frame of the machine, and when running at a speed of 
600 revolutions per minute the machine will punch 
and shear at the rate of 23 strokes per minute. On 
the first-motion shaft is fitted a very heavy fly-wheel, 
4ft. 1 in. in diameter by 54 in. wide on the face, and 
this shaft, as well as the second-motion shaft, is of 
steel. All shafts run in adjustable gun-metal bearings, 
and the whole of the gearing in the machine is of steel, 
with the exception of the large wheel on the eccentric 
shaft and the pinion on the motor shaft. The motor 
pinion, which is of gun-metal, and the spur-wheel have 
machine-cut teeth. The punching-slide is of mild 
steel, fitted with improved stop motion for throwing 
the punch out of gear while the machine is in motion. 
It has a rise of 3} in. The shear-slide is of cast-iron 
of good quality, and has a travel of 2}in. The length 
of the shear-blades is 20 in. The machine is fitted 
with two cranes, one at each end, each capable of 
lifting plates weighing up to 4 tons at a radius of 12 ft. 
from the punch and shear-blade respectively. 

The same firm supplied for Beardmore’s works a 
punching and shearing machine similar to the above, 
but to punch ?-in. holes through ?-in. plates, and to 
shear j-in. plates, the gap at each end being 18 in. 
This machine is driven by a Vickers 5-brake-horse- 
power compound-wound motor, running at a speed of 
600 revolutions per minute, giving 28 strokes per 
minute for both punch and shear. The diameter of 
the fly-wheel is 2 ft. 7 in. and the width 44 in. The 
travel of both punch and shear slides is 1} in. and the 
two cranes are each capable of lifting plates up to 
2 tons weight, at a radius of 6 ft. from the punch and 
shear-blades respectively. 








INDUSTRIAL NOTES. 

THE state of the labour market, as shown in the 
returns of the Labour Department of the Board of 
Trade, indicates a rapid decline in the proportion of 
unemployed as compared with the closing month of 
last year, The employment chart-line is at a lower 
level than at the same period of last year and of the 
mean of 1897-1906. The returns upon which the 
comparison is based were 7974—namely, 4364 from 
employers or their associations, 3138 from trade 
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unions, 394 frormt local labour correspoudents, and 78 


from other sources, so that they cover a wide area. | 
Employment last month show 
compared with the previous month, although the | 
weather caused some stoppages in the outdoor trades. 
As compared with a year ago, nearly all the prin- 
cipal industries showed an improvement. The in- 
creases in rates of wages reported affected nearly 
450,000 workpeople, including 400,000 coal-miners. 


The aggregate rise in the weekly wages of all those | 98 


affected was over 20,000/ 

The 272 trade unions making special returns had an 
aggregate membership of 617,911 ; of these members, 
25,990 (or 4.2 per cent.) were reported as unemployed, 
as compared with 4.9 per cent. at the end of December, 
1906, and 4.7 per cent. at the end of January, 1906. 





Employment in the building trades continued dull, 
and was seriously affected by bad weather. Compared 
with a year ago, no general change was shown by the 
returns, but employment was noticeably better with 
carpenters and joiners and plumbers. 

In the coal-mining industry employment was very 
good—better than a month ago and « year ago. The 
number of days worked per week at the pits (after 
allowing for the New Year holidays) was 5.48—an 
exceptionally high average for that month. 

Employment was good in iron-mines, and showed 
little change compared with a month or a year ago. 

In the pig-iron industry employment was very good 
—better than a month ago and a year ago. turns re- 
lating to the works of 108 ironmasters, employing about 
25,000 workpeople, showed that 343 furnaces were in 
blast, as compared with 340 in the previous month and 
335 @ year ago. 

The iron and steel trades continued very brisk, and 
showed a slight improvement. on a month ago. Em- 

loyment was better than a year ago. At 207 works 
rom which returns were received it was 0.2 per cent. 
greater than in the week ending December, and 2.9 
per cent. greater than a year ago. 

Employment in the tinplate industry continued 
good, and was better than a month ago and a year ago. 
According to returns received, 445 tin-plate and sheet 
mills were working, compared with 441 in December, 
and 434 a year ago. 

The engineering trades were fairly busy on the 
whole—better than a month ago, and about the same 
as a year ago. In several districts it was reported 
that overtime was worked. The percentage of trade- 
union members unemployed was 3.2, as compared with 
4.1 a month ago, and 3.2 a year ago. 

Employment in the shipbuilding trades showed an 
improvement on a month ago, and was about the same 
asa year ago. The effect of recent strikes is still very 
noticeable in the figures for the Tees and Hartlepool 
districts. The percentage of trade-union members un- 
employed was 8.8, as compared with 11.3 at the end of 
December, and 7.9 per cent. at the end of January, 1906. 


ooo 


an improvement as | 


good, and was better than a year ago. There is still 
a scarcity of labour in all departments. Returns 
| from firms employing 136,529 workpeople showed a 
decrease of 2.5 per cent. in the amount of wages paid 
compared with a month ago, and an increase of 4.5 
per cent, com with a year ago. 

Employment in the woollen trades on the whole was 
| fairly good, but not quite so good as a year ago. 
Returns from. firms employing 23,567 workpeople 
showed a decrease of 4.4 per cent, in the amount of 
wages paid compared with a month ago, and of 0.8 per 
cent. compared with a year ago. 

In the worsted trades employment was fairly good ; 
it was better than a year Returns from firms 
employing 45,284 workpeople showed a decrease of 
1.6 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 2.2 per cent, 
compared with a year ago. Several firms reported a 
deficiency of labour. 

Employment in the flax (linen) trade continued good, 
and was better than a yearago. Returns from firms 
employing 47,626 workpeople showed a decrease of 
2.7 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 5.3 per cent. com- 
pared with a year ago. 

The jute trade continued good. Returns from firms 
employing 19,263 workpeople showed a decrease of 1 
per cent. in wages paid compared with a month ago, and 
a decrease of 0.9 per cent. compared with a year ago. 

In the silk trades employment was not quite so 
good as it wasa month ago, but was better than a year 
ago. Returns from firms employing 8167 workpeople 
showed a decrease of 2.3 per cent. in the smount of 
wages paid compared with a month ago, and an in- 
crease of 3.5 per cent. compared with a year ago. 

The lace trade was very brisk in England and 
moderate in Scotland.” Returns from firms employing 
| 9193 workpeople showed a decrease of 2.1 per cent. in 

the amount of w paid compared with a month 
ago, and an increase of 10.6 per cent. compared with 
| @ year ago, 











Employment in the boot and shoe trades was much 
the same as a year ago. Returns from firms émploy- 
ing 61,760 workpeople showed a decrease of 1.6 per 
cent. in the amount of wages paid compared with a 
month ago, and an increase of 0.3 per cent. compared 
with a year ago. 

In the other leather trades employment generally 
continued quiet, and was somewhat worse than a year 
o. Trade unions, with a membership of 3686, had 
6.9 per cent. unemployed at the end uf the month, as 
compared with 7.1 = cent. in December, and 6.4 per 
cent. in January, 1906. 





The furnishing and wood-working trades continued 
dull in most branches, and employment had slightly 
declined, but was better than a year ago. Trade 
unions, with a membership of 34,892, reported 6.4 per 
cent. unemployed, as compared with 6 per cent. in 
December, and 7.3 per cent. in January, 1906. 

Employment in the glass trades continued fairly 

ood on the whole, and was better than a year ago. 

turns from firms employing 11,084 workpeople 
showed a decrease of 1.8 per cent. in the amount of 
wages paid as compared with a month ago, and an 
increase of 7.4 per cent. as compared with a year ago. 

In the pottery trade employment continued good, 
and was better than a year ago. In the brick and 
tile trades it was dull, and much the same as a month 
ago and a year ago. 





In agricultural labour employment was generally 
regular, but in a number of counties frost and snow 
caused day-labourers to be somewhat badly off for 
work during the month, 

Employment of dock and riverside labour, on the 
whole, was moderate, and had declined a little as 
compared with a month ago. It was about the same 
asayearago. The average daily number of labourers 
emp: - at the docks and principal wharves in London 
was 13,467—an increase of 0.8 per cent. compared with 
a month ago, and a decrease of 1.2 per cent. compared 
with a year ago. 





Forty-one new labour disputes began in January, 
compared with twenty in December and seventeen in 
January, 1906. The total number of workpeople 


affected by disputes which began, or were in progress, 
during January was 22,382, or 10,352 more than in 
December, and 11,424 more than in January, 1906. 


The aggregate duration of all the disputes of the 
month, new and old, amounted to 167,100 workin 
days, or 34,200 less than in December, and 46,5 
less than in January, 1906. Definite results were re- 
ported in the case of thirty-seven disputes, new and 
old, directly affecting 11,207 persons. Of these dis- 
putes, fourteen were decided in favour of the work- 
people, eight in favour of the employers, and fifteen 
were compromised. 

The changes in rates of wages reported were, with 





In the cotton trade employment continued very 


one exception, advances. They affected nearly 445,400 
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workpeople, including 335,000 coal-miners in the fede- 
rated districts of England and Wales, 38,000 in 
Northumberland, 12,000 in South Staffordshire and 
East Worcestershire, and 18,000 in the Cumberland, 
Forest of Dean, Radstock and Bristol districts ; 7500 
ironstone miners in Cleveland, 5500 blast-furnacemen 
in Cleveland and Durham, and 5000 iron and steel 
workers in South Wales and Monmouthshire, all of 
whom received advances, The total computed effect 
of the reported changes was an advance of over 20,200/ 
per week in the wages of those affected. The changes 
of the previous month affected 129,400 workpeople, 
the net result being an advance of about 8400/. per 
week. During January, 1906, the number of work- 
people affected was nearly 120,000, and the net result 
an increase of 3570/. per week. Of the changes re- 
ported last month, one, affecting 80 workpeople, was 
settled by arbitration; six, affecting about 335,800 
workpeople, were arranged by conciliation boards or 
by mediation; and fifteen changes, affecting over 
18,000 workpeople, took effect under sliding scales. 
The remainin en oy affecting 91,400 workpeople, 
were arranged directly between employers and work- 
people, or their representatives. In three cases, 
affecting 750 workpeople, the ae were preceded 
by disputes causing ne of work. 

Advances taking effect early in this month have 
been reported, affecting 20,000 ironworkers in the 
Midlands, 5500 coal-miners in the Forest of Dean, and 
3500 blast-furnacemen in Scotland. Particulars of 
these changes are not included in the foregoing statis- 
tics. 





The American Federationist for the current month 
has an article upon ‘‘ English Black-Coated Trade- 
Unionists.” By these the writer means shopmen, 
clerks, commercial employés, and people of that sort. 
The article is, perhaps, the best of its kind that has as 
yet been written, The writer has taken care to obtain 
and marshal his facts, and he gives information ina 
condensed form not to be found elsewhere in a col- 
lected form. In the case of shopmen, one of the 
earliest objects sought to be attained is the abolition 
of the “‘living-in system.” Good as was the intention 
of those who introduced the system, good as it has 
been and is in numerous cases, shopmen of the present 
day regard it as intolerable. Times have changed, and 
all employers are not so careful as some of the best 
are in respect of the “‘living-in system.” ‘‘ The advent 
of organised labour into politics” is causing a flutter 
in many quarters. The fight has been entered upon, 
and the Labour leaders, foremost of whom is Presi- 
dent Gompers, are pushing the movement forward 
with all their might. The contention is that the 
policy will not only benefit labour, but the whole 
community. 





The report of the Associated Iron-Moulders of Scot- 
land shows an increase of 48 in membership in the first 
month of this year, which is regarded by the council 
as encouraging. There was also an increase in the 
number of unemployed members, due to the season of 
the year, and not to any decline in trade, It is said, 
also, that the dearnees of raw material has had its in- 
fluence upon the labour market. But encouragin 
signs are manifest of greater activity in the Scottis 
workshops. The expenditure in the month exceeded 
the income by 6467. 12s, 4d., due mainly to the increase 
of idle benefit, the cost of which was 877/. 18s. 3d., 
and of superannuation benefit, 779/. 4s.; furerals, 2807. 
There was also the loss of contributions by the in- 
creased number on unemployed benefit, as those on 
the funds do not pay, only reccive when so entitled. 
In this report is — the annual return as required by 
the Registrar of Friendly Societies. The total income 
for 1906 was 29,2537. 3s. 2d.; the total funds at the 
beginning of 1906, the aggregate of balance and in- 
come, being 80,390/. 2s. The total expenditure was 
21,9497. 10d. 4d. ; the balance in hand, increase in the 
year, from 80,390/. 2s. to 87,6937. 14s. 9d. A consider- 





able portion of this amount is invested in municipal 
loans, mortgages on property, and the co-operative | 
bakery ; but there was 32,509/. 11s. 8d, in banks on de- 
posit receipts. Superannuation cost 9845/. 10s. ; out | 
of work benefit, 5903/. 83. ; funeral benefit, 27937. | 
15s. 2d.; salaries of all officers, 14067 17s. 8d.; rents, | 

rinting, stationery, &c., 11667, 8s. 6d.; miscellaneous, | 

32. lls. ld. The year’s working was, on the whole, | 
satisfactory. 





The monthly report of the Aesociated Blacksmiths 
contains also the fourth quarterly report for the past 
year. It states that the financial reports are not so 
satisfactory as could have been desired. The ex- | 
penditure on benefits was unusually heavy in the last | 
quarter of 1906. For unemployed and dispute benefit 
the sum of 8917. 10s. 10d. was expended. Super- 
annuation, 167/. 4s. 2d.; sickness, 508/. 163. 8d. ; | 
funerals, 63/.; grants for distress, accidents, &c., | 
233/. 18s. 4d. In this sum is included one accident ! 
claim for 100/., and 72/. 18s. 4d. as extra dispute pay by 


lay, all told, being 322/. 12s. 6d. The total income 
for the quarter was 2185/. 43. 7d., so that the income 
was less than the expenditure by I/. 17s. lld. The 
net balance in hand at the close of the year was 
24,811/. 18s. 7d. Although there was the slight re- 
duction of 1/. 17s. 10s. in the quarter, there was a net 
increase in the whole year of 325/. 33. 8d. The increase 
in membership in the year was 77. Inthe past month 
the membership shows a decline of 10, but that is no un- 
usual thing at the commencement of a year, through the 
non-payment of arrears. There was also a decline in 
the income, for reasons given ; this wili doubtless be 
recovered by the close of the present month. The 
a ha for benefits continued large, but there was a 
reduction of unemployed benefit to the extent of 
63/. 11s. 6d., showing more activity in trade. The 
trade returns show that activity is well maintained. 
There was no special call for members’ labour, but 
em we sgt may be readily obtained without difficulty. 
In be ing over these returns, it is notable that or 
one branch in London describes trade as bad, and in 
that branch only one member was unemployed. The 
causes of non-employment, where it exists, are to be 
found in the labour troubles on the Clyde and the 
Tees in the latter part of 1906, and the dispute at 
Barrow, in Lancashire. 





The Cotton-Spinners’ report shows that the cotton 
industry in Lancashire continues prosperous. The 
united membership of all classes was at date 16,093, 
or 28 more than last month, but nine less than a year 
-. The average number of unemployed on the funds 
(full members) was 139 per week, or 1.82 per cent., as 
compared with 1.63 per cent. in the month previous. 
But taking the whole membership, including full- 
timers and half-timers, the proportion was 4.31 per 
cent ; previous month, 3.83 per cent. But of these 
totals, 14 members per week were on the funds by 
temporary stoppages, 48 through accidents, and 128 
employed at  - so that the proportions really 
were very small he officials dealt with 33 disputes ; 
previous month, 22 ; same month a year ago, 37. The 
accident cases reported were 53; previous month, 38 ; 
same month a year ago, 49. The number of compensa. 
tion claims sent into employers was 29; month pre- 
vious, 25; same month a year ago, 38 ; total claims 
since the Act came into force, 1635; mostly settled 
without litigation. There was a net gain of 1146/. 
18s, 4d. on the month’s operations, 


The report of the National Union of Boot and Shoe 
Operatives states that trade did not reach, in the past 
month, the high level it was expected todo. Rapidity 
of production by means of improved methods of 
organisation and machinery had, it is said, much to do 
with the slackness of work in this branch of trade. 
Disputes had taken place, and were unsettled at the 
date of the report, respecting the minimum wage 
question, which some employers ignored; but it is 
expected that a modus vivendi will be found. Two 
members were awarded compensation under the Work- 
men’s Compensation Act: one for 83/., the other for 
1401. These amounts were agreed to without litiga- 
tion The last half-yearly balance-sheet is given under 
various heads, The expenditure included 741/. 17. 5d. 
for Trades Federation, 137/. 12s, for Trades Congress, 
and 182/, 8s. for Labour Representati »p. 





The Labour Party in Parliament was on the alert 
and active in the first week of the session. At its 
first meeting all the officers were re-elected—chair- 
man, secretary, and whips. Mr. Barnes, the repre- 
sentative of the Amalgamated Society of Engineers, 
moved an amendment to the Address, expressing 
regret that no mention was made of old-age pensions 
in the speech from the Throne. After some debate 
the Labour members desired to withdraw the motion, 
but a division was challenged, in which the Labour 
members did not vote. © reason was that the 
Chancellor of the Exchequer gave assurances that the 


matter would not be dropped. Two other Labour mem- | 


bers had ee against the omission of old-age | 
sions in the Royal speech, and of the inadequacy of the 
Unemployment Act of 1905. There wasan indication 


in the speech of the President of the Local Government 
Board that pre tions are being made to ascertain 
the cost an of an old-age 


the means for a beginnin 
nsion scheme. The deputations to the Secretary of 
tate for War and the First Lord of the Admiralty 
elicited the assurance that steps were being, or would 
be, taken to level up wages and better the conditions 
of employment in those two great spending depart- 
meuts of State. It is reported that all departments 
of the State, except the Admiralty, have conceded the 
right of combination to all the employés; and an 
vance of 23. per week has been conceded to the 
Army workers at Enfield, Waltham, Weeden, Dublin, 
&c. The heads of the Board of Works and the Board 
of Agriculture agree in the concessions made. 





In the iron and steel trades, at the Midlands | 





some fluctuations in warrants were experienced. But 
as regards finished iron and stcel, prices were fairly 
steady. Consumers were not eager to buy, as present 
requirements were covered by purchase or contract, 
and producers were not eager to sell, as all the works are 
fairly engaged in supplying the needs of customers as 
regards pa already entered into. Users generally 
continue busy in most industries. 





THE TRIALS OF THE GERMAN TURBINE 
CRUISER “ LUBECK.” 

THE long series of trials to which the first turbine 
cruiser of the German Navy, the Liibeck, has been 
submitted, both by the Admiralty and by her builders, 
the Stettiner Maschinenbau A.-G. Vulcan, are very 
instructive in several respects. In the first instance, 
the Liibeck is a sister-ship to the 10,000 horse-power 
cruiser Hamburg, which she closely resembles, except 
that the Hamburg is fitted with piston engincs, and 
parallel tests were conducted with the two vessels. 
The Liibeck had originally been provided with eight 
small propellers on four shafts; and in addition to 
trials with these, other tests were made with two sets 
of propellers of larger dimensions. Further, some 
wheel-blades of the cruising turbines having been 
broken, the clearance was increased during the re- 
pairs, without any detriment to the economic efficiency 
of the turbines. This is an important fact. We 
pointed out some time ago that theoretical considera- 
tions did not appear to justify the anxiety of turbine 
designers to work with as small a clearance as possible 
lest the efficiency be diminished. 

The chief dimensions of the Liibeck are as fol- 
low :—Length between perpendiculars, 103.8 metres 
(341 ft.); maximum width, 13.2 metres (nearly 43 ft.) ; 
draught, 5 metres (16 ft. 5 in.) ; displacement, 3217 
cubic metres (3170 tons). She is equipped with ten 
water-tube boilers, having a grate area of 33.9 
square metres (365 square feet) and a total heating 
surface of 2746.4 square metres (29,780 square feet) ; 
steam is generated at 15 atmospheres (213 lb. per 
square inch); there are no superheaters. The tur- 
bines of the Liibeck, built by the Deutsche Parsons 
Marine A.-G. Turbinia, consist of two sets of main 
turbines, two sets of cruising turbines, and four 
astern turbines, arranged on both sides of a longi- 
tudinal bulkhead in the following order :—Port side, 
outer shaft: high-pressure main turbine, astern tur- 
bine, condenser, propellers ; inner shaft: low-pres- 
sure cruising turbine, low-pressure main turbine com- 
bined with astern turbine, propellers. Starboard side, 
inner shaft : high-pressure cruising turbine, low-pres- 
sure main turbine with astern turbine, propellers ; outer 
shaft: high-pressure main turbine, astern turbine, 
condenser, propellers. Two of the astern turbines, 
it will be noticed, are built in the same casing as the 
low-prersure main turbines. Originally the two astern 
turbines on each side could only be put under steam. 
simultaneously ; they have now all separate steam- 

ipes. The turbines are coupled in three ways :—(1) 

or small speeds up to 14 knots, the steam flows 
through the high and low-pressure cruising turbines 
and the high and low-pressure main turbines into the 
condensers. 2. For speeds up to 18.5 knots, only the 
low-pressure cruising turbines in series with the main 
turbines in the same order. 3. For high speeds both. 
the cruising turbines are cut out, steam entering 
directly into the high-pressure main turbines to pass 
into the low-préssure main turbines and the conden- 
sers. When the speed is to be reduced, the steam is 
throttled ; to raise the speed, boiler steam is sent to 
the low-pressure cruising turbine (1), or to the high- 
pressure main turbines (2). 

The runs were made—(a) with the eight small pro- 

llers ; (6) four large propellers; (c) four small and 
our large propellers; and (cd) lastly, with a set of 
four extra propellers ; the dimensions being :— 





Projected Area. 

















— Diameter. Pitch. 

Small propellers 1.372 m. 1.372 m. 0.5922 sq. m. 
(58 in.) (54 in.) | (6.37 sq. ft.) 
Large propellers -» 170m. 1.499 m. | 0.8823 eq. m. 
(66.9 in.) (58.8in.) | (9.5 eq. ft.) 

Extra set, outer shafts 1.60 m. 1.435 m. 1.208 sq. m. 
(629in.)  (56.4in.) | (12.9 sq. ft.) 

Extra set, inner shafts 1.75 m. 1.575 m. 1.443 sq. m. 
Sin.) (61.9in.) | (15.5 sq. ft.) 


They are all three-blade propellers of manganese- 
bronze. Fittinger torsion-indicators were fixed on 
each of the four shafts. As regards the relative posi- 
tions of the propellers, the two outer aft propellers 
and the two inner forward propellers are in the same 
vertical plane. Particulars of the trials have been 
published by Geheime Marine-Baurat Veith in the 
Marine Rundschau. 

According to the contract the Liibeck was, on the 
forced draught runs, to give the same speed as the 
Hamburg, and not to exceed her coal consumption of 
0.9 kilogramme per indicated horse-power hour. In 


the Barrow branch in the late strike. The total benefits | market, and in Lancashire, on the Manchester Change, | the six hours’ runs the Hamburg did, at 10,000 horse- 


so paid amounted to 1864/. 10s., the management out- | there was some uncertainty as regards pig iron, and | power, 21.9 knots, and the Liibeck 22.25 knots at 
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662.5 revolutions. Steamiog at 1400 horse-power in 
the 24 hours’ cruising runs, the Hamburg attained 
12.4 knots, consuming 0.9 kilogramme of coal, while 
the Liibeck consumed 1 kilogramme per indicated 
horse-power, at 333.5 revolutions. In the accelerated 
24-hour tests the Hamburg did, at 7000 horse-power, 
20.2 knots, which would correspond to 568 revolutions 
of the Liibeck, which attained the same speed at 567 3 
revolutions, but consumed 0.967 kilogramme of coal 
against 0.9. These trials, which took place in the 
shallow bay of Eckernférde, were repeated in December, 
1905, in deeper water, when the comparative coal 
consumptions were: Hamburg, 0.803 kilogramme ; 
Liibeck, 0.868 kilogramme. The eight small propellers 
were used in all these trials. 

In the unofficial tests, the same eight small propellers 
gave the maximum speed of 22.37 knots at 672 revo- 
lutions, and 13,705 effective horse-power, the slip 
being 25.11 per cent. The four large propellers, fixed 
on the aft bosses—to put them on the forward 
would have necessitated too much alteration—-gave the 
bost speed of 22.39 knots at 623 revolutions and 
13,029 effective horse-power, with a slip of 25 97 per 
cent. in shallow water. The figures for deep-water 
runs were 23.16 knots, 14,158.6 horse-power, slip 26.5. 
In the third series of trials each shaft was provided 
with a small propeller forward and a large propeller 
aft, but the large propellers of the outer shafts had to 
be reduced in diameter by 4in.,as they were too close 
to the inner propellers. The resulting speed was the 
best attained during these trials—22.562 knots at 
601 revolutions, 13,573 effective horse-power, and sli 
of 15.51 per cent. forward and of 22.67 per cent. aft. 
The extra set of propellers was next tried, with the 
result : 22.551 knots, 625 revolutions, 13,879 effective 
horse-power, slip 25.79 per cent. 

Comparative unofficial trials were made with the 
Hamburg and the Liibeck in September, 1905, the 
Liibeck carrying her four large propellers. In the 
20-knot trials the Hamburg indicated 7027 horse- 
power, and the Liibeck developed 7662.4 horse-power at 
508 revolutions ; the coal consumption of the Hamburg 
was 0.97 kilogramme per indicated horse-power per 
hour (too high, owing to inexperienced stoking) ; that of 
the Liibeck 0.95 kilogramme ; wind and sea were strong. 
In the 15.5-knot trials, the comparative figures were : 
Hamburg, 3308 horse-power, 0.77 kilogramme of coal ; 
Liibeck, 3297 horse-power at 390 revolutions, 1.02 kilo- 
grammes of coal. With a high wind the coal con- 
sumption of the Liibeck went up to 1.14 kilogrammes, 
in acalm it went down to 0 91 kilogramme ; the coal 
consumption of the Hamburg was in both cases practi- 
cally the same. In these runs the one or the other 
ship took the lead alternately for six hours, the other 
following in the wash. 

The interesting comparative stopping trials are 
summed up in the following table. The first column 
marks the speed at which the ship was going ahead, 
when the four astern turbines were started ; the five 
other columns mark the spaces traversed in metres 
before the ship came to rest. In order to avoid too 
large a diminution in the boiler pressure, owing to 
the steam consumption in the astern turbines, the 
drop of pressure in the boilers was limited to 3 atmo- 
spheres (42 lb.). It will be seen that the available 
sets of propellers were utilised in four ways. The 
figures indicate the distances traversed with all the 
four astern turbines under steam. In some other tests 
only two of the astern turbines were used ; the Liibeck 
travelled about 23 seconds longer in that case, and an 
additional 100 metres further. The superiority of the 
Hamburg is very distinct at all speeds, except at the 
slowest steaming. Tor the Liibeck the combination of 
the four small and four large propellers answered best. 








Distar.ce Traversed in Metres. 














—_ * Liibeck.” ** Hamburg.” 
in Sea cantina siscciapliipaia Ss si 
Miles op 
Revers- Four 
ing. Eight Four Large and Four 
Small Pro- LargePro- Four Extra Pro- 
pellers. pellers. 3mall Pro- pellers. 
pellers. 
5 102 52 50 75 56 
9 117 126 110 146.5 110 
ll 230 211 194 214.5 180 
22 436 536 466 500 280 


Drawing conclusions, we find that the maximum 
speeds of the two vessels were very fairly equal—a 
little over 23 knots in deep water. But the perform- 
ances of the two engines when producing these maxi- 
mum speeds differ considerably. In shallow water 
the Liibeck required 13,573 effective horse-power, 


and the Hamburg indicated 11,848 horse-power when | 
attaining the high speed; the figures for deep water | 


were: Liibeck 14,158, Hamburg 11,582 horse-power. 
The distribution and dimensions of the propellers are 


evidently important factors which will have further to | 


be studied. In the coal consumption the Hamburg 


also comes out beet, the averages being : for cruising 






speeds 0.868 kilogramme, against 1 kilogramme, and 
0.803 kilogramme, against 0.87 kilogramme, per 
indicated horse-power per hour for the fast 24-hour 
runs. Not reckoning the coal which the auxiliary 
machinery demanded, the Liibeck consumed during 
the forced-draught trials 11,396 kilogrammes of coal 
per hour at 22.265 knots, tae Hamburg 10,066 kilo- 
grammes at 222 knots. The Liibeck has been put 
into commission and has, on the average, wanted 8 per 
cent. more coal than the Hamburg. Thus the radius of 
action of the turbine cruiser would be smaller than 
that of the pistun-engine boat, and the stopping trials 
were not favourable to the turbine boat either. © As 
regards weights of machinery, the boilers and engines, 
apart from auxiliary machines, of the Liibeck weigh 


alone of the Liibeck weigh 271 tons, those of the Ham- 
burg 323 tons. That saving in weight may, however, 
not be maintained in the future turbine engines. The 
space allowance for the two engines is about the same; 
the turbine engines lie lower, and the armour deck has 
not to be arched over them, as with the piston engines. 
On the other hand, the cross bulkhead on the Liibeck 
had to be shifted two frames further aft. 

The easy management and manceuvring of the turbine 
engines, the absence or vibration, and of unenclosed 
parts in motion, speak in favour of the turbine-steamer. 
Chroughout the trials the turbines worked well. Two 
accidents occurred, however, which necessitated the 
repairs already referred to of the wheel-blades and 
caulking, occupying in each casea fortnight. But the 
boat could, during how periods, run with her uninjured 
main turbines. Yet, in spite of the easy management 
of the turbines, it has not, so far, been thought advis- 
able to reduce the number of engineers. After all, 
however, the proper view to take is probably that, 
considering the short time of existence of the marine 
steam-turbine, the turbine comes out very well in her 
tivalry with the piston engine. The German Navy is 
certainly not discouraged, and has ordered two more 
Parsons turbine cruisers. As regards the very in- 
teresting propeller problems, we should refer our 
readers to the instructive comparative experiments 
conducted at Washington. 








ALLOYS OF ALUMINIUM AND COPPER.* 


By Professor H. C. Carpentrr, M.A., Ph.D., and C. A. 
Epwanrps, of the National Physical Laboratory. 

The Equilibrium Curves and Constituents of Alumi- 
nium-Cupper Alloys.—The constitution of the alloys has 
been investigated in some detail by a study of their cool- 
ing curves and structures in conjunction with quenching 
experiments, and the results have been embodied in a 
compact form in the equilibrium diagram shown on the 
next page (Fig. 22), in which the ordinates represent 
degrees of temperature (C. and F.), and the abscissz per- 
centages of aluminium. 

The Liquidus Curve—that is, the temperature curve at 
which liquid of any given composition begins to deposit 
solid is represented by the line ABCDEFGHJK, in which 
each circle marks an observed point. This curve, which 
was obtained by ‘‘direct” cooling, agrees well with that 
published by M. L. Guillet,+ except that at about 46 per 
cent. of aluminium the authors have not found so marked 
a change of slope as he did. It contains several points of 
flexure, notably at B, D, H, and J. The absolute rise of 
the curve from B to D is caused by the separation, pro- 
bably of two compounds, in this range, of which the sim- 
plest molecular formule are CusAland Cu;Al. The rela- 
tive rise at H is due to the separation of the compound 
CuAl,, whose existence has been known for some time. 
The point J (67 per cent. of aluminium) corresponds to 
the alloy of miaimum melting-point of the entire series, 
which has a typical eutectic structure. 

The alloy corresponding to B, which is also a minimum 
point, does not, however, show a eutectic structure, but 
appears to be a solid solution. At the time that this 
discovery was made it was, so far as the authors are 
aware, unique. A similar case, observed with copper 
manganese alloys, has, however, been recently announced, t 
but without any attempt by the author to explain it 
These are instances of some theoretical interest, and it 
a worth the attempt to endeavour to account for 
them. Let the case of two metals A and B, Fig. 23, 
which form solid solutions, be considered. Let A be 
capable of dissolving n parts of B, and B n’ parts of A, 
and let o be the minimum on the liquidus curve. Then 
the alloys between n and o will consist of solid solutions 
of Bin A with eutectic, and those between oand n’ of solid 
solutions of A in B with eutectic, The alloys ato will 
be entirely eutectic—that is, a mixture of the two solid 
solutions. 

Now let B be replaced by C, which can be dissolved by 
A up tothe point o. Two series of solid solutions will 
then result, the liquidus of each melting at o, Fig. 24. 
The alloy at the point o will then not show a eutectic 
(duplex) structure, but will consist of a saturated solid 
solution§ of C in A. It is this limiting case which appears 











* Abstract from Appendix to Eighth Alloys Report to 
| the Institution of Mechanical Engineers. The Report 
| was published on pages 127 and 158 ante. 

+ Revue de Métallurgie, 1905, page 568. 

+ Revue de Métallurgie, 1907. 

| § The meaning attached by the authors to the term 
| ‘solid solution” is that given by Messrs. Heycock and 
| Neville (Bakerian Lecture, 1903. Philosophical Transac- 


609 tons, those of the Hamburg 652.7 tons ; the engines | distinguish between “liquidus” and “solidus” have 





to characterise the solubility relations of copper and 
aluminium at the point B, and the authors think this is 


the only explanation of the fact that this alloy does not 


show what has been generally recognised as the typical 
structure of a eutectic. 

The Solidus Curve.—This determination is notoriously 
more difficult than that of the liquidus curve. The 
method recommended by Meesrs. Heycock and Neville 
(loc. cit.) of studying polished and etched sections of 
chilled ingots has been extensively used. Differential 
cooling curves have also rendered valuable information as 
to the chilling temperatures by shortening the time 
required for locating the point at which the whole ingot 
has become solid. ‘he solidus curve cannot be given in 
its entirety. From 16 ad cent. aluminium upwards it 
appears to be FefghHjJ’K, the dots representing observed 
points. From 16 per cent. downwards all attempts to 


failed. At the points C (9.6 per cent.) and D (12 percent ), 
where ~~ of empirical formule Cu,Al and Cu;Al 
separate, the liquidus and solidus necessarily coincide. 
But, apart from these exceptions, the phase rule requires 
that a liquid depositing a solid solution of two metals 


| should produce initially a solid whose ne ow differs 


from that of the residual liquid. There can ittle doubt 
but that in this range of percentages the colidus lies so 
near the liquidus that the present weapons of experi- 
mental attack are inadequate to the task of distinguishing 
between them. 

Between 16 and 27 per cent. of aluminium the solidus 
curve falls rapidly from F to e, then turns and slopes 
downwards gradually to f, after which it falls steeply to 
h. From h to H the curve rises slightly, and, after fa lin 
abruptly to j, becomes a horizontal line, passing throug 
J and continuing to k (95 per cent. of aluminium) ; from 
there it rises steeply to K. The horizontal line jJ& corre- 
sponds to the separation of one and the same eutectic at 
about 540 deg. Cent. (1004 deg. Fahr.). The line gH 
corresponds to the appearance and growth to a maximum 
of a constituent designated 5. The authors are of opinion 
that the curve hHjJkK may be accepted as a well- 
established solidus, but that, although Fefgh (16 to 27 per 
cent.) is substantially correct in character, it does not 

the same degree of precision, 

In addition to the foregoing, other evolutions of heat 
have been detected ; some of them between the liquidus 
and solidus—e.g , between 23 and 37 per cent. of alumi- 
nium; others considerably below the solidus —e.g., 
between 7.35 and 16 per cent. Some of these have been 
shown to be accompanied by structural changes. 

The diagram of equilibrium curves consists of a series 
of closed compartments, each of which contains one or 
more structural constituents designated by particular 
letters ; and in order to facilitate their study the follow- 
ing brief account of them is ‘ape here. Excluding con- 
stituents which are obtained by chilling, the authors have 
obtained evidence of six—viz., a, a’, 8, y, 5, and ¢. 

a is a solid solution of aluminium in copper containing 
up to about 9 per cent. 

a’ is the compound Cu, Al. 

8 is the compound Cu;Al. 

These formule represent molecules of minimum size. 
= compounds themeelves may consist of multiples of 
these. 

7 is a solid solution which may contain between 16 and 
27 per cent. of aluminium. 

3 is the compound CuAls. 

€ is a solid solution of copper in aluminium containing 
very little copper. 

It be most convenient to discuss the equilibrium 
between the phases of the alloys grouped under AB, BO, 
CD, &c. (ef. the liquidus curve). 

Group AB (containing from 0 to 7.35 per cent. of Alu- 
minium).—On cooling the fluid alloys to the liquidus, 
there is a large heat-evolution, sufficient to maintain the 
temperature almost steady during solidification. Below 
this no heat-evolutions have been observed. The pro- 
perties of the alloys are practically unaffected by heat- 
treatment. From the solidus downwards, the a is the 
sole constituent. This is the simplest group. The struc- 
ture consists of golden-coloured grains of varying bright- 


ness. 

Group BC (Aluminium 7.35 to*9.6).—These alloys, as 
pace ape J prepared, are in a metastable condition, and 
consist of a with a conglomerate of a’ + 8. At the tem- 
perature of the line Ba the solution begins to deposit a’, 
and this onpesss to continue until about 580 deg. Cent. 
(1076 deg. Fahr.) (line 1), where 8 undergoes a change, as 
a result of which it can dissolve no more a’. The final 
product isa mixture of a, a’ and 8, On the other hand, 
when care is taken to cool the alloys very slowly from the 
solidus, to enable the phases to take up their proper 
equilibria corresponding to any particular temperature, 
a is the sole product—at any rate, up to about 9 per cent. 
of Grou OD ( 

troup Aluminium 9.6 to12 per Cent.).—At the 
solidus, these alloys consist of solid ations: of a’ in Bp 
which remain unchan until the temperature of the 
line ab is reached. Along this line the solution begins 
to deposit a’, and this continues until the temperature of 
the line 2 (about 530 deg. Cent. , 986 deg. Fahr.) is reached, 
when f can no longer hold a’ in solution. 

The isolation of substantially pure a’ from the mixture 
was effected by placing a thin sheet of an alloy contain- 


tions of the Royal Society, page 7)—viz., ‘‘ the term implies 
that the two components are capable of being as uniformly 
mixed as in a liquid solution, and also implies the possi- 
bility of continuous variation in the percentage composi- 
tion of the mixture.” ... but “it does not imply the 
necessity of crystalline structure”... and ‘does nod 
exclude the possibility that the same crystal may be, asis 


often the case, made up of layers of different composition.” 
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ing 10.79 per cent. of aluminium at the itive pole of 
a battery, using ferric chloride in hydrochloric acid and 
water as electrolyte. 8, as the more electropositive of the 
two constituents, dissolved the more rapidly. Analyses 
of the crystalline residue thus obtained gave results agree- 
ing closely with that required by the formula Cu,Al— 
viz., 9 57 and 9 56 per cent. of aluminium (theoretical per- 
centage = 9.60). The authors are accordingly of opinion 
that the yellow or golden grains which t Y: have ob- 
served in the microscope are the compound Cu,Al, and 
that this exists neither in the liquid state nor in contact 
with the liquidus, but that it is only formed from solid 
solutions of the CD alloys or by prolonged heating of an 
alloy containing 9.6 per cent. of aluminium. 

At the point D an alloy contains no Cu,Al, and con- 
sists entirely of the 8 constituent—viz., Cu3;Al. The 
maximum, D, does notexactly correspond tothis compound, 
but possibly it is slightly displaced by the impurities pre- 
sent. é is electropositive to a’, and when the CD alloys 
are etched with ferric chloride in hydrochloric acid and 
water, § is darkened. 

These alloys undergo a further thermal change between 
400 deg. and 300 deg. Cent. (752 deg. and 572 deg. Fahr.) 
on falling temperatures, which, however, has not been 
connected with any structural change. 


(9836 0) 


Group DE (Aluminium 12.0 to 14.0 per Cent.).—At the 
solidus these alloys consist of solid solutions of y and £, 
which do not undergo any change until the temperature 
of the line cb is reached. Along this line y is deposited 
from the solution, the deposition being complete at the 
temperature of the line 3, at which 8 undergoes a poly- 


morphic on. 
Group EF (14 to 16 per Cent. of Aluminium).—These 
alloys on freezing form ‘y and a solid solution of + and 8, 


and the changes in the solution are similar during cooling 
to those in group DE, y is electropositive to 8, and 
when these alloys are etched the y constituent is 
darkened. 

Group FG dg to 27 per Cent. of Aluminium) [Liquidus 
FG dus Fdefgh).—In this range an evolution of heat 
occurs along the line defG. Its intensity is increased, 
and the temperature at which it is developed is raised 
on augmenting the aluminium from 16 to about 20 per 
cent. In this range the th is unaccompanied by any 
detectable structural change, bus between 20 and 27 per 
cent. a structural change 1s quite evident. As an illus- 
tration the behaviour of an “A containing 23 per cent. 
may be considered. Above the line efG the structure is 
simplex, but at this line a very fine duplex structure 
becomes manifest. It consists of a light and dark con- 
stituent. As the temperature falls, the former ws at 
the expense of the latter. At 500 deg. Cent. (932 deg. 
Fahr.) the dark constituent entirely disappears. It has 
been found that between 860 deg. and 520 deg. Cent. 
(1580 dog. and 968 deg. Fahr.) these two constituents exist 
in equilibrium, and that there is a definite ratio of the two 
for any given temperature ; further, that this ratio is the 
same whether the temperature be approached from above 
or below. These alloys may thus te chand as being 


thermally reversible. 
Cent. of Aluminium) [Liquidus 


Group GH (27 to 46 
GH, solidus hH].—These alloys are duplex in structure, 


and consist of the y and 6 constituents. *[Although y 
appears as y’ in the diagram, the authors are unaware of 
any structural or chemical difference between the two, 
which are Pa nega solely by the fact that 7 wee 
sents , which has undergone the change at the line 


defG]. At the liquidus 7 separates and grows with fall- 
ing, temperature. The line 5 indicates the temperature at 
which 6 is formed. The liquidus and solidus meet at H, 


corresponding to the separation of the compound CuAl,. 
Along the line 6 there is a further heat evolution, appa- 
rently unassocia with structural change. The com- 
pound CuAl, has been isolated by the following method, but 
not in a Lege p | pure state. When an alloy containing 
55 per cent. of aluminium is melted, poured into an open- 
topped sand-mould and allowed to cool, as soon as the 
temperature has fallen to about 570 deg. Cent, (1058 deg. 
Fahr.) the crystallisation of the compound CuAl, is 
clearly visible. If at this stage the still molten eutectic 
is tapped from the bottom, long acicular crystals of the 
compound remain behind. 

But in this form the crystals are not chemically pure, 
since a portion of the eutectic still adheres mechanically 
to them. Cold aqua regia is without action on these 





crystals, but they are slowly dissolved by boiling. 








Group HJ (46 to 67 per Cent. of Aluminium) [Liquidus 
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HJ, solidus HiJ].—At the liquidus 6 crystallises out and 
the liquid gradually becomes enriched with aluminium 
until it contains about 67 per cent., which mixture 
solidifies at about 540 deg. Cent. (1004 deg. Fahr.). There | 
is no further change, and the alloys at the ordinary tem- 
perature consist of 8 + eutectic. 

Group JK (67 to 100 per Cent of Aluminium) [Liquidus 
JK, solidus JkK. ].—These alloys consist of solid solutions 
of copper in aluminium, with eutectic between 67 and 95 
per cent. of aluminium. 

Comparison of Results with those obtained by M. L. 
Guillet.t—As already stated, there is very satisfactory 
agreement between M. Guillet’s liquidus curve and that 
determined by the authors, except in one particular, which 
is, however, of minor importance. He experienced con- 
siderable oe in tracing the solidus curve, and re- 
garded his published result as only approximately accu- 
rate. It is less complete than that given in the present 
report. His view that at about 66, 46 to 48, 30 and 11 to 
12 per cent. of aluminium the alloys solidify at one tem- 


* + is electronegative to y, and the latter therefore 
appears dark in etched specimens containing both consti- 





tuents. 
+ ‘“‘ Etude Théorique et Industrielle des Alliages de 
oo et d’Aluminium.” Revue de Métallurgie. Aout 





perature has been confirmed by the authors with one 
exception—viz., the 30 per cent. alloy “ere to continue 
freezing through about 200 deg. Cent. ( deg. Fahr. )— 
viz., from 790 deg. to 586 deg. Cent. (1454 deg. to 1086 
deg. Fahr.) (cf. diagram). Moreover, the authors think 
the evidence justifies the conclusion that at 9.6 per cent. 
of aluminium the alloy crystallises at one temperature. 

As regards the number and character of the consti- 
tuents, the agreement between the two sets of results is, 
speaking broadly, satisfactory, but there is one important 
difference. M. Guillet specifies AlCu (corresponding to 
about 30 per cent. of aluminium) as one of the consti- 
tuents of the alloys. He was, however, unable to isolate 
a compound of this composition, and an examination of 
his eet siomemnghe does not, in the authors’ opinion, 
establish his view. The evidence obtained by them 
argues inst it. The alloys in the immediate neigh- 
bourh of this particular composition solidify over a 
wide temperature range, and are duplex in structure, 
consisting of a mixture of the compound CuAl, (4) and a 
solid solution of aluminium in copper (7). 

With respect to the coustituent 8, M. Guillet was 
unable to decide whether it consisted of the compound 
Cu3Al ora solid solution. The authors’ experiments have 
decided the question in favour of the former alternative. 
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The compound Cu,Al, unsuspected by him, has been 
added. 


Comparison with Messrs. Heycock and Neville’s Tem- 
perature Concentration Diagram of Copper-Tin Alloys.*— 
A comparison of the equilibrium curves of the copper-tin 
and the copper-aluminium alloys furnishes an interesting 
study of resemblances. 

1. In both cases the a crystals consist of a solid solution 
of the respective metal to the extent of not more than about 
9 per cent. in copper. The solid solutions on cooling from 
the solidus to the ordinary temperature undergo no 
thermal changes, and represent the simplest group. 

2. In both cases the range from 9 to about 45 per cent. 
of foreign metal—that is, tin or alaminium—has disclosed 
a most complex series of thermal disturbances between 
the liquidus and the ordinary temperatures. 

3. Between 45 and 100 per cent. of foreign metal—that 
is, tin or aluminium—the curves are simple. ’ 

4. The number of constituents in the copper-tin series 
is seven ; in the copper-aluminium series six or seven. _ 

5. The number of chemical compounds in each series is 
Seen, and two of them have exactly corresponding 

ormule. 


Copper-Tin. Copper-Aluminium. 
Cu,Sn Cu,Al 
Cu;Sn Cu;Al 
CuSn CuAl, 


6. In both series one of these compounds never crystal- 
lises from the liquid, but appears as a recrystallisation 
out of a hom eous solid. It is the compound of the 
type Cuz, where z is either tin or aluminium. This 
resemblance is certainly most remarkable. 


* Philosophical Transactions of the Royal Society, 
1903. Series A. Vol. ccii. Bakerian lecture on ‘“ The 
Constitution of the Copper-Tin Series of Alloys.” 
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BRITISH INTERESTS IN ARGENTINA. 

Tue position of Anglo-Argentine railway companies 
does not appear to be so good at present as it was 
twelve or eighteen months ago. The very prosperity 
of the Argentine Republic has induced a feeling that 
Argentina has now become strong enough to go alone 
without British assistance, and the consequence is 
that Argentine railway companies are beginning to be 
hampered at every step by local opposition. The 
Buenos Ayres Western Railway Company has been 
promoting a scheme for an underground line from its 
Once station to the port of Buenos Ayres, and 
obstacles have been continually raised. A Bill autho- 
rising the extension has certainly been passed by the 
Senate, and a general approval has been given to it by 
the Chamber of Deputies ; but the discussion of the 
clauses has been attended with so much difficulty 
that the final consideration of the measure has been 
postponed. The Municipality of Buenos Ayres is 
endeavouring to secure the rejection of the Bill 
on the 77 that the proposed line would inter- 
fere with the construction of a ——a under- 
ground railway contemplated in the Avenue de 
Mayo. The municipal idea is to establish underground 
railway communication between the Buenos Ayres 
Great Southern Railway, the Buenos Ayres Western 
Railway, and the Buenos Ayres and Rosario Railway 
termini. The project may have some merit, but it 
reflects the desire of the Argentine people to go alone, 
and to cease to rely, as hitherto, upon British assist- 
ance. Another proof of this is afforded by the fact 
that a Bill which the Buenos yy Western Railway 
Company has been promoting for extensions to the 
west of Argentina has also met with strong opposition 
on the part of the province of Buenos Ayres; and it 
is considered probable that the measure will not be 
carried through Congress, at any rate, not now. 
A similar fate is believed to await a Bill for new 
branches and extensions, which has been promoted 
by the Buenos Ayres Great Southern Railway Com- 
pany. While all this opposition is being offered 
to British projects, the Argentine Minister of Public 
Works is inviting tenders for the construction of 
a line, 1324 miles in length, to Rio Cuarto. The 
Minister of Public Works has further invited tenders 
for two smaller branches, 308 miles inlength. Another 
rather curious feature in the Argentine railway situa- 
tion is the continued opposition offered to the final 
settlement of the amalgamation which has virtually 
taken place between the Central Argentine and the 
Buenos Ayres and Rosario Companies. These com- 
panies are carrying on business in London as if they 
were one and indivisible ; and all the while the Argen- 
tine authorities refuse to definitively approve the 
fusion. 

Another difficulty which has arisen in connection 
with Argentine railway affairs is the greatly increased 
cost of labour. The increasing prosperity of Argentina 
has exerted considerable influence upon the Argentine 
labour market, and the remuneration of labour of all 
kinds has been decidedly tending upwards. It costs 
now considerably more to build Argentine railway 
extensions, and lines which have been constructed 
with cheap labour now involve heavier working 
charges. The prosperity of Argentina is largely due 
to the stimulus given to the development of the coun- 
try by railways ; but this has begun to tell upon the 
railways themselves, which have now to pay higher 
rates ee the Argentine labour which they require. 
This difficulty is probably not so serious a one as the 
jealousy which has arisen in Argentina of foreign 
capital and foreign enterprise, as prosperity in Argen- 
tina must spell increased traffic for Argentine railways. 
Still, a new order of things has arisen in connection 
with Argentine labour, and the subject will obviously 
require careful treatment. The profits of the Buenos 
Ayres Great Southern Railway, the principal Argen- 
tine system, were very appreciably reduced in 1905-6 
by the change which has taken place in the economic 
position of the Argentine Republic, and we shall watch 
the outcome of the current financial year with con- 
siderable interest. 

The future course of Argentine railway affairs is a 
matter of great importance to British builders of loco- 
motives and rolling-stock, as well as to British iron- 
masters. The South American demand for locomo- 
tives has outstripped the corresponding inquiry from 
all other quarters combined, the value of the locomo- 
tives ship to South America in 1906 having been 
1,547,093/., while the aggregate value of the ship- 
ments in all directions was no more than 2,894,611/. 
To put the matter in other words, South America 
imported British locomotives to a greater extent than 
all other countries and colonies put together. More- 
over, the deliveries of British locomotives to South 
America have rapidly increased of late, having only 
attained a value of 824,805/. in 1905, and of 377,030/. 
in 1904. The t demand for British rai] way engines 
in South America hel up last year’s exports so 
materially that any collapse of this South American 
connection would be sharply felt by British locomotive 
firms and companies. A similar observation may be 








made with regard to our rail exports, Argentina 
having taken 111,793 tons of British rails last year 
out of a total export in all directions of 463,240 
tons. If British capitalists are edged out of Argen- 
tina, it is only too probable that British iron-masters 
will at once experience a contraction of orders for 
rails. It would appear, accordingly, to be good 
policy for~- British capitalists who are interested 
in the construction and working of Argentine railways 
to pursue as conciliatory a policy as possible, and to 
endeavour to retain what is at present an extremely 
valuable outlet for their industry and enterprise. 








YEAR-BOOKS AND ANNUALS. 

The Municipal Year-Book of the United Kingdom 
Sor 1907. London: Offices of The Municipal Journal, 
Edward Lloyd, Limited, Salisbury-square. [Price 
3s. 6d.]—In this volume may be found a fairly com- 
plete review of the work of the municipal and local 
authorities of the cities, towns, and districts of the 
United Kingdom. As may be expected, with the 
rapid growth of municipal enterprise and undertakings, 
to ne work there is constantly new material to 
be added. The present edition is larger than its 
predecessors, and contains, moreover, new sections 
not included in the old, while the whole of the matter 
has been brought up to date. The book is divided 
into several sections, some of which are devoted 
respectively to London Municipal Government, 
Muncipal Government in England and Wales, Muni- 
cipal Government in Scotland, Local Government in 
Ireland, water supply, gas supply, tramways, motors 
in municipal service, electricity supply, housing work, 
markets, refuse and sewage disposal, municipal trad- 
ing, education, and a number of other matters. A 
few particulars of societies and institutions interested 
in municipal affairs, either from direct or indirect 
connection with such matters, are also given. Alto- 
gether the volume forms a handy reference-book on 
a~variety of matters on which information is desired 
with increasing frequency now that people are begin- 
ning to realise that municipal ownership does not of 
necessity spell ‘‘ success.” 


The Fleet Annual and Naval Year-Book, 1907. 
London : The Westminster Press (Gerrards, Limited), 
4lla, Harrow-road, W. [Price 1ls.]—This annual, 
compiled by Mr. Lionel Yexley, has made its appear- 
ance for the second time. It is well printed and illus- 
trated, and contains articles of considerable interest. 
As is only natural after the remarkable improvement 
noticeable in naval gunnery, a considerable amount of 
attention is given to this subject, the matter in this 
volume including full returns of gun-layers’ and battle- 
practice tests. Among other articles may be men- 
tioned one on ‘‘Speed,” one on ‘*The Naval Manceuvres 
of 1906,” ‘The Admiralty Policy,” ‘‘ The Two-Power 
Standard,” &c. ; while in Part II. are given particulars 
of the principal navies of the world. Diagrams are 
given of evolutions, photographs of squadrons man- 
ceuvring, and numerous portraits which add consider- 
ably to the interest of the book. It isa good chronicle 
of the year’s naval events and progress, and, being of 
low price, will probably encourage persons to whom 
the expensive annuals are inaccessible to take a more 
intelligent interest in the Navy than has been possible 
for them hitherto. 





Fowler's Mechanical Engineers’ Pocket-Book, 1907. 
Manchester: The Scientific Publishing Company. 
[Price 1s. 6d. net.] This pocket-book, edited by Mr. 
W. H. Fowler, M. Inst. C.E., M.I. Mech. E., has been 
considerably extended. By this time this little book is 
well known, and as a handy, inexpensive, and up-to- 
date book, it supplies a need which many pocket- 
books fail to satisfy, for by reason of their cost engi- 
neers are apt to retain old editions by them instead of 
having at their command the results of recent practice. 
The book under notice has, in this present edition, 
been enlarged in several sections, more especially in 
those devoted to the steam-tnurbine and gas and oil- 
engines. It is not, of necessity, a dictionary of all 
conceivable formule, but rather a collection of data 
of current practice in many branches of mechanical 
engineering, giving practice and theory in proportions 
which wil soohalbiy meet the needs of many a man 
whose connection with some subject may of so 
intermittent a character that he finds himself unable 
to go deeper into it than a mere reference to results 
obtained by others will permit. 


The Public Schools Year-Book, 1907. London: 
Messrs. Swan Sonnenschein and Co., Limited, 23, 
High-street, Bloomsbury, W.C. [Price 3s. 6d. net.) 
—This book, the editors hope, will be recommended 
to parents and others who seek information about 
schools and the future of boys. This we hope it will 
be; but, unaided, it is doubtful whether parents 
would not search rather hopelessly through this book 
for what they want. The reason for this surmise lies 
solely in the fact that the editors give so much in- 
formation, and display so great a choice, that indeci- 











sion and almost bewilderment may well wait on people 
who, without some preconceived thoughts, turn to 
its es for advice. This difficulty may be prac- 
tically non-existent, for there are few persons re- 
sponsible for the education of boys who have not 
some idea of what to do and where to send them. 
Sons go to the school of the father, or to one made 
efficient and popular by some well-known head- 
master, or perhaps the matter is regulated by other 
reasons, such as fees, country, &c. o all who thus 
have formed some definite idea of what they need the 
book will doubtless be of use. Nor does its use end 
with the choice of the school. Several hints are given 
as to the subsequent choice of a profession and the 
steps that should be taken to ensure that the school- 
training will be one on which, as a foundation, to 
build up professional knowledge. Soimie pages are 
given to the choice of engineering as a career to follow, 
and while the facts — provide all necessary infor- 
mation as to steps to be taken, we would they sounded 
something of a clearer a pass 
through an apprenticeship and drift off to other things 
from a failure on their part, or on that of their ts, 
to realise the work upon which they were starting out. 
This cannot wholly le corrected by books, however. 
This volume gives ae of all public schools 
connected with the Headmasters’ Conference. Honours, 
fees, courses of study, list of scholarships, &c., are 
given in each case, with occasional notes on the history 
of the school. Besides this list of preparatory schools, 
private tutors for Navy and Army, &c., the book gives 
a lot of useful miscellaneous information connected 
with a boy’s career and how to put him in the way of 
attaining a desired end. 


How many boys 








Tue Kosmorp Time-Recorper.—This is an instrument 
recently introduced by Messrs. F. W. Russell and Co., 
of 16, St. Helen’s-place, E.C., for recording the times of 
employés entering and leaving a works. It consists of a 
rectangular box, containing the mechanism, and in the 
cover of the box are a clock-face and a small opening, 
underneath which is a paper ribbon. Each man is to 
write his name on the exposed surface of the ribbon, and 
press a lever, which records the hour and minute oppo- 
site his signature, and causes the ribbon to travel for- 
ward, bringing a clean place under the opening. Judg- 
ing from the early sample placed before us, we do not think 
the instrument would stand the violent of an ordinary 
works, and, further, anyone who is familiar with the way 
workmen come in and out of factories would anticipate 
trouble while the man in front was finding his pencil or 
endeavouring to keep his place long enough to sign. The 
recorder would meet the requirements of an office or of 
an establishment, such asa draper's shop, in which the men 
were of a superior class, and did not crowd in all at once. 





Prizk COMPETITION FOR THE PREVENTION OF ACCIDENTS 
IN IrattiAN WorksHops.—The Association of Italian 
Manufacturers is a body that is becoming widely known 
for its enlightenment and en , and one very impor- 
tant direction in which its action has led has been the 
encouragement of inventions, with regard to mechanical 
and other devices, by the aid of prize competitions. 
The latest programme of this kind that it has issued 
relates to an international competition for prizes to be 
awarded for the prevention of accidents in factories. 
Anyone desirous of competing for these prizes must 
apply, not later than June 30, 1908, to the presidency of 
the Association of Italian Manufacturers for the Pre- 
vention of Accidents in Factories, 61, Foro 
Milan, and all appliances entered for competition must 
be delivered at the offices of the Association before 
July 31, 1908, and at the competitor’s expense, Full 
particulars of the conditions may also be obtained at the 
above address. The nature and value of the prizes offered 
are as follow :—(A) A gold medal and 8000 lire (320/.) for a 
system to eliminate the danger of a contact (of whatever 
resistance) between the primary and secondary circuit of 
alternate-current transformers and their respective lines. 
The ap tus must be simple, robust, economical, and 
adaptable to existing installations. It must come promptly 
into action whenever the potential to earth of the ad 
pressure circuit reaches the double of the normal value in 
a three-phase, and two and a half times the normal value 
in a single-phase system, and it must prevent the excess 
of potential becoming permanent. © apparatus must 
not put the transformer out of action in the event of atmo- 
spheric discharges, or of such partial reduction of insulation 
of service lines to earth as may be tolerated in practice, so 
that the adoption of the system may not render the work- 
ing of the installation more difficult. The competitor must 
show the a ~~ of his system by means of an appa- 
ratus suitable for being on a high-pressure circuit 
of 3600 volts. At the option of the Examining Commis- 
sioners, the system may also be tested by being fitted to 
working lines, and observed during a certain period of 
time ; or if the competitor should 'y have installed 
his system in existing plants, of whatever pressure, the 
Commissioners may extend their examination. to these 
also. (B) A gold medal and 1000 lire for a hand-crane or 
winch so constructed that without sensibly reducing the 
efficiency or speed of lowering, as compared to ordinary 
types, any danger due to the rotation of the handles by 

descending load is avoided. Means must be provided 
to prevent the rotation of the handles during the descent 
of the load. The construction must be simple, solid, and 
not oy oe hy excessive wear. With = Rhine D —- 
peting for the prize an apparatus must be supplied ‘which 
will enable it to be submitted to practical tests. 
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SUBMARINE TELEGRAPH ENTERPRISE. 


THE outcome of the working of the Anglo-American 
Telegraph Company, Limited, for 1906 was a distribu- 
tion upon the preferred ordinary stock at the rate of 
6 per cent. per annum ; upon the ordinary stock at the 
rate of 3/. 17s. 6d. per cent. per annum ; and upon the 
deferred ordinary stock at the rate of 1/. 153. per cent. 
per annum. The corresponding distributions for 1905 
were :—Preferred ordinary stock, 6 per cent. per 
annum; ordinary stock, 3/. 53. per cent. per annum ; 
and deferred ordinary 103. stock, 10s. per cent. per 
annum. The welcome restoration of dividends upon 
the deferred ordinary stock is due to the fact that the 
directors do not consider it necessary to make any 
further allocations to the renewal fund, as it now 
exceeds 1,000,000/. At the close of June, 1906, the 
fund stood at 1,010,936/,, while interest on renewal 
fund investments produced during the past half-year 
15,536/., and 65930. was received from an adjustment 
of income tax, returned in consideration of depreciation 
of plant in 1904-5 and 1905-6. The cost ofthe cable ex- 
pended during the second half of last year upon general 
repairs was 3121/., and repairs to the 1873 cable 
involved an outlay of 20,110/. The fund accordingly 
stood, at the close of December, 1906, at 1,009,834/. 
The experience of the past half-year leads to the con- 
clusion that there is some prospect of a regular distri- 
bution of dividends upon the deferred ordinary stock ; 
at the same time a continuance of these dividends 
eannot be regarded as by any means certain, as the 
company appears to be over-capitalised, the cables, 
buildings, &c., ee. in the books at 7,000,000/., 

rovided as follows :—Ordinary stock, 622,600/.; pre- 
erred ordinary stock, 3,188,700/.; and deferred ordi- 
nary stock, 3,188,700/. The increased dividend upon 
the deferred ordinary stock last year was also attri- 
butable in part to an increase of 11,986/. in the traffic 
receipts, while the working expenses only expanded to 
the extent of 34007. The value of the cable in stock 
at the close of last year was 35,520/. The directors, 
it may be observed, are setting apart 3400/. per half- 
year to provide a pension fund. This fund amounted 
at the close of December to 17,300/., as compared with 
13,834. at the close of June. The ordinary working 
expenses of the second half of last year were 56,810/. 
—viz, London 6804/., and stations 50,0367. The 
corresponding expenses in the second half of 1905 
were 55,7661. The expenses of the company’s repiir- 
ing steamer Minia in the past half-year were 10,840/ , 
as compared with 9930/. in the second half of 1905. 
On the other hand, the Minia was chartered in the 
second half of last year for 12 800/., as compared with 
486 4. 

The Direct United States Cable Company, Limited, 
has been enabled to increase its dividends of late, as 
the reserve fund is now regarded as sufficiently large 
to render it unnecessary to make any further direct 
allocations to it, although the fund still continues to 
grow with the help of interest on reserve-fund invest- 
ments, less special maintenance charges. Formerly 
the shareholders had to be content with 3 per cent. 
per annum; but now they have gone at a bound 
to 4 per cent. per annum. The revenue of the 
company for the second half of last year amounted 
to 60,380/., as compared with 56,353/. in the second 
half of 1905. The working expenses in the second 
six months of 1906 (exclusive of the cost of cuble 
maintenance) were 25,381/., leaving a balance of 
34,9997. In the second half of 1905 the expenses 
(exclusive of cable maintenance) were 28,299/., so 
that the shareholders not only profited from a cessa- 
tion of allocations to the reserve fund, but the 
also benefited, to some extent, during the past half- 

ear from the increased business done by the company. 
Vith regard to the question of cable maintenance, we 
may add that the expenditure under this head was 
2803. This was borne by the reserve fund, which 
profited from interest on its investments, &c., in the 
same period to the extent of 8616/., so that it increased 
from 504,184/. at the close of June, 1906, to 509,995/. 
at the close of December, 1906. After payment of a 
dividend at the rate of 4 per cent. per annum for the 
past half-year, the company was enabled to carry 
17,032/.to the credit of 1907, so that, like the Anglo- 
American Telegraph Company, it has "ate pao much 
more than it formerly did. Both these companies 
benefited, no doubt, considerably last year from the 
great development of trade and industries of all kinds 
in the United States. 








A Norwecran Licuter Company.—A lighter com- 
pany has pore been formed in Norway, which will 
start with six lighters of 20,000 cubic feet, or 220 regis- 
tered tons, and a tug-boat powerful enough to tow two 
of these lighters. The lighters and the tug-boat will 
draw some 8} ft. to 94 ft., so that they can traverse 
fairly shallow canals, and the funnels and masts can be 
let down, so as to enable them to under brid, 
The breadth of the lighters is 20 ft., length 120 ft. It is 
intended only to run the lighters from the beginning of 
March to the middle of October, and the tug-boat will 
be equipped to serve asa salvage and ice-breaking steamer 
in the winter months. 





CATALOGUES. 


Tue British Doloment Works send us a circular con- 
cerning ‘‘doloment” flooring, a material which can be 
laid without joints, and is free from cracks and bulges. 

From Mr. Thomas Howse, Union Works, Smethwick, 
come circulars calling attention to special makes of the 
fireproof paint ‘‘ Thermax,” and to the ‘‘Graphax” brand 
of anti-corrosion graphite paints. 

We have received a hand-blotter from Messrs. Applebys, 
Limited, 56, Victoria-street, S.W., bearing a photograph 
of an electric ‘‘Giant” crane of 60 tons capacity, 60 ft. 
radius, and 70 ft, height. A list of some of the specialities 
of this firm is also given. 


From Messrs. Gibbons Brothers, Limited, Dudley, we | P' 


have received a circular concerning pressed-steel tanks, 
gutters, troughs, pipes, chimneys, &c. A number of 
these are illustrated, and dimensions are given. Pressed- 
steel sectional tanks and sections for tunnel-work are 
also made, as well as other articles, such as mining- 
kibbles, tipping-skips, &c. 

The Weston Electrical Instrument Company, of 
Newark, N.J., U.S.A., and Audrey House, Ely-place, 
Holborn, E.C., have issued a pamphlet describing their 
portable ‘‘ Multimeter,” or testing set, for direct-current 
measurement. The instrument is of the moving-coil type, 
and by the use of shunts and resistances a very large 
range of voltage and current can be measured. 


A catalogue from Messrs. Werf Conrad, Limited, of 
Haarlem, Holland, describes the types of gold-dredgers 
they have recently constructed, The dredgers have been 
constructed by this firm for work in Siberia, the Urals, 
Servia, &c., and orders are in course of execution from 
West Africa, Punta Arenas, Madagascar, and other places. 
The vessels are steel-hulled and designed on the plan of 
New Zealand and Australian dredgers. 


A circular from Messrs. Francis Morton and Co., 
Limited, Hamilton Iron Works, Garston, Liverpool, gives 
a list of bridge work and constructional work completed 
by this firm. From this it appears that the firm has 
turned out work to the extent of some 54,000 tons, con- 
tracts including large orders for the Liverpool Overhead 
Railway, the Mersey Docks and Harbour Board, and 
several railway and other companies. 


The Birmingham Small-Arms Company, Limited, have 
sent us a price-list of engineers’ small tools. This com- 
y have, in this, recently made a new departure, and 
in addition to their manufacture of small parts of cycles, 
cars, of rifles, &c., are now putting on the market stan- 
dard milling-cutters, slot-cutters, angular cutters, convex 
and concave cutters, slitting-saws, external and internal 
gouges, calliper and limit-gauges, sets of thread gauges, 
Cc. 


From the Machine-Tool Company, Limited, London- 
road, Nottingham, we have received a list of new and 
second-hand machine-tools in stock. Among the tools 
will be found all manner of lathes, milling-machines, 
planers, shapers, slotters, and drilling machines, while 
the list is comprehensive enough to include cranes, 
engines, electrical plant, and, in fact, most plant and 
machinery likely to be required by engineers. The list 
is, of course, priced. 

Messrs. Smart and Brown, of Erith, Kent, send us a 
wall-sheet calling attention to an inexpensive milling and 
wheel-cutting attachment made by them for the lathe. 
The attachment, together with many examples of the 
work it will do, are illustrated. We have also received 
from the firm a priced catalogue of their ‘‘Colonial” 
three.cylinder petrol-motors for land and marine work. 
These motors are made at their own works, and are of 
simple and compact design. 


From Measrs. Fred Braby and Co., Limited, Petershill- 
road, Glasgow, we have received a pocket-catalogue and 
price-list. It is of the sizo of a pocket time-table, con- 
tains pages for diary and memoranda, and about 128 pages 
devoted to the products of the firm. Besides doing con- 
structional and roofing work, Messrs. Braby undertake 
galvanising of all sorts of material. They are makers of 
tanks, barrows, sheeting, heating apparatus, &c. The 
list is priced throughout. 


Section III., Series 8 of the catalogue of Messrs. 
Thomas Robinson and Son, Limited, Rochdale, is devoted 
to machines for re-sawing and cross-cutting. The cata- 
logue is got up in this firm’s usual style, excellent illus- 
trations being given, together with information regarding 
special features and leading dimensions. The machines 
described and illustrated include about a dozen patterns 
of circular-saw benches with self-acting feed, half-a-dozen 
patterns of cross-cut saws, and about the same number of 
types of deal frames. 


The Armorduct Manufacturing Company, Limited, 
Farringdon-avenue, E.C,, have issued a list dealing with 
several of their small electrical tools. These include the 
‘Little Hustler” drills of various patterns and sizes. 
Breast-drills, sensitive bench-drills, and angle-post drills 
are among the types made. The firm also make a hand 
grinding-machine and also a pattern which can be readily 
fitted to a lathe slide-rest. By means of a special plug- 
adapter, these machines can take their current from any 
lamp-fitting. This list is priced. 

A circular from Mr. O. N. Beck, 11, Queen Victoria- 
street, E.C., illustrates the ‘‘ Bamag” drill-head with 
three spindles. These are made in sizes suitable for 
drilling up to 2-in. holes, cutting out 4-in. holesand such 
like work, the spindles in the largest sizs having possible 
pitches of from 3?in. to 74in. This variation is ob- 
tained by swinging the two driven spindles round a 
quadrant whose centre is that of the intermediate pinions, 








the outer spindles being by these means approached to, 
or removed from, the main spindle. 


Messrs. Thomas Noakes and Sons, Limited, 4, Osborn. 
place, Brick-lane, E., have issued a catalogue, priced 
throughout, of steam fittings. This catalogue is divided 
into five sections, and a full index is provided for quick 
reference, Section 1 is devoted to cocks, Section 2 to 
valves, Section 3 to whistles and lubricators, Section 4 to 
gauges and gauge-cocks, and Section 5 to injectors, steam- 
traps, pumps, Ke. A few electrical specialities are in- 
cluded at the close of the list, such as improved con- 
nectors for electrical conductors, patent section insulators, 
and frogs for overhead trolley-lines, &c. 


List 42 of the Cambridge Scientific Instrument Com- 
any, Limited, is one of physical instruments. This 
illustrated list is divided into sections, in which will be 
found all the principal instruments needed in physical 
research or demonstration. Section 1 is devoted togeneral 
laboratory equipment; Section 2 to measuring-instru- 
ments, planimeters, &c.; Section 3 to recording and time- 
marking instruments; Section 4 to apparatus connected 
with mechanics ; Section 5 to balances and weights; Sec- 
tion 6 to sound, and so on; sections being devoted to 
apparatus connected with work on heat, light, and mag- 
netism. Seismographs are also included in the list. 
Micrometer callipers, by Messrs. Brown and Sharpe, are 
listed. The catalogue is priced throughout, the prices 
being given both in dollars and in English money. 


Messrs. Bruce Peebles and Co., Limited, have sent us 
a pamphlet on the Peebles Motor Converters constructed 
on the Peebles-Bragstad-La Cour patents. These motor 
converters are largely taking the place of both rotary 
converters and motor generators, having advantages over 
either system. The pamphlet is illustrated with views of 
recent stations equip with motor converters, with 
photographs of the various component parts of the 
machine, and with diagrams and curves relating to their 
construction and performance. The same firm have 
sent us a catalogue of their latest type of continuous- 
current generators. Weights, prices, speeds, and other 
important particulars are given, as well as illustrations 
of complete machines and component parts. It is in- 
teresting to note that the firm’s standard machines are 
all fitted with commutating poles. Like other litera- 
ture of the firm, the catalogue is clear, concise, and well 
arranged. 


A pamphlet describing milling-machines comes from 
Messrs. Alfred Herbert, Limited, Coventry. In its pages 
will be found matter concerning both horizontal and 
vertical milling-machines, machine attachments, opera- 
tions, cutters and tcols, cutting speeds, and a mass of 
information regarding little points, the observation of 
which will tend to expedite shop work. The book, in 
short, forms a complete guide to the successful working of 
the machines therein described. In horizontal machines 
the smaller tools are of tke pillar type, and are made in 
sizes down to tables having a working surface of 17 in. 
by 5 in., with longitudinal feed of 10 in., transverse move- 
ment of 3} in., and greatest distance from centre of 
spindle to table of 8 in. Larger sizes are made up to 
machines with tables having a working surface of 51 in. 
by 147, in., longitudinal feed of 42 in., transverse move- 
ment of 12 in. and greatest distance from centre of spindle 
to table of 21 in. These larger machines are, of course, 
fitted with arm-braces, the design being of an especially 
rigid type. A great range of speeds is arranged for. 
Automatic stops are provided. The elevating-screw of 
the table is of the telescopic type; pumps are provided, 
and other features which make these machines some of 
the most complete obtainable. In vertical machines, No. 1 
has a table of working size of 39 in. by 10? in., with a 
circular table of 16in. The distance from centre of 
spindle to face of column is 12} in. With a countershaft 
speed of 250 revolutions per minute, feeds are arranged 
for ranging between ? in. and 104 in. per minute. No. 8 
machine has a table 72 in. by 19 in., with a circular table 
27 in. in diameter, and a distance from centre of spindle 
to face of column of 264in. A large range of speeds and 
feeds is provided. The large machines are fitted with a 
steadying bracket for carrying the lower end of the 
arbor, if necessary. A profiling roller is also arranged on 
this bracket. Among the general accessories and attach- 
ments mentioned in the list are vices, dividing heads, 
chucks, &c. A number of examples of milling operations 
are given, hints on the setting up of machines, and other 
points. A large section of the book is devoted to a price- 
list of finished milling cutters of all descriptions and sizes 
for use with the machines already noticed. 








Coat AND Iron 1n Betcrum.—The imports of coal 
into Belgium last year were 5,350,584 tons, as compared 
with 4,230,313 tons in 1905. The exports of coal from 
Belgium last year were 4,974,416 tons, as compared with 
4,704,063 tons in 1905. The imports of coke in 1906 
were 350,381 tons, as compared with 356,136 tons in 1905 ; 
the exports were 856,580 tons, as compared with 977,095 
tons. The imports of briquettes were 137,467 tons last 
year, as compared with 72,643 tons; the exports were 
459,663 tons, as compared with 480,247 tons. The imports 
of iron minerals into Belgium last year were 3,540,485 
tons, as compared with 3,382,832 tons in 1905 ; the exports 
were 436,455 tons, as compared.with 442,511 tons. The 
imports of girders in 1906 were 499 tons, as compared 
with 854 tons; the exports were 100,635 tons, as com- 
pared with 82,925 tons. The imports of rails last year 
were 2509 tons, as compared with 2021 tons; the exports 
were 161,403 tons, as compared with 133,425 tons. The 
imports of plates last year were 19,811 tons, as compared 
with 13,752 tons; the exports were 115,651 tons, as com- 
pared with 120,246 tons. 
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‘‘ENGINEERIN a PATENT 


CompirreD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Ojice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


25,047. Sir O. J. Lodge and E. E. Robinson, 
Edgbaston, and A. Muirhead, Sh Vacuum 
Tubes. (3 Figs.) December 2, 1905.—This invention relates to 
vacuum devices for electric discharges. The known devices are 
liable to become quickly defective, mainly because the glass near 
the anodes is thrown into a considerable state of strain, and is 
apt to give way when a high back pressure arises. The invention 
comprises a@ means for screening or shielding the glass from the 
anode. A closed glass tube or vessel a, comprising a bulb or 
globe 6, and a lateral tubular portion ¢ projecting therefrom, is 
employed. The cathode d is within the bulb or globe 6, and the 
anode e within the tubular extension c. Preferably the cathode 
d is of skeleton construction, of large surface, and may consist of 
a helix of aluminium wire, whilst the ancde eis a solid of small 
sectional area, and may bean iron red. The extreme ends of the 
cathode d are covered by glass sheaths formed in one with the 
bulb or glcbe b, and the outer end of the anode e is covered by a 


/25047) 





glass sheath integral with the tubular portione. For shieldin 
orscreening the tube or vessel a for the purpose above mention 
the anode e is surrounded by an insulated tubular sheath of 
metal. The sheath, which is larger transversely than the anode 
é, 80 that it is nowhere in contact with it, is supported by the 
extension ¢ of the vessel a, and is of such length as to enclose the 
free end of the glass sheath, so as toavoid any detrimental un- 
covered chink or space. The device when worked hard is apt 
to become defective, due to the bend in the extension ¢ being 
exposed to the anode discharge and thus subjected to great heat 
and strain. Therefore, for high pressures, a modified construc- 
tion is used, in which the extension ¢ projects quite straight from 
the bulb or globe b, and the inner end of the insulated tubular 
sheath extends right into the latter. Thus the glass is not ex- 
posed to the ancde discharge, and the anode region is kept cool, 
thereby rendering the application of special means therefor un- 
necessary. (Accepted December 12, 190€.) 


18,561. H.G.Prested,London. Current-Indicator. 
[3 Figs.] August 18, 1906.—Small electric incandescence lamps 
to serve as current-indicators for testing the condition of an 
electric battery, or for like purposes, have been sold in wooden 
cases, in which, however, the lamp is not adequately protected 
from breakage ; moreover, the attachment of the terminals of the 
lamp to the apparatus to be tested is not so simple as it might be. 
The present invention relates to a current-indicator of this kind 
in which the lamp and an insulated wire connecting with one 





terminal thereof are contained in a metal tube, itself connected 
With the other terminal of the lamp. When not in use the tube 
slides into another tube for protection of the lampin bg 
the instrument. The inner metal tube a has a wide slot ) near 
its closed end, and twodiametrically opposite wide slots c far from 
its closed end. At about the middle of the tube an internally 
screw-threaded metal socket d is fixed by a pin e. The metal 
socket of the lamp f constitutes one of the terminals of the lamp 
and screws into the socket d. The other terminal g cf the lamp 
extends through insulation in the lamp socket, and when the 


lamp is screwed home by the finger and thumb applied at slots c, 
makes contact with a screw h which extends through an insulat- 
ing plug in the socket d, and has attached to it an insulated wire i. 
To use the instrument, the outer tube k is removed and the wire i 
drawn out of the inner tube through the slot b; this wire is then 
electrically connected with one terminal of the apparatus to be 
tested, the other terminal being electrically connected with the 
tubea. The circuit is now complete through the lamp and the 
current is indicated. (Accepted December 12, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


5563. Simpson, Strickland, and Co., Limited, Dart- 
mouth, and B. i. Joy, ear. Internal-Com- 
bustion Engines. (3 Figs.) March 7, 1906.—This invention re- 
lates to the water-jackets of internal-combustion engines, and has 
for its object to simplify the pipe connections whilst maintaining 
the circulation of water therein in such manner that the coolest 
entering water ie first directed on to those parts which are more 
highly heated and which require to be efficiently cooled. Accord- 
ing to this invention, the inlet and outlet for the water are dis- 
posed at one point or closely adjacent points in the water-jacket, 
and rere | so as to form one fitting, and the inlet opening is 
provided with a chute or channel so arranged as to guide the 
incoming cooling water away from the outlet opening and directly 
on to that portion of the water-jacket which surrounds the 
exhaust valve, the water then ing by passages around the 
inlet valve and cylinder to the outlet. The body a of the cylinder 
and the adjacent inlet and exhaust valves b, }! are provided with 
the usual reed gy c and channels cl opening into a chamber d at 
the cylinder end, the chamber d being closed by a cover ¢ in which 
is centrally disposed the wa‘er inlet and outlet f and g respec- 











(5563) 


tively, having pipe connections f2 and g2 which are both formed 
in one with the cover é, so as to form one fitting. The inlet aper- 
ture f is provided with a continuation in the form of a chute or 
internal duct jf! extending across the chamber and ing 
towards the exhaust valve U! in such a manner that the inflowing 
water will first pass into and around the cooling passages whic 
surround said valve, the water then passing around the inlet 
valve b and cylinder body a, and thence through the central out- 
let g in the cover e. In Fig. 2 the direction of flow of the water 
is clearly indicated by the arrows. In the form shown, the cover 
and the water inlet and outlet connections f2 and g? and chute /? 
are cast or formed in one Jit the inlet and outlet passages 
passing out side by side, and then diverging in the form of a T- 
piece pane from the cover, one arm forming the inlet, and 
the other the outlet. The internal chute /! is in the form of a 
passage in the cover, or a passage raised on the inside of the cover, 
and having one wall formed by the wall of the cover. The con- 
nections, however, may be made, if desired, as a se te fitting, 
being attached to the cover by screwing or in any suitable manner. 
(Accepted December 12, 1906.) 


2406. W. J. Crossley, Manchester, and J. Atkin- 
son, Stockport. Governing Gear. [5 Figs.) January 31, 
1906.—The method of operating and controlling the gas-valve, 
with a view to varying the power of the impulses to suit the load 
on the engine for the time being, is the object of this invention. 
When the engine is required to give full power, the gas-valve is 
operated in a similar manner to the admission valve, opening 
and closing at approximately the same time either by connection 
to the same = or by means of separate gear. When full- 

wered impu are not required, the gas-valve is opened 

ter, but closed at the same time; and on very light loads the 
gas-valve may be kept closed entirely during some of the suction 
strokes. The gas-valve A is shown in its closed position, being held 
closed by a spring B. A second and stronger spring C is so 
arranged that when the valve A is closed, though the spring C is 
more powerful than the spring B, it has no tendency to open the 
valve A owing to the fact that it is retained within stops, which 
neutralise its effect upon the valve A whenever this valve is 
closed. It will be seen that the spring C is enclosed in an inner 
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chamber D, that it bears at one end against the end of the 
chamber, and at the other end against a small plunger F held in 
place by the screwed-in piece E; ugh there may be a 
considerable t of pression on the spring ©, it has no 
tendency to move the valve A when in the closed position, the 
thrust at one end counteracting the thrust at the other end. 
When the operating gear moves to open the valve A by any well- 
known means, it moves the plunger F inwards. So soon as the 
lunger F is clearfrom the piece E the pressure of the spring C 
| fs taken between the gear which operates the valve and the inner 
| end of the chamber D, consequently the whole force of the spring 
|C is thrown upon the valve A, tending to open it. It will be 
seen that the valve A has cast in one with it a vacuum piston I, 
| and that the spring B tends to close the valve A. The spring B is 
weaker than the spring OC, consequently the operating gear can 
|0 n the valve unless otherwise prevented. When the valve is 
losed, the vacuum piston I ie at the end of the short cylinder in 
| which it moves, being close up to the cover J, which it in. 
| In this cover J there is a little cylindrical valve K moving in a 
| small cylinder formed in the eover, and from this cylinder a small 











hole L passes to the vacuum cylinder. If the small valve K closes 
the hole L, no air van get access to the vacuum cylinder, and the 
vacuum on the piston, assisted by the spring B, will vent the 
excess strength of the spring C opening the valve A ; if, however, 
the valve K does not close the hole L, air can obtain access to the 
vacuum cylinder, which thus loses its retaining influence, allowing 
the spring C to overcome the spring B, thus opening the valve A. 
If the small hole L is only opened to a 1 extent, air can only 
obtain restricted access to the vacuum cylinder, and as a conse- 
quence the valve A is delayed in opening ; with a greater opening 
to the hole L the restraining influence is not so great ; if free 
access of air is given to the vacuum cylinder, the valve A is opened 
with, or very shortly after, the movement of the operating gear. 
(Accepted December 12, 1906.) 

26,829. J. Fielding, Gloucester. Suction - Gas 
Generators. [2 Figs.) December 23, 1905.—This invention 
relates to an improved method of generating the steam which it 
is found advantageous to employ in the working of gas-generators 
which work by suction. According to this invention, air, together 
with a regulated amount of water, is caused to radially 
through a heated hollow circular plate, upon which the incandes- 
cent fuel rests, in such a manner that the air, together with the 
steam generated, into the fuel regularly and ay all 
around the base of the fire. The air, together with water in a 
sprayed condition, enters through a central passage, from which 
they spread radially in a thin stream, which is interrupted and 
diverted by a number of heated bars or fins presenting a large 
amount of heating surface. The hollow plate may be stationary, 
or it may be so arranged that it can be rotated for the purpose o 











facilitating the discharge of the ash and clinker. A is the lower 
part of the fire chamber of a generator. B, C is the hollow circular 
plate upon which the fuel rests ; this plate is preferably made in two 
pieces, the upper piece B having fins or ribs cast upon its under side, 
to present the heating surface to the flow of the air and sprayed 
water. The lower piece C has formed upon it a bevel-wheel D and 
acentral boss E, which rests upon a central hollow pivot F, which 
latter forms the air and water or steam supply pipe leading from 
the air and water branch G. The fins formed upon the underside 
of the upper piece B are of segmental form, and becoming high! 
heated, cause the water spray carried in along with the air 
to be converted into steam, the air at the same time becoming also 
hea\ The steam and hot air pass from the centre of the plate 
to the periphery, and thence upwards into the fire. A pinion 
wheel, shaft, and handle are provided for turning the grate. 
(Accepted December 12, 1906.) 

23,127. T. H. Cole, Southsea. Driving-Motors. 
[4 Figs.] November 10, 1905.—According to this invention, the 
gaseous products of combustion from a motor (which may, for 
convenience, be termed the primary motor) are rendered avail- 
able for utilisation as motive fluid in an engine of any kind 
(which may be termed the secondary motor) adapted to be worked 
by an elastic fluid under pressure ; the primary motor serving 
exclusively as a pressure pump, whereby the gaseous products of 
combustion formed within it are forced into an intermediate 
receiver or reservoir, whence they are withdrawn as motive fluid 
to supply the secondary motor in the same manner as steain is 
drawn from a boiler to supply an ordinary engine, Consequently 
the arrangement as a whole may be said to combine the charac- 
teristic advantages of both an explosion-engine and a steam- 
engine and boiler, whilst avoiding the principal defects of each. 
14 is the reservoir into which the products of combustion are 
forced during the exhaust stroke of each piston. “Owing to the 
pressure necessarily maintained in this reservoir during the ordi- 





nary working of the secondary motor, the communication between 
each cylinder and the reservoir is controlled by a valve or valves 
adapted to bine the functi of a non-return valve with 
those of the positively operated exhaust-valve of an internal- 
combustion engine of the usual type. The control is effected by 
means of a pair of lift-valves 15, 16 opening in opposite directions. 
These valves close the e 17 leading from the exhaust 

rt of the cylinder to the reservoir, the inner valve 15 opening 

wards the cylinder under the action of cam or tappet gear in 
opposition to spring pressure and the pressure of the gases within 
the cylinder, whilst the outer valve 16 opens outwards, also in 
opposition to spring pressure, but automatically under the pres- 
sure of the gases during their expulsion. The outer valve 16 has 
a stem 18 fitted to work asasleeve upon the spindle 19 of the inner 
valve 15. The outer end of the spindle 19 ia pressed upon at the 
proper moment by a lever 26 through a pees 28 by means 
of a cam 29 fast on a shaft 30, the latter ng rotated from the 
crank-shaft 5. (Accepted December 19, 1906.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c 

1318. F. Bailey and F. Jackson, London- 
Clutches. [5 Figs.) January 17, 1906.—This invention relates 
to the transmission of rotary motion vy means of apparatus 
adapted to act asa ‘‘ positive” clutch or to operate on the 
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principle of the “ hydraulic” clutch, the motion in the latter 


consists in connecting an arm on the shaft with a link which 


and 
case being communicated through the medium of a liquid which | is connected by one both with the rod that moves the locking- 
is confined, partially confined, or practically unconfined, accord- | bar and the locking-bolt, and with the rod that shifts the points, 


ing to whether it is desired that the motion should be transmitted 
at the same i 


illustrated, the device comprises a casing A formed with a 
chamber a which encloses a closely-fitting circular dise B ; the 
chamber has one or more enlargements of a circular but eccentric 
character. The disc B revolves in relation to the casing A, or the 


casing revolves about the disc, as the case may be ; the pistons 0, | 


if uncontrolled, sweep the eccentric or other enlargement or 
enlargements of the central chambera. Thedisc B is mounted 
upon a hollow shaft, and is provided with radial passages b! 


whereby communication is established between the peripheral 





communication is, however, under the control of a piston-valve, 
with which the interior of the shaft is fi The action of the 
apparatus is as follows :—The casing A, as also the hollow shaft, 
having been charged with liquid, the disc, with its sliding 
pistons O, is free to rotate within the casing so long as the 
piston-valve remains open, the fluid circulating to and fro 
through the radial es bl formed in the body of the disc 
When, however, the piston-valve is closed, so as to cut off com- 
munication through these the casing A is caused to 
rotate with the disc B. en communication through the 
radial es L! is partially intercepted by reason of the piston- 
valve being partially closed, the rotative movement of the disc B 
is communicated to the casing A, or vice versd, but at a more or 
less reduced speed, according to the degree of throttling effected 
by the piston-valve. (Accepted December 12, 1906.) 


MOTOR ROAD VEHICLES. 


25,917. The Wetestey Tool and Motor-Car Com- 

\ ited, and A. A. Remington, Birmingham. 

and Reverse Mechanism. (9 Figs.) 

December 13, 1905.—This invention relates to change-speed and 
reverse mechanism of the type in which a shaft through the 
medium of which the change of speed is effected, and through 
which in some cases the reverse is effected, is moved endways by 
a hand-lever to bring it into tion to ensure that when turned 
it will cause the required c' e, and is then turned by such 
lever for such purpose. According to this invention, the hand- 
lever C aforesaid is pivotally connected, at a point intermediate 
its ends, with the shaft A aforesaid, in a manner which allows it 
to be turned about its pivot axis in any plane within which the 
longitudinal axis of the shaft lies. One end of the hand-lever C 
terminates in a handle, and the other end is just an easy fit 
within a slot of a fixed curved guide E, of which the curve is 
struck from the axis of the shaft A asa centre. When the hand- 
lever isutilised in moving the shaft endways, it turns about its 
end which is within the slotted guide E, asa fulcrum ; and when 
such lever is utilised to turn the shaft, its end, which is within 
the guide, simply moves along the slot of such guide. The hand- 





lever is thus utilised as a lever both in turning the shaft and in 
moving it endways. The shaft A may be formed as a sleeve 
surrounding an inner shaft K, and having rigid therewith an arm 
H, which is in position between the two arms J, J! adapted to 
be, alternatively, e the arm H when the shaft A is 
moved endways in one or other direction, and when so en 
to be turned. The arms J, J! may be connected with other 
parts which it is necessary to operate to effect the desired change 
of speed or the reverse. The arms J, J! are formed with exten- 
sions, each of which has a notch, with which, when the arms are 
in their neutral positions, an end locking-bar L engages ; and 
the arm H with an extension which is always in en; ment 
with a notch of a locking-bar L, 8» that the locking-bar will always 
move endways with the shaft. When the shaft A is moved in one 
direction endways it moves the ‘ocking-bar into position to bring 
a notch of such into coincidence with the notch of the ex- 
tension of the arm, say J, and thus clears the locking-bar from 
such extension, and allows the arm J to be turned by the 
arm H ; and when the arm H is drawn back and into engagement 
with the arm J! it moves the locking-bar into _—— to lock 
ecepted P 


again the arm Jand to unlock the arm JI, ( Decem 
ber 12, 1906.) 
RAILWAYS AND TRAMWAYS. 
1 Siemens Brothers and Co. Jéantnod, and 
way 


Ferreira, 
Points. [7 Figs.} June 12, 1906.—In the most generally pre- 
ferred arrangement for locking railway points, wherein the lock- 
ing device is a plunger e ng a stretcher-bar, pl is 
withdrawn as the locking-bar receives its movement in one direc- 
tion, and is returned to lock oe again after they have been 
shifted, as the locking-bar ves its return movement. The 
fe vee invention relates to a mechanism for locking and shifting 
‘acing-points, wherein the power is applied as a torque on a shaft, 


, transmitted at a reduced speed, or not trans- | 
mitted. According to the mode of carrying out the invention | 





the said link being extended beyond the pin, and carrying adjust- 

le stops, one on each side of the rod that moves the locking- 
bar. The locking-bolt a, which en; in a different slot in the 
stretcher-bar / in each position of the points, is connected through 
a rod c and rocking-shaft d with the locking-bar e. The locking- 
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° ° 
bar is connected through rods /, ¢; h and cranks ¢, k with the 
source of power. The power is applied as a torque on the shaft /, 
which, for instance, may be the axle of a worm-wheel driven by a 
worm 7 on the shaft of an electric motor 0. On the shaft / is an 
arm p which is connected witha link q ; to this link are connected 
the rod A and also a rod r, the other end of which is pivoted to 
the stretcher-bar s. The link g is extended beyond the point of 


connection with the rods h and r,and the extension carries two 
adjustable stops. (Accepted December 12, 1906.) 


25,525. M. Rathborne and H. Fielding, Denton. 
Automatic Electric Signalling. [3 8.) December 8, 
1905.—This invention relates to an improved method of and 
means for signalling on single-line tramways. According to this 
invention, the overhead wires at or near each loop or signalling 
station are ‘‘ cut out” by section insulators, and thus the wires 
between the two stations are normally ‘‘ dead.” The signalling 
apparatus of each wire is at the loop the car is proceeding to, and 
such ay tus comprises an operating solenoid, the wiring of 
which is in circuit with the ‘‘ cut-out” — of the overhead wire 
and with the next length of the overhead wire beyond the loop, 
which communicates by the usual feeder with the generating 
station. a, b are the two loops of the tramway, and ¢, d are the 
two overhead-trolley wires between the loops, which are “ cut 
out” by section insulators from the other portions cl, c?, d!, d2. 
The signalling ap; us at the loop a comprises the casing /!, 
the semaphore, the semaphore operating solenoid h!, the core or 
plunger i!, and a release solenoid j!, the core or plunger of which 
is linked to a swivelling latching-plate 2. Any movement of this 
latter out of the vertical and towards the solenoid j! is resisted by 
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lever j, both arms of which are arranged on one side of the 
fulcrum, so that the movement of either arm in either direction 
longitudinally of the trap causes the other arm to follow in the 
same direction. The outer arm of the lever is adapted to res 
against or to be to one end of a rod k!, By the arrangemen( 
described it will be readily seen that the expansion of the outer 
tube a, due to heat, will increase the tension strain on the rod k), 
thus causing the outer arm of the lever j to move inwards, push. 
ing the inner tube / towards the left, and assisting it to force 
the valve kon to its. seat. Conversely, when the. outer tube a 
cools down, the rod k! resists the inward movement of the inner 
arm of the:lever j, causing the outer arm as well as the inner 
arm to move in a direction towards the right, thereby allowing 
the valve k vo move further away from its seat. A spring J ma, 
be placed between the end of the sleeve and the outer arm of the 
lever j, 80 as to set up a tension strain on the rod k! of auniform 
character at all steam pressures, quite irrespective of the strain due 
to expansion by heat, thus enabling the trap to work without 
readjustment. under a pressure varying from that of the atmo- 
sphere to the highest steam pressure in use. (Accepted Dec- 
ember 12, 1906.) 


7118. J. Steven and T. Burt, Glasgow. Steam- 
Turbines. [2 Figs.) March 24, 1906.—This invention has 
chiefly for its object the extraction of the water of condensation 
from steam-turbines, especially those of the Parsons type. The 
accumulation of water in steam-turbines is a great source of 
danger to the blades and a serious loss in the efficiency of their 
working. According to these improvements, the water of con- 
densation is extracted at convenient distances along the outer 
periphery of the turbine, preferably in compound turbines at 
each stage. As the water of condensation must be driven by 
the revolving blades ito the inner wall of the fixed outer casing 
containing the fixed blades, according to these improvements the 
applicants provide a number of concentric or circumferential 

ves a at suitable distances, or at the end of each stage on the 
inner wall of the outer casing. From each of these grooves a passage 
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or passages L is or are made running at a tangent to the periphery 
of the turbine, either at top or bottom, or preferably at both, as 
shown in Fig. 2, and through which the water will be forced by 
the centrifugal action of the revolving blades through pipes ¢ 
and f into a receiver, reservoir, or trap g. The pipes e and / 
would preferably be fitted with valves so as toadjust the outflow 
of condensed water ; while a three-way cock may be fitted on the 
pipe fand a branch k be connected to same, so that the water 
may, if desired, be pumped from the receiver by means of a 
pump actuated from a float-valve or like device to the boiler, or 
may be drained by a steam-trap g to the hot-well, or may be 
drained by hand as occasion ‘required. Spiral or curved ducts / 
would or may be formed on the outer casing leading to the circum- 
ferential groove a, preferably to the end of the first stage and 
beginning of the following stages. (Accepted December 12, 1906.) 


25,492. J. Wilkinson, Providence, U.S.A. Pack- 
ing. [4 Figs.) November 12, 1906.—This invention relates to 
liquid packing means for the shafts of rotary motors, such as 
turbines. The invention consists in a shaft-packing having no 
mechanical contacts or close clearances between stationary and 
rotating parts, a liquid being used to seal the joint. In the 
design illustrated, an element 4, rotatable with the shaft, is dis- 
posed within an 1 hamber 3, supplied with a body of 
sealing liquid, and exposed at opposite ends to the different 








pr tween which the packing takes effect. The rotating 
| t rotates in close proximity to the inner circumferential 





aspring. The signalling apparatus at the loop d is of similar con- 
struction. The winding of the solenoid A! is in circuit with the 
sectional wire d and the wire d2, and the winding of the solenoid 
h2 is in circuit with the sectional wire ¢ and wire c?. The wind- 
ings of the solenoids j} and /? are respectively in circuit with 
small spring contacts or terminals n! and n2 and suitable “ earth” 
returns. Until a car leaves the loop a and enters the loop section 
in the direction of the arrow 2 no current flows through the wire 
ce; but immediately the car passes under it, current flows through 
it, and the solenoid h2 of the signalling apparatus at the loop b is 
energised, thereby attracting the plunger 7 and ing it to 
raise the semaphore g? to the horizontal or “‘line blocked ” posi- 
tion. When so raised the semaphore is retained by the latching- 
plate 7 In such way the driver of a car coming in the opposite 
direction and arriving at the loop b is notified of the p ofa 
car in the section, and remains at the loop ) until the approaching 
car has passed out of the section. As the car leaves the section, 
and after it has the cut-out at ¢?, the flange of the trolley- 
wheel touches the contact n? and, exciting the solenoid j2, brings 
about the unlatching of the semaphore g2, which then falls to the 
**line clear” position. (Accepted December 19, 1906.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


13,077. J. Cleland, and J.C. Stew: 
ence tne gy ay June 6, 1900 This 
invention relates to expansion steam-traps. a represents the 
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outer tube, A the inner tube, and & the valve. The tube h is 
carried entirely through the tube a at one end of the exterior of 
the trap, supporting it in a screwed sleeve, such sleeve being pro- 
vided with an arm ¢!, adapted to have pivoted to it a double-armed 


wall of the chamber 8, leaving a slight radial clearance between 
said parts for the flow in an axial direction of the circulating body 
of liquid in the chamber, this flow being induced by the difference 
in pressures acting upon the liquid, and maintained by the 
pumping action of the rotating element, the volume flowing being 
regulated by the cross-sectional area of the circulation openings 
in the element, or by the cross-sectional area of the clearance 
between moving and stationary parts. Thus, broadly speaking, 





the rotating element, through its pumping action, produces an 
axial circulation of the liquid in the nature of a local action, the 
axially-circulating body of the sealing liquid flowing through the 
clearance between the moving and stationary parts, and acting to 
seal the joint. The greater the difference in pressure, the more 
rapid will be the circulation. To retard the flow of the liquid 
between the pera A of the el tin the chamber, and keep 
the volume of circulating liquid necessary to pack or prime the 
joint small, either part is provided with baffie-plates, or both 
parts are provided with angular projections 14, 15, forming an 
interleafed gland or tortuous passage, both of which con- 
structions will act to retard the flow of the liquid, and thus reduce 
the volume of sealing fluid needed. Where several turbines are 
provided with the packing at their exhaust ends, which are con- 
nected to the same condenser, it is desirable to provide means for 
sealing the packing joint of any turbine of the set when not 
running. This may be effected in one way by providing check- 
valves for the circulation ports which open toward the atmo- 
sphere, and providing a means to force liquid into the tortuous 








gland, so as to flush and seal it. (Accepted 7, 1908.) 
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Produccr-Gas. By J. Emerson Dowson, M. Inst. C.E., 
M.I. Mech. E., and A. T. Larter, B.Sc. (London), 
F.C.S., Associate of the City and Guilds of London 
Institute. London, New York, and Bombay: Long- 
mans, Green, and Co. [Price 10s. 6d. net. ] 

Ir 1s now over twenty-five years since Mr. Dow- 

son brought his system of generating producer- 

gas before public notice by means of a paper read at 
the York Meeting of the British Association. It 
was also at that meeting, as some of our readers 
may remember, that Sir Frederick Bramwell made 
his oft-quoted prophecy about the relegation of the 
steam-engine to museums of antiquities. Half the 
period awarded to the then future life of the steam- 
engine has now passed, yet steam still holds the 
lead as a source of power, though it by no means 
occupies the whole field, as once it practically did in 
this country. The advance made by the gas-engine 
since Sir Frederick Bramwell spoke has been 
truly remarkable, and still wider use would be 

accorded to it were there generally at command a 

more suitable and cheaper gas for conversion into 
wer. 

It is this that Mr. Dowson has laboured to 
supply, not without success from a technical point 
of view. Of the other kind of success, for which 
all strive, we cannot speak ; but we think it may 
safely be said that the Dowson gas-producer has 
not been so widely applied as its merits would lead 
one to expect. 

The first three chapters of the book are entitled 
the ‘‘ Theory of Producer-Gas,” but a good deal of 
most useful, practical information has been inter- 
woven with the theory. The plan is one most 
desirable, and helps the engineer, who may not be 
acquainted with the science of chemistry, to ap- 





preciate the influence of the reactions that take | 
place in the producer, and also serves to impress | 


them on his mind. This is the right sort of educa- 
tion, and the right plan to follow in a book 
intended to be an educator. Engineers of the 
older generation who may remember certain in- 
genious fallacies—especially one from America— 
regarding fortunes to be made by ‘‘ burning 


steam,” may have speculated why it should be! 
necessary, in order to get good results in economy, | 
to introduce steam into the producer. The authors 


explain the matter fully, and in so clear a manner 
that no chemical knowledge is needed to follow the 
reasoning. Briefly, it may be said that by the 
introduction of steam with the air-blast, part of 
the sensible heat is absorbed in the producer by 
the reactions which take place between the steam 
and the incandescent carbon. This heat is stored 
up in the gases, and is available for useful purposes 
when the gases are burnt. The different conditions 
that respectively exist in the working of a steam- 
boiler and a gas-producer will be apparent ; in the 
former, any heat, sensible or otherwise, in the 
escaping gases is worse than lost ; while in the pro- 
ducer it is advantageous to have as low a furnace 
temperature as is consistent with the generation of 
the combustible gas; while heat, absorbed by 
chemical reaction, may be recovered when the gas is 
used, 

The limits to which this action may be carried 
are set forth in the book by numerical examples, 
together with the methods of generation and other 
matters relative to the production of air-gas (which 
must not be confused with the other air-gas made 
from hydro-carbon oil), water-gas and mixed gas, the 
latter being that which is almost always generated 
in the producer for power and heating purposes. 
Air-gas is made by supplying the producer with 
only air for combustion, whilst water-gas is made on 
an intermittent process, in which air and steam 
are alternately blown into the furnace, the products 
of the two operations being kept apart ; mixed gas, 
or semi-water gas, is made by blowing air and 
steam at the same time. A table is given showing 
the theoretical and practical results from air-gas, 
water-gas, and semi-water gas. It sets forth the 
composition, calorific power, calorific intensity, and 
thermal efficiency of samples of different gases. 
The calculated results are naturally better than 
those which are secured in regular work; but 


actual results obtained from trials made are also | 


given. The differences, the authors say, are not 
so great as might have been expected ; indeed, 
they are remarkably small. In this section of the 
work are discussed the effect of the volatile con- 
stituents of the fuel, which have so important 
an effect on the result. The loss of heat due to 


|eonverting the solid fuel into gas, and the fact 
|that reactions do not take place in accordance 
with assumed conditions, all tend to create the 
| difference between actual and calculated results, 
| Evidently we cannot follow the authors into these 
| details, interesting as they are to engineers ; but 
enough has been said to afford an idea of the 
scope of this section of the book, which, it may be 
| said, is treated in a clear and orderly fashion, as 
| becomes a work dealing with scientific principles 
| applied to industrial uses. 

| In a succeeding chapter Boudouard’s experiments 
on the conversion of carbon dioxide into carbon 
monoxide are referred to, and their bearing on the 
depth of fuel in a producer, the size of the pieces, 
and the velocity of the blast through the fire is 
pointed out. These are all interdependent, and in 
turn are influenced by the temperature at which the 
reactions are carried out. 

A chapter is given to ‘‘ Furnace Work” and 
another to ‘*‘ Heating Work.” In the former it is 
»pointed out how producer-gas, the gas-generating 
apparatus working with an efficiency of 80 per 
cent., can compete with solid fuel burnt directly 
where heat is utilised. The explanation is that gas 
affords a readier means of combustion than solid 
fuel, so that less escapes unburnt, and also that 
the waste gases can be used for heating the incom- 
ing air that is to be used for combustion. Taking 
these points into consideration, the authors assume 
‘*that in most cases the heat losses by direct-firin 
may be four or five times as great as by gas-firing.” 
Against this, however, should be set the 20 per 
cent. loss of the producer. The authors point out 
why attempts that have been made to heat boilers 
with producer- gas have not given encouraging 
results. With coal-fired boilers the mass of incan- 
descent fuel is within the boiler, and a large 
amount of heat is radiated from it. In the pro- 
ducer this is not the case, and, moreover, there is 





|a loss of heat in the process of conversion. This 


appears final, even though less air may be re- 
| quired with gas fuel, unless, as is suggested, some 
successful means can be provided for combining 
| the producer with the boiler. 

The chapter on ‘‘ Engine Work” treats on the 
use of gas rather than its production. In regard 
to economy, it is stated that ‘‘ general results show 
that when a steam-jet plant is used for making the 
gas, a modern steam-engine of good design con- 
sumes about 450 grammes (about 1 lb.) of fuel per 
brake horse-power hour, including the fuel burnt 
in the boiler to raise the steam required.” In this 
chapter, when describing the Gaillard and Haillot 
furnace, it is stated that ‘‘ nearly all modern re- 
generative gas-heated furnaces follow the principle 
of heating only the air by the products of combus- 
tion, and of letting the currents of gas, air, and 
products of combustion travel continuously in one 
direction.” The word ‘‘ furnaces” here has too 
wide an application. 

Perhaps the most interesting section of the book 
at the present time is that devoted to ‘‘ Suction 
Plants,” several of which are illustrabed and 
described. This system of generating and using 
producer-gas is spreading fast, and a good many 
engineering firms are now offering suction plants 
for sale. The successful application of the suction 
gas- producer to marine propulsion by Messrs. 
Thornycroft—not mentioned by the authors—opens 
up the prospect of a wide field of employment. In 
connection with this will be remembered the fore- 
cast of no less an authority than Sir William 
White in his inaugural address as President of the 
Institution of Civil Engineers. The Bénier, De- 
lassue, Fetu-Defize, Pintsch, Crossley, Watt, and 
Dowson suction plants are illustrated and described. 

In another chapter the use of gas from bituminous 
coal is dealt with, the Mond system being illus- 
trated and described at length. Brief mention is 
also made of the interesting producer Mr. Dowson 
brought out a short time back, and which works 
with what might be described as a compound 
draught. For the upper part there is a down 
draught, whilst the lower part has an up draught, 
the gas outlet being midway between the upper 
and lower portions. In this way the author essays 
to secure the advantages of both systems. It 
|would be interesting to learn more about this 
| promising idea. Speaking generally, the authors 
| say that it does not pay to use bituminous coal for 
|sizes smaller than are required for 200, or even 
| 300, brake horse-power. The chief difficulty is 
| that the coal cakes and the fire burns hollow, the 





| composition of the gas thus becoming irregular. 





Mechanical means have been devised to meet this, 
but, so far as we are aware, have not been 
successful. 

In the comparison of gas and steam power plants 
there is a good deal that may well make old-time 
steam engineers reflect, and call to mind once 
more Sir Frederick Bramwell’s prophecy. The 
diagrams given show plainly what a tremendous 
handicap the steam-engine and boiler have to 
carry in supplying heat that is carried away by the 
exhaust. is is a burden it is hopeless to expect 
to throw off ; and though the exhaust supplies the 
largest part of the loss in the gas-engine, and is 
supplemented by the loss from cooling water, yet, 
according to the authors’ estimates, a saving of 
53 per cent. of fuel is shown in favour of the gas 
plant, on the basis of 250 brake horse-power. 

The following section is devoted to fuel, a sub- 
ject which is treated somewhat fully, analyses of 
the different kinds used and the they pro- 
duce being given ; while a chapter on the calorific 
power of solid and gaseous fuels, some practical 
notes, and two appendices bring the book to a 
conclusion. 

On the whole, it may be said that the work is 
one that will be of value both to engineers and to 
manufacturers, not engineers, who may be seeking 
to instal gas-engines and to produce their own gas. 
The statement implies that the authors are experi- 
enced in the subject upon which they write, and 
that they have taken pains to convey the full infor- 
mation at their command in a simple and complete 
manner. 


The Sanitary Evolution of London. By Henry Jepuson, 
L.C.C. mdon: T. Fisher Unwin. [Price 6s. net. } 
In the seven chapters of this volume Mr. Jephson 
has given an account of the work done in the last 
fifty years for the improvement of the public health 
of London. The opening chapter gives an outline 
of the condition of affairs in London in the early 
years of the uineteenth century, and up to the 

ing of the Metropolis Management Act of 1855. 

hapter IT. carries on the record of work and legis- 
lation to 1860, while the next four chapters each 
cover a period of ten years, and the concluding 
chapter deals with the years 1901 to 1906. The 
story which Mr. Jephson has to tell is in many 
respects a sad one, as no reader can fail to be 
depressed by the pictures here presented of the 
squalor and filth in which a large section of 
the population of London has been living in 
sm ype! recent times; but, on the other 
hand, comfort is derived from the clear proofs 
given of earnest and largely successful efforts 
made to do away with such a dangerous and 
objectionable situation ; to abolish overcrowding, 
with all its accompanying evils ; to provide proper 
and adequate systems of sewage and drainage and 
of inspection of insanitary areas and dwellings ; and 
to foster in the mind of the community a lively and 
abiding interest in all questions affecting the public 
health. 

Mr. Jephson has made extensive use of the 
reports presented by medical officers of health 
from time to time, and a considerable portion of 
the volume consists of extracts from these reports. 
It is difficult to over-estimate the importance and 
value of the work done by these officials, and 
London owes to them, as a class and as indi- 
viduals, a debt of gratitude for their patient, fear- 
less, and diligent mgr nang of very onerous, and 
often very thankless, duties. It is through their 
vigilance that the public has been made aware of 
the evils existing in the Metropolis, and through 
their repeated insistence on the removal of these 
evils they have compelled local authorities to do 
“~ —_- 

e do not propose to go through the record of 
good work which Mr. its Wales contains. 
Rather would we devote a little space to a few 
words of criticism on the manner in which the story 
is told. Mr. Jephson is an ardent admirer of the 
London County Council, and has little respect for 
any authority which is not, like the County Council, 
elected by the —. This makes him enthusiastic 
when he has to tell of the work achieved by the 
County Council, but it also makes him somewhat 
blind to the sins of omission of that body, and at 
times a little less than just to the authorities which 
preceded it. This is the more to be regretted in 
that one of the greatest sins of omission with which 
the County Council may be charged is closely con- 
nected with the subject to which this volume is de- 
voted—namely, the supply of an adequate sewage and 
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drainage scheme for the Metropolis. The author re- | any way the work done by the County Council, but | Transformatoren und Asynchronmotoren Ihre Wirkungs- 
cords the excellent work done by the old Metropoli- | merely to show our readers that Mr. Jephson’s| ise Berechnung und Konstruktion. Von W. WINKEL. 
tan Board of Works in this respect, but by the time | record of progress is greatly lacking in details of | TS: } Hannover: Dr. Max Jiinecke. [Price 4.20 


the County Council was created the population of 
London had grown so much as to make the original 
scheme of the Metropolitan Board, then fourteen 
years old, no longer adequate for the needs of the 
community. The first Council, therefore, had to 
face this problem, and Lord Rosebery, as chair- 
man, described it, in 1890, as ‘‘ by far the greatest 
before the Council at the present time.” The 
Council’s engineers presented a scheme in 1891, to 
cost 2} millions, and plans were accordingly pre- 
pared; but that scheme is not yet carried out. 
Why? Because the Council in later years has 
allowed its attention to be diverted from this 
‘*greatest problem,” in order that :t might spend 
millions of public money on trading schemes, which 
might well have been left to private enterprise. 
Little was done at all till 1899, when the Council 
authorised drainage works, to cost 1} millions, 


and even now that work is not completed, and | P 


when completed it will be inadequate for the 
needs of the public. So great meanwhile has the 
debt of the Council become, owing to its tramways 
and other trading schemes, that the Finance Com- 
mittee in 1905 reported against further capital 
commitments on sewage foe drainage, although it 
was represented to the Council that the works then 
completed, or in progress, would be useless until 
further outlay is incurred to complete the scheme. 
This is not creditable to the Facer 4 but one looks in 
vain in these Pages for any record of this inaction 
on its part. hen it is a mean vestry or the 
Board of Works that is guilty of inaction, Mr. 
Jephson does not fail to point it out ; when it is 
the County Council, nothing is presented to the 
reader but a pleasant picture of untiring devotion 
to this ‘‘ greatest problem before the Council.” 
That is scarcely fair to the reader, and the refer- 
ence, on page 412, to ‘‘ the efficiency and thorough- 
ness of the present system” is not justified. 

Again, in the discussion of the work done in 
clearing away insanitary slums, and re-housing the 
people disturbed, Mr. Rushons is less than just to 
the predecessors of the County Council—the Metro- 
politan Board of Works. All that the reader is told 
of the work done by that body in this connection 
is contained in two or three scattered sentences, 
one of them being a quotation from a report issued 
by the Board. In dealing with the County Council, 
however, the author gives particulars of some of 
the areas cleared, and of the results of the Council’s 
efforts at rehousing. This is not as it should be 
in a historical record of sanitary progress in 
London, and it is certainly remarkable that no 
particulars should be given even in chapters 
specially devoted to the period when the old Board 
was at work. It has recently been pointed out by 
a writer in the Times that the improvements of 
insanitary areas initiated by the old Board cover 
57.24 acres; those of the County Council cover 
40 acres. The old Board displaced 24,100 persons, 
and on the cleared sites proyided healthy accommo- 
dation for 26,808 persons. The County Council in 
its ten completed schemes has displaced 12,749 
persons, and provided healthy accommodation on 
the sites for 8142 persons. Further, the Board 
carried out the rehousing without cost to the public 
purse by disposing of the sites to trusts, like the 
Peabody Trust, and to companies and _ indivi- 
duals requiring them to erect suitable dwell- 
ings upon these sites, while the cost of the 
County Council dwellings falls on the ratepayers. 
As regards the number of persons reinstated, Mr. 
Jephson makes a misleading statement on page 
364, where he says that a summary of the work 
accomplished by the Council shows that accommo- 
dation had been provided for 35,950 persons at a 
cost of nearly two millions. That statement follows 
immediately upon paragraphs dealing with the 
clearing of insanitary areas and provision of good 
houses on the same sites, and the general reader 
would certainly conclude thav the figure of 35,950 
refers to the persons accommodated in this connec- 
tion ; but, as a matter of fact, the author here in- 
cludes the Council’s building of artisans’ dwellings, 
in and outside the London area, which have no con- 
nection whatever with improvements of slums, and 
are carried out under quite different statutory 
powers. It would have been well if Mr. Jephson 


had distinguished between these two schemes, and 
if he had done fuller justice to the work of the old 
Metropolitan Board of Works. 

We do not make these criticisms to belittle in 








importance and is certainly rather one-sided in its 
point of view. 


Ammonia and its Compounds. By J. Grossmann, M.A., 
Ph.D., F.I.C., Chemical Engineer and Consultin 
Chemist. 1906. London and New York: Harper a 
Brothers. 

Tue preface to this volume announces this to be 

the first of a series of ‘‘ Hand-Books of Chemical 

Technology,” which the publishers intend to issue 

in a series of volumes uniform with the present 

work, each volume dealing with one specialised 
subject or natural group of subjects. There are, 
of course, many books y available dealing 
exhaustively with ammonia and its compounds, so 
that there is little room for originality of treat- 
ment ; and in the present case the author expressly 
admits that his work ‘‘ must necessarily be a com- 
ilation,” and he even gives the list of books used 
in its preparation. A compilation, however, ma: 

serve a very useful purpose if it is prepared with 
discretion and knowledge, and in the present case 
both these virtues are evident. The book is not 
overloaded ; but, on the other hand, the reader 
will find there a very adequate account of the 
subject with which the author deals. In the dis- 
cussion of methods of preparation of the different 
compounds, the important factor of cost is kept 
prominently in view, while in the purely scientific 
matters attention is drawn from time to time to 
problems still requiring solution. The volume 
contains many useful statistical tables. 
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THE MODERN DEVELOPMENT OF 
BRITISH FISHERY HARBOURS.—No. IT. 
By H. C. M. Austen, Assoc. M. Inst. C.E. 

Tue development of railways and the compara- 
tively recent application of steam to fishing vessels 
are, it has been stated, the primary causes of the 
modern development of fishery harbours in this 
country. The extent of the expansion of trade 
thus brought about may be very clearly realised 
by reference to the Annual Reports of Proceed- 
ings under Acts relating to Sea Fisheries, and from 
the Statistical Abstracts of the United Kingdom. 
For instance, between 1886 and 1905 the quan- 
tity of fish landed in Great Britain has increased 
from 11,130,578 cwt. to 19,166,070 cwt., or by 
8,035,492 ewt. The value of fish thus landed was 
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far as Scotland is concerned, the East Coast comes 
first with 57.7 per cent. of the total quantity, the 
Orkneys and Shetlands second with 32.3 per cent., 
and the West Coast third with 10 percent. The 
corresponding values are 65.5, 24.6, and 9.9 per 
cent. respectively. 

Not only do these figures prove conclusively that 
the North Sea contains by far the largest and most 
valuable fishing-grounds, but they also show the 
reason why East Coast harbours as a whole have 
been improved and extended to a much greater 
degree than those on any other coast (see map on 

168 ante), and that, owing to the correspond- 
Ing amount of their revenues, a larger expenditure 
of capital upon them has been justified. It would 

Fig.3. 
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per cent. landed, Aberdeen accounts for 39 per 
cent., Fraserburgh 134 per cent., Peterhead 13 per 
cent., and Wick 10 per cent. The magnitude of 
the Shetlands herring fishery, which, by the way, 
has increased by nearly 520 per cent. in the last 
ten years, will be realised when it is stated that it 
represents 28 per cent. of the total quantity of all 
kinds of fish landed in Scotland. The quantities and 
various kinds of fish landed— pelagic and demersal— 
have been thus referred to, inasmuch as the accom- 
modation required at any given harbour is largely 
governed by the nature and extent of its trade. 
Direct evidence of the growth of the fishing 
industry in its relation to railways, and its conse- 
quent effect upon fishery harbours, is given by the 
great increase in the quantities of fish carried away 
by rail from these ports. The increase for the last 
twenty years has been 288,780 tons, or 884 per 
cent., both England and Scotland advancing in this 
respect at about the same rate. 
urther evidence of development is forthcoming 
by reference to the export of fish from the United 
ingdom. This branch of the trade has increased 
in value of fish exported by 75} per cent. In 1905 
the value exported was 4,164,869/., of which figure 
three-quarters was attributable to cured herrings ; 
so that, with the value of exports standing at 
371,015,3211., fish represents 1.12 per cent. of the 


mae ia Ry, [om total exports for the United Kingdom. 
g Ne As to the fishing vessels themselves, seeing that 
5 +4 s their development is one of the principal causes of 
# wv y modern harbour improvement, considerable fluctua- 
oy 4 tions in their numbers and tonnage are the logical 
‘tei Ay result. As may be seen from Table I., and as repre- 


sented graphically on diagrams, Figs. 2 and 3, both of 
which have been compiled from the ‘‘ Annual State- 
ments of Navigation and Shipping,” no more com- 
plete change within so short a period of years has 
probably ever yet been recorded in the annals of 
shipping than that which, within the last twenty- 
five years, has taken place amongst fishing vessels. 
Steam, it has been observed, was not introduced 
until 1880, and at the present day steam fishing- 
vessels represent 17 per cent. of the total number in 
England and Wales, and 5 per cent. of the total 
number in Scotland ; or of the total tonnage, 49 
and 12} per cent. respectively. Practically al 
these vessels are first class, or of more than 15 
tons burthen ; and, so far as their individual ton- 
nage is concerned, seem, within the last five years, 
to have reached a permanent figure, averaging 54 








First Cuass. SEcoND Cass, Tauren Oras. Sorat tons in England, and 37 tons in Scotland. Of the 
: ’ sailing-boats in England engaged in fishing, 23 2 
N | No. No. | sre No. ” » t. are first class, 56 3 t d cl 
YEAR. Satu. *, Steam. = | rt Salt. | +, | STEAM. 4, Sain, | 4, Sa anpSreamM. |. | percent. are first c ass, 00 » per cent. second Class, 
: 0, 23 Pik 0, 0, 0, 0, |and 20.5 per cent. third class. Of the Scottish 
or or or or or | or ilk * oy H 
No. Tons.| — No. Tons.| - No. |Tons. — No. Tons. ~ No. | Tons.} — No. Tons. — sailing boats engaged im fishing, 31.3 per cent. are 
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England and Wales. alge ~— - The English a 
1880 | 8840) 42 | Ni | Nil .. | 5792! 5 | Nil | Nil | 502) 19) .. | 10,204) 19 boats, which reached a maximum tonnage of 474 
1893 | 3272 | 47) | -1 | 562] 48 | .. | 4101 | 5} - if Ey <3 s2 2 | — | 8017 | 25 | —1 | tons in 1893, have steadily decreased in numbers 
ony a 33 i —_ = +t —_ bt | ey rs : = 2 | ; oa = =3 since 1880, and in tonnage since 1893; and, like 
90 ’ — § - 2 ; = - oD = | A - . . : 
1905 | 1762 | 32h —D 15% | 54 | 41 | 4973| 6 | +1) 19 7 + 1556) 21 + 131 18} | +D|the Scottish boats of this class, which, though 
Scotland they have steadily decreased in numbers, have 
a , increased in tonnage, have at length, it is evi- 
1880 | 4300) 15 | .. | Nil) Nil) .. | 7604 5 Nil | Nil 1276; 2 | 13,240) 8 jah eit hea 1 rd ‘a inl 
1898 3501 213) -T1 119 so |. 6799 3 = oe mn | 939 i 11,358 | 9. +1 en » eltner reac e an equal stage of elimina- 
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the deterioration in numbers continues. This is 
scarcely likely, however, as most of these boats are 


D denotes decrease in tonnage ; I denotes increase in tonnage. First-class boats comprise those of 15 tons burthen and upwards. 


Second-class boats compr 


those of less than 15 tons burthen, navigated otherwise than by oars only. Third-class boats 


comprise those navigated by oars only. (Up to 1902 open boats, fishing on coasts and in territorial waters—i.e¢., within three 


miles from low-water mark—were exempted from registration. 


that only rowing-boats are now exempted.) 


5,091,4701. in 1886 and 9,849,792]. in 1905—an 
increase of 4,758,322l.; or, to put it more con- 
cisely, the quantity of fish landed in the last 
twenty years has increased by 401,775 tons, or 
72 per cent., and in value by 4,758,3221., or 93} 
percent. It is interesting to note that the average 
price of 1 ewt. of fish in 1886 was 9s. 11d., whereas 
in 1905 the price was 10s. 3d. The quantity of 
fish landed in England and Wales exceeds that 
landed in Scotland by 44 per cent., but its value 
is still greater—171 per cent.—and its price 12s. 9d. 
per hundredweight, compared with 6s. 9d. per 
hundredweight in Scotland. 

One of the most striking features apparent in 
analysing these figures is the enormous preponder- 
ance in the quantity and value of fish landed on the 
Fast Coast. Taking England and Wales alone, the 
quantity of fish landed on the East Coast is 80 per 
cent., and its value 81.4 per cent. of the total. 
The South and West Coasts are only responsible for 
9.1 and 10.9 per cent. respectively in quantity, or 
in value 7.1 and 11.5 per cent. respectively. So 





Since 1902 all boats carrying sails have been included, so 


therefore, perhaps, be only natural to suppose that 
the number of East Coast fishery harbours was 
largely in excess of those on the South and West 
Coasts. As a matter of fact, the numbers are as 
follow :—East Coast, 19; South Coast, 14; and 
West Coast, 12; or 42, 31, and 27 per cent. re- 
spectively. In Scotland, however, there are no 
less than fifty harbours on the East Coast and 
fourteen on the West Coast, whilst the Orkneys 
and Shetlands have only one each, Kirkwall and 
Lerwick, although, as in England and Scotland, 
fish is landed at many small fishing villages with or 
without piers. Of the 80 per cent. of fish landed 
on the t Coast of England, 324 per cent. is 
landed at Grimsby, 14} per cent. at Yarmouth, 
and 13} per cent. at Lowestoft. The catch of 
pelagic fish (herring, mackerel, pilchards, and 
sprats) is 35 per cent. of the total catch, and 42 per 
cent. of it is landed at Yarmouth. Herrings alone 
constitute 73 per cent. of the quantity of pelagic 
fish landed. On the East Coast of Scotland 
the distribution is also uneven. Of the 57.7 





sailing trawlers in home waters, and are a most 
useful and remunerative type of vessel. In the 
case of second-class fishing-boats (sailing), those 
registered in England and Wales have steadily 
increased in numbers since 1901 (before when the 
numerical decline was considerable), and there is 
also a slight rise perceptible in their tonnage. Those 
of this class registered in Scotland have decreased 
in numbers yearly, and the probability is that this 
decline has almost reached its limit, and that both 
in numbers and in tonnage they will tend to develop 
asin England. The fluctuation in the number of 
third-class fishing-boats is explained in the note at 
the foot of the table, and, so far as harbours and 
revenue are concerned, their importance is trifling. 

Having reviewed the increase in trade, and the 
development of fishing vessels, within the last 
twenty-five years, it is not surprising to find that 
this period has been distinguished by many im- 
‘aw engineering works at almost every fishery 

arbour capable of, and suitable for, extension. 
The effect of the expenditure thus involved upon 
revenue, especially where the works carried out 
have been so designed as to adequately fulfil the 
requirements of the trade, may be seen in Table IT. 
and in the diagram, Fig. 4. For the former, 
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thirteen English and fifteen Scottish ports have 
been selected as fairly representative of recent | 
development. The diagram, however, only shows | but it is a fact that wherever such improve- 
the relation of expenditure to revenue at some of | ments have entirely met up-to-date requirements, 
the more important harbours so far as fluctuation | there has been a steady increase of fishermen 


is not, therefore, proposed to pursue the subject ; 


DIAGRAM SHOWING RELATION OF EXPENDITURE TO REVENUE. 


Fig .4 





| on harbour improvement and population, and it} particular class of trade or industry has been 

| developed, a fresh impetus has been given to the 
general trade and prosperity of the district. Trades 
allied to the fishing industry may be said to include 
curers, gutters, packers, coopers, box - makers, 
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alone is concerned (as in the case of the previous 
diagrams, showing the numbers and tonnage of 
It cannot be said, of course, as 


fishing-boats). 


was stated in the first article of this series, that 
there is a direct relation between expenditure 


YAR 1891, Year 1901, 
$4 & = 
ao 7 A 
Ss3| § g 2 

>¢ 3 ev = | \ ry - S-; 
Tie SS oe ee ee ee eee 
cn. 3 o 3 2s 2 = 25 
casi © | s | S| Be |g | B. | Be 
doe a =) a oO” ia} v4 5 

£ £ £ £ 

8 6,445 Nil 6,094 | 26,268 1,522 6,699 9,395 

7 8,633 40 =3,833 33,163 | 1,608 4,505 21,400 

6} | 2,186! 808 2,200] 22,000; ‘673| 2,088 32,000 
600 boc. 1 BOR + os 41,886 | 5,17, 49,243 

10 7,033 | 1,470 7,978 es 1,537 +8092 ne 
; Myer tl. ». ?3,825 | 61,530 4,287) 33,625 30,800 
8-19, 19,702 | 12,291) 23,347 75,770 13,025 29,850 77,400 
10-11 | 46,767 10,440 49.334 925 13,605, 51,316 36,409 
10-11 | 40,010 | 32,564 51,934 | 236,526 | 39,523) 63,138 337,663 
3-8 14,086 | 749 13,075 | 15,000 621) 11,755 3,182 
3-9 16,998 | 8,119 21,288 90,520 | 7,185) 22,723 87,4¥8 
6-11 | 44,188/ 2,396 46,588 | 89,620 | 3,576 51,366 18.843 
38 996 | 260 828 31,189 450 964 Nil 
6 *59,485 318 68,707" Nil 275| *77,439 25,000 
as 140,239 | 61,251 153,587 | Nil 62,824 161,173 15,000 
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4-8 | 106,397) 1,483 124,943 9,000 8,308 153,505 110€,000 
4.8 10,953 | 9.082 12,226 16.065 9,237 11,794. 48,165 
7-9 €,588' 8151 7,466 | 122,344 8,514 9,105 97,034 
56 585 27% 52 18,090 131 617 Nil 
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In Scotland alone, 


| wholesale and retail fish salesmen, ice-factors, boat- 
builders (steam and sailing), net-makers, salt and 
stave-wood importers, carters, labourers, clerks, 
where detailed records 
are more readily accessible, the number thus em- 
ployed was 52,043, or 59 per cent. of the total 
engaged in the fisheries, the remaining 41 per cent., 
or 36,158 persons, being resident and non-resident 


| Space does not.permit of a detailed survey, other 
| than that afforded by Table II. and Fig. 4, of the 
| resulting revenue from expenditure on new works. 
Few harbours, however, exist which are exclusively 


None | dependent on the fishing industry, and of those 


ow | included in this table, Sutton, Torquay, Hartlepool, 
|and Dundee, where jute is the principal import, 


are the least reliable examples. Newlyn, to which, 


911 | amongst others, special reference will be made in a 


| future article, is beyond question the most remark- 


None | able example of a successful fishing port, the whole 
11-13 | of the existing harbour having been entirely built 


within the last 25 years. 


Year 1905, &e. 
| 33 DRAUGHT OF | 
> | 3 Fisnine- | 
a =. Boats. 

|} 5 |e OO 
ise! ¢ |383 fishermen. 
@#) 8 3 '. g 
2/2 BF a | ¢ 
8= | fg 384 Bat a 
£ £ ft. ft. 
Nil 1,801) Nil 7 
»» | 8,662) 13 | 7-10 
1,950 990| lu | 58 
4,959, 10,351, 6 10 12 
. 1,499 6 9-11 | None | 
Nil 7,389 3-20 3-4 | None 
73,000, .. ll 8-9 
Nil 15,548! 12 10-11 | 11-12 
56,172 70,973 64 8-13 | 10-14 
Nil 350 1 4-9 
69,174 15,978 12-15 4-9 
Nil 6,875, 25 6-9 10-13 | 
* 685 Nil 8-10 | 11-12 | 
- ane . a 
300 65,592, 12 None 
5,€57 554 8 79 one 
41,000 8,919 14 3-8 | 9-13 
19,520 13,620, g-8 7-10 | 10 | back. At S 
6,984 15,294/ 6-9 8-10 | 10 | 
1,055 127 6 6-10 | None | 
25,000 867 3 9 
235 235 1 8-9 
Nil 1,200 6 910 
» | 1,663) 6 | 89 
” 74, 1 810 | None 
- 1,229 7 7 | None 
d7J 168 2 7-9 | None 
2,330 13,520 3,280) 14-99 


t Figures relating to expenditure and revenue as regards fishing exclusively. 


10-12} 13 


resident within the limits of the port; and that 
wherever an appreciable exporting trade has been 
developed, a greater demand for labour in trades 
allied to the fishing industry has followed ; and, 
further, it cannot be denied that wherever any 








> 


At Mevagissey, the first 
10 12* | expenditure of 22,0001. was practically wasted by 
11-14 | the destruction of the works in the blizzard of 1891, 


| and its inaccessibility from inland is a serious draw- 
t. Ives (where a national harbour of 
refuge is being mooted), Brixham, Whitby, North 
| None | Sunderland, Stonehaven, Sandhaven, and many 
| None | other of the less important Scottish fishery harbours, 
| 19 | the difficulty of raising sufficient money in the past 
to effect improvements has effectually barred pro- 
gress, though, in the case of the first three men- 
| tioned, there is every prospect of new works being 
| undertaken shortly. At Lowestoft, even if ample 
| return in revenue is not directly gained by the har- 
bour improvements, the Great Eastern Railway 
Company as a whole benefits from the increased 
traffic returns which are thereby induced. 
new Hamilton Dock, opened only a few months 
ago, is responsible for the latest expenditure of 
73,0001., and, of course, no corresponding return for 
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this outlay can as yet be obtained. It should be 
understood that the word ‘‘ expenditure” includes 
not only capital, but also free grants, public or 

rivate subscriptions, and sums taken from revenue. 

At Grimsby, as at Aberdeen, the general trade, 
as distinct from the fishing trade, is very consider- 
able, and the same thing applies, though in a lesser 
degree, to Yarmouth and Shields, which also are 
most successful fishery stations. At Newhaven the 
new fish- market is chiefly responsible for the in- 
creased revenue, a large proportion of the fish 
being landed at the neighbouring ports of Leith 
and Granton. Peterhead and Fraserburgh, espe- 
cially the latter, are both notable instances of 
great, continuous, and successful enterprise. The 
numerous Moray Firth fishery harbours, the causes 
of their unsatisfactory financial status, and their 
incapacity for great extension have already been 
referred to; though in justice it must be said that 
their present state is not due to want of enter- 
prise, a spirit which, in fact, seldom characterises 
the Scotsman. 

One of the most important qualifications for the 
modern fishery harbour to ss, to which re- 
ference has already been made, is ample depth of 
water, so that all vessels which frequent it can get 
in and out of port at all states of the tide. The 
modern sailing drifter, when laden, draws from 
5 ft. to 8 ft., according to its local type, and the 
steam drifter, which has ousted the former class 
so extensively, about 9 ft. The sailing trawler of 
to-day, such as frequents Lowestoft, Ramsgate, 
and Brixham, draws about 10 ft. when laden, and 
the steam trawler anything from 10ft. to14 ft. It 
is therefore evident that, in designing a harbour 
which will be used more especially for a particular 
class of fishing, due provision must be made for the 
average draught of the vessels engaged therein. 
A careful inspection of the table will show how 
largely the question of revenue is affected by 
low-water accommodation, and it is clear that 
all harbours thus equipped—as, for instance, New- 
lyn, Lowestoft, Yarmouth, Shields, Aberdeen, 
Peterhead, Fraserburgh, and Lerwick — chiefly 
owe their prosperity to the possession of this 
primary esential. Grimsby, at first sight, would 
appear to be a contradiction of this state- 
ment ; but Grimsby, it must be borne in mind, is 
not the head-quarters of the herring fishery in 
England. Fishermen engaged in this class of 
fishing require low-water accommodation in order 
to catch the earliest market without any delay, and 
in order that their fish may be landed in the 
freshest possible state, and in order that they may 
make the greatest number of trips in a given 
time, for the season is comparatively a short one. 
Deep-sca trawlers and liners, which preserve their 
catches in tanks and ice, chiefly frequent Grimsby, 
and they can afford to shelter under Spurn Head 
until the tide suits for entering the docks. Further, 
Grimsby possesses probably the finest equipment 
for handling fish, and has undoubtedly about the 
best inland railway communication of all the fishery 
harbours. Brixham, whose position is an excellent 
one, and analogous to that of Newlyn, is rather a 
peculiar instance of a harbour with a fair depth of 
water, but which is unable to make much headway 
under present conditions. This is largely due to 
the inadequate protection from the breakwater not 
yet completed, but also to the fact that the Brix- 
ham trawler draws considerably more water than is 
provided at low water within the harbour. Thus, 
whilst many harbours are adversely affected by 
indifferent railway communication, the majority 
suffer more seriously from insufficient low-water 
accommodation, and of these St. Ives, Scarborough, 
W hitby, Stonehaven, Sandhaven, Portsoy, and 
others in the Moray Firth, less favourably situated, 
are prominent examples. ll fishery harbours also 
should be harbours of refuge, and it isa well-known 
fact that where comparatively shoal water obtains, 
and the waves are therefore constantly breaking, 
no harbour entrance can be considerd safe, even if 
lis piers or breakwaters are so formed as to reduce 
the action of the seas within them. 





THE DEFORMATION OF PROPELLER- 
BLADES. 
By Witu1am Bog.incuam. 

IN view of the troubles experienced during the 
past few years with the bending, warping, and 
hreaking of high-speed propeller-blades, it has 
vecome necessary to study them mors closely than 
ever before, in order to determine the changes in 


design necessary for their improvement. The 
warping, or bending, is not so much due to the lack 
of metal in the blade as it is to poor design in its 
distribution ; that is, in two propellers of the same 
weight, one can be made much stronger than the 
other through care and knowledge in designing. 


article. It is evident that the shape of a section, 
as ordinarily designed for high-speed work, cannot 
be perfect if it either bend or break. A section 
which fails either way is not the most suitable for 
resisting the internal stresses of the blade, which 
are caused by the resistance of the metal to the 
direct thrust against the water. 

The most obvious way to strengthen a blade is 
the one usually adopted, even then with litile 
success—that is, thickening the section. But there 
is a limit to this thickening process, especially in 
high-speed propellers. It follows, therefore, that if 
we cannot add more metal, weshould try and dis- 
tribute that which we have in such a way as to 
better enable it to resist these internal stresses, 
which are none the less formidable because so 
little considered. 

The section of metal in the contemporary design 
is almost identical with that of the first propeller 
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ever cast, when internal stresses were hardly con- 
sidered ; at that time, also, these stresses were so 
slight, in comparison with the weight of metal in 
the blade, that they could very well be ignored ; 
but, in these days of torpedo-boat and other high- 
speed propellers, the weight has been reduced to a 
minimum, and the thrust per square inch increased 
to a maximum, making it'an absolute necessity to 
pay strict attention to the correct distribution of the 
metal. This subject has been ignored almost en- 
tirely by text-books, and the following results have 
been deduced from observed facts. 

The difficulty experienced with the blades of 
high-speed propellers has been as follows :—The 
leaving edges of the blades, after a short service 
‘under full power, are found to have been bent, 
broken, or in some cases eaten away as if by gal- 
vanic action. This occurs at a point on the leaving 
edge of the blade, equal to about two-thirds the 
diameter of the wheel. The ragged edges of the 
corroded places, and the cup-shaped bends, will 
always be found to have bent in the direction of 
| the thrust—that is, with the thrust and against the 
jreaction of the water—opposite to what would 
|seem to be the natural tendency. 
| The appearance of the blade is very similar to 
|what would have occurred if the propeller had 
collided with a log or drift-wood in backing; this 
collision theory is the one usually advanced by the 
parties interested. The trouble is too frequent to 











The determination of the best shape of section for | 
a high-speed propeller-blade is the object of this | 
| spots are easily located. The three marked charac- 





be explained away by collision with the ever- 
convenient drift-wood, and clear thought upon the 
subject must insist upon presenting some other 
ae 

he photographs reproduced in Figs. 1 to 5 on 
the present page and pages 264 and 265 show very 
clearly the appearance of a blade in this condition 
after a full-speed trial. The cupping and corroded 


teristics of this type of trouble are : first, cupping 
similar to that which occurs if a sheet of tin be 
compressed edgewise so as to warp the surface ; 
second, bending—that is, the leaving edge is bent 
over in the direction of the thrust in a greater or 
less degree, as if flanged ; and third, corrosion, or 
eating away, the result of the cupping or bending 
carried to the fatigue point of the metal and caus- 
ing breaking away. Galvanic action is usually the 
cause to which the latter effect is ascribed ; but it 
does not seem necessary to. call this force into 
action, as close examination of the hull plates and 
the surrounding zinc plates will show that such 
could hardly take place. We must therefore lcok 
for some other solution. 

It is a significant fact that these corroded or 
eaten places are coincident with the Lelly of the 
cup-shape bend, and lead away from the edge 
toward the centre of the blade. At the point where 
the greatest part is eaten out, we find that pieces are 
often so eaten or cracked as to be almost ready to 
break away from the blade. To ascribe the pheno- 
mena taking place always at this particular point 
—and only there—-on all ships, to the collision 
with drift-wood, is manifestly absurd. If this is 
not caused by chemical or galvanic action, it must 
be due to mechanical means. 

A propeller of three blades will often show a 
difterent type of injury on each of its blades. One 
will have a cup-shaped projection, another the 
flanged edge, and the third the eaten away or the 
cracked appearance ; or the three effects may be 
traced out on one blade. Fig. 1 shows one,corroded 
or eaten blade, the other two blades being cupped. 
Fig. 2, a blade of another propeller, shows the 
effect of both cupping and corrosion. Fig. 3 is a 
propeller that was cupped on No. 1 and No. 3, and 
corroded or eaten away on No. 2 blade. As shown 
in the photograph, two of the blades have been 
trimmed to a line similar to the line shown on 
blade 2, the chippers getting their work in ahead 
of the photographer. Figs. 4 and 5 are side and 
end view respectively of a propeller, showing the 
cupping in a marked degree. 

The screw (Fig. 3) was carefully designed, and 
its dimensions averaged from the best types of 
English, French, and American blades in use for 
similar work. The data are as follow :— 


Displacement of boat 170 tons 
Revolutions per minute ... eet 352 
Three blades, manganese-bronze... 70,000 Ib. tensile 
strength 
Diameter va ies we 5 ft. 8 in, 
Pitch ... li ve a at D on itn 
Pitch radius ... = aa ne 1,59 
Slip... af vr “<8 ... 16.3 per cent. 
actual 


Rake aft at periphery el 8 in. 
. 10.3 square feet 
7.59 


Developed area Sha 
Projected area ‘in we * 
Thrust per square inch of deve- 


loped area 7.1 Ib. 
Weight nme ea 880 Ib. 
Shape of blade ...Modified Griffith’s 
Hub ... a“ Cast —_ with 
es 


These dimensions compare favourably with the 
best boats of this class, and the performance of the 
propellers was excellent. ‘The blade was amply 
heavy for the turning moment of the engine, as 
will be seen by the following figures :—Assuming 
the efficiency of the engine at 75 per cent., and 
that of the propeller the same, we have as thrust 
in pounds 

H.P. x 18,560 
Revolutions per minute x pitch in feet’ 
Stress per square inch at root of blade equals 


A thrust x @ radius blade 


or 4700 lb. per square inch. 

The average of twenty successful propellers is 
somewhat over 5000 lb. ; consequently it is evident 
that the wheel under discussion was amply strong 
to resist the ordinary leverage exerted by the 
engine. ~* 

After steaming about 500 miles, this boat was 
docked for the purpose of cleaning and painting 
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her under-water body. The opportunity was taken 
to re-measure her screws very carefully. The most 
noticeable point about the wheels was the charac- 
teristic cup-shape bending of a portion of the 
leaving edge in the direction of the thrust, as shown 
in the photographs. The next point was that the 
pitch of the blades was less than when originally 
measured. 

Original pitch 108.2 in. 

New pitch * se 107.38 ,, 

The above figures show a difference of 0.82 in. 
before and after the full-power run. 

If we eliminate the hypothesis that the blade 
was deformed by external agencies—that is, hitting 
some floating body—we have no way of explaining 
the trouble otherwise than by the supposition that 
the internal strains engendered in the metal of the 
blade by the stresses due to the turning moment of 
the wheel so act upon the molecules of the metal 
as to cause them to flow. 

We need not consider the effect of cavitation or 
the vacuum created by the passage of the blade 
through the water, as in any case it could not 
amount to enough to bend the metal. In the case 
under discussion, the prexsure due to the vacuum 
would be 14.7 lb. plus the weight of a column of 
water about 4 ft. high. 

An instance of the tremendous power exerted by 
these internal stresses is shuwn by the effect upon 
the propellers of the City of Paris (American Line), 
now the Philadelphia. A few years ayo, upon 
docking her, it was found that the leaving edge 
of one of her propellers was bent in the direction 
of thrust, or. aft, about } in. for a distance of 
18 in. at a point equal to two-thirds of the radius 
of the wheel. The beginning of the bend—say, 
6 in. from the edge—was approximately 3 in. thick. 
This was chipped off and the blade faired up. But, 
strangely enough, upon re-docking the boat a few 
months later, the same blade was found to have 
been bent in the same place and in the same 
manner. This is surely evidence that a tremen- 


dvuus force is exerted somewhere to bend the blade 














with such a heavy section of metal, and it is 
hardly likely that an inevitable log was at hand to 
occasion the same damage twice in the same place. 

Now the only considerable force that could con- 
ceivably bend the blade is that due to the thrust or 
propelling power, and the point is to determine in 
what manner this thrust per square inch of area 
can distort the blade locally, and why always to 
such an extent at this particular point. Why is the 
deformation cup-shaped, and why are there appa- 
rent traces of galvanic action ? 

It is apparent that the thrust of the propeller will 
tend to decrease its pitch, and it will actually do 
this if there is not sufficient metal in the blade, or 
if it is poorly designed or distributed. In this 
articlait is claimed that the deformation is almost 
entirely due to incorrect designing, owing to a mis- 
apprehension of the principles involved, or, rather, 
to a non-consideration of these principles. 

The internal stresses of the blade metal are very 
high, and are generated in three ways: First, by 
the alteration of pitch ; second, by the spring of 
the wheel aft ; and, third, by the pulsations of the 
blade, due to the variations of the thrust pressure 
per square inch. Considering the blade of the 
wheel as a beam secured at one end, with a dis- 
tributed load, it is evident that the entering edge 
of the blade will be in a state of tension, and the 
leaving edge in compression, due to its springing 
aft. As the pressure on the blade is constantly 
varying, the amount of tension and compression in 
the blade metal will vary proportionally ; that is to 
say, the entering edges are being stretched con- 
stantly, but by a variable amount; at the same time 
the leaving-edge is being compressed, thus tending 
to warp this edge. 

This pulsation fatigues the metal and robs it of 
its elastic properties. At the moment it begins to 
lose its elasticity it will flow, and at the point of 
least resistance will depart from its normal shape. 
This point of least resistance seems to be always 
located at about the same place on the diameter, 
and it is situated on the blade at the junction of the 











leaving edge, and a circle with a diameter equal to 
two-thirds of the diameter of the wheel. 

As the leaving edge is in a state of variable com- 
pression while in motion, the flowing metal must 
either cup or bend the edge. This cupping or 
bending will be local to the edge or extend towards 
the centre of the blade in a line perpendicular to 
the edge. The process may be roughly imitated 
by taking a sheet of stiff paper and compressing it 
edgewise. The cup-shape warp will immediately 
be seen. 

In every marine junk-shop the majority of the 
damaged steel and iron propeller-blades will be 
found to have broken at this point of least resistance 
at about two-thirds the diameter of the propeller. 
The cause, if looked into, will be found to have 
been attributed to the wheel striking some floating 
object. In the light of the preceding explanation, 
it is more reasonable to suppose that the breaking 
was due to the tension and compression of the 
entering and leaving edges respectively, with con- 
sequent fatigue of the metal, ard rupture at the 
point of least resistance. 

In the case of the manganese-bronze propellers, 
the metal is tough, and will bend and stretch 
rather than break ; while, on the contrary, the steel 
and iron blades break at this point by reason of 
their brittleness, their percentage of elongation 
being nothing like as high as that of the bronze 
blades. 

The apparent galvanic action or crumbling is due 
to the continual bending of the metal. Under the 
pulsation of the blade it becomes greatly fatigued, 
and the tiny cracks on the original surface are 
opened and closed until the metal breaks off, the 
appearance being similar in many respects to that 
due to galvanic action, but not exactly. The 
small cracks appear as if the metal had separated, 
rather than corroded through the chemical action 
of the galvanic current. In some cases the cracks 
are numberless and parallel, as though the metal 
had been bent over a cylinder of small diameter. 
In other cases the edge of the blade appears as if it 
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had been bitten or torn out, the ragged edges 
being always turned in the direction of the thrust. 

The belly of the cup-shaped deformation on the 
leaving edge of the blade usually extends in the 
direction shown by the line X Y in Fig. 2. This 
will be found to be the usual line of break in a steel 
or iron blade. To determine the direction of flow 
in the metal of a blade the surface was divided by 
lines into squares of about 23 in., and the inter- 
sections of these lines centre punched. It is the 
intention to note the variation from the original 
in the lengths of the sides of the squares formed 
by the lines above mentioned, when the boat is 
next docked. At present writing, unfortunately, 
this has not been done, but the results will be 
embodied in a later article. 

Granting that the above reasoning is true, then 
it follows that we must look to a change in the 
design of our propeller-blades. Our aim should be 
to obtain a stronger blade with no increase in weight 
over the present design. Necessarily, increasing 
the weight would increase the strength. But if it 
be possible to obtain the same result by a judicious 
and correct distribution of the same amount of 
metal, it is evident that the latter is the better 
solution. 

The shape of section as submitted (see Fig. 6) is 
similar to the later designs of a celebrated French 
torpedo-boat builder ; and it is probable that he has 
found from experience that this is the better way. 
In his blade the principle is not carried as far as is 
here deemed advantageous, but it seems evident 
that he is on the same track. 

The thick central section of the blade, as ordi- 
narily designed, has only to resist the leverage 
due to the turning moment of the engine. This 
section would act equally as efficiently were it placed 
cither forward or aft of its present position. The 
blade as now designed starts to bend, warp, or 
break on the leaving edge, and as this invariably 
occurs on that edge, and by reason of the compres- 
sion strain, we must so design as to prevent this 
deformation. Evidently the best method would be 
to make the leaving edge of the blade act as a strut. 
The only practical method of so doing would be to 
carry the thick section of the centre aft to the 
leaving edge, 





Full 


Doctodd Lites Show change as 
Proposed 
theory. 





Lines show propeller 
made 


tin accordance wih 





BLADES. 





Fie. 5. 

As the entering edge is in a state of tension, and 
the leaving edge in a state of compression, the 
thick central part of the blade as ordinarily cun- 
structed must, therefore, be in the neutral axis. 
We need to reinforce the leaving edge, and the 
most simple and obvious way is to move the thick 
portion nearer to the leaving edge, thus making an 
effective resistance to the compressive stress in the 
leaving edge, and without detriment to the strength 
of the propeller as ordinarily figured and designed. 

A blade designed as in Fig. 6 would be in a con- 
dition to resist the deforming effect of the internal 
stresses, and yet offer as great a resistance to the 
bending action, due to the turning moment of the 
engine, as in the ordinary type. The action of the 
metal in the blade designed as above, under work- 
ing conditions, would be as follows :—The entering 
edge, being always in tension, will act similarly to 
a stretched bowstring, and keep straight and fair. 
The leaving edge under compression will have a thick 
section to act as a strut and keep the blade from 
following its tendency to buckle, warp, or bend. 








ELECTRIC CONDUCTION IN METALS. 
THrovuGH the intervention of Dr. Glazebrook, 
the members of the Institution of Electrical Engi- 
neers had, on Thursday, February 21, the privi- 
lege of hearing an account of the modern theory of 
electrical conduction in metals from—as Lord 
Rayleigh said at the conclusion of the lecture—the 
one person in the whole country, perhaps in the 
whole world, most qualified to give it—viz., Pro- 
fessor J. J. Thomson, F.R.8., of Cambridge. 

In opening his discourse Professor Thomson said 
that it was somewhat remarkable that the passage 
of the electric current through metals, though by 
far the most familiar instance of electrical conduc- 
tion, was much less thoroughly understood than was 
the mechanism involved in the transport of elec- 
tricity through gases or through electrolytes. This 
state of things was partly due to the fact that, 
thanks to the kinetic theory of gases, we had a 
much better conception of the structure of a gas 
than we had of that of a metal. At the same 
time the fact that the phenomena of conduction 
in metals were much less varied and peculiar 
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than those connected with gaseous conductivity 
was also, in part, accountable for the difference 
in our knowledge in the two cases. The con- 
duction of electricity through gases exhibited such 
varied and. peculiar features that the mechanism 
involved ‘‘ gave itself away,” while that concerned 
in the regular and conventional conductivity of 
metals did not. Nevertheless, some progress had 
been made in the theory of metallic conduction, and 
he proposed that evening to bring before the mem- 
bers of the Institution the results so far acquired. 

All theories as to metallic conduction ascribe it to 
the movement of electrified particles within the 
metal. This assumption had first been made by 
Riecke and Drude, who considered that an equal 
number of freely-moving negatively and positively 
electrified particles were distributed throughout 
the metal, and that when an electromotive force 
was established between opposite ends of a 
metallic bar the current was produced by the 
motion of these electrified particles ia opposite 
directions, from one end of the bar to the other. 
In a form of the theory he had himself worked 
out, it was assumed that the whole transport of 
the electricity was effected by the motion of the 
negative particles only, these particles being the 
corpuscles. The heavier, positively charged par- 
ticles took little or no part in the transmission of 
the current. This view had the advantage that it 
involved no transport of the actual atoms of the 
metal by the passage of the current, a phenomenon 
which had often been looked for, but never found. 

In the original form of the theory (which, how- 
ever, required moditication) it was suggested that 
by the action of one atom on another, corpuscles 
were split off, and remained diffused throughout 
the mass of the metal. The latter, in this view, 
corresponded to a porous body, of which the pores 
were occupied by a perfect gas. In this older-form 
of the theory it was further supposed that these 
corpuscles remained free so long that they got into 
thermal equilibrium with the metal, and, therefore, 
as they had the properties of a perfect gas, their 
average kinetic energy was the same as that of any 
other gas, and dependent only on the temperature. 
As the mass of these corpuscles was exceedingly small 
—only s;'59 that of the hydrogen molecule—it fol- 
lowed that if their kinetic energy was the same as 
that of the hydrogen molecules, their velocity must 
be much greater. In fact, the square of the corpus- 
cular velocity must be 3400 times that of the square 
of the velocity of the hydrogen molecule. The latter 
was known, and hence it could be calculated that at 
0 deg. the average velocity of the corpuscles would 
be 10’ centimetres per second, or about 60 miles 
per second. Under normal conditions, he con- 
tinued, these rapidly-moving corpuscles dissemi- 
nated through the mass of the metal were moving 
in all directions with the velocity stated, and, since 
as many were moving in one direction as in the 
opposite, there was no resultant flow of current. If, 
however, an external electric force were applied, 
the corpuscles had a resultant drift in the opposite 
direction to that of the force, since they were nega- 
tively electrified. In this case, therefore, there was 
a finite flow of the corpuscles, which transported an 
equivalent quantity of electricity. 

On the basis stated, it was possible to find an 
expression for the conductivity of a metal in terms 
of the number of corpuscles per cubic centimetre, 
and of their mean free path. Thus the average 
velocity which the electric force could give the par- 
ticles was limited by the time between successive 
collisions. In fact, at each collision the action of 
the electric force was, as it were, annihilated, and 
had to begin afresh. If, then, ¢ was the average time 
between successive collisions, ¢ the charge carried by 
the corpuscle, X the electric force acting, and m the 
mass of the particle, then the velocity impressed 


in the time ¢ was x el The average velocity of the 
m 


particle during the whole time between collisions 
would then be half this quantity ; or if « repre- 
sented this average velocity, then 
u=43 Xet 

The amount of electricity transported per second 
across unit area would be » ue, where n was the 
number of corpuscles per cubic centimetre, u the 
average velocity impressed by the force X, and e, as 


before, the charge carried by each. This constituted | 


the current ¢, say, or, 


Xnét 
m 


tz=nuce=}~ 








Buti = X c, where c was the conductivity of the 


metal, whence 
e=4" 2 t 
™m™ 

In dealing with the velocity u due to the electric 
force, it appeared, Professor Thomson said, that 
this was very small compared with v, the velocity 
corresponding to the temperature of the corpuscle, 
which, as already stated, was about 60 miles per 
second. Hence the total velocity of the corpuscle v 





temperature. Hence with an increase of tempera- 
ture there should be an increase in the ratio of 
k 


This increase had been determined experi- 


c 
mentally. It was 0.39 in the case of copper, 0.37 
in that of silver, and 0.36 in that of gold. The 
theoretical figure was 0.365. 

Further, the speaker continued, Lorentz had 
succeeded in finding a connection between the 
number of the corpuscles carrying the current 


might still be taken as 60 miles a second, whence | and the thermal radiation from a metal. The cor- 
if \ were the average distance travelled between | puscles in their movements were constantly knock- 


successive collisions, we had 
t= A ° 
v 
Hence the conductivity c could be expressed in 
the form 
= ne? r 
m ‘ v . 








| 
| 
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ing against each other and against atoms, and thus 
suddenly stopped and started. But when this 
action tx0k place, an electro-magnetic disturb ince 
was produced having the nature of a pulse through 
the ether. These pulses were quite irregular in 
their occurrence, yet they could by Fourier’s 
theorem be represented as due to harmonic waves. 
This kind of chaos of pulses had, accordingly, in 


Reasoning in this manner, the speaker went on, certain cases, been expressed by Lorentz as a 
Drude had established a remarkable connection | Fourier series; but he was able to deal with 
between the electric and the thermal conduc- | long waves only. 


tivity of a metal. If a metal were filled with 
corpuscles in thermal equilibrium with it, then 
if it were neated locally, the temperature would 
vary within the bar, and the corpuscles would 
have a higher pressure at the hottest parts, 
and thus tend to flow towards the cooler portions, 
of which they would raise the temperature. If the 
whole of the thermal conductivity of a metal arose 
in this way, it would be equal to the thermal con- 
ductivity of the perfect gas, to which the cor- 
puscles disseminated through the metal were equi- 
valent. From the kinetic theory of gases it had 
been shown that the thermal conductivity 
k=4nAva, 

where n denoted the number of molecules per 
cubic centimetre, \ the distance travelled between 
collisions, v the mean velocity of the molecules, 
and a a constant defined by the relation that u 6 = 
the kinetic energy of a molecule of the gas, 6 being 
the absolute temperature: The value of a was 
1.5 x 10-", 

If this expression fork were divided by that for c, 
already given, we had, since a é = 4 mv’, 

k_ ,a%0 


_ ae 
c e 


so that the ratio of the thermal conductivity to 
the electrical was quite independent of any special 
properties of the metal. This expression, the 
lecturer said, had been compared with the results 
of experiment, and proved to be very nearly true 
a6 


in the case of pure metals. The value of 4 


could, moreover, be obtained in the following way 
almost free from hypotheses. On the kinetic 
theory the pressure of a gas was given by the 
relation 

p=Amrn, 
or 
aé 


e 


where x is the number of molecules of the gas per 
cubic centimetre. 

It was known that the transport of one unit 
of electricity liberated 1.2 cubic centimetres of H,, 
and, since the electricity is carried by hydrogen 
atoms, the number of carriers is equal to the number 
of molecules in 2 x 1.2=2.4 cubic centimetres of the 
gas measured at 0 deg., anda pressure of 10° absolute 
units. Hence 2.4ne=1. The charge e carried by 
each ion was also known, whence, on substituting, it 


appeared that = iS = 6.1 x 10" in absolute 


P = 
ne 


units. 
Experiments by Jaeger and Diesselhorst, on the 
other hand, had given the following values :— 


‘ = 67 x 10! for copper, 


= 6.8 x 10!” for silver, 
= 7.09 x 10! for gold. 


For other metals the agreement was not so good, 
since for iron the value ~ = 8.02 x 10" was found, 


jand still higher values for alloys, ranging up to | 


11 x 10" in the case of constantin. Lord Rayleigh | 
had, however, shown that a mixture of two metals | 
introduced a factor into the problem eqvivalent to 
an increase of electrical resistance. 

It would be noted that the expression given 





for the ratio of * was proportional to the absolute 


For a slab of unit thickness he found that the 
energy produced in the form of waves having a fre- 
Pdq4r.e@nrv 

6r? V, 
when V, ‘is the velocity of light. Of this amount 
only a fraction reached the outer faces of the plate, 
the remainder being absorbed. It was possible to 
determine this fraction in terms of the resistance 
by using the principle that when things had settled 
down into a steady state the energy radiated must 
be equal to that absorbed, and this led to the result 
that the energy in the light, having a wave length 
between y and y +d y, radiated from unit area 


16 waé “s. Here it would be 


quency between q and q + dq was 


of the plate was 


seen that everything peculiar to any particular 
metal had disappeared, and the radiation was a 
function only of the temperature and the wave- 
length. Comparing formula with experiment, the 
difference was only as 1.5 to 1.3. 

On the hypothesis stated, he proceeded, all radia- 
tion started as Réntgen rays. Lorentz had dealt 
with the particular case of long waves only ; but in 
the complete problem metals should give out in 
addition very short waves, like Réntgen rays. 
Actually it was found that every metal did produce 
a characteristic amount of ionisation in gases sur- 
rounding it, and perhaps this was the other end, 
so to speak, of the radiation, Lorentz’s long waves 
being one end. 

The hypothesis, above set forth, as to the nature 
of conduction in metals afforded, Professor Thomson 
said, an explanation of the Peltier and Thomson 
effects, since heating the metal would occasion a flow 
of corpuscles to the cooler portions, which would be 
equivalent toa current. Nevertheless, other experi- 
ments made it necessary to modify the original theory. 
It would be seen that if, as assumed, the corpuscles 
were in temperature equilibrium with their metal, 
raising the temperature of the latter would also 
include the raising of the temperature of the cor- 
puscles. Now the origina) theory, it turned out, 
required, to be in accord with certain experimental 
results, so large a number of these corpuscles that 
the work done in raising their temperature would 
be many times that actually found necessary to 
raise the temperature of both. 

The effect of rapidly alternating forces on the con- 
ductivity of metals, he continued, afforded a means 
of determining the number of corpuscles involved 
in conduction on the theory just described. In 
experiments by Rubens and Hagen the conduc- 
tivity of metals under light waves of length = 25 » 
and 4 » had been determined. With the longer 
of these two wave-lengths the conductivity was 

ractically the same as for a steady current, and 
for the light of 4 » wave-length there was a reduc- 
tion of only 20 per cent. in this conductivity. 
Now it would be apparent that if the electric 
force impressing a drift on the corpuscles were 
reversed during the time which elapsed between 
successive collisions, the velocity imparted must be 
reduced by an amount which could be calculated. 
He had thus found that if the time between suc- 
cessive collisions was as much as the period of 
light of } the wave-length of that to which the 
metal was actually exposed, then the conductivity 
would be only half that for a steady current. Hence, 
in Rubens’ experiment the time between collisions 


must be less than }. a , where v denoted the 
v 
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velocity of light, and » = 1/1000th of a millimetre; 
that is to say, the time must be less than 3.3x 
10—* seconds. 

A reduction of the time between collisions, since 
it diminishes the velocity of a corpuscle under the 
electric force, involved an increase in the number of 
corpuscles required to transport the current. Esti- 
mated in this way, it appeared that the number 
required to account for the conductivity of silver 
was 1.8 x 10 per cubic centimetre. If the tempera- 
ture were raised 1 deg., each of these would have its 
energy increased by a, a @ being the kinetic energy 
of a molecule at the absolute temperature 6. Hence 


the energy required to raise by 1 deg. the tempera- | 


ture of the number of corpuscles stated would be 
1.8x 1.5 x 108 ergs, or about 7 calories, whilst ex- 
periment gave 06 calorie as the heat necessary to 
raise by 1 deg. the temperature of 1 cubic centimetre 
of silver. It was impossible to reconcile this result 
with the large number of corpuscles which were 
requisite if the experiment of Rubens and Hagen 
really gave the time between successive collisions. 

The difficulty which thus arose could be got 
over, he continued, by abandoning the idea that 
the corpuscles were free long enough to get into 
temperature equilibrium with the mass of the 
metal, and assuming instead that each corpuscle 
was dragged out of one atom by the action of 
another, and jumped straight from one into the 
other. That the production of corpuscles was de- 
pendent on the mutual action of the atoms on each 
other was shown, he continued, by the fact that the 
number present in nercury vapour, where the atoms 
were relatively widely separated, was infinitesimal 
compared with those engaged in metallic conduction. 

Suppose, therefore, that the electric force instead 
of acting after the corpuscles left the solid, acted, 
before they left, by orienting the atoms, so that, 
on the whole, more corpuscles left in one direction 
than in any other. In such case the atom might 
be represented as a sort of doublet, with a positive 
and negative end, and the electric force acted by 
swinging these atoms so that a majority of them 
pointed more or less in the required direction, 
fgrming thus an arrangement somewhat similar to 
the old Grotthus electrolytic chain. 

Working on this assumption, Professor Thomson 
said he had found that if the distribution of the 
doublets under the electric force was the same for 
metals as it would be in‘a gas, the electric conduc- 
tivity was given by the expression 
_2 pbdem 

9° ae 


c ’ 
where p now denoted the number of discharges of 
a corpuscle per second from the doublet, b the 
distance between the centres of adjacent doublets, 
and d the length of these doublets. The thermal 
conductivity was 
k=4pvrna 

and 

= 
ie 
The ratio of the new value to the old is 4 ° » so 


k ee 


a2 


that if ’ was nearly unity, there was but a small 
( 


difference in the values given by the old and the 
newer theories. The expression for the radiation 
from a metal was the same as before, save for the 


factor a and, again, the difference was not great 
enough to be detected by existing methods of ex- 
perimenting. The new assumption did not require 
a large specific heat ; indeed, it was unnecessary to 
consider the amount of energy needed in this case 
to raise the temperature of the corpuscles. 

With regard to the Hall effect—that is to say, the 
distortion of the equipotential lines which occurs 
when a conducting sheet conveying current is 
exposed to a magnetic field at right angles to its 
Surface—on the theory first mentioned this could 
be accounted for, but in one direction only ; since 
the drift of the corpuscles would be pushed to 

ide by the action of the field, thus distorting 
the stream-lines; but in this case the direction of 
the distortion should be the same in all materials, 
Wicreas it differed with different metals, and also 
im one and the same metal with strong and with 
Weak fields, 

(in the newer theory the doublet oriented by the 
-tric foree when in a magnetic field would act 
‘© &@ gyroscope pivoted at some point of its length. 
the pivot was exactly midway between the ends 


or 


. 
. 
: 
] 
li 


of the doublet, then the magnetic field could have 
no action on the doublet, and there would be no 
Hall effect. If, on the other hand, the point about 
| which the doublet swung was not at its centre of 
| gravity, then, when it was acted on by the electric 
force, instead of moving entirely in the plane con- 
taining the force and the axis of the doublet, it 
| would, in consequeuce of the gyroscopic action, 
move a little out of the plane, and this side-way 
| motion would produce the Hall effect. 








THE NEW NAVAL DOCKS AT 
DEVONPORT. 
(Concluded from page 203.) 
Tue extensive series of docks and basins which 
we fully described in our preceding article was 
|formally inaugurated on the 2lst ult. by Vice- 
| Admiral H.R.H, the Prince of Wales, who was 
accompanied on the occasion by the Princess. The 
ceremony, which was carried out in gy eed 
cold weather, with half a gale blowing, but tem- 
pered occasionally with bright sunshine, was 
attended with all the pomp which long experience 
has enabled the British Navy to command. The 
Royal party, accompanied by the First Lord of the 
Admiralty and other members of the Board, by the 
Commander-in-Chief of the port, Vice-Admiral Sir 
Lewis A. Beaumont, K.C.B., K.C.M.G., and by 
the Admiral-Superintendent of the Dockyard, Vice- 
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Hamoaze in the Commander-in-Chief’s yacht, the 
Vivid, while the many warships at anchorage 
boomed a Royal Salute. Across the entrance lock 
at each end there had been stretched a tricoloured 
band of twisted ribbon, and on the forestay of 
the Vivid a blade had been fitted, so that as the 
vessel steamed through the lock the ribbon was 
cut and the lock formally opened, a further salute 
being fired from the warships. At the same time 
there was unveiled a stone having an incription 
stating, amongst other things, that the work 
had been carried out with Major Sir Henry 
Pilkington, K C.B., R.E., as Civil Engineer-in- 
Chief at the Admiralty, and Mr. Whately Eliot, 
M. Inst. C.E., as Superintending Civil Engineer ; 
the contractors being Sir John Jackson, Limited. 





Admiral C. J. Barlow, D.S.O., steamed up the | 


| Later the Prince and Princess and other guests 
| landed, and congratulatory speeches followed. Sir 
| John Jackson presented to the Prince of Wales a 
| gold casket, with an illuminated plan on vellum of 
the dock works, and at the same time read a 
|short description of the works, whereupon the 
| Prince expressed his interest in the work, and 
|his belief that Devonport was now the largest 
and most important military port in this country, 
|if not in the world. At the invitation of the 
| Lords of the Admiralty, and with permission of 
the King, he named the basin, of 35) acres in 
extent, ‘‘the Prince of Wales Basin.” This 
practically terminated the public function. 

In conformity with the intention expressed at 
the conclusion of our previous article, we now 
proceed to describe the mechanical equipment of 
the dock, and will deal first with the new power- 
house which has been erected—a brick building, 
with Portland stone facings, having on the top 
a large water-tank. The machinery within this 
building has been erected under the supervision of 
the Engineer-Manager of Devonport Dockyard, Mr. 
R. If. Andrews. The foundations, chimney, and 
superstructure were carried out as part of the main 
contract. The constructional steel-work, by Messrs. 
Lysaght and Co., of Bristol, was inspected at their 
works by the late Mr. Harry Stanger, and, after his 
death, by his son, Mr. W. H. Stanger, who also 
supervised the construction, at the makers’ works, 
of the caissons, and also tested all the cement 
manufactured for use in the works. 
| The steam plant in the power-house consists of ten 
cylindrical return-tube boilers. The heating surface 
in each boiler is 8000 square feet, and the working 
pressure 125 lb. There are two main pumps for 
emptying the three docks, and the entrance lock 
to the closed basin. Each set includes a vertical- 
spindle single-inlet turbine pump, which is driven 
at 140 revolutions per minute by a horizontal com- 
pound two-cylinder steam-engine, with the cylin- 
ders at right angles and working on one crank-pin. 
The two pumps are together capable of emptying 
the largest of the graving-docks in four hours, the 
quantity of water discharged being 120,000 tons, 
jand the maximum height of lift of water from the 
| bottom of the graving-dock to high water of ordinary 
spring tides 53 ft. ‘The diameter of the high-pres- 
sure cylinder is 28 in., and of the low-pressure 
| cylinder 50 in., the stroke being 24 in. The cylin- 
| ders are jacketed, steam at boiler pressure being 
used in the case of the high-pressure cylinders, and 
|at 40 lb. pressure in the low-pressure jackets. 
Each centrifugal pump has an impeller 9 ft. in 
diameter, constructed of gun-metal. There are in 
addition two sets of drainage-pumps, each capable 
of delivering 1500 tons of sea-water per hour, also 
against a head of 53 ft. Each set consists of three 
single-acting lift-pumps, with independent valve- 
boxes, worked from a three-throw crank-shaft, 
with the cranks at equal angles. The operating 
power is a vertical compound engine fitted with 
an expansion gear on the high-pressure cylinder to 
increase economy at low powers. When the steam- 
engine is working at the full speed of 90 revolu- 
tions per minute, the pumps are reduced by 
gearing to thirty double strokes per minute. The 
| high-pressure cylinder of the steam-engine has a 
|diameter of 12 in., and the low-pressure of 24 in., 
with a stroke of 24 in., while the diameter of the 
pump-barrels is in each case 234 in., and the stroke 
42 in. These pumps were constructed by Messrs. 
Kaston, Anderson, and Goolden, Limited. 

Compressed air is utilised for most of the mecha- 
nical operations associated with the docks and 
basins—for working the sliding caissons at the 
graving docks and locks, for operating the pen- 
stocks, and for working the capstans, &. The 
cranes, however, as will presently be explained, 
are of the electric type. The air is compressed in 
two-stage air-compressors, constructed by Messrs. 
Fullerton, Hodgart, and Barclay, Limited, of 
| Paisley, and illustrated on our two-page plate and 
on pages 268 and 269. The perspective view on 
|page 276 (Fig. 26) shows the two sets of engines, 
|and front and end elevations of one of these (Figs. 
|27 and 28) are reproduced on the two-page plate, 
| along with plans and sections of the steam cylinders 
‘and valves, Figs. 29 and 30 showing the high- 
pressure, and Figs. 31 and 32 the low-pressure 
cylinder. A detail section of the piston-valve of 
the former is shown in Figs. 33 and 34, annexed. 
The air-cylinders and Riedler valves are illustrated 
on pages 268 and 269. ° 

The engines are of the vertical compound type, 
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DETAILS OF AIR-COMPRESSORS AT DEVONPORT DOCKS. 
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AIR COMPRESSOR ENGINES N° 480 & 481. 
KEYHAM DOCKYARD. 
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ME.P°38-9 1.H.P-=375. 
; Sealejt, ; | 
= Nt 





| Scale;ts 


























L.P. Steam Gir L.P Air Gt. 
M.E.P-11-6 1.H.P.= 325. M.E.P-17 LH.P.-327. 
Scale ¥, Seale $5 
y ae at 
Total 1.H.P. of Steam = 700. Efficiengy-96-4% 
se « «» fir-676. Fig. 47. Air Pressure-95 Lbs. 


; EAST ENGINE. 
BOILER PRESS. 125 LBS. VACUUM=26-3. RECEIVER 7LBS. REVS. PER MIN.- 61-6 
H.P. Steam Oylr: JO A.M. 23°? JULY 1906. H.P. Air 


-P. Ir: 
M.E.P.-41-2.1.H.P=418. M.E.P.-48-72.LE.P.- 365. 


































Scale 
he Scdle 
- 
L.P. Steam Gir. 
42. “ L.P. Ai Ur. 
M.E.P-12-75.1.H.P-377. ERAS BY, 380. 
eee Seale Soe Scale t, 
Total I.H.P. fu ~~ 24 Effici 93-6% 
(sezecy ; Air Pressare+100 Lbs. 


having the air-cylinders placed over the steam- and the east engines in 137 minutes, when running 
cylinders. They were designed to deliver 18,000 at 70 revolutions per minute. 

cubic feet of air at 100 Ib. pressure in 30 minutes, | The steam-cylinders are 34 in. and 58 in. in 
when running at a maximum speed of 70 revolu- | diameter, and the air-cylinders 30 in. and 48 in. in 
‘ions per minute. As will presently be shown by diameter, with a 3-ft. stroke. The boiler pressure 


detailed results, the west engines pumped the is 125 lb. per square inch ; but the engines are 


reservoirs up to 100 Ib. pressure in 11} minutes, required to work against a proportionate air pres- 





sure with a steam pressure of 70 lb. per square 
inch. Both cylinders (Figs. 29 to 32) are fitted with 
separate liners, and are steam-jacketed—the high- 
pressure with full boiler pressure, and the low- 
pressure with a reduced pressure of 40 lb., as in 
the case of the engines driving the pumps. The 
| high-pressure cylinder is fitted with piston-valve 
|{Figs. 33 and 34), and the low-pressure with 
| double-ported slide-valve, having relief-ring on the 
back of the valve (Figs. 31 and 32). 

The main frames, as shown in Figs. 26 to 28, 
| are of the circular semi-enclosed type, with which 


|are cast the slides.. The cross-heads are fitted 


with double slippers (Fig. 28). The connecting- 
rods are of the forked type at the cross-heads, 
and fitted with gun-metal bushes. The big ends are 
of the close-ended type, fitted with white-metal 
bushes, and adjustable by wedge and screw. The 
cranks are overhung mf are balanced. The main 
bearings are cast with the bed-plates, and are 14 in. 
in diameter by 27in. long; they are fitted with gun- 
metal bushes, white me , 

A fly-wheel is mounted on the centre of the 
crank-shaft. It is 16 ft. in diameter, and is shown 
in Figs. 26 and 28. 

The air-cylinders are practically alike, and draw- 
ings are reproduced of that worked by the high-pres- 
sure steam-engine. Fig. 35 isa section, and Fig. 36 
an elevation, while Fig. 37 is an inverted plan of 
the head, Fig. 38 a section through the head, 
Fig. 39 a plan of the bottom head, while Figs. 40 
to 43 show the valves for this cylinder, and Figs. 
44 and 45 the valves for the low-pressure cylinder. 

The air-cylinders, as stated, are mounted over 
the steam-cylinders, and are supported from the 
same by cast-iron distance-pieces, which are so 
arranged as to give ready access'to the valves. 
The cylinder-barrels are jacketed by means of a 
liner forced and caulked in to allow for expansion, 
and fitted with small hand-holes and covers for 
cleaning out jacket-space. Suction and delivery- 
pipes connecting the two ends of each cylinder are 
fitted with expansion joints. 

The air-cylinders are fitted with Riedler patent 
valves and gear, the special feature of which is that 
the valves are free to open at any point in the 
stroke, but are closed positively 7 means of 
tappets exactly at the end of the stroke; thus no 
springs or weights are required to close the valves, 
and the drop of pressure through them is exceed- 
ingly small. They also enable the compressor to 
run noiselessly at any speed between maximum and 
minimum. 

There are two suction and two delivery valves in 
each head, and each valve is turned out of a solid 
block of forged steel. The valves are strong and 
light. Valve-seats are of special hard cast iron. The 
valve-spindles are extended through the bonnets, 
which carry at the outer end a small air-dashpot, 
which prevents slamming of the valves either when 
opening orclosing. These bonnets carrythe tappet- 
spindles, to which the tappets are keyed, the exact 
adjustment being obtained by a screwed washer 
and lock-nut on the valve-spindle. The tappets 
are operated through a system of levers by a cam, 
with two rollers mounted on a wrist-plate on each 
cylinder barrel. The wrist-plates carrying the 
cams are driven from the eccentric on the crank- 
shaft, and the form of the cam is such that the 
valve starts to close just before the end of the 
stroke, and completely closes when the crank has 
just passed the dead centre by a few degrees. 

here is thus no wire-drawing towards the end 
of the stroke. The speed with which the valve 
reaches the seat gradually diminishes to zero, 
owing to the special shape of the cam, and thus 
revents any hammering out on the valve faces. 
he valves are lubricated throughout by means of 
a force-pump, with a sight drop at every point. 
These are designed so that they can be with 
either oil or soapy water, this latter having been 
found to give better results in many cases. 

The air-cooler is placed on the floor, and consists 
of a boiler-plate shell with cast-iron water-headers. 
The cooling surface consists of }-in. brass tubes 
expanded into a plate at one end, and fitted with 
brass ferrules in a plate at the other end. It is 
connected by pipes of large diameter to the two 
air-cylinders. 

The pressure is controlled by a patent Whit- 
more combined air-and-speed governor, which is 
connected to a balanced throttle-valve, The 
features of this governor are an important part of 
the compressor. It is designed to control the 





engine according to the amount of air required. 
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It ‘is also so designed as to keep the engine 
running at its minimum speed when no air is 
ecjuired, in which case the small amount of air 
coinpressed will be blowing through the relief valve 
on the receiver. Again, should there be more air 
reyuired than the compressor can deliver, the 
governor will prevent the engine from exceeding its 
meximum speed. In fact, if the air mains were 
left full open, the engine would not exceed its 
maximum speed by 10 percent. With this arrange- 
ment there is no blowing-off at the receivers, except 
when no air is required, This represents a con- 
siderable saving of steam and fuel. 

The air-cylinders and valves were manufactured 
by Messrs. Fraser and Chalmers, Limited, of Erith, 
who have the sole patent rights of the Riedler gear 
in this country. 

The accompanying table is a copy of the results 
as obtained on a six hours’ trial, conducted by the 
officials of the Admiralty, of both engines, while a 
typical set of diagrams are reproduced in Figs. 46 
and 47 on page 269. The west engine, as we have 
already indicated, pumped the reservoir up to 
100 lb. in 114 minutes, and the east engine in 
13% minutes, when making 70 revolutions per 
minute :— 


Result of Six Hours’ Trial of West Engine, 


| Indicated Horse-Power. | 


| Revo- 














x \ ta. nia 
cienc. 
Time. Steam. Air. or — 
Dee taal Raat ae SPS Cent. Minute. 
H.P. | L.P. |Total. H.P. 1.P. Total. 
10.0 | 874 3817! 601 344 329 673)| 97.4 57.9 
10.30 802 338 730 360 3841 701 96.0 6.6 
1L0 | 880. 348 713 849 320 669 938 58.7 
11.30' 872, 837 709 350 3831 681 96.0 58.5 
12.0 | 878| 887 715 3847; 326 672) 94.0 | 68.4 
12.30 872; 829 70L 355 816 671 95.7 57.5 
1.0 303 | 344 787 858 342 700 95.0 60.7 
1.80 892 | 346 738 359 339 698 94.5 60.5 
20 396 353 749 3863 340 703 938 | 61.2 
2.30' 404| 355 759 3874 847, 721 95.1 | 62,1 
3.0 393 /| 850, 743 365 350) 715 962 | 618 
3.30, 410} 368 763 869 859 728 948 | 621 
Mean, 338 341 729 3858 336 694 95.1 60.0 
Result of Six Hours’ Trial of East Engine. 
| Indicated Horse Power. : Temperature 
of Air. 
| } z Deg. Fahr. 
, | Steam. Air. e 
Time. | PS 5 ie la. 
| . | §/28 48 48 
ee 2 sie £\ 8's 24/44 
didi e wid) & | wo }a@ we] ae 
dinia| ceamesforears| ieee caesar} aaneeni| <erasiee| dems sintesanee | comcast 
| | p.c. | 
10.0 | 418 377. 795 885 359 744 | 93.6) 61.6 282) 205 
10.15 | 563 833, 701 847) 316 663 | 94.5 | 56.8, 220| 170 
1u.45 | 886 341, 727 370 335 705 | 97.0| 59.6 228/ 188 
11.15 | 403 358 761 535 844) 729/ 95.8 60.1 | 228 | 195 
11.45 392 358| 750 386) 343, 729 97.2 | 60.6 | 230 198 
12.15 408 365; 776 383) 340; 723 93.1 | 60.8 | 236 | 198 
12.45 | 408 331) 789 | 389 849) 788 93.5 60.9 | 236 | 200 
1.15 404 356) 760 | 380| 345! 725 | 95.4! 60.8 | 230/ 202 
1.45 | 401 363 764 | 383) 843) 726 | 95.0 | 60.0 | 220 | 203 
2.15 401 365, 769 380) 349, 729) 91.8) 603) 230 | 203 
245 420 875 705 803/371 764| 96.1 | 61.6 | 232| 205 
$15 | 410 378 783 | 390) 349 748 | 95.0 62.0 237 | 206 
3.45 | 409 373 782 308) 3iv; 742 | 94.8 616) 234 | 205 
Mean 402 364 766  382| 345 727 /| 95.1 60.4 | 230 | 198 


The air generated by these compressors is de- 
livered into a battery of six large receivers, made 
and erected by the Engmeering Department of the 
Dockyard, whence it is distributed throughout the 
works in 15-in. cast-iron mains, laid in subways built 
in the upper part of all the basin walls. In the 
subways there are also to be laid 9-in. cast-iron 
water-mains, for the distribution of fresh and sea- 
water for-fire-extinction and other work. Electric 
leads for lighting and power are also being laid in 
the subway, the current being generated in the 
power station in the north yard. These subways 
are 4 ft. wide and 5 ft. 6 in. in height from the 
floor to the crown of the arch. The water-pipes are 
carried on brackets on the side wal!s, and the air- 
Pipes on brick piers on the floor. 

he air-motors for working the sliding caissons, 
made by the Hydraulic Engineering Company, of 
Chester, were referred to in our description of the 
caissons in our previousarticle ; and the mechanism 
for traversing the caisson was explained. The 
motive power is in each case compound compressed- 
air engines, = pee of exerting a pulling or push- 
ing stress of 70 tons; with this motor the caisson 


can be hauled in or out of its camber at a speed of | top. 
25 ft. per minute, with an air-pressure of 75 lb. per | drain-cocks, and stop-valves are also brought up to 


square inch. The same engines are also arranged 
to lift the camber-deck to the extent required to 
enable the caisson to be hauled into or out of the 
camber. The rods and clutches are so constructed 
as to make it impossible to start the compressed-air 
motor until the camber-deck has been properly 
lifted, or to lower the camber-deck before the 
caisson travel is completed. The motor is auto- 
matically stopped at both ends of the travel of the 
caisson. 

The air-motors for working the penstocks, &c., 
in connection with the flooding and pumping of the 
docks, range from 25 to 60 brake-horse-power, the 
latter being used for the sluices for the levelling 
culverts described later. The working air-pressure is 
75 lb., but the engines are designed to take the full 
pressure of 100 lb. The engines are of the horizontal 
two-cylindertype, with cranks at right angles, and 
are designed to lift the penstock doors at the rate 
of 2 ft. per minute; but in the case of the special 
penstock for the levelling culverts, which is titted 
with a 60-brake-horse power motor, the sped of lift- 
ing is 5 ft. per minute. The engines drive line-shaft- 
ing and steel gearing, being placed in trenches on 
the basin walls. The lifting-screws of the penstocks 
are of manganese-bronze, the ultimate strength 
being 27 tons per square inch, with an elongation 
in 2 in. of 20 per cent. Over each penstock screw 
there is placed a group of steel bevel-wheels. 
Tappet gear is provided for automatically discon- 
necting the gear at the top and bottom of the 
stroke. In consequence of the great hydrostatic 
pressures to be dealt with, the doors had to be made 
exceedingly strong, and a reference to the engrav- 
ings of the doors (Fig. 48 on page 272) will indicate 
the extra stiffening put into the bottom ribs. The 
experience in connection with the penstocks at 
Gibraltar, &c., has shown that the inertia effects 
of such immense volumes of water in rapid motion 
have to be taken into serious account in all calcula- 
tions, especially in those for establishing the power 
of the engines. The door illustrated by Fig. 48, 
one of two in the penstock for the largest dock, is 
8 ft. by 6 ft. 

The sluices for the levelling culverts at the 
entrance to the closed basin were of quite different 
type, and are illustrated in Fig. 49 on page 272. 
They are of the roller type, the culvert openings 
being 16 ft. wide and 9 ft. high atthecentre. There 
are four of these sluices side by side. They are 
each lifted by two screws; the rollers run on planed 
cast-iron paths fixed in the granite. The fish- 
bellied girders above the sluices in the engraving 
are those of a traveller under construction that was 
utilised for erection purposes by Messrs. Stothert 
and Pitt, Limited, Bath, with whom the contract 
for the penstocks gear was placed. The gun-metal 
faces are all riveted on the doors, and the back and 
side guides were milled at one setting on an excep- 
tionally large machine. 

Around the basin and docks there are 41 cap- 
stans, each driven by a compressed-air engine. The 
capstans and engines have been supplied by Messrs. 
Clarke, Chapman, and Co., Limited, of Gateshead- 
on-Tyne, and were erected by dockyard work- 
men, and of these an illustration is given in 
Fig. 50 on page 272. The air-engines are of the 
horizontal two-cylinder type, and drive the warping 
capstan through spur and bevel gearing, as shown. 
The gearing is so arranged that the capstan can 
be driven at two speeds; with the quick speed 
the strain exerted on the rope is 4 tons at a speed 
of 120 ft. per minute, and at the slow speed a 
strain of 16 tons is exerted at a speed of 30 ft. per 
minute. All the gearing is of cast steel, having 
machine-cut teeth. The engine cylinders are of 
gun-metal, and are each 12 in. in diameter by 
12 in. stroke, and are arranged to lift the loads 
mentioned with an air-pressure of 50 lb. per square 
inch. The piston, piston-rings, slide-valves, and 
rods are all of gun-metal. The crank-shaft and all 
working parts are of wrought steel made to the 
Admiralty tests and requirements. The bed-plates 
and capstan barrel are of cast iron, the barrel 
being fitted with portable wrought-steel whelps. 
|The el runs loose on the spindle, and is driven 
| by a large cast-steel bevel-wheel, which is keyed to 
the boss of the barrel. The engine and gearing are 
| sunk into a pit, which is covered by rolled girders 
|and chequered plates. The engine is fitted with 

the Stephenson link-motion reversing gear; the 
| reversing lever is brought up through the flooring- 
| plate, so that the engine can be worked from the 
All the spindles for working gearing-clutch, 











the top of this flooring-plate. The flooring-plates 
are made portable, to allow of easy access to all 
working parts. 

The plan which we published on page 197 ante 
indicates the location of the various cranes ; none 
of these have so far been constructed, but the con- 
tract for them has been let to Cowans, Sheldon 
and Co., Limited, of Carlisle. There is to be one 
fixed crane on the east side of the closed basin ; 
this will be of the cantilever type, and of 160 tons 
maximum working load. In addition there will be 
two fixed cranes of the Fairbairn type, each capable 
of lifting 75 tons. One of these will be on the west 
side of the closed basin, and the other on the outer 
wall of the north-west corner. In addition, there 
will be two 30-ton travelling cranes on the east side 
of the tidal basin, and on the east and west side of 
the graving dock No. 8, with a 20-ton travelling 
crane on the east side of the closed basin. The 
fixed cranes are to be operated by electric power 
generated in the dockyard electrical station, and 
the travelling cranes will be steam-driven. 

There are about 400 bollards around the docks 
and basins, and about 180 fairleads, the latter of 
which have been supplied by Messrs. Cowans, 
Sheldon, and Co., Carlisle, and fitted by the dock- 

ard. 
. In conclusion, we wish to express our thanks to 
the Admiralty for permission to illustrate and de- 
scribe these interesting works, and to Colonel Sir 
Edward Raban, K.C.B., R.E., Director of Works, 
and his staff, for the facilities and assistance afforded 
to the writer. 








YEAR-BOOKS AND ANNODALS. 

The Local Government Annual and Official Directory, 
1907. London: The Local Government Journal Oftice, 
27a, Farringdon-street, E.C. Price 1s. 6d.— This 
volume, edited Mr. S. Edgecumbe Rogers, 
appears for the sixteenth year in succession. It is 
devoted to the work and duties of the variors 
boards comprised under the term of ‘‘ Local Gover - 
ment,” and gives lists of members of which the 
boards, &c., are constituted. Thus we have lis's 
of the county councillors, &c. (which, by the way, 
will be altered by to-morrow’s election), the Metrc- 
politan boards, the Corporation of London, water 
boards, Metropolitan borough councils, guardian 
boards, Thames Conservancy, and the chief executive 
officers of municipal corporations, urban district and 
rural district councils for England and Wales are 
given in the same way. In the more important cascs 
particulars as to population, rates, &c., are giver. 
The book is properly a directory of officials, though 
this does not preclude its being, at the same time, an 
official directory. 





Kerraalla’s Textile and Engineering Directory and 
Year. Book, 1907. Bombay: C. D. Kerrawalla, Kala- 
chowki-road, Parel, Bombay.—The success attained 
during the first year of this publication has encou- 
raged the publisher to still further add to its value as 
a directory for all trading with India in textile and 
engineering lines of business. It now contains direc- 
tories of the cotton-mills, cotton-pressing, and cotton- 
ginning factories of India ; of the jute-mills and jute 
pressing mills, silk and woollen mills, and iron works 
of India. Directories are aleo given of cotton-mills in 
Japan and China. In addition, tables and notes of 
use to mill managers and others are also given ; while 
a diary arranged with one week on a page, inter- 
leaved with blotting-paper, adds to the utility of the 
volume by encouraging its retention on the desk, 
instead of being consigned to dusty bookshelves. 





Jahrbuch der Automobil- und Motorboot-Industrie. 
Berlin: Boll and Pickardt. Two volumes. [Prico 
of the two vulumes, 20 marks; Vol. I., separate, 
12 marks. ]—This annual, which is edited by Ernst 
Neuberg, appears this year for the first time by 
authority of the Kaiserliche Automobil Club, which 
has twenty-two branches in different parts of the 
Empire. The kartell, or union, of these clubs was 
effectcd in June, 1906. The first edition of the 
annual was published in 1904. The first volume of the 
present issue is intended for the benefit of all inte- 
rested in automobiles ; the second volume is written 
more particularly for the engineer and manufacturer, 
and is supplied only to buyers of the first volume, 
which alone can be obtained separately. The first 
volume contains articles by experts on the state of the 
automobile industry at the International Exhibition, 
held at Berlin in 1906, on chassis, wheels, pneumatic: , 
gearing, internal-combustion motors, electric aut - 
mobiles, motor-cabs, omnibuses, motor mail-cars, and 
fire-engines ; on starting devices, lubricators, brakes, 
&c.; on motor-boats and motor-cycles ; on the deve- 
lopment of the industry in Germany; on accidents, 
liability for damage, and traffic regulations. A sum- 
mary of recent literature on the subject; com- 
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piled from the chief German and other journals ; 
a general index, both of names and subject-matter, 
and a list of suppliers, conclude the first volume. 
In this summary, and in the indexes, cach in- 
ventor or firm is assigned a number, so that a 
great deal of well-arranged information can be given 
in a lucid way on a comparatively small number 
of pages. The second volume contains illustrated 
abstracts of the German, Austrian, English, and 
American patents, the German patents coverin 
130 of the 220 pages devoted to this section; an 
an article on modern tool machinery for the auto- 
mobile industry. Nearly a hundred pages are 
taken up by a series of comments on the chances of 
German exports for automobiles, motor-boats, and 
motor-cycles. These comments are replies to the 
eightéen questions of an inquiry-sheet sent out to 
experts residing in seventy foreign towns all over the 
globe. The names of these experts are not given, 
while the names of the authors of the articles are 
stated ; and as regards the replies to questions 17 
and 18, addresses of manufacturers, agents, and 
inquiry offices, we read that these questions have 
in every instance been answered, and that the 
confidential answers, which cannot be reproduced in 
the volume, will be communicated to applicants. 
Information is imparted, for instance, on the class 
of car wanted, the suitable fuel, the state of the 
roads, the chief newspapers and journals for adver- 
tisers, &c. Anarticle on the mobilisation of the auto- 
mobiles in France in war time, which concludes the 
volume, is abstracted from a French contemporary. 
The two small quarto volumes, together of 761 pages, 
illustrated by 1183 text figures, well characterise the 
enterprising spirit of the German automobile industry. 








AERIAL NAVIGATION. 
To THE EprTor or ENGINEERING. _ , 

Strn,—You would not have been troubled with this 
letter had it not been for the fact that M. Santos Dumont, 
with apparently unlimited financial resources, and the 
French Government at his back, is treading upon my toes. 

While he, the Wright Brothers, of America, and 
others, were confining themselves to the use of box-kites 
and aeroplanes made of canvas I had nothing tosay ; but 
now that M. Santos Dumont is using a rigid material— 
ie. wood—for his sustaining surfaces, I think it is time 
for me to speak, for I was strenuously advocating the use 
of narrow surfaces made of a rigid material and properly 
shaped before M. Santos Dumont was born. 

Forty-three years ago I commenced the study of aero- 
nautics. At first large surfaces of canvas were employed, 
but as these machines were utterly unmanageable in windy 
weather, this plan was abandoned. : 

About this time Mr. F. H. Wenham, whose name will 
in the future hold an honoured place, brought out his plan 
of superposed surfaces of canvas, and after he had given 
up experimenting, I made a machine on his principle; but 
it also was a failure, because the canvas, however tightly 
stretched, could not be made to act efficiently at very fine 
angles. These experiments were so discouraging that I 
oe up all hope of solving the problem by means of aero- 
planes. 

My attention was then directed to lifting the weight 
of the machine direct from the ground by means of screw- 
—— revolving on vertical shafts. Before this could 
be done, however, a light and powerful engine had to be 
designed and made. Much time was wasted on a double- 
acting engine driven by gun-cotton. The gun-cotton was 
in the form of tape wound upon a couple of drums; it was 
fed into the cylinder, cut off in lengths regulated by the 
governor, and exploded by a hot platinum wire. This 
engine was more productive of doubled-up piston-rods 
and bent crank-shafts than of brake horse-power. 

High-pressure steam, 1500 lb. per square inch, was next 
tried, and with this engine the trials of right and left- 
handed propellers, ranging in diameter from 4 ft. to 33 ft., 
and of various pitches, were carried out. 

_ These propellers were first tried on a solid and a tubular 
shaft, afterwards one on each end of a girder, so thatone 
sc-ew should not have to work in the wash created by the 
other. Although these experiments extended over a period 
of several years, the results may be summed up in a few 
words. When the diameter of the screws was small com- 
pared with the weight lifted, the power required was enor- 
nous; with large screws and fine pitches a large propor- 
tion of the power was wasted in making eddies and in 
friction. When the large screws had a proper amount of 
pitch, the engine was not able to turn them, and gearing 

iad to be interposed; the weight of this gearing was, 
however, fatal. Lifting the w t by means of screws 
was abandoned, and, instead, a frame of blades for sus- 
taining the weight was used. The proper shape for these 
blades was not arrived at until hundreds of experiments 


had been made, every conceivable shape being tried. | th 


These blades were illustrated and described in your issue 
for August 14, 1885. The form of these blades has since, 
without a word of acknowledgement, been copied and 
incorporated in the Parsons turbine, thereby adding to 
113 efficiency. 
\ machine sustained in the air by means of the above- 
mentioned blades was submitted for your inspection in 
“93, and in describing i e use the term 


‘ it you said: “ 

“lying Machine’ advisedly, for we had the pleasure of 

seeing the whole apparatus rise in the air a few days ago, 
to the height of 2 ft. or 3 ft.. and soar for a distance of 
everal feet—150 to 200.” (ENGINEERING, March 10 and 

May 5, 1893.) 

The weight of this machine was 416 Ib., and the engine 








(steam) about 6 horse-power. On a subsequent occasion 
the machine, which was little more than a model, flew, in 
the presence of —— a © distance of up- 
wards of 2000 [t., with the weight lifted at least 3 ft. from 
the — . In this trial the machine carried in 
the form of sheet lead in addition to its own weight. 

Since | have made oe machines, oe me 
gaining valuable ex ence; Lut my greatest troubie 
always been, and still is, to find a suitable trial-ground. I 
have never been able to obtain anything better than a 
pe field surrounded by hedges, ditches, and trees. One 
machine, with myself aboard, was smashed by alighting 
ina — furrow. Two other machines were practic- 
ally demolished through having too limited a trial-ground. 
On one occasion the machine flew into a tree, my son, 
who was driving, narrowly escaping a serious accident. 

Two or three years ago I applied to the Government for 
permissioa to use the Maplin Sands, promising to confine 
my experiments to the early mornings before the garri- 
— pe awake, but, needless to say, permission was re- 

used. 

I had a new machine nearly ready for trial last summer, 
but could not complete it before the bad weather set in; 
the trial has had, therefore, to be postponed until the 
coming spring. 

Yours faithfully, 
Horatio Pa#ILLIPS. 
Streatham, February 26, 1907. 





ENGINEERING APPRENTICES. 
To THE Epitor or ENGINEERING. 

Sir,—I wish to strongly protest against the remarks 
contained in your leader of the current issue, ‘An 
Apenniante System,” regarding the ‘young gentlemen 
whose parents pay a considerable sum for permission for 
them to wander from department to department.” I am 
one of those so-called *‘ young gentlemen,” if the fact of 
my having been a premiumed pupil designates me as such. 
Personally, I had no inclination to wander from shop to 
shop, but had a very definite object in view, towards 
which I am even now pressing forward. ‘ 

At present I hold a position with a good business City 
firm, which would certainly have never fallen to my lot 
had I “wandered” as you suggest. It is, further, my 
intention not to rest until I gain a managing directorship 
of some firm. 

I have always held the strong opinion that the man to 
encourage and extend help to is the premiumed pupil ; 
he is usually the son of well-educated parents, and 
possesses a brain far above the average mechanic’s, and one 
which is very receptive and intelligent. Give the ‘‘pre- 
miumed pupil” his chance, instead of, as is the custom 
of many firms, lavishing discouragement upon him, and 
endeavouring to impress upon him that se he is a 
premiumed pupil he is naturally a wastrel, and he will be 
as capable as any other educated man of assuming com- 
mand, and of eventually taking up his rightful position. 

The leading men in all other professional w of life 
are not drawn from the working classes, but are gentle- 
men of superior education, and are regarded and treated 
as such. Why should they not be in the engineering 
profession ? 

I shall be much obliged if you can see your way to 
publish the sentiments of 

Your obedient servant, 


“A PremiumEeD Puri.” 
London, February 23, 1907. 








THE RENARD ROAD-TRAIN. 
To THe Eprror oF ENGINEERING. 

Sir,—As I gather from the article on the Renard 
train, which appeared in your issue of February 22, that 
you have not been furnished with sufficient definite data 
regarding the system, allow me to give you the following 
information :— 

As you very rightly remark, no conclusive opinion can 
be arrived at from ‘“‘such a limited demonstration of its 
capabilities as an asphalted yard of a large garage woul 
permit.” The sole object of the demonstration was to 
show the extreme flexibility and control of the train, and 
to give an opportunity for its i tion. The writer of 
your article does, however, to judge and condemn 
the system on points such as cost of running and upkeep, 
questions which certainly could not be settled, or even 
estimated, without proper trials under practical working 


conditions. : 

With rd to une oteneane Ss De pees of Me. 5. 
H. Thwaite and Mr. Campbell Swinton, I have no doubt 
that either of these gentlemén would have been quite 
feo a to furnish figures in support of their opinions 

they been asked to do so, for plenty of figures—the 
results of exhaustive tests in France elsewhere —are 
available. Possibly these gentlemen preferred to make 
their cal from data observed by themselves in 


id | does not ignite so readily as richer 





culations 

e data taken on the War Office trials of the train on | 
hree a at ae | —~ prove that the criti- | 
cisms as regards s consumption, in your 
article, are entirely unjustified. On these trials the 
train ran quite steadily at 10 miles per hour with a useful | 
load equivalent to 120 men—i.e., a load for which four 
motor-omnibuses (not two, as stated in your article) would | 
be required. The train easily negotiated long and foe 
gradients ; with measured gradients of 1 in 20 to 1 in 10) 
at an average speed of 24 miles hour from start to 
stop, over a test hill just overa mile long, horing a total | 
rise of 315 ft. The average gradient on this hill from | 
bottom to top works out at1in18. The test was carried | 
out in heavy rain, and consequently on a very soft and | 
greasy road surface. The consumption of fuel on these | 
tests worked out at 0.88 gallon per train-mile. j 


With regard to the cost of up-keep of the train, reports 
given by independent tra t contractors, who have 
used the train on a 45-mile daily service for over twelve 
months in France, do not bear out the criticisms expressed 
in your article. There is no reason why the cost of up- 
keep should not be considerably less than that of motor- 
omnibuses or other mechanical road vehicles. 

Anyone who has had todo with mechanical traction, 
either on roads or light railways, will appreciate the 
great advantage of equalising the loads on all the axles 
of a vehicle or train. The Renard train, in which the 
useful load can ba arranged to furnish 63 per cent. of the 
adhesive weight required to propel it, will certainly 
reduce the great wear and tear to the road surface and 
— caused by a 10-ton traction-engine, with a similar 
load behind it, to a fraction. The weight on the driving- 
wheels of a 10-ton traction-engine is 74 tons, as com- 

d to a’maximum axle load of 1 tons in the case of 
the Renard train. A petrol-motor is not a necessary part 
of the system. The mechanism of the train can, of 
course, be actuated by either petrol, steam, or electricity. 

Yours truly, 
R. F. Tuorr. 

3, Shelley-court, Tite-street, Chelsea, S.W., 

February 27, 1907. 

_[Perhaps Mr. Thorp ‘could answer the following ques- 
tions for the benefit of our readers:—1. How long the 
train averaged 10 miles an hour on the War-Office tests? 
2. What are the total running and maintenance costs per 
train-mile, and what are the interest and depreciation 
charges for the French service? 3. What is the average 
speed over the 45 miles’ run? 4. What pensentoge of its 
nominal working hours is the French train laid up for 
cleaning, repairing, and overhauling? 5. What is the 
legal position of the train in England with regard to 
speed, &c. ?—Ep. E.] 








DRIVING GAS-ENGINES WITH COKE- 
OVEN GAS. 
To tHE Epiror or ENGINEERING. 

Srr,—We should like to correct an impression which 
was conveyed by the article on “‘ Kérting Gas-Engines at 
the Shelton Iron Works” that ap in your issue of 
the 15th inst. 

It is stated there that some difficulty is experienced in 
applying coke-oven gas to drive gas-engines. This, how- 
ever, is not the case, and. engines of ours have been 
running since 1904 on this gas and still give every satis- 
faction to the owners, no difficulty being met either from 
compression or pre-ignition. 

e ourselves have built, and are constructing, engines 
totalling over 12,000-brake horse-power for coke-oven gas, 
averaging 500 British thermal units per cubic foot, among 
which are four of 1200 horse-power and two of 3000 horse- 
power. ‘ rate 

A misapprehension also appears to exist in the writer's 
mind concerning the use of blast-furnace gas. No more 
difficulty is experienced in igniting this than the richer 
coke-oven gas, the 70 to 100 British thermal units per 
cubic foot giving most reliable working. 

A mistake is also made in calculating the calorific value 
of the gas reported to have m recently used in the 
engine. From the analysis given this would at least 
average 480 British thermal units per cubic foot, instead 
of the 380 mentioned. The heat consumption, assuming 
the former value and the gas consumption as stated—viz., 
22 cubic feet per horse-power (brake or indicated ?) the 
thermal efficiency would only work out at 10,560 British 
thermal units per horse-power-hour, which appears a more 
probable figure than would have been obtained on the 
other basis. rx 

Apologising for this intrusion on your valuable space, 

Yours faithfully, 
ERHARDT AND SEHMER. 


[We know, as a matter of fact, that difficulty has been 
experienced, both here and on the tinent, in working 
with coke-oven gas ; it is also a fact that blast-furnace gas 

t 3 gases, and is therefore 
much the easi¢st gas on which to run a large gas-engine. 
If, as Messrs. Ehrhardt and Sehmer su it, there is no 
difference between the two, why is a higher compression 
invariably used with this gas than with richer gases? 
The calorific value of the fuel and the analysis we gave 
on the authority of the engine-builders.—En. E.] 





Tae Wreck or Tie Great Eastern Rattway Com- 
pany’s 8.8. ** Beruin.”—It may be of interest tc our 
readers to know that the lifeboat President Van Heel, 
which rendered such eervice in the life-saving operations 
subsequent to the wreck of the Berlin, was a boat built 
in 1895 by Messrs. John I. Thornycroft and Co,, Chis- 
wick. The vessel is of the hydraulic jet propelled type, 
7 bag iy described in ENcrngerina, vol. Ix , pages 

, &e. 


Ignition FoR Perroui-Exoixes.—In our issue of last 
week an article a on this subject in which the 
conclusion was arrived at that with low-volage ignition 
these engines ran as well as with high. Mr, 8. ¥ Edge 
has recently conducted some experiments along these 
lines, varying the voltage between 2 and 10 volts. The 
question a rs to be one of complete prompt ignition, 
and the high voltage seems to have little, if any, advan- 
tage over the other. The brake horse-power was about 
the same in all trials, suggesting that ignition is com 
at a satisfactory stage even with low voltage. t is 
stated, however, that with high voltage the spark cannot 

vanced so far as with low, before the engine begins 
to run badly 
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THE NEW NAVAL 


Fic. 48. Penstock Door at Gravine Docks. 


THE DENNIS MOTOR VEHICLES. 


On the opposite page we give illustrations of an 
omnibus chassis which will form a prominent exhibit 
at the Commercial Motor and Motor-Boat Show which 
will be held at Olympia, commencing on Thursday, 
March 7, and closing on Saturday, March 16. The 
manufacturers are Messrs. Dennis Brothers, Limited, 
of Guildford. Figs. 1, 2, and 3 are respectively a 
longitudinal sectional elevation, a front elevation, and 
a plan of the chassis ; Figs. 4 and 5 on the same page, 
and Figs. 6, 7, and 8 on page 274, illustrate details 
of construction. 

At the present stage of automobile progress the 
omnibus chassis is undoubtedly the most important 
feature in the industry, and many able engineers are 
studying how it can be so far perfected that motor- 
omnibuses can be produced and put on the streets with 
least annoyance and inconvenience to the general 

ublic, including those using the vehicles. essrs. 
nnis have given a good dealof attention tothe subject, 
and the result is the chassie we now illustrate. The samo 
design is adopted for different powers. That which we 
illustrate, and which will be exhibited at the forthcom- 
ing Show at Olympia, has a 30-horse-power engine. It 
would be suitable for a heavy omnibus or for stiff 
country work, and could be also used for a 3-ton van. 
A heavier type of chassis of the same design has a 40- 
horse-power engine, and is used for the 4-ton wagon 
made by the firm. 

The 24-horse-power omnibus will carry 30 to 34 

pgers, exclusive of the driver and conductor. 

he engine is of the usual vertical type, working on 
the Otto cycle, and has four cylinders, each 4}-in. 
bore by 5}-in. stroke. It will develop 24 horse-power 
at 900 revolutions per minute, but can be accelerated 
up to 30 horse-power. A four-cylinder 20-horse-power 
engine has cylinders of 4 in. diameter by 54 in. stroke. 
The cylinders are cast separately, and the crank-shaft, 
which has a bearing at each side of a crank-pin, is 
case-hardened, the bearing surfaces bein und, 
High-tension electric ignition is adopted. The bottom 
half of the crank-chamber is detachable, and can be 
removed without disturbing the shaft. The r-box 
is also made so that the lower half can be detached 
from underneath, and the secondary shaft and reverse 








AT DEVONPORT; MECHANICAL EQUIPMENT 


(For Description, see Page 267.) 
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inion come away with it. The main shaft remains|to give access from above. Ball-bearings are used, 
in ition. The bolts and clips are then revealed, | with journals of large size. Ball-thrust bearings are 





the main shaft can be lowered without disturbing | also fitted. ? 
the clutch. This type of -box is very suitable for | A distinguishing feature of the design of 
omnibus work, where the body cannot well be arranged | is the drive by worm and worm-wheel, 4 
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MOTOR-OMNIBUS CHASSIS. 
CONSTRUCTED BY MESSRS. DENNIS BROS., LIMITED, ENGINEERS, GUILDFORD. 


Fig.1. 
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Ja y-— YN | transmission which has been adopted by them for 
SEE! ABEL some time past; and it may be noted that Messrs. 
Ge. Za YS Dennis claim to be “the first motor-makers in 


/ 


Se. \\ oneap meemema npr ager | ("> England.” In Figs. 4 and 5 we give two views of 
ae“ zor | kt VWZZ=e ie YJ the arrangement. Fig. 4 is a longitudinal elevation 
summnmnen | ///2ZZ 7) showing diagrammtically the worm-wheel in mesh 





with the worm-pinion. The ball-bearings and ball- 
“- 7 thrust bearings are shown in section. Fig. 5 is a 
' eS view of the worm-drive and five wen 
a I ee Z with the differential gear; the axle-casin in, 
| ZTE yy ZI) YA gg shown broken off. The differential is of the parallel 
Y I\ S pinion type, with six planets and two stars. The 
ly — Wy casing is a malleable casting, with strengthened outer 
Vw rE Sy flanges, into which are screwed and locked the live axle 
z ~ casings. The latter are extended to take the bearing of 
the road wheels, there being driving stars fitted into 
recesses on the hubs, which engage with the 
square end of the live axle. The whole mechanism 
runs in thick oil or grease, which is contained within 
the casing. Fig. 6 on the next page is a sectional view 
of the back axle and wheel hub. is, with Figs. 4and 
8, shows the general arrangement by which Mesers. 
Dennis’s back axle-drive is obtained ; the details are 
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tented. In the design for omnibus use the wheels 
Sienans ere ame bearing, 10 in. in length, on which | 
to support the weight of vehicle and passengers, the 
live axle being subject only to torsional stresses. 

The worm-gearing is designed so that the motion is 
reversible for the backward movement of the car, the 
gear being cut at an angle of 43 deg. The motion is 
certainly easy in either direction of turning. The 
success of the device is largely due to the ball-bearings, 
and the fact that this type of bearing does not wear, as 
plain bearings are apt to do. Should a bearing carry- 
ing @ worm-pinion above the wheel, as in this case, 
wear so as to lower the pinion, the latter will be apt 
to bind on the wheel. ith worm-gear the power is 
transmitted through a large wearing surface. Worm- 
gearing is also convenient for giving a large reduction 
to spsed; and advantage is taken of this in the 
Dennis chassis to drive direct on the top speed, the 
reduction from motor toaxle being 9to 1. The change 
speed-gear is also designed with a view to the chief 
work being done on direct drive, the secondary 
shaft being then Fn entirely, so that none 
of the wheels are in mesh with those on the main 
shaft. The direct drive on the top speed is by means 
of a six-jaw clutch. We understand that this is the 
only omnibus or heavy vehicle gear-box having a 
direct drive on the top speed with the secondary shaft 
stationary and its wheels not — The gear- 
wheels are made from case-hardened forged steel ; 
they are of large diameter, and have a width of face 
about one and a quarter times the pitch. 

The propulsive effort is taken by horn-plates or 
brackets, the vertical motion, due to the giving of the 
springs, being provided for by means of phosphor- 
bronze slides, which have oil-boxes cast in them, as 
shown in Fig. 7. In Fig. 8 we give a sectional view 
of the front hub and axle forging and arms. The 
latter, which carry the swivels, are fitted with har- 
dened steel bearings, both at the top and bottom, the 
latter being adjustable and locked by a set-screw. 
There are therefore no pins running through the 
centres, an arrangement that weakens the axle. 

ln a new design of petrol-engine which Messrs. 
Dennis are bringing out especially for motor-omnibus 
work there is a device for distributing lubricants 
which is well adapted to prevent excess of flooding 
with oil; the object being to combine the advantages 
of the splash and forced-feed types, with none of their 
defects. A sump is provided under the bottom 
of the crank-chamber, the latter having sufficient 
oil in it for the big ends, as they revolve, to 
dip into sufficiently to keep them lubricated by 
splash. If a larger quantity of oil accumulate in the 
crank-chamber than 1s required, it is carried up the 
side of the chamber by the motion of the crank and 
falls into the sump. The bottom of the latter is a 
gear pump, which forces the oil under pressure to the 
main bearings, from whence it flows back to the crank- 
case. In this way the lubricant is kept circulating, 
and any quantity in the system over that needed will 
find its way to the sump, and not cause over-lubrication 
of the cylinders and thus coe rise to the pungent blue 
smoke that is one of the chief defects of petrol-driven 
vehicles. There is a small pressure-gauge to show if 
the pump is working, and a small hand-pump is fitted 
as an auxiliary. 

Those features of the design of this chassis to which 
we have not made reference may be gathered from 
the illustrations. The most interesting feature is the 
worm drive, which, we believe, has not been adopted 
for omnibus work with any other make ; although, as 
our readers areaware, Mr. Lanchester used this device 
for his pleasure-cars in early days. Whatever may be 
the respective merits of worm and bevel gear, there 
is no doubt that the former gives a silent and 
easy drive. With the attitude the police authorities 
are now taking in the Metropolis, this is a circum- 
stance of paramount impertance ; but, — aside 
official regulations, the greater comfort of worm-drive, 
combined with absence of spur-wheels in mesh, makes 
it worth while paying a considerable a to reap 
such an advantage for the passenger. The objection 
to worm-gear, of course, is that the worm and wheel 
surface are in rubbing contact, in place of rolling 
contact, as is theoretically the case with well-de- 
signed spur-gear. With gear running in oil and 
with ball-bearings the loss through friction becomes 
more nearly a negligible quentity. The problem 
involves the question of loss of engine power, 
which, in turn, is a question of fuel consumption. 
Under these circumstances, it will not be out of place 
to give figures, obtained by Messrs. Dennis from actual 





running with a 24-horse-power omnibus, carrying 
thirty to thirty-four passengers, and running 100 miles | 
a day at a speed of from 12 to 14 miles per hour. . The | 
petrol consumed was at the rate of 1 gallon for 6 miles; 
and taking the price at 8d., gives lls. 1d. for the day’s 
run. Cylinder oil cost 2s, 1d. 
Depreciation and repairs at the rate of 15 per cent. | 
per annum for 313 working days, 8s. 1}d.; tyres’ 
— at 2d. per mile, 163. 8d.; insurance of omni- 
and driver, at rate of 20/. per annum, Is. 23d.; inte- 
rest on outlay at 5 per cent., 2s. 8}d.; wages of driver | 





at rate of 2/. per week of six days, 6s. 8d.; wages of 
conductor at 253. per week, 4s. 2d. This is calcu- 
lated to give the actual cost per day’s run of 100 miles, 
carrying thirty to thirty-four passengers, as 2/. 123, 9J., 
or thirty-four passengers for 1 mile for 6jd. It may 
be added that Dennis omnibuses of this description 
have been put on the Peckham service and other 
routes, including that between Surbiton and Kew 
Bridge, where Richmond Hill has to be ascended, and 
also the very stiff gradient at Petersham. 

A few words may be said in this connection in 
regard to the works of Messrs. Dennis Brothers, where 
these omnibuses, as well as the freight vehicles and 
germane of the firm, are made. The original 
actory, which still includes the chief engineering 
shops, is situated in the centre of Guildford, and is 
a three-floor brick building covering about an acre of 
ground. Here are the various departments containing 


Fig 6. 
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of some beautiful and costly machine-tools by 


It comprises a fine equipment 
ritish 
and foreiga makers; the latter, perhaps, more in 
evidence than the patriotic Briton would desire, so far 
as special machines are concerned, such as gear-cutters, 
turret-lathes, and tools of this nature. The business 
of the firm has grown to such an extent that it has 
been found necessary to increase the means of produc- 
tion. The original factory is in a crowded part of 
Guildford, and for some time there was difficulty in 
securing a convenient site. Recently, however, a 
large area of land came into the market, and was pur- 
chased for the purpose of development. This is known 
as the Woodbridge Estate, of which Messrs Dennis 
have emai 12 acres, They have already erected 
a building covering over an acre of ssteeall where 
the various operations in connection with body work 
are carried on. Here is situatcd the wood-working 


the necessary 





machinery and other plant needed for the various 
operations in connection with body-making, also the 
forges, brass and nickel platers, trimmers, painters, 
erectors, and finishers. 








NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the tone of the market was irregular, and about 15,000 
tons of Cleveland warrants were put through. This 
business was done at 543., 53s. 9d., and 54s. 3d. cash, 54s., 
533. 10$d., and 54s. 6d. one month, and closing sellers 
quoted 54s. 3d. cash and 54s. 7d. one month, with buyers 
at 1d. less in each case, and also at 55s. 2d. three months. 
In the afternoon the recovery was stronger, and Cleve- 
land warrants were done at between 54s. 6d. and 543. 10d. 
cash, and 54s. 10d., 55s. O4d., and 55s. one month. 
The turnover was 12,000 tons, and the closing quota- 
tions were 54s, 11d. cash, 55s. 3d. one month, and 56:. 
three months sellers. On Friday morning the market 
was easier, and 8000 tons of Cleveland warrants changed 
hands at 54s, 84d., 54s. 8d., and 543. 9d. cash, 54s. 104d. 
and 54s. 8d. seven days, 55s. 24d. and 55s. one 
month, and 55s. 8d. three months. At the close the 
prices were :—543. 94d. cash, 553. 2d. one month, and 
55s. 9d. three months sellers. In the afternoon the tone 
| was again weaker, due to renewed selling of Cleveland 
| warrants. A small business of 6000 tons was done at 
54s. 6d. and 54s. 74d. cash, 54s 104d. and 54s. 114d. 
one month, and at 55s. 64d. three months; while 
closing sellers quoted 54s. 7d. cash and 54s. 104d. 
one month. When business was resumed on Monday 
morning the market showed undoubted strength, 
and although the turnover was only about 8000 tons, 
prices were considerably higher. Cleveland warrants, 
to which business was confined, were dealt in at 
553. 34d., 55s. 8d., and 55s. 54d. cash, 55s. 7d. and 56s. 
one month, and 56s. 3d. and 56s. 9d. three months. 
Sellers’ closing quotations were 55s, 6d. cash, and 55s, 104d. 
one month—exactly 11d. and 1s. up from Friday’s close 
Hematite was quoted at 743. cash sellers, and 73s. 3d. 
cash buyers. In the afternoon the tone was stronger, 
and 6000 tons of Cleveland warrants were done at 
55s. 64d., 55s. 7d., and 55s. 64d. cash, and 55s. 114d. one 
month, closing at 55s. 74d. cash and 56s. one month sellers. 
On Tuesday morning a reaction set in, and Cleveland 
warrants declined to 54s. 104d. and 54s. 94d. cash, 55s. 1d. 
and 55s. eight days, and 55s. 3d. and 55s. 1d. one month. 
The turnover was estimated at nearly 8000 tons, and 
closing sellers quoted 54s. 104d. cash and 55s. 24d. one 
month, and buyers 1d, less in each case. Hematite was 
quoted weak at 72s. 10d. cash sellers. At the after- 
} noon session weakness again prevailed, and the business 
of 7000 tons was confined to Cleveland warrants. ‘the 
dealings were at 54s. 84d. and 54s. 74d. cash, 55s., 
553. 1ld., 543. 114d., and 553..one month, 55s. 8d. 
and 55s. 74d. three months, and there were buyers 
over at 54s. 8d. cash and 55s. one month, and sellers 
at 543. 8hd. cash and 55s. 1d. one month. When 
the market opened to-day (Wednesday), the tone was ur- 
changed, and a small business of 5000 tons of Cleveland 
warrants was put through at 54s. 8d., 54s. 7d., and 
54s. 74d. cash, and at 55s. one month. The close was a 
shade easier than yesterday, and sellers quoted 54s. 8d. 
cash and 55s. one month. Hematite was quoted at 
72s. 3d. cash sellers. In the afternoon the dealings only 
amounted to 4000 tons of Cleveland warrants, and 
| prices were about 1d. down. The transactions were 
|at 54s. 6d. cash and twelve days, 54s. 1ld. one 
| month, and from 553. 44d. to 55s. 54d. three months. 
| At the close of the day sellers quoted 54s. 7d. cash, and 
54s. 114d. one month, and there were buyers of hematite 
at 72s. cash, but no business was done. The following 
are the market quotations for makers’ (No. 1) iron:— 
Clyde, 743. 6d.; Calder and Gartsherrie, 75s.; Summerlee, 
77s. 6d.; Langloan, 78s.; and Coltness, 85s. (all shipped at 
Glasgow); Glengarnock (at Ardrossan), 76s.; Shotts (at 
Leith), 75s. 6d.; and Carron (at Grangemouth), 79s. 


Sulphate of Ammonia.— The sulphate of ammonia 
market remains very quiet, and only a limited business 
is ey The price is round 12/7. per ton for prompt 
business Glasgow or Leith. The total amount of sulphate 
exported from Leith Harbour last week was 576 tons. 


Demand for Scotch Pig Iron.—Within the past few days 
merchants and‘makers of Scotch pig iron have experienc-d 
a very steady demand from abroad. Inquiries have come 
from Canada, Australia, and India, as well as from Japan 
and China; the Australian demand is on a larger scale 
than has been felt for years. This morning makers advise 
cables from the latter colony, and also from the United 
States, both asking for some lots of different Scotch 
brands, for which full prices are offered. It is stated that 
some No. 1 qualities of Scotch iron are so scarce, in view 
of current en ments, that producers cannot give de- 
livery before Misy, and proffered business has been sus- 
pended in consequence. 


Scotch Steel Trade.—No great improvement has taken 
place in the Scotch steel trade during the past week in 
connection with the home demand for steel. The works 
are, however, all well employed, and likely to be kept 
going steadily for the next few months at least. A good 
part of this activity is due to the increasing demand for 
material for shipment. Towards the end of last week 
Germany was in the market for structural sections, but 
the prices offering were below sellers’ ideas of value. 
With the beginning of this week inquiries came to hand 
from the same quarter for shipbuilding material, one 
line being tated to be for 4300 tons of sbip-plate:, 
while the others comprised boiler - plates, _ billets 
and b'voms, &c. Merchants here repor: that German 
buyers of Scotch steel are anxious to cover their wants 
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for the next three months. Large enquiries are in the 
market from Canada, and these, as at present represented, 
amount to no inconsiderable quantity of steel, and it is 
fully expected that a goodly share of these orders will be 
placed with local firms. me large orders, principally 
for structural material, have already been fixed up in this 
district, and negotiations for other lots are in progress. 
Navigation of the rivers in the colony will open up soon 
now, and so there is a desire to get these orders placed as 
speedily as possible. No change has taken place in 
prices, and producers are holding firm by the last official 
list of quotations. Local buyers are expected to come 
into the market almost any day now, and it is argued 
that some of them havea few good orders to place. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Leeds Forge Company.—The directors of the above com- 
pany state that the profit for the past year was 91,375/., 
out of which they propose to add 15,0007. to reserve ; to 
write off 25,0001. for depreciation ; to pay a dividend of 
10 per cent. and a bonus of 33. 6d. per share, and carry 
forward 22,8852. 

The Dalton Main Collieries.—The directors, in their 
annual report, say that the profit for last year is 19,169/., 
and after paying interest on debentures and bank inte- 
rest, there is a balance of 12752. This is carried to reserve, 
which now amounts to 94852. The output had not in- 
creased as was expected, but the by-products plant had 
been well employed. Over forty additional coke-ovens 
are being built. 


Sheffield Chamber of Commerce.—At the annual meeting 
of the above chamber, Mr. T. W. Ward introduced the 
subject of the inadequate supplies of coal to the city. It 
was considered of so much importance that Monday 
evening was set apart to discuss it. There was a good 
attendance of members of the Chamber, representatives 
of several leading local collieries, as well as coal merchants 
and officials of the railway companies by which the y ’ is 
served. The burden of the complaints made was that 
there is little accommodation here for stocking , and 
in case of a fog or other cause of delay on the woe 
manufacturers are practically helpless. Quite a number 
of works are tied down to one source of supply, The 

resent inadequate system results in an extra charge of at 
east 6d. per ton. What is needed is not more siding 
accommodation at a distance, but more drops or shoots, 
so that coal might bedealt with more promptly. A speci 
committee was formed to make friendly representations 
to the railway companies with a view to the grievances 
being remedied. 

The Iron and Steel Trades.—The reports from the iron 
and steel makers generally is that there is plenty of trade. 
The iron market is unsettled, but it is not interfering 
with the local demand, as order-books are still very full. 
The makers of Bessemer and Siemens steels keep busy, 
and quotations are firm. The bottom price for the former 
is 8. 15s., and for the latter 97. 5s. Large quantities of 
hasic steel are being used up in the manufacture of wire. 
Firms who supply cutlery manufacturers with blades, 
springs, and scales, by machinery, are doing an increasing 
business, more particularly in the larger goods. 


The Scuth Yorkshire Coal Trade.—The great pressure 
in the coal trade is being relieved. The advent of milder 
weather has reduced the demand for house coal both 
locally and for distant markets, and prices are easier. 
Best qualities have been selling at lle. to 12s. per ton at 
the pit, and seconds at 93. to 103. per ton. Steam coal is 
still going away freely. There is a heavy demand for 
slacks, and from 5s. to 7s. per ton is being obtained for 
them. Other common fuel is realising high prices. The 
blast-furnace coke trade is well maintained, and as much 
as 18s to 18s. 6d. per ton is being paid. 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade,—The market is quiet and 
dull, co far as Cleveland pig is concerned, but genuine 
traders take a very sanguine view of the situation, and 
look for a resumption of business in the early future. 
Deliveries of pig iron are heavy, both to home and —— 
customers, and, indeed, shipments are easily a record for 
the month of February, the previous best for the second 
month of the year being 87,830 tons in 1897. For the 
month just ended the clearances by sea are well over 
20,000 tons better than the previous best. The warrant 
market continues very unsettled, and, asa result, legiti- 
mate buyers of Cleveland iron are ope | off ; but as pro- 
ducers have disposed of what they can e for the next six 
months, they are very little concerned about making new 
contracts just at present, especially as they incline to the 
belief that quotations are more likely to improve than 
decline beforelong. The price of No. 3 g.m.b. Cleveland 
pig is now 55s. 6d. f.o.b. ; whilst No. 4 foundry is 54s. 6d. ; 
and No. 4 forge, 54s. These are merchants’ quotations, 
and, no doubt, enquiries to any extent would quickly 
createarise. Producers will not listen to figures such as 
the foregoing. Few of them can be induced to quote at 
all, and those who are persuaded to name a figure put 
No. 3 at about 57s. The makers of Kast Coast hematite 
pig iron are very comfortably situated. They are all 
well sold, and as they are not hampered by any 
stocks whatever, they are complete masters of the situa- 
tion, for merchants have no iron to dispose of, and 
anybody needing hematite has to go to the producer for 





it, Under such favourable conditions quotations are 
naturally well maintained, Mixed numbers still stand at : 


79s., which is a very high price com with values of 
Cleveland iron. In normal times about 8s. to 10s. is the 
difference between mixed hematite and No. 3 Cleveland, 
but to-day hematite is no less than 23s. 6d. above No. 3. 
Spanish ore is steady and firm, but there is not much 
doing in it just now. Rubio (50 per cent. quality) is 
223. 6d. ex-ship Tees, but some dealers are asking 6d. 
above that rate. Freights, Bilbaoto Middlesbrough, are 
ie A ot and unremunerative, vessels having been fixed 
at 4s, 3d. 


Manufactured Iron and Steel.—Very good accounts 
continue to be given of the various branches of the manu- 
factured iron and steel industries. Demand all round is 
satisfactory, and firms have very well-filled order- books. 
Under such favourable conditions quotations are naturally 
oS The leading figures are :—Common iron bars, 8. ; 
best bars, 8/. 10s.; t best bara, 9/.; packing iron, 
6/. 53.; iron ship-plates, 7/. 153.; iron ship-angles, 7/. 15s. ; 
iron a - rivets, 8/. 103.; steel ship-plates, 7/. 10s. 
steel boiler-plates, 87. 10s.; steel ship-angles, 77. 23. 6d.; 
steel bars, 7/. 15s.; and steel joists, 67. 17s. 6d.—all less 
the customary 24 per cent. discount. — sections of 
steel rails are 6/. 15s., and cast-iron railway chairs 
41. 23. 6d.—both net cash at works. 


Coal and Coke.—Sellers of fuel are well placed, and they 
take a very firm stand. Naturally at this season of the 
year the consumption of gas coal is d ing, but nego- 
tiations are at hand for the contracts for the big London 
companies, and the opinion prevails that they will be 
made at a shilling or two per ton above the last sales. 
Bunker coal is in very good request, and the large demand 
is well met. From 12s. 6d. to 13s. may be given as the 
value of unscreened Durhams, but for some kinds rather 
more is realised. Coke sellers adhere to quotations which 
have ruled for some time, and which are on 25s. for 
medium blast-furnace qualities delivered here ; but con- 
sumers. consider that several shillirgs too high, and are 
holding off for the present. 


ar 








Tue Roya AcricutturaL Socirety.—On Wednesday 
afternoon, the 27th ult., at a meeting of the Royal Agri- 
cultural Society, some interesting figures were brought 
forward, which indicate a distinct improvement in the 
Society’s affairs. It was stated that for many years the 
salaries had been about 4000/. per annum, while in 1906 
they had been reduced to 1779/., showing a saving of 2221/, 
It was hoped that the sale of Harew House would be 


pecial | completed by the end of March this year, and until then 


Sir Walter Gilbey had allowed his loan of 7785J. to run on. 
The total income for 1906 had been 7518/., against a total 
income in 1905 of 64507. The total expenditure during 
last year had been 8799/., so that there was a debit balance 
of 12812. Onthe credit side, however, there was a reserve 
fund which had reached a eum of 7600/., and this did not 
include money which it was expected would accrue from 
the sale of Harewood House and Park Royal. The 
membership had also increased since 1905, though it was 
not quite so high as in 1901. In the latter year it 
amounted to 10,050, and there was a reserve fund of 
20,0002. In 1905 the membership had shrunk to 9170, 
and the reserve fund had ceased to exist. The member- 
ship had, however, at the end of last year, risen to 9600, 
and there was, as before stated, a reserve fund of 76002. 





ConstTRucTION oF BurL_pines in Eartuquake Coun- 
TRIES.—At the Commercial Sale Rooms, Mincing-lane, 
E.C., on the afternoon of Thursday, the 2ist ult., 
Professor John Milne delivered, under. the auspices of the 
West India Committee (Inco ted), an interesting 
lecture on the above subject. Mr. Jesse Collings, M.P., 
who presided, on introducing the lecturer, —anene 
rather strongly his views with regard to the at that 

ad been made on Sir Alexander Swettenham, whom he 
said, he had seen at work in Kingston after the recent 
earthquake in Jamaica, and he expressed regret that the 
Admiralty had only one vessel to patrol an area of 
1,250,000 square miles. Professor Milne stated that, in 
1880, the ese established a seismological society, 
the work being now continued by a committee under 
the Government, the committee receiving a subsidy of 
from 10007. to 50(0/. perannum. As some proof of the 
work that had been done by the committee, from sixty 
to seventy volumes had been published, many of which 
related to the construction buildings in earthquake 
countries. The Japanese had done a great work in this 
direction, for wherever there was an uake in their 
country ee were sent to the place in order to make 
notes of what structures fell and what stood, The lec- 
rurer stated that the actual movement of the ground was 
very difficult to judge, from the physical impressions it 
might produce. Here in London a movement of 4 in. 
would probably leave in the minds of t who 
experienced it an im ion that it had of far 
greater magnitude. If an earthquake shock occurred in 
London, and the back and forward motion of the ground 
was at the rate of only 1 ft. per second, it is le that 
about 7,000,000 chimney pots would be found in the 
streets. At Jamaica, however, the motion in the recent 
convulsion was probably about ten times this amount. 
If we knew the suddennees of the motion likely to take 
place, we could put up structures to withstand it. The 
chief points to be observed were, to make the buildings as 
light as possible consistent with the necessary strength, 
and not to place heavy weights in their upper parts ; 
or, in other words, to avoid heavy roofs, &c. In addi- 
tion to these pointe, buildings should be out 
at the base as much as possible. It was pointed out that 
timber buildings are very suitable if properly constructed, 
and the joints are not weakened by the timber being cut 
<a. The lecture wasillustrated by a number of lantern 

ides. 


| has shown little chan 
| made 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The demand for large steam coal has become 
more quiet, and in transactions for early delivery prices 
have shown a slight fall. The best large steam coal has 
made 18s. 6d. to 19s. ton, while secondary quabties 
have ranged from 16s. Ba. to 18s, 3d. per ton. House voal 
; the best ordinary qualities have 
193. to 19s. 6d. per ton. No. 3 Rhondda lurge 
has been quoted at 20s. per ton. Foundry coke has 
brought 28s. to 303. per ton, and furnace ditto, 22s. to 
25s. per ton. As regards iron ore, Rubio has made 
20s. 6d. to 21s. per ton, and Almeria 20s. 3d. to 20s. 6d. 
per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff 
or Newport. 

More Welsh Coal.—It is understood that a company is 
about to be formed at Llanelly for the purpose of re- 
opening and eee J the Cae and Bryngwyn collieries. 

essrs. Glasbrook have struck coal at a new pit at 
Gorseinon ; they have expended a considerable amount 
in developing the property. 

Motor-Cars on the Rhymney Railway.—The Rhymney 
Railway Company has decided to run two motor-cars on 
its line, and orders have been placed for the vehicles. 
It is expected that one of them will run on the Seng- 
henydd branch, and the other from Ystradmynach to 


The Swansca Valley.—Good supplies of iron ore have 
been received, and there has been an average output of 
pig for the local am works. The production 
of tin-plate bars has been , and it has been regularly 
absorbed by the current demand. There has been an 
active demand for coal, not only for local consumption, 
but alse for foreign shipment. 


Cheltenham. — Mr. A. G. Malet, an inspector of the 
Local Government Board, has held an inquiry at Chel- 
tenham into an coruntes by the Town Council for 
sanction toa loan of 45,1952. for works of sewerage and 
sewage disposal. The chief portion of the loan—viz., 
34,500/.—is required for an outfall sewer and works at 
Haydon Farm, and 10,3101. for the Arle Bank outfall 
sewer. 


Dowlais.—The Goat Mill has Leen regularly employed 
upon heavy steel rails on both home and colonial account; 
stéel —— have also been turned out upon a large scale. 
The Big Mill has had a good “yest of small-sized colliery 
rails and light finished goods. T 
furnaces have had good yields. 


Water at Portishead.—The directors of the Portishead 
District Water Company state that the income from 
water-rates generally shows an increase. The net revenue 
for the half-year shows a profit of 203/., from which 200/. 
has been carried to the reserve fund for conti cies, 
Having to the prospect of a more decided develop- 
ment of Portishead than hitherto, the directors have 
deemed it desirable to Promote a Bill in Parliament for 

wers to construct additional works, more particularly 

or the purpose of supplying the higher levels in the 
district served by the company. 


e Bessemer and Siemens 





Tue Evra, Tower.—The Eiffel Tower is to become 
& permanent institution, as a result of the decision of the 
French Government to use it as part of the army wire- 
less telegraph system. From its great height the French 
war department during the Jast army manouvres was 
able to maintain communication with the Eastern 
frontiers along the Voeges, and since then the tower 
station has communicated with London and Berlin. New 
installations are being made, by which regular communi- 
cation with Algeria and Tunis is expected to be assured. 





JUBILEE OF THE NorppEUTSCHE LLoyp.—Last week 
the Norddeutsche Lloyd celebrated the fiftieth anniver- 
sary of its establishment in Bremen. The company was 
floated originally with an unusually high capital, consider- 
ing German commercial enterprise of those days—viz., 
3 million thaler, nearly half a million sterling. service 
from Bremen to was opened with three small 
steamers, and four larger boats were sent to New York. 
After twenty-five years of existence the Norddeutseche 
Lloyd had risen to the rank of the fourth — com- 
pany, owning then ninety-eight ships, totalling 104,500 

ister tons. At the present time the Norddeutsche 

oyd claims the second rank, with its 395 ships, of a total 
measurement of 754,441 register tons, driven by engines of 
571,670 horse-power, In the’sixties and ’seventies the lines 
Bremen - Baltimore, Bremen-New Orleans’ alves- 
ton, Bremen-West Indies and Central America, Bremen- 
Brazil and Bremen-La Plata had started, and new 
German mail lines have more recently been added, 
Bremen to China and Ja and Bremen to Aus. 
tralia, with a branch Sydney-German New Guinea- 
Yokohama. Other steamers serve the coasts of Kast 
India and China, and sail up the Yang-tse-kiang. Con- 
nection between Genoa, Gibraltar, and New York, and 
between Marseilles, Na: and Alexandria was opened 
in 1891. Cargo boats have regularly been despatched 
since 1905 from Bremen to the Dutch East Indies and to 
Australia, and to Philadelphia and Savannab, and from 
Genoa to Braila and Galatz on the Lower Danube. Since 
last year another line of steamers looks after the trade of 
the iterranean and the Levant in connection with 
the German Levant Line. More than 80 per cent. of the 
ships of the Norddeutsche Lloyd have been built on 
German yards, and in the last seven years no orders 
for ships of the company have gone abroad. Thé leading 
men of the Norddeutsche Lloyd — Messrs. G. Plate, 
Fritz Achelis and Dr, Wiegand—have held their posi- 
tions since 1892. 
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AIR-COMPRESSING PLANT AT THE NEW NAVAL DOCKS AT DEVONPORT. 
CONSTRUCTED BY MESSRS. FULLERTON, HODGART, AND BARCLAY, LIMITED, ENGINEERS, PAISLEY. 


(For Description, see Page 267.) 
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FRIDAY, MARCH 1, 1907. 


THE VALUE OF JUDGMENT IN 
ENGINEERING. 


THERE are probably few engineers engaged in 
the design or conduct of = but will readily 
concede the claims of good judgment in engineer- 
ing. Yet what is it that is so esteemed ? 
Judgment, to be of value, must be based on 
knowledge and sound reason. No matter how ill- 
informed a man may seem to be, if in some direc- 
tion his judgment is uniformly-reliable, it may be 
acknowledged that he, at the least, knows some 
things well, and reasons truly. The work of many 
engineers has been successful largely because of 
the possession of this faculty strongly developed. 
With some of these, scientific knowledge has been, 
though not wholly wanting, yet of a most elemen- 
tary kind, mathematical skill being limited to the 
most rudimentary forms of calculation, and never 
used as a mode of analysis. It is probable that the 
reasoning of men such as Vermuyden, Brindley, 
and the elder Stephenson, was wholly of the 
‘*horse sense” variety, and had no relation to 








280 | mathematical processes; but the development of 


this ability by men whose early training was by no 


9 | means academical, or whose natural bent rendered 


them impatient of methods needing so much pre- 
liminary study, led to the achievement of results 
marked by a large measure of success. 

Many branches of engineering have advanced to 
a very considerable degree of excellence with but 





| was forthcoming. 


little other than good judgment to help. Works 
have been carried out, machines of various kinds 


otes 285 
Optical Pyrometry (Jllus.) 4 | constructed, and ships built, with little else to assist 
logues 


200 | the designer. Better structures, better machines, 


and better ships have resulted with the aid of latter- 


day knowledge ; but the essential point is that the 


| judgment alone accomplished much ; in the case of 

the stone arch, indeed, bringing it near the acme 

of development oe before any strict treatment 
e judgment led the way. 








This faculty is of the greatest importance, for 
instance, in considering whether any existing struc- 
ture is safe, or not safe. Originally, the work may 
have been carried out with strictest regard to 
scientific design, and sound execution ; yet when 
its — in course of years becomes a matter of 
enquiry, the conditions by that time may be so 
complex as to defy all analysis, and uncertainty of 
some of those conditions so marked as to render 
their inclusion impracticable in any case. The 
judgment becomes the ultimate court of reference. 

In harbour engineering and sea-coast protection, 
to the present day this is the only means by which, 
together with experience, —— of that kind may 
be designed or criticised. In a lesser degree only 
is the same statement true of river engineering, 
whilst in the ventilation of buildings:there is but 
little else to rely upon ; and by way of exception, 
it must be admitted, with results so erratic as 
barely to justify this or any other known method 
of treatment. 

In much other work the judgment must largel 
be resorted to. Apart from those cases in whic 
the position is arbitrarily fixed, the choice of site 
for a bridge is largely a matter ‘of judgment. The 
character of the structure will also be much depen- 
dent upon the use of this faculty. Determination 
of stresses is another matter, though here also 
judgment must be used in applying the results of 
calculation, whether by direct a plication to the par- 
ticular case, or by the use of on men’s judgment, 
as expressed by accepted factors or allowances. 
In the design of any heat engine to fulfil given 
conditions there is also a mixture of*science and 
judgment, for there is not enough pure science 
available which, with judgment wanting, and no 
experience, will make a good heat engine. 

ng-continued and observant exercise of this 
uality, while leading to greater reliability and con- 
dence in its —— may, however, and some- 
times does, induce some contempt for methods of 
reasoning of a strictly scientific character, which 
methods are at the same time rendered the less 
readily available by continued neglect. Similarly, 
the man of mathematical ability is quite as prone, - 
while cultivating his own particular talent to a state 
of high efficiency, to slight the value of judgment ; 
slighting it even to the extent of trifling with the 
premises to an analysis, content if only his reason- 
ing upon them be correct. 

There are risks it is evident, either by fostering 
the judgment at the expense of scientific studies, 
or by the development of mathematical methods at 
the cost of the judgment. If a choice had to be 
made between the two, there is little doubt a good 
case could be made out in favour of plain common- 
sense or judgment ; for of all mistakes which may 
be made, probably none are so wild as those 
resulting from mathematics applied without discre- 
tion. A well-known professor of engineering at a 
colonial university once delivered himself in this 
wise :—‘*I like mathematical work, but when I 
take up any matter for inquiry, I am at the outset 
very careful about my facts. Having develo 
the analysis, and reached a concrete result, I then 
put my figures on one side, and consider, as a 
mere matter of judgment, how far the result squares 
with it. If my judgment is against such a re- 
sult, I begin to look for the fault, in the premises, 
or in the reasoning, and am not satisfied till 1 
have found it ; for a fault most probably there 
will be.” Thus mathematical i inquiry, when allied 
with sound judgment, may reach results denied, 
with assurance of truth, to either separately. This 
is the combination most useful in engineering work, 
and brings us back to the consideration of the 
judgment as a useful working factor. 

As all human knowledge rests upon 6 samme 
so it would seem that any man can onl 
of the reliability of his judgment yee ne 
by a comparison of his deliberately-formed opinions 
with the facts when ascertained—by putting himself 
to the test. Such a method of test is not perhaps 
consciously exercised, but it is probable that in cases 
where the judgment proves to be developed in a high 
degree, it has been applied from the beginning. 
Why is the judgment of some men held to be 
sound ? How do they know it to be so?‘and, Why 
is it their pronouncements on points of difficulty 
are accepted? Because, broadly, their own ex- 
perience of themselves, and the experience of 
others of them, in the main justifies this con- 
fidence. 

But — from larger questions, the use of this 
quality in ordinary work is constantly in demand, 
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either because the matters to be dealt with are 
beyond the reach of strict test, or, more probably, 


beyond the ability of the average man to deal with | § 


in that way. The dangers of an involved analysis, 
even by an accomplished mathematician, under 
pressure of time, cannot be ignored. Let any one 
who considers this to be begging the question, re- 
call how often (or how seldom) he has himself 
resorted to troublesome methods of this kind, or 
bas known others to do so, under the conditions of 
practical work. The plea, then, for a cultivated 
judgment may well be entertained, if only asa check 
upo. calculation, and even for that use of the judg- 
ment which may r°sult in an almost instantaneous 
decision. The ready perception here indicated as 
to what result is to be expected, or what course. to 
adopt, in case3 which crop up for necessarily prompt 
settlement, may rest upon better grounds than are 
apparent. This quick instinct is itself a result of 
the habit of mind and training which makes it pos- 
sible, and may in each case be but the final expres- 
sion of a train of reasoning too quick for word- 
thought, but to be unravelled and reconstructed, if 
it be desired, at leisure. Indeed, if an intuition 
will not stand this test, it may well be doubted. 

It is admittedly quite possible to entertain a 
prematurely good opinion of one’s capacity in this 
direction, and reliance to be placed upon it, which 
facts do not warrant ; but it is not the use of an 
immature judgment with which we are concerned, 


but the application of sound judgment and discre- | ‘ 


tion, though even this must take a subordinate place 
in matters which may be strictly determined with 


readiness, or for which a strict determination is | : 


imperative and possible ; for the judgment, it must 
be confessed, is always liable to be at fault. 

The best work has undoubtedly been done by 
men possessing both reliable judgment and scien- 
tific knowledge. Of the older engineers, Smeaton, 
Watt, Brunel, Telford, Rennie, and Clark may be 
instanced, and, this being admitted, it is hardly 
necessary to say that there is no intention here to 
glorify the judgment at the expense of strict scien- 
tific ptetdl ag but rather to insist upon its value as 
an aid and ally. 

The tendency of any long-continued course of 
academic study is nevertheless to subordinate this 
faculty to methods of precision, and to treat all 
matters of difficulty as affairs of routine investiga- 
tion. The effect is, whilst ‘‘ developing ” unaltered 
high qualities in one direction, to stifle in its growth 
a most valuable attribute which should rather be 
cultivated in the fullest measure by any engineer 
who hopes to do good work. 








BOND BETWEEN CONCRETE AND 
STEEL. 

Ir is probably unreasonable to expect any very 
close agreement between the results of various 
tests made to ascertain the force required to pull 
steel bars from the concrete in which they are 
embedded. The nature of the materials, as used 
commercially, forbids it. So much depends on the 
quality of the cement, sand, and rock used, as well 
as on the way in which the concrete is mixed and 
applied, that all we can hope for is an approxima- 
tion, which we may regard as sufficiently reliable 
for use in ordinary practice when a fair factor of 
safety is allowed. The element of uncertainty does 
not, however, belong altogether to the concrete, 
for could we by some means yet unknown always 
ensure that every batch made should be exactly 
like some standards previously decided on, and 
that it should always be placed in position with the 
same amount of care, there would yet remain the 


fact that the unavoidable variation in the evenness | 


of the surface of the steel rods used would entirely 
upset any chance of obtaining very regular results. 
Indeed, it is not a little surprising that, taking all 
things into account, the results, of careful tests 
show as little variation as they Go, the adhesion per 
square inch, with plain round rod of commercial 
steel, for instance, Seton remarkably regular. 

This appears to be very clearly demonstrated by 
a series of tests which Professor A. N. Talbot, of 
the University of Illinois, has recently had carried 
out. The neat cement used in these tests had a 
tensile strength at the end of seven days of 723 lb. 
per square inch, and 1 to 3 mortar gave 354 lb. per 
square inch at the end of 75 days. The stone used 
was limestone, which had been passed through a 
1-in. screen and over a }-in. screen, and the sand was 
of a coarse nature. ‘The proportion in which the 


materials were mixed was 1 part of cement to 3 parts 


of sand, and 6 parts of broken stone. Four dif- 
ferent kinds of steel were used—namely, 4-in. and 
-in. round mild-steel rods, having an elastic limit 
of about 38,000 Ib. per square inch.; 4-in. and 1-in. 
cold-rolled shafting, having an elastic limit of about 
87,000 lb. per square inch.; ?-in. round tool-steel, 
having an elastic limit of about 53,000 lb. per 
square inch ; and 14-in. by ,%,-in. flat bars, with an 
elastic limit of about 45,000 lb. per square inch. 

Two forms of test-pieces were adopted : one a 
cylinder 6in. in diameter and 6 in. long, and the 
other 6 in. in diameter and 12 in. long. The bars 
were embedded the full length of the cylinders, 
one end being left flush, while the other end pro- 
jected far enough to furnish a grip for the testing- 
machine. A summary of the tests is given in 
Table I. below :— 


TaBLe I.—Summary of Bond Tests. 
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What the above tests appear to show is that the 
bond resistance per square inch of surface be- 
tween the bar and the concrete differs little, 
whether the bar is embedded 6 in. or 12 in. in the 
concrete, and that rich mixtures of concrete give 
rather higher results than poor mixtures, to the 
extent, in the above instances, of from 10 per cent. 
to 15 per cent. 

One point that was very clearly brought out by 
the tests was the marked superiority of the bond 
between concrete and plain round steel bars, such 
as are usually employed, and between concrete 
and steel bars having a more highly finished sur- 
face. For the former type of bar the average 
bond resistance came out at from 350 lb. to 450 lb. 
per square inch of contact surface, and it is prob- 
able that the former figure is a very safe one 
to take when designing structures in reivforced 
concrete. The adhesion of the cold rolled shaft- 
ing, the mild steel and the round tool steel, was, 
however, much lower, and shows very clearly 
how much may depend on the smoothness of 
the surface of the bar, and, as Professor Talbot 
points out, on the uniformity of its diameter and 
section. As will be noticed in the table, the 
average bond developed with cold-rolled shafting 
and tool-steel was 147 lb. per square inch, or con- 
siderably less than half the adhesion obtained with 
plain round steel rods. The difference between 
the evenness of surface in the two types of rods 
was, according to the report of the tests, very 
marked, and the section of the cold-rolled shafting 
and tool-steel was very uniform, the diameter not 
varying more than 0.0001 in. or 0.0002 in. at }-in. 
intervals throughout the length, while the mild- 
steel rods varied as much as 0.0015 in. This points 
to the avoidance, as much as possible, of smooth 
hard-rolled steel in reinforced concrete; and it 
suggests that the smoothness of drawn steel wire 
will not favour a good bond resistance. 

Flat bars were found to give a much lower 
resistance than round rods, but as only three tests 
| were made, it is, perhaps, hardly fair to form any 
| definite conclusion on this point. 
| In the tests alluded to, the bars began to slip 
| when the maximum load was reached, and, after 
slipping commenced, the resistance to motion was 
| stall considerable. This resistance, which appears 
|in the tables as ‘‘ running friction,” was taken when 

the bar had moved about } in. It amounted to 
from 54 to 72 per cent. of the bond developed in 
the case of mild-steel bars. 

In the tests to which we have called attention, 
the experiments were confined to bars of plain 
section, shaped bars not having been considered. 














Other tests have, however, been carried out in 
which bars of this class were included, the results 
of which are interesting, and may be noticed here 
as offering a comparison to what we have already 
described. Among these are some experiments 
recently conducted by C. E. De Puy, professor of 
mechanical engineering at Lewis Institute, Chicago, 
and described by T. L. Condron at a meeting of 
the Western Society of Engineers. 

If the truth be told, the results arrived at by 
various experimenters do not tend to decrease the 
feeling that there is undoubtedly a very great lack 
of anything like reliability in this important factor 
of reinforced concrete. According to the Zeitschrift 
des Vereins Deutscher Ingenieure, the bond resistance 
is given at from 93 lb. to 592 lb. per square inch. 
E. Morsh, in Beton wnd Eisen, gives it at from 
100 lb. to 696 lb. per square inch ; while Professor 
W. K. Hatt, of Purdue University, finds that it is 
from 470 lb. to 756 lb. per square inch, and Pro- 
fessor Bauchinger from 570 lb. to 640 1b. per square 
inch. The results of Professor Talbot fall about 
midway between the lowest and highest of these 
figures. 

What a wide range from which to derive a 
reliable unit working stress, without, on the one 
hand, running undue risks, and, on the other, wast- 
ing material! We may, of course, accept 93 lb. per 
square inch, and, after allowing a certain factor for 
safety, use the figure as our safe working stress ; 
but here, again, another disquieting element ap- 
pears. The French engineer Breiulle states that 
the bond is reduced about 50 per cent. after 
the immersion of reinforced concrete in water for 
nine months, while in time the adhesion will 
entirely disappear, as the result of the action of 
moisture. We feel, however, that this statement 
wants confirmation before it can be accepted as a 
general truth. It is so much opposed to all the 
knowledge we have of the behaviour of cement 
when kept wet that it is difficult to believe it with- 
out further proof. 

A summary of the results of De Puy’s tests is 
given in Table II. below, the concrete at the time 
the tests were made being thirty-one days old. 

TaBLe II.—C. E. De Puy’s Tests of Bond between Stcel 
Rods and Concrete. 


Stress per Square Inch of 
Embedded Area. 
Slip not more than 


0.01 dy in. 


—— ee, 

Embedment 12in. 2tin 12in. | 24in. 

Ib. Ib. Ib. Ib. 

Round ae - 269 178 289 190 

Square... - - ee 316 229 341 242 
Twisted (Buffalo Steel Com- 

pany) .. oe a - 334 291 357 506 

Twisted (Ransome) .. 324 332 366 350 

Corrugated (old form) 474 471 612 506 

a (new form) 651 535 786 635 





The most striking feature of this table is, of 
course, the difference there is between the results 
for corrugated bars, plain round, or square bars. 
The figures may, however, be a little misleading if 
we fail to consider the case in all its aspects. 
Although at the time the tests were made the 
difference between the bond of the corrugated bars, 
and that vf the plain bars particularly, was, no 
doubt, as given in the table, we must not forget 
that at the time the tests were made the concrete 
was only thirty-one days old, and was therefore a 
long way off having attained its full strength, and 
it is reasonable to expect that the bond between 
the plain bars and the concrete, being due very 
largely‘to the adhesion between the concrete and 
the steel, would increase very considerably in the 
course of time. On the other hand, the powerful 
bond between the corrugated bars and the concrete, 
being to a considerable extent mechanical, would 
not tend to increase in the same proportion. Hence, 
in the course of time the two would be more on an 
equal footing. This may, of course, be said to be 
largely supposition, but it is what one would natu- 
rally expect, and it could, after all, be easily demon- 
strated by actual tests. If it be true that what we 
may call the surface adhesion, in distiction to the 
mechanical, is injured by constant immersion 1n 
water, then the advantages of mechanical bond 
would at once be beyond dispute ; but, as we 
said before, this requires confirmation. Of course, 
if the bond of plain rods can be relied on, although 
it may be considerably less than that of shaped 
bars, and if the rods are long enough to make the 
surface adhesion as great, or greater, than the 
tensile strength of the rods, the advantage of 
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mechanical bond disappears. But if the rods are 
too short to develop the necessary surface bond, 
or if conditions should arise reducing the surface 
bond, then, of course, mechanical bond becomes 
useful. 








COMMERCIAL MOTOR VEHICLES. 

Tue Exhibition which will be opened next Thurs- 
day at Olympia may prove to be the most important 
show of motor vehicles that has yet been held. So 
far as exhibits are concerned, the space has been 
well taken up; but no doubt the Show will not be 
so fashionable, and therefore not so well attended, 
as some that have preceded it. As, however, it has 
been organised more for the advancement of the 
motor industry than to bring profit to an individual 
or syndicate, that is a matter of lesser consequence. 
Up to within the last year or so the motor-car has 
been almost entirely a means of pleasure, but now 
the automobile is fast assuming the position of a 
useful vehicle, and on this basis the industry con- 
nected with its production will assume a more 
stable character than any which depends on the 
caprice of fashion. 

The first International Commercial Motor- Vehicle 
and Motor-Boat Exhibition is being promoted by 
the Society of Motor Manufacturers and Traders, 
and will remain open from March 7 to 16. From 
a preliminary list of exhibitors, published in the 
Commercial Motor, it would appear there will be a 
good and representative display of motor-omnibuses, 
tractors, and motor-wagons. Internal combustion 
engines will be in a large majority, there being 
comparatively few steam-vehicles in the list, and 
the majority of these are of the lorry and heavy- 
wagon order. 

Undoubtedly, the steam-wagon has not made 
the rapid progress that was once anticipated, 
and it seemed almost, at one time, that steam 
on common roads would be relegated to the posi- 
tion of a tractor, to which it was for so many 
years confined. The firm that was the pioneer 
in the modern revival of mechanical propul- 
sion by steam on common roads—we speak of the 
period since the year 1896—has given up making 
steam-wagons, and another firm which took a pro- 
minent part in the movement has been of late 
chiefly prominent in connection with petrol-driven 
vehicles. The full reason for this it would be diffi- 
cult to determine, but we think it may chiefly be 
attributed to the cost of repairs and the chance of 
breakdowns, which cause delay. 

In these matters the wagon owner or user has 
been more to blame than the wagon itself. The 
best of the vehicles have been as trustworthy and 
substantial as good workmanship and material 
could make them ; but it has been too often con- 
sidered by those who purchase steam-wagons that 
they need no more attention than an eight-day 
clock. It was considered that once they were put 
in order to go, there was no more attention required 
than supplying water to the boiler and coal to the 
furnace ; with occasional and desultory lubrication 
thrown in. Any carter or stable-helper has been 
thought good enough for the job. Now if many of 
those who purchase steam-wagons, and are content 
they should be treated in this way, were asked 
to ride behind a locomotive run on the same 
principle, they would be not a little horrified ; 
and yet a steam-wagon is, if anything, more likely 
to get out of order than a locomotive. In the first 
place, it has not the smooth wheel track of the 
railway, but has to deal with all manner of in- 
equalities of road surface—one wheel of a pair, 
perhaps, many inches higher than its fellow, so 
that the whole machine is subject to severe rack- 
ing. Again, the steep gradients of common roads, 
calling forth the extreme power of the engine, 
and setting up severe strains in the transmis- 
sion gear, are not met with on the railway. The 
steam-wagon has to put up with all kinds of 
water, much of it extremely unsuitable, and in 
many other ways the steam road vehicle has more 
unfavourable surroundings, and, at the best, is less 
well cared for than the locomotive. The former 
trouble, due to restrictions as to weight, has been 
relieved ; it was this that proved such a severe 
handicap to the steam-wagon at a critical period of 
its development, and, incidentally, pone the loss 
of considerable sums to those who embarked 
in the industry in early days. If, however, the 
heavy steam-lorry, capable of carrying 5 tons, 
with its shell or water-tube boiler, has not made 
so much progress as was expected, there is hope 


for which Mr. Clarkson has done so much and 
promises so much more in the future. The light 
steam delivery-van of 30 cwt. capacity may also be 
evolved through the steam motor-car. 

It is the motor-omnibus that is the hero of the hour 
in automobilism, and will afford the chief feature of 
interest at the coming Show. 
some figures as to the number of these vehicles on 
the London streets, and there are now between 
800 and 900 in service in the Metropolis ; whilst 
about as many again are on order. It is said that 
a motor-omnibus does 50 per cent. more work than 
a horse-omnibus, and as it takes no more room, it 
should relieve the over-crowded streets to that 
extent ; supposing, of course, it does not of itself 
create addditional traffic. The chief objection to 
the motor-omnibus is noise, and it is for removing 
this drawback that the omnibus mechanism to be 
seen at Olympia will possess greatest interest. 
There are two principal ways by which noise may 
be reduced : one is by reduction of speed, and the 
other by improvement in mechanism. The latter 
is the proper method which recommends itself to 
the engineer ; but some persons who are technically, 
or financially, connected with the motor-omnibus 
industry are asking for reduction of speed to be 
accompanied by increased fares. Such a course 
would be a serious blow to the popularity of the 
motor-omnibus. At eqnal speeds and equal fares 
we think most persons would prefer the horse- 
drawn vehicle; it has not the same aroma of petrol, 
or rather burnt hydro-carbon lubricant, and there 
is not the same prospect of it charging the balus- 
trade of Waterloo Bridge, and diving into the 
River Thames, nor of performing other eccentric 
evolutions due to side-slip. So far as our ex- 
perience goes, the fares charged on the machine- 
propelled vehicles are, with very few exceptions, 
not less than those on the ordinary omnibus, and 
as it has been shown by experience that cheap 
fares are the ruling condition for securing well- 
filled omnibuses, a large number of the patrons 
of these vehicles will either walk or take other 
means of conveyance if the fares are appreciably 
raised. 

There is no doubt that it is the high speed of 
the motor-omnibus that makes it the favourite it 
is with the public. Most people are in a hurry, 
and an omnibus ride is not such a delightful ex- 
perience that one wishes it to be unduly prolonged. 
The satisfaction of riding on a motor-omnibus is to 
see it pass ordinary omnibuses and cabs, especially 
if one wishes to catch a train or keep an appoint- 
ment. A motor-omnibus, with its reserve of 
speed, can dash for an opening between vehicle 
it is overtaking and one that is approaching, 
and, although it may look unwieldy, it is really 
the most active vehicle on the road, except, of 
course, the motor-car. 

These details of fares and speeds are, no doubt, 
a little outside the consideration of the Olympia 
Show ; but in regard to the problem of reduction 
of noise there will be, we hope, a good deal seen 
that will be of value to motor-omnibus owners. 
Mr. Clarkson, in his recent paper read before the 
Institution of Mechanical Engineers, showed how 
by means of steam the motor-omnibus might be 
made quite an easy-running vehicle; chiefly on 
account of the absence of change-speed gear. In our 
present issue we illustrate an omnibus chassis which 
aims at reaching, to a great extent, the same end 
although driven by a petrol motor. In the Dennis 
arrangement a worm-drive is fitted, and, by the 
considerable reduction which it permits, top speed 
can be used without the intervention of spur or 
bevel wheels, excepting, of course, in the balance- 
gear, which does notcount. Change-speed gear has, 
however, to be fitted for use on stiff gradients ; 
but in London traffic—and it is in London that the 
greatest strictness is observed in regard to noise 
—there are very few steep hills on omnibus routes, 
and most of these are not of great length. 
| In electric transmission there is the prospect, 
| more or less distant, of an ideal drive, so far as easy 
|motion and quiet is concerned. Until the light 
|secondary battery, so often promised, is made a 
‘commercial success, there is not much prospect of 
| that most perfect vehicle, from the passenger point’ 
| of view—an electrically-propelled omnibus; but bold 
| efforts are now being Le to use electricity as a 
means of transmission from an internal-combustion 
motor to the driving axle. The paper recently; 
read by Messrs. Hait and Durtnall before the: 





} 
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We recently gave | 





that the steam 3-ton van may be helped for-/| Institution of Motor-Omnibus Engineers, and 
ward by the development of the steam-omnibus, | noticed in our columns at the time,* gave an in- 


teresting account of various efforts made in this 
direction, including their own system; and we 
believe that at the Olympia Show there will be 
an important exhibit by a well-known engineering 
firm—Messrs. Greenwood and Batley. This will 
show a method of transmitting power from a petrol- 
motor to the live axle of a motor-omnibus, The 
dynamo will be of the continuous-current type, and 
the motor will have a double armature which will 
drive the rear axle by worm-gear. No resistances 
will be used. The experience of this firm, and 
their ample command of resources, should enable 
the electric drive to have as fair a chance as one 
could well wish for it. It is also said that the 
British Thomson-Houston Company will contribute 
to the Exhibition ; and doubtless they will send 
something in the field of electrical propulsion that 
will be, at any rate, of interest. 

It must not be supposed, however, that all petrol 
motor-buses, even those with ordinary methods of 
driving, are equally vile in regard to noise. Some 
of the best home productions are excellent, and 
objection to them could hardly be taken by the 
most fastidious ; remembering that the traffic of 
a great city cannot be carried on without some 
noise. Unfortunately, the demand for motor- 
omnibuses has been so great that a large number 
of vehicles have been accepted and passed which 
ought never to have been allowed on the streets. 
Many of these are of inferior foreign make. The 
police authorities have been much abused for their 
action in this matter, and we cannot say that the 
course they have taken has been always defensible ; 
still it must be remembered that the police owe a 
duty to others besides motor-omnibus owners, and 
seeing that some degree of quiet can be obtained, 
they can hardly be blamed for insisting on a mode- 
rate standard being reached. We do not, however, 
consider the term includes that ‘‘gentle hum” 
which was said to be all that need be heard in the 
running of a motor-omnibus. We may reach that 
standard some day, but to insist on it now would 
be to drive the motor-omnibus off the London 
streets. What is needed at the present time is a 
means of judging noise other than that of the 
human car, a most uncertain instrument for the 
purpose. This constitutes a nice problem for 
physicists. 








THE RAILWAY SITUATION. 

Ir is now many years since the chairman of the 
London, Brighton, and South Coast Railway Com- 
any declared that there was good reason for 
belisving that short-distance suburban passenger 
traffic was a source of loss rather than of profit to 
the railway companies. The contention was some- 
what discredited at the time, but a similar opinion 
was expressed by Lord Allerton at the recent 
meeting of the Great Northern Railway Company, 
and very much the same conclusion can be drawn 
from Lord Rathmore’s address to the shareholders 
of the North London Railway Company. Of course, 
as actual events have shown, the railway com- 
panies had for years failed to develop the full 
possibilities of their suburban traffic, trains bein 
generally slow and relatively infrequent; an 
it was therefore contended by opponents of the 
view above expressed that if the services actu- 
ally did fail to pay, the reason was to be found 
in the inadequate attractions offered to induce 
travel. Since the advent of electric tramways, 
however, most of the companies have effected 
very substantial improvements as to the points in 
question ; but it can hardly be maintained that 
their shareholders have been materially benefited 
thereby, the whole of the advantage following the 
heavy capital expenditure, which in many cases 
has been necessary, having fallen to the public. 
The record of the metropolitan railway services 
has been particularly disastrous. 1t is a generally 
recognised principle that those who risk their 
capital in pioneer work have a right to expect a 
somewhat high rate of interest when their venture 
proves advantageous to the public; yet the City 
and South London Railway—the first of all the 
tube lines—is able, in an exceptionally good half- 
year, to pay a dividend at the rate of 2 per cent. 
The Central London Railway, the next venture, 

ys nearly 4 per cent.; whilst subsequent tubes, 
in spite of the enormous advantage they are to the 


* See page 121 ante. 
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ublic, are worse off even than the City and South 

ndon line. 

When the provision of other means of transit 
began to affect the takings of the Metropolitan and 
District Railways the popular Press was urgent 
in the opinion that the electrification of the lines 
would prove their financial salvation. This has 
been effeeted at an enormous, but unavoidable, 
cost, with the result that on the past half-year’s 
working the District accounts not only provide 
no dividend for its shareholders, but actually show 
a deficit of 100,000. on the amount required to pay 
the mere debenture interest. Though the general 
facts were well known, the small increase, amount- 
ing on the average to jd. per passenger, which the 
management found it necessary to make in certain 
of the fares, was most bitterly resented. Even as 
matters stand, 30 per cent of the 120 million pas- 
sengers per annum over this line are carried at 
workmen’s fares, which average 0.68d., whilst the 
average fare for the ordinary third-class passenger is 
1.84d. Yet the London Trades Council, on the 
occasion of their recent deputation to Mr. Lloyd 
George, had the effrontery to complain of over- 
crowding, and demand still greater concessions from 
this all-but-bankrupt undertaking. They proposed, 
indeed, that in case the loss continued, the line 
should receive a subsidy, though it was hinted 
that the deficit was really due to watered stock. 
Undoubtedly much can be said in favour of such a 
subsidy. If the community for its own benefit insists 
on @ common carrier handling a large proportion 
of its total traffic below cost, it seems only fair that 
the community should make good the deficit. Of 
course, common justice—rather a discredited article 
perhaps at the present time-—would make it neces- 
sary that such a subsidy should be paid direct by 
the community which benefited by the facilities 
provided, and thus the charge would naturally come 
on the rates and not on the national exchequer, 
as it would be grossly unfair that a small town, 
where wages are low, should be taxed for the benefit 
of the great towns where wages are generally sub- 
stantially higher. 

If, however, the charge is put on the rates, the 
unfortunate railway companies suffer again, as they 
are by far the largest ratepayers in most districts. 
At Hendon, for instance, the Midland Railway 
Company contribute one-fourth the rates. At 
Swindon the Great Western Railway Company 
were, in the last half-year, mulcted in 30001. owing 
to an accident on the Corporation tramways, in- 
volving large claims for compensation. It used to 
be an established principle of British politics that 
taxation and representation went together, but the 
Great Western Railway Company have had no voice 
in the matter of establishing these trams, nor in 
their management, though they are held respon- 
sible for so large a proportion of their total cost. 

The District Railway again, although the deficit 
on the debenture interest was, as stated, 100,000I. 
on the half year, have had to contribute some 
37,0001. to rates and taxes. In most cases, how- 
ever, the various railway chairmen have been 
able to congratulate their shareholders on a reduc- 
tion in this item, as compared with previous half- 
years, this being the first time for many years 
that anything but an increase has been re- 
corded. The decrease has, in most cases, been due 
to a reduction in the assessment, some very im- 
portant test cases having been decided by the 
Courts in favour of the railway companies. By 
fighting the matter the latter have thus been able 
to reduce the over assessment to which they have 
been subject, but they have no power to prevent 
the under assessment of other properties, which is 
particularly prevalent in country districts. 

On the whole, however, in spite of their losses 
from electric tramways, inequitable taxation, and 
the like, the railway companies have had a good 
half-year, although the rate of dividend which it 
has been possible to divide is in most cases substan- 
tially less than it was sixteen years ago. Rates of 
interest, of course, tend to diminish with lapse of 
years; but this fact is not wholly responsible for 
the decrease, since the quotation of the shares has 
also diminished so much that the total dividends 
received during the past nine years are in many cases 
less than the fall in value of the stocks. This was 
asserted, at the London and North-Western meet- 
ing, to be the case with the shares of that company. 

The fact that the electrification of the Under- 

und Railways has proved so disappointing in its 

nancial aspect must tend to make the t com- 


panies somewhat shy of introducing electric trac- 


tion on their suburban services. The fact that a 
better service can be given, and a large increase 
effected in the number of ngers carried, is not 
disputed ; but whether this can be done at an out- 


| lay which will leave a net profit remains in doubt. 


From this point of view the results of the electri- 
fication of the South London Line will have a 
special interest. The competition to be met from 
rate-aided trams is very severe; and if the line 
shows a net profit under these conditions, it will be a 
great score for the single-phase system. Of course, 
in this instance the South London line was selected 
by the railway company for other than commercial 
reasons, since it was particularly convenient to test 
the pro system on a line over a portion only 
of which main-line traffic passes. It is hoped, if it 
proves successful here, that by extending it to 
the other suburban lines of the company a much 
more frequent and convenient service can be pro- 
vided without the necessity of great station enlarge- 
ments to accommodate it. 

The Midland Company, it will be remembered, 
are making a similar experiment at Heysham, whilst 
the London and North-Western Company, which 
hitherto has not catered specially for suburban 
traffic, is to construct an entirely new electrical line 
between Euston and Watford. A special feature 
of this latter line will be the absence of a ter- 
minus, properly so-called, in London. Owing to 
the great area already occupied by the com- 
pany at Euston, it will be possible to construct 
the underground station there on a loop, round 
which the trains will run without reversing their 
direction. A very frequent service will, therefore, 
be possible, since the motorman will not, on arriving 
at Euston, have to change his position from one end 
of the train to the other. Even without this 
arrangement, it has long been récognised that with 
the same terminal accommodation a more frequent 
service is ible with electric than with steam 
traction. In the case of steam, the engine has 
to be changed on the arrival of the train, and 
after the latter has started on its return journey 
the engine which brought it in has to get out 
before it is possible to admit a new train ; so that 
a five minutes’ interval at least is required between 
trains. With electric traction, where the trains 
can be driven indifferently from either end, this 
source of delay is avoided. 

It was ho that the introduction of electric 
traction on the underground lines would lead to a 
considerable saving in working expenses, but this 
hope has proved fallacious, the more frequent trains 
having greatly increased the cost of maintenance, 
and the elaborate system of automatic signalling, 
which makes this frequent service possible with 
safety, also costs considerably more than did the 
manual system previously in use. Rail wear under 
this frequent service has proved very serious, 
and rails of harder steel are now being tried in 
the hope of reducing it to a more reasonable 
figure. The same trouble has also been ex- 
perienced on many of the American rapid-transit 
suburban lines, on which, in certain cases, castings 
of manganese steel have been substituted on certain 
curves, in spite of their very high cost, for the 
rolled rails ordinarily used. The more frequent 
service of the trains also increases the working 
expenses in another direction, by making it more 
difficult to execute repairs to the permanent-way, 
so that the ratio of working expenses to net 
receipts is over 72 per cent. on the District Railway, 
whereas on the Furness line, to take an instance 
at the other end of the scale, the ratio is but 
49 per cent. The latter, however, does a very 
large goods and mineral traffic. 

oods traffic appears to pay well in general, but 
there is much reason to suppose that the passenger 
traffic, even on many of the heavy lines, leaves 
— a very moderate profit. No attempt is made 
in the accounts to divide the operating costs between 
goods and es: but in general it may be 
stated that the passenger receipts per train-mile are 
seldom more than a few pence in excess of the average 
cost per train-mile of goods and passenger trains 
taken jointly. As the latter are mainly responsible 
for the elaborate signalling arrangements, and for 
much of the expensive station facilities provided, it 
would seem that the goods to a considerable extent 
pay for the passengers. However this may be, it is 
certain that a trunk line laid out and handling goods 
traffic only, could, as Senator Hill has pointed out, 
well afford to give freights lower than would be 
profitable on any system of national canals which it 





might be possible to devise. 





THE INTERNAL-COMBUSTION 
ENGINE. 


On Friday last, February 22, Mr. Dugald Clerk 
delivered a lecture at the Royal Institution entitled 
‘*Flame in Gas and Petrol Motors.” The use of 
flame for driving engines had, he said, been experi- 
mented with for 150 years, and four methods, or 
combinations of them, seemed the only lines along 
which success was possible. The first method 
of using flame was by what might be called the 
‘*expansion vacuum engine.” A vessel filled with 
an explosive mixture of gas and air at atmospheric 
pressure was connected to an engine, and then the 
mixture was fired by an electric spark. The pres- 
sure due to the explosion was relieved by a non- 
return valve, and the subsequent rapid cooling of 
the gas created a partial vacuum in the vessel, 
allowing the engine to be driven by atmospheric 
pressure until equilibrium was established. 

A modification of the type was an engine with 
a water-jacketed cylinder, at the back end of which 
a flaring flame was constantly burning. When the 
piston moved forward, flame was drawn into the 
cylinder through ports in the back end. The ports 
were closed at the end of the forward stroke, and 
the cold cylinder walls immediately condensed the 
hot gas behind the piston, the latter being driven 
back by the atmospheric pressure. 

The next advance in the utilisation of flame was 
to make use of explosion pressure behind a piston. 
An explosive mixture was introduced underneath 
a heavy piston in a vertical cylinder, and fired by a 
spark. The piston rose in response to the explo- 
sion, and in its subsequent fall gave out useful 
work. 

The fourth type of gas-engine was known as the 
constant-pressure engine, because, instead of a 
sudden explosion propelling the piston, the gas 
burned behind it and the piston was driven by a 
comparatively steady pressure, as in the case of a 
steam-engine. Diagrammatically, a constant - 
pressure engine was represented by two cylinders 
of unequal diameter placed side by side, and having 
their closed ends connected by a pipe. The piston 
of the smaller cylinder acted as a pump, and drove 
the mixture into the other cylinder, where it was 
burned as it entered, and by its increase of volume 
drove the larger piston, though the pressure per 
square inch on both pistons was the same. 

The possibilities of flame were known before ever 
the use of steam was tried; and during the time 
Watt was busy perfecting his steam-engine, other 
workers were just as busy endeavouring to displace 
steam by some better working substance. Samuel 
Brown, in 1826, constructed an engine which had 
a separate pressure generator. With such an 
engine Brown actually succeeded in propelling a 
vessel on the Thames in the year 1826, and also 
drove a self-propelled vehicle on the roads. 

The first really practical method of using flame in 
engines was devised by Dr. Otto, of Deutz, in 1876. 
The Otto four-stroke cycle was too well known, 
said the lecturer, to need to be enlarged upon. 
The lecturer himself had devised a practical engine 
on the two-cycle system about twenty-five years ago, 
and thus had succeeded in getting an — every 
revolution. He had used a pump-cylinder to effect 
the compression of the charge, the pump-plunger 
being driven by a crank at right angles to the main 
crank. 

Ignition of the charge in the early Otto en- 
gines was effected by means of a slide-valve. This 
method was only satisfactory for slow speeds, apart 
from the mechanical difficulties connected with the 
slide-valve. The Clerk flame-igniter was an im- 

rovement, and allowed speeds of 300 or 400 revo- 
utions per minute to be obtained, but both of 
these had now been superseded. In the Diesel oil- 
engine, which was a modern form of the flame- 
pressure engine, the charge was burned rather 
than exploded, ignition being effected by forcing a 
jet of oil into very highly compressed air in the 
cylinder. The pressure after ignition in this 
engine never rose above the pressure at which the 
oil was forced in. 2 

As regards the theory of the gas-engine, much 
anual to be elucidated. Two years ago the 
lecturer had made experiments on a 50-horse- 
power gas-engine, by using a device to suddenly 
throw the valve-cams out of action immediately 
after the explosion. The consequence was that 
the charge could not escape at the end of the 
stroke, and was alternately compressed and re- 
expanded by the energy in the flywheel during 
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several revolutions. Diagrams obtained when this 
was being done afforded a great deal of information 
as to the losses which took place in the cylinder, 
and the properties of the gas at different pressures. 
His own optical indicator showed ripples in the 
first-expansion curve, which, Mr. Clerk was under- 
stood to say, supported the view that combustion 
proceeded in the gas after the time of maximum 
pressure, and continued, not steadily, but by a 
great number of minute stages. In confirmation of 
this view, he called attention to the noise made 
when a mixture of gas and air in a long glass 
cylinder, open at one end, was ignited, and the 
flame travelled down to the closed end of the 
cylinder as the mixture was burnt. 

Mr. Clerk hoped that the new methods of investi- 
gation, which were being brought to bear on the 
subject, would soon produce a complete theory of 
the internal-combustion engine. 





RONTGEN, CATHODE, AND POSITIVE 
RAYS. 

Tue second lecture of his course on the above 
subject was delivered at the Royal Institution on 
Saturday last by Professor J. J. teeny F.R.S., 
of Cambridge University. 

In beginning his lecture, the speaker remarked 
that on the previous occasion he had introduced 
experiments intended to show that Réntgen rays 
were due to the stoppage of the rapidly-moving nega- 
tively-electrified particles emitted from the cathode 
of a highly exhausted vacuum-tube, and that the 
rays themselves originated at the spot where these 
particles struck the other electrode of the tube. 
It was further shown that on deflecting the 
cathode discharge away from the anti-cathode by a 
magnet, the production of the Réntgen rays ceased. 
Further, he had shown that, on _ theoretical 
grounds, it was probable that the rays were of 
the nature of a pulse in the ether, somewhat 
analogous to light, bearing to monochromatic light 
much the same relation that the noise produced 
by a stick drawn over irregularly spaced railings 
did to the note emitted by a tuning-fork. In 
the one case we had irregular impulse, and in 
the other a disturbance having a regular period. 
The Réntgen rays, he proceeded, differed much 
in character, as might be anticipated from the view 
expressed as to their real nature. If the cathode 
particle which produced them were stopped very 
abruptly, it followed, as the pulse was produced 
only whilst the act of stopping was in progress, that 
the kink in the line of poe force which consti- 
tuted the pulse would be very short, its length 
being equal to the distance moved by light during the 
time involved in the arrest of the particle. A slow 
stop, on the other hand, would give a long kink in 
the line of force, so that the rays would differ in 
character with the abruptness of the arrest of the 
cathode particle. The two types of rays were known 
respectively as ‘‘hard” and ‘‘soft” rays, the latter 
corresponding to a slow stop, and the former to 
an abrupt one. The difference between the two 
classes of rays was shown - a difference in their 
penetrating powers. A few sheets of paper sufficed 
to completely stop “soft” rays, whilst ‘hard ” 
ones might pass through a considerable thickness 
of metal. 

This difference in penetrating power Professor 
Thomson demonstrated by a Réntgen tube, the 
degree of vacuum in which could be adjusted. 
With a relatively poor vacuum, soft rays were 
produced which were readily stopped by a piece 
of wood, so that when this was inte between 
a platino-barium cyanide screen and the source of 
rays, it cast a heavy shadow across the phosphores- 
cing surface. With a high vacuum, however, corre- 
sponding to the production of hard rays, the pene- 
trating power was so great that the shadow cast by 
the wood was barely perceptible on the screen. 

This difference in the penetrating power of the 
rays was the only means at present available, he 
said, for specifying the character of the rays 
employed in any research. It appeared, he went 
on, that the rays emitted from a given Réntgen 
tube were not uniform in character, some being 


“soft” and others ‘‘hard.” This he demon- 
strated by = a charged brass plate, protected 
by a glass bul connected with an electroscope, 


to the action of the rays, and interposing between 
the source of the rays and the bulb different 
thicknesses of tinfoil. If the rays were uniform in 
character, he remarked, and if one layer of tin- 


foil reduced the rate of discharge from the plate | anal 





to half of what it was when the tinfoil was absent, 
then, on adding another layer of tinfoil, the rate 
of discharge should be again halved and reduced to 
a quarter of what it was with no tinfoil in the 
way. Similarly, three layers should reduce the 
rate of discharge to one-eighth of its original value. 
On performing the experiment it was found 
that with no foil in the path of the rays, if 
the time taken to reduce the deflection of the 
electroscope one division was unity, then with one 
layer of tinfoil inte the time for the gold leaf 
to fall one division e four. Adding another 
layer of foil, however, only increased this time to 
five, and a third to rather less than six. 

It appeared, therefore, he pointed out, that 
whilst there was a great absorption by the first 
layer of foil inte , succeeding layers had little 
effect, from which it followed that the rays emitted 
by the bulb contained a large proportion of soft 
rays, which were all absorbed by a single layer of 
the foil, leaving the hard rays to pass on, which, on 
account of their great penetrating power, were 
little checked by the succeeding layers of tinfoil. 
This difference in the quality of the rays emitted 
by a Réntgen bulb had, Professor Thomson said, 
sometimes led to difficulties when experimenters 
had adopted different methods of estimating the 
quality of the rays they worked with. If photo- 
graphic or phosphorescent methods were em- 
ployed for this in one research, whilst in another 
the ionising properties of the rays were used, 
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quite different results would be reached. In the 

hotographic methods the whole of the rays, 
coe or soft, were absorbed; but if the quality 
of the rays was estimated by their effect in produc- 
ing a leakage of electricity from an electrified plate 
on which they fell, then, if very pan rays 
were used, they would go through the vessel without 
being absorbed to any appreciable extent, and thus 
produce very little conductivity in the gas through 
which they passed, so that the leak from the 
charged plate would be small. Soft rays, on the 
other hand, would lose a large a of the 
energy if similarly dealt with, and this would give 
rise to a large leak, though their effect on a photo- 
raphic or phosphorescent plate might be small. 
When the ionising property of the rays was used 
to determine their character, it was, therefore, he 
continued, important to bear in mind that only a 
fraction of the rays emitted would in general be 
absorbed, and ionise the air, the fraction being large 
in the case of soft rays, and smaliin that of hard 
ones. 

Proceeding, Professor Thomson said that when 
Réntgen raysstruck against a substance, they caused 
it to give out other — In the case of a metal 
plate the nature of this secondary radiation, as it 
was called, depended very much on the character 
of the metal involved. There was, for instance, a 
great difference if, in one case, the metal was 
aluminium, and in the other lead. To demonstrate 
this, Professor Thomson made use of a box, in the 
middle of which was an electrified plate connected 
to an electroscope, and through which the Réntgen 
rays were . Plates of different metals could 
be used to form the back of the box, and it was 
shown that when this was lead, the rate of dis- 
charge of the metal plate in the middle was more 
than twice as great as when a plate of aluminium 
formed the back. 

At first sight, he continued, it looked as if the 
rays were merely reflected from the back of the 
box, as light might be ; but it turned out that this 
ogy could not be pressed too far, since the 





character of the radiation returned from the back of 
the box often differed in character from that incident 
on it, consisting partly of Réntgen rays and partly 
of cathode rays ; and the latter could not, in any 
sense, be considered as reflected Réntgen rays. 
When, however, substances of very small atomic 
weight were used for the back of the box, the secon- 
dary radiation set up consisted of rays of the same 
character as the incident radiation ; and though, as 
there was very little trace of any definite angle of 
incidence and reflection, this could not be considered 
a case of regular reflection, yet it had analogies with 
the scattering of light which occurred when the latter 
was reflected—for example, from powdered glass. 
The secondary radiation produced, as tested by its 
penetrating power, was in this case identical with the 
primary. Thestudy of the nature of this secondary 
radiation was, the speaker proceeded, one of very 
great interest. That portion of it which consisted of 
cathode rays seemed to make its appearance quite 
abruptly as the atomic weight of the element sub- 
mitted to the primary radiation was in . 
Mr. Barkla, who had first investigated this matter, 
could find no trace of these cathode rays in the 
secondary radiation unless the atomic weight of the 
body dealt with was above that of calcium. With 
bodies of less atomic weight than calcium there was 
no trace of cathode particles in the secon radia- 
tion, the character of which was then identical 
with that of the primary radiation. 

For substances of greater atomic weight than 
calcium, however, the greater part of the energy of 
the secondary radiation was attributable to the 
cathode particles; the amount due to the scattered 
Réntgen rays being actually less with heavy metals 
than it was with light ones, though the total energy 
of the whole radiation increased with the atomic 
weight of the metal. 

At the Cavendish Laboratory, he continued, it 
had been shown that the atomic weight at which 
any considerable quantity of cathode rays made 
their appearance depended upon the nature of the 
primary radiation. ith very soft rays substances 
of less atomic weight than calcium produced them, 
whilst with very hard rays they first made their 
appearance when the atomic weight was that of 
titanium or chromium. There appeared to be a close 
connection between the en of the secon 
radiation and the atomic weight of the metal. It 
increased rw | with the atomic weight, save for 
one very remarkable exception. Nickel was gene- 
rally supposed to have an atomic weight less than that 
of cobalt, but it was more effective as a secondary 
radiator. Another case in which nickel showed a 
similar anomaly had, Professor Thomson continued, 
been recently described by Mr. Barkla, who had 
found that the secondary radiation emitted by any 
given metal was particularly penetrating to that 
metal, and its powers of penetrating other metals 
increased the closer their atomic weight was to the 
radiating metal. Here, again, nickel proved an ex- 
ception to this general law, cobalt being much more 
transparent to the secondary radiation from iron 
than nickel was, and hence should have an atomic 
weight nearer that of iron. It was very difficult to 
reconcile these anomalies with the accepted atomic 
weight of these elements. That of nickel, however, 
was, he went on, considered particularly well estab- 
lished by chemists owing to its forming a gaseous 
compound with CO—viz., the nickel carbonyl—and 
consequently Professor Thomson suggested that 

ibly that of cobalt might be wrong, as, if cobalt 
y nearer to iron than nickel, the anomalies would 


me 

The velocity of the cathode rays in the secondary 
radiation, the lecturer said, was independent of the 
strength of the Réntgen rays which excited them, 
being the same whether the metal was ex to in- 
tense Réntgen radiation or toa very weak one. The 
number of the corpuscles liberated did depend on 
the es gy of the rays, but their velocity was 
unaffected. This had been conclusively shown by 
Mr. Innes at the Cavendish Laboratory, who had 
measured the velocity of the secondary cathode 
rays, first with the Rontgen tube quite close to the 
plate under excitation, and next with it so far away 
that several hours were necessary to an im- 
pression on the photographic plate used in measur- 
ing the velocity. In all cases this velocity turned 
out to be precisely the same when the metal exposed 
to the primary radiation was the same. This cir- 
cumstance rather suggested, he continued, that the 
cathode particles were not torn out of the atom by 
the electric field of the Réntgen rays, but that the 
particles were expelled by a convulsion of the atom, 
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the Réntgen rays having simply the effect of ‘‘ pull- 
ing the trigger,” and thus starting a little atomic 
explosion. 

hat cathode rays could be produced by the 
action of the Réntgen rays on the atom, Professor 
Thomson showed by causing them to act on 
dust-free, but moisture-saturated, air contained in 
a glass tube. This air, under the action of the 
rays, became a mixture of corpuscles and positively 
electrified particles, which Mr. C. T. R. Wilson had 
shown could serve as nuclei for the condensation of 
moisture to form fog. It was, he proceeded, not 
easy to form a cloud in dust-free air, since the 
moisture must have a foundation on which to con- 
dense. Ordinarily the dust distributed through 
the atmosphere provided the necessary nuclei ; but 
when this was absent it might be replaced, as Mr. 
Wilson had shown, by corpuscles or other electrified 
particles. In performing the experiment before 
his audience, Professor Thomson showed first that 
when the dust-free and saturated air was cooled 
by suddenly expanding it, there was no precipitate 
of moisture visible in the tube. Next, Roéntgen 
rays were passed through this air, but at the same 
time a strong electric field was established between 
opposing plates in the tube, and as a consequence 
any electrified particles produced by the Rontgen 
rays were drawn out of the air almost as soon 
as produced, and on again suddenly expanding the 
air there was extremely little fog. Finally, the 


electyi: field was cut off, so that the particles 
libaiz'>d remained disseminated throughout the 
gas, . * on suddenly cooling the air for a third 
time « i 


2 was & copious precipitation of fog. 
The velocity of the Rontgen rays had recently, 
Professor Thomson said, been measured at the 
Cavendish Laboratory by Mr. Marks, the me 
used being that represented diagrammatically on the 
preceding page. Here © and P denoted the ter- 
minals of a Réntgen tube which were coupled up to 
two plates as indicated, which in their turn were 
placed opposite similar plates connected to the ter- 
minals of an induction coil, and were thus alter- 
nately negatively and pope electrified. The 
bridge-pieces A A and B B served to adjust the 
period of the tube circuit with that of the induction- 
coil circuit. As a consequence the two electrodes 
O and P of the tube were alternately negatively 
and positively electrified. When O was negative 
no Réntgen rays were produced, but when P was 
negative cathode rays were shot off from it, which, 
striking O, gave rise to Réntgen rays. These were 
received by a plate Q placed as shown, which thus 
became a centre of secondary radiation. The secon- 
dary cathode rays originating in this plate were, 
when shot off, caught in a Faraday cylinder placed as 
shown. The plate Q was connected tothe electrode 
P as indicated, and the length of the circuit could be 
adjusted by the sliding wire DD. If, then, matters 
were adjusted so that at the time the Réntgen 
radiation emitted from O reached Q that plate was 

ositive, then the secondary cathode particles 
fiberated by these rays would be bound by the 
positive charge, and none would enter the Faraday 
cylinder F ; whilst, on the other hand, if the circuit 
was altered so that the plate Q was negative at this 
time, the discharge of the cathode particles would 
be facilitated, and the electroscope coupled to the 
Faraday tube would show a maximum deflection. 
With matters thus adjusted to a minimum or a 
maximum deflection of the electroscope, Mr. Marks 
found that if he then altered the distance OQ, the 
wire connecting Q to A must be lengthened by an 
equal amount to restore the original conditions ; 
thus showing that the Réntgen rays in passing 
through a given distance took the same time as the 
electric current along the wire to pass over an 
equal distance. The velocity of the latter was 
known to be that of light, and hence that of the 
Réntgen rays was the same. The experiment, 
Professor Thomson concluded, was one of great 
difficulty ; but the results showed that the velocity 
of the Réntgen rays was, within 1 per cent., that 
of light. 





NOTES. 
Facrory Extension To Rurat Centres. 

In another column we refer to the extension of 
Messrs. Dennis Brothers’ motor-car works in the 
neighbourhood of Guildford, and on former 
occasions we have dealt with the question of 
migration of engineering establishments to cer- 
tain provincial towns which were formerly only 


example of a place that is now likely to attract 
engineering firms seeking such expansion as cannot 

be economically secured in London. At one time 

the pleasant Surrey town was a great centre of the 

woullen trade, but its industry in this direction | 
became extinct many years ag», and for long | 
there was but little manufacturing activity beyond | 
that connected with breweries. Lately, however, 

the proximity to London, and the good railway 

facilities afforded by the South-Western, the South- 

Eastern, and the Brighton lines—direct access to the 

Midlands and the North being afforded by the Great 

Western and Great Central Railway services over 

the South-Eastern Railway—as well as direct water 

communication with the Thames, have given an im- 

petus to the industrial development of the town, 

there being, besides Messrs. Dennis’s establishment, 

large printing works, carriage-building and furni- 

ture factories, as well as one or two engineering 

works and foundries. The chief thing that has 

held Guildford back has been the difficulty in ob- 

taining land. It is unfortunate that works and 

factories are not such picturesque objects as country 

seats or cathedrals; and wealthy landowners are 

apt to resent the spread of industry in their 

neighbourhood. A short time back quite an agita- 

tion was got up at Guildford by the townspeople, 

who recognised that the community, as a whole, 

could not exist and prosper solely on the picturesque, 

it being maintained that no land was available, 

even for residential purposes for the growing 

working - class population, and there was much 

talk of ‘‘slum crowding ;” rather a sad thing to 
hear about amidst the wide expanse of the Surrey 

Hills. Happily the determination of one of the 

great land magnates of the district to sell a large 

tract of ground has changed the aspect of affairs, 

and already there is growing up what promises to 
be in time a larger and, perhaps, more prosperous, 

though less picturesque, Guildford on the borders of 
the ancient town. The district now being laid out, 

known as the Woodbridge Estate, is distant about 
one mile of level road from Guildford Station, and 

is skirted by the railway, so that siding accommo- 

dation can be secured. The part suitable for fac- 

tory sites is outside the borough boundary, and in 
a parish where rates are exceptionally low. An 

electric tram service has been sanctioned, and from 

sixty to seventy houses have been erected during the 
last twelve months. As freehold land can readily be 
obtained, it may be anticipated that there will 
shortly be a welcome addition to this district. 


HARDENING STEEL IN Fusep ELECTROLYTES. 


Very high temperatures are required in tem- 
pering the modern special tool-steels. Contact of 
the steel with carbon, air, or other gases should 
be prevented during this heating process, lest the 
composition of the steel be altered. Open fires and 
gas-furnaces are not suitable for this purpose, and 
even electric-furnaces do not fulfil all the require- 
ments. Thus, ina special electric tempering fur- 
nace of Mr. W. C. Times, of Hanau, access of 
the air is not easily prevented, and it is further 
difficult to secure that all the parts of the steel are 
heated to exactly the same temperature. The fur- 
nace is a muffle of fire-bricks, closed at the open 
end by a lid ; the platinum resistances are embedded 
in the fire-brick, and a temperature of 1250 deg. 
Cent. can be attained. Gebriider Karting, of 
Berlin, have therefore constructed a novel kind 
of electric tempering furnace. The steel is placed 
in a fused salt, which must have a high melting- 
point, and should not evaporate to any great 





extent at high temperatures. With barium chloride 
a temperature of 1300 deg. Cent. can be maintained 


box built up of iron, asbestos, and _fire-bricks, 
leaving in its interior a cubical crucible cham- 
ber. This space is filled with the salt, and 
two plates of iron attached to opposite walls serve 
as electrodes for the alternating currents, sup- 
lied by an oil transformer. hen the salt is 
used, the object is lowered into the molten mass, 
and the temperature controlled by means of a 
emerge and rheostats. Experimenting with a 
urnace chamber about 6} in. square, and 7 in. 
deep, and inserting pyrometers to different depths 
at nine different spots, L. M. Cohn has found the 
temperature of the top layer of the fused salt vary- 





ing only between 1108 deg. and 1110 deg. Cent. ; 
|in the bottom layer the temperature was through- 
}out 1123 deg., and in the intermediate layer also 
‘uniformly 1120 deg. Cent. This was a very re- 


rural centres. Guildford may be taken as an|markable uniformity. Milling tools weighing up | 


in such a furnace. The furnace forms a square | 
'that is, that vessels can meet and pass each 


to 5 lb. have been heated up to 850 deg. Cent. in 
4 minutes. A piece of Novo steel, outside dimen- 
sions 5in. by 14 in. by 1 in., weighing 3 lb., has 
been heated to 1300 deg. Cent. in 62 seconds. 
The tools may be preheated up to red glow 
before being placed in the furnace. Primary 
currents of 50 or 100 periods and 200 volts 
are used. When keeping the furnace at its 
maximum temperature of 1300 deg. Cent. for 
ten hours a day, about 2 1b. of barium chloride 
have to be replenished every day. The furnace 
lining is said to last about a year ; the iron elec- 
trodes do not last so long. Barium chloride seems, 
so far, to be the best material for the extreme tem- 
peratures. For lower temperatures mixtures of 
barium chloride and potassium chloride are used. 
The crust of fused salt which adheres to the steel 
peels off at once when the steel is dropped into the 
cooling liquid. Local superheating is not to be 
feared in this kind of furnace, and the application 
of fused salts is attracting much attention. 


THe TrotteAtran Power-StaTIoN AND THE 
TROLLHATTAN CANAL, 


The Trollhattan Canal Company has now sub- 
mitted a comprehensive plan for the Swedish State 
power-station at the famous falls, and for improve- 
ments in the waterway. It is proposed to place 
the power-station at the Olidehalan shore, which 
locality will make it possible for turbines and 
generators to be placed on the same horizontal 
shafts. From the intake building eight large and 
three small tubes lead to the power-station ; the 
former are about 14 ft. in diameter, and lead to 
the eight large generator turbines, whilst the latter, 
with a diameter of close upon 5 ft., lead to the 
three magnetising turbines. Each of the eight 
generator turbines develops 9000 kilowatts, which 
is according to approved American practice. The 
station is intended to develop three-phase current 
of 10,000-volt pressure; this pressure it is proposed 
to use for local purposes, and within a distance of 
6 miles. For greater distances the current is to be 
transformed into one of 50,000 volts. The com- 
plete cost for generating 76,000 electric horse- 
power is estimated at 11,300,000 kr., or 628,0001., 
which cost means 185 kr. (10/. 5s. 6d.) per kilowatt 
at 10,000 volts, and 225 kr. (12. 10s.) at 50,000 volts, 
or per electric horse-power respectively 136 kr. 
(71. 11s.), and 166 kr. (91. 43. 6d.). The city of 
Gothenburg is expected, ere long, to be able to use 
some 10,000 horse-power from the Trollhattan 
station, and within a radius of 62 miles of Troll- 
hattan another 10,000 turbine horse-power will, 
no doubt, be required. The immediate vicinity is 
expected to take some 6000 horse-power. This 
consumption is irrespective of the requirements of 
the State railways, and possibly of some private 
railways ; nor has any further development of the 
industrial installations, or the not unlikely require- 
ments of the agricultural interests, been reckoned 
with. The State railways alone will probably 
take some 29,000 horse - power from the Troll- 
hittan station. It is proposed to begin with a 
power-station of about 30,000 horse-power. A 
station with a capacity of 28,000 electric horse- 
power is calculated to cost 8,500,000 kr. (470,0001.), 
which means 410 kr. (22/. 15s. 6d.) per kilowatt at 
50,000 volts, or 298 kr. (16l. 11s.) per electric 
horse-power. The board recommends that the 
matter should be so advanced that the works 
could be completed in the autumn of 1909. The 
proposal also deals with the establishment of a 
new and improved passage past the Trollhattan 
Falls. The board finds the present course of 


|the waterway to be tho best; and if the canal 


through the rock is made ‘* double - railed ”— 


other everywhere in it—its capacity will, prac- 
tically speaking, be like that of the river, and 
the capacity of the whole waterway can be in- 


‘creased at will by the construction of as many 


locks from the natural distribution basin of 
Akersj6 down to the river as the traffic may 
require. By making the canal in the rock as far 
as Akersjo sufficiently commodious there are almost 
unlimited possibilities of extension, and future 
locks can be placed in the immediate vicinity of 
each other, which must be considered a decided 
advantage. The Board approves of Mr. Hansen’s 
plans, according to which a new lockway should be 
constructed down to the river. The top lock 
should be constructed in the rock close to the 
nem top lock steps of the so-called new line. 

neath this lock, about 27 ft. lower, the Héljan 














Makcu 1, 1907.] 





ENGINEERING. 


283 








commences, which it is proposed to deepen and 
widen. From Héljan three coupled locks lead 
through a cleft in the rock down to the river ; 
these locks, too, are made inthe rock. For safety’s 
sake it is pro to construct tunnels between 
Akersjé and Héljan, and from Holjan to the river. 
All the work can be carried out dry without inter- 
fering with the traffic. The cost, according to 
different alternatives, ranges between 6,785,000 kr. 
(370,000/.) and 12,345,000 kr. (700,000/.). 








THE LATE HENRI MOISSAN. 


Tur death of Professor Henri Moissan, which occurred 





at Paris last week, deprives France of one of her best- 
known experimental chemists. He was born in Paris in 
1852, studied there, and became, in 1886, Professor of | 
Toxicology, and, later, of Mineral Chemistry in the Ecole | 
de Pharmacie. Since 1900 he has been Professor of General | 
Chemistry at the Sorbonne, the University of Paris, and | 
also director of the Institute of Applied Chemistry. 

The isolation of fluorine first made Moissan’s name | 
known. By electrolysing a cooled solution of potassium | 
fluoride in anhydrous hydrofluoric acid, fluorine was 
liberated as a greenish-yellow gas, which proved quite as | 
active as it had been predicted. hen Moissan had 
lectured on fluorine, whose compounds he studied, at the 
Royal Institution in 1897, Sir James Dewar and _he suc- 
ceeded in condensing, at — 185 deg. Cent., fluorine toa 
yellow liquid, which was subsequently solidified. The 
liquid did not attack glass—when perfectly free of hydro- 
fluoric acid—carbon, nor sulphur, but destroyed organic 


compounds, combining with their hydrogen, and _ the 
solid fluorine still united with liquid hydrogen. Water 
dropped into liquid fluorine was decom into hydro- 


fluoric acid and ozone ; the expected technical application 
of this ozone production has not been realised. oissan’s 
name is further identified with the preparation of artificial 
diamonds and of-electric-furnace products. Both the arti- 
ficial preparation of gems, which had long been investigated 
in Paris, and the study of the allotropic modifications of 
carbon and its reactions, led Moissan to researches on dia- 
monds. As gaseous carbon compounds yielded only lamp- 
black, he tried to produce the apparently necessary high 
pressure by suddenly cooling a solution of carbon (carbon- 
ised sugar) in ‘molten iron ; the solidifying iron tends to 
expand, but when the molten mass is dropped into water, 
the chilled outer crust prevents the expansion of the core. 
Very small diamonds were thus prepared, and later, 
diamonds were discovered in meteoric iron, in which the 
presence of sulphur seemed to play a part in the forma- 
tion of the diamonds. All attempts to produce larger 
diamonds have failed, however. 

It was in connection with these researches that 
Moissan constructed his electric furnace, which consists 
essentially of a scooped-out block of marble, covered by a 
marble lid, and having two horizontal passages for the 
carbon electrodes. Working together with Moissan, Bullier 
produced calcium carbide in such a furnace in 1892, and 
the Bullier patent for some time threatened to become a 
master patent, like the Willson carbide patent in the 
United States, although calcium carbide had been known 
to chemists. Moissan then prepared a great many car- 
bides, silicides, borides, and similar compounds in the 
electric furnace; few of these compounds were new, and 
most of them were not obtained in the pure state—which 
is, indeed, difficult to secure in the electric furnace. 
Moissan further fused and volatilised the most refractory 
metals in his furnace, and lectured on these experiments, 
on which he presented many papers to the Paris 
Academy, in the Royal Institution last year. The Royal 
Society elected him a foreign member in 1905; a few 
months ago he was awarded cne of the Nobel Prizes of 
1906, Professor J. J. Thomson, Professor Camillo Golgi 
(Medicine), of Pavia, the recently-deceased ys Car- 
ducci, and President Roosevelt (Peace Prize) being the 
other prize-winners. Moissan’s chief works are ‘‘ Le Four 
Electrique” and ‘‘Traité de Chemie Minérale,” the fifth 
volume of which was published last year. 








Meronant Venturers’ TEoHNICAL COLLEGE, Bristow, 
—Since the fire which, in October last, partially destroyed 
the main building of this coll a committee of the 
Society of Merchant Venturers has had under considera- 
tion the course which it would be best for the guild to 
adopt. Although several other sites have been suggested, 
the committee recommend the retention of the present 
site as being central, close to the tramway terminus, and 
within easy reach of the principal railway stations. At 
a general meeting, held on Friday, the 22nd ult., this 
report was received and unanimously eee and steps 
will therefore be taken at once to replace the laboratories, 
workshops, lecture-theatre, &c., with all possible speed. 





Contracts —We understand that Messrs. David Bridge 
and Co., Castleton, Manchester, have obtained orders for 
the whole of the millwright’s work for the Arrow Mill 
now building at Castleton, and for the work at the Dart 
Mill now under construction in the Bolton district.— 
The Mirrlees-Watson Company, Limited, Scotland-street, 
Glasgow, have recently received orders for several impor- 
tant condensing plants, including surface-condensi 
plant for Greenock Corporation, to deal with 30,000 lb. o' 
steam per hour; and one for Messrs. Birkmyre Brothers, 
Calcutta, of a capacity of 26,250 Ib. of steam per hour; 
and a sub-baee surface-condensing plant of a capacity of 
37,000 lb. of steam per hour for the British Thomson- 





Houston Company, Limited. 


MISCELLANEA. 


AN Order in Counci!, the text of which is published in 
a recent issue of the Government Gazctte of the Orange 
River Colony, authorises the borrowing of several sums 
of money for the construction of the following railways— 
namely :—The Maseru, the Brakpan- Witbank, the Lady- 
brand-Modderpoort, the Sashatedeep Evento, and the 


Bloemfontein-Kimberley Railways. 


For some time a Commission appointed by the French | 
Government have been inquiring into the question of the | 


possible use of petroleum engines in the French Navy. 
After completion of their tests, the Commission have 
recommended the adoption of the Mietz and Weiss 
system, and the set of engines on which the tests were 
made has been purchased by the Government. 


It is announced by the Bulletin Commercial (Brussels) 
that a Bill has been introduced by the Danish Govern- 
ment for the improvement of the port of Esbjerg. 
Hitherto only accessible for vessels of 19 ft. draught, it is 
pro to make it suitable for vessels drawing up to 
24 ft., while the quay accommodation will be greatly 


| extended. It is estimated that the work will cost 305,050/. | 


A notice in the Shipping Guzette having credited the 


Ranger, built in the year 1797, with being the world’s | 


oldest vessel, a correspondent to a Norwegian journal 


| points out that there are no les3 than five Danish vessels, 


all built in Denmark, that are even older. They are 
the Albertine, built in the year 1794; the Constance, 
built in 1793; the De Wende Bridoe, built in 1786; 
the Emile Hauser, built in 1786; and the Marie, built 
in 1776. All these old vessels are still in regular use, 
and some of them even trade to Icaland. 


The Great Northern Railway ([reland) is now employ- 
ing between Dublin and Howth a motor-train consisting 
of a smail tank locomotive between two bogie passenger 
coaches. The train can be driven from either of the end 
compartments of the train, while the fireman attends to 
the duties on the foot-plate of the engine, The cars are 
53 ft. long, and together provide accommodation for 30 
first-class passengera, 94 third-class passengers, guard, 
luggage, &c. The engine is a four-coupled bogie tank, 
having cylinders 15 in. in diameter, 18 in, stroke, the 
driving-wheels being 4 ft. 7 in. in diameter. 


The Belgian Ministry of Railways, Posts, and Tele- 
1 have recently issued their report on the working 
of the railways during the year 1905. From the numerous 
statistics it contains we take the following:—In 1905 
there were required for the State Railway system, for 
extensions and repairs, 30,000 tons of new steel rails, the 
average price being 127.50 francs per 1000 kilogrammes 
(52. 2s. 6d. per ton). The fuel consumption amounted to 
1,721,000 tons, the price per 1000 kilogrammes averaging 
11.97 francs (93. 8d.) per ton. Per train kilometre, the 
fuel consumption amounted to 22.85 kilegrammes for a 
cost of 0.272 franc, equal to 81 1b., and 4}d. per train-mile. 
The committee are highly satisfied with the working of 
their new compound locomotives. The engines fitted 
with superheaters have continued to give favourable 
results as regards reduced consumption and increased 
power, and the use of superheating is to be extended. 


In connection with the completion of the St. Maurice 
Valley Railway, in Canada, a smart piece of erection 
work is recorded. This line is 22 miles in length, and 
connects Shawinigan Falls with Three Rivers, on the 
Canadian Pacific Railway. The first sod was cut by 
Prince Louis of Battenburg, on the occasion of his visit 
to Canada. Work progressed well during the summer 
months of last year, but the erection of two bridges was 
unavoidably delayed. One—the Gres Bridge—commenced 
in November, was. completed on December 1; whilst the 
second, commenced on December 15, was just completed 
by the close of the year, thus enabling the railway to win 
substantial subsidies. The second bridge, known as the 
Gorge — is a structure 135 ft. high and 330 ft. in 
length, exclusive of approaches. With three shifts of 
men work was pushed on rapidly, the last rivet being 
driven at 11.45 p.m. on December 31, the first train a 
ing over the completed bridge shortly before midnight. 


At a recent general meeting of the African Trans- 
Continental Telegraph Company, Limited, it was stated 
that the company owned some 1389 miles of trunk line, 
and 195 miles of branch line. The trunk system extends 
from Umtali, in Southern Rhodesia, to Tete, in Portu- 
guese East Africa; thence the line runs to Blantyre, in 
the Briti African Protectorate. From this 
point its way is northwards and along the western shore 
of Lake Nyasa, then across to the erd of Lake Tan- 
panyike, and through German territory parallel to the 

ke till it reaches Udjidji. It is ho that it will not 
be many years before the system will linked up with 
that of the Soudan, thus as Mr. Rhodes’s wish 
of a trans-continental line. Incidentally, it was stated 
that considerable damage was done to the ine wild 
animals, more specially elephants and giraffes. e line 
traverses all kinds of country, much of it being unhealthy 
swamp and jungle land, through which construction was 
carried on under great difficulties. Connections are being 
made to inland and coast towns. 


In the Elektrotechnische Zeitschrift, Professor Ferdi- 
nand Braun, of Strassburg, porgenss unipolar wave- 
detectors for radiotel y. Thirty years he 
investigated the electric conductivity natu sul- 
phides and some other minerals. His first assumption, 


that these compounds conduct the current entirely 
like metals, has not been confirmed by subsequent 
researches; but the problem is not yet cleared up. 
It is certain, however, that these minerals conduct asym- 
metrically, like electric-valve cells. Psilomelane, a black 


compact manganese oxide, always containing a consider- 
able portion of barium, was found to give clear sounds 
when inserted between suitable electrcde3 in a telephone 
circuit through which rapid oscillations were passing. 
Last winter Braun resumed these experiments in con- 
junction with G. Brandes. . Several sulphides can be 
used as unipolar wave-detectors, but some of them behave 
peculiarly. Thus a plate of lead sulphide (galena) placed 





upon a metal plate will act as detector when touched by 
& wire in certain spots, but not in others. These active 
spots can be distinguished by their reflection of light. 

silomelane is the best of these detectors, which are not 
so sensitive as electrolytic cells. 


We have received from ‘‘ The British Calculators,” of 
9, Coleman-street, E.C., a simple and ingenious little 
machine, intended to perform mechanically the operation 
| of adding together pounds, shillings, pence and hailf- 
pence. The instrument is based on the ordinary engine- 
counter, and consists of three principal wheels mounted 
on the same centre in a shallow disc-shaped box. The 
| larger of these wheels has seventy-two teeth, and every 
| time it turns through twenty-four teeth corresponding 
| to twenty-four halfpence it ‘‘ carries” over to the next 
wheel. Through a slot in the face of the disc twenty- 
| three of the teeth of this wheel can be seen, and the edge 
of ‘the slot is graduated from 4d. up to 114d. Inserting 
an ivory style between the teeth visible through the slot, 
at, say, the pent marked 44d., then, on moving the 
wheel round till the style comes in contact with the end 
of the slot, the sum of 44d. will appear at a window in the 
face of the disc. If the wheel is moved another three 
teeth, say, corresponding to the addition of 1}d., the sum 
of 6d. will ap at this window. In this way an 
successive number of pence may be added up, and as eac 
succes3ive — is reached, the instrument automatio- 
ally carries over the shilling to the next wheel, and this is 
exhibited at the corresponding window. Hence the sum of 
all the amounts added to the pence wheel appears at these 
windows in shillings and pence. Similarly, nineteen teeth 
of the second wheel are visible through a second slot in 
the machine, and by moving this wheel round with a 
style in the manner already described, the sum visible at 
the shillings window is increased by an equivalent amount ; 
and aseach even pound is reached this again is automatic- 
ally carried on to the pounds window. Moving the shillin, 
wheel, it should be observed, never affects the pence wh 
nor does moving the pounds wheel affect the shillings 
wheel. In this way any number of sums in £ s. d. can 
be added in succession, and the total read off. Totals above 
507. are automatically carried over to a fourth wheel 
graduated in units of 50/.; the maximum total which the 
machine is capable of exhibiting being 499/. 193. 114d. 
The rege | to zero is easily accomplished by noting the 
ition of certain marked teeth. If the style is put 
hind one of these marked teeth and then moved to its 
limit, a blank appears at the corresponding window, and 
thua, starting with the ce column, three movements 
put to zero the pounds, shillings, and pence wheels. The 
calculator appears strongly made, and should prove 
popular with that numerous body of individuals who are 
naturally slow at figures. 








Tue Iron and Sreev Instirvure.—The Council of the 
Iron and Steel Institute have accepted an invitation 
to hold the autumn meeting this year in Vienna, it bein 
the twenty-fifth anniversary of the previous meeting hel 
in that city. The meeting will be held on September 23, 
24, and 25, and will be followed by excursions to Bohemia 
and to Styria, by invitation of the Prague Iron Industry 
Company and the Austrian Alpine Mining Company 
respectively. 





PersonaL.—We are informed that Mr. 
Burns, lately manager of the roof department of Messrs. 
M‘Tear and Co., lfast, now in liquidation, has com- 
menced business as contractor for roofs, &c., under the 
style of the Rex Roofing Company, 98, North-road, 
Bloomfield, Belfast.— Messrs. Dick Kerr and Co., Limited, 
have recently opened an office in Cardiff, at Royal Cham. 
bers, Park-place.—We are requested to state, on account 
of misconceptions that have arisen, that the firms of 
Messrs. Rolls-Royce, Limited, motor-car manufacturers, 
Cooke-street, Hulme, Manchester, and Messrs. Royce, 
Limited, of Trafford Park, Manchester, manufacturers 
of the Royce dynamo-generators, electro-motors, switches, 
lamps, accessories, as well as crane hoists, are entirely 
distinct. Confusion appears to have arisen from the fact 
that Messrs. Royce originally started the automobile 
business at Cooke-street, the works being ae ye 
sold to Messrs. Rolls-Royce, Limited, the makers of 
the well-known Rolls-Royce car.—We understand that 
Messrs. Princeps and Co., Princeps Works, Sheffield, 
have appointed as agents in the under-mentioned districts 
Mr. G. Wright, Burnett-avenue, Scale-lane, Hull, and 
Messrs. Ferguson and Tim of Muscovy House, 6, 


Alexander 


Trinity-square, London, E.C., and 50, Willi -street, 
Glasgow.—Mr. F. B. Nathan is relinquishi the 
managership of the supply sales d t of Messrs, 


Siemens Brothers Dynamo Works, Limited, in order to 
take up an appointment with Messrs, Joshua Buckton, 
Limited, of —It is announced that Mr. F. T. 
Hughes, 1, Eighee ynes Newcastle-on-Tyne, has been 
t 


appointed b Manufacturing Com y 
Limited, biaibe and Bedford, t for their 1? main” 
motor-controlling 4 tus for the Newcastle and North- 
Eastern district. — 


e Phcenix a y, 
Limited, inform us that in order to allow Mr. iH. A. 
Jones, their managing director, more time to attend tothe 
outside business, they have appointed Mr. H. R. ©, 
Partridge as -~_ Hx their head office and works, 
Thornbury Works, ford. 
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THE EFFICIENCY OF INTERNAL- 
COMBUSTION ENGINES. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, February 26, Sir Alexander 
Kennedy, LL.D., F.R.S., President, in the chair, the 

per read was ‘‘ On the Limits of Thermal Efficiency in 
eect Camieation Engines,” by Mr. Dugald Clerk, 
M. Inst. C.E. The following is an abstract of the 


P*The Institution Committee on the Standards of Effi- 
ciency of Internal-Combustion Engines, among their 
recommendations as to the standard engine of comparison 
for internal-combustion motors, recommended that for the 
purpose of the standard, air—assumed to be a perfect 
gas having a value of 7 = 1.4—should be taken as the 
working fluid. For the ordinary four-stroke-cycle engine 
the formula giving the efficiency then is 


0.4 
g=1 < =) $ 
r 
where 1 is the ratio of the minimum volume to maximum 


- 
volume. The Committee were satisfied that with good 
engines, giving their best economy, the actual efficiency 
divided by the ideal efficiency determined by this stan- 
dard could be expressed by a ratio which varied be- 
tween 0.5 and 0.7. This was deduced from separate 
tests made by Professor Meyer and Professor Burstall. 
Professor Burstall’s tests also showed how inefficient de- 
sign would decrease the ratio, as in some of his tests 
means involving greatly increased cooling surfaces were 
employed to increase the compression, and were found to 
considerably diminish the ratio. These tests showed further 
how too high flame-temperature also decreased the ratio. 
The Committee required, however, further | ian 
as to the effect of the dimensions of the engine on the 
ratio, and ey, they made tests on three engines 
of 5 in., 9 in., and 14 in. diameter cylinders ‘ee 
giving 6, 24, and 60 indicated horse-power. In _ these 
engines, taking the mechanical efficiency to be 88 per 
cent., and culating the indicated horse-power from 
brake horse-power, they found that the nog | ratios 
were 0,61, 0.65, and 0.69 in the three engines. The tests 
showed, therefore, that by bearing in mind the slight 
changes in the ratio due to difference in dimensions, a 
close approximation to the best indicated efficiency to be 
expected from a given ——— could be obtained b: 

the use of a factor varyin tween 0.60 and 0.70, accord- 
ing to the dimensions of the engine. The tests also showed 
very clearly the small increase in economy of large engines 
in comparison with small ones, there being only 12 per 
cent. increase between 6 horse-power and 60 horse-power. 
The possible efficiency with the actual fluid used in the 
engine was known to be less than that "ate by the air 
standard. The Committee considered that a definitely 
known standard from which the actual efficiency could be 
deduced by using a multiplier found experimentally, 
allowing for the imperfections of the engine as well as for 
variations in the ny Ahem of the working fluid, should 
be adopted until the soa of the working fluid were 
accurately known. The author has examined the results 
of the test made by the Committee, and has made some 
further experiments on the large engine used in the test, 
with a view to finding the true heat-distribution in the 


engine. The balance-sheet given by the committee is 
as follows :— 
L. R. » «a 
Exhaust waste 35.3 40.0 39.5 
Jacket waste 23.5 29.3 25.0 
Radiation ... e 7.6 10.0 7.3 
Brake horse-power 26.7 28.3 29.8 
93.1 107.6 101.6 


In obtaining this balance-sheet the exhaust waste was de- 
termined by calorimeter, jacket waste measured, and the 
radiation includes friction of the working parts. The 
brake horse-power was determined by rope brake. In 
order to reason as regards properties of the working fluid, 
it is necessary to know the indicated horse-power, the loss 
of heat during explosion and expansion, and the heat in 
the gases at the end of expansion. These quantities are 
not given in the ordinary balance-sheet, as determined 
above. In the ordinary test the jacket loss is always 
over-estimated, because some heat which ought to go 
to the exhaust calorimeter ‘ows to the water-jacket after 
the opening of the exhaust-valve and all through the ex- 
haust stroke of the engine. The piston friction also will 
appear in the water-jacket. The author has therefore 
attempted to adjust the balance-sheet from data eo 
in the committee’s report. Taking the mechanical effi- 
ciencies for the three engines, L, R, and X, as 0.84, 0.85, 
and 0.86, the friction pesca of total heat is 5.1, 5, 
and 4.9 respectively. ucting this from the jacket 
waste, corrected values for heat to water-jacket, 21, 26.8, 
and 22.6 per cent. are obtained. Using these values, 
and reducing to mtage, assuming that the error in 
total heat is not in the indicated .orse-power item, a new 
balance-sheet is obtained :— 


L. R. ake 

Fae ge waste ... 41.1 37.1 39.9 
acket waste 

cenp \ . 1 26 4 

Indicated horse-power ... 31.8 33.3 34.7 

100.0 100.0 100.0 


The ideal efficiencies in these engines are tically 
the same, and assuming that one-third of the a going 
to the engine is converted to work, and that the heat loss 
occurs near the open | of the stroke, the difference 

liation losses in any two engines 
difference between the indicated 
the L and X engines this is found to 


between the jacket plus 
ould be three ine the 


horse- powers. 


be exactly the case. The jacket waste in the L engine is 
evidently too low, and on the above considerations should 
be 34.1. This value of jacket waste for the L engine will 
give an exhaust waste of 34.1, which is practically the 
same as that determined by calorimeter. It ap 

therefore, that in the L engine some heat which should 
have appeared in the water -jacket has been lost. 
This corrected balance-sheet is probably more accurate 
than that obtained in the test; but there is still 
some heat found in the water-jacket which should be 
in the exhaust. The experiments give no means of 
determining this amount. The balance-sheet, however, 
gives a method of calculating the maximum possible 
efficiency of the actual fluid. Adding exhaust waste to 
indicated horse-power, and dividing indicated horse- 
power by the sum, possible efficiencies for the three 
engines of 0.482, 0.473, and 0.465 are obtained. In obtain- 
ing these efficiency values, however, it has been assumed 
that the heat is lost at the beginning of the stroke, and 
therefore the values are not accurate. If the distri- 
bution of heat loss were known, the true adiabatic could 
be constructed and correct results obtained. = _— 

To check the results, indicator diagrams which give the 
correct mean pressure have been studied. From the com- 
position of the exhaust gases and the charge temperature 
the weight of the charge is found to be 0.14lb. From 
the diagram the temperature drop from the end of expan- 
sion to charge temperature is 1745 deg. Fahr. The specific 
heat of the gases by weight, assumed constant, is 0.185. 
From these values, obtained from the numbers given in 
the Committee’s report, it appears that 43 per cent. of all 
the heat of the combustible gases is accounted for in the 
exhaust. This gives a balance-sheet for the X engine :— 


Per Cent. 
Exhaust waste 7 oa nee 43 
Jacket waste and radiation 22.3 
Indicated horse-power _.... ; 34.7 


The exhaust waste here would obviously be greater if 
specific heat increases with temperature. From this 
balance-sheet, calculated as before, an efficiency of 0.447 
is obtained ; with air, the efficiency would be 0.49. These 
considerations show the difficulty in using the actual fluid 
asastandard. In ee of the great labour expended on 
the experiments, only a rough approximation to the true 
heat distribution can be arrived at. 

In 1884 the author made experiments on cooling after 
explosion in a closed vessel. Many other investigators 
have since done similar work, but cooling of a cylinder 
having a —. piston had never been investigated. The 
author made further experiments, and determined the 
cooling in the X cages. The engine was run at normal 
speed, and when ac had m drawn in, the rollers 
actuating the inlet and exhaust valves were ae so 
thatthe valves remained shut. The explosion then took 
place, and the gases instead of being discha were 
alternately compressed and expanded. An indicator card 
gives a cooling curve, showing temperature fall during suc- 
cessive revolutions of the engine. From these the 
mean apparent specific heat of the gases in the cylinder has 
been deduced, the gases being practically the same com- 
position as those in the Committee trials. The values 
ancy increase with increase of temperature, and have 

n called apparent specific heat values, use certain 
facts discovered are inconsistent with the change being 
entirely specific heat change. Calculations assuming these 
numbers to be the true specific heats are, however, very 
nearly accurate. From the cooling curves and specific 
heat values so determined a balance-sheet has been ob- 
tained for the X engine as follows :— 

Per Cent. 


Heat flow during explosion and expan- 


sion ... iad Be a a noe 16.1 
Heat contained in gases at end of expan- 

sion ... aii oy Nae ‘ae oak 49.3 
Indicated work 34.6 


_ Comparing this with that found by the Committee, it 
is seen that the indicated work is the same in both. 
There is, however, less heat flow during expansion, and 
more heat in the gases at exhaust. This shows that about 
21 per cent. of the heat in the at the end of expan- 
sion goes to the water-jacket during the opening of the 
exhaust-valve and exhaust stroke. This is considered a 
more accurate balance-sheet than has yet been obtained. 
Calculating the ideal efficiency as before, the value 41 per 
cent. is obtained. From the values of specific heat given 
the adiabatic may be calculated, from which the ideal 
efficiency is found to be 39.5 per cent., showing that the 
actual engine has converted 88 per cent. of the heat which 
it possibly could convert into indicated work. The new 
method has been checked by a test of a small Stockport 
engine in the author’s laboratory, which gave similar 
results to those given by the X engine. 

Tables have m calculated showing the ideal effici- 
encies for different compressions using the specific heat 
values given, and show that roughly the air standard is 
20 per cent. too high, and that if gamma be taken as 1.285 
for the explosion line, and 1.37 for the compression line, 
the change of specific heat between 1700 deg. Cent. and 
1000 deg. Cent., —orr used in practice, is too small to 
produce much error. ore investigation is, however, 
required before even the i ape specific heat values can 

vi 


be accurately known for arious mixtures used in 
internal-com iou motors. 
Much has been recently done, including experiments by 


Professor Hopkinson, Messrs. Bairstow and Alexander, 
and Professor Burstall; but until further knowledge is 
obtained, the air standard, as defined by the Committee, 
; aa the best basis for comparing the performances of 

ifferent engines. 

The Appendices show the method of calculating the 
suction temperature, charge temperature, exhaust tempe- 
rature, and ch weight, and method of calculating 





the adiabatic efficiency for varying specific heats. 








THE NEW CENTRAL CRIMINAL COURT. 


THE disappearance of old historic landmarks must 
always possess a human interest for everybody, ager on 
such landmarks may be able to lay no special claim to 
attention of engineers. This is particularly so in the case 
of old Newgate Prison, which has recently been removed 
to make way for the building which now forms the new 
Central Criminal Court, opened on Wednesday last by 
His Majesty the King, in company with the Queen. The 
new building was designed by Mr. E. W. Mountford, 
F.R.1.B.A., and the foundation stone was laid by the 
Lord Mayor in December, 1902. It has a a to the 
Old Bailey of 287 ft. and to Newgate-street of 142 ft.; 
the average height from the pavement to the top of 
the balustrade being 75 ft. The building is surmounted 
by a dome, the height of which, to the ball on the 
top, is 195 ft., there being over all a bronze figu 
of “Justice,” 12 ft. high, modelled by Mr. F. W. 
Pomeroy, A.R.A. There are also sculptured figures 
over the entrance, which represent ‘*The Recording 
Angel,” ‘‘ Truth,” and ‘‘ Fortitude,” also by the same 
artist. The main entrance for the general public is in the 
Old Bailey, and at each end of the convex front to New- 
ame: is an entrance, that at the Old Bailey end 

ng for Counsel, while the one at the other end is for 
the;general public, and leads direct to the galleries of 
the courts. At the southern end there isan entrance for 
officials and clerks. The cells are on the lower floors, 
there being eighty waiting-cells and eight sleeping-cells. 
The building stands on a concrete raft 5 ft. thick, which, 
under the dome, is 12 ft. thick, and the total load on the 
earth is about 9500 tons. The general facing of the build- 
ing is of Portland stone, and the stone from old Newgate 
been used as faras possible. Ancaster stone was used 
inside ; the courts and principal rooms are panelled in 
Austrian oak, and the halls and corridors used by the 
public are lined with marble or tiles. All the oak doors, 
tables, chairs, panels, &c., are a very fine example of joiners’ 
work. The whole of the building is warmed and ventilated 
by Key’s plenum method, carried out by Mr. William Key, 
ion House Chambers, 11, Queen Victoria-street, E.U. 
The air is forced through the building by eight fans, each 
7 ft. indiameter, which arecapableof discharging 20,000,000 
cubic feet of air per hour. The air, as it is drawn in, first 
a between inclined rows of glass tubes ten rows deep. 
hese tubes are placed nearly touching, and each row 
breaks joint, so to speak, with the next row, so that the 
air has to take a zigzag course between them. These 
tubes collect the dust which is deposited on their outer 
surface. The tubes are washed by a spray of water every 
one to twohours. After leaving the tubes, the air 
through damp cocoa-nut fibre, where it is washed and 
cooled, after which, in winter, it passes over steam-heated 
coils, and thence to the different rooms. The total cost 
of the building was about 300,000/. 








BIRMINGHAM TRAMWAYS.—The tramways committee of 
the Birmingham City Council records the taking over, on 
January 1, of the several tramways within the city, the 
leases of which expired on the previous day. About 200 
new electric cars were put into service, and apart from 
the difficulties Seesanewite from a new undertaking, the 
services have worked smoothly, and have given a 
satisfaction. The committee has appointed i We 
McDonnell, who has been chief inspector for the past 
three years, to the post of traffic superintendent at a 
salary of 200/. per annum, rising by an annual increment 
of 25/. to 2502. per annum. The deposits made by the 
City of Birmingham Tramways Company in respect of 
leases which have expired, amounting to 26,766/., have 
been repaid to that company. 





INSTITUTION OF NavAL ARCHITECTS.—The 1907 session 
of the Institution of Naval Architects will be held on 
Wednesday, Thursday, and Friday, March 20 to 22, in 
the Hall of the Society of Arts, John-street, Adelphi. 
Meetings will be held on Wednesday at 12 o’clock noon, 
and on Thursday and Friday at 12 o’clock noon and at 
7.30 p.m. The Right Hon. the Earl of Glasgow, 
G.C.M.G., LL.D., will occupy the chair. The pro- 
nme gy of the proceedings is as follows :—Wednesday, 

rch 20, 12 o’clock, after conclusion of business, the 
Chairman will deliver an address. This will be followed 
by the presentation of the Gold Medal to Professor 
R. L. Weighton, M.A., and papers on ‘‘ The Influence of 
Machinery on the Gun-Power of the Modern Warship,” 
by Mr. J. McKechnie, and ‘‘Safe Submarines and the 
uture of the Art,” by Mr. Simon Lake. The following 
yee will also be read during the session:—At the 
2 o'clock meeting, Thursday, March 21, ‘“‘On Some 
Points of Interest in the Construction and Launch of the 
Lusitania,” by Mr. W. J. Luke; “ The Evolution of the 
Modern Steamer,” by Mr. S. J. P. Thearle ; 
“*Cranes for Shipbuilding Berths,” by Signior C. Piaggio. 
At the 7.30 p.m. meeting, ‘‘Torsiometers as Applied to 
the Measurement of Power in Turbine and Reciprocating 


es,” by Mr. Archibald Denny ; ‘‘Torque of Pro- 

Ms ye 2 Conjectures, Investigations, and 

ults,” b . J. Hamilton Gibson; ‘‘ Propeller 
Struts,” by Mr. G. Sim . Atthe Friday, March 22, 


= o'clock <i _ ene wee 7 — 
Jroscopic ng Apparatus,” by Sir W . 
hite, KCB. LLD., TRS; Ane For- 
mule for De ining the Resistance of Ships,” by Mr. 
A. W. Johns; ‘The Application of the In to 
Ship Calculations,” by . J. G. Johnstone, At the 
evening 7.30 p.m. meeting, Friday, ‘‘ The Prevention of 
Fire at Sea,” by Professor Vivian B. Lewes, F.I.C., 
F.C.S.; ‘‘ Modern Floati Docks,” by Mr. Lyone 
Clark ; ‘‘Some Phases of the Fuel Question,” by Pro- 
fessor Vivian B. Lewes, F.1.C., F.C.S, 
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GOVERNOR WITH SMITH’S AUTOMATIC KNOCK-OFF GEAR. 


CONSTRUCTED BY MESSRS. POLLOCK, MACNAB, AND HIGHGATE, ENGINEERS, SHETTLESTON, GLASGOW. 
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WE illustrate on this page a type of governor which 
is now being manufactured by Messrs. Pollock, Macnab, 
and Highgate, of Shettleston, Glasgow, and for which 
some distinct advantages are claimed. It is, as will 
be seen, a governor of the Pickering type, but it is 
fitted with a more effective knock-off gear than is 
usually placed on these governors. 

It is well known that the ordinary knock-off gear, 
consisting of a loose arm carrying a jockey-pulley, the 
pulley running on the driving-belt, and dropping, in 
case the belt should break, has not been satisfactory, 
for the following reasons :—1. It put the whole strain 
of the governor on the tension-spring, as this had to 
carry the valve and spindle, and any downward strain 
of the leaf-springs, when the governor was being ex- 
panded by an excess of speed, made the governor 
less sensitive, and interfered with its exact work- 
ing. 2. The knock-off gear only acted when the 
belt broke, the action of the arm then releasin 
the spring and causing the valve to shut. It di 
not act when the belt was slipping or the pulley 
slipped on the shaft, nor when a pin or key came 
out, but only when the belt gave way. With Smith’s 
patent automatic knock-off gear, as fitted to the 
governor shown above, however, all these objections 
are obviated ; and if from any cause the governor stops 
or slows down, it brings the bottom valve of each 
pair, the two together constituting an equilibrium 
valve, into action, and shuts off the steam from the 
engine. These valves are shown in Fig. 1. Neither 
the action of the governor, nor its regulation of speed, 
is interfered with in any way. When the engine 
is at rest, these bottom valves are closed, and, in order 
to start, a small eccentric is used to open them. This 
eccentric is operated by hand, and its action may be 
clearly understood on reference to Figs. 2 and 3. The 
eccentric is released automatically by the action of 
the governor after the engine has been started. 

It is claimed that this arrangement is simple and 
not liable to get out of order, and has the advantage 
of utilising the lifting power of the leaf-springs. e 
understand that a number of these governors are now 
at work, and are giving entire satisfaction. 








INDUSTRIAL NOTES. 

On Saturday, March 2, 1907, will take place the 
most momentous struggle ever known in this country, 
or perhaps in the world, in connection with muni- 
cipal government. It is the day of election for 
the London County Council. On both sides there 
lias been a good deal of political mud-throwing, each 
ide trying to bespatter the other out of all re- 
cognition. With the general political and local issues 


we have nothing to do here, but the heat of the fight 
‘a8 been and is over the industrial problems involved 

Socialism and Labour versus free competition and 
private contracts in municipal work. The Progressive 
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and Labour forces must not complain if they are hard 
hit. As a whole they do not exactly represent the 
Socialists, but the latter try to use the London County 
Council for the advancement of their aims, and many 
of these are calculated to frighten the ratepayers, 
and arouse indignation in the trading classes of the 
vast community of London under the control more or 
less of the Council. In some of the addresses of candi- 
dates, and the literature circulated, the Socialists 
advocate the municipalisation of almost everything— 
not only water, tramways, gas, &c., but coal supply, 
milk, land, housing, and other matters. 





Perhaps there is no individual trade in the United 
Kingdom which has been so completely revolutionised 
of late years as the boot and shoe trade. It is only 


about fifty years ago that the sewing-machine was 
introduced in parts of Northamptonshire and of Staf- 
fordshire. This was followed by a long and disastrous 


strike in 1857. The men were disorganised and 
weak, and were wholly defeated. Prior to this 
the bootmaker, or shoemaker, made the complete 
article himself. There were sections—‘‘ women’s men,” 
and ‘* men’s men.” These were in some instances sub- 
divided. There were ‘‘ closers” for ‘“‘ uppers ” gene- 
rally, especially for ‘‘ top-boots” and ‘* Wellingtons.” 
Some specially devoted themselves to these branches ; 
others to ‘* Bluchers,” ‘‘ water-tights,” and other foot- 
gear. In the trade they were called ‘‘seats” of 
work, the men working in from twos and threes to 
ten or adozen ina shop. Many hired those ‘seats ” 
for the sake of company, or because they hated the 
solitary system of working alone, except in cases of 
cobblers, menders, or repairers, who often had a stall 
or small room in a half basement facing the street, 
which was far from lonely. Machinery and labour- 
saving appliances have changed all this. The sub- 
division of labour is immense, there being over a 
hundred different operations to complete the article. 
The operatives now work in factories, mostly by their 
own desire ; a system they formerly hated and fought 
against ; now they fight to secure it. The output is 
enormous, for, as a rule, the people of to-day consume 





more than formerly. The operatives complain less of 
foreign competition than they did sixty years ago, 
when French boots and shoes of the better sort were | 
largely imported. The revolution and development has | 
been phenomenal. 


The monthly report of the Boiler-Makers and Iron- | 
Ship-Builders is fairly satisfactory for the season of the | 
ear, as it shows a reduction of nearly 2000 on the! 
unds, the exact figures being 1982; of that reduction | 
1708 were on unemployed benefit alone, the respective 





totals being 5765, reduced to 4057. The aggregate on | stru 
the funds was 7719, as compared with 9701 in the | children. 


month previous. The total on sick benefit was 2194, | 
and on superannuation benefit 1468, both of which | 
show a reduction. The membership gain was only | 
two, but 214 new members were admitted, while the | 
losses by death and out-of-benefit were 212. The 
total expenditure for the month was 15,593/. 19s. 1d. 
Four officials have been declared defaulters and fined 
by the council in addition to the several amounts of 
the deficiency, instead of being prosecuted. This is the | 
more humane way, no prison stain being the result. 
The ballot for Parliamentary candidates has resulted | 
in one being elected ; the two next highest will have to 





submit to a second ballot, as two are required. The 
report on special audits of the branch finances shows 
that the great majority are ‘‘ very good,” and many 
‘* good ;” in six branches the result was descri as 
‘* moderate,” and in only one, at Montrose, as ‘* bad.” 
On the whole, the results were very satisfactory. The 
report gives the text of two Acts of the last session—the 
Trade Disputes Act, 1906, chap. 47, and the Education 
(Provision of Meals) Act, 1906, chap. 57. Members 
are notified of a strike at Victoria, Vancouver, British 
Columbia, and the districts adjoining, for the eight 
hours’ day, and 3.50 dols., or 14s., per day. Members 
are warned not to fill the places of those on strike. 





The short debate in the House relating to unem- 
ployment, and the administration of the Act of 1905, 
was notable by reason of the attitude of the President 
of the Local Government Board, whose speeches and 
conduct as Minister of that department won the 
applause of the Right Hon. Walter Long, M.P., who 
has had experience in that department under the late 
Government. Of course, some of the Labour members 
condemned Mr. Burns, and carried the motion to a 
division ; but only 47 voted for it, after the closure 
was carried at half an hour after midnight on Feb- 
ruary 21. The debate was not distinguished by 
any luminous speeches for or against the motion. The 
mover said that the 200,000/. voted last year was 
useless ; even 5,000,000/., he said, would not be suffi- 
cient to deal with the problem. The seconder of the 
amendment said that there were 90,000 unemployed 
trade-union members, and 800,000 others out of work, 
or a total of 890,000. If so, where were they when 
London was snowed up for a week? One member 
condemned the Salvation Army and the Church Army 
as doing more harm than good. He advocated 
emigration, but this the chairman of the Labour Party 
opposed. Mr. Will Crooks was op to further 
inquiry, and said he was not in love with the Central 
Unemployment Committee. Mr. Burns explained 
that the money for emigration came out of the rates. 
The Labour Member for Burnley, Mr. F. Maddison, 
defended Mr. Burns, The latter sketched briefly 
what the Government had been doing, was doing, and 
would do to help to solve the problem. They would 
not add another link to the pauperising chain of 
relief works—demoralising employment. ey would 
deal with causes, not symptoms, and try to colonise 
England and house the poor. The division list shows 
that the House of Commons is with the Government 
in this respect. 

It seems passing strange that in this year of grace 
1907 the United States should be engaged in a political 
le over the question of the employment of 
But soit is. An effort is being made to 
pass an Act by the Federal Government to restrict 
the employment of children, as the State Legislatures 
have not passed measures of sufficient protection, or, 
if they have, the provisions are not adequately carried 
out in some of the States. America, the land of 


gigantic fortunes, and of enormous gifts and bequests 


or education and other great objects, it is said, 
neglects the children of the State, or States, all of 
whom are an asset in the books of the national ex- 
chequer. It seems to be an anomaly. But the fact 
is patent to all, and it has provoked an agitation in 
favour of a general Federal law. In the State of New 
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York, to take one example, the laws for the protection 
of children would seem to be ideal; but they do not 
take into consideration the employment of children, 
thinking, perhaps, that the law of humanity was all 
sufficient in such cases. 
everywhere, free and unsectarian, with facilities for 
collegiate and university advancement; but if the 
child is not permitted, through poverty or neglect, to 
take advantage of these, the primary object is de- 
feated. No doubt labour conditions have changed 
of late years, and may have developed some of the 
evils complained of ; but to see the evils is to strive 
to remove them, or so mitigate them that they will 
cease when the required measures to remove them are 
passed. With all our faults, England stands first in 
this kind of protective legislation. 





The text of the Wages Boards Bill has been issued. 
It is presented by Mr. Lamb, and backed by Mr. 
Alden, Mr. Barnes, Sir Charles Dilke, Mr. Gill, Dr. 
Hazel, Mr. A. Henderson, Mr. Masterman, Mr. 
Chiozz. Money, Mr. Shackleton, Mr. Tennant, and 
Mr. P. W. Wilson. It is an iufluential backing of 
Labour and middle-class members. The Bill provides 
for the establishment of wages boards, with power 
to fix the minimum rates to be paid t» workers in 
particular trades. It leaves to the Home Secretary to 
say for what trades wages boards are to be appointed. 
The boards are to be composed of an equal number of 
employers’ and operatives’ ae respectively, 
with a chairman chosen by the members, or nominated 
by the Home Secretary. Factory inspectors are to 
sce to the enforcement of the minimum wage. Such 
is the Bill. It took Labour leaders and middle-class 
reformers a whole century to repeal and, to some 
extent, undo the mischievous legislation of six cen- 
turies, hampering trade and commerce, and reducing 
the workers to privation, want, and precarious em- 
ployment at low wages. 


initiating legislation of six centuries prior to the 
dawn of last century—1200 to 1800. The articles of 
Mr. J. Ramsay Macdonald, M.P., the secretary of the 
Labour group in Parliament, with respect to Labour 
legislation in New Zealand, are not encouraging as 
regards this measure. Voluntary boards, constituted 
like those in the iron and steel trades, coal trades, 
cotton trades, and many others, have done, and are 
doing, splendid work in regulating wages ; as also are 
joint committees, similarly constituted. But in these 
law and litigation are kept outside. It is legal restric- 
tion which is objected to, not mutual arrangements, 
or arbitration in cases of disagreement. 





The Transvaal elections were fought almost entirely 
on the Chinese labour question. The outcome of the 
contests will be a Het Volk Cabinet with a majority 
over all the other members combined. I[tis a singular 
outcome of the Boer War that the first Government 
under British rule should consist of representatives of 
the defeated Boers. With the political aspects and 
results of the election these Notes have nothing to do. 
It is with the industrial aspects ouly, and in this respect 
the white man versus the Chinese and other indentured 
labour finds a place. It cannot be said that the 
whites have had much chance since the Transvaal was 
annexed to the British Empire. All trades have 
suffered ; even the Australians who left their homes to 
fight for the Mother Country have had to appeal for 
financial help to enable them to return to their native 
land, or starve in South Africa. British workmen 
in South Africa before the war, and those who have 
migrated there since, have suffered great privations. 
No industry has flourished except the mines, and of 
the profits of mining enterprise we hear very little 
indeed. All parties in Britain will watch with inte- 
rest, not without anxiety, the progress and develop- 
ment of the new self-governing colony. With capital 
and enterprise a new era may dawn full of hope for all 
the white workers there, and for those who may be 
attracted there under the new conditions. 





The position of the iron and steel trades remains 
practically unchanged. In the Midland markets and 
on the Manchester ’Change, representing Lancashire, 
there was some uncertainty about pig iron, but in the 
finished branches all sections continued fairly steady. 
A good deal of material is beinz used up by consumers 
whose contracts are still running, so that buying is 
not quite so brisk as it was some time ago. There is 
no lack of employment at the iron and steel works, 
but there are some complaints as to the scarcity and 
high price of fuel. 





The National Federation of Miners seems determined 


Now Labour leaders in the | 
House of Commons are taking the retrograde step of | 


| 








| 


union were locked out and discharged, but at the close 
of last week all the non-unionists agreed to join the 
union, and the employers agreed to have all union 
men. At the same time they stipulated that there 


Education has been provided | should be no intimidation of non-union workers, if 


there were any at the colliery. 


The important conference recently held between the 
employers and workmen in the South Wales stee 
trade has led to an agreement, and concessions of a 
most advanced character. The employers have con- 
ceded an eight-hour working day, and at the same 
time have so arranged that the men shall not suffer 
a reduction in wages by reason of the shorter hours. 


These concessions affect 3000 men, and it is stated that | 


the result will be the employment of 1500 more, while 
the wages bill will be increased by 10,000/. a year in 
the Swansea district. It is to be hoped that the finan- 
cial result will not be to the detriment of the employers. 





The strike of slaughtermen in New Zealand has 
ended, the meat companies having conceded the in- 
crease of wages demanded by the men. But the 
Government will prosecute the strikers under the 
Arbitration Act now in force. The result will be 
watched with interest in this country by men and 
masters. 





Another Shop Hours Bill has been introduced. into 
Parliament. The hours to be fixed are :—One day in 
each week work must cease at or before 1 o’clock ; on 
three other days, at or before 7 p.m.; one other day, at 
or before 9 p.m.; the other day, 10 p.m. The methods 
are to be by a ‘‘ closing Order,” to be laid before Par- 
liament. 





There appears to be every probability of a great 
demand in Canada for railway men, for hundreds of 
miles of new lines are being constructed, and, when 
finished, numbers of men will be requircd to operate 
them. High wages will attract many, but many will 
hesitate because of the climate, and the difficulties of 
the early pioneers. 





Sankey’s WorksHop Testinc-MacuHIne: ErrRaTuM.— 
We regret that by a misunderstanding the name of the 
makers of the above machine, described on page 209 of 
our issue of February 15 last, was inaccurately given as 
Messrs. L. Cassella and Co., in place of Messrs. C. F. 
a and Co., of Rochester-row, Victoria-street, 





PozzUOLANA AND ITS TECHNICAL VALUE.—Giovanni 
Giorgis and Gino Gallo (Gazzetta, 1906) give the following 
analysis of four samples of volcanic sand deposited from 
Vesuvius in the eruptions of (a) 1620, (b) 1878, (c) May, 
1900, and (d) November, 1900 :— 

















Distinguishing letter — (a) (6) (c) (d) 
Year of deposit 1620 1878 1900 1900 
. _ Per Per Per Per 
Name of constituent Symbol. Cent Cent Cent, Cent 
Silica .. oe --| BIO, 48.00 48.45 47.94 47.40 
Phosphorus _ pent- 
oxide oe --| Po Os = 0.60 0.56 0.66 
Ferric oxide. . Fe, Os 5.09 3.49 3.69 3.76 
Ferrous oxide .| Feo 2.03 3.35 3.35 3.65 
Aluminium oxide ..| Aly Og 17.53 17.81 21.31 21.31 
Calcium oxide Ca O 11.19 12.09 8.89 9.71 
Magnesium oxide .. Mg O 3 69 3.02 1.65 1.73 
Potassium oxide Ky O 8.47 5.01 5.12 5.02 
Sodium oxide ..| NagO 2.56 | 5.46 7.83 6.38 
Water retained at 
110 deg. Cent. H,0O 1.54 0.60 0.06 0.20 
Water lost at 110deg. 
ent. “ --| HgO 0.26 | O41 0.17 0.13 
Total 100.37 | 100.29 100.07 99.95 
Sodium oxide after 
treatment with 


carbon dioxide .. 3.95 . 4.33 3.93 


All these ee have a less astringent taste than the 
zzuolana of 8. Paolo, and when mixed with lime require 
ardly one-third the amount of water necessary for true 
pozzuolana to form a true paste. On immersing the 
samples of recent origin—viz, 6, c, d—in water, and 
passing a current of carbonic acid (CO.) through the mix- 
ture for two months, the proportions of sodium oxide 
present were reduced to the figures shown at the foot of 
the table, the remaining constituents being but little 
altered inamount. The analysis of (a) indicates that a 
similar action has occurred also with it. The authors 
have determined the electrical conductivity of pozzuolana, 
and mortars made from it, with lime. The results show 
that adulteration of pozzuolana with inert materials may 
be detected in this way. With reference to the method 


OPTICAL PYROMETRY. 


Tue great advances that have been made in the deve- 
|lopment of simple and trustworthy instruments for the 
| measurement of high temperatures have enormously 
| stimulated investigation in this branch of research. 
| Pressing industrial need has called into existence several 
|reliable instruments, which have been rendered pos- 
| sible by the great progress made during the last decade in 
our knowledge of the laws of radiation from incan- 
descent bodies. These instruments have now attained 
commercial importance, and have led to the Bureau 
of Standards of the United States Government un- 
dertaking researches into high temperature measure- 

ments. Those on optical pyrometry were conducted by 

| Dr. C. W. Waidner and Mr. G. K. Burgess,* for the 
purpose of ascertaining the.degree of reliability that may 
| be attached to the various instruments now available, 
|when used in industrial processes, as distinct from 
scientific and laboratory uses. In the following columns 
we give an abstract of the results of these researches. 


I. Genera Discussion or OpticaAL PyRoMETRY. 


The temperature of bodies may be estimated from the 
radiant energy emitted, either in the form of visible light 
radiation, or of the longer infra-red waves that are 
studied by their thermal etfects. A number of excellent 
pyrometers have been introduced into practice that are 
based on the photometric measurement of the intensity 
of the light emitted by incandescent bodies, and most of 
these measure the intensity of the red radiation. ‘This is 
done, firstly, because the colour of the light from the 
incandescent source will undergo wide variations as the 
temperature changes, and it will thus be difficult to 
compare it with the light from some standard source, so 
that by passing the radiation from both sources througha 
red glass (or prism) the photometry is reduced to the 
comparison of two lights of the same colour; and, 
secondly, the use of the red radiation enables the mea- 
surements to be carried down to lower temperatures, as 
red light is the first to become visible. 

When we consider the enormous increase in the inten- 
sity of the light with rise in temperature, this method 
appears especially well adapted to the measurement of 
high temperatures. Thus, for example, if the intensity 
of the light y = 0.636 4, emitted by a body at 1000 deg. 
Cent., be called 1, at 1500 deg. Cent. the intensity will be 
over 130, and at 2000 deg. Cent. over 2100 times as great. 
The rapid increase of the photometric intensity of the 
light in comparison with that of the temperature is also 
shown by the following table from Lummer and Kurl- 
baum, for light emitted by incandescent platinum. The 
strip of platinum, made in the form of a hollow cylinder, 
was heated electrically, and the intensity of the — 
emitted from its surface was measured photometrically 
The corresponding temperatures were measured by a 
thermo-couple placed inside the platinum cylinder. If 
I, and I, are the intensities of the light emitted at the 
absolute temperatures T, and T, (not differing many 


degrees from one another), then if we write T = 
(7: 
Te 
are a8 follow :— 
T deg. Absolute. 


y , the values of x at various absolute temperatures 


Deg. Cent. ” 
900 30 
1000 25 
1100 21 
1200 19 
1400 18 
1600 15 
1900 14 


Also these data give approximately T x = 25,000. 


From this table it will be seen that at 1000 deg. abso- 
lute the intensity of the light increases twenty-five times 
as rapidly as the temperature; at 1900 deg. absolute, 
fourteen times as rapidly. 

Apparently a system of pyrometry based on the inten- 
sity of the light emitted by incandescent bodies would be 
an ideal one, inasmuch as a comparatively rough measure- 
ment of the photometric intensity would measure the 
temperature quite accurately. This, however, is only 
partly true; it is limited somewhat by the fact that dif- 
ferent bodies, although at the same temperature, emit 
very different amounts of light. Thus the intensity of 
the radiation from incandescent iron or carbon at 1000 
deg. Cent., for example, is many times greater than that 
emitted by magnesia or polished platinum at the same 
temperature. In other words, the intensity of the light 
emitted is not a function of the temperature alone, but is 
dependent on other properties of the body, such as the 
condition of its surface and its composition. Conse- 
quently, if any conclusions were drawn as to the tempera- 
tures of these bodies from the light that they emit, it 
might lead to large errors. 

Still greater errors would occur if the system were ap- 
pee to the measurement of the temperature of flames. 

ere the intensity of the light would vary with the thick- 
ness of the flame in the line of sight; and if applied to 
the measurement of temperature of a colourless Bunsen 
flame, the method would entirely fail. 

To understand these difficulties, and how they may be 


to carry out the policy of the Welsh miners as regards | 


non-unionists. In the Derbyshire coal-fields 26,000 | Of determining the > raulic value of pozzuolana by mea- 


overcome, the recent progress in the study of the radia- 
| suring the amount of lime absorbed from lime-water in a PB 


pr cor apt. enh eapedhgenbe ar ene he he re: Pie | given time, Eugenio Manzella finds that clay and arable| * ‘Optical Pyrometry,” by C. W. W. Waidner, Asso- 
tated that 95 eeut, have vobed ta tte ¢ 4 I soil also absorb lime in this way. The latter absorption | ciate Physicist, and G. K. Burgess, Assistant Physicist, 
RASS Sars re eo ' - n its favour, 2D | is, however, soon at an end, whilst that effected by the| Bureau of Standards. Reprint from Bulletin No. 2, 


Lancashire the same tactics are prevailing, Lut in the pozzuolana qredeally increases with thetime. It isinthat| Bureau of Standards, Department of Commerce and 
milder form of propagandism. At one colliery, how- way easy to distinguish hydraulically inert materials from | Labour, Washington (Government Printing Office), 
ever, the dispute became so acute that members of the | true pozzuolana. U.S.A. 
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tion laws, giving a connection between temperature and | obtained by the first process, and for the reason that the | of different bodies—e.g., carbon and platinum—are equal, 


intensity of radiation, must be reviewed. 


Kirchoff (Pogg. Ann., 109, page 275, 1860), following 
Balfour Stewart, was led to the important conception of 
a ‘‘black body,” which he defined as one which would | evident solution of the problem is to make the bod 
absorb all radiations falling on it, and would neither | temperature is to be méasured as nearly a black 


reflect nor transmit any. He further pointed out clearly 


| steel would, in reality, be at a temperature of about | theiractual temperatures may differ considerably (80 deg. 


| 720 deg. Cent., 
| equal to that of a black body at 700 deg. Cent. 


| 


possible. 


at which temperature its radiation is 
The most 
whose 

y as 
Then the optical pyrometer will read true 


| Cent. orso at 1500 deg. Cent.). This violates the ordinary 
| conception of equal temperatures, which is based on 
| thermal equilibrium between the bodies if brought into 
contact. 

The results of our experiments on radiation from iron 


the important fact that the radiation from such a body is | temperatures—i.e¢,, the same as a calibrated thermo-couple | and copper oxides, porcelain, fire-clay, and platinum, are 


a function of the temperature alone, and is identical with 


the radiation inside an enclosure, all parts of which have | — o ed 
the same temperature. The first experimental realisation | immersed in the lead-hardening bath, the radiation coming | 


(gas-thermometer scale), 
For example, if a porcelain tube with closed bottom be 


| discussed later, under the head of ‘* Departure from 
| Black-Body Radiation.” 
The temperature of any body, therefore, as measured 


of a black body was made by Wien and Lummer ( Wied. | from the bottom of the tube will bea close approximation | by an optical pyrometer, will in general (luminescence 
Annalen, 56, page 451, 1895), by heating the walls of a| to that of a black body, especially if the inside of the tube | effects excluded) be lower than its true temperature by an 


hollow opaque enclosure as uniformly as possible, and 
observing the radiation coming from the inside through a 
very small opening in the walls. 

It is evident that such a body will absorb all the 
radiation incident through the small opening, and this, 


whatever the material of the walls; for, unless the walls | 
are totally reflecting, all the radiation wiil be absorbed, | 


except that portion which might again escape through 
the opening, the latter causing a shght departure from 
ideal black- body conditions. 

The radiation from a black body thus provides a rela- 
tion between the temperature of the body and the energy 
radiated, whether the total energy or the energy asso- 
ciated with some particular wave-length. 

No body is known whose surface radiation is exactly 
that of a black body. The radiation from carbo 
iron approximates fairly near, while that from polished 
platinum and the white oxides departs very far from it. 
Black-body radiation corresponding to temperatures from 
that of liquid air, or lower, up to 1 eg. Cent. (or 
much higher if suitable materials be chosen, such as 
iridium, carbon, or refractory tubes that become con- 
ducting at high temperatures) are now available. For 
temperatures up to about 600 deg. Cent. this is realised 
by immersing a metallic or other vessel in a constant- 


temperature bath (liquefied gas, vapour, or fused salt), lin many others it can easily be made so, in which case less than that emitt 
and observing the radiation from the interior through a! the various indication pyrometers will give true tem-' rad 





m and | 


}is blackened with iron or nickel oxide, for example. 


Again, such a tube, or a metal one, projecting into the 
gas heating or annealing furnace would solve the problem 
very satisfactorily. Moreover, in many. of the practical 
cases that arise, the conditions, fortunately, approximate 
to those of a black body. Thus the temperature of a piece 
of porcelain is not measured in the open air, but generally 
inside a furnace whose walls are very often at a tempera- 


| amount depending on the departure of its radiation from 
| that of a black body. There is another source of error, 
| however, that may act in the direction of making the 
| pyrometer read too high—namely, that due to light re- 
| flected by the body whose temperature is being measured, 
|coming from surrounding flames and hotter objects. 
| Experiments giving the magnitude of the errors that may 
arise from this cause, and methods of eliminating them, 


ture not very different from that of the porcelain. The/are discussed later, under the head of ‘ Diffuse and 


same approximation to black- body radiation arises in many 


| cases—e g., a pot of glass in the furnace, interior of kilns, 





annealing furnaces, &c. In many other cases, however, 
the radiation is very different from that of a black body, 
as for the white-hot gases from the Bessemer converter, 
for which an optical pyrometer would give temperatures 
several hundred degrees too low. 

Nevertheless, its indications would always be consis- 
tent, and would serve as a valuable check on the chemical 
transformations going on down in the heart of the 
furnace. 

To summarise, the difficulties of, and the objections 
to, the use of optical pyrometers, which have been re- 
ferred to, are then answered in the way already indi- 
cated—that in many of the technical operations the 
radiation is an approximation to black-body radiation ; 


























Rheostat 


small opening in the walls. At higher temperatures it is 
very difficult to heat the walls of the enclosure uniformly, 
especially with gas flames. Lummer and Kurlbaum have 
very satisfactorily overcome this difficulty in their elec- 
trically-heated black body, which is shown in section in 

‘ig. 1. 

The central porcelain tube is wound over with thin 
platinum foil, through which passes an electric current, 
which can be adjusted to maintain any desired tempera- 
ture up to 1600 deg. Cent. This tube is provided with a 
number of diaphragms to minimise the disturbing effects 
of air currents. To protect this inner tube from external 
influences, and to diminish heat losses, it is surrounded 
by several porcelain tubes and air spaces, as shown in the 
figure. The radiation from the uniformly heated region 
near the centre, which passes out through the end of 
the tube, is a very close approximation to the ideal black- 
body radiation of Kirchoff. The temperature of this 
central region is measured by means of a carefully cali- 
brated thermo-couple. As already stated, if magnesia, 
porcelain, platinum, iron, &c., are heated to the same 
teinperature, they will emit very different amounts of light; 
if, however, these bodies* are heated inside a black body, 
they will all emit equal radiation, and on looking into 
small openings all details of their contour will be lost, 
the whole region being of uniform brightness. 

_ An electrically-heated black body is used in the calibra- 
tion of the various radiation pyrometers described later. 
The question which naturally arises at this point is, What 
is the use of calibrating an ~~ pyrometer to measure 
tle temperature of a black body when in one cas3 the 
instrument is to be used to measure the temperature of a 
piece of steel, and in another of a piece of porcelain’? If 
the porcelain were actually at a temperature of 1200 deg. 
Cent., say, such a calibrated optical pyrometer would 
give something like 1100 deg. Cent., because a black body 
at 1100 deg. Cent. radiates as much as the porcelain does 
at 1200 deg. Cent. On the other hand, for iron at 1200 
dey. Cent. the same optical pyrometer would give about 
1140 deg. Cent., because iron approximates more nearly to 
a lack body. Again, suppose one experimenter has 
found that in hardening a particular grade of steel a 
temperature of 700 deg. Gent , a3 measured by a thermo- 
couple, gives the desired product, then, if another ex- 
peri:menter used an optical pyrometer (calibrated against 
& black body) to measure the temperature of the same 
grade of steel just before hardening, and found it 700 deg. 
Cent , he might get a product very different from that 


" It is here assumed that the radiation is purely thermal, 
ani that no part is due to luminescence, as the laws of 


os liation are only directly applicable where such is the 











Fig. 3. 8ERTHELOT INTERFE 


| Reflected Light.” 

| 

II. Laws or Rapration. 

| Naturally, the first relation sought between intensity 
| of radiation and temperature was one for the total radiant 
| energy sent out by a body. This, now called the Stefan- 
| Boltzmann law, is as follows:—The energy radiated by a 
| black body is proportional to the fourth power of the 
|absolute temperature, or E = K (T¢4 -- T4,), where E is 
| the total energy radiated by the body at the absolute 
temperature T to the body at absolute temperature TT’, 
and K isa constant. An illustration of the experimental 
evidence adduced by Lummer and Kurlbaum is given in 


| the following table, which shows also that while the in- 


tensity of the total radiation of iron oxide is four or five 
times that of polished platinum, it is still considerably 
| tl i a black body. The total 


b 
iation from other than tiack bodies increases more 
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peratures; and when such ideal conditions cannot be 
approximated, these pyrometers at least give consistent 
results, and will likely be just as useful in most cases as 
if they recorded true temperatures. 

Thus, in the problem already referred to, when the 
temperature of a hardening bath was measured in one 
case with a thermo-couple, and in the other with an 
optical pyrometer, the observer using the latter would 
soon learn the proper temperature at which to set his 
optical pyrometer, and would then be able to repeat his 
conditions after that with an accuracy satisfying every 

uirement. 

rhe term ‘‘black-body temperature” has come into 
quite extensive use, and is applied to the indications of a 
radiation pyrometer that has been calibrated against a 
black body. 

_ Thus, in the example already given, where a piece of 
iron and a piece of porcelain were both at 1200 deg. Cent., 
the optical pyrometer, which used the red light emitted, 
gave asthe temperature of these bodies 1140 deg. and 
1100 deg. Cent. Mp ang 4 This means that iron and 
porcelain at 1200 deg. Cent. emit red light of the same 


intensity as is emitted by a black body at 1140 deg. and | J 


1100 deg. Cent. respectively. 
_ The om | tem ture of these materials for green 
light would differ quite appreciably from that for red 


light. It is evident that if the black-body temperatures 





























rapidly than the fourth power of the absolute tempera- 
ture, so that as the temperature is raised the radiation of 
all bodies approaches that of the black body :— 
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Absolute Temperatures. —_ "-T, = 

T. T, Black Body. ,olished tron Oxide. 

372.8 290.5 108.9 

492 290.5 109.0 4.28 83.1 

654 $90 108.4 6.56 33.1 

795 299 109.9 14 36.6 
1108 290 109.0 12.18 46.9 
1481 290 110.7 16.69 65.3 
1761 290 = 19.64 


Laws of Energy Distribution. — Among the experi- 
mental facts established by the researches (detailed by 
the authors) were:—(a) That by far the largest portion 
of the energy in the spectrum was found in the infra-red 
region ; (¥) that the position of the wave-length having 
the maximum energy depended on the temperature of the 
body, and that as the temperature was raised the energy 
of all the waves emitted increased, but the shorter waves 
more rapidly than the longer, so that the position (wave- 
length) of maximum energy in the spectrum shifted 
towards shorter waned Lummer and Pringsheim 
illustrate these facts by the curve shown in Fig. 2, in 
which the ordinates are proportional to the intensity of 
radiation emitted by a black body, and the abscisse are 
wave-lengths (in thousandths of a millimetre), Each 
curve was obtained by en the temperature of the 
radiating sourze constant, and passing the radiation 
through a fluorite prism, which has no appreciable selec- 
tive absorption in the region of the spectrum here studied. 
The narrow platinum strip of a linear bolameter was 
then exposed in different parts of the spectrum, and the 
intensity of the radiation, corresponding to different 
wave-lengths, measured by the observed deflections of the 
galvanometer. Those curves show that at a temperature 
723 deg. absolute, the wave-length having the maximum 
energy is 4.08 4, and as the temperature of the radiating 
source is raised the position of the maximum is steadily 
shifted towards shorter wave-lengths, until at 1646 deg. 
absolute it is at wave-length 1.78 u. Such curves, where 
the temperature is constant and the energy is measured 
corresponding to radiations of different wave-lengths 
emitted by a body, are called energy curves—i.e¢., the 
relation determined is J = f (A) for T = constant, where 
= energy corresponding to wave-length \ (strictly the 
energy comprised in the region of the spectrum between 
hand A +d) and T is the absolute temperature of the 
radiating source. ; s ; 

The donee in the intensity of some particular wave- 
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length as the temperature of the radiating source is 
changed may be represented by isochromatic curves, 
where J = F(T) for \ = constant. 

Wien’s Laws.—The two types of spectral radiation 
curves just mentioned were experimentally considered 
for a large number of different ies by Paschen, and 
theoretically Wien found ‘‘ that as the temperature of 
the radiating source is changed, the wave-length havin 
maximum energy in the spectrum will be changed in suc 
a way that the — of this wave-length \m and the 
corresponding absolute temperature of the source T is 
equal toa constant. In other words, if T increases, \m 
shifts towards shorter wave-lengths ; and if T diminishes, 
the shift is towards longer wave-lengths; \ T = » To, 
hence for the wave-length of the maximum energy, Am. 

(I.) Am T = constant = A.—This is known as the 
‘*displacement law.” Wien then combined this relation 
with the Stefan- Boltzmann law. . 

(IL.) J max. T-— = constant = B, in which J max. indi- 
cates the energy corresponding to the wave-length Am 
having maximum energy, and T is the absolute tempera- 
ture of the radiating source (black body). Though on 
theoretical grounds they have been adversely criticised, 
these generalisations have been verified throughout the 
range of temperatures that are at present measurable by 
ex perimentalists. 

or other than a black body (I.) holds, but the constant 
is different. Thus, for polished platinum, Lummer and 
Pringsheim found A, = 2626. Similarly for (II.), then, 
the index 5 must be modified. Thus, for polished plati- 
num, Paschen found a = 6.42, while Lummer and Prings- 
heim found a = 6 in the equation Jinax. T—* = constant. 

The oe ee shows the experimental confirma- 
tion of Wien’s laws (I. and II.) by Lummer and Prings- 























heim on the radiation from a black body :— 
Abso- T= . 
lute |). | E A= ae ae __| Differ- 
Tempe- oat ™ AmT. | EmT—. |‘\/Em/B mean. ence. 
rature. | 
1646 | 1.78 | 270.6 | 2928 |2246,10—17) 1653.5 + 7.5 
1460.4 | 2.04 | 145 2979 |2184 1460 — 0.4 
1259 | 2.85 | 688 | 2959 /2176 1257.5 —15 
1004.5 | 2.71 | 34 2966 (2164 1092.3 —22 
998.5 | 2.96 | 21.50 | 2956 |2166 996.5 —2 
908.5 | 3.28 | 13.66 | 2980 |2208 910.1 +16 
723 | 4.08 | 4.28 | 2950 |2166 721.5 —1.5 
621.2 | 4.53 2.026) 2814 |2190 21.3 + 0.1 
Means | 2040 2188.10—17 om 
j ! 
Fig. ‘ 
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In the value for B the temperature enters the fifth 
power, so that a small error in the temperatures produces 
a very marked effect on the value of The results of 
the above table are also shown by the curves in Fig. 2, 
which show the shift of the maximum towards the visible 
end of the spectrum with rise of temperature. Neither 
the displacement law \,, T = constant, nor the maximum 
energy law, J» T-> = constant, of Wien, give informa- 
tion as to the distribution of the energy in the spectrum 


of a black body at a given temperature ; but his relation ar 
e2 


(III.), J = C,\— e-\ T expresses the energy correspond- 
ing to any wave-length, where J is the energy correspond- 
ing to wave-length \ (region of spectrum \ to \ + dX), T 
is the absolute temperature ot the radiating black body, 
eis the base of logarithms, and c, and c, constants. 

Experiments have shown that this relation (ITI.) does 
not hold for long wave-lengths, and, after criticism from 
Rayleigh and others, it has been supplanted by the fol- 
lowing equation, due to Planck :— 


Faq O38 3 > 
Cg _ 
e iT Re 
ths, Planck’s equation 
for long wave-lengths to 


For short wave-l 
reduces to Wien’s, 


tions 
yleigh’s 


uation. For c. Wien gives 5 Am T, and Planck 
4.965 Xm T. 














The remarkable ment of the Planck equation with 
experiments up to the present justifies the hope that it is 
something more than a purely empirical relation, which 
may some day earn the title of a ‘* law.” 


III.—Meruops or Optica PYROMETRY. 

1. Colour Estimation.—The usual method for the esti- 
mation of high temperatures is, unfortunately, that of the 
unaided eye ; and although cobalt glasses have been used 
to aid the eye to exaggerate the changes in hue, yet this, 
too, is not reliable, and varies with the observer and glass 
used. The well-known scale of Pouillet has in recent 
years been amplified, as shown in the table on page 289, 
from which it is evident that skilled observers may dis- 

by 50 deg. Cent. or more in low temperatures, and 
beyond 1200 deg. Cent. it is a to make 
eye estimations with any certainty. The column A, gives 
Pouillet’s values less White and Taylor’s, and column A, 
the difference between Howe’s and White and Taylor’s 
estimations. 

2. Photometric Mcthods.—Becquerel, in 1862, suggested 
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Fig. 7. 
WANNER OPTICAL PYROMETER 
IN POSITION FOR STANOARDISING O/FFUSING GLASS 








where 
K, — log. ow 5 log. A, 
and 
K, = 0, &*, 


which is a linear relation between log. J and - so that 
it requires measurements of the intensity at two known 
temperatures only to calibrate an instrument. If the 
radiation is not blick body, the same formula holds, but 
with different values of K; and Ky. Assuming Wien’s 
law to hold, instruments calibrated in terms of it may be 
used to estimate temperatures indefinitely high. 

3. Ratio of Intensities of Two Wave-Lengths.—Crova, 
in 1878, devised a method on the relative variation 
in intensity of two different monochromatic radiations, 

and green ; but the ratio of intensities of \ = 0.656 u 
(red) and \ = 0.482 u (blue) varies only in the ratio 1 to 
4.5 over a temperature interval of 700 deg. Cent. ; and, 
again, the lower limit of temperature measurement is 
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the possibility of estimating temperature by means of 
photometric measurements of the intensity of the red 
iation. That principle has been adopted in the most 
trustworthy and convenient instruments of to-day. In 
practice a standard of intensity is chosen, and the bright- 
ness of the photometric field illuminated by the red light 
emitted by a body under observation is varied until it is 
equal in intensity to that of the standard, either by use 
of an iris diaphragm (Le Chatelier), an absorbing wedge 
(Féry), or by a polarising device (Wanner), or the 
standard light may itself be varied according to some 
known or empirical relation (Holborn, Kurlbaum, Morse). 
For monochromatic black-body radiation, and for the 
wave-lengths of the visible spectrum, Wien’s law 
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is directly applicable. This may be written 


J =o6,-*, 


log.i9 J = K, + Ky r ’ 
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given by the green (about 1200 deg. Cent.) rather than by 
the red, so that Crova cannot be said to have made use of 
a practicable principle, although he actually used his 
spectrophotometer in industrial works. 

4. Upper Limit of the Spectrum.—Of hardly greater 
recision than the last, but susceptible of use at much 
ower temperatures, was one suggested by Crova— 
namely, using the upper limit of the spectrum of an incan- 
descent body as a measure of its temperature. Hempel 
has recently tried this method with a special form of 
spectroscope, and using a luminescent screen for observing 
when the upper spectrum limit is beyond the visible 
radiations; but compared with other photometric and 
radiation pyrometers, only crude results can be obtained. 

5. Maximum Energy in Spectrum.—Wien’s laws (I. and 
II.) (a) displacement of Awax. and (2) the magnitude of 
maximum energy, could theoretically be applied, but the 
difficulty of locating \m, due to the flattened form of tl:e 
energy curve and the effect of absorption, has prevented 
their — adoption. 

6. Total Radiation.—Another method available is the 
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| Centi- 


Scates or CoLourRs AND TEMPERATURES. 


| 
| 


Centigrade. | Ao. 








White and Taylor. | grade | Pouillet. Centigrade. <A). | Howe. 
| Lowest red visible in dark 470 
| red, blood red, low } 566 { aie red a4 si al » daylight 475 
as ee . oul ine 7 |+1 

Dark cherry red --| 6835 Lowest cherry. 800 + 165 } Dull red .. . 550 to 625 |— 16 to - 10 
Cherry, fullred .. Ra i i Phas 900 + 154 Full cherry.. sd a 700 — 4 
Light red, light cherry ..| 843 Bright cherry .. 1000 + 157 |Lightred .. " 850 + 7 
Orange x a ..| 899 |Dark orange . 1100 + 201 | 
Light orange -| 941 Bright orange .. 1200 + 259 | | 
Yellow oa os --| 986 a om ae Full yellow ..| 950 to 1000 | — 46 to + 4 
Light yellow 1079 os ote Light yellow , 1050 | - 29 
White ~ 1205 |White .. 5 =" 1300 + 95 White 1150 — 55 

| Very bright white .. 1400 

| Dazzling white . | 1500 to 1600 | | 


measurement of the energy of total radiation, visible and 
invisible, emitted by a body. It is evident in this case 
that, with a suitable recording device, the temperature of 
bodies could be determined even before they glow, and, 
indeed, theoretically the method might be applied 
throughout the whole temperature range in which the 
sensibility would be least at temperatures near that of 
the instrument. Many instruments have been con- 
structed for the measurement of the energy of total 
radiation, such as the bolometer of Langley, the radio- 
meter of Crookes as modified by Rubens and Nichols, 
the actinometers of Pouillet and Violle, the radiomicro- 
meter as developed by Boys, and the thermopile. 

D. Berthelot, making use of the law of variation of 
index of refraction of gases with density on the one hand, 
and with temperature on the other, has devised an inter- 
ferential gas-thermometer at constant pressure. He has 
obtained results in admirable agreement wich the ordinary 
scale of gas-thermometry; and while this, in the strict 
sense, is not a method of optical pyrometry, it may 
eventually be of service in the extension of the gas scale 
to higher temperatures, and so serve as ar independent 
check on the radiation laws at these high temperatures. 
(See ENGINEERING, page 656, May 6, 1904). 

As shown in di m, Fig. 3, page 287, light from a 
source $8 is divided into two beams > a thick. plate P). 
One beum is through a tube ¢, at constant tempera- 
ture, in which the pressure may be varied; the other 
passes through the tube ¢t2, which is heated electrically. The 
two beams are reunited at the plate Po, and give a series 
of interference bands in the eye-piece. The manipulation 
consists in diminishing the pressure in ¢, as the tempera- 
ture rises in fz, so as always to keep the fringes stationary. 
Then from the relation (proved to hold for lower, and 
assumed for higher, temperatures) connecting the tem- 
perature of a gas with its pressure, density, and index 
of refraction, it can be shown that the temperature of the 
gas in the hot tube is defined in terms of the equivalent 
lengths of the two tubes and the temperature and pres- 
sure of the-gas in the cold tube. 


IV.—DeEscRIPTION OF INSTRUMENTS AND INVESTIGATION 
OF THEIR QUALITIES. 

Le Chatelier, after he had perfected his thermo-couple 
in 1892, devised his optical pyrometer, Figs. 4 and 5, page 
288, as a modification of Cornu’s micro-photometer. 

Light from the central portion of the flame of a small 
gasoline lamp L, Fig. 4, after passing through the lens L,, is 
reflected from the mirror M set at 45 deg. through a small 
stop, and is brought to a focus in the focal plane of the 
eye-piece, where it is observed through a red glass. This 
gives a red comparison field of constant intensity. The 
lamp L, mounted eccentrically, may be turned so that the 
image of the flame is exactly bisected by the edge of the 
mirror M. Light from the incandescent source under 
observation is focussed by the objective, and passing by 
the edge of the 45 deg. mirror, forms a red field imme- 
diately beside, and touching, the first. 

A measurement of temperature is made photometrically 
by bringing the two red fields to the same brightness. 
This is done by moving the iris diaph D before the 
objective, controlling the light received from the body 
observed. The opening of D is read on an attached scale s, 
the square of whose readings is a measure of the intensity 
of the light. For very high temperatures one or more 
absorbing glasses whose coefficient of absorption is known 
are placed before the iris, and for relatively low tempera- 
tures before the comparison lamp. 

Calibration.— Having allowed for the absorption of the 
glasses used, it is necessary to translate the intensity of 
light J into temperature. The authors discard 
Chatelier’s original formula, and adopt Wien’s (III.), 
which embodies the laws of monochromatic radiation. 

In the form 

7 2 

log. J = K Re ae 

Og: 1 + Ke T 

(where K is the coefficient of absorption of the glass 
before the objective), the relation between 


1 
log. 1 and — 
og. 1 an . 


is linear, so that if the temperature is known for only two 
intensities, the instrument is completely calibrated for all 
temperatures, 

The relation may be plotted graphically, and then a 
table constructed, giving T in terms of J or scale - 


ings, 

The central portion of the flame of a Hefner standard 
was used as the unit of intensity. 

The data satisfy the following equation :— 


log. J = 6.697 — 9983 ? (Wien’s equation). 





The calibration was carried out by sighting the pyro- 
meter upon the bottom of a small fire-clay crucible placed 
at the centre of a nickel-wound electric furnace 60 centi- 
metres long and 2 centimetres opening. Temperatures 
were measured by two thermo-couples, with junctions in 
contact with the crucible. 

The effective wave-length of the red light transmitted 
by the glass used before the mt" was determined as 
0.64u. The value of c, in the Wien equation (see page 
288) is given by 


Ky = 18 88 = 14700, 


This would indicate that the radiation from the interior 
of the electric furnace used in this work is a close approxi- 
mation to black-body radiation, where c, is 14,500. 
Covering with iron oxide the radiating fire-clay surface 
found at the centre of the furnace produced no very ap- 
preciable increase in the “‘ blackness” of the radiation— 
not greater than 5 deg. or 10 deg. Cent. 

Sources of error may be those due to the Hefner 
standard (amyl-acetate SF the oil comparison lamp, 
the focussing system, the red glass before the eye-piece, 
and the absorption glasses used. The authors discuss 
these in detail, and conclude that with reasonable care 
this pyrometer may be depended on to an accuracy of 
about 1 per cent. of the temperature. For use in technical 
works and places having strong draughts of air, causing 
flickering A 7 the flame of the oil comparison lamp, it seems 
that the Le Chatelier instrument would be improved by 
the substitution of an electric incandescent lamp of low 
voltage placed before a uniformly ground diffusing glass 
screen, which, illuminated by the incandescent lamp, 
becomes the constant comparison source. This the 
authors have found successful in practice, and the electric 
lamp mount in a vertical arm serves as a handle, 
making the instrument as portable as an opera glass. 


Fry ABSORPTION PYROMETER. 


This is similar to Le Chatelier’s, except that a pair of 
absorbing glass wedges replace the iris (see Fig. 4), and 
the 45 deg. mirror M, with parallel faces, is silvered over 
a narrow vertical strip, giving a photometric field of form 
shown at C, when looking at a crucible. The instrument 
has a fixed angular aperture, so that no correction has to 
be made for focussing or fur varying distance from furnace. 
It is questionable if there is any gain in substituting the 
wee for the iris, in the desire to extend the range over 
which the instrument may be used, without employing 
the auxiliary absorbing glasses, for thereby the sensibility 
is somewhat reduced ; and the wedge cannot be used at 
such low temperatures as the original Le Chatelier form. 

The shape of the photometric field, the use of a constant 
angle aperture, and the making of the instrument mov- 
able about a horizontal axis, however, are improvements 
which may be applied with advantage to the Le Chatelier. 
(See ENGINEERING, May 13, 1904, Fig. 6, page 699. 

Mesuré and Nouel’s Pyrometer Telescope (see Figs. 18 
and 19, page 229, of ENcingrrtne, February 17, 1905).— 
This instrument, which has found its widest use in the 
ceramic industries, gives a temperature scale varying not 
only with different observers, but with the same observer 
at different times, due to the uncertainty in recognisi 
the sensitive hue. This hue (a colour to which the eye is 
particularly sensitive, the transition between the red and 
green, to which the analyser is turned in taking observa- 
tions) is of a lemon-yellow colour, but varies with the tem- 
perature, so that the uncertainties easily amount to over 
100 deg. Cent. 


WANNER PYROMETER. 


Le Chatelier recognised that he could adjust to equality 
the two photometric fields from the standard lamp and 
the incandescent body respectively, either by cutting 
down the objective aperture, by interposing absorbing 
screens, or by using a polarising device. He chose the 
former, and the latter principle was adopted by Wanner 
in 1901 for the instrument we now describe. ( EncI- 
NEERING, vol. Ixxix., page 229, February 17, 1905.) 

The comparison light is a six-volt incandescent lamp 
illuminating a glass-mat surface. Monochromatic red 
light is produced by means of a direct-vision spectroscope 
and screen cutting out all but a narrow band in the red, 
and the photometric comparison is made by renee to 
equal brightness both halves of the photometric field by 
means of the polarising arrangement shown in Fig. 6. 

The slit S, is illuminated by light from the comparison 
source reaching 8), after diffuse reflection from a right- 
angled prism placed before S8,. Light from the object 
enters the slit Ss. The two beams are rendered parallel 
by the lens O, and each dispersed into a continuous spec- 
trum by the direct-vision prism P. Each of these beams 





is next separated by a Rochon prism R into two beams 
polarised in planes at right angles. Considering only the 


red light, there would now be four images formed by the 
ro los —. distributed a the — > = oe to 

ring two images, oppositely polarised, exactly before 
this slit, a bi-prism B  igtanpeesd. whose angle is such 
as to effect this for two images only, at the same time 
increasing the number of images toeight. There are now 
in the field of view, before the Nicol analyser A, two 
contiguous red fields com of light polarised in 
planes at right angles, the light of one coming from §,, 
and of the other from So. All the other images are cut 
| off from the slit D. If the analyser is at an angle of 
45 deg. with the plane of polarisation of each beam, and 
if the illumination of 8, and S, is of the same brightness. 
the eye will see a single red field of uniform brightness 
If one slit receives more light than the other, one-half 
of the field will brighten, and the two may be brought 
to equality again by turning the analyser carrying a 
graduated scale, which may be calibrated in terms of 
temperature. 

If the analyser is turned through an angle ¢ to bring 
the two halves of the field to the same brightness, the 
relation between the two intensities from S, and 8, is 


J 
Jo 


Since monochromatic light is used, and the comparison 
beam and that from the object undergo the same optical 
changes, Wien’s equation (I[II.) forms the busis of the 
calibration ; and if J, is the intensity of light from the 
standard, and J that from the object, then it becomes 


wan($)= Sim kA} = 0 


Since the constant c: equals 14,500 fora black body, ‘and 
\ = 0.656 » as the instrument is usually constructed, a 
knowledge of the apparent black-body temperature of the 
standard source, ther with the reading of the analyser 
scale at the normal point when J = Jp, is all the data re- 
quired for the calibration of such an instrument, as any 
temperature may then be calculated, by means of equa- 
tions (a) and (5), in terms of the scale readings. This 
instrument may also, of course, be empirically calibrated 
against a thermo-couple, using a black y to sight 
a 


=tan?@. . (a) 


pon. 
It is evidently necessary to be able to reproduce exactly 
the standard intensity J). 

The brightness of an electric lamp varies with the cur- 
rent through it, so it is necessary to check frequently the 
constancy of the illumination of the slit 8, against a stan- 
dard light. An amyl-acetate lamp and a ground-glass 
diffusing-screen can be placed before the slit S. thus 
furnishing the standard light required. The analyser is 
then set at the previously determined normal point, and 
the distance of the electric lamp from §,, and the current 
through it, adjusted until the two fields appear of the 
same brightness. 

Sources of Error.—Several of these arise, but they are 
of small magnitude if the conditions of use are attended 
to. The most serious is the variation in brightness of 
the electric comparison lamp, due to variations in the 
current furnished by the three-cell storage battery usually 
supplied, the percentage change in light being of the 
order of six times the percentage charge in current 
through the lamp. The authors give details of their 
investigations, and conclude that it is essential to kee 
the current constant by means of a milliammeter an 
rheostat. 

With the Wanner pyrometer there is great loss of light 
due to the optical system employed, which prevents 
measuring temperatures below about 900 deg. Cent. There 
is no method of sighting exactly upon the spot desired, 
except by trial, as no image of the object is formed in the 
eye-piece ; but this inconvenience is in part compensated 
by not having to focus with varying distance from the 
object. 

ight from incandescent surfaces is in general partially 
polarised ; and as the Wanner is a polarising pyrometer, 
care must be taken to eliminate this source of error (vide 
infra) when it exists; but for all practical purposes for 
such substances as iron, porcelain, and glass, it is of 


ng aagtiqute magnitude. 


olborn and Kurlbaum, of Berlin, and Morse, in the 
United States, have each brought out an optical pyrometer 
based on the following principle :—If a sufficient current 
is sent through the filament of an electric lamp, it becomes 
at first red, then successively orange, yellow, and white, 
just as any progresssively heated body. If now this fila- 
ment is interposed between the eye and an incandescent 
object, the current through the lamp may be adjusted 
until a portion of the filament is of the same colour and 
brightness as the object. When this occurs, that part 
becomes invisible against the bright background, and the 
current ing then mes a measure of the tempera- 
ture of the body observed. (See ENGINRERING, page 230, 
February 17, 1905.) 


(To be continued. 








AccIDENTS IN GERMAN Mines.—The average per- 
centage of accidents in Prussian mines has materially 
fallen during the last twenty-five years, as will a 
from the following table, giving the average of killed per 
1000 miners. 


Average. 
1881-90 0.571 
1891-1900 . 0,246 
1901 0.144 
1902 0.022 
1903 0.083 
1904 0.024 
1905 0.029 
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CATALOGUES. 


Messrs. Joun Spencer, Limited, Globe Tube Works, 
Wednesbury, have sent us their current price-list, which 
gives particulars of all kinds of pipes, tubes, and electric- 
light standards, as well as pumps and all manner of pipe- 
fittings, &c. 

A catalogue comes to us from the Dodge Manufacturing 
Company, of America. It is issued in Spanish, and is 
priced throughout. The matter refers to all manner of 
parts of machinery and appliances, such as friction 
clutches, pulleys, spur-gears, bevels, ropes, pedestal bear- 
ings, &c. 

Messrs. Kramos, Limited, Bath, have sent us their 
list No. 19, which is devoted to monorail electric trans- 
porters. These are made in sizes up to 4-ton load capacity, 
and of several patterns for travelling by hand or power, or 
with the larger sizes for telpherage. Electric power is 
drawn from an overhead line. 


From the International News Company, 5, Breams- 
buildings, Chancery-lane, E.C., we have received a list of 
American and Canadian newspapers, magazines, and 

riodicals for which this company act as agents. The 
ist is arranged alphabetically, and includes all the well- 
known dailies, as well as weekly, general, technical, and 
special publications. 

Circulars come to hand from Messrs. Hodgson, Wright, 
and Wood, Pellon-lane, Halifax These give prices and 
particulars of multipolar-type shunt-wound protected 
motors and dynamos. Certain details of one list refer 
also to compound dynamos The machines are strongly 
built and well designed. The prices given include figures 
for sliding-base, pulleys, and shunt rheostat. 


From Messrs. William Doxford and Sons, Limited, 
Pallion aren, Sunderland, comes a pamphlet entitled 
‘“‘The Birthplace of the Turret.” This is a well illus- 
trated historical sketch of the development of the yards of 
Messrs. Doxford. Examples of a variety of vessels are 
illustrated, first place being given to description and 
illustration of the many turret vessels built by this firm. 


Messrs. Hobson, Houghton, and Co., Limited, Don 
Steel Works, Sheffield, have sent us a catalogue dealing 
with twist-drills, reamers, chucks, knuckle joints, taper 
shanks, &c. This listis priced throughout. The informa- 
tion given includes hints on — and speeds for drills 
of ordinary, and also of their brand of ‘‘ Albion,” high- 
speed drills, 

Messrs. S. Dixon and Son, Limited, Swingate, Leeds, 
have sent us a list of standard boiler-mountings. This 
list is specially intended for those needing complete 
sets of mountings, several sets being made up and priced. 
The remainder of the pamphlet is given up to a description 
and details of the various mountings included in the sets, 
such as safety-valves of all kinds, check-feed valves, 
pressure gauges, &c. 


Messrs. G. A. Harvey and Co., Loampit Vale, S.E., 
have sent us Sa of chimney-cowls, and also of 
tanks and cisterns. The chimneys illustrated are of all 
shapes and styles, from the simple straight galvanised- 
iron pipe to more complicated mechanical cowls. e 
second catalogue includes tanks and bins, bunkers, &c., 
of all descriptions, geysers, and other apparatus. Both 
lists are priced throughout. 


A list of motoring literature has been sent to us from 
Messrs. Matthews and Brooke, Market-street, Bradford. 
This list, arranged alphabetically and priced, mentions 
most books likely to be of interest to motorists. Besides 
notices of books directly on the subject of motor-cars, 
mechanism, driving, &c., in this list are found engineers’ 
pocket-books, works on the theory of internal-combustion 
engines, &c., and maps, contour road-books, &c. 

A cloth-bound catalogue comes from the Horsfall 
Destructor Company, Limited, Leeds. his gives a 
number of plans and illustrations of plants laid down by 
this company, as well as of details of construction. A 
considerable amount of information is given concerning 
tests and working results of plants in use in various 
districts. Particulars are also given of clinker crushers, 
mortar mills, brick-making plants, tin-baling machines, 
and other plant employeo in the disposal of town refuse. 


From the Daimler Motor Company, Limited, Coventry, 
we have received a pamphlet describing a tour veel 
made with a touring Daimler car. The trip was from 
London to Neuchatel and back, a distance of 1969 miles. 
The car carried five persons, with two boxes behind, and 
in addition cameras, &c. On the return the car left Neu- 
chatel at 8a.m., August 3, and arrived in London at 
3.35 p.m., August 4. Petrol consumption for the trip 
worked out at 1 gallon per 14 miles run. 


A catalogue has been sent us from Messrs. J. H. 
Sankey and Son, Limited, Carning Town, E. This deals 
with fire-bricks, and describes the various qualities made 
by the firm, which include ‘‘ Castle Cary,” ‘* Blue,” ‘‘ Pure 
Silica,” and other brands. Illustrations are given of the 
various sha made, these including squares, splits, 
bevels, feather-edge, jamb, cupola bricks, arch-blocks, 
retorts, mufHes, grate-linings, and, in fact, all shapes of 
use where firebrick linings are necessary. Prices of tiles 
and lumps are given. 


A leaflet from Messrs. W. Sisson and Co., Limited, 
Gloucester, is descriptive of the Sisson single-crank 
enclosed vertical high-speed engine. This engine is suit- 
able for direct coupling to dynamos, for ship-lighting, or 
other pur , driving of small factories, &c. It is 
double-acting, of low steam consumption, and self-lubri- 
cating. Large doors are provided for access to working 
parts. The engine is claimed to be economical over a 





wide range of load. Tandem compound patterns are 
also made. 


Mr. William Boby, Salisbury House, London, sends us 


a pamphlet on water-softening, de-greasing, and filtra- h 


tion. The “Simplex” water-softener, constructed on 
Legg’s Patents, is claimed, as its name implies, to be one 
of the simplest methods of rendering water fit for use. 
The apparatus consists of a measuring and mixing —_- 
ratus for water and the necessary chemical agent. The 
apparatus is valveless and automatic. From this the 
water goes into settling-tanks or filters fitted with the 
necessary sludge-val ves. 

The Brooke Tool Manufacturing Company, 179, Bel- 
grave-road, Birmingham, have sent us price-lists of their 
gear-cutters and other forms of milling-cutters. The 
cm Smee are made from cracible cast steel and special 

igh-speed steel, prices for both being given. A speciality 
of the firm consists of a special form of tooth for motor- 
car, electric crane, and other gearing designed for quick- 
running machinery. 

A large sheet, priced, has been issued by the Electric 
and Ordnance Accessories Company, Limited, Stellite 
Works, Birmingham, and is concerned with the various 
patterns of ‘‘Stellite” portable electric drills. Drills of 
several designs are shown, in sizes from little machines 
of a maximum drilling capacity of j-in. holes, up to 
machines capable of drilling 1}-in. holes in steel. Various 
accessories are also noticed, such as tapping-boxes, gear- 
boxes, &c., drilling pillars of the ordinary clamp type, 
and also of a magnetic pattern. 

The Chloride Electrical Storage Company, Limited, 
Clifton Junction, near Manchester, have issued a circular 
dealing with the ‘‘ Lux” accumulator cell, which is 
specially designed for train-lighting purposes. In these 
cells the positives are formed of grids of antimonial lead, 
coils or rosettes of pure corrugated lead tape being inserted 
in the holes of the grid. In the negatives the active 
material is formed of slabs or pastilles held between two 
lead grids, which are riveted together, The separators 
are of prepared grooved wood. The cells have capacities 
of from 150 to 240 ampere-hours, according to size. 


Messrs. William Foster and Co., Limited, Lincoln, 
have issued a pamphleton the ‘‘ Wellington” steam-tractor. 
The engine is compound, with cylinders 44 in. and 6} in. 
in diameter, with astroke of 9in. Water-tanks of suffi- 
cient capacity for 8, 15, or 30 miles are fitted. ‘‘ Wellington” 
tractors are also fitted with Foster feed-water heaters, 
improved ey Ra et arrangement, and other special 
features. The tractor has given satisfaction in all manner 
of work, such as hauling on roads of heavy gradients, or 
hauling three-furrow ploughs, &c. Trailers are also 
constructed by the firm. 


Messrs. Davidson and Co., Limited, Belfast, have sent 
us a copy of their most recent bulletin dealing with 
‘*Sirocco” dust fans. These fans may be used for re- 
moving all sorts of dust and matter in more or less finely- 
divided particles, such as saw-dust and the refuse of 
planing-mills, &c., dust from grinding-shops, and many 
other applications in different trades. bis pamphlet 
illustrates and gives particulars and dimensions of the 
many standard types of casing and sizes of the ‘‘ Sirocco” 
dust-fans, together with illustrations of various applica- 
tions. 

From Messrs. Ludw. Loewe and Co., Limited, Farring- 
don-road, E.C., we have received a pamphlet on limit- 
gauges. This is devoted to an explanation of the many 
forms of limit-gauges now employed, with notes on their 
use and the limits of accuracy expected or desirable in 
certain kinds of work. It must be understood that only 
a few examples are given, as any exhaustive treatment of 
this matter would result in a much larger work than the 
pamphlet before us. The gauges mentioned include in- 
ternal and external gauges, length, taper, thread, and 
other types of gauges. 


By the American Diamond Rock-Drill Company, New 
York, U.S.A., there has been issued a pamphlet describ- 
ing the Diamond drill and the work it is capable of per- 
forming. This drill has been used on borings 3000 ft. deep, 
cores being obtainable up to 224 in. in diameter with 
some types of the drill. Te is fitted with either differen- 
tial screw or hydraulic feed arrangement. The diamond 
and hardened-steel bits are hollow, and water is forced 
through the centre, carrying away from the bit the mate- 
rial it has cut up. Patterns are made suitable for all 
manner of work, including prospecting and work under- 
ground, 

Messrs. Mountain and Gibson, Limited, Bury, have 
sent us pamphlets descriptive of some of their products. 
This matter deals with four-wheel trucks, maximum 
traction swing bolster trucks, and radial axle trucks 
for electric .cars, and also their types of sweeping and 
watering-cars and snow-ploughs. A number of cars are 
illustrated, as, for example, the London County Council 
cars, West Ham, Erith, and other examples. Tramway 
watering-cars, of 1800 gallons capacity, are illustrated as 
built for the London County Council, Stalybridge, 
Belfast, Bury, &c, and sweeper-cars for the same and 
other systems. 


Messrs. Siemens Brothers’ Dynamo Works, Limited, of 
York Mansion, Westminster, 8.W., and Stafford, have 
issued a new edition of their price-list of switchboard 
instruments and accessories. The list includes ammeters 
and voltmeters of the soft-iron and moving-coil types, of 
many different patterns, for direct-current, und induction- 
type a ters, voltmeters, and wattmeters for alternat- 
ing current. All necessary shunts, current and voltage 
transformers are also included, and the leading dimen- 
sions of the various apparatus are given in millimetres. 
The instruments are manufactured by Messrs. Siemens 
and Halske, of Berlin. 





A small pamphlet comes to us from Messrs. Blackstone 
and Co., Limited, Rutland Works, Stamford, describing 
the Blackstone oil-engine. The engines, working on the 
Otto cycle, are made in various sizes up to 70 brake- 

orse-power. They are single-cylindered machines, with 
the exception of the 50 and 70 horse-power sizes, which 
have two horizontal cylinders, with the crank between 
them. Ignition is automatic, started by lamp. A shaft 
governor is fitted, capable of adjustment for any speeds, 
while running. An automatic starter is also provided if 
necessary. The makers of this engine also manufacture 
grinding-mills, hay-harvesting machines, &-. 

From Messrs. Broom and Wade, Limited, High 
Wycombe, a pamphlet has been sent us, devoted to a 
description of their paraffin motor-lorries. The engine 
is started with petrol, or, if preferred, a starting-lamp. 
Materials selected for parts include vanadium steel. 
Simplicity is one of the points to which great attention 
has been paid, a single-cylinder engine being used. Fuel 
and water sufficient for 200 miles is carried. It is stated 
that one of these lorries has completed 15,000 miles 
without involuntary stop due to failure of machinery. 
Renewals during that time only amounted to re-shoeing 
of the road-wheels. Roller bearings are employed. 


Messrs. W. H. Bailey and Co., Limited, Salford, have 
sent us circulars, &c., relating to the *‘ Késter” compres- 
sor and vacuum pumps. These compressors are of the 
horizontal type, with the exception of small two-stage 
compressors direct coupled to motors. The standard 
patterns are made single or multi-stage, with inter-coolers, 
and are arranged for belt, steam, or direct electrical 
driving. The steam-driven patterns are made with 
simple, compound, or triple-expansion engines. Circulars 
also come from Messrs. Bailey regarding McCracken’s 
patent steam-trap, and a number of steam fittings and other 
apparatus, such as Threffall’s patent lubricators, &c. 


From Messrs. Fawcett, Preston, and Co., Limited, 
17, Jute-street, Liverpool, we have received a pamphlet 
describing the Fawcett-Fowler steam-car. The steam- 
generator in this car is placed at the rear end of the 
chassis. Petroleum is used for fuel. The engine is four- 
cylindered, horizontal, single-acting, with separate steam 
and exhaust tappet-valves. A cardan shaft transmits 
the power to a countershaft through differential gear, the 
drive from countershaft to wheels being by chain. Insuffi- 
cient detail is given of the steam-generator for a description 
of it to be given here, but it may be stated that highly 
superheated steam is produced; the car is practically 
odourless and noiseless. 


From Messrs. Perman and Co., Limited, agent, 29a, 
Charing Cross-road, W.C., we have received a pamphlet 
devoted to a description of the ‘* Kromhout” vertical 

raffin marine motors, manufactured by Messrs. D. 
xoedkoop, Jun., Kromhout Motor Works, Amsterdam, 
Holland. This engine is specially designed for commercial 
use, as, for instance, in barges, steam lighters, tenders, 
&c. It runs at about 300 revolutions per minute, or less, 
and is made at present in sizes up to 70 horse-power, the 
52 and 70 horse-power sizes being double cylindered. 
Reversing is obtained by means of bevel-gearing enclosed 
and running in oil. These motors will be exhibited at 
the forthcoming Olympia Exhibition. 


Two catalogues have reached us from Mr. Thomas 
Chatwin, of Great Tindal-street, Birmingham. ‘These 
are likely to be of considerable use to users of «mall 
engineers’ tools, &c. The one catalogue, well-arranged, 
well-illustrated, and priced throughout, dea!s with such 
articles as taps, wrenches, milling-cutters, &c. Stocks 
and dies of various patterns for standard Whitworth, 
metric, and gas threads, large ratchet-stocks, ratchet- 
braces, wheel pipe-cutters, taps for all purposes, chasers, 
milling cutters of several shapes, twist-drill and straight- 
fluted drills, reamers, &c., all find a place in this list, as 
do such miscellaneous articles as limit-gauges, surface 
plates, hand-power bench-shears, spanners, gas-fitters, 
tools, &c. The other catalogue, for some reason of a 
larger size than that above mentioned, illustrates screwing- 
machines of different sizes and patterns. Both hand and 
power-driven machines are noticed, of portable or pedestal 
types. Combined screwing and cutting-off machines are 
also illustrated, for small and heavy work. In each instance 
the size of work handled by the machine is given, together 
with a few particulars of size, &c.; in most cases prices 
being given as well. 








FatkirK Iron Company.-—We are informed that the 
Falkirk Iron Company, 67, Upper Thames-street, have 
recently completed a despatch warehouse at their Falkirk 
works. This building measures 300 ft. by 100 ft., and has 
four lines of rails and two island pla:forms 300 ft. long 
and 27 ft. wide. It is now expected that, when in thorough 
working order, some fifty wagons will be despatched daily 
from the works owing to these increased facilities. 





Exectric Power-Station ror South SwepEen.—The 
construction of an electric power station at Majenfors, on 
the north side of the River Lagan, is being proceeded 
with, some preparatory work having already been carrie« 
out. A canal of about 500 ft. in length will lead the 
water past the fall to the station, whence the current 
will be taken along the northern side of the river past 
Bassalt, where another power station will in due course 
be built, to Dyolborg, where the third power-station wil! 
be located. Both the main lines are intended to pro- 
ceed from there, the Halmstad line in a north-western 
direction, and the Skane line in a southern direction. 
Both the lines will be above ground, in some parts sup- 
| ported by wooden poles at about 169 ft. intervals ; in some, 
| where the soil is more cultivated, by iron poles, with 
| twice that distance between them. 
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THE SAMUEL DRAWING-PEN. 


WE illustrate below a new form of drawing-pen, 
which is being put on the market by the Union 
Drawing Office, St. Vincent-street, Glasgow, who are 
the agents for the inventor. It is known as the 
Samuel pen, and has been designed with the object 
of obtaining an improvement in the quality of lines, 
and a reduction in the time required to draw them, 
the reduction, of course, being effected when a large 
number of lines have to be drawn. Two views of the 
pen are shown, Fig. 1 being a side elevation, and 
Fig. 2 a plan. 

The special features of the invention are, that the 
pen is fitted with an arrangement whereby it can be 
readily opened and cleaned, and that it has a detach- 
able reservcir for ink, The operation of opening is 
performed by giving the milled nut B a quarter turn, 
which permits the upper limb to be turned back on the 
hinge D. The point of the pen is similar to that of an 
ordinary drawing-pen, but, in addition, it is fitted with 
a st.xel sheath A, which has a channel form in section, 
and which receives the hinged leg of the pen to be ad- 
justed within its sides. This sheath, which is removable 
for cleaning, &c., holds the ink and keeps it free from 
evaporation, so that tke pen can be used for a long 
time without the ink evaporating, and the pen may be 

















used continuously without choking; so much so, in 
fact, that it is stated that it can be used on fine line 
work for over two hours without cleaning or refilling. 
This, however, we have not had an opportunity of 
confirming by actual use. The adjustment of the 
hinged limb by the screw C is not in the least inter- 
fered with by the leg being turned back, because the 
adjusting arrangement is self-contained on the hinged 
limb. When this latter is forced down into the 
channel-piece A, the end of the spring E passes below 
the level of the table-top of the milled nut B, owing to 
a flat being cut on the side of the table-top. When, 
however, the nut B has a quarter turn given to it, the 
end of the spring E is locked under the table, and the 
hinged limb cannot rise, except through the small 
amount allowed by the turning of the screw C. 
turning this screw, the necessary adjustment is given 
to the hinged leg. The sheath A reaches very nearly 
to the point of the pen. 

These pens are very well made and are constructed in 
a variety of forms. We have before us a specimen sheet 
illustrating in all eleven of these pens (there being two 
views of each pen, as shown in our engravings), which 
has been prepared to show the class of work done. On 
this sheet the whole of the illustrations were drawn 
with a Samuel pen, during which process the pen was, 
we are informed, only cleaned once and filled three 
times. 








Tue Tyxz.—The gross revenue of the River Tyne Com- 
mission for 1906 was 422,838/., showing an increase of 
20837., as compared with 1905. The shipments of coal 
from the Tyne last year were 16,973,881 tons—viz., 
coastwise, 4,805,291 tons ; foreign, 12,168,590 tons. The 
corresponding shipments for 1905 were 16,455,557 tons— 
viz,, coastwise, 5,342,135 tons; foreign, 11,113,422 tons. 
Last year a considerable portion of the coal uired by 
London gas companies was supplied from Yorkshire, 
instead of from the Tyne district. Yorkshire and Derby- 
shire are also obtaining a share of the household coal 
brought to London, Yorkshire coal being delivered by 
railway and handed to householders in a better condition 
than the softer coal of Northumberland and Durham, 
which has to be shipped, transhipped, and then often 
conveyed by railway. Theexpenditure of the Tyne Com- 
mission last year was 300,614/., showing an increase of 
3010/., as compared with 1905. The surplus revenue for 
1906 beat the record, having grown to 122,219/., or 50930. 
more than in 1905. The amount expended last year on 
ordinary capital works was 103,125/.; this included 21, 915/. 
for dredging, applicable to the improvement of the river ; 
52,9492. on account of the reconstruction of the north 
pier; 38262. for alterations and improvements to coal- 
shipping staithes ; and 94207. for the reconstruction of 
No. 5 staithe. There was also a further expenditure for 
linding-stages, &c., making the total capital expended, 
for 1906, 113,863/. The debt of the Tyne Commission at 
the close of last year amounted to 4.434,366/., or 26,653V. 
less than at the close of 1905. The total number of 
vessels which used the port last year, exclusive of fishing 
vessels and steam-tugs, represented an aggregate burthen 
of 10,979,089 tons. The total quantity of material 
dredged from the river by the Tyne Commission since 
1850 has been 118,000,000 tons, representing an expendi- 
ture of 2,275,748/., or an average of 4s. 6d. per ton. The 
average rate of interest upon the debt of the Commission 
at the close of 1906 was 3/. 11s. 4d. per cent. 








ENGINEERING PERIODICALS AND THE 
CARD INDEX. 


The Advantages of Systematic Reading of the Current 
Engineering Literature, with an Argument for the 
Individual Card Index and its Application to Enjgi- 
necring.* 

By H. Wave Hissarp, Member of the American Railway 
Master Mechanics’ Association, American Society of 
Mechanical Engineers. 


Awonc the most valuable members of the engineering 
profession to-day are the moving spirits of the engineer- 
ing Press. Much matter of great value is regularly to be 
found in the current periodicals of a profession growing 
so rapidly and in so many directions as is mechanical 
engineering. 

Books, monographs upon particular subjects, necessary 
as they are by their gathering within one cover all the 





copeeee material of years and many places, and by their 
0 


erly classification, logical discussion, and evolving cf | r x 
| ance or, perhaps, friendship forme 


principles, are, by the very necessity of their production, 


“ 


the difference between ‘exactly right” and ) 
enough ;” between no payment of wages, and production 
under competition ; between instruction designing and 
the spur of a contract date for completion. 
Advertisements are the property of any student who 
wants them ; but beware lest the too-ready knife forget 
that the reading columns are for the use of all, and for 
the clipping of none. Modern eapacemns advertising 
uses the camera and the table of data often to excellent 
advantage, and the observant reader may clip to good 
purpose. ; 
A subscription to a paper should not be made in a 
hurry. And yet the reading from the start should be 
carried on with thatend always in view. After the 
different papers become known, then the heart of the very 
human editor should be gladdened by a little note of 
appreciation—with some of that necessity for which he 
works, though not chiefly. A good engineering paper 
should be one of the life partners, ready at hand when 
moments of leisure permit its instruction and enjoyment, 
better understood and liked as the yom roll on, acquaint- 
with editor, contribu- 


always and inevitably behind the times. The reason for | tions made, suggestions given and taken, some share had 
existence of the engineering Press is to collect all recent | in its mighty influence in the engineering world. 


valuable information—news, if you please—and present it | 
weekly or monthly, less or more digested, to as large a | 
circle of readers as possible. The American papers, 
representing special branches of the profession, far sur- | 

in numbers and variety and excellence the like papers | 
of the old world. Their general use proves that they have 
a most important place. With these may be grouped the 
published transactions of the many engineering societies | 
and clubs. Unthinkingly, or deliberately, to neglect | 
forming acquaintance with so great a source of engineer- 
ing knowledge is not fitting tor the student who has his 
own future to make in a country where ruts and old 
fashions are only for the failures. 

Should one read, and preserve what he reads? To take 
knowledge into one’s hand temporarily, and then not 
afterwards have that knowledge See for desired use, 
is as foolish as once to have seen a life-preserver and not 
be able to find it at midnight collision. But that is for 
the second part of this subject. 

Of reading :— 

To speak concretely: In the reading-room of Sibley 
College are to ba found all the important mechanical 
papers printed in English relating to iron works, machine- 
tools, engines and boilers, electricity, marine, railways, and 
even automobiles. The senior who has learned to love 
some speciality will find his hobbies discussed. The under- 
classman can dip a little here and a little there and find 
his interest stimulated, his courage strengthened, his 
understanding of his chosen profession increased, or 
perhaps assistance in making his choice, by a knowledge 
of what is being done and thought all over this country 
and the world. Frankly, this reading is being done by 
only a portion of the 1200 Sibley ‘‘mechanicals” of 
Cornell University. The chance hour between recita- 
tions, the quarter hour before one’s first recitation, are 
not seust with the engineering editors. 

Habits are excellent balance-wheels, generally. Bril- 
liancy being given to but few men, the great majority 
roust hammer out lesson, or problem, or engineering feat. 
In fact, genius has been defined as an infinite capacity to 
take trouble. Regularity of mind, a habit of undivided 
intensest application, may place the worker far beyond 
the one who thinks to accomplish by fits and starts, It 
is well to form the habit of regular perusal of the weekly | 
Machinist or Engineer. Sibley student life is called full | 
by those in it ; but it is leisure personified compared to | 
the megaphoned fulness of the high-pressure life of the 
successful engineer in harness. Let, then, the student 
distrust his ability to commence reading the technical | 
papers after graduation, unless he has learned to read 
them before. 

Scepticism is the normal state of the scientific mind. | 
It is ever looking for something better, not satisfied that | 
the present is perfect. The motto of the honorary, inter- 
collegiate, scientific Society of the Sigma Xi, ‘‘Com- 
panions in Zealous Research,” is good engineering if | 
‘*useful” be added. The reading of articles over the | 
names of famous engineers, afterwards to find them | 
severely criticised, is good for the contiding student, who, 
perhaps, has supposed that all engineers and professors 
are agreed. It is just as well for him to learn not to| 
believe all that is in print, unless there are good reasons | 
presented. 

Independent investigation is promoted by reading the 
po A printed controversy stimulates anyone who 
oves a fight. Blessed be the man whose engineering eye 
is fired and mettle aroused by the prospect of a battle 
royal between men of fame. Perhaps he, too, can put 
in a lance, if extra spare hours or thesis subject will 








permit. 
_ Ruts and out-of-date ideas may be the bane of school 
instruction. A student who reads the papers could not 


given such instruction. It may not always be best 
for official instruction in principles to veer with every 
fresh breeze that arises—such may not be the trade wind ; 
but a reading student body would ever be a magnificent 
incentive for best instruction. At all events, the care- 
fully work-over lectures of the class-room should be 
supplemented by the student in bis mcst recent informa- 
tion out of the papers. 

Commercial methods are often not fully practicable in 
college shop, drafting-room, and laboratory, because of 
the necessary limitations for instruction purposes. The 
papers, if read with discrimination, will throw light upon 
these departments. The reading student will learn of 


* An address before the students of the Society of 
Mechanical Engineers, Sibley College of Mechanical 
Engineering, Cornel]! University. 





lent institution in Sibley and afterwards. 


A union of readers will economise time and enable each 
to cover more ground and gain greater good. A reading 
club for discussion, ‘‘seminary” in university parlance, 
in which each member reads one or two papers and 
reports upon his leading articles to the rest, is an excel- 
It has fre- 
quently m run with success by the younger men 
gathered from a railway drafting-room, testing-depart- 
ment, and even including some of the more ambitious 
young men in the shop. Sometimes a deferred and an- 
nounced discussion, or an occasional more formally pre- 
pared paper, are useful additions and promote deeper 
thinking. Such a club adds tothe advantage of the reader 
coming into contact with the paper, the decided advantage 
of more open friction between man and man, a defend- 
ing of one’s position, an acquirement of ability to think 
while talking, a cultivation of logical placing of thought 
and word so necessary for the engineer who must present 
his ideas to others with force. This rubbing against one’s 
fellows in like pursuits is, by the way, not among the 
least of the advantages of a college education in general. 

Years afterwards, when official responsibilities come, 
this earlier training will bear fruit, A super- 
intendent’s office will take regularly several papers, or 
several copies of one most useful paper. He marks in 
these papers articles appropriate for the instruction or 
spurring of particular subordinates, and sends them out. 

ter he will call for meetings of these heads of divisions 
or departments in his office; and the resulting inter- 
change of apeniene on the papers, tempered with ex- 
perience, will prove of decided advantage to the business, 
promoting unanimity of feeling between the departments, 
and the introduction of the best methods suited for each, 
or perhaps all. The speaker recalls with much pleasure 
such meetings on the Lehigh Valley Railroad, and has 
been told only recently by President Vreeland, of the 
Metropolitan Street Railway of New York City, of the 
success attendiug his marking of such articles, and 
sending them out, not merely to subordinates, but to 
some thousands of motor-men and grip-men. 

The Card Index.—But what of that dimly-remembered 
life-preserver which could not be found when there was 
dire need? Editors of papers, engineering and other- 
wise, are frequently in receipt of letters like the fullow- 
ing:—‘*A number of months ago read an article 
in your paper, or one like it, bearing upon such a subject. 
At the time of reading I recognised its value. Not only 
did I think that I had its essential items impressed upon 
my memory, but I recall making some record in my note- 
book. I find now a problem has come up in my practice 
for which I greatly need, and at once, the information 
contained in that article, but I can find neither it nor my 
note, the latter being evidently hidden in the midst of 
other material. If it appea: in your paper, will you 
give me the date, and, if possible, send me a copy’ I 
am willing to pay a good price for it.” Even when one 
has the annual indexes of his engineering papers bound up 
with the volumes, it may be a search of hours to unearth 
an article whose general subject or whose most valuable 
details are more strongly impressed upon the memory 
than its title as appearing in the index. The average sub- 
scriber does not get the full value out of his paper, be- 
cause of this very inability to find again what he has read. 

The card index will obviate the difficulty, giving ready 
access to what has been read by its maker, recording in- 
formation in the form best adapted to his professionel 
needs azd to his own peculiar habits of mind and memory, 
and following his own pet system. The speaker gave u 
the note-books ten years ago, and commenced a card- 
index, or, as it is sometimes called, ‘‘Index Rerum” 
(index of things), making it really a written memory of 
everything which *‘might come in handy some time;” 
of reading, of experience, of oral information ; engineer- 
ing, household, athletic, religious; references to cata- 
logues, drawings, clippings ; lists, future plans, addresses; 
—everything. 

The mechanical features of a card-index are, first, the 
cards. These are of white Scotch linen ledger, ver 
tough, technically known in the trade as ‘19 by 24—44,” 
a ream of 19-in, by 24-in. sheets weighing 44 lb., like very 
heavy letter-paper. A thicker card will not give flexible 
handling, and is too bulky. A thinner card is not durable, 
and works up out of place unless held in by some locking- 
rod passed through all the cards. The convenient size of 
card is about 3 in. by 5 in. It is very essential that all 
cards in one index be exactly alike in the smaller vertical 
dimension. To test this, in buying a pack, remove one- 
half and reverse it to bring the outer cards next to the 
middle ones; these must then be of the same height, 
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uniformity in the long dimension not being so important. 
In fingering the index, it is almost im ible to catch a 
low card between two high ones. The leading book-stores 
of Ithaca and Campus are cutting these for 75 cents per 
thousand. A half-dozen companies cut their standard 
cards, guaranteed perfectly uniform in size, for a little 
higher price. 

uide-cards or heading-cards are needed, at first, only 
for one alphabet. These cards are much thicker and 
tougher than the others, because of ter handling. 
The student may cut and letter these for himself out of 
calendar-backs or other cardboard, or they may be bought, 
with letters upon them on a small portion projecting } in. 
to 2 in. above the common cards. As one’s card-index 
gets large along some special line, guide-cards may have 
that subject upon the projection, and a following 
series of smaller-projection alphabetical supplementary 
guides inserted to subdivide that particular subject for 
easier reference. One will not err on the side of having 
too many guides in a large and much-used card-index ; 
they greatly increase speed of reference. 

The cards may be kept in a ee gage en velope-box 
for a few years. A bevelled block of wood may be 

laced at the back of the pack, to keep the cards slightly 
fallen back out of the vertical position. This will render 
the projecting letters more visible. 

The above three phs relate the cheapest form 
in which a card-index may be started. Any book-store 
sells complete and quite inexpensive equipments of per- 
forated, ruled, and tabulated patented cards, guides with 
various widths and locations of projections, tabs (use ex- 
plained later), drawers with card-locking devices, and 
cabinets to suit all purses. Where more than one person 
handles a card-index, the cards should be perforated near 
the bottom for some form of rod to pass through, thus 
avoiding the danger of a spill. 

The making of a card-index is a growth. The easiest 
way to get started is to read the papers with slips in hand 
oa fountain-pen or indelible pencil (ordinary purple 
copying) ready for use. Read an important article. At 
the top of a card place the subject of the article-—very 
likely not the author's title of the article, but the subject 
that appeals to your type of mind after the reading. 
Right here is the most difficult part of a card-index. 
You are in danger of indexing an article on ‘* Comp 
Air” under ‘‘C,” the adjective, when it should be under 
the noun, ‘‘A;” or “Blowers,” under ‘‘B,” when it 
should be under ‘‘ A,” as ‘‘ Air-Blowers.” Perhaps the 
most accessible guide for the ees indexer is 
the table of contents of Kent’s ‘‘ Mechanical Engineers’ 
Pocket-Book,” which every Sibley man must, of course, 
own. On page 447 of the American Society of Mecha- 
nical Engineers’ Proceedings for 1896 is a discussion on 
card-indexes. Mr. Kent explains his method of general 
heads—e.g., to put everything relating to steam under 
‘* Steam,” as steam-boilers, steam-engines, —s 
The ‘‘ Railway Mechanical Engineer” should follow 
the ‘‘Car-Builders’ Dictionary,” and the ‘Index of 
the Master Mechanics’ Association,” on page 67 of the 
Proceedings for 1900, to be revised by a special committee 
for the Proceedings of 1901. The Dewey decimal system, 
as expanded for engineering, was advocated in the Ameri- 
can Society of Mechanical Engineers’ Proceedings, 1893, 
page Te. though the secretary of the American Societ 
of Mechanical Engineers, in the a for 1 
page 423, shows its limitations, and recommends a different 
system, as used in the library of the society and the 
en ane library of the Franklin Institute of Phila- 
delphia. 

metimes one is uncertain how to index some piece of 
information. Remember, then, that almost everything 
will have two parts—the thing and its function; and if 
the thing is the more prominent, catalogue it under the 
thing ; or if the function, then under the function ; but 
—and the following is called ‘‘ cross-indexing ”—be sure 
and make out a card for the other, and write on it 
‘*See the main card” (giving its subject). A liberal use 
of cross-indexing is no fault ; one’s mind does not always 
work on the same lines, and data might be buried even 
in a card-index. Five years later one may not he able 
to recall just the one heading under which he indexed an 
article, but is sure to remember one out of the several 
headings of the cross-indexing. 

After the subject is written on the card, add the name 
of the paper, with year end page. The card is as yet 
practically worthless. Add a short description of the 
article, with your opinion of its value or applications. 
Perhaps you can place upon the card all of the article 
that is of value ; at least enough must show on the card 
to give the future searcher after information some dis- 
criminating idea of the article and whether it will pay to 
read it again, toaid him in his engineering problem. 

If thecard is made out of intormation not in print, it 
should, of course, be full. A note-book, may, however, be 
needed, and in that case the card will refer to the note- 
book by number or date upon thé cover, and the drawer 
number where finally deposited. 

The card should be filed awsy in proper alphabetical 
order the same day it is made. No accumulation should 
be allowed, for it soon clogs the work and makes untold 
disorder. Later in life the busy engineer should handle 
his papers like his morning mail, reading them as soon 
as received, marking important articles, and turning them 
over to an accustomed clerk for index-cards and filing. 

Where a number of technical papers are to be 
each week or month, it becomes essential to learn how 
to get the cream without drinking all the pans of milk. 
It is out of the question to read them all thoroughly. 
Before attempting any reading an engineer should look 
them all over, and note im t articles to be read later 
if possible. In this way there is obtained a general idea 
of the contents of the papers, and also of the relative 
importance to him of the articles noted. These are then 


carefully read in the order of merit, so far as time will 
permit. In this way one will see and read many things 
of the first importance, whereas without such a pre- 
liminary glance through the papers, they might have 
been missed. Without going through papers, it cannot 
be known what they contain ; while to begin and read, as 
you go, results in using up all the time over matter which 
may be of little relative importance. One must, how- 
ever, avoid the danger of being satisfied with the pre- 
liminary skimming ; the thorough reading must follow. 

Current engineering literature should not be left here 
without calling attention to the published volumes of 
index notes now so happily carried on monthly in the 
Engineering Magazine, 120, Liberty-street, New York, 
the annual compilations of the same being assembled 
every five years, in future volumes as in the past. z 

Interior classification, and several classifications just 
as easily, may be carried on simultaneously throughout 
the one card-index, if fuund desirable in any business, by 
means of “‘tab-cards.” These are like the supplementary 
guides, but with numbers or other characters upon them, 
the projection. at the top being raised in a particular 

lace on a card for each particular class, the tab-cards 
Selew also of different class colours if wished. For 
example, all things made of brass may be indexed on 
yellow cards, while still placed in the proper alphabetical 
places of the things. If a tool-index, every tool made of 
a ‘“* brand three ” of steel will have 3 on the little project- 
ing tab, and those tabs will show, perhaps, 1 in. from the 
extreme left throughout the entire index. 

Yet remember that at the start the simplest scheme 
is the best, and the new maker of the card-index will 
escape the danger of its toppling on account of its own 
weight of cumbersomeness, while the foundation—the 
habit of adding to the list—is weak. The refinements 
aa later, and for the special indexes, like that for 
tools. 


ADDITIONAL Usgs. 


What may be indexed? Everything. The advertise- 
ment clippings previously mentioned may be placed in 
numbered envelopes, they in numbered drawers, and 
indexed. Other clippings, or pamphlets, may be disposed 
of in the same way. Or material may be pasted in scrap- 
books and the pages indexed in the card index. Some 
ae prefer to tear apart all papers, and file away 
only the valuable parts as indexed. Sometimes it is best 
to insert envelopes, open at the end, of the same size as 
the cards, into the card-index ; these envelopes to have 
subjects as though they were cards, small clippings being 
placed within. The ks of one’s own private engi- 
neering library are made far more useful by suitable 
contents references in one’s card-index. 

Commercial literature, in the form of trade catalogues, 
forms a vast and growing collection of excellent technical 
and professional matter, which, while sometimes partial, 
yet is always fresh, and is hence valuable in the experience 
of every engineer. 

A systematic arrangement of catalogues (greatly 
facilitated if of standard 6 in. by 9 in.), giving instant 
reference to any one wanted, is a very important require- 
ment of all who are designing, building, or purchasing. 
Numbered, they are placed in numbered drawers and 
indexed, with contents on the cards. It is usually pos- 
sible, in addition, to group catalogues on the same sub- 
ject into drawers together, if portion are torn apart 
which relate to different subjects, A cross-index of 
catalogue subjects is also advisable, unless the plan of the 
previous sentence is fully realised ; and in this acard on 
one subject will refer the searcher to all the pages and 
catalogues related. 

Articles or theses, as suggested by a writer in the 
Engineering Record, call for an extremely useful applica- 
tion of the card index. In preparing one of these papers 
the first step should be to jot down on temporary index- 
cards facts of interest and data as collected in consulti 
references upon the subject. The references shoul 
always accompany the noteson the cards. If these notes 
are of sufficient value to be saved on their own account, 
they should be made on permanent cards, as for the index. 
For bulky data a note of reference only will be sufficient 
to enable the scheme of the article to be planned. These 
data, as collected, are asso in the order of their 
sequence in the article to be written, and will give at any 
time at a glance the general outline of the article and its 
progress. hen all data have been collected and the 
notes arranged in their proper order, itis a very simple 
matter to write the article with the notes spread out in 
their proper order atone side. The majority of the notes 
can be enlarged upon for the article, probably without con- 
sulting the references; but by checking off each slip as 

in the article time may be taken to consult re- 
ferences without causing confusion. 

Correspondence, however extensive, becomes under 
perfect control when systematised by a card index. 

Drawings are indexed on cards, though not in the 
** Index Rerum,” as, indeed, it is not advisable to do with 
catalogues above mentioned. The card of each drawin 
serves also for records related tothe drawing. These pon | 
the following cards are usually of larger size, as 4 by 6. 
Obsolete drawings will have their cards withdrawn from 
the working index. Patterns may be treated in the 
same way, with card record of dates when made and 
altered, cost of making, changing, and repairing, where 
shipped and when returned, weight and pcrnae of part, 


read | &c. Stock-accounting is facilitated by a card-index, with 


records of purchases and sales, or receipts and distribu- 
tions as of a general store-house; the foreman is enabled 
to keep close and low stocks, and taking inventory is 
easier. Thisis found very successful in the great railway 
cone store-houses, where everything is found, from 

riving-wheels to oil, from books to fry-pans ; porcelain, 
pins, pig iron, velvet, acids, and gan. wder. Em- 

y t 





ployés’ records are peculiarly suited e card-index, 





cards being so easily transferred from ‘‘active list” to ‘‘left 
list,” or then reinstated. Foremen aré apt to keep these 
by memory only, and a new foreman would be without 
such a record. Mistakes in rey eran ag are prevented. 
Tools are sometimes not used use a workman says 
he can do a job in less time with an improper tool than it 
would take to hunt up the correct tool. A systematised 
tool-room uses the card index to excellent advantage, for 
no one can memorise all the special tools and their uses. 
The making of duplicate tools is also prevented. Fac- 
tory costs use cards having accurate count of labour and 
material for each machine carded, where labour was 
spent, profit and loss being also entered upon the same 
ecard. Every maker of any saleable article, and almost 
any dealer, knows the value of a ready reference record 
of the cost of his article, or of the markets; costs of 
freight-handling are as easily added, together with the 
various and fluctuating quotations that may come to his 
hands. Cost-keeping must be so simple that it will be kept 
up readily}; and doing away with clerical labour tends to 
this. Test-department records are kept on cards to good 
advantage. Such records are expensive, hence should 
not be buried, but be readily accessible when sudden de- 
mand comes, as is so often the experience in that depart- 
ment of a railroad. 

This subject might be extended into hours if once the 
field of mechanical engineering were left. Thecard-index 
has been welcomed into every field where system and 
time are valuable. Half a dozen years ago it was un- 
known to the great body of business men. To-day it is 
seen everywhere where progress is the rule. Devised 
for use as a library catalogue, it has been adopted by 
business men in all the leading branches of commerce. 
Transportation companies, insurance companies, banks, 
building and loan associations, schools, laundries, dentists, 
physicians, scientists, governments, real estate agents, 
societies, publishers, advertisers, churches—the list is 
not ended of those flocking to the new method. 

The Secretary of the American Society of Mechanical 
Engineers, himself an eminent engineer, writes :—‘I 
would say that, in my opinion, the card-index is a branch 
of study which should made part of every engineer’s 
college course.” 

Briefly, the card index, then, has the following advan- 


eS -— 

Aocessibility—always get-at-able ; nothing is buried 
and lost. 

Time-saving—for the searchers after information. 

Expansibility—only one end —the beginning. Can 
enlarge for ever and still be as good. 

. er—new material inserted into the exactly proper 
ace. 

Adaptability—suits every frame of mind and every sort 
of business ; varied classification. 

System—encourages system in vast accumulating data, 
and brings it under general heads of classification. 

Divisibility—some cards can be removed for temporary 
use elsewhere, or for permanent transfer. 

Labour-saving—nothing has to be rewritten; saves 
clerical labour. 

Simplicity—can be operated by the inexperienced. 

Contractibility—no need of retaining useless, outgrown 
‘ ie wba 

No wasting of s —it is impossible to apportion 
blank pene, books so that they will fill evenly. 

Always being up to date. 

Rearrangement made easy. 

Substitute for memory—supplementing it, and becoming 
independent of existing hired memories. 

Classifications within the index—by using tab-cards. 

In conclusion, be it said that engineering periodicals 
to the extent that they record or store in ink, but do not 
disseminate information, are fulfilling only a small—a 
— small—portion of their ible usefulness. It is for 
each individual student—and even the greatest engineer 
is still a student—to declare which portion of the paper's 
usefulness he will accept at once and the day following. 
Can he afford—you—to neglect the Sibley opportunity of 
becoming acquainted with all the papers? Form a good 
habit, it will cling. Learn to doubt; you will afterwards 
believe better, Feed on the plains of the nations rather 
than always in your own manger. Share your good 
things and unite forces; and some day a leader, know 
how best to lead. Engineering periodicals and the card- 
index are not the fabled philosopher’s stone, turning all 
metals into gold, but an unfading love for our profession 
can use them, among the other reagents, to bring out the 
measure of true worth within the capacity of each man. 








Our LocomorivE Exports.—The new year has begun 
well for our locomotive export trade. The value of the 
engines shipped in January was 385,647/., as compared 
with 251,143/. in January, 1906, and 226,085/. in January, 
1905. The Argentine demand continues the most im- 
portant, the value of the engines despatched tothe Argen- 
tine Republic in January having been 283,700/., as com- 
pared with 65,6247. in January, 1906, and 19,429/. in 
January, 1905. The shipments to the four principal 
colonial groups moved on as follows in the first month of 
the last three years :— 





| 
Colonial Group. Jan., 1907. | Jan., 1906. Jan., 1905. 
£ £ £ 
British South Africa : 4,030 641 6,737 
British India eee 94,926 162,420 
Australasia .. os ~~ 2,016 392 477 


It will be observed that the Indian demand for British 
locomotives was extremely languid last month. The 
exports of British locomotives to the United States have 
have quite come to an end. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComprteD By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
é&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oj 
the advertisement of the t of a Complet ification, 
give notice at the Patent Ofice of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


11,961. J. Brockie, London. Magazine Arc-Lamps. 
[2 Figs.) May 22, 1906.—This invention relates to electric 
arc-lamps of the type in which the carbons are stored in two 
separate receptacles, from which they are automatically fed in 
pairs ae the burning of the lamp until the stock is ex- 
hausted. The invention consists in an improved construction of 
such apparatus which ensures the positive feeding of both burning 
carbons by a single engaging member or tappet as they are con- 
sumed, and the supply of the additional carbons in regular suc- 
cession under the action of gravity only. The zines a, a) 
containing the spare carbons are pivotally supported on the lamp- 
frame and connected with the core of a main solenoid c by means 
of links d, d1, so that. as the core moves towards or away from the 
centre of the solenoid the an poe and their attachments will be 
turned about the pivots, and consequently the burning carbons 
e, el caused to recede from or approach each other. The 
magazines are provided with movable bottom plates /, f!1, which 
are linked with the core of the solenoid c, so that when the main 
circuit is broken the plates /, f! will be tilted or shaken £0 as to 
assist the gravitation of the spare carbons towards the outer 
sides of the magazines. The bottoms /, f! of the magazines are 
hinged at their outer ends and have their inner ends con- 
nected by ~~ ¥ g! with levers h, h! which are fulcrummed in the 
lamp-frame, and are connected with the core of the solenoid, so 

















that when the main circuit is broken the movement of the sole- 
noid core will not only bring the carbons e, e! into contact, but 
will also raise the inner ends of the hinged bottoms /, f! of 
the magazines. Secured to the magazines are tubular carbon 
guides i, i, having at their lower ends spring fingers, through 
which electrical connection is made between the carbons ¢, e! and 
the external circuit. Between the carbon guide-tubes is arranged 
an endless band k, which is driven by a motor, the operation of 
which is governed by the pressure of the arc in the well-known 
manner, and carries laterally projecting tappets m, m1 adapted 
to engage the rear ends of the burning carbons e, e! for which 
purpose the guide-tubes i, i] are partly cut away longitudinally, 
and to feed them towards the arc equally and simultaneously as 
they are consumed. It will thus be seen that the burning carbons 
alone, owing to the friction of the contact fingers, encounter 
considerable resistance to feeding movement, and this is over- 
come in the present invention by the positive driving engage- 
ment of the feeding device, while the remaining carbons are able 
successively to feed by gravitation in rear of the burning carbons, 
since there is practically no frictional resistance to their move- 
ment longitudinally. Should, however, the carbons which are 
next for duty stick in the guides by reason of the pressure of 
the remaining carbons jn the magazine, the breaking cf the main 
circuit and the consequent shaking up of the magazines will 
restore normal working conditions. (Accepted December 28, 1906.) 


24,061A. H. Bevis and A. E. Angold, Salford. Arc- 
Lames. [4 Figs.) November 22, 1905.—This invention relates 
to arc-lamps, more particularly to those known as flame arc-lamps. 
Each magazine consists of a sloping channel S, in which the 
carbons stand on their ends. The channel S has a bar T across 
the lower end, and is also cut through one side at an angle of 
about 45 degrees, the line of the cut ing diagonally under the 
axis of the first carbon Bl, The clutch-lever J is fitted witha 
bevelled block or extension piece U, which projects upwards. 
Whilst there is a carbon B inthe clutch-tube A, this block passes up 
and down clear of the carbon B! ; but when the carbon B in the 
clutch-tube A has been so far consumed as to fall below the grip- 
block E, the clutch-lever J, as shown in the higher position in Fig. 2, 
is able to tilt to a greater angle, and the bevelled block or exten- 
sion piece U comes under the ex half of the first carbon B! 
in the magazine. Fig. 2 shows the clutch gear twice, first, in the 
lower pesition, with a short carbon b gripped in it by block E, and 
second, in the higher geetien, without a carbon in it ; the grip- 
block E, therefore, is able to enter the clutch-tube A further than 
before, and so allows the lever J to turn further on its fulcrum, 
and the extension __ U to come under the carbon Bl, With 
the further upward movement of the clutch, the carbon B! is 





lifted by the extension piece U, and by virtue of the forward | 100r by other suitably arranged flues to each of the channels 1, 


ure of the other carbons is thrown over the bar T, and falls | 2, 3, w 


ence the air passes through openings in the crown or roof 


Into the pivoted tube C, and the normal burning of the lamp is | of the furnace, and which channels are under control of valves 5 


resumed. The carbons slide in single file down the channel S by 
virtue of their own weight; but without a special device the upper 
ends would lag behind the lower ones, and they would lean at such 
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an angle that the front carbon, when thrown over the bar T, 
would not slide down the tube C, but would catch in the mouth 
of it. To prevent this, a top guide is arranged which allows the 
front carbon to lean at the same angle as the burning carbon— 
that is, either to the left or right, 7 along the channel of 
the magazine. (Accepted December 19, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


17,248. H. Bussing, Brunswick, Germany. Radia- 
tors. (3 Figs.) July 31, 1906.—The usual radiators used with 
internal-combustion motors of motor-cars consist of a large 
number of flattened tubes connected together by means of 
collecting and distributing chambers. The hot water passing 
through the pipes imparts its heat to the walls, which partly 
radiate it and partly conduct it away. The tubes are encountered 
in known manner by an air-current, which cools them, and the 
action of which may be strengthened by a fan. This invention 
consists of an improved arrangement for carrying off the heat in 
a more efficient manner. Tubes a of elongated section, lying side 
by side and running in the same direction, as is well known, 
radiate in such a way that the rays standing normally to the heat- 
giving surfaces are directed in opposite directions to one another, 
and, being deflected on the counter-wall, rebound. Even if the 
air-current diverts the heat rays to some extent, there still remains 





































































































an unfavourable mutual influencing. There has therefore been 
arranged, equidistant between each pair of pipes, a flat partition, 
which is cooled by means of the air-current, and which catches 
and carries off the heat. In order to preserve the distance between 
this partition and the two adjacent pipes, and to maintain passages 
for the air flowing bm , it has been necessary to provide 
special arrangements ; for instance, ribs or gills disposed at right 
angles to the partition, ard attached either to this latter itself or 
to the pipes. By the present invention itions ) are employed, 
which, without the use of separate devices, maintain themselves 
equidistant from the two adjacent tubes. For this object the 
partitions ) are bent at certain places into an § form, so that 
these bends rest against the adjacent tube-walls and maintain 
the correct distance. They may be loosely inserted and prevented 
from slipping out by means of bars screwed thereon. (Accepted 
December 19, 1906 ) 


2718. E. Brook, Huddersfield. Reverberatory 
{3 Figs.] February 8, 1906.—This invention has 

for object to constrict or nullify the effects of the in-draught of 
air at the side doors of gas-fired reverberatory furnaces of the 





for enabling the heat to be 1 The flue d is in communi- 


Pig.t. 





cation with the culvert leading to the furnace chimney. /, / are 
steel billets arranged on the hearth ready for heating. Air enter- 
ing at the doorways a is drawn it) the openings ¢ by the 
chimney draught and is thus prevented from gaining access to the 


| furnace. (Accepted December 19, 1906.) 


Cars. 
| particularly to automobiles in which power generated by a 
| dynamo driven by an engine is supplied to electric motors driv 





kind described in Letters Patent No. 2657, of 1893, especially | 


when they are made of considerable length, which is found most 
convenient and economical. Such furnaces are constructed with 
air-ways or channels which are under the control of valves or 
dampers, 80 as toenable the gas to be ignited at any desired point 
and with a number of doors or doorways in one or both sides, 
through which the material to be heated is ch d or with 





diluting and cooling the hot gases or flame, injuriously affecting 
the material being heated and interfering with the requisite 
localising of the heat at the desired part of the furnace. Ac- 
cording to this invention, in connection with some or each of the 
doorways of such a furnace means are provided whereby cold air 
entering the doorways is prevented from gaining acces3 to the 
furnace so as to affect detrimentally its working. This enables 
very long furnaces to be used, as the heat can be localised at de- 
sired points, notwithstanding the necessarily large number of 
doorways. a, aare charging doorways in the side wall of the 
furnace. In the floor b of each doorway @ is an opening ¢ which 
communicates with a flue d formed below the furnace hearth 


MOTOR ROAD VEHICLES. 


13,903. W. A. Stevens, Maidstone. Petrol-Electric 
{6 Figs.] June 18, 1906.—This invention relates more 


ng 
the back wheels. The dynamo has two distinct but similar wind- 
ings on its armature, each connected to a separate commutator, 
and each exciting half of the field-windings. By means of a con- 
trolling switch the separate sections of the armature with their 
fields can be put either in series or in parallel. The armatures 
of the motors will be put in parallel or in series by means of the 
controlling switch mentioned. The petrol-engine a drives the 
dynamo b, b). The controller d is worked by a connecting-rod j 
from the steering-column, or a tube on the side of same, this 
latter carrying on the lower end a catch-plate k, in which three 
slots are cut, corresponding with the three positions of the con- 





++ 


troller. Inside this tube a rod is carried, on the lower end of 
which is attached a similar catch-plate. A rod from this catch- 
plate controls the reversing-switch. The variable resistance is 
operated by a multiple contact-switch worked by the foot-pedal i, 
and is so arranged that when it isin its normal ition no resist- 
ance is between the dynamo and motors; but when the foot-pedal 
is depressed to, say, two-thirds of its stroke, the whole of the 
resistance between dynamo and motors is in circuit. A further 
movement of the foot-pedal breaks the electrical circuit, and a 
still further movement puts on the brakes on the motor-shafts. 
Owing to a locking-arm controlled by the foot-pedal dropping 
into the slots in the catch-piates, and locking same, it will be im- 
possible to operate the controller or reversing-switch till the 
pedal is depressed sufficiently to put all resistance in and break 
the circuit between dynamo and motors, thus preventing all 
sparking in the controller. (Accepted December 19, 1906.) 


26,343. W. W. Beaumont, London. Tyres. [7 Figs.) 
vember 18, 1905.—This invention relates to tyres for motor- 
vehicle wheels, and has for object the prevention or limitation of 
side-slip. For this purpose, there is attached or applied to the 
tyre a ring furnished on its periphery with road-gripping devices, 
the ring being so disposed that upon side-slip ——. the tyre 
comes into lateral contact with the ring and forces the latter into 
engagement with the surface of the road, as shown in Fig. 2. B 
is the ring having a section such as that shown, and having em- 
bedded in it in the usual manner textile fabric, the periphery of 
the ring being thickened as shown at b. Embedded in the 
thickened edge is a wire ©, which is furnished or formed with 
projections which extend to the outer edge of the tread of the 
ring B. This core C, with its projections, may be likened to a 
piece of barb fence-wire with the barbs all turned outwards 


. = 
( tye 


ins 





















b — 


and, pote, arranged at from } in. to 2 in. apart. For 
the purpose of causing the tread of the device to resume its 


| proper ition in relation to the tyre after a side-slip has 


occurred, pieces of stcel wire or thin crinoline steel may be em- 
bedded in the rubber fabric structure of the thin part of the de- 
vice ; and these may extend to the core at c and be brought out 
to the outer edge of the tread for the purpose of serving in the 


The ind ht of cold air through the d oorways on the a ot | Same manner as the projections, barbs, or teeth. The core CO is 


continuous, but the fabric-lined rubber flap or ring B may be 


| slitted for a portion of its depth, in which case the ring B is formed 
| independently of, instead of integrally with, the tyre. Upon the 


along one side of the chamber 12, whence air is led by passages | 


tyre partaking of a lateral movement in the direction of the ring 


| B, the former comes into contact with the latter and forces it into 


gripping or frictional engagement with the surface of the road, 
resistance to the further lateral movement of the tyre being 
thereby cffered. (Accepted December 19, 1906.) 


PRINTING AND ALLIED MACHINERY. 


301. R. C. Annand, South Shields. Casting Storeo- 
type Plates. (4 Fijs.) January 4, 1906.—This invention 
has reference to the automatic supply of molten metal to stereo- 
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type casting-boxes, and its object is to provide an improved 
apparatus for the ear pe whereby the molten metal can be 
supplied conveniently and expeditiously to a number of casting- 
boxes disposed around the melting-pot. According to this in- 
vention, a horizontal swinging arm mounted, together with a 
pump, on a vertical pivot in the melting-pot is employed. The 
arm is adapted to be swung round with the pump to bring the 
arm over the casting-box or boxes. The arm may be set at an 
inclination from the horizontal to assist the flow of the metal. a 
is the melting. pot, heated by a furnace b, c is a radial arm bolted 
to a pump d, pivotally mounted with the arm ¢, so as to turn 
therewith in a conical bearing ¢ in the centre of the melting-pot, 
and an upper bearing el in an arm f above the melting-pot. 
Valves are formed in the bottom of the pump, which allow the 





metal to enter the cylinder, but close when the piston is forced 
down by the counterweighted hand-lever h. e lever h may 
work between guides i, provided with a series of holes, through 
which a pin may Le passed to limit the stroke of the piston, and 
so adjust the amount of metal delivered by one stroke of ths 
pump. The arm c is formed with a channel el, communicating 
with the pump-chamber by a conduit j. The arm is preferably 
lined with non-conducting material, to prevent the metal losing 
its heat on the way to the casting-boxes. The casting-boxes are 
arranged around the melting-pot, and the arm c¢ is then swung 
round over the first casting-box, and the pump operated to deliver 
the required amount of metal through the arm ¢ into this box. 
The arm and pump are then turned to bring the arm over the 
next casting-box, and soon. (Accepted December 19, 1906.) 


RAILWAYS AND TRAMWAYS. 


3411. J. W. Cloud, London. Air-Brakes, [2 Figs.) 
February 12, 1906.—This invention relates to air-brakes for rail- 
way vehicles, and has for its object to provide improved T- 
pieces for the main conduit wherever such are needed, as, for 
instance, at the branch pipe leading to the brake apparatus on 
each vehicle. An ordinary T-piece employed in air-brakes com- 
prises a straight tube having a branch substantially at right 
angles thereto ; and with such a eonstruction it is obvious that 
when a rapid movement of air is caused from any two of the 
orifices towards the third, or from one orifice towards the other 
two, eddics will be formed at the junction, which will have a 
retarding effect on the flow. According to this invention, for 
the purpose of avoiding such retardation, the improved T-piece 
is constructed with a baffle, $9 that two channels are formed from 











one orifice to the other two orifices at the ends of the straight part 
ofthe T. The sides of the channel and baffle are suitably curved 
and rounded off, so as to interfere as little as possible with the flow 
of air between the branch and the straight part, whichever may 
be the direction of the current through the junction. 1 is the 
baffle provided between the main passage 2 and the branched 

e 3, 80 as to form two channels 4 and 5 leading in opposite 
directions from the branch orifice 3 to the respective orifices 6 and 
7 of the main passage. The walls 8 and 9 of the channels 4 and 5 
respectively are suitably curved, and the extremities 10 and 11 of 
the battie 1 are rounded so as to interfere as little as possible 
with the flow of air between the branch 3 and the main passage 2, 
whichever may be the direction of the current through the junc- 
tion. (Accepted December 19, 1906.) 

20,3411. W. Baxter, Sen., Leith. Permanent-Way 
Blocks, [4 Figs.) September 13, 1906.—This invention relates 
to blocks used in connection with the permanent-way of tram- 
ways to prevent the excessive tear and wear of the paving setts 
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Fig.3. 
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or other road-paving material immediately adjoining the sides of 

each rail, and its object is to improve the construction of such 


blocks soas to render them more satisfactory and efficient in use, 
non-slipping, whilst at the same time materially reducing their 























weight and cost of production. The block A, which is solid, and 
made of metal, may be cast, forged or stamped, with or without 
perforations or recesses B. The exposed surface C is of compara- 
tively small breadth, and may be chilled or hardened to wear 
equally with the stone or other road-paving material. The inner 
face D of each block A is, as usual, formed to correspond to the 
side of the rail, or any fittings in connection with the rail, against 
which it bears, and each block is of such a length that it extends 
outwards for a short distance beyond the base of the rail. To re- 
duce or eliminate risk of displacement the base of each block A is 
enlarged by an angle-ironE. If preferred, however, two of these 
blocks A may be made in one piece. The blocks A are arranged 
in pairs, with their angle-irons E facing each other. The distance 
between each block forming a pair, and between each pair of 
blocks, may be varied; Between each block A forming a pair 
there is inserted a stone or other paving sett F which is the same 
length as the es meee surface of the blocks, but the next abutting 
sett G is approximately twice the length of the first sett F or of 
the ordinary size, so as to break joint with the row of setts H on 
either side. (Accepted December 19, 1906.) 


267. T. E. Haywood, Worcester, and Saxby and 
Farmer, Limited, Westminster. (F. Dutton, Johannes- 
burg, South Africa.) Locking-Bars. [5 Figs.) January 4, 
1906.—In locking-bars for the prevention of the unlocking and 
moving of points during the passage of a train, the locking-bar 
is placed alongside the stock-rai] so as to prevent the bar being 
raised while the wheels of a train are passing over it, and is 
usually supported by a series of links attached to the bar, and at 
their lower ends pivoted to a clip fastened to the stock-rail. The 
effort required to push the bar and so raise it is, in cases of long 
bars, very great at the beginning of the stroke of the lever work- 
ing it, but the last half of the travel of the lever is helped by the 
by of the bar in falling. To overcome this initial strain, and 
at the same time to provide an as that can be easily 
and quickly fitted to the stock-rail, and also to provide a locking- 
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bar which can be operated either by rod, or by an py of 
double wires, suspenders 4 are provided, which are pivoted at 
their upper ends to the web 7 of the stock-rail 1, while their 
lower ends are pivoted to the lower portion of a V-shaped hanger 
12, the upper ends of which are fastened to the locking-bar 2. 
The suspender 4 rests normally in a vertical position and supports 
the bar 2 in its ‘‘down” or normal position. When the bar is 
pushed it causes the lower end of the suspender 4 to describe an 
are, carrying the bar with it inan upward direction. This motion 
occupies one-half of the travel of the lever working the bar, and 
as the suspender hangs normally in a vertical Spey the effort 
required to lift the bar is considerably reduced at the beginning 
of the stroke. The last half of the stroke of the lever lowers the 
locking-bar again to its normal position, the suspender travelling 
through the same arc in the reverse direction until it is again ina 
vertical position. (Accepted December 19, 1906.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


8268. J. spoutyinsen and J. Hopkinson and Co., 
Limited, Huddersfield. Safety-Valves. (3 Figs.) 
April 5, 1906.—This invention relates to externally-loaded dead- 
weight safety-valves of the kind having an enclosed outlet for the 
escapirg steam formed by a chamberwithin the weight-holder. 
For the purposes of the invention, the valve-seat is formed at the 
upper end of a pipe B rising from the valve-block A, and this 
pipe is enclosed by a cylindrical chamber OC, having an outlet D 
at the side near its lower end and adapted to be attached to 
the valve-block. This cylindrical chamber is of such diameter as 
ta provide between it and the steam-pipe B an annular channel 
vl sufficient size to carry off the escaping steam. The stem F 
of the valve E projects into or through an opening G in the top 
of the cylindrical chamber, and is guided by said opening in its 
up-and-down movements. The weight-holder H and the weight 
case or cover J are united by means of a central screw connec- 
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tion L, the inner end of which forms a pivot resting in a socket 
or recess M formed in the a of the valve-stem. The parts are 
so constructed and arranged that the centre of gravity of the 
load on the valve (which load is made up of the weight-holder 
H, together with the weights K and the weight cover or case J) 
is not above, but preferably below, the level of the valve-seat, 
which construction, combined with the pivotal support provided 
for the load, constitutes a pendulous system of external weights, 
which has not heretofore been combined with a valve of this ty 

having within the valve-holder an enclosed outflow for the 
escaping steam. In this construction there is no rigid connec- 
tion of the weight-holder to the valve-spindle, nor any should 

on the valve spindle for supporting the weight as heretofore, and 
there is no tendency to bend the spindle by improper fixing of 
the load, or any lever action tending co tilt the valve or bend the 
spindle oN the valve not be quite upright. (Accepted Dec- 


19, 

23,277. The Stockport Engineering Com a 
Limited, and R. Lom Stockport. Steam- ps. 
(2 Figs.) October 20, 1906.—This invention relates to steam- 
traps such that a certain fall of temperature in the connection 
between the steam-range and the steam-trap will have the effect 
of closing an electric circuit and energising an electromagnet, 





thereby attracting its armature, which is combined with the 
outlet-valve of the steam-trap, thus opening the outlet valve by 
the direct action of the electromagnet. On the pipe a which 
connects the steam-range with the steam-trap are mounted two 
cross-heads, the upper one being fitted to slide on the pipe. Th 

cross-heads are connected bya rod c. Also fixed upon the pipe . 

is an insulating bush, upon which a block e is secured. A: 
adjustable contact-screw f is screwed through this block, and its 
lower end stands just above a spring contact-piece g, which is 
secured to, but insulated from, the rod c. The spring-piece g and 
the block e form part of an electric circuit, containing the electro. 
magnet j. This electromagnet j is supported by a stud k, which 
forms one pole of the magnet, and is fitted inside the cover / of 
the steam-trap m, which forms the other pole of the magnet j. 
The lower end of the pipe a is connected with the inlet-pipe n to 
the steain-trap, which is controlled by an outlet-valve o combined 
with the armature ¢ of the electromagnet. A seating is formed 
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in the paoeiee n, which has passages p cut through its sides 
immediately above the seating. The valve o is fitted to slide in 
the upper part of the said pipe m, and is held normally to its 
seating by the dead weight of the armature q, which carries an 
adjustable spindle s resting on the top of the valve 0. Passages r! 
are formed in the armature and in the block r for the escape of 
water of condensation when the valve o is open to the outlet ¢ 
The expansion due to heat in the pipe a causes the block e and 
the cross-heads to move apart, and this movement takes the 
contact-piece f away from the contact-piece g, and breaks the 
electric circuit. Any contraction due to the cooling of the pipe a 
causes the block e and the cross-heads to approach one another, 
and brings the contact-pieces f and g together, closing the electric 
circuit and energising the electromagnet j, which attracts the 
armature 4, thus relieving the outlet-valve 0, which opens by the 
pressure in the steam range behind it, and allows the water of 
condensation entering through the valve o to escape through the 
outlet t. (Accepted December 19, 1906.) 


MISCELLANEOUS. 


14,140. Evered and Co., Limited, and S. Evered, 
ham. Fanlight-Openers. (6 Figs.| June 20, 
1906.—This invention relates to fanlight-openers of the class in 
which a cord pulley on a worm-shaft is rotated through an end- 
less cord, and the worm-gearing with a worm-pinion operates the 
upper parts of the mechanism for opening or closing the hinged 
fanlight, the said other part sometimes consisting of a chain 
which is wound on and paid off a grooved pulley or drum. The 
present invention consists in the arrangement on the worm pinion- 
shaft of a chain or sprocket-wheel, and the combination therewith 
of a chain gearing with the said chain or sprocket-wheel, one 
end of the chain being secured to the fixing-plate of the opener, 
and the other end to the fixed frame of the fanlight or to the 
hinged frame, according as to whether the fanlight is to open 
inwards or outwards. a is the fixing-plate of the opener, which 
is fixed near the upper edge of the hinged fanlight J. The plate 
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@ has a projecting arm, with short tubular bearing at its front 
end, the axis of which is parallel with the fixing-plate a. On toa 
square spindle ¢ is passed a second bracket d with chain-guard d* 
and a sprocket-wheel ¢, the latter having a square hole fitting the 
spindle e. The spindle c, with the chain-wheel e and bracket d 
thereon, is passed through the tubular bearing, and the bracket 
is fixed to the fixing-plate a by ecrews. On the projecting end of 
| the spindle c is placed a hanging bracket g and worm-pinion i, the 
latter fitting the spindle c. The spindle 7 mounted in the bracket y 
carries the worm and cord-pulley m and guard and guide for 
| the endless cord p, the said spindle being screwed into the 
| platea. A chain, is fixed at one end by means ofa bracket s to 
| the fixed frame of the fanlight, and passing over the sprocket- 
| wheel e, its other end is secured to the bracket d. On the work- 
| ing of the endless cord p to effect the opening or closing of the 
| hinged fanlight , the chain or sprocket-wheel ¢ is made to travel 
| in one or other direction on the chain r, and thereby effect the 

angular movement of the hinged fanlight }, the loop or slack part 

rof the chain being taken up or paid out by the motion of the 
| sprocket-wheel ¢ thereon. (Accepted December 19, 1906.) 
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LITERATURE. 


Le Ricerche Sperimentali di Meccanica Agraria. By | 
Engineer Feprrtco Gi1orDANO, Professor, Milan. 
i Beretta, Editor, 22, Corso Magenta. [Price 
18 lire. 

THe increasing application of mechanical power to | 
agriculture has shown the need, as regards Italy, of | 
an institute in which the various agricultural 
machines and the implements used for the prepara- 
tion of the products of cultivation can be ex- 
amined on scientific bases, with a view to reporting 
on their advantages or disadvantages, and for sug- 
gesting eventual improvements. Such an institute 
should be open both to the makers of machinery 
and to the users of it, for obtaining reliable and 
impartial suggestions and advice. ‘The installation 
of an institute of this kind has been decided upon, 
and is a consequence of the great interest now 
taken in agriculture, which is due largely to the 
initiative of the King of Italy, who called together 
an International Agricultural Congress, and traced 
an extensive programme of organisation. 

The new experimental station for agricultural 
mechanics is to be built shortly at Milan; and 
Professor Giordano, who has charge of the engi- 
neering section at the Milan Polytechnic School, 
and was one of the first engineers in Italy to call 
attention to the necessity of such an experimental 
station, has drawn up and placed before Government 
the rules and regulations under which it should be 
operated. In his book on ‘‘ Experimental Re- 
searches in Agricultural Mechanics” he deals with 
the progress made in the construction of agricul- 
tural machinery; he also describes the experi- 
mental stations of France, Belgium, and Germany, 
and points out’the scope of their usefulness. 

The book is divided into two parts. In the first 
the author deals with the line of progress to be 
followed for the elimination of unsatisfactory types, 
and the popularisation of those types which best 
meet their purpose. He calls attention to the use- 
fulness of agricultural exhibitions, and of public 
trials with machines and implements lent for this 
purpose ; he regrets the occasional deficiency that 
appears in some sections of agricultural exhibitions, 
which greatly minimises their scientific and practical 
value: as, for example, the inadequate preparations 
made for experiments with the machinery exhibited, 
due to several causes, among which may be placed 
want of time, the local conditions, the position 
allotted to the machinery in the exhibition, and so 
forth. Exhibition tests, although imperfect, have 
certainly some value, and, if they are organised on 
rational and scientific lines, may even render impor- 
tant service. But adequate experimental stations 
are a necessity; the effect of these would be to 
increase the success of all local agricultural exhibi- 
tions and the significance of their awards. 

The experimental stations in other countries owe 
their origin to local exhibitions, in the same way as 
the latter spring from national shows. It is only 
in stations of this kind that it is possible to satis- 
factorily solve a number of problems which do not 
offer sufficiently evident or immediate material 
advantages to appeal to private initiative, but 
which, on the other hand, are too closely connected 
with the general welfare of agriculture to be allowed 
to lapse. 

Among the many questions which require atten- 
tion, the author mentions ploughing-tackle, and 
the improvements which may be made yet in 
the machine itself and in its action, combined 
with the results obtained with, and the progress 
made in, agricultural chemistry. He also refers 
to the varieties of opinions which exist as regards 
a number of detail parts which enter into the con- 
struction of mowers, reapers, and other machines. 
Other duties that may be undertaken by experi- 
mental stations are the giving of advice in judicial 
matters, and hints on means for the prevention 
of accidents in the use of agricultural machinery ; 
technical reports on the occasion of local agricul- 
tural exhibitions, national shows, and congresses 
may also be issued by them. They may deal further 
with the organisation of private displays of experi- 
mental and approved types of machinery, their 
special duties being the carrying out of practical 
demonstrations, and the granting of assistance with 
& view to promote local construction of agricultural | 
machinery ; or, where local construction facilities | 
are inadequate, they can carry out negotiations | 
with a view to the purchase of the machinery in the | 








best market, | 


The author passes in review the extent to which 
these functions may be exercised, and instances 
establishments of the kind in which such matters 
as above detailed are dealt with in various ways, 
according to local circumstances and environment. 
The usefulness of experimental stations for the | 
development of agriculture is also evidenced by | 
the fact that agricultural machinery, unlike most | 
other machinery, requires modifications to meet 
every different local condition ; a type of machine | 
may be ever so satisfactory in one district, but) 
without any practical value in another. 

According to Professor Giordano, the experi- 
mental station should be under Government 
management, and one station might, perhaps, 
suffice for the whole of the nation. It should be 
annexed to a university or to an advanced agricul- 
tural college. In these it would find advice, col- 
laboration, and assistance, more especially as 
regards laboratory analyses, collections, libraries, 
&c. It should, of course, be put down preferably 
in an agricultural centre, where its services would 
be largely in demand. The staff might include 
a manager, a skilled mechanic, and one or two 
assistants, to whom might be added—temporarily 
and in special circumstances—several labourers. 
The author enumerates the accommodation, col- 
lections, and recording instruments with which the 
station should be supplied ; he further gives a list 
of the points on which the station would have to 
report in the course of experiments on machinery, 
and insists on tests of sufficiently long duration 
under practical working conditions. He also con- 
siders the various means of fitting up the station 
with the necessary implements, and advises upon 
those cases in which investigations of a special 
nature have to be made, such as experiments with 
thrashing-machines, dairy apparatus, and so forth. 
He concludes the first part of the book by giving 
forms of applications for tests and of test certifi- 
cates, the latter with the methods of calculating 
charges. 

The second part of the book illustrates the first ; 
it contains a description of agricultural experi- 
mental stations established from 1867 to 1906 in 
France, Belgium, and Germany. This rtion 
takes up 240 pages out of the total of 320. It 
gives data on a large number of various agricul- 
tural implements, illustrated descriptions of the 
mechanical parts, and a critical review of the 
advantages and disadvantages of a number of 
apparatus. For most of the disadvantages the 
author suggests modifications and improvements. 

The book is carefully printed and illustrated, 
and the provision of a good index makes it of easy 
reference. 





Colliery Working and Management. By H. F. ButmMan 
and R. A. Repmayng, MM. Inst. Min. E. London: 
ow. eine and Son. Second Edition. [Price 

. net. 

In its second edition Messrs. Bulman and Red- 
mayne’s work on “‘ Colliery Working and Manage- 
ment” has been considerably enlargedand improved, 
so that while the interest in the first edition was 
somewhat restricted, owing to references to current 
practice being confined to a comparatively limited 
area, this new volume, embracing as it does a much 
wider field, will be found to be of enhanced interest 
and usefulness. Thus, whereas the first edition 
dealt almost wholly with the methods employed in 
the North of England coalfields of Northumberland 
and Durham, the new one includes much infor- 
mation relating to the practice in vogue in Stafford- 
shire and the South Wales fields. 

The volume deals more particularly with the 
labour questions which have to be faced in the 
economical and successful working of collieries. 
Reference to methods of haulage, the organisation 
and duties of labour employed on the surface, 
and the general pit-head arrangements are either 
not touched upon or scarcely referred to. The 
use of electricity is scarcely mentioned until we 
reach the Appendix, in which are given verbatim 
the regulations issued by the Home Office relating 
to the installation of electricity in coal-mines. The 
work, in fact, is one dealing purely with the actual 
winning of coal, and the methods adopted in various 
districts towards accomplishing this end in the 
most successful manner. 

We have, therefore, described to us the different 
methods of working, such as bord and pillar, long- 
wall, double-stall, &c. ; and their relative advan- 
tages or the reverse are pointed out. In addition 





there are given a series of tables showing the 


results actually obtained by different methods and 
under different conditions. These tables are com- 
piled from the actual outputs and accounts of 
collieries working in all manner of seams, thick and 
thin, fiery or non-gaseous, at deep levels or shallow, 
in hard or soft coals, &o., and the results are par- 
ticularly interesting. The output being directl 
dependent on the method adopted in winning coal, 
much space is allotted in the volume to the methods 
of kirving, drilling, &c. ; and in this edition a fair 
amount of fresh matter is given on drilling-machines 
and coal-cutting appliances in use at the present 
day. We cannot help thinking, in view of the 
growing importance of this icular branch of 
colliery working, that it would have been advan- 
tageous to devote even more space to fuller de- 
scriptions of these machines, and their working ; 
the subject is scarcely one which can be adequa’ 
dealt with in some twenty pages, much of which 
space is occupied by illustrations. While perhaps 
not so much has been done in this line of develop- 
ment at home as in some other countries, mechani- 
cal methods have been adopted to a large extent in 
the. United. States and on the Continent, and in 
most countries are likely to be of considerable 
importance in the future. The machines are, it 
is true, described’; but in no case is sufficient in- 
formation given relating to conditions, results, &c., 
to warrant their adoption from a study of these 


es. 
a these days, when it is so common to hear the 
remark that Capital and Labour are—and must be 
—necessarily antagonistic, it is pleasing to note 
the various characteristics and attributes which, in 
the authors’ opinion, go to make a good colliery 
manager. On pages 53 to 55 are to be found 
remarks which will apply to a far larger class of 
men than that of oulaa managers. They are 
applicable, in fact, to all who are in positions of 
authority over bodies of men, large or small. The 
authors’ remarks on this subject will be endorsed 
by most successful men. Much, we believe, may be 
done to encourage good feeling among the staff or 
employés, or to help forward the work by stimu- 
lating in them something of the nature of esprit de 
corps, and this, too, without any loss of the dignity 
which some imagine attaches to their position. Men 
cannot — nor is there need that they should—be 
considered any longer as mere machines to produce 
the utmost possible amount at the least cost ; and 
the managers who succeed best are not always 
those who drive, but those who encourage co- 
operation. A modern manager, be he a colliery 
manager or otherwise, needs a sound knowledge of 
human nature, and, if possible, sufficient concern 
in the welfare of his men to take something of an 
interest in them outside their work. 

The information of the actual working of col- 
lieries is supplemented by a chapter on the law 
relating to their working, and also by copies of 
agreements, bonds, Acts of Parliament, and Joint 
Committee rules, &. Altogether, the volume forms 
a most instructive work ; and although a colliery 
manager must necessarily have learnt much of its 
contents from actual experience during the years of 
training required to fit him for his ition, we 
do not doubt that it will be read with interest and 
benefit even by members of his class, while in 
the case of younger men and students it will pro- 
bably add much to their store of knowledge in the 
particular field covered by these authors. 

The Principles of Electric-Wave Telegraphy. A. 
ume MA’ D.Sc., F.R.S., Pro’ — ot iti 
Engineering in University College, of the University of 
London, M.I.E.E., &c. London: Longmans, Green, 
and Co. [Price 24s. net.] 

THis volume is based to a large extent on the 
subject-matter of the three sets of Cantor lectures 
which Professor Fleming delivered at the Society 
of Arts in 1900, 1903, and 1905, and those who 
heard, or have since read, these lectures will 
that the author has been well advised to put their 
substance, along with additional matter, into this 
readily accessible form. Professor Fleming has 
excellent qualifications for the task of discussing 
the principles of electric-wave telegraphy, and his 
close association in recent years with Mr. Marconi 
and the Marconi Wireless Telegraph Company has 
given him the best equipment for expounding the 
modern practice in this new branch of applied 
science. 

The book is divided into three parts, of which 
the first two are mainly theoretical. The author 
tells us that his aim has been ‘‘ to deal chiefly with 
the scientific principles underlying the art, the 
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theory of the operation of the appliances employed, 
and especially with the quantitative aspect of the 
subject and the methods of measurement which are 
employed in a metrical estimation of the quantities 
ond effects concerned.” This scheme has been 
closely adhered to in the first two parts of the 
volume. Part I. treats of electrical oscillations, 
and expounds the theory and production of high- 
frequency currents and oscillations, the different 
measurements which must be made to obtain 
sound knowledge regarding them, and the methods 
and apparatus used in these measurements, and 
closes with an excellent discussion of the causes and 
effects of damping and resonance. Part. II., under 
the title ‘‘ Electric Waves,” is devoted to an 
analysis of the production and properties of 
stationary electric waves on wires and of electro- 
magnetic waves, and to an exposition of the appli- 
ances used for their detection and measurement. 
The — dealing with these measurements gives 
practically the whole history of this art, as the 
author deals with the earliest attempts at measure- 
ment, and completes the record down to the present 
time. Two out of the three chapters in Part ILI. 
are to a large extent a chronological record of the 
history of electric-wave telegraphy, and they tell a 
very interesting story ; though we have no doubt 
that some readers may think that the author here 
plays too much the part of the advocate for Mr. 

arconi. We do not wish, however, to enter on 
this question, as Professor Fleming is entitled to 
express his own views, and the attitude he adopts 
is natural in his case. The final chapter discusses 
the principles of electric-wave telegraphy, analysing 
the various elements of a practical apparatus for 
wireless telegraphy, and explaining the theory 
applicable to each, and the methods of determin- 
ing the important data for practical pur An 
appendix contains the text of the Wireless Tele- 
graphy Act, 1904, and an excellent bibliography of 
electric-wave telegraphy and a list of British patent 
specifications on the subject. 

This is but a mere outline of the contents of the 
volume, but it will suffice to explain its character. 
The work is not one that will appeal to the ‘‘ man 
in the street ;” but no pete student, provided 
he has a knowledge of higher mathematics, can 
afford to pass it over if he desires a thorough know- 
ledge of the theory of this subject. 





Elements of Sanitary Engineering. 
Merriman, Professor of Civil Engineering in Lehigh 
University. Third Edition, enlarged. ew York: 
John Wiley and Sons; London: Chapman and Hall, 
Limited. [Price 8s. 6d. net.] 

Many books on sanitary engineering have been 

nonag ag in recent years, but too many of them 
ave the great fault that they are overburdened 

with purely manage: age matter, while the science, 
as distinct from the practice, receives insufficient 
treatment. To give a student illustration after 
illustration of works which have been actually 
carried out, and to give lengthy descriptions of all 
the details of ‘their construction, may be useful 
enough at certain times and under certain cir- 
cumstances; but to crowd all this into an 
elementary text-book of reasonable size can only 
mean the curtailment of the exposition of the 
principles of the science, whereas the real duty 
of the student is to master these principles 
first, and afterwards note how they are applied 
in practice. Taking this view of the matter, we 
welcome most heartily the volume now before us, as 
it contains an admirably-planned course of instruc- 
tion for students on the lines we have just indi- 
cated. The author sets out with the definite aim 
to present eae a more prominently than prac- 
tice ; and his method is such as to appeal to the 
student, and to give him an interest in his work. 
We could wish that all elementary text-books on 
this subject might contain such an interesting and 
instructive chapter as that on ‘‘ Sanitary Science,” 
with which this volume opens. It contains a dis- 
cussion of the public health, of the causes of diseases 
that may be contracted from sewage or impure water 

supply, of the bacteriology of the subject, with a 

clear explanation of the natural cycle of changes 

from growth and life to decay and death, and again 
to fresh growth und new life, and of the scientific 
precautions which must be taken to control these 
processes so that the public health may be main- 
tained and improved. The chemical and biological 
analyses of water are also explained and inter- 
ted. When a student has mastered this chapter, 

e is in a position, when dealing with modern 
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practice in later chapters—as, e.g., in the case of 
treatment of sewage in septic tanks—to under- 
stand why certain things are done as well as how 
they are done. 

The other chapters of the volume are also of 
great merit. They deal with water and its purifica- 
tion, water systems, sewage systems, the dis 
of sewage, and the dis of refuse and garbage. 
In every chapter the same close attention to 
principles and the same simplicity and clearness of 
exposition, are apparent. A useful feature of the 
volume is the collection of exercises and problems 
at the end of each chapter, the answers to which 
can only be given after reference to engineering 
literature with the aid of a reference index. The 
idea is that a student should work out a problem 
for himself, and should then be made to expound 
the result of his inquiry to the class; other 
problems to be dealt with in a similar manner by 
other students. We cordially approve of this 
scheme, and believe it would, if adopted, afford 
extremely useful training to students. 

We are not surprised that this work has reached 
a third edition ; that is but a fit reward for the 
author, and we cordially recommend the book to 
young students of the subject. 


BOOKS RECEIVED. 

The British and Foreign Guide to the Engineering, Steel, 
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Perpetua Diary.—We have received from the Henry 
Wells Oil Company, Imperial Oil Works, Salford, a 
perpetual diary and office reminder. Thesé handy little 
contrivances have been given in some quarters the expres- 
sive, but objectionable, name of desk-ticklers The arrange- 
ment consists of a box containing a number of different 
coloured cards, on which are to noted engagements, 
events, fixtures of any kind, in fact, which it is to one’s in- 
terest to keep before one’s mind. Blue cards separate the 
months, and buff cards the days, while any note is to be 
written on a pink slip, and put behind the card of the day 
on which this engagement or duty has to be attended to. 
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THE NEW YORK SUBAQUEOUS 
TUNNELS.—No. I. 
By Cuaries Pretini, C.E. 

THERE are to-day more subaqueous tunnels in 
course of construction in New York and its vicinity 
than in the rest of the world together. A few 
years ago he would have been considered a bold 
man who would advocate the construction of 
tunnels under water, for the example of England 
was not encouraging, and the unfinished condition 
of the Hudson River Tunnel was a solemn warning 
against undertaking enterprises of such a difficult 
and dangerous nature. It has come to be recog- 
nised that, in engineering works of magnitude or 
novelty, Americans are rather slow in making a 
beginning ; but once the initial step is taken, they 
carry the work on with energy, enthusiasm, and 


numerous or serious than those which have occurred 
in mining or in ordinary engineering operations. 

It may here be pointed out that in America sub- 
aqueous tunnels are commonly spoken of as ‘‘sub- 
marine”—a term which may seem strange and 
inappropriate to the English reader ; yet it is one 
that is in current use. 

At the present moment no less than seven dis- 
tinct tunnels, formed of seventeen separate tubes, 
are being constructed for the purpose of connecting 
Manhattan Island, on which New York City stands, 
with the surrounding boroughs and cities. They 
are the following, which are shown on the accom- 
panying map, for which we are indebted to the 
courtesy of Mr. Charles M. Jacobs. 

1. The Hudson River Tunnel, which was begun 
thirty years ago, and only recently completed, the 





and in daily use for passenger traffic. It is built 
at shallow depth, and in a manner that offers some 
new and interesting points in engineering practice. 

3. The East River Tunnel, which is also being 
constructed by the Rapid Transit Commission for 
the extension of the subway into Brooklyn, now 
one of the boroughs of Greater New York. This 
tunnel is now well advanced, and, although the 
work has been carried on in the customary way, we 
shall give it special attention, by reason of certain 
data obtained that must be of interest to engineers 
and contractors. 

4. The Pennsylvania Tunnels under the Hudson 
and East Rivers, which will unite three networks 
of railway lines, and give them a terminal in the 
city. The present terminal station of the Great 
Pennsylvania system is on the western shore of 





delay being due toa long series of troubles, followed 


the Hudson River, as is also that of the Long Island 
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perseverance, regardless alike of expense, diffi- 
culties, and dangers. 

The necessity for subaqueous tunnels became 
imperative with the extension of railway lines and 
the expansion of railway systems when rivers, 
bays, or inlets had to be crossed. Bridges, in 
some cases, would interfere with navigation, the 
piers obstructing the channels. Brunel, Barlow, 
Beach, and Greathead are among the pioneers in 
the art of constructing tunnels under river-beds ; 
and we may venture to say that the next few years 
will add new names to those that stand out already 
so prominently in the records of tunnelling enter- 
prise. The proposed tunnels under the Irish 
Channel, the Straits of Messina, the Strait of 
Gibraltar, and Behring Strait, show the growing 
confidence that people have in the ability of engi- 


neers to overcome all difficulties incidental to} 


underground operations. So much experience has 
been acquired in recent years both by engineers and 
labourers, that all such work, can now be carried on 
with safety and rapidity ; even the common people 
have ceased to consider the construction of tunnels 
under beds of rivers a dangerous or hazardous 
undertaking. Indeed, it may be said that aceidents 
and casualties in subaqueous work are not more 


by numerous idle intervals. The tunnel under the 
streets connecting it with the heart of the city 
is being pushed forward with great energy by the 
New Jersey Improvement Company—a company 
closely connected with the ownership and operation 
of the surface lines of Jersey City and neighbourin 
towns. By means of the Hudson River Tunne 
these lines will be able to carry passengers into 
and from the centre of New York City. By the 
great facilities which they will afford for tramspor- 
| tation, they will relieve, in some measure, the 
congested districts of the metropolitan city. The 
ferry-boats that ply between New York and the 
Jersey shore are taxed during the ‘‘ rush” hours of 
the day to their utmost carrying capacity, which 
fact shows the eagerness of New Yorkers to leave 
‘the busy and noisy thoroughfares of the city for 
the towns and hamlets of New Jersey. This tunnel 
is shown on the map under the name of the New 
York and Jersey Rai R 
2. The Harlem River Tunnel (not shown on map), 
which was built by the Rapid Transit Commission 
under the Harlem River, for the purpose of con- 
tinuing the new subway line in the boroughs of 
Manhattan and the Bronx. This tunnel, which is 
| short compared with others, is already completed 











lines, now controlled by the administration of the 
Pennsylvania Railroad. 

It was originally proposed to cross the Hudson on 
a suspension bridge, and reach the city termi 
on an elevated line; but the plans were changed 
on account of the manifest opposition of popular 
sentiment to elevated structures running through 
the business sections of the city. It was decided, 
in consequence, to connect the two railroad systems 
—the Pennsylvania and the Long Island—by a 
series of subaqueous and subterranean tunnels. 
Such a connection implied the construction of two 
long inland tunnels for approaches, two lengthy 
tunnels under the Hudson and the East Rivers 
respectively, and an inland tunnel under Manhattan 
Island, with a large station in the central part of 
the city. No sooner had they obtained the neces- 
sary franchises than they found it indispensable to 
connect their network of lines in such a manner as 
to afford continuous transportation by rail from 
Boston to Washington. is led to an 
ment which would permit the New York, New 
Haven, and Hartford line to run trains into the 
central terminal, which is now being constructed on 
very elaborate plans at Thirty - third - street and 


Seventh-avenue. The plans call for the building 
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of a double-track tunnel under Long Island Sound, 
which will eventually place the borough of the 
Bronx in continuous communication with Long 
Island City, as well as with the entire railway net- 
work of Long Island. This means that, in con- 
nection with the improvements contemplated by 
the’ Pennsylvania administration, there will be! 
four single-track tunnels under the East River, two 

of which will be operated by the Pennsylvania 

Railroad and the other two by the New York, New 

Haven, and Hartford Railroad. As other writers 

will, no doubt, describe the general features of this 

colossal undertaking in the pages of ENGINEERING, | 
we shall confine ourselves at present to a discussion 

of some of the novel points in engineering practice | 
that we have noticed. 

5. The second Hudson River Tunnel of the} 
Hudson and Manhattan Railroad, This tunnel was 
begun in the spring of 1905, by sinking a shaft in | 
Jersey City at a point close to the present terminal 
of the Pennsylvania Railroad. The tunnel will 
enter New York at Cortlandt-street, from which an 
underground spur will be built to connect it with 
the subway system at Broadway. From Broadway 
the tunnel will pass under Maiden-lane, and plunge 
under the Hudson to Brooklyn, along the route 
marked hy dotted lines on the map. By this 
means Greater New York will be put in direct com- 
munication with the cities of New Jersey, so that 
the hundreds of thousands of workaday people who 
prefer small towns and a scattered population to| firm, Messrs. Felten and Guilleaume-Lahmeyer- 
congested districts will have ready transportation | werke Actien-Gesellschaft, of Mulheiin-on-the- 
facilities, | Rhine, together with a Swiss company — the 

6. The New East River Gas Tunnel (not shown Schweizerische Druckluft and Elektrizitiits-Gesell- 
on map) for the exclusive use of the Consolidated schaft, of Berne—have now succeeded in obtaining 
Gas Company, which is ono of the monopolies or a concession for the utilisation of these water- 
trusts that are highly favoured by authorities irre-| powers. : 
spective of political colour. The consolidated com-| At Laufenburg, situated about 35 kilometres 
panies that form the trust found that it would be from Basle, on the route to Constance, the River 
to their advantage to sell out their holdings in the| Rhine forces its way through a natural barrier of 
metropolis, and organise one large central generat- gneiss and granite, with a fall of about 3 metres. 
ing plant, with mammoth distributing tanks, in ‘I'he waters then rush through a series of rapids 
various parts of the city. This system now calls extending over adistance of 1 kilometre. The con- 
for the construction of a tunnel from a convenient figuration of the banks—which above and below 
point in Astoria, on Long Island, to the foot of Laufenburg are steep and high—permits of the 
110th-street, New York. The tunnel! will be small, | river being dammed up some 9 to 10 metres above 
as it will be used only for carrying supply pipes, the normal height. During low-water period the 
yet it will be of sufficient section to allow workmen water supply is at least 260 cubic metres, while in 
to pass readily to and fro. A similar tunnel is times of flood it may rise up to 5000 cubic metres, 
already in existence, known as theHast River Gas| per second. With a head of water varying from 
Tunnel, built in 1891-4, and only 10 ft. in diameter. | to 11 metres, the projected power plant will 
It has acquired some notoriety, on account of | develop about 50,000 horse-power during ten 
troubles that attended its construction almost from | months out of the twelve, 30,000 horse-power being 
beginning to end. available all the year round. It will therefore be 

7. The Forty-second-street, or Belmont, Tunnel, | one of the most important water-power plants on 
the construction of which is already well advanced, | the European Continent. 
extends from Forty-second-street to Long Island; The two companies had been working separately 
City, passing under and along the East River. The | for several years, but finally it was agreed to apply 
charter for its construction was secured, many jointly for the concession of the project worked out 
years ago, by a certain Mr. Stillmann from the| by Mr. 8S. Z. de Ferranti, of London, and which 
City and the State of New York, for the pur-|had already been laid before the authorities by 
—~- of connecting the New York Central and Messrs. Felten and Guilleaume. Mr. Ferranti had 

udson River Railroad with the Long Island investigated the possibilities of the Laufenburg 
system, and also for connecting the latter with the | Falls in the year 1890, and had been so favourably 
New York, New Haven, and Hartford terminal, | impressed that he applied for a concession for their 
situated in the Bronx. The charter, however, was | utilisation. Preliminary surveys were made at the 
abandoned, as financiers had not been encouraged | time and lodged with the authorities, and, later on, 
by the results of the attempts at tunnelling under | Mr. H. W. Kolle, now of the Babcock and Wilcox 
the Hudson River, so often undertaken and as| Company, superintended the making of complete 
many times abandoned. Butas soon as Mr. August | plans of the river on Mr. Ferranti’s behalf. Theaban- 
Belmont became President of the Interborough | doned project of the Swiss company was the work of 
Rapid Transit Company, he sought, quite natur-| Mr. A. Trautweiler, of Strassburg. It provided fora 
ally, to extend the subway lines into other boroughs | masonry dam crossing the Rhine above the bridge 
than Manhattan ; and in carrying out his project | at Laufenburg, and for two tunnels to conduct the 
he took up the old charter, and proceeded at once | water through the rock on which the town is built. 
with the works. Some authorities claim that the| The power-house was to be located at the outflow 
charter is invalid, its time having expired ; but| of the tunnels just below Laufenburg, where the 
notwithstanding the fight that is going on in the| series of rapids referred to above commences. This 
courts, the work itself progresses without let or | scheme would, however, not have allowed of utilis- 
hindrauce. This seventh tunnel will be used ex- | ing the water powers to their full extent, as the 
clusively for poeveas traffic, and will connect the | Ferranti project does. The idea of the latter is to 
New York subway with the sirface-car systems of | concentrate the power, which is now allowed to run 
Long Island, especially in the borough of Queens. | waste through the ‘‘ Laufen” fall and the rapids, 
As we do not intend to describe this tunnel at any | shown in Figs. 1 and 2, page 300, at one point 
length, we may here say that it is driven by an| about 1200 metres below Laufenburg, where, as 
intermediate shaft situated on Man-o’- War Reef, and | Fig. 3, page 300, shows, a weir and the power-house 
constructed by means of a shield and compressed | are to be erected across the river. For this pur- 
air. This tunnel has, unfortunately, made already | 


The great work which will connect the Pennsy!- 
vania and the Long Island lines will require the 
construction of six subaqueous tunnels, four of 


the Hudson. No less surprising than this is the 
fact that there are, at the present time, sixteen 
subaqueous tubes in course of construction for 
the purpose of connecting both Manhattan Island 
and Long Island with the mainland. Those that 
we have selected for description in the following 
articles are :— 


historical importance ; 
points of construction ; 
nary work ; and 


(d) The Pennsylvania Tunnel, on account of the 
general character of its construction. 








THE WATER-POWERS OF THE RHINE 
NEAR LAUFENBURG, 

For some fifteen years negotiations have been 
in progress with reference to the development of 
the water-powers of the Rhine near Laufenburg, 
where this river is the boundary between Germany 
(Grand Duchy of Baden) and Switzerland (Canton 
Aargau). The well-known electrical engineering 








| pose the section of the bed of the river will be 
enlarged by blasting the barrier of gneiss over 
which the water falls at Laufenburg, and removing 
large quantities of rock from the steep banks that 
straighten the course of the river between the town 
and the locality of the power-plant. That part of 
the river will, therefore, assume the nature of a 
canal, and there will be no necessity for excavating 


a great number of victims ; and these accidents 
and fatalities were probably due to the great depth 
at which the tunnel was driven, and the great pres- 
sure of the air in which the men had to work. 
With the exception of the new East River Gas 
Tunnel, all the others will consist of two parallel 
tubes driven either close together or some distance 








which will run under the East River and two under | 


(a) The Hudson River Tunnel, on account of its | 
(b) The Harlem River Tunnel, on account of novel | 


(c) The Brooklyn Tunnel, on account of prelimi- ‘bank to the left, the 


apart, and quite independently of cach other. | special canals for head-and-tail race, The thunder- 


ing and foaming waterfall and rapids, shown in 
Figs. 1 and 2, page 300, will disappear, and be re- 
placed by a smooth and still expanse of water, 
presenting the appearance of a small lake. At 
Laufenburg, on the Swiss side, and Kleinlaufen- 
burg, on the German side, retaining-walls will be 
erected to protect the lower parts of certain houses 
and gardens against high water. Various sections 
through the river-bed are shown in Figs. 4 to 8, 
which also indicate the amount of excavation re- 
| quired at different places. The points at which the 
sections are taken are shown in lig. 3. A section 
| through the power-house is given in Fig. 9, and 
Figs. 10, 11, and 12, on page 301, show the arrange- 
Proceeding from the right 
disposition of the water- 
power plant will be as follows :—First, there will 
| be a lock 30 metres long and 9 metres wide, then a 
| dam with three piers and four openings, with large 
| hollow iron gates (Stoney sluice-gates), of which 
| the first is 20 metres wide and 12.5 metres high, 
| the second—i.e., the main gate—20 metres by 
17.5 metres, and the third and fourth each 14.5 
metres by 12.5 metres. These sluice-gates will be 
operated by hydraulic pressure, the water being 
raised to a pressure of 120 atmospheres in a special 
pumping station inside the turbine building, and 
conducted to the dam by a double pipe-line. To 
avoid unnecessary height of construction the hy- 
draulic cylinders for operating the gates are placed 
inside the latter, and the water pressure enters the 
cylinders by a hole drilled through the centre of 
the ram. The gate may be raised 1 metre above 
high - water level, and the upper 2 metres of 
each door may be lifted alone, in order that the 
floating ‘matter which comes down the river at 
certain seasons may be washed over the dam. The 
power-house, which joins the dam at an angle, will 
occupy the left side of the river. For greater 
stability, the piers and abutments of the dam will 
be joined up by stone arches, so as to form a 
viaduct. Floating booms will be provided in 
front of the power-house, to keep off driftwood 
and other floating matter. To allow the salmon 
and other fish, to which the high dam would be 
an insuperable obstacle, to continue their course, 
special fish-passages will be cut into the rock on 
either side of the river. The power-house will 
contain ten turbines of 5000 horse-power units, two 
exciter turbines (1500 horse-power units), and small 
turbines for the pumping-station; also the whole 
electrical equipment—viz., dynamo3, transformers, 
switchboards, electric travelling-cranes, &c. The 
turbines will be of the Francis type, with three 
wheels. Two of these wheels discharge into a con- 
crete pipe, and the lowest directly into the pit. 
Each turbine-chamber can be closed in front by an 
hydraulic sluice-gate ; to close the chamber from 
the pit side there are movable gates, worked by 
hand-winches. 

When the chamber is closed from both sides, it 
may be emptied by pumps provided for this pur- 
pose. There is a pair of centrifugal pumps con- 
nected to one general pipe, and this pipe is con- 
nected to every turbine-chamber by means of a 
stop-valve. 

In front of the turbine-chambers there is one 
wide and one fine screen. These screens can be 
cleaned either by hand or by machinery, and washed 
by the following method :—The front gate of the 
chamber being closed, and the separating gates to 
the next chambers opened, in front of the gate a 
trap-door, normally closing a channel leading di- 
rectly to the pit, is opened, so that the water 
rushes in the opposite direction through the screen, 
and washes all matters from it into the pit. 

The electric energy will be partly transmitted 
to consumers in the south of Baden and the north 
of Switzerland, and partly used for electro-chemical 
purposes. Mr. H. E. Gruner, of Basle, is the re- 
sident hydraulic engineer of the undertaking, and 
has added a number of plans to those originally 
made, many of them to meet the requirements of 
the two Governments concerned—namely, Switzer- 
land and Germany. The great difficulties caused 
by the water-power being on tho frontiers of 


| ment of the sluices. 





these two countries, and certain other reasons, 
have been responsible for the long interval which 
has elapsed since the inception of the scheme, 
the concession having only been granted a few 
months ago after sixteen years of work. Much of 
the trouble with the authorities in the early days 
was due to the fact that the scheme was novel in its 





engineering features, and lacked the usual canal to 
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or from the turbines, although the early design has 
since been abundantly justified by the success of 
similar arrangements. The time necessary for 
carrying out the scheme will be from four to five 
years. Operations will in all probability be com- 
menced during the present year, and we hope, in 
due course, to deal with the works in greater 
detail. 








THE INSTITUTION OF MECHANICAL 
ENGINEERS, 


ALLoYs OF ALUMINIUM AND COPPER. 


A sPECIAL general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
1st inst., at the Institution House, Storey’s-gate, 
for the purpose of continuing the discussion of the 
Eighth Report to the Alloys Research Committee, 
the subject being the ap aes of alloys of alumi- 
nium and copper. The authors of the report were 
Professor H. C. H. Carpenter and Mr. C. A. 
Edwards, of the National Physical Laboratory. We 
have already printed an abstract of the report and 
also of the Supplement (see pages 127, 158, and 253 
ante), and we also gave an account of the discussion 
which took place at the last meeting (see page 232 
ante). 

On Friday last, Mr. H. F. Donaldson, of Wool- 
wich Arsenal, occupied the chair, and before open- 
ing the discussion called upon Mr. Walter Rosen- 
hain to offer some remarks upon further investiga- 
tions which had been carried out. 

Mr. Rosenhain, responding, said that he desired 
to lay before the meeting the results of a few 
experiments which had been made since the last 
meeting on the tensile strength of one of the copper 
aluminium alloys at high temperatures. These 
results were to be regarded as entirely preliminary, 
and would, he hoped, be amplified later on. He 
would communicate further results in writing 
for incorporation in the Proceedings of the In- 
stitution. The speaker illustrated his remarks 
by lantern-slides thrown on the screen. These 
we reproduce in Figs. 1 and 2. The first slide 
showed the general arrangement of the furnace 
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that was used for carrying out the tests. It 
consisted of a porcelain tube, about 2 in. in 
diameter, wound upon the outside with nickel 
wire, much in the manner of certain furnaces 
described by Dr. Carpenter in previous papers. 
The wire was wound much more closely at the 
ends than at the middle, so as to secure as uniform 
a distribution of temperature as possible ; two of 
the difficulties in carrying out satisfactory tests of 
this kind being to secure the same temperature 
throughout the whole test piece, and to know what 
that temperature was. The porcelain tube, with 
its nickel winding, which was, of course, heated 
electrically, was insulated thermally by asbestos 
contained in a large iron tube, and was held at the 
top and bottom by plates. The construction of 
the furnace was very simple, but it had proved 
successful, and had escaped destruction when 
the test-pieces were broken; this had been se- 
cured by, first of all, attaching the furnace to 
a large steel shank, which held the test-piece to 
the beam of the testing-machine, The furnace itself 











was suspended by two wires from a clamp, scarcely 
visible on the slide. The clamp was movable, and 
the whole was run up the shank when a new test- 
piece was inserted. The furnace was held to the 
upper shank to prevent oscillation of the latter 
breaking the tube. Finally, the whole of the shank, 
both top and bottom, was packed with asbestos 
wool and wrapped in asbestos cloth, so as to deaden 
any shock when the specimen broke. Packing with 


uniformity of temperature in the furnace. 
temperature itself was measured on a_plati- 
num thermo-couple, one of the wires going up 
on the one side, and the other on the other side 
of the shank. The couple was bare at its extreme 
end, and was held in close contact with the surface 
of the test-piece by being tied to it with several 
windings of asbestos thread. The arrangement was 
not ideal, as only the temperature at the surface of 
the specimen was measured ; but care was taken 
to keep the temperature of the furnace constant at 
the desired point for a sufficient length of time to 
secure the whole of the specimen attaining the 
temperature of the thermo-couple. The observa- 
tion of the yield-point of a specimen heated in that 
way was not, the speaker said, very easy; but he 
hoped in later experiments to make better arrange- 
ments. 

The results obtained were shown by a diagram 
embodied in the second slide exhibited (Fig. 2), pre- 
senting the mean of two tests on the authors’ alloy, 
No. 13 containing 9.9 per cent. aluminium, rolled. 
The specimens were 2 in. long in the standard sec- 
tion, and were turned from the rolled bars which were 
available from previous experiments. The results 
showed a tenacity of about 36 tons, The elongation 
was not written in, but, as a matter of fact, it was 
about 28 per cent. The elongation was shown on 
the diagrams, and rose with the temperature, slowly 
at first, and more rapidly as the higher tempera- 
ture was reached. The tenacity fell correspond- 
ingly rapidly when once the temperature of 200 deg. 
Cent. was passed. For drawing the curve to any 
degree of certainty, more points would be required, 
and these the speaker hoped to obtain later on. 
Meanwhile the figures would show the behaviour 
of the alloy at moderately high temperatures. To 
illustrate the agreement between the two tests, Mr. 
Rosenhain stated that at 400 deg. Cent. one 
specimen gave an ultimate stress of 24.6 tons, and 
another 25.6 tons, while the elongation was 48 ‘od 
cent. and 47 per cent. for the two respectively ; 
other figures similarly agrecd. It appeared, there- 
fore, that the conditions of the experiment were 
sufficiently accurately known to be constant from 
one test to another. 

Sir William White was the next speaker. He said 
that, as Chairman of the Alloys Research Committee, 
his first duty was the pleasant one of thanking, on 
behalf of the Committee, the Broughton Copper 
Company and the British Aluminium Company for 
the support given in the conduct of the experi- 
ments. In both cases the representatives of the 
companies, who were members of the Committee, had 
not merely supplied material, but had given facilities 
for Dr. Carpenter and Mr. Edwards to visit their 
works. He need say little with regard to the 
authors of the paper, but one feature he would like 
to dwell upon. Dr. Carpenter, as he was leaving 
for another sphere of work, might have somewhat 
relaxed his efforts; his conduct, however, had 
been the reverse of this, for he had worked in 
what, in shipbuilding parlance, was known as 
‘double tides.” Mr. Edwards also had not failed 
to back his endeavours. 

There were many features of scientific interest 
in the report, but the Institution would welcome 
those parts which were more directly concerned 
with the practical applications to engineering prac- 
tice. Professor Arnold had mentioned some dif- 
ference of opinion as to the best method of dealing 
with cooling curves. Members might have received 
the impression that this difference of opinion was 
of a nature to affect the results from a practical 
point of view. It did nothing of the kind. There 
was, and had always been, practical agreement 
| between what might be termed “the highly critical 
| points of the curves ;” the range of temperatures 
at which constant changes of condition occurred 
|was lettered with A’s, and suffixes to distin- 
“guish the triple changes in the cooling. It was 
| these critical points with which practical engi- 
/neers were most concerned, as they represented 
temperatures at which sudden changes occurred 
jin the condition of materials, and which were, 








asbestos had the further advantage of securing 
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therefore, temperatures to be avoided. The point 
of difference to which reference had been made 
by Professor Arnold was of a strictly scientific 
nature, and related to the best method of deter- 
mining with the greatest possible accuracy the 
line tracing out the variation of temperature with 
time. In regard to that matter, there had been, as 
stated by Professor Arnold at the last meeting, an 
arrangement made by the main committee for the 
formation of a sub-commitiee, whose object would 
be to reach a definite result. That conference had 
taken place, and had led to a unanimous decision 
as to what the points of difference really were. The 
practical conclusion arrived at was, that the best 
way of dealing with the strictly scientific side of 
the question would be in the preparation of papers 
containing particulars of the methods which had 
been followed at Sheffield and at the National 
Physical Laboratory, and the discussion of these 
memoirs before some more purely scientific 
society, such as the Royal Society or the Physical 
Society. 

Coming to the practical utility of the conclusions 
reached in the report, the speaker had noticed that 
Mr. Tomlinson had, at the last meeting, alluded, 
with justice, to the apparently small effect on 
practice which appeared to be the probable issue 
from the large amount of work that had been done. 
He thought, however, that Mr. Tomlinson would 
agree with him when he said that to have cleared 
the ground, and to have reduced the thing, from 
the industrially important side, to the limits which 
had been defined by Dr. Carpenter and his col- 
league, was a great achievement in itself. The 
speaker himself had been interested in these alloys 
of aluminium and copper for many years, and had 
endeavoured repeatedly to obtain exact information 
as to their claims to consideration for practical 
work ; but, until he saw the report, he had not 
been able to discoverthem. It was now, however, 
known what were the alloys of industrial value. 
While he quite agreed that in the rich-in-copper 
alloys were to be found those alloys likely to prove 
of the greatest industrial value when used for pur- 
poses where high tensile strength and high yield- 
point were of importance, he yet thought it would 
be found that the rich-in-aluminium end of the 
series would also have a practical, and, perhaps, 
increasingly practical, value. The report gave 
very full information as to the effect of various 
treatments upon the rich-in-copper alloys. In- 
vestigations of the effects of temperature were 
now commencing, and Mr. Rosenhain had shown 
the beginning of that work. When, however, the 
use of this material, consisting of alloys which in 
their general characteristics bore a close resem- 
blance to mild steel, was in question, it was neces- 
sary to know a good deal more than had yet been 
discovered. He was not in the least depreciating 
what had been done, but merely wished to empha- 
sise the incompleteness of the information which 
even the large amount of work had been able to 
give. If, for example, it were desired to substi- 
tute in some structure the remarkable alloy of 
copper and aluminium, which was equal in strength 
to mild steel, it would be requisite to know a great 
deal more about its worth in the form of plates of 
such dimensions as would be required in practice. 
What would be the effect upon the material of the 
mechanical processes, such as punching, drilling, 
or riveting’ What would be the possibility 
of getting a suitable material for rivets? What 
would be the effect of the process of shaping 
the plates if they were put into a structure such as 
the hull of aship? It was, the speaker continued, 
nearly thirty years since he had seriously con- 
sidered the use of Naval brass for the bottom 
plating of ships. It would give advantages in 
regard to corrosion and fouling ; but the question 
of cost negatived its use. Going to the other 
end of the series, there were, Sir William said, 
many parts of structures, particularly in ship con- 
struction, where high-tensile strength was not 
required. He would instance the structures above 
the strength deck of a great Atlantic steamship. 
If it were possible to get a material, such as one of 
the rich-in-aluminium alloys, at a reasonable cost, 
stiffness would be secured; whilst, as tensile 
strength was not needed, the saving in weight 
would be enormous. That was only an illustration 
of the possibilities to which such an inquiry as that 
under discussion led. He was certain that when 
engineers generally found time to look into the 
report, and consider its results with reference to 
their own particular branches of work, they would 
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WATER-POWER STATION ON THE RHINE, NEAR LAUFENBURG. 
(For Description, see Page 298.) 
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find it a treasury of information of great value to/| carried out fully, and that all the condi- om : 

the profession. | tions of practice had not been repre- eh. 
e question of further extension of the report | sented. That had been recognised by “ 

was not one for the meeting, but it had been con-|the Committee from the first, and by 289.80 bs 


sidered by the Committee, and recommendations | the courtesy of the Admiralty it had now 
would be made to the Council. He hoped that, as| been arranged to make corrosion tests 
had always happened, the Council would adopt the | with sea-water at Portsmouth under con- 286 00 _ 
recommendations ; if so, it would be found that, | ditions which would enable direct com- Dee 7 
much as had been done, it was possible to go further | parisons to be made with corresponding C) een Nien 
with great advantage. | tests that had been carried out for many years on| have been expected, because in the uses which 
The corrosion tests in the report were very other metals and on some alloys. So far, how-|had been made of aluminium alloys in special 
striking. He believed that Mr. Blount had pointed | ever, as the tests had gone, the results were most cases, such as in yachts built to compete for the 


out that as yet these corrosion tests had not been! remarkable, and not altogether such as would! America Cup, this question of corrosion and rapid 
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SLUICE-GATES FOR NEW POWER-STATION ON THE RHINE AT LAUFENBURG. 


Fig.i0. 





(For Description, see Page 298.) 
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deterioration had been most serious. Vessels had 
suffered in that way to an extent that had never been 
anticipated, and the torpedo-boat that had been 
built by Mr. Yarrow for the French Government ' 








—an aluminium-alloy torpedo-boat built some years 
ago*—was an example. The boat had ample struc- 





* See ENGINEERING, vol. lviii., page 458. 





tural strength, as she had to be lifted on board, and 
was far lighter than a steel-built boat, but want of 
durability resulted in the conclusion that the ex- 
periment was not one to be pursued. There were 
many practical suggestions in the report for the 
processes of casting and treatment of these alloys. 
He had noticed, and was not surprised to find, that 
those who had had practical experience did not alto- 
gether agree with the suggestions. It was extremely 
difficult for the authors to grasp all the conditions 
of practice, working, as they did, under laboratory 
conditions ; but very often work done under labora- 
tory conditions suggested modifications in processes 
carried out in factories. 

Continuing, Sir William White said he would 
like to allude to the in Professor Arnold’s 
remarks in which reference was made to the use of 
static tests. No one recognised more fully than 
the speaker the value of dynamic tests, but, while 
that was true, there could be no doubt that for 
designed structures static tests were of immense 
importance. There was a strong tendency, when 
anything new and useful came up, to suppose that 
it must necessarily supplant what had gone before ; 
nothing was more absurd. There was no method 
of testing that was so comprehensive as to 
take the place of all others, and he was entirely 
with at mane Arnold in thinking that whatever 
might be done in the matter of dynamic tests, 
there should be no thought of abandoning the old- 
established methods of testing. The action of the 
Standards Committee not very long ago, in taking 
immense trouble to lay down what, it was to be 
hoped, would become the uniform conditions of 
carrying out static tests, indicated that the great 
body of practising engineers in this country were 
of the same opinion. 

Mr. C. H. Wingfield was the next speaker. He 
said that at the last meeting attention had been 
called to the fact that in the paper there were two 
methods of testing where cross-bending was 
A third method was described by Captain Sankey, 
and the speaker had noticed that in previous men- 
tions of the Arnold tests very considerable differ- 
ences occurred in the number of alternations, witha 
very small difference of angle of bend. This did not 
matter with the mechanical method devised by Pro- 
fessor Arnold, because the angle was always iden- 
tical. It had occurred to the speaker that if there 
were such a delicacy in Captain Sankey’s machine 
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and if the small difference of angle made such a 
large difference in the number of alternations, the 
machine would not be adaptable for the purpose 
for which it was intended—that was to say, to 
take its place as a good, solid, workshop testing- 
machine. He had therefore made a series of tests, 
and as all the samples of copper-aluminium alloys 
had been used, these tests had been made with mild 
steel cut fr$m a bar of very uniform material. The 
speaker illustrated his meaning by two wall dia- 
grams, which we reproduce in Figs. 3 and 4. 
The first of these diagrams showed the standard 
angle to which Captain Sankey’s machine bent the 
specimens, as marked. The specimens were bent 
to an angle of 45 deg. on either side of the normal 
position of the specimen until they broke. No 
other angle was used by Captain Sankey. The 
speaker had tried bending through various angles— 
37 deg., 30 deg , 22 deg., &c.—and he had found 
that asthe angle through which the specimens bent 
diminished, so the number of bends required to 
break them increased; and when small angles were 
reached the bends increased very rapidly; from 11 
deg to 10deg., for instance, the jump would, perhaps, 
he 50 alternations. That would never do for work- 
thoptests It would be seen that down to the stan- 
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dard bend the curve would be very nearly horizontal ; 
there was very little difference between 45 deg. and 
46 deg., so that accurate results could be got for 
workshop purposes. He had plotted the foot- 
pounds of the diagrams for each angle, and found 
them to be nearly the same at all angles, but 
slightly increasing with the angle. The work done 
increased as the angle diminished, and within the 
elastic limit it would be very nearly infinity ; the 
piece would not break at all. The No. 13 alloy, so 
much spoken of, was to be seen on the diagram, 
which showed much more clearly than the figures 
how like was the alloy to the steel in respect to 
true yield-point, ultimate stress, and elongation. 
Another alloy referred to by the authors as likely 
to have a commercial use, where lightness and 
strength were required, was No. 37 of the series. 
He was surprised, on looking into the matter, tu 
find that the authors had selected a cold-drawn 
specimen, and the poor little half-starved figure, 
shown on the right of his second diagram (Fig. 4) 
did not support the prediction of,a useful future for 
this alloy. The primitive yield-point was a very large 
percentage of the ultimate stress, while the elonga- 
tion was only 7.5 per cent., as shown. Cvold-drawn 
material was, of course, good for wire and rods of 
uniform section, but it had a very limited applica- 
tion. The diagram for the same alloy hot-rolled 
was also shown, and was much more promising. 
The area representing ductility was very much 
larger ; the ultimate stress was, of course, less, but 
for alloys of the description under consideration 
the exact strength was not very important, as a 
good deal could be used without great weight. He 


had also, for comparative purposes, shown in the 
second of his diagrams chrome: vanadium steel, and 
it would be seen that this material had very nearly 





the same ductility as the carbon steel, though much 
greater ultimate strength. 


Mr. Wingfield next referred to the resulls of | 


some German experiments which had recently 
been published. These experiments were con- 
ducted with copper-aluminium alloys containing 
14 per cent. to 3 per cent. of iron; one contained 


89.3 per cent. of copper, 8.9 per cent. of aluminium, | 


and 1.3 per cent. of iron; another 881 per cent. 
of copper, 8.6 per cent. of aluminium, and 2 8 per 
cent. of iron. Thesealloys, which were cold drawn, 
appeared to be very promising, but after being 
kept from 1 to 24 years, they were found to crack, 
some longitudinally, others across, and the par- 
ticular alloys mentioned were of no use at all. The 
authors had examined alloys for cooking utensils, 
submitting the specimens to various acid solutions ; 
but had left out salt; and hot salt-water had not 
apparently been used. ‘The electrolytic order of 
the alloys, ascompared with Muntz metal and other 
brasses, was entirely reversed when fresh water 
was substituted for sea-water. It was essential to 
use the same corroding agent as that to which the 
metals would actually be exposed. 

Mr. J. W. Wainwright wished to speak more 
especially from a manufacturing point of view. 
Some years ago Messrs. Bolton and Sons made a 
number of experiments on air vessels for White- 
head torpedoes. These cylinders were about 1 ft. 
in diameter, and an alloy of 10 per cent. of alumi- 
nium was used. It was thought that by forging 
this alloy would be materially increased in strength, 
but it was found that, although the reduction in 
the thickness of the walls was 50 per cent., it was 
not appreciably stronger than the original casting. 
Later the firm made a good many tubes for the 
Admiralty with 1 per cent. or 2 per cent. of alumi- 
nium in copper. No elaborate tests were made, 
but several curious things came out during the 
manufacture, notably surface cracking. In manu- 
facturing metal tubes the reduction of area was 
brought about in the usual way by a central man- 
drel and an external die, the tube being drawn 
through. In working brass tubes, it was necessary 
that a sufticient reduction should be made at cach 
lrawing; else when the metal was subsequently 
heated the tube might fly from end to end, cracking 
tight through. This effect was due to the work that 
had been put upon the metal not being transmitted 
equally through the whole substance, thus causing 
. state of surface tension. The same effect was pro- 
duced when considerable reduction was made in 
tubes without internal sepport. In ordinary copper 
tubes such effect was not noticeable, but thick 
copper tubes would crack on the surface. Upon 
aluminium - copper tubes the effect was more 
marked, being more apparent in the 2 per cent. 
than in the 1 per cent. alloy ; the cracks were similar 
to those occurring in the thick copper tubes, but in 
the 2 per cent. aluminium alloy they appeared 
in tubes of moderate size and thickness, unless a 
much greater amount of work was put upon them 
than was customary with brass and copper. Very 
much more labour than usual was therefore entailed 
in producing absolutely good surfaces. The speaker 
considered that the torsion test depended less upon 
the nature of the material than upon its precise con- 
dition when the test was made. It was within his 
experience that two pieces out of the same billet of 
copper gave very different results with scarcely a 
perceptible difference in treatment. As to copper- 
aluminium wire, Messrs. Bolton also made some 
experiments years ago with the class of hard-drawn 
wire intended for telegraph purposes, and found 
that although the strength of the meta! was very 
much greater than that of copper, the torsion tests 
did not come out well at all. 

Mr. W. T. Stead, of Middlesbrough, regretted 
that he had not been present on the previous occa 
sion. As a member of the Committee, he was 
pleased to congratulate the authors upon having 
produced one of the most complete researches of 
this valuable series of reports. M. Guillet, 
of Paris, had traversed pretty much the same 
field, but practically all his work had been con- 
firmed, and some new matter had been added. 
Now all there was to know about copper-aluminium 
alloys might be said to be known. There were 
several new points. From a practical point of 
view, the fact that a really useful alloy could, 
with care, be made into a really reliable casting, 
equal to the forged material in physical properties, 
by the simple plan of rapid cooling in the moulds, 
was quite new and most important. The simi- 
larity in properties of the Swedish 0.35 per cent. 





cacbon steel and the copper-aluminium alloy with 10 
per cent. aluminium was remarkable. There was, 
however, a property which marked a great difference 
between the two alloys ; for whilst the carbon steel, 
after it had assumed a coarse structure, could, by re- 
heating to a suitable temperature, have its crystals 
broken up, the aluminium alloys, after they had once 
been heated up so as to assume the dangerous crystal- 
line condition, could not be restored by heating. ‘T'o 
bring them back to a suitable character, they would 
have to be forged down again to break up the crystals. 
The peculiar acicular or criss-cross structure in- 
dicated by the photographs was very interesting, 
as being coincident with the martensite structure 
in steel. It appeared that this formation was due 
to the incipient separation of the crystalites, due to 
the harder constituent being more or less mixed up 
with the softer constituent in solid solution. 1t 
was most interesting to tind how very similar were 
the curves of the copper-tin and copper-aluminium 
alloys. Messrs. Heycock and Neville, who had 
worked upon the copper-tin alloys, had produced 
one of the most perfect researches that had ever 
appeared, and it was a matter for congratulation 
that the cooling-curve diagram of the copper-alumi- 
nium alloy resembled so closely the curve obtained 
by Messrs. Heycock and Neville. 

Turning to the mechanical section, Mr. Stead 
referred to the hardness and methods of testing. In 
the table given in the report, the hardness numbers 
were calculated by Benedick’s formula; he would 
suggest the introduction of another column giving 
the Brinell numbers. He entirely agreed that 
Brinell’s conditions —a 10-wmillimetre ball and 
3000-kilogramme pressure — should be considered 
the standard for Brinell tests. Mr. Stead next 
referred to certain tests, analogous to those made 
by the authors, upon some phosphoric iron steels. 
The series consisted of three steels, containing 0.3 
per cent. carbon and other constituents which 
remained constant, the phosphorus content being 
0.04, 0.30, and 0.50 per cent. respectively. These 
had been tested by Professor Arnold on his ma- 
chine, and by slow bending tests, as in the case 
of Captain Sankey’s machine, and other tests had 
been applied. It would surprise the members to 
learn that the steel containing 0.5 per cent. of 
phosphorus showed a tenacity of 44.2 tons, an 
elongation of 20 per cent., and a reduction of area 
of 45.3 per cent. The samples were tested by the 
Wohler method, and the resistance went up with 
the elastic limit. The pure steel under a reversal 
of stress of 15 tons per square inch broke down at 
one reversal, and, taking that as the standard, the 
0.3 per cent. of phosphorus sample broke down at 
2.74 times the alternations of the breaking stress of 
the pure steel, and the 0 5 per cent. of phosphorus 
broke down after the alternations had reached ten 
times those required in the case of the pure steel. 
The Wohler tests, therefore, apparently confirmed 
the static tests. The speaker had then had impact 
tests made by M. Frémont, and the results, so far 
as the tenacities were concerned, were almost iden- 
tical with those of the static testing-machine. M. 
Frémont remarked, however, that the stcels were 
all brittle ; even No. 1 should have been more 
resistant ; Nos. 2 and 3 were normal for their 
| tenacity. It accordingly appeared that the notch 





| tests were practically useless for determining the 


tenacity when that tenacity was high. When, next, 
| Professor Arnold tested the specimens, in his 
|machine everything was exactly reversed. No. 1 
broke down at the ratio of 100 alternations ; 
No. 2, containing 0.3 per cent. of phosphorus, at 
73 alternations, and No. 3, with 0.5 per cent. cf 
phosphorus, at 37. Professor Arnold remarked that 
No. 1 had only moderately good capacity to resist 
alternating stresses ; that No. 2 was unsuitable for 
bolts, and the alternating parts of high-speed 
engines ; and that No. 3 was ‘“‘rotten.” M. Fré- 
mont had said that the last-named was normal by 
the other tests; but speaking of Nos. 2 and 3, 
high phosphorus steel, had added that ‘‘ they might 
|not be of superior quality.” Slow bending tests 
|carried out at Middlesbrough, by a method similar 
| to that described by Mr. Wingfield, showed results 
that tallied almost exactly with those made by 
| Professor Arnold. No special machine was used, 
| but simply a vice with two stops at the end of a 
long handle, so that the bend could not go beyond 
|these points. The ratio for No. 1 was 100; 
|that for No. 2 was 73; these being identical 
with those obtained by Professor Arnold. For 
No. 3 the ratio was 24. Professor Arnold had 
made two tests of No. 3, one of which showed 
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a ratio of 24, and the other about 40. The 
Middlesbrough test therefore corresponded to one 
of these. The Wohler results would lead to the 
conclusion that the steel containing the highest 
phosphorus was the best, while the notched bar 
and the bending tests indicated the reverse. 
Continuing, the speaker said he did not propose 
that steelmakers should introduce 0.5 per cent., or 
anything like that amount, of phosphorus into 
steel in order to confer properties similar to that 
of nickel steel. Although in forged bars drawn 
out certain resistant properties were conferred by 
the phosphorus, yet in the reverse direction of the 
material the specimen would be as brittle as it 
could be. A peculiarity of phosphorus was that 
it did not solidify with the first appearance 
of crystals, but froze round the primary crystal. 
The pieces, cut in one direction and bent in another, 
would snap directly, without the slightest elong,- 
tion. Where there wasa soft constituent and a hard 
constituent, the soft constituent supporting the 
hard constituent, the piece might be pulled out 
20 per cent. in Gin. before it actually cracked. 
Mr. Stead desired to make that statement, as it 
might otherwise be understood that he was advo- 
cating a reformation in the manufacture of steel. 
Sir William White had rightly said that the static 
testing-machine could not be done away with. He 
thought that a static test of a kind might be very 
well applied to such machines as Professor Arnold 
had used, and more indications obtained. If 
Professor Arnold had a similar arrangement to that 
of Captain Sankey, by which there could be deter- 
mined the energy put into the work, the two things 


together would, for practical purposes, give all the | 


results required. Supposing, for instance, that 
the bending moment of the bars, or the actual 
energy required to make the full bend from the 
extreme limits, were determined, and that were 
multiplied by the number of reversals, very valuable 
data would be obtained, from which to calculate. 
Finally, he would like to ask the authors if they 
had made any experiments to find out whether it 
was a fact that orientation persisted after the alloy 
had passed into a liquid state. 

Mr. Stead had prepared some tables illustrating 
his remarks, These we reproduce for convenience 
of reference. 

Tensile Tests. 
| 


| ry ‘ " vali | 
oe | Phosphorus. Yield- Ultimate Elongation | Reduction 














Point. Stress. in6In, | of Area. 
| per cent. tons tons per cent. | per cent. 
1 | 20.4 81.1 23 §2 
2 | 0.300 | 25.4 39.9 23 | 45.3 
8 | 0.500 | 382 44.2 20 45.3 
| 


| 


Alternation Stresses (Wohler). 
Tensile stress, 15 tons ; revolutions per minute, 1200. 








Phosphorus. Reversals to Fracture. Ratio. 
per cent. 
1 0.04 61,085 1 
2 | 0.30 167,690 2.74 
3 0.50 651,490 10.65 


Impact Tests by M. Frémont. 
Tests made on saw-cut notched bars 10 millimetres by 
8 millimetres section. 
1. 0.04 per cent. phosphorus with expenditure of work =8 kilos. 
2. 0.30 ” ” »” 1 ” 
3. 0.50 ” ” ” 4 oy 
al he tenacities calculated from preceding results were as 
ollow :— 
1. 0.04 per cent. phosphorus .. 
2. 0.30 


4 


50 kilos. per sq. mm. 
8.0.50 5, en, 2 ae 
These results closely approached those obtained in the Buckton 
machine with the exception of No. 3, which is lower. 


Professor Arnold’s Alternation Strain Tests. 
These were duplicate tests, and the mean results are, with bars 


‘in. square, alternations 660 per minute ; deflection of the test- 
piece 3 in. above the die-face was { in. on each side. 





| | 
Reversals to Fracture. Ratio. 














— | Phosphorus. 
r cent. 
1 Pe.ot 271 100 
2 0.30 200 73 
3 0.59 100 87 


Slow Alternating Bend Tests. 


_ These were made in Middlesbrough, ty bending strips § in. by 
y's in. by 8 in. backwards and forwards through an angle of 
20 deg. until they broke. _ 


Reversals to Fracture. | Ratio. 























_ Phosphorus. 
| per cent. 
. 0.04 605 160 
2 9.30 446 73 
3 0.50 150 24 





These ratios compare fairly well with Professor Arnold's machine, machine. 





Professor Huntingdon said that while he regarded 
the work involved in the paper as admirably done, 
there were, nevertheless, various points which 
were open to criticism. The authors had stated 
that the number of alloys that had been found of 
any industrial and technical promise was small. 
Such alloys were chiefly those very rich in copper. 
At that end of the series the limit of serviceable 
alloys would have to be placed at 11 per cent. At 
the other end of the series the limit was even 
smaller. In works where copper-aluminium alloys 
were made, and where they were used, those of any 
value whatever were known as far back as thirty years 
ago. The authors had stated that in view of the exist- 
ing doubts as to whether copper and ite alloys pos- 
sessed true yield-points, it was important to record 
that from 0.1 to 9 per cent. of aluminium the alloys 
possessed clearly-marked yield- points. The speaker 
was not aware that there was any doubt about the 
true yield-point of the alloys of copper. There had 
always been doubt as to whether copper itself hada 
true yield-point, but it was new to him that any 
doubt existed with regard to the true yield-point of 
the alloys. Again, the authors had said that the 
tenacity and ductility of the aluminium-bronze, con- 
taining 10 per cent. of aluminium, had been found 
to be as good in the form of small chilled castings 





as in the rolled bar, wherein an 80 per cent. reduc- 
tion of area of the original ingot had been effected. | 
They had added that, so far as they had been able | 









Cent. and then quenched to 760 deg. Cont., the 
yield-points agreed pretty closely. 


| Thurston Torsional 


Tensile Machine. atta. 
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tons per tons per, per per tons per tons per deg. 
eq. in. | sq. in. | cent. | cent. | sq. in. sq. in. 
December 7, 1900.—Copper Aluminium. Al = 7.15 per 
Cent ; Fe = 0.115 per Cent.; Si = 0.027 per Cent. 
Quenched | 4.26 23.86 | 91.0 | 73 4.35 88.72 | 638 




















760deg.C. 4.3 24.33 | 94.5 | 75 3.68 39.50 | 879 

700 4.83 24.40 | 86.0 7 

January 24, 1901.—Copper Aluminium. Al = 6.54 por 
Cent ; Fe = 0.11 per Cent ; Si = 0.023 per Cent. 

Quenched | | | | 

2 hrs., 600! 

deg. C. 6.25 26.27 | 83.5 | 77 4.01 40.40 76C 


\ ) | | 
deg. O...| 653 | 25.95 | 8.5) 75 | 446 | 3653 808 
March 6, 1901.—Copp:r Manganese. Mn = 5.32 per 
Cent. ; Fe = 0.24 per Cent. 
Annealed. | 
2 hrs., 600 
deg. ©...! 5.68 | 19.63 57.5 75 | 39 20.75 | 938 
igre wv -- | B23 | 22.54 | 1867 
In the case of a metal containing 7.15 per cent. 
aluminium, iron 0.115, silicon 0.027, and another 


to learn, this result had had no parallel. That | copper-aluminium alloy containing very much the 
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statement, the speaker considered, was open to 
question. The properties of a casting were largely 
dependent on the state of the crystalline arrange- 
ment, and on the freedom, more or less, from pores. 
If by chilling, a metal could be obtained in which 
the crystals were very close together, and of a 
suitable size, there was no reason why properties 
approaching, or even surpassing, those got by roll- 
ing should not be obtained. He had succeeded in 
obtaining an alloy very rich in copper, which ac- 
tually had a higher specific gravity in the cast than 
in the rolled condition. ; 
Referring to what the authors had said as to the 
profound influence of small quantities of aluminium 
in torsion tests and electrical conductivity experi- 
ments, Professor Huntingdon said that the effect 
of small quantities of aluminium was pretty widely 
known. Aluminium in small quantities was con- 
stantly being added to copper with the object of | 
removing oxygen, and getting the copper into a | 
sound condition. The authors had stated that the 
behaviour in torsional stress of the alloys containing 
0.1 to 7.35 per cent. of aluminium was one of the 
outstanding features of the report. Some years 
ago the advice of the speaker had been sought with 
respect to the use of aluminium copper in certain 
practical work, and in this connection he had made 
some tests with aluminium-copper alloys. The 
results of these tests were exhibited in tabular 
form on the walls of the theatre, and they would 
serve fur comparison of the ultimate resistance 
obtained by torsion and the breaking strain ob- 
tained in the ordinary static tests. We reproduce 
Professor Huntingdon’s table, and need not there- 
fore repeat the details in full. Against the results 
obtained by the tensile tests were set those for the 
torsional test obtained by the aid of Thurston’s 
In the case of a metal heated to 800 deg. 





same quantity of aluminium, the bars annealed at 
600 deg. Cent. for two hours showed a higher 
yield-point—about 6} tons per square inch; the 
tensile stress was 26.27 tons, the elongation over 
80 per cent., and a lower reduction of area— 
namely, 77 per cent. On the Thurston machine 
the yield-point was 4 to 44 tons per square inch. 
In the case of a manganese alloy there was a 
normal condition, the breaking load on the tensile 
machine being about 19} tons, and a little over 
20 tons on the Thurston machine. In all other 
alloys that he had examined the ultimate resist- 
ance obtained by the Thurston machine was the 
same for the same material as was obtained on 
the tensile machine; but in the case of the alu- 
minium alloy there was the enormous difference. 
That was a very important point indeed, and 
was one that made the speaker look askance at 
the copper-aluminium alloy. The result was, he 
considered, due to the fact that the aluminium 
alloys took work in a most extraordinary manner. 
The breaking strain readily increased as work was 
put on, the aluminium apparently giving to the 
alloy the power of absorbing work. ‘hat was very 
well up to a certain point, but it had to be borne 
in mind that it could not be stopped at that ; and 
when the metal had, as was commonly the case, to 
be used under conditions of movement, it would get 
stiffer and stiffer, and ultimately break. That was 
a disadvantage. The peculiar behaviour of alumi- 
nium, in causing the alloys in which it was con- 
tained to rapidly take up work, was a matter call- 
ing for investigation. It might explain the results 
given by Professor Arnold’s tests, mentioned in the 
4 

he speaker next referred to that part of the 
report in which the authors contended that at 
about 15 per cent. aluminium the alloys were 
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entitled to rank with quenched steels in hardness. 
The hardness number of No. 17 (with 15.38 per 
cent. of aluminium) in the cast state, untreated, was 
539, which was about that of a 0.45 per cent. 
carbon steel quenched in water at 20 deg. Cent., 
and was only slightly lower than that of a 0.66 per 
cent. carbon steel similarly treated. Professor 
Huntingdon said that 0.45 per cent. carbon steel 
was, roughly, rail steel. The authors had not, 
however, pointed out—a matter of great importance 
from the practical side—that although the alloy had 
that hardness, it also had very great brittleness. 
It was perfectly useless to have an alloy with the 
hardness of 0.45 carbon steel if it had the brittle- 
ness of a piece of glass. The speaker then broke 
a specimen of 15} per cent. aluminium-copper alloy 
with a sharp tap, and explained that it was an alloy 
which he had been in the habit of using to make 
up mixtures, because it could be readily crushed. 
In the speaker’s view, the paper, was too academic. 
It pointed out things which ‘vere of no practical 
use. The curves on the authors’ diagram formed 
a valuable piece of work, but they would be more 
usefully shown before the Physical Society, or some 
other similar body. The large diagram was com- 
licated and had no practical bearing whatever. It 
great scientific interest, and from that point 

of view he welcomed such diagrams. 

Professor Huntingdon next referred to some of the 
numerous diagrams he had placed on the walls of the 
theatre, and which we reproduce in Figs. 5 to 10. 
They largely speak for themselves. He had, some 
years ago, made a few experiments at various tem- 
peratures on aluminium bronzes, and would compare 
them with tests at various temperatures of copper. Fic. 21. Batu-Rvoom, 
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In his earlier tests he did not use pure copper, but 
he had been gradually led to use the purest copper he 
could get. He had had a suspicion that the results 
when got in alloys were really traceable to the 
inherent properties of the copper itself, and to be 
sure of that it was necessary to get absolutely pure 
copper; one of the diagrams showed an extremely 
pure electrolytic copper as marked. The number 
of points on the curve would compare with those of 
the aluminium bronze breaking load ; and if a few 
more points were shown, the diagrams would be 
identical. The elongation curve was very deti- 
nite, showing at one point a considerable drop, 
continued until the line became horizontal. The 
observations went on well until a point was reached 
at which the copper became brittle. Compared with 
the aluminium bronze, it would be seen that the 
curves had precisely the same character, and, there- 
fore, that the break was not due to the alloys, but 
was inherent in the copper ; and even up to 10 per 
cent. it had not been very much modified. Next, 
considering the reduction of area, the same kind of 
curve—long and flat—was shown. The curve of 
the copper was repeated in the aluminium alloy in 
this kind of test; but if dynamic tests were 
made, it would be found that very small amounts 
of impurities would seriously affect the results. 
This would not be shown in large amounts in 
the same way, but tested on an alternating ma- 
chine, the sinall amount of impurity showed up 
very much. 

he Chairman here said that it was necessary to 
bring the discussion to a close, as time had to be 
given to the authors to reply. He would, how- 
ever, first callon Mr. Barker to say a few words, 
and would request him to make a further com- 
munication in writing. 

Mr. W. Cobbett Barker stated that he had been 
engaged industrially upon the 10 per cent. copper 
aluminium alloys for the past eighteen months, 
and had found his experience, although of a purely 
workshop character, to agree with the results 
shown in the paper. He thought that all practical 
people regarded hardness of material as a purely 
chemical result. Mostly the alloys that bent rather 
well, whether cold, hot, or forged, were about 
9.30 percent. With the higher percentages there 
was, as the authors had ‘stated, a tendency for the 
material to get stiffer, the ductility rapidly decreas- 
ing. In his experience with large aluminium- 
bronze shafts, some 4 in. in diameter, a difficulty 
arose from the presence of oxide ; so that it became 
necessary to melt, remelt, and remelt finally to 
mix again on entirely different lines. In regard 
to what Sir William White had said about manu- 
facturers, it would, perhaps be understood that 
they were somewhat chary of imparting information 
obtained with an expenditure of both time and 
money. - 

Mr, Wingfield here asked whether Mr. Barker 
had found heating to take place when the aluminium 
was mixed with the copper. To this Mr. Barker 
replied that it was so. It might, as Dr. Carpenter 
had suggested, be due to some impurity in the 
copper. Stirring with a wrought-iron rod, the 
speaker had found that the,iron was rapidly dis- 
solved, and Mr. Worthington had suggested to him 
that rust on the rod was a“probable cause of the 
heating. He regarded suitable copper as the first 
essential for success,"and he had made many tests 
with the object of getting such a metal. He had 
not had the copper which he used analysed, but 
experience had taught him that, some coppers gave 
very much better’ tests than‘others.. As regards 
other metals, he had used zinc and aluminium 
alloys with exceedingly good results. In practical 
work many experiments were necessary, and many 
wasters were made, before it was known precisely 
what could be done. 

Mr. Donaldson then called on the authors to 
reply, and said that if any menibers had anything 
to add to the discussion, it would be convenient if 
they would communicate with the Secretary in 
writing, so that their suggestions might be incorpo- 
rated in the Transactions of the Institution. 

Professor Carpenter, in replying to the discus- 
sion, proposed first to answer the questions raised 
at the previous meeting. Mr. Seedians had 
stated that the yield-points given in the paper were 
not in accordance with his results.* For answer 
the speaker would refer to the stress-strain diagram 
of rolled bars, }j in. in diameter, of the paper, and 
he thought Mr. Tomlinson would admit there was 





“* See page 233 ante. 





pretty clear evidence from that figure that the 
yield stress of the alloy containing 0.1 per cent. 
of aluminium was not only as much as 5 tons, but 
rather over. Generally, the speaker considered 
that the evidence justified the figures given as to 
yield stresses. he rise of temperatnre when 
aluminium was added to copper had been referred 
to by several speakers, and, in this connection, he 
would quote the actual observations made in the 
paper, where, in speaking of the manufacture of the 
alloys, at the point where the copper was thoroughly 
fluid and aluminium was about to be added, it was 
said :— 


The view generally held is that under these conditions 
the aluminium and copper combine with a disengagement 
of so much energy that a white heat is attained. This 
has been found to be very destructive of the crucibles, 
which are useless after nine or ten heats. The authors 
have not found that the solution of aluminium in molten 
copper is attended with this great rise of temperature, 

rovided the copper has been protected from oxidation. 
Under these conditions mixing occurs with a barely 
sensible increase of temperature. But it has been their 
experience that if the copper contains oxygen, a very 
marked evolution of heat does occur. Accordingly, the 
rise of temperature should be attributed, not, as has some- 
times been done, to the combination of aluminium and 
copper, but to that of aluminium and oxygen, one of the 
most powerfully exothermic chemical syntheses known. 


In making that statement regard was had simply 
to the addition of aluminium to copper in manu- 
facture. No measurements of rise of temperature 
were made, nor was there reference to any small 
rise of temperature, but solely to that of a white 
heat. On that point he considered the statement 
perfectly clear. Mr. Tomlinson maintained that, 
apart from the particular reaction between alumi- 
nium and oxygen, there was a reaction attended 
with evolution of heat between aluminium and 
copper. Dr. Carpenter was not sure whether Mr. 
Tomlinson’s view was that that reaction was suf- 
ficient to account for the production of white heat. 

Mr. Tomlinson here remarked that the white 
heat, or flash heat, was certainly due to the com- 
bination of the aluminium and oxygen contained 
in the copper. : 

Dr. Carpenter proceeded to refer to the figures 
which Mr. Tomlinson had furnished from experi- 
ments he had made, care being taken to remove 
oxygen from the copper, the rise of temperature 
when aluminium was added being then measured. 
He would quote from two tests made in the pre- 
paration of the 10 per cent. alloy so much referred 
to. In the first case Mr. Tomlinson had found a 
rise of 232 deg. Fahr., and in the second a rise of 
195 deg. Fahr. If the rise of temperature were 
due only to the reaction between aluminium and 
copper, the figures should be the same, because 
the aluminum and copper were added in the same 
proportions—namely, that required to produce the 
temperature of the alloy, and the fact that Mr. 
Tomlinson had different figures showed that he had 
not got rid of all his oxygen. 

Mr. Tomlinson here said that in the case of the 
rise of 232 deg. he had used 2 Ib. of alloy, but in 
the case of the 195 deg. rise it was only 180 
grammes. It was, therefore, a question whether 
the difference of radiation would account for the 
varying figures. 

Continuing, Dr. Carpenter said he was prepared 
to admit that, but he had not found a rise of any- 
thing like that amount in the same experiments. 
Mr. Tomlinson had adopted two different methods 
of deoxidation. In the first case he had added 
sufficient phosphorus to remove the oxygen, leaving 
about 0.2 per cent. of phosphorus in the material ; 
the rise was only about 40 deg. Under different 
conditions, deoxidising merely with carbonate of 
borax, the rise of temperature was 44 deg. Cent. 
These results agreed very well with one another. 
They did two things: they confirmed Mr. Tomlin- 
'son’s statement that there was a rise of temperature 
when aluminium was added to copper; and they 
further confirmed the statement in the paper, that 
| when the trouble had been taken to remove oxygen 
'a rise of only 40 deg. Cent. was obtained—a barely 
| perceptible rise of temperature. That point was, 
| therefore, cleared up. He was glad Mr. Tomlinson 
| had confirmed the statement that the 5 per cent. 
‘alloy presented no special difficulties in manufac- 
|ture. Mr. Tomlinson had challenged the authors 
on the casting a question, and had 
| pointed out that while great stress had been laid 
|upon the importance of casting at the right tem- 
| peratures, any indication of that temperature had 
| been carefully avoided. That was true. But there 











had not been time, asa rule, to make the tempera- 
ture measurements during the interval that elapsed 

tween taking the crucible out of the furnace and 
the actual teeming. Ordinarily it was necessary 
to pour very quickly to get the entire metal to 
flow ; and he would like to confine himself to the 
statement that the sooner the pouring took place 
the better. That was a very general experience, 
and one that Mr. Longmuir found in his pioneer 
work on the subject. Mr. Tomlinson had also com- 
mented on the omission of strength tests at various 
temperatures. This had been supplied by the kind- 
ness of Mr. Rosenhain, to whom the speaker would 
tender his cordial thanks. 

Professor Arnold was, Dr. Carpenter continued, 
reported in ENGINEERING to have said—and the 
speaker believed that the Professor made the 
statement—that in the paper it was affirmed that 
on remelting alloys high in aluminium there was 
no oxidation. No such statement had been made 
in the paper, but it was said that the casts were 
made at as nearly as possible the same temperature 
—namely, when the fluid surface, after being 
skimmed, did not oxidise to a coloured film. That, 
of course, meant that at high temperatures a 
coloured film was formed, and that it was skimmed 
off until the temperature had fallen so low that 
it was not longer formed. On that point the 
authors agreed with Dr. Seligman, who had said 
that there was slight oxidation ; but the authors 
considered that the film that thus formed on the 
surface protected the remainder of the metal from 
oxidation. That was why it was possible to get 
such closely agreeing analyses cf the products of 
melting. Professor Arnold had also commented on 
the fact that the same temperature results were 
obtained whether the couples used were protected 
or unprotected, and had appeared rather astonished. 
The authors had used protection solely because it 
was necessary. In the early stage of the experi- 
ments they had found that if a bare junction were 
used, an alloy was formed between the copper 
aluminium and the platinum and iridium. The 
protection used was the Morgan fire-clay tube, 
ys in. in thickness, No. 1417. Dr. Seligman had 
been surprised to find a yield-point given for 
aluminium. He would quote again from the paper. 
It was said :— 

Accordingly, in each tensile stress test of 2-in. gauge 
length the first permanent set was noticed by means of 
dividers. The load at which this occurred is included 
in the tables and diagrams as the yield-point. As far as 
possible a uniform rate of loading was used throughout 
the tests. 

It was not found, Dr. Carpenter continued, that 
there was quite as marked a permanent set at the 
yield-point in the case of the rich-in-aluminium 
alloys as in the case of the rich-in-copper alloys. 

At this point a member inquired how near 
were the measurements taken with the dividers ; 
and on being informed that the authors used 
dividers to about ;j, in., he stated that he had been 
able to measure to less than 3755 in. by the use of 
dividers. 

In the paper, Dr. Carpenter said, it had been 
pointed out that there was no necessity to remelt 
thealloys rich in copper in order to obtain thorough 
mixing, obviate brittleness, and to secure the best 
mechanical properties. Further, it was stated that 
the alloys rich in aluminium could also be satisfac- 
torily made with only one melting, this conclusion 
being intended toapply only to small castings. On 
that point the authors had not committed them- 
selves to any dogmatic statement ; but it was merely 
said that from the experience gained the first cast 
was as good as the last. 

Mr. Barker remarked that in the case of heavy 
castings this statement should be taken cautiously. 

Dr. Carpenter, continuing, said that Dr. Seligman 
had also accused the authors of misunderstanding 
the use of the 50 per cent. alloy. It had been ex- 
pressly stated in the paper, however, that in 
making these alloys it was of great advantage to 
proceed from pure aluminium to the 50 per cent. 
alloy. The freezing-points of the two materials 
were near together—namely, at 575 deg. and 657 
deg. Cent. respectively ; and it was not needful to 
raise the working temperature above 700 deg. Cent. 
Reasons had therefore actually been advanced for the 
use of the 50 per cent. alloy. The speaker agreed 
entirely with Dr. Seligman in regard to the brittle- 
ness of the alloy being an advantage for the purpose 
of making mixtures. Dr. Seligman had not quite 
understood Table VI., which showed the influence 
of casting temperature on two sets of chill castings, 
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each of an alloy containing 4.63 per cent. of copper. 
Dr. Seligman had said that the authors obtained in 
the case of casting No. 1, at the casting tempera- 
ture of 650 deg., an ultimate stress of 9.68 tons, 
and that on adopting a casting temperature of 707 
deg. Cent. the stress obtained dropped to 4.89 tons, 
and that at the still higher temperature of 724 deg. 
Cent., the ultimate stress rose to 7.04. That, 
however, was not the correct way to putit. The 
figures were given in the order in which the cast- 
ings were made. First of all the alloy was cast at 
650 deg. Cent., then cast at 724 deg. Cent., with a 
marked lowering of strength ; the alloy was then 
remelted, and cast again at 707 deg. Cent., with the 
result that there was a further lowering of strength. 
All that could be deduced from that was, that the 
bad effects of casting at a high temperature— 
namely, 724 deg. Cent.—were not entirely removed 
by remelting, but were still further extended by 
the next casting at 707 deg. Cent. Dr. Seligman 
had further commented on the comparatively bad 
results of the 10 per cent. rolled bronze oe 
to castings. Again, Dr. Carpenter did not thin 
this quite a fair way of sg it. The rolled 
material used was, he believed, as good as any- 
thing made industrially. What had been done was 
to make the same alloy in the form of castings in 
such a way as to give it justas good properties ; this 
was confirmed by what Mr. Wainwright had said. 
The authors were much indebted to Captain Sankey 
for the tests of their alloys he had carried out on his 
machine, and it was interesting to find that he had 
obtained such good figures with alloy No. 9 (con- 
taining about 74 per cent. of aluminium), just as 
Professor Arnold had done. 

The contributions to the discussion that evening 
furnished independent pieces of information which 
would form a valuable appendix to the report. Mr. 
Wingfield had observed that alloy No. 37 had 
greater industrial promise in the hot-rolled than in 
the cold-drawn condition. The speaker would not 
make a point of that, remarking merely that Mr. 
Wingfield’s practical experience was very much 
greater than the authors’, and that experience had 
brought him to look favourably on the material, at 
any rate in the rolled form. Mr. Stead had pointed 
out that M. Guillet had anticipated the work of 
the paper to a large extent; that was true, 
and it would be very difficult to do anything that 
had not been done by M. Guillet ; for his rate of 
production was almost preposterous ; at all events, 
it was very rapid. It had been a source of satis- 
faction to the authors that, except in one or two 
particulars, their results agreed with those obtained 
by him. In regard to Mr. Stead’s request for an 
extra column for Brinell’s hardness numbers, the 
speaker pointed out that the figures in column 6 
were, as a matter of fact, practically Brinell’s 
figures. In reply to the inquiry by the same 
speaker, whether any difference existed between 
the tensile stress of longitudinal and transverse 
sections, he would say that no such difference had 
been noticed, at any rate with those alloys rich in 
aluminium, particularly when in the form:of sheets. 
A great many experiments of the kind had been 
made, but the authors had given up testing the 
alloys in both forms, because such regular results 
were obtained. He would rather not say anything 
at present in reply to the question of whether orien- 
tation persisted in the 10 per cent. alloy after remelt- 
ing. The point was of great interest, and was the sub- 
ject of inquiry. Professor Huntingdon had said 
that an aluminium alloy of industrial value had 
been known for thirty years. That was true in 
one sense, but hardly so in another. Dr. Selig- 
man would bear him out that the quality of com- 
mercial aluminium had been very much improved 
during the last seven or eight years, and the 
modern copper-aluminium alloys were not the same 
thing as the alloys of thirty years ago. 

The next point Dr. Carpenter would take up was 
he similarity of properties of the 10 per cent. alloy in 
the cast and rolled condition. He was glad to learn 
from Professor Huntingdon that there was another 
alloy which approximated to this 10 per cent. alloy; 
he was sorry, however, that Professor Huntingdon 
had not seen his way te give the composition. 
Having heard that Professor Hudson Beare had 
quoted a copper-phosphorus alloy, which he de- 
clared had that similarity of properties, Dr. Car- | 
penter had written to the Professor, and received | 
from him the reply that the statement had been | 
made in error. Like Professor Huntingdon, the 
authors had found that the ultimate strength stress 
was greater than the ultimate strength stress of the 


rich copper alloys, although there were a good| 
many like the exception indicated in the diagrams. 
In regard to the statement that the alloys easily 
took up work, that might be true for the alloys) 
when cold, but not for the alloys when hot ; it was | 
that, indeed, which explained the fact that the | 
primitive yield-stresses of the alloys as hot-rolled 
was the true yield-stress, and was not, as in the 
case of steels, au artificial figure. 

Professor Huntingdon here concurred, observing 
that at very low temperatures the alloy gave up 
all the work. 

Professor Huntingdon had condemned the authors 
for laying stress upon the hardness, particularly in 
the case of the 15 per cent. of aluminium, on the 
ground that they had suppressed the equally im- 
portant information that it was very brittle. In 
connection with alloys of intermediate composition, 
it had been stated in the paper that from 15 per 
cent. to 18 per cent. these alloys were very hard, 
but very brittle. Dr. Carpenter did not, therefore, 
think that anybody could have been misled. 

After a vote of thanks to the authors had been 
proposed by Mr. Donaldson and carried, the meet- 
ing was brought to a conclusion by the Chairman 
announcing that the next meeting would be held on 
Friday, the 15th inst., when Mr. W. W. Beaumont 
would read a paper on ‘‘ Petrol Motor-Omnibuses.” 








METREGAUGE ROYAL TRAIN FOR 
INDIA. 

Our readers will probably remember that, some- 
what over a year ago, we published an article on 
page 335 of our eightieth volume descriptive of the 
standard gauge train that had been constructed 
for the special use of T.R.H. the Prince and 
Princess of Wales during their recent visit to 
India. In this article we gave illustrations of the 
carriages composing the train, together with details 
of all the leading parts. Through the courtesy of 
Mr. A. T. Houldcroft, carriage and wagon super- 
intendent of the Rajputana-Malwa State Railways, 
at Ajmer, we now have the opportunity of placing 
before our readers illustrations and details of the 
train which carried the Royal party over the metre- 
gauge railways of the country, the carriages for 
which were built to Mr. Houldcroft’s designs at the 
shops of the Bombay, Baroda, and Central India 
Railway, at Ajmer. ‘The train is particularly inte- 
resting on account of its having been constructed to 
run on metre-gauge railways, the narrowness of the 
gauge increasing in no small degree the difficulties 
of design. In spite, however, of these difficulties, 
the result was in every way most successful, the 
whole journey in this train being accomplished 
without any hitch, and with great: ease and comfort 
to the Royal party. 

The train, which is shown in plan in Fig. 1 of 
our two-page plate, was composed of thirteen 
vehicles, the total length of the train being over 
one-eighth of a mile, and the weight, unloaded, 
280 tons. The make-up of the supplementary 
train is shown in Fig. 2. 

A very noteworthy feature about the train was 
the rapidity with which it was designed and con- 
structed. The order for the work was not defi- 
nitely given until May, 1905, and the first trial-run 
was made in October of the same year—a remark- 
ably short time for completing such a highly finished 
work, even in England, with materials near at 
hand, but particularly so in India, where many of 
the advantages found in this country are lacking. 
The whole of the designs were new, even to the 
contour of the bodies, the pillar patterns, &c. The 
whole cross and longitudinal sections were changed 
to allow the maximum room inside. Roofs were 
raised, floors lowered, and lengths increased beyond 
anything before attempted. The lowering of the 
floor-level brought complications in the underframe | 
and bogie designs, whilst the increased length | 
added to these difficulties, for the train had to be 
made so that it would pass through any tunnel, | 
over any curve or gradient, and clear every struc- 
ture on either the metre or the broad-gauge lines 
throughout India. Every railway company in the 
country was asked for, and supplied, a section of its | 
minimum, or “ specially allowed,” structure, curve, | 
&c., and the contour of the carriages was designed | 
to give ample clearance in all cases. The two 
saloons were 58 ft. in Jength over the buffers, yet 
they negotiated curves of 150-ft. radius in the 
shops. The whole train was also constructed so 
that it would run on the broad gauge by simply 





changing the bogie trucks; this provision was, 


however, found to be unnecessary. Had the contin- 
gency occurred, however, it would have been pos- 


| sible to have transferred the bodies to the other 


gauge at a short notice. 

The Royal cars are shown in Figs. 3 to 10 on 
our two-page plate, Fig. 3 being a longitudinal 
sectional elevation, and Fig. 4 a sectional plan, 
while Figs. 5 to 10 are transverse sections taken 
through different parts of the car. Fig. 18, page 
304, is an exterior perspective view of the car; 
while Fig. 19, also from a photograph, is a view of 
the ends of the cars to rather a larger scale, and 
shows very clearly the design of the iron screens 
or doors. Views of the interior are shown in Figs. 
20 to 25, pages 304 and 305. These interior views 
cannot, of course, convey the effect obtained by the 
delicate blending of the different coloured timbers 
used, in conjunction with the harmonious tints of 
the tapestry, and the colour of the Persian carpets, 
the latter specially chosen, and made at Ajmer. 
The most striking woods were the ‘‘silky oak,” 
with its rich variegations, the deep warm coloured 
wavy ‘‘red bean,” the curly teak, the Huron, and 
other pines, and the red cedar woods of Australia 
contrasted with each other and blended with the 
rich ebony-like ‘‘ Bombay blackwood” of India 
and with Moulmein teak. These and some fine 
panels of bird’s-eye maple made up a collection 
of the Empire’s most beautiful timbers. It may be 
interesting to compare these cars with that shown 
in Figs. 15, 16, and 17 on our two-page plate, 
this car being the one which was Bont “amet 
and constructed for the use of our present King, 
when, as Prince of Wales, he made his tour in 
India in 1875-76. 

Except in regard to colouring, the illustrations, 
Figs. 20 to 25, give a very good idea of the arrange- 
ments and decorations of the various apartments. 
Fig. 20 is a view of the reception-room looking 
towards the sleepiug compartment. This recep- 
tion-room, though situated immediately above the 
bogie, proved to be particularly appreciated by 
the Princess, whose favourite seat was the settee, 
which is seen on the right-hand side of our illus- 
tration. This points to the remarkably steady 
running of the coach, and freedom from vibration. 
Vibration was, however, deadened by the provision 
of thick rubber pads under the pivot-plates, which 
latter were fitted with ball-bearings, and will be 
shown in detail later. Another view of the reception- 
room, looking in the reverse direction, is shown in 
Fig. 24, page 305. The coach contained in all five 
separate compartments, as will be seen from the 
plan, Fig. 4. These were the reception-room, 
before mentioned, a sleeping compartment, a bath- 
room, and an attendant’s room, with an attached 
bath-room. The Royal bath-room is shown in 
Fig. 21. Fig. 22 is a view of the interior of the 
dining-car. Fig. 23 is the Prince’s sleeping com- 
partment, and Fig. 25 is that of the Princess. The 
bath-rooms in these saloons were unique, being pro- 
vided with shower, douche, spray, hot and cold 
water for bath; there was also a washstand and 
shampooing stand. The water was heated elec- 
trically. . -:. ; 

(To be continued.) 








Boiter Construction.—Since the first appearance of 
‘Notes on Material, Construction, and Design of Land 
Boilers,” by Mr.’ Edwaid G. Hiller, Chief Engineer to 
the National and General Insurance Company, Limited, 
this little book has been revised and enlarged, the second 
edition having recently appeared. It now comprises 
99 es, into which 1s condensed a great amount of 
useful information with regard to the design and con- 
struction of all the commonly adopted types of land 
boilers. We understand that these notes have been 
issued in response to numerous inquiries from boiler- 
makers and others, and they embody the a 

C) 





features of the ‘* National” Company’s practice. 
book does not, of course, fess to give a complete set 
of rules for boiler-making, but it certainly contains much 
useful matter as to what must be avoided and what 
followed in the best boiler work. Numerous clear illus- 
trations are also given, among these being many that 
relate to different forms of riveted jointe. ‘The strength 
of these joints may also be seen at a glance. After a 
general description of tests of materials, which forms 
Chapter I., there are 12 chapters which are devoted to 
ints of construction relating to Lancashire and Cornish 
Cleon vertical, locomotive type marine dry-back type, 
and water-tube boilers. hapter VI. is, perhaps, 
specially worthy of note, as it treats on rules for the 
staying of flat surfaces, a part of the construction of 
boilers which does not always appear to receive all the 
attention it deserves. The National Boiler Insurance 
Company’s practice with regard to dished ends is also 
given. The book is published by Messrs. James Collins 
and Kingston, Limited, 4, Southgate, King-street West, 
Manchester. 
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SNOW-PLOUGH FOR THE CALEDONIAN RAILWAY. 


CONSTRUCTED AT THE COMPANY’S 


WORKS FROM THE DESIGN OF MR. J. F. M‘INTOSH. 








Tue illustration above is reminiscent of the recent 
snowstorm in Scotland. Such storms only occur at 
long intervals even in the North of Scotland ; the fall 
was of long duration, was severe, and was accom- 
panied by high winds tending to heavy drifts. The 
consequence was that the mechanical resources of the 
railway companies were severely taxed. Rotary ma- 
chines for clearing the snow are seldom required, and 
with the best care are often found with some part out 
of order, since the intervals between their use are of 
several years’ duration. It is more customary here to 
use wedge-shaped ploughs, the divider being vertical ; 
but Mr. J. F. M‘Intosh, the locomotive superinten- 
dent of the Caledonian Railway, devised an improved 
form, and the experience of the work of the two types 
during the recent storm proved the superiority of this 
latter form. The illustration we publish is therefore 
of interest. 

It was found that the ordinary wedge-shape plough, 
when driven intoa drift which sloped, say, from right 
to left, tended to a greater lateral pressure on the 
right of the locomotive than on the left, owing to the 
greater volume of snow on the right, and thus the 
engine was in some cases derailed. With the new form 
of divider the snow is scooped up and thrown clear 
of the locomotive on both sides, instead of being 
banked up. 

The construction is simple and inexpensive. The 
trams and beams are of 6 in. by 44 in, timber, and 
the boarding on top is of 8 in. by 14 in. planks, all 
bound ratcar bas by wrought-iron knees. The divider 
is of ,%-in. steel plates, stiffened by 3-in. by 2-in. by 
y',in. tee-bars, and 2-in. by 2-in. by .,°,-in. angles. 
The plough stands 10 ft. 6 in. in height from the top 
of the rail toite highest point. Its dimensions are the 
utmost available for the standard gauge; its breadth 
being 7 ft. 6 in. at rail for 12 in. upwards, tapering 
then to 9 ft. for a length of 4 ft. It is fixed to the 
engine bv hook-bolts attached to the outside edge angle- 
iron, buffer-beam and life-guard, and its nose is kept 
14 in. above top of rail by supporting cast-iron runners. 
The plough was built at the Caledonian Railway Com- 
pany’s works at St. Rollox, Glasgow. 








EDDY-CURRENT BRAKE FOR TESTING 
MOTORS. 

Tue very t number of sinall motors now being 
manufactured, whether electric or petrol - driven, 
and the increasing cautiousness of buyers in accepting 
unsupported statements as to the power and efficiency 
of these machines, have resulted in a fairly general use 
of brake-tests by the makers. A brake-test gives 
evidence which is far more convincing than either 
calculations from the dimensions of the machine or 
estimations varying with the enthusiasm of the sales 
department. he results of such tests are, moreover, 
of no slight value to the designers, and as every pur- 
chaser may reasonably ask for particulars of the 


behaviour on trial of the machine he is negotiatin 
for, the necessity for a rapid and convenient meth 
of testing motors in the works is apparent. 
testing-brakes are usually of the Prony type, | 





Small 





or band type; but both of these, though certainly con- 
venient and simple, have certain disadvantages. We 
illustrate in Figs. 1 and 2, on the opposite page, a new 
type depending on the absorption of energy by means of 

oucault or eddy currents in copper discs, instead of 
by mechanical friction in the ordinary way. Reference 
to the illustrations will show that two copper discs, or 
rather rings, are boited, one at each end of a spider made 
fast to a sleeve, which is keyed on to the shaft of the 
motor to be tested. Riding loosely on this sleeve is an 
aluminium casting carrying a numberof electro-magnets, 
so arranged that the magnetic flux traverses the copper 
discs. The aluminium casting also carries graduated 
and balance levers by which the torque is measured. 
When the motor is running, its work is absorbed by 
the generation of eddy currents in the copper discs as 
they move past the magnetic poles, and a proportional 
torque is given to the floating system, which is 
balanced and measured by means of sliding weights. 
The strength of the eddy currents, and therefore the 
horse-power absorbed, depends upon the intensity of 
the magnetic field, which is readily controlled by means 
of a rheostat in the exciting circuit. 

The diagram shown in Fig. 3 shows the rating 
curves for a 12-horse-power brake for different dura- 
tions of test and various speeds. At its normal rating 
a 12-horse-power brake can be run for an hour, 
coupled to a motor at 1500 revolutions, without undue 
temperature rise. The same brake would absorb 
17 brake horse-power for a quarter of an hour, or 
26 brake horse-power for three minutes. At slower 
speeds the heating limit is reached earlier for the same 
power, as the eddy currents which cause the heating 
are proportionately stronger to absorb the same power, 
and the cooling effect is slightly less. 

These brakes are made by Messrs. Morris and Lister, 
in sizes from 1 to 30 brake horse-power, at their 
Carlton Works, in Coventry. 








WIRELESS TELEGRAPHY BETWEEN 
NEWHAVEN AND DIEPPE. 

THE southern railway companies are not infrequently 
compared unfavourably with their northern compeers, 
to whom is attributed a much greater degree of enter- 
prise. It is, therefore, interesting to note that these 
much-abused southern lines have of recent years led 
the way in the adoption of a number of important im- 
provements tending to the comfort and convenience of 
passengers. Thus they were the first to introduce 
turbine steamers into their sea services, and now 
the London, Brighton, and South-Cvoast Railway, 
acting on the advice of its able general manager, 
Mr. William Forbes, has led the way in the adop- 
tion of wireless telegraphy for the benefit of its cross- 
Channel steamer services. Until this plant was 
erected, telegraphic communication between New- 
haven and Dieppe was subject to very serious delays, 
which led at times to the passengers by the company’s 
steamers being very greatly inconvenienced. The 
entrance to Dieppe is very narrow, and, when bad 
weather occurs at a period of spring tides, it is often 
impossible for a steamer to enter at low water. If, 
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therefore, the conditions at Dieppe appear to be such 
that the boat will be unable to enter at the time she 
is due to arrive, it has been usual to cable to New- 
haven advising the postponement of the vessel’s depar- 
ture from that port, so as to let the tide gain two or 
three hours before the steamer arrives at Dieppe. As 
there is no direct cable between Newhaven and Dieppe, 
these telegrams had, in the first instance, to go from 
Dieppe to Paris, and from that city to London, being 
re-dispatched from the General Post Office to New- 
haven. The delaysinvolved in this roundabout trans- 
mission of the dispatch have often been so serious that 
the boat has left Newhaven before the despatch in- 
tended to postpone her departure has been received, 
and, as a consequence, the unfortunate passengers, on 
arrival at the other side, have been kept hanging about 
outside the harbour in rough weather until the tide 
has risen sufficiently to permit of the entrance to be 
made with safety. 

With a view to establishing a direct system of 
communication across Channel, which would obviate 
these highly inconvenient delays, the railway com- 
pany commenced negotiations with the Marconi Com- 
pany, for the establishment of a wireless-telegraph 
station, but were unable to come to any agreement. 
In this state of affairs the Western Railway Company 
of France suggested that the work of establishing the 
desired means of communication should be entrusted to 
one of their own electricians, M. Rocheforte, who had 
made a special study of this question, and devised 
apparatus used by the French Admiralty. This sug- 
gestion was accepted by the Brighton Company, 
and, accordingly, a transmitter and receiver were 
in- 1905 erected at Dieppe and at Newhaven, the 
licence necessary for the establishment being granted 
by the General Post-Office on reasonable terms. A 
view showing the interior of the Newhaven station is 
represented in Fig. 1, page 312, whilst Fig. 2 shows the 
mast supporting the aerial. As soon as the plant was set 
to work, however, great difficulties were experienced in 
making any practical use of it, owing to the troubles 
arising from interference from other wireless installa- 
tions, such as the Marconi system, used by the Navy, — 
and the variant of this adopted by the German liners 

assing up and down the Channel. In fact, the wave- 
evgth of 400 metres originally adopted for the New- 
haven-Dieppe transmission was much the same as that 
used by the Navy. Not only did the Navy signals 
interfere, therefore, with the working of the Newhaven- 
Dieppe system, but there were complaints from the 
Admiralty that the cross-Channel messages were 
troubling the communications between naval vessels. It 
was attempted to overcome these troubles by increasing 
the wave-length to 600 metres, but with very little 
benefit, and accordingly a return was made to the 
original wave-length, and the use of the coherer aban- 
doned for all purposes but that of “‘calling-up.” 

As originally installed the whole of the messages were 
taken down by an ordinary Morse recorder, operated by 
a relay, in the circuit of which was included a coherer. 
But it was, as stated, impossible to distinguish with 
this arrangement between the signals from Dieppe and 
those from other sources, as far distant even as Ham- 
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burg, messages from which port have been recorded at 
Newhaven. Three times in one week the word ‘‘ Man- 


chester” was recorded from another station for over an | indicated ; and when the sending-key is depre 


hour on end, and we have reason to believe that the 
source of the disturbance in this case was Barrow, the 
word in question being the code word of a foreign war- 
ship there, equipped with the Lodge-Muirhead appara- 
tus. It will thus be easily understood that the Morse 
recorder at Newhaven was as likely to take down a 
mysterious jumble of confused signals as an intelligible 
message. The same difficulty has been experienced in 
the Navy, and overcome by abandoning the Morse 
apparatus, and substituting for it a telephone in con- 
junction with the Marconi magnetic detector. In the 
telephone the ear is capable of distinguishing between 
the sounds received from different sources, and those 
of foreign origin can, moreover, be damped out 
to a great extent by suitably adjusting the resonance 
of the receiving circuit. 

A solution of the problem, similar in kind to this, but 
differing in detail, has been adopted in the case of the 
er ty eee transmission, the coherer and its 
relay being replaced by a Farcot electrolytic detector 
and a telephone. The original Morse apparatus is 
still retained and serves for “ calling-up” purposes. 
The arrangement of circuits is shown diagrammatically 
in Fig. 3. Considering first the apparatus used for 
the transmission of messages, it will seen that the 
energy isfurnished by a motor generator, which, in 
its turn, is supplied with current from a set of 28 
Tribelhorn accumulators which are kept charged by the 
harbour lighting station. These accumulators, it may 
be mentioned in passing, are simply leaden saucers 
fitting one into the other, much as do the saucers 
commonly used for water colours in drawing-offices ; 
but, of course, in this case, each saucer is insulated 
from direct contact with that below. One side of 
each saucer is ‘“‘formed” as a positive plate, and 
the other as a negative one, and the electrolyte 
is contained in the hollow of each saucer, and into 
it dips the lower face of the saucer above. The 
whole arrangement appears very simple and com- 
pact, and has given entire satisfaction at New- 
haven. The alternating current supplied by the motor- 
generator has an electromotive force of 45 volts, 
which is transformed up to 105 volts by the transformer 
indicated at A. In the secondary of this transformer 
is interpolated the sending-key, an adjustable self-in- 
ductance, shown at B, and the high-tension trans- 
former indicated at C. Iu the sournleny of this high- 
tension transformer is arranged a set of condensers 
and a variable inductance D, one end of which is con- 
nected to the earth, whilst the other can be coupled up 
hy the switch shown at E to the aerial, which is sup- 
ported by a mast 168 ft: high. The condenser and 
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variable inductance in the secondary circuit of this 
high-tension transformer is bridged by a spark-gap, as 
, a 
series of sparks surge to and fro across this gap. The 


Fig.5.\ 

















_ 





SS 
SSS 
4 





i 


ai 




















(9BS7E) 


A— 


TO MAST 


Fig.6. 








CONDENSER 












TELEPHONE 
RECEIVER 





~~ [CONDENSER 





(sasrr) EARTH . 

aerial, being charged and discharged at each ge 
of the spark, becomes the centre of a train of waves 
through the ether, which, spreading out in all direc- 
tions, can operate a coherer or other detector on 
reaching the aerial of a receiving station. 





The coherer and its Morse operating relay are shown 
diagrammatically on the left of Fig. 3. By means of 
the switch E the aerial is connected up with a 
resonator, which consists of a variable inductance 
combined with a capacity. When the electrical waves 
strike the aerial, they have, as is well known, the 
property of rendering conductive the coherer, and as 
a consequence the local battery shown at F can com- 
plete its circuit through the coherer, and thus operate 
the relay for the Morse recorder shown. 

The heavy transformer currents do not pass through 
the sending-key, but are operated by a relay, the 
arrangement being shown diagrammatically in Fig. 4. 
Here the depression of the key closes a circuit through 
the electro-magnet represented at H, so that once 
depressed, the key is held down. The current that 
flows through the magnet H also passes through the 
magnet L and through the magnet M. The current 
through the latter, drawing down the armature Z, closes 
the main circuit at Y. The function of the electro- 
magnet at L is to govern the time during which the 
circuit must remain closed, or, in other words, to ensure 
that the time for each ‘‘ dot ” signal isconstant. This 
is provided for by employing a vibrating reed to epen 
the relay circuit. Thus the magnet at L, when excited, 
attracts the upper end of the swinging lever T, so that 
it strikes against a semi-circular casting, against the 
other end of which abuts the vibrating reed F, The 
latter, being thus set in vibration, breaks the magnet 
circuit at E, and thus allows the sending key to rise, 
unless the operator holds it down. If he continues to 
hold it down, the reed continues to vibrate, and a 
number of closely-spaced ‘‘ dot” signals are then sent, 
the periodicity of which is constant, being governed by 
the natural period of vibration of the reed F. These 
consecutive signals merge into a dash at the receiving- 
stations, and are recorded as such by the Morse instru- 
ment. In actual practice the heavy current switch is 
constructed with copper contacts working under pe- 
troleum, as represented by Y and Z in Fig. 5 annexed. 
When the moving arm of the switch rests on Z the 
alternator is cou ‘led up in series with a self-induction 
equal to that of the transformer, to which the terminal 
at X is connected. 

The coherer used consists of gold filings compressed 
between a couple of small gold plugs. A middle wire 
leads from the mass of filings to one leg of a diffe- 
rential relay. The other leg of this relay is perma- 
nent, coupled up to the local battery F, through a high 
but adjustable resistance, as indicated in the diagram. 
On tracing the connections it will be seen that this 
circuit is shunted by the coherer, and the circuit 
round the other leg of the relay. When no electric 
waves are being received, no current passes through 
the coherer, and the moving armature of the relay 
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is held down by the current through the left-hand 
leg of the relay. As soon, however, as the coherer 
is rendered conducting, a current passes through 
the right leg of the relay, and as the circuit 
thus established is a shunt to that round the 
other leg, the strength of the current round this is 
diminished simultaneously with the establishment of 
a flow through the right-hand leg. The armature, 
therefore, is attracted over, closing the Morse circuit. 
The relay in question can be rendered very sensitive by 
adjusting the resistance in series with the left-hand leg. 

As already stated, the coherer and Morse instrument 
are used only for calling purposes, the arrangement 
which has now been adopted for receiving the messages 
being represented diagrammatically in Fig. 6. This 
consists of an electrolytic cell having electrodes in the 
shape of fine points, this cell being permanently 
coupled up through a resistance with a telephone, 
and through a rheostat with a set of accumulators 
as indicated at R. A conductor, it will further be 
seen, connects the right-hand electrode of the cell with 
the aerial. When electric waves strike the latter, the 
resistance of the cell thus coupled is momentarily 
decreased, and, consequently, the current through the 
telephone is augmented, and the operator, listening at 
the latter, perceives a corresponding click. 

We show in Fig. 2a view of the mast supportin 
the aerial wires at Newhaven. There are seven o 
these wires in each case, supported from a frame 
which can be hauled up or lowered down from 
the mast without dismantling the latter. Where the 
aerial enters the signal station the seven wires are com- 
bined into a solid rod, which passes through double 
windows of glass formed in the wall of the cabin. 
The space enclosed between these double windows 
is kept free from moisture, which would injure the 
insulation resistance of the aerial, by a number of 
electric lamps which serve to keep warm the space 
enclosed. 








PeRSONAL.—We are informed that the businesses of Mr. 
P. Hamilton, 53, Victoria-street, Westminster, and Mr. 
N. Hamilton, 19, Waterloo-street, Glasgow, have been 
combined under the style of Messrs. Hamilton Brothers. 
The firm will continue to specialise switch gear, labora- 
tory equipment, &c.—The Owen Motor Company informs 
us that their new address is 1, Long Acre, W.C.—We are 
informed that, owing to pressure of other business, Mr. 
H. M. Sayers has resigned his position on the staff of 
Electrical Engineering. 

Our Coat AsBroav.—The exports of coal from the 
United Kingdom in January amounted to 4,624,741 tons, 
as compa with 4,030,460 tons in January, 1906, and 
3,482,207 tons in January, 1905. These totals were in- 
creased by the addition of coke and patent fuel to 
4,834,642 tons, 4,218,391 tons, and 3,627,030 tons respec- 
tively. They were further increased to 6,320,944 tons, 
5,751,896 tons, and 5,122,045 tons respectively, by the 
addition of coal shipped for the use of steamers engaged 
in foreign trade. The movement of coal from the United 
Kingdom has thus commenced the new year at the rate of 
75,851,328 tons per annum. 

ConTrAcTs.—From Messrs. Andrew Barclay, Sons, and 
Co., Limited, Caledonian Works, Kilmarnock, the Great 
Cobar Copper Mining Syndicate have ordered a Corliss 
winding-engine.—The Kennicott Water-Softener Com- 
pany, 18, Great St. Helens, E.C., inform us that they 

ave received an order from the Krupp Gun Works at 
Rheinhausen, Germany, for a Type A water-softener, 
capable of dealing with 20,000 gallons per hour.—Messrs. 
W. and T. may, have lately despatched to the East 
Indian Railway Company fifty weighing-machines for use 
at their different stations for weighing luggage. These 
machines have a capacity of 40 cwt., or 56 maunds. The 
weight can be r in either standard, thus preventing 
any confusion as to charges, and also a great saving in 
time. 





RocuDALE AND SAtrorpD Socreties’ JOINT MEETING. 
—On March 2 a joint meeting was held between the 
Rochdale Association of Engineers and the Salford 
Science Students’ Association. In the afternoon a visit 
was paid to the works of Messrs. Thomas Robinson and 
Son, Limited, Railway Works, Rochdale, the visitors 
being conducted through the shops, &c., by Mr. J. 
Tweedale, works manager, and other members of the 
staff. The works, covering some 13 acres of land, and 
providing employment for some 1300 men, are well fitted 
up with modern machinery, much of it electrically 
driven, current for this being drt wn from the Corpora- 
tion mains. The visit closed by tea being served in 
the Railway Works Restaurant, the Rochdale Society 
acting as hosts, when a vote of thanks was to 
Messrs. Thomas Robinson and Son for the kindness 
extended to the visiting societies. In the evening a 
meeting was held, at which a lecture was given by 
Mr. H. Watson, Bolton, the subject being ‘‘Steam 
Packings” The lecture was illustrated with models and 
lantern-slides. During the course of the evening it was 
stated by one of the speakers that a set of metallic pack- 
ing had recently been taken out of an engine at Bradford 
which had worked 114 hours per week for 18 years with- 
out being taken out. During this time, it was calculated, 
the piston had travelled some 1,896,396,800 ft. Mr. T. W. 
Hawkins, M.I. Mech. E., president of the Rochdale Arso- 
ciation of Engineers, occupied the chair. 


: NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgew Pig-Iron Market.—Last Thursday morning the 


actions only amounted to 5000 tons of Cleveland warrants 
at from 54s, 104d. to 55s. cash, from 553. 14d. to 55s. 44d., 
and at 56s. three months, with buyers over. The closing 
quotations were :—55s. 0}d. cash and 55s. 5d. one month 
sellers, and there were sellers of hematite at 73s. 6d. and 
buyers at 72s. b0}d. one month. In the afternoon the 
business was again small, and was confined to 4000 tons of 
Cleveland warrants at steady prices. The dealings were at 
55s. and 55s. 04d. cash, 55s. 44d. one month, and 55s. 11d. 
three months. At the close sellers were a shade easier 
at 54s. 11d. cash and 55s. 4d. one month, but firmer at 56s. 
three months. Hematite was unchanged at 73s. cash 
and 73s. 6d. one month sellers. On Friday morning the 
tone was firmer and the dealings light ; only 2500 tons of 
Cleveland warrants were done at 55s. 14d. and 55s. 1d. 
cash and at 553. 6d. one month, and closing sellers 
quoted 55s. 2d. cash and 55s. 64d. one month. Hema- 
tite—500 tons—changed hands at 72s. 44d. cash. At the 
afternoon session the market was strong, and 5000 tons of 
Cleveland warrants were done at 55s. 3d. and 553. 6d. 
cash, 553. 84d. and 55s. 104d. one month, and closed 
at 65s. 64d. cash and 55s. 10$d. one month sellers. 
Hematite was also firmer, and 2000 tons were done 
at 73s. seven days and at 73s. 14d. and 73s. 3d. six 
days. A strong tone gtr on Monday morning, 
and about 10,000 tons of Cleveland warrants were dealt 
in at 563., 563. 3d., and 56s. 14d. cash, 56s. 74d., 56s. 5d., 
and 56s. 64d. one month, and closing sellers quo’ 
56s. 3d. cash and 56s. 7d. one month. Hematite was 
uoted at 74s. cash, and 74s. 6d. one month sellers, In 
the afternoon Cleveland warrants eased off to 56s. and 
55s. 10d. cash, and to 563. 24d. one month, closing with 
sellers at 55s.104d. cash and 56s. 24d. one month. The 
turnover was 5000 tons, including 500 tons of hema- 
tite at 74s. one month. On Tuesday morning the 
market was weak, and fully 16,000 tons of Cleveland 
warrants were done at 55s. 1d., 543. 84d., and 54s. 10d. 
cash, 55s. 44d., 55s. 1d., and 55s, 2d. one month. At the 
close sellers quoted 54s. 11d. cash and 55s. 3d. one month. 
Hematite was easier, and 1500 tons were dealt in at 
73s. 14d. twenty-three 7 and 73s. 6d. one month, with 
closing sellers at 73s. cash. In the afternoon the market 
was again easier, and 6000 tons of Cleveland warrants 
changed hands at 54s. 9d. and 54s. 8d. cash, 54s. 11d. 
twenty-three days, 55s. 14d. one month, and 55s. 9d. three 
months. Closing sellers quoted 54s. 10d. cash and 55s. 2d. 
one month. When the market opened to-day (Wednesday ) 
the tone was weak, and Cleveland warrants were done at 
54s, 7d., 54s. 6d., and improved to 543. 94d. cash, 54s. 6d. and 
54s. 5d. nine days, and 54s, 104d., improving to 55s. 14d. one 
month, The closing quotations were only 44. lower than 
yesterday, with sellers at 54s. 9}d. cash and 55s. 14d. one 
month. The turnover amounted to about 15,000 tons. 
In the afternoon the market opened well, and became 
stronger, and about 8000 tons of Cleveland warrants were 
dealt in at 54s. 84d. and 54s. 104d. cash, 55s, 1d. and 
55s. 3d. one month, and at 55s. 9d. three months. The 
closing quotations were firm at 54s. 1ld. cash, 55s. 3d. 
one month, and 563. three months sellers. Hematite was 
asked for, buyers offering 72s. 104d. one month, but there 
were no sellers in the market. The following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 74s.; 
Calder, 74s. 6d.; Gartsherrie, 74s. 6d.; Summerlee, 77s.; 
Langloan, 78s.; and Coltness, 84s. 6d. (all shipped at 
Glasgow); Glengarnock (at rape et 75s. 6d.; Carron 
(at Grangemouth), 78s.; Shotts (at Leith), 74s. 6d. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia is very limited at present, and the market keeps 
dull. The current price is about 12/. per ton for prompt 
business, Glasgow or Leith, and it is doubtful if a higher 
rate could be commanded for forward parcels. The 
amount shipped from Leith Harbour last week was 1213 
tons. 


Scotch Steel Trade.—There has been practically no 
change in the conditions lately prevailing in the Scotch 
steel trade, and full employment is general. Specifica- 
tions against existing contracts are fairly good, but new 
business on home account is being fixed up slowly. An 
pn anne in this respect is being eagerly waited for, 
and cannot be long delayed now. Foreign orders are 
reported as rather quieter this week ; but, on the whole, 
some large quantities have been sold within the past few 
weeks. Quotations are still firm, and no alteration’ has 
been made in the last official list of prices. 


Scotch Pig Iron and Hematite for Canada.—About the 
end of last month a lot of 2000 tons of one make of 
Scotch hematite was sold for shipment to Canada in the 
early spring. It is also stated that there is a demand 
for further supplies. Inquiries are also to hand (from 
Canada) for various lots of Scotch pig iron of special 
brand. A strong demand is also being felt locally for 
Scotch pig iron, and consumers are said to be purchasing 
more freely, but delivery cannot be promised until after 
the first half of this year. 


Demand for Cleveland Iron.—During the past few days 
there have been strong inquiries in this market for Cleve- 
land iron, for shipment to Germany and other places on 
the Continent. Several lots have been put through for 
the later months of this year. This morning the demand 
was again strong for Cleveland No. 1, but owing to its 
scarcity makers are reported to be unwilling sellers under 
593. 6d. per ton, and for forward lots of Cleveland No. 3 
they want 58s. per ton. 


The Institution of Civil Engineers.—At the fortnightly 
meeting of the G w Association of Students of the 





Institution of Civil Engineers, held on the evening of 


pig-iron market opened with a good tone, but the trans- | T 
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Monday, the 4th inst., in the Institution rooms, Bath- 
street, Mr. Donald A. Matheson, President, in the chair, 
Mr. J. W. Harvie, Assoc. M. Inst. C.E., read a paper 
entitled ‘‘The Construction of Merklands Quay Wall.” 
he paper dealt with the construction of the wharf at 
Merklands, recently carried out departmentally by the 
Clyde Trust. The plant employed on the works, and 
the temporary works required, were given, and followed 
by a description of the methods employed in excavating 
the trench for the wall to suit the substructure and strata 
conditions. For the substructure brick or concrete mono- 
liths, sunk by loading, were used where possible; and 
where the strata did not allow of this method being 
followed, the wall was founded direct on boulder clay, 
or between sheet piling. The superstructure was also 
described. 








WIreELess TELEGRAPHY.—At a meeting of the Grimsby 
Rural District Council on Monday last, the 4th inst., a 
communication was received from the Lords of the 
Admiralty with respect to a site in Peak’s-lane, where it 
is proposed to erect a wireless telegraph station. The 
clerk was instructed to afford all facilities. 





LauncH OF A Survey Vesset.—On Saturday last 
Messrs. Cammell, Laird, & Co., Limited, launched from 
their Birkenhead yard a steam-screw Survey vessel, 
built to the order of the Indian Government. The 
vessel has been named the Palinurus. She has been 
tuilt under the direction of Professor J. H. Biles, 
M. Inst. C.E., Naval Architect and Engineer to the 
Indian Office. The vessel has & length of 167 ft. 6 in., 
beam of 24 ft., and depth moulded of 13 ft., with a gross 
tonnage of about 340 tons. Her machinery consists of a 
set of triple-expansion surface-condensing engines, with 
cylinders 124 in., 20 in., and 32 in. in diameter, with a 
stroke of 24in. Steam is supplied from a single-ended 
boiler, 12 ft. 9 in. in diameter, and 10 ft. 2 in. long, of a 
total heating surface of about 1660 square feet, and a 
working pressure of 180 Ib. per square inch. The speed 
will be 11} knots. 





THe Cyanine Cross, WxEST-END, AND City Exxc- 
Tricity Suppty Company, Liwitep.—On March 5 the 
report of this company for 1906 was submitted to the 
shareholders. The work of the company is practically 
divided into two undertakings, namely, the West-end 
and the City schemes. The West-end undertaking pro- 
duced net earnings during the year of 42,057/., compared 
with 48,647/. in 1905. After payment of debenture and 
preference share interest, the directors proposed a dis- 
tribution at 5 per cent. on the ordinary shares, and carry 
forward the sum of 45747. to the next account. The 
mileage of mains shows only an increase of three on the 
347 miles of the previous year, but the custom of the 
company, reckoned in the equivalent of 8 candle-power 
lamps, has increased from 453,285 in 1905 to 510,589 in 
1906. Rates have been increased to the extent of 3210/. 
The City undertaking has resulted in net earnings of 
48,1787., compared with 41,9997. in the previous year; and 
after payment on debentures, bonds, and preference 
shares, a credit balance is left of 490/. this year, compared 
with an adverse balance in 1905 of 22727. The mileage 
of mains has been increased by two—to 270 miles—and 
the custom of the undertaking, reckoned in the equiva- 
lent of 8 candle-power lamps, now stands at 412,684, 
compared with 371,209 in the previous year. In the 
City rates were increased by 2536/. 





TRANS-SIBERIAN EXpPERIENcES.— The Trans-Siberian 
Railway passed through great vicissitudes in 1903, 1904, 
and 1905. The returns of the undertaking for 1903 show 
a gradual development of Siberian industries and enter- 
prises; but in 1904 and 1905 these were sadly clouded 
over by[the Russo-Japanese war. Thejnumber of pas- 
sengers carried in 1903 was 1,280,900; in 1904, 1,757,800; 
and in 1905, 1,846,300. These figures would appear to 
show a gradual progress in the business of the under- 
taking, but the character of the traffic for 1905 was 
altogether different from that for 1903. In 1903, 142,600 
immigrants passed over the line; in 1904 the total fell to 
33,300, and in 1905 to 30,400. On the other hand, the 
number of soldiers passing over the line increased from 
101,700 in 1903 to 933,100 in 1904 ; and 1,077,900 in 1905. 
Siberia is the quarter of the Czar’s empire to which 
convicts and political prisoners are deported; and 
prisoners and their guards figured in the returns for 1903 
for 100,100, while in 1904 they fell to 18,200; and in 1905, 
to 13,100. The data which we have cited show that the 
wholesale immigration into Siberia which was observ- 
able in 1903 was almost entirely at an end in 1905, while 
no compensation was found in the greatly increased 
volume of military traffic. The reduction in the move- 
ment of prisoners (which was a gruesome feature in the 
returns for 1903) was largely due to the cessation of banish- 
ment to the Island of Saghalicn, opposite the mouth of 
the Amur. The heavy military movement of 1905 was 
largely explained by the carrying of Russian troops back 
from Manchuria to ome tg an operation which was chiefly, 
but not entirely, effected during the year. The movement 
of freight by freight trains was as follows in each of the 
three years :—1903: military freight, 4892 tons; private 
freight, 1,182,581 tons; and service freight, 1,751,808 
tons ; or altogether, 2,939,281 tons. 1904: military freight, 
406,179 tons; private freight, 1,242,270 tons; service 
freight, 1,938,280 tons; or altogether, 3,586,729 tons. 
1905: military freight, 583,479 tons ; Pee freight, 
1,452,740 tons; and service freight, 2,393,143 tons; or 
altogether, 4,429,362 tons. It is not a little remarkable 
that service freight—that is, supplies carried for the use 
of the railway itself—exceeded in amount in_1905 military 
and private freight combined. Coal, of course, figured 
very largely in service freight. 
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NOTES FROM CLEVELAND:AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Market.—The market is unsettled, 
and there is very little business passing. Speculators in 
warrants have been operating this week on a fairly large 
scale, with the result that quotations have fluctuated to 
the detriment of legitimate buying and selling of makers’ 
pig iron. With 490,000 tons of Cleveland iron still in the 
warrant stores ample opportunity is afforded for outside 
gamblers to dabble and seriously interfere with the 
market. To a large extent values of Cleveland iron 
follow warrants, and merchants have fixed prices at lower 
figures than makers will entertain, and co uently for 
the present producers, all of whom are well sold, are 
holding off. No. 3 g.m.b. Cleveland pig is put at 
553. 6d. f.o.b.; No. 4 foundry, 54s. 9d.; and No. 4 
forge, 543. No. 1-Cleveland is quoted 58s. 6d. East 
Coast hematite pig is coming down a little in price, but 
it is still very dear as compared with Cleveland iron. 
Second hands now put mixed numbers of hematite at 
783., and no doubt there are makers who would accept 
783, 6d., but several of the leading producers still quote 
793. Under ordinary conditions hematite is 8s. to 10s. 
above No. 3 Cleveland, whereas to-day the difference is a 
good deal more than double that. akers being well 


sold, they are able to take a firm stand, especially seeing 
that there are no stocks of hematite. Spanish ore is 
declining a little. Rubio, of 50 per cent. quality, is 


obtainable at 22s. ex-ship Tees, and buyers endeavour to 
purchase at rather less. On the other hand, some sellers 
ask 223. 3d. Freights, Bilbao to Middlesbrough, keep 
low, vessels having been fixed this week at 4s. 3d. 


Manufactured Iron and Steel.—Satisfactory and en- 
couraging accounts are given of the various branches of 
the manufactured iron and steel industries. A very large 
quantity of work is being turned out, producers of almost 
all descriptions of finished iron and steel have well-filled 
order-books, and inquiries concerning new contracts are 
reported to be fairly numerous. Common iron bars are 
8. ; best bars, 8/. 10s.; best best bars, 9/.; iron ship- 
plates and iron ship-angles, each 7/. 15s.; steel bars, 
7l. 103.; steel ship-plates, 77. 103.; steel ship-angles, 
7l. 23. 6d. ; steel boiler-plates, 87. 10s.; and steel joists, 
61. 17s. 6d.—all less the customary 2h ag cent. discount. 
Cast-iron railway chairs are 4/. 23. 6d., and heavy steel 
rails 62, 15s.—both net cash at works. 


Shipments of Iron and Steel.—Shipments of iron and 
steel from the Tees last month were very heavy, reaching 
155,613 tons, to which must be added 7437 tons of pig 
iron from the neighbouring little port of Skinningrove, 
making the total clearances 163,050 tons, of which 117,754 
tons were pig iron, 12,179 tons manufactured iron, and 
33,117 tons steel. The pig iron shipped was by far the 
best on record for the month of February, the previous 
best being 87,830 tons in 1897. Of the pig iron dispatched 
by sea last month, 78,439 tons went abroad, and 39,324 
tons coastwise ; whilst of the manufactured iron shipped, 
5466 tors went to foreign firms, and 6713 tons to coastwise 
customers; and of the steel cleared, 29,333 tons went 
abroad, and only 3784 tons coastwise America, with an 
importation of 30,164 tons, received the largest quantity 
of pig iron, Scotland coming second with 27,175 tons, and 
Japan third with 10,862 tons. Holland received 7645 
tons ; Germany, 7110 tons ; Italy, 5759 tons ; and France, 
5577 tons. Once more India headed the list of customers 
for manufactured iron and steel, taking 1856 tons of the 
former, and 8424 tons of the latter. Japan received 1855 
tons of manufactured iron and 6279 tons of steel. 


Coal and Coke.—There is a decidedly easier feeling in 
fuel. The quantity of bunker coal taken up is very large, 
but the ample supply more than meets requirements, and 
quotations show a rather downward tendency. From 
12s. 6d. to 12s. 9d. f.o.b. is quoted for unscreened 
Durhams. The value of manufacturing coal is unchanged. 
Household coal is rather quieter. Coke has at length 
been lowered, but it is still put at more than consumers 
care to give. Average blast-furnace qualities are now on 
sale at 22s, 6d. delivered here—a fall of half-a-crown— 
but 21s. 6d., and even less, is said to have been accepted. 








Licnt Rai.ways Act, 1896.—The Board of Trade have 
recently confirmed the undermentioned Order made by 
the Light Railway Commissioners :—County of Middlesex 
Light Railways (Extension and Lands) Order, 1907, 
authorising the construction of a light railway in the 
parish of Wembley, in the County of Middlesex (being 
an extension of the light railways authorised by the 
County of Middlesex Light Railways Order, 1903) and 
the taking of lands for wlesing roads for this purpose. 





Prize ror InpusTRIAL Hyaiengr.—The Council of the 
Society of Arts are prepared to award, under the terms of 
the Benjamin Shaw Trust, a gold medal, or a prize of 20/. 
The medal, under the conditions laid down by the testator, 
is to be given ‘‘ For any discovery, invention, or newly- 
devised method for obviating or materially diminishing 
any risk to life, limb, or health, incidental to any indus- 
trial occupation, and not previously capable of being so 
obviated or diminished by any known and practically 
available means.” Intending competitors should send in 
descriptions of their inventions not later than Dec: 
ember 31, 1907, to the Secretary of the Society of Arts, 
Adelphi, London, W.C. Such descriptions may be sent 
in under the inventor’s name, or under a motto, accom- 
panied by a sealed envelope, enclosing the name, as pre- 
ferred. The judges will be appointed by the Council. 
The Council reserve the right of witholding the prize 
or of awarding a smaller prize or prizes, if in the opinion 
of the judges nothing deserving the full award is sent in. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Iron and Steel Trades.—The local iron market is 
showing signs of weakness, and prices are dropping. 
Hematites are in fair demand, and quotations are 23. per 
ton lower than they were a fortnight ago. Lincolnshire 
makers are so busy that they are able tosomewhat support 
the market. Derbyshire brands have gone down 23. per 
ton. Makers, however, are so well booked that they are, 
asa rule, quietly waiting developments. The mills and 
forges are still behind with work, and deliveries are diffi- 
cult to secure. The East End firms are described as fairly 
well booked both on home and foreign account, and 
practically all departments are in full work. The orders 
given out some time ago by the Government for armour 
are being proceeded with, and will furnish employment 
to the end of the year. A fair amountof work is on hand 
for heavy forgings and also for shells. There is no 
decline in activity in the moulding and engineering 
branches, and more business is being done in some of the 
tool trades. 

The South Yorkshire Coal Trade.—There is some de- 
cline in activity in certain branches of the coal trade. 
The demand for house qualities is much easier and prices 
are on the down grade. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has shown more anima- 
tion, although no advance in prices has been established. 
The best large steam coal has made 17s. 9d. to 18s, 3d. 
per ton, whiJe secondary qualities have brought 16s. 6d. 
to 17s. 3d. per ton. ouse voal has continued steady ; 
the best ordinary qualities have made 193. to 19s. 6d. per 
ton, while No. 3 Rhondda large has been quoted at 20s. 
rton. Coke has also steady. Foundry qualities 
ave been quoted at 28s. to 30s. per ton, and furnace 
ditto at 21s. 6d. to 23s. 6d. per ton. iron ore, 
Rubio has made 20s. 6d. to 21s. per ton, and Almeria 
20s. 3d. to 203. 6d. per ton, upon a basis of 50 per cent. of 
iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 


The Swansea Valley.—The tin-plate works are well 
booked forward; the steel trade has also continued 
active. As regards the collieries, the majority of the pits 
are working full time. 


Great Western Trafic Arrangements.—The Western 
Valleys Joint Railway Council and the Monmouthshire 
County Council sent a deputation on Monday to Mr. 
J. Inglis, general manager of the Great Western Rail- 
way Company, at Paddington. The deputation urged 
the abolition of a level crossing at Crumlin, and the 
erection of a bridge or subway; additional and faster 
trains, cleaner carriages, better lighting of carriages 
and stations, a provision of workmen’s trains, passenger 
stations at Six Bells and Cwmcarn, better arrangements 
for the connection of Western Valley trains with the 
London and North-Western Railway at Brynmawr and 
Crumlin High Level, and a provision of refrigerator 
vans. The deputation was favourably received. As to 
the Crumlin level crossing, the company promised to do 
the work within three years. At Six Bells the company 
promised parcels and goods delivery at once, and it will 
erect a new station at Cwmcarn. 


The “‘Defence.”—The Defence will be launched at Pem- |, 


broke, April 27. The Defence will, by that date, have 
been two years and two months in hand. She will be 
launched with all her side armour in place. 


Cardiff Corporation Water Works.—Mr. C. H. Priest- 
ley, water works engineer of the Cardiff Town Council, 
reported to the Water Works Committee on Friday that 
the average consumption per day last month was 
5,742,857 gallons, or 26.54 qulleee per head per day on an 
estimated population of 218,000. Mr. J. A. B. Williams 
submitted his terms as consulting engineer for the con- 
struction of No. 3 reservoir, which will be commenced 
after the necessary Parliamentary and other powers have 
been obtained. These terms were approved, and recom- 
mended to the council for adoption. The estimated cost 
of the new reservoir is 250,000/, 


Dowlais.—The Goat Mill has effected a moderately 
large output of steel rails. The demand for steel sleepers 
has continued good. The Big Mill has also been pretty 
well employed. 








Tuk SteamM-Ferry CONNECTION BETWEEN SWEDEN AND 
Gramany.—The Commission which is to report upon this 
matter hopes to see a proposal laid before the Swedish 
Parliament within the present season, although it is 
not certain that it will be done. Two or three routes are 
under consideration, amongst them the Malmié-Warne- 
miinde, which is being strongly advocated by the autho- 
rities of the former places, although the distance is con- 
siderably longer than some of the other lines. 


Rats 1n France.—The Eastern of France Railway 


Company has let contracts for 2500 tons of steel rails at | 


7/. 63. per ton to the —e + Steel Works, the Pompey 
Steel Works Company, the Chatillon and Commentry 
Steel Company, MM. de Mendel, the Micheville Steel 
Works, and the Marine and Homecourt Steel Works. 
The Paris, Lyons, and Mediterranean Railway Com- 
pany has contracted with the Steel Works of France for 
6000 tons of steel rails at 7/. 11s. 9d. per ton, and with the 
Chatillon and Commentry Company for 6000 tons more 
upon similar terms, 


MISCELLANEA. 


Tue Board of Trade Journal announces that the Italian 
Government have voted 564,000/. for the extension of 
the port and quays of Naples. In addition to this, the 
sum of 500,000/. has been voted for the construction of a 
new basin, which will entail the building of another 
large breakwater, &c. 


Up toa short while ago, no single town in the Isle of 
Wight a steam fire-engine. For the security, 
not only of the residents but also of the numerous 
visitors to the island, we are glad to hear that steps are 
being taken to rectify such a state of affairs. In fact, the 
town of Sandown has recently had delivered to it a new 
“* steamer” i Messrs. Shand, Mason, and Co, Black- 
friars, S.E. This fire-engine is similar to those in use in 
the London Fire Brigade. 


Of 871 motor-omnibuses recorded recently on the 
London routes, 269 were built by the Milnes-Daimler 
ge and 238 by Straker and Squire and Biissing, 
117 by the De Dion-Bouton Company, 62 by Messrs. 
Scott Stirling, and 46 by Messrs. Clarkson, &c. Of the 
owners, the}{London Motor-Omnibus Company stood first 
with 192, 169 were owned by the London General Omni- 
bus Company, 150 by the Road-Car Company, and smaller 
numbers by other companies, 


A recent issue of the Commercial Motor gives the profile 
of the famous Lansdown Hill at Bath, up and down 
which motor-omnibuses are now worked by the Bath 
Electric Tramways, Limited, as feeders to the tramway 
system of that city. This hill, which hitherto has been 
such a toil to residents and visitors desiring to leave the 
town on this side, is now traversed for a distance of 
about 14 miles, most of which is on a gradient of 1 in 12 
or so. ‘The steepest gradient is 1 in 7, while the easiest 
on the omnibus route is 1 in 21. The Board of Trade 
refused to sanction a tramway route up this hill, but both 
Milnes-Daimler and Straker-Squire omnibuses are now 
in regular service, to the great convenience of residents 
and others in this healthy suburb of Bath. 


On the 4th inst., Messrs. Alex. Stephen and Sons, 
Limited, launched at Linthouse, the Mount Sephar, a 
cargo steamer for Messrs. Smith and Service, of ieense, 
of the following dimensions :—Length, 400 ft.; breadth, 
52 ft.;.depth moulded, 29 ft. 9in. She has been arranged 
for the handling and oy of large and bulky cargo, 
and is intended for trade between Glasgow and the West 
Indies. To facilitate the handling of cargo, a system of 
twin masts has been adopted, in which are combined all 
the advantages of Samson posts, with the extra height 
and strength of ordinary masts, enabling the vessel to 
deal unaided with ye f machinery of enormous weight, 
lifting it out of the holds and putting it clear over the 
side. The propelling machinery will consist of triple- 
expansion engines with cylinders 26 in., 42in., and 70 in. 
in diameter with a 54-in. stroke, supplied with steam 
from three single-ended boilers, working at 180 lb. pres- 
sure with Howden’s forced draught. 


At a meeting of the North-Eass Coast Institution of 
Engineers and Shipbuilders, held on March 1, in New- 
castle, the President, Mr. W. H. Dugdale, referred to 
the proposal to institute a scholarship with the idea of 
giving encouragement to the younger members of the 
profession. He announced that so far 1000/. had been 
subscribed towards the object, and he hoped that at the 
beginning of the next session the first scholarships would 
awarded. The trustees of the fund are Mr. W, Boyd, 
Sir W. T. Doxford, and Mr. H. Withy. Scholarships 
will be mted to members of the Graduate Section of 
the Institution of at least two years’ standing. Students 
in either engineering or naval architecture will be quali- 
fied to compete, provided that they are serving, or have 
served, their apprenticeship upon the North-East Coast. 
Students awarded scholarships will be allowed to select 
their own college or school, subject to the approval of 
the committee, of which Mr. W. H. Dugdale has been 
made the permanent chairman, 


The new French destroyers, says the Moniteur de la 
Flotte, are to be fitted with five 65-millimetre (2.56-in.) 
uns, 1902 pattern, instead of the six 47-millimetre 
1.85.in.) guns with which they are now armed ; instead 
of two boilers we oe 2.5 metres (8 ft. 23 in.) long, 
they will be provided with four boilers with a 2-metre 
(6-ft. 6}4-in.) grate; a torpedo-launching tube is to be 
added in the bow; the engines are to be either recipro- 
cating with forced lubrication, or steam turbines, or; 
again, a combination of both; the boats to have a 
turning circle of 400 metres at a speed of 20 knots, 
instead of 600 to 700 metres. Offers have been sent in 
|for the boats built under the above conditions ; six of 
| these have been allowed torank. They comprise three 
| designs with reciprocating engines ; one with alternating 
engines and Rateau steam turbines ; one with alternatin 
| engines and Bréguet steam turbines, and one wit 
| Parsons’ steam turbines. Displacement has been in- 
creased from 330 tons, ‘‘Claymore” type, to 420 tons, 
| the increase ss taken up mainly by the increase in 

armament and boiler power. 











Osirvary.—We regret to have to record the death, at 
the early age of thirty-one, of Mr. A. V. Haslam, of the 
Haslam Foundry and Engineering Company, Limited, 
Derby. Mr. Haslam succumbed to illness, dying at his 
residence, Northfield, Daffield-road, on Thursday, the 
28th ult. Educated at Repton, on leaving school he 
| entered the business of his father, Sir Alfred Haslam, 
jand at the time of his death was, with Mr. W. G. 
| Haslam, joint manager. He was a member of the Insti- 
| tution of Mechanica Engineers. 
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THE NEW COUNTY COUNCIL FOR 
LONDON. 
On Saturday, March 2, the ratepayers of London 


ack | showed in the most convincing manner by their 


votes in the election of a new County Council that 
they desire a change in the administration of their 
affairs, and that they have no confidence in the| a 
men who have had control of that administration 
during the past three years. In the last Council 
there were 83 members belonging to what is known 
as the Progressive Party, 34 members of the 
Moderate Party, and one Independent. The new 


320 | Council contains 38 Progressives, 79 Moderates, or 


Municipal Reformers, as they are now called, and 
one Independent. Even more striking than this 
change in the representation of parties is the fact 
that in a record poll for these elections the 
Progressive vote has only increased from 173,660 
to 195,558, while the Municipal Reform vote has 
jumped from 143,863 to 240,846. What is the 
meaning of this change? It means that London 
has at last awakened to the fact that its credit was 
being used in the most reckless fashion to support 


328 | Socialistic schemes of the wildest kind, schemes 
33o | for municipal trading in every direction, and based, 
330| not on sound principles of economics, but on the 


Socialist antipathy to private enterprise. The 
argument that profits made by private individuals 
in any industry might with advantage be made by 
the people as a community, and used for public 
-purposes, is an attractive one to 4 working-class 





electorate, but it has now been tested by ex- 
perience, and no satisfactory explanation has been 
given why the promised profits are not forth- 
coming. During the last three years we have very 
frequently had occasion to criticise the methods of 
the County Council, especially in matters of finance, 
and in their administration of their trading enter- 
prises, such as the tramways; and in the recent 
campaign all these matters have been carefully 
a by the public, and have helped greatly 
a nag the reaction shown by Saturday’s vote. 
Now that the old policy has been condemned, 
and a new set of men put in power, the most im- 
portant question to consider is the policy which 
the party now in office should adopt. The task 
before it is a very difficult one, and much of the 
difficulty is due to the fact that it has to take over 
from its predecessors, and administer, schemes 
heavily burdened with debt, and must provide for 
the repayment of that debt. Still we have no 
doubt that every difficulty will be fairly faced, and 
that what can be accomplished by hard work and 
good business capacity will be done. We venture 
here to outline a few matters which should receive 
earnest attention at the earliest possible moment. 

The very first matter to be considered is the 
County Council Electric Power Bill now before 
Parliament. After the Haster recess a Parlidmen- 
tary Committee would, in the ordinary course, be 
appointed to consider that Bill, so that the new 
Council must decide at once what its attitude is to 
be in regard to this matter. We have no hesita- 
tion in saying that the Council ought to drop the 
Bill at once. No party placing economy and re- 

trenchment at the head of its programme can adopt 
such a scheme as is outlined in that Bill. We 
not intend to discuss its terms here ; but we may 
point out that, in addition to taking powers for the 
supply of electric energy over an area three times 
that of the County of London, it seeks to confer on 
the County Council the right to construct for itself 
every item of electrical plant and apparatus that 

be required in connection with the supply 
and use of electric power. Would the public 
which gave the vote of last Saturday stand such 
ascheme as that? The answer is already given, 
and the new ag ge must drop the scheme. There 
will, of course, cry from the defeated party 
that this is done in the interests of all manner of evil 
trusts and syndicates, but the public is tired of 
these cries, and has said so. What the Council can 
do, while dropping ivs own Bill, is to take every 
precaution that in any private schemes with the 
same object which are brought before Parliament, 
the public interests are fully protected. The late 
County Council lodged petitions in opposition to all 
the London Power Bills deposited by companies, so 
that the new Council will have the right to appear 
before the committees which deal with these 
schemes. We have no doubt that the petitions 
lodged in the name of the County Council are 
couched in the strongest terms of opposition, but 
that ought not to be the attitude of the new 
Council. All parties are agreed that large 
power schemes would be beneficial to London ; the 
new Council—or at least the majority—hold the 
opinion that the Council should not itself under- 
take such a scheme ; therefore let the Council con- 
sider carefully the proposals made in the Bills de- 
neon and oppose only such provisions as are 

a against the general interests of the 

lic. It should be their aim to secure the inser- 
fon of clauses making an increase in dividends 
paid above a certain percentage only allowable if 
a proper percentage decrease is at the same time 
made in the pricé of the commodity to the public. 
Matters of that kind can easily be adjusted, and 
the public interests will best be served by limiting 
opposition to such points. 

With the power scheme out of the way, the 
Council will be free, and will be bound, to consider 
carefully the position in which some of the existing 
undertakings of the Council now stand. The 
public wants to know the true financial condition of 
the tramways, of the steamboats, and of the housing 
schemes of the Council, and on all these matters we 
hope the Council will take the public into its confi- 
dence by making the most searching inquiry and 
publishing the result. As regards tramways, the 
question of bouk-keeping must be tackled at once, 
and the accounts must in future be put in such a 
form that they show the true state of affairs. Every 
charge incurred in connection with tramways must 
appear clearly in the accounts, and a depreciation 
fund, as distinct from a reserve fund, must be 
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started. Let the Council also inquire how the 
tramways undertaking came to be valued at 74 mil- 
lions by their own valuer. That statement .was 
made by the late Finance Committee and used for 
election purposes, but the late Council refused to 
produce the valuation. The new Council must, in 
its own interests, go into this question, for it has 
to be remembered that under a long Progressive 
régime officials may have unconsciously become ad- 


herents of a party or a policy; and if sound business | matter. 
is to be done by the new Council, they must have! stock for a large loan, but it is better to do this 


officials in whom they can place confidence. 


As regards the steamboats, we are inclined to/| through fear of the money market, have been pay- 


think the best thing the Council can do is to sell 
them, and cut the loss. We are persuaded that 
they will always remain a charge on the rates ; 
and it is contrary to the municipal reform policy to 
allow a charge to be borne by the rates for a scheme 
which can be operated as well, or even better, by 
private enterprise. If the old company which 
formerly ran steamboats on the Thames, and still 
does run them on the upper portion of the river, 
had received encouragement from the County 
Council, the public would have had a good service 
of boats—ample for all needs—without pledging 
the public credit in any way. Instead of that, the 
Council put obstacles in the way of the company, 
and brought forward their own scheme for ‘‘ steam- 
yachts” on the river, with the result which every 
one now knows. Mr. John Burns has declared 
that he is responsible more than anyone else for 
this undertaking, and we have nq doubt that many 
members of the defeated party will be glad to 
accept this statement in order to shift from their 
own shoulders responsibility for a colossal failure ; 
but, in any case, there is no reason why the whole 
body of ratepayers in London should be out of 
pocket to satisfy the desires of one man in Batter- 
sea, and a change must be made. It may be pos- 
sible to lease the undertaking, though in our 
opinion it would be better to sell it. The first thing 
to be done, however, is to let the public have a 
full statement of the position of the undertaking. 
If any estimate is made of traffic to be expected in 
future, we hope it will be a wiser one than that put 
forward by the Council’s officers to induce Parlia- 
ment to grant powers for the scheme. 

There remains to be considered the position of 
the housing schemes promoted by the late Council 
and its predecessors. Everyone has been made 
familiar recently with the wild speculation of the 
late Council in brick. making on the Norbury estate. 
That matter cannot be left where it now stands, as, 
in spite of favourable reports presented to the 
Council, a letter has been written to the Press by a 
responsible contractor, who has done work for the 
County Council, in which he condemns in the 
strongest terms the bricks made by the Council at 
Norbury. The new Council must therefore go 
fully into the matter, and, if need be, put an end 
to what looks remarkably like a scandal. The 
general question of the advisability of continuing 
or ending the late Council’s policy of building their 
own model dwellings must also be considered. In 
an interesting article recently published in the 
Times it was shown that better results had been 
obtained by the private companies and trusts, like 
the Peabody Trust, in building these dwellings on 
cleared areas than by the County Council; and 
even if it should appear, after consideration of the 
situation, that the schemes already undertaken 
must be continued by the Council, we hope that 
where insanitary areas are cleared in future, the 

olicy followed by the old Metropolitan Board of 

Vorks, of leasing the sites to private companies for 
model-dwellings, will once more*be adopted. As 


to the Council's schemes for artisan dwellings, if it | 


is made clear upon full inquiry that these are a 
charge upon the rates, we cannot see why they 
should be continued. The tenants of these dwell- 
ings are not paupers, but artisans earning good 
wages, and we challenge anyone to show good 
cause why the ratepayers at large should be made 
to pay in order that these people may have houses 
at unprofitable rents. The fact that the rents are 
not low suggests that there may be mismanage- 
ment or waste of money in the administration, and 
this is a matter which will have to be examined 
closely, not onlyin connection with housing schemes, 
but in every department of the Council’s work. 
Such an inquiry may cause friction with officials, 
but there must be no weakness here. The officials 


are entitled to fair and courteous treatment and to 
a certain amount of freedom in the performance of 
their difficult duties ; but it must be made clear 





| exhausted borrowing powers will amount, at the 





that they are the servants of the Council, and that 
if the Council demands a change in any respect on 
what has been former practice, that change must 
be made. 

We have said nothing of the most important 
question of the general indebtedness of the Council, 
and mainly for the reason that suggestions on this 
point appear superfluous. It goes without saying 
that the new Council will at once inquire into this 
It will probably be necessary to issue 


than to follow the practice of the Progressives, who, 


ing up to 6 per cent. for temporary loans amounting 
to nearly a million, and 4 per cent. on bills for nearly 
four millions more. We agree with a writer in the 
Times of Tuesday last, who recommends the Council 
to obtain an actuarial statement as to their position 
at the moment of taking office, ‘‘ for a clear state- 
ment of the financial situation is what the Muni- 
cipal Reformers have never yet been able to 
obtain.” 

All these matters will require time for inquiry, 
but the public recognises this fact, and is only 
anxious that full inquiry should be made, and the 
result published. When that is done, the Council 
must lay its plans for the future, and one thing we 
recommend them to do is to entrust the audit of 
all their accounts to an independent firm or firms 
of chartered accountants of high standing. That 
will give the public confidence in them and in their 
work; and even if in future elections there should 
be a swing of the pendulum, the Socialist majority 
of that day will not dare to abolish these auditors, 
and the public will to that extent be protected. 








THE NAVY ESTIMATES. 

Tue Navy Estimates were issued last week, and 
on Tuesday last the debate on their presentation 
was opened in the House of Commons in the usual 
way, by the representative of the Board of Ad- 
miralty in the Commons moving that the House 
should go into Committee of Supply. 

We annex our usual table showing the net 
amount of the different votes for the forthcoming 
financial year, which commences on the Ist of April 
next, and for the five previous years. It will be 
seen from this that there is a decrease, as compared 
with the net estimates for the current year, of 
450,0001. The actual decrease on naval expendi- 
ture contemplated is, however, greater than this, 
The present Government consider it expedient 
to abandon in future the system of raising funds 
for naval works by means of loans, and the money 





required for this purpose will be included in the 


to 32,206,9331. That has been reduced, by striking 
out certain works which are not considered neces- 
sary by the Admiralty, to 29,840,000/. Deducting 
27,593,0001., which will all be used, leaves a balance 
of 2,246,1801. for the ordinary purposes of the 
Navy Estimates, and of that amount, 977,0911. will 
be spent during the coming year. 

Taking these figures and certain other items into 
consideration, Mr. Robertson arrives at the con- 
clusion that the actual reduction of the forthcoming 
Estimates upon those of last year is nearly 2 mil- 
lions sterling, in place of less than half a million, 
as appears on the face of the Estimates; and the 
former, of course, is the true figure. Whether 
it is wiser to raise money by loan, or, in 
the usual way, by annual votes, is a matter 
which need not now be considered at length. It 
is sound finance to let every year bear its own 
burden, but there is a convenience in knowing 
that a certain organised policy of construction, 
whether of docks and buildings or of ships, can be 
continuously pursued without the check due to lack 
of means. We have in other countries examples of 
the capriciousness of parliaments in voting supplies, 
and those who study these questions know what 
waste and inefficiency follow such procedure. 
Happily, the House of Commons never refuses 
money asked for the Navy ; nevertheless, it is not 
an unknown circumstance for Governments with 
a ‘‘retrenchment” plank in their platform to put 
pressure on the Board of Admiralty to cut down 
estimates. In that case commitment by Act of 
Parliament is a useful thing, both for the Navy 
and the Parliamentarians ; the Navy gets its 
ships or works, and the Parliamentarians can say 
it was the other side that forced on them this 
iniquitous expenditure. Happily, there has been 
less political business mixed up with the Estimates 
of late, and in any case the present Government 
is little likely to find the Opposition throwing 
obstacles in the way of completang the necessary 
naval works. It is well, therefore, the charge 
should gv on the Estimates. 

The effect of the change may be traced in the 
Works and Buildings Vote, which has risen from 
1,954,500/. this year, up to 2,758,4001. for the 
coming year. Five years ago it was not much over 
a million. 

The Shipbuilding Vote—Vote 8—is the one that 
is of chief interest, not only to our readers— 
although to them in a special degree—but also to 
the nation at large. The ordinary tax-payer will, 
no doubt, find cause for satisfaction in that there is 
again a reduction, though not so great a decrease as 
last year, when Vote 8 was brought down by nearly 
two millions. It is really wonderful how the Ship- 


TaBLe SHowina Net Amount oF Votes ror Navy Estimates ror THE CoMING AND Five Previous YEARS. 


Vote. Year 





EFFECTIVE SERVICES. 
Wages of officers, seamen, and boys, coastguard, and 
Royal Marines om ‘e 6 oe i ; 

Victualling and clothing for the Navy 
Medical establishments and services 
Martial Law , ‘a , 
Educational services .. 

Scientific services » 

Royal Naval Reserves. . < jd os 
Shipbuilding, repairs, and maintenance : 


mor 


Section I.—Personnel .. 
II.— Matériel 


” 
», 111.—Contract work 

Naval armaments - ee ste 

Works, buildings, and repairs at home a 

Miscellaneous effective services 

Admiralty Office ° ve 


nd abroad 


Total effective services ‘a 
NoN-EFFECTIVE SERVICES, 
aa pt reserved, and retired pay 
Naval and marine pensions, &c. 
Civil pensions and gratuities 


Total non-effective services 


Grand total .. 


regular Estimates. Naturally, this conversion can- | 
not be brought about all at once. There are, of | 
course, certain arrangements and responsibilities | 
which must be continued, and it is proposed to use | 
the unexhausted borrowing powers as far as they will 
go. Beyond that point, what are known as the 
loan works—that is, the works sanctioned by 
statute—will appear in the Estimates. The un- 


beginning of the next financial year, to 1,916,000I., 
of which 1,478,000/. will be spent mainly in com- 
pleting works already authorised. The total esti- | 
mates of the loans works on March 31 amounted! 





| 
- | 1902-1908 | 1903-1904 


‘about eight million pounds, 
|of the early ‘seventies, with the influence of the 


|year upon the construction of new ships, and ten 




































1904-1905 | 1905-1906 1906-1907 1907-1908 

£ £ £ £ £ x 
: 5,962,600 | 6,312,800 6,691,000 6,672,000 6,810,700 6,869,700 
. 2,023,500 | 2,292,500 2,428,000 | 2,256,600 | 2,053,200 1,996,400 
246,500 | 259,000 ° 293,000 277,500 275,£00 268,700 
17,700 | 15,500 15,500 14,000 14,700 14,200 
101,700 116,100 154,000 161,900 165,€00 172,500 
65,000 69,400 72,600 69,300 65,100 65,100 
286,900 297,500 404,500 420,600 426,600 418,300 
-. 2,661,500 | 2,991,800 3,044,200 2,768,300 2,407,600 | 2,649,900 
. 4,812,700 | 4,786,700 5,062,800 4,816,900 2,827,200 | 3,085,200 
.. 7,665,800 | 9,571,£00 10,314,000 | 7,827,800 8,588,400 | 7,646,000 
3,356,400 | 3,206,100 3,646,000 2,986,000 2,986,000 2,348,700 
1,100,000 | 1,502,000 | 1,634,200  1,905,:00 1,954,500 | 2,758,400 
368,000 409,500 444,000 454,000 482,200 401,000 
294,300 306,400 327,400 336,400 351,500 364,600 
.. 28,962,€00 |32,136,200 34,531,200 30,866,500 29,408,800 28,908,700 
782,100 784,300 796,200 800,900 820,700 837,900 
1,160,700 | 1,186,300 1,208,800 | 1,233,200 1,256,300 1,302,000 
350,100 | 350,100 3&3,300 388,200 283,700 370,900 
. 2,292,900 | 2,320,700 | 2,358,300 | 2,423,000 2,460,700 | 2,510,800 
-. 31,255,500 34,457,500 136,889,500 |33,389,500 31,869,£00 31,419,500 


building Vote has gone up and up during the last 
three decades ; with some checks, however, the last 
of which is now in progress, the total estimates 
having been reduced during the last three years by 
In the far-away era 


Franco-Prussian War still shadowing Europe, we 
spent somewhat less than a million and a half a 


years later it was not much above two millions. In 


| 1891-2 it rose to about 5} millions, and then dropped 


to three millions in 1893-4. From this period the 
amount rose, with only two checks, until the 
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maximum was reached in 1904-5; the expenditure on 
the construction of new ships was not very far short 
of 12,000,000/. Since then there has been a decline. 
These figures refer to new construction, and do not 
include repairs and maintenance. The provision 
made for new construction for the coming year is 
8,100,000/., whilst the total of Vote 8 is 13,231,1001. 

The sums respectively apportioned to the three 
sections of Vote 8 are given in our table, and it 
will be seen that whilst there is a considerable 
decrease for the coming year in the contract section 
(942,4001.), there have been increases in the 
amounts to be spent in the dockyards (350,3001.). 
The money spent on contract work is, however, 
still much in excess of that required for work to 
be carried out in the Royal dockyards to the extent 
of about two million pounds ; a very different state 
of affairs to that of some years back. If, however, 
we take details of the totals, we find that con- 
tractors have been treated even more liberally— 
we are speaking only of the bulk of work distri- 
buted—than would at first appear. Provision 
for new construction to be carried out in the 
dockyards is made in the Estimates now before 
Parliament—i.e., Estimates for 1907-8—to the 
extent of 1,038,455/., which leaves the sum of 
7,061,5451. to be divided amongst the contractors. 
Even of the million odd that the dockyards will 
receive, 438,6801. is to go for matériel, which is 
also obtained from private manufacturers. 

It will, of course, be remembered that Vote 8, 
although generally known as ‘‘ The Shipbuilding 
Vote,” provides for other things besides the build- 
ing of ships, it being an ‘‘ estimate of the sum 
which wili be required in the year ending March, 
1908, to defray the expenses of shipbuilding, re- 
pairs, maintenance, &c., including the cost of 
establishments of dockyards and naval yards at 
home and abroad.” Details to a fair degree of sub- 
division are given in the Estimates, but the figures 
we have quoted will enable our readers to judge 
of the enormous expense entailed by keeping the 
Fleet and our naval establishments in going order. 

The cost of vessels of all classes has increased so 
largely, and is still so likely to increase, that we must 
be prepared for heavier estimates for equal numbers 
of ships. The question arises whether efliciency 
advances in the same ratio as cost. The Royal 
Sovereign, which may be taken as the first represen- 
tative of a new era in construction, cost, when she 
was put afloat seventeen years ago, 839,136l., her 
displacement being 14,150 tons. The present 
Dreadnought, of about 18,000 tons, is put down in 
the Estimates at 1,664,7031. No doubt, in battle, 
the Dreadnought would be worth more than two 
Royal Sovereigns, so it may be reasonably held 
that we get more fighting efficiency for money 
spent than we formerly did. It is a fact, however, 
that this is due chiefly to the advance in engineer- 
ing practice and construction; and this in turn 
demands skilled labour of a higher character, which 
is proportionately better paid. It may therefore 
be said that both the Navy, and those employed 
in its production, benefit by the progress of science 
as applied to naval construction. 

The Navy has benefited absolutely, but whether 
it has done so relatively is another matter, 
and—like the benefit to contractors—depends on 
competition. The value of the Navy to the 
country rests in its ability to beat other navies ; 
a subject of boundless possibility for controversy, 
as recent writings and talkings have proved. We 
do not propose now to add to the volume of words 
beyond saying that itis apparent that the competi- 
tion amongst nations in regard to naval expenditure 
is much more strenuous than it has hitherto been in 
modern times—say, since the Battle of Trafalgar. 
At the present the largest battleship is not owned 
by the British Navy; but what is more surprising is 
that it was built in a country that little more than 
two generations ago we looked on—erroneously, no 
doubt—as hardly civilised. The Satsuma, launched 
last November from the Kokosuka yard, is bigger 
than even our Dreadnought, her design showing a 
displacement of 19,200 tons ; whilst there is a sister- 
ship under construction in the other Japanese yard, 
at Kure. Nothing more striking has ever been 
chronicled in the whole history of engineering enter- 
prise than the development, well within the memory 
of those living, of the ship-building of Japan. It 
has progressed from the construction of junks to the 
building of the two largest battleships in the world. 

These circumstauces should lead us to consider 
well before curtailing our ship-building programme. 
We do not forget that Japan is our very good 








friend, and we may trust that community of in- 
terests will keep the alliance with her whole so 
long as common-sense guides the counsels of the 
two Empires. But friendship is not a staff of 
defence to which nations can trust, and, moreover, 


other Powers are increasing their naval activities. | 
Still, by the enormous expenditure of the last ten 


years, and by the superior shipbuilding and engi- 
neering facilities of this country, we have established 
so commanding a lead that we may well pause to 
look around and see what others are doing. Abroad 
great programmes have been framed, but the carry- 


ing of them out has not always been in accordance | 
with the wishes of those responsible for them ;| 


indeed, there has been a slackening of endeavour | 


during the last year or so in all countries excepting 
Japan. This has been due partly to obstacles 
placed in the way by Parliaments, and also to un- 
certainty as to the future trend of warship design. 
Our own Dreadnought has been a moving cause in 
the latter direction, and also the uncertainty as to 
the powerful armoured cruisers which the Admiralty 
have had put in hand. This country can well afford 
to profit by this phase of uncertainty. We can 
build faster than any other nation ; we can turn out 
more ships in a shorter time, no matter of what 
‘ype they may be. 

he new programme of construction was pretty 
well known before the Estimates were issued and 
before Mr. Robertson had made his announcement 
on Tuesday last ; so that the discussion in the 
House was much of the nature of rethrashing last 
year’s straw. Two ‘‘new ships” are to be laid 
down during the coming year—one at Portsmouth 
and one at Devonport. What their desigrs are to 
be, beyond that they are armoured, is not yet settled 
—at least, that is what the Estimates say; but Mr. 
Robertson describes them as Dreadnoughts. There 
will be spent on the two during the coming year 
380,0701.; which will not carry them very far if 
they are to be Dreadnoughts. Perhaps—very 
likely we should say—a third ship of the same de- 
scription will be built by contract. One fast un- 
armoured cruiser is to be built at Pembroke, and 
will have 122,186/. spent on her during the coming 
year. Five ocean-going destroyers will need 
78,2921. to advance them so far as is intended 
during the year; and these, of course, will be 
built by contract. Itis also contemplated to build 
twelve first-class torpedo-boats and twelve sub- 
marine boats during the coming year, but the 
authorities have not quite made up their minds on 
this point, as they are awaiting the results of certain 
experiments now in progress. These boats will 
also be built by contract, excepting in the case 
of probably two of the submarines which will be 
laid down at Chatham. The numbers here again 
depend on the outcome of the experiments ; but 
16,9701. is to be spent on submarines next year at 
Chatham ; whilst for the contract-built torpedo- 
boats 81,8111. will be spent, and on the contract- 
built submarines 38,7141. 

That is practically the ‘‘further new construc- 
tion” for the coming year. Of course, there is the 
new construction of ships already commenced ; 
‘*further new construction,” in Admiralty par- 
lance, meaning ships to be newly commenced, 
whilst ‘‘ new construction ” means further work on 
ships already in hand. We give this explanation 
because the terms have led to some confusion in the 
past on the part of someof our readers not acquainted 
with official nomenclature. With regard to the 
third armoured ship in suspense, whether it is to be 
built or not depends on what occurs at the forth- 
coming Hague Conference, when the combined 
wisdom and brotherly love of nations will endeavour 
to pave the way to an era of universal peace. We 
confess that we have not much hope that even so pre- 
liminary a step as a mutual agreement to limit war- 
like expenditure will be taken. With all the good- 
will in the world on the part of the negotiating 
authorities, we do not see how a working agreement 
can be drafted. If a basis of existing strength were 
agreed upon, what would be the measure of added 
strength? If a money standard were taken—and 
this might suit us very well—the country that could 
produce cheapest would have a manifest advan- 
tage. But how would the cost of any unit be de 
cided? The German State Railways, for instance, 
give unusual facilities and lower rates for transport 
of shipbuilding material ; obviously this principle 
may be extended in numberless directions when a 
government, with the funds of the nation at its 
back, holds the reins of expenditure. State land 
might be allotted, taxes remitted, or a hundred 





other things done to make warship construction 
cheap. Clearly a money standard presents too 
many difficulties, too many loopholes for evasion, 
for the nations to trust each other on such an 
arrangement. 

We may suppose, on the other hand, that the 
agreement should take the form of so many ships 
of a certain class being allotted to the different 
Powers respectively. Unless the plan of the 
yacht-racing men were adopted, and one-design 
classes were enforced, who would settle the exact 
line where armoured cruisers merge into battle- 
ships, torpedo-boats into destroyers, scouts into 
cruisers, and so on through the whole list of ships ? 
Allotment by classes appears even more hopeless 
than even allotment on a money is. here 
is, however, a fundamental problem which would 
have to be solved ; and which would, it seems to us, 
raise such an animated—not to say acrimonious—dis- 
cussion among the delegates of the nations, that, 
if it arose, to call the Hague assembly a peace 
conference would be a contradiction in terms. 
It would be necessary to determine what should be 
the license to build that should be given to dif- 
ferent Powers. Would, say, the Republic of Andora 
(we make a selection as remote from invidious 
comparison as possible) be entitled to build ship 
for ship with Great Britain? If we asked that 
our *‘two-Power” standard, on which we now 
base our Estimates, should be recognised, would 
all our neighbours agree we should construct two 
ships to every one each of the two Powers laid 
down ; and, if so, would it be left to us to declare 
which two Powers would constitute the standard ? 
That would be a very invidious task. 

It might be suggested that additions of ships 
should be allowed on the basis of existing anuath: 
but that provision would hardly suit a nation 
whose navy happened to be depleted at the 
time, or even one temporarily in arrear in con- 
struction. The condition is by no means without 
pen application at the present time. It is, 

owever, unnecessary to pursue the subject, and 
we fear the British taxpayer will not be relieved 
from the burden of providing for the third 
Dreadnought by any efforts of the Hague Con- 
ference, however well-meaning they may be. 
It is, however, right to add that the Government 
have done wisely in not committing themselves 
definitely to the third battleship until after the 
Conference. Itcan do no harm, and it would bea 
pity to give our detractors—and they do exist—an 
opportunity to say Great Britain barred the way 
to the millennium. Of course, if the Government 
use the Conference simply as means for reducing 
the Navy, that would be inexcusable. We have no 
reason for anticipating this at present, but Govern- 
ments do rather curious things at times. 

The discussion on the motion that the Speaker 
should leave the chair, although interesting from 
some points of view, did not do much to advance 
our knowledge or widen our views on the naval 
policy or naval needs of the country. There was a 
me deal said, as was inevitable, about the two- 

ower standard, and a few crotchets were aired. 
What appeared to interest the House most was, as 
usual, a personal matter. It was certainly amusing to 
hear a past Prime Minister taking the present Prime 
Minister to task for writing a magazine article ; 
and no one gives more enjoyment to the House 
in this way than Mr. Balfour. We do not, however, 
feel called upon to follow him in his expressions of 
playful indignation. Mr. Bellairs moved an inevit- 
able but unnecessary amendment, and Sir Charles 
Dilke delivered a long and closely-reasoned speech, 
in which he dealt in detail with certain points con- 
nected with the policy of ship construction. We 
shall have occasion to refer to these matters at a 
later date. Finally the speaker was got out of the 
chair shortly after 8 o’clock, but progress was re- 
ported whilst Vote A was being discussed. 





HOPE IN ENGINEERING. 

TuERE is no more valuable accessory in work 
than hope; and this is particularly the case in 
such work as involves more or less of speculation— 
a condition which must ever prevail in connection 
with developments in applied science. Conversely, 
the frequent magnification of the triumphs of the 

st, with implied or enunciated suggestions of 
imitations, must have a depressing influence espe- 
cially on young and active workers. Past successes 


should never be used to create obstacles to future 
achievement, and yet we find, time and again, that 
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they are urged as difficulties, if not as barriers. This, 
too, is the more remarkable when one recalls how 
often such prognostications of the impossibility of ad- 
vance along certain lines have proved wrong—almost 
ridiculous. These, too, have frequently followed 
on the heels of discoveries which have opened new 
avenues of progress. Did not Faraday have the 
gravest doubt as to the possibility of his magneto- 
electric-produced light being ever of service asa 
commercial illuminant ? And has not Dr. Lardner, 
with others, been credited with saying that steam- 
ing across the Atlantic would be impossible, as 
the vessels could not carry sufficient fuel for 
the voyage? [t is amusing, also, to recall that 
Sir William Preece, before a Parliamentary Com- 
mittee, was inclined to the view that the tele- 
phone could never be popular in this country, since 
messenger-boys were so readily obtained, although 
it might do in America, where labour is scarce. 
Nor is it many years since a scientific expert was 
quite certain that the transmission of electric energy 
over great distances would be too costly in copper, 
seeing that a voltage higher than 30 could not be 
generally used without risk of accident. 

We do not claim that the present generation is 
less faint-hearted than its predecessors, or, rather, 
should we not say, is less lacking in the scientific 
imagination, for the cultivation of which Tyndall 
pleaded. Is it not the case that we hear reiterated 
the belief that we have reached the limit in steam 
pressures, in the power that may be transmitted 
through a propeller-shaft in steamships, in the 
speed of railway trains, in the muzzle velocity of 
artillery, in the tensile strength of alloys, in the 
efficiency of the conversion of heat to work in 
prime movers, or in the method of transforming 
electric energy for the production of mechanical 
work. As this tendency to dull contentment 
and depressing prophecy is so common, it is 
well to have fitting occasions and great men who 
rise above the commonplace, and stir a warmer 
impulse among young engineers. Such an occasion 
was found at the annual dinner of the Glasgow 
Association of Students of the Institution of Civil 
Engineers at Glasgow, on Friday night last, and 
such men in the persons of Lord Kelvin, Sir 
Alexander B. W. Kennedy (the President of the 
Institution), Sir John Wolfe Barry, Lord Kings- 
burg, Professor Barr, and Sir William Copland. 
Nothing was more remarkable in the whole of 
the proceedings than the strong note of hopeful 
encouragement which each and all struck in address- 
ing the large company of younger engineers. There 
was a protest against the idea of limitations, a plea 
for the association of imagination with experimental 
research, and a warning against the cramping in- 
fluence of too early specialising. 

The cultivation of the scientific imagination is 
associated almost necessarily with recreative relaxa- 
tion. Here, indeed, we have the great advantage 
of a hobby. How often does it occur that the 
seeker after knowledge in a specific line of research 
misses the significance of incidental phenomena ? 
His mind is too strongly concentrated upon an 
objective, more or less clearly defined, and in that 
respect is hampered in its freer movement. His 
view, accordingly, is restricted to those matters 
which seem to bear directly upon the realisation 
of the end in view. He may fail to realise that a 
collateral, which may be of transient interest—if 
not, indeed, an irritating obstruction—is the pro- 
mise of a greater result than the objective aimed at. 
Many instances might be given ; one may suffice. It 
was under some such condition that Lord Blythes- 
wood failed to anticipate Réntgen in the discovery 
of the X rays. Thus, in addition to studies and 
recreations capable of developing the imagination, 
the young engineer should cultivate a hobby, 
since both tend to broader ranges of thought. The 
disadvantages of excessive mental concentration 
are thus overcome, and the faculty to appreciate 
the potentialities of side issues becomes the keener. 
A brief absence from the laboratory renders pos- 
sible a wider view of the problems at issue, and a 
less restricted play of the imagination. This is 
essential, since many of the most brilliant dis- 
coveries in science are the outcome of bright flashes 
of imagination—of what is sometimes called inspira- 
tion—directing the trained faculties, or the science- 
controlled mind, into new avenues of research. 

Thus it was well that Lord Kingsburgh, last 
Friday, pleaded for the cultivation of imagina- 
tion and of hobbies. He qualified this, and 


very properly, with a warning against the super- 
ficial, an 


sought to show that in constructive de- 








sign the fitness of things was true art, and that it 
was possible to create objectionable excresences by 
simulating ornament not applicable to the condi- 
tions prevailing. The study of classical art, how- 
ever beneficial in itself, and for the development 
of imagination, thus calls for a restraining influ- 
ence. The Corinthian column, for instance, was a 
necessity in Grecian architecture, and it is accepted 
to-day purely for effect without objection being 
raised to its inutility. The engineer has to reckon 
with the artistic conception of the man in the 
street, and to this extent also must his fancy 
be controlled, so far as constructive design is 
concerned. But in pure research hope for engi- 
neering rests in some measure upon scientific 
imagination. 

For the same reason we were pleased to have 
Sir Alexander Kennedy speak with no uncertain 
voice against too early specialisation. As he pointed 
out, few of our eminent engineers are to-day spe- 
cialists in that branch of applied science for which 
they in their earlier years thought they had a special 
calling. Sir Alexander might have quoted his own 
case. All engineering is based on fundamental and 
common principles ; the control of men necessi- 
tates a knowledge of mankind, the solution of 
great industrial or economical questions requires 
an all-round experience. The training of the 
really great engineer, capable of achieving scien- 
tific and constructive successes, must therefore 
be carried out on the most comprehensive lines. 
The designer should be able to appreciate the 
applicability of the lessons of one branch of engi- 
neering to the solution of the problems of another ; 
and thus it comes that the engineer should sup- 
plement his shop-work with the study of contem- 
poraneous literature. As one speaker pointed out, 
the flow of engineering literature is vast; but so 
constant is the change in engineering practice that 
it is only by the provision of new, or thoroughly 
revised, text-books that educational requirements 
can be satisfied. This is a fact which gives addi- 
tional importance to the records of current practice 
now given in technical journals. The necessity 
for sound judgment and discrimination in the se- 
lection of methods is still as great as—or even greater 
than—ever ; but, in any event, the balance must 
ever be in favour of experiment and imagination, 
so long as they are controlled by scientific research. 
We must refuse to recognise limitations to progress ; 
and in this lies hope in engineering. 








COAL IN KENT. 

Tue hopes and aspirations founded on the fact 
that coal exists in various parts of the County of 
Kent, appear to have been recently revived by 
further discoveries of what are said to be seams of 
valuable coal in the neighbourhood of Fredville 
Park, a little more than two miles to the north- 
east of Ropersole, between Dover and Canterbury ; 
and the matter was made the subject of a paper 
read by Professor W. Boyd Dawkins, M.A., D.Sc. 
Oxon., F.R.S., before the Society of Arts on 
Wednesday evening last. The history of these 
hopes takes us back a good many years, but though 
not without interest, we cannot attempt to follow 
them here. Shortly, however, it may be said that 
in 1856 Godwin-Austin, in a paper read before 
the Geological Society of London, advanced the 
idea that buried coal-fields existed in South-Eastern 
England. His reasons for this belief need not be 
referred to, but the conclusions he arrived at were 
that there were coal-fields beneath the oolitic and 
cretaceous rocks in the South of England, and that 
they were, in places, near enough to the surface 
to be workable. Sir Roderick Murchison, however, 
always refused to accept this theory, and main- 
tained to the last that there were no coal-fields in 
the South of England. 

Borings, however, made in various parts of the 
County of Kent since Godwin- Austin read his paper, 
have shown beyond doubt that coal does exist : 
though whether it will ever be worked on a com- 
mercial scale remains to be seen. Prestwich, one 
of the members of the Coal Commission which 
sat between the years 1866 and 1871, was of 
the opinion that valuable coal-fields, similar to 
those of Somerset and of North France and 
Belgium, did exist under the newer rocks of the 
South of England, and that the same coal-measures 
which disappeared in the west under the new rocks 
of Somerset reappeared in the east on the Continent. 
Theories are, however, of little value unless they 
lead to some practical results, and in this case 








borings were sank to prove whether actual facts 
supported these beliefs. 

Experiments carried out at Dover, close to the 
Shakespeare Cliff, showed that there was coal at a 
depth of about 1100 ft. below Ordnance datum, 
and it was also proved to a depth of 2274 ft. below 
Ordnance datum. In all this thickness thirteen 
seams of coal were met with, the thickness of 
which varied from 6 in. to 2 ft. 9 in., the average 
being a little over 18 in., and one seam was met 
with at a depth of 2169 ft., of a thickness of 4 ft. 
This means a thickness of workable coal of about 
23 ft., if we consider a thickness of 1 ft. and 
upwards to be workable. If, however, 2 ft. is 
considered the workable thickness, all below that 
not being worth attention, then, including the 
two upper seams, 18 ft. would be the total thick- 
ness. From this Professor Dawkins is of opinion 
that the fact is established that at a depth of 
about 1000 ft. below Ordnance datum there lies 
a workable coal-field under the newer rocks of 
South-Eastern England ; the Kent Collieries Cor 
poration have the matter in hand from an indus- 
trial point of view. 

In 1897 borings were put down at Brabourne and 
Pluckly, near Ashford, and another boring was 
sunk at Penshurst, and at Ropersole, close to the 
high road to Canterbury, and the coal-measures 
were struck at 1180 ft. below Ordnance datum. All 
these seams, however, appear to be very thin, and 
it seems to us a doubtful point whether it would 
pay to work them. At Ellinge the coal-measures 
have been found at a depth of 1815 ft. 

Other borings have been made, but the one last 
carried out, to which we have had occasion to allude, 
and which seems again to have raised the hopes of 
believers in the practicability of working Kentish 
coal, has been made during the last two years near 
Fredville Park, and close to the railway. There, 
up to the present time the coal-measures have been 
penetrated only about 100 ft., and the boring has 
attained a total depth of about 1511 ft. Coal has 
been struck in three seams—the last one, at a depth 
of 1511 ft., being bituminous coal, and 4 ft. 4 in. 
thick. The other two seams were at points from 
80 ft. to 100 ft. above this, and were each of a 
thickness of about 18 in. 

Now what quantity of coal do all these various 
borings represent, as far as we can tell? At 
present the seams proved are at Dover in Pen- 
nant grit, thirteen seams, 22 ft. 6 in. thick; at 
Ropersole, twelve thin seams; at Waldershare, 
in the lower shale series, four seams, 10 ft. 3 in. 
thick ; and at Fredville, three seams, 7 ft. thick. 
As to the availability of these coal-fields, Pro- 
fessor Dawkins is very sanguine, and rejoices in 
the prospect of the conversion of what he calls the 
‘* white” into the ‘‘ black country.” As to whether 
he is likely to see his dreams realised, we may per- 
haps be forgiven if we are somewhat sceptical. It 
does not seem to us that the prospect of getting 
coal in Kent is likely to tempt careful capitalists 
—at any rate, on the evidence at present available. 








RONTGEN, CATHODE, AND POSITIVE 
RAYS. 

In opening his third lecture on the above sub- 
ject at the Royal Institution on Saturday last 
Professor J. J. Thomson, F.R.S., said that on the 
previous occasion he had endeavoured to demon- 
strate the fact that cathode rays were produced 
by the action of Réntyen rays on the atoms, by 
an experiment, in which a cloud or fog was formed 
by the settling of moisture on the corpuscles 
liberated, which thus served as nuclei for the con- 
densation. 

He now demonstrated this fact in a more direct 
manner, by submitting to the action of the rays a 
gold-leaf electroscope, sealed up into a glass bulb, 
in which an exceedingly high vacuum had been 
produced by first exhausting and sealing it in the 
ordinary manner, and then leaving it for 24 hours 
with -a branch, containing charcual, dipping into 
liquid air. Under these conditions, as Sir James 
Dewar had shown, the charcoal, the lecturer pro- 
ceeded, absorbed the residual air. The absence of 
any residual gases was essential, he went on, since 
they would be rendered conductive by the action of 
the rays, and destroy the charge on the electro- 
scope as rapidly as it was produced. With the 
precaution described, however, Professor Thom- 
son showed that the electroscope rapidly became 
charged under the influence of the Réntgen rays, 
and, by bringing near it a piece of ebonite electiified 
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by friction, he proved that the charge was negative 
in character. 

In his previous lectures, he went on, the Réntgen 
rays dealt with had been produced by the cathode 
discharge, but there were other sources of such rays. 
Radium, for instance, gave out rays having remark- 
able powers of penetration. That body, indeed, 
gave out three well-defined kinds of rays—viz., 
positively-charged particles, known as the a rays; 
negatively-charged corpuscles, equivalent to cathode 
rays, and known as 8 rays; and the so-called y 
rays, which could not be deflected by a magnet, 
and were not distinguishable from Rontgen rays, 
of which they constituted the most penetrating 
kind known. The enormous penetrating power of 
these rays he showed by placing a sheet of lead, 
apparently about ,'; in. thick, between a mass of 
radium and a charged electroscope. With the 
lead absent, the electroscope was discharged in- 
stantly on bringing the radium near it, and, on 
inserting the lead screen, the discharge still took 
place at a pretty rapid rate. As exhibiting the 
very penetrating character of these rays, Professor 
Thomson related that on lecturing in that room last 
year he found the greatest difficulty in performing 
certain experiments, as nothing seemed to insulate 
properly. It afterwards turned out that one of 
his audience, sitting on the front bench, had with 
him an unusually large sample of radium, the 
Rontgen rays from which were responsible for the 
extraordinary lack of insulation from which he 
suffered. 

Proceeding, the lecturer said that in a recent 
research, Lorentz had shown that the ordi- 
nary radiation from hot bodies might originate 
in Rontgen rays. A piece of metal, or, indeed, any 
other body, was supposed to have, disseminated 
throughout its interior, corpuscles in free move- 
ment. The probable existence of these corpuscles 
was confirmed by the fact that hot metals actually 
emitted these corpuscles, the rate of emission 
rising very rapidly with the temperature ; which 
led to the view that with sufficiently delicate 
means of detecting them, they might also be 
observed in the case of cold metals. If metals 
were filled with these corpuscles moving about 
inside them, collisions, the speaker said, must 
occur, in which their motions were increased 
or checked. Since the starting or stopping of a 
corpuscle gave rise to Réntgen rays, these collisions 
should also produce this radiation, though of a less 
intense kind than that given out by a Réntgen 
tube, the corpuscles in which moved at a speed of 
about one-fifth that of light, whereas inside the metal 
their speed was only about , jy 9th that of light. 
Yet, though the speed of the corpuscles was much 
lower, the starting or stopping of them would 
produce effects of the same nature in kind, if not in 
intensity. Lorentz, Professor Thomson continued, 
set himself to investigate, by the aid of Fourier’s 
theorem, what would be the result of the generation 
of these Réntgen pulses. Fourier’s theorem, he 
said, amounted to the statem@nt that in the case 
of acoustics, for instance, any’ sound, no matter 
how horrible or extraordinary, could be built up 
by the combination of musical notes, a statement 
which, he remarked, could readily’be accepted 
by anyone whothad resided on a ‘‘ musical stair- 
case” in a college. 

An analogy to the problem of Lorentz would be 
to determine what combination of tuning-forks 
would be equivalent to the noise produced by a 
room-full of carpenters all busily engaged in hammer- 
ing. Lorentz had succeeded in solving the prob- 
lem in the case of long waves, and had shown that 
the Rontgen radiation produced by the supposed col- 
lisions of the corpuscles within the hot ear could 
be represented by a number of light waves of 
definite wave-length, of which the energy could be 
determined. Of the energy thus generated in the 
interior of a body only a portion could reach the 
exterior. Each layer of the body traversed, since it 
remained in temperature equilibrium, must, in fact, 
absorb as much energy as it transmitted to the ex- 
terior. Taking this into account, Lorentz had found 
the energy, of the radiation having a wave-length 
between A and + dX, emitted from unit surface of 


a hot body was equal to . = multiplied by 


the kinetic energy of a molecule of a perfect gas at 
the temperature of the hot body. Comparing this 


calculation with actual observation it was found | light. 





| did carry a charge could 


free from any constants peculiar to any particular 
metal, being the same for all. 

If Lorentz’s view was correct, all thermal radia- 
tion, he said, started in the form of Réntgen 
rays. Lorentz had, however, only been able to 
calculate the energy in the radiation in the case of 
long waves, but there must also be very short waves 
emitted — something equivalent to the Réntgen 
rays themselves. Some evidence of the existence 
of these was afforded by the fact that if air were 
enclosed within a metal vessel, it always possessed 
some conductivity, as if traversed by Réntgen rays, 
and the amount of this conductivity was dependent 
on the nature of the metal forming the sides of the 
vessel. There was therefore some evidence that in 
addition to ordinary thermal radiation, metals did 
also emit a feeble sort of Réntgen rays. It would 
as sme therefore that these are much more pre- 
valent than was commonly supposed, and that they 
might be the basis of ordinary light and heat. 

he Réntgen rays, he proceeded, were not very 
energetic in their chemical properties, being 
nothing like so effective in promoting chemical 
combination as ultra-violet light.’ A mixture of 
H and Cl exposed to the latter exploded violently, 
but Réntgen rays were without appreciable effect. 
They seemed to have more effect on the human 
body than anything else, though in this matter 
there was an extraordinary difference between indi- 
viduals, some being very insensitive, whilst others 
exposed to the same radiation suffered from serious 
sores. In surgical applications, therefore, it was 
very important that ths Réntgen apparatus should 
be in the charge of a man both careful and obser- 
vant. In one particularly well-equipped hospital, 


Fig. 








the apparatus, when first introduced, was in charge 
of a man possessing these qualities, and for eighteen 
months there was no ill-effect recorded as due to 
the rays. At the end of that time, however, on the 
charge being given to a new man, who, though care- 
ful, was not observant, there were three deaths from 
the action of the rays in the course of five months. 
Proceeding, Professor Thomson suggested that it 
was quite probable that the rays of least use for 
surgical purposes were the very ones which were 
most deleterious. It might therefore be desirable 
to filter out these soft rays, which were practically 
of no use, and allow only the penetrating ones to 
enter the body of the patient. 

In addition to making gaseous conductors, the 
Réntgen rays, the lecturer added, also rendered 
conducting, though to a much less degree, solid 
and liquid insulators. 

The next class of rays with which he would deal 
was, Professor Thomson said, the cathode rays, the 
nature of which he could not demonstrate better 
than by means of the classical experiment of Sir 
William Crookes, in which a discharge was passed 
through a highly-exhausted bulb, a mica cross being 
placed in the path of the cathode discharge. This 
discharge, on striking the surface of the glass at 
the opposite end of the tube, caused this glass to 
phosphoresce, and the sharpness of the shadow 
thrown by the cross showed that the discharge 
was propagated in straight lines. On approaching 
a magnet to the bulb, the shadow of the cross could 
be displaced, so that whatever the discharge con- 
sisted of, it could be deflected by means of a magnet. 
This would be the case if the discharge consisted of 
electrified particles in rapid movement. That they 
shown by the aid of the 
apparatus illustrated in Fig. 1. In this case the 
discharge from the cathode, after passing through 
the small hole in the plug B, struck the glass oppo- 
site, where it produced a spot of phosphorescent 
By means of a magnet it could be de- 


that the two agreed within a limit of 15 to 16 per| flected so that this spot fell on the opening of the 


cent, 


The expression given was, it would be seen, | metallic vessel C, inside which was a ball, as indi- 





cated, and this ball, under the conditions stated, 
acquired a charge of negative electricity. In the 
original form of the experiment, as devised by 
Kelland, the ‘‘catcher” for the discharge was 
arranged exactly opposite the cathode, and it was 
then contended by some that though a charge was 
caught, this charge was quite independent of the 
discharge which produced the phosphorescence of 
the glass ; but this objection did not apply to the 
apparatus represented in Fig. 1. 

Another plan could also, he said, be used to show 
that the particles discharged from the cathode carried 
a negative charge, the apparatus employed being 
represented in Fig. 2. ere the discharge from the 
cathode A, after passing through the openings in the 
plugs Band C, proceeded between the plates repre- 
sented at D, and on striking the glass wall of the 
bulb beyond produced there a phosphorescent spot. 
By connecting the plates at D to opposite poles of 
a battery, this spot could be deflected up or down, 
according as the upper or the lower plate was 
that connected to the positive terminal of the 
battery, thus furnishing additional evidence that 
the cathode discharge consisted of negatively- 
electrified particles. 








THE LATE ENGINEER - COMMANDER 
ALFRED ROBERT PATTISON, R.N. 

Ir is with much regret that we have to announce the 
death of Engineer-Commander Alfred Robert Pattison, 
R.N., son of the late Fleet-Engineer Robert Pattison, 
R.N., which took place at Tokio, Japan, on March 2, at 
the early age of 44. By this event a career full of promise 
has been cut short, and a man in the prime of life has 
been suddenly taken from his useful labours. 

The professional career of the deceased officer was 
distinguished, both afloat and ashore. When he was 
about 21 years of age he won the Newman Memorial 
prize, and obtained his commission as assistant engineer 
in the following year. In the year 1887 he was a 
to the Mediterranean Station, after he had passed through 
the three years’ special course for engineer officers at the 
Royal Naval College, Greenwich, He was on the Mediter- 
ranean Station till 1890, when he left to take up duty at 
the Admiralty until 1892. The appointment as assistant 
tothe Chief Engineer at the Sheerness Dockyards fell to 
his lot when he left the Admiralty ; and this position he 
occupied until 1894, when he was promcted to be senior 
engineer, and in this capacity served on several battle- 
ships, including the Royal Sovereign and Majestic, until 
1897 


In the year 1897 an important event occurred in his 
career, for he gained his promotion to chief engineer, 
and was lent to the Japanese Government for = 
service at their Naval College as Instructor of Marine 
En ray In this position he remained until 1902, 
msg these busy years, spent in Tokio, were doubtless 
fraught with much to the Japanese Navy, and 
contributed largely to its efficiency. As proof of their 
appreciation of his labours, the Japanese Government 
awarded him the Japanese Order of the Third Class of 
the Sacred Treasure. 

On leaving Japan in 1902 the subject of our memoir 
returned to England, and became occupied at the Ad- 
miralty as engineer inspector, in which position he had 
charge for some years of many important designs of 
machinery for battleships then building. His engage- 
ment in this position, however, ended in 1905, when, after 
a short service in the Albemarle, flagship of the Channel 
Fleet, Japan saw him once more, for he was selected for 
special service to assist the British Naval Attaché at 

‘okio. In this position he remained until the day of his 
death. 

Engineer-Commander Pattison leaves a widow and two 
children, as well as many friends, to lament his death, for 
he won high opinions in all the positions he occupied, and 
had he not been cut off so early in life, he would no doubt 
have attained the highest position available to him. 

The deceased officer was buried at Aopen Cemetery on 
March 5, naval honours being accorded by the Emperor. 








Junior InstiruTion OF EnoGrnerrs.—On Saturday, 
February 23, a large number of members of the Junior 
Institution of Engineers visited the Rotherhithe Tunnel 

orks, b rmission of Mr. Maurice Fitzmaurice, 
C.M.G., dhist engineer to the London County Council, 
and under the guidance of the resident engineer, Mr. 
E. H. Tabor, M.Inst.C.E This tunnel will connect 
Rotherhithe and Stepney, commencing at the Lower-road, 
Rotherhithe, and terminating in Commercial-road, on the 
north side of the river. The total length will be some 
6883 ft., of which 3741 ft. is tunnel lined with cast iron 
and concrete. The remainder consists of open apmpoecnes, 
or of cut-and-cover work. The tunnel is 30 ft. in diameter, 
the thickness of the lining being 2 in. under the river and 
1 é in. elsewhere. The strata met with are known as the 
Woolwich and Reading Beds, and consist of hard clays and 
fine sands. The construction plant includes compressed- 
air plant, capable of dealing with 1,000,000 cubic feet of 
air per hour. The contract was let in 1904, and the con- 
tractors, Messrs. Price and Reeves, expect to complete 
the work in 1909. The cost of the undertaking is esti- 
mated at 1,000,000/. At the conclusion of the visit, on 
the proposal of Mr. J. W. Nesbit, seconded 2 Mr. C. W. 
Pettit, a vote of thanks was passed for the facilities 
which had been extended to members in connection with 
the occasion, to which Mr. Tabor briefly replied. 
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In our issue of January 18 last* we described a 
motor-pinnace for pearl-fishing, on which we had then 
recently made a trip on the Thames. This boat was 
designed by Messrs. Linton Hope and Co., of Adelphi 
House, Adam-street, Adelphi, and was fitted with a 
‘*Dan” internal-combustion engine using ordinary 
paraffin as fuel. Messrs. Linton Hope and Co. are 
exhibiting this motor at the Commercial Motor Vehicle 
and Motor-Boat Exhibition at Olympia, which opened 
yesterday. On the present page we give two illus- 
trations of the engine in Figs. 1 and 2, which are 
respectively a side elevation and an end elevation, the 
former showing also the steering-column and the 
propeller in position. Two examples are shown at 
Olympia—one of 30 brake horse-power, and the other 
of 6 brake horse-power, The latter is of a similar 
character to that fitted in the Ceylon pearl-fishing 

innace; whilst the larger engine is similar to one 
ing fitted to an auxiliary trawler of 136 tons, which 
Messrs. Linton Hope and Co. have now in course of 
construction. It will be seen that the design is ex- 
tremely simple, and has much the same appearance as 
an ordinary open-type engine, thus leaving the working 
parts accessible, j 

Oil is injected by a pump into the chamber shown 
above the cylinder, to which latter the chamber is open. 
This chamber, by the working of the engine, is kept at 
a sufficient heat to vaporise thespray. At first starting 
it is heated by a lamp. The vaporising chamber is 
remote from the air supply, as well as from the admis- 
sion and eduction valves, and the vapour is not mixed 
with air, to become an explosive charge immediately on 
its formation, the process being delayed until the fol- 
lowing stroke, which is the compression stroke. The 
proper amount of air to make, with the paraffin vapour, 
an explosive mixture is not reached until the compres- 
sion is at its maximum, and at that time the com- 
pression and the heat of the chamber unite to cause 
ignition, thus giving power for the working stroke 
of the piston, The exhaust gases are expelled on 
the return stroke through a mechanically moved valve, 

The vaporiser to this engine has, it will be seen, 
no mechanism, so that whilst the pump works and the 
chamber is kept at a sufficient temperature—as it is 
by the continuous explosions—the proper amount of 
gas is secured for combustion. The device, of course, 
is not novel; but in this engine the oil is injected into 
the vaporiser whilst the exhaust is being expelled, and 
in this way, it is said, both greater economy and more 
power are obtained than when the fuel is injected 
during the charging stroke of the Otto cycle. In the 
early ‘‘ Dan” engines the more usual course was 
followed, so that the makers have had ample 
opportunity to gain information on this point in 
actual work. From some tests made it appears 
that, with the original method of injection, 9.58 
horse-power was exerted by an »ngine. When the 
injection was made during the exhaust stroke, the 
duty rose to 12.62 horse-power with the same engine. 
Further particulars state that with paraffin, at 6d. per 
gallon, one brake horse-power is exerted for an hour at 
the cost for fuel of 4d. A commercial motor-boat of 
3 tons displacement, fitted with a 5 brake-horse-power 
motor, runs 7 miles within an hour at a cost of less 
than 3d. A 25-horse-power barge costs 1s. per hour 
to run. 

Oil is injected in the va 


rising chamber by the 
pump through a water-cool 


nozzle, the amount being 


regulated according to the load on the engine by means 
of a governor, which alters the stroke of the pump- 


* See page 91 ante. 
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There is a hand adjustment which acts on 


plunger. 
the governor, so that any required speed may be secured. 

As stated in our notice of the pearl-fishing boat, a 
large number of these engines have been fitted abroad 


for the propulsion of vessels. A number of these have 
been the very large barges one sees on the canals and 
rivers of Northern Europe. A great many fishing- 
boats have also had the ‘‘ Dan” motor placed in them, 
especially in Copenhagen, with great advantage to the 
industry of the port. The engine has also been 

laced in some mail-carrying vessels, and was selected 
or the Pioneer, the Scottish Fishery Board’s herring- 
drifter. Perhaps, however, the most notable applica- 
tion was to the Gjoa, the Norwegian exploring vessel, 
which made the North-West passage. Captain Roald 
Amundsen, the leader of the expedition, has written 
saying that the engine was kept going for eight days 
and nights without being stopped, and that no repair 
was needed during the whole expedition. 

The wide range of speed at which this engine can be 
run, it being possible to reduce it to a very low period 
of revolution without stopping it, is a useful feature 
for marine work. As Mr. Linton Hope has pointed 
out, many otherwise excellent motors are quite unsuit- 
able for marine purposes, because of their high speed 
of turning, and that is one reason why motor-car engi- 
neers have failed to make a successful power boat a 
just attaching a car-motor to a marine propeller, Mr. 
Hope states that the engine of a vessel 60 ft. long, 
15 ft. beam, and 6 ft. draught, carrying 75 tons of 
cargo, should not run at more than 300 revolutions per 
minute to drive her at a speed of 6 miles an hour, if the 
full power of the engine is to be utilised. Steam engi- 
neers will certainly think this speed of turning, at any 


rate,ample, The above speed of vessel can be attained | 
with a 25-brake-horse-power ‘‘ Dan” engine ; but to | 


ae! the same speed with an engine running at 600 revo- 
utions considerably more power would be needed. 








ALTERNATING STRESS TESTS. 
To THE EpitTor or ENGINEERING. 

Sir,—As I was unable to be present at the adjourned 
discussion of Professor Carpenter’s paper on March 1, 
may I be allowed to make a few remarks in your columns 
with reference to Professor Arnold’s criticism of the 
method by which the alternating-stress tests for this paper 
were made. 

This method, which has been fully described in Enar- 
NEERING,” has for its chief object the determination of 
the safe limits of working stress for materials of construc- 
tion. For this reason the specimens are subjected to 
uniform tension and compression in a steam-engine mecha- 
nism, in which the specimen takes the place of the piston- 
rod. The stresses due to inertia are accurately calculable, 
and the method has the further merit that the unknown 


action on the parts of machines due to the necessary slack- | 


ness in the bearings, has its effect on the specimen. In 
this way an endurance test is made for one million 
reversals, which is an ———. part of the life of an 
ordinary mechanism, and (apart from faulty machining 


and fitting) under the most common working conditions. | 
It is apparently the fulfilment of these conditions which | 


constitutes the misfortune of the method in Professor 
Arnold’s estimation; but I venture to think that de- 
signers of machines will hesitate to adopt the view that 
the more an endurance test approximates to the actual 
working conditions the more ‘* unfortunate” the test is. 

With reference to Professor Arnold’s method of testing, 
I believe it to be of great value in the study of brittle- 
ness and for the detection of variations from the normal 
in materials. 

The only claim for it to which I take exception is that 








* See ENGINEERING, vol. Ixxix., page 201. 














it affords the designer a true measure of the construc- 
tional value of materials which may be used in the adop- 
tion of a safe working stress. From Professor Arnold’s 
‘remarks at the Institution of Mechanical Engineers on 
| February 13,* I imagine that he does make this claim in 
stating that his ‘‘ dynamic test ” showed that alloy No. 13 
was much superior to Swedish Bessemer, since the former 
endured 700 alternations, and the latter only 350 alter- 
nations. According to this reasoning, alloy No. 9, which 
endured 1370 alternations, must have been still more 
superior; but it is difficult to conceive that any respon- 
sible designer would adopt it for use in a machine in pre- 
ference to No. 13 when he knew that under ordinary work- 
ing conditions the latter had endured a range of stress of 
26.6 tons per square inch for one million reversals without 
fracture, and that alloy No. 9 had failed under a range of 
20.7 tons per square inch after a comparatively short life. 
Yours faithfully, 
T. E. Sranton, 








MOTOR-CAR DESIGN. 
To THE Epitor oF ENGINEERING. 

Srz,—We have read Mr. Hubert C. Clark’s letter on 
the above subject, on page 249 of your issue of the 22nd ult., 
together with your editorial note at the foot of it, and we 
can support your vindication of the method of using plain 
shackles for the transverse spring attachment. 

Before adopting this netbed on Thornycroft cars and 
omnibuses, we experimented with several different 
systems, and, as the result of these experiments, we 
concluded that the shackles were the best. We have 

















now fitted them for the past three years, and not a single 
instance of any complaint or fault has reached us, nor, 
to our Seoulelann, have any required replacement. 

We have in our works, at the present time, a 24-horse- 
eanmg Thornycroft car fitted with a heavy double landau- 
lette body, with seating capacity for six passengers. This 
car has been running continuously for over two years, 
and has covered upwards of 20,000 miles. We have 
| removed the shackles from the offside springs, and we 
| enclose a photograph which clearly shows that the wear 

is very slight—on the top shackle 0.044 in., on the bottom 
| 0.038 in.—the original thickness being 0.5 in. These 
| figures give conclusive proof of the absurdity of your 
correspondent’s assertion. 

As regards lubrication, we have for some time past 


* See ENGINEERING, February 23, page 234. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 


December, 1906. 


JANUARY, 1997. 





Frervary, 1907. 





° JANUARY. 


FEBRUARY 'O7 


In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 1J. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin plates are per box of I.C. cokes 


fitted Stauffer lubricators to the shackle-pins, and expe- 
rience haz proved that no lubrication is necessary at the 
contact portion of the shackles. 
In conclusion, we would venture to observe that 
** Experientia docet” is applicable to this case, and prob- 
ably, if Mr. Clark had observed this axiom, his letter to 
you would never have been written. 
We are, Sir, yours — a > 
Joun I. THoRNycROFT AND Co., LIMITED. 
. H. J. 8S. Moyses, Car Sales Manager. 
Chiswick, London, W., March 5, 1907. 








ENGINEERING APPRENTICES. 
To THE EpiTor or ENGINEERING. 

_ Sir, —‘‘ Also, we do not in our comments take into con- 
sideration the case of premium pupils—young gentlemen 
whose parents pay a considerable sum for permission for 
them to wander from department to department, with 
their hands in or out of their pockets, as may please them. 
A youth who starts his career under such conditions is 
heavily handicapped.” The above, as you are well aware, 





is an extract from an article which appeared in your issue 
of the 22nd ult.—viz., ‘‘ An Apprenticeship System.” 

Iam one of those youths who have s my career 
under the above conditions; but I am not, and never 
have been, “heavily handicapped.” I consider the above 
paragraph one of the most misleading, disheartening, and 
unfair statements which I have ever heard or seen upon 
the subject. I, like ‘‘A Premium Pupil,” who so rightly 
and strongly protested against such a statement, propose 
to do exactly the same. I should have done so last week 
had I been Reso and had the time. 

I have just completed a three years’ course as “‘ pre- 
mium pupil” with a very well-known London shipbuild- 
ing firm. We were not allowed to wander about the 
works as we pleased, nor do as we pleased ; in fact, we 
were treated exactly with the same severity as the ordi- 
nary trade apprentices. We were ex to keep ex- 
actly the same time as the men—our “lost time” being 
a very strict rule indeed. If the firm has a good works 
manager, he will keep his pupils as well under his control 
as his men. 

Naturally, there are ‘‘ black sheep” in every flock, but 
to go and say that every youth who starts his career 





| muc 





under the conditions in question is a waster, ne’er-do- 
well, idler, and everything else that is bad, is a great 
injustice, 

Tad the word ‘‘some” been inserted, it would have 
been an entirely different matter; but, as it was written, 
it reads one and all of them are such. To a young school- 
boy (as I was) who is about to start his practical course, 
such a statement is most detrimental to him, and puts 
quite wrong ideas into his head at once. . 

It is very much to the firm’s own interest to turn out 
one all-round pupils, and they generally endeavour to 
oso. The firm I was with took great interest in their 


| pupils—at the same time being extremely strict—and did 


all they could for them, providing they did the same in 
return. A young fellow who starts his career as a 


| ‘* pupil” has every opportunity of becoming proficient in 


his pean, if he cares to seize those opportunities, 
more so than the trade apprentice. 

_I, like the ——ae of last week, had no inclina- 
tion to wander aimlessly about the shops. also knew 
that my parents had paid a large premium for me to be 
there, and I tried to seize every opportunity which pre- 
sented itself, and to stick tomy work, as I thought it 
was my duty to my parents to do so. I can also state 
that I was not the only one who did so. 

I went through the various shops, as my position 
privileged me to do, and, at the end of my time, re- 
ceived, as usual, my articles, and enclosed was a most 
satisfactory letter, stating that I had given the firm satis- 
faction in my work, time-keeping, and general bebaviour. 

I, for my own part, consider I have gained a very fair 
knowledge of my profession—much more so than it is 
possible for me to have done had I been a trade appren- 
tice for five years instead of being one of those so-called 
‘= gentlemen” for three. 

also maintain that the premium pupil generally comes 
from good stock, and his brains and education are above 
those of the working mechanic. 

I have reason to believe that the premium pupil does 
not, at every firm, receive the right amount of attention; 
but this is not so with all. I shall be most pleased to hear 
from other ‘‘ex-premium pupils” upon the subject, 
through Enorngerinc. I apologise for taking up so 
much of your valuable space, and am your obedient 
servant, 

ANOTHER PREMIUM PUPIL. 
To THE Epiror or ENGINEERING. 

Sir,—I hope you will forgive ‘‘P.P.,” as I am very 
sorry for him being a ‘‘ young gentleman,” and so ignorant 
of the fact that other peo with less money have just 
as good or better brains than ‘‘P.P.” I was a‘ P.P.” 
myself, and agree entirely with your good article. 

Your obedient servant, 
A Common-Sensk Premium Puri. 

March, 1967. 





To THE Epritor oF ENGINEERING. 

Sir,—I cordially agree with ‘‘A Premium Pupil’s ” 
letter on your leader entitled ‘‘An Apprenticeship 
System.” My own experience is that the well-educated 
son of welbcieanael parents makes, as a rule, the best 
engineer, and also the best administrator of engineering 
works, whether civil or mechanical. 

It is, perhaps, true that the premium apprentice does 
often waste his time in the works; but this is frequently 
due to the neglect of the firm to whom he has the mis- 
fortune to be articled. He is shovelled into the works, 
and taught to regard himself as a general nuisance, and 
that the best thing he can do is to keep out of the way. 
Is it surprising if he doesso? The non-premium appren- 
tice would not be any better if he were treated in the 
same way. 

Many firms nowadays seem to be alive to their respon- 
sibilities as regards ordinary apprentices. Why not treat 
the premium apprentice with equal fairness’ 

I am, Sir, yours faithfully, 
OBSERVER. 








DRIVING GAS-ENGINES WITH COKE- 
OVEN GAS. 
To THe Eprror or ENGINEERING. 

Sir,—We note in your issue of the 1st inst. a letter 
from Messrs. Erhardt and Sehmer, regarding the two- 
ed gas-engines installed by us at Shelton Iron Works, 
the major portion of which we think you have rightly and 
very pertinently replied to. As to the alleged discre- 
pancy between the value of the gas available during the 
test as obtained by calorimeter, and the gas analysis 
given, we would say—and we almost think you made it 
clear in your article—that the gas analysis represents 
that obtained in normal working, but that the low calori- 
meter value given was the average of those actually taken 
during the test run. 

It is from these actual figures, and not on the higher 
value stated, that the results per brake horse-power were 
obtained. Though Messrs. Erhardt and Sehmer appa- 
rently admit these results to be good, they were ob- 
tained from an engine after a year’s hard running and 
with the valves, &c., in a dirty condition, and it is obvious 
that, had the engine been prepared for the test, as is 
usual (no preparation or overhaul of any kind was made), 
the results would have been much better. 

Further, had the engine been of our later and more 
economical design, such as we have built since the Shelton 
engines were installed, and are now building regularly, 
the results would have doubtless been even more satis- 
factory. 

We are, yours truly, 
For MATHER AND Pratt, Limitep, 
Cuaries E. Dovetas. 
Salford Iron Works, Manchester, March 4, 1907, 
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DETAILS OF CHASSIS OF THE RYKNIELD 


RYKNIELD MOTOR COMPANY, 


CONSTRUCTED BY THE 


LIMITED, 


MOTOR-OMNIBUS. 


BURTON-ON-TRENT. 











Fie, 1, 


Arnout eighteen months ago* we illustrated and | 
described a light motor-van constructed by the Ryk- | 
nield Motor Company, Limited, of Burton-on-Trent. 
We now give above two perspective views and a sec- 
tional view illustrating salient features in the chassis 
oi the same firm’s motor-omnibus, examples of which | 
are to be seen at the Olympia Show, which opened | 
yesterday. Fig. 1 is a perspective view showing that 

art of the chassis which includes the triangular under- 
rame and spring drive; Fig. 2 shows the driving 
arrangements, with the rear wheel removed, and the 
axle-brakes; and Fig. 3 is a sectional view of the 
differential and transmission gear. Before proceed- 
ing to deal with the mechanism in detail, we may 
state that the Ryknield Company’s exhibit at Olympia 
includes a 40-horse-power double-deck motor-omnibus, 
fitted with a standard thirty-four seated body. The 
body has been constructed by the London General 
Omnibus Company, Limited, to whom the vehicle 
belongs, and who cen lent it for the purpose of exhi- 
bition, There is also shown a standard 40-ton lorry, 
the body, which is of the brewer’s-dray type, having 
been built by Messrs. Bass, Ratcliff, and Gretton, 
Limited, who have also lent the vehicle for exhibition. 
A 40-horse-power motor-omnibus chassis of the firm’s 
latest pattern is also shown, besides several details of 
construction. 

The chassis proper—that is to say, the frame of the 
under part which carries the body—consists of straight 
longitudinals of channel steel 6 in. by 24 in. by } in. 
thick, and cross-members. To the cross-members are 
attached two channél-bars of sveel, which are 3 in. by 
2 in. by } in., and which form an underframe to carry 
both engine and gear-box, the engine crank-case being 
fitted with six arms for the purpose. Referring to 
Fig. 1, there is, it will be seen, a triangular under- 
frame, which is supported in front by means of a uni- 
versal joint and a spring on the cross-member of the main 
frame. This triangular frame is held at the back on 
the rear axle, and carries the differential and shaft- 
ing ; the latter passing through sleeves in a casting, 
through which the back axle also passes (see Fig. 3). 
Power is conveyed from the gear-box to the differen- 
tial by a telescopic Cardan shaft with double universal 
joints. The object of the arrangement is to keep the 
spur-wheels on the differential shaft absolutely in 
mesh, and also to preserve the alignment between 





in any part. 


justment on the differential-shaft. 
wing nut, and to keep the brake in adjustment all 
that is required is to tighten up this nut, no tool 
being needed for the purpose. 
road wheels, to which reference has already been made, 
jare of cast steel, the teeth being machine-cut. The 
driving pinions are of case-hardened steel, also with 
machine-cut teeth. The gear-ring is protected from 
dust and dirt by a light case, which is shown lying on 
the ground in Fig. 2. 

At the present time reduction of noise is the chief 


of this difficult 
we have descri 
Compan 
! driving-gear, through the pinions being thrown out 
each of the gear-rings on the -wheels and its of alignment with the gear-rings on the road-wheels, | 
driving-pinion. This method of transmitting power owing to the springing of the main frame when the 
enables any alteration of level, due to roughness of the | vehicle passes over rough roads. The triangular under- | 
road and springing of the frame, to be taken up. frame is therefore interposed ; and this, with its front | 
There is a double road-wheel bearing, shown sepa- end comprising a universal joint, takes up all move- 
— lying on the ground in Fig. 2, consisting of a | ment of the main frame, holding the driving-pinions 
case-hardened steel Sieve. This is free to revolve | and gear-rings in correct mesh and alignment. 
on the rear axle-journal, The hub of the road-wheel| The engine used on these omnibuses is rated at 40 | 
is provided with ordinary phosphor-bronze bushes, | horse-power, running at 850 revolutions per minute. 
which are free to revolve on the case-hardened steel | There are four cylinders, each 54 in. bore, and 6-in. 
bush. There is thus a double bearing, both ts| stroke. The inlet and exhaust-valves are both mecha- 
normally revolving at the half-speed on the road |nically operated. To reduce pocket area, the inlet- 
wheel. This arrangement is found to give very good | valve is placed immediately over the exhaust-valve, 
results, a bearing of this nature having been running | and is operated by an overhead tappet-lever. 
since the early part of last July on rough country; The lubrication service has been specially designed 
to overcome the second great objectionable feature of 
motor-omnibuses——the smoke and evil odour from 


that the in 
are chiefly directed. The Ryknield 











* See ENGINEERING, vol. lxxx., page 12. 








roads, there not being any shake or slackness set up| burning cylinder oil. 





y recognise that noise proceeds largely from the | 


























In the bottom of the crank-case 
is a sump, into which all the oil flows, and working in 


Another feature in the mechanism is the brake ad-| this is a double-geared pump, which forces the oil 
There is a: large | through sight-f 


s to the cam-shaft casing, which is 
of trough section. From the casing the lubricant is 
taken by tubes to a position where it will drip on to 


The gear rings on the | the big end bearings, while channels are provided to 
| carry it to the crankshaft bearings, after which it falls 


again into the sump. In this way excess of oil in 
the crank-chamber is avoided, and the pistons do not 
get overcharged through the splash on the trunks ; at 
the same time a sufficient supply to bearings is ensured. 

The change-speed gear is of the sliding type, and 
gives four pe and a reverse. ll gears revolve on 


and most serious problem by which makers of motor-| Hoffmann ball-bearings. The speeds are 12, 9, 6, and 
omnibuses are confronted ; and it is to the solution| 3 miles an hour, the direct drive being for the top 
nious arrangements which 


speed. The clutch is of the internal cone type. There 
are two brakes, one being a pedal brake on the trans- 
mission-shaft, and the hand-brake acts on two drums 
on the ends of the differential shaft. There is also a 
hand-brake worked by a screw-down wheel, which can 
be put in action by either the driver or conductor, and 
which acts on the outside of the gear-ring. ; 

On the whole, it will be seen that the Ryknield 
omnibus is an extremely interesting vehicle, upon the 
design of which thought and labour have been expended. 
The reports of its running are most encouraging to 
those members of the public who look forward to a 
more expeditious mode of travelling, unaccompanied 
by drawbacks, which have certainly distinguished 
some motor-omnibuses in the past. 





SourH-WeEsTERN PoLyTEecunic, CuEetsea.—On Friday, 
the 15th inst., at 8 p.m., the prizes and certificates will 
be distributed at the South-Western any Man- 
resa-road, S.W., by Lord Alverstone, G.C.M.G., to the 
students of the evening and day classes of the institution, 
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10-TON LOCOMOTIVE CRANE. 


CONSTRUCTED BY MESSRS. JOHN H. WILSON AND CO., LIMITED, LIVERPOOL. 











On this page we illustrate a locomotive steam-crane 
intended to lift loads up to 10 tons in weight, which 
has been constructed by Messrs. John H. Wilson and 
Co., Limited, of 15, Victoria-street, Westminster, to the 
specification of Messrs. Livesey, Son, and Henderson, 
for the Peruvian Corporation. The general appearance 
of the crane is well shown in our illustration. It has 
been designed to lift 10 tons at a radius of 30 ft., but, 
on test, carried 12 tons at this radius, and it will, of 
course, carry lighter loads at greater radii. When 
working up to its maximum capacity the crane is 
blocked up on outriggers, as shown in our illustration. 
It is fitted with gears for lifting and lowering, for 
revolving, for adjusting the overhang of the jib, and 
for travelling. It is designed to run on rails set to the 
standard gauge of 4 ft. 84 in., and has a wheel-base of 
9 ft. 6in. The distance from the centre of the crane- 

t to the tail end is 11 ft. 6in. The boiler is 4 ft. 
in diameter by 9 ft. 6 in. high, and is constructed for 
a working pressure of 80 lb. per square inch. The 
engines have cylinders 6 in. in diameter by 12 in. 
stroke. The jib is 35 ft. long, and the weight of the 
crane in working order is 53 tons. The speed of lift 
with a load of 10 tons is 40 ft. per minute, whilst 
lighter weights can be raised at the rate of 120 ft. per 
minute. A complete revolution of the crane round 
its centre post can be made in 40 seconds, and it can 
propel itself along the track at the rate of 100 ft. per 
minute. 





AERIAL NavicaTion.—The Aero Club have recently 
completed arrangements for carrying out a series of ex- 
periments in connection with the various problems of 
aerial navigation. The experiments will be divided into 
three classes, dealing with (1) propellers ; (2) aeroplanes ; 
and (3) engines. The experiments on propellers will be 
carried out by Professor Waynforth, the authorities of 
King’s College, London, having kindly allowed the use of 
their engineering laboratory for this purpose. Lord 
Howard de Walden has subscribed 100/. towards the ex- 
penses of these experiments, and subscriptions have 
already been given by a number of other members of the 
AeroClub. Further subscriptions to defray the neces- 


sarily heavy expenses are invited. Cheques should be 
crossed ‘‘ Barcla 
166, Piccadilly, 


- Co.,” and sent to the Aero Club, 














INDUSTRIAL NOTES. 


Pus.icity is the safeguard of liberty ; it is also a 
safeguard to public order, Suppression leads to dis- 
order in the long run. There was a time in the history 
of labour when disorder and rioting were almost chronic. 
Often the military were called out, and bloodshed was 
the result. Happily, we are getting away from that 
state of things in this country. Labour leaders now 
use the |Press, and are able to voice the aspirations 
of the masses in Parliament and elsewhere. They 
have their own Labour organs, and generally news- 
papers now freely. report all that is being done 
in the labour world. An example of this publi- 
city is to be found in the manifesto of the Cotton 
Operatives, signed by the chief officers of the four 
great unions in Lancashire, and published last week, on 
** Work and Wages in the Cotton Trade,” addressed to 
‘* all those whom it may concern.” As a preamble, it 
refers to ‘‘the many statements tha; have been made 
in regard to the prosperity in the cotton trade, and the 
grand opportunities there are for labour in every de- 
partment.” It then warns ‘‘heads of families and 
others contemplating removing into the cotton dis- 
tricts,” by giving some account of the rates of wages 
and conditions of employment in the four chief branches 
of the cotton industry. There is a scarcity of female 
labour, but the causes are said to be well known. 
‘*There is no great scarcity of labour in the spin- 
ning department, though there are a number of 
vacancies for lads of from thirteen to sixteen years 
of age as ‘little piecers,’” the manifesto states. The 
wages vary from 9s. to 14s. per week, according to 
the size of the spinning-mules. Boys begin to earn 
5s. or 6s. per week in about a month, and full wages, 
if efficient, in about six months; but it would take 
three or four years to attain the wages of from 17s. to 
2is. per week earned by the “ big piecers.” It is said 
that a minder can only acquire skill by entering a mill 
early in life. ‘‘ It is impossible for adults to learn the 
spinning trade. There is a great surplus of adult 
labour at the present time. Spinning-rooms are not 
very healthy to work in. The work is done in bare 
feet, and with the scantiest of clothing. In the beam- 
ing, twisting, and drawing department there is no 
scarcity of labour in any district, but there is of juvenile 








labour in some instances. The pay is only 3s. to 
3s. 6d. for half-timers when proficient ; full-timers re- 
ceive 6s. to 9s. per week.” The officials who sign the 
manifesto declare that it is not issued ‘‘ with any evil 
intention, or to prevent anyone coming to work in a 
cotton-mill,” but ‘simply to give the other side of 
the picture.” It is, however, well known that skilled 
spinners earn large wages, and that the girls of Lan- 
cashire prefer the wages to be gained in the mills to 
those of domestic service. Entire families work in the 
same mill, and their aggregate earnings are very con- 
siderable. 





One of the difficult problems to be solved in connec- 
tion with associations for thrift is how to prevent the 
members from ‘‘ lapsing,” to use the term employed 
by the Foresters, that is, from getting into arrears in 
their contributions, after years of steady membership 
and regular payments. The two chief causes in friendly 
societies are old age and unem: pow In, building 
societies, fines are imposed, a if paid, all goes well ; 
but sometimes the fines are not paid; they accumu- 
late ; the member is unable to pay, and he loses his 
property by foreclosure. There have been very sad 
instances of this. In friendly societies and trade 
unions the member runs out of benefit, and if he pays 
up, a certain time must elapse ere he is in full benefit 
again. In trade unions the unemployed on the funds 
cease to pay contributions during the period of dona- 
tion—out-of-work benefit ; in most friendly societies 
the contributions due are deducted. As poverty is 
really the chief cause of lapsing, the question is, 
how best to protect the member’s interests during 
the stress ra strain, by continuing his member- 
ship. In the Foresters’ Miscellany for this month 
the question is mooted once again. It appears that 
many ‘‘courts” make some provision by an out- 
of-work fund, or'grants from the benevolent or subsi- 
diary benefit funds. In some the ‘“ valuation sur- 
pluses” are utilised for the pu The Miscellany 
advocates that all new members shall at entrance agree 
to subscribe for superannuation allowances after sixty- 
five years of age. But there is some difficulty about 
this ; it is a question for the future. The suggestion 
for the present is that some arrangement should be 
made in a member’s sickness contract to surrender 
some percentage of his claims in return for his exemp- 
tion from contributions. It is only a suggestion as 
yet, but the feeling is growing in favour of some 
provision to prevent the lapsing of benefits in cases 
where poverty is the cause of the member’s arrears. 
The mere fact that the case is under consideration is 
gratifying. 

lt is reported that the Postmaster-General has 
decided to appoint a committee to consider the ques- 
tion of industrial insurance in connection with the 
recent Compensation Act. The subject is not a new 
one. Over a quarter of a century ago Mr. George 
Howell gave evidence before a Select Committee of the 
House of Commons, when Professor Fawcett was Post- 
master-General, in which he suggested Post - Office 
insurance in cases of fatal accidents at the rate of 
2s. 6d. per 100/. premium. On that occasion it was more 
particularly urged on behalf of miners in consequence 
of some dreadful mine accidents which happened about 
that period. But in his evidence he advocated a 
more extensive system of insurance. There is really 
no need for the Post Office to compete with insurance 
companies. It would reach a class not usually catered 
for, a mass which require that the methods of insur- 
ance shall be simple, clear, and, as it were, near at 
home. The Post Office offer facilities ; there is amplu 
security, and the poor know that they will not be 
cheated. The Compensation Act has extended the 
area for insurances. The companies and corporations 
are on the alert, and the premiums fixed by the best 
companies are very reasonable even for the struggling 
lower middle class. The State might well encourage 
this kind of thrift by facilities. It is to the nation’s 
advantage, and to the advantage of every local autho- 
rity which has to look after the aged, the imfirm, 
and the ‘‘ out-of-works.” 

In Germany, Socialism voices Labour’s aspirations 
and demands, generally speaking. There, as here, the 
trade unionists appear to be the more moderate sec- 
tion, but for all practical purposes the two elements 
co-operate. The German Emperor does not conceal 
his delight at the defeat of the Socialists at the recent 
general election, and evidently his Chancellor shares 
to the full this satisfaction. The first tilt in the 
Reichstag took place on Tuesday in last week, 
February 26. The two chief speakers were Herr 
Bebel, the Socialist leader, and the Chancellor, Prince 
Buelow. The former referred to the Chancellor’s 
speech on the previous day, when he had attacked 
both the Centre and the Socialists, and played up to 
the Clericals—the Catholic section. Herr Bebel in 
turn was most severe upon the Conservatives and 
National Liberals, whom he held up to ridicule. He 
denied that the Socialists were the party of negation, 
and stated that to the Social Democrats belong the 
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future. Prince Buelow, in reply, was unsparing|Sometimes these are mutually arranged, as was the 
in his attack upon the Socialists and the editors case last week at Burnley, where notices were tendered THE EFF me -2 ace, ORCED 
—the latter especially for the support given to| at five mills, but at the last moment a settlement was CRE 7 y f 
the Socialists. The Socialists he accused of being the| effected satisfactory to the operatives, so that there| Tuer increasing use of concrete, both plain and rein- 


sworn foes of Church and Faith. He also charged 
them with intolerance, and with brutality in their con- 
troversial methods. He affirmed that employers and 
employed were getting on towards better terms, despite 
all the efforts of Socialist agitators. The speeches 
on both sides were bitter attacks on the opposite 
policy. 

The Progressive Party of the London County 
Council sustained a severe defeat in the elections 
which took a on Saturday last, their numbers 
being reduced from 84 to 38. An interesting feature 
of the elections is the almost complete reversal of the 
position held by the Progressives previous to the polls. 
hen they had a majority of 49, whereas now a majo- 
rity of 41 belongs to their opponents, who have raised 
their numbers from 35 to 79. What the Municpal Re- 
formers will do with their majority remains to be 
seeu, They have now got the chance t> show what 
they can do; and their policy will be watched with 
interest. It is stated that the proportion of the 
electors who polled exceeded 52 per cent. 





The Labour Members have tabled a rezolution in 
favour of giving to Municipal, County, and other 
Councils and local bodies extended powers to acquire 
land fcr housing the people and for other purposes. 
All the Labour groups will support this. If the local 
authorities are to come into competition with private 
enterprise in this connection, great changes in the land 
laws of this country will have to be made, The lease- 
hold system is responsible for most of the evils com- 
plained of, and yet the Socialists and Fabians of fifteen 
years ago opposed the enfranchiscment of leaseholds, 
on the ground that it would create more landholders, 
and thus prevent, or retard, the nationalisation of 
land. It will be curious to see what their attitude 
will be now. The older Labour leaders were mostly 
in favour of free trade in land ; but some supported 
nationalisation. None of them, however, opposed 
the enfranchisement of leaseholds. 


The position of the iron and steel trades is not 
regarded as quite so good as it was some time ago, 
but this mainly affects pig iron; though in the 
common brands of finished iron there is said to be 
a slackening-off in orders, and some concessions in 
price. Makers of the best finished iron are steadily 
engaged, and quote full rates. Most of the general 
run of iron, such as gas, strip, or hoop iron, maintains 
full rates ; but in some other instances lower prices 
have been taken. Galvanisers are less pressed with 
orders, but there are enough on hand to keep the 
works in full employment for a couple of months or 
more, The steel market was a little more active. 
There are complaints as to the scarcity and high 
price of coal, and also of the high wages of puddlers 
and millmen. But their wages are a result of prices, 
not the cause of low profits. Employment in the 
engineering trades, at date of last report of the 
Labour Department of tho Board of Trade, was 
favourable in all districts. In the Midlands the pro- 
portion of unemployed was 1.7 per cent.; in the 
previous month, 2.8 per cent. ; and at the same 
date a year ago, 2 per cent. In the Manchester, 
Silford, and Liverpool districts the proportion was 2 8 
per cent.; previous month, 3.2 per cent.; and the same 
date Jast year, 3.1 per cent. In all districts in the 
United Kingdom the proportions were: 3.2, 4.1, and 
32 per cent. respectively. In the Birmingham and 
Wolverhampton districts all branches of engineering 
were reported to be ‘‘ good” or ‘ fair,” and the 
ironfounders were working overtime. The propor- 
tion of unemployed in the shipbuilding trades in 
all ports was 8.8 per cent. ; previous month, 11.3 
per cent.; and the same month a year ago, 7.9 per 
cent. There was a slight increase of unemployed 
in the other iron, steel, and metal trades, but tho 
proportion was only 3 per cent. ; previous month, 
2.8 per cent.; and the same month a year ago, 2 6 per 
cent, Bedstead-makers and makers of builders’ iron- 
mongery are the only branche; that complain of bad 
trade. All the others are from fair to good. This, 
for the season of the year, is encouraging. 








‘* Time-cribbing ” in some of the Lancashire cotton- | 
mills has become so bad in some instances that smart 


fines have been imposed. At Oldham one firm was) ; 


fined 1/. and costs in fifteen cases ; at a firm in Wigan | 
the same thing occurred—a fine of 1/. in fifteen cases. 

The chairman of magistrates at Oldham said that 

these offences did not occur when trade was bad. Of 

course not. It is when the mills are busy, pressed for 

yarn. 





Disputes frequently occur in consequence of alleged 
bad material in the weaving factories of Lancashire. | 





was no cessation of work. At Nelson, however, 400 
operatives came out on strike. 


The coal-miners, both in Eogland and Scotland, have 
been scoring lately in regard to wages. Coal-owners, 
they say, must not appropriate all the profits from the 
increase in the price of coal. In Scotland last week 
the Conciliation Beat agreed to an advance of 6} per 
cent., to come into operation immediately. A meeting 
of the Conciliation Board for the federated districts 
was specially convened to consider the demand of the 
miners for an advance of 5 per cent. The meeting 
was fixed for Wednesday last at the Westminster 
Palace Hotel. Mr. Wadsworth, M.P., one of the 
Yorkshire miners’ representatives, hopes that the 
maximum of 60 per cent. above the 1888 standard will 
soon be reached. At the same time he states that at 
some of the Yorkshire collieries the men are only 
getting from 1s. 2d. to 3s., 4s., or 5s. per day, accord- 
ing to the employment. The rates thus enumerated 
he declared to be ‘‘ abominable,” even at 4s. to 5s. per 
day, when coal prices are at 12s., 14s., or 16s. per ton. 





The first batch of Salvation Army emigrants to 
Canada this year recently left Liverpool in the 
Dominivn liner Southwark. There were in all 1200 
second and third class passengers, mostly from London 
and the South of England. Half the number were 
between twenty and thirty years of age, and 60 per cent. 
were unmarried. Situations had been secured for all, 
and each was presented with an autograph message of 
good wishes from General Booth. A telegram from 
Earl Grey, Governor-General, was read, wishing ‘‘ Bon 
voyage to the first of this year’s shipments of Canadian 
settlers. If they are as good as the 20,000 sent in 
1905 and 1906, they will be a blessing to Canada.” 
Some of the Socialist leaders and organisers of the 
unemployed resent this emigration. Do they desire 
an army of unemployed ? 





An offer by the Agent-General of New South Wales 
of employment to 1000 labourers for railways and 
peel at 83. per day waz considered by the Cen- 
tral Unemployed Committee. The terms were 8. 
pissage and 4/. landing-money. This the committee 
thought not good enough, in face of the offers from 





forced, in buildings, and the important part which, in 
the future, it is bound to play, invests with a special 
interest all practical tests as to its reliability under 
exceptional conditions. Perhaps the chief of these 
special conditions is that of fire. Past experience has, 
so far, strengthened the belief that reinforced con- 
crete, as a material to withstand the effects of fire, 
holds a remarkably strong position, and if there were 
no other evidence in this direction, that supplied by 
the great fire at Richmond, Virginia, some few years 
ago, and by the more recent conflagration in San 
Francisco, would be sufficient to show its remarkable 
properties as a fire-resisting agent. Though it is well 
known, however, that its qualities in this direction 
are of a high order, there do not appear to have been 
many tests made in order to decide the actual loss of 
strength which the material suffers after being sub- 
jected to certain known temperatures for a certain 
length of time. Some trials recently carried out by 
Mr. H. B. MacFarland, at the Chicago Laboratory 
of the National Fireproofing Company, are therefore 
of interest. The object of the tests was, firstly, 
to find out if a reinforced column, when subjected 
to a temperature of from 1500 deg. to 1600 deg. 
Fahr. for a period of three hours, would suffer in 
strength or elasticity ; secondly, to demonstrate what 
the effect would be on a column which had been highly 
heated and quenched with water; and, thirdly, 
to determine whether the strength of such a column 
encased in fire-resisting material, and subjected to a 
temperature of 1500deg. Fahr., is affected by the heat. 
The columns experimented on were made 12 ft. long 
by 104 in. by 10} in., and the corners were slightly 
rounded, so that the transverse section of the column 
was 106.8 square inches. The columns were in some 
cases cut into shorter lengths when seasoned, in order 
to see what effect a decreasing ratio of length to least 
thickness had on the strength of the column. 

The concrete forming the columns was made up of 
one part Portland cement, two parts sand, and four 
— of #-in. limestone ; and at a distance of 2 in. 
rom each corner a reinforcing rod 3 in. in diameter 
was placed, which ran the whole length of the column. 
The results of the various tests on the columns are 
given in the table below, from which a comparison 
under varying conditions may be made :— 





Age at Temperature, Maximum _ Maximum | 
Test. Length. Date of for Three Load in Load per Nature of Test. | REMARKS. 
Test. Hours. Tons. Square Inch | 
ft. in. months deg. F. Ib, 
A 12 0 2 a 77.5 1451 Load, Nov. 16, 1904 _ ogre 1904. - 
. on P { “s so Fire, August 14, 1906 | Cut from A and fireproofed, August 
Ai nde ved 1500 to 1600 | 167 3127 Load, August 15, 1906 | _ 3, 1906. 
Ao 1 6 23 190 3558 | Load, August 19, 1906 | Cut from A, August 3, 1906. 
Lb 12 0 3.5 ¥ 113 2116 Load, Jan. 3, 1905 | Made September 15, 1904. 
B 5 0 23 1500 to 1600 ss “ Fire & water, Aug. 14,’06' Cut from B, August 3, 1906. 
Fe be as on 36 674 Load, August 15, 1906 | Cut from B, August 3, 1906. 
Cc; 60 23 mt 137 2565 | Load, August 6, 1906 | Cut from O, August 2, 1906. 
Cy 5 0 23 1500 to 1600 | - nut Fire, August 14, 1906 | Cut from C, August 3, 1906. 
» \ 33 7il Load, August 15, 1906 | Cut from C, August 3, 1906. 


Canada, It was, however, decided to seek for better | 
terms. 





The Secretary of State for War has offered to the 
Labour Members the appointment of a committee of | 
six to consider the question of finding employment for 
the Woolwich Arsenal employés—three experts to be 
nominated by the Labour Members and three by the 
War Office. It is not intended that any steps taken 
shall interfere with the obligations of the War Office 
to private firms or shipyards. This is quite a reason- 
able ccc on the part of the Secretary of State 
for War. 








JAPANESE Mecuanicat Inpustry.—The Kawasaki 
Dockyard Company of Japan, which has lately increased 
its capital by 400,000/., making a total of 1,000,000/., has 
decided to commence the construction of locomotives, 
railway carriages, and cast-steel work generally, in addi- 
tion to its shipbuilding business. The company has also 
resolved to extend its scope in other directions, including 
the manufacture of guns and other firearms, steel-work, 
and dynamos. 





Tae Nortu German Lioyp.—The working profits of | 
this important undertaking last year were 1,803,650/,, as 
—— with 1,651,400/. in 1905. Last year’s net profit 
isreduced to 639,500/. by allowances for depreciation, &c., 
and additions to the reserves; the net profits for 1906 
showed, however, after this was done, an increase of 
86,5361. as com with 1905. The dividend proposed 
for 1906 is at the rate of 8} per cent. per annum, as com- 
pared with 7} per cent. per annum distributed for 1905. 
It is important to note that the share capital of the com- 
pany has been increased from 5,000,000/. to 6,250,000Z., | 
and that the new capital, so far as it is paid up, is now 
participating in the profits of the undertaking ; the par- | 
ticipation for 1906 represented a distribution of 66407. | 


There were three columns made, which we may call 
A, B, and C, and these were treated as described in 
the table; for instance, when column A was two 
months old it was tested in compression by a load of 
77.5 tons, when it gave way at one end. After this 
it was left exposed to the weather till August, 1906. 
A piece 6 ft. long was then cut from it, and was, after 
being fireproofed, subjected to a fire test at a tempera- 
ture of from 1500 deg. Fahr. to 1600 deg. Fahr. The 
encasement was composed of solid porous tiles 3 in, 
thick, set in cement, with metal fabric in the hori- 
zontal joints. On the day following the fire test the 
column was subjected to a compressive load of 167 
tons, or 3127 lb. per square inch. The other two 
columns B and C were subjected to heavy loading 
and heat treatment, with the results shown in the 
table. 

As far as compressive strength is concerned, there 
does not appear to have been much regularity in the 
variation of the strength, under similar conditions 
as to material and age. The short 1-ft. 6 in column 
had a very high compressive strength, and consider- 


| ably higher than any of the others, which might be 
| expected from its short length. 


The heat ,appears 
to have had a very damaging effect on the strength 
of the columns, except in the case of the 6-ft. length 
A, cut from column A, which was protected by a 
fire-resisting covering ; in fact, in this case the column, 
which bore 167 tons, was nearly as strong after the 
fire test as the specimen, which was only 1 ft. 6 in. 
long, and which had not been subjected to the fire 
treatment. The specimen B,, after being heated for 


| the specified time of 3 hours, was subjected to the 
| water test for 5 minutes, though the pressure was not 


great. It was found on examination after this treat- 
ment that there were visible cracks in the concrete 
running in a longitudinal direction, which rendered 
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it useless as a column. This same column was after- 
wards loaded as shewn by test B,,. 

Column C, was subjected to the fire test the day 
previous to the one on which it was subjected to a com- 
pressive stress. When the load was less than 5 tons, 
the elastic limit of the column was reached, though it 
stood a maximum load of 38 tons, or 711 1b. per square 
inch, as indicated in the table above. When the load 
was 10 tons, the column when tapped with a hammer 
sounded fairly good, but when destruction took place 
there was apparently no bond between the concrete 
and the reinforcement, and any portion of the concrete 
would crumble between the fingers. 

A noticeable feature about these tests is the 
good cffect that fireproofing had on the material of 
which the columns were formed. This is seen in 
specimen Aj, which was cut from A after the latter had 
already been tested to 77.5 tens. or to 1451 Ib. per 
square inch, when two months old. The portion Aj, 
after being enclosed in 3 in. thickness of solid porous 
tile, withstood a temperature of from 1500 deg. to 
1600 deg. for a space of threo hours, and afterwards 
withstood a load of 167 tons, or 3127 lb. per equare 
inch. During the load test of this column no effect 
whatever on the column was noticed until the load had 
reached 140 tons, when there was a slight permanent 
set. Columus tested by fire, without any protective 
covering, showed in one case a reduction of as much as 
72 per cent. in strength when compared with a similar 
column encased ia protective material. 

The results of these tests are not altogether satis- 
factory, and leave us with a feeling that much more 
experimental work is required in the same direction 
before our knowledge of the behaviour of reinforced- 
concrete columns can be said to be satisfactory, and 
it is to be hoped that the matter will be carried fur- 
ther, and higher temperatures employed; for, after 
all, a temperature of from 1500 deg. to 1600 deg. 
Fahr. is far short of what actually occurs in many a 
fire. Itis also much below the temperatures at which 
tests are made on firepruofing material in this country 
by the British Fire-Prevention Committee, these tem- 
peratures being frequently 2000 deg Fahr., and some- 
times as much as 2500 deg. Fahr., though the time of 
application is not always so long as that adopted in 
the tests which we have just described. The duration 
has in some cases, however, been three hours, and in 
others four hours. 

What we also feel with regard to these tests is that, 
had some other material better able to withstand heat 
than limestone been used, more satisfactory results 
might have been obtained ; and it would be interest- 
ing if the Chicago Laboratory of the National Fire- 
proofing Company could see their way to carry out 
further tests of a similar kind to those already com- 
pleted, but employing in the concrete other material 
than limestone. Among natural stones few appear 
to be so unsuitable as limestone for withstanding high 
temperatures, 








RotTuERHAM WATER Surety.—In connection with the 
filtration of the water supply of Rotherham, a sub com- 
mittee appointed by the borough council have been in- 
vestigating the systems in use in other towns. A recom- 
mendation presented by this committee to the council 
suggests the Candy system of filtration as being well 
suited to the needs of Rotherham. It is stated that 
filtration by this system will cost only one-fifth that spent 
on: filtration by means of sand filters, the work, at the 
same time, also being done much more thoroughly. A 
plant capable of dealing with 2,000,000 gallons per diem 
1s to be put down, the present needs of the town amount- 
ing to about 1,600,000 gallons per day. This report is 
based on the satisfactory working of filters examined at 
Cardiff, Bristol, and other places. 


CanapIAN Canats. —The revenue derived by the 
Dominion of Canada from its canals in the fiscal year 
ended June 30, 1906, was 108,0677. There are no longer 
any tolls charged on tonnage passing through Canadian 
canals, so that the revenue collected is derived from 
water power. This sum is regarded, however, as an 
inadequate revenue to be obtained from such a source. 
On the Lachine Canal at Montreal 6700 horse-power 
is estimated to be available ; and twenty-four years ago 
it was recommended that the annual value of this power 
should be taken at 12 dols. per horse-power. In a report 
recently made, 18 dols. to 20 dols. per horse- power is taken 
as the present valuation. The Beauharnais Canal is 
estimated to have 8000 horse-power ; this was leased quite 
recently to a Montreal syndicate for twenty-one years, at 
an annual rental of 12,000 dols., or only 1.50 dols. per horse- 
power per annum. To this, however, should be added, 
20,000 dols. per annum, which it is estimated the syndi- 
cate will have to pay in order to maintain the canal as a 
waterway for navigation purposes. This being so, the 
revenue may be regarded as 4 dola. per horse-power per 
annum. Users of electric power at Montreal are paying, 
however, 40 dols. to 60 do's. per horse-power, so that the 
margin of profit for the lessees of the Beauharnais Canal 
is regarded as unduly liberal. The Montreal Light, Heat, 
and Power Company is expecting to obtain 20,000 horse- 
power from the Soulanges Canal, so that we arrive ata 
total of 34,000 horse-power, likely to be developed in canals 
contiguous to Montreal alone, 





JAPANESE FINANCES. 


TueE phenomenal success of the Japanese in the war 
with Russia bas left them face to face with a very 
serious financial position, which, however, they are 
tackling with the same energy, determination, and 
skill as they did the strongholds of the Russians. We 
have for years watched with interest the progress 
which the Japanese have made in trade and industry, 
and we are only concerned with the general, financial, 
and political Bogor pn in so far as they affect the 
progress of trade and industry. We have no intention 
of entering into a detailed account of Japanese finances, 
but at the present time a short statement on the 
subject will no doubt be of interest to our readers, 

Some of the journals in Japan take a rather pessi- 
mistic view of the position, and point out that the 
most prominent feature about the budget is the fact 
that the figures representing the total revenue and 
expenditure are the largest the country has ever faced, 
being 611,000,000 yen in round numbers (10 yen equal 
approximately 1/.), and they say that while the swell- 
ing of the figures is an indication of the economic pro- 
gress of Japan, there is an obvious danger in taking an 
easy view about an affair so complicated and full of 
pit-falls as the financing of a great nation, and that even 
those who are most friendly disposed towards the 
Government, and who would endorse its military and 
naval and industrial undertakings, feel constrained to 
be critical on examining the budget. They do not 
believe that the estimates are altogether out of pro- 
portion to the economic capacity of the country, 
for they are convinccd that with its ever-expanding 
resources, and its newly-awakened energy, Japan is in 
a position to bear comfortably a considerable increase 
in burdens. They are only iuclined to criticise some 
of the lines of policy which are proposed. 

We cannot, of course, enter into that criticism, 
but evidently Dr. Sakatani, the Minister of Finance, 
is not only ccnvinced of the soundness of the policy, 
but also of the ample resources of Japan to carry it 
out. In his speech introducing the budget, he said that 
in drawing it up the greateat importance was attachcd 
to enterprises calculated to promote the national 
strength and prosperity. The Government had re- 
course to loans only in obtaining funds for carrying 
out the work considered to be economically productive, 
and was careful to minimise the administrative ex- 
penditure in gencral. The financial policy embodied in 
the last budget was necessarily of a temporising nature, 
owing to the influence of the war account. In the 
present budget, however, the general lines of the 
Government policy were fixed. During the war various 
useful enterprises had to be postponed or abandoned 
owing to the exigencies of the national struggle. 
These enterprises had necessarily to be resumed in 
the coming fiecal y:a>. Such were the items relating 
to riparian and harbour works, improvement in the 
educational system, extension of railways, and mili- 
tary and naval enterprises. 

In the budget the revenue aggregited 611 million 
yen, showing an increase of 116 millicns as com- 
pared with the p-eceding year. Of the total revenue, 
424 million yen was ordinary and 186 millions extra- 
ordinary. The expenditure also aggregated 611 
million yen, including 412 million yen for ordinary 
expenditure and 199 million yen for extraordinary 
expenditure. The increase of expenditure was 119 
millions. The increase of the revenue, especially 
in the ordinary branch, was solely due to economic 
prosperity, receipts from various taxes, and duties 
increasing by themselves. The nationalisation of 
the railways was also responsible for a large 
increase in the Government receipts. In extra- 
ordinary revenue, the receipts from loans greatly 
fell off, but the surplus from the budget for the 
current fiscal year and war account showed a large 
increase. In the increase of expenditure 59 mil- 
lions belonged to the ordinary branch, the greater 

rt coming under the jurisdiction of the yee 

partment. This was due to the nationalisation of 
the railways, the principal and interest of the loans 
issued for the nationalisation having to be paid. Pen- 
sions and annuities to be paid as rewards to the 
soldiers and sailors had greatly increased. Increase 
in extraordinary expenditure was due mainly to the 
expenses and aids relating to riparian, water and 
——_ works, harbour works at Kobe, Hokkaido, 
and Okinawa, the great exhibition now proposed, 
schools, telephone and railway works, and naval and 
military expansions. 

In short, Dr. Sakatani explained that the swel- 
ling of the budget was chiefly due to the economic 
prosperity, which was responsible for a great in- 
crease in the revenue. The nation after the war 
had acquired the habit of thrift, the deposits in the 
Postal Savings Bink and at other quarters showing 


a remarkable increase. The foreign trade for last | 
year reached an unprecedented volume, and exports 
were in excess of imports, contrary to all expecta- 
tions. On these accounts the Government was 
able to prepare the budget under com ratively | 
favourable conditions, and they looked to the 








e future the junction actuates a sensitive potential galvanometer 


with confidence. 1t is quite evident that Japan is de- 
termined to make safe and unassailable the position 
she has so hardly won. We shall from time to time 
note the progress made in carrying out the programme 
which has been laid down, but meantime we need have 
no hesitation in saying that the Japanese are laying 
out their future as carefully as they planned the cam- 
paign in Manchuria, and with every prospect of the 
same measure of success. 








OPTICAL PYROMETRY. 
(Concluded from page 289.) 

Tue Holborn-Kurlbaum pyrometer consists of a small 

four-volt incandescent lamp L (Fig. 8, page 324), with 
hairpin filament mounted in the focal plane of the obj: c- 
tive and of the eye-piece of a telescope provided with 
suitable stops D and a focussing screw S for the objective. 
The lamp circuit is completed through a two-cell storage 
battery 1, a rheostat, and a milliammeter. 
_ The determination of a temperature consists in focuss- 
ing the instrument upon the incandescent object, thus 
bringing its image into the plane at OC, and adjusting the 
current by means of the rhcostat until the tip of the lamp 
filament disappears against the bright background, when, 
from the reading of the milliammeter, the temperature can 
be found from a previous calibration of the lamp, giving 
the relation between the currents through it and the 
corresponding temperatures of a radiating black body. 
The calibration will evidently be an independent one for 
each lamp used. 

The lower limit of tho instrument is very nearly 


600 deg. Cent. Below 800 deg. Cent. the measurements - 


are more easily made without any red glass, as the fila- 
ment itself is then red, and the lowest temperatures are, 
of course, reached with the least interposition of absorb- 
ing media. As the temperature increases, the effect of 
irradiation and too great brightness become blinding, and 
the photometric comparisun is rendered pcssible by the 
introduction of one or more monochromatic red glasses 
before the eye-piece, giving as well the advantages of 
photometry of asinglecolour. Above 1200 deg. Cent. two 
red glasses are <7 pune ; and for very high temperatures, 
in order to avoid overheating the lamp filament by the 
current, it is necessary to put absorbing glasses or mirrors 
before the objective. 

The coefficient of abscrption of these glasses may be 
calculated by Wien’s law, supposing it to hold for the red 
glass used in the eye-piece. It K is the coefficient of ab- 
sorption, and T), T: are the apparent black-body tempera- 
tures (absolute) given by the qoeemetes, sightina first 
without, and then with, the absorbing glasses, Wien’s 
equation gives ; C ‘ , 

logio K = log.y<! = <? 1 € - , 
£10 4 my, " 0810 (i, #) 
where cg = 14,500, and ) is the effective wave-length for 
the red glass used. 

_For very high temperatures, although this formula will 
give a consistent e when K has been determined, the 
values obtained are in error by amounts depending upon 
the lack of monochromatism of the red glass used, and 
upon the consequent varying absorbing power of the ab- 
sorption glasses. 

Readings with the instrument—from 633 deg. to 1337 
deg. Cent.—compared with those of a thermo.couple were 
almost identical, and it was found that different observers 
do not differ by any appreciable amount, whilst at low 
temperatures the same values are obtained whether a red 
glass is used or not. 

The relation between current and temperature is ex- 
pressed by C = a + bt + ¢ @, of which an example was 


C 10% = 170.0 + 0.1600¢ + 0.0001333 7. 


Lamps which have not been aged or burned (say, for 
20 hours at 1800 deg. Cent.) at a temperature above that 
at which they will ordinarily be used undergo marked 
changes; but if thus *‘ aged,” they reach a steady conrdi- 
tion, undergoing no further change for many monthy’ inter- 
mittent use, if not heated above 1500 deg. Cent. A Jamp 
not thus prepared may change by as much as 25 deg. Cent. 

The Morse "ng a or thermo-gauge, differs from the 
Holborn- Kurlbaum in possessing no eye: piece or objective, 
in employing a spiral filament 8 in the lamp L, Fig. 9, and 
requiring a battery of 20 to 40 volts. In sighting upon an 
incandescent body it is necessary to choose come particular 
spot on the spiral, and try by adjustment to make that 
disappear. This is fatiguing, as the spiral covers a largo 
area and is of sufficiently pong tg | colour to cause the eye 
to wander. The eye has to trained to recognise the 
merging of two bright surfaces at different distances, but 
this is readily attained by practice. 

It was designed for use in hardening steel ; and for this 
limited range of temperature it may be read to about 
3 deg. Cent., and, therefore, for this purpose meets the 
technical requirementy. Above 1200 deg. Cent., however, 
it is very difficult, and soon becomes impossible to make a 
satisfactory setting. 

The authors conclude that the Holborn-Kurlbaum 
a" gue advantages over its less completely equipped 
rival, 

Féry Taermo-Evectaic TELescore. 


This is the only instrument based on the energy of total 
radiation which has come into practical use for the 


| measurement of temperatures. The limitations as to the 


realisation of a black body mentioned for the photometric 
pyrometers already described apply here also. 

Radiation from an incandescent body is focussed upon 
a minute and sensitive thermo-couple, thereby raising its 
temperature. The electromotive force thus generated at 
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in series with the couple, so that we have here a radiation 
pyrometer which is direct reading by means of a pointer 
over a scale. The difficulty in construction of such an 
instrument is in realising a material for the lens which is 

rent for all radiations, so that the calibrations 
may be directly in terms of the Stefan-Boltzmann law. 
For temperatures above 900 deg. t. a fluorite lens 
satisfies the conditions ; that is to say, the ratio of the 
radiation absorbed to the radiation transmitted is con- 
stant. At low temperatures a large proportion of the 
energy exists in the form of long wave-lengths, and as 
fluorite has an absorption band in the infra-red (near 6,4), 
it will absorb a considerable portion of the radiation, and 
therefore the Stefan-Boltzmann law can no longer be 
assumed. Yet with a sensitive galvanometer the instru- 
ment could be calibrated for low temperatures. 

In Fig. 10, F is the fluorite lens, P a rack and pinion for 
focussing the radiations upon the iron-constantan thermo- 
junction, protected from extraneous rays by the screens 
2 Wy 3 shown also in section A he wires of the 
thermo-couple are a few thousandths of a millimetre ‘a 
diameter, and are soldered to a silver disc. The leads are 
brought out to the insulated binding-posts 6, b'!, and the 
circuit is completed through a sensitive galvanometer 
provided with a scale. A diaphragm, fixed in size and 
position, E E gives a cone of rays of constant angular 
aperture. In making a temperature measurement, it is 
necessary to focus pa Rea of the incandescent object 
upon the thermo-junction by means of the eye-piece O ; 
and care must be taken that this - * is of greater size 
than the junction. So long as this adjustment continues, 


Fig.8. HOLBORN-KURLBAUM OPTICAL PYROMETER 





meter scale by direct comparison with a thermo-couple, 
or the Féry instrument having a fluorite lens. Both types 
might be constructed so as to reach lower temperatures 
(650 deg. Cent.) by means of more sensitive galvano- 
meters, so a ow — _— in ae 
processes. Fé recently brought out a pyrometer in 
which the enuiey of radiation is focussed on the thermo- 
junction by means of a concave mirror, thus extending 
the lower limit to 500 deg. Cent., and the mirror instru- 
ment is also the more sensitive. 


V.—CoMPARISON OF THE VARIOUS TYPES. 


The Mesuré and Nouel cannot be considered an instru- 
ment of precision, although it is serviceable for the ap- 
proximate control of temperatures above 800 deg. Cent., 
and answers for many furnace operations sufficiently well. 
Its practical advantage is that it is encumbered by no 
accesssories. All the other pyrometers discussed are 
capable of an accuracy of 1 per cent. within the ranges 
they are adapted to use ; but this accuracy is not attained 
with uniform ease. With the Wanner a milliammeter 
and rheostat must be used, and with the Holborn-Kurl- 
baum and Morse it must be shown that the lamp used 
is not undergoing change. 

For relative temperature measurements the precision 
attainable is better than 1 per cent., except possibly for 
the Féry absorption, and may be even as good as 2 deg. 
at 1500 deg. Cent. with the Holborn-Kurlbaum. For 
reading the lowest temperatures attainable by optical 


measurement—viz., about 600 deg. Cent.—the instrn- | 
ments available are the Le Chatelier, Holborn-Kurlbaum, | 
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readings may be taken from the scale of the galvanometer, 
which is calibrated for temperatures. 

The precision attainable with this form of pyrometer 
over the range of temperatures independently controllable 
with a thermo-couple pyrometer is shown from data 
obtained by Féry, who assumed that the Stefan-Boltz- 
mann law holds in the form 


CE=d = 7.66 T* x 10-”, 


where E is the total energy of radiation, d the galvano- 
meter deflection, T the absolute temperature, and C a 
constant. In ten experiments—from 844 deg. to 1458 deg. 
—the maximum error was 1.85 per cent. at 844 deg., no 
error at 990 deg. and 1120 deg., and an average of 0.572 
per cent. 

If the galvanometer has a uniform scale, and the tem- 

rature T, is known corresponding to any one scale read- 
ing R,, the temperature T, for any other reading Re may 
be found from the relation 


a eae 
a R, 
=e Ve 


which shows that errors in the galvanometer readings are 
divided by 4 when reduced to :emperatures. For very 
high temperatures deflections off the scale of the galvano- 
meter would be obtained ; but by substituting a smaller 
diaphragm E before the objective the radiation is reduced 
in the ratio of the areas of the apertures ; or equal accu- 
racy may be gained by shunting the galvanometer. [This 
form of apparatus has developed into others more 
suited to technical practice; but as they were not the 
subjects of the investigations of Drs. Waidner and 
Burgess, we reserve their fuller description to an inde- 
pendent paragraph.] It is difficult to get fluorite of 
sufficient size, and therefore a much larger lens of glass 
has been substituted ; also a robust yet sufficiently sensi- 
tive galvanometer for practical uses is applied, making 
the instrument serviceable from 800 deg. to 1600 deg., 
and capable of being extended for higher temperatures, as 
already mentioned. The indication of this type will not 


obey Stefan’s law, but it may be calibrated on its galvano- 





MILLI AMMETER 


Morse, and Féry mirror telescope. The corresponding or 
lower limit for the Wanner and Féry thermo-electric 
telescope is 900 deg. Cent. 

Regarding the upper limit, the Morse is difficult to use 
above 1100 deg. Cent. The Féry thermo-electric teles- 
cope (industrial form) reaches 1600 deg. Cent., while for 
all the others the upper limit is indefinitely high, or 
greater than temperatures attained in industrial practice. 

Above 1500 deg. Cent., in the region where tempera- 
tures can only be determined by extrapolation in terms 
of some radiation law, the most reliable results will be 
given by those ge obeying one of these laws 
most exactly. Thus instruments calibra in terms of 
Wien’s Jaw, but making use of a red glass which is not 
monochromatic, as the Le Chatelier, the Féry absorp- 
tion, and the Holborn-Kurlbaum in the ion for which 
the absorption glasses have to be used, will depart from 
the true temperature scale more than the Wanner, which, 
using strictly monochromatic light, will obey Wien’s law 
if the reading circle is correctly graduated and set, al- 
though the former instruments will each give an arbitrary 
temperature scale consistent with itself. The Féry 
thermo-electric telescope, with fluorite lens calibrated 
directly in terms of Stefan’s law, should with the 

hotometric pyrometers, as Wien’s and Stefan’s laws 
ave been found experimertally in accord at the very high 
temperature of 2000 deg. Cent. Regarding the ease of 
calibration and its control, the Wanner and the Féry 
thermo-clectric telescopes, with fluorite lens, are, perhaps, 
the simplest, requiring only a single known Fy 

Two temperatures only are required for Le Chatelier 
and Féry ms maces wo and although several are necessary 
for the complete graduation of a Holborn-Kurlbaum or 
Morse, two are sufficient if the instrument is to be used 
for a small range. The user, however, if he has a cali- 
bration table, does not trouble himself with this matter, 
unless he believes the instrument to be out of order. 


VI. SpgeciaL, Prosiems In Optica, Prromerry. 
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Black-Body Temperatures in Holborn-Kurlbaum Pyro- 
meter of Polished Platinum. 
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RADIATION FROM PLATINUM. 








emitted by a black body, the temperature as determined 
by them will depend, as we have seen, on the nature of 
the incandescent body observed. To determine the 
amount by which such indications differ from true tem- 
peratures, the black-body temperatures of a number of 
substances have been ascertained at well-known tempera- 
tures, as given by the melting-points of pure metals and 


ts. 

Polished platinum deviates further from a black body, 

and its radiation thus gives an idea of the maximum 
difference to be expec’ A Holborn-Kurlbaum optical 
pyrometer was employed with a Joly meldometer to 
ascertain the apparent temperatures—about 1580 deg.— 
at the actual temperature (1780 deg.) of the melting-point 
of platinum. The radiation from polished platinum at 
lower temperatures was compared at 1315 deg. and 
1215 deg. as fixed by the meldometer (as in the preceding 
series), and at 1500 deg., 1064 deg., 782 deg., 723 deg., 
as fixed by the melting-points of paladium, gold, NaCl, 
and KBr. 
Messrs. Holborn and Kurlbaum by a somewhat diffe- 
rent method obtained for platinum at its melting-point 
1545 deg. Cent. (A = 235 deg. Cent.) for red light against 
1541 deg. as in the above table—a close agreement. The 
results of the series of tests are embodied in the diagram 
(Fig. 11), and they show that platinum approaches more 
nearly to black-body radiation for green and blue than 
for red light. 

Radiation from other Substances.—-Experiments were 





Departure from Black-Body Radiation.—I as 





optical pyrometers are calibrated in terms of the radiation 








made on iron oxide, clay, copper oxide, and unglazed 
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pore. ny Gesting them in an electric furnace, as shown 


in low. 

The radiation emitted by the substance under these 
conditions is a very close approximation to black-body 
radiation, and its temperature as measured by the optical 
pyrometer will be the true one. Asa further check on 
the optical pyrometer a thermo-couple in contact with the 
radiating substance was always read. A porcelain tube, 
oO) at both ends and blackened on the interior, was then 
thrust into the furnace ; and the radiation coming out of 
this cold tube, which is the radiation of that particular 
substance, was observed with the optical pyrometer. 
The eee measured in this way is the equivalent 
black-body temperature of the substance for the parti- 
cular colour of light used. The results are given in the 
following table :— 

Departure from Bluck-Body Radiation. 


| Fine 





Tempe- Iron Grain. Copper | Unglazed 
porn Platinum. Oxide. Battersea| Oxide. Pandata. 
Crucible. 
— | 
aa a deg. Cent. |deg. Cent. 'deg. Cent.|deg. Cent. |deg. mt. 
750 oe e ae 25 
770 > 23 14 
790 < 23 
950 74 
980 a 46 
1050 a 54 
1€65 39 

















The results by this furnace method and the meldometer 
method closely, the meldometer giving 75 deg. as 
the difference between the true temperature and the 
black-body temperature of platinum. 

The in which hardening and annealing operations 
of iron and:steel are carried out is from 600 deg. to 950 
deg. Cent., and the table shows that the indications of an 


Fig. 12. FURNACE METHOD OF STUDYING RADIATION 


RMS OMNI 
InFae : 





Cent. was noted in the indications of the pyrometer, 
while with the flames burning brightly no measurement 
could be taken. When the iron was at 1100 deg. Cent., 
however, turning off and on the flames made practically 
no difference in the temperature readings. . 

The arrangement with the ring burner approximates to 
industrial operations, where heating is done by radiation 
from flames, so that even for poor reflectors, such as iron, 
clays, &c., considerable errors may be introduced at tem- 
peratures below 800 deg., and that the error becomes 
small above 1100 deg. ‘This error may be almost avoided 
by viewing the object through a tube which cuts off most 
of the light from surrounding flames. In the instance 
cited above for iron the error was reduced from 35 deg. 
to 5 deg. by this means. . 

Very High Temperatures.—T hose temperatures discussed 
thus far are within the e controlled by thermo-couples, 
calibrated to agree with the gas scale to 1150 deg. Cent., 
the thermo-couple scale is then extrapolated for 500 deg. 
or 600 deg. more. The Moissan furnace, the Goldschmidt 
thermite process, and many other o tions involve tem- 
peratures of 2000 deg. or over, and it therefore mes 
necessary to establish some scale that can be used therein. 
For this purpose, therefore, recourse must be had to the 
extrapolation of the laws of radiation, which have been 
verified throughout the range of measurable temperatures. 

Lummer and Pringsbeim have observed an electrically- 
heated carbon tube in an atmosphere of nitrogen, using 
three radiation methods—Photometric (Wien’s law), spec- 
trophotometric (Am T = A), and total radiation (Stefan’s 
law), the results agreeing to 20 deg. at 2300 deg. Cent. 
absolute. From the author’s work it would seem that the 
radiation laws are still in ment at the temperature 
of the are. The black-body temperature of the hottest 
part of the positive crater was found to be 3690 deg., 
3680 deg., and 3720 deg. absolute, as determined with 
Holborn-Kurlbaum, Wanner, and Le Chatellier pyro- 
meters, based on the extrapolation of Wien’s law. 

Féry gets for this temperature 3760 deg. by a method 








on Stefan’s law. 
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optical p 
black- 
lower and about 40 deg. at the higher temperature. The 
radiation from the fine-grained crucible seemed to be at 
least as black as that from iron, which would hardly be 
expected. When a fresh piece of thin Russian iron was 
inserted into the furnace, and measurements were imme- 
diately taken with an optical pyrometer, it was observed 
that the initial readings were some 20 deg. higher at 1000 
deg. Cent. than when the oxidation of the surface was 
complete, which takes two or three minutes. 

Polarised Light.—If the temperature of a platinum 
eurface is measured with a polarising pyrometer (such as 
the Wanner), large errors may result if the effect of 
polarised light is neglected. us, if the surface be 
viewed at an angle of 50 deg. with the normal, two read- 
ings may be obtained, differing from one another by 80 
deg. Cent. at 1450 deg. Cent.—1.e., the reading may differ 
from the actual temperature by 40deg. As the light 
emitted in a direction perpendicular to the surface is not 
polarised, this source of error can always be avoided by 
viewing the surface normally. For most su on 
which optical pyrometers are used in industrial opera- 
tions, the amount of polarised light is very feeble com- 
pared with platinum, so that its effect is entirely negli- 
gible. When the incandescent surface of iron was viewed 
at an angle of 75 deg., the effect was less than 5 deg. 
Cent.; and in any case it may bé eliminated by taking 
readings in.four azimuths at intervals of 90 deg. 

Lffect of Diffuse and Retected Light.—The ordinary dif- 
fuse dayhght, or other light which is not reflected directly 
into the Fg meer exerts a comparatively negligible 
effect on indications of these instruments, not exceed- 
ing 5 deg. Cent. for a change from a darkened room to 
bright daylight. 

e of the effects noted with 

—A platinum strip at 800 deg. t. had its temperature 

a tly increased 15-deg. Cent. by direct reflected 

t from an incandescent lamp, 120 deg. Cent. by a 

large gas-flame, and with the strip mounted within a ring 

of gas dames an apparent rise of over 300 deg. Cent. was 
observed. 


With a sheet of iron at 725 d 
and with the gas-flames burning 


meter, calibrated in the usual way in terms of 
radiation, will be low by about 20 deg. at the 


latinum were as follows : 


. Cent. within the ring, 
w, a change of 35 deg. 

















Cent. above the atmospheric temperature. The electro- 


motive force thus generated is measured by a sensitive 
galvanometer graduated to read temperatures directly. 

For the purpose of increasing the range of temperatures 
which can be measured by the same instrument, the pyro- 
meter may be fitted with the following adjustment :—A 
number of movable sector-shaped screens are in 
front of the mirror which concentrates the heat rays upon 
the thermo-couple. Thescreens can be moved by ascrew, 
so that any desired sector-shaped fraction of the surface 
of the mirror can be ex to the rays of heat. 

The position of the screens is indicated by a pointer on 
a graduated circle, and the pyrometer is calibrated for 
different ranges of temperature. 

For comparatively low-temperature ob: ervations a large 
portion of the surfave of the mirror is used, and for higher 
ranges of tem ure correspondingly smaller fractions of 
the surface of the mirror are left uncovered by the screens. 
In this way the practical value of the instrument is in- 

by simple means. 

We understand, as suggested in Drs. Waidner and 
Burgess’s report, that a continuous recorder is being 
made in this country to work in conjunction with these 
pyrometers. 


VIII.—Expansion Rap10-PYROMETER. 
The most recent development of M. C. Féry in optical 


pyrometry combines the ya pee of total radiation, of 
optical concentration, and of metallic thermal expansion. 
These principles are embodied in the instrument con- 
pre hm in Figs. 15 and 16. 

A and B are sliding tubes, fitted at the extremity of 
the former with a lens C, and at the extremity of the 
latter with aneye-piece J. At the focus of the lens C is 
placed a compound spiral D (see Fig. 15, and to a larger 
scale, Fig. 16), about 1 centimetre long, 1 millimetre 
wide, and 0.02 millimetre thick, composed of strips of 





platinum and silver, which —— to an unequal extent 
under the influence of heat. The spiral is supported on a 
light arm H (Fig. 15) made of German silver or some 














On the basis of these experiments it would seem that 
the several laws of radiation are in quite satisfactory 
a ment at the highest attainable temperatures, and 
a serve to define the same scale of temperatures. 


VII.—New Forms or THe Féry RADIATION PYROMETER- 


The Lens pyrometer for temperatures from 900 deg. to 
3500 deg. Cent. and upwards is shown in Fig. 13. 

The radiation emerging through the observation-hole 
of the furnace-wall is focu by means of two lenses 
AA! upon a thermo-electric couple composed of two 
wires—constantan and copper—arranged in the form of a 
cross, stretched on supports DC. The milled head P 
effects the moving in or out of the lenses A, A!, and 
when adjusted correctly the image of the observation- 
hole should completely cover the junction, which appears 
as a circular disc at the centre of the cross, seen in the 
field of the eye-piece. The diaphragm E provides a con- 
stant angle aperture, and the readings obtained are thus 
rend independent of the distance of the pyrometer 
from the furnace. With such an instrument M. Féry has 
determined the temperature of the sun as 7800 deg. Cent. 
When temperatures below 900 deg. Cent. are required, 
the mirror pyrometer serves. This instrument, shown in 
Fig. 14, has a range from 500 deg. to 1100 deg. Cent. As 
for the Lens, so in this case, complete equipment consists 
of telescope and galvanometer. . 

The two wires from the thermo-couple are attached to 
two brass strips D and R. which are attached to the 
terminals b, b! (Fig. 14), and the terminals are connected 
to the sensitive galvanometer by wires. It is essential 
that the image of the observation-hole should slight] 
overlap the junction which appears to the eye as a blac 
disc in the centre of the field of view. The image of the 
hole is reflected to the eye-piece O by two mirrors placed 
close to the couples. ese mirrors serve for the adjust- 
ment of focus; they are so arranged that the image of 
the hole appears to be split into two parts, which only 
coincide when the focussing is correct. This concentra- 
tion of rays indicated by the image formed upon the junc- 
tion produces a rise of temperature which is proportional 
to the amount of radiant energy which enters the tele- 
scope. The effect of this is to raise the tem re of 
the copper constantan rapidly, but never more than 80 deg. 











other metal of low conductivity, and has a disc F attached 
by a short bar E, made of copper or some other 
metallic conductor, to the other end. The dise F, the 
face of which is turned towards the eye-piece J, is polished 
to hy ap radiation ; and the other side, the — itself, 
and the ne teeny + oa E, are covered with lamp-black 
to render them capable of easily absorbing heat rays. The 
apparatus is focussed by the rack and pinion K, so that 
the heat rays from the object the temperature of which 
is to be determined, and towards which the lens C is 
directed, are concentrated upon the spiral, and a pointer 
G, carried on the disc F, indicates the temperature on 
the scale I (Fig. 15). . 

The graduation of the pyrometer is accomplished by 
observations at the caing Sompemiese of bodies of known 
melting-point, and also by comparison with the indica- 
tions of another or standard thermometer. 

It will be noticed that no delicate electrical apparatus, 
battery, or galvanometer is required, and consequently 
the instrument. which is extremely simple, is equally 
light and portable. 








DRAINAGE AND SANITATION IN THE Britisn East 
Arrica Prorectorate.—Mr. George ee 4 Williams, 
A.M. Inst. C E., of 39, Victoria-street, S.W., who has 
recently returned from a six months’ visit to East Africa, 
was engaged by the Colonial Office to bvgess on the 
sanitary condition of various towns in the it Africa 
Protectorate, more especially Nairobi and Kisumu. The 
situation of Nairobi, the chief centre of the European 
population, was not wisely choren in the first instance ; 
the soil is of a wet nature, and difficult to drain, « 
certain parts of the town are in an insanitary condition. 
Mr. Williams has recommended a scheme of drainage 
which, it is expected, will remedy the present condition 
of affairs. and his report is peony & nd considered by the 
Colonial Office. It is — oy that other recommenda- 
tions were also made in his report as to works necessary 
for the development of the various towns. Before return- 
ing he visited Zanzibar, and advised the Zanzibar Govern- 
ment with regard to a proposal to drain some 
near the town. 
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CURRENT RAILWAY CONSTRUCTION. 


Wuitez no very important new works are in hand 
upon British railways, the more prosperous condition 
of the ‘‘ heavy” systems has induced them to proceed 
with a number of minor improvements and extensions. 
The Great Central Railway Company is promoting a 
new dock at Immingham, near Grimsby, but the dock is 
being carried out by the Humber Commercial Railway 
and Dock Company ; the works are being vigorously 
prosecuted by the contractors. Upon the main line 
of the Great Central Railway, the Ardwick to Hyde 
Junction widening has now made such progress as to 
afford considerable relief to traffic. The Bridgehouses 
‘funnel, at Sheffield, has been opened out, and altera- 
tions have been commenced at the Sheffield (Victoria) 
Station. Sufficient progress has been made with new 
carriage and wagon-shops at Dukinfield to admit of 
some repairs being executed there. A concentration 
yard at Wath is proceeding satisfactorily ; and widen- 
ing works between Woodhead and Torside have been 
now nearlycompleted. New junctions with therecently 
acquired Lancashire, Derbyshire,and East Coast line at 
Beighton and Duckmanton are well in hand. A new 
g dépét has been erected at Birkenhead Dock-road, 
Seacombe, and is now in use; and a new goods dépét 
at Alexandra and Canada Dock, Liverpool, is approach- 
ing completion. The Williamthorpe Colliery branch, 
Ifeath, has been completed, and contracts have been 
let for a new goods yard, warehouses, &c., at Lincoln. 

The Great Eastern Railway Company is extending its 
quay at Parkeston, and it is expected that one of 
three additional berths, which are to be provided at the 
quay, will be ready for use by the end of the current 
half-year. An expenditure of 53,445/. was made in the 
past half-year upon an electric power-house af Strat- 
ford; the works are expected to cost altogether 
120,300/., and they will, when completed, supply 
electricity for lighting the Liverpool-street Station 
and Hotel, as wal as several suburban stations, and 
the goods dépét and workshops at Stratford ; they will 
also supply power for driving machinery in the loco- 
motive, carriage, and — shops at Stratford. An 
additional herring basin has been opened at Lowes- 
toft. 

Good progress has been made by the Great Northern 
Railway Company with five miles of line from Enfield 
to Cufiley Hill, on w loop-line from Enfield to Steve- 
nage, and the line is expected to be completed within 
the contract time; an expenditure of 55,017/. was 
made upon the loop in the second half of 1906. Good 
progress has been made with the construction of the 
Birmingham and North Warwickshire section of the 
Great Western Railway, and with the doubling of 
the line between Stratford and Honeybourne. Various 
widenings and other works which are being carried 
out by the Great Western Railway Company in Bir- 
mingham and the ma eee og are proceeding satis 
factorily. The Saltash and St. Germans deviation line 
and the Gwaun-cae-Gurwen line are well advanced ; and 
the construction of the Ashendon and Aynho line, the 
Coley branch at Reading, and the Camerton and 
Limpley Stoke line has been commenced, The upper 
portion of a loop line at Uxbridge is approaching com- 
pletion, and the remaining portion of the loop is to be 
shortly proceeded with. Harbour lines at Bristol 
and a goods dépét at Canons Marsh, in connection 
with them, have been opened for traffic; the addi- 
tional facilitics which these works will afford will 
be-of material advantage in connection with the com- 
pany’s working at this important centre of the system. 

The electrification of the Hammersmith and City 
line has been completed, and electric trains are now 
running between the City and Hammersmith and 
Addison-road. A new generating station at Park 
Royal, besides supplying the motive power for these 
services, has now entirely superseded the old electric 
lighting works at Paddington. Rail motor-car service 
has been extended by the Great Western Railway 
Company during the t half-year, and a number of 
additional halts have been brought into use. The ex- 
penditure made by the Great Western Railway in the 
second half of last year upon capital account for new 
works and additional equipment was 1,064,653/. 

The Lancashire and Yorkshire Railway has completed 
widening works between Littleborough and Summit, 
and the new lines laid down have been brought into 
use. A contract has been let by the Lancashire and 
Yorkshire Railway Company for widening the line at 
Padiham Junction, Rose Grove ; two additional lines 
are to be laid over the Leeds and Liverpool canal. 
New sidings are being made between Newton Heath 
and Moston. The central of the main building 
of the Victoria Station at Manchester, which has been 
extended, has been for some time in use to the level 
of the second floor ; the northerly portion of the main 
building has been completed to the ground level, and 
the southerly portion is practically completed to the 
level of the first floor. 

Extended platforms and roofing on the arrival side of 
the Euston terminus of the London and North-Western 
Railway are now in use. Tube-passages and lift-shafts 
have been constructed, and the remaining works are in 





progress for an interchange station at Euston in con- 
junction with the Charing Cross and Hampstead and 
the City and South London Railways. Some 6} miles 
of additional line are being laid between Willesden 
and Sudbury and Wembley. The whole of the addi- 
tional accommodation which has been provided at 
Crewe for up and down passenger traffic is now 


roof at Charing Cross Station will be entirely com- 
leted during the present half-year. The South- 
fase and Chatham Railway has placed an order 
with Messrs. Denny and Brothers, of Dumbarton, for 
two turbine steamers, which are to be delivered in time 
for this year’s summer traffic. 
The London, Tilbury, and Southend Railway Com- 


in use; the lines and junctions at the north end| pany has made good progress during the past half- 
of the station have been re-arranged, and electric | year with the widening of its line between Kast Ham 


——s is now in operation. On the widening 
of the main line for a length of 24 miles north 
of Crewe, about two-thirds of the earthworks are 
finished, and five bridges are in course of construc- 
tion. Progress is being made with a new passenger 
station at Colwyn Bay, and with the extension of 
the passenger station at Barton and Broughton, north 
of Preston. Between London-road Station and Ard- 
wick, a viaduct comprising 105 openings is being 
widened ; good progress has been made, and about 
half the work has been completed. Considerable pro- 
gress has been made at Garston on the site of the 
new dock, about three-fifths of the material having 
been removed ; of 1990 lineal yards of dock, river, and 
retaining walls, about 860 yards have also been com- 
pleted ; and the river entrance and the communica- 
tion with the old dock and the construction of the 
dock-gates are well in hand. On a new line of the 
London and North-Western Railway between Wilm- 
slow and Levenshulme, the earthworks, viaducts, 
bridges, &c , comprised in a length of 3} miles, have 
been completed ; on the remaining length (about 
6 miles), about 70 per cent. of the earthworks have 
been carried out, and seventeen of thirty-four bridges 
have been nearly completed. The London and North- 
Western Company will apply to Parliament this session 
for powers to make new lines and widenings between 
Euston and Watford, to construct a railway at 
Coventry, and also a short railway at Holywell. 

A further portion of the Armley and Calverley widen- 
ing on the Midland Railway between Newlay and Kirk- 
stall has been opened for traffic. In the course of the 
past year the Midland Company relaid 74 miles with 
steel rails at the cost of revenue. 

The North-Eastern Railway has commenced, in 
conjunction with the Hull and Barnsley Railway, 
the construction of a new dock at Hull. The 
North-Eastern Railway has also accepted a tender for 
the construction of a line between Goole and Selby, 
powers for which were obtained in 1903. Good 
progress has been made with a bridge over the 
Wear at Sunderland, and a new goods warehouse at 
New Bridge-street, Newcastle, has been opened for 
traffic ; new offices for the company’s staff have also 
been completed at York. In conjunction with the 
Lancashire and Yorkshire Railway, the North-Eastern 
Railway has deposited a Bill in Parliament by which 
powers are sought for the construction of short 
colliery lines in connection with the South Yorkshire 
Joint line. 

The North Staffordshire Railway has no new works 
in hand. The expansion of coal traffic upon the Hull 
and Barnsley Railway has rendered it necessary for 
that company to make considerable additions to its 
siding accommodation, and also to purchase further 
locomotives. A short line of the Hull and Barnsley 
tat to connect the Frickley Colliery with the 
Wath branch, is approaching completion. The Hull 
and Barnsley Company has deposited a Bill in Par- 
liament to authorise the construction of a pier or 
landing-stage on the Humber, commencing at the 
entrance lock and extending westward along the 
ee of the Alexandra Dock and a portion of the 
Hull Corporation property known as the Western 
Reservation. 

So much for the heavy systems. The lighter ones, 
which are more associated with the South of England, 
although they also straggle westward, next call for 
attention. Improvements which the London, Brighton, 
and South Coast Railway are carrying out at Victoria 
Station are advancing satisfactorily; two lines of 
approach and two of departure from the station to the 
bridge over the Thames are now completed, and will 
soon be available in place of the single line each way, 
over which all traffic has hitherto had topass. Steady 
progress is being made with the improvement of the 
main line of the London, Brighton, and South Coast 
Railway, and the work of equipping the South London 
system for electric traction has been commenced. The 
expenditure made on capital account by the London, 
Brighton, and South Coast Railway in the past half- 
year upon lines, works, &c., was 170,720/.; the heaviest 
outlays were 55,358/. for main-line widenings between 
Earlswood and Preston Park, and 67,681/. for the 
enlargement of the Victoria Station and widening 
between Victoria and Battersea. 

Upon the South Eastern and Chatham Railway the 
expenditure for the maintenance of way and works has 
been heavy, partly in consequence of the enhanced 
ery of materials, and partly in consequence of the 
act that the engineer has found it necessary to proceed 
more rapidly with the strengthening of the road and 
brid for the heavier type of rolling-stock which 
has been brought into use upon the system. The new 





|and Barking, including a new bridge over the Roding. 


At Tilbury a new station and platforms have been 
brought into use. 

The principal new work which the London and 
South-Western Railway Company has had in hand 
is the enlargement of Waterloo Station, which in- 
volved an outlay during the past half-year of 39,491/. 
An expenditure of 18,761/. was also made in the second 
half of last year in widening works between Waterloo 
and Clapham, Woking and Basingstoke, &c. 

The Metropolitan Railway has practically com- 
pleted the electrification works which were under- 
taken two or three years ago, and all trains pass- 
ing through the tunnel section of the line north of 
Baker-street are now worked by electricity. The 
Hammersmith and City and Addison- road services 
are also worked by electric trains, and the whole of 
the passenger trains on the Inner Circle are worked 
with that power, with the exception of a few Great 
Western trains between Praed-street Junction and 
Aldgate ; these trains will also be shortly worked by 
electric force. Experiments are being made with a 
system of automatic signalling, which, if successful, 
will admit of more trains being worked over the 
Inner Circle than was possible — + the old arrange- 
ments; the earning power of the line will then be 
increased. Plans are being prepared for extensive 
alterations at the Baker-street Station, including 
the connecting up of the St. John’s Wood line 
with the Inner Circle in order to admit of a through 
service of trains being worked between the stations 
north of Baker-street and the City. The expenditure 
of the Metropolitan Railway on capital account durin 
the past half-year was 400,513/.; this must be cemedel 
as a serious addition to capital, having regard to the 
general extent of the system. 

The opening of the Piccadilly Tube (Hammersmith 
to Finsbury Park), which took place in December, 
has diverted a considerable number of passengers from 
the Metropolitan District Railway ; but the new route 
across London, and the valuable facilities for travel- 
ling afforded by it, will, it is hoped, create so much 
additional traffic that the Metropolitan District Rail- 
way will soon gain more than it has lost. 

The North London Railway has no new works on 
hand, and the expenditure made on capital account 
during the past half-year was only 6417. The Central 
London Railway has at present scarcely any new works 
in hand, but the company has deposited a Bill to 
authorise the construction of a second line from Shep- 
herd’s Bush to the dépét yard. 

The City and South London Railway has made good 
progress with its Euston extension. The whole of 
the tunnelling has been completed, the permanent- 
way has been laid, and the surface stations, including 
lifts and staircases, are rapidly approaching com- 

letion. It is expected accordingly that the line will 

ready for traffic before the close of March. A sub- 
way communication at the Elephant and Castle 
Station of the City and South London Railway with 
that of the Baker-street and Waterloo Company has 
been opened for traffic. 

As regards Welsh systems, the Barry Railway has no 
new works of any importance on bends but the Rhym- 
ney Railway, in conjunction with the Great Western and 
the London and North-Western Railways, has deposited 
2 Bill in Parliament for the construction of certain 
tailways in Glamorganshire and Monmouthshire. 
The Barry Railway is promoting a Bill in Parliament 
for powers to construct various lines from its existing 
line into the Sirhowy Valley. The Barry Railway 
is also seeking powers for the construction of a line 
near Deri Junction to Aber Bargoed, to run parallel 
and in close proximity to an existing line of the 
Rhymney Railway. The Taff Vale Railway has had 
no new works of any importance on hand, but in the 
past half-year it expended 37,215/. for additional 
accommodation ; the principal of these improvements 
and extensions was the reconstruction of tips at 
Penarth dock. 

It remains for us to add something as to Irish 
undertakings. Traffic has been commenced between 
the Kingsbridge Station of the Great Southern ard 
Western Railway and the Amiens-street Station of 
the Great Northern Railway over the Drumcondra 
link line. The Great Northern Railway reports that 
good progress has been made with the construction « f 
the Strabane and Letterkenny line and the Castle- 
blayney, Keady, and Armagh section ; these lines are 
being constructed by separate companies, but they 
will serve as feeders to the Great Northern Railway. 
The Midland Great Western Railway carried out 
various minor improvements during the past half-year ; 
the heaviest expenditure made under this head was 
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10882. for additional coal-sidings at Cavan. Upon the 
whole, the Midland Great Western Railway is restin 
upon its oars, and little is being done in Second 
generally in the development of new lines. 








BOILER EXPLOSION NEAR 
CHESTERFIELD. 

A FORMAL investigation with regard to the cause of the 
explosion of a boiler at Mill House Farm, Bolsover, near 
Chesterfield, was held by the Board of Trade on October 
23 last. Fortunately, no one was killed by the explosion, 
although it was of a very violent character, pieces of the 
boiler being hurled as great a distance as 160 yards into 
neighbouring gardens, and the fire, by being thrown into 
the yard adjoining, set alight to five stacks, which were 
entirely destroyed. 

The Commissioners were Mr. G. R. Askwith (London) 
and Lieut.-Colonel F. I. Pilcher (Liverpool). Mr. G. C. 
Vaux conducted the case on behalf of the Board of Trade, 
and Mr. F. A. Walker (Messrs. Stanton and Walker, 
solicitors, Chesterfield) represented Mr. Presley, the 
tenant of the farm. 

Inopenivg the proceedings, Mr. Vaux stated that the 
mill was formerly owned by Mr. George Jenkinson, who 
let it to tenants. Originally it was driven by wind, but a 
steam boiler was fitted to private auxiliary power. At some 
period or other one of the tenants took over the machinery, 
and ultimately this was taken by Mr. Jenkinson for rent. 
About 1885 the old boiler was replaced by another, and 
this was the one that had now exploded. Mr. Jenkin- 
son, the previous owner, who was now nearly ninety 
years of age, not being in very good health, and his 
memory being defective, could give no information with 
regard to the boiler. Mr. Kendall, engineer-surveyor 
to the Board of Trade, had held a preliminary inquiry 
with regard to the explosion, and had examined the 
boiler, which was of cylindrical dish-ended construction, 
measuring 14 ft. long by 3 ft. in diameter. It was 
equipped with the usual fittings, but the steam-gauge was 
not fixed directly on to the boiler, but inside a building, 
and the lever safety-valve was weighted to about 45 lb. 
The plates were found to be wasted by corrosion. The 
boiler in use before the exploded one had been found to 
ba wasted away at the shell Gotten in asimilar manner, and 
Mrs. Hitch, the present owner, had had patches applied at 
the bottom of the shell by way of repairs. On the day of 
the explosion the mill was at work, and a man named 
Frederick Lee looked after the boiler during the daytime. 
The steam-gauge appeared to have registered 25 Ib. 
pressure, and when Mr. Presley arrived home he went to 
oil the machinery. He replenished the fire, and about 
7.15 p.m. was at the top of the building when the explo- 
sion cecurred. He luckily escaped without injury, but 
the property suffered severely, as already stated. 

The first witness called was Mr. Thomas Kendall, 
engineer-surveyor to the Board of 'I'rade, who produ 
his report, accompanied by sketches showing the original 
position of the boiler and the various fragments. The 
force of the explosion, he said, was so great that a piece 
of the end-plate was projected 80 yards, while another 
portion of the boiler was thrown into a garden 160 yards 
distant. The boiler, in exploding, recoiled against the 
stonework of the mill, indenting the end, and cracking 
the building in places. When he examined the safety- 
valve, he found it in good condition. The valve-chest 
was broken, but he was able to calculate that it would 
blow off, weighted at the end, at 45 Ib. to the square 
inch. He stated that the steam gauge was fixed inside 
the building, away from the boiler, and by the concussion 
of the boiler in exploding and striking the building, it 
broke the gauge away from its fastenings, and it was 
found on the ground about 7 yards away from its original 
position. When there was no steam on, the gauge indi- 
cated 12 lb., and he subsequently tested it with a Board 
of Trade standard gauge. When the standard gauge 
stood at 25 lb., the boiler-gange indicated 201b.; but when 
the standard gauge was at 35 lb., the boiler-gauge only 
indicated 26 lb ; and at 40 lb. on the standard only 29 Ib. 
was shown on the boiler-gauge. Further, when the stan- 
dard was at 45 lb., only 32 lb. was shown on the boiler- 
gauge, and afterwards the boiler-gauge showed 15 lb. less 
pressure than was actually in force. 

Mr. Vaux: Did you examine the parts of the boiler 
which were projected some distance away ? 

Witness: Yes; round the edge of the fracture the 
thickness of the plate was as low as ,; in. at various 
points thickening up to jin. ¥ : 

Mr. Vaux: Calculating the thickness at 4 in., what 
would be the bursting pressure of the boiler ? 

Witness : 34 Ib., taking it at a thickness of 4 in., which 
was more than the actual thickness of the plates. 

Continuing, Mr. Kendall said the explosion was due to 
the plates at the bottom of the shell being wasted away 
by corrosion to such an extent as to be unable to stand 
the pressure at which the boiler was worked. The plates 
also were considerably corroded along the line of the brick- 
work setting. 

By Mr. Walker : For many years the boiler had only 
been used intermittently, and external corrosion had been 
caused by the damp from the ground, and from the 
atmosphere getting to the plates. This would cauze 
deterioration more than anything else. The bottom 
plates were wasted away to such an extent as not to 
fit for the working pressure. The boiler had apparently 
teen kept very clean internally, and good water had 
been used. There was no internal corrusion—it was en- 
tirely external. 

Mrs. M. E. Hitch, owner of the Mill House, Bolsover, 
said her father, Mr. Jenkinson, was now 89 years of age, 
and could not remember the history of the boiler. She 
had searchcd among his payers, but could find nothing 





relating to it. As far as she knew, the boiler had been 
put in by Mr. Samuel Martin, who was tenant from 1886 
to 1889. Mr. Henry Hall was tenant from 1889 to 1891, 
and then Mr. George Johnson, from 1891 to 1904. She 
was unable to bring Mr. Johnson as a witness because he 
was in the County Asylum at Mickleover, and that was 
really the reason why he had heen given notice to leave 
the farm in 1904. Mr. Johnson used the boiler very 
seldcm, and not at all during the last two years he was 
there. Mr. Presley never asked whether they were 
going to do anything with the boiler, nor had he com- 
plained of its condition. She could not say from her 
visit to the place whether things had been neglected or 
not, but they were very dusty and dirty. 

Mr. Walker: You should have had the boiler examined. 

Witness: I told Mr. Presley to have that done, and 
thought that he was going to get one of the men at the 
colliery who attended to the boiler there to look at it. I 
don’t know much about these matters, and should not 
have minded the trouble, but I did not know who to get 
to make the examination. 

Mr. Walker remarked that, unfortunately, his client 
did not remember the a ment which was drawn up, 
but never signed, nor did he remember the conversation 
when Mrs. Hitch said she understood he was to get some- 
one to look after the boiler. It was a matter of memory, 
and not a case of one trying to put the liability on to the 
other at all. 

Mr. Askwith pointed out that it was, of course, a 
question of whether, knowing that the boiler had been so 
long out of use, and in the position it was, there was 
negligence on the part of the parties in not having it 
examined. 

Mr. Henry Hitch, of Dronfield, husband of the pre- 
vious witness, referred to the draft agreement which he 
drew up, and said that he told Mr. Presley in the course 
of the negotiations which he carried out that they were 
depending on him examining the boiler, and he said he 
would do it, or get someone else to doit. There was no 
signed agreement, and Mr. Presley was really a yearly 
tenant. He had told Mr. aye since the explosion that 
they would find him another boiler or a gas-engine, 

Mr. Walker: Were you agreeable to pay for the 
examination of the boiler? 

Witness: Yes, if it had been necessary. Some repairs 
had been done tothe engine, for which he paid, but there 
was nothing in the account about the boiler. 

Mr. George Presley, tenant of the farm, described the 
explosion. Witness was also a working miner as well as 
farmer, and on returning home in the evening, he noticed 
the steam-gauge registered 25 Ib. 
machinery, and after it became neceseury to fill the boiler 
he replenished the fire and went to the top of the build- 
ing. Shortly afterwards the ongteties took place, and 
set fire to the stacks in the yard. All were destroyed, 
and the result was that he was ruined. He was a con 
tractor in the pit, and he took the farm to try and im- 
prove his position. 

By Mr. Vaux: When he took the farm he never heard 
of any draft agreement, nor was anything said, so far 
as he could remember, about examining the boiler. He 
did not work it until about ten months after he took the 
farm, and before doing so he went inside and cleaned it. 
He also tapped it with a hammer, and it sounded all right. 
After he had worked it a few times, there was a slight 
leak near the plug-hole. That would be about eighteen 
months after he took the place. He called in Mr. Coupe, 
a blacksmith, who plugged it up by putting a plate on 
each side and a small bolt with a rubber washer. ter 
on there was another leak, again over the fire, and he got 
another blacksmith to put ina bolt and plates. He usually 
worked the boiler at 25]b. pressure, but he had had 
30 lb. on it. Neither blacksmith made any comment on 
the thinness of the plate at the time. He knew that the 
ys now registered 12 lb. when there was no steam on, 

ut previous to the explosion it was at zero when the 
boiler was at rest. 

By Mr. Walker: His loss was 130/., but he only got 
15. insurance. 

Frederick Lee, who attended to the boiler, said the 
gauge used to be at the round O when there was no steam 


on. 

Richard Coupe and William Holding also gave evidence, 
and described therepairs they made at the bottom of the 
boiler. The former said the plate was about 4 in. thick, 
and the latter put it at 4 in. to ,4 in. where he drilled 
the hole. 

This concluded the examination of the witnesses, and 
Mr. Walker, addressing the Court on behalf of Mr. 
Presley, said that it was a general experience that ninety- 
nine boilers out of every hundred used for agricultural 
purposes were not examined in any way. Probably, also, 
the pressure-gauge was at fault ; but, from whatever cause 
the explosion had arisen, it was an accident which had 
disastrous results so far as his client was concerned. 

Mr. Askwith pointed out that it might be an accident 
in one sense; but, of course, if a man went through the 
street with a loaded gun, and it went cff, he would Le 
held 4-7 for any damage it might do. 

Mr. Walker replied that it was so, but his client did 
not know that an examination was necessary. 

Colonel Pilcher replied that Mr. Presley could read. 
Why, therefore, did he not see cases of this kind reported 
in the newspapers every day ? 

Mr. Walker, continuing, said that his client was 
brought up on a large farm where there was a boiler of 
this kind, and it went for many years without examina- 
tion. In this case there was nothing different from scores 


of farms in Derbyshire. His client was ruined already, 
and, if he had to pay that day, it would mean that 
would be A 

The Court then adjourncd, and, on reassembling, Mr. 
Askwith reviewed the evicer.ce that had bcen given, and 
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gave a lengthy summary of the main facts. The danger 
of the explosion was shown by the fact that one part of 
the boiler was hurled a distance of 160 yards, and might 
easily have crashed into some cottages. He was £0 
informed by his expert colleague. Taking the question 
of who was responsible for the state of the boiler which 
exploded on account of the corroded state of the plates, 
Mrs. Hitch knew that it had not been used for two 
years, and Mr. Presley then used it for 14 years. All 
this time no expert examination had been made, and 
Mr. Presley Ss ge to have taken the boiler just 
as a child might take up any toy, made the best of it, 
cleaned it out, and set it going. 1t was certainly in his 
favour that he cleaned it out, but he seemed to have paid 
no definite attention to the actual condition of the plates; 
although the boiler was in an ex ition, and he 
knew that it had long been out of use. Mr. Askwith said 
that his expert colleague had stated that the wasting of 
the plates ought to have been apparent to anyone, and 
therefore all that could be said was that no proper means 
had been taken by Mr. Presley to ensure that the boiler 
was being worked under safe conditions, and the result 
was that here was a boiler in a most dangerous condition, 
but yet worked on until it was simply bound to explode, 
No measures whatever were taken to prevent this, even 
by the tenant, or by the owner. The Commissioners had 
given careful attention to the case, and had fully con- 
sidered all the circumstances, and they had come to the 
conclusion that they could not let either party off without 
the payment of some part of the costs of that inquiry. 
The finding of the Court, therefore, was that Mrs. Hitch, 
as the owner of the boiler, should pay to the Board of 
Trade the sum of 207, and Mr. Presley, as the user of 
the boiler, 107. The fact that Mr. Presley had suffered a 
serious loss had been taken into consideration in arriving 
at this decision. 








Messrs. Patmer’s Suipsui.ninc Workxs.—The Feb- 
ruary number of the Palmer Record, one of the most in- 
teresting of company maguzines, has just been sent to us. 
Among incidents of interests in connection with the well- 
known Jarrow shipbuilding works, it records the com- 
pletion of the second installation of the overhead gear, 
which formed the subject of an interestin paper at last 
year’s coring meeting of the Institution of Naval Arch‘. 
tects, by Mr. J. L. Twaddell. (See ENcIngERING, vol. 
lxxxi., page 503.) The longitudinal length of the new 
gear is 700 ft., and its breadth 160 ft. It has four trolleys 
electrically operated, each being capable of lifting 3 tons. 
mprovements have n made in the grouping of the 
electric wires which convey the current along the cable- 
way, but otherwise the system is similar to that de- 
scribed in the paper referred to. There are in the 
Record various articles of wide interest, including a 
review of the work of George and Robert Stephenson, 


Hampunro’s Suiprinc.—The aggregate tonnage of vessels 
going along quay in Hamburg during 1906 amounted 
to some 6,000,000 tons net; of these vessels 2551, an 
aggregate of 3,900,000 tons, carried the German flag, 
showing a notable increase as compared with the se 
vious year. As far as England is concerned, there 
was a slight decline in. tannene. compared with 1905, 
the figures being respectively 1,520,000 tons and 1,580,000 
tons, whilst the number of vessels was about the same 
—2056 and 2054. Norway accounts for 296 vessels with 
159,000 tons, and Holland has 281 vessels with 158,000 
tons to her credit, which means an increase of some 50 
per cent. Denmark comes next with 321 vessels and 
93,000 tons, and then France with 84 vessels and 75,000 
tons—about the same as the previoue year, whilst 
Sweden shows a slight decline with 124 vessels and 
60,000 tons. Of other countries, Spain accounts for 20,000 
tons, then comes Italy with 12,000 tons, Russia with €000 
tons, and Austria-Hungary with one solitary versel of 
3000 tons. 





New SwepisH Navat Port.—Plans are at present being 
oa? for the construction of a new naval port at Stock- 
olm, instead of the present one at Skeppsholmen and 
Djurgarden, which is entirely inefficient, should a larger 
portion of the fleet, which of late years has been very 
materially increased, be removed from Karlskrons, the 
resent main naval port of the country, to Stcckholm. 
t is admitted that the conditions which brought about 
the establishment of Karlskrona in the seventeenth cen- 
tury have been completely changed, and the Russian 
naval station at Libau makes Karlskrona somewhat unde- 
sirable as the principal Swedish naval centre. Sweden, 
having no longer any agen gen in Germany, does not 
require such a southerly post, and with powerful icc- 
breakers, &c., the more serious obstacles formerly stand- 
ing in the | of making the capital the naval centre have 
been removed. The matter has been under consideration 
for some ten yeara, and a special committee has been con- 
sidering the matter, in addition to which experts have 
besn called in, and the following localities have been re- 
rted upon :—Bogesundslandet, Lidingé (Hustega- 
jorden), - gr Lilla Skuggan, iirtahamnen, 
Kaknis ; and, secondly, Rydboholm, én, and Nisby- 
Svalniis. Of these places, Kakniis found most favour with 
the committee; but this place had to be abandoned on 
account of various circumstances, amongst them the due 
consideration of the probable growth of Stockholm, and 
Lidingé has now b:en chosen, and forms the basis for the 
Government plan. Subject to the approval of Parlia- 
ment, the Swedish Crown has bought a large estate on 
the Island of Lidingé, and the locality is considered well 
suited for a naval station and dockyard. Lidingié Island 
is in the Stockholm Archipelago, within easy distance of 
the capital, and on the main waterway to Stockholm, 
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A PLAN TO PROVIDE FOR A SUPPLY OF 
SKILLED WORKMEN.* 


By Macnus W. ALgexanpDeER, Lynn, Mass. 


SEVEN years ago, at the annual meeting of this Society, 
Mr. Milton P. “Figgins, of Water, th. analysing 
the industrial situation of that time, pointed out the 
significance of the lack of competent mechanics. He 
sounded the note of warning that unless the educational 
system should provide as efficiently for the training of 
the future skilled mechanic as it now provides for the 
training of those who will ultimately become leaders in 
industrial occupations—engineers, superintendents, and 
managers—there would arise a serious handicap to the 
development of American industries. The paper aroused 
much interest and provoked a oy discussion, and the 
ideas set forth were echoed in the technical Press, and 
reiterated in educational circles. 

American industries, in the meantime, have developed 
at a tremendous pace, and their character has undergone 
significant changes. Specialisation has become the 
American watchword, and the spirit of it has_per- 
meated all branches of industrial activity. ile 
specialisation in manufacture on a large scale natur- 

ly tends to lessen the demand for all-round skilled 
artisans, yet, on the other hand, the enormous expansion 
of modern industries requires a greater aggregate of 
skilled mechanics to-day than it did a decade ago; and, 
moreover, the degree of skill needed on account of the 
specialising processes and the highly complicated special- 
ising machinery has been materially advanced. 

Are we sufficiently supplied with mechanics who 
answer these present-day demarids? Evidently not; 
otherwise the industrial training of the masses for 

itions at the bench and at the machine would not 

such a burning question as it is to-day. The great 
amount of discussion and printed matter on the subject, 
the organisation of committees for the study of the 
problems, and the appointment of State commissions, 
such as the Massachusetts Commission on Industrial and 
Technical Education, all illustrate the vital interest of the 
ve in this question. 

The admonition of Mr. Higgins, it seems, has not 
produced the desired results; and it is incumbent upon 
us to inquire into the cause. Trade schools of many 
kinds have been started in different parts of the country, 
and industrial training has been further developed in the 
public school system, yet we find ourselves face to face 
again with the fact that the further expansion of the 
industries, especially in the mechanical trades, is en- 
dangered on account of an insufficient supply of skilled 
mechanics. Whom can we call to account for this state 
of affairs? I feel inclined to find the cause of this 
industrial predicament largely in the attitude of the 
manufacturers themselves. 

The leaders of industries (managers and engineers) 
have not been sufficiently interested in this important 
matter; and they have not joined forces with educators 
in giving to the B ey the very equipment which the 
industries demand of him. The burden has been upon 
the schoolmaster, who, largely confined within the four 
walls of the school-room, has worked out his problems 
with agogical exactitude, according as he ——— 
the life-needs of the boy ; but not being himself engaged 
in practical industrial work, he has not been conscious of 
the rapidly-changing forces that determine the character 
of industrial life. The manufacturer, in the midst of the 
bustle of business activity, on the other hand, is con- 
fronted day by ne with the inadequacy of preparation 
for practical work of the great body of industrial 
recruits. He knows the peculiar requirements, and, 
therefore, should take the initiative to a large extent 
in co-operating with the schoolmaster in his efforts to 
provide an adequate industrial training. 

Manufacturers in general do not realise their present 
responsibility. Years ago, before vocational training 
entered into the school system, they applied themselves 
to the task of initiating hoys into the trades; and the 
results achieved through their efforts seemed to meet the 
conditions of that time. 

The old system of apprenticeship, once universally 
extant, sol the problem well. A boy was apprenticed 
to a journeyman, who a him a particular trade until 
the boy me sufficiently skilled to take and hold his 
place by the side of his mester, who himself was an all- 
round artisan. The artisan of all-round skill, however, 
has been gradually supplaated by the specialist skilled in 
one particular operation only, and consequently the old 
system of apprenticeship has practically become extinct. 
Under the methods of specialisation, manufacturers em- 
ployed larger numbers of semi-skilled and unskilled 
workers, a e less alert to the necessity of manning 
the complicated specialising machinery which came into 
use with men of higher skill, and of marshalling the large 
army of specialists with men of a more h_all- 
round rare og a higher industrial intelligence. This 
lack of a. however, soon showed its effect on the 
personnel of the working body, and called attention to the 
immediate necessity of providing a means for the constant 
renewal of the supply of skilled workers. Manufacturers 
found themselves confronted with the serious problem of 
reconciling the discrepancy between the educational 
equipment which the boy receives in the school, and the 
preeuent equipment which the industries demand of 

im. 

They became thoroughly aroused to the importance of 
this question, and looking back to the old apprenticeship 
system, began to revive it along changed lines to suit the 
new industria] conditions. Much has been made 
in this respect in the last few years, even to the extent of 


* Paper read before the American Society of Mechanical 
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combining with the practical shop-work theoretical educa- 
tion given in the factory for the purpose of producing an 
artisan of superior oe 

A significant example of this modern training by manu- 
facturers is to be found at the Lynn Works of the General 
Electric Company., The undoubted success of this ap- 
prenticeship system and the novel features which it con- 
tains justify a brief outline. This system offers to boys 
with a grammar-school education, who are at least 16 years 
old, an opportunity to learn a trade. Great care is exer- 
cised in selecting applicants, and a further weeding-out 
process takes place during the trial period of about a 
month or two—the initiation pons of every apprentice. 
Those boys only who during the trial period give proof of 
native ability for the trade which they wish to learn, and 
who are of the general mental and normal make-up that 
will ensure the probability of their becoming skilled 
artisans, as well as assistant-foremen and foremen at 
some future time, are allowed to sign the regular appren- 
ticeship agreement. 
wae latter provides for a service a oom ears at stipu- 

wages along a progressive scale, which is set with a 
view to making the bee pas pepe from the begin- 
ning—even during the trial period of service. In round 
figures, the compensation is 4.50 dols. per week during 
the trial period and the first six months; 5.60 dols. per 
week during the second six months; 6.70 dols. per week 
during the second year ; 7.80 dols. per week during the 
third year; and 9.25 dols. per week during the fourth 
and last year. A cash bonus of 100 dols. is paid at the 
termination of the course, and a ‘* Certificate of Ap- 
prenticeship ” is given to the boy at that time. 

It is the aim of the General Electric Company to train 
skilled artisans in the various trades of machinist and 
tool-maker, carpenter and pattern-maker, iron, steel, and 
brass-moulder, instrument-maker and electrical-worker, 
in such a en manner that the leading positions in 
the factory, such as assistant-foremen, foremen, master- 
mechanics and superintendents, may be filled from the 
ranks of graduated apprentices. 

It is obvious that such leaders must possess some infor- 
mation besides the practical knowledge of the trade—an 
industrial intelligence, which has been admirably defined 
by the Massachusetts Commission on Industrial and 

echnical Education as: ‘‘ Mental power to see beyond 
the task which occupies the hands for the moment to the 
operations which have preceded and to those which will 
follow it—power to take in the whole process, knowledge 
of material, ideas of cost, ideas of organisation, business 
sense, and a conscience which recognises obligation.” 

In order to gain this result, the General Electric Com- 
pany has correlated with its purely trade instruction at 
the machine a theoretical training of an eminently practi- 
cal character, designed to supplement and — the 
former, so that the may be able to apply in the work- 
shop the knowledge which & gains in the school-room. 

Every apprentice receives instruction in the class-room 
for six hours a week during ten months of the year, 
no school instruction being given during July and 
August. This enables the boys to take a week’s vacation 
in the summer without conflicting with their school-work. 
The school-rooms are close to the workshop, and the 
sessions are held during the working hours, arran; in 
such a way that about one-fifth of the apprentices are at 
school at one time. The boys are paid the same wages 
during school hours that they would receive while work- 
ing at the bench or at the machine. The object of this is 
to make them feel the importance of an education ; some 
of the boys might otherwise be unwilling to obtain an 
education at the sacrifice of wages. 

After all, we must not forget that these apprentices are 
only young boys of limited breadth of view, some of 
whom, perhaps, have left school because it has become 
drudgery; others because of the necessity, due to un- 
fortunate circumstances, to earn a living ; and still others 
on account of a craving desire for money-making. We 
must be lenient with this latter class, who would prefer 
the hours in the shop, with immediate returns in money, 
to the hours in school, with a remote promise of larger 
returns. 

The desire for education is latent in every boy, to a 
smaller or larger degree, and needs only some stimulus to 
bring it to the surface. The payment of a compensation 
during school hours offers this stimulus. The company, 
in the long run, gains by this expenditure, in that it 
develops for itself more-efficient workmen. 

The teachers in the school-room are men selected from 
the staff of engineers, draughtsmen, and foremen of the 
General Electric Company, who are assigned for six hours 
a week to the work of teaching. These teachers are 
chosen not only for their good standing in their own 
profession, but also for the oudegagiedl ualifications 
which they oa It is obvious that: these men are 
better acquainted with the needs of the factory, and of 
the industries in general, and can impart more practical 
instruction than educators far superior in pedagogical 
attainments, who have not had the advantage of the close 
touch with industrial activities. 

_The teachers meet fortnightly at faculty meetings, to 
discuss the work of the school and the individualities of 
the pupils, for the purpose of maintaining a correla 
system throughout the class-rooms, and at the same time 

eciding upon the individual teaching that each boy 

uires. 

he subjects which comprise the course of studies are : 
Mathematics, physics, technology, and mechanical draw- 
ing. For the purpose of this paper it may not be neces- 
sary to go into the details of the interesting school 
gramme, which has been described fully in articles 
previously written by: the author of this address. It may 
suffice to call attention to two points, which will at once 
a to the manufacturer for their practicability. 
he teaching is pre-eminently concrete, and applicable 





to factory conditions. The young mind can more readily 


ad eee of a concrete nature. By them 
rom the actual occurrences in the factory there is the 
double advan’ of initiating the apprentices into the 
technicalities of the business, making them acquainted 
with the different kinds of apparatus manufactured and 
the different materials used, and of familiarising them 
with the solution of the very problems which they will 
meet later on » eee and foremen. The figuring 
out of the cubical contents of a cylinder of given diameter 
and length is a purely mathematical problem of mental 
discipline, in which chiefly the memory is called into play. 
It becomes, however, an pny en 2 problem, which 
demands also the exercise of the thinking faculty if it is 
stated in the followmg manner :— 

“*An order calls for twenty-five steel pins, each to be 
4 in. in diameter and 2 in. in length. The pins are to be 
cut from a rod of cold-rolled steel, and the tool used in 
the cutting-off machine will waste ,, in. of material 
between each two pins. How many pounds of cold-rolled 
steel are required to fill the order? ” 

This is a problem which is met with in every-day 
factory work, and involves nothing but plain multiplica- 
tion and addition in its solution. 

Study thus becomes a thing of life importance to the 
boy, and the teacher keeps this interest awake by present- 
ing, wherever possible, the objects of which he speaks, 
and explaining their character and usefulness. 

The second point worthy of note is the part which 
mechanical drafting plays in the programme. This is 
taught, not for the purpose of developing mechanical 
draughtsmen, but as a means of. teaching the designing 
of tools, jigs, and fixtures needed for manufacture on a 

scale. The public school system does not—and, for 
that matter, cannot—teach tool-designing; and even 
the higher institutions of technical learning do not give 
due consideration to this subject, which is a very im- 
portant requisite for the future mechanical engineer and 
shop superintendent. These, as well as the skilled 
mechanic, ought to possess the ability to sketch out the 
special tools, jigs, and fixtures that may be required from 
time to time for labour-saving manufacture. It is not so 
much a question of executing fine drawings that may be 
used over and over again, as in the case of the manufac- 
ture of a standard article, as it is a question of sketching 
quickly, for the immediate use of the machinist and tool- 
maker, a required tool which, when once made, is 
expected to remain in use for a long period. Mechanics 
who possess this ability of combining the work of the 
tool-maker with the work of the tool-designer have added 
considerably to their assets, and have therefore become 
more valuable to their employer. 

The General Electric apprentice is being educated along 
these lines, for which reason a large amount of the time 
set aside for instruction in the school-rooms is devoted to 
the teaching of tool-design in the upper classes. At this 
stage of the course the a has had several years 
of practical work in the shop, and therefore understands 
what is wanted of him, and appreciates the value of 
designing jigs and fixtures, witha view to saving every 
minute in the handling of them. The apprentices are 

ven by the teachers a machine-part, for instance, or a 

rawing of it, with the instruction to design a jig or holder, 
by means of which the various holes in the part may be 
drilled accurately and quickly without the necessity of 
laying out each hole separately and employing high skill 
for the operation. Each apprentice will present a dif- 
ferent design which brings out his mechanical ingenuity, 
and this gives the drawing teacher a valuable help in 
developing the individuality of his Pp pils. 

Examinations on the school work are held uently 
during the year, and a final examination at the of the 
course determines, to a certain extent, the standing of 
the apprentice, and the wages which the company con- 
siders commensurate with his value as a journeyman. 

The other element in this consideration is the degree of 
skill acquired by the apprentice through his shop-train- 
ing. The methods of training employed are of paramount 
importance in developing this skill, and it is this feature 
in the General Electric system which is of peculiar interest. 
Its adoption was the outcome of a study of the prevalent 
weaknesses of the present systems of apprenticeship. In 
most of these, boys are hired by the employment depart- 
ment and indentu for a number of years. hey are 
assigned to one of the shop foremen, who is instructed to 
initiate the young recruit inte the trade which he desires 
to learn. 

The foreman utilises the apprentice at first as an errand 
boy, and for similar duties, giving him after a time simple 
work at the bench, such as chiselling, and plain filing in 
a machine-shop, shellacing and sandpapering patterns in 
a pattern-shop, making simple cores and cleaning small 
castings in a foundry; or letting him assist the stock- 
keeper in the handling of the small tools and the stock 
materials. There is a certain amount of value in all this 
work, in that it makes the boy familiar with factory life, 
accustoms him to the factory atmosphere. and gives him 
some elementary knowledge of his trade ; but after a time 
the knee in the curve of value is reached, and a further 
expenditure of time gradually becomes more and. more 


ted | disproportionate to the additional advantage gained. The 


= and ambitious appreritive realises when the knee 
in the curve is reached, and begins then to press the fore- 
man for higher-grade work, especially work at the ma- 
chine. And so the apprentice step by step has to push 
himself forward in order to learn the different classes of 
work, and become acquainted with the operations on the 
different machines in the department. In general, the 
foreman is apt to be slow to give the boy the advantage 
of a variety of training ; for if the boy is inefficient at 
some ag tend work, he will naturally be held at that 
work for improvement; and if he is efficient, the foreman 
is prone to keep the apprentice at the work for am undue 
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length of time, in order to get the greatest commercial 
advantage from the boy. 

Here lies the conflict between the purpose of the ap- 
— and the foreman. The boy comes for a training; 


e wants to secure all possible information in the shortest | 
time, and therefore desires a variety of work in the de- | 


partment, and an opportunity to work in all depar‘ments 
of the factory. 
senting the company, strives for economy, for cheapness 
of production, and he can better further his ends by 
keeping the apprentice at one class of work and in one 
department for along time. Few foremen combine with 
this legitimate care for their own interests the proper ap- 

reciation of the boy’s object. Of course, we must acknow- 
are that there is a certain advantage in obliging the 
boy to forge ahead for himself against the difficulties 
which have been enumerated ; for in this way the weak 
and undeserving will fall by the wayside, and the fittest 
only will survive. Over inst this, however, we must 
admit that many apprentices who succumb to this un- 
equal struggle would under more advantageous conditions 
come out victorious. 

Realising this, some manufacturers have employed a 
suitable man to look after the apprentices during the 
whole time of their course, and to assist the foremen in 
giving the boys an adequate industrial training. This 
overseer, a8 we may call him, jointly represents the in- 
terests of the employer and the apprentices ; and to the 
extent to which he possesses breadth of view he will fulfil 
this dual function to the advan of both. In many 
instances his interest in the boys will lead him to inaugu- 
rate evening classes for the study of mechanical drawing, 
mechanics, and kindred subjects, and even, perhaps, to 
influence them in their leisure hours. 

A system of apprenticeship along these lines is a decided 
step forward in the right direction, but it still contains 
one — wee defect in common with the system first 
outlined. 

In either case the apprentice is the pupil of whoever 
happens to be foreman, assistant-foreman, or leading 
journeyman in the department to which he has been 
assigned. These men have been selected for their skill, 
and not on account of any special fitness that they may 
have for instructing boys. It is well known that few 
people in whatever walk of life, with the exception of 
professional teachers, are qualified to impart information 
in a satisfactory manner, though they may themselves 
possess this knowledge, and may well be able to apply it 
to their work. 

The drawback under which the boy thus labours is often 
further intensified by the productive Hy nna na in com- 
mercial manufacturingestablishments. Somedepartments, 
for instance, may have only a small amount of work on 
hand, and of such a nature that it will not add to the 
boy’s skill and knowledge ; while others may be crowded 
with work of an instructive and interesting character. 
The boy who happens to be assigned to the first department 
is, therefore, put at a decided disadvantage compared wit 
the apprentice in the other department, where productive 
conditions offer a splendid opportunity for his further 
advancement. The realisation of these weaknesses in the 
systems of apprenticeship leads to the remedy that should 
be applied, which is, to equalise the opportunities of all 
apprentices, and to afford them the most expert instruc- 
tion in the practical work of the trade, especially during 
the first part of their course ; for a solid or faulty founda- 
tion determines the strength or weakness of the whole 
structure of achievement. The General Electric Com- 
pany has proved the validity of this remedy. 

Four years ago it started as a special department, de- 
voted entirely to the preliminary practical training of the 
Fhe me a small shop in the big factory organisation, 
directly under the control of the man in charge of appren- 
tices. Beginning in a small way, this “‘ apprentice train- 
ing-room” has grown in size and equipment until to-day 
it covers an area of about 10,000 square feet, with a tool 
equipment of 105 representative machines. There are 20 
drill-presses of various sizes, 4 speed lathes, 1 pulle 
lathe, 1 turret lathe, and 44 engine lathes, some of whic 
are belt-driven, whilst most of them have individual 
motor-drives. These engine lathes vary in sizes from 
12-in. swing and 5-ft. to 20-in. swing and 8-ft. bed, 
and are fitted up partly with plain rest or rise and fall 
carriage, or compound rest, and partly with taper attach- 
ment suitable for tool work. There are also two 24-in. 
planers, nine 15 in. shapers, one 42-in. vertical boring- 
mill, two plain and two universal horizontal milling- 
machines, one vertical milling-machine, one centerio 
machine, one spliner, one wet grinder, two univer 
grinders, one surface-grinder, four tool-grinders, one hack- 
saw, two arbor presses, one bench watchmaker’s lathe, 
besides a number of small electric bench drills, buffing 
and polishing motors. Then there are, of course, the 
necessary small tools, such as drills, taps, reamers, chucks 
and arbors, besides 40 vices. 

Most of the machines are of the latest and most im- 
proved type, while some of them are second-hand tools, a 
few of which have even been rescued from the scrap-heap. 
There is a twofold purpose in the use of old machines— 
the economic and the educational ; it prevents the abuse 
and injury of high-priced modern machinery, which is apt 
to occur with boys who have not had experience in the 
handling of machines, and it affords an opportunity for 
repairing machine-tools, which is undoubtedly the best 
training that can be given to a future mechanic, since it 
develops the ability to do . thoughtfulness, and self- 
reliance. Some of the old lat 
with new gears, the spindles have been turned down, the 
bearings rebabbitted, or some special attachments have 
been added, until they have been made practically as 
useful as some of the expensive modern lathes. A stock- 
room of suitable size occupies one corner of the training- 
reom, and is eenducted in the same manner as a stock- 





The foreman, on the other hand, repre- | 


es have thus been provided | 


| room in any well-managed manufacturing establishment. 

This equipment is large enough to instruct about 125 boys 
}atone time. Usually about 15 of these are applicants 
| serving their trial period, while the rest are regularly 
indentured apprentices on their first and second year of 
service. 

The man who has charge of this training-room is an in- 
genious mechanician, who has himself served an appren- 
' ticeship, has had charge of men and work, possesses the 
ability and patience to instruct beginners, and is pecu- 
liarly adapted to this kind of work. He interviews all 
ry meee ee and with a keen insight selects those who are 
to be admitted to the trial service. This gives him an 
opportunity to study carefuliy the boy’s mental and moral 
make- ane his native ability for the chosen trade. A 
painstaking and encouraging attitude toward one, a 
severe and almost threatening arraignment of the other, 
will bring out very often latent qualities that might not 
come to the surface except for this individual treatment. 
The careful selection of those who are to be admitted to 
full apprenticeship is a very important function of the 
shop instructor, in that it determines the personnel of the 
apprenticeship system. Under the stipulations of the 
contract, the General Electric Company has a right to 
terminate the service of any ap) tice at any time for 
good cause, such as improper behaviour, or inefficiency of 
work; yet in —— the boy for regular apprentice- 
ship, and indenturing him, the cn | has, assumed a 
moral obligation for the development of the apprentice 
which it cannot very often cancel without forfeiting the 
faith and confidence of the — : 

The instructor initiates the apprentices into the trade 
and leys the foundation of their future skill and effi- 
ciency. It is his duty, wherever possible, to inaugurate 
with the apprentices labour-saving methods of manufac- 
ture, and to make and use labour-saving devices which 
thereafter will be accepted by the other factory depart- 
ments. He can, without difficulty, develop the highest 
practical —s s, and thus set a standard in this 
respect to the whole factory organisation. The training- 
room stands for the best and most efficient methods, and 
is not hampered in its development along these lines by a 
hostile attitude which may be encountered in factory 
departments on the part of regular workmen, which is 
usually due to ignorance or misunderstanding of the true 
conditions. The shop instructor has two assistants, this 
small number being made ible by carrying out the 
policy of utilising most of the apprentices themselves for 
assistant instructors. After an apprentice has learned 
thoroughly a certain operation—turning of pulleys, for 
instance—he is usually requi to break in a new a 
prentice on this kind of work before he himself is = t 
another operation—boring, for example—by an older 
apprentice who has already learned this operation. 

In this manner the apprentice is pupil to-day and 
teacher to-morrow; then = again and teacher once 
more. The advantage of this policy is obvious. It 


h | develops early in the apprentice the faculty to instruct, 


and keeps him wide-awake in his work. The young 
master will put forth his best efforts to impress the youn 
recruit with his own achievements, and the latter will 
often not hesitate to ask his boy teacher questions that he 
may not, out of false pride, ask the regular instructor. 
Couples of boys may, therefore, be seen in the training- 
room almost every day. A study of their instructive and 
receptive efforts is quite interesting. Some of the a 
prentices are coenbel to spend a few weeks in the stock- 
room, and learn stock-room methods, or act as clerks to 
the shop instructor, in order to become acquainted with 
the clerical duties of a shop foreman; the making out of 
time-cards and reports, the ordering of raw materials, and 
the shipping of finished goods. The object of all this 
training is to make real workmen, and this can be achieved 
only by carrying on real work. All production in the 
training room, therefore, is of a commercial value. 

The General Electric training-room makes cast-iron 
pulleys of various sizes and design, clutch pulleys and 
flange couplings, small and large parts of regularly manu- 
factured machinery instructive in the teaching of turning 
and boring, drilling and grinding, planing and shaping, 
milling and slotting; it manufactures shafts for fan 
motors and power motors, and spindles for various pur- 
poses, and finally produces not only the special tools, 
jigs, and fixtures needed for its own use, but also many of 
those required for-other factory departments. The 
psychological value of commercial work is of great im- 
portance ; it takes the boy out of the sphere of laborato 
work into that of industrial life ; it clinches the boy’s 
interest, inasmuch as it makes him realise that the pro- 
duct of his work is to be a part of some useful machine, 
rather than a plaything, or an object of exhibition in 
some show-case. The possibilities of apprentices under 
pro) instruction, having the right interest in their 
ace gn remarkable. Almost every week brings new 
surprises in the General Electric training-room wy 

A training-room, similar to the one just described for 
machinist apprentices. is maintained for the pattern- 
maker apprentices. This has a lees complete equipment 
of its kind, however, on account of the smaller number 
| of boys indentured for this trade. This condition may be 
| improved at some future time by enlarging the machinist 
| training-room through the additicn of a suitable pattern- 
shop equipment. 

The General Electric Company has only a few foundry 
| apprentices, who are instructed in the lar foundry. 
It stands to reason, however, that a sufficiently la: 
number of foundry apprentices would justify the installa- 
tion of a foundry training-room. 

A separate building, with foundry, pattern-maker, and 

machinist training-rooms, with the class-rooms on the top 





floor, would ba the ideal trade school in the factory. 
After the apprentices have spent from 14 to 24 years in 
the training-room, aeeording to their individ 





ability, | had an opportunity to 


they are transferred to factory departments, where they 
serve a post: graduate course for the remaining part of their 
apprenticeship. They learn here accuracy and speed on 
a greater variety of work, and have an opportunity to 
specialise in die-making or tool-making, or laying out 
machine work for which they are best suited. The 
apprentices are now under the charge and discipline of 
the respective shop foremen, and have, to all intents and 
purposes, taken their places beside their shop-mates, 
although they still attend the apprentice school. The 
shop instructor, however, retains his interest in the 
apprentice, whom he may transfer from one department 
to another, either at the request of the foreman or the 
apprentice, whom he may even take back temporarily 
to the training-room, either for the of the service, or 
for the rectification of some defect that the boy may have 
developed in his work. If a disagreement between a 
foreman and an apprentice arises, the shop instructor acts 
as a mediator. He considers the apprentices as his boys, 
and looks upon them in that light even after they have 
become journeymen. He passes final judgment on the 
apprentice when he determines the standing to be 
recorded in his ‘‘ Certificate of Apprenticeship.” 

The General Electric Company encou 1 graduated 
apprentices to remain in its service, and, as previously 
stated, hopes that in due time most of the assistant- 
foremen and foremen in the factory will be graduated 
a og ge Some of those who have shown a special 
ability in their drawing work in the class-room are 
age as tool-designers in the drawing-office, where 
their combined knowledge of tool-making and practical 
tool-designing puts them far ahead, in this line of work, 
of even college-educated, but not shop-trained, draughts- 
men. 

Up to this date 462 boys have been admitted to the 
trial service, and 293 of these have been indentured as 
apprentices. Of the latter, 37 have terminated their con- 
tract with the consent of the company on account of sick- 
ness, removal of the family from town, or other good 
reasons; 35 have broken their contract by seeking other 
ea we during their apprenticeship, and 21 have 
been discharged for good reason. Of the remainder, 29 
have graduated, 171 are still on the apprenticeship 
course, and 37 are serving their trial period. Of the 
——, 24 are still in the employment of the General 

lectric Company at Lynn, and most of those who have 
sought other employment will, sooner or later, return to 
their alma mater. 

Very often the graduated apprentice, with the 100 dols. 
cash in his pocket, determines to seek employment in some 
other place in order “‘ to see something of the world,” as 
he puts it. Such desires should not altogether be dis- 
couraged ; it will often do a boy a great deal of good to 
get among strangers, and the rubbing up against the 
world will take off the rough corners, and round him out 
into a fuller and better man. 

The success of the General Electric plan is not peculiar 
to the conditions which exist there ; it can be applied, in 
a more or less modified form, to any manufacturing con- 
cern of suitable size. Its establishment should en- 
couraged, since it benefits alike the eggesation, who obtains 
an excellent industrial training, and the eee, who 
not only develops efficient men for himself, but does it at 
no financial sacrifice, on account of useful work performed 
in the training-room. The picture of a well-equipped 
training-room suggests another thought in carrying out 
the plan to provide for a constant supply of skilled work- 
men. It has often been pointed out that. our public- 
school buildings, with their expensive equipment, ought 
to be used for more than six hours a day, five days in the 
week, and forty weeks in the year. This contention has 
led to the social utilisation of the schools for evening 
classes, public lectures, parents’ associations, and neigh- 
bourhood clubs. May we not begin to point to the un- 
economic condition under which factory buildings, 
with their costly equipment, are left idle from six at 
night until seven in the morning, and in many cases from 
noon on Saturdays? Cannot these factories be utilised 
during these idle hours for industrial extension work for 
the benefit of the people without expense to the em- 
ployer? The training-room affords an excellent oppor- 
tunity for a beginning. It is a self-contained depart- 
ment with a full equipment necessary to learn the machi- 
nist’s trade in all its principal branches ; and, as a rule, 
work left in the machine at the close of the regular factory 
hours is not of as expensive character as may be found in 
ordinary machine-shops, where the removal of it from the 
machine may seriously interfere with economic and quick 
production. 

This training-room could, therefore, be opened from 
seven to ten at night, and on Saturday afternoons, to 
those employés of the company who desire to learn the 
machinist’s trade, or some part of it. There are un- 
doubtedly many ambitious working men who, on account 
of lack of education and skill, or through thoughtlessness 
in their younger days, are now occupied with unskilled 
labour, with no apparent chance of rising either in posi- 
tion or in wages. They may be anxious to improve their 
condition by learning to do work on a lathe, planer, 
shaper, or boring-mill, or on several of these machines. 
What opportunities have such men now for gratifying 
their ambition? Some through perseverance may _per- 
suade their foremen to put them at one of these machines 
where they would receive more or less superficial instruc- 
tion. They have there a chance to earn somewhat in- 
creased oa, especially if they become experts on one 
machine. Further advancement is probably precluded. 

Some workmen are fortunate enough to live in one of 
the few cities in which evening trade schools have been 
established. But what about the great majority of un- 
skilled workers who could acquire some skill, and thus 
rise from a lower to a higher industrial efficiency, if the 
instructed in practical wor 
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during their leisure hours? Let these men in the factor 

come together in small classes for learning todo such wor 

as their ambition dictates, and utilise the training-room 
for three evenings a week. ‘The shop instructor of the 
seen, with able assistants, may well take charge 
of this evening tzaining, for which he, of course, would 
receive extra compensation. The instruction should be 
thorough in ragard to the work on the machine as well as 
the machine itself, and those only who satisfy the shop 
instructor of their ability should be allowed to remain. 
Fairly good lathe, shaper, planer, or boring-mill hands 
can be turned out after six to nine months of evening 
instruction, and universal milling-machine operators in 
about a year’s time. Those who satisfactorily complete 
@ special course should be given a ‘‘ Certificate of Special 
Apprenticeship,” and for each subsequent additional 
course completed an additional certificate should be issued. 

The work in the evening classes should consist of 
regular factory work, and the value of properly finished 
pieces to the company would probably offset the expense 
of heat, light, and power, wear and tear of machinery and 
small tools, and spoiled material. A small tuition fea of, 
perhaps, 3 dols. a month would pay for the salary of the 
instructor and his assistants. 

This is only a brief outline of a.plan which can ba 
worked out as an excellent investment for the workman, 
who thus increases his earning capacity, and for the 
employer, who adds to his supply of skilled workers. 
One can readily perceive how many a workman, throug 
close application to several years of practical evening 
instruction, may develop into a skilled mechanic, even 
though he has not had the advantage of an apprentice- 
ship training. The possibilities of the one are as great as 
those of the other. 

I have so far considered ways and means by which 
an employer may provide for a constant supply of skilled 
workmen for his own benefit. What can be » Mon by the 
individual for himself can undoubtedly be accomplished 
for the industries in general by the right man and the 
right methods. It would necessitate the separation of the 
training-room from the individual factory, and its estab- 
lishment as an independent institution in a place where 
its work could be of benefit to the industries of the 
locality. The day course would have to be elaborated 
upon in order to include what has been previously 
termed the ‘post-graduate course in the factory,” so 
that the apprentices may go from here directly into the 
industries as full-fledged journeymen. There are advan- 
tages and disadvantages in the independent school-shop 
as contrasted with the factory training-room, 

The school-shop will be able to attract a desirable class 
of boys who would gladly enlist in an institution of a 
vocational character, but would not care to enter upon an 
apprenticeship course ‘tin a eee The lack of respect 
for mechanical work on the part of the Americin youth is 
responsible for this state of affairs. There is the other 
maftked advantage of having an institution that is cen- 
tered on one interest—the training of efficient workmen. 
On the other hand, the school-shop has not the amount 
and variety of work right at hand which obviously the 
factory training-room can command at all times. Able 
business management, however, will overcome this diffi- 
culty so much the more readily, as manufacturers have a 
selfish object in furthering the aims of the school-shop; 
the latter must also provide for the design and manufac- 
ture of an easily saleable article that can, therefore, be 
produced for stock at such time when other commercial 
work cannot be obta:ned in sufficient quantity. 

The standard of the :chool-shop must be of the highest, 
so that it may commend itsc'f through the excellency of 
its arene both in the day and evening classes, to 
employers, employés, and the public in general. A high 
standard must be maintained in the practical shop-train- 
ing, as well as in the purely educational work. The 
latter may be conducted along the lines worked out by 
the General Electric Company, or it may be placed under 
the charge of the public school authorities, who, after all, 
are responsible for giving the boys the training which 
they need to make them self-supporting members of the 
community. The State would also infuse a sufficient 
amount of the cultural element to develop the boy at tho 
samé@ time into a man and a law-abiding citizen. ‘This 
latter*plan, however, could only be carried out if the 
school authorities of the town in which the school-shop is 
located would consent to the establishment of a special 
school course, offered’ at such times of the day when a 
part of the apprentices could be spared from the school- 
shop, The special school ramme would have to be 
worked out so as to meet the demands of the industries, 
and would have to be taught by properly qualified 
teachers, whom we might term. ‘industrial instructors.” 
Until such conditions prevail, the school-shop will have 
to look after its own educational work. Ivoper condi- 
tions may be brought about quickly in M usssachusetts, 
for instance, through the eee of we management 
of the sehool-shop and the Massachusetts Commission on 
Industrial and wee ay Ecucation. The Commission 
was appoin recently for tae purpose of studying the 
industrial needs of the State and of establishing he 
trial courses and trade schools that will answer these 
needs. Lg cee ¢ could serve the Commission as a 
laboratory, in which they could work out jointly with 
the manager of the same an adequate industrial training 
of the boys. Under this combination the school-shop may 
be run as a es oe establishment with- 
out any injury to the educational development of the ap- 
prentices, but with some advantages which an educational 
institution of even a vocational character cannot offer. 

In this address I hope I have stimulated interest 
among the manufacturers in the subject of providing for 
a constant supply of skilled workmen, and trust I have 
indicated a possible plan that will readily lend itself to 
the solution of the problem under existing conditions. 


h | steel, 6 ft. in diameter below and 4 ft. in diameter above 





THE CONNAUGHT BRIDGE, NATAL. 


AT a meeting of the Society of Engineers held at the 
Royal United Service Institution, Whitehall, on Monday 
evening, March 4, .1907, Mr. J. W. Wilson, Vice- 
President, in the chair, a paper was read on ‘‘The 
Connaught Bridge, Natal,” by Mr. Edward J. Stead, 
Assistant District Engineer, Public Works Department, 
Natal, and of which the following is an abstract :— 

The author opened his paper with some notes on the 
Umgeni River and the watershed, giving particulars of 
rainfall and floods. He then gave a general description | 
of the bridge. The total span between abutments is | 
922 ft. 8in., and the number of spansis12. The width of the | 
bridge between curb-plates is 22 ft. The south abutment | 
was described in detail. There are 75 piles in the founda- 
tion, of an average length of 29 ft. each, which are 
braced together at the heads, and surrounded by a mass 
of concrete. The arrangements for driving piles were 
described, and the:loads on piles given, together with 
details of the concrete abutment and wing walls faced 
with masonry. The north abutment consists of a pair 
of cylinders similar to the piers, as, owing to the nature 
of : foundation, it was not practicable to construct a 
concrete abutment. The embankment is carried round 
the cylinders, and.faced with masonry pitching. 

The author then described the —— piers, and the 
methods adopted to sink them. The cylinders were of 





river-bed. The author dealt with the difficulties ex- 
ienced in connecting the cylinders of different 
iameters by means of a taper cylinder, as provided in 
the design of the bridge, it being found difficult and 
expensive to sink cylinders exactly to meet the fixed level 
of the taper pieces. He then described a telescopic form 
of joint, which was ultimately adopted in all piers except 
the first. The cylinders were sunk to an average depth 
of 77 ft. below the river-bed, the deepest cylinder being 
103 ft. 8in. The guides and staging, plant, and method 
of sinking were dealt with, and the strata sunk through 
were described. 

The author next gave particulars of observations taken 
of the resistance by surface friction on the cylinders, 
showing how the different strata affected the amount of 
loading necessary to overcome the resistance, and he 
added some of his opinions deduced from the observations 
on the works. The cylinders were filled up solid with con- 
crete, and the method of placing the concrete wasdescribed, 
after which the author gave details of the upper piers and 
bracin During the construction of the bridge some of 
the cylinders were tested for their supporting power; 
and a description was given of two of these tests, which 
in each case were applied after the concrete hearting had 
baen deposited 

The superstruccure is of steel throughout ; the spans are 
77 ft. 4 in. from centre to centre of piers; the widt 
between the main longitudinal girders is 24 ft., and foot- 
ways are carried on brackets on the outside of each main 
girder. Each span has 11 cross-girders, upon which are 
carried the corrugated decking-plates. The roadway is 
macadamised. 

Mr. Stead gave an account of the damage done by an 
extraordinary figod, when the river rose 14 ft. in 12 hours 
The old low-level timber bridge was swept away, and it 
was necessary to construct a ompeeety bridge 500 ft. 
long and 19 ft. wide in 17 spans, the bridge having been 
built in ten days. 

Finally, the author stated that the cost of the bridge 
was 52,0007. The steel-work was made by Messrs. West- 
wood and Co., of London, from the design of Mr. H. G. 
Humby, M. Inst. C.E., consulting engineer to the Natal 
Government, The contractors were Messrs. Smullins 
Brothers and Mansel, of Johannesburg. The time occu- 

ied in the erection of the bridge was 22 months—viz., 
rom March, 1904, to January, 1906. 








BULGARIAN Pusiic Works.—According to the Board of 
Trade Journal, a Bill has recently been submitted to the 
Sobranje for a grant to the Ministry of Public Works, 
Bulgaria, of a credit of about 1,360,000/., for the con- 
struction of several railway lines, and the construction of 
harbour works at Baltchik and elsewhere. 





_ O’'Gorman’s Motor Pockxet-Boox.—This pocket-book 
is one of the many vade-mecums for the motorist, but 
differs both in scope and style from any of its fellows. 
It is written on the lines of an er in so far as 
almost every conceivable matter of interest to motorists 
is included and arranged in alphabetical order. The 
French, German, and Italian equivalents of every name 
and expression are given, and the author is to con- 
gratulated on having always indicated the genderof foreign 
words: a kindness both to the poor linguist and to his 
listener, The 700 pages contain 300 illustrations of 
mechanisms, which ap accurate and clear, and the 
matter is enlivened with many humorous touches. The 
form of stand shown for motor-cycles necessitates the 
removal of the stand before the back-wheel can be with- 
drawn, which is a grievous fault if one has to replace a 
jointless inner tube or back cover on the road. otor- 
cycle stands should always be hin from the frame 
tubes, independently of the back axle. Another piece of 
advice, which is likely to produce unexpected and un- 
pleasant results, is the recommendation to warm the 
carburettor if the motor is difficult to start. We should 
strongly advise inexperienced motorists not to follow it, 
However, in view of the immense amount of useful infor- 
mation given, these are small points, and the book, on 
the whole, is well worthy of a place in the pocket of the 
motorist along with his maps and licence. It is pub- 
lished at 7s. 6d. net, by Messrs. Archibald Constable and 


CATALOGUES. 


From Messrs. James Simpson and Co., Limited, 101, 
Grosvenor-road, 8.W., we have received a card directing 
our notice to:the fact that they undertake all sorts of re- 
pair work, fitting, and machining, while they make a 
speciality of pumping machinery, . 

A circular from the Union Electric Company, Limited, 
Park-street, Southwark, S.E., is devoted to searchlights, 
or projectors for direct current. Two types are illus- 


| trated, made in several sizes. Prices are given, not only 


for the projectors, but also for dispersion lenses, coloured 
glasses, resistances, &c...\The .same firm has issued a 
price-list of open type arc-lamp3 for direct current. 
Several patterns are noticed introducing improvements 
and modifications of old types. 


Messrs. Dick Kerr and Co., Limited, Abchurch-yard, 
Cannon-street, E.C., have issued a 5 entitled 
‘* Industrial Applications of Electric Motors.” This con- 
sists of a series of well reproduced peeegnehe depicting 
motors applied to various purposes in works, &c. The 
views include several of heavy motor-driven machine- 
tools, and of ceiling and wall motors for driving shafting 
in shops. Other applications, such as the case of live 
— mills, pumps at water works, &c., are also illus- 
trated. 


The Empire Roller-Bearings Company, Limited, 15, 
Victoria-street, S.W., have issued a new catalogue re- 
lating to the many applications to which this form of 
bearing has been adapted. The pamphlet is well illus- 
trated with examples of bearings of all kinds, such as 
railway axle-boxes, tramway boxes, colliery-tub bearin 
and line shafting patterns, while illustrations are also 

iven of the component parts, such as cage and rollers, 
Se. Figures are given of tests, and other interesting 
matter is to be found in this little book. 


A number of circulars have reached us from Messrs. 
Pilchers, Limited, Morgan’s-lane, 8.E. These refer to 
the various paints, varnishes, and other preparations 
made by this firm. Their metallic oxide and other paints, 
it may be remarked, are in use on many engineering 
structures of importance, such as large bridges, roofs, 
piers, &c. These paints are specially recommended for 
ironwork. The special ‘‘P.P.P.” brand, mixed ready 
for use, is suitable for indoor or outdoor use. A prepara- 
tion called ‘*stoprot,” made by this firm, is intended for 
use on timber and exposed woodwork, being a preventive 
of decay and dry rot and proof against insects. A small 
pocket-diary for 1907 and a book of sample tints came 
with the above from Messrs, Pilchers, Limited, the 
standard tints shown being about seventy in number. 


A new catalogue comes from the E. M. Bowden’s 
Patents 2 Limited, Baldwin’s-gardens, Gray’s 
Inn-road, E.C. The Bowden — wire mechanism is, 
of course, applicable to numberless purposes, and this list 
it suggestive in this direction. Examples are given, for 
instance, of the use of the principle in motor-car work, as 
well as in bicycles, &c. Thus it can be applied to all 
manner of brakes, to ignition and throttle control, to 
valve-lifters for motor-cycles, carburettor flooders, sighting 
mechanism for naval guns, motor-boat control, and many 
similar cases in which it is desired to give a certain 
movement to an object or mechanism at a distance from 
the point of control. The fittings illustrated include hand 
and foot-levers for motor-car work and necessary acces- 
sories, such as clips, and the apes parts of rim and 
band-brakes. The list is priced throughout. 


From Mr. Jean Schmidt, agent, Gray’s Inn Chambers, 

20, High Holborn, W.C., we have received a circular 
referring to the steam-turbine separators for reclaiming 
and separating oils, &c., from sponges, waste, cloths, &c. 
This machine consists of a turbine arranged with its shaft 
vertical, supported at the lower end on suitable bearings. 
On the upper aide of the turbine is arranged a cradle o 
basket, in which the waste, &c., is placed. Steam, after 
impinging on the blades, passes inwards and up through 
this basket to the exhaust. The rotary motion of the 
basket, together with the action of the steam, causes the 
oil to leave the waste and to collect on the outer casing 
in which the machine is enclosed. It is then collected, 
filtered, and is ready for use again, while the waste, 
&c., only require rinsing and drying on a rack. The 
operation lasts from 15 to 30 minutes for each lot of 
material, according to size of machine. Steam pressure 
of 30 lb. per square inch is employed. 


The American Locomotive Company, New York, and 
of 26, Victoria-street, London, S.W., have sent us the fifth 
of a series of pamphlets illustrating the various types of 
locomotives built by them in recent years. The pamphlet 
before us is devoted to ten-wheeled locomotives weighing 
less than 150,000 lb. Heavier examples will, we under- 
stand, be dealt with in a subsequent issue. This type, of 
which we have considerable experience in this country, is 
one popular on many roads, for the reason that, besides 
handling the traffic for which it is specially intended, it 
can, if necessary, be employed in a much wider field than 
is possible with some types. Nothing comes amiss to 
it, from fast passenger to slow and heavy work. Ex- 
amples in this pamphlet are chiefly for American or 
Canadian roads, though locomotives for New Zealand and 
for the Cape Government Railways are also illustrated. 
Another pamphlet is devoted to examples of Consolida- 
tion locomotives weighing more than 175,000 lb. Of 
this type some very heavy examples have been built, 
notably for the Pittsburg, Bessemer, and Lake Erie, the 
Union Railroad, the Lake Shore and Michigan Southern, 
the New York Central, and other lines, and for years the 
**heaviest locomotive in the world” record was held by 
engines of this type—a type designed for heavy work and 





Co , Limited, of London. 


comparatively low speeds, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep By W. LLOYD WISE 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

i of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
—— is, in each case, given after the abstract, unless the 

‘atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oJ 
the advertisement of the t of a Complete Specification, 
give notice at the Patent Office of opposition to the grant uf a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


17,500. Veritys, Limited, London, and F. 8S. Wors- 
ley. Erdington. Arc-Lamps. [2 Figs.) August 3, 1906. 
—The present invention relates to inclined carbon lamps, particu- 
larly flame carbon arc-lamps, in which a pair of carbous are 
coupled so as to feed together, and in which the arcing move- 
ment of one of them is controlled by series and shunt solenoids. 
The lamp represented has a single pair of carbons g guided upon 
some of the frame rods d, and coupled by a cross-piece h and 
links 2, h2 which flexibly connect the said cross-piece h, and 
the carbon-holders 3, h’, the cross-piece h sliding vertically 
between the crown-plate and bed-plate. The one carbon feeds 
on to the abutment e, and the other carbon, being coupled to this 
carbon, also feeds with it. The control of the sideways arcing is 
































effected by series and shunt solenoids j and k. The rocker bar J 
of the solenoid cores has connected to it, by means of a pivoted 
piece m, a central rod n passing down the central tube i and con- 
necting at its lower end n? with a swinging arm o fulcrummed to 
a bracket on the bed-plate c, and carrying an eye, through which 
passes with a loose fit that carbon g not resting upon the abut- 
ment e. The rod n moves up and down in the tube i from the 
operation of the solenoids and swings the arm 0 so a3 to move the 
particular carbon passing through the eye of the said arm side- 
ways, to strike, regulate, and adjust the arc between the two 
carbons. The rod n is adjustably connected to the pivoted piece 
m by @ screw connection to allow of adjustment between the 
rocker-bar and the arm 0. (Accepted December 28, 1906.) 


1946. J. S. Highfield, London. Miectete- Guasty 
Systems. [1 Fig.) January 25, 1906.—This invention relates 
to direct-current systems of electric supply wherein the motors 
or other apparatus to which power is supplied, at substations, 
for instance, are arranged in series on the line. In such systems 
it is convenient to make some provision so that in case of failure 














of the single line the supply will not be seriously interrupted. 
According to this invention, the generators at the central station 
are arranged so that one point at or about the middle of the set 
of generators is permanently connected to earth, whilst the lines 
are connected to opposite ends of the set of generators, so that 


potential, and part below earth potential. At various points in 
the line, preferably at substations, arrangements are then made 
so that the line can be earthed. In the figure, a, @ are the main 
generators connected in series at the central station. The mid- 
point b of the system is connected to earth at ¢. cc, d, f,9 are 
substations. At each station an earth ¢ is provided, and the 
incoming and outgoing ends of the line are pted to be joined 
by switches h, k to this earth. J, 1 are voltmeters, each inserted 
between the earth and either the i ing or outgoing end of 
the line at the substation. In normal working these voltmeters / 
will rarely or never indicate no pressure; if, however, a fault 
occurs on the line between any two stations, the voltmeters con- 
nected to the ends of that section of the line will both drop to 
zero, indicating that a fault has occurred, the operators will 
establish earth connections, cutting out the faulty section. Sup- 
posing that the fault occurs between the stations f andg, the 
operators at these stations will switch on an earth connection to 
that part of the line through & at station f, and A at station g, 
thus establishing a connection with the middle point of the gene- 
rating plant. The system is thus split up into two parts, the 
part, containing station g, for instance, being supplied from one 
section of the generating plant through a portion of the line 
with an earth return through its switch A, whilst the part con- 
taining, for instance, stations c, d, and /, is supplied from the 
other portion of the generating plant through earth and the 
switch k at the station /, and back through the remainder of the 
cable line. The faulty section is in this way cut out without 
seriously interfering with the working of the system, and the 
fault can be repaired at leisure. (Accepted December 28, 1906.) 


1947. J. 8. 3 London. Electric -Supply 
| Systems. (2 Figs.) January 25, 1906.—This invention relates 
to direct-current systems of electric supply, and it has for its 
object means whereby the use of insulated return conductors 
may be avoided. It is well known that the earth acts as a con- 
ductor of practically zero resistance; but hitherto earth re- 
turns have been little used except on telegraph systems and the 
like, where the potentials are very low, the reason for this being 
that if the earth connections are made near the surface, the 
current tends to flow along the lines of piping and so furth laid 
near tothe surface, whereby great damage is often caused. It 
has, however, been suggested that extensions from the metallic 
af me of a circuit may be adapted to be led to the substrata 

y boring or otherwise, so as to provide for conducting, trans- 
mitting, or inducing electric currents, so as to cause them to 
flow into or through a return insulated ductor or duct 
According to the present invention, all difficulty is avoided by 
the sinking of wells at the earthing stations or points, each well 
containing an insulating shaft, through which the conductor to 











be earthed is carried downward to a conducting mass at the 
bottom of the shaft. Earthing is effected in this way at any 
required depth—as, for instance, at 100 ft. or 200 ft. below the 
surface of the earth; and the current would then necessarily 
poe out in a normal manner to equipotential surfaces between 
the two earthed terminals, or would flow a any particularly 
‘ood conducting strata to which the shafts of wells might have 
nsunk. In making the earth connection a small hole—say, of 
some inches diameter—is bored in the usual way. At the bottom 
of this some suitable conducting mass h is provided—such, for 
instance, as an iron chain, which may be lowered down the 
boring. Where possible, the well is preferably sunk until a wet 
stratum is reached. The tor b may simply lowered 
down the centre of the shaft without other insulation, and effi- 
ciently connected to the conducting mass A at the bottom, or a 
cable may be used enclosed in a suitable iron pipe k, made in 
sections adapted to be screwed together in the ordinary way. 
The space in the well-hole round about the pipe or conductor may 
be filled with concrete. (Accepted December 28, 1906.) 


GUNS AND EXPLOSIVES. 


7041. Sir W. G. Armstrong, Whitworth, and Co., 
Limited, and J. 8. Dongias, Rowenase-ce-Syne. 
ussion Fuses. [3 Figs.) March 23, 1906.—In fuses 
where the Jy pellet is held back by the head of a longi- 
tudinal blade spring or springs, in order to prevent the spring 
or springs from prematurely spreading out, and thus releasing 
the pellet, a safety ring locked by a safety pin, which is withdrawn 
before at ge oe is loaded into the gun, is employed. After 
withdra’ of the pin, the ring still holds the springs, and is pre- 
vented from falling, and thus releasing the ngs by small 
shearing pins or wires, either carried by the h of the springs 
and protruding beneath the ring, or carried by the safety ring 
itself, and ng upon a circular washer placed over the heads 
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of the springs or other suitable device. Fig. 1 is a longitudinal 
section of part of a fuse in which the percussion pellet a is held 
back by the heads of the blade springs b, whose heads are pre- 
vented from moving outwards by a safety ring c, surrounding 
them and itself locked by a safety pin or pins d. After these 
pins have been withdrawn, the ring is supported by shearing 
wires ¢ carried in the heads of the springs b. In the modification 
shown in Fig. 2, the ring rests upon the shearing wires whose 
ends are carried by the body of the fuse. Around the feet of 
the springs a fixed ring gis provided, having its inner surface 


end isgreater. A creep-spring A may be introduced above the 





posi 
part of the cable system wil] be at a certain pressure above earth 


pellet when desired, ong as the cafety ring is in position, 








the springs are prevented from spreading, and the fuse cannot, 
therefore, be fired by dropping with its nose downwards. Blows 
in other directions do not tend to drive the pellet towards the 
needle, although they may cause the ring to be displaced. On 
the shock of the discharge the sets back, shearing the small 
wires, and becomes jammed i le the fixed ring, so that it 
cannot be driven forward by the inversion of the shell or by its 
normal retardation in flight. On graze or impact the percus- 
sion pellet passes forward, expanding the blade-springs and com- 
pressing the creep-spring, 80 bringing the detonator in contact 
with the needle. (Accepted r 28, 1906.) 


Sir W. Armstrong, Whitworth, and Co., 
Limited, and J.' 8. pons, Newcastle-on-Tyne. 
Fuzes. (3 Figs.) March 23, 1906.—This invention relates to 
improvements in fuzes for projectiles in which the fuze is bi ht 
to such a state that it will act on graze or impact by the rotation 
of a vaned or bladed-spindle due to the action of the air during 
the flight of the — the spindle being screw-threaded to 
carry a nut which normally locks the pellet. According to this 
invention, the from the pellet to the magazine is closed by 
a fillet-ring or its equivalent preferably provided with grooves in 
which ribs or projections on the rear of the pellet normally lie 
the pellet being retained in tion by a nut on a screw 
spindle rotated either directly or through gearing by the vaned 
nut. 1is the body of the fuze with magazine 2, to which leads 
the p ge 3 sur ded by a fillet-ring 4, provided with grooves, 
in which ribs 5 on the p+llet 6 normally lie, so as to close effec- 
tually the passage 8. The pellet is prevented from moving for- 
ward by a nut 7, prevented from turning within the body 1, but 








drawn forward within the body by the rotation of a screwed 
spindle 8 driven through gearing 9 by a vaned nut 10 located in 
e head of the fuze and turned by the rush of air through pas- 
sages 11 during the flight of the projectile. A spring 12 may be 
provided, if thought desirable, to prevent the pellet going forward 
during flight after the nut has been withdrawn. Or such prema- 
ture movement of the pellet may be prevented, as shown in Fig. 2, 
by struts 13 formed on a collar 14 screwed into the front of the 
liet. Or the struts may be formed on a separate ring and 
ocked down by the collar. Rotation of the nut and pellet may 
be prevented by appropriate pins, not shown in the drawing. 
These struts lie inside the nut 7 and butt against the coned end 
of the spindle 8. When the nut whose rearward is coned at 
the same angle as the spindle has moved forw: beyond the 
ends of the struts, these struts are freed, and on graze or impact 
the pellet 6 goes forward, and the struts glide off the cone and 
— ——— _ —— h_A ae Ee —_ = 
passes throug e -holes 17 and the passage the 
magazine 2. (Accepted December 28, 1906.) 


MOTOR ROAD VEHICLES. 


2225. T. Parker, London. Steering-Gear. (3 Figs.) 
January 29, 1906.—This invention relates to improvements in the 
gear for the steering of motor vehicles, more especially of the type 

escribed in Letters Patent No. 10,392, of 1905. According to this 
invention, means are provided for steering which are y yd 
applicable to a motor vehicle having divided frames of the ty 
mentioned, with the object of holding the ~\-y parts of the 
frame in any icular angular relation set in steering without 
the liability of displacement, owing to obstacles encountered on 
one side of the frame, or from other causes. In carrying the in- 
vention into effect in the manner illustrated, a series of teeth a 
are formed, which are disposed in different, but parallel, planes 
for engagement within recesses b, formed in a quadrant or disc c 
fitted to one part of the divided frame. These teeth a are 
advantageously provided relatively deep and wide, so that on the 
rotation of the spindle e, upon which they are mounted, they may 

















enter into relatively deep recesses b of corresponding form = 
vided in the edge of the disc or quadrant c, so as thus absolutely 
to lock the quadrant in the particular tion in which it has 
been turned on rotation of the spindl he respective teeth are 
disposed in various angular positions, 80 that while one is in full 
ay ey the others may be out of e ent, or while one 
is leaving the gear, other of the teeth are fully, or nearly fully, in 
gear. The teeth are relatively deep and wide, and they may be 
circular, heart-shaped, or provided with epicycloidal edges, so 
that when the respective teeth are in position, that position will 








SuaTaLA tee aitonsler of the quand-clag, wtiies tant of tro upper | 26,894. G. W. Mascord, London. Printing-Prosses 
less n the eter of the -ring, whils o upper | » W. on. . 
y , 1 |(2 Figs.) December 23, 1905.—This invention relates to flat-bed 


be locked against any tendency to displace the quadrant or disc. 
Any number of teeth may be provided. These may be advan- 


| tageously four in number, set round a circumference at 90 deg. 
| apart, or three in number, set at an angle of 120 deg. and the 


recesses may be provided in separate racks, suitably fixed to the 


| quadrant or disc on the frame. (Accepted December 28, 1906.) 


PRINTING AND ALLIED MACHINERY. 


platen, and similar printing-presses, and has for its object to 
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provide simple and effective means for setting the inking-rollers | the wire. To fix the nut after adjustment the tension-rod may be 


80 that they shall be applied upon the type and inking table or 
slab in such manner as to be in contact uniformly throughout their 
length. It is well known that the composition or outer covering 
of such rollers shrinks with age and from other causes, whereby 
the surface of the roller deteriorates, the rollers press too 
heavily, and an imperfect product results in the nting. The 
invention consists in making the bearers for the rollers, in- 
clined towards or away from the forme or inking-table, and in 
providing bearer wheels, ‘‘ lifts,” A gem ay upon the spindle of | 
the rollers tapered on the peripheral face to the same angle as | 
the inclination of the bearers, so that on the lateral movement 
of one or both of the bearer wheels, “lifts,” or pulleys, on a 
roller spindle, such roller may be vertically adjusted in tion 
at one end or the other, or at both ends, so that the peri- | 
pheral surface thereof may be uniformly in contact with the | 
type and with the inking-table, notwithstanding inequalities in 
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the diameter of the roller. The b are advantag ly pro- | 
vided with a renewable friction strip of leather or other suitable 
material, upon which the tapered bearer wheels may run. In) 
carrying the invention into effect, in its application to forme-ink- | 
ing rollers of a flat-bed press, the bearers a are advantageously | 
made with their upper faces, in which the leather friction strip a! 
is, inclined from the forme, and the conical periphery of the 
bearer wheels, ‘* lifts,” or pulleys b with a corresponding taper or 
inclination. The spindle c of the roller d is mounted in brackets 
e, which are providei! with open vertical slots J, or closed caps in 
the usual way. Advantageously, each of the conical “lifts” or 
pulleys is provided with a boss g and adjusting-screw h, by means 
of which each conical wheel, “lift,” or pulley may be fixed in any 
lateral position, to which it is adjusted. At each end of the 
roller spindle a collar i is provided, by means of which the roller 
spindle may be rigidly mounted in and between the brackets e, to 
prevent any unnecessary lateral movement. (Accepted December 
28, 1906.) 





RAILWAYS AND TRAMWAYS. 


27,057. M. B. Mountain and G. M. Gibson, Bury. 
Trolley Standards. (6 Figs.) December 28, 1905.—This 
invention relates to the trolley standards of electric tram-cars, 
and has for its object to provide a swivel connection for the con- 
ducting wires or cables in the head part of the standard, instead 
of in the base part, as heretofore. A further object is to provide 
a form of swivel connection in which a good electrical contact is 
made between the swivelling parts, and in which the said parts 
are easily insulated from the standard. According to this inven- 
tion, use is made of a nut a which is fixed to the top end of the 
usual boom tension-rod b. Use is also made of a cross-head c 
secured by trunnion studs d to the upper and vertically-moving 

art ¢ of the swivelling head. The nut a lies above the cross- 
coed ¢, which latter is Baw o up against the nut by the weight 
of the trolley-boom. tween the nut and cross-head are anti- 
friction balls. At its upper end the nut a is formed with a square 
or hexagon bore, and in such end fits a correspondingly shaped 
bush or liner g of insulating material. Within the bush g fits the 
lower part of a metal block h, and at its upper part the block h 
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is formed with a V-sha) annular groove. To the lower end of 
a plug i is secured the wires or ‘cables leading up from the 
standard j, and at its upper end, and above the block A, the plug 
is screw-threaded and provided with a nut k, by which it may be 
firmly held to the block A or slackened, and the block made free 
to rotate, whilst the plus remains stationary. Around the block 
h is a divided strap / held thereto by springs and bolts and nuts, 
and upon one end of such strap is @ cable-connector 0, to which 
is connected the wires or eables leading to the trolle -pulley. 
Upon the end of the strap ¢ isa projecting ty pi and around 
such fits a sleeve ¢ of insulating material. Fast upon the 
cross-head ¢ is an upstanding bracket v which engages the insu- 
lated projection p on the strapZ. It will thus be seen that on the 
head part of the standard being rotated horizontally the cross- 
head ¢ will rotate with it, and the strap / will rotate with the | 
cross-head, and thus prevent any entanglement of the cable, | 
whilst the frictional fit of the strap 2 on the block A will ensure 
rfect electrical contact, and the absence of any sparking and 
ane (Accepted December 28, 1906.) } 


27,059. M. B. Mountain and G. M. Gibson, Bury. 
y-Pole Standards. (2 Figs.) December 28, 1905.— | 
This invention relates to trolley-poe standards of electric tram. | 
cars, and has for its object to simpiify and reduce the number of 
parte, and more gee pe to dispense with the usual inner | 
tube carricd by the head part, and enclosing the trolley-boom 
tension spring. According to this invention, the inner tube is 
dispensed with, and the standard a consists of a single tubular 
column rising from a foot-part b to a seating c, which supports 
the usual swivelling head d. Upon the interior, and near its | 
lower end, the column has feathers or ribs ¢, and about midway | 
up it also has an inwardly-projecting flange /. Passing down | 
thi h the standard is the usual boom tension - rod g, and 
pen such rod and between the flange f and a nutA on the 
lower end of the rod, which is screw-threaded, is the usual spring i, 
by which the trolley-head is held nst the overhead wire. In) 
the nut A are slots A}, and by such slots the nut engages the 
feathers ¢ on the inner face of the column, and is thus prevented 
from turning, although capable of moving up or down ; therefore, 
on the rod g being rotated and screwing through the nut A, it 
raises or lowers the nut, and i or d p 
sion on the spring i, and the pressure of the trolley-head against | 





& 





provided with a locking wheel or nut j, and to allow access to 
such wheel the standard may have an opening, with r bl 
cover. To guard against the displacement of the head-part d 
under excessive movements of the pole the top end of the standard 
is formed with an integral flange /, which at points at right angles 











to the car-body is cut away, and men the lower portion of the 
swivelling head-part d is formed a depending hook-like flange m, 
which, after passing through the openings in the said flange /, 
and being rotated laterally, fits underneath the flange l. Thus, 
except when swung to a position at right angles to the car, the 
ay cannot leave the standard. (Accepted December 28, 


3270. E. Rhodes and the Romapac Tramway Con- 
struction Company, Limited, Leeds. Compound 
Tramway Rails. (3 Figs.) February 10, 1906.—This inven- 
tion has ref to the applia for fixing the wearing portions 
of compound tramway rails on to their base portions described in 
Specification No. 9175, of 1902, and also to the appliance for 
cutting off the wearing portions of compound tramway rails de- 
seri in the Specification of Patent No. 9176, of 1902; the object 
of the present invention being to combine the two arrangements 
in one machine, or, in other worde, 30 to arrange the machine 
hitherto employed for fixing or rolling on the upper portions of 
compound tramway rails that the same machine may be readily 
transformed and employed for cutting off the upper portions of 
compound tramway rails, and vice versd. To this end an appliance 
of similar construction to that described in Specification of Patent 
No. 9175, of 1902, is employed. The said appliance consists of a 
carrying frame mounted on a guide-roller adapted to run in con- 
tact with the upper surface of the top portion of the rail, said 
frame being provided with two oppositely situated arms which 
are pivoted at their upper ends, each of which pivoted arms is 
provided with bearings carrying a shaft, while to the lower end 
of each shaft is attached a roller, which is serrated or roughened 
on its periphery, the upper ends of the shafts carrying the serrated 
rollers a provided with suitable gear-wheels, which are driven 
by intermediate gearing from the driving-shaft of an engine or 
motor, while the pivoted arms th Ives are ted ether 
by means of toggle-levers attached to a central nut which is 











actuated by means of ascrew. On the engine being put in motion, 
the serrated rollers are caused to revolve against the depending 
flanges of the top rail, whereby the said depending flanges are 
bent inwards and pressed firmly round the head of the base portion 
of the rail. In order to adapt this machine for cutting-off as well 
as for rolling-on, the shafts carrying the serrated pressure-rollers 
are so mounted that they may be removed from their carrying 
frame at will, while, in combination with the said frame, a 
shaft carrying a serrated guide-roller is mounted on one side, 
and on the See side of the said frame a second shaft 
carrying a steel disc-cutter in lieu of the two shafts with their 
serrated pressure rollers. In this way the appliance hitherto em- 
ployed for rolling-on is rendered equally applicable for cutting-off, 
the transforming of the machine by simply removing the two 
shafts ep ty | the pressure rollers employed for rolling-on and 
inserting the two shafts carrying the guide roller and the disc- 
cutter employed for cutting-off, and vice versé, being easily and 
quickly performed. The figure is a sectional elevation of a com- 
pound tramway-rail and the lower portion of the rolling-on 
machine arranged as a cutting-off appli in which the rail 
consists of a wearing portion 1 and a base portion 2, while 3, 4 
represent the bottom portions of the two Haag Rape meee arms 
of the carrying frame of therolling-on machine. The pivoted arm 
3 is provided with a shaft 5 carrying a serrated guide-roller 6, 
while the pivoted arm 4 is provided with a shaft 7 carrying a steel 
disc-cutter 8, in lieu of the two shafts and the serrated pressure- 
rollers of the rolling-on machine. (Accepted December 28, 1906.) 


3289. E. Rhodes and the Romapac Tramway Con- 
struction Company. Limited, Leeds. Compound 
cramway Rails. (2 Fizs.) February 10, 1906.—This iavention 
has partic reference to the appliance for fixing the upper or 
wearing portions of compound tramway rails on to their base or 
girder portions, described in Specification No. 9175, of 1902; and 
the object of the present invention is to provide simple and 
efficient means whereby the pressure rollers employed may be 
readily and effectually fixed on the ends of their shafie, and also 
rendered capable of being easily and quickly removed. To this end 
the lower end of each of the two pressure-roller shafts is of conical 
formation with the | st diameter at the outer end thereof, 
whilst each pressure roller is bored with a hole of similar taper 
to that of its shaft end, and a keyway is formed in the conical end 
of each shaft, into which is a key provided with a lug 
engaging an aperture formed in the shaft, while a keyway is 





formed in the conical bore of each roller, so as to engage the key 
provided in their respective shaft ends. This partiocee fixing 
device is ae applicable in the case where the machine is used 
for cutting , a8 in the latter case, the guide-roller for the 
cutter disc can be fixed on its shaft end in a similar manner. 1 
is the pressure-roller and 2 is the shaft therefor, the lower end of 
the said shaft 2 being of conical formation, with the largest dia- 
miter at the outer end thereof, while the pressure-roller 1 is 
bored with a hole of a similar taper to that of the end of the 
shaft 2. A keyway 3 is formed in the conical end of the shaft 2, 
and into this keyway 3 is passed a key 4 provided with a lug 5 








which simultaneously engages an aperture 6 formed in the shaft 
2, and a keyway 7 formed in the conical bore of the roller 1. 
The roller 1 is passed on to the conical end of the shaft 2 from the 
upper side, with its keyway 7 engaging the key 4 previously 
applied to the shaft 2. The roller 1 is driven hard home from 
the upper side on to the conical end of the shaft 2 and its key 4, 
whereby the roller is firmly fixed in position on the conical end 
of the shaft 2, while the key 4 provided therein effectually prevents 
the roller 1 revolving except with the shaft 2 ; and as the strain on 
the roller 1, when in use, is in a downward direction, the said 
strain has the effect of more firmly fixing the said roller 1 on to 
its shaft 2. (Accepted December 28, 1906.) 


8959. C.J. Spencer and J. W. Dawson, Bradford. 
Changing Wheel-Gauge. (6 Figs.) April 14, 1906.—This 
invention relates to improvements in tram and like vehicles, and 
has for its object the arrangement and construction of the wheels, 
axles, and brakes in such a manner that the vehicle may bn 
from a broad to a narrow gauge of rails, or vice versa, and be 
capable of running upon either, the said wheels being driven by 
any suitable motor which may be used to propel the vehicle, or 
the said wheels may revolve freely when the vehicle is used as a 
trailer. In the case of an electrically-driven vehicle, the motor B 
is carried from the frame and axle C, and is provided with a 
broad pinion P on each end of the armature spindle. Engaging 
with each pinion P is a gear-wheel W which is mounted on a sleeve 
8S which may slide 01 and revolve around the axle C. The axle 
may be stationary and carried in the frame directly. The sleeve 
8 carries a tram-wheel A. The wheel-brake shoes E are mounted 
80 as to be free to slide along the brake-operating bar E!, and are 
connected by a link or links F to a none or bracket F! mounted 
around the sleeve S, so that when the sleeve is moved longitudi- 
nally, the bracket being carried therewith will impart a similar 
motion to the brake-shoes. This bracket may extend to the front 
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or rear of the vehicle, the extension being loosely connected with 
the bracket F! and carried at its outer end, so as to allow of the 
bracket being moved as required by the travel of the sleeve ; such 
extension carries a track or slipper-brake G. Mounted across the 
frame of the vehicle is a shaft Il moved by levers Il!. Ona the 
shaft is mounted a distance-block J provided with a renewable 
| end, the block having for its obj-ct the locking of the wheel in 
| the desi dsition ; that is to say, the block-shaft LI being 
turned, the block will fall or rise from one of the sides of the 
| wheel, depending on the position of the wheel ; or the distance- 
| block may be in the form of a fork, the jaws of which may be 
| fitted with renewable blocks or runners—one jaw being on each 
side of the wheel. The distance-block may be locked by any con- 
venient method when the wheels are adjusted to the required 
gauge. In operation, should the vehicle be travelling from, say, 
a 4-ft. gauge to a 4-ft. 8}-in. pause. the distance-block J, which 
is practically in contact with the outer face of the wheel, is lifted. 
The wheel, sleeve, bracket, and gear-wheel are then free to travel 
outwards, such travelling motion being actuated by and through 
the wheel-fian + ve. On reaching the larger gauge 
the block J is dropped, and will then be in contact with the inner 
face of the wheel. (Accepted December 28, 1906.) 
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THE ENTRANCE TO THE MERSEY. 


In the London Gazette of January 22 there 
ap a notice of very great importance to 
Liverpool and the district dependent upon that 
port. It is signed by G. 8. Nares, Vice-Admiral, 
Acting Conservator for the Mersey Conservancy, 
and states that “pursuant to certain Acts of Par- 
liament for better preserving the navigation of the 
‘Mersey, I herewith give notice that I have received 
from the Mersey Dock and Harbour Board notice 
of their intention to carry out works, with the 
consents of the Lords of the Admiralty and of the 
‘Commissioners for the Conservancy of the River 
Mersey, under the powers of, and as provided by, 
the Mersey Docks and Harbours Act, 1857, and 
the Mersey Docks Acts Consolidation Act, 1858, 
in or adjoining to Crosby Channel, being a sea- 
channel within the Port of Liverpool, to improve 
and better maintain and preserve the navigation of 
the port, for the safety and convenience of ships 
frequenting the same.” 

e notice states that the Mersey Dock and 
Harbour Board intend to construct the under- 
mentioned work, or works, in the estuary of the 
Mersey, under their powers, with the consent of 
the Commissioners for the Conservancy of the 





Mersey, quoting sections of various Acts of Parlia- 









Fig. 1. ENTRANCE TO THE MERSEY. 
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ment under which they claim to exercise the re- 
quisite powers. The works are stated to be :— 

‘** A stone revetment to the height of. mean low- 
water mark, or thereabouts, of the southerly face 
of Taylor’s Bank in Crosby Channel, in the estuary 
of the River Mersey, or Liverpool Bay, commencing 
at or near the southerly end of Formby Channel, 
at a point situate 1370 yards, or thereabouts, mea- 
sured in a south-westerly direction from the Beach 
Mark on the foreshore of the Urban District of 
Little Crosby, known as the Crosby Beach Mark, 
and terminating at a point situate 5360 yards, or 
thereabouts, measured in a westerly direction from 
the said Crosby Beach Mark. 

‘*The object of the work is to deepen, widen, and 
straighten the Crosby Channel, being a sea channel 
within the Port of Live l, with a view to im- 
proving, better maintaining, and preserving the 
navigation of the port, for the safety and conveni- 
ence of the ships Soeniutin the same. 

‘“*The works will, with the consents aforesaid, 
be commenced in or after one month from this 
date. They will not exclude, impede, or interrupt 
the tidal or other waters of the River Mersey. 

‘* Plans and sections of the proposed works have 
been deposited at the Mersey Conservancy office, 
66, Victoria-street, London, S.W., and with the 
hydrographer to the Admiralty, at the Admiralty, 
London, 8.W.” 

The Conservancy of the Mersey is vested in 
three Cabinet Ministers—viz., the First Lord of 
the Admiralty, the President of the Board of 
Trade, and the Chancellor of the Duchy of Lan- 
caster. These conservators are simply ex offisio, 
and can know no as to the merita or 





merita of engineering works. Their adviser is 


retired naval officer. The portion of the Crosby 
Channel referred to in the. notice is shown on 
the rough chart, Fig. 2, subjoined, which also shows 
the line of the proposed training-wall extending for 
about 2 miles on the north side of the channel. 
The revetment, or. training-wall, will be seen on 
the south face of Taylor’s Bank. The chief trouble 
of late has been the silting of the Crosby Channel in 
the neighbourhood of Askew Spit, so that the 
width of the channel between the elbow of Askew 
Spit and Taylor’s Bank navigable for large ships is 
said to have been narrowed in twelve months by 
— 500 ft. _ i 
At Liver , the step proposed is conside to 
be bold iat bhetaliows, a before deciding on such 
a work many anxious hours must have been spent 
in considering the best means of meeting the diffi- 
culties of the situation. The hope appears to be 
that the training-wall will cause a widening of the 
deep-water channel, and make it more easy for 
very long and deep vessels to enter Liverpool. 
Some of the leviathan liners, when outward bound, 
now draw over 30 ft. of water, and, since the silting 
process has set in, patches of sand have occurred 
in the channel, reducing the depth to as little as 
28 ft. What steps have really been taken to arrive 
at a just conclusion on this momentous subject have 
not yet been disclosed. It seems very extraordinary 





The state of things referred to by Mr. Laird has 
of late years been changed ; the bar has been practi- 
cally removed. The old position of the baris marked 
on the chart (Fig. 1) of the entrance to the Mersey, 
and is about 11 miles from New Brighton. The 
main channel has been for a long time designated 
the Crosby Channel, its outer length for a distance 
of 3 miles being called Queen’s Channel. The deep- 
water channel through banks of sand free 
to shift under the influence of waves, wind, and 
tidal currents. The banks 3 ft. at low water 
close to Formby Lightship. Formerly the banks 
dried 6 ft. to 7 ft., and outside the Great Burbo was 
a Little Burbo bank, which disa as the 
dredging progressed. There are ees subsidi 
channels: one to the south, known as the Roc 
Channel, past the west coast of Wirral, which at 
one time was of much greater importance than it 
has been in later.years, owing to the increase in 
the size of vessels. The other is the Formby 
Channel, which is a more direct continuation 
of the Crosby Channel along the Lancashire coast. 
The area of sand-bank lying at the entrance is 
very extensive—about 25 square miles—dry at dead 
low water. This area is intersected by other de- 

ressions in the form of channels, but these are not 
~~ or marked. 

In 1889 the Mersey Dock and Harbour Board 





Fig. 2. 
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| that a bald notice in the London Gazette, and a line 


drawn upon a plan deposited at a distance from 
the harbour, should be the only information 
afforded. To those who remember the obstacles 
brought forward, and the various difficulties raised, 
whenever any alteration is proposed to be made 
in the Upper Mersey, the feeling of astonishment 
will be still greater. 

For many years the bar was a source of danger 
and difficulty to ships navigating to and from 
Liverpool. long ago as 1874 the late Mr. J. 
Laird, M.P., the founder of Birkenhead, brought the 
matter to the notice of the Mersey Dock and Har- 
bour Board, stating that ‘‘the depth of the water 
on the bar, which some years previously had been 
12 ft., was then 7 ft. or 8 ft., and rendered it 
impossible for tugs and small coasting vessels to 
navigate at low water. The first survey procur- 
able was by Collins, hydrographer to the Govern- 
ment in 1693. At that time big ships for Liver- 
pool were lightened opposite Hoylake. In 1833 
a survey was made by Lieutenant Denham, when 
a 12-ft. channel at low water of spring tides was 
discovered through the new or Victoria Channel. 
(This was south of the present Queen’s Channel, 
separating the Great and Little Burbo banks.) Up 
to 1853 the Queen’s Channel was not known to exist, 
but by 1863 it had become the main deep-water 
channel, with 10 ft. to 13 ft. of water on the bar.” 

At that time the dredgings, amounting to 600,000 
tons per annum, were got rid of in the river, and 
Mr. Laird proposed that they should be taken out- 
side. This has been done for upwards of twenty 
years. Prior to 1878 the half-tide docks were 
cleared of mud by running water through them 
from the inner docks at low water, while men were 


de- | engaged in casting into this stream the mud which 


settled, no doubt, about the dock entrances, 





decided to attempt to improve access to the port by 
dredging, and experimented with two hopper barges 
which were converted into sand-pump dredgers, 
being provided with centrifugal pumps capable of 
filling: the. hoppers with 500 tons of sand in 
less than half an hour. These dredgers removed 
2} million tons from September, 1890, to June, 
1893, with a remarkable result : the lowest depth 
on the navigating line across the bar at the com- 
mencement of the dredging was 11 ft. at low water 
of spring tides ; early in June, 1893, the minimum 
depth was 18 ft. 3 in. under the same conditions, 
providing 26 ft. depth of water and upwards over 
the bar for 18 hours out of every 24 hours. during 
the year; the longest consecutive period during 
which there was less than.26 ft. was 4} hours on a 
21 ft. tide. It should be stated that a 21-ft. tide 
is the height of a spring tide flowing 21 ft. above 
the Old Dock sill, the datum of the port, which is 
4.67 ft. below Ordnance datum. Low water of this 
21-ft. tide is 10-ft. below Old Dock sill, the range of 
tide being 31 ft. at high springs in Liver 1 Bay. 
According to a paper read by Mr. A. . Lyster, 
the engineer to the Dock and Harbour Board, the 
cost of this dredging was 1.38d. per ton, including 
wages, coal, repairs, and expense on dredgers, no 
charge for interest, depreciation, and superinten- 
dence being accounted for. Practically the = 
of 18 ft. 3 in. was obtained in eighteen months ; 
for although dredging had been carried on persis- 
tently, no increase of depth had been gained since 
March, 1892. More than one-half the total quan- 
tity dredged had been removed in the last fifteen 
months. . This was evidentl uired for main- 
taining the channel and adding somewhat to the 
width of the deepened portion. 

In 1893 a new hopper dredger, the Brancker, 
was obtained, capable of raising 3000 tons of sand, 
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loading her hoppers in 45 minutes. Two more of 
these large dredgers were brought into use subse- 
quently.* At that time the Brancker was the largest 
sand-pump dredger built, being 320 ft. ag: by 
46 ft..19 in, moulded breadth and 26 ft. 6 in. deep, 
having a main suction-pipe to the pumps of 39 in. 
in diameter. The result of this dredger’s work 
was to deepen the water to between 19 ft. and 
20 ft. on the centre line, the 19-ft. channel being 
500 ft. and the 17-ft. channel 1000 ft. wide. 
The relief felt was evidently much ——- 
for in 1894 it was reported officially that vessels 
drawing under 20 ft. could always enter the 
Mersey at any time of the tide—that at one hour’s 
flood 24 ft. will be found; at two hours’ flood, 
29 ft.; at three hours’ flood, 35 ft. In the follow- 
ing year—1895—the depth of water was 20 ft. for a 
width of 1000 ft., whilst subsequently the cutting 
for a width of 1400 ft. had an average depth of 
more than 23 ft. of water. Before the end of the 
year the bar had been so reduced that the shoalest 
water was found inside, and dredging was com- 
menced further up the Queen’s Channel, also in the 
Crosby Channel, and since then dredging has been 
carried on from time to time in all three localities. 

In 1906 a depth of 24 ft. was obtained. In that 
year 7,600,000 tons were dredged : 2,250,000 tons at 
the bar, 1,000,000 tons in the Queen’s Channel, 
and 4,000,000 tons on shoals in Crosby Channel 
and on the Askew Spit in connection with Taylor’s 
Bank. In 1901 the depth was from 25 ft. to 
27 ft., 1,500,000 tons were dredged at the bar, 
2,500,000 tons from shoals in Queen’s Channel, 
and 6,000,000 tons from Crosby Channel and the 
Spit. The dredging in Crosby Channel was far in 
excess of the sum of the dredgings elsewhere, and 
so it has continued from year to year. 

In 1902 the depth of water on the bar was 25 ft.; 
in 1903, 25 ft. to 27 ft.; in 1904, 26 ft.; in 1905, 
25 ft. 9in. In 1905, 2,303,000 tons were dredged 
at the bar, 1,499,000 tons from shoals in Queen’s 
Channel, and 6,217,000 tons from shoals and the spit 
in Crosby Channel. In this year 10,000,000 tons 
and upwards were dredged in the sea approaches to 
areas 62 per cent. being in the Crosby Channel. 
In 1905 Taylor's Bank at its south-west extremity 
shoaled 2ft. and encroached on the Queen’s Channel. 
Further north, but outside Formby Lightship, the 
bank had moved to the south-west about 250 yards, 
and reduced the width of the channel by 90 yards. 
While the movement in the neighbourhood of the 
bar is to the south-west, at the bank in Crosby 
Channel the sand is moviog to the northward, 
Askew Spit having advanced 100 yards during the 
year, Taylor's Bank on the opposite side being cut 
away, leaving a channel of 760 yards in width. 

These changes have created awkward bends, and 


have rendered the navigation more difficult than it 
was in previous years since the deepening took 
place. It is with a view to regulate this untoward 


movement of the sand-banks, to straighten the axis 
of the Crosby Channel until deep water is reached, 
that the training-wall is projected where shown on 
the enlarged chart to the south side of Taylor’s 
Bank. Having regard to the great increase in the 
length of hull and draught of water required by the 
enormous ships lately built, and now arranged for 
by the chief passenger lines, it becomes of prime im- 
portance that the approaches to Liverpool from the 
sea should be maintained in the best possible con- 
dition, and further improvement accomplished, if 
such be possible. 
(To be continued.) 





THERMAL PROPERTIES OF WATER 
AND STEAM AT HIGH TEMPERA- 
TURES. 

WE propose in the following lines to deal with two 

recent researches on water and steam at high tem- 

gee Professor C, Dietarici, of the Technical 
igh School of Hanover, has succeeded in determin- 
ing the specific heat of water at temperatures up to 

300 deg. Cent. ; and Professor Oscar Knoblauch 

and Dr. Max Jakob, of the Technical High School 

of Munich, have determined the specific heat of 
superheated steam at constant pressure, by means 

o :experiments on a fairly — scale. Dieterici’s 

experiments, of which we will speak in the first 

instance, were conducted with the aid of a grant 
from the Jubilee Foundation of German Indus- 


* The dredgers and the result of their i 





fully illustrated and described in ENGINEERING, vol. amy 
pages 301 and 464. 





try, and partly with the assistance of Dr. W. 
Hechler, of Miinster. For the first time in such 
experiments quartz tubes have been made use of. 
Sir W. Ramsay and Professor Sydney Young, in 
their investigations of 1891, used glass tubes of 
the calcium potassium silicates. This was the best 
material available in those days ; but the glass was 
slightly corroded by the water. Quartz is not 
attacked by water at all, and has the further advan- 
tages of being the most homogeneous material 
known and of withstanding very sudden tempera- 
ture changes. Platinum vessels would have had to 
be made considerably thicker than the quartz tubes 
in order to bear the enormous pressures. 

The experiments were conducted by distilling 
water into the quartz tube, sealing the tube, heat- 
ing it in thermostats -* known temperatures, 
and dropping the hot tube into a Bunsen ice calori- 
meter, a parallel test being always made with an 
empty quartz tube. Three kinds of tubes were 
employed. Those of about 6 millimetres internal 
diameter and 8 centimetres length, with a wall 
thickness of 0.5 millimetre, were employed up to 
temperatures of 140 deg. Cent. and pressures of 
three atmospheres. Some tubes of 1 millimetre wall 
thickness and 5 millimetres internal diameter 
burst at 240 deg. ; those of 2.5 millimetres internal 
diameter and 1 millimetre wall thickness, stood the 
full 300 deg. Cent. and a pressure of 100 atmo- 
spheres. ‘Ihe thermostats consisted of double 
cylinders of zinc or copper, in which sixteen diffe- 
rent liquids, from ether, boiling at 35 deg., up to 
diphenylamin, boiling at 300 deg. Cent., were 
electrically heated. For temperatures below 35 deg., 
flame regulation was adopted. The temperatures 
were first determined by means of platinum resist- 
ance thermometers; subsequently direct readings 
were taken on standardised mercury thermometers. 
Dr. Dieterici finds the platinum resistance thermo- 
meters too sensitive, po his preference for mercurial 
thermometers is rather surprising. 

The weights of the quartz tubes varied in the 
final experiments between 2 and 10 grammes, the 
weights of water between 0.35and3 grammes. The 
method adopted is simple, but it has the disad- 
vantage that at high temperatures the heat ab- 
sorbed by the thick walls of the vessel is large 
compired to the heat absorbed by the small mass 
of water. The difference between these two heat 
values will not directly give the heat of the liquid 
water ; for the hollow space of the tube must 
always be larger than the volume which the water 
charge would occupy at 0 deg. Cent., or the pres- 
sure of the liquid will burst the tube. It follows, 
therefore, that in each experiment the tube also 

tained some saturated steam under pressure 
which, at the highest temperatures, reached 100 
atmospheres. The total heat value observed on 
the calorimeter was thus the sum of the heats con- 
tained in the water and the steam. In his calcula- 
tions, Professor Dieterici makes the assumption 
that the work expended in the expansion of the 
liquid may be neglected so iong as we do not 
approach the critical temperature. The calcula- 
tions which are based upon Dieterici’s former inves- 
tigations are further simplified by the fact that 
the term (v, — v,)—i.e., the difference between the 
volumes of the vapour and the liquid at saturation 
pressure—can be eliminated, so that the deduc- 
tion of the total heat, in the steam, only involves 
the determination of the volume of the tube, of 
the weight of water in the tube, of the volume », 
of the liquid, and of the steam pressure. 

Taking as unit the Bunsen calorie—i.e., the 
hundredth t of the heat required to raise 
1 gramme of water from 0 deg. up to 100 deg. 
Cent.—Dr. Dieterici arrives at the following for- 
mule for the mean specific heat c,, of water be- 
tween 40 deg. and 300 deg., and the specific heat 
¢, at the temperature ¢ deg. Cent. : 


Cm = 0.99827 — 0.00005184 ¢ + 0.0000006912 ¢? ; 
ce = 0.99827 - 0.0001037 ¢ + 0.000002073 22. 


These formule he claims to be accurate within 0.3 
per cent. For temperatures above 100 deg. Cent. 
they give values distinctly higher than those usually 
accepted. Thus at 200 deg. Cent. Callendar gives 
CG = 1.0384. 

From the annexed Table I. we see, that the 
specific heat ¢, of liquid water increases at an 
accelerated rate at higher temperatures. 

Within the temperature range 0 and 40 deg. Cent., 
no simple formula can be deduced for the specific 
heat. Dieterici’s ¢ for 0 deg. is 1.0075; in fair 
agreement with the results obtained by Rowland, 





Liidin, Griffiths, Callendar and Barnes, he finds 
that c, has a minimum value of 0.9970 at 25 deg., 
after that point rising again in value. Technically 
these figures are important only in so far as deter- 
minations of the mechanical equivalent of heat are 
concerned. It is interesting to note that the 
thermal values he thus ubtained induced Dieterici 
to repeat a former determination of the value of 
J, which he had made with imperfect electrical 
appliances twenty years before. 


Tasie I. 
t deg. Cent. Cn. C. 

5 0.9974 0.9983 
100 1.0000 1.0086 
150 1.0069 1.0294 
200 | 1.0155 1.0805 
250 1.0285 1.1019 
300 1.0450 1.154 


The exact knowledge of the quantity of heat in 
liquid water at any temperature enables us to draw 
certain conclusions as to the specific heat of super- 
heated steam. Three kinds of calculations can be 
performed. In the first place the heat of the 
liquid water will give us directly the excess of 
energy in the water at any temperature up to 300 
deg. Cent. over the energy in water at 0 deg. Cent., 
if we neglect the external work required by the 
expansion of the liquid. 

Secondly, we can find the difference between 
the internal heat of saturated steam and liquid 
water for any temperature ; for this difference re- 
presents the internal heat of vaporisation at ¢ deg., 
which we can determine calorimetrically, or deduce 
from the mechanical theory of heat, provided the 
pressure and volume of the saturated steam be 
known. 

Thirdly, starting from saturated steam, and with 
the aid of Ramsay and Young’s investigation con- 
cerning the pressure of unsaturated and saturated 
steam at different volumes within the temperature 
range 140 and 270 deg. Cent., we can plot curves 
of total heat for unsaturated and superheated steam. 

The first and third of these calculations do not 
offer any particular difficulties ; the second is, how- 
ever, much less reliable. Regnault’s formula for 
the latent heat is 

r = (606.5 — 0.695 ¢) cal. 


The formula holds approximately for the range 
100 deg. to 200 deg. Cent. ; at higher temperatures 
Ramsay and Young found lower values for 7 than 
Regnault’s figure; Dieterici’s value (of 1889) for 
0 deg. is r = 594.8 cal.—abnormally low, in our 
opinion. Not fully trusting the formula, Pro- 
fessor Dieterici has adopted an indirect method 
of procedure. Comparing the various observations 
on the ——— of saturated steam, made by Reg- 
nault, Batelli, Ramsay and Young, and Cailletet 
and Colardeau, Dieterici points out that if p be the 
steam pressure, and T the absolute temperature in 
degrees Cent., the combined observations show that 
T édp_ oO 

sac 

where C is an empirical constant, with a value 
4720 deg. Cent. This expression has a definite 
meaning. For if E be the efticiency of the isothermal 
vaporisation —i.e., the ratio of the external work A 
to the latent heat of vaporisation r—then 


E= ee p (v2 - %) we oe 
rtm —u ft? og EPs 
dt dt 


that is, we arrive at the reciprocal of the quotient 
just mentioned. From theoretical considerations 
it can be deduced, on the other hand, that 
T 
os... 
7.4 Ty 

where T; is the critical temperature, 638 deg. Cent. 
(absolute), and 7.4 x 638 is approximately equal to 
4720. Thus Dieterici arrives at a formula for the 


steam pressure 
7.4 (1 - t) 
p=pre , 


which agrees with a formula deduced by Van der 
Waals in another way, and which accords well 
with the results of the various observations—at 
least those made at temperatures above 150 deg. 
Ceat. 

In order to determine the relation between A, 
r, and t, Dieterici further starts from the expression 
A = p(v,—1,). ‘The external work A increases at low 








temperatures with the temperature ; at high tem- 
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peratures it decreases with increasing temperature ; 
at the critical temperature T,, A is zero. There 
must hence be a certain temperature T,, (on the 
absolute scale), for which A is a maximum. In 
1901 Professor Dieterici proved that for carbon 
dioxide, ammonia, and some other vapours, the 
ratio T; /T,, = 1.3.; from Ramsay and Young’s ob- 
servations of the volumes v, and », it follows that for 
steam t,, is 220 deg. Cent., and T,,, = 220 + 273 = 
493 deg. Cent. absolute, so that T, /T,, =638/493 
=1.295=1.3, as in the other cases. 

The two leading conditions for any equation 
expressing r and A as functions of the temperature 
i must hence be, that r/A = 7.4 T;/T, and that A 
has a maximum at 220 deg. Cent., and Dieterici 
arrives at the equation 


7 =594.8 — 0.559 ¢ — 0.000092234 2°. 


This formula enables him to calculate the r, A, 
r—A, p,, V2—%, for the range 100 deg. to 270 deg. 
Cent., for which it seems reliable. The formula is 
not perfect; for r should be zero at the critical 
temperature t, = 365 deg. Cent. Finally, Professor 
Dieterici calculates for the temperatures 160 dey., 
180 deg., 200 deg., 220 deg., 240 deg., and 260 deg. 
Cent. the volumes, pressures, and total heats of 
saturated and superheated steam. In Fig. 1 we 
have plotted curves of total heat, expressed in 





¢ 
321) Volume 
British units, for superheated steam from these 
tables of Dieterici, whose curves are based on the 
metric system. It will be seen that he estimates 
the total heat of saturated steam at considerably 
less than the values obtained by Regnault. The 
isothermals in this figure rise rather steeply from 
the energy curve of saturation, the line join- 
ing the saturation points. The curves afterwards 
become more and more parallel and horizontal as 
the vapours approach the ideal gas condition, for 
which the total heat content would be constant. 
Tracing these same curves backward from the 
gaseous state, we may say, with Professor Dieterici, 
that the energy isothermals become more and 
more curved as they approach saturation, indi- 
cating that the condensation is slowly increasing 
as the vapour os grows. We can further— 
and this is particularly interesting—draw conclu- 
sions as to the variation of the specific heat of 
superheated steam at constant volume c,. To 
calculate this c, volume, we need only to divide the 
energy differences between the energy isothermals 
for constant volume by the temperature differ- 
eice. When we do this for large volumes—say v 
greater than 6} cubic feet per pound—we see at 
oace, in Fig. 1, that c, is constant, and independent 
of v, deepen respective isothermals are parallel to 
01¢ another. With smaller volumes the value of 
, grows ; the lower of any two isothermals is then, 
‘or any particular volume, nearer its saturation point 
than the upper isothermal. When we determine 
the energy differences between any two consecu- 
tive temperatures we further see that c, decreases 
for any particular volume with rising temperature. 








5 
of Steam 





The specific heat at constant volume ec, is hence 
a volume -temperature function such that it is a 
maximum at saturation, and decreases with in- 
creasing volume when the temperature is kept 
constant, and with rising temperature when the 
volume is kept constant. 

The variation of the specific heat c, of super- 
heated steam at constant pressure is technically 
more important. To calculate c, we have to 
determine the energy differences for. two points at 
equal pressures; to the value thus obtained we have 
to add the external work expended in expansion. 
For as the temperature rises we find, from the isobars 
in Fig. 1, that equal pressures correspond to greater 
volumes. In order to calculate c,, we have therefore 
to add to c, the external work, and the energy 
excess of the upper isothermal for the respective 
increase in volume. When we choose v sufficiently 
large to be within the reach of the horizontal’ iso- 
thermals, the latter term will be negligible. But 
when we are on the diverging isothermals—follow- 
ing the curves from right to left on the diagram 
—the energy change along the upper isothermal 
—_ be allowed for in addition to the external 
work. 

The resulting values for c, and c, of superheated 
steam at which Professor Dieterici arrives ; are 
tabulated in Tables If. and IIT. 


6 7 
Gab. Fe. 


TaBie II.—ev. 








vin Cubic t in Deg. Cent. 


Centi- 
metres. 





160 to 180.'180 to 200, 200 to 220. 220 to 240. 240 to 260. 











812 0.79 0.45 0.45 0.42 0.39 
196 a 0.71 0.46 0.43 0.38 
123 *% 0.68 0.44 0.36 
86 ne 0.67 0.40 
60 “a 0.46 
Tasie ITI.—ey, 
p in Milli- 


metres of 160 to 180. 180 to 200. 200 to 220. 220 to 240.240 to 260. 
Mercury. | 








4,596 0.94 0.59 0.59 0.59 0 52 
7,435 0.96 0.60 0.59 0 53 
11,550 os C.9t 0.62 0.54 
17,315 : 0.95 0.54 
25,150 ee 0.95 


On the whole, we see that the values of c, de- 
crease, as do the values of c ,, from maximum values 
at saturation with higher temperstures, and this 
general relation is of more importance and more 
reliable, as Professor Dieterici himself emphasises, 
than his actual figures, which represent essentially 
the small differences between two numerically 
large terms. The specific heats stated may not be 
exact within more than 5 or 10 per cent. But 
Professor Dieterici’s experiments are in fair agree- 
ment with the determinations of the specific 
heat of steam at constant pressure by H. Lorenz, 


value for the c, of superheated -steam than to 
adhere to Regnault’s value—0.48—which is correct 
only for low pressures and high degrees of super- 
heating, but must be regarded as too small in all 
other cases. 

(To be continued.) 








METRE-GAUGE ROYAL TRAIN FOR 
INDIA. 
(Concluded from page 307.) 

Tue chief feature in the construction of the 
coaches was the six-wheel bogies, to which, as we 
have before stated, so much of the steady running 
of the cars was due. One of these bogies is shown 
in Figs. 26 to 34 on Plate XXIIL., the first five 
views showing it as connected to the framework of 
the a ; Figs. 31 to 34 are enlarged views show- 
ing the various parts in detail. In this bogie ,*; in. 
clearance was allowed over the ‘ yr ey eth 
which were rollers, as shown in ‘Fig. 34. The 
springs were compensated throughout, and the 
bogies were fitted with every device known which 
would render the coach smooth running. 

These were the first six-wheel bogies made for the 
metre gauge. Their general construction is clearly 
shown in Figs. 31 to 34; the first of these being 
a longitudinal vertical section, the second a half 
plan, while Figs. 33 and 34 are cross-sections on 
the lines shown. An important feature of the 
design is the Timmis patent ie lead, shown 
in Figs. 44, 45, and 46, on Plate XXIII. Indeed, 
so satisfactory has the use of this device proved 
that the railway company have decided to fit it to 
all new stock. Though the drawings show a 
clearance between the roller and the quadrant, as 
a matter of fact this was not actually carried out, 
and they were fitted in place just intouch. The 
centre pivot of the bogie and the method of fitting 
are shown in detail in Figs. 35 to 43. 

The construction of the framework carrying the 
body of the coach may be seen in Figs. 26 to 30. 
There is, however, nothing about it requiring 
special notice. Figs. 60 to 65, page 336, show the 
connections between the body and underframe. 

As a fire precaution and in order to reduce noise, 
the floors were lined with asbestos, as were also the 
sides up to the waist. There were three linings of 
floor- boards, with a s' between each two, which 
was packed with sawdust. The floors were covered 
with thick felt, and below each of the Persian 

ts a thick cotton-pile t was placed. The 

i between the windows each three runs, 

or accommodating wire-gauze, venetian, and glass 

frames, the total number of frames being 134. The 
arrangement may be seen in Figs. 3 and 4 on the 
two-page plate published with our last issue. 

Interlaced through the length of each coach, and 
bound to the pillars, were steel bracings 4 in. by 
;5; in., which were welded together. These formed 
the side of the body into a very substantial compo- 
site girder. Diagonal bracings were also worked 
into the transverse partitions. 

The roofs were made in large panels of Alham- 
brine, the centres for lights, fans, and borderings 
being picked out in art colours. The panels were 
made in England to drawings supplied from Ajmer, 
and although some of them were 11 ft. long, they 
fitted perfectly into their places. Over these 
panels a coating of uralite was placed, and above 
this, again, there was a ‘‘ free” air-space, covered 
with teak boarding and roof canvas. The cold-air 
channel was fed through ‘‘Khus Khus” ‘ tattie ” 
fitted in the wind-shoot above the platform. The 
range of temperature through which the train 
ae during the tour was from 130 deg. to 

9 deg. Fahr., and heating was done electrically. 
Stoves, foot-warmers, bed-warmers, &c., while for 
emergencies an electric hot-plate, kettle, and cas- 
serole were installed. There were also refrigerators 
and wine-chests, which were provided in order that 
tea and other refreshments could be prepared in 
the Royal cars whenever desired. 
‘In the construction very free use was made of 
cast steel, this material entering largely into the 
pauiens the chief details being the transverse 
bolsters, through which were ed the four 
main members, soles, and longitudinals. These 
may be seen in Figs. 31 to 34 and Figs. 44 to 59 
on Plate XXIII. The steel foundry at Ajmer 
employs the Tropenas process of steel manufac- 
ture, and produces excellent castings. The bolsters 
were made of ductile steel, the compensa- 
tion-levers of nickel steel, and the bearings of 








and he considers it safer to take 0,6 as an average 
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chrome steel. Special buffers with wide faces were 
cast and finished by forging the shanks. The steel 
had a tensile strength of 33 tons per square inch, 
with an elongation of 32 per cent. in a length of 
10 in. The test-pieces were bent double on them- 
selves without showing any cracks. 

The verandah gates at the ends of the cars, 
together with the pillars and railings, require 
special notice. They are shown very clearly in 
Fig. 19, page 304, of our issue of last week, as well 
as in Fig. 3 of our two-page plate of the same issue. 
They are of beautiful design, and were made in 
Ajmer, and, although the castings were very in- 
tricate and delicate, not one ‘‘ waster” was pro- 
duced. Every effort was made to obtain them 
from England, but without success, and they were 
finally made, as before stated, in Ajmer, and the 
work was completed at one-tenth of the estimated 
English cost. The verandah gates on the staff-car 
may be seen in Fig. 66, page 337. They are there, 
of course, only drawn to a small scale, but the 
general appearance may be gathered. They were of 
wrought iron, and were made by Messrs. Bayliss, 
Jones, and Bayliss, of Wolverhampton, to whom 
great credit was due for their expeditious comple- 
tion. 

The design and arrangement of the staff-car is 
very clearly shown by the longitudinal and trans- 
verse sections, and plan, given in Figs. 66 to 69 
on the opposite page. This car, however, requires 
no very special description. The dining - car is 
shown in longitudinal section and in sectional plan 
in Figs. 11 and 12 of our two-page plate published 
last week, while Figs. 13 and 14 are transverse 
sections of the same car. It will be noticed that 
this car is very well arranged. Both it and the 
staff-car were carried on four-wheel bogies. 

The electrical equipment was very complete, and 
rovided for the train being split up into halves 
which was actually necessary), so that there could 

be two alternative systems, each complete in itself. 
This was done so that the supply of electricity 
would be available for the lights, the fans, and for 
heating during the long halts. It was found that 
during these halts the demand for current reached 
the maximum. The actual provision made was as 
follows :— 

land 2. Two Vicarino - Crawford axle - driven 
1100-watt dynamos, working at 110 volts, and 
placed on the front and rear brake-vans. 

3 and 4. Two complete sets of batteries. 

5 and 6. Two 1000-watt dynamos, working at 
110 volts, and driven by light high-speed kerosene 
motors. It was found that these were very useful 
during halts, and also for charging the batteries 
used during the halts. 

7. In addition to the plants above enumerated, an 
independent 16-volt battery circuit was provided 
in each Royal saloon, to supply light, if it should 
be necessary to disconnect the mains. 

Having alluded to the chief features of the train, 
we may now describe the manner in which the 
work was carried out ; but before actually doing 
this, it may be said that the bon accord shown by 
the whole of the staff, from the highest to the 
lowest, was admirable, everybody working with 
one object in view, so that things were carried 
out with perfect comfort and smoothness. The 
work was initiated by the Viceroy (Lord Curzon) 
himself, who personslly examined the designs, 
and called Mr. Houlderoft to Simla for the pur- 
pose. The Railway Board, then in the throes 
of inaugurating a new department, gave this 
their personal attention, and issued orders at once 
through the agent, — freedom of action and 
responsibility directly on the man in charge. The 
Home Board also passed special orders,-and the 
Bombay Government agreed. The agent pushed 
through the indents, red tape was abolished, and 
as a consequence the work was completed in time. 

As regards the men engaged, Mr. Houldcroft 
himself says that they were splendid, and could 
not have been beaten either in skill individually, 
or in combined efforts. They took up the work 
with admirable spirit, and wrought most willingly 
for three months from 6 a.m. to midnight each day, 
in the severe heat of one of the worst hot seasons 
ever known, lengthened by the failure of the rains; 
and they may be said to have been a fine example of 
real practical loyalty. Some of the cleverest wood- 
workers in India are at Ajmer, and some of these 
prepared designs and samples of their work, and 
implored permission to show their skill in the 
carved work. One especially fine panel was ap- 

proved, and with but little alteration, placed in the 
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quietude of the waters would have driven to sea| work keeping open the Caribbean end of the | I was shown the blue-prints of about 480 borings 
again. French excavation, and three dredgers are busy at | taken in 200-ft. squares over the entire area, and 


The dry season lasts from November till April. 
The average temperature for the twenty-four hours 
in January is 74 deg., and in July 76 deg. The 
daytime temperature during our stay averaged about 
85 deg. Dr. Amador, the President of the Repub- 
lic, informed me that for two days just before we 
came the natives had been positively suffering from 
the cold, at a temperature of 70 deg. Of course, 
the excivation on the canal progresses much more 
rapidly during the dry season. With the French 
dump-cars, in the wet season, the clay sticks to the 
car, and has to be shovelled out by hand ; whereas 
with the new vestibuled extension flat cars the 
Americans are introducing, the Lidgerwood un- 
loaders, by means of a cable winding on a drum, 
haul a plough from end to end of the dirt-train and 
scrape it clean in short order. The latest figures 
(for the month of January, 1907) give the total 
excavation for the month as over 500,000 cubic 
yards. Since the excavation for the year ending 
June 30, 1906, was only 1,500,000 cubic yards, 
the January figures represent a most encouraging 
acceleration of the rate of progress. In Novem- 
ber, 1906, about 108,000,000 cubic yards remained to 
be taken out on the 85-ft. level plan. The amount 
remaining to be excavated at Culebra (mile 32.80 
to mile 37.50, 200 ft. wide) was then estimated at 
39,000,000 cubic yards. In the heart of the last rainy 
season, in August 242,000 cubic yards, in Sep- 
tember 291,000 cubic yards, in October 325,000 
cubic yards were taken out. It must always 
be borne in mind that with the Isthmian Canal 
Commission the paramount consideration at pre- 
sent is not the cubic yardage record, but the 
problem of housing and feeding 30,000 employés, 
some 6000 of whom are white and unacclimatised. 
If the entire efforts of the working force were 
devoted to ‘‘making the dirt fly,” the figures of 
actual excavation would be impressive. What 
the Americans have done at Panama since, in May, 
1904, Major Black, on behalf of the Commission, 
took over the work from the (New) Panama Canal 
Company, is not adequately represented in the tabu- 
lated statistics of the annual reports of the chief 
engineer. The figures tell a great deal, but not the 
whole of the story. 

At Cristobal, the suburb of Colon, where the 
new I. C. C. houses, are built, on the promontory 
where the two de Lesseps’ mansions stand, is the 
virtual entrance to the French canal excavation of 
11 miles. A tug can go a mile or so of the distance; 
a launch, when the Chagres is in flood, can go half 
way across the Isthmus; a cayucca (native canoe), 
rounding the elbow of the Chagres at the latter point, 
can ascend the river 15 miles further to Alhajuela. 
Here at Cristobal are the new terminal yards of the 
Panama Railroad, about a mile from the former 
location in Colon (the steamship docks and the rail- 
way station remain at the old site). Mr. W. G. 
Reird, the general manager of the railroad, pointed 
out the huge iron-roofed pier (No. 11), where the 
reception to the President took place, and which 
has been extended 400 ft. since last spring. We were 
conducted through a bakery which has a capacity of 
24,000 loaves per ten-hour day ; a ae Coen, 
10,000 pieces a week) and a cold-storage plant, in part 
designed by Swift and Armour experts, are in process 
of construction. Near the point where the Folk 
River enters the old French channel, about a 
quarter of a mile from Pier 11, no fewer than 88 of 
the French dredgers and clapets lie wholly or 
partially submerged. The shore is encumbered with 
sections of pipe, which the French company 
intended to fill with concrete to form a sea wall. 
Some twenty-five shiploads of beautifully machined 
and tooled castings, for the rejected Eiffel locks at 
Bohio, are dumped about in the vicinity. The 
French dry-dock slip is being enl to a width 
of 310 ft., and six lighters are building. We saw 
a Norwegian vessel (the Tropic) unloading a cargo 
of 5000 tons (some 5) ee of rails and fastenings 
from the American Stcel Company. A huge 
cantilever crane and a coal-unloader (still under 
adjustment) have been installed. The Commis- 
sion uses 700 tons of coal daily, for all purposes, 
and some form of mechanical unloader, to supplant 
the manual labour of black men and women with 
their baskets, has become imperatively necessary. 
Supplementary to the unloaders, it is planned to 
instal a system of scrapers, similar, perhaps, to 
those employed by Cox Brothers, the anthracite 
coal-o ors of Pennsylvania. 

At present two of the French dredgers are at 





La Boca, the Pacific terminal. No American 
dredgers as yet are in commission. Two years 
ago the site of the car-shops (accommodating 110 
cars) and the terminal yard at Cristobal was a 
morass, filled with rotting hulks and rusty exca- 
vators and bucket dredgers, all of them transmit- 
tenda of the De Lesseps Company. It was 
necessary to fill in the site to 4 ft. above sea- 
level. Most of Colon is on a spongy island— 
Manzanillo Island, whose height above sea-level is 
to be measured in inches rather than feet; and to 
drain off this supersaturated soil and provide Colon 
with sewers and hydrants and brick pivements has 
been an Augean undertaking. But all this has 
been done; and an ample supply of water is fur- 
nished to the city by piping from the 520,000,000- 

lion reservoir back of Mount Hope (Monkey 

ill), just outside the city limits. An 80-ft. road- 
way is building across the marshes between Mount 
Hope and the railway yards, to relieve the conges- 
tion of short-haul tratlic. 

Among other interesting features of the Cristobal 
terminal are the machine-shops, with equipment 
valued at 91,000 dols. ; a 20-stall round-house ; a 
(Browning Engineering Company, Cleveland, No. 3) 
crane, with a capacity of 40,000 lb. at 10 ft. radius ; 
a 75-ton Bucyrus wrecking-crane ; a coal-dock of 
the Great Northern (Hill) type, with 20 per cent. 
incline to pockets; and last, but by no means 
least, a very interesting track-throwing device, 
recently inventel by Mr. Beird for shifting tracks 
on dumps, consisting of a swinging boom mounted 
on a flat car and hauled over by a side-arm, which 
will throw 200 ft. of track 3 ft. 4 in. in 29 minutes 
with seventeen operations. 

The general stores at Mount Hope, under the 
efficient management of Mr. W. J. Tubby, systema- 
tise the distribution of tools and material to all 
parts of the zone. Everything is classified and 

igeon-holed, so that it can be got at and sent where 
it is wanted with the least possible delay. Quanti- 
ties of the French hardware—augers and chisels, 
compasses and indicators, cog-wheels, vices, planes 
and picks—have been collected and brought here 
from the jungle, sorted out, and placed in labelled 
compartments ; 100 car-loads of French bar-iron 
were dumped down in the yards before the building 
(580 ft. by 160 = was completed. Most of the 
old French material is so far gone as to be no longer 
available. Chains, wire cables, and rivets are not 
to be trusted, and the boiler-flues are eaten away 
with rust. At the Gorgona machine-shops, how- 
ever, a few of the little Belgian locomotives—in one 
place I saw a group of sixty of them abandoned to 
the jungle—have been put in commission for light 
work around the dumps. They cannot handle the 
heavy American dump-cars, but with the little 
French cars—which are like children’s toy-wagons 
by comparison—they are serviceable. 

At Gatun, three miles beyond, we went care- 
fully over the lock and dam‘site with the engineers 
in charge of the work. From a hill above the 
railway station we had an excellent view of the 
entire field of operations. The huge dam (to con- 
tain 22,000,000 cubic yards of earth—perhaps 
30,000,000 tons) will extend across the valley from 
hill to hill, witha length of 7900 ft., a bottom width 
of 3100 ft., and a width on the crest (at the 135-ft 
level) of above 370 ft. The dam will entirely obli- 
terate the site of the cluster of shacks comprising 
the native village of Gatun. Nothing has been done 
towards the actual construction of thedam as yet, but 
abundant borings have been taken, and from the 
assembled data it is clear that no fear can reasonably 
be entertained as to the stability of an earth dam 
built by hydraulic methods on the impervious soil 
of the valley-floor at this point. Chief Engineer 
Stevens’s own testimony as to the lock site, bearing 
date of January 22, 1907, is as follows :— 

‘There have been bored on the site of the 
locks at Gatun 127 holes, these borings covering 
an area of 1200 ft. by 1200 ft. They show con- 
clusively, in my opinion, that it is possible to 
build three duplicate locks on this area, having 
usable dimensions 100. ft. wide by 1000 ft. long, 
with foundations for lock-walls at all points sup- 
ported on firm and suitable soft rock. The results 
of our continued explorations only confirm my 
previous judgment that we have ample, sufficient, 
and perfectly safe foundations at all lock sites, and 
were I personally paying for the canal I would have 
no hesitancy in recommending, in strongest terms, 
the construction of locks on the sites selected.” 





examined the indurated clay on the site of the 
locks. It is not quite so hard as slate, being more 
nearly of the consistency of sandstone, and breaks 
readily in the fingers. This indurated clay is to be 
the foundation for the locks, and will furnish a 
small proportion of the material for the great earth 
dam. The locks themselves are to be of reinforced 
concrete. They have begun to excavate for the 
locks with two 70 ton shovels, and it is hoped to 
proceed in abouta year to the masonry work. The 
official estimate of quantities for the locks alone 
is as follows :— 


Excavation . 3,660,000 cub. yds. 
Back fill ... 660,000 is 
Concrete ... im 1,302,780 ee 
Cut stone ea -— ibe 5,700 e 
Brick + , a 
Timber ... 130,000 ft. bs M, 
Cast iron... 1,830,000 1b. 
Steel gates 29,230,000 ,, 


This estimate is for a flight of three locks (in 
duplicate) of 284 ft. ordinary lift each, having a 
length of 900 ft. and a width of 95 ft. The locks and 
approaches will all ke comprehended within a 
length of about 5000 ft. 

There are sixty-three steam-shovels now at work 
upon the Isthmus, of the 40, 70, and 95-ton types. 
These shovels all come from a single concern in 
South Milwaukee, Wisconsin. The 95-ton shovels 
are the most powerful excavating tools in existence. 
I climbed up on the crane of No. 229 in the rock- 
cutting at Bas Obispo (where the Culebra division 
begins), to watch its performance. The rock here 
is basaltic trap-rock, of the kind that is used to 
macadamise roads and ballast railways—a much 
more serious proposition for the excavator than the 
indurated clay of the lock site at Gatun. It 
requires to be thoroughly ‘‘shot” (blasted) before 
the steel teeth on the lip of the five-yard bucket 
are able to make an incision. It reminds one of 
elephants piling teak to see one of these shovels load 
a spoil-train, carefully distributing and adjusting 
the huge mouthfuls of rock, so as not to overbalance 
the Western dump-cars. The shovel engineer and 
the craneman are the best paid of the mechanical 
employés of the Commission, the former receiving 
210 dols. and the latter 185 dols. monthly wages. 
At the heatt of the Continental Divide at Culebra 
the digging is almost entirely in the basaltic trap- 
rock. In a vertical direction the Americans have 
not excavated beyond the lowest point reached by 
the French, leaving from £0 ft. to 130 ft. to go to 
reach the bottom of a canal with its surface at the 
85-ft. level, and adepth of 45ft. A view of the cut 
is givenin Fig. 2, page 340. Gold Hill, on the left 
as one faces Panama, is 660 ft. above sea-level ; the 
hill to the right is 450 ft., and the saddle between, 
when the French began to dig, was at 325 ft. In 
the middle of the cut, very near the crest of the 
watershed, the vertical distance remaining to be 
excavated to the bottom of the canal is 110 ft. to 
120 ft. The time it will take to build the canal de- 
pends upon the rate of excavation at Culebra, and 
the —- interval before the great dam at Gatun 
is finished. In the entire length of the Culebra 
cut, from Bas Obispo to Pedro Miguel (Fig. 1, 
page 340), about thirty shovels are at present in 
commission. We saw perhaps a dozen of these (70- 
ton and 95-ton) distributed along the various levels 
at Gold Hill loading the dirt-trains. It takes about 
a minute and a quarter for a 70-ton shovel, with a 
3-yard bucket, to fill a Western dump-car (seven 
bucket loads). Each shovel has from three to five 
trains of ten cars each to serve it. Half-an-hour 
is the average time it takes to load a train when 
there is no particular hurry. 

The foreman who attempts to hustle the negro 
labourer from Jamaica is doomed to disappointment 
as grievous as that of Kipling’s new arrival, who 
‘tried to hustle the East.” The Jamaican is prone 
to stand upon his dignity as ‘‘a British object, 
suh,” and is more sensitive to an epithet or an oath 
than to kicks and blows. They have, however, 
been treated with humanity and consideration. At 
two or three times the wages they get on Govern- 
ment work in the West Indies, they labour for a 
few months of the year, and lead a dolce far niente 
|existence in a palm-leaf shack in the forest for 
the rest of the time, in a land which, ‘‘ tickled 
with a hoe, laughs in a harvest.” The net re- 
sults of their efforts, in so far as actual excava- 
|tion is concerned, has been so unsatisfactory thet 
jit was determined by the President and the 
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Commission to try several thousand Chinese 
labourers. The leaders of organised labour in the 
United States, abetted by the ‘‘ yellow ” journals 
took, however, such a determined stand in opposi- 
tion to the plan that it was decided not to try the 


experiment ; and at present the principal depend- | 
ence is placed upon a most encouraging influx (at | 


the rate of about 1000 per month) of Gallegos 
Spaniards from the north of the Iberian Peninsula, 
together with natives of Southern France and a few 
Italians. Mr. Jazkson Smith, the Superintendent 
of Labour and Quarters, has an agent in Spain who 
promotes this immigration. 

The spoil from the excavation of the Culebra Cut 
is costing at present from 72 to 93 cents per cubic 
yard for final disposition. While John F. Wallace 
was chief engineer, and all other considerations 
were subordinated to the desire to establish a 
yardage record ‘‘for to admire and for to see,” 
they got as low as 46.8 per yard in January, 1905, 
for 70,650 cubic yards. The average yardage cost 
for the eight months ending December 31, 1904, 
was 54.7 cents, itemised as follows :—Installation 
of plant, 1.5 cents; mining, 11.2 cents; loading 
material, 11 cents; transportation to dumps, 11.5 
cents; dumps, 4.5 cents; maintenance of track, 
8.4 cents; general expense, 6.6 cents. .The total 
number of cubic yards excavated during this period 
(entirely in the wet season) was 243,472. In 
February, 1905, under Chief Engineer John F. 
Stevens, 168,410 cubic yards were excavated at 


61.8 cents. For the year ending June 30, 1905,/d 


742,000 cubic yards were excavated at a cost of 
58.6 cents per cubic yard; for the year ending 
June 30, 1906, the cost was 79.5 cents for 1,500,000 
cubic yards. 

‘*There are several reasons for the increase in 
cost,” says Engineer Stevens by way of explana- 
tion, ‘tone being that during the previous year, 
during the months of the dry season, there were 
only 7.8 in. of rainfall, and during that time 60 per 
cent. of the output for the year was taken out. 
During the same months of the past year there 
were 18.4 in. of rainfall, and only 54 per cent. of 
the total output was taken out during that time. 
Another important consideration is the fact that 
during the past year nearly 49 per cent. of the 
material was actually mined—that is, drilled and 
blasted—while during the previous year a little less 
than 13 per cent. of the material excavated required 
drilling and blasting ; in other words, soft material 
was moved during the preceding year, and hard, or 
above the average hardness, during the past year. 
Another item of added expense is that during this 
year we have only worked eight hours’per day, 
while during the entire previous year ten hours 
were worked per day; and while the hours per day 
have been decreased, the wages have been increased 
from 25 to 50 per cent.” The figures for October, 
1906, give 76 cents for the yardage cost, and as the 
rainy season ends in November-December, the cost 
at present may be presumed t» be materially less. 

About 32,000,000 dols. of the 40,000,000 dols. 
appropriated (out of an entire proposed expendi- 
ture of 140,000,000 dols.) has thus far been spent 
on the canal and accessory works and plant. Nine 
million dollars have been spent on the excavation, 
and the rest has gone for labourers’ quarters 
and tools, drains and sewers, pavements, hos- 
pitals, and sanitary work. The most responsible 
bidders for the construction of the canal by con- 
tract—namely, the MacArthur-Gillespie Associa- 
tion (including the Atlantic, Gulf, and Pacific 
Company, and the J. G. White Company), have 
set a price of 124 per cent. on the cost, which, 
calculated on the remaining 100,000,000 dols. of 
the original estimate, would be 12,500,000 dols.—a 
reasonable price. The 6.75 per cent. bid of Messrs. 
Bangs and Oliver is too low, and the previous 
record of Mr. Bangs in contracting for Govern- 
ment work is sta in some quarters to be un- 
satisfactory. Certain American engineers are of 
the opinion that the cost of the canal will greatly 
exceed the official estimate. Bearing on this point 
I have just received a most interesting letter from 
& man who for years directed important depart- 
ments of work upon the Isthmus. He begins by 
quoting the remark of another prominent Isthmian 
engineer :—‘‘ There has grown up in Panama circles 
somewhat of a tendency to monopolise patriotism, 
and identify it with official designs, means, methods, 
and management. Dissent or a different view- 
point is too often hailed with cries of ‘ Enemies of 
the canal.’” He then goes on to say :—‘‘Itis very 


evident that the cost of the canal work thus far has 


| 
| 





been excessive for what has been done. Even for 
the best results —i.e., the sanitation — Colonel 
Gorgas has an awful bill. There is no escaping 
the fact that unless there is some radical better- 
ment, the canal must cost on the showing thus 
far two or three times the appropriation. 
Results are what count, not the accessory comfort 
or sinitation, or other ‘show features.’ . The 
present monthly output of 289,000 cubic yards 
means that they are doing but one-third or one- 
fourth of what is usually done by the number 
of shovels—that is, twenty shovels do the usual 
work of but five or six. At this rate it will take 
the United States 200 years to build the canal, and 
even to attain the French rate, on reliable en- 
gineering estimates, they must double the present 
force, and have about 60,000 men. To finish in 
nine years more means that they must take out 
13,846,000 cubic yards per year.” 

In view of these statements, the January, 1907, 
figures of half a million cubic yards, giving a rate 
of 6 million yards a year, are most encouraging, 
particularly in view of the fact that, as the chief 
engineer says : ‘‘ No special effort has been made 
to get out yardage.” The drastic nature of the 
sanitary measures taken by Dr. Gorgas and Dr. 
Carter, and their associates, is apparent in the 
virtual extirpation of yellow fever from the zone, 
and in the fact that during three months of the 
rainy season of 1906, in a population of 6000 
Americans, there was not a single death from 

isease. In New York City the corresponding death- 
rate would have been 30 per 1000. > six days, at 
the end of December, 1906, I saw but one mosquito 
—and that of the harmless, or culex, variety— 
though I was really desirous to find specimens of 
the microbe-peddling anopheles and stegomyia. 





THE COMMERCIAL MOTOR-VEHICLE 
AND MOTOR-BOAT EXHIBITION. 

On Thursday, the 7th inst., the first Exhibition 
of Commercial Motor Vehicles and Motor-Boats, 
promoted by the Society of Motor Manufacturers 
and Traders, was opened at Olympia. A couple of 
yeers ago it would have a a very doubtful 
venture to devote the whole of the large area under 
the Olympia roof to commercial vehicles alone, for 
the boats are relegated to the annexe ; but the 
crowded state of last year’s Exhibition warranted 
the hope that the space would be fairly well occu- 
pied by makers and dealers in mechanically-propelled 
omnibuses, lorries, parcel- vans, and other motor 
vehicles intended for money-earning purposes. The 
hope has been fairly well fulfilled, for there are 
only one or two empty spaces, although some of 
the stands are by no means crowded with exhibits ; 
indeed, one firm, with a praiseworthy eye to the 
picturesque, has laid out a considerable area of 
—_ as a flower-garden, with brightly blooming 
plants in pots. The motor-boat section is also well 
filled, but it has been so cold and draughty as to 
make one’s thoughts turn rather more sympatheti- 
cally to a Christmas fire-side than to so essentially 
a summer pastime as motor-boating ; for the com- 
mercial test is not enforced in this department. 

If it can be said that the stands are not as 
crowded as at the pleasure-car shows, still more so 
does this apply to the alleys and corridors; but 
what. the visitor element has lacked in quantity 
has, perhaps, been compensated for in quality. The 
frivolous crowd that attends from fashion has been 
absent ; those that have come have been chiefly 
intent on business. This is a distinct advantage 
for the exhibitor, who looks on an _ exhibition 
chiefly as a market. His time is not occupied in 
explaining mechanism to persons quite a 
of understanding it, and who have not the slightest 
intention, or even capability, of becoming a pur- 
chaser. It must be remembered, however, that 
the visitor who pays for admission is quite justified 
in asking all the questions he can get answered. 

There are, according to the catalogue, seventy 
exhibitors in the commercial vehicle section, and 
thirty-eight in the motor-boat section. There are 
six exhibitors of machine-tools, and a large number 
who show tyres, wheels, accessories, and com- 

nents, the majority of them being in the gal- 
eries. Altogether there are 229 different ex- 
hibitors mentioned in the catalogue. Of the 
different types of vehicle exhibited, those driven by 
the usual petrol-motor are by far the majority, 
especially among the omnibuses and lighter wagons. 


There are several heavy steam-wagons, and also | 





son omnibus is absent, but the Darracq-Serpollet 
system is well represented. There are also repre- 
sentatives of the petrol-engine vehicle combined 
with electric drive; a system now exciting a 
good deal of interest on account of the promise it 


. | gives of easy manipulation on the road, and quiet- 


ness ofrunning. We will open our account of such 
separate exhibits as we are able to notice with an 
account of a vehicle of the latter description. 

The British Thomson-Houston Company, Limited, 
of Rugby, are showing a petrol-electric equipment 
fitted to the chassis of a Wolseley motor-omnibus, 
This chassis is illustrated by Fig. 1, page 341. A 
small continuous-current generator rated at 15 kilo- 
watts, and giving 130 to 65 volts at 850 revolutions 
per minute, is coupled to the crank-shaft of a 30 to 
40-horse-power petrol-engine mounted in the usual 
position. The dynamo (Fig. 2) is wound so as to give 
automatic regulation, maintaining a constant load 
at constant engine speed, the voltage decreasing 
as the demand for current increases. No moving 
contacts are used for this purpose. The current is 
transmitted through a simple controller to a pair of 
series-wound motors (Fig. 3) of 74 kilowatts apiece, 
each driving a road-wheel independently by means 
of double-helical and chain-reduction gear. This 
arrangement entirely obviates the use of clutch, 
differential, and change-speed gear, the three things 
which give most trouble on a motor-omnibus. . The 
system of speed-control is very simple. At the 
driver's right hand is mounted the ‘‘ operating- 
box,” shown in Fig. 4, which is coupled by a chain 
to the controller. The latter, which carries rotat- 
ing contacts like a miniature tramway controller, 
provides the following connections :—(a) First speed 
forward (motors in series) ; (b) second speed forward 
(motors in parallel) ; (c) ‘‘ off” position ; (d) reverse 
(motors in series). The operating-box (Fig. 4) con- 
tains a small resistance and control-switch in circuit 
with the generator field. A pedal acts on both the 
engine governor and the generator field resistance, 
in such a way that, when fully depressed, the engine 
is throttled to 400 revolutions per minute, and the 
main volts are reduced practically to zero. The omni- 
bus therefore comes to a standstill. On partiall 
releasing the pedal, the field is strengthened until 
sufficient current flows to start the vehicle, which 
moves slowly, the engine being governed to 400 
revolutions per minute. Entire release of the 
pedal holds up the governor and allows the engine 
to run at 850 revolutions per minute, with a conse- 
quent increase in the speed of the omnibus. It 
should be noted that no resistances are used in the 
main circuit, and the field resistance is quite small, 
never absorbing more than } per cent, of the 
engine power. Previous to the Show we had an 
opportunity of riding in the omnibus for a consider- 
ile dishenee in London traffic, and its behaviour in 
every respect was admirable, starting, accelerating, 
and stopping without the faintest jerk. We illus- 
trate in Fig. 5, page 340, curves showing the 
smoothness of its start as compared with that of a 
gear-driven omnibus, although the difference to 
the passenger appears even more pronounced than 
the diagrams indicate. It is impossible for the 
driver to start the omnibus otherwise than easily 
and sweetly, as the manner of starting is taken out 
of his hands altogether. 

Messrs. Greenwood and Batley, Limited, of 
Leeds, have also on view a petrol-electric chassis, 
somewhat similar in principle to the one described 
above, though differing considerably in details of 
arrangement. The engine has four cylinders, with 
bore and stroke respectively of 125 and 140 milli- 
metres, and develops 35 to 40 horse-power. It is 
flexibly coupled to a 20-kilowatt c.c. dynamo. The 
two series-wound motors are placed longitudinally 
between the frames, and drive two ends of the live 
axle by means of universal shafts and worm-gears. 
The motor-fields are both combined in a single 
casting, which is carried in trunnions, so that it 
can accommodate itself to the vertical motion of 
the rear axle. The shafts are enclosed in easily- 
detachable sheet-iron casings, and the gearing is 
well housed ; though it appeared as if a little more 
might have been done to exclude dust and dirt from 
the dynamo and motor armatures. Between the 
motor-shafts is a stout tubular radius rod, trans- 
mitting the thrust from the centre of the back axle- 
casing to the motor-field casting. The worm ratio 
is 12 to 1; the worms are of hardened nickel steel, 
running in oil below the manganese-bronze worm- 
wheels, and ball running and thrust-bearings are 
fitted. The gears were cut by Messrs. Greenwood 


one or two examples of lighter chassis ; the Clark-|and Batley, and allow the chassis to be pushed 
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forward by a couple of men, the wheels, of course, 
meanwhile driving the worms. The controller 
gives four forward s s and a reverse, the two 
first speeds being with the motors in series, and the 
higher ones with the motors in parallel. Clutches 
and differential gear are, of course, absent. The 
method of attachment of the springs to the rear 
axle is not quite usual. The buckle round the 
centre of the spring has a turned boss beneath, 
which registers with a hole in the axle, and the 


four bolts which hold down the spring are much / 


longer than usual, and have each a stiff helical 
spring beneath the nut and washer. It is claimed 
that this method gives ample security, and prevents 
the fastening becoming stretched loose by the play 
of the spring-leaves. The road-wheels are formed 
of steel castings, with ten ]{-section arms, and 
wood felloes are inserted between the castings and 
the outer rims. 

Yet a third petrol-electric system was shown by 
Messrs. W. A. Stevens, Limited, of Maidstone, 
Kent. It was mounted in a temporary frame and 
not fixed in a chassis. Thedynamo armature has a 
double winding and two commutators, giving a 
voltage varying inversely with the current, so that 
the power demanded from the engine is constant. 
There is only one motor, which drives a live axle 
by means of a universal shaft and differential in 
the usual way. An ingenious interlocking system 
prevents ‘the windings being changed from series 
to parallel, or vice versd, until the voltage is re- 
duced to zero, so that all sparking at the controller 
is avoided. 

Messrs. J. and E. Hall, Limited, of Dartford 
Iron Works, afford another of the numerous 
examples of an old-established engineering firm 
entering the automobile industry. At their works 
at Dartford they have erected a new factory, which 
is well equipped with special tools purposely for 
automobile work; chiefly, if not exclusively, 
we believe, for the heavier type of vehicle. They 
exhibit on their stand near the east entrance two 
30 to 35 horse-power ‘ Hallford” omnibus or 
3-ton lorry chassis, one being driven by an electric 
motor, to show the operation of an air-brake which 
is titted. The chassis and brake are constructed 
under the patents of Mr. Adolph Saurer, of 
Arbon, Switzerland. It is obvious that, apart from 
the mechanical friction set up when the engine is 
being driven by the car, as in descending a hill, it 
has comparatively little braking effect, the reason 
being that the work done on the compression 
stroke is returned again to the crank-shaft on the 
succeeding stroke. By Mr. Saurer’s device, illus- 
trated diagrammatically in Fig. 6, this return of 
power by the expanding air can be prevented, and 
the engine forced to act as an air-compressor, 
delivering compressed air to the exhaust. It will 
be seen from the illustration, which is very much 
out of scale, that a spindle A runs through, and 
independently of, the hollow steering-pillar, and 
carries a controlling-lever at one end and a spiral 
cam RC at the other. By the cam-grooves GG are 
worked two levers, one operating the throttle-valve, 
and the other the air-brake. The exhaust cam-shaft 
EC is driven from the timing-wheel T by means of 
a sliding-sleeve, in one end of which is a straight 
feather key F engaging with the timing-wheel, and 
on the other a spiral key S K, working in a corres- 
ponding ‘groove in the cam-shaft. The longitudinal 
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motion of the sleeve S by the action of the control- 
lever therefore causes the cam-shaft to rotate, thus 
altering the time when the valves open and close, 
relatively to the position of the corresponding 
pistons. When the engine is acting as a brake, 
therefore, the exhaust-valves open exactly at the 
end of the compression stroke and allow the com- 
pressed air to escape. The throttle-valve is ar- 
ranged so that when the engine is running under 
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these conditions aic alone is drawn into the cy- 
linders. 

Messrs. S. Swith and Sons, Limited, of 9, Strand, 
London, W.C , show a taximeter specially designed 
for the conditions of London cab traffic. There are 
two dials, side by side, the one on the left ealibrated 
in quarter-hours up to eight hours, and the other 
calibrated in quarter-miles up to 10 mites. It is 
only possible for one dial to be recording ata time ; 
when one is in action the other remains stationary. 
If the passenger stops the cab, the driver presses a 
lever and sets the time-dial in motion ; on resuming 
his journey he presses it again and restarts the 
distance-dial. Therefore, at the end of the journey, 
there is a clear record of total distance covered and 
total time occupied in waiting. A valuable feature of 
the instrument for London work is that it records 
distances both inside and outside the ‘‘ radius.” 
There are two hands on the distance-dial, which 
are normally superposed ; but when the cab passes 
beyond the radius the driver can stop one, and the 
other goes on recording. The passenger thus 
knows how far he has travelled at inside fares, and 
how far at outside, and can thus tell what he 
ought to pay. It will be remembered that the 
taximeters in Paris give the latter information 
directly, though the conditions under which they 
are used are, of course, different. In the taxa- 
meter of Messrs. Smith a pressure on two stops at 
once reduces both dials to zero. 





The Wolseley Tool and Motor-Car Company, of 
York-street, Westminster, have a prominent exhibit 
in the centre of the Hall. They show a 30-horse- 
power omnibus chassis similar to those now being 
supplied to the London General Omnibus Com- 
pany. Thé chassis is notable for the substantial 
nature of the design, which should render it well 
able to withstand the heavy wear and tear of a 
London omnibus, with its frequent stops and start- 
ings. They also show a complete char-i-banc, to 
seat twenty-three persons, and having this standard 
chassis. Perhaps the most interesting exhibit on this 
firm’s stand is the 18-horse-power chassis, which has 
been recently designed. On pages 344 and 345 
we give five illustrations of this exhibit. Fig. 7 is 
a longitudinal elevation, Fig. 8 is a plan, Fig. 9 a 
front elevation, Fig. 10 a part plan of the back ax'e 
showing the drive and differential, and Fig. 11 a 
plan of the gear-box. This chassis is designed 
for van bodies of 30 cwt. capacity, for private omni- 
buses or for other purposes where a somewhat 
heavier vehicle is needed than the pleasure-car 
chassis of this firm will carry. The # sow y wet is 
9 ft. 9 in. and the track 5 ft. The distance from 
the dashboard to the rear end-of the frame is 
11 ft. 6 in. The frame is 3 ft. widé. There is a 
four-cylinder vertical motor, with a self-contained 
clutch, placed beneath the driver's seat. The 
arrangement is designed to allow a larger length 
of frame than usual to be available for body space. 
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The cylinders are 4-in. bore by 44 in. stroke, and are 
cast in pairs. All the valve-stems are underneath, on 
the same side of the motor, and are mechanically 
operated from one cam-shaft, the cams being solid 
with the shaft. A centrifugal governor operates on 
the throttle fitted in the mixture pipe. The clutch 
is of the metal-to-metal cone type, and is mounted 
on an extension of the crank-shaft, having the 
thrust self-contained with it. 

The gear-box shown in Fig. 11 is of cast iron, 
and the sliding gear gives three changes of speed 
forward and a reverse. The engine is timed to 
run normally at 1009 revolutions per minute, and 
the forward speeds are 4, 9, and 17 miles per hour,| ‘¢ 





Seconds. 
A. Acceleration Curve on a level macadam 
2 FP Omrabus fitted with dhehTH Pavol Electric 
j 4 loaded to 6 tons gross. Taken on albayer 


road of a 


the reverse speed being 4 miles per hour. All the Ascclerats an Carve ave. Level macatian Tend of 
changes are operated by one lever. The top speed| 2#&’ change gear dren Omnibus, loaded, 
is by direct drive, and in order to bring down the| %§,farsgross Fiero a Boyer Speeds Recorder 


revolutions of the road-wheels there is a double 
reduction of the drive, as shown in Fig. 10. At 
the end of the propeller shaft is a pair of bevel | 
wheels which give the first reduction. The cross-|and rear doors, there being stretchers for two 
shaft of the driven wheel carries also the driving | patients and seats for two nurses. There is also 
wheel of a pair of skew gears, and in this way a| shown a private omnibus body suitable for this 
straight drive is given to the back axle. The | chassis, providing seating for twelve persons. This 
differential, which is shown, is of the spur-wheel | is a good example of coach work of its kind, and is 
type. The total reduction of speed from engine | well suited for shooting-parties or country-house 
to back axle made by the double-reduction gear | purposes generally. 
is in the ratio of 6} to 1. | On the same stand is shown a 10-horse-power 
The steering-gear has some novel points. There | motor-cab. This is an interesting vehicle at a 
is a hand-wheel and pillar, with worm-gear at the | time when we are looking forward with hope to 
bottom of the steering-column. The quadrant of | the general introduction of the motor-cab; a fea- 
this gear actuates an arm, which in turn works a/| ture as much needed in the London streets as the 
rod carried backwards to a swinging bracket sus-| motor-omnibus, s®pposing such vehicles can be 
pended from the frame ata point where the change- | made to ply for hire at reasonable fares. We hope 
speed levers are placed. Thence the steering | to say more about this cab lateron. In the mean- 
motion is carried directly to the front wheels by | time it may be stated that it has a wheel-base of 
a straight tubular rod of good diameter. The 8 ft. 8 in.; the road wheels are of artillery pattern, 
arrangement gives stresses in directions coincident 30 in. in diameter, and are fitted with 760 by 90- 
with the connecting parts, there being no bent or millimetre pneumatic tyres, The front hubs run 





cranked members in the mechanism. One of these 
chassis is fitted to an ambulance body with side 




















Fie. 4. 
on ball bearings, and the steering-axles are mounted 
with ball thrusts on swivels. The motor is of the 
vertical type, having two cylinders 4 in. by 44 in., 
and at 1000 revolutions per minute exerts 12 brake 
horse-power. There is a gravity supply carburettor, 
the petrol tank, placed under the driver's seat, 
having a capacity of six gallons. The change-speed 
gear gives a rate of travel of 7, 14, or 26 miles per 
hour with the engine running at normal speed, the 
top speed being a direct drive. An accelerator 
pedal cuts out the governor, so as to permit of 
additional speed being reached for emergencies ; a 
very useful feature in threading London traftic. 
The weight of the chassis is 114cwts. This vehicle 
has a highly finished body, and, indeed, is to 
all appearance a high-class motor brougham. 
Whether, at the price that is generally charged 
for vehicles of this nature, the motor-cab will 
be able to compete in ordinary service with 
the horse-cab is 4 matter open to doubt, We 
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should think the first cost, when taken in con- 
junction with up-keep, would involve an outlay of 
capital that it would require a good deal of courage 
to face. The small cab-proprietor, who is able to 
exist under present conditions, will hardly be able 
to make a living as a motor-cab proprietor ; and if 
motor-cabs supersede horse-cabs, this will be another 
example of our more complex civilisation driving 
the little man to the wall. At present, however, 
motor-cabs must be looked upon as the luxury of | 
the rich, or for the business use of those whose | 
time is of supreme value. They are the minority, 

and ordinary middle-class people will probably have 

to rest contented with ordinary hansoms and | 
‘*growlers” for some time yet. Probably, how- 

ever, the manufacture of motor-cabs—whether | 
petrol or steam, and certainly less luxurious | 
vehicles than the one shown by the Wolseley Com- 
pany—will become a separate and specialised busi- 
ness in this country ; with special tools, templates, 
jigs, and other appliances for turning the vehicles 
out by hundreds. Once the industry were firmly 
established, the demand would be steady enough 
to warrant such an adventure. 

The British Automobile Development Company, 
Timited, of Victoria Works, Belvedere-road, London, 
8.E., are showing an all-steel double-deck motor- 
omnibus, built by the British Electrical Engineering 
Company, Limited, of Loughborough, with whom 
the exhibitors are closely associated. We illustrate 
this exhibit, which has been constructed from the 
designs of Mr. G. H. Sheffield, of Newcastle-on- 
Tyne, in Figs. 12 and 15, page 348. The body of 
the omnibus, except for decorative work, is built 
entirely of steel, and is thus not only extremely rigid, 
but fire-proof aswell. It will be remembered that 
the Brush Company has built a large number of 
steel cars for the London Underground Railways, 
and these, as well as the omnibuses, are actually 
lighter than cars of the usual construction, in 
addition to their other advantages. The omnibus 
at the Exhibition is fitted with a 35-horse-power 
engine, placed under the driver’s seat, saving 
length, and giving the driver a better view of the 
road. The sheeting of the body is of No. 16 and 
14 8.W.G., and is continued downwards, and built 
into the longitudinal angles, thus giving great stiff- 
ness to the whole structure. The engine has four 
cylinders, each 5 in. bore by 6 in. stroke, and is 
carried on an underframe formed by longitudinal 
channels, and clearly shown in the illustrations. 
Forced lubrication is employed for the crank and 
cam shafts. It will be noticed that the rear axle 
is carried in horn-plates, after the manner of rail- 
way practice, and radius-rods and their attendant 
troubles are eliminated altogether. The rear axle 
is ‘‘ live,” and contains a very large differential box, 
capable of a slight rotation, which is limited by stiff 
volute springs. This arrangement gives a springy 
drive, and protects the engine and universal shaft 
from a great deal of shock. 

The Darracq-Serpollet Omnibus Company, of 2, 
Coleman-street, exhibit a double-deck omnibus 
to seat thirty-four passengers, a 2-ton parcel- 
delivery van, and a 4-ton vehicle with a specially 
designed body, intended for use by the emigra- 
tion department of the Canadian Government. 
These all have the firm's standard 30 to 40 horse- 
power chassis, an example of which is shown sepa- 
rately. It is hardly necessary to say that this 
chassis, bearing the name of Serpollet, has a steam- 
engine. The boiler is of the tubular description, of 
the type which is now known as a “ flash boiler.” 
It consists of a series of rectangular grids of 
tubing placed horizontally one above the other, the 
lengths of tube being bent backwards and forwards 
upon each other. Each grid is composed of a 
continuous length of pipe, the ends being brought 
out exterior to the casing which encloses the gene- 
rating elements, so that the grids can be coupled in 
series without joints being in the fire. The whole 
is enclosed in a suitable casing, or smoke-jacket. 
Oil fuel is used, the burner consisting of a coil of 
pipe fitted with the requisite number of nipples for 
the escape of the oil-vapour. The oil is vaporised 
on the usual principle, being heated in a pipe that | 
passes through the flame, a lamp being used for 
supplying the initial heat when starting. 

e engine is placed horizontally Tetween the | 
frames near the centre, the cylinders being 3} in. 
in diameter, with a stroke of 5 in. Mushroom) 
valves, worked by a gear-driven cam-shaft, are used, 
the valve-casings being above the cylinders. Vari- 
able expansion is obtained by sliding the cam-shaft ; | 


. . 


transmission is through a counter-shaft by chain | 

















gearing to the road wheels. There is an exhaust- 
steam feed-water heater, and mechanical lubrica- 
tion, forced by a pump, is fitted. The boiler is 
fed by two pumps, which are driven by an inde- 
pendent engine, and the speed of this engine, and, 
therefore, the delivery of the pumps, is governed 
by means of a handle on the steering-column. The 
speed of the vehicle is chiefly controlled by means 
of a foot-pedal, which actuates a valve governing 
the steam supply. It closes automatically by means 
of a spring, so that to start the engine the pedal 
has to be pressed down. The supply of fuel is 
regulated by a hand-lever, which has four definite 
positions, according to the amount of steam to be 
generated, which in turn is governed by the water 
supply. 

Un page 352 we give in Figs. 16 and 17 an 
elevation and plan of the chassis made by the 
Critchley - Norris Motor Company, of Bamber 
Bridge, near Preston. Fig. 18 is a part front view. 
Figs. 19, 20, and 21 show the gear-box and the 
control levers. The firm exhibit an example of this 
chassis of 35 to 40 horse-power, with’a standard 
London type omnibus body. The motor is of the 
vertical type, with four cylinders of 4? in. diameter 
by 6 in. stroke. The clutch is of the leather-faced 
cone type, and is mounted on ball-bearings. It is 
worked by an eccentric motion, which gives ease 
of manipulation. The arrangement of change- 
speed gear is shown in our illustrations, there 
being four speeds forward and a reverse. All the 
shafts are mounted on ball-bearings. The whole 
of the gears and bearings can be detached from the 
box by removing the end cover only, so that the 
body of the box can be made without longitudinal 
joints. Automatic lubrication is adopted, with 
sight feed, the oil floating up through glycerine, 
and being carried forward by air pressure. The 
engine speed is controlled by either foot-pedal or 
hand-lever, and as the clutch is thrown out of gear 
the motor automatically slows down, as will be 
understood from Figs. 20 and 21. 

Turning to the motor-boat section, we give in 
Figs. 22 and 23 on page 356 illustrations of 
two marine engines constructed by Messrs. J. I. 
Thornycroft and Co., Limited, of Chiswick. This 
firm exhibit the 25-ft. motor-launch Veradise II., 
which won the Autocar cup and gold medal in the 
reliability trials of 1906. They also show, besides 
the two engines now illustrated, a 52-horse- 

ower motor, a 6-horse-power motor for electric- 
ighting purposes, propellers, and various ts 
of santas pe dg Phe illustration Fig. § 22 
is a perspective view of the 100-brake-horse- 
power marine motor, whilst Fig. 23 shows a 





12-horse power motor. Both these engines are 





hand-wheel when the engine is well started. 
Another feature in this engine is the fitting of a 
cold-water coil in the bottom of the crank-chamber 
to keep the lubricant from being overheated. The 
firm have just made three sets of these engines, 
which are to be placed in a yacht of 110 ft. length. 

Our other illustration, Fig. 23, shows a 12-horse- 
power engine, which, as stated, will work with 
either paraflin or petrol. Here there is also a 
vaporiser heated by exhaust gases, but one float- 


feed chamber serves for both fuels. A three- 
way cock is connected to both the = and the 
petrol tanks. There is a chamber before the vapo- 


riser, into which the paraffin is injected in the form 
of spray, and is therefore readily vaporised. Beyond 
the spray-chamber there is a change-over valve, 
which either directs the paraffin to the vaporising- 
tube or cuts out the vaporiser when running on 
petrol. The air supply is by two sources, there 
being the usual non-adjustable spring-loaded valve, 
which supplies the heated air that carries the 
fuel-vapour. The supplemental air is admitted on 
the engine side of the vaporiser through a Y open- 
ing, which can be adjusted by hand according to 
the fuel used. 

The remaining engine on the stand is one of a set 
that will be fitted in a twin-screw shallow-draught 
yacht that is for service on the River Volga. She 
will be 70 ft. long, 13 ft. wide, and of 2 ft. draught. 
The two sets of engines will develop 104 horse-power 
with petrol, or 88 horse-power with paraffin. The 
four cylinders are each 6 in. in diameter, with a 
stroke of 8 in. There is magneto ignition, with a 
distributor, by means of which, if one cylinder 
ceases to fire through a plug becoming foul and 
short-circuiting, the other cylinders would continue 
to work. 

The steam-tractors and lorries are mostly on the 
north side of the hall, and many of them show a 
reversion to the original traction-engine type ; 
indeed, several of the firms which have long been 
associated with the older form of road vehicle are 
represented at the Show. Among the oldest of the 
latter are Messrs. William Foster and Co., Limited, 
of Lincoln, who show a ‘‘ Wellington” tractor 
with compound over-type engines and locomotive 
boiler ; the cylinders being 44 in. and 6} in. in 
diameter, with a 9-in. stroke. The working pres- 
sure is 210 lb. per square inch, the speed 3 to 6 
miles per hour, and the load to be hauled 8 tons. 
Side tanks are fitted to these tractors, holding 
water for 8, 15, or 30 miles. The hind axle is 
mounted in a manner designed to ensure simul- 
taneous and equal movement of the main: axle 
bearings. This is illustrated in Figs. 24 and’ 25 
annexed on the present page. The weight of the 
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arranged to be run with either paraffin or petrol 
at will. The larger engine has four cylinders, 
each 8 in. bore by 8-in. stroke, and is designed to 
run at 800 revolutions per minute as a maximum. 
A vaporiser is fitted for using paraftin, and this is 
heated at starting bya lamp. The oil fuel from 
the supply tank is taken to the vaporiser in the 
usual way, the exhaust being used for heating the 
vaporiser. When petrol is used, a carburettor is 
brought into play, but the exhaust still passes 
through the vaporiser, so that the fuel supply can be 
instantly changed from one description to another. 
An air starting arrangement is fitted for this large 
engine. Compressed air is contained in a reser- 
voir, pressure being raised by an auxiliary engine. 
The separate cylinder valves for working with air 
are worked by their own cams on the half-speed 
shaft, and these are put out of use by means of a 






































engine is carried by a single laminated spring, 
having a large number of thin and broad leaves. 
The ends of the spring bear up against the axle- 
boxes, which are fitted into horn - plates, the 
buckles of the spring resting upon the ends of a 
pair of compensating levers. The outer ends of 
the levers bear against the axle-boxes, as shown. 
The compensating levers and the spring are sup- 
ported by a beam, to which the axle-bearings are 
connected by means of adjusting-bolts. By tighten- 
ing these bolts any wear that takes place in any of 
the parts can be compensated, and the axle thus kept 
in its correct position. Each side can be adjusted 
independently, so that the engine can be kept square 
with the axle. 

Another special feature of this firm’s tractors is 
the feed-water heater. It consists of an outer tube 
containing an inner tube made from copper in- 
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dented tube, the corrugations being circumferential, 
so as to break up the flow of steam and water. The 
two tubes are coaxial, and in the s between the 
two the feed water is pumped, whilst exhaust steam 
passes through the inner tube. The steam and 
water flow in opposite directions, so as to get the 
greatest heat from the steam into the water, the 
temperature of the latter being raised to about 
180 deg: Fahr. Owing to the shape of the wall of 
the inner tube an undulating motion is given to 
the water. The steam, after passing through the 
feed-heater, is carried into a coil or receiver-box 
placed in the ash-pan. Any water escapes through 
a hole provided and drops on to the road, whilst 
the uncondensed vapour passes up to the furnace, 
keeping the bars cool, and forming water-gas as it 
passes through the fire. This gas is found to 
improve the combustion of the fuel, and to facilitate 
inferior coal being burnt. 

Messrs. Robey and Co., of Lincoln, exhibit a 
5-ton steam-lorry and a 5 ton steam-tractor. The 
lorry has a vertical boiler placed forward, and a 
horizontal engine beneath the platform, power 
being conveyed to the road-wheels by spur-gear 
through a countershaft, chain drive not being used. 
The boiler has 108 vertical fire-tubes, 1} in. 
in diameter ; they deliver into a combustion-cham- 
ber, the water-level being above the top tube-plate, 
so that the tubes are entirely submerged. There 
is a superheater at the base of the chimney for the 
exhaust steam. A compound engine is used, the 
high and low-pressure cylinders being placed respec- 
tively close inside the two main longitudinals of 
the framing. This naturally separates the high and 
the low-pressure cylinders some little distance, but 
the advantages are gained of ease of inspection and 
of bringing the stresses due to the thrust of the 
piston close up to the frame. Reversing is by 
eccentric—an arrangement said to give more satis- 
factory results than link motion. The crank-shaft 
and second-motion shaft are carried in one steel 
bracket, in order to secure alignment of gear. A 
slow speed—below the legal 5 miles per hour—is 
fitted in order to cope with very bad roads or stzep 
hills. The whole of the moving parts beneath the 
platform are enclosed in a dust-proof casing, and 
are lubricated by splash. The road-wheels have 
cast-steel centres and spokes; to the latter are 
bolted elm felloes. The tyres are of crucible 
steel, and are of tapering cross-section, the felloe 
also being bevelled off to the same angle as the 
taper of the felloe. The object is to enable the 
tyre to be tightened up on the felloe should it 
stretch under the rolling action of the wheel, 
bolts being provided to force the tyre further on to 
the felloe. The steam tractor shown by this firm is 
of their well-known traction-engine type, having 
the usual locemotive boiler, with a compound 
engine mounted above. The normal gross load is 
8 tons. 

The St. Pancras Iron Works, of 171, St. Pancras- 
road, show a standard 5-ton steam-wagon. The 
boiler is of the vertical type, placed in the usual 
position forward. It consists of an inner and outer 
cylinder, the two being connected by short hori- 
zontal fire-tubes, which radiate through the annular 
space between the two cylinders. The inner cylin- 
der is belled out at the bottom to form a hemi- 
spherical fire-box, whilst the upper cylindrical part 
forms a combustion chamber. The fire-tubes deliver 
into an annular smoke - box, which forms a belt 
round the exterior of the outer shell, and from 
one side of which the chimney leads. Firing is 
effected from the top through the inner cylinder. 
The engine is enclosed and placed horizontally 
beneath the platform, and has cylinders 44 in. and 
7 in. in diameter, with a 6$-in. stroke. Splash 
lubrication is used. There is chain drive to the 
road-wheels. Three-point support is adopted so as 
to allow the wagon to run without being racked on 
uneven roads. There is change-gear for a second 
speed. One of these wagons has been recentl 
tested by Mr. Druitt Halpin. It was loaded wit 
4 tons, and on single gear it ascended Highgate 
Hill, which has a maximum gradient of 1 in of at 
6 miles an hour, stoppivg and restarting without 
trouble at one of the worst parts of the hill. 

Messrs. D. Stewart and Co., Glasgow, show a 
Stewart-Thornycroft 5-ton steam-lorry. The design 
of this vehicle is founded on the Thornycroft steam- 
lorry, with which our readers are familiar, A 
locomotive-type boiler has, however, been sub- 
stituted for the water-tube boiler which Messrs. 
Thornycroft originally used. ‘The engine is placed 
horizontally beneath the platform in the centre, 


and is therefore nearer to the back axle than in 
some other designs. The transmission is by spur- 
gearing, there being a second speed. Balanced 
slide-valves and other features of the Thornycroft 
design are preserved in this wagon. 

The Lancashire Steam-Motor Company, of Ley- | 
land, also exhibit a 5-ton steam-wagon, as well as a | 
35 to 40-horse-power four-cylinder petrol omnibus, | 
and a 50-horse-power four-cylinder single - deck | 
char-d-bane to seat thirty-one passengers. The, 
boiler is of the fire-tube vertical type, placed | 
forward in the usual position, the horizontal engine 
being beneath the platform. Chain drive is used 
to the road-wheels. The engine will exert 35 horse- 
power, and is enclosed in a casing which con- 
tains oil for splash lubrication. Cylinder lubri- 
cation is by a mechanically-operated mechanism 
driven by the engine. Two speeds are provided— 
2? and 5$ miles per hour. The firm give the 
approximate cost of working this wagon for 300 
days, or 46,500 ton-miles, as 2631., or 1.3d. per 
ton-mile. This includes depreciation at 10 per 
cent.—55l. ; fuel, 75 tons, at 12s. per ton—40l. ; 
driver, 35s. per week—9I1l.; repairs and adjust- 
ments, 40/.; lubricants, 14/.; insurance and sun- 
dries, 181. 

The petrol chassis shown by this firm are fitted with 
35-horse-power and 50-horse-power petrol engines, 
the general design being similar in each case. The 
crank-shaft and some other parts are of vanadium 
steel. Helical gear is used for the smaller wheels, 
whilst the larger ones are of fibre shrouded with 
gun-metal. The clutch between the engine and 
gear-box is of the jaw type, the change-speed gear 
being on the Panhard sliding principle, and is 
fitted with ball-bearings. A live back axle is used, 
giving a reduction between the differential and the 
road wheels, and there is a spherical thrust-block 
for the purpose of relieving the springs of all tor- 
sional and driving strains. Power is transmitted 
from the propeller-shaft to the differential by a 
bevel drive, and then to the axle by a single reduc- 
tion spur-gear. Lubrication for bearings is by a 
pump drawing oil from the crank-case. The crank- 
shaft and crank-webs are drilled, and the oil that 
flows from the big ends splashes up, lubricating 
cylinders, pistons, gudgeon-pins, and cam-shaft 

rings. 

Siniee. Wallis and Steevens, of Basingstoke, 
show a steam-tractor and a steam-wagon. The 
wagon will carry 5 tons, and has a locomotive- type 
boiler placed between the side members of the 
frame, which are extended forward for the purpose ; 
whilst the engine is placed above the boiler with 
the usual over-type arrangement of transmission. 
The tractor is of the traction-engine type, and is 
fitted with the usual accessories. 

The Yorkshire Patent Steam-Wagon Company, 
of Leeds, show a 6-ton steam-wagon with a hori- 
zontal cylindrical boiler placed transversely in the 
front of the vehicle. It has a locomotive type of 
fire-box in the centre of the length of the a, 
the heated gases passing through tubes to a smoke- 
box at each end of the barrel, and thence through 
another series of tubes into a combustion-chamber 
over the fire-box, afterwards rs by the chim- 
ney. The engines are compound, and are on the 
driving platform forward, at the back of the driver, 
in some respects a more advantageous position than 
when they are under the vehicle. They work into 
a casing under the platform, power being conveyed 
by gear-wheels and a chain drive. There are two- 
speeds, 3 and 6 miles per hour respectively. The 
wagon will carry 6 tons and draw a trailer with 
4 tons up a gradient of 1 in 10 on a good surface. 

Messrs. Straker and Squire, of Blackfriars, ex- 
hibit a 5-ton steam-wagon, a 30-horse-power and a 
32-horse-power petrol omnibus, a 24-horse-power 
delivery-van to carry 2 to 3 tons, and four chassis. 
The steam-wagon has a locomotive boiler with a 
compound engine mounted on it in the usual way. 
The cylinders are 4 in. and 7 in. in diameter, with 
a 7-in. stroke. Transmission is by spur and chain- 
gearing to the counter-shaft, and thence by chain- 
gearing to the differential on the live axle. There 
are two speeds, the highest being 7 miles per hour 
with full load. This firm also show an omnibus 
chassis of 30 horse-power, with petrol engine and 
electric transmission on the British Thomson- 
Houston principle. This system of transmission we 
refer to elsewhere in this issue. Two of the chassis 
shown are of German origin, being made by Messrs. 
Bussing, of Brunswick. 

Amongst other exhibitors in this section are 
Mann’s Patent Steam-Cart and Wagon Company, 











of Leeds, who show a 2-ton wagon with locomo- 
tive boiler, side-fired, and compound horizontal 
engine under the platform ; Foden’s, Limited, of 
Sandbach, who exhibit two 5-ton steam-wagons ; 
Messrs. Tasker and Sons, of Andover, who show 
the steam-tractor known as the ‘ Little Giant ;” 
and Messrs. Jesse Ellis and Co., of Maidstone, who 
show a 6-ton steam-wagon, a 2-ton steam-lorry, 
and a 14 horse-power four-cylinder petrol-motor 
van. 

From what has been said it will be seen that the 
internal-combustion engine has not by any means 
driven the makers of steam vehicles out of the field 
so far as heavy traction is concerned, and, accord- 
ing to present indications, is not atall likely to 
do so, 

We shall give a further account of the Show in 
our next issue. 





Tuk InstTiTuTION OF M&cHANICAL ENGINEERS: GRA 
DUATES’ ASSOCIATION.—The sixth general meeting of this 
Association for the current session was held at the 
Institution, Storey’s Gate, Westminster, S. W.,on Monday, 
the 11th inst., at 8 p.m., Mr. B. M. Jenkin, Member, 
in the chair. A paper entitled ‘‘ Notes on the Design 
and Equipment of Electric Travelling Cranes,” was 
presented and read by Mr. Harold Broughton, Graduate, 
of Brighton. Mr. A. O. Laird opened the discussion, in 
which the following graduates took part :—Messrs. Hodg- 
-_ Symons, Drayton, Rouse, Aitken, Saunders, and 

way. 


Royat InstTiTuTION.—Arrangements at the Royal In- 
stitution after Easter include the following lectures :— 
Professor G. H. Bryan, two lectures on ‘* Wings and 
Aeroplanes ;” Professor W. Stirling, three lectures on 
“Stimulation, Luminous and Chemical;”’ Mr. D. 8. 
MacColl, two lectures on ‘‘ Alfred Stevens (the English 
Sculptor and Painter) ;” Professor G. H. F. Nuttall, two 
lectures on ‘* Malaria, Sleeping Sickness, Tick Fever, 
and Allied Diseases ;” Professur H. A. Miers, two lec- 
tures on “‘ The Birth and Affinities of Crystals;” Dr. 
A. W. Verrall, two lectures on ‘‘(1) Euripides and his 
Age, (2) The Bacchants of Euripides ;’ Mr. H. F. Newall, 
two lectures on Mm ee ic Phenomena in Stars: 
(1) Chemistry, (2) Motion ;” Professor Sir James Dewar, 
three lectures on ‘‘ Chemical —Work of Mende- 
leeff and Moissan ;” Professor 8. P. Thompson, three 
lectures on ‘“‘ Studies in Magnetism,” (the Tyndall leo- 
tures); Professor W. C. cIntoch, two lectures on 
“*Scientific Work in the Sea Fisheries ;’ Mr. Arthur 
Bourchier, two lectures on ‘“ The Limits of the Dramatic 
Art ;” and Sir William H. White, two lectures on ‘‘ The 
Contest between Guns and Armour.” The Friday even- 
ing meetings will be resumed on April 12, when a discourse 

1 be given by Professor A. H. Church on ‘* Conserva- 
tion of Historic Buildings and Frescoes ” (with experi- 
mental illustrations) ; succeeding discourses will probably 
be given by Professor C. 8. Sherrington, Mr. James 
Swinburne, Sir James Orichton-Browne, Signor Come 
Giacomo Boni, Professor G. Chrystal (assisted by Mr. 
E. M. Wedderburn), Professor J. A. Fleming, Mr. A. H. 
Savage Landor, Professor Sir James Dewar, and other 
gentlemen. 





TRIALS OF AN Exuaust Sream-Tursing PLant.— 
Gliick Auf, of rv nege 19, reports the trials of an ex- 
haust steam-turbine plant recently installed at the pits 
I. and II. of the Zeche Zollverein, in the Ruhr Basin. 
About 16,000 kilogrammes of exhaust steam are available 

r hour, supplied by two hauling engines and by the 
‘an engines, constructed respectively y the Gute 
Hoffnungshiitte and the Maschinenfabrik Hohenzollern. 
The exhaust turbine was also built at the Sterkrade 
Works of the Gute Hoffnungshiitte, and the thermal 
storage tank, of the Rateau type, by the Maschinenbau 
A.G. Balcke, of Bochum. The steam feed in the tur- 
bine is controlled by a throttle-valve actuated by an 
hydraulic relay which is connected with the oil-pump, 
so that on failure of lubrication the steam is at once cub 
off. The turbine runs at 1500 revolutions, and is coupled 
with a triphase generator for 1000 kilowatts at 1000 voits ; 
it also drives the exciter, of 16 kilowatts. The feed-pi 
from the thermal tank is joined by a branch from the 
boiler steam system. The trials were conducted during 
night time, and the small amount of additional boiler steam 
used was not especially determined. The figures of the 
subjoined table of results refer to the kilowatts at the 
terminals of the triphase generator ; the exciter current 
is deducted, and the power absorbed by the condensers is 
not included. The following are the chief data of the 
four trials, which were conducted by the Steam-Boiler 
Association of the collieries of the Dortmund district :— 











Number of trial _ os Bd) & 3. 4. 
Length of trial .. --hourss 14 | 1 te ere 
Air pressure—centimetres of| 

mercury ee oe ..| 76.70 | 76.70 | 76.70 |+ 76.00 
Vacuum .. os percent.) 93.46 | 92.24 92.32 88.29 
Absolute steam pressure— | 


kil mes per square) | 

centimetre .. on > 100) | 1.095 1.004 1.155 
Revolutions .. os ..| 1401 | 1490 | 1496 1481 
Kilowatis 433 | 728.4 960 1112 
Condensed 

grammes perhour .. ..| 8053 11,610 14,180 15,045 
Steam consumptidn — kilo. | 

grammes per kilowatt-hour; 18.6 | 15.94 | 14.77 | 14.34 

| 


water — kilo- 
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18-HORSE-POWER CHASSIS FOR MOTOR-OMNIBUS. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
(For Description, see Page 340.) 
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Tue FRANoo-BritisH Exuisition.—The contract for | 
the steel frame-work of the three t buildings for the 
forthcoming Franco-British Exhibition at Shepherd’s 
Bush has been placed with Messrs. Alex. Findlay 
and Co., Parkneuk Me age Motherwell. These buildings 
are the Machinery Hall, the Indian Court Buildings, and 
the Agricultural Hall Buildings. The Machinery Hall 
consists of two buildings, each 570 ft. long by 130 ft. wide, 
with a connecting building 288 ft. long by 130 ft., ther 
making a cov area of 185,640 square feet. The Indian 
Court Buildings will be of about the same size, while the 
Agricultural Hall Buildings wil. be somewhat smaller. 


Conrracts.—The Holwell Iron Company, Limited, 
Ashfordby, near Melton Mowbray, have been given, by the 
epee Water Board, the contract for cast-iron pipes 
and other castings required for the New River, Southern 
and Western Districts for the coming year.— Messrs. Watt 
Brothers, West Hartlepool, have secured the contract for 
new ore-sheds at Seaton Snook, for the Central Zinc 4 
Company, Limited. ‘These sheds will be 300 ft. by 46 ft. qi] IF 
wide, and of armoured concrete on the Coignet system. 
—Messrs. Andrew Barclay, Sons, and Co., Kilmarnock, 
have just despatched to India pumps of a capacity of 
1300 gallons per minute from a depth of 500 ft. The rams 
are 23 in. in diameter, with a 6-ft. stroke. The steam- 
engine is compound, with cylinders 24 in. and 40 in. in 
diameter, with a 4-ft, stroke, gearing 6 to 1. 
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18-HORSE-POWER CHASSIS FOR MOTOR-OMNIBUS. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, ADDERLEY PARK, BIRMINGHAM. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Local Limited Companies.—The annual meeting of 
several companies has been held this week. Brown 
Bayleysdeclared a dividend of 174 percent., added 6000/. to 
reserve, placed 10,0007. to the extension fund, and carried 
forward 12,339/.—William Jessop and Sons declared a 
dividend equal to 8? per cent:, and made ample provision 
for extensions and renew Encouraging statements 
were made, not only aboutthe business at Brightside, 
but also of the success of the company’s branch works in 
America and Russia.—The re of Vickers Sons and 
Maxim has given much satisfaction. They pay 15 per 
cent., write off 250,000/. from ‘goodwill and tent 
rights,” and carry forward 218,800/.—The Hadfield Steel 
Foundry Company have announced that their dividend 
will be at the rate of 25 per cent. 


The Hull Coal Trade.—The extraordinary activity in 
the coal trade at Hull continues. The imports last month 
reached 378,832 tons, against 334,720 tons in the corres- 
| mg | period of last year, an increase exceeding 44,000 
tons. In the course of the past two months 761, tons 
were received, as compared with 667,296 tons in 1906, an 
increase of over 93,000 tons. Although not soactive as in 
the first month of the year, the coastwise trade holds well 
up. Last month 85,061 tons were dealt with, and of that 
quantity 66,175 tons were sent to London. The weight of 
coal sent during the last two months to the Metropolis 
was 136,471 tons, out of 175,598 tons dealt with at the 
port. e export trade is also healthy. Last month 
165,947 tons were shipped, against 127,720 tons in 1906, 
an increase of 38,227 tons. ° 


The Iron and Steel Trades.—Nothing of special import- 
ance is going on just now in the heavy trades, but there 
is plenty of work on orders in hand. The opinion is 
expressed in some quarters that a period of steady busi- 
ness has been entered upon. There will soon be a need 
for more Government orders if machinery is to be kept 
going. Some of the forges are level with the calls upon 
them, as new work is not coming forward so freely. An 
exeellent demand continues for engineers’ tools of the 
lighter grades. There is still serious complainings of 
dulness in the cutlery and plating branches. 

South Yorkshire Coal Trade.—The congested state of 
the local railways has to a considerable extent been 
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removed, and gene are coming in more freely. The 
demand for hard coal is well maintained, and prices are 
firm. House and gas coal are plentiful, and efforts are 

uired to keep up quotations. The output of coke is 
still very large. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal market has been weakened 
during the last few days; the best ree descrip- 
tions , mg however, been quoted up to 18s. 3d. per ton 
for prompt shipment; secondary qualities have ranged 
from 16s. 9d. to 17s. 9d. per ton. There has m an 
average demand for house coal at recent quotations ; the 
best omg! qualities have made 17s. 6d. to 18s. 6d. per 
ton; No. hondda large been quoted at 19s. 6d. to 
19s. 9d. per ton. Coke has exhibited rather a quieter 
tone ; anong | qualities have made 27s. to 29s. per ton, 
and furnace ditto 21s. 6d. to 23s. 6d. per ton. As regards 
iron ore, Rubio has a 208. 6d. to 21s. per ton, and 
Almeria 20s. 3d. to 20s. 6d. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 

Electricity at Bath.—The Bath Town Council has 
decided by 41 to 2 to sell its electric-lighting undertaking 
to the Somerset Power Company. The chairman of com- 
mittees said this was the first instance in the United 
Kingdom of a town council taking such a course; but 
there were peculiar local circumstances. He believed the 
works would be more successful under a company. 


_ Dowlais.—The Goat Mill has been rolling heavy sec- 
tion steel a y - has a — as meee 
quantity of s eepers ; the of the output 

upon Colonial account. Shipments of fish. plates 
have been made to Colonies to a fair extent. The Big 
Mill has had an average output of light goods. The 
collieries have turned out a tonnage. 


Cardiff Corporation Water Works.—On Monday the 
water-works committee of the Cardiff Town Council sub- 
mitted recommendations in connection with the construc- 
tion of an additional reservoir for Cardiff, at an estimated 
cost of 400,000/. The construction of the reservoir is 
expected to extend over five years. It was decided that 
the matter should stand over until it could be considered 
at a special meeting of the council. 














The Swansea Valley.—The steel trade of the district 
has continued ina satisfactory state. The tin-plate trade 
has been fully ay mt with the exception of a couple of 
mills which have n —- by accidents. The output 
at both the anthracite and bi been 
considerable. 


Coaling at Plymouth.—A scheme for the establishment 
of a eoaling dépét at Plymouth on a reduced scale (com- 
prising.reconstruction of wharf extension, of quay rail- 
ways, water supply, &c.), has drawn up and the 
work has been started. ' 


South Welsh Coal.—The exports of coal from Cardiff in 
the first two months of this year were: — Forei 
2,912,068 tons ; coastwise, 388,289 tons, making a total of 
3,300,357 tons. The corresponding exports in the first 
two months of 1906 were:—Foreign, 2,632,152 tons; 
coastwise, 410,936 tons ; making a total of 3,043,088 tons. 
The exports of patent fuel from Cardiff in the first two 
months of this year were 69,444 tons, as com with 
91,283 tons in the corresponding period of 1906; from 
Newport, 17,129 tons, as compared with 23,739 tons ; from 
Swansea, 109,736 tons, as compared with 82,900 tons; 
and from Port Talbot, 19,714 tons, as com with 
27,666 tons. The exports of coke from Cardiff in the first 
two months of this year were 18,124 tons, as compared 
with 8420 tons in the corresponding period of 1906; from 
Newport, 3208 tons, as compared with 3766 tons; from 
Swansea, 2321 tons, as compared with 1068 tons; and 
from Port Talbot, 4100 tons, as compared with 2993 tons. 


tuminous collieries has 





Barrow Hematite Sire, Company.—The net profits 
of this company last year were 49,182/., increased to 
52,8741. by a reliquat of 3692/. brought forward from 
1905. The directors, after providing for all fixed charges, 
and carrying 10,000/. to the reserve fund (raising it to 
50,0007.) recommend a dividend of 2h per cent. u the 
ordinary shares, carrying forward . The directors 
are putting down an installation of gas-engines to be fed 
with blast-furnace gases. The company has entered into 
& conditional agreement for securing an interest in an 
iron-ore mine in Algeria. The com will receive 
under the agreement the full output of the mine. The 
dividend upon the ordinary shares for 1905 was only at 
the rateof 1 per cent. perannum. For 1904 the ordinary 
shareholders received nothing. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday morning the 

ig-iron market was fairly firm, but business was quiet. 

he turnover of Cleveland warrants was 5000 tons at 
553. 1d., 553. 14d., and 55s. O4d. cash, 553. 44d., 553. 6d., 
and 55s. 54d. one month, and at 56s. three months, closing 
at 55s. 1d. cash and 55s. 5d. one month sellers. Hematite 
—1500 tons—changed hands at 72s. 9d. and 72s. 74d. cash, 
and 733. one month, with closing sellers at 723. 9d. cash 
and 73s. 3d. one month. In the afternoon the tone was 
strong, and Cleveland warrants were done at 55s. ata” 
55s. 1d., 553. 4d., and 553. 144. cash, 553. 6d., 55s. 84d., 
55s. 54d., and 55s. 61. one month, and closing sellers 
quoted 553. 3d. cash and 55s. 74d. one month. The total 
dealings of 10,000 tons included some hematite at 73s. cash. 
On Friday morning the market was dull, and abont 5000 
tons of Cleveland warrants were dealt in at 553. 14d. and 
553. 2d. cash, 55s. 54d. and 553. 64d. one month, closing 
sellers quoting 553. 24d. cash and 55s. 7d. one month. 
Hematite was 3d. down, and two lots changed hands at 
72s. 94. cash, with sellers over. At the afternoon session 
the dealings consisted of 1000 tons of Cleveland warrants 
at 55s. 6d. one month, and the closing quotations were 
weak at 55s. 04d. cash and 55s. 5d. one month sellers. 
When the market opened on Monday morning a flat 
tone prevailed, aad Cleveland warrants dropped from 
54s. 10d. to 54s. 74d. cash, and from 55s. to 54s. 9d. 
one month, and at the close sellers quoted 54s. 5d. 
cash and 543. 9d. one month. Hematite was again down, 
and was dealt in at 72s. 3d. cash. The total turnover was 
about 10,000 tons. In the afternoon the weakness in- 
creased, and 5000 tons of Cleveland warrants were put 
Sag at 543. 4)d. cash, 541. 34d. four days, and from 
54s. 7d. to 543. 9d. to 54s. 7d. one month. Closing sellers 
quoted 543. 34d. cash and 54s. 7d. one month. ematite 
was easier, and 1000 tons were done at 72s. 45d. fourteen 
days and 72s. one month, with closing sellers over at 72s. 





one month. On Tuesday morning there was no improve- P 


ment in tone, and Cleveland warrants were dealt in at 
543. 1d. and 543. dash, 543. 54d., 54s. 4d., and 54s. 44d. one 
month, and at 55s. O}d. three months. Closing sellers’ 

uotations were 54s. 04d. cash and 543. 5d. one month. 
The business amoun to 8500 tons, some of which 
was hematite ‘at 72s. one month, and there were cash 
buyers at 71s. 6d., but no sellers. In the afternoon the 
market was again flat, and prices eased off. Cleveland 
warrants —3500 tons—were done at 53s. 10d. and 53s. 9d. 
cash, 54s. 2d. twenty-four days, and 543. 14d. one month, 
and at the close sellers quoted the lower values. Hematite 
was slightly weaker, and 1500 tons chan; hands at 
71s. 6d. cash, and at 71s. 3d. fourteen days and one 
month. When the market opened this (Wednesday 
morning the tone was brighter, and 8000 tons of Clevelan 
warrants were dealt in at 643., 54s. 2d., and 54s. cash, 54s. 
a days, 543, 4d. twenty-three days, 54s. 3d. and 
54s. 6d. one month, and 2000 tons were done at 54s, 104d. 
and 553. threemonths. At the close sellers named 54s. 14d. 
cash and 54s. 5d. one month, and there were buyers of 
hematite at 71s. 94. one month, but no sellers. In the 
afternoon the market was almost unchanged in values, 
and the dealings were confined to 6500 tons of Cleveland 
warrants at 53s. 104d. and 543. cash, 54s, 24d. and 54s. 44d. 
one month, and 54s. 74d. eight weeks. The closing quo- 
tations were the same as in the morning—54s. 04d. cash 
and 54s. 5d. one month sellers. Hematite was quoted at 
723. one month sellers, with buyers offering 71s. 74d. one 
month, but no business was oe The following are 
the market quotations for makers’ (No. 1) iron :—Clyde, 
73s. 6d.; Calder and Gartsherrie, 74s.; Summerlee, 763. 6d.; 
Langloan, 78s.; and Coltness, 84s. 6d. (all shipped at 
G w); Glengarnock (at Ardrossan), 75s.; Shotts (at 
Leith), 74s.; and Carron (at Grangemouth), 78s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market has exhibited a batter feeling during the past 
week, and the inquiry is on a larger scale. The price is 
firmer at 12/. to 12/. 2s. 6d. per ton for prompt business, 
Gl w or Leith. The amount shipped from the latter 
port last week was about 1200 tons. 


Scotch Steel Trade.—The feature of the Scotch steel 
trade at the present moment is the strong inquiry and 
pressing demand from abroad for almost all kinds of 
steel material. At the end of last week Japan was in the 
market for about 6000 tons, made up of 4000 tons of 
plates, 1600 tons of angles, and the balance of other sec- 
tions, and further inquiries have now been received from 
the same quarter. But itis from Canada that the greater 
demand has come this week. One line reported was for 
about 10,000 tons of steel rails, while firm inquiries are 
in the market for about 20,000 tons of general material, a 
lot of which is for structural purposes. Makers report 
that on home account the demand is very limited, 
and few orders are being booked. The firm attitude of 
producers in the matter of price: has undoubtedly had 
something to do with this, and local consumers seem only 
to be purchasing to supply actual necessities, Prices 
are very firm, and makers’ hands have been strengthened 
by the large inquiries for shipment, and a continuation 
of this demand is not unlikely to have the effect of raisin 
prices. It is extremely probable, it is said, that the bul 
of the above iriquiries will be fixed up locally. 

Scotch Hematite.—It was stated this forenoon that there 
was a revival in the local demand for Scotch hematite. 
Quite recently business was done at 77s. 6d. per ton, but 
the figure is now 1s. more, and one maker is reported firm 
at 803, per ton. 

Malleable Iron Trade.—Rather a better tone has pre- 
vailed in the malleable iron trade lately, and producers 
report a fair inquiry. es foreign account is 
this the case, Canada and Aus having each sent on 
@oms good orders here. The home Gommel however, has 





been v.ry slow, and makers are feeling some keen com- 
petition from merchants who were well booked before the 
recent advances in price. In some instances, it is stated, 
the latter are quoting about 7s. 6d. to 10s. per ton below 
producers’ official prices. The works are well employed 
generally. 

The Demand for Pig Iron.--The demand for both 
Scotch and Cleveland pig iron for shipment shows no 
sign of abating. Scotch makers have, within the past 
few days, received firm inquiries for some of their special 


business has been put through, but supplies are not too 
plentiful for near dates, an 
disinclination to fix up far ahead. The demand for Cleve- 
land pig iron is mainly from the Continent—Germany 

rincipally. Some thousands of tons have been sold, and 

rm inquiries are being received almost daily for other 
lots. It is stated this afternoon that several lots of Scotch 
foundry iron have just been sold for shipment to America. 





Sgevitte.—A scheme is in course of development for 
supplying Seville with electric power from El Carchado, 
80 miles away. Three 1500-horse-power turbines at 400 
revolutions per minute are to drive generators operating 
at 5000 volts. Transmission is to be at 50,000 volts, after 
which the current will be stepped down to 5500 volts. 
The plant will be on the three-phase system at 40 cycles. 





Tue InstitcTion or Civi, Encrneers. —The annual 
dinner of the Institution of Civil Engineers was held on 
Wednesday, the 13th inst., at the Merchant Tailors’ Hall, 
Threadneedle-street, Sir Alexander B. Kennedy, Presi- 
dent, beingin the chair. It was hoped that Mr. Augustine 
Birrell would have been present, but he was, unfortunately, 

revented, owing to special business in the House of 
mmons. Among the ne vary | however, were Lord 
Tweedmouth, Lord Kelvin, Lord Stalbridge, Lord Alver- 
stone, Sir John Wolfe Barry, Sir A. Riicker, Sir Wm. 
reece, Sir Charles McLaren, and Sir Wm. White. 
Lord Tweedmouth, in replying to the toast of ‘‘The 
Guests,” said that it was a gratifying indication of 
the work that engineers had done that there were now in 
different parts of the world as many as thirteen dock- 
yards that could accommodate H.M.S. Dreadnought, and 
that the Admiralty looked upon engineers to help them 
to maintain the Navy at the highest point of efficiency. 





Vottace-Detector FOR HiGH-TENSION SWITCHBOARDS, 
&c —It is often very useful to know whether any metal 
fitting, bare cable, or other exposed apparatus is alive or 
not, and it is, of course, in many cases highly dangerous 
to discover its condition by touching it. On the Ferranti 
cellular switchboards a vacuum tube was often fitted to 
each panel, which glowed if the panel was alive, and Mr. 
A. C Cossor, of 54, Farringdon-road, E.C., is now making 
a portable apparatus on the same principle. At the end 
of a long ebonite handle is a tube of the same material, 
having a slot window in the side, through which can be 
seen a vacuum tube in the interior. The latter fits 
within a glass tube, which, again, fits within the ebonite 
tube. It has a disc electrode within one end, and 
is c»ated externally with tin-foil at the other. The tin- 
foil is earthed by means of a highly-insulated lead; and 
the electrode at the other end is in contact with a pointed 
brass cap which closes the ebonite tube. If the flexible 
lead is connected to any metal at earth potential, and the 
bras3 point brought into contact with any metal at a 
— of over 1200 volts, the vacuum tube glows 

rightly. 





CONCRETE AND OTHER CONSTRUCTIONAL MATERIAL FOR 
Navat Dockxs.—Some idea may be formed of the great 
extent of naval works carried out recently by a statement 
sent us of the material which was supplied under arrange- 
ments made by the Director of Works Department. The 
first lots of cement for Keyham Dockyard, which we 
have recently described, were inspected on behalf of the 
above department, and from the beginning of 1896 on 
behalf of the Civil Engineer-in-Chief, Naval Works Loan. 
The following is a list of some of the more important 
works :— 

Keyham Dockyard Extension : 
Portland cement. . 

Steel work te 
Caissons (eleven) 
Penstocke. 

Gibraltar Dockyard Extension: 
Portland cement. . “ = “ 
Titan cranes for block-setting and 

caisson for detached mole. 
sy gantry and travellers for 
iock yard. 


- 235,000 tons approx. 
843 ” 
13,000 


” 
” 


214,500 tons approx. 


yard. 

Steel constructional work .. .. 28,000 
Caissons (four) .. ee ne os 4,000 
Penstocks. 

Hong Kong Dockyard Extension: 
Steel constructional work* 
One caisson fe: os 


Simon’s Bay Naval Yard: 


” ” 
’ 


1,500 tons approx. 
900 


Portland cement* as ae 60,000 tons approx. 

Steel constructional work.* ; 

Caissons (two)* .. ¥ ab 1,600 ,, 9 
Dover Harbour : 


Portland cement* 263,000 tons approx. 
Steel and ironwork.* 

* These contracts are still running; the in tion is being 
carried out on behalf of the Director of Works department, who 
took over the works from the Works Loan Department. 

All this work was inspected by Mr. W. Harry S , Or 
by his son, Mr, R. H. Harry Stanger, who su 

6 


brands of pig iron for early shipment to the States. Some | 


NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
MiIppDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—A quiet dull feeling pre- 
vails in yo beogs Genuine buyers are holding back, and 
they are likely to do so until the unsettled state of affairs, 
due toerratic movements in the warrant market, is brought 
to an end. Speculators in warrants have again been 
operating, with the result that Lee have fluctuated 
ia most unexpected fashion, and legitimate traders in pig 
iron have been driven out of the market. The situation, 


these comme to bee clahs| however, cannot be described as otherwise than satisfac- 


tory, for producers are full of work, many of them having 
disposed of their output for six months to come, stocks are 
being steadily reduced, and deliveries both to home and 
forcign customers are on an exceptionally heavy scale. 
Shipments so far this month average some 5000 tons per 
working day. Considerable clearances to the States con- 
tinue to be made. This week the Arkansas, the England, 
and the Holland are loading pig for America, and a good 
deal of the iron for the cargoes is being taken from the 
warrant stores. It is very satisfactory to learn that the 
make of pig iron in this district just now is a record, 
reaching 70,000 tons per week, and this great output is not 
adequate to the requirements. No, 1 Cleveland pig isat 
present very scarce in consequence of it having been in con- 
siderable demand for America, and it is dear as compared 
with other qualities. The price of No. 1 is now fully 57s. 9d., 
and there is little to be had at that price, which is 3s. above 
No. 3, whereas the usual difference is only half that amount. 
No. 3 g.m.b. is offered by second hands at 54s. 9d. f.o.b., 
whilst No. 4 foundry is 54s., and No. 4 forge 533. 3d. 
There is no mottled iron or white iron offering. East 
Coast hematite pig is a little cheaper, quotations now 
being at 77s. 64. for mixed numbers, which is still 
a high rate, for under ordinary circumstances hema- 
tite is not more than 10s. above No. 3 Cleveland. 


Manufactured Iron and Steel.—There are few new 
features of moment to report with regard to the manu- 
factured iron and steel industries. The report appearing 
in many daily papers that Messrs. Bolckow, Vaughan, 
and Co. had secured an order for 52,000 tons of steel rails 
for the Bengal and Nagpur Railway Company is without 
foundation. As a matter of fact, last autumn Messrs. 
Bolckow booked a 5000-ton order from that company, and 
they have not since made another contract with them. 
The Cargo Fleet Iron Company are rolling off their first 
order for steel rails, which is a 20,000-ton contract for 
Buenos Ayres. This week they have shipped the first 
consignment, consisting of 700 tons. Market quotations 
are :—Common iron bars, 8/.; best bars, 8/. 10s.; best 
best bars, 9/. ; iron ship-plates, 7/7. 15s. ; steel bars, 7/. 10s.; 
steel oe 7l. 10s.; steel boiler-plates, 87. 10s. ; 
and steel joists, 62. 17s. 6d.—all less the customary 
24 og cent. discount. Cast-iron railway chairs are 
4. _— and heavy steel rails 6/. 15s.—both net cash 
at works, 


Coal and Coke.—Deliveries of gas-coal are falling off, 
but quotations have not been lowered. Bunker coal 
keeps in very good demand. Unscreened Durham bunkers 
may be quoted 12s. to 12s. 9d. f.o.b. Coke prices are 
not easily fixed. There are buyers who state that average 
blast-furnace qualities are obtainable at 18s. delivered 
here. Asa matter of fact, at least one contract has been 
made at 193. Many sellers, however, fix the market 
quotation at 223. 








Tue ALuMINO-THERMIC Process oF WELDING.—By the 
courtesy of Thermit, Limited, 27, Martin’s-lane, Cannon- 


street, E.C., and of the Thames Engineering and Ship- 
building Company, Limited, Victoria Docks, London, 
we had, on the 12th inst., the p-ivilege of witnessing, 


at the works of the latter compa y, a very interesting 
demonstration of the use of thermit in repairing the iron 
stern-frame of aship. It is now some years since it was 
discovered that welding could be expeditiously performed 
by the intense heat developed by the combination of alumi- 
nium and iron oxide, but considerable advances appear to 
have been made since thermit (the name given to the mix- 
ture) was first experimented with, and it has now been 
adopted in many ports outside the United Kingdom 
for repairs to steamships for some years, with, it is stated, 
very satisfactory results. The process has not, how- 
ever, yet been applied to repairs of this kind in this 
country, as it has not so far been recognised by the 
chief surveyors of Lloyd’s. The stern-frame operated on 
was a steel forging, and was erected in the shipyard in 
a vertical position, as if on a steamship. This, and the 
bottom horizontal part measuring 103 in. and 7} ip. 
which had been fractured, and had the fracture opened 
out to 1} in. to allow the thermit to flow in, were sur- 
rounded by a sand-mould in two parts, and the two ends 
of the fractured part were then brought to a red-heat 
by means of a coke stove which was connected with the 
riser of the mould by means of a pipe, compressed air 
being supplied to the stove by a blower, the hot gases 
from the stove being in this way forced Guows the 
mould. This heating was then done so that the thermit 
iron should not bs cooled too much before reaching the 
bottom of the mould. When the metal round the frac. 
tured had been raised to-the required temperature 
a crucible containing about 4 cwt. of thermit was placed 
over the runner of the mould, the thermit was ignited, 
and the molten iron was allowed to run into the mould. 
In about three hours’ time the mould was broken away, 
and the weld was pronounced to have been satisfactorily 
carried out, and it certainly presented a very neat and 
solid appearance. Repairs of this kind are always after- 
wards annealed. We understand that it is intended to 
have another demonstration of a similar kind, only on 





led to 
ition of inspec ineer to the Civil Engi 
in-Chief on the death of bis father in February, 1903. 





heavier piece of steel, to-day. 
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‘**ENGINEERING APPRENTICES.” 
To THE Eprtor OF ENGINEERING. 

Srm,—If I were a premium apprentice, I suppose I 
should agree with the recent letter of your correspondent 
who signs himself as such, but I thank Heaven I am not, 
and every time I his letter it makes me more 
thankful still It would have been the finest thing in the 
world for him if he had written it over his own name 
before he left the shops for his City job—‘‘appointment” 
. I suppose he calls it—and heard what his mates had to 
say to him about ‘‘premiums.” I would have given half 
my week’s money to see the fun. I know what ‘‘pre- 
miums” are, and so does everybody whois notone. There 
are three sorts. The first sort find the shops are not clean 
and genteel, and so they go away and be bank clerks, 
after a few months of it ; they do not matter much. The 
second sort are allowed to break all the rules they like, and 
have days off when they geta — Whenever they 
do try and do anything, it has to be made right by some- 
body else or else scrapped. They are often rather good 
at football and cricket, and if they did not get all the 
best jobs, and make messes of them, the other apprentices 
would not mind them much. The third sort are the worst 
of the lot. They come from technical schools, and have eye- 
glasses and slide-rules. They wonder whenever engineers 
will appreciate science and use the metric system, till 
everyone is sick of them. If they would only shut up 
about science and learn how to file flat and tap a hole 
straight, it would be better. They think they are going 
to be great men some day, and do everything much more 
scientifically than it is done now; but they will have to 
find out that they are born first. All they do now is to 
grumble and spoil jobs and smash their fingers, and then 
they write to you to say they are not appreciated. 

My father, fortunately, could not afford to pay a pre- 
mium for me; and, therefore, according to the first young 
man who criticised your excellent article, I have no brains, 
and must leave all the best jobs for fellows like him. It 
must be very pleasant to have ‘“‘a brain far above the 
average mechanic’s, and one which is very receptive and 
intelligent,” like your correspondent has; and a fellow has 
only to be the gon of a rich father to get one, it seems. A 
true gentleman, whether of “superior education ” or not, 
does not write to the papers to tell le how he ought 
to be regarded, in whatever walk of life he finds himself. 


If you will print this, in answer to ‘‘A Premiumed 
Pupil,” I shall be much obliged. 
Yours faithfully, 
No Cuass. 








THE DEFORMATION OF PROPELLER- 
BLADES. 
To THe Eprrorn or ENGINEERING. _ 

S1r,—I was exceedingly interested in an article in ycur 
issue of last week on the ‘‘ Deformation of Propeller- 
Blades,” but disagree with Mr. Burlingham on the nature 
of the internal stresses, and on the reasons for pitting on 
the back side of the following edge of propeller- blades. 

It is well known and agreed that the reaction on the 
blades is about right angles to the driving surface in a 
forward direction when the ship is going ahead. This 
will cause the driving-face of the blade to be in tension, 
and the back of the blade to be in compression, and I do 
not see how Mr. a can by any reasoning come 
to the conclusion that the following edge can possibly be 
in compression when the propeller is working. The only 
tendency towards causing a compression in the following 
edge is due to the friction of the water over the blade, 
and to the resistance of the thickness of the blade to 
motion “Eo 9 the water, which may be neglected when 
compared with the stresses set up due to the thrust of the 
water aft. The whole of the driving surface, including 
both the leading and the following edges, must be in ten- 
sion when the ship is being driven b 

Now if a straight-edge parallel to the centre line of 
shaft be applied to the surface of the driving faceof a 
blade at any radius, the blade will appear concave, as in 
sketch (Fig. 1). 

This points to the edges being in much higher tension 
than the rest of the driving surface at the same radius, 


ig. 2. 
ane 1 Pe MMM 


oe77 


and it is very probable that the material from the edges 
for some little distance along the driving surface will be 
stressed beyond its elastic limit, causing stretching. 

When the thrust is reduced, or the propeller comes to 
rest, this stretched part, being thin, will buckle or flange. 

This may be very well illustrated by stretching the 
edge of a piece of pa) 
the nail of thumb point of forefinger, when you can 
either produce a cup-shaped or flanged deformation. 

The deformation in the blade should take place aft or 














which 


actual practice, as the ome Se bg edges, 
c¢ limi in con- 


was stretched beyond the 


the concavity greater also. Thestresses, therefore, in the 
edges of the blades of fast vessels will be greater than in 
those of the slower ships, and, curiously enough, deforma- 
Yo is seldom or never met with in blades of the latter 
shi 

he reason why the leading edge does not seem to 
become deformed is somewhat of a mystery, but careful 
study of the surface and pitch may yield fruit. . For 
instance, if the propeller pitch is an increasing one, the 
concavity would be as illustrated in Fig. 2, which might 
account for the deformation taking ayy in the following 
edge only. It would have been useful if Mr. Burlingham 
had stated whether the pitch of the propellers experi- 
mented on was of uniform or increasing pitch. : 

A blade with increasing pitch would seem to point to 
more trouble from deformation in the following edge than 
one having a uniform pitch. 

As to pitting, this generally occurs, as pointed out by 
Mr. Burlingham, from about two-thirds radius of blade 
out to the tips. It is well known that iron subject to a 
partial vacuum pits much more rapidly than iron at 
atmospheric or higher pressure, as shown in condensers 
and air-pumps. Now the pitting of the blade takes place 
just about the position of highest partial vacuum. Again, 
the formation of the pitting, which is cup or similar 
shaped, would suggest that when decomposition does 
start, bubbles of air collect in the crevices, causing rapid 
cup-shaped wasting of the material. 

Yours truly, 

JOHN ALEXANDER, Assoc. 

39, Lawrence street, Partick, Glasgow, 
March 5, 1907. 


M. Inst. C.E. 





“DRIVING GAS-ENGINES WITH COKE- 
OVEN GAS.” 
To THE EprTor oF ENGINEERING. 

Sir, — Perhaps you will allow us to answer your remarks 
on our letter published in your issue of the Ist inst. 

You say difficulty has been experienced in driving gas- 
engines with coke-oven gas ; this we do not deny, but we 
do most emphatically state that none such exists now 
with proper mixing-valves and suitable governing gear. 
It stands to reason that these are the outcome of consider- 
able experience, and until a correct design was arrived at, 
trouble was experienced. é ‘ 

With coke-cven gases the explosion pressure which the 
various parts of the gas-engines are designed to withstand 
is reached with a relatively lower compression than with 
blast-furnace gas. This is the chief reason for reducing 
the compression with coke-oven gas below that employed 
with blast-furnace gas, and not the danger of pre-igni- 
tions, for, with a correctly designed valve gear, these do 


been proved by experiments. 
Yours truly, 
EHRHARDT AND SEHMER. 
Schleifmiihle, March 7, 1907. 








GAS-ENGINES. 
To THE Eprror or ENGINEERING. 

Srr,—In your issue of February 15 you comment on 
the favourable running of the 1000-brake-horse-power 
‘“‘Premier” gas-engine, calling attention to the little 
noise, its easy accessibility, and the continuous running. 
Now I have had experience of a 500-brake-horse-power 
Koerting gas-engine of the two-cycle type, which has 
been running most successfully night and day, with the 
exception of Sundays, for the last 174 months. During 
that period we have had no occasion to draw the piston or 
piston-rod, nor are we likely to do so for the next six or 
eight months. The cylinder is in perfect order, and there 
are no signs of wear (as shown by micrometer gauge), and 
no evidence of dirt, grit, or carbon to cause pre-ignitions, 
We have had no occasion even to take out, or clean, our 
governor-regulating valves, our gas and air admission 
valves, or gas-pump pistons. We have not even ground 
in our admission valves in that time. I have visited 
several gas installations in England and Scotland, and I 
do not Steve there is a more successful gas-engine work- 
ing at present. NowI have had experience of many other 
large -engines, and I know the difference as to their 
accessibility and successful running. I could take off the 
combustion chamber of the Koerting engine, examine the 
cylinder, and re-joint it as quickly as I would take out 
exhaust valve of an 80-brake-horse-power four-cycle 
engine, grind and replace same. Most fortunately, we 
have no occasion to doso. Now, as regards the quietness 
of running. It is a pleasure to bein the engine-room. 
Visitors coming here (and we have had many) never 
imagine they are in a gas-engine room. The reasons for 
| keeping tothe single-acting type Icannot fully understand. 
| Great compactness, economical and successful running, 
| freedom from pre-ignitions, and few repairs are what we 
want for the future progress of the large gas-engine. 

Tam, yours truly, 








JAMES ROBERTSON. 
, | Greenwich, S.E., March 9, 1907. 
by running it through between | 


against the direction of reaction of the water, as found in | 





CURRENT THEORIES OF STEEL. 
To THe Eprtor oF ENGINEERING. _ 
S1r,— During the last few years the above theories have 
been hotly debated in the various metallurgical publica- 
tions, without the supporters of each arriving at a definite 


siderable compression when the propeller comes to rest, | understanding, or advancing far towards abeolute demon- 


but the layers of material towards the back of blade will 
a 2 hi e stressed as the edges, so that the edges 
ie aft. 


we 5 a oy the surface ratio is generally much 
igher than in slow-speed vessels; consequent 
breadth of the blades is greater in high-speed remain 


, the 
and 


stration. The carbonist refuses to believe in hard-soft 
iron, and the allotropist wishes for fs of a definite 
sub-carbide in hardened steel ; but whilst all this discus- 
sion is of considerable scientific interest, one may be per- 
mitted to doubt whether it is contributing much to the 


advancement of metallurgy. It has probably appeared 


not come about even with higher compressions, as has | P 


to many of thoss who desire to apply the results of scien- 
tific research to the solution of ther own difficulties in 
the steel works that the rival theories, or hypotheses, of 
steel have been brought into unnecessary and unwarrant- 
able prominence ; and thus, by causing confusion in the 
mind of the metallurgist between observed facts and 
mere probabilities, hindered the application of metallo- 
graphy to those practical problems which it is competent 
in a great measure to elucidate, 

In support of the theory of allotropy it must be ad- 
mitted that an immense amount of recearch has been con- 
ducted, with the result that considerable indirect evidence 
has been adduced in its favour. The contention between 
the two schools appears to resolve itself into the question 
as to which is the predominating partner in the steel—the 
carbon or the iron? But supposing that it were ible 
to prove incontestably cither that the hardening of carbon 
steel is due to the formation at high temperatures of a 
definite sub.carbide, or the uction of an allotropic 
change in the iron itself, what immediate benefit would 
that knowledge confer on the steel metallurgist ? 

Does not the question resolve itself into a proximate 
and an ultimate cause, and although allotropy may be the 
ultimate cause of hardening, is not the metallurgist far 
more concerned with the proximate, even though indirect, 
reason fcr the transformations of carbon steels ? 

hese proximate phenomena have been well demon- 
strated by Osmond—the prince of metallographers, as he 
has been justly named—chiefly from whcse researches 
we learn that we are here dealing with processes of solu- 
tion and precipitation in the solid, 

Take the typical example of 0.8 carbon steel ; roughly 
stated, in this alloy after heating to above the arrest in 
the heating curve, and quickly chilling, the carbon (as a 
carbide of iron) is retained in solid solution; thus the 
steel is hard (martensite) ; allowed to cool to within the 
critical range, then chilled, the carbide is more or less 
imperfectly precipitated, and the steel is much softer 
(troostite-sorbite); allowed to cool below the critical 
range, the on carbide separates out, and the 
steel is soft (pearlite). 

Reheat the piece of hardened steel, and the reverse 

action takes place ; the carbide progressively falls out of 
solution (sorbite-troostite) until the arrest in the heating 
curve, when it again dissolves in the mass. 
_ These constitutional products of the transformations of 
iron-carbon alloys, together with the austenite formed at 
higher temperatures, are capable of ocular demonstra- 
tion; the ess characteristic structures and distino- 
tive physical properties. 

So far the theory of steel corresponds with the metal- 
lurgist’s daily experience, and renders bim real assistance 
in helping him to understand what is actually taking 
lace in his steels during heat treatment. What matters 
it, then, to him whether the iron is in the A or B condi- 
tion; whether Fe; C or Fe, C is formed in the heated 
steel? These are of no more immediate importance to 
the works metallurgist than the question of the ultimate 
constitution of matter itself. 

On the general subject of academical research as applied 
to metallurgy, it is noticeable that excessive importance 
is often attached to the results of such work, and the 
practical man is expected to receive it with due re- 
verence ; but, however valuable it may be in the advance- 
ment of general knowledge, in realit some of these 
researches are conducted under such lnewa and exact 
conditions and upon such diminutive specimens of metal, 
that the results are applicable in practice only to a small 
extent ; and under such conditions, on the results of a 
restricted number of experiments, sweeping generalisa- 
tions are made; as, for instan the very erroneous 
assertion that ‘‘hot work as such has no influence upon 
the structure of the metal (steel); supported by a ceries 
of two tensile tests.”* 

Metallurgical problems, to quote the words of Sir A. 
Kennedy, speaking recently upon the subject of engineer- 
ing, “‘differ from ordinary academically ‘scientific’ pro- 
blems, in that they are more complex, and consequentl 
more difficult of anything like exact solution, and sti 
more because—exact or inexact—some solution of them 
has always got to be found. Not only must the solution be 
found, but it has to be translated into steel and £ s. d., and 
any mistake will entail very much more serious conse- 

uences than a controversial paper in the Philosophical 
oonien or a letter in Nature...” But, on the other 
hand, the value of scientific methcds ought not to be 
gout or discredited by the practical man.+ During 
the last few years metallurgical microscopy in conjunction 
with exact pyrometry has made considerable progress, 
and the undersigned speak from their own wide experi- 
ence as steel metallurgists when they affirm that the 
polished and etched section is capable of demonstiating 
all that the fracture can show and much that it cannot. 
We are, yours fraly, 

BY. 


Sheffie!d. T. MIDDLETON. 








BEAD-MAKING MACHINERY. 

To THe Epitor or ENGINEERING. 
S1r,—Can you or any of your readers give us the address 
of any makers of machinery for the production, in large 
quantities, of beads made of wood, celluloid, or similar 
materials? 

Weare, Sir, _— truly, 


EAD-MANUFACTURERS, 
London, March 13, 1907. 


* “Heat Treatment of Steels.” See ENGINEERING, 
February 15, 1907. : 
+ See letter by Mr. H. Parry, on “The Microscopic 





al of Iron and Steel,” Encineekinc, February 16 
(s 
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THE CRUISER OF THE FUTURE. 


Tue three new cruisers of the Invincible class 


7) will be launched within the next few weeks. The 


first, the Indomitable, is to be floated from the 
Fairfield Works at Glasgow to-morrow ; the In- 
flexible from the Clydebank yard of Messrs. John 
Brown and Co., Limited, on the 30th inst.; and 
the Invincible from the Elswick Works of Sir 
W. G. Armstrong, Whitworth, and Co., Limited, 
on April 13. These vessels are the most remark- 
able cruisers yet built, alike for their gun-power 
and speed, and may be accepted as suggestive 


Dp. when the — 





of the Admiralty’s conception of the cruiser of the 
future. Their design aroused considerable 


‘and | terest and criticism, not alone because of their 


great cost, which averages 1,729,0001. each—equal 

to the price of a modern battleship—but because 

= a sharp difference of opinion as to naval tactics 
licable to cruisers. 

“PR i is being more fully realised than formerly that 
even the principles of strategy must vary or 
with the change of weapons. The enormous. 
— e of wireless telegraphy, if not also of torpedo and 
submarine craft, must influence the practice of war. 
For instance, as Mr. Julian Corbett pointed out in 
his lecture last week at the Royal Gnited Service 
Institution, a close blockade has now become im- 
possible, owing to the advent of these three im- 
portant auxiliaries in naval warfare. In carrying 
out an open blockade or investment of a port so 
that the watching ships shall be beyond the range 
of torpedo action either from surface or submarine 
craft, it becomes n to have an exception- 
ally high speed. Only thus may full advantage be 
taken of geographical conditions—i.e., of tempo- 
rary lairs, from whence to make a dash after the 
enemy in the event of his trying to escape. The 
size of the area within which such positions may be 
sought is in direct proportion to the speed. If 
strategy may thus be influenced by advances in 
connection with the improvements in 
tactics are likely to be more extensivel affected, 
and this is particularly so in connection with cruisers. 
Wireless telegraphy has enormously increased the 
— area within a screen formed by the scouts 
of a squadron. As a consequence, it is impossible 
to ascertain the full strength of an opposing 
squadron within such a screen without driving 
home a reconnaissance in force. This necessitates 
-| powerful cruisers, so that they may come within 
sight of the main force of the enemy without suffer- 
ing. Accurate information must be got at all costs. 
Unless this risk can be taken, no admiral can be 
certain of the adequacy of his nae force. The 
futility of depending on cruisers of deficient power, 
may use as scouts the fastest of 
his well-gunned ships, is fully recognised. These 
vessels of the Invincible class have consequently 
been made the most powerful cruisers yet conceived, 
so far as present knowledge goes. 

Indeed, these vessels more closely resemble 
battleships than any cruiser yet built. Their 
armour is only excelled by the ships of the King 
Edward class and the Dreadnought class. Their 
armament is equalled in broadside fire, or in bow 
and stern fire, only by the vessels of the Dread- 
nought class. Their speed of 25 knots is immensely 
superior to that of any armoured ship afloat. As 
regards coal capacity, they are equal to any cruiser 
in the Service, carrying 1000 tons on normal draught; 
and although the high power necessary to give the 
maximum speed will make severe demands on the 
fuel sup the radius of action should be satis. 
factory is is the element in design which is 
most likely to be criticised on the ground that speed 
has probably been bought at some cost in respect 
of endurance. This raises the interesting question 
as to whether speed or endurance is the preferable 
quality in cruisers. It has been a cardinal prin- 
ciple in British warship design that radius of action 
is of ter consequence to a British fleet than to 
a foreign fleet, but there is suggestion now of some 
tendency to modification of this view. For over- 
sea work endurance is more essential, perhaps, 
than speed; but in the ‘‘ narrow seas” 8 
is probably preferable. The number and dis- 
tribution of our coaling-stations greatly simplifies 
the problem so far as our Navy is concerned. 
On the other hand, the absence of such coaling- 
stations intensifies the difficulties experienced by 
foreign Powers. In the competitive game the more 
we can ‘‘ force our rivals to sacrifice endurance to 

, the easier is our Imperial defence.” Herein 
lies the strategical dilemma of the foreign naval 
designer, the one which has involved serious delay 
in the laying down of ships to meet our Dread- 
noughts and our Invincibles. 

The problem of the protection of merchant ship- 
ping may somewhat complicate the situation. The 
Admiralty view, which must be accepted as the 
result of careful analysis of war experience, and 
therefore most reliable, i “ that the Dw — 
procedure is to engage the enemy before the dis- 
sipation of his forces for the attack of commerce. 
Such dissipation of force, however, would be ex- 

ly erous, because the influence of wire- 
less telegraphy must soon result in the attacking 
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ship being mastered by a cruiser squadron, presum- 
ing even that she could keep the seas without 
returning for supplies to ports more or less 
closely invested by our fleets. There are those, 
however, who consider that special commerce-pro- 
tectors should be provided. Indeed, they contend 
in favour of the maintenance for the purpose of 
ships more or less obsolescent, and this view is 
based on the success of Japanese ships inferior to 
some of our vessels now regarded as practically 
obsolete. There is, as we er time and again 

inted out, a danger of deducing lessons from the 

usso-Japanese war which are not justified, owing 
to the ineptitude of the Russian ships, or the 
special conditions prevailing. To utilise experienced 
officers and men in slow or defectively-armed ships, 
which would be at the mercy of one modern high- 
speed cruiser with high velocity guns, seems to be 
courting disaster. The present trend is distinctly 
in favour of cruisers acting in squadrons in order 
to bring the enemy to fleet action, and to make it 
impossible, if not dangerous, to engage in a guerre 
de course. As Sir Charles Dilke pointed out at the 
London Chamber of Commerce on Wednesday 
evening, a neighbouring naval Power, after an 
inquiry by most competent authorities, had aban- 
doned the view that it could, while not holding the 
seas against us, inflict great damage to our com- 
merce. 

The combination of qualities in the new cruisers 
has necessitated an exceptionallylong ship. Hitherto 
the longest of the British modern cruisers have been 
the Powerful and Terrible, and the four armoured 
ships of the Drake class, all of which had a length 
of 500 ft. and a beam of 71 ft. Following the 
Drake class, completed six years ago, there was a 
tendency to decrease the length of the vessels, but 
later there has been steady advance. Thus the 
County class are 440 ft., the Devonshire class 
450 ft., the Duke of Edinburghs 480 ft., and the 
Minotaurs 490 ft. The beam has, in the same period, 
been increased from 66 ft. to 744 ft. The three 
Invincible cruisers are 530 ft. long and 78 ft. 6 in 
beam, the draught continuing, as in most of the 
recent armoured cruisers, at 26 ft. This increase 
in length of 30 ft., as compared with the longest 
preceding cruiser, and of 40 ft. as compared with the 
immediate predecessor, is necessary partly to enable 
high speed to be realised with the minimum of 

wer, as the form for a given displacement may 

finer, but it is a consequence also of the need 
for satisfactory disposition of the guns. It was 
laid down as an essential condition, first, that all 
the guns of the primary battery should be of 12-in. 
calibre—a condition never before exacted in any 
ship except the Dreadnought—and, second, that 
all the guns should have an arc of training to enable 
them to fire on either broadside and through very 
large arcs forward and aft. Eight guns are mounted 
in pairs in barbettes, one forward and one aft, and 
one on each broadside, but not, asin previous ships, 
on the same transverse line, the port barbette being 
some distance forward of the starboard barbette. 
This constitutes, as we have already indicated, a 
broadside armament equal to that of any shi 
afloat, equal even to the Dreadnought, and it will 
be interesting to show in tabular form the progress 
in the gun-power of successive armoured cruisers. 


Broadside Fire of Successive Armoured Cruisers. 

















eat a ok — x 
Class and Year of | - A ESS sesame 
signed | place- Guns Firing Ene 
Launch. Speed. | ment. _ on. Each trom ee 
Broadside. Round. 
knots | tons | foot-tons 
County (1900). . 23 9,800 Nine6-in. | 30,200 
Drake (1901) .. 23 | 14,100 | Fone oa |} 63,600 
Devonshire (1991) ... 22.25 |10,860{ /THFee7.S-in- | 4 409 
Duke of Elinburgh } 22.75 |13,550{ P90r92in- |) 99,500 
(1904) . * Four 9.2-in. |) ,o- 
Minotaur (1906) 23 |14,6004 | ive 7:5:in, | } 137,000 
Invincible (1907) 25 |17,250 [Sete wine $81,576 


It will be seen that in seven years the displacement 
tonnage has been doubled, and that the collective 
muzzle energy from one round of guns has increased 
more than twelvefold. What is of more importance, 
however, is that the County class are only capable 
of fighting at three miles’ range, and even then 
inst inferior ships. It is true that the Drake 


of six years ago can effectively bring to bear two 
guns at four miles’ range; the Duke of Edinburgh 
class and the Minotaur class, four guns of the same 








~| than in the earlier shi 





range ; whereas the Invincibles will be able to utilise 
all of their eight guns at five miles’ range, an 
then to do effective work against any foreign battle- 
ship. In this way they will be able to combat an 
equal number of battleships of the enemy’s force 
while doing reconnaissance work, having at the 
same time a speed which will enable them, after 
gleaning all information as to the force of. the 
enemy, to return to the Admiral with full know- 
ledge of the strength of his opposing force. 
Although their armour protection may not be as 
etiective as the latest of our battleships, they will 
still be able to take their place in the line of 
battle ; and on the principle that the most effective 
defence is an active and preponderating offence, 
they will do effective duty. . 

The value of the superior gun-power is further 
considerably augmented, not only by the unifica- 
tion of the calibre of the gun for reasons which 
were admirably enunciated by Lieutenant-Com- 
mander Sims in the report which we reproduced on 
page 59 ante, but because of the exceptionally high 
freeboard of the ships. In the preceding cruisers— 
notably the Duke of Edinburgh class and the 
Minotaur—the forward guns were placed on the 
forecastle, which was cut away on each side to 
enable the wing guns on the upper deck level to 
fire ahead. These wing guns, like all the other 
primary ae in the ship, are in these earlier 
cruisers on the upper deck level. In the new ships 
the broadside guns are on the same level as the 
forecastle, and therefore at a great height above 
the water-line. The aft pair of guns alone are on 
the upper deck level ; but the deck erection to the 
rear of these stern guns is cut away at an acute 
angle on each side to enable the aft weapons to 
train as far as possible forward of the beam. The 
disposition of the guns and machinery has involved 
difficult problems in order to secure a wide arc of 
training, and as this is a matter of increasing im- 
portance in the design of warships, considerable 
interest will be taken in the paper to be read next 
Wednesday at the Institution of Naval Architects 
by Mr. James McKechnie, of Barrow-in-Furness, 
as his unique experience of both propelling and 
gun machinery entitles him to speak with authority 
on ‘‘the influence of machinery on the gun-power 
of the modern warship.” 

As to the armour protection, this, as in the 
earlier ships, is continued right fore and aft, and 
extends from a considerable distance below the 
water-line to the upper deck level, the gun-machi- 
nery above this being further protected by the 
barbettes. The armour on the broadside amidships 
is, for some distance, 7 in. in thickness, reduced 
forward and aft to 4 in., while all of the guns 
and the machinery are thus within heavy armour. 
Although the protection is not equal to that of 
the Dreadnought, it corresponds with the plating 
of the Duncan class, with this further advantage, 
that it is continued right aft as well as forward. 
As suggestive of the relative extent of armour 
protection in modern cruisers, it may be added that 
the proportion of weight of hull to the displace- 
ment tonnage of the ship in the County class was 
60 per cent., in the Devonshire class 61.5 per cent., 
in the Duke of Edinburgh class 59 per cent., in 
the Minotaur 56.3 per cent., and in the Invincible 
56 per cent. The inference may be justified that 
the weight devoted to protection is relatively less 
; but the length of the 
ship is a factor in such comparison, and in any 
case the difference is small. 

The machinery is of the Parsons type, with 
water-tube boilers designed to give 41,000 horse- 
power. The disposition of the machinery has been 
arranged to enable a magazine for the amidship 
guns to be placed under the guns, and there are 
three boiler compartments, with two engine com- 

tments, the latter divided by a longitudinal 

ulkhead. The turbines are arranged as in the 
Dreadnought. There are four shafts. On each of 
the centre shafts there are fitted a cruising turbine 
and low-pressure ahead and astern turbines, the 
two latter being within one casing. On each of 
the wing shafts there are a high-pressure ahead and 
high-pressure astern turbine. At cruising speed, 
therefore, the sequence, going ahead, will be, the 
cruising turbine on the inner shaft, the high-pres- 
sure turbine on the outer shaft, and the low-pressure 
turbine on the inner shaft ; while for going astern 
the sequence will be, the high-pressure turbine on 
the outer shaft, and a low-pressure turbine on the 
inner shaft. There are four propellers, one on 
each shaft, and the outer pupils are about 20 ft. 


ahead of the inner. The two inner shafts are carried 


d| within spectacle framing and stern bracket, and 


are immediately ahead of the two rudders. These, 
as in the Dreadnought, hang from the stern struc- 
ture in a coned bearing, and they are further 
secured by nuts. These rudders are of very ample 
area, so that the turning power of the ship 
will be considerable. 





HIGH-PRESSURE CONTINUOUS 
CURRENTS. 

Tue use of high-pressure alternating currents, 
nearly always three-phase, has become so firmly 
associated with the transmission of electric energy 
over long distances that one is apt to forget that 
any other system is possible. The first require- 
ment for long-distance transmission is a high voltage 
on the lines, and the ease of obtaining this with 
alternating current is no doubt the reason for the 
predominant and almost exclusive position that 
this type of current has obtained for itself. Not 
only does alternating current lend itself to genera- 
tion at high voltages, but the pressure can be 
stepped up still higher for transmission if need be, 
and can be reduced practically to anything desired 
at the far end by apparatus of the most simple and 
efficient type. Against these advantages must be 
set defects equally inherent in the system. The 
capacity effects of the transmission lines—a very 
serious matter with underground cables—violent 
surges in the system, with possible damage to the 
insulation and apparatus, and many other causes of 
trouble, all have their share in rendering the 
operation of the plant difficult. 

The longer the distance of transmission, the 
more seriously do these defects make themselves 
felt, and there are many engineers who believe 
that if power transmission over hundreds of miles 
is ever to become generally practicable, the use of 
alternating current will be superseded by that of 
continuous current at very high pressures. In view 
of the overwhelming preponderance of alternating 
current for long-distance work at present, such a 
view needs considerable courage to express; but 
the work already done by M. Thury, and the paper 
read last week before the Institution of Electrical 
Engineers by Mr. J. 8. Highfield, which we print 
elsewhere in this issue, show that there is a very 
great deal to be said in its favour. Neglecting for 
a moment questions of generating at, or otherwise 
producing, a very high continuous voltage, and of 
reducing such a voltage to a reasonable value at the 
far end of the line, there can be little doubt that 
as regards transmission pure and simple, high- 

ressure continuous current is immensely superior. 

ence the longer the lines, and consequently the 
greater their relative importance as compared with 
the station plant, the more attractive does the use 
of continuous current become. Two transmission 
lines only are required, insulation difficulties are 
very much reduced, and wattless currents and other 
afflictions of alternating-current circuits are com- 
pletely unknown. Whether the high - pressure 
continuous-current supply shall be utilised on the 
‘“‘series” or the “parallel” system is almost 
entirely a question of the design of —— 
M. Thury favours the former, the principal features 
of which are fully discussed in Mr. Highfield’s 
paper. The ‘‘parallel” system, similar to that in 
universal use, is only practicable provided that 
some fairly cheap and safe method can be devised, 
either of obtaining power from very small currents 
at very high pressure, or of stepping down the pres- 
sure to something reasonable, with a corresponding 
increase in current. 

M. Thury obtains his high voltages by coupling a 
number of generators in series. In the Moutiers- 
Lyon scheme, recently put to work, where the 
pressure across the lines is 57,600 volts, there are 
eight generators, each giving 7200 volts across their 
terminals. Eight generators in series to supply 4 
single transmission line is rather a large propo- 
sition, for even though the combined efficiency is as 
high as that of each individual generator, the capital 
and maintenance costs: could not be very low. 
However, at the present day there seems to be 
nothing else to do if high continuous voltages are 
required. While it is possible, but not very likely, 
that continuous-current machines may in the future 
be built to stand more than a few thousand volts 
across the commutator, it seems very certain that 
they can never be built to give, singly, anything like 
the line pressure required for long distances. As far 





as generation is concerned, then, continuous cur- 
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rent is badly handicapped, for a single alternator from electioneering platforms, the argument being | assistance had to be found, and the companies were 
with a static transformer will give any voltage that | that the working of the railways by the companies | therefore requested by the State to take charge of 


could possibly be required. 

What seems to be wanted more than ever at the 
present moment is a rectifying arrangement, which 
would allow of alternate-current generation and 
transformation combined with continuous-current 
transmission. Anything of the nature of the old 
mechanical rectifiers, as used for arc-lighting work, 
is out of the question for the service under con- 
sideration. They were not nice machines, even at 
their best, and for the comparatively low voltages 
at which they worked, and nobody wants auy 
more of them. If an extra high-pressure rectifier 
can be devised, reasonably efficient in operation and 
economical in space, the use of continuous-current 
transmission will be brought a long step nearer. 
The electrolytic valve at the time of its discovery 
seemed to offer a possible solution of the rectifier 
problem ; but apparently little is to be hoped for in 
that direction—at any rate, with such metals and 
electrolytes as have yet been experimented with 
A more promising future, perhaps, lics before the 
mercury vapour rectifier, although very little has 
been heard of this since its introduction to public 
notice. Those who were present a couple of years ago 
at Sir Oliver Lodge’s Royal Institution lecture will 
remember what remarkable results he obtained with 
electric valves depending for their action on the cor- 
puscular discharge from the cathode. Their ‘‘non- 
return” action was so perfect and complete, even 
under a pressure of very many thousands of volts, 
that by interposing a suitable arrangement of them 
between the secondary terminals of a large induction 
coil and a condenser, the latter could be charged to 
its full capacity without any of the charge slipping 
back between the pulses of the incoming current. 
The steady discharge of the jar through a resistance 
constituted what Sir Oliver ge called a ‘* perti- 
nacious current,” and it is precisely such a current 
that is wanted for long-distance transmission. 
Rectification of alternating currents alone will not 
give us what is required. Rectification, however 
perfect, can only produc2 a unidirectional pulsating 
current, which by itself would would have very little 
advantage over alternating current. The ripples 
must be smoothed out and the flow be made uniform 
by some means corresponding to Sir Oliver Lodge’s 
condenser before the proper conditions are ob- 
tained. 

Even if the production of high-pressure con- 
tinuous current by such means as we have indicated 
is possible at a Royal Institution lecture, it does not 
follow by a long way that it is practicable on an 
engineering scale. A very great deal of water will 
have to flow under bridges before the high-pressure 
rectifiers and condensers become common objects 
of a power-station. And even if this should occur, 
the question of how to use the current at the other 
end of the line remains as at present. 








THE PURCHASE OF THE WESTERN 
RAILWAY OF FRANCE. 

Art the present time, when the nationalisation of 
the railway systems is_being suggested in various 
countries, including our own, it is interesting to 
record the progress which this question has made 
in France. In the latter country a law has been 
passed in the Lower House, by 364 votes to 187, for 
the purchase by the nation of the Western Railway, 
and the rapidity with which the matter has been 
decided so far would be astonishing were it not for 
the fact that the Socialist party have been busily- 
working for many years past at the oo. The 
Bill dealing with the case, as regards the Western 
Railway, was placed on the table of the Lower 
House, gone into by the special committee, by 
the financial committee also, was discussed by 
the Chamber of Deputies, and passed by that 
Chamber within about one month. This would 
tend to show that matters were practically decided 
upon beforehand, and that the majority of members 
did not care to consider the consequences of such 
& measure, consequences to which we shall revert 
further on. The object of the measure in question 
has, no doubt, been mainly to establish a principle, 


formed a costly luxury, paid for by the people 
| indirectly, and resulting directly in the etalon 


of high rates for carriage and transport, whereas 


| State ownership would yield immediately numerous 


| advantages and lower tariffs. Among the most! 
‘militant exponents of State enterprise in this | 
| Fespect may be mentioned M. Pelletan, whose | 
| Policy as Minister of Marine was fraught with | 
such evil consequences for the French Navy, and | 
other députés who have argued throughout the | 
land that the companies would never be able to 
reduce their liability to the State and to the rate- 
payers ; but would, on the contrary, increase it 
year by year. A few years ago M. Pelletan, and 
those members who hold his.opinions, asserted 
that all the French railway systems, with the ex- 
ception of the Northern of France, were bound to 
remain for ever debtors of the Budget, and they 
advocated the purchase by the State of the whole. 
As time went by, facts have contradicted their 
assertions, and they have been obliged to curtail 
their proposed programme, and to claim the re- 
demption of only part of the systems, those which, 
to their showing, would never improve their status. 
But their later prophecies also have not come true, 
and the members in favour of State monopolies have 
hastened to obtain from the Lower House a vote 
providing for the nationalisation of the Western 
system, because this system was on the point of 
entering on a more satisfactory phase, thus destroy- 
ing totally the arguments in favour of State enter- 
prise. Formerly M. Pelletan advocated, with much 
emphasis, the redemption by the State of all the 
railways, except the Northern of France; later, 
in 1900, the Western, Southern, Eastern, and 
Orléans were alone on the tapis; in 1902 there 
remained but the Southern and Western ; finally, 
in 1905, the Western alone was in question, be- 
cause, in the case of the Southern, matters have 
improved sufficiently to quash all arguments in 
favour of State working. 

It is interesting at this point to review the con- 
ditions P erm. the relations which have existed 
since 1883 between the railways, as worked by con- 
cessionnaire companies, and the State. It will be 
seen that the French legislation in this matter is of 
a complicated nature. 

The leases granted to the railway companies in 
France are not perpetual leases. At the commence- 
ment, in 1842, they were very short ; later on they 
were increased to 99 years; and now, owing to modi- 
fications which have been carried out in the distri- 
bution throughout the country of the various net- 
works, the leases of the six companies working the 
larger systems are to terminate between 1958 and 
1960. By the leases in question the State grants to 
the companies the working of the lines; the State 
bears the cost of the necessary road-bed, the com- 
panies having to take charge of the superstruc- 
ture and of all the subsequent improvements 
and alterations required by development in the 
traffic. But among the concessions granted, many 
were for lines which were not likely to become 
paying lines for several years ; the companies had, 
therefore, to face a financial crisis, owing to their 
heavy outlays. The Government helped them in 
this crisis by giving guarantees of interest, or, in 
other words, by lending to the companies a sufli- 
cient annual amount to cover interest and provide 
for repayment of loans. These State aids were 
in the shape of loans bearing interest, to be re- 
funded when the fits of working exceeded the 
amount pearcthnr oh iy the State, further, was to 
share in the profits after collection of its debts, 
when the dividend exceeded a given percentage. 
In 1883, after having leased to the companies a 
number of new lines, or, more accurately, after 
having compelled them to build a number of new 
non-paying lines, a very large programme of public 
works was started absolutely out of proportion 
with the State resources and with the results 
which might be expected from it. The object was 
to build harbours and ports at numerous places 
round the coast, canals in every direction, and new 
lines in sufficient number to satisfy even the most 





and eventually, notwithstanding assertions to the 
contrary, to nationalise gradually the other railway | 
systems of the country, with a view to give the 
State Railway system, formed in 1879, the full 
development which it is said to need. 

For many years the subject of the purchase by 
the State of the railways owned by companies has | 
been a convenient one to put before the electorate | 





ae voter. In the matter of railways, in 
particular, the State had then the ownership of a 
number of isolated lines which it had built and 
hardly knew how to work profitably ; further, it 
was at a loss to find the necessary funds to build 
the new lines promised right and left—lines costly 
to build, and without any immediate future what- 





ever. The State promises had to be kept; for this 





the non-paying lines in question, and to connect 
them up to their systems by other non-paying 
branch lines. The railway companies at that time 
were becoming firmly established on good financial 
bases, and were commencing the repayment of 
their loans and guarantees of interest above alluded 
to, except in the case of the Western of France 
Railway, whose system is, no doubt, less profitable 
than the others. 

This led to what are called in the French rail- 
way world the ‘‘ Conventions of 1883,” which con- 
ventions, the Socialist and monopolist députés 
assert, were entered into for the sole benefit of the 
companies, whereas, in truth, they were attended 
both by advantages and disadvantages, which, it 
was hoped, would balance each other within a com- 
ey short period, and finally result in bene- 

ting the whole country. At all events, these Con- 
ventions had the effect of solving a difficult financial 
problem for the Treasury. The Conventions, of 
course, meant the conclusion with the companies of 
a new contract ensuring further State guarantees of 
interest applicable to the working of the indifferent 
lines to be taken over and connected up, but they 
also meant that the companies had to lay out large 
sums for construction purposes; the companies 
helped the State by undertaking, under compulsion, 
what the State was unable to take in hand for the 
time being. For this the companies issued loans 
in their own names, the State giving its guarantee 
in the usual way; but the guarantee under the 
conventions of 1883 has always been held separate 
from that given previous to the conventions, 
When the latter were entered into, there were good 
reasons to believe that State aid to the railways 
would soon become unn ; the date on which 
the companies would have paid off their debts to 
the State was also in view, and from that date the 
State was to commence receiving, when the railway 
profits exceeded a given sum, two-thirds of the 
amount in excess. 

The leases to the railway companies, of which the 
foregoing gives a brief review, are styled ‘‘robbery”’ 
by the advocates of State monopoly; to an 
gage mind they certainly appear equitable, 
and to contain great advantages in favour of the 
State. It was but justice that the companies 
who had to bear the charge of new work, and 
who allowed a given share in the profits to the 
State, until the expiry of their lease under the con- 
ditions above referred to, should reap some advan- 
tage also in compensation. 

nfortunate circumstances of an economical and 
a commercial nature have caused the charges 
on the Treasury, by reason of the Conventions 
of 1883, to be prolonged for a greater time 
than was at first thought probable. The com- 
panies were compelled to have recourse for a lon 

riod, and for heavy sums, to the guarantee o 
interest granted by the State. Members opposed 
to the Conventions, and to the private working of 
the railways, concluded therefrom that the Con- 
ventions would never yield a satisfactory result. 
Gradually, however, and while the monopolists 
were publishing their adverse opinion, the situa- 
tion was improving steadily, the companies were 
making less demands upon State aid, and were 
reaching the refunding period. The Western of 
France Railway alone still requires State aid to 
compensate for the insufficiency of its net receipte. 
But the situation as regards this company is also 
improxing in a natural way, and it may be assumed 
that it would soon reach the favourable status of 
the other companies. This favourable status would 
continue for all, the State sharing the profits until 
the whole of the systems became State property on 
expiry of the leases. 

=amediately after signing the Conventions of 
1883, the country had to face an industrial and 
agricultural crisis, the effect of which was largely 
to reduce traffic. The net profit of the railway 
companies became insufficient to pay the guarantecd 
interest, owing to the fresh outlays they had to 
face by reason of the new lines that were 
forced upon their systems. The different com- 

nies (with the exception of the Northern of 

rance Railway, which is laid in a more productive 
region, and is particularly well managed) had, as 
above stated, to make calls upon the State. The 
sum they required amounted to 43 million francs 
(1,720,0001.) in 1884 ; it rose rapidly and reached 
84 million francs (3,360,0001.) in 1886, as a conse- 
quence of the economical crisis in question, but no 
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less by reason of the imprudent manner in which new 
and unprofitable lines were built and connected up to 
the various systems. The Government was forced 


to acknowledge this, and took steps accordingly. | 


Several of the lines schemed in 1878, and decided 


upon in 1883, are not yet built, and will not be. 


built, presumably, for many years to come. The 
sums asked for annually by the companies de- 
creased after 1886 to 60 million francs (2,000,000. ). 
But they rose again and reached 100 million francs 
(4,000,0007.) in 1893, following the commencement 
of the —T unremunerative lines, and owing 
also to the te intervention in regard to the 


-—12.7- 





companies’ staffs. In 1896 the companies only 
required from the State 35 million francs 
(1,400,000/.). The Paris - Lyons - Mediterranean 
Railway Company from that date required no 
subsidy, but commenced repayment to the State 
to the amount of 6 million francs (240,0001.). In 
1897 this same company wrote off its books the cost 
of the new lines, or, in other words, the payments on 


‘account it had made to the State for the said new 


lines, and repaid the State in a lump sum the whole 
of the balance of the subsidies it had received since 
1883. There remained, therefore, but three com- 
panies in debt to the State—the Eastern, Western, 
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and Southern of France ; these required in 1897 a 
further t for a total of 22 million francs 
(880,000/.). The Orléans Railway was at that time 
practically in a position to commence ge 
to the State. The Western of France Railway still 
remains in a dependent situation, and the mono- 
polists maintain that this company, at all events, 
and notwithstanding the satisfactory experience of 
the other companies, will reach the end of its lease 
without being able to repay the State. 

As a rule, the situation of the French railway 
companies may be considered to be good, and it 
improves daily. In 1905 their gross receipts 
amounted to 1494 million francs (59,760,0001.), 
their working expenses reaching only 760 million 
rancs (30,400,0001.). In 1904 the corresponding 
figures had been 1437 million francs (57,480,0001.) 
and 727 million francs (29,080,0001.). This gives, in 
favour of 1905, an excess of 24 million francs 
(960,0007.) in net receipts, and if expenditure has 
increased more rapidly than the gross receipts, the 
fact is attributable to the large outlays made in 1905 
for profitable improvements. The expenditures of 
the six large systems were lower in 1904 and 1905 
than they were in 1900. The difference between 
the gross receipts and the cost of working has 
to provide for all charges on capital; but if 
not sufficient for this purpose the State subsidies 
have been available. The fact must also not be 
lost sight of that the comipanies, by the terms 
of their leases, have had constantly to bear in 
mind the expiration of their tenure and the re- 
funding of their capital. The Western Company 
alone pays to its sinking fund annually a sum of 
about 24 million francs (960,000/.) from the receipts, 
and before. paying a dividend to the shareholders. 
The whole of the French companies pay to their 
sinking fund an annual total of 160 million francs 
(6,400,0001.), in order that their capital may be paid 
off at the expiry of their leases. Such money 
payments are really made in favour of the State, 
who will become in due course of time the owner 
of the systems, and will only have to pay then for 
the material and stocks assessed at their market 
value. 

A fact which the monopolists willingiy ignore 
is that State assistance has not been promised 
to the companies up to the time the leases expire, 
but only up to twenty-five years before their ex- 
piration. The debt of the companies to the State 
would at all events cease to increase twenty-five 
years before the expiry of the leases, were the com- 
— unable then to commence reducing it. 

ut, as we have stated, the companies have com- 
menced refunding to the State the money lent 
them by the State as guarantee of interest. In 1904 
the Eastern of France and the Paris Orléans Railway 
repaid the State 3,000,000 francs (120,0007.) each ; 
repayment by the other debtor companies still goes 
on regularly. The Western of France Railway still 
borrows State subsidies, and in the case of this 
company the receipts are on the increase, and 
repayment tothe State would soon commence. The 
latter is what the monopolists want to forestall. 

If the purchase of the Western Company is 
completed, it will not be possible to prevent the 
shareholders from reaping the advantages they 
have a right to by reason of the Conventions of 
1883, and in exchange for the services they have 
rendered to the State Treasury. These Conven- 
tions contained conditions advantageous to the 
State, and others profitable to the companies, who 
became in a sense bankers to the State. If the 
State wishes to acquire the system before the 
natural expiration of the lease, it has to pay 
annually until the end of the lease (and not until 
the date on which its guarantee terminates) a sum 
equal to the revenue which the State deprives the 
company of, and corresponding to the average of 
net receipts, based upon a mutual agreement. 
But this sum must be, at least, equal to the revenue 
guaranteed by the State. Therefore, if the com- 
pany could show receipts high enough to exceed 
what the State had guaranteed as minimum profit, 
the Treasury would have to pay the company, until 
the expiry of the lease, a sum exceeding that which 
the State lent when the company was not in a 
very favourable situation. It is true that in these 


circumstances the State would be working the 
system, and would collect the receipts, but ex- 
perience in the matter of State control of railways 
tends to show that the receipts in such an event 
would be less than tliose of a company, even were 
the latter badly managed. 

By purchasing the Western, or the whole of the 





railways now, the French Government would pay 
dearly for the right of acquiring immediately a 
property which is to revert free to it later on. 








RONTGEN, CATHODE, AND POSITIVE 
RAYS. 
_ Iy his fourth lecture on the above subject, de- 
livered at the Royal Institution on Saturday last, 
Professor J. J. Thomson, F.R.S., said that the real 
nature of the cathode rays had, in the past, consti- 
tuted almost an international question between 
German and English physicists. The idea that the 
discharge consisted of moving particles negatively 
electrified appeared, he continued, to have origi- 
nated with Mr. Cromwell Varley, but the evidence 
that this was their nature had been more fully estab- 
lished by Sir William Crookes. In spite of the latter’s 
experiments, however, Helmholtz was almost the 
only German physicist to accept the theory in 
_—— the others following Goldstein in holding 
the contrary creed. This opposing view received a 
considerable impulse from experiments by Herz, 
who found that the discharge could pass through 
gold-leaf and aluminium-foil. At that date, which 
was much antecedent to the discovery of radium, 
this fact seemed to negative the view that the dis- 
charge consisted of moving electrified particles. 
Nowadays, the speaker continued, we had become 
accustomed to the penetration of solids by small 
rticles, and quite recently Mr. Campbell Swinton 
ad shown that ordinary hydrogen even could 
penetrate into glass to a greater depth than the 
thickness of the foils used by Herz. Still, when the 
latter’s results were first published, the fact of pene- 
tration seemed irreconcilable with the view that the 
discharge consisted of negatively-electritied particles. 
The matter was further investigated by Leonard, 
in a very remarkable series of experiments, in which 
he obtained the discharge outside the vacuum tube 
by fitting the latter with a window of thin alumi- 
nium - foil. This experiment was repeated by 
Professor Thomson on Saturday, who showed that 
a screen coated with willemite became fluorescent 
when placed close up to the aluminium window, 
and also showed that on moving the screen back 
to a distance of but 2 millimetres from the window, 
the glow nearly disappeared, thus indicating that 
the discharge was very rapidly absorbed by air at 
the ordinary pressure. By letting the discharge 
pass through a vacuum after escaping from the 
aluminium window, a relatively long travel of the 
discharge was ible, and in these conditions it 
appeared that it could be deflected by a magnet ; 
thus negativing the idea that the fluorescence of 
the willemite was caused by Réntgen rays generated 
by the — of the discharge on the glass or metal 
window of the tube. 

The fact that he was able to show these experi- 
ments in the lecture-room was a striking testimony, 
the speaker continued, to the advantages conferred 
by Sir James Dewar’s method of obtaining high 
vacua by the use of charcoal cooled to the tem- 

rature of liquid air. When Professor Leonard 

rought over his apparatus to the British Associa- 
tion meeting at Liverpool, Sir Gabriel Stokes and 
himself, the speaker said, had spent hours with 
Leonard in endeavouring to get the effect in 
question ; but at the end of that time they could 
not conscientiously say they had seen it. Con- 
sidering the great difficulty of the experiment 
under the conditions in which Leonard worked, it 
was remarkable that he-had failed to discover 
the Réntgen rays, which were much more easily 
detected. 

The fact that the particles could get through sheets 
of metal raised the question as to what was the nature 
of these carriers of the electricity, and what was the 
velocity with which they moved. The latter could 
be determined, he continued, with the apparatus re- 
presented in Fig. 2 in our report of the previous 
lecture (see page 317 ante). Here the cathode rays 
were tween two opposite electrified plates 
p horizontally. If X denoted the strength of 
the electrostatic field between these plates, and e 
the charge on a particle, then the force tending to 
move it vertically was Xe. If at the same time a 
magnetic field of strength H were established at right 
angles to the electrostatic field, and to the direction 
of motion of the particles, each particle would 

in be subject to a vertical force having the value 
ev. By adjusting the two fields matters could 
be arranged so that the two forces exactly balanced 


each other, and then it followed that v= A The 








velocity thus determined came out enormously high; 
the figure obtained ranged, with wy pe of ex- 
haustion of the vacuum tube, from miles per 
second to 60,000. 

Again, by letting the force H act alone, the 
particle would be compelled to describe a curved 
path. It could be shown that if m was the mass of 
the particle, v its velocity, and e its charge, that the 
radius of the path described under the influence of 
H was given by the expression 


v _ He 


from which as v, H, and R were all determinate, 
the ratio” was obtained. 


m 

Thus calculated the ratio came out enormously 
high, being equal te 1.7 x 10’. In electrolysis the 
ratio of charge to mass varied with the ion involved, 
being greatest for H, when it had the value 10* or 
r7vo that obtained in the case of the particles consti- 
tuting the cathode rays. It then remained to dis- 
cover whether the charge e was greater than it was in 
the case of H, or whether the mass m was smaller than 
that of the hydrogen atom. By a series of experi- 
ments, into which he said he would not enter, it 
had been shown that the charge was the same as 
that carried by the H atom in electrolysis, and 
hence the mass m was only 4745 that of this 
atom. An important point was that though many 
ways were now known of getting these particles, 
such as by heating metal till it became luminous, 
or by the action of violet light on metals, or from 
radioactive bodies, this mass was always the same. 
The smallness of this mass explained how it was 
that particles found their way through sheets of 
metal. 

One consequence of the enormous velocity of 
these particles was that their kinetic energy might 
be large in spite of the smallness of the mass. e 
momentum on the other, depending only on the 
product m v, need not be so large. ence in these 
particles, we found a large kinetic energy combined 
with a very small momentum. Take, he said, the 
case of a tube in which the velocity of the particles 
was 60,000 miles a second, and the current con- 
veyed was yj, of a milliampere, which was about 
the normal intensity. Then, the kinetic energy 


mv 


of one particle would be and if n particles 


passed in unit time, the total energy would be 
= ne The charge carried by each being e, the 


current i was equal to n e, so that the energy 


became ‘5° “. The ratio © being 1.7 x 10-7, it 
e m 

appeared, on making the necessary substitutions, 
that for the tube in question the point at 
which the particles struck the glass received 
energy at the rate of about 4 calories per minute. 
As the rays could be concentrated, a very high 
temperature could be developed at the point struck, 
and, as Sir William Crookes had shown, a diamond 
could be fused in this way. In the case of the 
momentum, however, there was a very different 
story to tell. Assuming that the particles re- 
bounded with undiminished velocity on striking 
the glass, the change in the momentum due to the 
collision of the particles would be 2mnv. On 
substituting as before, it appeared that the pres- 
sure exerted by them if they struck a square centi- 


metre of the glass could not exceed ioe of one- 


millionth of an atmosphere. 
It was obvious, therefore, he went on, that the 
rticles could have no direct mechanical effect. Sir 
illiam Crookes had, however, shown that if directed 
on the vanes of a wheel running with its axle on 
guides in the vacuum tube, this wheel could be 
—— from one end of the tube to the other. 
he calculation just made showed that the pressure 
exerted by the stream was incompetent to do this, 
and, in fact, the apparent mechanical effect arose 
indirectly, and was due to the heating of the sides 
of the vanes struck by the particles; Starke, by 
a very pretty experiment, fad definitely shown 
that this heating was the cause of the effect 
observed. He suspended from a fibre a dise with 
its plane horizontal, and directed the rays obliquely 
inst one side of the lower surface’ of the disc, 
ad the rays a direct mechanical effect they should, 
under these conditions, cause the plate to twist 
about its suspension ; but an indirect effect, due 
to the heating of the lower surface. of the disc, 
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would simply tilt it. No indications of a twisting 
effect were found by this observer. 

The use of the cathode rays as an indicator for 
magnetic forces was, the — coming 
more and more into use. They had no period of their 
own, and practically no inertia, so that they could 
follow the most rapidly-changing magnetic forces. 
He had himself tried to use them for the detection 
of the electric waves used in wireless telegraphy. 
The magnetic field of these waves was very strong, 
but was reversed very rapidly. With the usual 
system of transmission, however, he had failed to 
get good results, owing to the fact that the waves 
used were so discontinuous. As a consequence, 
the deflection of the cathode rays by the magnetic 
field of the waves lasted for less than , jy the total 
time of the signal, and could not, therefore, be 
detected. With Poulsen’s system, in which a 
continuous train of waves was employed, this diffi- 
culty would not arise, and he believed the rays 
would show a deflection, even if the waves alter- 
nated one million times per second. 

A very neat method of studying the properties 
of the rays had been introduced by Kauffman, who 
received them ona photographic plate. The appa- 
ratus was arranged so that the rays passed through 
a magnetic and an electrostatic field, the respective 
displacements due to each being at right angles to 
on other. The displacement due to the electrostatic 
field varied inversely as the inertia of the apo 
and that due to the magnetic field inversely as the 
momentum. If, therefore, the rays, when the fields 
were shut off, made a spot on the plate, they would, 
if all had the same velocity, still make a spot on 
the-plate when displaced by the simultaneous action 
of the two fields. Actually they had not all the 
same velocities, and as a consequence the original 
spot became a curve, by the study of which the 
coleman of the discharge could be determined. 

In his next lecture he would, he said, deal with 
the absorption of these rays by the medium through 
which they passed, contenting himself on that 
occasion by pointing out that there were two ways 
of measuring this absorption, which led to quite 
different results. In the one case the total amount 
of the radiation which traversed the medium was 
measured, and in the other its intensity per unit 
of area. 





THE FERRO-CONCRETE PILE CASE. 

Since the recent decision of the Lord Chief 
Justice in the case of Mouchel v. Coignet, reversing 
the judgment of Mr. Justice Warrington in favour 
of the plaintiff, the announcement has been made 
that the points at issue will be submitted for final 
arbitration to the House of Lords. Consequently 
the validity of the Hennebique patent of 1897, 
which is the real bone of contention, has not been 
definitely upset, and the defendant, who has a rival 
patent of similar character, is not yet in the posi- 
tion which he probably believed had been attained 
by the osha» judgment of the Court of Appeal. 

It is not necessary to refer in detail to the judg- 
ment of Mr. Justice Warrington, who found that, 
as claimed by Mr. Mouchel, Hennebique, the 
patentee, had invented a new manufacture—that is 
to say, piles made of reinforced concrete, which had 
never been made before, which are capable of being 
driven in the same way as piles of wood or iron, 
and which have many advantages over piles of 
those materials. He found also that neither the 
utility of the invention, nor the fact that piles 
made of reinforced concrete were never used in this 
country before the date of the plaintiffs, was dis- 
puted, that there had been no anticipation, either 
by the several specifications cited by the defendant, 
or by the title of Coignet’s patent, and that the 
defendant had infringed the plaintiff's patent. 

To enable our readers to appreciate the points 
which led the Lord Chief J.stice to arrive at a 
decision which differs from that of the learned 
judge in the High Court, it 1s necessary to state 

riefly what was the nature of the alleged in- 
vention. 


At the commencement of his specification, Henne- | pa 


bique recites the improvements introduced by him 
for the application of reinforced concrete to build- 
ing purposes, and embodied in his patent of 1892, 
and then says that he has applied the same prin- 
ciples ‘‘to the construction o piles, sheet-piles, 
and solid uprights or standards,” which, ‘‘ corre- 
spondingly to the special conditions of their 
arrangement or employment, may, according to the 
strains, the loads, and the pressures to which they 








are subjected, be assimilated to girders, whether 
placed on two or more supports or embedded at one 
end, and so forth.” 

Two expressions in this quotation demand a 
word or two of comment. The first is the mention 
of ‘‘solid uprights or standards,” to which the 
patentee says he has applied his previous inven- 
tion ; and the Lord Chief Justice thinks ‘‘ it would 
not be doing justice, either to the patentee or to 
everybody, if we were to hold that he did not intend 
to include, not only piles and sheet piles, but solid 
uprights or standards.” The word ‘‘ girder,” as 
used in the specification, is probably intended to 
convey two distinct ideas—one illustrated by a pile 
resting on supports while seasoning in the yard, 
or during transport to the place where it is to be 
driven, or while being slung preparatory to driving, 
and the other represented by a pile, or sheet pile, 
partly driven into the ground, so that the upper end 
projects for the purpose of resisting the pressure 
of earth or water. The employment of the term 
‘* girder” is not altogether Soames. because it may 
lead the uninitiated to the opinion that piles and 
columns are simply girders used vertically. No 
doubt piles and columns have to resist stresses due 
to lateral or transverse forces, but that is a matter 
of secondary importance, while girders, correctly 
so termed, have only to withstand stresses due to 
transverse forces. But guided by the manner in 
which the patentee introduces his girder simile, 
the Lord Chief Justice came to the conclusion that 
he was pointing out the intention of using in an 
upright position that which bad previously been 
used in a horizontal position, or ‘‘ that he has found, 
or discovered, that his ferro-concrete construction 
which he has used horizontally—used as a solid 
girder horizontally—can be used as a solid girder 
vertically.” Having taken that view, it was a per- 
fectly natural consequence for the Lord Chief Jus- 
tice to find that the patent claimed discovery and 
not invention, and from that standpoint was invalid. 

Another aspect of the case is suggested in the 
succeeding paragraphs of the specification, wherein 
the patentee says :—‘‘ The construction of these 
piles and sheet-piles, their combination and the 
method of placing them in position, as well as the 
——* of which these separate and combined 
elements are capable, form the object of the present 
invention, and are shown in the accompanying 
drawings.” 

This specific limitation of the patent to the con- 
struction of piles did not appear to the Court of 
First Instance to be consistent with the hypothesis 
that the patentee intended to claim as an invention 
the idea of using girders for purposes to which 
they were unsuited, or with the assumption that 
his object was to claim the invention of solid 
uprights or standards. 

In describing his pile the patentee says: ‘‘In 
its lower part the pile is armed with a shoe in 
the form of a point, in order to facilitate its 
being driven into the ground,” and ‘‘the piles 
are inserted, according to the nature of the 
ground, either by dropping or by means of ram- 
ming.” No suggestion has been made to the 
effect that the pointed shoe is not intended to facili- 
tate the driving of the pile, but there seems to 
have been some doubt as to the meaning of the 
word ‘‘ driven,” which does not necessarily imply 
‘*ramming,” for a screw or a screw pile is driven 
without the application of blows upon the head, 
and an ordinary pile can be driven by being 
** dropped” point downwards into soft ground. If 
the patentee had said “driven” instead of ‘‘in- 
serted,” then it would have been clear that he con- 
sidered ‘‘ dropping” and ‘‘ ramming” to be alter- 
native forms of ‘‘ driving,” and in that event the 
Court of Appeal might have found no difficulty in 
deciding that while the Hennebique pile was meant 
to be driven under all circumstances, it was only to 
be rammed or driven by blows on the head into hard 
ground, and was then to be fitted with the protec- 
tive cap described for that purpose and claimed 
as part of the alleged invention. The interpreta- 
tion actually accepted by the Court is that the 
tentee ‘‘must be taken to have meant to tell 
the public that it was owing to the arrangement 
of the protective cap that the pile could be driven 
in,” cok that the driving of the construction into 
the ground, when fitted with the cap, is only ‘‘ an 
occasional incident of the use to which these things 
are to be put,” and does not support the claim of 
the patentee that he has invented piles ‘‘ in the 





We have dealt with this part of the judgment 
somewhat fully because it clearly involves one of 
the most important points which will have to be 
settled by the House of Lords. If the final tribunal 
of appeal should maintain the decision of the 
Court of Appeal in the respect that the patent is 
not for piles as claimed by the plaintiff, but ‘‘ is a 
claim for the use of standards, and uprights, and 
posts, which are equally described, for the pur- 
poses of the specification, as uses to which these 
structures are to be put,” then the conclusion of 
the Court that Stempel’s specification of 1889 for 
the construction of fence-posts, &c., was an anti- 
cipation will most likely be upheld also. On the 
contrary, if the House of Lords decide that the 
construction of ferro-concrete piles for the purpose 
of being driven was the subject of the patent, the 
importance of Stempel’s specification will dis- 
appear ; and the only point then open to question 
will be whether the plaintiff's invention was antici- 
pated by the Brannon specification of 1871, which, 
according to the judgment of Mr. Justice Warring- 
ton, does not describe an armoured concrete pile, 
but a rigid metallic structure encased in concrete. 

The final judgment in this case is of supreme 
importance to engineers engaged in constructive 
work of various kinds, because a decision in favour 
of the plaintiff will have the effect of confirming 
the present monopoly enjoyed by him; while one 
in favour of the defendant will leave the way open 
for civil engineers to design reinforced-concrete 
piles without having to trouble themselves with 
patentees, so long as other patents unconnected 
with the present action are duly respected. 








THE MANUFACTURE OF INCAN- 
DESCENT LAMPS. 

Last Monday the Robertson Electric Lamp 
Works, at Brook Green, Hammersmith, were 
thrown open by the directors of the General Electric 
Company, the owners of the factory, to the inspec- 
tion of a large party of guests. The Brook Green 
Works, which now find employment for nearly 
700 hands, and have an output of about 5,000,000 
lamps annually, constitute by far the largest fac- 
tory of its kind in the kingdom. Previous to 
1893, the year of the expiration of the master 

tents, the manufacture of incandescent lamps 
in. this country was practically a monopoly in 
the hands of a large corporation. When the 
field was opened for competitors, Mr. C. J. Robert- 
son—who had been associated with the lamp- 
making industry since its earliest days— backed by 
the General Electric Company, started the Hammer- 
smith works, though it was not until 1895—or more 
than a year after the works were opened—that the 
first marketable lamp was turned out. Since then 
the works have been extended no less than five 
times, and now have reached the dimensions indi- 
cated above. 

The first step in the production of the filament 
of the Robertson lamp consists in dissolving cotton- 
wool in a heated: solution of zinc chloride. The 
resulting liquid in clear at first, but eventually be- 
comes dark and treacley. It is next sucked, while 
still warm, through filters into bottles and there 
allowed to cool. When quite cold it is forced from 
the bottles by means of compressed air up a glass- 
tube forming the stem of a T with drooping arms. 
The lower ends of the arms terminate in nozzles 
graded according to the fineness of the filament 
required, and hang down into tall glass jars filled 
with acidified alcohol. Fitting in the bottom of 
each jar isa perforated earthenware gallipot, and 
as the jars have a slow continuous rotation, the 
squirted filament coils itself inside the pots. The 
filament at this stage is a semi-transparent thread, of 
the order of ), in. thick, and possibly several hun- 
dred yards long. It bears a resemblance to cooked 
macaroni in many respects. After remaining for 
three or four days in the alcohol it becomes hard, 
and is then removed and well washed with another 
mixture of acid and alcohol to remove the last 
traces of zinc chloride. A subsequent washing in 
running water for 24 hours finally cleanses it. 

The thread of cellulose is then wound direct from 
its pot on to a revolving drum 2 ft. or 3 ft. in 
diameter. A single drum holds about half a mile 
of filament, and 50 drumfuls per day are used in 
the Robertson factory. The drums are stored in 
a highly-heated room, and the filament rapidly 
becomes dry and springy. It shrinks considerably 


sense of a construction which must be capable of 'in diameter when dried, its thickness afterwards 


being driven into the ground.” 


| being comparable to that of a horsehair. 
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gauging for diameter, it is unwound from the drum 
on to carbon formers, to make the characteristic 
loops of the complete filaments. The formers, 
when filled, are packed with = in crucibles, 
and baked at increasing, and, finally, extremely 
high, temperatures for several days. This process 
reduces the grey cellulose to pure carbon, the fila- 
ment appearing now as a black shiny wire of 
extreme hardness. A cut across the coils on the 
former separates the winding into individual fila- 
ments. 

In the Robertson lamp the filament is always 
mounted in platinum leads, which, though con- 
siderably more expensive than the iron or other 
metal used in the cheap Continental lamps, give 
a decidedly longer life to the lamp. The platinum 
wire is automatically cut into lengths of two or three 
millimetres each, an automatic counting device 
checking the number of pieces cut. Each piece is 
flattened out at one end, and then drawn through 
a series of dies, which gradually turn over the 
edges of the flattened end to form a socket. The 
ends of the filament are inserted into the sockets 
so formed, which are then tightened on them by 
pinching. To complete the connection carbon is 
deposited on the joints, this being done by raising 
them to a red heat under benzine by the passage of 
an electriccurrent. This process is rather liable to 
ignite the benzine bath, and cause a flare-up; but 
every precaution is taken against danger. Should 
a bath take fire, the operator can iustantaneously 
slam down an iron lid to the tank and prevent 
further trouble, while exhausting orifices in the 
bench prevent any accumulation of benzine vapour 
in the room. To ensure the filament being of even 
resistance throughout, and of exactly the correct total 
resistance for the voltage for which it is intended, 
it is flashed in benzene vapour. When surrounded 
by benzene vapour it is raised to incandescence 
by the passage of a current, and the vapour is dis- 
sociated, carbon being deposited on the filament. 
The thin places, being: the hottest, are built, up 
most rapidly, and a great degree of evenness _ is 
obtained. As soon as the total resistance is lowered 
to the correct value the current is automatically 
switched off. 

The bulbs are blown-at the end of a tube in 
moulds, this process not being carried out at 
Hammersmith, but most of the bulbs being ob- 
tained from Newcastle. The first operation at the 
Robertson Works is to make a hole at the big end 
of the bulb, and seal a short piece of glass tube on. 
Most of.this work is done by machines ; the bulb, 
resting in a ring, is filled with air at a slight 
pressure,-and the bottom softened by a Bunsen 
flame until the bottom is blown outwards. While 
still soft, the glass tube is stuck on. This tube is 
for the subsequent exhaustion of the bulb. First, 
however, the filament has to be sealed in. This is 
done in two distinct ways, according to the type of 
lamp. The ‘‘ pinch-seal” is effected by drawing 
off the tube at the smaller end of the bulb, inserting 
the filament, and fusing the glass round the platinum 
mounts. The ‘‘ tubeseal ” is more largely employed 
than the other method, particularly for high-voltage 
lamps. A glass tube projects downwards into the 
bulb, into the cl lower end of which tube 
platinum mounts are sealed. The filament is secured 
to the mounts. by a carbon cement, and the tube 
then inserted into the bulb and sealed to the edges 
of the orifice in a special machine. 

For the exhaustion processes the lamps are 
mounted in groups of five, and strongly heated by 
gas-burners, mechanical pumps meanwhile remov- 
ing air from their interiors by means of the glass 
tubes fused on to the bulbs for this purpose. Ninety- 
nine percent. of the air is thus got rid of, and the 
rest is eliminated by means of Sprengel mercury- 
pumps. The tubes are then closed by a blow-pipe 
flame, and drawn off, leaving the characteristic pips 
at the ends of the bulbs. A chemical exhaustion 
process is also used at the Robertson Works, the 
air left by the mechanical pump being caused 
to combine with a gas given off by a substance 
paced in the exhaust stem, to form a solid. 
The chemical action is helped by the heat from 
the filament, which is raised to incandescence 
by a current during the process. Whatever 
method of exhaustion is practised, the lamps 
are afterwards run for a short time at a very 
high degree of incandescence to drive out occluded 
gases from the filament and wires. The vacuum 
1s tested by connecting the lamp to an induction 
coil for an instant, and observing the nature of the 


internal glow. This is a very delicate test, for the | 





appearance of the lamp not only indicates the 
degree of vacuum, but also whether a low vacuum 
is due to air or other gas. 

The fitting of the caps and terminals, and many 
interesting tests, we must pass over with but) 
scanty mention. The filaments are again over-| 
run at 50 per cent. excess voltage, and also 
examined for evenness at a low voltage. They are 
again tested for vacuum, and, finally, every single 
lamp is tested photometrically, and its behaviour 
recorded. The caps of the Robertson lamps are 
fixed with a special cement, unharmed by heat and 
moisture, plaster of paris -having being discarded 


by the firm. When the caps are fitted, the lamps | 


are again tested for symmetry, holder contact, and 
gauge. Then they are dried for some days in a 
highly-heated room, and once more tested for 
vacuum. After another running test at full candle- 
power they are washed and branded on the bulb with 
the maker’s name, their candle-power, voltage, and 
efficiency. Even after this, every single lamp is 
once again tested for vacuum and over-running 
power, and the figures for candle-power, voltage, 
and efficiency checked. They are then packed for 
shipment. 

n conclusion, a word should be said as to the 
treatment of the workers at the Robertson factory. 
A large dining-hall and recreation-room, with 
billiard-table and piano, are provided, and cooks 
and stoves enable the employés’ food to be pre- 
pared on the premises. A social and recrea- 
tive club in connection with the works arranges 
weekly entertainments, and a medical and sick- 
club has also been established. A highly effi- 
cient fire brigade, composed of workmen, exists, 
and frequent drills ensure that every employé 
knows exactly what to do, and where to go, in 
case of fire. As so large a proportion of the hands 
are girls, the organisation of orderly and rapid 
methods of exit without panic may some day prove 
of immense value. It has been found, on many 
occasions, that in 52 seconds, after an alarm has 
been raised, every worker has got outside the 
factory, and every door and window in the build- 
ings has been closed. The excellent organisation 
throughout the factory is very largely due to Mr. H. 
Hirst, the chairman of the Robertson Company and 
general manager of the General Electric Company. 








THE TREATMENT OF SEWAGE. 

AT a recent meeting of the Royal Sanitary Insti- 
tute, Mr. W. D. Scott-Moncrieff described an appa- 
ratus he has designed for determining the proportions, 
materials, and construction of sewage filter-beds. 
The need for such an apparatus has long existed, even 
if not recognised. In the Reports of the Royal Com- 
mission on Sewage Disposal, and in other publica- 
tions, a great deal of information is given upon the 
construction and performances of resolving tanks ; 
but, as Mr. Scott-Moncrieff points out, no reference 
has been made to the all-important point as to the 
best stage of the putrefactive fermentation at which 
the process should be changed, so as to meet the 
requirements of the aerobic and oxidising organisms. 
To meet this want, the apparatus in question, a sec- 
tional view of which we annex, has been designed, 
and an example of it installed at Staines was lately 
inspected by a number of engineers and sanitary 
authorities. 

The design is extremely simple, the apparatus con- 
sisting of a galvanised iron box 8 ft. high by 3 ft. wide 
and 1 ft. deep. It is filled with a filtering material 
to a depth of 6 ft. This material may be hard clean 
coke gauged to pass a ?-in. mesh, and to be rejected 
by a }-in. mesh. River ballast, broken slag, clinker, 
gravel, or other materials may be substituted for coke 
if needed, in order to find out the most suitable medium 
for the particular description of sewage under test. 
The coke or other filtering material rests on a perforated 
plate near the bottom of the box or tank, there being 
an open spce between the plate and the bottom of the 
tank. At vertical distances of 1 ft. there are placed 
inside the tank, and among the filtering material, 
gutters or troughs, six in number, which communi- 
cate with cocks on the outside of the tank. It 
will be seen that by means of these a samples 
can be secured of any sewage passing through the 
filter, and its condition can thus be ascertained after 
pass ng through any of the 1-ft. zones into which 
the apparatus is divided by the troughs. In the 
top of the tank is a horizontal tipping-trough, by 
means of which the sew is distributed over the 
surface of the filtering materia]. This trough is divided 
longitudinally by a vertical partition, and it is sup- 
ported on trunnions at each end. The centre of gravity 
of the trough is above the line of support. The flow 
of liquid into the trough is suitably regulated, so 





that the amount delivered in a given time is known. 


The liquid flows into one side of the trough, until its 
weight causes the latter to tip over to that side, when 
the content is spilt, and the other side is brought 
under the cock, until that, in turn, falls, once more 
bringing the empty side under the cock. In this way 
the iquid is poured impartially over a perforated 
plate, which is above the filter-bed, and an even dis- 
tribution is secured. In order to regulate the period 
of tilting, an arrangement is provided for adjusting 
the degree of departure from stability of the trough 
by means of weights. For the purpose of aerating the 
filter an aspirating tank is provided, by which air is 
drawn through the filtering material. 

It is claimed that, by the aid of this apparatus, 
it is possible to gain information as to the effect of 
filtration of a definite quantity of a sample of liquid, 
in a given time, thevagh any filtering material. The 
sewage of various districts differs materially, and, 
therefore, needs different treatment. In one case it 
may be necessary to have a considerable depth of 
filter-bed, whilst a filtering medium that may be excel- 
lent in one district will be unsuited toanother. In the 
absence of definite knowledge on these and other points, 
engineers are naturally inclined to allow a wide margin 
of safety, and when this exceeds that which more 
certain knowledge would warrant, naturally a waste 
of money occurs, 

As an instance, it may be stated that in the well- 
known case of the Ashtead experiments the flow was 
at the rate of one million gallons per acre per 24 
hours, and the period of rest between each dischar 
was 74 minutes,” These conditions were found ab- 









































solutely necessary to obtain high nitrification, and 
Mr. Scott-Moncrieff has frequently pointed out the 
need of ascertaining the two factors mentioned before 
designing works for dealing with effluent. The quan- 
tity of air and depth of filter are two other con- 
ditions that must be considered. Surface condition 
can be varied by the size of materials, and to prevent 
organic matter accumulating in the interstices a 
sufficient time must elapse between the discharges, 
so as to provide for the liquefaction of the organic 
matter in suspension, in order that no more should 
pass into the body of the filter than the lower zones 
can dispose of. This shows the necessity for periods 
of rest sufficient to prevent accretions of organic 
matter from clogging the top surface of filter-beds, and 
74 minutes was found sufficient for the purpose at 
Ashtead. At Staines, Mr. Hall informed Mr. Scott- 
Moncrieff, it was found that 7 minutes was sufficient 
in summer; but when, in October, there was con- 
siderable discharge from the breweries into the sewers, 
it was found necessary to increase the periods of rest 
to 15 minutcs. 

As another instance of the need for varying the de- 
sign of filter-beds to meet different conditions of 
sewage, the case of Hanley maybe quoted. Here, we 
are told, marvellous results were obtained with small 
particles of filtering material over a period of three 
ears, without interruption of any kind, the sewage 

ing weak in character. When tried at Staines, the 
same size of material proved worse than useless. Mr. 
Scott-Moncrieff had advised for Hanley a period of 
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PETROL-MOTORS FOR MOTOR-BOATS. 
CONSTRUCTED BY MESSRS. J, I. THORNYCROFT AND CO., LIMITED, ENGINEERS, BASINGSTOKE. 


(For Description, see Page 342.) 


- 














Fre, 22. 100. Braxe-Horse-Power Marine Moror. 





rest of 74 minutes. It had been suggested—and the 

roposal had obtained official sanction—that a filter- 
Bed might, apparently, be increased to no less than 
12 ft. in depth, in the belief that there might be treated 
a quantity of sewage corresponding to the depth of 
filter. That, Mr. Scott-Moncrieff pointed out, might 
possibly be true for filters com of large materials 
throughout, including that upon the surface; but, as 
the proposition ignores surface conditions, it could not 
possibly be right for the weaker kinds of sewage, with 
which fine particles give the best results. Pooling of 
the sewage on the surface would cause a complete 
upsetting of the whole process, with a probable de- 
struction of the bed in regard to its bacterial activity. 








Tne Late Mr. AvcustiIn NormManp.—A committee 
has been formed under the patronage of the Havre Muni- 
cipality and Chamber of Commerce, with a view to erect 


Fig. 23. 12-Horse-Powrer Moror. 


a statue to perpetuate the memory of the late Augustin 
Normand, a notice of whose life we gave in our preceding 
volume, page 806. An appeal is made to all persons in 
France, from a patriotic standpoint, in consideration of 
the work carried out by the deceased for the French 
Navy; also to all persons both in France and in 
foreign countries who knew Augustin Normand, and who, 
 wetsten Leen could not fail to admire the man and the 
thorough geniality of his character. The committee con- 
tains the names of the present and former. Ministers of 
Marine, and of prominent naval and municipal authorities, 
both at Paris and Havre. Subscriptions are received by 
Mr. G. Trouvay, 149, Rue Victor-Hugo, Havre. 





PERSONAL.— We are informed that Mr. H. D. Dryden, 
who has been assistant to the Commercial Agent, North- 
Eastern Railway, York, has now been appointed Com- 
mercial Agent in.succession to Mr. E. C. Geddes, who 
has revently taken up the appointment of Chief Goods 
Manager to the company.—The firms of Messrs, J. 











Conway and Co., Sayner-road, Hunslet, Leeds, and of 
Messrs. Beauland, Perkin, and Co., Neville-street, Leeds, 
have been amalgamated, and business will carried on 
under the style of the latter firm, Mr. J. Conway taking 
charge of the second-hand machinery department.— 
Messrs, J. E. Lawler and Muirhead, 39, Lime-street, 
E.C., have been appointed London representatives for 
Messrs. J. Butler and Co., of Halifax.—We understand 
that Mesars. Siemens Brothers Dynamo Works, Limited, 
Stafford, have opened a London branch at 1, Abchurch- 
yard, Cannon-street. E.C., under the management of Mr. 
A. W. Woodyatt. The counties of the south and east of 
England will be controlled by this office. —Messrs. Alfred 
Herbert, Limited, of Coventry, have been appointed sole 
agents in Japan by the Bateman Machine-Tool Com- 
pany, Limited, of Leeds. Messrs. Herbert’s office is 224, 
Yamashita-cho, Yokohama, where a high-speed 48-in. by 
48-in. by 10-ft. Bateman planer will be on view.—We are 
asked to state that Messrs. G. Bailey, Toms, and Co. 
will, on the 23rd inst., remove from Nos. 20 and 21 to 
No. 8, Laurence Pountney-hill, Cannon-street, E.C, 
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BORING AND TURNING MILL AT BEARDMORE’S WORKS. 


LTD., ENGINEERS, BRADFORD, YORKS. 


CONSTRUCTED BY THE LOW MOOR CO,, 


THE engraving above illustrates a 4-ft. boring 
and turning mill, with direct electric drive, construc- 
ted by*the Low Moor Company, Limited, Bradford, 
for boring and turning pistons, cylinder covers, 
pulleys, flywheels, &c., up to 4 ft. in diameter, at the 
Naval Construction Works at Dalmuir of Messrs, 
William Beardmore and Co., Limited. The bed is of 
box, pattern, with pockets cast on the sides, planed on 
their outer surfaces to receive the two uprights, and 
bored out to receive a bearing for the spindle of the 
revolving-table. The table is 4 ft. in diameter, made 
strong and deep ig orfer to prevent springing when 
fixing the work upon it, and has the usual tee-slots for 
the attachment of loose screw chuck-jaws for holding 
the work. The table-spindle, of cast-iron and of large 
diameter, has a large angular bearing, which renders 
the table self-centering, the ctu of the spindle 
being parallel, and fitted with adjustable nuts and 
washer to prevent any tendency to lift. 

The uprights are of box pattern, bolted to the 
pockets on the bed. The front faces upon which the 
cross-slide beds are cast solid, the screws for adjusting 
the cross-slide being carried in recesses cast on the 
inside of the uprights. The cross-slide is raised and 
lowered by power, and carries two independent heads, 
each h consisting of a square slide, fitted to the 
cross-slide and carrying a second saddle, which can 
be swivelled to any angle in either direction by worm 
and quadrant. The swivelling saddles are also pro- 
vided with suitable bearings to receive the boring-rams. 

These rams are of cast iron, octagonal in section, and, 
in addition to being traversed. by power, have quick 
hand-adjustment by hand-wheel pinion and rack. 
They are coned out at their lower ends to the Morse 
standard taper to receive tool-holders, boring-bars, 
&c. Each ram is balanced independently, making 
them easy to adjust. 

The feed-motions to each saddle and their respec- 
tive rams, in horizontal, vertical, and angular direc- 











tions, are variable, independent, continuous, and 
positive ; can be changed whilst the machine is in 
motion,. have eight changes ranging from y in. 
to 4 in. horizontally, and from ,; in. to jin. in the 
vertical and angular movements. 

The table is driven by a spur-ring bolted to its 
under-face, which gears with a pinion on a vertical 
shaft. This is driven by mitre and spur-gearing from 
a Vickers 5-brake-horse-power vepiakion motor. 
This motor is carried on an extension of the main bed 
at the back, and has a variation in s from 300 to 
900 revolutions per minute, which, together with four 
chan of gearing, give a variation in s from 
1.25 to 37.5 revolutions per minute of the table. All 
the gearing is carried between the two uprights, is 

rotected from cuttings, and the changes are made 
rom the two hand-wheels shown on the side of the 
upright. The power for raising the cross-slide is 
transmitted to the gear-box on the cross-rail by means 
of a Renold silent roller-chain. All gearing through- 
out has teeth machine-cut out of the solid. 

The following are the leading dimensions :— 


ft. in. 
Diameter of table... an o- eS 
Will turn in diameter up to Ra ad 0 
Will admit in depth under tool-holders... 3 3 
a os = cross-slide ... 3 9 
Vertical and angular traverse of rams ... 2 0 
Width of rams across flats .. ae ie’ iO eh 
Maximum and minimum revolutions of 
table per minute ... aha 1,25 to 37.5 
Approximate finished weight 7+ tons. 








Steam Losses.—The losses due to faulty drainage or 
leaky drain-cocks are often a great deal larger is 
imagined. Experiments on a 200-horse-power triple- 
expansion engine at Charlottenburg showed that faulty 
closing of drain-cocks resulted in losses amounting to 5.8 
per cent. of the total steam consumption. 








INDUSTRIAL NOTES. 


GENERALLY speaking, the annual reports of trade 
unions would put to shame many of the annual reports 
of great companies and combines in the commercial 
a trading world. They are, as a rule, limited to 
the internal concerns of the society, no other matters 
being introduced; but in all matters concerning the 
unions the reports and abstracts of income and expendi- 
ture, generally of the union as a whole, and of the 
branches connected with it—in some cases many 
hundreds—are complete in detail for all practical 
P , 80 that every member can test the accounts 
or himself. Considering the meagre character of the 
education of the thousands of officials in the great 
unions alone, the result is not only surprising, but 
gratifying. The vast improvement in this respect is 
to be dated from the formation of the Amanenanies 
Society of Engineers, in 1850, the first annual report 
being that for 1851. Since that date many great 
unions have been formed on the same, or similar, lines, 
all the reports of which are most commendable. As 
the members of trade unions are exacting with respect 
to their own accounts, the officials are exacting with 
regard to any association or body to which the union 
is affiliated, and to which it contributes any portion of 
its funds. The first of its kind was the London Trades 
Council, formed in 1860 ; then similar councils followed 
at a later date. The Trades-Union Congress, formed in 
1868, has been the same from the first formation of the 
Parliamentary Committee up to date. There has never 
been any suspicion as to the source of its income, or 
the methods of expenditure. The same is true of the 
National Federation of Trade Unions. That body pub- 
lishes a quarterly report, giving all details as to the 
sources of its income and items of expenditure. 


The official re 





rt of the Belfast Conference—the 
Seventh Annual Conference of the Labour Party—has 
been issued. It is mainly on the lines of the Trades- 
Union Congress reports, but it has a style and method 
of its own. The report presented to the Conference 
reviewed the proceedings of the Labour Party for the 
year 1906, giving all details of the sources and amount 
of income and of the expenditure. There is no secrecy 
of any kind about it. e Belfast Conference will be- 
come historic by reason of some of its resolutions, and 
the probable effect of its final decisions ; and also by © 
reason of some of the speeches delivered.. The re- 
jection of the Socialist resolution, to amend Clause II. 
of the constitution, by a card rote of 835,000 to 98,000 
shows that practical politics found more favour in the 
Conference than Socialist ideals. Again, the. proposal 
to impose a limit upon representation on the executive 
was rejected by 517,000 to 427,000... The motion 
showed want of faith in the very men whom the 
constituencies had ‘sent to Parliament. The annual 
report is valuable as a work of reference, and as a 
guide to what the Labour Party is doing, and to what 
they propose doing in the near future, especially in 
the present Session of Parliament. The tactics of the 
Socialists are practically abandoned by the decisions of 
the Conference. 





The Amalgamated Engineers’ Journal for March 
shows that the state of employment in the engineering 
trades is still improving. In the chart of unemploy- 
ment the line continues to descend at the same an Te 
—from 3 per cent. to2 per cent. of unemployed. The 
proportion is less by 1 per cent. than it was a year ago: 
there were at date 2.8 per cent. of the members of the 
society on donation benefit. The total’ membership 
was 105,188. The total on donation benefit was 2755 ; 
on sick benefit, 3060 ; and on superannuation benefit, 
5182; aggregate, 10,997 on the funds, at a cost of 
5000/.: per week, at the rate of ls. 1d. per paying full 
member per week. The balance to the credit of the 
general fund at the close of last year was 444,009/., 
and to the credit of the superannuation reserve fund, 
284,9781.; total, 728,987/. The editorial notes call 
attention to the labour legislation foreshadowed in the 
King’s speech—Bills for dealing with miners’ eight 
hours day, housing the working classes, small holdings, 
and the valuation of land. There is not room for 
much expansion in the Journal, but the subjects 
selected are of interest to the great body of the 
members of the Amalgamated Society of Engineers, 
for whose benefit it is conducted. In tone it is 
socialistic, but not rampantly so in any case. 


The Ironworkers’ Journal reports the proceedings at 
the thirty-eighth annual meeting of the Board of Con- 
ciliation and Arbitration for the Manufactured Iron 
and Steel Trade of the North of England. The mere 
fact that the Board has existed for thirty-eight years 
is a great and satisfactory record, for its aims and 
objects are the reconciliation of capital and labour on 
lines of mutual advantage to employers and employed. 
It is all the more gratifying because its record is good. 
The work has been done smoothly ; so well that both 
parties are able to praise each other. Before its estab- 
lishment there were frequently riotous scenes in the 
districts covered, and sometimes the military had to be 
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called out. Now there is peace and goodwill. The 
membership of the Board is unchanged, but there was 
an increase in the number of operative members. 
The finances of the Board are in a sound condition, 
with a larger balance in hand than a year ago. The 
work of the Board was satisfactory ; there was one 
change in wages in the last half-year—namely, an 
advance of 3d. per ton on puddling and 2} per cent. 
on furgeand mill wages. The president and the secre- 
tary of the Operatives’ Association—-employer and 
op2rative—moved and seconded the report, both bear- 
ing witness to the good work done. All the officials 
were unanimously re-elected. The scale of wages in the 
North of England remains unchanged until after March 
is out ; but in the Midlands there is an advance of 3d. 
per ton to puddlers, and of 24 per cent. to other opera- 
tives until April 6 next. There are numerous reports 
respecting the several districts connected with the 
Iron and Steel Workers’ Association, but in none of 
them is there any serious discontent with existing 
conditions. The fact is, the Board deals so fairly and 
i ustly with all disputes that all have confidence in its 
ecisions. 





The report of the Associated Iron-Moulders of Scot- 
land is favourable as regards employment, the list of 
members out of work being reduced by 125. This, for 
the time of year, is good. Members in the jobbing 
shops are said to be well employed. There was a slight 
decrease (91) in membership ; but that is not unusual 
at this period of the year. Financially there was a 
great 
expenditure 1799/. 6s. 4d.—net gain, 437/. 19s. 6d. 
The total balance to the good atdate was 87,485/. 1s. 10d. 
Idle benefit cost 657/. 7s. 5d.; previous month, 
877/. 18s. 3d. ; showing a decrease of 2207. 10s. 10d. in 
the month. Attention is called to the large item for 
superannuation, the cost of which last year was nearly 
10,0007. It is suggested that the Compensation Act 
will increase the applicants for that benefit. A hint 
is given that elderly workmen will be displaced by the 
Act. But that Act was demanded b organised labour. 
A plea is putin for the ‘‘ staid worker ” as being more 
reliable than the young smart man, and less liable to 
accidents. There is truth in this, as all experienced 
employers know. But the policy of the age is in 
favour of the young, and trade unionists are not with- 
out blame inthe matter. The outcry against the ‘‘ old 
gang” by the would-be new gang is an evidence of 


the tendency. The Compensation Act is commended 
as likely to be most beneficial, and less likely to evoke 
litigation. The new Act, it is computed, will brin 


under its provisions some 5,000, to 6,000,000 o' 

rsons hitherto outside the provision of former legis- 
ation. The report schedules thirty-one places, in 
which iron-moulding is carried on, where one or more 
shops are closed to the members. This limits the 
demand for union labour. Are the unionists in those 
cases free from blame? The report explains, as far as 

ssible, the probable effects of the Compensation Act 
y extracts from other sources. 





The monthly report of the National Union of Boot 
and Shoe Operatives is able to announce for the first 
time for several months that ‘‘trade, in a general 
way, has been very fair, indeed, in most of our centres ;” 
but it adds, ‘though, unfortunately, in some dis- 
tricts, members have been discharged through a further 
introduction of machinery.” The hardship of this is 
pointed out, especially as regards the older members 
of the craft, who have spent the best part of their 
lives in an industry, ‘‘to fiad themselves cast into 
the streets.” It is hard, but machinery is chang- 
ing most industries, and the end has not come yet. 
The large influx of boys and youths is deplored, as it 
is alleged to be at the expense of adult labour. The 

resent system is said to produce unskilled labourers 
iostead of skilled labour. A conference is suggested 
of employers and workmen’s representatives to con- 
sider the whole question. Disputes during the month 
were few, the most important one being in Leicester- 
shire over the minimum wage question. By negotia- 
tion the principle was agreed to, and the Conciliation 
Board was re-established to settle details. At a firm 
in Newcastle the dispute was still on at the date of 
the report, but further negotiations were pending. 
In the East of London the disoute at one firm con- 
tinued. One at Glasgow was settled after several inter- 
views. At Stafford the questions of overtime and the 
minimum wage were being discussed with a view to 
an amicable arrangement. In view of the increasing 
use of machinery in the boot and shoe trades, the union 
favours the abolition of overtime, and, as far as 
possible, the reduction of the hours of labour. The views 
of the members are solicited on those subjects. Ste 
are apparently being taken to try to avoid disputes in 
connection with co-operative production. The number 
of members in such factories is being compiled. 


With the political aspects and general character of 
the recent London County Council elections we have 
here nothing todo, but the industrial policy, and social 
phases of that policy, have often been commented upon 








pain, as the income was 22371. 5s. 10d., the. 
i 





in these notes. The result of the elections has been, 
for the first time in the history of the Council, a com- 
plete set-back to the Progressives. For the first 
time the Moderates have obtained a majority, and 
that, too, sufficiently large to reverse the policy of their 
predecessors, if they so desire. The chief London 
dailies that supported the Progressives seek to find a 
suitable cause for the great turnover and defeat. It 
is said that the chief cause was the timidity of the 
defeated party when in power to do what the extremist 
supporters of the Council desired. The returns show 
that the very reverse was the case. It was really be- 
cause the Council sought to do too much, and to do it 
too BR es 4 that they were so overwhelmingly de- 
feated. The Socialists were badly beaten everywhere, 
their best representative being defeated at Woolwich. 
It was in reality a revolt against Socialism, and the 
revolt was conspicuous in several of the East-End 
boroughs. The disclosures at Poplar and West Ham 
were not of such a character as to give confidence to 
waverers, while the opponents of the Council’s policy 
were alert and active in the campaign. The smallness 
of the Socialist vote in all the boroughs can only be 
explained by supposing that the workers distrust 


the policy. It isa reaction, widespread and decisive, Th 


which aspirants for Parliamentary as well as for local 
honours would do well to note. 





The wages question in the cotton industry is just 
now claiming a good deal of attention, pleas being put 
forward for a further advance in wages, both in the 
spinning and —— branches. A conference between 
the representatives of employers and operatives in both 
sections was held in Manchester on the Ist inst., and 
adjourned until the 19th, when it is hoped that some 
arrangement will be effected. The operatives base 
their claim on the fact of the prosperity in the cotton 
industry, and say that they have only had advances of 
5 per cent. in 1905, and of 24 per cent. in May of last 

ear; and, further, that even those advances have 
mn nullified by bad material. It is considered by 
both parties that a stoppage of work just now would 
be disastrous; but it is said that while some mills are 
making good profits, others have a very small margin 
indeed. The Oldham spinners want a new arrangement, 
which will level them up tothe Bolton scale, with due 
consideration to the finer yarn at Bolton. Doubtless 
the Conference will be able to effect some arrange- 
ment whereby a stoppage of work will be averted. 


An important deputation of Members of Parliament 
waited upon the Home Secretary last week to urge the 
necessity of check-weighing in quarrying, iron and 
steel trades, the same as in the coal trade. In the 
cotton trades ‘‘ particulars of work” arealso enforced. 
The Home Secretary suggested that the matter should 
be referred to a Departmental Committee in preference 
to a Bill being sent to the Grand Committee on Trade. 
The deputation accepted the suggestion, and thanked 
the Minister for his suggestion. 


The reconstruction of the Midlands Wages Board 
has been completed, and the new sliding-scale has 
come into force. Under the new arrangement there 
is no longer any necessity for regulating wages on the 
basis of the North of England scale. At the annual 
meeting of the Board, held last week, it was reported 
that ironworkers’ wages were reduced from 9s. to 
8s. 9d. per ton for puddlers, with forge and millmen’s 
— in proportion. It was said that both employers 
and operatives were disappointed at the very slow 
rise in prices, but it was thought that the next ascer- 
tainment would show considerable improvement. The 
selling prices were based on the output of close upon 
40,000 tons by the seventeen firms associated with the 
Board. A curious state of things was disclosed at the 
meeting by the venerable President of the Operatives’ 
Association, a man associated with the Board from 
the first. He said that ‘‘ twenty years ago the Staf- 
fordshire iron trade was going on the rocks, to-day 
they were going down the Dead Sea. The puddling 
in the district and in South Wales had gone. Furnaces 
were standing everywhere for want of puddlers, the 
reason being that young men were not brought up to 
the work.” This seems a serious state of things when 
trade is busy. 


The Prime Minister, in reply to questions by Mr. J. | 
h 


Ramsay Macdonald and Mr. Charles Fenwick respec- 


tively, has announced the appointment of a Depart- | 


mental Committee to inquire into the operation of 
the Fair-W. Clause in Government contracts. It 
seems that difficulties have arisen in the interpretation 
of the clause, ag some departments interpret it one 
way, and some another. The matter can now be settled 


PS | once for all by a clear definition of its scope and appli- 


cation. 





Lieut Rattways Act, 1896.—The Board of Trade have 
recently confirmed the under-mentioned Order made by 
the Light Railway Commissioners :—Robertsbridge and 
Pevensey Light Railway (Extension of Time, &c.) Order, 
1907, amending the Ro bridge and Pevensey Light 
Railway Orders of 1900 and 1903. 


THE TRANSMISSION OF ELECTRICAL 
ENERGY BY DIRECT CURRENT ON THE 
SERIES SYSTEM.* 


By J. 8S. Hicurietp, Member of Council. 


. I is long-since. series systems of transmission were 
used for arc lighting with direct and rectified currents of 
constant value, and small power transmissions have been 
put down, consisting of two series machines, the one 
running as generator and the other as motor, but with 
the exception of a number of installations erected in 
Switzerland and elsewhere on the Continent, most of 
them of comparatively small size, the parallel alter- 
ee system has been used for all tran:mission 
work. 

The ease with which the pressure of an alternate current 
can , and the simplicity of the apparatus re- 
quired for the purpose, the solidity of the generator con- 
struction, and the convenience of parallel working, will 
ee cause this system to hold its present field. 

hen, however, very long transmission systems are 
necessary, involving the use of very high pressures, many 
difficulties, chiefly due to impedance and capacity of the 
line, are encountered. These difficulties have been recog- 
nised and pointed out by various authorities, but by the 
exercise of t skill they have been largely overcome. 
ey can, however, be eliminated only by the use of 
direct current, and in view of the increasing lengths of 
transmission lines and of the amount of power trans- 
mitted, it may be useful to examine what has been done 
in this direction to appreciate its advantages, to realise 
its limitations, and particularly to compare the relative 
value of alternate and direct currents for long-distance 
power transmissions. 

I have for a long time been impressed with the advan- 

of direct current for long-distance transmissions, 
but during the last two years the problem was directly 
forced on my attention owing to the fact that the com- 
pany ~ which I am engineer has obtained —— powers 
of supply in a very large area, ag, ting 300 square 
miles, with a circumference of, roughly, 80 miles, which 
it is desirable to supply through underground mains from 
a station situated on the circumference. In this case it 
at once became apparent that the cost of the cable system 
was the dominating factor in the problem, and therefore 
I found it necessary to carefully consider any system 
which offered a saving in this respect. Consequently 
I have very closely investigated the possibilities of the 
direct-current series system for supplying such an area. 
In studying the system for this special case, it was neces- 
sary to extend the investigations into its possibilities in 
other fields, and it is owing to these circumstances that 
this comes to be written. 

It is impossible to go further without making reference 
to M. Thury, who has for years steadily worked out the 
details essential to the direct-current series system, and 
who has since 1889, when he put down his first system, 
designed and carried out schemes of pial increasing 
size and importance, culminating with the Moutier-Lyon 
system, which was put to work last year. He has con- 
tinually increased the working pressures and simplified 
the apparatus, till for careful attention .to detail and 
general excellence of design it — favourably with 
alternate-current apparatus, on which so many minds 
have for years been at work. 

Considerations Affecting Working Pressure.—In con- 
sidering the relative advantages of alternate and direct 
currents for long-distance work, .the first important 
matter to consider is, which of the two systems offers the 
greater possibility for the use of high pressures. It is 
quite easy to ronse Han alternate currents at exceedingly 
high pressures by means of static transformers. In order 
to obtain the same result from direct current it is neces- 
sary to put the generators in series. In this way there 
are no insurmountable difficulties in obtaining any 
direct-current pressure at which the line could be made 
to work. 

Until recently but little was known of the effect of 
direct current at very high pressures on insulating 
materials, and since there was much information with 
regard to the effects of alternate current, it became im- 
age to establish their relative breaking-down effects. 

'o this end M. Thury built five machines, three giving 
20,000 volts direct current each, the other two 25,000 
volts each. The machines were built with fixed commu- 
tators and armatures and revolving brushes and fields, 








and, although the volts between the sections of the com- 
mutator were about 500, the machines worked most suc- 





Fig.1. 


E.M.F. Wave Form of Alternator used in the “ Comparative” 
(3863.4) Expenments 


cessfully. The current was about 1 ampere. In order 
| to compare the difference between alternate and direct 
| currents a 75-kilowatt 50-cycle machine was used. Fig. 1 
| shows the electromotive force wave form. It will benoted 
| that the curve is rather flat as compared with that given 


| * Paper read before the Institution of Electrical Engi- 


| neers on March 7, 1907. 
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by most machines, and this, together with the fact that 
the number of commutator segments in the direct-current 
machines was comparatively giving a slight wavi- 
ness to the direct current, caused the results to somewhat 
favour the alternate current. 4 

It is not necessary to give the results of these tests in 
detail, but shortly it may be said that experiments were 
made by applying pressure to many types of porcelain 
insulators and to sheets and blocks of common insulating 
materials, : 

The first noticeable difference is that insulators which 
heat up on the application of alternate current do not 
heat with the application of direct current. Further, 
no crackling or brush discharge takes place in the neigh- 
bourhood of breakdown in the case of direct current ; 
60,000 volts direct current will not break down ordinary 
telegraph insulators provided they are well vitrified and 
generally of good quality. 

Tests were made on sheets of presspahn ; the samples 
used were 5 millimetres thick, and the tables hereunder 
show the sort of results obtained. These may be taken 
as 4 oo of tests made on various other insulators. 

1, Sheet of presspahn, 5 millimetres thick, alternate 
current :— 








Length of Pressure Pressure. ; 
Test. Application. RMS. Observations. 
1 / 1} mins. 9,000 volts ~ 
a 30 secs. 11,000 ,, Punctured. 
2 J 2 mins. 9, ne Strong discharge. 
\ 15 secs. later 9,000 ,, Punctured. 





2. A similar sheet of presspahn, tested with direct 
current :— 


Length of Pressure | 


Application. Pressure. | Observations. 
2 mine. 10,000 volts. _ 
> = | 15,00 ,, | ae 
S “# 18,000 ,, _ 
2 ” 20,000 ” =< 
6 « 25,000 ,, Punctured. 





"The above samples, after being twice punctured with 
alternate current with an average of 2 minutes’ duration 


It isa simple matter to work a direct-current system 
on the equivalent of a three-wire system ; that is to say, 
the middle point of the system is connected to earth, so 
that one line is worked at a pressure above earth, and the 
other line at a pressure below earth. In this way, there- 
fore, and using the same insulation, the effective direct- 
current pressure can bo doubled. 

It has been found practicable to work overhead lines 
| with alternate current at 60,000 volts across the wires of a 
| three-phase system—say 40,000 volts above earth. It 
| would, therefore, be equally possible to work with direct 


- 2 Curve of Sparking Distances (Alternating Current, 50 Cycles). 
g- P @. Sphere to Sphere. 6. Plate to Sphere ¢. Plate to Point. 
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Fig. 3. —Curve of Sparking Distances (Continuous Current). 
A. Sphere to Sphere. 8. Point - to Plate +. C. Plate + Sphere - and Plate — Sphere +. 
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Fig.4. —Diagram of Connections, showing all Switches and Instruments 
for One Motor and One Generator. 
—Diagram of Series Direct-Current System. 


Fig. 5. 
of pressure at 10,000 volts, stood a pressure of about 15,000 
volts direct current, and broke down only after a further 
application of 25,000 volts direct current for 4 minutes. 

3. Slabs of marble 20 millimetres thick were tested ; 
these punctured after 75 seconds’ exposure to alternate 
current at 20,000 volts, or after 2 minutes’ exposure to 
alternate current at 15,000 volts. 

Direct current was applied for 15 minutes, starting at 
10,000 volts and increasing re! by increments of 
5000 volts at 2-minute intervals to 45,000 volts, when punc- 
ture took place. 

Further tests were made to ascertain the relative 
sparking distances of alternate and direct currents, and 
the results of someof the tests are set out in the form of 
curves in Figs. 2and3. It will be noted from these that 
the sparking distance with the same pressure is about 
twice as great with alternate current as with direct 
current. Asa result of many tests made it may be-taken 
that a direct-current pressure at least twice as great as 
an alternate-current pressure may be used on the same 
insulators and the same cable. 

The poles used on the Lausanne line, which carries 
4476 horse-power 35 miles, are similar to telegraph-poles. 
They are not imposing, but appear to be quite ade- 
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Fig.6. —Curves showing Data for Conductors on the Thury System. 


| Thury uses a constant current, as this greatly simplifies 
| the design of the generators, motors, and regulating apps 
| ratus ; and, as will be shown, the line losses due to thi 
constant current have a very small money value. In 
most of these systems the main transmission line is taken 
into manufacturers’ and other private premises in order 
to work motors for their use. In such cases it is generally 
necessary to keep the line current constant throughout 
the twenty-four hours, as, of course, any reduction in the 
line current would reduce the possible output from each 
machine, although the speed would not be varied. When, 
however, the system consists of erating stations trans- 
mitting to sub stations, where the whole of the series line 
and plant is under one control, and where all the con- 
| sumers’ supply is given on the secondary side, then it is 
| not necessary to maintain the current constant throughout 
| the twenty-four hours, but the current during light-load 
times may be reduced by about 30 per cent., thus con- 
siderably improving the efficiency of the line. The 
gencrators and motors are connected in series along the 
transmission line, the generators not necessarily being in 
one station, but in two or more stations, 
| Itis so usual now to think of parallel working that it 
| may be useful at this stage to point out shortly the dif- 
ferences between it and series working. These are of 
|two classes—namely, the differences which affect the 
| working and those which affect the initial design of the 
| system. 
| Dealing with the working differences first; Fig. 4 
| shows diagrammatically a series system, consisting of three 
| generators and several motors, and Fig. 5 a single series 
| generator and motor, switches, and allinstruments. The 
| generators and motors are switched in series by means of 
ia {four-way switch, shown diagrammatically. When no 
ae is running, each machine is short-circuited, and the 
| line is connected in a single —f To switch in a gene- 
| rator the machine is run up until it gives the proper line 
|current. The switch is then opened, leaving the gene- 
| rator connected in series with the line, through which a 
constant current then flows. 
To connect in a motor the switch is opened so as to 
| allow a constant current to flow through the motor, and 
the brushes—which have been in the non-working posi- 
tion—are then rocked back, so as to cause the motor to 
| start; itis run up to gk continuing to rock the 
brushes. When at full sp the automatic regulator 
gear takes charge, and by varying the brush position 
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Working Pressure, 100,000 volts. Current Density, 500 amperes per square inch. 
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current at 80,000 volts above earth, or at 160,000 volts 
between wires. 

With the exception of a short length on one system, all 
the Thury lines have been worked with overhead wires; 
but on systems where it is essential to carry the mains 
underground the advantage of the series system over an 
alternate-current system is much e ced : 

There is no special difficulty in making a single-core 
cable to work with direct current at 60,000 volts pressure 
to earth; therefore, with two such cables an effective 

ure of 120,000 volts can be obtained. This cable can 
5 more easily built than a three-core cable to work with 
20,000 volts between conductors. _ ‘ 

Compared with a three-phase line, it may shortly be 
said that, apart altogether from the lesser difficulties of 
insulation, the overhead line carries two conductors 
instead of three, and the underground system consists of 
one twin or two single-core cables against one three-cored 
cable; in addition, and chiefly, capacity and self-in- 
duction difficulties are avoided, however long be the line ; 
in fact, so far as electrical difficulties count, the line may 





quate, and by comparison make much work at home! 


appear unduly expensive. The insulators are quite small, 
but many careful measurements with 20,000 volts between 
he line and earth show that, on a very damp and foggy 
day, the total Joss over 3000 i tors, together wit: 
lightning-ane-tcrs, amounts only to 866 watts, 





be of any length. : 

The actual pressures hitherto used are shown in 
Table L., 361, which sets out the important features 
of schemes that have been in operation for several years. 
It will be noted that the nae pressure actually in use 
to-day is 58,000 volts on a three-wire system—i.c., 29,000 
volts above and below earth ; line was tested with a 
pressure of 100,000 volts above earth. : 

Series and Parallel Systems.—In all his systems M. 


Full-line Curves the 
aneoe up 


the constant line loss in k.w.h. bears to the 
to load and at several load factors. 
— CR loss at various line amperes. 


maintains the speed constant. Other motors and gené- 
rators are run up in the same way as the load increases. 
To shut downa motor the brushes are slowly brought round 
to the non-working position, so that the machine stops, and 
its short-circuitiog switch is then closed. The generators 
are shut down in the same way. Asthe load increases the 
total resistance in circuit, and, of course, the counter elec- 
tromotive force of the motors, steadily increase, so as to 
call for a greater pressure at the power station. 

The effect of a short-circuit is to remove the load, and, 
provided the short-circuit is not — on too suddenly, the 
regulator gear can reduce the voltage so as to maintain 
the line current at its proper constant value. To provide 
for sudden short-circuits the generators are coupled to 
the prime movers through a friction coupling, which slips 
when the torque exceeds the full-load torque by 20 per 
cent. This slipping allows sufficient time for the auto- 
matic gear to work, so that no da is done to the 
plant. One important advantage of the series system is 
that failure of a prime mover, resulting in the shutting 
down of a generator, does not interfere with the supply, 
and no automatic gear is required to provide for such a 
contingency, as the current continues to flow through the 
shut-down machine. 

Consider now the second class of differences which 
affect the design of the system. The simplest systems to 
lay out are those where an ascertained load—not subj 
to increase—is to be supplied. In such a case the pro 
is equally easy with the series system as with the parallel 





system. Account must be taken of the amount of the 
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load and its distance from the power-station, the working | unit is settled for all time unless the line current be 
pressure, the size of units, and the current density in the | in , and tne the line current involves. the 
conductors. | changing of the whole of the machines. It is, therefore, 
So far as both systems are concerned, the considerations eaedh necessary to adopt a larger line current than is 
which decide the pressure of supply are the same, but in | immediately required, resulting in larger percentage line 
the case of the direct-current series line, owing to the | losses in the first years of the undertaking. , 
fact that the cost of insulation is ae léss, under This difficulty may be got over by using two machines 
the same conditions it will usually be found cheaper to | to form each main and sub-station unit. In the early 
work at a considerably hi ' pressure. | stages each pair of machines is coupled in series, thus 
With regard to the size of the unit, in the parallel | working with half the ultimate line current with one line. 
system there is no difficulty whatever; the number of | Subsequently, as the load increases a second line is erected 
_units can be readily decided on, so as to allow a proper | to work in parallel with the first ; at the same time the 
margin of spare plant, and the total number of machines | two machines forming each unit are coupled in parallel, 
is at once fixed without any other consideration. In the | thus doubling the current and the capacity of the system. 
series system, however, the limiting of the pressure per | This method involves some extra cost in the first years of 
machine is an additional and important factor. | the business, due to using double motors for driving each 
Series machines giving from 2000 to 3000 volts on one | sub-generator, which motors are used first in series and 
commutator, according to the size of the machine, have | subsequently in parallel. It would, of course, be used 
been working successfully for years, and for large machines | only with long and jexpensive lines. It is used on the 





it would be possible to go up to about 6000 volts on 
one commutator. The size of a single unit is therefore 
restricted both by the permissible pressure per machine 


and by the value chosen for the line current. In many | 
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pressure at 100,000 volts. From the curves it will be seer 
that for a system designed for any-maximum output at 
100,000. volts and 500 amperes density per square inch 
when fully loaded the line loss will be 0.44 per cent. per 
10-mile run at 100 per cent. load-factor, and ‘1.76 per cent. 
at 25 per cent. load-factor ; or if the maximum at first 
amounts only to 25 per cent. of the maximum load for 
which the system was designed at 100 per cent. load factor, 
the energy loss 1s 1.76 per cent., and at 25 per cent. load- 
factor 7.04 per cent. The curves are useful in deter- 
mining the proper line current to use for any fixed 
or increasing at varying load-factors. If the pressure 
be reduced to, say, one-half, the distance for which the 
figures are given must, of course, be similarly reduced. 

In the above curves no account has been taken of the 
fact that the line current may at times of light load be 
reduced by some 30 per cent.; if this were done, of course, 
the line efficiencies would be inc , 

In short, each system must be decided on by taking 
into account the many variables in the problem, but it is 
hoped that these few notes-will show what care is neces- 
sary in deciding off the proper line current ; in fact, it is 
a more important matter than any decision that has to be 
come to in laying out a parallel system. 

Transmission System.—The system can be worked 
either as an ordinary two-wire system with both poles 
insulated, as a two-wire system using earth as the return, 
or as a three-wire system using the earth as the middle 
wire. 

Where the pressure between the wires does not exceed 
25,000 volts, it is usually convenient to work with a two- 
wire system, both poles being insulated, the line and 
other insulation of the system being sufficiently good to 
easily stand the full pressure of 25,000 volts when one end 
of the series of generators is grounded. In this case, 
should an insulator break, or from any other cause one 
point on the system become connected to earth, no inter- 
ruption will caused. Further than this, the break- 
down can be very conveniently repaired by temporarily 
grounding the whole system at two points, one on each 
side of the accidental earth. The damage may then be 
made good in perfect safety, the current flowing either 





































































a Vemma (ams als gam Gr 
2 ‘ YY Scale of Feet Uy 
2 3 5 


















4 











Fie. 8. 
cases two machines may be coupled to oné prime mover, 
thus doubling the size of the unit. . 

As has been shown, 100,000 volts is a perfectly possible 
working pressure ; therefore 500 amperes in the line will 
transmit 50,000 kilowatts. At this current each machine 
could be built to give 5000 volts, and by driving the 
generators in pairs, the size of each steam unit would be 
5000 kilowatts, and 10 units would be required. If it be 
desired for any reason to work with a smaller number of 
generators, this can be done only by reducing the line 
pressure and increasing the current. When, however, 
the usual class of scheme is considered—namely, one 
where the business starts on a small scale, and slowly 
increases to a scale, more icularly in a scheme 
where it is difficult to predict what will be the ultimate 
extent of the demand, then between the series and parallel 
systems there are important differences to consider. 

In the parallel system, provided the area be restricted, 
the pressure is yor ig to the distance to which 
energy is to be transmitted. The rate of transmission is 
not important, the undertaking starting with small units, 
units of increased size being added as required. The 
distance, however, to which energy can be carried is at 
once limited by the pressure adopted. 

With the series — on the other hand, if at the 
start the load be atively small, and only a small line 
current be therefore uired, difficulties arise. Since 


the line current practically determines the maximum size 
of the unit to be adopted, it follows that the size of the 





—Motor Controlling Gear for 60,000 Volts. 


Moutier-Lyon line, the current in the first years being 
fixed at 75 amperes, subsequently to be increased to 150 
amperes. 

he current density in the conductors must be decided 
according to the energy and volt losses that may be per- 
mitted. In the parallel system they should not be too 
high, otherwise the full load losses are great, resulting in 
bad regulation; also it must be remembered that the 
energy losses at maximum load have a great money value, 
and to ascertain their true importance it is necessary to 
exactly determine what this may be. 

In systems supplying from water-power stations, or from 
economical steam-stations, the apparent lower energy 
efficiency in the line is not of any importance ; where the 
cost of energy is high, however, it may become important. 
In the latter case it will usually be necessary to work at 
a lower current density with the series system than with 


the gene system. 
The percentage loss due to the continuous constant 
current, in many cases, a to be large ; but it must 


ppears 
be remembered in all such cases that the important matter | sary 


is the percentage money loss. It is like many other 
orange in engineering, which when considered purely 
rom a scientific point of view appear to be of importance, 
but are not so when considered commercially. 

In Fig. 6 are set out in the form of curves the line 
losses at variou3 values of the line current and at various 
loads and load-factors, in all cases the current density 
being fixed at 500 amperes per square inch, and the line 








through the earth or through the damaged conductor at 
thetime. Wher all is right, the two earths are removed 
and the circuit fed as before. This method “is re- 
uty used in repairing the Thury lines in Switzerland, 

t should be remembered in this connection that the 
current dealt with is usually quite small—probably not 
exceeding 200 amperes—and that it is a constant direct 
dl therefore no trouble is caused on telephone 
ines. 

Another convenience of the two-wire system is that 
when connections are made to the line, or other work is 
v— at any part of the system, that point may be 
earthed. 

In the three-wire system the generators are divided 
into two approximately equal groups, and the middle 
point is connected to earth. This earth connection serves 
to limit the pressure at either side of the line to half the 
working pressure, so that with the same quality of insu- 
lation ths working pressure may be doubled. Thus, if 
the system be s up as & two-wire system, it is neces- 
only to connect to earth the middle point in order to 
enable the output to be doubled. : 

The system is not quite so safe as the two-wire system, 
as in case of an earth in some part of the line, except 
where the earth divides the motors into two nearly equal 
groups, some part of the plant will be stopped, the worst 
condition being when the earth occurs near the power- 
station, when half the supply will be stopped. — 

With the use of ‘direct currents of comparatively small 
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value, it might be possible, in open country districts, to 
use the earth as the return conductor. It would, of 
course, be ni to make the earth connections in 
such a way that they were not rapidly destroyed by 
electrolysis. As ay ae with the two-wire system, 
with the same total loss, one quarter of the line copper 
would be required, since the resistance of the earth is 
negligible. 

o fix ideas consider an actual case. Assume that 
power to the extent of 10,000 kilowatts is to be trans- 
mitted over a distance of 100 miles, the current being 
200 amperes and the pressure 50,000 volts, with two 
cables of 0.31 >) inch section, weighing approxi- 
mately 1,188,000 lb.; the loss would be 10 per cent. 
Allowing for the same loss and using the ground for the 


return, the conductor could be reduced to 0.155 square | g 


inch section, the total weight of copper being 297,000 Ib. 
Using the earth as the neutral, thus enabling the pressure 
to be increased to 100,000 volts, the line current ceuld be 
reduced to 100 amperes, and the line would consist of 
two conductors of 0.0775 square inch section, weighing 
297,000 Ib. 

This system would cost more than the two-wire earthed 
system; on the other hand, it would be safer, since 
failure at one point would not lay off the whole supply. 

In order to ascertain what effect the continuous use of 
the earth as a conductor has on neighbouring telephones 
and other circuits, and what, if any, unexpected diffi- 
culties existed, experiments were carried out in the early 
part of 1902 on the St. Maurice-Lausanne transmission 
line, where, on several occasions, the whole of the supply 
has been transmitted at a pressure of 23,000 volts along 
one of the insulated transmission lines, using the lightning- 
arrester earth-connections as the return. The only dif- 
ference observed, as between using the double line and 
single line with earth return, is that the loss is less in the 
latter case. 

Further experiments were made at Laucey by a Com- 
mission formed by the French Government. These ex- 
periments were carried out at Laucey in conjunction with 
M. Thury, the line current being 110 am They 
contieaadl’ those made at St. Maurice, the es being in 
proportion to the current density, the electrified zone 
extending only a very short distance into the ground 
The drop in voltage was felt only in the immediate 
neighbourhood of the earthed plates. No disturbances 
were apparent either in the telephone or telegraph 
services. 

In order to avoid any disturbance near the ground 
surface which might cause damage to local pipes or other 
metal work, the ground connection can conveniently be 
made by making a well of sufficient depth to get clear of 
any surface metal-work and to get into a good conducting 
stratum. A mass of metal este fixed at the bottom of 
the well, and connection can be made to it by means of an 
insulated cable. In this way, with the small currents 
used, in any ordinary formation, no disturbance would be 
caused anywhere near the surface. 

Description of the Constant-Current Series System.—A 
description of an actual modern series system divides itself 
naturally into three heads—viz.: (1) The power station ; 
(2) the line; and (3) the sub-station. 

Since one of the generators must bear the maximum 
difference of potential. between the line and earth, it 
would be impossible to insulate armature and field wind- 
ings to carry the very high pressures required, and there- 
fore a radical departure—really a reversion to older prac- 
tice—is followed, and the whole frame of the generator is 
insulated from earth, and the armature is coupled to the 
prime mover by an insulating coupling; then, to secure 
safety to the attendants it is necessary also to insulate the 
whole engine-house floor, and to arrange that it is impos- 
sible to touch any part of the generators and make earth 
at the same time. These considerations involve difficulties, 
which are overcome in the following manner:—Fig. 7 
shows a section of the engine-house with its insulating 
floor, consisting of a thick layer of asphalte concrete and 
a thin layer of pure aspbalte. It is a simple matter to 
insulate for any practicable working pressure. The 
machines are pean A on insulators shown in the drawing, 
and an insulating coupling serves to couple the machine 
to the prime mover. Ordinary Zodal or Raffard couplings 
are commonly used, and, in some cases, two discs with 
pins carrying hard rubber blocks. 

With this method of insulation it is quite safe to 
handle the whole of the high-tension gear, to clean com- 
mutators, and the like ; in fact, the attendants treat the 
machines just as if they worked at low pressure. 

The line switch contains one line ammeter, one 
voltmeter to show the total volts, and switches to cut out 
the line if required ; also, of course, for overhead work, 
lizhtning-arresters are required. The total number of 
cables leaving the station is usually two, but four might 
be used, arran two in parallel, if thought advisable. 
Of course, if the earth were used as the return, only one 
cable would be required. 

The switch-gear is of the simplest desoription ; each 
machine is con by an insulated switch - pillar, 
containing a four-point switch, a voltmeter, and an 
ammeter. 

It must be remembered that in nearly all the systems 
carried out by M. Thury the generators are driven by 
water-turbines. In his later installations, in addition to 
the insulating coupling, a friction coupling is used, which 
slips at an overload of, say, 20 per cent.; this saves 
damage to.the generators.due to. very sudden short- 
circuits. . A. further reference will be 6 to this matter. 

Generally speaking, there are two ways to design an 
electrical system; one is: to -put in sufficient spare 
machines, cables, and safety-devices, so that if some part 
of the plant or cables breaks: down, the safety —_ 


out out the defective and prevent dislocation of 
entire supply, Fost ar 

















TABLE I. 
| PARTICULARS OF Macning UNITS. 
Year of, Line eae bey 
DESCRIPTION OF UNDERTAKING. Starting) Cur- of | Pres. | 
Jp | rent. | Circuit Kilo- |Revolu-| Total | sure. | 
No. | Volts. | watts. | Output. | 
Ste. Acquedotto de Ferrari-| | amps, | miles kw. volts | 
Galliers (Italie), Genes, 1889} 1889 45 74.6 18 r 630 | 14,000 | 
Wasserwerke Zug (Suisse) ..| 1891 , 50 14.9 5 so 400 8,000 
Papeteries > ~Y — 1898 | 40 23.0 2 — 272 6,800 
Communes du V: le Travers - i 3 186 } 
“Guise ene }isos | os | ar if 3 - 590 | 9,100 
e. d’ rage lectrique ‘3 9s 
(Brescia-ltalie), 1898 \1995 | 50 | s28 is 525 | 10,600 
te. Romande d’Electricité; 1895 | 50 22.4 4 700 | 14,000 
(Suisse) | 
Commune de la Chaux de| 1896 | 150 82.3 7 288 1890 | 12,600 
Fonds et du Locle (Suisse) | | 
Usines Electriques d’Eisen- | 
bourg (Hongrie), Ikervar-| 1896 65 40.4 6 112 585 | 9,000 
LaPay l Top la Renteri: | 
pelera Espano! nm a + fs 186 | P | 
(Espagne) 1896 } 65 17.4 1 2 194 865 | 18,280 | 
Ste. Industrielle d’Electricité| 1896 | 20 37.3 4 ee 860 | 12,000 
Rieti (Italie) } 
M. V. J. Dunand & Batoum! 1899 | 50 | 124 2 130 2,600 
(Russie) | | 
Usines Electriques d’Eisen-| 1899 40 74.6 | 4 112 400 | 10,000 
bourg (Hongrie), Ikervar-) | 
Sopron } 
Mines =} Plomb Linares (Es-| 1900 | 60 87.3 | 38 238 680 | 10,500 
e | | | | 
St. Moarice-Letenane --| 1902 | 150 69.6 6 378 4000 | 27,000 Straigh transmission 
| miles. The line is 
tapped twice before 
} | reaching Lausanne to 
582 4300 | 57,600 |St 


Moutiers-Lyon .. oe --| 1906 | 75 — 4 
| 
| 
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Sectional area of conductor m square inches. 
FigI2—Reiation between the Cost of Two 3-Core A.C. Cables and Two 
D.C. Single-Core Cables Working on a 3-Wire Thury System, 


Density, 7504 be 2 inch 
Cost of Copper taken at £87 108. per ton 
Cast of Trenching and Stone Duct, 41,100 per mile. 
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In the early days of central stations, when plant was 
not so good as it is to-day, this principle prevailed 
throughout, even to the point of providing duplicate 
steam-pipes and stop-valves. . d 

The later, and far superior, method is to put in less 
8 gear, and instal the plant in a better manner, so 
that it is not likely to break down, and to dispense with 
safety devices as far as may Ee , 

With the series direct-current system it is impossible to 
use more than one line out of a small station, and pe 
two lines out of a large station, and the system does not 
lend itself to a large number of automatic contrivances, 
such as are generally used in the parallel system, which, 
by-the-by, very seldom operate in the way intended. It 
is therefore necessary to install the cable in the strongest 

ible way, so that the chances of failure are removed. 
Aimilar care should be taken in the design of the station- 
plant and of the little switch-gear and accessory apparatus 


uired. 
"The safety devices hitherto used are as follow :—The 
generators are provided with a short-circui switch, 
which is closed mechanically and automatically should 
the generators reverse their direction of rotation due to 
the breakdown of the prime mover. 

The slipping coupling already referred to protects the 
prime mover from the generator in the event of a very 
sudden short-circuit, and it appears to be a device of 
great utility. It should be remembered, however, that 
almost the whole of the existing series systems are driven 
by water-power, which is by no means an ideal drive for 
@ series generator. A series generator working at con- 
stant current uires a gonstant-torque motor to drive 
it, and ia most efficiently regulated by ee ee 
the torque of a water-turbine increases as ry ia 





uced, the maximum torque being about twice that at 
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, ‘Size of eonbainer in eanire inches. 
work and 


ducts, taken at £1,110 per mile, 


the most efficient speed. Also, with constant head, to 
maintain maximum efficiency the water-turbine should 
run at constant speed, although in the existing 
plants the regulation for convenience is 
speed of the turbines. If, however, 
maintain maximum efficiency on 


111.8 miles, All under- 
ground cable working 
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loads, it ia preferable to run the generators at constant 
aed and to regulate by varying the position of the 
brushes 


The number of series generators driven by steam is 
very small, the size of the units is small, and therefore 
there is not much experience on which to go; but since 
the torque of the steam-engine with constant cut-off is 
constant, and does not increase in the same way as that 
of a water-turbine, it follows that the necessity of the 
slipping coupling is not nearly so great in the case of the 
steam-engine as with the water-turbine. Its advantage 
would be that, in the case of a very violent short-circuit 
sufficient to stop the generator armature, the flywheel 
effect of the moving parts of the steam-engine would not 
get further than the slipping coupling. 

For the motors, the only safety device consists of a 
short-circuiting switch, which is closed by a solenoid 
when the pressure across the brushes ex a pre- 
determined value. This provides for cutting out the 
motor should it become overloaded, or for maintaining 
the continuity of the line should some accident happen 
to the motor windings. 

The regulation of the line current may be brought 
about either by varying the speed of the prime mover, 
the position of the brushes being constant; or, where it 
is convenient to keep the speed of the generators con- 
stant, by varying the position of the brushes. In either 
case the same type of regulator is used. It consists of a 
solenoid carrying the whole of the line current, which 
operates an armature in the usual way, as the line current 
makes small variations. The armature controls two 
pawls fixed toa aoe arm, which is kept in continuous 
movement by means of a small motor. or ly, when 
the current is at its correct value both of these pawls are 
held out of engagement with a wheel; but should the 
current vary, one or other is lowered, so as to engage with 
the notches in this wheel and drive it either forward or 
backward. The wheel is coupled to a shaft which con- 
trols the governors on the turbines or prime movers, or 
the position of the brushes, according to whether the ma- 
chines are run at variable or constant 5; In the case 
of a three-wire system two solenoids are used, connected 
at either side of the middle point of the system. The 
motor, which gives about } horse-power, is coupled in 
series with the main line, a resistance being coupled in 

aralle), as the motor does not require the whole of the 
ine current. In parallel with both the motor and re- 
sistance are two or three secondary cells, so that in the 
case of the failure of the line current the motor is still 
kept running. A photograph of the regulating gear is 
shown in Fig. 8. 

The same type of regulating gear is used for controlling 
the speed of the motors, but in this case, in place of the 
little motor, the rocking arm and pawls are driven off the 
main motor shaft, which also serves to drive a small 
centrifugal governor, which controls the position of the 
pawls in place of the solenoid referred to above. This 
device serves to rock the brushes by means of gearing. 
Should the speed rise, the governor operates in one direc- 
tion so as to reduce the lead of the brushes ; similarly, 
when the speed falls the other pawl comes into action, 
serving to increace the lead of the brushes and to maintain 
the speed. The action of this device is exceedingly rapid ; 
it is arranged to move the brushes throughout the whole 
range in three seconds. Dashpots are used on these 

ilators to secure stability of action. 

Figs. 9 and 10, page 360, show the switch column, and 
Fig. 11 a photograph of the no The regulat- 
ing-gear is mounted on the -plate of the Lyon motors. 

n the earliersystems the line current given by constant- 
speed generators and the a of motors were controlled 

tly by varying the field and partly by rocking the 

shes, the same regulator taking charge of both ; but in 
all the later machines the whole of the regulation is done 
by rocking the brushes. The machines run quite spark- 
lessly in all positions of the brushes. This is brought 
about by so designing the machines that the fields due to 
the armature and the field windings are equal, so that in 
the non-working position of the brushes they neutralise 
one another. I have seen many of M. Thury’s machines 
under all conditions of load; they run with carbon 
brushes with beautifully clean commutators; in fact, there 
are no commutator difficulties, 

The machines at Chaux de Fonds, particulars of which 
installation are given in Tadle I., have been running for 
nearly eleven years with carbon brushes ; they run con- 
tinuously for a month without touching the commu- 
tators. 

Prime Movers.—The power-station equipment varies 
according to the type of prime mover used, but wherever 

ible it is preferable, because it is more simple, to 
eep the line current constant by varying the speed of 
the generator, the brash position feiag fixed. 

In laying out a transmission system for the purpose of 
driving rotary plant at the sub-stations, it is always pre- 
ferable, particularly where fluctiiating loads have to be 
supplied, to place the fly-wheel as near to its work as 
possible. This is preferable in any —— is parti- 
cularly so in the series system. ach sub-generator 
should be provided with its own fiy-wheel ; this serves to 
protect all the plant behind it from the effect of sudden 
shocks on the secondary side. No further fly-wheels are 
required ; in fact, they sim interfere with the self- 
regulation of the system. I believe it to be a mistake to 
lay out even a parallel system in the usual way—that is 
to say, with enormous fly-wheels on the generator and 
no fiy-wheels near the load. 

Reciprocating Steam Engines. —With the exception of a 
few small taneitnes alt the Thury plants are water-driven, 
and consequently there is not very much jence to 
draw on for the steam driving of large genera ; there 
would be no difficulty in driving the generators at con- 
stant speed and varying the brush position in order to 








keep constant the current, but since a constant-current 
series generator is essentially a constant-torque machine, | 
whatever be the load, the governor may be dispensed 
with, and this is done in the cases to which reference has 
been made. A steam-engine working at fixed cut-off, so. 
as to admit a fixed quantity of steam per stroke, is also a 
constant-torque machine ; consequently, if the generator | 
be coupled to a steam-engine whose cut-off is fixed, it will | 
run at the speed where the torques balance, depending in | 
the one case on the value of the constant current, and in | 
the other on the point of cut-off, the steam pressure being | 
steady ; any tendency on the part of the engine to run | 
too fast will increase the line current, and so increase the | 

merator torque ; similarly, a tendency to run slow will 
Seas the generator torque, and so 7 the engine 
to run faster. uently, when the generator ter- 
minals are short-circuited, the engine will first crawl 
round, causing the generator to give the constant-line 
current ; an increase of resistance of the external circuit 
due to additional load will tend to decrease the line cur- 
rent, and with it the torque, and so enable the engine, 
working at constant torque, to speed up ; consequently, 
as the load increases, due to extra resistance in the circuit, 
the speed will rise, and with it the pressure; on the other 
hand, as the load decreases, due to the external resistance 
decreasing, the speed will fall. With several machines 
in series it might be thought that this system would be 
unstable, and that one engine might take more than its 
share of a rising load, but the wire-drawing, due to the 
greater speed of the steam at high loads, should prove 
sufficient to prevent any such tendency. When working 
in this way it is essential that only light fly-wheels be 
used 


Steam-Turbine.—So far no high-tension direct-current 
generators have been constructed running at turbine 
oe, and their design will probably be a difficult pro- 
blem; but Mr. Hobart, in the Electrician, vol, lvii., 
page 424, has suggested that the problem is by no means 
impossible of solution. The turbine would be a constant- 


are used, or, if desired, two pairs may be used, each pair 
forming in parallel one conductor. nless separate poles 
are used, it is probably safer to use the two single lines, 
and so to work with half the number of insulators. For 
underground work two single cables have been used, and 
will probably prove the most secure and convenient 
arrangement ; but this part of the problem is quite new, 
and many improvements may be ible. For instance, 
to give ter security, two or three cables may be used 
in parallel working at such a density that, should one 
break down, the remaining one or two can carry the 
whole load; but modern cables, properly laid, are so 
very reliable that only for a very large system would the 
extra cost be warranted, more particularly as an earth at 
one point will cause but a partial stoppage of supply. 


TaBLE II.—Power-Station.— Alternating-Current Systcm. 


Total capacity . 2400 kw. /14,000 kw. 87,500 kw.} 110,000 
| w. 
Number of units and 6; 400 | 7; 2000 10; 3750) 22; 5000 
size (normal rating)  kw., kw., kw., kw., 
10,000 | 12,000 15,000 20,000 
volts volts volts volts 
1. Buildings, includ- £ £ £ 
ing chimneys 12,130 38,695 87,320 248,325 
2. Generating plant.. 21,690 84,895 200,765 520,9 5 
3. Switch-gear e 2,980 5,760 8,700 18,440 
4. Boilers, auxiliary 19,380 | 68,780 164,445 49°,370 
and coal-handling 
plants 
Total cost oe 56,180 201,130 473,230 1,318,010 
Cost per kilowatt 23.4 14.4 12.6 12 
! 
TaBLe III.—Power-Station—Thury System. 
| Rote wets | ! 
Total capacity ..| 2400 kw. 14,000 kw. /37,500 kw ed 
| w. 
Number of unite and| 12; 200 2500 


14 ; 1000 | 20; 1875 | 44; 
kw. k 


kw., kw wr, 
1000 


60 amps., 250 ampe., 417 amps., 
amps., 
3800 volts 4000 volts 4509 volte 2500 volts 
J £ | £ 


size (normal rating’ 


1. Buildings, includ. £ 

ing chimneys . 12,180 50,245 103,490 288,750 
2. Generating plant 27,700 149,320 325,600 915,780 
3. Switch gear ¥ 910 1,225 1,370 2,580 
4. Boilers, auxiliary | 

and -handling 

my -, 19,380 | 68,775 164,445 498,370 
Total cost os -, 60,120 | 269,565 594,985 | 1,705,480 
Cost per kilowatt 26.05 19.25 | 15.86 | 15.5 

| } 


TaBLE I1V.—Static Transformer Sub-Station Reducing 
a High-Pressure to a Working Pressure of 500 
ts. 





“s 
800 kw. | 2000 kw. 6000 kw. 








Diagram of T. ee See ee Cower Gatien teteg 
‘ Senties cor the ircumference. 


P683.m, 


torque machine if the steam were admitted in a definite 
nee J once in a fixed number of revolutions, as in the 
arsons turbines ; the effect of running at blade speeds 
below the maximum would, however, to reduce the 
turbine efficiency ; on the other hand, by this method of 
running the lea would be constant at all loads. I 
have no figures to show the comparative efficiency of 
turbines run at various percentages of load and at full 
speed, and at constant torque and variable speed. 
Hydraulic Turbines.—Excepting the instances to which 
reference has been made, all the Thury plants are water- 
driven ; and since the water-turbine is not a constant- 
torque machine, its use has caused more difficulties than 
would be met where steam driving is used. The neces- 
sity for the slipping coupling is probably greatly due to 
the great torque of a water-turbine at low epeeds The 
pressure is regulated by varying the speed by a Thury 
regulator arranged to adjust the gate opening of all the 
turbines ; the regulator works so as to keep constant cur- 
rent in the oe. It a = — ti 4 Lee the 
proper periphe speed eparted from, the efficien 
of a water-turbine rapidly falls ; consequently, where falls 
are used having a great percentage variation of head at 
different times of year, to use the water economically 
the speed of the turbine should be varied to suit the 
variations in the 3; this cannot be done with an 
alternate-current system, but with the series system it is 
the natural way of running. There are many cases 
where this possibility of suiting the speed of the turbines 
to the head would result in a greater output from a given 
fall than can be obtained at constant js 
Rtn sa pe TO age is but eee a a ro 
stant-current series generator is thus driven, in this 
case it is set to run at full load, other machines in the 
series serving to regulate ; but it would appear that with 
constant gas admission per stroke the gas-engine would 
work between certain speed limits as a constant-torque 
machine, and so would run without governor. Prob- 
ably the limits of working would be not greater than 


from half to full speed, but this in most cases would be 
sufficient ; in other cases it might be necessary to work at 
constant speed, with the usual brush rocking gear to main- 


tain constant current in the line. 
The Line.—For overhead working two single conductors 








Total capacity -.| 200 kw. 
Number of units and) 12; 17 12; 70 12;170 | 18; 335 
size(normal rating)  k.v.a. k.v.a, K.V.a k.v.a. 
| 8. P. Trans. |3.P.Trans. 8.P.Trans. 8.P.Trans. 
& &£ £ &£ 
1, Converting plant 625 1870 2565 9,670 
| 2. High-tension 
switch gear s 1755 2295 2485 8,525 
otalcost .. ° 2880 4165 6050 18,195 
Cost per kilowatt . 11.9 5.21 2.52 2.19 


Taste V.—Sub-Station.—Rotary Converter System, 
Giving 500 Volts. 


-, 200 kw. | 800 kw.  2000kw. 6000 kw. 


Total capacity ° 
Number of units and 4; 50 4; 200 4;500 6; 1000 
size (normal rating) kw. kw. kw. kw. 
& £ £ 
1. Converter plant .. 1575 3980 745 19,925 
2. High - tension 
switch-gear a 1620 2360 2545 8,530 
Total cost +a 3195 6340 9290 23,505 
Cost per kilowatt 15.97 7.92 4.64 3.91 


Tapie VI.—Sub-Station,—A.C. Motors Coupled to Direct- 
Current Generators Giving 500 Volts. 





Total capacity 800 kw. | 2000 kw. 6000 kw. 


-. 200 kw. 

Number of units and 4; 50kw.| 4; 200 4; 500 | 6; 1000 
size (normal rating) ‘ ~ |} kw. hw. 
1. Converter plant, 2730 6755 11,735 35,345 

induction motors, | 
and step-down | | 
static transformers | | 
2. High tension switch 1620 | 2360 | 2,545 3,580 
r 
Total cost = 4350 9115 14,280 38,925 
Cost per kw. .. 21.75 11.39 7.14 6.19 


| 


TaBLe VII.—Sub Station.— Thury System (Thury Motors) 
Coupled to Direct-Currcnt Generators Giving 500 Volts. 


Total capacity ..| 200kw. SOOkw. 2000 kw. | 6000kw. 
Number of units and 4; 50 kw. 4; 200 kw. 4; 500kw., 6; 1000 
size (no ig) kw. 


£ £ £ £ 
1. Converter plant ..| 2635 6630 11,580 26,510 
2. High -tension 
switch-gear oe 569 790 1,195 2,640 
Total cost .. 6s 3105 7420 12.775 29,150 
Cost per kilowatt ..; 15.97 9.28 6.33 4.85 





The Sub-Station.—The motors are insulated from the 
ground and from the su tors, and the floor of the 
sub-station is insulated by the same means as have already 
poses yr sae sol. each motor = yp a sguiates 
control its speed in brush position. In 

case the me ote A pm he by a centrif governor, 
so as to keep the speed constant. A switch is pro- 
vided, containing an ammeter, voltmeter, and short-cir- 
cuiting switch to cut out the entire sub-station ; and each 
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TABLE VIII.—SHOWING COST OF PAPER-INSULATED LEAD-COVERED CABLE SYSTEMS. CABLES LAID IN STONEWARE DUCT. 
COST OF TRENCHING, LAYING, AND THREE-WAY DUCT ASSUMED AT 11001. PER MILE. COST OF COPPER, 87/1. 10s. PER 


TON ; LEAD, 161. 15s. PER TON. 























0.2 SECTIONAL AREA. 


0.3 SECTIONAL AREA. 


0.5 SECTIONAL AREA. 











0.1 SQ. IN. SECTIONAL AREA. 
| Gapaciry. Kw |CO8T PER] Cost pzr Kw. ary Ky (COST Per! Cost rer Kw. - Kw, Cost rer’ Cost rer Kw, | =, |COsTt rar | Cost rer Kw.- 
Caracity, KW.“ yoiue | Mine Law, | CAPACITY, EW. "yup | Mine Lar, | CAPACITY, RW. “yie | Mine Lam, |CPacrry, KW. “ye Mur Lar. 
“a (isl ge) gas 4. [4.1 a, gi2.. #./4./4./ legis.) 4. [4o[ 4. | fgga i 4. 
es 3 Z| = = : a rad Ba ie Bla : 
(Hash PH a HP PHA A a 4 
3s 23 2 2888 3s z 3 gis 222 ° : 2 E 5 } 
£ #4 cA g 34/26 g4 £4 g4 386 Ek gh gh gh 8 ge gh) gh gh gh 3 Re GA 
Direct Current. Series 
System. 5,000 565 250 6451745) 8.09 698 1,000 500 9392089 2.04 4.08 | 1,395 750 18202420 1.74 | 3.23 | 2,125 1,250 19€5 3065 1.44 2.45 
Two-wire : both equally} | 10,000 1,180 500 792 1892} 1.68 | 3.78 | 2,000 1,000 10852185 1.09 2.19 790 | 1,500 14962596, 0.93 | 1.73 | 4,250 2.500 2166/3956 0.77 1.30 
wo-wire ; both equally’ | 99/000 2,26" 1000 865 1965] O87 1.96 | 4,000 2,000 11782278] 0.57 1.14 | 6,580 | 3,000 1584/2684) 0.48 | 0.99 | S600 5,000 2244/8344 0.89 0.67 
_ 80,000 3.300, 1500 968 2068| 0.61 138 6,000, 3,000 (12762376, 0.39 0.79 | 8,370 | 4,500 16872787 0.33 | 0.62 | 12,750 7,500 2347/8447 0.27 0.46 
40,000) 4,520, 2000 1056/2156] 0.48 | 1.08 8,000) 4,000 1379 2479) 0.31 , 0.62 | 11,160 | 6,000 |1789|2889) 0.26 | 0.48 | 17,000 10,000 |2449/8549| 0.21 0.35 
40,000! 4,520, 2000 8651965] 0.48 0.98 8,000, 4,000 11732273) 0.28 | 0.57 | 11,1€0 | 6,000 1584/26%4| 0.24 | 045 | 17,000) 10,000 2044 {8844 0.20 0.33 
Three-wire ; two cables || 60,000) 6,780, 300C | 962065} 031 0.69 12,000) 6.000 1276 2376! 0.20 0.39 16,740 | 9,000 1687/2787) 0.17 | O31 | 25,500, 15,000 |2847/3447| 0.13 0.23 
insulated with earth | 80,000| 9,04(- 4000 1056/2156) 0.24 0.54 16,000, 8,000 13792479, 0.15 0.81 320 | 12,000 1789/2889 0.13 0.24 + 34,000| 20,000 |2449'8549! 0.10 0,18 
return 100,000'11,300' 5000 1159 2269] 0.20 045 20,000) 10,000 1496 2596) 0.13 0.26 | 27,900 | 15,000 19073007, 0.11 | 020 | 
‘ 120,000|13,560, €000 1276 2376] 0.18 0.39 | 24,000, 12,000 16182713 0.11 0.23 | 83,480 | 18,000 2024 3124| 0.99 0.17 | 
et age Spm pond | 20,000 2,260 1000 483. 1383| 0.59 | 1.83 | 4,000, 2,000 6861486 0.87 | 0.74 | 5,580 | 8,000 | 792 1692 0.30 | 0.56 | 8,500 5,000 |1122 2029] 0.2% | 0.40 
oe ang carth return || 40,000, 4,52% 2000 528/142| 0.32 | 0.71 | 8,000, 4,000 | 6901500 0.20 | 0.40 11,160 | 6,000 £94.1794/ 0.16 | 0.80 17,600) 10,000 |1225 2125 0.18 | 21 
Chmed at 900L per tile) (| 60,000) 6,780, 3000  €38 153s] 0.23 | 0.61 (12,00, 6,000 807 1707| 0.14 0.28 | 16,740 | 9,000 1012 1912, 0.11 O21 oi teint di, 
| | 7504 750 a 750 a 750.0 | | 750.0 760 a 750 a | 7500 
Sq. In. sq. In. Sq. In. Sq. In. | Sq. In. Sq. In Sq. In. | Sq. In, 
Alternate Current. Three- Density Density Density | De nsity | | Density Density Density Density. 
Phase. 10,000] 3,916, 2595 1674 2774] 0.71 | 1.07 | 6,920) 5,190 26443744 054 | 0.72 | 9,665 | 7,785 9524|4624| 0.43 | 0.69 |12,250| 10,880 |4260.5860 0.44 0.52 
Two three-core cables 15,000} 5,865 3880. 20543:53| 0.54 | 0.81 10,380) 7,785 3084 4184) 0.40 | 0.54 | 14,490 | 11,677 3992|6092| 0.85 | 0.43 (18,870) 15,870 |4736'5826 0.82 | 0,87 
20,000' 7,820' 5190 2434/3534| 0.45 0.68 13,840 10,880 (3524/4624) 0.33 | 0.45 | 19,810 | 15,570 4460/6560) 0.29 | 0.86 24,500! 20,760 ise12 68312, 4-26 | 0.30 
! ' t ' 
TABLE IX.—Summarisinc THe Cost rer Kitowatt or Powsgr-Stations, Sus-Stations or Various Types, 84 miles 0.1 square inch single cable at £ 
AND THE Cost oF Link Work Unpercrounp, Snowrne THE Limitinc LenctH or LINE WHERE THE CosT u rial allt acters 
or THE Segizs System 1s Equat TO THE CosT OF THE PARALLEL SYSTEM UNDER THE StaTED ConpDITIONS. Trench and duct at 9000... 75,500 
= | A.O, pc. | AC. DO. | Ac. | DC. AC. D.C. Total ene a a 
— Raeesioeent ee | | The complete costs o i- 
Capacity of system =. Sw. =. kw.| 400 2,400 | 14,000 14,000 | 87,500 | 37,500 | 110,000 | 110,000 | mately as _— costs of the two systems are approxi 
Working pressure.. .. —.. __—_.._ volte) 10,000 40000 | 15,000 120,000 | 20,000 | 120,000 | 20,000 | 120,000 : 
Cost of cable system in pounds per kilowatt-| | eee r See a 
mile laid .. on - oe re - | 1.16 0.82 0.42 0.18 0.33 013 0.31 0.096 ae 2 A.C. Per Kw. D.C. Per Kw. 
Cost of power-station in pounds per kilowatt) 23.4 25.05 14.4 19.25 | 126 15.86 | 12.0 16.5 
Capacity of sub-station .. ie re 200 200 800 800 2,C00 2,000 6,000 6,000 £ z 
Cot of Sub-station in Pounds per Kilowatt. Power-station of 7000 119,000 17.0 140,000 20.0 
“Wich static transformers .. ‘ sf Ee 6.21 2.52 2.19 | kw. (A.C. includes 
With rotary converters oe 15.97 se 7.92 <a 4.64 3.91 step - up trans- 
With motor-generators >is ° 21.75 15.97 11.39 9.28 7.14 6.38 6.49 4.85 s el oe ‘ . 
Total Cost of Power-Station and Sub-Station —- ond Wines 700m | = =1a0 
: in Pounds per Kilowatt. } Line 7000 A.C. ) 
With static transformers 35.3 19.6 eo 15. 14.2 8000 D. } 199,000 28.4 124,220 17.7* 
With rotary converters . . 59.4 oe 22.3 s% 17.2 | 16.9 mews 5 
With motor-generators .. ee . 45.1 41.0 25.8 28.5 19.7 22.2 | 185 20.3 288,000 55.4 334,220 47.7 
Length of Cable Run in Miles, where the | : wk. we 4 
wits yok Bee og — . «| 307 | 187 87.1 87.1 85.5 35.5 | 28.5 28.5 * The cost of the series line at its full rating is 15.51. per kilowatt. 
With rotary converters oe e aoe” 4.7 26.8 25.8 26.0 | 25.0 | 20.6 206 . P 
With meter-geneeaters a 11.3 1.8 12.5 125 | 84 84 In fe only stages of such an undertaking, since the 
Pasthiieaieattinteaus > as Lb op Ye» f duct ‘ 80 grent Prok ion of 
icula . | } | 
Namber and size of cables... | ..sq.in.| 2, 0.1 20.1 2% 04/2 015 4 04 | 402 | 104 8.03  ojg ee OC 0: tte malas, Eke sot of Ee een 
Current density per squareinch.. ..| 775 660 750 780 750 780 735 75h : grea Pa ho ’ 3 an 
Percentage C2R loss per mile at full the series system would show a still greater advantage, 
load, alternating current with 90 per so enable the concern to start with perhaps 25 per 
cent. powerfactor.. .. ..  .. 0.18 0.88 0.057 0.28 | 0.057 0.27 0.056 | cent. less capital—a matter of the utmost importance 





motor has the usual switch pillar, which contains, in| 


addition to the ehort-circuiting main switch, a device 
called a ‘* be oe which short-circuits the motor should 
the pressure between its termi exceed a predeter- 
mined amount. The connections are arranged as in the 
power-station. 

Capital and Working Costs.—It is difficult to make any 
general comparison of the capital cost of different systems, 
as so much depends on the exact conditions to be met ; 
but the tables show the order of differences to be ex- 
pected. Table II., page 362, shows the cost of alternate- 
current stations using turbine machinery ; for all but the 
smallest size the cost might be reduced somewhat by using 
larger sized units. The cost of buildings is taken at a 
low figure, which could not be attained except under 
favourable conditions; the figures relate to the normal 
rating of the plant. Table III. shows the cost of series 
direct-current power-stations, in all cases a 
reciprocating engines being employed. Tables IV., 
V., VI, and VII. set out the cost of sub-stations, 
exclusive of buildings and all low-tension switch-gear. 
Table VIII., above, shows the cost and other particulars 
for underground work ; these results are also set out in 
Vigs. 12 and 13 ( 361) in the form of curves, but 
at different current densities. Table IX. isa summary 
of the other tables, and shows the ths of high-tension 
inains w the saving in the cost of the line work may 
make up for the extra cost of the direct-current power- 
station. The tables have necessarily been largely pre- 
pared from estimates, but every care has been taken to 
cake them as reliable a guide as possible ; at the same 
‘ine it must besure that they can give at best only a 
very rough idea of relative coste, and that each case must 
he considered cn its own merits. 

From these figures it may be assumed that where the 
Lower-station is situated at or near the centre of a district 
whose boundaries extend radially to, say, 8 miles, only in 


very exceptional circumstances is the series system 
superior to the parallel alternate system in cost or con- 
\Venience, 


With steam driving with t know the series 
Clrect-current power stefion snssed in ~—y o turbine- 
Griven alternate-current power-station, and therefore, 


— such conditions, the cost of the line is the deciding 
actor, q 





The simplest class of transmission to consider is that 
where en is transmitted from a single point to a far 
distant and concentrated load ; in this case the tables 
show where the series system may be considered. 

The second class of transmission is where a more or less 
circular district, containing blocks of load at compara- 
tively wide intervals, is to be supplied from a power- 
station either outside or on the circumference of the area ; 
here it is not possible to generalise, and therefore it is 
convenient to study a special case. == : : 

Consider such an area as shown in Fig. 14, with a dis- 
tribution of load and distances as shown on the diagram. 
The total load is 7000 kilowatts. . 

The cables are laid along roads, the solid lines showing 


the direct-current cable routes, and the dotted line that | 


of the alternate-current cables. 

For alternate current two lines are taken from the 
power-station, each consisting of two three-phase cables, 
the conductors of 0.075 square inch area, the ure 
being 20,000 volts ; these are equal to a load of 7200 kilo- 


watts at 750 amperes per square inch, the C?R loss at 
full load being 14.4 per cent. at the extreme end of the | 


line. The cost is as follows :— 
66 miles 0.05 cable at 900/. per mile... 59,400 
62 ,, 0.075 ,, 1050/. rts ae 54,600 
Trenching and duct, 85 miles at 1000. 
per mile... os ae “0 ca 85,000 
To‘al 199,000 
No allowance is made for ee factor or capacity cur- 
rent or dielectric hysteresis losses. It will be seen that 
this is the cheapest possible scheme, the whole supply in 


the more distant centres depending on a single cable. The 
cost per kilowntt is 28.4/., which is almost agg oy ml 
and at once shows that a power-station nearer the 
centre is necessary. For direct current a single cable 
0.1 square inch area, insulated for working at 50,000 volts 
RL po 

wor! at am uare ving 
the cable a capacity of 800) Krilowatte when working at 
on volts on a three-wire system. The cost is as 

WB :—— ; a 

















when the business is slowly growing. 

The cost of the alternate-current power-station is based 
| on turbo-generators with step up transformers. The 
| direct-current machines are driven by slow-speed engines. 
| It is assumed that about three-quarters of the energy is 

converted through rotary machines. 

The ©*R loss on the series system is, at full load, 3 per 
cent., and when the maximum load on the system is 
but 4000 kilowatts at 25 per cent. load factor, the per- 
centage the constant loss bears to the output is 24 per 
cent. This would compare with an over-all loss in the 
mains of, say, 10 per cent. on the parallel system; but 
since the energy lost at full load costs about 3d. per unit, 
as compared with, say, 0.3d. ad unit for the continuing 
| loss, the actual money lvss will be less on the ceries than 
| on the parallel system. 

As with alternate current, the series system is laid out 
at the least possiblecost, one cable serving each load centre ; 
but the single-core cable is a better mechanical job than 
the three-core, and is therefore lees liable to accident ; 
also the insulation at the stations is far less vulnerable, 
and the number of — where breakdowns generally 
occur, as in the switch-gear, are far less in number than 
with the alternate-current system; and, further, the 

ces of electrical breakdowns due to sudden rises of 
| pressure are much less with the direct-current system ; in 
addition, as has been shown, earthing at one point does 
not upset the entire supply. 
| The demand may develop along two lines of route, 
| following, say, two diverging main roads, and it may at 
first be advisable to complete the entire ring. In this case, 
with the direct-current system, two single lines may be 
laid picking up the loads along the two roads; each line 
may be earthed at its end, and the circuit completed 
through earth until the increasing demand at a greater 
distance calls for the completion of the ring with . 

A further consideration in the problem of supplying 
this district is of interest. Assume the supply to be 
started with a line current and power-station suitable to 
a fixed maximum load, and that at a subsequent date it 
be found that the load has exceeded expectations, it is 
then a simple matter to erect a second power-station at 
any poe on the line which approximately equally divides 
the on each side ; the load that can be carried can 
thus be doubled without laying any new mains, and the 
two stations can be run in series without the smallest 
difficulty. .This method has been used in the Chaux de 














_364 


ENGINEERING. 


[Marc# 15, 1907. 








Fonds-Locle system, which was started with one small 
water-power station, and as the load ‘increased two other 
power-stations were erected, all three running in series on 
the same circuit. In fact, one immense advantage is that 
the difficulties of ranning in parallel are entirely avoided, 
so that several power-stations may be connected to the 
same ring as the total load increases, thus allowing the 
effective working pressure to be raised far above an 
figure possible with any other system ; in short, in this 
respect the uniform section of main renders the series 
system far more flexible than any parallel system. 

The above district may be taken as typical of many of 
the so-called bulk supply areas in Great Britain. In 
these, in general, at many of the local centres there are 
already in existence s stations supplying on diverse 
systems, some direct current and some alternate, &t various 
frequencies. It is usually necessary in the early days of 
the undertaking to give only a partial supply to each 
centre, the local steam plant handling the remainder ; 
therefore, in most cases, it is necessary to give the bulk 
supply through motor-generators. It is always a con- 
venience, and often a necessity, to run the motor-driven 
generators in parallel with the local steam plant. Where 
the local supply is direct current there is no difficulty, 
but where the local supply is alternate current it is always 
difficult, and under certain circumstances it is impossible. 
With the series direct system, on the other hand, there is 
no difficulty in giving any class of supply nor in running 
in — with any local plant. 

he costs of working each system will be very similar, 
though it may be claimed that very large turbines would 
work more economically than very large reciprocating 
o— ; but the convenience of working the series system 
is far greater than that of working the parallel system ; 
the switch-gear is immensely more simple, and the con- 
venience of starting both motors and generators is far in 
favour of series direct-current working. 

Special Applications.—There are some requirements 
© hier ig the series direct-current system is especially 

a x 

e e first of these BO oe it is omni 3 run 4 
sub-generators at 8 varying over wide limits for 
eae’ pastes. This is a very common condition for 
generators for electro-chemical work. There are many 
processes where it is necessary to maintain the current 
practically constant, and to vary the pressure over con- 
siderable limits. Other cases are where the pressure and 
current are varied, and where the machines are called 
upon to run for considerable periods at reduced speed. 

With alternate-current transmission it is commercially 
impossible to ne een iy vary the speed of the sub- 
generators over the wide limits necessary, whereas the 
direct-current system allows for any sort of variation to 
be made in the speed of the sub-generators with but small 
reduction in efficiency. 

A second class of work where the series system is very 
convenient is for operating hoists and similar loads where 
the speed varies over wide limits, and where starting and 
stopping are matters of frequent occurrence, and where a 
high degree of acceleration is requisite. 

It is, of course, necessary in such cases to provide that 

vernor, 
so as to maintain the line current constant with sudden 
variations in load—that is, the ordinary difficulties met 
with in dealing with such loads require the usual special 
attention. 

The whole operation of the motors is carried out by the 
brush movement, a rapid screw arrangement being the 
most convenient. A switch should be provided to short- 
circuit the motor when it is stop for any length of 
time, so as to save loss of energy and heating in the motor 
winding. Braking is done, of course, entirely by the 
brush movement, the motors being reversed and run as 
generators. The torque of the motors is constant, the 
speed being varied, as explained by the brush movement. 

In efficiency of working, ease of operation, and smooth- 
ness of starting and breaking, the series system should 
in many such cases show better results than any other 
system ; and where much of the supply may conveniently 
be handled by a three-phase or other llel system, it 
may often be convenient and profitable to work hoists, 
winding gear, and similar loads by means of a separate 
series system. , agra 

Concluding, I set out some of the possible directions 
in which the series system offers advantages over the 
parallel system :— 

1. The ability to extend the possible commercial trans- 
mission distance far beyond that possible with alternate 
currents, and particularly in those cases where under- 
ground transmission is essen P 

2. Simplification of switch and regulating gear. 

3. Easy working of several stations in series on the 
same loads, so that the more efficient run always, and 
the less efficient run only, on the peak load. ‘ 

. 4, The uniform section of the mains permits an increas- 

ing load supplied at first fron: one point to be readily 
provided for by the addition at any other suitable points 
on the main of other stations without addition to the 
cable x stem. RS ae pl » 

5. Maus uae: Cagetelien mtg ne maar 
certain special loads, such as chemical leads, are to be 
served from a distance. 

6, Greater all-round efficiency to be obtained when 
the generators are driven by turbines worked from a 
waterfall having a great percentage variation of head. 

I have endeavoured to show that M. Thury has carried 
the series direct-current system to.a point far beyond the 
experimental stage, and that in recent years he has made 
great advances in the direction of the improvement of the 
generators and the motors and in the use of very high 
pressures, and has shown that far higher pressures may 
be attained. 
the size of the machines hitherto 


the generators are governed by a quick-acting 


built is com 





At the same time it must. be realised that | the 
paratively 


small, but experience shows that there would be no diffi- 
culty in building machines of greater size, and there is no 
reason why any special difficulties should be met with in 
working much larger series systems than those now run- 


ning. 








OVERHEAD eee TRANSMISSION 
INES. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on or . March 5, Sir Alexander 
Kennedy, LL.D., F.R.S., President, in the chair, the 

per read was “* The Construction of Overhead Electric 
eceoshelon Lines,” by Mr. A. P. Trotter, B.A., 
M. Inst, C.E. The following is an abstract of the 


per :— 
Mine an introduction which indicates that the paper 
hardly touches on electrical matters, but deals with the 
mechanical considerations of the construction of overhead 
lines for the transmission of power, from the point of 
view of security, the author proceeds to divide the subject 
into five sections, relating to wires, poles, arms, insu- 
lators, and flexible poles. 

Some seven or eight different modes of describing the 
size of a wire or cable are mentioned, and preference is 
given to the description (in the case of electric mains) by 
sectional area in decimals of a square inch. Brief refer- 
ence is made to the advantages and disadvantages of 
aluminium. ener wire varies greatly in its mechanical 

perties ; the large sizes are sometimes weak and sof 

ing little else than rod. The consolidation produ 

by the draw-plate benefits each smaller size in succession. 
A diagram shows how the tensile strength of copper wire 
varies from 22 or 23 tons per square inch for larger sizes, 
up to 30 tons per square inch for the smaller telegraph- 
gauges. Stranded cables offer more advantages than dis- 
advantages. The Engineering Standards Committee’s 
definition of hard-drawn copper wire is not applicable to 
wire for overhead transmission work ; a less brittle wire 
is needed. Elongation should be not less than 14 per cent. 
in 8 in.; a lower limit is, perhaps, not necessary, as the 
requisite tensile strength cannot be attained by soft 
wire. A sample stress-strain diagram is given, and the 
Swiss and German limits of tensile strength and minimum 


ga 

The next sub-section deals with the stresses on the 
wire, and a diagram shows how the wind-pressure is 
relatively much greater on small sizes, the resultant bein 
about five times the weight for No. 12 S.W.G. with win 
at 30 lb. per square foot, and a cylindrical coefficient of 
0.6, and only 1.25 times for No. 0000. Swiss and German 
wind-pressure allowances are given. : 

The section on poles opens with reference to the choice 
between wooden and steel poles. Until long spans are 
found to be practicable, the use of wooden poles seems 
best fitted for British work. Mexican 40-ft. steel towers 
for 440-ft. spans are illustrated. A few observations are 
made on the setting, earthing, a, and staying of 
steel poles, and the choice between tubular and lattice 
types ; and a factor of safety of 6 is suggested. 

ti the case of wooden poles, a factor of safety of 10 
seems necessary, and the difficulty of obtaining single 
poles capable of withstanding wind-pressure and stress of 
the wires is mentioned. This points to the use of pro- 
perly designed A-poles. Allusion is made to the valuable 
tests made by Professor J. Goodman for Messrs. Wade, 
Sons, and Co., of Hull, and the most economical design of 
pole arrived at by these tests is illustrated. This section 
ends with reference to the Post Office specification for 
wooden poles, and the depth at which various sizes should 
be set. A brief sub-section deals with danger notices, 
provision against climbing, angle of crossing roads, and 
minimum height of wires. 

The section on arms refers to the use of channel steel, 
oak arms, or iron brackets. Bracing below arms adds 
considerably to the strength of a pole. Standard types 
of poles and arms used by three power companies are 
illustrated. A sub-section on cradles at -crossings 
points out the advantage of placing the wires in one or two 
vertical rows to reduce the width of a cradle. Cradles 
are divided into three types, and five illustrations are 
given. The uses of insulated and of earthed cradles are 
compared, and the risk of burning the cross-wires when 
a time-limit circuit-breaker is used is pointed out. Swiss 
and German practice, and some details of cradle-buildin 
are mentioned. A form of earthing-bar is illustra 
and the section ends with the Post Office requirements at 
gy yy a ae 

The section on insulators deals mainly with mechanical 
details, such as binding, strap or other arrange- 
ments to prevent contact by s ing. 

The last section discusses the advantages of age: 
in the line in the direction of the route, and Mr. G. 
Semenza’s flexible-steel structures are illustrated. If, 
when the line breaks, the poles yield instead of trying 
to withstand the stress, the strain is distributed over 


several poles. 
The treatment of the problem braically is somewhat 
difficult, and in one case, at least, been unsatisfactory. 


After giving the most elementary formule, the author 
develops a graphical method, and after a few simple 

i arrives at an easy and accurate solution fur a 
case where one span, one fiexible pole, and a rigid anchor- 
pole are concerned. He concludes with diagram 
showing how approximations may be formed for other 


8 

pendices. In the first, Mr. W. H. 

M.A., ‘deals with the flexible-pole_problem 

ytioally on the method published by Mr. A. J. Bowie, 

Jun., in the Electrical Warid, November 17, 1906. The 
ix gives a dyaft ‘‘ Model Desori 


tion” of 
of Trade for overhead-wire construction, which 
consideration by the Institution, 


pans. 
There are two 


is submitted for 





CATALOGUES. 


From Messrs. W. H. Bailey and Co., Albion Works, 
Salford, we have received a circular relating to the Whit- 
more patent sight-feed lubricator and filter, suitable for 
fi lubrication systems. 

From Mr. George Desvignes, 612, High-road, Chiswick, 
W., comes a card relating to a belt-stuiker, for which is 
claimed extreme simplicity, low cost, and several other 
advantages. The firm are makers of machine-tools, 
boilers, &c. 

We have received circulars relating to the Oddie Barclay 
patent high-speed pumps. These pumps are manufac- 
tured by Messrs. Andrew Barclay and Co., Caledonian 
Works, Kilmarnock. The pump is intended for high- 
speed work for any head up to 2000 ft. 

Messrs. Marples, Leach, and Co., 6, Victoria-avenue, 
E.C., have sent us a stock-list of motors. This list is 
contained in a patent file cover. It gives the output, 
voltage, winding, &c., of a large number of motors of 
various patterns in stock available for immediate delivery. 


From Messrs. H. F. Crohn and Co., agents, Balfour 
House, ming my = ae E.C., we have received a list 
of Messrs. Fr. Gebauer’s latest types of india-rubber- 
making machinery. Our attention has been directed to 
some calender machines which were awarded the Grand 
Prix at the Milan Exhibition, 1906. 


A circular from the Sturmey Motors, Limited, Wid- 
drington - road, Coventry, is devoted to particulars of 
the Parsons light delivery vans. These vans are built to 
meet the needs of tradesmen for quick delivery of small 
=. They are fitted with various forms of bodies. 

umerous other features give this car quite a distinct 
character. 

From Mr. Charles Pullan, 52, King’s Arcade, Brad- 
ford, comes a circular relating to ‘‘ Pope” electric lamps. 
Besides the es bulb shaped glow-lamp, these are 
also made spheri in shape, under the name of 
“*Ritelite ;” while another pattern, said tojbe specially 
suitable for lighting billiard tables, &c., is termed the 
‘*Reflex” lamp. 

A card from Mr. J. G. Harrison, 75, College-avenue, 
Gillingham, Kent, has reached us, and relates to a work- 
book, by which it is claimed that business is considerabl 
facilitated in a firm or office, and which is designed with 
the object of keeping prominently to the fore all work, 
business, engagements, &c., to be performed either in 
routine or stated times. 

From Messrs. Snowdon, Sons, and Co., Limited, Mill- 
wall, E., we have received a circular relating to ‘‘ Sinol,” 
a lubricant especially adapted to cylinder lubrication. 
This firm manufacture special automatic lubricators for 
use with their lubricants. These lubricators are arranged 
for all kinds of work, ratchet-gear being actuated from 
some moving part of the engine. 


_ Mr. O. N. Beck, 11, Queen Victoria-street, E.C., has 
issued a leaflet describing an improved safety tapper. 
Designed with the object of reducing the risk of breakage 
of taps where these are used in power-driven machines, 
this apparatus consists of a taper shank fitting the spindle 
of the machine, a jaw coupling and a coil spring. The 
spring keeps the two jaws of the coupling in contact. 

From the General Electric Company, Limited, 71, 
Queen Victoria-street, E.C., we have received two little 

rice-lists. One of these relates to Robertson electric 

mps, which are illustrated in a large variety of patterns 
of bulbs, clear glass and partially obscured. The second 
booklet refers to the Robertson ‘‘Wytelite” series of 
high-efficiency filament lamps, which give a soft white 
light. These are made with larger spherical globes, 
several patterns being illustrated. 


A recent Progress reporter of the Niles-Bement-Pond 
Company, of New York, U.S.A., is largely devoted 
to illustrations of planers fitted with pneumatic clutch 
electric drive, belts being abolished. Fitted to these 
machines, this gear does away with all shifting-belt 
troubles, which become increasingly great with the heavier 
machines and work. They will stand up to very 
heavy work, an illustration being given of a 100,000 lb. 
anvil-block being planed on a machine so fitted, the cut- 
ting speed being 28 ft. per minute, with a return speed of 
78 ft. per minute. 

The ‘eK Cover and Boiler Block Company, 
Limited, ud Chambers, Friar-street, Reading, have 
issued a small pamphlet dealing with their special ty 
of cover and boiler-seating blocks. These cover-bloc 
are made so as to be easily removable for the inspection 
of seams and rivets, &c., but at the same time are con- 
structed with overlapping joints which are claimed to be 
gas-tight. Special patterns of blocks with overlappin 
oints are also made for seating, main flue arches, an 

t cross-wall. 

We have received a circular from the British Steel 
Piling. Company, Dock House, Billiter-street, E.C., 
dealing with an improvement recently introduced by 
them in channel piling. It is claimed that this new 
design enables a much lighter piling to be used with 
cues: good results as those attained with the older 
types. The channels are placed face to face, so to speak, 
each flange overlapping the of next 
while clips of bent plate riveted to the web hold the 
channalp havd up against each other. A pamphlet also 
from this firm refers to the many other forms of channel 
and other piling and the uses to which this work can be 
put. In addition to informatior 
tions are given of driven in 
while photographs are reproduced of 
in this way. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS, 


An ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 15th inst., at the Institution House, Storey’s 
Gate, Westminster, the President, Mr. T. Hurry 
Riches, occupying the chair. 


Petro, Moror-OMNIBUSES. 


The usual formal business having been trans- 
acted, and the announcement having been made 
that 99 names had been added to the roll of 
membership, a paper entitled ‘‘ Petrol Motor- 
Omnibuses,” by . W. Worby Beaumont, of 
London, was read and discussed. This paper we 
commence to print in full on page 395 of our 
present issue. 

Mr. A. Campbell Swinton, who was the first 
speaker, said he would like to add some figures to 
those given by the author. Mr. Beaumont had 
pointed out that the motor-omnibuses of London 
were now carrying 185 million ngers & year ; 
the speaker would put the number at more nearly 
200 millions. According to recent statements 
/ made by Mr. McKinnon Wood, of the London 
County Council, it would appear that the number 
of persons carried by the motor-omnibuses was in 
excess of the number carried by the London County 
Council Tramways, the figure given for the latter 
by Mr. McKinnon Wood being 180 millions. 
There were, at the present moment, about 800 
motor-omnibuses in London, and the cost of these, 
with their garages, &c., was something less than 
one million sterling, whereas the London County 
Council had spent five millions on their tramways ; 
the result was that the motor-omnibuses were 
carrying more passengers than the tramways, 
although there had been spent on them one-fifth 
of the capital expended on the tramways. Yet the 
London County Council were proposing to spend 
another five millions sterling. The speaker thought 
it would be well if the Council would consider 
whether it would not be better to allow the omni- 
buses of London to carry the passengers, and to 
expend the public money on improving the pave- 
ments and other arrangements for traffic in London. 
If only one million sterling -were spent in im- 
proving the road surfaces, it would materially 
diminish the wear and tear of motor-omnibuses 
and reduce noise. The speaker considered that 
Mr. Beaumont was not quite fair in one respect, in- 
asmuch as he seemed to think that the one object of 
the motor-omnibus director was to get as much mile- 
age as possible, withoutregard tokeepingthe vehicles 
in proper repair. This might be the case with one or 
two very small businesses, but it was not true of 
the larger companies. A visit to the more impor- 
tant garages for motor-omnibuses would show that 
they were equipped with the latest machine-tools, 
while competent and skilled engineers were con- 
stantly engaged in keeping the machines in order. 

Continuing, the speaker said Mr. Beaumont had 
given figures with regard to the cost of runnin 
motor-omnibuses, and if the figures were intende 
to apply to London, he, the speaker, regarded them 
as too low. He could not, for reasons which would 
be obvious, give the figures with regard to London, 
but would A ant, those showing the cost of running 
twelve motor-omnibuses during 1906 in connection 
with the Bath tramways. e tramway system 
at Bath was very complete, and in addition there 
were twelve motor-omnibuses, which ran out into 
the country and fed the tramways. The speaker 
gave the cost for last year as 8.55d. per mile, and 
then wrote down the following details upon the 
blackboard :— 


d. 
Petrol per car-mile ... oak al 1.56 
Grease (including carbide and oil) 0.26 
Tyres (obtained by contract oe 2.00 
Drivers and conductors ee 1.77 
Tickets and ticket-checks ... 0.07 
Attendance on the omnibuees 0.47 
Attendance at garage =e 0.18 
Engine and chassis repairs ... 1.21 
Bodies (repairs) Sad ee 0.06 
Buildings (garage) 0.06 
Sundries <3 a ies 0.17 
Rents, rates, and insurance... 0.67 
Salaries ... se ‘a 0.07 


For the previous year (1905) the average was 
slightly less—namely, 7.93d. From the foregoing 
figures two items had been omitted. One was 


depreciation, which might be assumed at any figure, 
say 20 per cent., as in the case of the author's esti- 


allowance ;- and for that. reason the 


imagin: 
speaker had left it out of his calculation. The 
other figure, not included, related to the cost of 
general management ; the reason for not including 
this was that the omnibuses had been added to the 


existing tramway system, and as they had not| part 


increased the expenses of general management, 
there was no provision in the accounts for this item, 
which was a very small a of. the whole ex- 
— However, if the 0.38d. put on by Mr. 
aumont for supervision and management, and 
the 1.30d. for depreciation, were added, the total 
would be about 1d. more than the author had 
given. When London was considered, the speaker 
was sure the author was wrong, more especially in 
regard to renewals and repairs, and also in regard 
to the item of lubrication. One reason why the 
upkeep was so much greater in London was the 
constant stopping and starting, not only for the 
purpose of picking up passengers, but also on 
account of other traffic. It was quite a different 
matter in the case of the country, where the only 
stoppages were probably every five or ten miles. 
lonel Crompton was the next speaker. He 
said that the present motor-car, from which had 
followed the motor-omnibus, was no doubt due to 
the ingenuity of Gottlieb Daimler. - It was not, 
however, fair to say, as the author had, that Daim- 
ler was the first to utilise piston speed to reduce 
the weight of prime movers. It was Willans who 
made that step in advance, he being the first to make 
engines of a weight and efficiency undreamt of 
before.* There was no doubt that Daimler, the 
manager of a gas-works, adopted the idea of the en- 
closed crank-chamber and the splash lubrication, 
introduced by Willans and his followers. While 
Daimler did this, he also introduced the great diffi- 
culty which had prevented the internal-combus- 
tion engine from working successfully when tested 
in commercial use. The great number of revolu- 
tions requisite to obtain the piston-speed with the 
a engines had occasioned many of the troubles 
which brought upthemaintenanceitem tothe present 
figure. In common with the last speaker, Colonel 
Crompton was in a position to know that, unfor- 
tunately, the figure given by the author for re- 
pairs was very largely exceeded in the majority 
of cases, and was likely to be for some time to come. 
This was mainly due to the fact that the engine had 
to be worked in conjunction with change-speed gear. 
He would ask the author why he ‘had given so 
little suggestive matter on the best ways for 
getting out of this difficulty. It would occur to all 
engineers who had studied the matter that there 
must be some happy medium between the extremely 
light engine, having cylinders of very small dia- 
meter, driven at a very high speed, and the more 
direct-driven engine, having very much -: larger 
cylinders and smaller ratio of reduction. He had 
asked the author that question personally some 
months ago, and the answer he received was that 
the larger engine would surely be the more 
uneconomical. 

Academically speaking, this might be true. 
But what was found in practice? A firm that 
had made an engine with cylinders big enough 
to drive on the top speed, and not to change 
gear, had achieved an unqualified success, not only 
in the fact that the gear made no noise, but also in 
the unexpected result that, so far from being costly 
as regards fuel, the reverse was the case, the 
omnibus proving the most economical that had 
ever been driven. Eight miles had been obtained 
with 1 gallon of petrol in the case of this omnibus. 
This might be compared to 6 miles with the ordinary 
type of vehicle with a much smaller and higher speed 
engine. He regretted that the author had not ex- 
pressed his views on the subject of the tyre bill, 
although he, the author, had hinted that a greatdeal of 
the heavy expense of tyres was due to the weight 
of the unsprung parts, such as wheel-frames, axles, 
&c. In this connection the author had pointed out, 
and the speaker agreed, that the side chain-drive 
com very favourably with the live-axle type. 
The chain-drive had never been properly treated. 
The space between the wheels — the side chains 
had been so smal] that it was extremely difficult, if 
not impossible, to protect the chains at all ; and it 
was most instructive to see what the speaker would 





* [In making this statement, Colonel Crompton had 
poem | for the moment forgotten the pre-eminent 
claims of Thornycroft as the introducer of steam-engines 





mate, or it might be 30 per cent., or any other 





of exceptionally light weight in proportion to their 
power.—Ep. E] 





describe as the splendidly-arranged wet-grinding 
mechanism of the London omnibus, which directed 
a stream of liquid gritty mud on to the inside lower 
side chain, just at the point where it was going to 
come under the big sprocket«wheel. .The upper 
of the chain was not nearly so important, as 
the mud could be thrown off. by centrifugal action 
when it got to the critical point.. A great deal of 
the noise of the chain-driven omnibuses of London 
— caused by this inattention to protecting the 
chain. 

The author had elsewhere said, and repeated 
in his paper, that .the maximum s of 
omnibuses had, in the past, been too high, aud 
much nee. Eee been caused .thereby.»| He 
feared Mr. umont was correct, and that the 
matter was incapable of remedy. -The popularity 
of the motor-omnibuses was very largely due to 
the fact that it got over: the ground in 30 
per cent. less time than horse omnibuses. The 
author had, he believed, .spoken. of 12 miles an 
hour as a speed frequently. exceeded; but that 
speed, as an average, was. not really maintained 
even now ; it was more nearly. 10 or 11 miles an 
hour. To go through the traffic at an average 
speed of 12.miles an hour involved a maximum 
speed of 15 or 16'miles.. From the point of view 
of the man responsible for thé. maintenance of the 
omnibuses, this speed would be undesirable. The 
only way, however, in which speed could be kept 
down would by . giving the engine great 
accelerating power—a thing not easily - accom- 
plished with internal-combustion engines. He had 
no wish to be exigent, but he thought it fair to ask 
Mr. Beaumont his opinion on the tyre question. 
A large number of tyres were used. There were 
plain double-ring tyres, segmental tyres of various 
forms, and numerous descriptions of tyres that: had 
been tried specially in regard to their power of 
resisting side-slip. Personally, he believed that a 
form of segmental tyre would eventually be adopted. 
He considered that it was not right to ee to scrap 
a ring tyre because of one or two large gashes. 
There was no method of really repairing ring tyres 
by vulcanisation without altering. the structure and 
wearing capability of the material. . Another point 
in connection with tyres was the condition: of the 
garage yards where the: omnibuses were cleaned 
and repaired. These yards were in some cases a 
perfect scandal. Oil was:a slow solvent of rubber, 
and when in a garage the yard was swimming in 
oil and the buses were standing in it, a ‘‘ scrapping”. 
of the directors should take Shéce. 

Mr. Mark Robinson said that Colonel Crompton 
had made an interesting reference to the work of 
Mr. Willans as bearing upon the petrol-engine, 
and had spoken of the small size of the engine 
relative to its power as due in part, or largely, to 
high piston speed. Asa matter of fact, however, 
the p'ston speed of the Willans engine was never 
very high. e 100-horse-power engine only ran 
at 450 ft. a minute. No doubt in the first instance 
a high speed was made, by reason of the ~— 
being so small and light for its work; but Mr. 
Willans adjusted that by making the stroke very 
short. The real cause of the lightness of this -—_ 
was the very high mean pressure at which Mr. 
Willans worked ; he having introduced much higher 
pressures than had ever before been used, and that 
was the real point connecting the Willans engine 
with the petrol-engine. It would be very soon 
obvious to any maker of petrol-engines, or of any 
form of gas-engine, that a very high mean pressure 
was a good thing to secure,. It was this which 
formed the link between the petrol-engine and the 
steam-engine to which Colonel Crompton had 
referred. 

Mr. W. Flexman French thought that Mr. Beau- 
mont had rather over-estimated the numberof foreign 
omnibuses in use in London at the present time ; 
instead of five-sixths being of Continental make, 
one-third of the total number were British built. 
He could not agree that no definite conclusions had 
been drawn as to the cost of operation in the case 
of single-deck omnibuses. On country services 
these omnibuses, carrying about twelve passengers, 
were preferable to the larger types. It.would be 
ridiculous to run twenty-seated vehicles over routes 
which, at the outside, could not contribute. more 
than twelve passengers per journey. Wherever 
these small omnibuses or wagonettes were being 
run they were proving fairly successful. .On the 

uestion of weight, he would mention that 
the Ryknield omnibus chassis, although looking 
tons 19 cwt. He 


ti 
heavier, weighed only 2 
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had carefully watched the development of the 
motor-omnibus, from the 20-horse-power to the 
40-horse-power machine, and he had no doubt, 
from the time that Tillings put their first two 
petrol omnibuses on the London streets, that 
eventually a 40-horse-power motor, such as that 
fitted to the Ryknield, would “tifi¥e to be used. 
This power was reached at 800 revolutions, while 
at 1000 revolutions the power was 45 horse-power. 
High engine power increased both the maximum 
and average speed, but his company found it 
quite unnecessary to accelerate above the normal 
speed on an ordinary road. The Ryknield omni- 
bus would generally get up to maximum s 

in about 32 ft. They ran on half-throttle after- 
wards, this enabling them not only to main- 
tain average speed, but, if necessary, to exceed 
it. There was no diminution of speed up hill, 
and no necessity to use a lower gear. The tyre 
depreciation was apparently less, probably owing 
to the road resistance’ being more easily overcome 
in starting by the smooth moving off of the vehicle, 
and absence of racing of the road-wheels. Neither 
was there any increased consumption of petrol or of 
lubricating oil. The consumption of petrol on one 
omnibus—which had performed 195 journeys—had 
been 1 gallon for 7.055 miles run. The lubricant 
consumption was at the rate of 1 gallon to 234 miles 
run. Owing to the employment of positive and 
automatic lubrication to the crank-chambers and 
engine-bearings, loss of oil was prevented. The 
a Saga only required replenishing once in 8000 
miles. 

It was not found, the speaker continued, that 
high speed increased the road shocks or entailed 
= wear and tear of the under-carriage. Mr. 

eaumont had been right in saying that if hills 
were to be climbed at high speed, more than 24 
horse-power was required; but the. speaker would 
go further and say that if hills were to be climbed 
at all at a speed of 12 miles’ per hour, a 40-horse- 
power motor was indispensable. Increased engine- 
— did not mean increased fuel consumption. 

xperience had shown that a 30-horse-power engine 
did not suffice for all London use, as with the 
Ryknield 40-horse-power omnibus there were 
fewer changes of speed than would be n 
with a 30-horse-power: vehicle, and that at the 
a An automatic control-valve had 
been placed in the main induction pipe of the 
engine, and that precluded any possibility of the 
engine exceeding a certain set speed. It would 
be sealed, and could not therefore be tampered 
with by the driver, but, of course, would only be 
used for city traffic. Beyond that speed the driver 
could not accelerate, but he had up to the set point 
a wide margin for contingencies. 

Mr. Douglas Mackenzie said that Mr. Beaumont 
had gone so fully into the subject of petrol motor- 
omnibuses that he had, naturally, left many loop- 
holes for criticism. The author gave the total 
number of motor-omnibuses at work in London as 
something under 800. That was correct at the time 
the paper was printed, but, as it might interest 
members to know, the actual number in commission 
to-day in the Metropolitan Police district was 894. 
Mr. Beaumont had also stated that five-sixths of the 
number in commission had been constructed in 
France and Germany. The speaker had worked 
out the figures, however, and had found that 344 
were of English make, 204 of French, and 346 of 
German manufacture ; the English-made omnibuses 
were thus only two short of the German and many 
in excess of the French, The speaker considered 
that a word or two might reasonably be said on the 


subject of the ‘‘ unreasonable objections” referred’ 


to. The passage to which he alluded ran thus: 
‘*The favourable reception of the motor-omnibus 
by the public, despite the occasionally just, but 
more often impatient ani \unreasonable, objec- 
tions raised by those to whom it does not happen 
to prove a convenience, led so so rapid an increase 
inthe demand for more omnibuses that the avail- 
able supply was soon exceeded.” There had, the 
speaker said, been a great deal of agitation through- 
out the Metropolis against the motor-omnibus, but 
if trouble were taken to analyse the objections 
advanced, and to consider the antipathies of the 
various Government departments, it would be found 
that a great deal of hostility was founded upon mis- 
apprehension. He had, some time ago, been at 
pains to investigate the effect of the motor- 
omnibuses on the emptying of houses in the 
West End. It had nu that the re- 


iven away; par- 


spectable people were being 





ticularly from such places as Onslow Gardens. It 
was within the speaker’s knowledge, however, 
that some of the houses were empty before the 
advent of the motor-omnibus—had been, in fact, 
empty for the last three or four years. That proved 
that the basis of the arguments opposed to the 
motor-omnibus existed before the latter appeared 
on the scene. 

- The speaker strongly disagreed with Mr. Beau- 
mont on the question of the present bodies of the 
Metropolitan omnibuses. It was true that they were 
of.a nearly uniform type; but it was so because 
the Metropolitan Police had drawn up their strict 
regulations with regard to bodies at a time when 
bodies were the only thing about which the autho- 
rities knew anything. In making their regulations 
they had donea very serious injury to the travelling 
public. Had makers been dlouel a freer hand, 
they would have been able to carry a larger number 
of mgers on a chassis of the same weight, 
though that would not always have been necessary. 
There were many times in the day when the omni- 
buses were not full, but it would still have been 
an advantage to have been able to carry, say, forty 
passengers during the rush hours, thus using the 
same vehicle more profitably. In such a case 
the financial results of the two leading companies 
would have been different. The author had ad- 
vocated single-deck omnibuses for use in certain 
circumstances, for many parts of the Metropolis. 
He disagreed, however, with the author’s view that 
the period of service of the single-deck omnibus was 
too short, and the number of vehicles insufficient, 
to allow definite conclusions to be drawn as to their 
successful commercial working. One company 
had worked these omnibuses for a considerable 
time on a commercial basis, with results that 
suggested an increase of their fleet. They sub- 
sequently found, however, that they were operat- 
ing under abnormal conditions. They were actu- 
ally pioneers, and were able to get large fares, 
whilst running with a very much larger proportion 
of the seats always occupied. When they came 
into contact with competition, especially of the 
double-deck omnibus, they found that they had 
to’ withdraw their vehicles from service, and to 
cancel contracts for further supplies. The speaker 


‘trusted that before the discussion closed, some 


definite figures would be forthcoming from a repre- 
sentative of one of the companies that had had ex- 
perience with these single-deck omnibuses. 

He would draw attention to the author’s observa- 
tions in regard to friction clutches, in which it 
was stated that most of the clutches in use were 
of the leather-faced cone type ; that there were flat 
clutches of various types, the majority being of the 
multiple-plate pattern, having a number of flat 
plates ; and that some of the clutches had been 
used with grooves on the one face and ridges on 
the other fitting in the ves, as described by 
Professor Hele-Shaw before the Institution, but 
nearly all were being made with flat steel annular 
discs. Having the table of the number of omni- 
buses in London before him, the speaker had taken 
the trouble to work out the number actually using 
the different clutches. Of course, the leather-faced 
cone-clutch was largely in the majority; there were 
725 inuse. Thesingle-plate clutch came next, but 
was only used on one type of omnibus—the De 
Dion Bouton; the number in this case was 118. 
The Hele-Shaw clutches were used on four omni- 
buses. The internal-expanding metal-to-metal 
clutch was used on one; but the multiple-plate 
clutch with flat plates the speaker was unable 
to find at all. These figures, added together, 
with the 46 steam-omnibuses not using clutches, 
reached the total of 894 omnibuses already men- 
tioned by the speaker as running in the Metropolis. 

Another point was the construction of the gear- 
box. The author had said that ‘‘judgment could only 
be pronounced as to the sufficiency of the dimen- 
sions ””—that was to say, the extreme lightness of 
the cast-iron gear-box, and, indeed, the small dimen- 
sions of all parts—‘‘ after careful consideration of 
the nature of the materials employed and the stresses 
to be resisted.” With every respect for the de- 
signer, and particularly the hard-worked draughts- 
man, who had to get out the strengths of the parts 
of a very light cast-iron gear-box, more value could 
be attached to the calculations if the skill of the 
moulder were certain, and it could always be insured 
that all gear-boxes made from particular drawings, or 
even from particular patterns, would come out suffi- 
ciently strong. It was scarcely fair, therefore, to 
say that panne consideration of the nature of the 





materials would be sufficient to show that the 
strength of the gear-boxes was correct. Actual 
experience on the road was a far better test. There 
were, the speaker regretted to say, gear-boxes 
which had gone to pieces on the road. The 
speaker would like to make a correction of the 
author’s observation to the effect that the dif- 
ferential gears of the De Dion omnibuses were 
mostly of the spur-wheel type. The company had 
altered their désign, and had abandoned the 
planetary type, and had used, in all their later 
omnibuses, the bevel type. This had serious dis- 
advantages, and he would like to ask the represen- 
tative of the De Dion Company why they had 
reverted to the bevel type of differential gear. 

In conclusion, Mr. Mackenzie referred to the 
vexed question.of working costs. It was a subject 
on which all who took part in the discussion would 
probably have something to say. He considered that 
the author had worked out with extreme care his 
costs for the London omnibus of to-day—the one that 
was being built and delivered at the present moment. 
Perhaps, Mr. Beaumont’s figures were somewhat 
low, but he believed that a few more years’ experi- 
ence would prove that they were not very much too 
low, and that the cost would be brought down, if 
not to 9.56d., to 10d. per car-mile. e speaker 
had obtained the working costs of a very large fleet 
of omnibuses in London, and found that they 
differed but slightly from the author’s figures—the 
chief differences being in the cost of tyres, which 
were not supplied by contract, this coming out at 
2}d. ins of 1?d.; and in the cost of repairs and 
renewals, the figure in this case being well over 2d., 
instead of 14d. These, however, were items which, 
in the light of later experience, would probably be 
reduced ; so that when the figures for 1907 and 
1908 were available, it would be seen that Mr. 
Beaumont’s estimate was very near the actual facts. 

Mr. Remington, of the Wolseley Company, was 
the next s er, and said he noticed that Mr. 
Beaumont had practically confined his paper to 
a few notes on gear-driven omnibuses. Colonel 
Crompton had referred to the acceleration which 
could be obtained with the petrol-omnibus. This 
had been further brought out by what had been 
said in connection with the 40-horse-power gear- 
driven omnibus, which could be worked entirely on 
top speed, and, the speaker supposed, accelerated 
from rest also on top speed. The steam-engine 
could, of course, do this far better than the 
internal-combustion engine ; but the internal-com- 
bustion engine, combined with electrical drive, 
could attain even better acceleration than the steam- 
engine, because the petrol-engine could be develop- 
ing its full horse-power while the vehicle was start- 
ing away from rest, and that was unattainable with 
the steam-engine, which could only have its full 

ressure on a very low piston speed. He had 

en lately interested in the development of 
the petrol-electric omnibus, and one of the great 
difficulties was the rate of acceleration, while 
another was control in traffic. It was mentioned 
that an omnibus had to be repeatedly slowed 
down in traffic, which caused a great deal of wear 
and tear in the moving parts. With electric 
drive this wear and tear was entirely dispensed 
with, as the engine could either maintain its 
normal speed or be gently throttled while the 
vehicle was "= Tonepvts, the engine was not 
overstressed, through slipping of the clutch, by 
attempting to start on higher gear. It was 
the speaker’s opinion that the petrol - electric 
vehicles would shortly be running in fair numbers, 
especially for town work. This view was supported 
by the fact that already several of these vehicles, of 
different descriptions, were now on exhibition at 
Olympia. Change-speed gears had been mentioned. 
At the present time the chief difficulty with change- 
speed gear was the noise ; omnibus-makers had had 
great trouble in getting silent gears. The result 
was that some makers had adopted the worm-drive 
with a big reduction, and a direct drive, right 
through the engine, for the top speed, and had 
attempted to run as much as possible on the top 
—_ So far as the speaker's experience went, 
change-speed gears would only run quietly if set 
exactly to the correct centres. Unfortunately, 
motor-buses were made before the necessity for 
extreme silence was discovered, with the result 
that many of the omnibuses did not comply with 
these conditions, and the gears screamed. 

Professor Barr, who spoke next, desired to com- 
ment upon a point already referred to by Colonel 
Crompton ; that was, the great credit given by the 
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author to Daimler as a pioneer in the construction 
of the petrol motor. There was nothing very extra- 
ordinary in the piston-speed at which petrol motors 
could run. The point which Mr. Beaumont had 
not brought out was that the limit to the speed of 
an engine was not the limit of revolutions per 
minute, but the limit of piston-speed. Two exactly 
similar engines, in all respects alike except in size, 
would be equally suitable to work at a given work- 
ing pressure, and would also be equally suitable, so 
far as inertia forces were concerned, to work at the 
same piston-speed. Their powers would be as the 
squares of the dimensions ; their weights would be 
as the cubes of the dimensions. It followed from 
that that the smaller the engine was made the 
lighter it would be per horse-power, and the main 
reason for the lightness of petrol motors was that 
the power was divided among a number of cylin- 
ders. Instead of one large engine there were 
four or six small ones, and that, apart from 
the question of high initial and high mean pressures 
referred to by Mr. Robinson, accoun for the 
remarkable lightness, rather than any gpd 
in the design. He would have been glad if the 
author had given more information as to the action 
of the various types of clutches he had referred to. 
The experience of many people was that the leather- 
faced cone clutch had a short life. Personally, he 
had ridden some 40,000 miles without having had 
to repair or renew the leather on his clutch. He 
believed he was correct in saying that it had never 
been altered, for he did not think the makers 
had altered it on the one occasion on which the car 
was sent back for repairs. He had been given to 
understand that this item was a source of con- 
siderable expense on London omnibuses, and that 
the leather-faced clutch was subject to very rapid 
deterioration. It would be interesting if it could 
be known how long these clutches did last. 

Professor Hele-Shaw referred to the facts brought 
out by Mr. Mackenzie with regard to the clutches 
employed on London omnibuses. When he read 
the paper he was greatly surprised at the statements 
about clutches, and he had therefore communicated 
with the manager of the Hele-Shaw works, and had 
also written to the other works in Paris to get the 
facts of the case. As a result he was able to tell 
the members that there were 246 of the corrugated 
clutches in use on omnibuses in this country, and in 
Paris there were 90 relay omnibuses, everyone of 
which was fitted with that type of clutch. There were 
60 more on order. This would correct the author's 
apparently misleading statement. The paragraph in 
the paper indicating that nearly all clutches were now 
made with flat-steel discs would tend to produce the 
impression that the multiple-dise clutches were 
replacing the corrugated ones. He was therefore 
interested to learn from Mr. Mackenzie that there 
were no flat steel disc clutches in London.’ In 
view of the sorrowful tale which Mr. Campbell 
Swinton had to tell of the noise, destruction, and 
depreciation, he was not surprised that there were 
only four of the Hele-Shaw clutches in use on 
London omnibuses. In Paris they managed these 
things better, and there was no complaint about 
the omnibuses so fitted ; they started silently, and 
did not throw the passengers forward with a 
sudden jerk. He would like to take the oppor- 
tunity of paying a tribute to the great inventor 
Weston. - There were in use 147,082 plates and 
2034 car-clutches. He (the speaker) had not in- 
vented the multiple clutch, but had merely proposed 
a modification of it. 

The President then announced the adjournment 
to April 12, when an extra meeting would be held, 
and the discussion on Mr. Beaumont’s paper would 
be proceeded with. The next ordinary meeting 
would take place on April 25, and not at the 
earlier date which was first proposed. On that 
evening he would deliver his cea yom address, 
and on the evening following (Friday, April 26) the 
annual dinner of the Institution would take place. 





THE NEW YORK SUBAQUEOUS 
TUNNELS.—No. II. 
By Cuaries Pre.int, C.E. 
Tue Hupson River Tunnet, New Yor«. 
To heal the wounds caused by the Civil War, 
and bind together the various States of the Union, 
the Government of the United States encouraged 
the construction of: railroads throughout the 
country. New York was already the Empire 
State, and its commercial capital the Empire 


City. It was an easy matter to see that there 
would be keen competition among existing railway 
lines for entrance into the metropolis. The suc- 
cessful competitor was the New York Central and 
Hudson River Railroad, which was not only allowed 
to construct its terminal station at the northern 
limit of the city, then at Forty-Second-street, but 
also accorded the privilege of running its lines along 
the eastern shore of the Hudson River down to 
Battery-place, the most southern point of Man- 


|hattan Island. In this way the new line served 


the docks and piers, that were rapidly growing in 
number and importance, and thereby controlled the 
traffic of the city, then, as now, the — shipping 
point on the American Continent. To maintain 
the supremacy thus acquired in the freight traffic, 
the company sought to extend its lines, and, accord- 
ingly, a charter was granted to Mr. Cornelius 
Vanderbilt to lay tracks along Fourth-avenue, with 
the right to tunnel under Murray Hill. Owing to 
the rapid extension of the city, the new line was 
limi to passenger traffic; to-day, however, it 
forms part of the great system controlled by the 
Metropolitan Street-Railway Company. 

Other roads had to content themselves with 
building their terminals on the western shore of 
the mee 3 from Be pe a ae their 
passengers in ferry-boats over to the city. Among 
these acs ie Mane lvania, the Lehigh Valley, 
the Central Railroad of New Jersey, the Erie, and 
the Delaware, Lackawanna, and Western. All of 
these companies were anxious to cross the river 
and enter the heart of the city in order to wrest 
part of its traffic monopoly from the New York 
Central. It is easy to realise the enthusiasm 
caused by Mr. De Witt Clinton Haskin’s proposal 
to construct a tunnel under the Hudson for the 
trains of the various roads with a grand terminal 
station in the most populous part of the city. Mr. 
Haskin was a Western man who came to New York 
after taking an active part in the construction of 
the Union Pacific Railroad, the first line built 
across the continent. He was so positive about 
the success of the enterprise that he made all the 
soundings and preliminary surveys at his own ex- 

mse, as well as a complete study for the final 
ocation of the tunnel. As a seu. A Mr. Haskin 
decided to construct a tunnel from the foot of 
Fifteenth-street, Jersey City, to a point under 
Morton-street, on the New York side, the under- 
ground part of the line running thence with an 
easy grade to the surface at Washington-square, 
where the terminal station would be erected. 

At first it was proposed to construct a double- 
track tunnel of circular cross-section, lined with 
brick masonry, to be driven from two large shafts, 
sunk at points very near the shores of the river. 
But soon after the initiation of the work it was 
realised that the construction of two single tracks 
in parallel tunnels would be more economical ; and, 
accordingly, it was decided to adopt the latter 
plan. The projected tunnels were to be con- 
structed with an almost circular cross-section, 18 ft. 
high and 16 ft. wide. The tunnels were to be lined 
with steel plates provided with radial and circum- 
ferential flanges projecting on the inside, so as to be 
bolted together and form a complete ring. Within 
the tube, the lining was to be brick masonry 2} ft. 
thick, laid in cement mortar. The total y Eden 
between the shafts was 5400 ft.; with the ap- 

roaches, the entire length would be 12,000 ft. 

he company promised to complete the work within 

six years, at an outside cost of 2,500,000 dols. 
A year or so was spent in examining the nature 
of the soil to be encountered ; and as a result of 
numerous borings, it was found that for almost the 
whole length, the tunnel would be driven through 
a bed of silt, rock being met only for a short dis- 
tance near the New York shore. 

Shortly after the granting of the necessary autho- 
risations by the Legislatures and the Courts of the 
States of New York and New Jersey, work was 
begun by sinking the shaft on the New York side. 
The soil was found to consist mainly of sand and 
gravel, having very little consistency, and, con- 
sequently, requiring accurate and very resistent 
shoring. The work had not proceeded far before 
it was decided to transfer the operations across the 
river to the New Jersey side. Here, in November, 
1874, work was begun by sinking a circular shaft 
30 ft. in diameter and 60 ft. deep; it was so well 
lined with brick masonry, 4 ft. thick, that no repairs 
were found necessary when operations were re- 
sumed, although the, work had been interrupted 








for nearly twenty-five years. 





The shaft had not been driven to the required 
depth before legal difficulties arose which ulti- 
mately caused great financial embarrassments. The 
first action was brought by the Delaware, Lacka- 
wanna, and Western: Railroad, on whose property 
the shaft was sunk, the result being that an in- 
junction was secured by that corporation which 
stopped the work cnttedip: For five years litiga- 
tion proceeded apace, and nearly cuknastet the 
treasury of the company, before the passage of 
favourable legislation could be obtained. Work on 
the tunnel was resumed in September, 1879, but 
the railroad people never gave up the fight, as 
appears from the fact that as recently as Novem- 
ber, 1904, the Jersey Court rendered judgment in 
favour of the Tunnel Corporation against the: Dela- 
ware, Lackawanna, and Western Railroad Com- 
pany, ata time when the north tunnel was bored 
all through and the south tunnel had advanced 
half-way over to the New York shore. The success 
of the enterprise is now assured, and the tunnel 
itself is completed. 

When Mr. Haskin prepared the original plans, 
few subaqueous tunnels had been excavated through 
loose soil, and all of these were constructed by 
means of such shields as the Brunel, the Barlow, 
and the Greathead shield. The Brunel shield em- 
ployed by Sir M. Isambard Brunel, on the first 
tunnel under thé Thames, was found to be too 
complicated for subsequent operations; but his 
invention served as a stimulus to engineering talent, 
with the result that we have to-day various shields 
of a much simpler type. Mr. Barlow's shield, 
which was used on the second Thames tunnel, con- 
tained in itself the three essential elements of all 
such engineering aids—viz., the front with its cut- 
ting edge, the diaphragm which closes up the front, 
and the rear end of the shield. The diaphragm 
was provided with doors which allowed the earth 
outside the shield to be attacked, protection being 
afforded the workmen by the steel roof. The rear 
end of the shield was cylindrical in form, extending 
out 3 ft. to 4 ft., and entirely enveloping the iron 
lining of the tunnel proper, which was built in 
successive rings, each 2 ft. long. The shield was 
advanced by means of screw-jacks abutting against 
the flanges of the iron lining, and plunging against 
the frame of the diaphragm. 

Mr. Greathead designed a shield of larger dimen- 
sions, containing all the structural features of 
modern shields, while a similar one was designed 
in the United States by Mr. A. E. Beach. «The 
Beach shield was used in 1868-69 in the construc- 
tion of a road under and along Broadway, a project 
which, however, was soon eadonek The great 
advantage of these shields lay in their tr dia- 
phragm, and also in the employment of hydraulic 
jacks for moving them forward. 

Mr. Haskin had ideas of his own, and thought 
that he could dispense with the shield, and trust to 
compressed air, being firmly convinced that com- 
pressed air alone could expel the water, and tem- 
porarily support the roof of the excavation prior 
to the building of the lining masonry. In other 
words, he expected to substitute a core of com- 
pressed air for the core of earth removed. In the 
patent granted him for this method in February, 
1874, he expresses himself as follows :—‘* My 
invention relates more especially to the con- 
struction of tunnels through sand, wet earths under 
water-courses and under such-like conditions, 
where the caving-in of the walls of the excavation, 
or the infiltration or irruption of the water is to be 
apprehended. Its object is to effectually prevent 
such incidents in a cheap and i way, to which 
end my improvement consists in filling the excava- 
tion with comp: air of density sufficient to 
resist the inward pressure during the construction 
of the shell or wall of thetunnel. The distinguish- 
ing feature, however, of my system is that, instead 
of using temporary facings of timber or other rigid 
material, I rely upon the air pressure to resist the 
caving-in of the wall and infiltration of water until 
the masonry wall is completed. The ure is, 
of course, to be r lated by the exigencies of the 
occasion, and may be varied from anything above 
that of the atmosphere to 50 Ib. to the square inch, 
which is about as much as the human system will 
bear with safety. The effect of such a pressure has 
been found to drive water in from the surface of 
the excavation, so that the sand becomes dry.” 

Adopting this method, the Hudson River Tunnel 
was constructed as follows :—At adepth of nearly 
30 ft. from the top of the shaft, on the river side, 








an aiz-lock was forced into the ground by means of 
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hydraulic jacks.. The air-lock was formed of asteel 
tube, 6 ft. in diameter and 15 ft. long, built up of 
boiler-plates. When the earth within the shell 
was removed, the doors were inserted, and air, 
compressed to 12 lb. to the square inch, maintained 
at the front. Here the earth was dug in the sha 

of a cone, with the base towards the river, and the 
excavation was lined with iron rings 2 ft. wide, the 
diameter of each ring increasing 18 in. over the 
preceding one. At 22 ft. from the air-lock, and 
when the last ring inserted was 20 ft. in diameter, 
the work on the tunnel proper was begun. The 
excavation was carried on by means of pick and 
shovel, beginning at the top and inserting imme- 
diately the crown segments oF the plates forming the 
iron ring of the lining. But it was soon realised 
that compressed air alone was not sufficient to 
support the entire weight of the roof during the 
excavation. It was observed that the upper portion 
of the ring: of. the lining, which was made up of 
several cast-iron segmental plates bolted together, 
began to settle under the great pressure of the soil, 





and adding new rings to the tube forming the 
lining of the ‘‘ pilot” heading, while other rings were 
detached simultaneously from the rear., In this 
way the material on the outside of the ‘‘ Pilot” was 
excavated by using the ‘‘ pilot” as a support for 
braces, which radiated from it, and held in position 
the planks shoring the roof:and sides previous to 
the construction of the permanent lining of the 
tunnel proper. _ The earth around the ‘‘ pilot” was 
gradually removed, so as to afford support to the 
men working at different heights. The excavation 
of the tunnel proper began at the roof, and con- 
tinued down to the floor. When the whole section 
of the tunnel had been cleared for a length of 2 ft. 
it was lined with an iron ring, the segmental plates 
being laid at the bottom, and , being cee | con- 
tinuously on both sides until the upper one form- 
ing the key was inserted the last. As soon as a 
section of five rings was set up it was cleared 
and lined with brick masonry. The work was so 
arranged that the men were working and advancing 
simultaneously on each section into which the work 





several barges of clay were thrown in to fill up the 
interstices and make the whole impervious to water. 
The remedy proved effective and no further trouble 
occurred. 

When the work was well advanced, it was deemed 
convenient to remove the temporary conical entrance 
to the tunnel, and substitute a permanent masonry- 
lined structure, forming the connection between the 
shaft and the tunnel. For this purpose, the work 
at the front was stopped, and the excavation near 
the first air-lock, close to the shaft, was begun ; 
but when this was almost completed, the roof near 
the air-lock gave way, the falling material obstruct- 
ing the entrance to the lock and thus causing the 
death of twenty workmen. The tunnel was soon 
flooded owing to the disarrangement of the com- 
pressed-air pipes. The necessary repairs were 
carried out by sinking a caisson 414 ft. by 24 ft. 
10 in. on the very spot that had been ruined. 
When the caisson reached the level of the shaft, 
communication was opened with its eastern side so 
as to connect with the tunnels; and after lining 





thereby causing some trouble in closing the ring. 
To avoid this inconvenience more soil was excavated 
than was strictly required for the lining, thus 
leaving room for the subsidence of the soil ; but even 
such an ~ did not give satisfactory results, 
so that Mr. Haskin resorted to stronger means 
than compressed-air to support the roof of the 
excavation. 

Just at that time Mr. A. Anderson, of the firm 
of Messrs. Anderson and Barr, patented a contri- 
vance for the construction of t mnels through loose 
soils, since known as the “ Pilot method” of tun- 
nelling. In this method, a small circular heading, 
6 ft. in diameter, called the “pilot,” is driven in 
the centre of the proposed tunnel. _ This ‘‘ pilot ” is 
lined with rolled boiler-plates riveted to light angle- 
irons on four sides, perforated for bolts and bent 
to the required radius. Just as with any other 
heading, the ‘‘pilot” is kept at some distance in 
advance of the completed excavation. 
detect any change in the nature of the soil, and is 
also useful for the purpose of alignment, besides 
contributing to the support of the roof and sides 


of the excavation. The advance of the ‘ pilot” was | 
obtained by excavating the material at the front| were dumped so as to keep the plug down, then 
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at the front was divided. Apart from the planks 
supported by the struts resting on the ‘ pilot,” no 
other shoring was employed, except for a bulk- 
head of planks erected against the face of the exca- 
vation to prevent the earth from caving-in when 
very loose soil was encountered. 

Great care was taken in detecting the escape of 
compressed air through the loose soil. Small leak- 
ages were detected by ing the flame of a candle 
against the face of the excavation, greater ones 
were easily detected by the noise of the escaping 
air. These were remedied by packing clay into 
the weak spots. While the work was regularly 
progressing, according to the ‘‘ Pilot” system just 
described, the bottom of the river caved in, and was 
repaired by plugging the hole produced in. the river- 
bed in a very ingenious manner. On a large sail, 
spread over a network of wire ropes, were placed 
in succession considerable quantities of hay, 
brick, stone, and more hay, after which the sail 
was closed and the ropes drawn in. By means of 
a floating derrick this bundle weighing some 20 
tons, was carried over to the damaged spot, and 
was lowered into position at low tide. Stones 
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the caisson with masonry, openings were cut on the 
western side, thereby re-establishing communication 
between the shaft and the tunnels, which had been 
interrupted by the accident. 

At the beginning, it was proposed to carry on all 
the tunnelling operations chiefly from the New 
York side ; but owing to the unfavourable material 
met with the shaft was soonabandoned. Later on, 
work was resumed by the sinking of a caisson 48 ft. 
long and 293 ft. wide, which was lowered toa depth 
of 60 ft. below low-water mark. At this depth, 
openings were cut on the side towards the river, 
and the tunnel was started. 

In the autumn of 1882, Mr. Trenor W. Park, who, 
together with Senator Jones, of Nevada, had been 
the main financial supporter of Mr. Haskin, died ; 
and the company, after spending 2,000,000 dols., 
became seriously embarrassed. The work pro- 
gressed but slowly, and in 1883 was brought to a 
standstill. At the time of suspension, on the New 
Jersey side, the work on the north tunnel had 
reached 1845 ft. from the shaft, whilst that on the 
south tunnel was only 600 ft. On the New York 
side, work on the north tunnel had advanced 150 ft. 
from the shaft, whilst the south tunnel was barely 
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begun. In stopping the work, strong timber bulk- 
heads were built across the face of the excavation 
to prevent, as far as possible, the inrush of silt 
from clogging the tunnels. When the compressors 
were stopped, and the pressure of the air could no 
longer counterbalance that of the water, the tunnels 
were rapidly flooded. 

Mr. Haskin met with great difficulty in his 
endeavour to raise funds for the continuation of 
the work. The disaster to life that had occurred 
was still freshin the popular mind. This, together 
with an expenditure far in excess of what was cal- 
culated, tended to throw discredit on the whole 
enterprise; but with English capitalists Mr. 
Haskin fared better. Bonds to the amount of 
2,250,000 dols. were floated in England, and a 
mortgage for that sum was taken by the Farmers’ 
Guarantee Trust Company, of New York. The 
nominal capital of the company at the time was 
10,000,000 dols., but this was more than off-set by 
the mortgages. 

With the money secured in England work was 
resumed in June, 1889, under the direction of 
eminent engineers, Sir John Fowler and Mr. (now 
Sir) Benjamin Baker being retained as consulting 
engineers, with Mr. W. R. Hutton as resident engi- 
neer. In February, 1890, a contract for the comple- 
tion of the tunnel was awarded to Messrs. S. Pearson 
and Son, England, who employed Mr. E. W. Moir 
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as engineer. Mr. Moir subsequently obtained the 
contract. for the Blackwall Tunnel, London, and is 
now in New York engaged in boring four tunnels 
under the East River for the Pennsylvania Rail- 
road. The new contractors proposed to carry out 
the work by means of a shield and compressed air. 
Accordingly a contract was placed with the Dal- 
marnock Iron Works of Sir William Arrol, in 
Scotland, for the construction of a shield de- 
signed by Mr. W. Greathead and Sir Ben- 
jamin Baker (Fig. 1). However, pending the erec- 
tion of the shield, the work was continued, as 
before, by means of the ‘‘ Pilot” system and com- 
pressed air. 

The shield used by Messrs. Pearson and Son con- 
sisted of a tube 19 ft. 11 in. in external diameter and 
104 ft. long. with a diaphragm dividing it into two 
distinct parts—front and rear —located at 5 ft. 8 in. 
from the front edge of the tube. The tube proper 
was formed of steel plates § in. thick, riveted 
together with rivets, countersunk on both the 
exterior and interior sides. The front edge was 
sharp, so as to form a cutting edge, and at a dis- 
tance from it of 24 ft. another shell was inserted 
and braced to the girders which formed the sup- 
port of the shield. This inner shell, 1} ft. from 
the outer one, consisted of steel plates } in. thick ; 
and between the shells were located sixteen plates, 
which were to receive the cylinders of the hydraulic 
jacks used for the forward movement of the shield. 
The trussed portion of the shield was formed by 
two vertical and two horizontal girders, which 
divided the shield into nine unequal parts. The 
girders were built up with angles and web-plates, 
and carried the diaphragm which divided the shield 








into two distinct sections. The diaphragm itself 
was formed of steel plates § in. thick, and provided 
with five doors, corresponding to each of the larger 
openings left between the girders, and affording 
communication between the front and rear of the 
shield. 
Work with the shield proceeded with great regu- 
larity. As the soil met with was silt of good 
uality, no excavation proper was found necessary. 
n advancing the shield, the doors of the diaphragm 
were left open, and the hydraulic jacks. slowly set 
in motion. As the jacks pushed the shield for- 
ward, the material flowed in from the doors; and 
being removed by muckers, was hauled away by 
cars, small enough to pass easily through the air- 
locks. When the first was cleared, another ring 
of lining was inserted. The work was carried on 
continuously day and night by three shifts, working 
eight hours each, so that the progress per twenty- 
four hours was 4 ft. on the average, thus allowing 
the insertion of two rings of the lining per day. 
To facilitate the placing in position of the various 





cast-iron segmental plates which form the rings of 


constructed when. the lish bondholders fore- 
closed their mortgage. The foreclosure of the 
Central Trust Company soon followed, so that the 
affairs of the Tunnel Company were placed in the 
hands of a receiver. All work was suspended and 
the tunnels were flooded again. 

Several attempts were made to disentangle the 
financial affairs of the company, but all were unsuc- 
cessful. The principal reasons that prevented the 
formation of a new company were the small capacity. 
of the tunnels and their light construction, the 
prohibitive prices of land at the proposed terminal 
in New York, and finally the report of the divers, 
who claimed that the brick-masonry lining of the 
tunnel was crumbling to pieces. 

Matters, however, took on a new aspect with 
the great development of electric railways in most 
large cities of the Union, notably in Boston and 
New York. Accordingly, in 1902, the property of 
the company was sold at public auction, and bought 
in by the New Jersey Improvement Company in the 
interest of the New Jersey Railroad Company. 
The cars of the New Jersey Tramway system now 


the exterior lining of the tunnel, Mr. Moir designed | stop at the foot of the various ferries, from which 
a special apparatus, called the “‘erector,” which|they carry the thousands of bread-winners who 
was subsequently found to be very convenient in| work in New York, but live across the river for 


the construction of subaqueous tunnels. The} 
erector was located in the middle of a girder placed | 


across the iron rings of the rear end of the shield. 


The girder had flanged wheels at both extremities 
resting on rails placed on brackets attached tempo- 
rarily to the flanges of the iron lining. The main 
arm of the erector was located at the middle of the 
front end of the girder, being 144 ft. long, and so 
arranged that it could be swung round in a full 
circle. Its movements were regulated by two 
hydraulic rams located horizontally on the span- 
ning-girder. The extreme end of the revolving- 
arm was provided with projections furnished with 
holes for the bolts. Each segmental plate of the 
lining had a kind of plug in the centre, which was 
cast together with the plate, and provided with 
holes for the bolts. The placing of the segmental 
plates of the lining was an easy operation, the main 
arm of the erector being swung over the plate to be 
lifted, while at the same time two bolts were passed 
through the projections of the main arm, which 
bolts engaged the plug of the plate. The arm of 
the erector was then moved upwards until the 
plates were free from all obstacles, after which it 
was swung over until the plate came near its 
intended position, where it was adjusted and held 
until bolts were inserted to fix it to the plates of 
the preceding ring. 

On the New Jersey side the shaft was located 
between tracks in the freight-yard of the Delaware, 
Lackawanna, and Western Railroad, so that the 
transportation of materials was somewhat hampered. 
As it was very desirable to establish communication 
with the New York side as soon as possible, work 
was pushed forward vigorously on the north tunnel, 
while nothing was done on the south tunnel. 
During the year 1892, 250 men were constantly 
employed, so that a distance of nearly 1800 ft. was 





reasons of economy. Such people are compelled, 
by the existing transit system, to lose much time, 
and also to encounter. all the discomforts and 





Fic: 3. Curve at Morton anp GREENWICH-STREETS, 


dangers rope | from fogs and storms. For the 
benefit of such crowds of daily travellers, Mr. 
William G. McAdoo, President of the New Jersey 
Railroad Company, thought it would be advisable 
to buy the old tunnel property, and complete the 
subaqueous communication with the terminal in 
New York. In specifying that electric traction 
alone would be used, he avoided the difficulties that 
would arise, both from the heavy trains that would 
be used, and the correspondingly large terminal 
that would be necessary in the city. When the 
time for the sale came, Mr. McAdoo was the only 
bidder, so that he bought the tunnel property on 
easy terms. Placed at the head of the work was 
Mr. Charles M. Jacobs, Member of the Institution 
of Civil Engineers (England), and head of the firm 
of Messrs. Jacobs and Davies. Operations were 
resumed in October, 1902. It took three weeks to 
pump the water out. The shield which was left 
at the front was found to be in good condition, so 
that it was used again. This is noteworthy, inas- 
much as the shield had been submerged for ten 
years. The cutting edge was somewhat bent, but 
the front was soon repaired, and a projecting apron 
built one-third of its diameter above the cutting 
edge. As the work was carried on day and night, 
great progress was made, especially on the north 
tunnel, which was completed in October, 1903, on 
which occasion Mr. Jacobs, the engineer in charge, 
walked under the Hudson River from the Jersey 
to the New York side at the head of a number of 

rominent men, among whom were Messrs. W. G. 

cAdoo, William Barclay Parsons, and William 
Baldwin, Jun., then President of the Long Island 
Railroad, and others. Thus was completed at last 
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this old tunnel, which had passed through so many 
vicissitudes and trials. 

The south tunnel in the meantime was built for a 
length of 600 ft., and lined with brick masonry. 
Towards the front the brick masonry, instead of 
being laid in cement mortar, as usual, was laid in 
tar, as it was thought this substance would make 
the lining more impervious to water; but the tar 
did not get a good hold of the bricks, and was 
easily detached by hand. It was precisely this 
portion of the lining that gave rise to the unfavour- 
able report of the divers already referred to. The 
original plans were somewhat modified in the south 
tunnel, inasmuch as it was now destined for light 
and not for heavy traffic. Accordingly Mr. Jacobs 
proposed to complete this south tunnel, giving it a 
diameter of only 15 ft. A shield 17 ft. in diameter 
was erected at the front near the end of the old 
masonry lining, the forward portion of the tunnel 
being used as a shield-chamber. From this point 
the work proceeded with great facility and regu- 
larity, the shield being advanced by means of 
hydraulic jacks and the iron rings of the outer shell 
of the lining erected within the rear part of the 
shield. 

When the writer visited the tunnel in December, 
1904, the north tunnel, Fig. 3, was completed from 
end to end, while the south tunnel, Fig. 2, was being 
vigorously pushed forward towards the New York 
side. Only one shift of men could be employed, as 
the manufacturers could not provide iron for the 
lining with sufficient rapidity, and so the work pro- 
gressed but slowly. The shield was pushed forward 
through the soil, displacing it and piercing its way 
under the enormous pressure of the jacks. The 
prourese made amounted to 40 ft. or 50 ft. per day. 

r. R. 8. Courtney, superintendent of the work, 
remarked that on the morning of the writer's visit 
five rings had been inserted and the shield advanced 
for the next ring, so that in a little less than four 
hours 10 ft. of tunnel had been. constructed. At 
such a rate, the cost of construction of subaqueous 
tunnels through loose soil would be very greatly 
reduced. Of course, progress will not be so rapid 
when rock is encountered near the New York shore. 
Three feet per day is about the advance that may 
be expected. When dealing with rock, the men 
attack it from outside the shield. If it disinte- 
grates, it is easily removed by means of picks and 
crowbars ; but as Weinhetten Island consists mainly 
of mica-schist, blasting will be necessary. In driving 
the north tunnel, drilling-machines of the percus- 
sion type were used to drill small holes, which were 
filled with light charges of dynamite and fired in 
many rounds. Every precaution was taken in these 
operatious so as to disturb the shield and the bed 
of the river as little as possible, because at a shallow 
depth the blast would tend to widen out existing 
crevices in the rock and thus permit an inflow of 
water. The north tunnel was twice flooded in this 
way. 

The shield is kept in line while being pushed 
forward by three men with graduated rods, one on 
each side of the shield and the third on top. Ac- 
cording as the shield progresses, they repeat aloud 
and in succession the distance indicated on the 
rods, which is the distance from the shield to the 
outer circumferential flange of the last ring of the 
lining just inserted. When an advance of one foot 
has been made, readings are taken at every inch ; 
and when very near the required distance, the 
readings are taken at every quarter of aninch. In 
this way it is not difficult to bring the shield back 
to the line in case it may have shifted a little to the 
right or left. When curves are met, the rings are 
no longer cylindrical segments but tores, so that 
the segments of the lining at one side are longer 
than those on the other. In this case the shield is 
advanced more on one side by a quantity equal to 
the difference of the two sides of the ring to be 
erected. 

The alignment inside the tunnel is maintained 
in a very simple way. For this purpose points 
corresponding to the centre line are marked on the 
roof at distances of 100 ft. Ata distance of 100 ft. 
from the shield, a transit is set up on a strong 
scaffold spanning the tunnel and supported by the 
flanges of the iron lining. A plumb-line is hung 
from one of the points of the roof already deter- 
mined as indicating the centre line, and the transit- 
man aligns his instrument with this plumb-line, after 
which he ‘‘plunges” his telescope. A rodman 
next places a horizontal rod of special construction 
between the flanges of the last ring of the lining 
just inserted. This rod has in the centre an open 





slot, which carries a glass with a black vertical line, 
The slot is graduated, and the line that corresponds 
to the zero of graduation remains in the centre, 
while the vertical line can be moved right and left. 
The rodman places a lamp behind the slot, and the 
transit-man tells him how to move the dark line 
until it coincides with the axis of the tunnel. 
Should the _ just erected be a little out of align- 
ment, it is readjusted by pushing the shield a little 
more on the side that had swerved from the axis of 
the tunnel. 

Another departure noticed in the construction of 
the Hudson River Tunnel was that no king 
was used, just as in the Blackwall oak ethan 
strictly subaqueous tunnels. Hitherto, in nearly 
all subaqueous tunnels constructed and lined with 
iron rings, it was considered to be the duty of 
the engineer to make the tunnel impervious to 
water by packing materials between both the cir- 
cumferential and the radial joints of the rings, the 
materials employed being generally tarred felt, 
canvas, and even oak. In the St. Clair Tunnel, for 
instance, the radial joints were made water-tight by 
means of ,%,-in. oak packing-pieces, while the cir- 
cumferential joints were rendered impervious to 
water by using coarse canvas covered with asphalte. 
In the Hudson River Tunnel no packing of this 
kind was used; but, when completed, the tunnel 
will be perfectly dry, and will be made absolutely 
impervious by a concrete lining on the inner side 
of the tube, embedding all the flanges. 

According to the plans of Mr. Haskin, the tunnel 
constructed for the railroads would lead to a large 
station, to be erected at some convenient point 
near the centre of the city ; but as the tunnel is 
now intended only for passenger and electric cars, 
there is no longer any necessity for an expensive 
station at the city terminal. It is easy to see that, 
on emerging from the tunnel, the lines could con- 
nect with.the system of the Metropolitan Street 
Railway Company. In such a case, however, the 
New Jersey lines would have to depend for their 
traffic on a powerful rival company in New York. 
It seemed Cotter to them to connect with the 
present and future subways, and if possible with 
the great Pennsylvania station now in course of 
construction in New York. For this purpose a 
charter was granted in December, 1904, to the 
New York oar Jersey Railroad to build a double- 
track line from the terminal of its chartered line 
at Greenwich and Christopher-streets over to Sixth- 
avenue, with an underground station at the corner 
of Greenwich and Christopher-streets, and another 
at the intersection of Sixth-avenue and Christopher- 
street. The franchise for this part of the road has 
been granted in perpetuity. The company has, 
indeed, secured a valuable charter, inasmuch as it 
has been allowed to construct two new lines—one 
under and along Sixth-avenue, from the terminal of 
its chartered line up to Herald-square at Thirty- 
third street, and the second along Ninth-street, to 
be connected with the subway at Astor-place for 
the present, and to be extended afterwards to 
Second-avenue, and, perhaps, to the East River, if 
not over to Brooklyn. These new subways will be 
constructed at great depth below the surface in order 
to allow for a new subway, also under Sixth-avenue, 
but built at shallow depth. This latter subway is 
intended to replace, in the course of a few years, 
the noisy, unsightly, and obstructing elevated road 
which runs along this great artery of the shopping 
district of the city. For the first ten years the 
company will pay the city 50 cents per linear foot 
of road constructed, after which time the payment 
will be raised to 1 dol. per foot until the expira- 
tion of the contract. From the opening of the road, 
the company will be required to pay 9000 dols. a 
year for the first ten years, and then 5 per cent. of 
the gross earnings. Thecity has reserved the right 
to purchase the road at cost after a period of twenty- 
five years, or otherwise to readjust with the com- 
pany the rate of rental now established. 

Another feature of the subway to be constructed 
by the New York and Jersey Company will be that 
the entrances to the stations will be on private 
property, thus doing away with the kiosks of the 
present subway, which kiosks interfere, in some 
places, rather seriously with general traffic. As 
the new subway will run at a depth of 60 ft., its 
construction will occasion no disturbance to the 
surface of the streets and avenues. Shafts for 
access to the work will be sunk on private property 
at points which will afterwards be stations of the 
line ; and at these shafts lifts will be constructed 
for carrying pissengers. 





THE NATIONAL PHYSICAL 
LABORATORY IN 1906. 


Tue annual meeting of the General Board of the 
National Physical Laboratory, at Bushy House, 
Teddington, was held on Friday, March 15, under 
the chairmanship of Lord Rayleigh. The visitors 
found the electro-technical buildings which the 
Right Hon. R. B. Haldane had formally opened last 
June in busy working order, or well prepared for 
the systematic research for which they are destined, 
and the new metrological and metallurgical build- 
ings, patterns of their kind, almost ready for their 
machinery and apparatus. It is rather strange that 
an institute like the National Physical Laboratory, of 
one of the wealthiest and most enterprising nations, 
should have taken a development suggestive of the 
cautious and slow growth which we should consider 
appropriate for a small State that has yet to establish 
its position among the Powers. While the Reich- 
sanstalt and the kindred institutes of the United 
States and France started operations in splendidly 
equipped buildings, especially built for their purpose, 
with ample means at their disposal, the staff of the 
British National Physical Laboratory had to begin 
work in beautiful surroundings, but in rooms which, 
it was obvious, would soon prove altogether in- 
adequate, and with sadly limited means. The man 
who has to work his way up from below is cer- 
tainly more likely to achieve original success than 
his more lucky colleague who is put into a well- 
stocked establishment. But he has to strain all his 
abilities and energies if he is to succeed, and it is 
fortunate that the Director of our National Physical 
Laboratory has been able to secure the services of 
so competent and conscientious assistants. That 
the staff are able to design their new buildings, 
and that they are themselves making most of their 
apparatus, machines, switchboards, &c., offers many 
advantages. But it would hardly answer if the 
members of Bushy House were filling their appoint- 
ments in the business sense of the phrase. 

The executive members of the General Board, 
who meet every month, are now: Lord Rayleigh, 
President; Mr. A. B. Kempe, Treasurer ; and 
Professor Larmor, representing the Royal Society ; 
Sir W. de Abney, Sir J. Wolfe Barry (representing 
the Institution of Civil Engineers), Mr. G. T. 
Beilby, Professor H. Callendar, Colonel Crompton, 
Dr. F. Elgar (Institution of Naval Architects), Mr. 
R. Kaye Gray (Institution of Electrical Engineers), 
Mr. R. A. Hadfield (Iron and Steel Institute), Mr. 
D. Howard (Society of Chemical Industry), Mr. W. 
H. Maw (Institution of Mechanical Engineers), Sir 
Andrew Noble, and Sir Arthur Riicker. There have 
been a few changes in the staff during the year. The 
chiefs of the metallurgical and chemical divisions, 
Dr. Carpenter and Dr. Caspari, have retired, and, 
in view of the importance of the metallurgical work 
of the Laboratory, these two divisions, previously 
part of the Physics Department, have been trans- 
formed into the Department of Metallurgy and 
Metallurgical Chemistry ; Mr. W. Rosenhain, B.A., 
has been appointed superintendent of this depart- 
ment. The Director, Dr. R. T. Glazebrook, con- 
tinues to act as superintendent of the Physics 
Department ; and, in recognition of his valuable 
services, Dr. Harker has been appointed senior 
assistant of this department. Dr. Chree remains 
superintendent of the Observatory Department at 
Kew, and Dr. Stanton superintendent of the 
Engineering Department. Mr. Gunter, one of the 
senior assistants at Kew, has died, after thirty years 
of service. 

The funds for the new buildings have been fur- 
uished. in part by the Government, the Treasury 
grant for 1906-7 being 10,000/., and the allowance 
estimate for 1907-8, 50007. Sir John Brunner has 
promised 50001. towards equipment; the Gold- 
smiths’ Company have contributed 1000/. for the 
new metallurgical laboratory ; the Governments <f 
Western Australia and of New Zealand, 1001. each 
for the same fund ; and the Institutions of Civil 
Engineers and of Mechanical Engineers, the Iron 
and Steel Institute, the Railway Companies’ Assc- 
ciation, the Drapers’ Company, Sir W. G. Arm- 
strong, Whitworth, and Co., the Manchester Stean:- 
Users’ Association, the India-Rubber, Gutta-Percha, 
and Telegraph Works Company, Mr. R. Kaye 
Gray and Mr. H. H. Gray, the Eastern Telegraph 
Company, and others have subscribed, while various 
firms and donors have presented apparatus. By 
arrangement with the India Office, the test work 
so far carried on at Cooper’s Hill is being trans- 
ferred to the Laboratory, the total value of the 
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additions to the equipment in this connection being 
over Q 

The fees for test-work have risen from 43581. odd 
in 1905 to 46681. odd in 1906; but the fees for 
special investigations have fallen, the total fees for 
work done being 6050I1., against 59571. in 1905. 
The total receipts for the year sum up to 14,319/., 
the expenditure to 14,2931. The question of com- 
mercial testing, as to which a good deal of discus- 
sion has arisen, has been before the Board, and the 
Board of Treasury have "p inted a committee of 
inquiry. We give in the following lines a summary 
of the tests made in the Laboratory during the years 
1904, 1905, and 1906. The Physics Department 
performed, in those three years, in the divisions for 
electricity and magnetism 415, 927, and 770 tests 
respectively concerning resistance-coils and sets, 
conductivity, permeability, galvanometers, supply- 
meters, potentiometers, standard cells, insulations, 
&c.; it further tested 141, 194, and 221 thermo- 
meters, thermo-couples, &.; 218, 352, and 445 
gauges, scales, expansion-coefficients, area meters, 
&c.; and 440, 698, and 816 glass vessels and chemical 
weights. The metallography tests in the three years 
numbered respectively 98, 39, and 0, the microsco- 
pical tests 3, 3, and 0 ; the optical tests of incandes- 
cence and pentane lamps, gas-mantles, photographic 
lenses, prisms, lamp-carbons, &c., came up to 
1834, 2441, and 2494. The Engineering Depart- 
ment dealt with 124, 226, and 68 tests of vacuum 
and pressure-gauges, strength of materials, steam- 
pipe laggings, calorific values of fuels, &. The Kew 
Observatory tested in the three years 26,277, 27,158, 
and 29,920 instruments, comprising magneto- 
meters, barometers, hydrometers, thermometers, 
compasses, sextants, telescopes, theodolites, bino- 
culars, watches, chronometers, &c. There is thusa 
falling-off in the number of electrical tests, which the 
Admiralty had — very freely in 1905, and also 
in the metallurgical and engineering departments. 

We now turn to the work of the different depart- 
ments. The Engineering Department has extended 
into a new building of two bays, each 80 ft. by 
25 ft., exactly similar to the existing laboratory, 
and lighted, like all the other buildings, from the 
north by weaving-shed roofs. The work has been 
concerned chiefly with three problems. The report 
on the Resistance of Iron and Steel to Reversals of 
Direct Stress, presented by Dr. T. E. Stanton and 
Mr. L. Bairstow to the Institution of Civil Engi- 
neers in April last, constituted an important con- 
tribution to this subject. It was found necessary, 
in discussing the results obtained, to remember 
Bauschinger’s distinction between the primitive 
and the natural elastic limit of the material. 
The latter limit is only reached when the material 
has been subjected to a number of alternations of 
stress ; and Dr. Stanton’s experiments demonstrate 
that specimens in which the distribution of stress 
is uniform, will stand, without fracture, an un- 
limited number of alternations of stress, so long as 
the range of stress is iess than the natural elastic 
limit of the material, thus confirming Baushchinger’s 
views. The research is being continued, combined, 
as before, with comparative extensometer measure- 
ments, because the experiments, so far, indicate a 
complete absence of elastic range for repetition of 
all stresses of greater magnitude. 

In order to determine the simplest method by 
which the capacity of a material to resist shocks can 
be measured, experiments are being carried out ona 
dozen samples of commercial steel and iron, with 
the aid of four impact-testing machines—namely, 
the repeated-impact testing machine described 
by Dr. Stanton in Enorveerine of July 13, 1906, 
a similar machine constructed by Dr. Stanton to 
carry out tests in direct tension and compression, 
a single-blow impact-tester of the Hatt type, and 
an Izod machine. In the third of these machines, 
the hammer is guided by two uprights, and falls on 
a piston, which breaks the specimen ; spiral springs 
on the uprights are compressed by the weight, and 
the resilience of the hammer is measured. In the 
Izod machine, which has been lent by Messrs. Avery, 
the specimen is fixed in a slotted base, 1 in. pro- 
jecting out of theslot ; a pendulum-hammer strikes 
the specimen, and the energy is read off in foot- 
pounds, Statical tests to determine the total work 
done in fracture, and microscopical examination of 
the gradual development of the slip-lines into 
cracks, are conducted simultaneously. These ex- 
periments are, with the assistance of Captain 
Sankey and Mr. Stromeyer, to be further extended 
to materials which have proved weak under shock 
without apparent cause. 


Among the other novelties on view last Friday 
was an improved A. Martens mirror extensometer, 
by the aid of which specimens ranging in length from 
lin. to 36 in. can be tested. Mr. Bairstow has 
replaced the two scales and telescopes by a duplex- 
mirror system, consisting of a right-angled prism in 
front of the telescope, combined with two mirrors, 
which give two moving images of the same scale. 

The results of the second most important research 
of the year—namely, ‘hat concerning wind pressure 
—will soon be communicated to the Institution of 
Civil Engineers. The chief conclusion drawn from 
experiments on boards up to 100 square feet in area, 
and on models of roofs and girders, is that the 
mean pressure per unit is in all cases about 18 per 
cent. greater when measured on the large model 
than when determined in the experimental channel, 
described in our previous reports, on similar 
small models. In other words, it would appear 
that the average pressure on a complicated 
structure may be determined by experimenting on 
a small model and increasing the value observed 
by some 20 per cent. The discrepancy seems to 
be due to the different negative pressures on the 
leeward side. A full-size model of a braced double- 
lattice girder, 29 ft. long, 3 ft. 7 in. deep, indi- 
cated, when exposed on the tower to a wind of 30 
miles per hour, a pressure of 3.79 lb. per square 
foot ; the smaller model, area ratio 1 : 1760, gave 
in the experimental channel for the same wind 
velocity 3.21 lb., and this ratio is the same as in 
the case of the 100-square-foot board on the tower, 
and the 1-square-inch board in the channel. A 
model roof, measuring 8 ft. by 7 ft., has been tested 
at inclinations of 30 deg., 40 deg., and 60 deg., and 
the condition of the experiments corresponded 
both to a roof resting merely on coJumns, and to a 
roof supported by walls provided with windows 
and doors. The distribution of the wind pressure 
over large surfaces is, of course, irregular, and on 
the large 100-square-foot board about 200 obser- 
vations are required. Yet fair averages are ob- 
tained, demonstrating a straight-line law for in- 
crease of pressure with increase of wind velocity. 
The great difficulties of these problems, which are 
further to be investigated with new apparatus, 
are very apparent in a paper recently published by 
Professor F. H. Bigelow in the Monthly Weather 
Review, of Washington, in which he gives a sum- 
mary of the many formule and coefficients that 
have been used in calculating wind velocities 
and pressures. The wind is, as a rule, not strong 
enough at Bushy, and may become too strong to 
risk experiments on the tower. 

The third great research—Mr. C. Jakeman’s 
determination of the Specific Heat of Superheated 
Steam—has been brought to a certain conclusion, 
and is now being continued with new appa- 
ratus, as alterations in the building necessitated 
the removal of the old apparatus. In order to 
minimise the heat losses by radiation, one of the 
chief sources of trouble, Mr. Jakeman had lagged 
his superheater with mica. The mica had too high 
a heat capacity and stored up too much heat, how- 
ever, and was therefore replaced by a copper shield, 
about 5 in. in diameter, made up of two halves, 
1} in. from the outside of the superheater. The 
copper was insulated by a layer of asbestos-paper, 
over which a fine coil of platinum wire was wound 
non-inductively to act as resistance thermometer. 
The resistance of the 45 metres of this wire, 250 ohms, 
changed by nearly lohm for each deg. Cent. The wire 
was covered in with asbestos, and over this the 
two heatin ool of ‘‘ Eureka ” wire were placed. The 
cold superheater could, without steam, be heated 
up to deg. Cent. in less than 15 minutes. This 
jacket answered fairly well, but an escape of heat 
to the condenser could not be prevented ; it could, 
however, be kept constant. The two most satis- 
factory series of observations were made with 259 
and 350 watts respectively dissipated in the heating 
coils. The initial steam temperature from the 
Merryweather fire-engine boiler, which gives dry 
steam, was varied between 150 deg. and 200 deg. 
Cent. by means of the gas heater on the steam-pipe ; 
the superheating was kept at 20 deg. Cent,, and 
the pressure was 4.3 atmospheres; the satura- 
tion temperature was 146 3 deg. Cent. The mean 
resulting specific heats for temperatures of 155, 
165, 175, 185, 195, 205, 215, and 225 deg. Cent. 
were 0.532, 0.497, 0.472, 0.455, 0.442, 0.432, 0.424, 
and 0.417, the first and last of these values being 
extrapolations. 

Other sources of error were suspected in heat 








conduction through the metal tubes of the platinum 








resistance thermometers which would cause the hot 
thermometer to read low, and thé cold to read high, 
and in the throttling of the steam by the heating 
coil. This throttling did not amount to more than 
0.02 lb. per square inch, however, and the cooling 
or heating of the thermometers proved to be quite 
insignificant. The apparatus to be used in the 
future is of a different construction. Within a 
steel pipe, about 18 in. in height, are placed cuon- 
centrically a tube of glass and a tube of copper, 
of such dimensions that the volumes of the axial 
glass tube and of. the annular space between it 
and the copper tube are equal. Steam from the 
boiler and a gas furnace passes down these two 
spaces, and its temperature is determined by three 
‘** Eureka ” iron thermo-junctions (connected with a 
low-reading potentiometer), the first placed at the 
steam inlet, the other two at the outlets from the 
glass tube and from the annular space which serves 
as a jacket of the same temperature as the steam 
under test ; there should, therefore, be no radiation 
losses. The apparatus does not admit of the use of 
large volumes of steam, but it works more quickly. 
Mr. Jakeman has the assistance of Mr. J. 
Pannell in these researches. 

In the Electrical Department Mr. F. E. Smith 
has, in conjunction with Professor Ayrton and Mr. 
Mather, completed his work on the ampere balance, 
which was commenced three years ago, and is now 
ready for publication. The balance, which, it should 
be remembered, was built in the Laboratory, is 
giving the highest satisfaction, and the largest 
actor of error in the absolute determinations made 
are probably connected with the uncertainty of the 
exact value of g. In making determinations—which 
on different days generally agree within 0.001 per 
cent.—a current of 1 ampere nominal is maintained 
by keeping the potential difference steady on a 
l-ohm standard, and this potential difference is 
balanced against a cadmium standard cell. A com- 
plete series of observations is now finished in 20 or 
30 minutes. 

The researches on the silver voltameter, the 
electrochemical equivalent of silver, and standard 
Clark and cadmium cells run parallel with this 
work, and this investigation in particular will be 
discussed by the International Conference on the 
Fundamental Electric Units, which will meet in 
London this October, under the auspices of the 
National Physical Laboratory, as the Charlotten- 
burg Conference of 1905 had assembled under the 
auspices of the Reichsanstalt. We indicated the 
character of the chief problems to be studied in 
the national institutes when reporting upon the 
Charlottenburg Conference.* At Bushy Park’ six 
forms of voltameters have been used, the evaluation 
of the current being made with the ampere balance, 
and the mass of silver deposited has been estimated 
within 0.001 percent. The deposit is produced in 
platinum dishes from a neutral solution of silver 
nitrate ; and it takes the form of beautiful straight 
threads of silver, which adhere sufficiently well 
to the cathode to be washed without risk of 
loss. Dr. Lowry, of Westminster, has conducted 
the chemical part of the investigation, and an 
exchange of apparatus has been effected with Pro- 
fessor &. van Dijk, of Groeningen, who has been 
engaged in the same work. Some sixty cadmium 
standard cells and a few Clark and other cells have 
been set up, and the much-disputed question of the 
preparation of the mercurous sulphate has been 
investigated. It would appear that freshly-prepared 
sulphate pastes, whether made chemically or elec- 
trolytically (as Hulett demands), give identical elec- 
tromotive forces ; but this does not apply to old cells, 
which may suffer a drop of 0.02 per cent. in their 
electromotive force in the course of three years. A 
stable form of H cell has been devised, however. 
On the whole, the National Physical Laboratory finds 
itself in agreement with the Reichsanstalt on these 
questions, except that the influence of the size of 
crystals, which Steinwehrt had experimentally esta- 
blished, has not been confirmed by Mr. Smith. 

The methods for checking the standards of 
resistance have been so much improved that the 
degree of accuracy is now stated to be a hundred 
times greater than was possible four years ago. As 
regards the manganin coils, it seemed strange that 
the Reichsanstalt coils should have proved so much 
more constant than the British coils. The variations 
which have occurred in most of these British coils 
have, however, been confirmed by tests made over 
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there with British coils, and they would appear to’ 
be due to differences in the preparation of the coils. 
Mr. Smith and Mr. Melsom, are experimenting on a 
new pattern of resistance coils. 

In testing the inductive capacity and resistivity of 
cellulose, both of a special solid cellulose resembling 
parchment, supplied by Messrs. Cross and Bevan, 
and of ordinary cellulose or telephone paper, Mr. A, 
Campell, B.A., places the paper in a mercury cell, 
representing a condenser of very small capacity. 
The inductive capacity of the oven-dried cellulose 
is 6.7, that of telephone paper 2.0, the large 
difference being due to the air space and fibrous 
arrangement of the latter material; the resistivities 
of the oven-dried and air-dried cellulose are 1600 
million megohms and 4 megohms per centimetre, 
at 25 deg. Cent. Cellulose acetate, which can be 
substituted for silk insulation when dissolved in 
chloroform, has a resistivity of 200 million megohms. 
In testing the resistance of mica and silica at 
temperatures up to 800 deg. Cent., good contact 
is secured by platinising the surface. Condensers 
are tested after Maxwell’s commutator method. 
Mr. Campbell’s new set of inductance coils, stan- 
dards of values 0.01, 0.04, 0.1, 0.65 henry, con- 
sist of flexible wires—0.19 millimetre in diameter, 
with from 7 to 16 strands—wound on white marble 
bobbins. High-frequency currents for such measure- 
ments are produced in various ways. Mr. Campbell’s 
microphone hummer, described last year, gives 
2000 periods per second. A stretched wire, vibrat- 
ing as a chord after Wien’s pattern, makes, when 
provided with a tension adjustment, an excellent 
current-interrupter ; a needle attached to the wire 
dips into the mercury cup. For the highest fre- 

uencies to be used in radiotelegraphic research for 
the Post Office, an apparatus due to Mr. S. G. 
Brown is employed. In this a copper wire rubs 
against the smooth edge of a rotating copper disc. 
Across this contact is bridged a circuit containing a 
condenser of 0.001 microfarad. With a disc current 
of 200 volts, the current passing through the contact 
is strong enough to light a glow lamp dimly, and the 
number of oscillations in this contact circuit would 
be of the order of a million per second. Asa detect- 
ing instrument in these tests there is employed a 
Rubens vibration galvanometer with polarised mag- 
nets, which Mr. Campbell has improved by applying 
a strongly controlled bifilar moving coil with very 
small damping, which can be tuned to resonance, 
which is a great advantage. The elaborate calcula- 
tions for the standard of mutual inductance now 
being eonstructed have occupied Mr. Campbell for 
months, The variable mutual inductance standards 
are of the Brillouin type. Among other researches 
we may mention the hysteresis investigation, and 
the inquiry into microphone currents and their re- 
sponding by preference to particular oscillations ; 
these latter phenomena are studied by placing an 
electrostatic voltmeter in the secondary circuit. In 
connection with the erection of the new magnetic 
observatory at Eskdalemuir, various building mate- 
rials have been tested for magnetic permeability. In 
one case a basaltic stone was, too late, discovered to 
have a permeability of 1.01—that is, 1 per cent. 
higher than air ; the mistake made in Scotland was 
onable, for a very similar stone from the same 
district proved to be quite unmagnetic. 

In the Electrotechnical Division Messrs. C. C. 
Paterson, S. W. Melsom, and E. H. Rayner, 
M.A., have been most successfully occupied in 
fitting up the new laboratories and making a great 
deal of the apparatus. The general arrangements 
seem to be excellent. Nine sources of direct or 
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alternating current supply can be brought to distri- | 
bution points in the rooms, Among the new 
machines in the northernmost of the two main 
hays, which run east to west, and are each 
120 ft. by 25 ft., is a motor alternator for work- 
ing a 20-kilowatt 100,000-volt transformer, built 
by the British Westinghouse Company, each half 
of which will give 50,000 volts. This trans- 
former will be placed in a special transformer- 
house, 18 ft. by 12 ft., close to the building, with 
which it communicates by two fireproof doors. | 
The little house is constructed for two such trans- 
formers, and the leads are taken through stone- 
ware pipes at high level over into the main build- 
ing. The other bay is divided into two sections, 
the one half being roofed in with a flat glass roof, | 
the weaver-shed roof above being double. Here 
resistance standardising will be carried on at con- 
stant temperature. In the eastern half is the fine 


photometer hall, which consists of two rooms con- 
nected by a passage, giving a bench length of over | 





Fic. 27. Rosey’s Steam-TRACTOR. 


90 ft. One of these rooms goes down to the ground | and Messrs. Pritchett and Gould, have been installed 
floor. The general lighting is on the 100-volt cir-|on the floor above the photometer hall ; this floor 
cuit; it is ho that benefit from the high effi-|is approachable only from the outside by a special 
ciency of the new metallic filaments will be realised. | stairway. The heavy discharge battery (sixty cells 
The four batteries, supplied by the E. P. S. Company | of 550 ampere-hours) is arranged in twenty groups 
































Fics. 28 awp 29. Barrorp anp Perkins’ Perrot-Driven Lawn-Roter. 


of three cells, which-age burned together ; the posi- 
tives and negatives are brought down to a paradlel- 
ing board, which can give 6000 amperes at 5.5 volts 
for half-an-hour. The smaller,cells stand on glass 
slabs resting on bars. The ‘inclined bars and 
contact-clips of some of the boards resemble those 
of the Central Institute at South Kensington. 

The novel standard resistances of 2000 megohms, 
constructed by Dr. Caspari, consist of UV tubes of 
glass, each 20 centimetres long and 1 millimetre 
bore, filled with a 10 per cent. solution of cadmium 
iodide in amyl alcohol, into which cadmium elec- 
trodes dip. These tubes, each of 10 megohms, will 
bear heavy currents for ten minutes; they are im- 
mersed in oil, and their temperature coefficient is 
— 1.5 per cent. per deg. Cent. The water-tube resis- 
tances of manganin are another interesting novelty ; 
Melsom uses them for currents of 5000 amperes, and 
Dr. Harker for his furnaces up to 1000 amperes. 
Mr. Melsom’s 100-coil potentiometer has also proved 
very successful ; the coils are joined to three dials 





instead of to one, and these are thrown in one 
after'the other. The maximum voltage drop neces- | 
sary for measurements is only 0.1 volt against the 0.5 
or 1.5 volt otherwise required, which means a great 
saving in the costs of standard resistances, and the 
manipulation is simple. 

The results of the excellent work of Mr. Paterson 
and Mr. Rayner on Light Standards and the present _ 
position of -High- Standard Lamps was brought 

fore the Institution of Electrical Engineers on | 





|gave line drawings showing its construction. 


January 24. In order not to be disturbed in 
photometrieal measurements by the rotation of the 
arc of arc lamps, Mr. Paterson fixes two plane 
mirrors at the ends of two radii, starting from the 
arc. The radii are boards to which the mirrors are 
inclined at 45 deg., and can be turned about 
their centre. Switching in and off signal glow- 
lamps makes no difference in their life, and the 
filaments of the signal-lamps recover their brilliancy 
within a period ranging from 0.25 to 1 second. 


(To be continued.) 





THE COMMERCIAL MOTOR-VEHICLE 
AND MOTOR-BOAT EXHIBITION, 

In our last issue we gave an account of some of 
the exhibits at the Olympia Show, which opened on 
the 7th inst. and closed last Saturday evening. 
Limits of space prevented us dealing with more 
than a part of the exhibits, so we now add parti- 
culars of some of the other features that appear 
worthy of attention. 

Last week we gave a description of the all-steel 
motor-omnibus built by the Brush Electiical Engi- 
neering Company, Limited, of Loughborough, ‘~ 

n 
Fig. 26 on page 372 we now reproduce a photo- 
graph of this interesting vehicle, which will enable 
its general appearance to be better realised than 
the line drawings permitted. ae 

‘We had occasion to allude last week to a steam: 
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tractor exhibited by Messrs. Robey and Co., of 
Lincoln, which tractor we now illustrate on page 
372. The engines are of the compound type, 
the cylinders being 4$ in. and 7} in. in dia- 
meter, with a stroke of 9 in., the num of revolu- ° 
tions per minute being 300, and the working 
ressure of the steam 200 lb. per square inch. 

hé tractor is intended to run at from 24 to 6 
miles per hour. One of its features is the large 
diameter of the boiler, which allows a large 
number of 1}-in. fire- tubes to be introduced. 
The fire-box is also large for this class of ma- 
chine, and the space on the foot-plate is very 
roomy, and gives:'ample accommodation for two 
men if desired. Oast-steel seatings are riveted 
to the boiler, on which the cylinders, &c., are 
fixed, and all the nuts are visible and easily 
accessible, none being placed under the lagging 
or otherwise hidden, Another feature is the 
hind-axle spring-gear and its adjustment. This 
spring is of the plate type placed transversely. The 
adjustment of the spring is very simple, being 
performed by means of a wedge at each end, the 
wedges being moved in or out by turning a square 
rod with a spanner, the rod having at its endsa 
right-hand and a left-hand screw, which screws 
engage with the wedges. The rod is almost level 
with the foot-plate just in front of the boiler. The 
crank-shaft and second-motion-shaft bearings are 
bored out in position on the boiler, and the second- 
motion-shaft and the main-axle bearings are con- 
nected by steel castings, which are bolted to horn- 
plates. All the gearing, road-wheels, hind axle, &c., 
can be removed without driving a single key, and no 
keys or feathers are used for the sliding pinions, 
as the latter move on a square on the crank-shaft. 
All the gearing is of crucible cast steel: The 
draught is taken by two steel side plates, which 
extend to and partly encircle the main axle. There 
is ample clearance under the engine, the lowest 
point being 12 in. from the ground. The tractor 

as a feed-pump and an injector, and water-tank 
capacity can be provided for a 20 miles’run. There 
are powerful brakes and a slip winding-drum with 
30 yards of steel-wire rope. 

Messrs. Barford and Perkins, of Peterborough, 
exhibited two rollers, self-propelled by petrol motors 
and extra weighted by water ballast. One of these 
we illustrate in Fig. 28 on the present page. This 
is known as a C 2 type roller, and is of narrow size, 
being designed especially for tarmacadam and 
granite. The weight is about 5} tons when full of 
water, and the width is 3 ft. 6 in., the diameter of 
the drum being 3 ft. A special feature is an 
arrangement for spraying water on the front and 
back rollers to prevent tar adhering to them. 
A two-cylinder —- engine of 12 to 15 horse- 
power is fitted. The cylinders are water- 
cooled from the tank above by natural circu- 
lation, a sufficient volume of water being carried 
to enable a radiator to be dispensed with. There 
are two speeds—l and 3 miles per hour re- 
spectively. The transmission of power from the 
engine to the roller, which acts as a driving-wheel, 
is shown in Fig. 29. The engine, which is not 
shown, has a spur-pinion on its crank-shaft, and 
this actuates a. toothed wheel, which revolves in a 
plane transverse to the vehicle, as shown. The 
reduction is 1 to 8. On the same shaft is a bevel- 
pinion, which engages with two mitre-wheels of the 
same diameter. These wheels are free to revolve 
on their shaft, unless one of them is held by a dog- 
clutch, either one or the other being put in action 
to get the forward or reverse motion of the roller 
respectively. On the same shaft as the mitre- 
wheels are the pinions of the change-speed gear. 
These also are worked by a dog-clutch. For the 
low speed of 1 mile per hour the spur-pinion has 
11 teeth and the driven wheel 63 teeth ; for the 
high-speed gear the spur-pinion has 25 teeth and 
the wheel 49 teeth. The motion is finally con- 
veyed to the driving-roller by chain-gear, giving a 
further considerable reduction. Steering is “ 
hand-wheel, which is connected by chains to the 
steering-head, -.The frame is of channel-iron, and 
is stiffly braced, the fore part being coupled to the 
front rollers by the  steering- head and bridge. 
Springs are fitted over the hind axle to reduce the 
stresses due to rough roads. The bridge spanning 
the front rollers allows of considerable oscillation 
when ing over stones or obstructions without 
disturbing the level of the main frame, thus ma- 
terially reducing the stresses set up. 

The other roller shown is more especially suited for 
grass, and has been used with great advantage on 
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race-courses, cricket-fields, large lawns or parks, 
and in other similar positions. One of these 
machines, supplied for the Newmarket race-course, 
has effected a most marked improvement. The 
rolling width is 4 ft. 6in., there being a double 
roller in front. The weight empty is 3? tons, half- 
a-ton of water being carried. The edges of the 
rollers are bevelled off. The weight of these rollers 
varies from 3 tons up to 8 tons loaded. On the 
low-speed they will ascend a gradient of 1 in 7. 
The example illustrated in Fig. 28 consumes on an 
average one-third gallon of petrol per hour. 

Messrs. Ransomes, Sims, and Jefferies, Limited, 
of Ipswich, exhibited three of their motor-driven 
lawn-mowing machines, the largest of which was a 
42-in. standard machine suitable for large surfaces, 
such as cricket-grounds. It is driven by a single 
cylinder 6-brake-horse-power petrol-motor, water- 
cooled, and with magneto ignition. Two-cylinder 
engines are fitted when required. The motor is 
mounted on the main frame of the machine, which 
is carried by the rollers. The driver's seat is also 


horses’ footmarks on the lawn will be apparent, 
especially in wet seasons. On the same stand are 
shown three single-cylinder petrol motors made 
by the firm. 

An interesting display was that of the Kirkstall 
Forge Company, near Leeds, who exhibited several 
examples of a built-up axle which has been patented 
by Mr. H. M. Butler, and also a patent recipro- 
cating hub designed by the same inventor. The 
breaking of axles is undoubtedly a less common 
occurrence now than it was in the earlier days of 
motor-cars, when designers had not realised the 
very great stresses that the axle of a motor-car is 
called upon to withstand. This is true of pleasure- 
cars, and more so for commercial vehicles which 
have to carry heavy loads, and for which the Butler 
axle i3 especially designed. It may be stated, as 
—- to our description, that the Kirkstall 

orge have made cart and carriage axles from a 
time the memory of man runneth not to the con- 
trary. The forge is said to have been established 
many hundred years ago, and to be probably the 





Fig.30. 


for the work. On the other hand, the barrel can 
be of a quality of steel best adapted for case- 
hardening. By hydraulic riveting the parts can 
be firmly connected with each other, but in order 
to prevent any chance of distortion through wear, 
the barrel and flap part is constructed as shown 
in the section of Fig. 31. Here the projecting 
parts of the forging are caulked hard down on to 
the flanges of the channel-bars. 

In the example of hind axle shown, the barrels 
are 2? in. in diameter and the channels 44 in. deep, 
The flanges are 1} in. across, and the thickness of 
metal in the baris }} in. When the distance bo- 
tween the centre of flaps is about 3 ft. 7 in., the 
axle will take a load on the two flaps, without 
taking a permanent set, of 17 tons, whilst it will 
bew a load of 31 tons without collapsing. One 
somewhat larger section channel-bar is rolled by the 
company asa standard, the depth of web being 
44 in., the flanges 1$ in., and the thickness of 
web gin. Greater thickness of metal can be given, 
if needed, by further sepirating the rolls. The 
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attached to the main frame. Power is conveyed 


by chain-gearing to the driving-roller, and to the | 


cutting cylinder through epicyclic gear, by which 
the pent is reduced. There is a clutch for 
stopping the machine while the engine is running, 
and there is a separate clutch for putting the 
engine out of gear when rolling only has to be 
done. For the latter purpose extra weights can be 
fitted ; if needed, the cutting cylinder, frame, and 
grass-box being removed. ‘The driver, seated at 
the back, has full control over the whole of the 
operations. He can steer round sharp corners by 
a chain and sprockets, and can empty the grass-box 
without leaving his seat and without stopping the 
machine. If needed, speed can be controlled by 
throttle and spark adjustment. The height of 
the cut can be altered, and reversing gear can 
be fitted, if needed. The weight is. about 
19 cwt., or with extra weights about 23cwt. The 
other two mowing-machines on this stand were 
respectively 30 in. and 24 in. » The former has 
a 4-brake-horse-power motor, water-cooled; the 
24-in. machine has a 2}-brake-horse-power motor, 
air-cooled by a fan. Both these machines are 
fitted with handles, the operator walking behind, 
this arrangement being founc to give better control 
for hilly ground. The larger machine is suitable 
for large undulating lawns and parks, whilst the 
smaller one is recommended by the makers for 
small grounds of 1 to 3acres. The 30-in. mower 
weighs about 9 cwt., but if a 6-8 brake horse-power 
motor is fitted, as is advised for golf links, the 
weight is 10 cwt. The 24-in. machine weighs 
4} cwt. A large number of these motor mowing- 
machines have been supplied for many pu 

and are reported to have worked satisfactorily 


They are said to be cheaper to work than horse- 
machines, and to be more easily guided round trees 
and flower-beds. 
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majority of our readers the firm are better known 
as the makers of shafting, railway axles, and 
other forgings ; but they have always been large 
producers of van and cart axles, having supplied | 
‘no less than 14,000 axle-trees to the War Office 
|during the South African campaign; they have 
also furnished nearly all the axles to the London 





General Omnibus Company since it was estab-' 
lished. Recently they have erected special plant 
for serving the motor-car industry, and a large 


number of tests has resulted in the axle shown at 
Olympia. The chief feature is the use of two steel 
channel bars to form the bed of the axle-tree, the | 
barrels and flaps being in a separate forging. It} 
is well, perhaps, to explain that the bed of an 
axle-tree is the length between the barrels, the 
latter being that part which fits into thé hub of the | 
wheel, whilst the flap is the part. upon which the 


springs rest. 

Our illustrations, Figs. 30 and 31, will make the 

construction clear. The former shows a Butler 

standard hind axle for motor vehicles, and the latter | 
a front omnibus axle. The advantages gained by 

this form are that no welds are used in the con- 

struction. The bed is made of rolled material and | 





The advantage of not having|can be of a description of steel specially suitable | and the draught does not set up a turning moment 


oldest iron works in England. Probably to the! 7 
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smallest standard chanrel-bar is 1{ in. by }} in. 
by ,3, in. The steel used has a tensile strength of 
40 tons, with an elastic limit per square inch of 
27 tons, an elongation of 30 per cent. in 2 in., 
and a contraction of area of 55 per cent. 

In the standard front omnibus axle shown 
in Fig. 31 the barrels are 2} in., and the channel- 
bars 32 in. deep. The distance between the centres 
of flaps is 3 ft. 5 in., and the safe load 2 tons. 
These axles are also made in sizes down to 2 in. 
depth of channel-bars. 

n Fig. 32 on the present page we illustrate tle 
Kirkstall Forge standard front axle for lighter work. 
Here the stamping is somewhat more complex in 
form, being bent down so that the flap or spring 
seating is level with the centre line of the barrel, 
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tending to twist the axle. 


With the axle the! similar nature. 


For gear-blanks, axle-swivels, and 


depth of channels varies between 1} in. and 2} in. | other articles that are to be case-hardened, and 


The weakest part of this axle is the swivel-pin 
where screwed; but if this breaks, no serious 
damage is done, and it can be replaced for a few 
shillings. This is claimed as a great factor of 
safety. Inthis axle the fork is in one with the 
barrel, but in some cases it is* preferred that 
the barrel should be separate, and the fork should 
be in one with the stamping that includes the 
flap. 

ss of equal interest on the stand of the 
Kirkstall Forge Company was the reciprocatin 
spring- hub, which has also been designed an 
patented by Mr. M. H. Butler, and which we illus- 
trate by the sectional drawing, Fig. 33. In the 
springing of motor-vehicles the damping of vertical 
movements has undoubtedly received most atten- 
tion ; and Mr. Butler formed the opinion that a good 
deal of improvement might be effected by attention 
to the lateral movement, to which all vehicles are 
subject when running on uneven roads, and which 
puts severe stresses on wheels; with this view 
he designed the spring-hub now illustrated, and 
has tested it both in actual work and experi- 
mentally. Referring to our illustration, A is the 
axle-barrel, B the wheel-hub, C the hub-plate, 
and D a phosphor-bronze bush or liner. An 
octagonal retaining-collar E is screwed to the end 
of the axle-barrel, which is shown in section at this 
part. The split-pin is for holding the collar in 

osition. Abutting on the collar are nine phosphor- 
lentes plungers, two of which are shown at G, 
and each of these bears against a spiral spring con- 
tained within the body of the hub, as illustrated. 
A stamping H is screwed on to the front of the hub, 
and is secured by a set-screw. A plugJ is screwed 
through the front of the stamping H, and bears 
against a loose plunger F, against which the larger 
spiral spring abuts. The barrel of the axle is 
bored out at the end to contain the plunger and 
spring. It will be seen that when the wheel-hub is 
forced outwards, the small spiral springs are put in 
compression, so that any jar or vibration that 
might be set up is damped, and shock to the struc- 
ture avoided. On the other hand, if the wheel 
is forced inwards, the large spring inside the barrel 
is put in compression, with the same effect of 
cushioning the blow. Lubrication of the mechanism 
is provided by annular spaces N. These are filled 
with grease, which is distributed by the working of 
the parts. A longitudinal oil groove on the outer 
surface of the barrel also provides for lubrication. 
A felt washer M serves to keep in the grease, and 
also prevents access of dust or grit, whilst on the 
outer end of the hub there is a brass cap. 

The experiment, to which reference has been 
made, to test the efficiency of this spring- 
hub in preserving the road-wheel, was made with 
what may be described as a circular whirling 
table, a full-sized model of which was shown 
at Olympia. It consisted of a track of granite 
sets, represented in the model by wooden blocks. 
These were set unevenly, so as to represent a 
worn or badly-paved road, such as would be pro- 
duced by wear on a soft foundation. A radial arm 
was mounted horizontally on a standard in the 
centre of the table, and this was made to revolve 
continuously by mechanical means, with a peri- 
pheral speed of 10 miles an hour. A wheel, with 
the Butler spring-hub, was mounted at one end, 
and was weighted with 5cwt. In this way it was 
made to travel a distance of 5700 miles, and was 
in good condition at the end of that time. For the 
first part of the test an ordinary wooden hub wheel 
was mounted at the other end of the. horizontal 
revolving arm, was weighted also with 5 cwt., so 
that it ran under the same conditions as the other 
wheel. It had, kowever, to be re-tyred after 
running 1000 miles, and after that ran for 2000 
miles. The artillery hub-wheel had to be re-tyred 
after running 700 miles, and then ran 2000 miles. 
The greater endurance of the second runnings is 
accounted for by the fact that the tyres were 
heavier than those used at first, and the one used 
on the wheel with the spring hub. At the conclu- 
sion of the test the two wheels which had divided 
the total distance of 5700 miles between them were 
in worse condition than the wheel fitted with the 
spring-hub, which had done the whole journey. 
The wheels were shown at the Exhibition, and had 
iron or steel tyres. 

A few words may be said about the samples of 
special steel shown, and offered by the Kirkstall 
Forge for motor-car work and other purposes of a 





which are subjected to sudden shocks, a material 
is produced which has an elastic limit of 14 tons, 
an ultimate tensile strength of 23 tons, an elonga- 
tion of 53 per cent., and contraction of area 70 per 
cent. Tensile strength is in tons per square inch, 
and elongation on 2 in. For bushes, ball-races, 
and other articles which require case-hardening, 
but which are well supported when at work, the 
elastic limit is 24 tons; ultimate tensile strength, 
30 tons ; elongation, 45 per cent. ; and contraction 
of area, 65 per cent. For shafts, studs, rolled 
axle-beds, &c., the elastic limit is 30 tons; ulti- 
mate strength, 40 tons; elongation, 35 per cent. ; 
and contraction of area, 56 percent. For cranks 
and shafts when stamped the elastic limit is 40 
tons; ultimate strength, 50 tons ; elongation, 25 

rcent. ; and contraction of area, 54 per cent. 

or cranks and shafts for particular purposes a 
special steel is made. The elastic limit is 45 tons, 
the ultimate strength 60 tons, the elongation 
23 per cent., and the contraction of area 45 per 
cent. These are all carbon steels. The firm also 
make a specially tough carbon steel, which has been 
tested at Nash’s Sheffield Testing Works, with the 
result that when tested on the testing-machine it 
gave a better result than a high-quality nickel 
steel previously tried, and, in fact, was the highest 
result that had been obtained at the Sheffield 
Testing Works. 

The Hercules Motor- Wagon Company, of Levens- 
hulme, Manchester, were exhibiting a 34-40 horse- 
power motor-omnibus in connection with the Show, 
although the vehicle was not within the building. 
Its points were demonstrated by using it to work 
a private-passenger service between the Hotel 
Russell and Olympia several times a day during 
the week of the Show. It is fitted with a Crossley 
engine, with four cylinders of 43-in. bore and 6-in. 
stroke, developing 40 horse-power at 970 revolu- 
tions. The change-speed gear is of chrome-nickel 


verse. It is particularly accessible, for both the 
top and bottom of the gear-box can be taken off 
in a few minutes, leaving the gear, bearings, &c., 
exposed to view, and capable of being run, if de- 
sired, in a skeleton framing. The thrust-bearings 
are of the marine type. The final transmission is 
by Brampton’s roller chains of 1} in. pitch and 
1 in. wide. The main frame is built of steel 
channels 5 in. by 24 in. by @ in. thick, and the 
whole design constitutes a simple and straight- 
forward piece of engineering work. 


Mortor-Boat Section. 


The show of motor-boats at Olympia was the 
most extensive that has yet been seen, the whole 
of the annexe being well filled. There were thirty- 
eight exhibitors, and most of the stands were of 
considerable importance. The difficulty of holding 
an exhibition of boats of any kind in an enclosed 
building was, however, only — by the 
complete nature of the Show. The largest boat 
shown was that of the Seamless Boat Company—a 
40-ft. steel cruising launch; really a remarkable 
piece of work so far as pressed sheet-metal was 
concerned. The boat is 8 ft. 6 in. wide by 3 ft. 9 in. 
deep, and has a sharp stern. It is fitted with 
two 15-brake-horse-power engines, and the speed 
is 104 iniles per hour. The whole of each side of 
the boat is pressed out of one steel sheet, there 
being neither rivets nor welds in the whole of the 
skin on one side. It must be confessed that the 
vessel is not such as to delight the eye of the naval 
architect, whilst the exaggerated steel hood would, 
perhaps, make the boat ‘somewhat difficult to 
manage in blowing weather and anything like a 
steep sea. The sides are pressed to a T-bulb keel- 
bar. Whether there was any saving in weight or 
cost, as compared with a wooden boat, we were not 
able to learn at the Exhibition. 

Messrs. Sharer and Young, of Alloa, Scotland, 
exhibited a 10-horse-power heavy-oil marine-engine, 
with automatic ignition, by means of a heated ball 
on the cylinder top. This engine is of the two- 
stroke cycle type, with enclosed crank-chamber for 
partial compression of the mixture, as is usual 
with the two-cycle engine, the exhaust being on the 
admission stroke. e engine is designed to work 
with yO = troleum, of oon 0.8 specific 
gravity. e fuel-pumps are of the plunger type, 
a separate pump being fitted with each wieder. 
Epicyclic reversing gear, encloged in a grease-tight 





case, is used. 


steel, and provides four forward speeds and a re- | 


Messrs. Boulton and Paul, Limited, of Norwich, 
showed a small motor-boat of novel construction 
It is 16 ft. long by 4 ft. 3 in. wide, and 18 in. deep ; 
the draught is 12-in. It is somewhat of the shape 
of a Thames skiff. In place of wood, as is usual in 
boats of this class, the skin is of steel strips of 
lapped streak construction about 4 in. wide, the 
strips being electrically welded. Bent oak timbers 
are used, spaced 4 in., and extending from gunwale 
to gunwale. In this little boat a 2-horse-power 
2-cycle reversing engine is fitted. There is an oak 
covering-board, and on the top sides there is an oak 
lining. The speed of this boat is given as 7 to 74 
miles an hour, and the seating capacity is for seven 
or eight persons. 

The Wolseley Tool and Motor-Car Company 
showed a 25-ft. yacht’s launch, with a Wolseley- 
Siddeley engine of their usual marine type. The 
boat is notable in regard to the method of con- 
struction. There are two skins of mahogany, 
the inner one being composed of vertical strips, 
which are in fact the ribs of the boat, only 
they are placed close together, so as to form 
what would be by itself a water - tight section. 
Some process is employed for pressing these ribs 
together, the nature of which, however, is not 
divulged. The ribs are rounded on their inner 
surfaces, and are, of course, flat on the other side, 
where they touch on the fore and aft skin which 
forms the outer planking of the boat. The two 
skins are riveted together, the rivets being spaced 
1} in. On the same stand was shown a 30-ft. hull, 
with a 30-horse-power engine, The skin of the 
boat is on the same principle as that already 
described, but there is also an intermediate skin of 
diagonal plating. It is claimed that this method 
of construction is lighter than that of the Carvel- 
built boat, and is twice as strong. Figures are not, 
however, given in support of this statement, neither 
were we able to get figures in regard to the cost, 
but we had no difficulty in believing that it was 
one-third more than with ordinary Carvel con- 
struction. 
| The Lune Valley Engineering Company, Limited, 
of Lancaster, showed a 35-ft. Carvel-built mahogany 
steam-launch fitted with a ‘‘ Lune Valley” water-tube 
boiler, with liquid fuel. The boiler is of a vertical de- 
scription, and consists of a central vertical cylinder 
surrounded by a number of coils of pi Each 
coil communicates with the central cylinder at each 
end of the coil. Our illustration, Fig. 34, page 376, 
gives a section of. this boiler, showing the coils on 
one side only. The: flexible nature of the steam- 
generating element, due to the coiled form of the 
tubes, will be apparent. It is stated that although 
many of these boilers have been in use for six or 
seven years, there has not yet been occasion to 
repair one of them. The paraflin-burner used is 
shown in Figs. 35 and 36. The oil es in by the 
pipe P, shown in the plan, and is vaporised in 
the coil ©, issuing in the form of a gas from 
the nozzle below, marked A. The jet impinges 
on the dome-shaped inverted deflector, over which it 
spreads a thin film, and takes up the right amount 
of air for combustion. The size of the flame is 
regulated by the needle D, which projects through 
the nozzle, and is operated by a hand-lever, This 
is the only working part in the burner. It is stated 
that several of these burners have been in constant 
use for five years without having being cleaned or 





| requiring any repairs or renewals. Every time the 
| flame is. regulated the needle clears tho nozzle. 
|The makers guarantee that this burner, working 
|under one of the ‘“‘Lune Valley” water-tube 
| boilers, will give an evaporation of 15 lb. of water 
|per pound of oil from and at 212 deg. Fahr. In 

order to start the burner methylated spirit in 

an asbestos-lined tray is placed under the nozzle, 

about 3 oz. of spirit being: sufficient for the pur- 

e. 

| The Riverside Works Company, of Weybridge, 
showed a very nicely-finished 25-ft. river launch, 
built of Kauri pine and teak-fitted. It is fitted with 
a 7-brake-horse-power marine motor, both hull and 
/machinery being constructed at the works of the 
‘company. The engine is somewhat novel in con- 
| struction, and we give a diagrammatic cross-sec- 
| tional view in Fig. 37, showing the arrangement of 

the cylinders and ports. The engine is on the 
| two-stroke cycle, but in place of a partial compres- 

sion taking place in the crank-chamber, as in most 
| engines of this type, the bottom of the — is 
}enclosed, and compression is effected ow. the 
| piston in this enclosed space. The action is as 
| follows :—The explosive mixture is admitted from 
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Fias. 34 to 36. THe ‘Lune Vattey” Warer-Tuse Borer, with Liquip-FueLt Burner. 


the carburettor shown into the space beneath the 
piston marked D. The movement of the piston 
afterwards covers the inlet port F, and also covers 
the exhaust-port E, so that any gas above the 
iston is compressed to the uired amount. 

urther upward movement of the piston draws the 
combustible mixture from the carburettor through 
the passage shown to fill the space below the 
aa On the return stroke the gas in the 
atter space is compressed, not being able to 
flow back to the carburettor, as a non-return valve 
is fitted. Compression is therefore carried on until 
the piston uncovers the port F, when the combus- 
tible mixture passes into the cylinder at a pressure 
a few pounds above the atmosphere. The exhaust 
.takes place at the same time, but a baffle-plate is 
fitted to prevent the incoming gases from flowing 
directly out through the exhaust port E. The 
piston is about 4 in. longer than the length of 
stroke, so that the exhaust-port is never uncovered 
to the under part of the piston on the compression 
stroke. The piston-rod at its lower end is guided 


in the manner shown in the illustration, by seég- |: 


mental slipper uides, to which are attached the 
gudgeon-pin. The speed of this engine is mode- 
rate, the average number of revolutions being about 
560 per minute. It may be used either with petrol 
or paraffin by suitable arrangements — made, 
The petrol admission valve has a circumferential 
groove in its face, and a corresponding groove is 
cut in the seating. This makes an air-cushion, 
and eases the valve in coming in contact with 
the face. It has been tound by experience that 
this adds greatly to the life of the valve. - Mr. J. 
Lester Clerk, the designer of the engine, is an old 
sea-going engineer, and has taken this wrinkle from 
marine practice, The adjustment of the starting- 
\chain, and that driving the mageto, is also a good 
feature in this design. The circulating-pump for 
water-cooling has ball valves, The engine is well-pro- 
portioned, the main bearings being a good length. 
The Parsons Motor Gompers: Limited, Southamp- 
ton, showed five of their petrol-motors, ranging from 
a 7-horse-power single-cylinder engine to a 60 - 70- 
horse-power four-cylinder engine. They also exhi- 
bited a two-cylinder 14-horse-power, a three-cylinder 
21-horse-power, and a four-cylinder 28-horse-power 
motor. ides these they showed reverse gears, re- 
versible- blade propellers, water-cooled silencers, and 
-other parts. We have already illustrated the Parsons 
motor in connection with the Olympia Show of 1905,* 
when we gave a section of the cylinder showing the 
ingenious arrangement of admission and exhaust 
valve. This engine will run either with paraftin 





* See ENGINEERING, vol. Ixxx., pages 685 and 702. 
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or petrol. A 60-horse-power engine shown was 
similar to one fitted to a large auxiliary schooner, 
built by Messrs. White Brothers, of Southampton, 
for Mr. L. P. Rochereau, of Paris. This boat we 
shall illustrate in our next issue, and at the same 
time give a description of the machinery. 





Tue Moror anp Boat Exuisitrion at Bercen.—This 
summer’s Exhibition at Bergen of motors, boats, models, 
drawings, &c., will be open from July 5 to 15, both 9 

take 
A 





inclusive. At the same time a ry gathering will 
, place of Norwegian, Danish, and Swedish fishermen. 


| Series of lectures will be given, and a number of experi- | p,) 


site chosen for the Exhibi- 
rpose. Gold, silver, and 
and King Haakon is Pro- 


mental tests carried on. 

tion is well ada for its 
ze be award 

tector of the Exhibition. 





More LanoasHire Coat.—Contracts have been placed 
by various colliery firms in Lancashire for sinking for new 
seams, besides putting down additional and more m¢ 
surface and nd t. Electrical appliances 
are to be introduced in different forms. Among those 


ern 





who are thus extending their production resources are 
the Earl of Ellesmere, Messrs. A. Knowles, Limited, 
Messrs. Thomas Fletcher and Sons, the Radcliffe Coal 
Company, Messrs. J. Roscoe and Sons, the Tyldesley 
Coal Company, the Wigan Coal and Iron Company, and 
Messrs. Pearson and Knowles. The last-named company 
has ge the Moss Hall Colliery Company’s pits 
near Wigan. The cost of the coal developments contem- 
rr = south and south-east Lancashire will exceed 





Lavunou or A DesTroyeR.—On the 15th inst. Messrs. 
John Samuel White and Co., Limited, East Cowes, Isle 
of Wight, successfully launched H.M.S. Mohawk, one 
of the new ocean-going destroyers building under the naval 
programme of 1905-6, The following are the principal 

rticulars of the vessel :--Length, 270 ft. ; displacement, 

tons; armament, three 12-pounder quick-firing guns 
and three 18-in. revolving —— tubes. The speed to 
be maintained on a six hours’ full-power trial is 35 knots. 
The vessel’s radius of action at economical speed will be 
1500 nautical miles. It will be propelled by turbine 
machinery, comprising five Parsons turbines (three ahead 
and two astern), driving three shafts and propellers, the 
— of the machinery being about 14,500 indicated 
orse-power. Steam will be supplied by six boilers, each 
of about 2400 horse-power, of the White-Forster type, 
dred by liquid fuel on a system which has been success- 
fully tested by the British Admiralty for some two or 
three years. No coal stow: is provided in the vessel, 
and she will rely entirely on the liquid-fuel installation. 





Ex.xotric TRAMWAYs AT DuMBARTON.—The inaugura- 
tion of the new electric tramway system at Dumbarton 
took place on the 20th ult. These tramways have been 
laid down and equipped throughout by Messrs. Crompton 
and Co.. for the Electric Supply Corporation. The track 
is chiefly single line, with turn-outs, but double line in 
some sections of the principal streets. The overhead 
trolley system is employed. At —- six four-wheeled 
cars are running, each seating fifty-six passengers, and 
provided with two 30 brake horse-power motors, with 
controllers of the Westinghouse type. The power-station 
is to supply current for lighting and power 
purposes in the town, as well as for the tramways. The 
plant includes three direct-coupled sets, two having an 
output of 185 kilowatts, and one of 50 kilowatts. The 
engines in case are by Messrs. Belliss and Morcom, 
Limited. The larger engines are of the compound two- 
crank enclosed type, developing 270 brake horse-power 
at 420 revolutions per minute. The smaller engine, of 
the same type, develops 75 brake horse-power at 575 
revolutions per minute. Steam pressure is 180 lb. per 
square inch. The ane are of the multipolar = 
type, wound for voltages between 480 and 550. Two 
beock and Wilcox mechanically-fired boilers are pro- 
vided, each capable of evaporating 6000 lb. of water per 
hour, and provided with superheaters for raising the 
temperature of the steam by 120 deg. Fahr. An impor- 
tant feature of this station is the use of storage batteries 
and automatic reversible boosters for regulating the load 
on the generators and the pressure on the bus-bars. These 
boosters work on the Crompton-Mackintosh system, and 
enable the battery automatically to provide for the 
fluctuations in the load, keeping the load on the gene- 
rators constant throughout the day. 
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PROPELLING AND ORDNANCE 
MACHINERY OF WARSHIPS.* 
The Influence of Machinery on the Gun-Power of the 
Modern Warship. 
By James MoKecunigz, Barrow-in-Furness. 


THE unique character of this Institution is sufficient 
justification for this paper. In no technical society have 
we such an influential representation of naval officers in 
direct association with the engineers responsible for the 
construction of warship machinery. A thorough inter- 
change of opinion is therefore possible, and is, at the 
present time, desirable, because we have reached a stage 
in design when great changes are suggested, or are 
imminent. This paper has therefore been made com- 
prehensive. The aim is not so much to review the great 
work of successive artillery engineers who have done such 
splendid service for the country in the development of 


question of the tactical advantage of 21 knots as against 
|18 or 19 knots, although it must be admitted that the 
increase in engine power necessary to give the higher 
speed involves more room in the ship, and thus may tend 
to affect the position of the guns. 

We are told, however, that the practice is to primarily 
regard the ship as a floating battery, and that, in evolving 
the design, the offensive power is the first and paramount 
consideration. This may affect the length of the ship, 
apart altogether from speed considerations, in order to 
secure the most effective disposition of the guns in the 
longitudinal line. Accepting this view for the sake of 
argument—and presuming that it involves a more or less 
arbitrary decision as to the length of the ship—speed, 
protection, and endurance become secondary, but are still 
more or less competitive qualities. In such a vessel as 
the Dreadnought the direct reduction in weight of pro- 
pelling machinery for a decrease in speed from 21 to 18} 
knots would be about 700 tons. This difference in weight 





ordnance machinery — Lord Armstrong, Sir Joseph 


might have permitted two more 12-in. guns, with their 
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30 KNOT TORPEDO BOAT DESTROYER. 
WITH ORDINARY MACHINERY. 
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arrangement. This ubjection was not serious so long as 
the armament included large guns at the bow and stern 
only, with secondary weapons along each side, supplied 
with ammunition from suitable passages to the magazi 
forward and aft. But with all the guns of large calibre, 
involving training and elevating machinery, as well as 
ammunition hoists, requiring a large area of considerable 
depth, the limitations on the effective placing of the guns 
on board have been intensified, apart from the obstruc- 
tion offered to wide angles of fire presented by uptakes 
and funnels. 

Machinery Modifications to Meet Modern Artillery 
Plans.—Engineers must therefore recognise the necessit 
for some modification to meet the new conditions. It 
may be urged that such a recognition is premature, but 
even if the development in ordnance now projected is 
not permanent, the tendency must be towards the adop- 
tion of more guns of large power. It is significant, too, 
that with only one or two exceptions, all the first-class 








Powers have followed the British example of adopting 
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Whitworth, Sir Andrew Noble, Lieutenant A. Trevor | 
Dawson, and others. The idea is to analyse the design 
of all machinery so far as it affects the fighting efficiency 
of the latest types of warships, in order that there may be 
a free interchange of opinion between naval officers and 
constructive engineers. 

The influence of machinery on the gun-power of the | 
modern warship is :— 

_1. Direct, so far as it relates to the supply of ammuni- 
tion to the gun, and to the training, elevating, loading, | 
and firing of the gun ; and | 

2. Indirect, so far as it influences the position of the 
guns on board ship—a matter of increasing importance. 
_ The latter part of the subject may take precedence, as | 
10 raises important general questions which, although not 
perhaps germane to the title of this paper, cannot be | 
altogether neglected. But it may be well to say at the | 
outset that it is not proposed to deal with the speed of 
ships. The engineer is not called upon to settle the| 








* Paper read before the Institution of Naval Architects 
on March 20, 1907. 









| the highest percentage of hits within a given time. In 
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30-Knot Torrepo-Boat Destroyer, witH OIL 


ammunition, to be carried, if placed within the citadel 
for barbette protection. 

Machinery Interference with the Position of Guns.— 
But, as has been said, the point under consideration is 
not so much the tactical advantage of higher speed as the 
oie of the space occupied by propelling machinery. 

= ue > + more = ent - as og decision 
to adopt only the largest calibre o n for the primary 
eomeunent 4 our shi As this hnits the number of 
guns for the weight allowed for ordnance, it becomes more 
necessary to make fuller use of the weapons by giving 
each the greatest possible arc of training, and to ensure 


other words, if only large-calibre guns are to be used, 
involving considerable weight for the machinery for mani- 
pulating them, every gun must be so placed as to enable 
it to fire on either broadside, and at the same time to give 
the maximum of bow and stern fire. 

To the ordnance officer the space required for the pro- 
pelling machinery creates difficulties, because the position 
of the boilers, as well as of the engines, can be modified 
only to a very limited extent. Moreover, the ce of 
uptakes and funnels seriously interferes with the gun 


















MACHINERY. 


exclusively large guns in a primary battery, and the argu- 
ments by Kees. Counmmnnder Sims in his report on the 
all-big one-calibre-gun ship, published in ENGINEERING on 
January 11 last, atford justification for favouring all 12-in. 
guns, instead of a combination of 12-in. and 10-in. or 
9.2-in. guns.* 


* Commander Sims says that in order that this question 
of gun-fire may be clearly understood, it will be necessary 
to mention the fundamental principles of fire-control. 
In order to hit at long ranges you must have the sight- 
bar range within small limits—that is, one-half the r 
apes. No existing range-finder will measure such long 

istances within these limits. With the ammunition 
carried by ships in service (that is, ammunition that is 
not new) this sight-bar range usually differs for each index 
of power, even for guns of the same calibre, and the 
sight-bar range for one calibre is rarely the same as that 
for any other calibre. Therefore there must be a sepa- 
rate fire-control for each calibre on board, which tly 
increases complication and difficulty of control when 
there is more than one calibre. Since the range-finder 
can never be relied upon, it follows, from the above, that 
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The weight of a pair of 10-in. guns, with their barbette 
mountings, is but slightly more than half that of a pair 
of 12-in. guns with their mountings; but the armour pro- 
tection and space involved do not show such proportional 
difference, and the cost, alike in men and power, is not 
strikingly in favour of the 10-in. gun. The striking 
energy of the 12 in. gun, however, is enormously greater, 
so that the balance of advantage seems to favour the all- 
12-in.-gun battleship. 


tion of the duty of the engineer to evolve arrangements | 
that will meet the demands of others, as his claim, alike | 
on the displacement and on the available space in a war- | 
ship, is subservient to the dominant requirements of the | 
ordnance officer. This raises the important question as | 
to whether the adoption of internal-combustion machi- | 
nery would not effect such advantage from the point of 
view of fighting efficiency as to induce naval authorities 
to encourage the application of this prime mover. 

Interesting papers have already been read before the 
Institution on the possibility of applying oil or gas-engines 
for the a of torpedo-boat destroyers.* They 
dealt with the problems connected with the i. only, 
and not with the effect on gun-power. In this paper, 
however, it is pro to deal more with the influence 
of the adoption of such internal-combustion engines on 
the gun arrangement of ships. Plans are given showing 
the application of gas-engines to a battleship, and of oil- 
engines to a torpedo-boat destroyer, and with these are 
corresponding drawings for similar types of ships of 
exactly the same size, but fitted with steam machinery. 
The success which has attended the application of the 
Parsons steam-turbine, not only in battleships and 
cruisers, but especially in torpedo craft, suggests that the 
fullest advantage will be realised by the development of 
the same system using gas, or _———, oil, so that 
steam boilers might be entirely dispensed with; and it 
would be peculiarly appropriate if this further advance 
should be initiated by the Hon. C. A. Parsons, C.B., 
who deserves so much credit for the success of the steam- 
turbine. 

Marine Internal-Combustion Engines.— Before referring 
to the designs of the ships with steam and internal-com- 
bustion engines, brief general reference may be made to 
this type of prime mover. At the Vickers Works at 
Barrow-in-Furness there have been constructed internal- 
combustion marine engines of a power equivalent to about 
40,000 indicated horse-power, and for three or four years 
almost continuous research work has been undertaken. 
The experiments have led to the adoption of a two-stroke 
cycle gas-engine possessing satisfactory features. This 
engine may be worked either by producer gas, heavy oil, 
or compressed air. It may be made reversible as easily 
as the steam or compressed-air engine. It is possible to 
use it in conjunction with pressure-gas generators, which 
deliver their gas direct to the engines, as there is no 
necessity to pass it through a scrubber, or any other 
cleansing apparatus. There is thereby ensured the maxi- 
mum of heat in the engine itself, since none of it is wasted 
in the process of cleansing. The cycle upon which the 
engine works renders it possible also to recover the heat 
of the exhaust gas and to utilise it in the engine. A gas- 
pump is unnecessary, so that one of the chief objections 
to the two-stroke cycle engine is thereby eliminated. 

The compressed-air plant may be located in any part 
of the ship. From it one main leads direct to the pro- 
polling engines and another to the pressure-gas producers. 

Che steam required for keeping down the temperature 
in the producer and for preventing the formation of clinker 
is generated in association with the compressed air. The 
omy wend of poisonous gases exuding from the mains 

as been carefully considered, and the supply-pipes, as 
well as the producers, are jacketed with compressed air, 
with which the gas escaping from the inner pipe passes 
to the producer or the engine. 

An important feature is that the engine may be worked 
either by gas or heavy oil, so that coal may be stored in 
the bunkers and oil in the double bottom. This gives a 
duplication which is always desirable. The change from 
gas to oil may be made almost instantaneously. With 
oil the engine may be started when cold within a few 
minutes: this would be an important tactical advantage 
in warships. 

The compressor and producer plants are governed auto- 
matically, according to the consumption of the propelling 
engines. 

Steam versus Oil- Engines for Torpedo- Boat Destroyers.— 
Figs. 1 to 5 on page 377 illustrate a 30-knot torpedo-boat 
destroyer with steam machinery, and Figs. 6 to 9a vessel 
of identical dimensions and speed, driven by engines using 
oil, having a flash point of about 200 deg. Fahr. An 
auxiliary oil-engine would drive an electric generator to 
provide current for motors to operate steering and anchor 

ear, the bilge-pumps, and other machinery on board. 
he steam-driven destroyer illustrated is one of many in 
the British service, and in showing the adaptation of the 
internal-combustion engine to a corresponding boat, it has 


the sole means of bringing the sights on to an enemy and 
keeping them there, is by observing the splash of pro- 
jectiles from aloft by the vertical method. If a ship has 
guns all about one calibre, fire-control is comparatively | 
easy, because each splash is necessarily made by that 
calibre, and the fire of the ship is controlled by one fire- 
control officer (directing one fire-control party). When 
the distance is over 5000 yards you cannot See the pro- 


jectiles throughout their flight, and identify their splashes, 
unless the projectiles of the different calibres differ greatly 
in diameter—as 12 in. and 6 in.—and consequently make 
splashes that are markedly different in size and appear- 
ance. 

* Transactions of the Institution of Naval Architects, 
vol. xlvi., pages 145 and 151, and vol. xlviii., page 105. 








| quantity of ammunition—the number of rounds 
aes ’ . | —has not been reduced, although the guns carri 3 ma € 
This, however, is only incidental to the main considera- | greater calibre. A sufficient quantity of fuel has been | modated in six compartments. The ship 


been considered preferable to indicate the effect on gun- 
fire rather than to utilise the economy in weight and space 
in reducing the size of the vessel or in increasing the 
speed. Instead of having only one 12-pounder and five 


| Steam versus Gias-Driven Battleships.—The drawings in 
Figs. 10 to 12, below, illustrate a battleship constructed 

at the Vickers Works at Barrow-in-Furness, and the 
| illustrations in Figs. 13 to 15 show a design of a cor- 


6-pounder guns, the oil-driven vessel is fitted with four | responding vessel fitted with the producer-gas engines 


uick-firing guns of 4-in. calibre, and two 6-pounder quick- | already described. 


The advantages, alike in weight, 


fring guns. Both vessels have two torpedo-tubes. The | space, and ten, mene resulting from the use of the gas 


r gun | machinery have 
are of 


utilised to improve the gun-power. 
~~ accom- 


The gas machinery is divided into three 
as four pro- 
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allowed to give the oil-driven vessel, at the full speed 
of 30 knots, a radius of action 64 times greater than that 
of the steam-driven destroyer with full coal supply. The 
increase in space for the accommodation of the crew will 
be appreciated by a glance at the plans. 

The absence of funnels and their fittings enables the 
guns to have a much wider arc of training. There is 
usually much smoke, and sometimes flames, from the 
funnels of steam-driven destroyers, especially when run- 
ning at full speed, and the absence of these in oil-driven 
craft would render them less liable to detection in war. 
Experience with six-cylinder oil-engines at the Vickers 
Works shows that there will be less noise than with the 
ware steam-engine. 

The difference in weight due to the adoption of the 
oil-engine might, of course, be utilised to uce dimen- 








sions and displacement, the armament being the same. 
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BatTTLESHIP OF SAME DIMENSIONS, WITH Propucer-Gas MAcHINERY. 


peller shafts, each driven by a ten-cylinder vertical gas- 
engine. Two of the sets of engines are placed, each in 
| the fore and aft line, in each of the aft compartments. 
| The engines are purely for propelling the ship. The gas- 
producers, of the pressure type, occupy the two centre 
| compartments. In the forward compartments there are 
four sets of air-compressors driven by gas-engines. 


he, Heavy-oil engines would be used for driving the electric 


| generators for lighting the ship and for supplying current 
| to motors for working the steering and anchor gear, the 
| ship’s pumping machinery, &c. But this electric gene- 
| rating plant could be fitted in any position in the ship 
, found most convenient. 

| As of some interest, although not vital to the con- 
' sideration of the influence of this erwagene 3 A on the gun- 
‘power of warships, the approximate weights of steam, 
gas, and oil machinery of a 16,000-horse-power battleship 
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are given in Table I. These figures would, of course, 
be subject to alteration when the details of design are 
made to meet specified conditions. 

A reference to the steam-driven battleship in Figs. 10 
to 12 will show that this vessel was fitted with four 
12-in., four 10-in., and twelve 6-in. guns; the most effective 
combination of ordnance in any warship up to 1905. In 
the new ship (Figs. 13 to 15) it has been found possible, 
without increasing the length or displacement, to intro- 
duce five pairs of 12-in guns, and to carry eighteen 
Loe gga guns of 4 in. calibre for repelling torpedo 
attack. 

Reference to the plan of the machinery and magazine 
arrangements in Fig. 15 will establish the advantage of the 
gas system. Here we have each of the main magazines 
located. immediately under the pair of guns which it is 
intended to serve. Moreover, there is communication 
between the various ammunition and shell-rooms. This 
has the important advantage of enabling ammunition to 
be distributed throughout the ship with the greatest 
facility, all on one level. In the event of any turret being 
put out of action, the ammunition reserved for the guns 
in it could be used for other weapons, all being trarsported 
below the armoured deck. 


TaBLe [.—Comparison of Weights, dc., of Steam, Gas, and 
Ow Machinery for 16,000-Horse- Power Battleship. 








Steam Gas Oil 
Engine. Engine. Engine. 
1 H.-P. available for propelling 
the ship 16,000 16,000 16,C00 


Weight of machinery, including 
usual auxiliaries, but not deck 
machinery ra 

1.H.-P. per ton of machinery 

Area occupied by machinery : en- 
gines and boilers or producers 7250 eq. ft. 5850 sq.ft. 11 0 eq. ft. 

Area per LH.-P. .. on .. 0.453 ,, 0.366 0.257 

Fuel consumption in pounds per 
I.H.-P. per hour :— 

At full power . i > 
At about quarter full power 


1585 tons* 1105 tonst 750 tons} 
10.1 14.48 21.33 


” ” 


1.6 Ib. 
1.66 ,, 


Ib. 


Ik. 


4 
15 


1.0 0. 
1.15 0. 

* Includes water in boilers. 
p'ping, but not coal in producers. 
piping. 

The benefit derived from the abolition of boiler uptakes 
and funnels is still more marked (Fig. 14). It enables the 
turrets to beso dis , without increasing the length of 
the ship, as to admit of all the ten guns being fired on either 
broadside. This more fully realises the demand for *‘all 
round fire” for all guns than is the case in any existing 
ship. It will thus be seen that the internal-combustion- 
engine installation allows a much greater range in the 
gun distribution, and is more adaptable to a reasonable 
arrangement of magazines than is the case with steam 
machinery. Moreover, the temperature in the machinery 
room is lower, and fewer difficulties are involved in the 
satisfactory heat-isolation and ventilation of the adjacent 
magazines, 

In comparing the designs it should be kept in mind 
that the object is toeliminate any other variant than 
machinery and gun-power, although the actual weight of 
protective material has been increased. The second design 
(Figs. 13 to 15) is not put forward as representing an ideal 
battleship. In producing a design it is, of course, neces- 
sary to give attention to other considerations than that 
of gun-power. Thus, part of the saving of weight and 
of space could be utilised for decreasing the size of the 
ship while maintaining the same armament and protec- 
tion as in the steam-driven battleship. Or the weight 
saved might be used for increasing speed by fitting 
more powerful machinery, although in this particular 
case an increased speed would be more economically 
realised in association with increased length of hull. 

The design, however, clearly shows that greater gun- 
power, and a fuller utilisation of such offensive power, is 
possible with the internal-combustion engine, The 
machinery is at a lower level in the ship, and is, conse- 
quently, better protected. As the power per unit of 
weight of fuel consumed is greater, the radius of action 
for the same allowance in displacement would be greater. 

The Direct Influence of Machinery on Gun-Power.— 
The second part of the subject—the direct influence of 
machinery on gun-power—has reference to the mechanism 
required for loading, training, elevating, and firing the 
gun. Here there is less speculation, but the problems 
mvolved, and the possibility of differences of opinion, 
make it equally < yapem to have an informing discus- 
sion. There should be agreement as to the requirements 
of the ordnance machinery, but there may not be the same 
unanimity as to the means adopted to meet the conditions. 
Rapidity in hitting and wide radius, alike in training and 
elevation, are the principal conditions to be met. The 
attainment of these call for extreme precision in move- 
ment and control, wide ranges in speed, and absolute 
reliability in all respects of gun-mountings. 

Taste Il,—Showing Increase in Recent Years in Tensile 
Strengths for Gun-Mounting Materials. 

Plates and Angles for Gun-Slides trom 27 to 30 tons to 35 to 
40 tons per square inch. 

Steel Forgings (Ordinary).—From 28 tons to 30 to 35 tons per 
square inch. 

Steet Forgings (High Tensile).—From 32 tons to 35 to 40 tons 
per square inch. (All the smaller forgings on the oscillat- 
ing portion of mounting, which formerly were made of steel 
having a strength of 28 tons per square inch, are now made 
of this high tensile material. ) 

High Strength Bronzes.—From 30 to 34 tons per square inch, 
and 40 tons per square inch for special purposes. 

This question of reliability must be considered, not only 
with reference to the possible breakage of parts in action, 
but also with regard to the choice and design of the prime 
mover and the mechanism embraced in the comprehensive 


t Includes water in jackets and 
t Inctudes water in jackets and 





term ‘‘gun-mountings.” The highest class of material 
available must be used. In Table II. there is noted the 
tensile strength of various materials used for gun-mounting 
machinery, and the advance in recent years. Methods of 
manufacture must be adopted to ensure seyge of gauge 
and template work, and generally a high quality in the 
resulting products. 

These points, however important, need only be thus 
hinted at. Of ter interest are the means adopted for 
ensuring precision and wide variation in the rate of speed 
in training and elevating. The importance of these will 
be realised when it is remembered that at five miles’ range 
a change in the target of 100 yards means a difference in 
the position of the muzzle of the gun of only about 0.6 in. 
in the vertical line, or about 40 min. in the arc of training. 

The gun, asa rule, is mounted so that it is balanced for 
vertical movement about the trunnions. The frictional 
resistance to rotation about the trunnion is now further 
reduced by carrying the weapon on knife-edges or ball- 
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bearings. For horizontal movement the whole system is 
carried on a ring of rollers in the case of large guns, and 
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or pitching of the ship throws the plane of the roller path 
out of the horizontal, the gun must also be balanced about 
| the vertical axis of rotation. It may be incidentally noted 
that, with these conditions realised, the power necessary 
to operate the gun is reduced to a minimum. Thus the 
heaviest weapons can be worked by manual power, 
| although not so rapidly as by mechanical power. 

A rapid alteration of range to follow the target, or to 
| compensate for the rolling of the vessel, calls for quick, 
|as well as finely adjusted, movement in elevation. A 
| similar condition applies to the training, where movement 
{must also be exceedingly fine, and at the same time 
| rapid, because when following the movemerts of a vessel 
|on the skyline, where the angular displacement would 





by ball-bearings in the case of lighter guns. As the rolling | 


case of twin-mounted guns, two levers, which, moved in 
a vertical or horizontal plane, separately or concurrently, 
produce corresponding movement in one or both of the 
uns. The extent of the movement of the lever in any 
irection determines the rapidity of the resultant motion 
of the gun. The charge in the gun is ignited by press. 
ing the trigger of a pistol grip forming the handle of the 
same lever. 
_ The p in accuracy and precision of control is 
indicated by the fact that the mass of 500 tons repre- 
sented ina modern mounting for two 12-in. calibre guns 
can be trained at one motion of the valve lever through a 
distance corresponding to the smallest perceptible move- 
ment of the target observed through a telescopic sight. 
Increased Gun- Power and Higher Stresses in Mechanism, 
—At the same time there has been advance in meetin 
more severe conditions per unit of weight. The nava 
architect is here, as always, seeking for economy in his 
displacement tonnage, while the gunnery officers are 
demanding higher energy from guns of the same calibre. 
The advance in the power of the gun does not directly 
come within the scope of this paper, excepting only as it 
affects the operating machinery. The higher muzzle 
energy affects the design of gun-mountings more than may 
at first sight appear. The calibre and the weight of the 
projectile may remain constant ; but, as the powder charges 
are increased, and the muzzle energy is augmented, the 
stresses due to recoil are immensely intensified, especially 
when the a allowed for taking up recoil is constant. 
Table IIL. shows the advance in power of the gun of 
12-in. calibre in twenty years. The muzzle energy per 
ton of gun in that period has practically doubled. 


TaBLeE I1I.—Ballistics of 12-In. Breech-Loading Gun. 
(Compiled from successive volumes of Brassey’s Naval Annual.) 





- 1886. | 1891. 1396. | 1901. 








Year 19096. 
Weight “a -- tons 45 | 45 46 50 &8 
Length of bore (including 

chamber) in calibres .. 25.13 | 25.18 | 35.43, 40 45 
Weight of charge .. Ib 205 295) 167 | 211 325 

P.B.*  P.B.* | Cor.¢ Cor.¢ Mod. cor.t 

Weight of projectile Ib. 714 714) 850 850 850 
Muzzle velocity ft.-sec.' 1910 | 1910 | 2400 | 2481 2900 

» energy ft.-tons 13,060 18,060 83,940 36,200 47,697 
Muzzle energy per ton of 

gun.. os ft.-tons 420.1 420.1 738 726 822 
Perforation of wrought iron 

at muzzle .. i 39.7 51 


22.5 | 22.5 38.5 


* P.B. = Prismatic brown. t Cor. = Oordite. 
t Mod. cor. = Modified cordite. 


+ . 


Heavier carriages, slides, recoil, and run-out-and-in 
cylinders are thus necessary. Again, the more powerful 
gun, being longer, requires a larger turret, larger turn- 
tables, and larger barbettes. Theclass of powder adopted 
also influences weight; the compounds now used in- 
crease the stresses, as compared with those of only a few 
years ago. Reference will be made later, when the 
mechanism is being described, to the pressures developed 
in recoil cylinders. 

The Diameter and Weight , Barbettes,—In connection 
with the weight question a few remarks may be intro- 
duced with respect to barbette construction, which, 
although not altogether within the scope of the paper, 
may be of interest to the naval constructor and the gun- 
ay expert. There are two methods by which the weight 
of the barbette may be reduced : (1) by lessening the dia- 
meter, and thus proportionately its weight; and (2) by 
improved methods in the arrangement of its backing and 
supports. A reduction in diameter might be obtained by 
altering the design of the mounting, and by doing away 
with all useless clearance between the mounting and the 
barbette. The diagrams in Figs. 16 to 19 show the 
external diameters of barbettes of some modern ships, 
including the latest completed at the Vickers Company’s 
works at Barrow-in-Furness, the latter (Fig. 19) is for 
two 12-in. 45-calibre guns, each weighing about 58 tons. 

Hydraulic and Electric Gun-Mounting for Pair of 
12-In. Guns.—Before entering upon a consideration of 
the details of designs of gun machinery, and the problems 
involved, a brief description of several typical gun-mount- 
ings of different designs may be given. 

he barbette mountings shown in Figs. 20 to 24 on 
Plate XXIV. are for two 12-in. guns of 45 calibre. 
These guns are mounted on carriages supported on 
gun-slides, which are provided with all the n 
fittings to control the movement of the gun backwards 
or forwards. Mechanism is likewise carried by the 
gun-slides for ramming the projectiles and charge into 
the gun, and for opening and closing the breech by 





| be exceedingly small, it must be possible to instantly | platform one hoist for each 


power. For elevating the chamber of the gun the 
slides are provided with trunnion bearings at their for- 
ward ends, the trunnions being supported on suitable 
brackets carried on the upper part of the turntable. The 
centre of gravity is as nearly as ible on the trunnion 
centre. It will be seen from this arrangement that the 
power required to elevate or depress the gun is reduced to 
a minimum. The turntable is a plate and angle-bar 
structure, circular in plan externally, and so shaped 
internally as to provide the maximum area of platform 
consistent with strength, rigidity, and access to the various 
fittings carried thereon. The upper surface is arranged 
to carry the turret armour. The turntable is supported 
on a live roller-ring and revolves on it. Under the turn- 
table, and attached to it, is the working chamber, about 
9ft. in height. There is thus a two-story revolving 
structure with two working platforms. From the lower 
n descends to the magazine 


| change the objective point to a vessel at closer range. | and shell-chamber, and one hoist for each gun ascends to 


The angular movement would thus be enormously in- | a position behind the gun-breech. The working chamber 
| creased. All these movements are now under the control | turns with the turret, and consequently the men within it 


of the gun-layer, who has in his hand a lever, or, in the|are in a position to conveniently carry out any hand 
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movements required for operating the gun. This working | sides of the gun-platform, and the former in the centre 
chamber forms also valuable storage for a ready supply | between the two guns. 


of projectiles. On this page (Fig. 40) there is reproduced 


The elevating gear is similar to that described for the 


a photograph of such a two-storey turntable being lowered | 10-in. gun-mounting, but the maximum angle of elevation 


into its position on a battleship. 
internally with its gear, and weighs 126 tons. ; 
In this particular mounting it was decided that, in 


addition to the ordinary hydraulic power, the turret 
It was | perha; 


should be trained by electric and hand-power. 


The turntable is fitted | provided is only 25 deg. 


| Hydraulic versus Electric Power.—The general arrange- 
|ment of typical modern gun-mountings having been 
| described, attention may be directed now to what is 
the most important general question affecting 


decided, therefore, that hydraulic training engines, elec- | the efficiency of the mechanism—namely, the type of 


tric motors, and hand gear, &c., should be placed under 
the working chamber, and thus outside the revolving 
structure. The training-rack, common to all three 
systems, is attached to the latter. 
to the lower part of the working chamber—an arrange- 


ment peculiar to the special conditions, and not usually | 


adopted. 

Hydraulically-Operated Single 10-In. Gun-Mounting.— 
A buarbette mounting for a single 10-in. gun, operated by 
hydraulic gear, is shown in Figs. 25 to 30 (Plate XX V1. 
and XX VII.). The gun in this mounting is capable of 
being loaded by power within a limited range of elevation 
only, and thus the chain-rammer, which is shown on the 
foot-plate of the rear of the gun-house, accompanies the 
movement of the gun in elevation. At the higher angles 
of elevation, however, the chain-rammer remains in its 
lowest position, and cannot be used for loading purposes. 
By this system the barbette wall is kept of a minimum 
diameter. 

The turntable here also is made of plate and angle-bar 
structure, and is circular in plan, but it is not pruvidea 
with a working chamber below the gun-platform, as in the 
case of the 12-in. mounting already described. The whole 
of the operations of working the gun are carried out from 
the platform level. The rag f of ammunition is, as in 
the case of the 12-in. mounting, by a central hoist working 
inatrunk. The projectiles are delivered to the left of 
the gun, and transterred by an overhead tackle to a 
hinged loading-tray, which can be turned and inserted in 
the breech of the gun to enable the charge on it to be 
rammed into the gun. 

Similarly, the powder is delivered in two half charges 
at the right of the gun, and, by hand, is placed on the 
loading tray and rammed home. 

Electrically-Operated Pair 10-in. Gun-Mounting.—An 
electrically-operated mounting suitable for a pair of 10-in. 
50-calibre guns is shown in Figs. 31 to 34 (Plate XXV.). 
In this case the diameter of the barbette is limited to 
suit conditions of design of the hull. 

It should be specially noted that this mounting is 
arranged for a high angle of elevation, and it was not, 
therefore, desirable to provide for the loading of the gun 
at all firing angles. The guns can be loaded in any posi- 
tion from 5 deg. of depression to 7 deg. of elevation. 
The rammers, carried on the gun-platform behind the load- 
ing-cage, follow the motion ot the gun through these 
angles, and the mechanism used will be described later. 

The guns are mounted in a similar manner to the two 
12-in. guns already described; but, as electric power 
was adopted for carrying out all the power-worked opera- 
tions, springs are used for running out the guns to the 
firing position after recoil. ‘the maximum tiring angle 
being 35 deg. of elevation, a very large amount ot power 
is requiced. The turntable is of somewhat different 
design and construction to that for the 12-in. guns. 
Instead of being circular, ic is oval in plan; and the 
armour, instead of being carried on the top, is attached 
to the sides. This enables the diameter, height, and 
weight of the barbette to be reduced. On the other 
hand, the height of the vertical armour on the revolving 
structure is greater, and thus some of the saving in weight 
is lost. The other features of the turntable are some- 
what similar to those for the 12-in. mounting; it has 
two storeys, but the hoists are arranged for one stage 
loading. 

The weight to be revolved is only sbout 300 tons, and 
all the training mechanism, both hand and -power, is 
placed within the revolving structure ; the hand gear is 
operated in the working chamber. Two sets of power- 
training gear are used; the driving pinions, placed dia- 
metrically opposite to each other, gear intoa rack attached 
to the moqeneses bulkhead. This bulkhead, which 
carries the lower roller path on its upper flange, extends 
down to the main deck, where it is supported indepen- 
dently of the protective armour surrounding it. 

The elevating gear differs from that for the pair of 12-in. 
guns. The 10-in. guns with their gear are so arranged that 
they may be elevated and depressed together by one set 
of controlling mechanism. Although this slightly com- 
plicates the mechanism, the control is simpler, and the 
tiring of salvoes may be more easily controlled from an 
external fire-control station. 

Electrically - Operated Pair 8-In. Gun - Mounting.— 
Another typical electrically-operated gun-mounting is 
that for a pair of 8-in. 50-calibre guns, suitable for a 
broadside barbette. It is illustra by Figs. 35 to 39 
on Plate XXVIII. Although generally similar to the 
pair 10-in. gun-mounting, some of the power - worked 
i ga have been dispensed with because of the less 
weight. 

The lifting and conveyance of the shot in the shell- 
room, and the ramming of the projectile and charge into 
the chamber of the gun, are done by hand, the weight of 
the shot being 217 ib. . The hoist is of the continuous- 
delivery type, and conveys projectiles from the ammuni- 
tion lobby to a small shell-room placed in the base of the 
barbette and surrounding the lower ends of the hoist- 
trunk, which rotates with the turntable. As the height 


from. this shell-room to the gun breech is comparatively 
small, no transfer is made in the working chamber ; there 
isa direct lift tothegun-platform. Independent ——- 
ments are, however, provided for projectiles and for 
powder charges, the latter being delivered at the outer 


The rack is attached | 


| prime mover to be adopted. This affects not only 
| efficiency and reliability, but weight. At various times 
| guns have been operated by steam, air, hydraulic, and 
electric power. The two former are no longer adopted, 
| and as to the others opinion is divided, with the balance 
perhaps in favour of the hydraulic system. It does not, 
in the event of the fracture of the supply pipes, involve 

rsonal injury or danger ; damage is at once visible by 
eakage, and can be easily repaired ; whereas breakage of 
electric leads is not easily located, and may involve more 
trouble. Short-circuiting, too, may have serious results 
on the electric generator or associated gear. Any element 
of uncertainty resulting from such unknown and un- 
discovered danger might in action be seriously demoral- 
ising to the personnel. The motion of hydraulic engines 
and presses is practically silent. They can be worked so 
slowly that gearing can be dispensed with—a condition 
not possible with electric driving. In some cases the 


combination of hydraulic and electric power. The latter 
is more freely applied for special parts, because, current 
being available, no special generating plant is required. 
To obtain precision of control, however, it is necessary 
when using electricity to introduce motor generators fur 
supplying current to the operating motors, so as to be able 
to vary the voltage at the operating-motor terminals. 
a involves additional weight and complicated electric 
8. 

A brief review of the principal items in gun-mounting 
machinery, and a reference to the suitability of the 
several systems for such units, may be interesting. 

For the supply of ammunition to the gun by direct- 
acting hoists, hydraulic power is most simple and direct. 
It is extremely light for the load, has few working parts, 
is very accessible, and is little liable to go wrong. For 
hoists used in ammunition passages, where a quick, con- 
tinuous delivery is required, with automatic loading and 
discharging, either electric or hydraulic power may be 
used, but the balance of advantage is perhaps with the 
electric system. 

For training heavy gun turrets hydraulic gear is un- 
doubtedly the simplest and lightest. The same precision 
of movement, however, can be obtained with electric 
gear. The usual ratio between maximum and minimum 
speeds is in both cases about 150 to 1, although a ratio as 
high as 240 to 1 has been obtained with specially-designed 





hydraulic gear. The same holds good in the case of 








single-stroke motion of the hydraulic press is more suited 
to the work than the rotary motion of the electric engine, 
This is the case, for instance, with the shell-hoist, and 
possibly also with the elevating gear and gun-loading 
mechanism. _ 
_ For controlling the gun during recoil, and for running 
it out after recoil, this single-stroke motion is superior. 
All guns, from the newest 12-in. breech-loader to the 
quick-firing six-pounder gun, have their recoil controlled 
by hydraulic power, generally in the form of independent 
presses, which are not connected to the pressure system 
of the —- For running out the gun to the firing posi- 
tion, the hydraulic system is superior, but other methods 
are available. Electricity, however, is quite unsuitable, 
and with electrically-operated gun-mountings in some 
foreign ships a gay een hydraulic system is occa- 
sionally fitted. ore frequently springs are used with 
guns of medium calibres, and occasionally even with guns 
of 12-in. calibre having a moving weight up to 65 tons, 
Compressed air is also adopted occasionally. Both these 
alternative methods are satisfactory, but they each involve 
additional weight, especially when springs are used. 
Moreover, springs are not so reliable as the hydraulic 
press, as they may fracture suddenly. Several columns 
of springs may be fitted, in which case the breakage of a 
spring in one column would not affect the run-out of the 
gun at small angles of elevation, and possibly at all angles, 
if there were a sufficient reserve of spring power ; but the 
objection exists, and detracts from the reliability of an 
essential part of the mechanism. A 12-in. gun recoils 
distance of nearly 3 ft., and attains a maximum velocity 
of over 20 ft. per second ; it hag to be run back to its firing 
—- through this 3 ft. in about four seconds, and must 
2 slowed down gently and quickly in the last 3 in. or 
4 in. of its travel. Thus considerable stress is involved. 
There are, however, several parts of the mechanism to 
which the electric system is adaptable, perhaps even 














preferable ; and thus there is in many modern warships a 








Fic. 40. Lowgrine TurntaBLe, WITH GEAR (WEIGHING 126 Tons), INTO A BaTrLEsHIP. 


revolving turrets for smaller guns, but here the question 
is chiefly one of convenience. If the ship is small, with 
few guns, electric power is preferred, as all ships have 
now electric generators, and, except for gun-work, need 
not have hydraulic pumps. These remarks are generally 
applicable also to elevating apparatus, where hydraulic 
power is preferable, and is most accessible for examination 
and overhaul. Where hand-power is used in addition to 
machinery, the balance of advantages is still with the 
hydraulic system, as the parts are fewer and lighter. 


TaBLE IV.— Comparison of Weights and Power for 
Electric and Hydraulic Power for Various Units in 


Gun Mountings. 
Electric. Hydraulic. 
Central hoist (ammunition) : 
Weight .. 
Horse-power 


15 ewt. 
30 


12 ewt. 

15 

Gun-loading hoist : 
Weight .. 


o- 12 ewt. 
Horse-power .. 


15 
Chain rammer :— 
Weight .. ; 5.75 ewt 2 
Horse-power .. ; 6 1: 
Shell-lifting in shell-room : — 
Weight .. 
Horse-power 


5.5 ewt. 


Elevating gear : 
12 cwt. 
{ cecwt. | 


\ motor { 


generator. 
10 


Weight .. 40 cwt. 


Horse-power 16 
Training gear :— 
20cwt. + 
36-cwt. | 
| motor 
generator. 
30 


Weight 37 cwt. 


Horse-power 36 
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Electricity is the only possible means of firing the guns 
other than by hand. The current for this purpose is 
transformed to about 15 to 20 volts by a motor generator 
placed outside the barbette or turret, and is transmitted 
to the turret by flexible cables. Lanyard percussion gear 
is, however, always fitted, so that the guns can be fired by 
band should the electric current fail. 

Table IV., on the preceding page, gives comparison of 
weights and power for electrical and hydraulic gun 
machinery for heavy guns. 

Loading Guns at Fixed or at any Angle of Training 
and Elevation.—The development of loading gear is 
illustrated in Figs. 41 to 44. Fig. 41 represents a system 
in which it was necessary always to bring the gun to the 
full elevation and to the amidship position before loading. 
The rate of fire was very slow, and, moreover, the move- 
ment of the gun indicated to the enemy when the gun was 
out of action. 

Fig. 42 illustrates a telescopic rammer carried by, and 
revolving with, the turntable. The supply of ammuni- 
tion was by a central hoist to the shell chamber, where it 


Fg. 41. SYSTEMS OF LOADING.N°/ 
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elevation or any position in training. Thus the guns 
can be loaded when “following the enemy.” The latter 
arrangement is now universally adopted so far as training 
is concerned. and is applied to the mountings illustrated 
on Plate XXTV. But there are apparently yet some 
doubts as to the advantages or disadvantages of loading 
at any angle of elevation. The British, Japanese, and 
Russian Governments have evidently decided that the 
advantage of loading at all probable firing angles of 
elevation more than compensates for any complications 
involved in the mechanism. The German, French, and 
American Governments, on the other hand, do not seem 
to have arrived at this conclusion, as in all their recent 
ships the gun has to be brought to a fixed position in the 
vertical line, generally to about the horizontal plane. 
It is doubtful whether it is better to provide arrange- 
ments for loading at all firing angles or only within 
certain defined limits. This is one of the points on which 
it would be interesting to have the opinion of the naval 
officers present. 





In the cese of large guns the percentage of extra 


Fig. G2 SYSTEMS OF LOADING. N? 2. 
ALL ROUND LOADING AND FIXED 
ELEVATION. 
















The arrangement for enabling the guns to be loaded at + 
any angle of elevation may briefly described. The 
rails carrying the loading-cage, when within the range 
covered by the angular movement of the gun in elevation, 
are on a curve struck out from the trunnion centre. 
With this method the loading-cage can be made to 
occupy the same position relatively to the breech of the 
gun at all angles of elevation. A compensating gear is 
arranged to provide for the varying lengths of suspension 
rope, a variation due to the angle of the gun. 

The hoist itself is so interlocked that it is not possible 
to raise the cage from the floor of the working chamber 
until all is clear in the loading position. Once the cage 
has been hoisted, it is automatically clipped to the 
loading-arm, and thereafter follows the movement of the 
gun in elevation. 

The necessity for coming to a fixed loading position in 
training is avoid by the use of a loading-rammer, 
carried by and rotating with the turntable, a feature 
that will be described later. 

Problems Connected with the Feeding of the Gun.— 
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— transferred to a hoist that Jed direct to the breech of 
@ gun. 
> Fig. 43 shows a further modification, a telescopic 
rammer, as before, being carried on the turntable: but 
the hoist travels direct from the magazines to the gun- 
loading level. This system is not considered so satisfac- 
tory as that embodied in the gun-mounting illustrated by 
Figs. 20 to 24, on Plate X XIV., for reasons given later. 
Fig. 44 represents the most modern practice. The 
rammer is carried on the gun-slide, and moves with it in 
elevation. It travels also with the turntable in training 
and consequently loading can proceed at any angle o 





weight involved in arranging for loading at any angle of 
elevation is not so great as in the case of guns of 10-in. 
calibre and less, the greater weight being due to the 
larger barbettes required. In the large gun machinery 
designed and constructed at the Vickers Works up to the 

resent time loading at all Seagenes has been provided 
or ; but in the case of 10-in. and smaller guns (as in Figs. 
25 to 30) the mechanism limits the loading to a certain 
angle is y from about 5 deg. depression to 


ogee 
about 7 deg. of elevation, which, under ordinary con- 





ditions, covers all firing angles when discharging 
jectiles at a velocity of 3000 foot-seconds or more, _ 


GUN LOADING 
HOIST RAILS. 


I 


Another vexed question for some years, in connection 
with the hoists for all-angle loading, was whether they 
should be attached to the mounting, and revolve there- 
with, or whether they should be attached to the ship. 
The latter arrangement is preferable, from a naval con- 
structor’s point of view, owing to questions of s 
and water-tightness. Both conditions, however, involve 
certain ae difficulties, as effective arrangement 
must be made, either at the top or bottom of the hoist, 
for the transfer of the ammunition from a possible 
moving to a fixed position, or vice versd. The hoist 
revolving with the mounting, especially in the case of 
pair-gun mountings, is, on the whole, the simplest, and is 
now universally adopted in all modern ships. Here, 
again, an expression of naval opinion is desirable. 
Another point in connection with hoists that has like- 
wise divided g gunnery officers and machinery designers is 
the question of one versus two-stage loading. By two- 
stage loading is meant that the ammunition is brought 
up from the shell-rooms and magazines to a position 
below the gun, then transferred to another hoist, and by 





it raised to a ition behind the breech. This is the 
svatem ado’ in the gun-mounting shown on Plate 
XXIV.* In the case of one-stage loading the ammuni- 


tion is brought directly from the magazine to behind the 
gun-breech without being transferred during its passage. 

By the adoption of two-stage loading a y aug- 
mented rate of fire can be maintained. All mountings 
manufactured at Vickers’ Works embody one or two- 
stage loading, to suit the various conditions involved. 
The calibre of the gun and the maximum size of barbette 
allowable are factors in considering which arrangement 
shall be adopted. 

With the one-stage system the charge, hoisted from 
the magazine direct to the breech of the gun, may involve 
danger. A premature explosion, or the accidental ignition 
of the charge before entry into the gun, might cause a 
flash to descend the trunk directly into the magazines. 
An accident that occurred in a foreign navy ap pete this 
view, and strengthens the argument in favour of avoidin; 
a direct communication between the loading position an 


the magazines. 

Loading Arrangements.—The projectiles in the maga- 
zine or shell-rooms are lifted from the bins and trans-' 
ported to the base of the central elevator trunk by means 
of hydraulic presses placed horizontally on the roof 
(Fig. 24, Plate XXIV.), or, alternatively, by winches, 
worked by electric motors, or by band. The shell is 
placed on a tray at the base of the hoist. It is trans- 
ferred to a revolving bogie, from which it is rolled into 
the shell-cage, when the door at the lower part of the 


= Photographs of this arrangement are to be found in 
ENGINEERING, yol, Ixxxi., Plate XX VIIL, Fig. 7, 
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trunk is opened.* The bogie is carried by rollers 
running in a channel guide at the top, and on a surface 
formed on a lower rack. It is traversed by means of 
pinions, gearing into two racks, one fixed to the trunk, 
and the other to an angle-bar attached to the ship. The 
Pinions are loose on the shaft, and either is driven 
through a clutch, so that the ie is revolved with the 
trunk when the shell is in position, or it can be moved 
independently on the lower rack, for reloading. The 
vertical shaft carrying the pinions isdriven by a worm on 
& hand-wheel shaft. Stops to prevent the shell rolling 
against the hoist-trunk door, cr against the trunk, are fitted, 
and are raised or lowered by a hand-wheel and levers. 

The shell-cage in the hoist-trunk is built up of plates 
and angles. ‘he shell lies horizontally on a gun-metal 
tray, pivoted on a shaft, to the end of which is a lever, 
with a roller running in guide-rails, so that when the 
hoist-cage has been raised, the shell is tilted out on to a 
bg | in the shell-chamber. 

he independent powder-cage in the central trunk is 
loaded in the handing-room, placed immediately above 
the shell-room, the charges being placed horizontally on 
to the waitiog trays attached to the hoist-trunk, and from 
these it is pushed on to two pivoted gun-metal trays, 
placed one above the other, and each carrying two cases, 
each containing one quarter of the full charge. These are 
tilted on toa tray in the working chamber. When the 
doors on the trunks are closed, they are automatically 
locked, when the cages ascend. The cages are similarly 
locked when down, as soon as the doors are opened. 

Both shell and powder-cages are raised by steel-wire 
ropes, attached to safety gear, which prevents the cage 
falling in the event of the rope breaking. The rope is 
actuated by means of hydraulic presses, a3 in the mounting 
illustrated in Plate XXIV., or, alternatively, by winches 
worked by electric motors, or by hand-gear. ‘The powder- 
hoist presses are placed vertically in the trunk, and the 
shell-hoist presses horizontally under the chamber floor. 
All the winches are attached to the roof of the chamber. 

The shells and powder charges are driven by hydraulic 
rammers, from the hoist delivery trays on to the tilting 
trays, at the side of the gun loading hoist-cage, in the 
working chamber. The latter works in curved rails, 
passing from the working chamber up into the turntable 
at the rear of the gun, and the cage is raised by a wire 
rope, with safety gear. The rope over guide- 
pulleys, and a pulley fixed to the elevating bracket, so 
that, when the cage is up against the stops on the 
loading-arm, any movement of the gun to elevation or 
depression is compensated for, and the e moves with 
the loading-arm, to enable the gun to be loaded at any 
angle of elevation, as already described. From the pulley 
on the elevating bracket the rope is led over suitable 
guide-pulleys to a press fixed vertically on the working 
chamber ring-plating. To this press is fixed an auxiliary 
press, with a constant pressure supply. When the cage 
1s down and locked, this auxiliary press takes up any slack 
in the rope, should the gun be elevated. When the gun 
= Sogenees, with the cage in this position, the ram is 
raised, and the water displaced passes through a relief 
valve into an exhaust tank provided with an internal pipe, 
reaching nearly to the top, and open to the exhaust. The 
tank is thus always full, and the water can flow back 
into the press, if the gun is elevated, whereupon the gun 
descends. When the projectile is rammed into the gun, 
a door on the cage is opened by means of a hand.lever, 
and the powder rolls into the tray ready for ramming. 

While the. gun-loading hoist-cage is locked in the 
bottom ition an indicator in the turntable shows 
*‘down,” and the member of the gun crew working the 
controlling valves must wait until it is unlocked, and the 
indicator shows ‘‘up,” before he places the lever to the 
‘‘raise” position. Should the controlling valve be opened 
to pressure, however, with the cage locked, the water 
passes through the same relief valve, previously referred 
to, and into the exhaust tank; the relief valve being 
opened by the lever worked by the man loading the cage. 

As previously pointed out, the training-gear was, in 
this instance, for certain reasons, placed outside the 
revolving structure; and, although the arrangement is 
quite satisfactory, it is, on the whole, not quite so 
simple as when the gear is placed inside. The whole 
arrangement is in duplicate. 

The Rammer.—If, as shown on Plate XXIV., the 
gun is to be capable of being loaded at all angles of 
elevation, and during the revolving of the turret, the 
ramming apparatus must be carried on the moving turn- 
table. This tends to increase the diameter of the bar- 
bette, for to the area occupied by the loading-cage itself 
there is added the s for the rammer. Provided 
loading is limited within certain degrees of elevation, 
the diameter of the barbette may reduced. The 
rammer is placed over the foot-plate of the turntable, in 
such a way as to suit the loading of the gun within the 
limits of elevation decided —— Such an arrangement 
is illustrated on Plates XX VI. aud XXVIII. It will be 
seen that the rammer is carried in suspension by a wire 
rope actuated by the movements oi the gun in elevation ; 
the rammer then follows the movement of the gun through 
the pre-determined angle of elevation and depression. 
With this method, it is further possible either to use a 
telescopic rammer or a chain rammer. 

The telescopic rammer, as the name implies, consists 
of hydraulic presses, working one inside the other. In 
ramming the projectile or explosive charge into the 
chamber of the gun the presses are extended to their full 
length, while in drawing back, they recede the one into 
the other. _ This form of rammer was in use for many 

eats, and is still in use, as in the cases referred to, but it 
as, to @ considerable extent, bean superseded by the 

*S:e Fig. 8 on Plate XXVIII. of ENGrIveerine, 
vol. Ixxxi, page 614, 





chain rammer, which is rigid during the driving home of 
the charge, and can be stowed away under the gun-slide. 
In Figs. 46 to 48 on page 384 a chain rammer is 
illustrated. It is evened of links made on the same 
principle as an ordinary 2 ft. rule. Each link is rigid 
in one direction; when turned over, each may fold up. 
When extended, the abutments of the links keep the 
chain rigid, and prevent any downward sag, beyond a 
| pre-determined amount. On winding the rammer back 
| from the gun after driving the charge howe, the links are 
| turned, and form a flexible chain, which is stowed under 
| the slide. The rammer is operated by a three-cylinder 
| motor attached to the arm. An extension of the crank- 
| shaft, which is placed in a nearly vertical plane, carries a 
| pinion which rs into a bevel-wheel on the chain- 
| sprocket shaft. To enable the gun to be loaded by hand 
the rammer is lowered on its bracket by means of a screw 
and ratchet spanner. Interlocking gear is fitted, so that 
the chain rammer valve lever is locked, unless the cage is 
up against the stops on the loading-arm. The cage cannot 
be lowered until the rammer is completely withdrawn. 

The Training of the Gun.—The hydraulic training 
engines (Figs. 49 to 51 on page 384) are of the side-by-side 
type, with three oscillating cylinders placed in each 
training engine compartment under the working chamber. 
These engines are controlled from the sighting stations, 
or alternatively by a lever in the training compartment. 

The engines work together under normal circumstances, 
but each is sufficiently powerful to rotate the mounting, 
even should the ship have a list of 10 deg. On the crank- 
shaft is a pinion, gearing into a spur wheel on a vertical 
shaft, carrying the training-rack pinion. A break drum 
is secured to the latter shaft with straps cgntrolled by an 
hydraulic cylinder, and when the pressure is off, or falls 
below 400 lb. per square inch, a spring, acting on the 
piston, puts the brake hard on, and so —— rotation 
of the shaft. When the pressureis on, the spring is com- 
pressed and the brake released. The hydraulic engines 
can be disconnected, and the mounting rotated by means 
of electric motor, or hand gearing, as desired. 

There are hydraulic turret buffers, for absorbing the 
energy of rotation when the turret is trained at fullspeed 
against the permanent stops. Hydraulic locking bolts 
stop the turret quickly at its housed position, and enable 
the securing bolt to be quickly put into place. 


(To be continued.) 








PrersonaL.—Messrs. Johnson and Phillips, Charlton, 
have recently added to their business a department for 
the manufacture of aerial ropeways. For the system 
adopted, claims are made for great adaptability to curves 
and suitability for inclines up to 1 in 2.—In our issue of 
the 22nd ult. we stated, by a printer’s error, that Mr. Henry 
Brice had joined the board of Messrs. Seagers, Limited, 
Dartford. The name should read Mr. Henry Brier.— 
Messrs. T. L. Miller and Wilson inform us that they have 
changed their adddress from 7, Tower Buildings North, 
Water-street, to 18, Westminster-chambers, 1, Crosshall- 
street, Liverpool. 


Launcu or A TorPEDO-Boat.—The torpedo-boat No. 9 
was launched successfully at the Chiswick yard of Messrs. 
John I. Thornycroft and Co., Limited, on Monday last, 
and is the fifth of the new class of British turbine-driven 
torpedo-boats to be constructed at this yard. Torpedo- 
boat No. 9 is 168 ft. long, with a beam of 17 ft. 6 in., and 
a draught, under fully loaded conditions, of 5 ft. 11 in. 
She is fitted with Parsons turbines and Thornycroft 
boilers, using oil fuel; both the turbine machinery and 
boilers being constructed by Messrs. Thornycroft. The 
contract speed is 26 knots; but in the case of the four 
earlier boats, which have already undergone trials, this 
speed has been exceeded by considerably over a knot. 

he armament consists of two 12-pounder quick-firing 
guns and three torpedo-tubes. Lens + mane No. 8, one 
of the sister vessels, having successfully carried out all 
her trials, was handed over to the Admiralty officials at 
Sheerness by Messrs. Thornycroft on Saturday last. We 
understand that Messrs. Thornycroft propose to transfer 
all work of this nature to their Woolston Works at South- 
ampton, where they are much more favourably situated 
than at Chiswick. 





“‘“GaRCKE’s MANUAL OF ELECTRICAL UNDERTAKINGS 
AND Directory, 1907.”—London: The Electrical Press, 
Limited, 37, Strand, W.C. [Price 15s. net.]—This 
volume is divided up into sections, dealing with (1) elec- 
tric lighting, power, and traction; (2) telegraph and 
telephone ; (3) manufacturing and miscellaneous ; (4) Colo- 
nial and British possessions ; and (5) list of other electrical 
Saye registered since 1856. Among the new features 
of the book there are, this year, two interesting maps 
of the London district. One of these, measuring 13 in. 
by 13 in., shows all the electric railways of London, under 
construction or already completed, ether with their 
connections with the steam systems. The other map, of 
larger size, shows the areas supplied by authorised dis- 
tributors of electricity, the boundary of the County of 
London, the generating stations of authorised distributors 
and traction generating-stations, the London County 
Council’s proposed area of supply and proposed stations, 
and hag’ mdon supply companies’ proposed area of 
supply, &c. 
of electrical progress during the past year; and though 
1906 was not, in some respects, as prosperous as previous 
years, a Jarge expansion in supply is noticeable. For 
instance, in 1904 some 380 undertakings sold 448 million 
units ; in 1905, 403 undertakings sold million units ; 
while, in 1906, 418 undertakings sold 7124 million units. 
In telegraphic matters this book records the work of the 
last year at the Berlin Conference, and deals with the 
Wireless Telegraphy Act (1906). 





The volume includes in its pages a review | 
| the Scotch banks raised their rates for loans on pig-ison 
| warrants to 6 per cent. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was weak, and the dealings consisted of 
12,000 tons of Cleveland warrants. The cash price opened 
at 53s. 4d., but eased off to 53s. 2d., while forward war- 
rants were done at 53s. 74d., 53s. 8d., and 53s. 6d. one 
month, and at 54s. 4d. and 54s. 2d. three months. Closing 
sellers quoted 53s. 2d. cash and 533. 64d. one month, and 
there were sellers of hematite at 70s. 9d. cash. In the 
afternoon the tone improved, and Cleveland warrants 
were dealt in at 53s. 74d. and 53s. 7d. cash, from 53a. 6d. 
to 53s. 1ld. one month, and at 54s. 6d. three months, 
with closing sellers at 53s. 7d. cash and 54s. one month. 
The turnover of 7000 tons included 1000 tons of hematite 
at 703. 9d. cash, with buyers over. On Friday morning the 
tone of the market was again better, and 13,000 tons 
of Cleveland warrants were done at from 533. 7d. to 
53s. 9d. cash, at 53s. 6d. six days, from 53s. 11d. to 54s. 1d. 
to 533. 1ld. one month, and from 54s. 6d. to 543. 9d. to 
54s. 7d. three months. At the close the quotations were 
53s. 84d. cash and 54s. 04d. one month, and sellers of 
hematite quoted 71s. cash. At the afternoon session 
prices were firmer, and about 6000 tons of Cleveland 
warrants changed hands at 533. 10d., 53s. 104d., and 
533. 9d. cash, 53s. 84d. five days, 54s, 2d., 54s. 24d., and 
54s. 1d. one month, and at 54s. 9d. three months. Closing 
sellers quoted 53s. 94d. casb, 54s. 14d. one month, and 
54s. 10d. three months. Hematite was nominally dearer 
at 71s. 3d. cash sellers. On Monday morning the upward 
movement continued, and Cleveland warrants advanced 
from 54s. 3d. to 543. 54d. casb, from 54s. 94d. to 
54s. 10d. one month, and from 55s. 5d. to 55s, 6d. three 
months, and the turnover of about 27,000 tons included 
dealings at 54s. 84d. seventeen days. Closing quotations 
were 5is. 6d. cash, 54s. 104d. one month, and 55s. 64d. three 
months sellers. In the afternoon the market was fairly 
steady, but closed a shade easier. Cleveland warrants— 
5000 tons—were put through at 54s. 5d. four days, 543. 7d. 
eleven days, 54s. 94d. and 54s. 9d. one month, and at 
553. 54d. three months, and closed with sellers at 54s. 5d. 
cash and 543. 94d. one month. Hematite was idle, with 
buyers at 723. and sellers at 72s. 3d. one month. On 
Tuesday morning an easier tendency prevailed, and Cleve- 
land warrants were dealt in at from 54s. 3d. to 54s. 14d. to 
543. 24d. cash, from 54s. 6d. to 54s. 7d. one month, and at 
55s. 3d. three months. Closing sellers quoted 54s. 24d. cash 
and 54s. 7d. one month. One lot of hematite changed 
hands at 71s. 6d. cash, and the total transactions amounted 
to about 15,000 tons. In the afternoon the market was 
_ and the turn easier. Cleveland warrants were 

one at 543. 1d. and 54s. 14d. cash, 54s. 6d., 54s. 5d., and 
543. 6d. one month, and closed with sellers at 54s. 2d. 
cash, 51s. 7d. one month, and 553. 3d. three months. The 
turnover was close on 7000 tons. When the market 
opened this (Wednesday) morning the tone was quietly 
steady, and nearly 7000 tons of Cleveland warrants 
were dealt in at 543. 14d., 54s. 3d., and 54s. 24d. cash, 
543. 6d. one month, and at 55s. 2d. and 55s. 3d. three 
months. Closing quotations were 54s. 2d. cash, 54s. 64d. 
one month, and 55s. 2d. three months’ sellers. Two lots 
of hematite changed hands at 71s. 44d. and 71s. 3d. cash, 
with buyers over at the latter price, and closing sellers at 
71s. 6d. cash. At the afternoon session the market was 
unchanged, and 8000 tons of Cleveland warrants were 
put through at 54s., 54s. 2d., 54s. 14d., and 54s. 24d. 
cash, and at 54s. 6d. and 54s. 64d. one month. The closing 
quotations were unaltered from the morning, at 54s. 2d. 
cash and 54s. . one month sellers. There were buyers 
of hematite at 71s. 104d. one month, but no sellers. The 
following are the market quotations for makers’ (No. 1) 
iron :— _ 73s.; Calder and Gartsherrie, 73s. 6d.; Sum- 


ope 76s. ; rere y bo ; and —" ro 6d. (at! 
1p at Glasgow) ; engarnoc. at rossan ), 
74s. 6d.; Shotts (at ‘Leith), 74s.; and Carron (at Grange- 


mouth), 78s. 

Sulphate of Ammonia.—The market for sulphate of 
ammonia is quiet and nominally unchanged from last 
report, buyers offering 12/. per ton for prompt business, 
Glasgow or Leith, but sellers quote about 2s. 6d. per ton 
more. The amount shipped last week from Leith Harbour 
was 233 tons. 

Scotch Steel Trade.—There has been little change in the 
state of the Scotch steel industry during the past week, 
and producers report that their works are fully employed. 
Home consumers are still holding back their orders, and 
it is well known that they have quite recently booked a lot 
of work. The demand on foreign account continues, and 
specifications are now coming forward in connection with 
orders placed some time ago by buyers in Canada, 
Australia, and Japan. Inquiries are also in the market 
for further lots for the same destinations, and also for 
plates and general sections for Italy. Some lots of ship 
and boiler-plates have just been sold locally for shipment 
toGermany. No alteration has lately been made in the 
last official list of prices, and in that direction a firm tone 

revails all round. It is expected that the Mozsend Steel 
Works will be restarted next week, after having been off 
for some time. New and up-to-date machinery has been 
placed in position, and it is estimated that the steel out- 
put of the district will now be increased by about 200 tons 
each week, 


Pig-Iron Warrants—Bank-Rate Raised.—Last Friday 


Malleable Iron Trade.—It is stated this week that the 
conditions in the malleable iron trade are unchanged. 
There has been 4 fair om reef on foreign account, but the 
home demand is still limited. 

Institution of Civil Engineers.—The fortnightly meet- 
ing of the Glasgow Association of Students of the Insti. 
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tution of Civil Engineers was held on Monday evening, 


with the President, Mr. Donald A. Matheson, in the 
chair. Mr. R. A. Whitson, Stud. Inst. C.E, read a| 
paper on ‘* Recent Practice in Bridge-Work.” The author | 
dealt with the types of steel bridges generally employed 
for different spans, and illustrated his remarks with | 
views of the principal bridges taken as representing the | 
different types. An interesting description was given of 
the bridge over the Wear at Sunderland, and also of the | 
new road-bridge over the Nile at Cairo. 

Institution of Engineers and Shipbuilders in Scotland. | 
—The sixth general meeting of the fiftieth session of the | 
Institution of Engineers and Shipbuilders in Scotland | 
was held in Gl w last Tuesday evening, when the | 
chair was occupied by Mr. William Melville, Vice-Presi- 
dent. Mr. John Ward was nominated by the Council | 
as President for next session, and Mr. D. A. Matheson | 
and Mr. James Weir were nominated as Vice-Presidents. 
A discussion took place on the paper entitled ‘‘The 
Stability of Submarines,” by Mr. J. G. Johnstone, B.Sc., 
and also on the paper entitled ‘“‘The Mechanism of 
Power Transmission from Electric Motors,” by Mr. 
Wilfrid L. Spence. A paper by Mr. R. Royds, M.Sc., 
on ‘*The Most Economical Mean Effective Pressure for 
Steam- Engines,” was afterwards read. 


The Foreign Demand for Pig Iron.—Within the past 
week there has been a very steady demand for pig iron 
for shipment to Germany and the United States. Several 
lots of Cleveland iron have been put through for both 
these countries, and negotiations are proceeding for some 
few thousand tons more for prompt despatch to Germany. 
Scotch pig-iron makers report the receipt of a number of 
orders for moderate quantities of foundry iron for Canada, 
Australia, and South America. Inquiries are also to 
hand with reference to deliveries of the various Scotch 
brands after the middle of the year. 








Prussian Coat-Mininc.—The production of coal in 
Prussia last year was 121,664,721 tons, as compared 
with 107,054,229 tonsin 1905. The production of the first 
quarter of last year was 31,160,101 tons, as compared 
with 23,073,204 tons; of the second quarter, 28,574,643 
tons, as compared with 26,561,316 tons; of the third 
quarter, 31,399,675 tons, as compared with 28,741,314 tons; 
and of the fourth quarter, 30,530,302 tons, as compared 
with 28,678,395 tons. The Dortmund district figured in 
last year’s output for 73,231,510 tons, as compared with 
62,079,304 tons; the Breslau district for 32,504,468 tons, 
as compared with 30,106,189 tons; and the Bonn district 
for 15,234,828 tons, as compared with 14,175,804 tons. 





ASSESSMENT OF WAREHOUSE Property.—Our attention 
has been called by the Machinery Users’ Association, 
22, Lawrence Pourtney-lane, E.C., to a recent decision 
of considerable interest to engineers, manufacturers, and 
others. It appears that, in considering the question of the 
payment of local rates in respect of an empty building used 
as a warehousein Liverpool, the Court of Appeal decided 
that the local authorities were justified in demanding 
payment, having regard to the character of the user of 
property of this class, and to the fact that the owners 
o2cupied other warehouses; and that in this particular 
case it was quite possible for the owners to resume occu- 
pation at any time. On tbe other side it was contended 
that the tenant's fixtures had been removed, the property 
put into the market to be let, and it was therefore like an 
empty house. As the decision of the Court of Appeal is 
of eccachien effect, it is proposed to call a meeting of 
the members of the Machinery Users’ Association, witha 
view to carrying the appeal to the House of Lords. As 
others besides members of this Association may wish to 
identify themselves with the movement, and support its 
action in this matter, it is suggested that they should 
communicate with the Secretary, who will be glad to give 
further information on the subject to those interested in it. 





Our Rats ABRoap.—The new year is proceeding 
rather badly for our export rail trade, the shipments 
for the two months ending February 28 having been only 
61,420 tons, as compared with 75,593 tons in the first two 
months of 1906, and 88,281 tons in the first two months 
of 1905. In these totals the colonial demand attained the 
following importance :— 


1905. 





Colonial Group. 1907. 1906. 
tons tons tons 
British South Africa 2,236 1,588 4,358 
British India ° 17,009 17,075 42,509 
Australasia .. 8,321 3,207 1,279 
Canada Be ee ow 179 S| Nil 12 


The exports to the fopatien Republic have shown an 
appreciable falling-off this year, having, to February 28, 
es amounted to 12,401 tons, as compared with 35,401 
tons and 9916 tons. The weakness of the Argentine 
demand for our rails at once explains the decline observ- 
able in the shipments generally ; it is accounted for by 
the less encouraging character of the Argentine railway 
outlook. Our rail exports for February were 31,195 tons, 
as compared with 40,247 tons in February, 1906, and 
46,020 tons in February, 1905. The decline observable in 
last month’s ———— is accounted for by a continued 
diminution in the demand for British rails in Argentina 
and British India. On the other hand, it is satisfactory 
to observe that there was an impiovement in the ship- 
ments last month to British South Africa and Australasia. 





The value of the rails exported in the first two months 
of this year was 377,711/.. as compared with 391,518V. in | 
the first two months of 1906, and 412,121/. in the first two | 
months of 1905, 


' 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. Cammell, Laird, and Co.—The directors of this 
company state in their report to their shareholders that 
the profit for last year is 273,780/., and that 38,4257. was 
brought forward from the previous year, making 312, 205/. 
Out of this they recommend a dividend of 5 per cent. on 
the preference shares and of 10 per cent. on the ordinary 
shares. The report gives a favourable account of what 
has been done in the company’s shipbuilding depart- 
ments, and speaks hopefully of the future. Owing to the 


difficulty of obtaining adequate and regular supplies of | Y 


high-class hematite iron ore the company have acquired 
@ pecuniary interest in a company established in 1 in 
the South-East of Spain. ~A cargo of 4300 tons of this 
ore has been received, and found to be of excellent quality. 
Regular supplies will follow. 


Strike in the Steel Trade.—In January last the smelters 
employed in the Siemens furnaces of Messrs. Cammell, 
Laird, and Co., at Grimsthorpe, made a claim for an all- 
round advance in wages of 20 per cent. Their request 
was not complied with, and the men have since been 
actively engaged in organising themselves, some 230 
having joined the National Steel-Melters’ Union. One 
or two of the furnaces have been shut down, and the men 
discharged. The management say it was from lack of 
work ; but the men attributed the step to opposition to 
the union, as amongst the “victims” are the foremost 
unionists. On Saturday some 200 of the men came out 
on strike, and so far efforts at settlement have failed. 


The Iron and Steel Trades.—It may be regarded as a 
good sign of the future of trade that for several classes 
of material makers are asking higher prices than those 
under which contracts are now running. For ordinary 
crucible steel there is a steady demand, as well as for 
tool steel. Firms who are well in with the South African 
mining companies have been sending out large quantities 
of high-speed steel; but this trade is in comparatively 
few hands. There is no falling off in the consignments 
to the United States and the Continent. The call for 
files is as active as ever, and although the output is kept 
up to the limit, deliveries are often in arrear. There is 
improvement in the light-tool trade. Orders from Russia 
are unexpectedly good, and payments are prompt. An 
excellent business is going on in mining, excavating, field, 
and garden tools; but it is much hampered by difficulty 
in obtaining supplies of wood. There has been a serious 
falling-off in the imports from America, and prices are 
almost prohibitive. 

South Yorkshire Coal Trade.—A main interest in the 
coal trade just now is the settlement of contracts for 
future supplies. Owners of steam collieries report that 
the demand for export is on the increase, and they are 
able to secure better prices. Some heavy contracts with 
London and other gas companies have been made at terms 
involving an advance of from 2s. to 4s. perton. The 
northern owners are so well yo with foreign work 
that they are not competing as keenly as usual for the 
southern trade. In face of the Easter holidays, when 
stocks of house coal will be drawn upon, prices will be 
maintained as far as possible. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIpDLEsBrouGcH, Wednesday. 

The Cleveland Iron Trade.—The pig-iron trade is quiet 
so far as sales on an extensive scale are concerned, but 
aa wrong: have very good contracts made, and as they 

old to the belief that quotations will rise in the near 
future they very naturally refuse to sell at current market 
rates. Deliveries are on an extraordinary scale. The 
present record output of pig, amounting to some 70,000 
tons per week, is fully absorbed, and to meet requirements 
the warrant stores have been drawn upon so far this 
month to the extent of over 15,000 tons of Cleveland iron. 
The clearances of pig by sea keep very heavy—average, 
this month, 5000 tons per working day. Merchants’ 
quotation for f.o.b. delivery of No. 3 g.m.b. Cleveland pig 
is 54s. 9d., at which price transactions have been recorded. 
No. 1 Cleveland pig is very scarce, and is, sarpoqneny, 
comparatively dear. Little, if any, can be had under 
58s. 9d., whereas, under ordinary conditions, No. 1 is 
only eighteen pence above Ne. 3. Foundry 4 is selling 
at 543., and Forge 4at 53s. 3d. East Coast hematite pi 
is something easier, but it is still very high as com 
with the values of Clevelandiron. In normal times No. 3 
Cleveland pig is 8s. to 10s. below mixed numbers of 
hematite, but the difference at present is no less than 
22s. 6d., the market quotation for Nos. 1, 2, and 3 Fast 
Coast hematite now being77s. Perhaps that figure might 
be shaded, but makers take a very firm stand, and, as 
there is no iron in second hands or in stock, it would be 
ditficult to buy much at a lower figure. Spanish ore is 
not quotably altered, but consumers consider market 
rates too high. Rubio, of 50 per cent. quality, is still 
put at 22s. ex-ship Tees. 


Manufacturcd Iron and Steel.—Satisfactory and en- 
couraging accounts continue to be given of the manu- 
factured iron and steel industries. Whilst new orders 
are certainly not coming in very rapidly, there are a fair 
number of inquiries in the market, most firms have 
contracts made which will keep them busy for some 
months to come. A Teesside 
Belgium makers a good order for pipes for Rio de 
Janeiro. 
trict is 25,000 tons. arket quotations are stationary. 

mmon iron bars are 8. ; best 
bara, 9/.; iron ship-plates, 7/. 15s. ; packing iron, 6/. 10s. ; 
steel bars, 7/. 10s.; steel ship-plates, 7/. 103.; steel 
boiler-plates, 87. 103. ; steel hcops, 7/. 15s. ; steel strip, 


rm have divided with | 
The quantity to be manufactured in this dis- | 
bars, 8/. 10s. ; best best | 


| 72. 5s. ; and steel joists, 6/. 173. Gd.—all less the custoni- 
ary 24 per cent. discount. Cast-iron railway chairs remain 
at 4/. 2s. 6d. ; and heavy sections of steel rails at 6/. 15s.— 
both net cash at works. 


Messrs. Bell Brothers, Limited. —The report of the 
directors of Messrs. Bell Brothers, Limited, for the year 
ending December 31 last, to be presented to the ordinary 
general meeting of the company to be held on April 9 
next, shows that the company’s operations during 1906 
resulted in a profit of 140,437/. 03. 9d., to which must be 
added the balance of undivided profit brought from the 
ear 1905—amounting to 3524/. 5s. 2d., making a total of 
143,761/. 5s. 11d. Out of the above, the following amounts 
were provided up to December 31, 1906 :—Interest on 4 
per cent. debenture stock for the year 1906, 18,860/.; 
dividend on 6 per cent. preference shares for the half-year 
to June 30, 1906, 15,000/.; interim dividend on ordinary 
shares at 4s. 6d. per share, paid September 30, 1906, 
free of income tax, 13,500/.; amount carried to re- 
serve fund, 12,855/.; extensions and improvements 
written off, expended prior to 1906, 39,.884/. 103. 5d.; 
expended in 1906, 3272/. 9s. 4d.—43, 1562. 193. 9d. ; income- 
tax, 3235/. 3s. 2d.—106,607/. 2s. 11d. Since December 31, 
1906, the following has also been paid thereout:—On 
February 1, 1907, dividend on 6 per cent. preference 
shares for half-year to December 31, 1906, 15,000/.— 
121,607/. 2s. 11d., leaving still to be dealt with 22,1541, 3s. 
The directors recommend the following appropriation of 
this balance:—Final dividend on ordinary shares at 
4s. 6d. per share, free of income tax, 13,5007. ; balance 
carried forward, 8654/. 3s.—22,154/. 3s. The following 
directors retire, and, being eligible, offer themselves for 
re-election :—Mr. Maurice 1 and Mr. Charles 
Dorman. The auditors, Messrs. W. B. Peat and Co., 
retire, and offer themselves for re-election. 


Coal and Coke.—Negotiations are slowly proceeding for 
coal contracts for the great London gas companies, and 
rumour has it that Yorkshire is this year getting more 
than its usual share of orders, owing to Yorkshire coal 
being offered a ang deal cheaper than Durham fuel. The 
good demand for bunker coal is met by a very ample 
supply, and unscreened Durhanis range from 12s. to 
123. 6d. f.0.b. Coke prices are still irregular. Average 
blast-furnace qualities are quoted from 18s. to 21s. deli- 
vered here. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown a downward 
ee Quotations for the best and _ second - best 
Admiralty qualities have remained nominally unaltered, 
but buyers prepared to take corey promptly have been 
able to obtain a reduction of from 3d. to 6d. per ton. The 
best large steam coal has made 17s. 6d. to 18s, per ton, 
while secondary qualities have ranged from 16s. to 
17s. per ton. The t ordinary household coal has 
made 17s. 6d. to 18s. 6d. per ton; No. 3 Rhondda lurge 
has been quoted at 19s. 6d. to 19s. 9d. per ton. Foundry 
coke has brought 26s, to 28s. per ton, and furnace ditto 
21s. to 23s. per ton. As regards iron ore, Rubio has 
made 20s. 6d. to 21s. per ton, and Almeria 20s. 3d. to 
203. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Portsmouth.—A pro d new lock will not be com- 
menced until late in the new financial year; the cost of 
the lock will be 940,000/., with an additional 60,000/. for 
machinery. The lock will be 800 ft. long and 100 ft. 
wide. Some difficulty as to site has occasioned the delay. 
Another new work which is about to be taken in hand 
will be a 160-ton crane, which will cost, with the founda- 


tions, 32,0007. 
Doulais.— The Goat Mill has had a poet average 
ing divided 
orders. The 


output of heavy steel rails, the production 

tolerably equally between home and forei 

Big Mill has been well employed on colliery and other 
lighter section rails ; several lots of fish-plates have also 
been turned out for foreign shipment. The yield of the 


furnaces has been generally good. Large quantities of 
Spanish iron ore have come to hand. 


Bargoed.—Orders have been placed by the Powell- 
Duffryn Colliery Company for two more powerful gas- 
engines to be laid down at Ba . They will each be 


of 2400 horse-power, and the Nuremburg Company have 
been given the contract. It is expected that the first 
Mr. E. L. Hann 


engine will be ready by September. 
oil experktend the erection of the plant. 


The Swansea Valley.—There has been a satisfactory 
production of pig iron, and the tonnage of steel ingots 
moulded has shown an increase, The steel and tin-plate 
trades have been generally active. 





ConTRAcTs.—We understanc that Messrs. C. and A. 
Musker, Limited, ye have received orders from 
the Mersey Dock and Harbour Board for hydraulic gate 
machines and bridge machinery, and from the Admiralty 
for cranes for Gosport. 





TRIAL oF A TorPEDO-Boat.—On March 6 the first-class 
torpedo-boat No. 11, constructed for the Admiralty by 
Messrs. Yarrow and Co., ran her official high-speed trials. 
A speed of 27 knots was obtained during a run of eight 

hours, the contract s _— 26 knots. The vessel 
|employed oil fuel, consuming 21.45 tons on the eight- 
hour run, or 2.68 tons per hour. A 24-hour trial was run 
| on the 8th and 9th inst. at a speed of 12.11 knots, when a 
consumption of 8.79 tons was recorded, working out at 
0.366 ton per hour, or 67.65 lb. per krot, 
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DETAILS OF BARBETTE GUN-MOUNTINGS. 
MESSRS. VICKERS SONS AND MAXIM, LIMITED, AT THE 
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THE TIME-FACTOR IN THE RESIST- 
ANCE OF MATERIALS. 


In_ the short autobiography with which Sir 
W. H. Preece prefaced his motion of a vote of 
thanks to Professor Thomson on the occasion of 
the latter’s recent lecture to the Institution of 
Electrical Engineers, the speaker remarked that 
Michael Faraday was ever insistent on the essen- 
This doctrine is un- 
doubtedly a most seductive one, and, whether true 
or not, has been the basis of most of the pioneer 
work accomplished in every branch of research. 
Indeed, it is questionable whether a start would 
ever have been made in many a line of investigation 
had not its originators been imbued with a strong 
sense of the substantial truth of the dogma above 
set forth. Nevertheless, in spite of the immense 
services which a belief in this principle has rendered 
to humanity, it has no @ priori justification, and 
in actual experience has been consistently fal- 
sified in every branch of science, as improved 
methods of experiment render possible more 
accurate observation ; and it is by no means im- 
probable that every one of the great generalisations 
which we term ‘‘ natural laws” will ultimately be 
proved to be nothing more than a first approxi- 
mation to the actual state of affairs. Even so 
fundamental a concept as that in which it is 
assumed that mass remains unaltered during che- 
mical reactions has been challenged within recent 
years. The point is still swb-judice, and other ex- 
planations of the observations made are easily 
conceivable ; but if this law does ultimately fall, 
the doctrine of the conservation of energy would 
appear equally doomed to be degraded into a mere 
working hypothesis, near enough to the actual 
truth for the practical operations of a workaday 
world. 

The engineer has, perhaps, only an academical 
interest in the question of whether mass is abso- 
lutely conserved in chemical operations, or whether 
the law in question is true to one part in a 
million only ; and much the same may be said 
as to his attitude towards the much more con- 
spicuous failure of the ordinary ‘‘ permanent” 
gases to follow accurately the simple laws of Boyle 
and Marriott. With respect to the laws governing 
the strength of materials, however, sad experience 
has shown that the simple principles by which the 
great engineers of the past proportioned their 
structures are by no means universally applicable. 
They proceeded on the straightforward and common- 
sense plan of determining, or assuming, the ultimate 
strength of their material, and divided this by a 
factor of safety, in order to fix the proper working 
load which it would be prudent to permit. 

It was soon found, however, that a factor of 
safety which experience showed sufficient in one 
case might be totally inapplicable in another, the 
variations depending not only on the method of 
loading, but also with the nature of the material 


jused. Short girder bridges haye been commonly 





built with a nominal factor of safety of 5, and a 
similar factor is generally used in boiler work. 
In small arms, however, in which the stresses are 
very similar in character to those obtaining in a 
boiler, the factor of safety is less than 2, as pointed 
out by Mr. Stromeyer in the interesting address 
which he delivered last November to the Man- 
chester Association of Students of the Institution 
of Civil Engineers. Here, moreover, the load is 
an impulsive one, whereas in a boiler the load is 
remarkably steady, the range of variation being 
extremely small, and its rate of alteration very 
slow, both of which are conditions which are gene- 
rally held to permit of the adoption of a low factor 
of safety. On the other hand, of course, provision 
has to be made for the risk of corrosion, which 
is negligible in the case of a firearm. Mr. 
Stromeyer rather criticises the use of the term 
‘factor of safety” at all, and would prefer that 
a definite working stress should be specified 
instead, varying with the nature of the material 
and the condition of loading. This is doubt- 
less: the most rational method of procedure, 
and may be often advantageously adopted, when 
a reasonably accurate analysis of the stresses 
obtaining in the structure under consideration 
is possible. Even then, however, the alterna- 
tive method has some advantages, as it gives a 
rather better idea of the extent to which the load 
may, as an emergency, be temporarily increased. 
Thus, with a factor of safety of five, it is permissible 
to test boilers up to twice their designed owe 
pressure ; but, obviously, if the factor of safety o 
a small-bore rifle is under two, a proof pressure of 
double the working pressure is inadmissible. This 
fact would appear much less clearly in the state- 
ment that 6 tons was a permissible stress per inch 
in the case of a boiler, and 16 tons or more in the 
case of the rifle. The latter statement gives no clear 
idea of the margin of strength in reserve in the case 
of an occasional overload ; whilst to some extent, at 
any rate, the use of a ‘‘ factor of safety” does serve 
this end. Moreover, in a great many cases it is 
still impossible to show by a mathematical analysis 
any adequate reason for the low unit stresses 
which experience shows to be often necessary. 
Mr. Stromeyer, indeed, attempted in his address 
to account for the apparently excessive dimensions 
of nuts by showing that so long as the material 
remained elastic the stress could not be uniformly 
distributed over the whole depth of the nut. In 
actual practice, however, a nut with a sound thread 
and decently fitting its bolt never strips, and we are 
strongly of opinion that on actual test such a nut 
could develop the full strength of the bolt even if 
half the usual height. The overstrained lower 
threads, by taking a slight set which causes them no 
permanent loss of strength, can pass their overload 
on to the upper threads, so that, before failure occurs, 
a fairly uniform distribution of the load between 
successive threads is probably obtained. There are 
other reasons, however, which make a relatively 
deep nut advisable, one being that the nut-maker 
seldom knows whether any particular nut is to have 
a ‘‘permanent job” or to be subject to frequent 
screwing and unscrewing ; moreover, a thin nut re- 
quires a thin spanner, and is more likely to get bat- 
tered corners, and, again, a deep nut is less readily 
jarred loose under vibration. It is to practical con- 
siderations of this kind that the standard practice 
in this matter is, we believe, to be attributed, 
rather than to the unequal distribution of stress 
over the threads, which can be shown to exist 
within the elastic limit. 

The latter term introduces another point in which 
the simple ideas which guided the early engineers 
have proved inadequate for the description of the 
actual facts of experience. It was first found that 
the elastic limit, as usually defined, was a variable 
quantity, depending on the previous history of the 
metal, and that by suitable treatment the. limit 
could, in the case of steel, be raised almost up to 
the breaking-point. Later on, Bauschinger intro- 
duced the idea of an elastic range, and showed 
that steel had two elastic limits—one for tension and 
one for compression ; and that raising the elastic 
limit in tension lowered that in compression to a 
nearly equal degree. He further concluded that to 
ensure safety in a structure subject to varying 
stress, the range of stress must not be greater than 
the elastic range of the material. Here, again, engi, 
neers were presented with a simple and readil 
intelligible explanation of their experience with 
materials subject to alternating stresses, best ex- 
emplified, perhaps, by Wohler’s classical experi- 
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ments. No sooner, however, had this idea—which 
is not only plausible in itself, but is undoubtedly, 
to a very large extent, well based—become general 
property, than matters were again complicated by 

rofessor Osborne Reynolds, who showed that the 


case of the mechanical overstrain of materials, its 
influence on other forms of injury appears less bene- 
ficial. Mr. Stromeyer, in the paper to which we have 
already referred, relates that a specimen of steel, 
on which work had been done at blue heat twenty 


apparent slowness of Great Britain was only rela- 
tive. 

The recovery of sulphur, and the substitution of 
machinery for manual labour, had given the 
Leblanc process a new lease, when the Solvay 


endurance of a bar under alternating stresses was | years ago, proved as brittle when recently tested as | ammonia process had threatened it with extinction. 


not merely a function of the range of stress, but | 
depended also on the rapidity of the alternations, | 


| 


similar specimens broken at the time of treatment. 
Moreover, he has also recently shown grounds for | 


This latter process had been suggested by Dyar 
and Hemming, and the alkali and chlorine industry 


so that the hard steels, which in general show | believing that certain kinds of steel have a natural | was essentially British. It found itself now assailed 
much greater endurance than the milder qualities, tendency to become brittle with age, even when| by the electrolytic processes, to which so eminent 


break down at much the same stresses, if the rate of | 


moderately loaded under steady stresses. Here, | 


an expert as Ferdinand Hurter had denied all 


variation is sufliciently high. This result is a most| again, there is need for an extended investigation | chances in chemical manufacture as late as 1888. 


important one, though undoubtedly in a vast 
number of practical applications the harder steels do | 
show to great advantage in the matter of endur- | 
ance. 

Thus axles of 65,000-1b. s:eel on the Pennsylvania | 
Railroad proved liable to fail at the journal fillet | 
after two years’ service, under a calculated work- | 
ing stress of about 6700 lb., although the ap- 
parent factor of safety, as ordinarily expressed, 
was nearly 10. Similar axles of 80,000-lb. steel 
carry the same stress indefinitely, but the alterna- 
tions of stress probably never succeed each other 
at the rate of more than 600 to 700 per minute, 
and the number is generally much less, whilst ip 
Professor Reynolds’ experiments the rate was nearly 
four times as great. In practice, therefore, it would 
seem that a 35-ton steel can be relied upon to take a 
stress of + 3 tons per square inch, when this does 
not alternate more rapidly than 700 times a minute. 
In high-speed-engine work still lower working 
stresses are frequently used, the factor of safety 
reckoned in the ordinary way being sometimes as 
much as 16. Chronometer balance-springs, on the 
other hand, alternating 120 times a minute, carry a 
load of + 94 tons per square inch and never break. 
They are, of course, of a very high quality of steel, 
and it would be of great interest to determine how 
far their endurance would be affected by a large 
increase in the rate of reversal of the stress. 

A matter on which further light is badly needed 
is the influence of this time factor on the endurance 
of materials. There is some reason for believing 
that relatively high stresses, if transient, can be 
carried without injury to the material; yet this 
view seems discordant with the experiments of 
Professor Osborne Reynolds, and also with the 
experience of high-speed-engine builders. It is 
known that if a stress is applied to a bar within 
the so-called elastic limit, the bar does not 
immediately take its full amount of stretch, but 
a certain creep continues for some time after 
the application of the load. Similarly, on the 
removal of the load, the bar does not recover its 
original length immediately, there being again a 
certain amount of creep, which dies away relatively 
slowly. Some elasticians have assumed, as the 
basis of their investigations into the resistance of 
structures, that the safety of the structure was 
inversely proportional to the maximum strain in- 
duced by the stresses; and were this correct, it 
would seem that bars should be stronger under 
very rapidly alternating stresses than when the 
rate of change of stress is slow, since the pheno- 
mena of creep indicates that the molecular dis- 

lacement should be less in the former case. 

his view, however, seems negatived by experience ; 
but, on the other hand, no one now accepts 
Rankine’s simple theory that, in the case of com- 
pound stresses, safety varies inversely as the maxi- 
mum tensile or compressive stress in the material. 
A good deal of light has been thrown on this latter 
point by the researches of Mr. Guest, which have 
confirmed the views of many recent elasticians, that 
the safety varies inversely as the maximum shear. 

Under steady loads there is good reason to believe 
that the molecules may in many cases, if sufficient 
time is allowed them, take permanent sets, which 
have the effect of very materially reducing the 
stresses in the material. This appears to be the 
case even with masonry, in spite of its brittle nature 
—a fact which is, perhaps, fortunate, in view of the 
number of important impounding dams erected 
during recent years, with proportions based on a 
theory which Karl Pearson dec to be seriously 
defective. Timber beams, again, in old colleges 
and farm-houses, often show extraordinary deflec- 
tions which do not appear to be due either to 
weakness or to mere warping; whilst metal bent 
cold, and therefore most seriously overstrained in 
the process, is in daily use with no disastrous 
results, 

Whilst Time, which is proverbially a healer, does 





appear to have considerable curative abilities in the 


into the influence of the time-factor. 








PROBLEMS OF APPLIED CHEMISTRY. | 

Proressor Grorc LunoE, of the Ziirich Poly- 
technic, might have adopted the title ‘‘ Co-operation | 
of the Chemist and Engineer” for his discourse | 
on ‘* Problems of Applied Chemistry,” which he} 
delivered at the Royal Institution on Friday, | 
March 15. For he did not so much discuss unsolved | 
problems, as give a kind of historical précis on 
the success which the chemist and engineer had 
achieved together. The chemist who lacked | 
mechanical knowledge, he stated, had to limit | 
himself to ordinary testing: a tedious and badly- | 
paid occupation, to which, he was told, more| 
people were restricted over here than in the United | 
States and on the Continent. In former days the 
chemist had learned his trade ‘‘ by rote,” and the 
‘* practical man” who stumbled into chemical manu- 
facturing, through family connections or by chance, 
occasionally wasted large sums on faulty apparatus 
and spoilt chemicals ; while the man of scientific 
attainments had often less insight than his foreman, | 
and threw away as much money as the others. 

This state of affairs had continued till the middle | 
of the last century, when the co-operation of the 
various arts and sciences had been promoted by the 
technical schools—the Ecole Centrale, founded at 
Paris in 1850, which was followed within the ensuing 
twenty-five years by the Polytechnics of Karlsruhe, 
Vienna, Hanover, and Ziirich. 

In Great Britain matters had taken a different 
course. Here the chemical industries had, from 
the first, had their full share in the development of 
all industrial branches. The wars which had 
lacerated the Continent did not directly touch 
England, and the artificially-nursed industries of 
Napoleon collapsed with him. The sulphuric acid 
and lime industry, which dated back to the 
eighteenth century, originated in England. The 
Leblanc process, invented in France in 1791, could 
not take root in England until the abolition of 
the absolutely prohibitive salt duty, in 1823, acted 
like a magic wand. A few decades later we found 
Great Britain absolutely dominant in the field of 
inorganic chemistry, and that predominance was 
not seriously called into question till about 1870. 
The success of Great Britain had been due to the 
energy and practical ability of her sons, to their 
special mechanical talents, and to the comparative 
freedom from the leading-strings of the Government. 
Many of the great men of the middle of the last 
century—the Muspratts, Tennant, Gossage, Dunlop, 
Chance—were neither educated chemists nor engi- 
necrs. Weldon, the reformer of the chlorine in- 
dustry, had been a journalist, Henry Bessemer a 
bronze-powder manufacturer, and Sidney Gilchrist 
Thomas was a clerk in the War Office. William H. 
Perkin represented another type peculiarto England. 

The first partial success in one of the great 
problems of the past century—the recovery of 
sulphur from the offensive waste of the Leblanc 
a been scored, in 1856, by Ludwig 

ond, then in Cassel, afterwards in Widnes, and 
by Schaffner in Aussig (Bohemia) ; but the missing 
links in this process had not been discovered till 
1883 and 1887, by Carl Claus and Alexander Chance. 
Gossage had indeed taken out recovery patents 
since 1837, and entered into contracts for dealing 
with the waste in 1854 ; recognising Gossage’s good 
faith, all the firms, except one, had afterwards 
released him from his contracts, but the one 
exception had sufficed to ruin him financially. In 
these days German chemists, including the lecturer, 
came to England, where Peter Griess and Ludwig 
Mond remained ; while the knowledge acquired over 
here by others led to the establishment of the great 
chemical works at Ludwigshafen, Hochst, Elber- 
feld, Berlin, &c. At present Germany undoubtedly 
held the foremost rank in many branches of applied 
chemistry ; but Austria, France, Switzerland. and 
Belgium had all made immense strides, and the 











Though electrochemical processes could still com- 
pete only in a few branches with the old 
chemical processes, that competition would become 
a question of power—coal and steam, water and 
electricity. It was a curious coincidence that the 
richest coal countries of Europe—Great Britain and 
Germany—possessed little water-power, while the 
United States abounded in coal, minerals, and 
water-power. Even in England the energy of coal 
stored up during untold ages had been utilised 
for barely 150 years, and the Age of Coal in which 
we were living was already doomed. Its future in 
England might exceed 200 or 300 years; in Ger- 
many and the United States coal might hold out 
200 or 300 years longer ; in all other countries the 
chances were the other way. 

What was to happen then? The industries 
would finally emigrate to the countries where water- 
power was abundant. Our steam-engines wasted 
85 per cent. and more of their coal, and metallurgical 
and other furnaces consumed up to twenty times 
more than the theoretical amount of coal. We might, 
and should, learn to stop that fearful waste, and to 
recover the nitrogen of the coal. Professor Lunge 
referred—too briefly, unfortunately—in this con- 
nection to the power-gas of Mond, and to the re- 
covery coke-ovens. Five per cent. of the English 
coke was made in recovery-ovens against 50 per 
cent. in Germany, which twenty-five years ago 
imported ammonium sulphate, of which she now 
exported large quantities. He further mentioned 
the cyanamide and nitrogen-lime of Frank and Caro, 
the nitrate of Birkeland and Eyde obtained in 
electrical furnaces, and the natural nitrate resources. 
If iron could be produced by electrical power, 
Great Britain and Scuney would go to the wall, 
the United States would become omnipotent, and 
Sweden and Italy would come more to the front. 
That change was far off. But the synthetical 
preparation of alizarinc had ruined the French 
madder-growers, and the synthetical indigo the 
Indian ryots. To-morrow it might be some one 
else’s lot. On the other hand, the synthesis of 
alimentary substances from inorganic matter had 
not even remotely been achieved. 

One rather incidental argument of Professor Lunge 
we should not pass over. An aeronaut, dissatisfied 
with coal, benzine, and oil fuel for his motor, had 
asked the lecturer to recommend an explosive suit- 
able as concentrated fuel. The enquirer forgot that 
1 lb. of coal represented five times as much 
energy as 1 lb. of blasting gelatine, though the 


, s sia 1 
latter might give 150 million horse-power for — 


of asecond. The ease with which a little of Gold- 
schmidt’s thermit reduced iron oxide to white-hot 
metal—the only experiment made by the lecturer 
—led to a similar confusion ; for the energy of the 
thermit was only the twentieth part of the energy 
of the best cual. In this way, therefore, the cheap- 
power problem could not be solved. Some success 
might, however, result from the latest experiments 
of Frank, Caro, and Mond on the extraction of 
both power and ammonia from peat, to which Pro- 
fessor Lunge also alluded. 








THE PERSONNEL OF THE FLEET. 

In a former article (see page 314 ante) we gave 
the amounts of the Navy votes for the coming 
financial year, and commented on the announce- 
ment made by the Parliamentary Secretary to the 
Admiralty when introducing the Estimates. Since 
then there have been two further debates in the 
House, both on the Personnel Vote. Although the 
discussion wandered widely from its theme, in 
accordance with the licence given by usage on 
the motion as to numbers, we will confine our- 
selves to that part of it which referred to personnel. 
The number of officers and men of all classes in the 
Estimates for the coming year is 128,000, that being 
1000 less than in the last Estimates ; a decrease that 
has been received with approval by some members of 
the House and with disapproval by others, Proh- 
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ably the majority of the House—the great unheard 
—viewed the matter with neither approval nor dis- 
approval, content to leave the subject in the hands 
of the Government. Although there isa decrease in 
numbers, as compared to the former Estimates, there 
is actually a rise in the amount of money needed 
for pay and wages, the excess being 175,5001. The 
addition will not be grudged by the country, and 
no exception was taken to it on either side of the 
House. We all recognise that the personnel of the 
Navy, of all ranks and ratings, is not overpaid. 

The decrease in numbers is small in the sea 
service, amounting to only thirty in all. There 
are two more flag officers (twenty-six) and fifty- 
four more commissioned officers—-4580 as against 
4526 ; the subordinate officers and warrant officers 
are reduced by thirty-one ; whilst the petty officers 
and seamen are 1378 more, and boys 350 less. The 
coastguard, which are counted for sea service, are 
reduced 219; and the Royal Marines 864. The 
bulk of the total decrease is made of reductions in 
what are classed under ‘‘ other services.”” They con- 
sist of naval and engineer cadets, pensioners, boys 
under training for the seaman and artificer classes, 
and those employed under the different votes, such 
as medical, educational, and various services. The 
net decrease in the ‘‘ other services” is 970. 

Tt will be seen, therefore, that it is for the future, 
rather than the present, that the personnel is to 
reduced, as must always be the case when reduction 
is made. This constitutes the serious responsibility 
in decreasing numbers, because it takes time to 
train officers and men for the duties of the Fleet, 
and, therefore, immediate expansion of the per- 
sonnel is not possible, should unlooked-for condi- 
tions arise. With the increasing speed with which 
ships and war material can be constructed in 
this country—and we have unrivalled resources in 
this respect—the possibility of quickly adding 
to our sea-power in regard to material is ever 
increasing, but no advancement in engineering 
science enables us to quicken human intelligence, 
and make officers or seamen out of hand; in fact, 
the reverse is the case, for the more complex the 
engines of war become, the more highly trained 
must be the men who direct them. It is generally 
said that Vote 8—the Shipbuilding Vote—governs 
the Navy Estimates ; but, looked at from the point 
of view we have stated, it would seem that the 
vote for personnel should be the determining factor. 
Certainly, men are no good without ships; but 
neither are ships good without men, although in 
the past Governments, seeking only the boast of a 
biggest Navy on the smallest expenditure, have led 
the public to count ships added, without considera- 
tion whether there were crews for them. 

The First Lord of the Admiralty, in his Annual 
Memorandum, states that ‘‘the present number of 
seamen borne is in excess of requirements, while 
the present number of stokers is still less than is 
needed for manning the Fleet.” This is the natural 
result of the advance of machinery ; but it is a 
matter which naval authorities have been slow to 
recognise, and have acknowledged with reluctance. 
The executive officers who direct the Navy have 
been loth to see the numbers under the immediate 
control of their class becoming less, while fhe 
machinery department has been growing; for 
although the engineering staff is nominally, and, as 
a rule of discipline, subordinate to the executive, 
it is apparent that executive officers can have little 
practical control of men carrying out operations of 
which the officers are profoundly ignorant. It 
has, therefore, been a common thing for blue- 
jackets to be taken from the deck to assist the 
engine-room staff on important occasions, such as 
service trial trips, or occasions when full speed is 
needed and coal has to be brought in large quan- 
tities in short time on to the stokehold floor-plates. 
Such a course must be highly detrimental to effi- 
ciency, not only for an actual engagement, but even 
on occasions when only speed is called for. 

The question of discipline is as important in the 
engine-room and stokehold as on deck or in the 
batteries, but it is evident that an engineer officer 
can have very little control —authority he has none 
—over men of the executive. As it is, everything 
possible has been done to destroy the control of 
engineers, even in their own department, and it 
is one of the best proofs of the high character 
of the engineer officers of the Navy that the 
vessels of the Fleet should have been main- 





tained at the high pitch of excellence that has dis- | 


tinguished them among the navies of the world ; 


for we must remember that the engineers have the | 


keeping in order of nearly the whole of the shi 
and its equipment. The ‘‘ new scheme of training,” 
brought forward under Lord Selborne’s adminis- 
tration, was designed to remove these defects, but 
it will be a considerable time before its influence is 
felt afloat; even then we have to see how it 
will be administered. In the meantime we have 
much of the old narrow spirit of exclusiveness 
existing. Captain Hervey, who was formerly a 
distinguished gunnery lieutenant, and is now 
Member for Bury St. Edmunds, said during the 
recent debate that he hoped the Board of Admiralty 
had no intention of giving the present engineer 
officer of the Navy executive rank. When asked 
why, he said that engineer officers had not been 
trained to it, and naval officers did not consider it 
would be a good thing. It is really a little difficult 
to keep one’s patience when one hears such things 
as this said. Why engineer officers should not 
have executive powers, according to their rank, in 
their own department, it passes the wit of an un- 
prejudiced man to understand. 

edo not pretend to know the opinion of the 
officers of the Navy ; indeed, no individual can do 
that, because no one has canvassed the whole body. 
We have, however, on different occasions spoken to 
a good many executive officers, and if they may be 
taken as fairly representative of the whole, we 


be | should say that, as a body, executive officers recog- 


nise the expediency of engineer officers having 
control of the men of their department. Of course, 
when Captain Hervey says ‘‘ naval officers,” he 
means executive officers. Probably he does not 
consider engineers to be officers at all; or, at any 
rate, only a sort of warrant officers. We are con- 
firmed in this opinion because he said, in speaking 
of the training of young officers in engineering, 
that under the new conditions the Navy would no 
longer be at the mercy of trade unions. 

There is hope, however, that the whole system as 
applied to existing engineer officers will be inquired 
into. A Committee, consisting of executive, engi- 
neer, and marine officers, has been appointed by 
the Admiralty to consider whether the new scheme 
is affording to existing engineer officers the advan- 
tages ‘‘they had been led to expect ;” and also 
whether ‘‘ further instructions are necessary with a 
view to the qualification of officers for duties with the 
Royal Marines under the new scheme,” So far as 
the engineers are concerned, the reference is 
rather too narrow to be satisfactory. It is not 
what engineer officers were ‘‘led to expect,” but 
what they were entitled to expect, and what would 
be to the advantage of the Service, that the Com- 
mittee should consider. It is to be hoped that the 
engineer officers who are members of this Com 
mittee will have the courage to uphold the position 
of their branch, so far as may be compatible with 
the interests of the naval service at large. The 
inquiry has not been completed, or had not 
recently, and there is little hope that its details 
will be made public. In all departmental inquiries 
of this nature a junior, or subordinate, branch must 
always be at a disadvantage, and it would be well 
that the public should have as much material as 
possible on which to found an opinion. 

Although it is desirable that the number of 
stokers should be increased, there is one feature 
about the step that is to be regretted. Stokers are 
enlisted men at full age ; men of the executive 
branch are trained as boys. As we have often 
remarked, the strength of the Navy exists largely 
in the devotion of officers and men to the Service, 
and to secure this feeling to the fullest extent 
there is nothing more effective than early training— 
than men being incorporated in the Service from 
early youth. Tt is for this reason that the new 
system of training boy artificers is to be commended, 
supposing, of course, the training to be efficient, a 
matter upon which a good deal might be said had 
we space at ourcommand. The whole question of 
the position of engine-room artificers—more espe- 
cially in regard to the influence of the new regu- 
lations regarding stoker-mechanicians—needs in- 
quiry. It isa subject upon which we have formerly 
expressed our views more than once, and shall 
return to it again when occasion arises. 








RONTGEN, CATHODE, AND POSITIVE 
RAYS. 


THe penultimate lecture of the course on the 





| 
| 
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Thomson commenced his discourse by recalling 
that in the previous lecture he had pointed out that 
a sharp pencil of cathode rays on ing through 
any material became diffused and fuzzy at the 
edges, this scattering effect being due to the colli- 
sions which the particles experienced in their 
passage. Some very interesting questions, he con- 
tinued, arose from the way this diffusion varied 
with the nature of the substance through which 
the rays pierced. In the case of the diffusion of 
one gas into another it was possible to calculate 
from the kinetic theory the number of collisions 
experienced by the interpenetrating molecules. In 
a similar way the number of collisions experienced 
by the cathode rays in penetrating into any body 
could be calculated from the observed absorptions. 
Comparing this result with that obtained in the case 
of gaseous diffusion, there wasa very fair agreement 
between the two, solong as the velocity of the cathode 
particles did not exceed some 600 miles per second; 
but with rapidly-moving particles, having velocities 
such as 60,000 miles a second, an altogether 
different law was obtained. ‘The absorption proved 
to be very much less than if the cathode particles 
made collisions of the same kind as assumed in the 
kinetic theory of gases ; that was to say, if they were 
stopped entirely every time they hit a molecule, the 
absorption would be much greater than it actually 
appeared to be. The cathode particles must there- 
fore be capable of piercing through the molecules 
of the gas through which they passed. 

Lenard, he proceeded, had investigated the ab- 
sorption of cathode rays in different substances, 
varying in density from air at 1 millimetre pres- 
sure up to gold. The range of density covered 
in these experiments was therefore about 10 mil- 
lions to one. He found that the absorption was 
nearly proportionate to the density, the fraction 
absorption 

density 

whilst the density changed from 10 millions to 1. 
The extreme values of this fraction were, moreover, 
obtained with only a few substances, so that the 
assumption that the absorption was directly pro- 

rtional to the density would be nearly true. 
Taking, then, two gases at the same temperature 
and pressure, in which case each would eee the 
same number of molecules per cubic centimetre, 
the absorption would be proportional to the atomic 
weights. But asthe number of molecules per cubic 
centimetre was the same, and the absorption was 
proportional to the number of collisions, it ap- 
peared that the oxygen molecule, for instance, con- 
tained 16 times the number of systems with which 
collision took place as did the hydrogen molecule. 
In fact, there was, as assumed in Prout’s hypo- 
thesis, a kind of common basis, which occurred 16 
times as frequently in the oxygen atom as in the 
hydrogen one. This result from Lenard’s experi- 
ments was, the speaker continued, one of the most 
far-reaching lately obtained in physics. The ubsorp- 
tion diminished as the speed of the cathode particle 
increased, at a rate which, according to theory, 
should be inversely proportional to the fourth 
power of the velocity, so that if the velocity were 


having a range of not more than 2 to 1, 


. 


doubled, the absorption would only be one-sixteenth * 


as great at the higher as it was at the lower speed. 


Becker had recently measured the absorption in the © 


case of rays having a velocity of about 60,000 miles 
absorption 
ensity 

equal to 1500. Recently a large number of obser- 
vations had been made as to the absorption of 8 
particles emitted from radioactive bodies. Those 
from uranium had a velocity about half as much 
again as the cathode rays experimented with by 
Becker, and here it appeared that the above ratio 
was only 5 or 6, or the absorption had apparently 
diminished to 3} oth part, with an increase of 50 
per cent. in the velocity. The extravagantly high 
rate of variation thus apparent was, however, 
really due to the two physicists measuring different 
things. In Becker's experiments the density of 
the rays per unit area, after suffering absorption, 
was measured, whilst in the work of Rutherford 
and his coadjutors the whole amount that passed 
through was measured. 


. absorption - 

The ratio density Professor Thomson con- 
tinued, was not absolutely constant, there being a 
characteristic variation with the atomic weight of 


per second, and found the fraction 


above subject, which Professor J. J. Thomson, of | the element. Plotting the ratio in question against 
| Cambridge, is now giving at the Royal Institution, | the atomic weight, a regular curve was obtained, 
was delivered on Saturday afternoon last. Professor | which showed the Mendeleefian periods, and could 
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indeed be used to settle questions of atomic weight, 
much as Sir James Dewar had confirmed that of 
argon by measuring the absorption of Réntgen 
rays in passing through this gas. 

Luminosity, the speaker proceeded, was one of 
the most characteristic effects of the absorption of 
cathode rays by matter. If the discharge were 

through rarefied air, for instance, the 
atter phosphoresced. As the absorption was 
greatest when the velocity was least, the largest 
effects were obtained with slow-moving particles. 
Particles of extreme slowness could be produced by 
placing a speck of lime on the cathode and raising 
it to a red heat. The rays were then produced 
under a very small potential difference—even as 
little as 30 or 40 volts, instead of the 30,000 
to 40,000 volts required with ordinary vacuum 
tubes. With atube thus fitted, Professor Thomson 
showed that the particles rendered the residual air 
phosphorescent, and he repeated similar experiments 
with various salts, amongst them being carbonate of 
magnesium, which glowed a brilliant red. With 
this substance the phosphorescence ceased on cut- 
ting off the rays; but with others, notably arra- 
gonite, the glow continued an appreciable time after 
cutting off the rays. 

The process of bombardment produced, the 
speaker said, some change in the substances ex- 
posed to it. This was first shown by Sir William 
Crookes many years ago, with a tube in which a 
portion of the glass was at first protected from the 
impact of the rays, and then appeared dark on a 
bright ground. If, however, after the bombard- 
ment had been continued for some time, the shield 
was removed, the part then newly exposed to the 
action of the rays glowed more brightly then that 
which had been continuously exposed to them. 
In the case of the chlorides of the alkaline metals 
the bombardment produced a marked change in 
the colour of the originally white powders. Lithia 
chloride, for instance, became a deep violet, and 
the change took place so rapidly that it was 

ossible to write on the surface by directing on 
it, with a magnet, a pencil of the cathode rays. 
The exact nature of the change produced had 
been much disputed since its discovery by Elster 
and Geitel. Sodium chloride also turned violet, 
and the colour produced was fairly permanent, 
lasting for years. This blue variety of sodium 
chloride also occurred sometimes in Nature, and 
could, moreover, be produced by heating rock salt 
in sodium vapour. It had very different properties 
to ordinary rock-salt, being much more ‘‘ photo- 
electric ” than the common variety ; that is to say, 
if exposed to light, it gave off negative electricity 
much more freely. Other bodies acquired the 
property of thermo-luminescence under the action 
of the rays ; that was to say, if bombarded and 
allowed to rest, they would become phosphorescent, 
if subsequently heated, even if some days had 
elapsed since their exposure to the impact of the 
cathode rays. All these changes under the impact 
of the rays, the lecturer continued, were probably 
due to the formation of chemical compounds. 
When these were very unstable, the substance 
recovered its original properties immediateiy the 
rays were cut off. In other cases there was greater 
stability, and the phosphorescence continued for 
some time ; and again, in other cases, the stability 
was so great that heating was required to bring 
about the restoration of the substance to its primi- 
tive form, and we thus got thermo-luminescence. 

The rays had also some secondary effects, due to 
the intense heat generated at the point at which 
they struck. It was to this indirect action, he 
thought, that the penetration of hydrogen and 
helium into glass, under the influence of the rays, 
recently discovered by Mr. Campbell Swinton, was 
to be attributed. In these experiments bubbles of 
hydrogen were found ,}, of a millimetre below 
the surface of the glass. It had, however, been 
shown that both glass and silica were permeable to 
H and He at high temperatures, so that the effect 
in question probably arose from the cathode par- 
ticles raising the temperature of the surface of the 
glass sufficiently to permit of these gases penetrat- 
ing by ordinary diffusion. 

In conclusion, Professor Thomson showed the 
production of positive rays, or canal-strahlen, by 
means of a tube prolonged greatly behind the 
cathode, and containing rarefied He. The cathode 
was perforated, and the positive rays, bein 
attracted by it, passed through the holes, a 
caused the gas in the space at the back to take a 
red phosphorescence, 





THE INSTITUTION OF NAVAL 
AROHITECTS. 


THE annual general meeting of the Institution of 
Naval Architects commenced on Wednesday morn- 
ing last in the Hall of the Society of Arts, the 
President, Lord Glasgow, G.C,M.G., occupying the 
chair. There was a large gathering of members, 
the Hall not affording accommodation for all who 
attended. 

The proceedings opened by Mr. Dana, the Secre- 
tary, reading the 


Report OF THE CoUNCIL, 


from which it appeared that the numbers of the 
various classes of members showed that the total 
at the close of the 1906 session was forty-seven in 
excess of the previous year. The actual number 
elected during this period was 110, but the losses 
through death and resignation amounted to sixty- 
three. There was a satisfactory increase in the 
number of students on the books, and these will 
doubtless help in time to further strengthen the 
professional side of the Institution. 

The Council regretted to report that during the 
past year the hand of death had been unusually 
heavy upon the members of the Institution, not 
merely numerically, but also by reason of the dis- 
tinguished names that have been added to the 
death-roll. That_of Sir Edward Reed, to whose 
initiative and zeal the Institution might be said to 
largely owe its existence, would evoke feelings of 
the deepest regret among all classes of members. 
The death of M. Augustin Normand, Vice-Presi- 
dent of the Association Technique Maritime, had 
deprived the Institution of one of its most distin- 
guished foreign members. Another esteemed Mem- 
ber of Council—Mr. G. C. Mackrow, of the Thames 
Tron Works—had passed away at an advanced age. 
He was one of the pioneers of iron shipbuilding on 
the Thames, and one of the earliest to join the 
Institution after its formation. ‘ 

The Council had elected as Honorary Vice- 
Presidents, Sir William White and Mr. John 
Corry. The first award of the Institution of Naval 
Architects Scholarship was made by the Council 
last summer upon the result of the Board of Educa- 
cation’s examinations. The successful candidate 
was Mr. A. Cannon, of Devonport Dockyard. 

The President of the Board of Trade had recently 
requested the Council to nominate two representa- 
tive shipbuilders or naval architects upon the Ad- 
visory Committee to the Board of Trade, which had 
been formed with a view to advising that Depart- 
ment upon questions to be dealt with under the 
Merchant Shipping Acts. The Council had accord- 
ingly elected Dr. F. Elgar, F.R.S., and Mr. J. 
Inglis, LL.D., to represent the shipbuilding inte- 
rests upon this Committee. 

On the invitation of the President of the Asso- 
ciation Technique Maritime, it had been arranged 
to hold a Summer Meeting this year (June 25 to 
28), jointly with that Society, in Bordeaux, where 
a Maritime Exhibition is to be held to celebrate 
the centenary of the application of steam to navi- 
gation. A cordial welcome had heen promised by 
the Mayor and Corporation of Bordeaux, as well 
as by the Exhibition authorities, and the Council 
hoped that a good number of members would take 
advantage of the invitation. The Council had 
awarded to Professor R. L. Weighton, M.A., of 
the Armstrong College of Science. the Gold Medal 
of the Institution for 1906, for his valuable paper 
on ‘‘ The Efficiency of Surface Condensers.” 

After announcements had been made by the 
Secretary respecting the election of Members of 
Council, Lord Glasgow proceeded to deliver his 


PRESIDENTIAL ADDRESS. 


He said that he would be only expressing the 
feelings of members generally if he paid a passing 
tribute to the memory of one who had much to 
do with the creation and subsequent growth of this 
Institution, and who, since the last meeting, had 
been called away from his earthly labours. It was 
with Sir Edward Reed and a few others, including 
Sir Nathaniel Barnaby, who, he regretted, was not 
present, that the idea of founding this Institution 
originated. He was the first to undertake its 
secretarial duties, and he subsequently filled the 
offices of Member of Council, Vice-President, and 
Honorary Vice-President successively. Through- 
out his long and varied professional career he never 
ceased to take the test interest in the success 
of the Institution. A staunch fighter and a generous 





opponent, he was ever ready to throw down the 
gauntlet in support of his views, and many a wordy 
battle had he waged in championing the theories 
that he had so ably carried into practice. His great 
intellectual powers enabled him to deal successfully 
with a wide range of subjects. In naval architec- 
ture he occupied a place second to none in his pro- 
fession ; in politics he was a noteworthy figure. 
and he sat for over twenty years in the House of 
Commons ; while in literatuxe he published works of 
travel and romance second only in value-to those by 
which he has added so much to the status of naval 
architecture as a scientific branch of study. His 
connection with the Institution might, the Presi- 
dent thought, be suitably commemorated by the 
establishment of an annual lecture on some subject 
connected with naval architecture, which would be 
known as the ‘‘ Sir Edward Reed Lecture.” 

The past year had once again witnessed a record 
in the shipbuilding output of this country, the 
1.828.000 tons of mercantile ships launched being 
200,000 tons in excess of the year before, which in 
turn was largely in excess of any previous year’s 
total. The result was remarkable, in view of the 
fact that the strike upon the Clyde, which occurred 
during the latter part of 1906, paralysed the ship- 
building industry in that district during a period 
of seven weeks. Notwithstanding this interference, 
the Clyde yards again headed the list in the out- 
put of tonnage, although, if classed by towns, 
Newcastle-on-Tyne had, like last year, a substantial 
lead over her rival, Glasgow, and the output of the 
latter was but slightly in excess of that from the 
Sunderland yards. It was not surprising to learn 
that labour and materials had risen in cost, and 
there was a disposition on the part of shipowners 
to await a return to more favourable prices before 
placing fresh orders. The returns from abroad 
showed that with the exception of France and Italy, 
there had been a notable increase in the volume of 
shipbuilding, more especially in the United States. 
Germany also continued to build an increasing 
amount, notwithstanding the fact that a large 
number of British-built ships were ordered for 
German owners. 

Lord Glasgow, proceeding, said that last year he 
stated that marine engines developing nearly 14 
million horse-power had been constructed in the 
United Kingdom during the preceding year. He 
had, however, to chronicle a very substantial ad- 
vance on even that figure, machinery capable of 
indicating over 1,800,000 horse-power having been 
constructed during 1906. Judging by present con- 
ditions, it can hardly be hoped that this exceptional 
activity in engine construction would be maintained. 
The continued and extended use of the tupbine 
engine for marine propulsion was again a feature of 
the returns for the past year. Its efficiency for 
steamers such as are required for cross-Channel 
service was already demonstrated ; it only remained 
to prove its reliability and economy for trans- 
Atlantic work. The two turbine-propelled Cunard 
ships account for no less than 140,000 horse-power. 
They would certainly not be repeated during the 
coming year. 

The output of machinery for war vessels during 
1906 equalled 217,200 horse-power, and of this 
nearly 70,000 horse-power was for vessels built for 
foreign Powers. Although the total given was less 
than for many years past, it was somewhat surprising 
to see that the horse-power of warship engines for 
foreign countries was considerably higher than it 
has been for some time past, and this was more 
satisfactory as the previous year, which accounted 
for 48,100 horse-power, was the next highest of the 
past six years. With the determination of other 
Powers to be self-supporting in regard to war 
material, more especially in regard to ships, one 
might reasonably have anticipated that: the demand 
in this country would have fallen off rather than 
increased. ‘‘ Let us hope,” Lord Glasgow continued, 
‘* that there will be a continuance of this branch of 
industry, for we must remember that it is not only 
a source of commercial profit to construct war 
vessels for foreign Powers. but it also adds to our 
shipbuilding resources, and thus indirectly to the 
naval strength of the country.” 

The address next proceeded to give some parti- 
culars of the Dreadnought’s trials, in connection 
with which Lord Glasgow pointed out that it was 
not easy to make a comparison between the effi- 
ciency of reciprocating engines, the power of which 
was measured by the indicator. and that of turhine- 
engines. where the power was taken on the shaft- 
ing. The details of the latter method would be 
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elucidated by the two papers on the subject, one 
of which was from the pen of Mr. Archibald Denny, 
whom all would be delighted to find again contri- 
buting to the Transactions. By the ingenious idea 
of enlisting into his service the torsional effect on 
the shafting, the originator of this new power- 
recording instrument had been enabled to reach a 
result in the registering of large powers which so 
great an inventor as the late Mr. Froude strove for 
many years to accomplish with but partial success. 

Next to the steam-turbine, the internal-com- 
bustion engine was the most interesting feature at 
present in the field of marine engineering. Although 
no very remarkable developments had taken place 
since last year, the use of this type of engine for 
marine work in small craft of various kinds has 
continued to make good progress. In our sub- 
marines the petrol-engine continued to be used for 
surface propulsion, and one of last year’s additions 
to our fleet of torpedo-boats was an experimental 
one, 60 ft. long, built by Mr. Yarrow’s firm at 
Poplar, and propelled by three sets of internal- 
combustion engines, each driving its own screw. 
The speed of this boat was 254 knots, which was 
54 knots faster than that which would have been 
reached had steam machinery been installed. It is 
not, however, to petrol-engines that Lord Glasgow 
looked for the propelling machinery of vessels of 
any considerable tonnage. The costly nature of 
the fuel would put it out of the question ; and, so 
far as could be seen at present, ordinary paraftin 
stood only second in this category. The applica- 
tion of the suction-gas producer to marine practice, 
however, afforded hope of using our cheapest fuel— 
coal—without the intervention of the steam-boiler. 
Already there were heard rumours of a suction- 
producer and gas-engine of power sufficient to 
propel a sea-going vessel of large size. 

The trials and subsequent cruise of the Dread- 
nought justified the Board of Admiralty in their 
selection of a design embodying the lessons taught 
by the war in the Far East. Unfortunately, our 
imperfect political machinery tended to create a 
discontinuity of policy that seriously affected the 
shipbuilding programmes of the Navy. 

The address concluded by mentioning the loss of 
H.M.S. Montagu, and a sympathetic reference to 
the wreck of the French ship Jena. 


Tue Institution Gotp MEeEpaL. 


At the conclusion of his address Lord Glasgow 
presented the Gold Medal of the Institution to 
Professor R. L. Weighton, M.A. 


MacHINERY AND GuN-PowERr. 


The first paper taken at the meeting was a con- 
tribution by Mr. J. McKechnie, of Barrow, the 
title being ‘‘The Influence of Machinery on the 
Gun-Power of the Modern Warship.” This paper 
we commence to print in our present issue. 

The first speaker in the discussion was Admiral 
C. P. Fitzgerald, who said that in rising to open 
the discussion at the bidding of the President, he 
only did so in order to set the ball rolling, as he 
saw admirals present who were gunnery experts. He 
would therefore leave the second part of the paper 
dealing with the mechanism more intimately con- 
nected with guns, and confine himself to the first 
section. Mr. McKechnie had, in dealing with the 
future armament of battleships, boldly tackled a 
subject of great complexity, and one on which 
there were widely differing opinions. There 
were those who held what had been wittily called 
by an American naval officer, the ‘‘all-big-gun- 
one-calibre-high-speed battleship” type of war 
vessel, that being considered by some the only 
battleship that was justified by the teaching of the 
battle of the Sea of Japan. He did not wish to 
dispute that teaching, but it was noticeable that in 
the accounts of the battle he had been unable to 
find that all the damage was done by the 12-in. 
guns. He considered that it was not a matter of 
great importance to the naval officer whether it was 
a 12-in. shell that burst close to him. He thought 
that many people had jumped to conclusions that 
could not be borne out bythe facts. They had founded 
opinions on a certain battle, which was insufficient 
evidence. Nodoubt some present would remember 
the battle of Lissa. It was the result of that action 


that led to one of the most hideous monstrosities ever 
put on a battleship—the ram ; this had since been 
responsible for the sinking of many friends and no 
foes. Referring to the illustrations of the battle- 
ships fitted with internal-combustion machinery 
given by the author in his paper, and what had 





been said about all-round fire, it would be noticed 
that no neutral ground was given for the stowage 
of boats, and that might modify the ition 
taken up. Mr. McKechnie had said that the 
radius of action with oil fuel was six-and-a-half 
times that of coal. If members would look 
at the sections of the 30-knot torpedo-boat 
destroyers that were fitted respectively with coal 
and oil fuel, they would see that in the former coal 
rotection was given to the boilers, whereas in oil 
uel that protection, for what it was worth, was 
absent. e presumed that the oil-fuel would be 
the heavy oil with a flash-point of 200 deg. Fahr. 
Supposing a shell were ae tee in the oil-bunkers, 
it would be presumed that it would raise the 
temperature above that point, which would be a 
very serious matter. Moreover, if the side of the 
boat were pierced, the oil would all run out, and 
there vould be, at any rate, a heavy list to one 
side or the other. 

Admiral Sir Gerald Noel, who was the next 
speaker, said it was fully recognised by all naval 
officers that gun-mountings constructed by the 
Vickers Company were in excellent hands, and 
all improvements the firm had introduced could be 
depended upon as being as good as they could be 
made. The Navy had adopted most of their hy- 
draulic machinery which had been spoken of, and 
it was highly appreciated. The information given 
in the table, which stated the comparison of weights, 
&c., of steam, gas, and oil machinery for a 16,000 
horse-power battleship was an extraordinary eye- 
opener ; but he would say that more detailed in- 
formation would be very acceptable. The reduction 
in weight gained by the oil-engines over steam 
engines was really marvellous, being about 50 per 
cent., whilst with the gas-engine installation there 
was a reduction of about one-third of the weight as 
compared to steam, whilst the oil-fuel consumed 
per horse-power developed was about one-third of 
that which would be required for coal in a steam- 
boiler. In that case it would be pertinent to ask 
what stood in the way of the adoption of internal- 
combustion with oil-fuel. At the present time 
naval engineers were much intenetek in the tur- 
bine, and he had stated on previous occasions that 
if the turbine was more economical than the re- 
ciprocating engine, it should be adopted. Whether 
it was more economical on the whole might be 
open to question. At high speeds experiments 
went to prove that it was more economical, but it 
was not the case at lower powers. He would say, 
however, that if the oil-engine were smaller, and 
used less fuel, and its advantages were not counter- 
balanced by disadvantages, then let the Navy have 
oil-engines. It was evident, however, that no 
system could combine all advantages, and what was 
wanted was more information. There was also the 
point to consider as to the effect of shell fire on oil 
fuel as compared with coal. 

Admiral Sir Edmund Fremantle was the next 
speaker. He said that the author nad shown on 
his diagrams that ‘th internal-combustion engines 
great advantages would be gained in the disposi- 
tion of guns; and he had before pointed out 
that funnels and uptakes were great obstacles. 
In regard to speed, it was to be remembered 
that the destruction of funnels was a serious 
drawback in the matter of reduction of power 
alone, and the internal-combustion engine would 
remove that difficulty. There was no doubt as 
to the value of oil-engines in this respect; but 
he would ask, How about safety? That was a 
very important question, and one that should be 
well considered. With nearly all advances and 
improvements in the design of war-ship machinery, 
however, there was the greater chance of danger. 
The further one travelled from simple conditions 
the greater the care that had to be exercised. The 
explosion that had recently occurred in a foreign 
battleship — an incident that everyone in this 
country deplored—was an instance of this, although 
he did not wish to pass any opinion upon the 
cause of this particular disaster. The gasoline engine 
had been known to give trouble in some positions, 
and it had always been recognised that high explo- 
sives required extra precautions, or they would be 
likely to give trouble. The value of oil fuel in 
steam-boilers had been proved during the man- 
ceuvres. On one occasion, after a period of running 
at high s , the stokers had become worn out, 
and speed fell off, but four ships that had oil fuel 


apparatus fitted were able to steam away from | 


vessels of nominally greater speed, but which had 


to depend only on coal. In regard to the one big- | 








gun principle the greatest advantage was the greater 
control over fire, this being more easily obtained with 
guns of one calibre. The lessons of the Battle of 
the Sea of Japan cut both ways. There had been 
descriptions of the terrible effect of the large shells 
described as ‘‘ portmanteaus,” and the preference 
of the Russians to be fired at by the smaller guns. 
It was also said that the Japanese big shells 
turned over in their flight, this being caused by 
the big guns becoming worn in the bore; so 
what might be gained one way might be lost 
in another direction. He would mention one cir- 
cumstance illustrating the progress of engineering 
as applied to war material. In 1871 he was a 
junior captain in the Navy, and, wishing to improve 
his bmeutedine of gunnery, he had taken a course 
on the Excellent. On his examination he was asked 
if he thought it probable that hydraulic power 
would be applied to the working of heavy guns, 
it being then applied for lighter weapons. He said 
that he was of opinion it would not, and he believed 
he passed his examination not without credit. 

“Sir William White said that the paper the meeting 
had listened to was one of great value and consider- 
able interest. He would, however, like to make 
one addition to it. Mr. KeKechnie had given the 
names of distinguished persons who had been con- 
nected with the development of ordnance machi- 
nery; but there was one omission which the 
speaker would like to rectify. The name that 
should be at the head of the list was that of 
George Rendle. He was the first to face this 
problem of the handling of heavy ordnance by 
hydraulic means, and he it was who first brought 
it to a successful issue. The speaker was well 
acquainted with the work that had been done 
in this field, having been connected with it 
from the first. The information given by the 
author in his paper was accurate and valuable. 
For long the struggle had been going on to keep 
down the weight and space occupied by the machi- 
nery and the mountings of the heaviest guns, and 
this effort had been attended with remarkable 
success. It was sometimes, however, overlooked 
that in restricting the diameter of the barbeties 
in comparison with the length of the gun the 
larger part of the gun became exposed. It was often 
thought that because the mechanism was protected 
the gun was impregnable, but he would point out that 
two-thirds of a 12 in. gun was outside the armour. 
At the Battle of the Sea of Japan the chase of the gun 
which was beyond the protection was shot away. 
In the paper was shown a reduction in the diameter 
of the barbettes, and it was claimed that this might 
be modified by reducing the supports. If, however, 
the space was too much reduced in this manner, 
defects might be incurred by bringing the support 
of the armour lower than it should be. He would 
refer to the diagram in the paper, which showed 
the barbette for a pair of 12-in. 45-calibre guns of 
58 tons, the date being 1906. It would be seen 
that the internal girders were cut off below the 
upper ring of armour, and he would say that 
in restricting the diameter the defence would 
in this way be reduced. He did not intend 
to advance that the decision as to arrangement 
was not the best that could be arrived at, but 
proposed only to point out that, in reducing the 
diameter, the defensive wer of the armour 
might be also decreased. ere was another point 
of the same: nature—that regarding clearance. 
Heavy blows from projectiles on armour were 
apt to produce remarkable distortion. He had 
himself seen movements of heavy plates when 
fired at which he would have deemed im 
sible unless he had had proof to the contrary; 
and if there were not clearance enough, and the 
supports to the plates were not sufficient, or if the 
supports to the roller plates were not adequate, 
then these difficulties must arise. He considered 
it a matter of sound policy that when a heavy price 
was paid to put an important and heavy arm in 
position, the armoured enclosure should be ade- 
quate, so that risk should not be run of disable- 
ment of the weapon. It was policy under these 
circumstances to be generous in weight and space. 
When so much was paid to secure the fighting power 
of a big gun, it was not wise to run ri by 
cutting dimensions tootine. Sir William believed 
in the future of the internal-combustion engine, 
but he would like to ask the author what was the 
power of the largest oil-engine he had installed ? 

[Mr. McKechnie here said the highest power was 
800 horse-power. ] 

Under these circumstances, Sir William White 
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continued, it was certainly a very sporting offer | 


to put forward designs for a 16,000-horse-power 
ship. Three years previously he had seen designs 
of a similar nature of American origin, but they 
differed somewhat from those of Mr. McKechnie 
in the matter of weight. There was one practical 
oint to which he would like to make reference. 
f weight were removed from the machinery and 
transferred to armament, the centre of gravity of 
the ship would be raised, and that would affect 
stability. If the weight saved in machinery were put 
into armour, the range of stability, not the initial 
stability, would be affected. These were conditions 
that the naval architect would have to take into 
consideration, and they would have a not unim- 
portant effect on the design. 

Mr. James Hamilton said that the radical pro- 
posals which the author had put forward with 
regard to the machinery of warships would have 
made James Watt shudder had he survived to hear 
them, especially in regard to showing steam as a 
cooling agent or a by-product only in the motive 
power of marine engines. The ordnance officer 
always wanted in the ship as much as he could get; 
but the shipbuilder had to work to meet the ends 
of others. There were, he understood, 40 internal- 
combustion engines in the design put forward, and 
assuming those required to be equivalent to the 
power of the steam-driven engines, it was neces- 
sary that they should all be running at one time. 
The question was, Could this be realised in practice ? 
Could they be depended upon to continue running, 
and to develop the power needed? If, for any 
cause, a large number of them were liable to be off 
duty, such a circumstance would have to be taken 
into account. He had himself a little motor-yacht, 
and he believed he had no more trouble with the 
engine than other persons. Still he was always glad 
to know that there was a good spread of canvas, and 
a fair amount of lead ballast to help him home if 
needed. With the internal-combustion engine there 
were many little things to go wrong. Steam was a 
kinder sort of thing to work with, and fairly trust- 
worthy. Information gained in practical work was 
needed to know how far all these internal-combustion 
engines could be depended upon to run together. 
In steam machinery extra boiler power had to be 
supplied to compensate for loss of steam efficiency 
due to cleaning fires and tubes. If the same 
margin had to be allowed with the internal-combus- 
tion engine, the advantage in weight would more or 
less disappear. The author, in the table which he 
gave in his paper, had shown an advantage in favour 
of oil; yet he gave the preference to engines run 
with producer-gas. The speaker would ask, Was 
there anything beyond the uncertainty as to the 
supply of oil needed to account for this prefer- 
ence? It was stated in the paper that the pipe con- 
veying the poisonous gas would be surrounded by 
compressed air, so that any leakage of the gas 
would not be detrimental to the crew by escaping 
into the space of the ship. In action, however, 
there was the chance of this pipe being hit by the 
shot, and what would be the value then of the 
protecting envelope of compressed air / 

Mr. A. T. Dawson said that what the naval 
officer asked for was a quick-hitting gun—one that 
could be fired rapidly, and would lodge its pro- 
jectile in the target. To secure this the mechanism 
of the turret and gun was important for all opera- 
tions. It was essential to load at all angles of 
inclination in the ordinary way up to 14 deg. or 
15 deg., in order to produce the maximum range. 
It might be said that 7 deg. or 8 deg. would 
be enough for the fighting distances of 12,000 
yards, 14,000 yards, or 16,000 yards ; but it was 
to be remembered that in action ships were 
liable to have holes made in them, and might, 
therefore, have a considerable list. ‘The next con- 
sideration was that machinery should not be liable 
to get out of order. The author had pointed out 
that in this respect hydraulic transmission of power 
was preferable to electricity for the purpose. Ex- | 
ception was taken to the electrical working of | 
turrets and gears because it was difficult to locate | 
errors, which, although small, might affect an im- | 
portant part of the armament. He would remind | 
the meeting that when the disastrous explosion | 
occurred by the bursting of one of the heavy guns | 
in the turret of the Thunderer, not a single hy- | 
draulic pipe was broken. On an American battle- | 
ship—the Missouri—all the turrets worked by 
electricity were thrown out of action through the 


breaking of one cut-out, and there was considerable | of the Art.” 
danger from the powder being fired. Taking all | giving an abstract in an early issue, the author gave | 





points into consideration, he thought it wise to stick 
to the known and proved method of hydraulic 
working. 

Another important item was the sighting of guns. 
The modern system made the one calibre gun for 
principal armament more advantageous, as it 
enabled more complete fire-control to be obtained, 
and the commander knew what all guns were doing 
at any moment. It was not to be thought, how- 
ever, that he would advocate only 12-in. guns—the 
calibre he preferred; but there must also be a 
secondary armament. In foreign ships 4-in., 4.7-in., 
and 6-in. guns were used. He would recommend 
the 6-in. gun as the best for the secondary arma- 
ment. It was effective with lighter structures, and 
was, he thought, better than the lighter guns for 
use against torpedo-boats. It was nece , in 
any case, that the secondary armament should 
have adequate protection by armour. Another 
point was that the enemy should be seen distinctly, 
and for that reason smoke should not impair the 
sight of the hostile ships. Such an end would be 
obtained by the internal-combustion engine. He 
did not look upon the adoption of such motive 
power as being so far away as Sir William White 
seemed to think. In fact, he considered it was 
near at hand, and although Mr. McKechnie had, as 
he said, obtained no more than 800 horse-power in 
one engine, he thought that he, Mr. McKechnie, 
would tell the meeting that they had arrived at a 
point where they could promise a far higher power 
than that. 

Turning to another aspect of the question, Mr. 
Dawson advocated loading in two stages ; that was 
to say, there should be a loading-chamber under 
the gun-platform. This was desirable, as it allowed 
of a store of projectiles being near the gun, so that 
the action could be continued if the hoist became 
damaged, a supply being at hand until repairs 
could be effected. 

Mr. W. W. May said that at Messrs. Beard- 
more’s they had been working on suction-gas plant 
for marine purposes, and at the beginning of the 
month they had worked for ten days consecutively, 
developing 500 to 600 horse-power, with no cause 
for anxiety. The producer that was used in con- 
junction with this gas-engine was intended to burn 

ituminous coal. For five or six months they had 
fought with this problem, and, he regretted to say, 
with not so much success as they had hoped for at 
first. It was determined, however, not to let the 
engine stand idle, and so another producer was 
made, using anthracite as fuel. This was Scotch 
anthracite at 14s. 6d. a ton ; and taking the price 
of ordinary bunker coal there would only be Is. 
difference. The difticulty, however, was to get the 
anthracite. They intended, therefore, to proceed 
with the bituminous coal-gas producer until they 
made it a success. 

Mr. McKechnie, in replying to the discussion, 
said that Mr. Dawson had dealt with the questions 
affecting naval ordnance in so effective a manner 
that there was nothing for him to say on that 
head. With regard to the respective merits of 
oil and gas, he had dealt with the question 
on a very broad basis. The discussion on the 
details of machinery was interesting, and he 
regretted that he could not say all that might be 
wished with regard to what had been done at 
Barrow. The research work there was largely of 
an official and confidential nature, and they were 
under the Official Secrets Act. Sir William White 
had asked him a question as to the size of the 
internal-combustion engine that had been made, 
and he had said that 800 horse-power was the 
extent to which they had gone. They were, 
however, only waiting for an order to be re- 
ceived to go much higher, for it was by no 
means impossible to put larger and more power- 
ful engines into vessels. They had had suc- 
cessful trials with marine engines in which each 
cylinder developed 500 horse-power, and he could 
only say that if they received an order for a ship 
with internal-combustion engines they felt con- 
fident that they would be able to successfully. 
execute it. 

A vote of thanks (proposed by Lord Glasgow) to 
e author brought this part of the proceedings to 
conclusion. 

SuBMARINE VESSELS. 

The remaining paper read on Wednesday, the | 
20th inst., was a contribution by Mr. Simon Lake, | 
entitled ‘‘ Safe Submarine Vessels and the Future | 
In this paper, of which we propose 


th 
a 


‘some particulars of the type of submarine boat 
| which he has constructed in America, and in which 
one of the salient features is that it is fitted with 
wheels so that it can be propelled on the bottom 
of the sea. 

The discussion on this paper was commenced by 
Mr. A. T. Dawson, who said that he regretted he 
could not give the meeting an account of the boats 
that had been built by Messrs. Vickers in this 
country, as they were under the Official Secrets Act, 
which, as was well known, was very strict in its 
provisions. In regard to what Mr. Lake had said 
about the necessity for secrecy, the speaker con- 
sidered it was not desirable that those matters 
affecting the protection of life should be withheld ; 
but there was some reason for secrets costing money 
being preserved by the Government. It might 
have been that when the submarine boat was first 
introduced into this country there was danger in 
its working. The position, however, was now 
changed, and these terrible accidents were not to 
be anticipated in the future. He had been 
in submarine boats in Russia and in America, 
and it was agreed that these vessels must now 
be counted as a means of defence. In regard 
to the question of horizontal stability and hydro- 
planes, the Holland Company had made experi- 
ments. He thought that Mr. Lake’s remarks as 
to the importance of longitudinal stability were 
worthy of all attention. The speaker also referred 
to the influence of the Fleuss system of protection 
of life, and to a plant introduced in France, which 
worked by means of oxygen gas. 

Captain Lee said he was precluded from speak- 
ing on the fighting details of submarine-boats, and 
could only refer to the prevention of accidents. The 
author had said that the English boat Al might 
have been saved had she had more longitudinal 
stability. That the speaker questioned. It would be 
remembered that the Berwick Castle overtook her, 
and it was a case of ordinary collision. He thought 
it would be unreasonable to carry about a heavy 
drop-keel for the purpose of providing against 
collision ; and it was a device that would be worse 
than useless supposing the mechanism would not 
work, and it could not be dropped. Reference had 
been made in the House of Commons to the dif- 
ference between the plunger or diver-boat and a 
submersible boat, and the Government had been 
blamed for adopting a type which, it was said, 
had not been introduced into any other Navy. It 
was important to distinguish between the terms. 
The submersible boat was one which, in the light 
condition, had freeboard sufficient to navigate on the 
surface in ordinary weather, whilst the submarine 
boat had only one means of propulsion—that for 
under-water progress. All the English boats were, 
therefore, submersibles. What was the cause of the 
loss of life in the A 1 was not known, as the bodies 
were only recovered after a long period. But in 
the A 8, which was raised in 48 hours, it was 
testified, on high authority, that the men died from 
chlorine poisoning. ‘ The electrical energy deve- 
loped in these boats was enormous, and if current 
were conducted to salt water, chlorine gas would be 
given off with very great rapidity. He agreed that 
ballast tanks should be capable of being blown out 
at any pressure that the vessel would stand. He 
was of opinion that the author’s proposal to put 
petrol- tanks outside the hull was not worth 
much, as the connections would have to be with 
the interior of the boat. Tanks could be made 
tight, but leaks from pipes were not always to be 
avoided. The omniscope which the author had 
described he did not look upon favourably. It was 
not, he held, the smallest use to be able to look all 
round the horizon at once. The field of vision 
should approximate to what it is normally, and the 
omniscope he considered inferior to the present 
appliances. The paper was one of great interest, 
and it was a testimony to the value of Mr. Lake’s 
researches that the features he introduced had been 
copied so extensively. For years his investigations 
had been carried on, and there was proof in this 
way that they had been on the right track. 

Mr. Stephen Terry at some length advocated the 
use of buoys with chains for recovering torpedo- 
boats after they had sunk. 

Captain Hall, of the Royal Navy, who has charge 





| of the submarine work of the Admiralty, next spoke, 


and pointed to the fact that the great majority of 
inventions submitted to the Admiralty depended 
on the men on board the boat being in a position 
to utilise them. Accidents almost invariably in- 
volved either the admission of water or poisonous 
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gases into the interior. From this point of view 
Messrs. Fleuss’s gear, which enabled the men to 
have with them an independent supply of oxygen, 
was the most acceptable, as by this means they were 
able to sustain life. 

Mr. Lake, in replying to the discussion, expressed 
his appreciation of Lieutenant Dawson and the 
officers of the British Navy responsible for the 
submarine work. He thought that the accident to 
A 1, even as referred to by Captain Lee, proved that 
it was necessary that an all-round vision should be 
possible. 

THe ANNUsL DINNER. 


On Wednesday evening last the annual dinner 
of the Institution was held, and was well attended, 
the President, Lord Glasgow, being in the chair. 
Lord Tweedmouth was the principal guest, and in 
response to the toast of ‘‘The Navy,” referred to 
the amount of shipping that had been launched 
during the past year, both in this country and 
abroad. He considered it to be a good thing that 
secrecy should be maintained as to the design of 
war vessels; the country should place confidence in 
the Admiralty while experimental vessels were 
being built. Complaint had been made that 
sufficient work had not been given to private firms. 
He looked on a dockyard as a place for assembling 
purchased parts rather than a manufactory. The 
purchases from private firms of keel-plates, armour, 
guns, &c., reached a total of over 7,000,0001. ; so 
dockyard work stimulated private enterprise. 


THURSDAY’s PROCEEDINGS. 


Yesterday three papers were on the list for the 
morning sitting, and three for the evening. The 
first of the former was a contribution by Mr. W. 
J. Luke, entitled ‘‘Some Points of Interest in the 
Construction and Launch of the Lusitania.” The 
other two papers at the morning sitting were : 
‘*The Evolution of the Modern Cargo Steamer,” 
by Mr. S. J. P. Thearle, and ‘Cranes for 
Shipbuilding Berths,” by Signor C. Piaggio. 
At the evening sitting the papers were on 
‘* Torsiometers as Applied to the Measurement 
of Power in Turbine and Reciprocating En- 
gines,” by Mr. Archibald Denny; on ‘‘ Torque 
of Propeller Shafting : Some Conjectures, Investi- 
gations, and Results,” by Mr. J. Hamilton Gibson ; 
and on ‘Propeller Struts,” by Mr. G. Simpson. 
We shall deal with these papers, and those read 
to-day, when we continue our usual report of the 
meeting in our next issue. 








INSTITUTION OF AUTOMOBILE ENGINEERS.—On the 13th 
inst. a paper was read by Mr. P. Martin before this 
Institution on ‘‘ Works Organisation,” the meeting being 
held at the Institution of Mechanical Engineers, St. 
James's Park. The author divided the subject into sec- 
tions, dealing with the duties of the works staff and of the 
engineering staff, and the systemsof inspection. In deal- 
ing with the works staff, the author described the duties 
required of this branch of the establishment in a modern 
manufacturing concern, such as accurate costing, the pre- 
vention of waste, &c. The duties of the so-called non- 
productive departments were then touched on, and the 
effect of separating the control of the works and control 
of the drawing-office pointed out. With regard to inspec- 
tion, the author considered that by far the most efficient 
system is one between operators as opposed to ‘* between 
operations.” Materials and labour were both dealt with 
subsequently, the author concluding with a few remarks 
on overtime ; and the question of charging the additional 
expense of overtime work to a puirticular job, or of 
spreading the cost over the general establishment, was 
discussed. 


_Nixon’s Navigation Coniiery Company.—A con- 
siderable amount of electrical equi ment has recentl 
been installed at Messrs. Nixon’s Mountain Ash Col- 
lieries, the orders for the electrical machinery having 
been given through Mr. G. Beith, agent, a to 
Messrs. Crompton and Co. The shaft is 1110 ft. deep, 
and the generating station on the surface supplies power 
toa number of motors in the pit. The meme plant 
consists of three two-crank compound Belliss and Morcom 
engines, working at 1501b. pressure with steam super- 
heated to 150 deg. These engines each drive three-phase 
alternators of 300 kilowatts, ata speed of 375 revolutions 
per minute, and 550 volts. The power is distributed at 
the foot of the shaft, through eight circuits. Three 
standard Crompton three-phase 250-horse-power motors 
work main and tail gears for the principal gears. Heavy 
overloads are allowed for in case of accidents. The 
pumping gear consists of two electrically-driven pumps, 
each of a capacity of 400 gallons per minute against a 
head of 1500 ft., the motors of which are of 250 brake 
horse-power capacity, running at 400 revolutions per 
minute. There is also a single-lift winding gear in the 
staple pit, driven hy a 75 brake horze-power motor, and 
two blocking engine reversing gears, each driven by a 40- 
brake horse-power motor. 








THE LATE MARCELLIN BERTHELOT. 


Tue great French chemict, Berthelot, died on 
March 18, on hearing the dreaded news of the death 
of his wife. Born at Paris in 1827, and educated 
there at the Lycée Henri IV., he became assistant 
to the chemist Ballard, professor at the Ecole de 
Pharmacie in 1860, and in 1865 professor of organic 
chemistry at the Collége de France. The latter chair, 
which he held almost all his life, was created for him in 
recognition of his researches on glycerine compounds 
(a continuation of Chevreul’s work on fats) and on 
alcohols, as expounded in his ‘‘ Chimie Organique 
fondée sur la Synthese” of 1860. As Inspector-General 
of secondary schools since 1876, and a life Senator 
since 1881, he was drawn into politics, was appointed 
Minister cf Public Instruction in 1887, and accepted 
the Foreign Secretaryship, somewhat to the general 
surprise, in 1895, when Bourgeois was Prime Minister. 
He soon returned to his ecientific studies, and continued 
to contribute articles to the daily Press on topics of 
general interest. A warm and lasting friendship con- 
nected him with Renan, who had been his next-door 
neighbour in his younger days. In 1889, Berthelot 
succeeded Pasteur as Secrétaire Perpétuel of the 
physical division of the Académie des Sciences, and 
most of his researches have, in the first instance, 
appeared in the Comptes Rendus. Thermo-chemistry, 
explosives, and synthetical chemistry were his chief 
fields. The Berthelot calorimeter bomb and the 
Berthelot tube or ozonizer are well known. His 
‘* Mécanique Chimique fondée sur la Thermo-Chimie ” 
was published in 1879. In this and his subse- 
quent books he practically adhered to his ‘‘ Prin- 
cipe du Travail Maximum ” — views similar to 
those expressed in the ‘fifties by William Thomson— 
although his arguments had been refuted by Willard 
Gibbs in 1878, and more explicitly by Helmholtz in 
1882. Broadly stated, the thermal energy which we 
observe in a calorimeter does not, as Berthelot assumed, 
represent the full free energy of Helmholtz except at 
absolute zero, when there is no latent energy. In his 
organic researches he was for some time associated 
with Jungfleisch, and in his work on explosives 
with Vieille. During the siege of Paris he took 
charge of the manufacture of ammunition and of 
the laying of mines. Synthetical researches on the 
action of the silent discharge have occupied him par- 
ticularly during his later years. Very interesting are 
also his studies on the ‘‘ Origines de |’Alchimie” 
and the alchemists of Greece and the East. As a mark 
of esteem of one of France’s most eminent scientists 
the Chambre des Députés has accorded a national 
funeral to Berthelot. 

Death has recently decimated the ranks of chemists, 
and Russia and France in particular have suffered. 
Last year Professor Beilstein died in St. Petersburg ; 
this January Mendeleieff’s death was announced, and 
Mentchukin only survived him by a few days. Last 
month we nen the death of Moissan, and within a 
few weeks the great physical chemist of Amsterdam, 
Professor Bakhuis- Roozeboom, distinguished for his 
researches on the phase rule, eutectics, and metal- 
lurgical problems, was carried off, like Moissan, when 
only fifty-three years old. 








Tue AssociATION OF ENGINEERS-IN-CHARGE.—This 
society held its twelfth annual dinner on Saturday, the 
16th inst., at the Great Eastern Hotel, with the Presi- 
dent, Mr. W. T. Hatch, in the chair; and amongst the 
guests were Sir Alexander Binnie, Sir William White, 
and Mr. H. F. Donaldson, of Woolwich Arsenal. Mr. 
Donaldson proposed ‘‘The Association,” and in the 
course of his remarks referred to the bright Pape of 
the society and to the excellent character of the a 
read at the meetings. He suggested that the members 
should be broad-minded and ready to extend their know- 
ledge in other than the narrow grooves in which they 

ursued their daily toil. Sir William White, in replying 
for ‘* The Guests,” strongly advocated each man following 
his own branch of the profession, and deprecated the 
promotion of leading stokers to be ‘‘mock engineers” in 
His Majesty’s Navy. A musical programme brought a 
most successful evening to a close. 





A New Frencu TecunicaL JourNAL.—Under the 
title, L’ Industrie des Tramways ct Chemins de Fer, a new 
monthly paper has made its appearance in France. As 
its name implies, it is devoted to the interests of tram- 
ways and railways—chiefly tramways. It is the official 
organ of the Tramway Union of France. The committee 
responsible for the editorial work of the paper is com- 

of members, all of whom hold prominent positions 
in the tramway world in France. In the number under 
notice there are, for instance, articles by MM. L. Dupuy- 
Dutemps, E. Résal, G. Duez, &c. Short illustrated 
notices are given of new machinery and plant; a con- 
densed list of patents, new laws and regulations, statis- 
tical tables of French tramway undertakings, and a 
review of new books and of the foreign technical press 
constitute other matter in these pages. The magazine is 
well printed on heavy art paper ; the illustrations, though 
good. are few in number, but in this number the articles 
ppen to require but little illustration. The editorial 
offices in Paris are at 15, Rue de Madrid. 


ROYAL METEOROLOGICAL SOCIETY. 


Tue monthly meeting of this Society was held on 
Wednesday evening, the 20th inst., at the Institution of 
= Engineers, Dr. H. R. Mill, President, occupying the 
chair. 

Major B. F. S. Baden-Powell gave a lecture on “ 7he 
Exploration of the Air.” He began by saying that the 
atmosphere forms a vast ocean above us, an ocean but 
little explored. We crawl about the ground like crabs on 
the bottom of the sea; we make our meteorological 
observations down on the ground, ignorant of all that is 
going on in the midst of that great expanse of air above 
our heads, where the clouds hang about, where the rain 
and the hail are formed, where the lightning-flashes have 
their origin. We look to the cross on St. Paul’s, or the 
top of the Eiffel Tower, as the most exalted of points at 
which to observe the mechanism of the atmosphere, yet 
| these compare to the aerial ocean but asa pin stuck in the 
| carpet does to the air of a room. If all the clouds in the 
| sky were suddenly solidified in their various shapes and 
| different elevations, what vast realms of unexplored 
territory there would be. But even though not solid land, 
there is still plenty to explore in these regions of ever- 
changing cloudland. If we can mount up among them, 
we can ascertain the temperature, the humidity, the air- 
pressures, the electrical effects, and many other points on 
which we are at present very ignorant. 

Major Baden-Powell stated that there are two classes 
of people interested in the exploration of the atmosphere, 
(1) Meteorologists, who study it chiefly to find out about 
the weather; and (2) the inventor, who would utilise it as 
a highway of travel. But these two are by no means 
rivals. The attainment of their objects will be of mutual 
assistance to one another. The aerial navigator will want 
to know all about the currents and the conditions of the 
air, while the meteorologist will derive the utmost benefit 
from the ability to visit any parts of the atmosphere. 
There are three means now at the service of man by 
which he may ascend into these desirable regions, or may 
send up self-recording instruments to probe the mysteries 
of the skies—viz., balloons, kites, and fiying:machines. 
The balloon, although at the time of its invention it 
was hailed with acclamation as promising the conquest 
of the air to man, yet it is now realised that this 
cumbrous and delicate apparatus is not capable of 
much practical application. It is, nevertheless, useful 
(1) as an observatory for scientific investigation; (2) 
as a means of reconnaissance in war; and (3) as a most 
agreeable way of spending an hour or two in blissful 

ace and sublimity. But recently great strides have 

m made in the improvement of the balloon in the 
way of providing it with engines and propellers, so that it 
may be driven to any predetermined goal. T'wenty-five 
years ago the French Government made the first dirigible 
airship, and now they possess one, if not more, that seems 
to be a really practical air vessel of war. Count Zeppelin, 
in Germany, has also produced a machine which in point 
of size as well as in speed has beaten all records. Going to 
the other extreme, we have small balloons now capable of 
attaining the greatest heights carrying self-recording 
instruments. Such contrivances have recently ascended 
to the enormous altitude of 82,000 ft., or nearly 16 miles 
above the surface of the earth. Closely connected with 
this subject of bal/ons sondes, as the French call them, is 
that of meteorological kites. These also have been much 
improved in recent years, and instruments lifted by kites 
retained by steel wires have actually ascended to a height 
of 4 miles. Kites of a much larger dimension have also 
come into use during the last few years. At Aldershot 
they have been regularly introduced into the service. 
Men were first lifted by this means in 1895, in which 
ree the lecturer made a number of ascents up to 100 ft. 
igh, but improvements have gradually followed until 
now men have actually gone up to aheight of 3000 ft., an 
elevation practically beyond the reach of rifle bullets, 
and so high as to render the aeronaut almost invisible. 

Major Baden. Powell, in conclusion, referred to a sub- 
ject which, if it has not hitherto had any very practical 
results, yet promises to bring about perhaps the most 
extraordinary changes in the life of man than have resulted 
from any other of the marvellous inventions of the nine- 
teenth or twentieth centuries. The flying-machine has 
come, and it has come to stay. Years ago people argued 
that it was impossible to lift in the air that which was far 
heavier than the air; but the advocates of the cause 
pointed to the birds, and there was no gainsaying that 
the thing was possible. Then the pessimists cried that it 
would not be possible to balance the apparatus without 
the intelligence of a bird ; but models were made finally 
so - as to fly for three-quarters of a mile. Then men 
took to gliding on wings and sailing on the wind. Huge 
machines were constructed with very light engines, and 
at last, during the last two or three years, not only have 
men been successfully raised off the und, but have 
been able to sustain themselves in the air for half-an-hour 
at a time. Very little more remains now to be done 
before we can say that man has veritably conquered the 
air. 





ANTIPODEAN GOLD. — The production of gold in 
Australia declined last year to 3,422,709 cz , as compared 
with 3,663,356 oz. in 1905, and 3,741,644 oz. in 1904. On 
the other hand, the production of gold in New Zealand 
in last year to 532,922 oz., as compared with 
492,995 oz. in 1905, and 467,897 oz. in 1904. The aggre- 
gate output of gold in Australasia last year was, accord- 
ingly, 3,955,631 oz., of the value of 16,811,432/., as com- 
pared with 4,156,311 oz,, of the value of 17,664,324/., in 
1905; and 4,209,541 oz., of the value of 17,890,549/., in 
1904. The falling-off in last year’s output is partly 
attributable to the great demand for labour on the part of 
copper, silver, lead, and tin-mining companies, 
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THE VICTORIA FALLS BRIDGE. 


At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 19, Sir Alexander 
Kennedy, LL.D., F.R S.; President, in the chair, the 

per read was the ‘‘ Victoria Falls Bridge,” by G. A. 
Hobson, M. Inst. C.E. The following is an abstract of 
the toon 

The Victoria Falls of the River Zambesi are situated on 
the boundary which divides the administrative provinces 
of North-Western and Southern Rhodesia, in the fag ve 
— by the Chartered Company of British Sout’ 
Africa. 

The railway reached the bank of the riverin May, 1904, 
the distance from Cape Town being 1641 miles, and from 
Beira, on the east coast, 950 miles. The choice of the 
site for the bridge was due in the first instance to the 
late Mr. Cecil Rhodes, and was finally governed by the 
natural formation of the walls of the chasm, advantage 
being taken of the minimum distance to be spanned, 
combined with the soundest foothold obtainable. The 
poiee fixed upon is about 700 yards below the cataract. 

he rockbeing very hard, the bridge was designed to fit 
the profile of the gorge with as little expenditure in ex- 
cavation as possible. 

Several types of bridges were considered, but the nature 
of the situation and the purpose of the work made it ob- 
vious that a two-hinged spandrel-braced arch was the one 
which most completely answered all the uirements of 
the case. These may be summarised as handsome appear- 
ance, rigidity, economy, erection—cantilever-wise—with- 
out scaffolding. The author briefly discusses the merits 
of three-hinged and -rib arches. 

The bridge was designed to carry two lines of way of 
the usual South African gauge—3 ft. 6in. The existing 
line from Cape Town to the bridge (with unimportant 
exceptions) is a single track, but a width sufficient for a 
double line was necessary across the bridge, in order to 
provide sufficient lateral stability. 

In addition to the dead load the forces which the bridge 
is calculated to sustain are :— 

1. A train on each line of way, consisting of two engines 
followed by heavy trucks, the weight of the whole train 
averaging 1:40 tons per lineal foot. 

2. Temperature stresses caused by a 60 deg. Fahr. 
variation above or below the mean. 

3. Wind stresses due to a wind pressure of 30 lb. per 
square foot on the train and bridge, or 45 lb. per square 
foot on the bridge alone. The pressure is calculated on 
the entire area of both arches, and stresses due to unequal 
distribution of such pressure are allowed for. 

The bridge consists of three spans. The end span on 
the left bank of the river is 62 ft. 6 in., and the other 
87 ft. 6in. These spans are composed of bi girders 
of ordinary ty , with horizontal upper and lower chords 
12 ft. 6 in, deep, and divided into square panels. The 
girders are fixed 20 ft. apart. Connected with the end 
posts of the central span, they unite it with each bank of 
the river in a direct and simple manner. The deck is 
horizontal, and is laid on the top chords throughout. 

The central span is 500 ft. between centres of bearings, 
with a rise of 90 ft. The curvature of the arched rib is 

arabolic. The panels, twenty in number, are 25 ft. in a 
ength. The depth of the girder at the crown is 15 ft., 
and at the abutment 105 ft. Each main girder stands in 
plane at an inclination of 1 in 8 from the perpendicular. 
The width between the centres of the girders is 27 ft. 6in. 
at the top, and 53 ft. 9 in. at the springing-level, and 
between the parapets 30 ft. 

To facilitate erection and secure accuracy in align- 
ment, a turned steel pin was inserted at the point of 
intersection of each vertical and diagonal member with 
the top chord and arched rib. The pin was designed to 
be of the least possible weight ; as it was not intended to 
carry an accumulated’stress, but only that due to the 
ep ae of a single panel, with the addition of a portion 
of the erecting plant, its weight did not exceed 30 Ib. 

Time in erection was thus saved, and, once the pin was 
in its place, confidence in the accuracy of the work so far 
done was at once established. Reinforcement of the pin 
by rivets or service-bolts was a matter that could be 
attended to when all the members constituting one panel 
were in place, and it was not necessary to wait for the 
insertion of all the rivets in one particular panel before 
proceeding with the work of erecting the next. 

At the intersection of the end post with the top boom 
and the first diagonal tie, a large steel pin is inserted 
through all the plates which compose these members. 
The pin is 7 in. in diameter and 7 ft. long, its outer 
ends being held by means of short links attached to the 
top booms. To this pin were attached the anch 
ephies during the erection of the wy ol The entire 
bridge, with the exception of the main rings, weighs 
approximately 1500 tons. 

The author describes fully the design and functions of 
the hinged-bearings. The hinge-pin is 12 in. in diameter 
by 5 ft. 10 in. in length; it is nade from a solid steel 
forging accurately turned all over, and a bolt-hole is drilled 
through theaxis. Regarded in front elevation, the whole 
bearings, the pins especially, appear to be of very small 
dimensions com with the superstructure they carry. 
But they are of solid construction, and made of the 
strongest and toughest materials practicable. The pin 
itself is subjected to no greater pressure than 24 tons per 
square inch. 

It is essential, in order that the arch may fall and rise 
and the top chord expand and contract with perfect 
freedom through great variations of temperature, that the 
hinges be set oere to the axis of the bridge. If the pin 
had no other function to perform but that of support- 
ing the load, it might be set at right angles to the axis of 

arch rib; but, were this done, the pin and its fellow 
in the opposite bearing would not then lie, as they 





on ag the same straight line, like the hinges of a 
iX- . 

Scarcely inferior to the bearings in importance is the 
question of the joining of the two arms of the bridge at 
the centre. Each half of the arch was designed to meet 
the other with a butt-joint in the arch rib, and when in 
course of erection the two half-arches met at this joint 
their temporary character of cantilevers ceased to be, and 
the structure was transformed for the moment into a 
three-hinged arch, the top chord having a clearance or gap 
left in it of several inches. In order to secure the proper 
distribution of stress in all members due to the com- 
plete structure, it was necessary to impart the stress 
artificially. 

The engineering interest which attaches to the execu- 
tion of this work is due in a large measure to the remote- 
ness of the site. At the outset it was realised by the 
engineers that there were many possible risks which 
would be shunned alike by the British contractor and his 
workmen, and on the engineers’ advice, as far as it was 
— todo so, the unknown, doubtful, and incalculable 

actors were eliminated from the task which contractors 
were to be invited to undertake. Throughout the pre- 
paration of the design the question of erection was con- 
sidered of primary importance, and every detail was de- 
vised to simplify the procedure. In designing the details, 
consideration had also to be given to the available means 
of transport by sea and rail, and particularly to the fact 
that the parts for one-half of the bridge would have to be 
conveyed across the great chasm by means of some 


temporary expedient. ‘The means adopted are described 
by the author. 
The bridge was constructed in accordance with the 


designs and specifications of the author’s firm, Sir Douglas 
Fox and Partners, and Sir Charles Metcalfe, Bart. The 
contractor¢ were the Cleveland Bridge and Engineering 
Company, Darlington. 





MISCELLANEA. 

AFTER experimenting for one year with electric mono- 
phase traction on the line Stockholm-J'irfva, the Swedish 
State Railway Department has adopted this system for 
the suburban service on that short line, and a large use of 
monophase traction is contemplated. The power of the 
Karse Falls is to be utilised for this purpose. 


It is stated that the Town Council of Southampton 
have agreed to the acquisition by the London and South- 
Western Railway Company of 3} acres of submerged land 
in connection with the construction of their new docks. 
The terms agreed upon include the payment of a sum of 
500/. by the railway company, and an undertaking by 
them to reclaim 6 acres of mud land on the western shore 
of the estuary. 


On one of her recent journeys across the Atlantic, the 
Kaiser Wilhelm II. has sent radio-telegrams to the British 
steamer Caronia, when the distance, ay A overland, be- 
tween the two vessels amounted to 2200 kilometres. This 
is a remarkable achievement, considering that the Mar- 
coni apparatus on board the Wilhelm II. are only con- 
prmens for an average range of 360 kilometres. The 
difficulties are thus much greater than with the transmis- 
sion of signals from powerful shore stations, such as 
Poldhu or Nauen; the ships can receive those messages, 
but not always respond to them. 


The output of gold of Rhodesia, according to the 
Chamber of Mines at Buluwayo, has reached the figure 
of 553,985.58 oz. for the year 1906, compared with 
409,836.4 oz. in 1905. The largest monthly output in 
1906 occurred: in August. In silver 110,575 oz. were pro- 
duced last year, an increase of over 20,000 oz. on the year 
before. The production of lead has increased from 569 
tons in 1905 to 652 tons in 1906, while coal shows an in- 
crease of some 6000 tons, the output for 1906 being 103,783 
tons. To the end of the year 1906 Rhodesia had pro- 
duced altogether considerably over 2 million ounces of 
gold, overa quarter of a million ounces of silver, 307,522 
tons of coal, and 1804 tons of lead. Chrome iron has 
also been produced to the amount of 3647 tons. 


In the Transactions of the American Electro-Chemical 
Society, a process of air regeneration is described which 
would be suitable for such purposes as use on board sub- 
marine boats, &c. Fused sodium peroxide, electrically 

, is the chemical agent employed. In contact 
with water pure oxygen is given off, caustic soda being 
formed. The soda absorbs the CO, and coats the peroxide 
with a crust of carbonate which is removed by agitating 
the chemical in a wire net or gauze cylinder in which it 
is enclosed. Experiments on men show that 192.5 gm. 
of the peroxide give the 25 litres of oxygen required by 
one man per hour, and that 9 kilogrammes of the 
peroxide should sustain nine men in a submarine of 2700 
cubic feet capacity for nine hours, before the CO, would 
increase to a quantity likely to be injurious. 

While experimenting on the influence of sunlight on 
the propagation of electric waves through the atmosphere, 
K. E. F. Schmidt, of Halle, observed that the dis- 
turbances of the waves, which seem to be due to the 
ionisation of the air, are much greater with earthed 
antenne than when the antenne are connected to-a 
counter capacity. An aerial wire, 80 metres in length, 
was fixed 41 metres above the square in front of the 
Physical Institute building of the University, and the 
aerial earthed through the water-mains. Peculiar 
fluctuations being noticed, resonance curves were taken 
at various hours during the day and the night. The 
maximum of disturbance seems to be coincident with the 
maximum of electric dispersion. Schmidt did not himself 
determine the dispersion, however; he refers to the 
curves of Zoelss and others, which show a double 
diurnal ionisation period. A certain parallelity with 











the daily variations of the earth currents would also 
appear probable. Further experiments are, therefore, 
required. It is, however, interesting to note that the 
disturbances of the waves were much diminished when 
the aerial was connected with a counter capacity of wires 
arranged according to F. Braun. The experiments, which 
are described in the Physikalische Zeitschrift of March 1, 
confirm the view that exact syntonising is unreliable with 
earthed radiotelegraphic apparatus. 

In making the wonders of the neighbourhood of Cajion 
City accessible to tourists and others, an electric railway 
company is building a bridge to span the famous Royal 
Gorge in Colorado. The Denver and Rio Grande Rail- 
eed eal the Arkansas River share the bottom of this 
caiion, which is in places nearly 3000 ft. deep. At one 

lace, in fact, the bottom of the gorge is so narrow that 
e means of a hanging bridge the railroad is carried over 
the river. The beauties of this railway route are well 
known, and never fail to be appreciated. The Caion 
City, Florence, and Royal Gorge Interurban Electrie 
Railway Company are now spanning the gorge by a 
bridge about 11 miles distant from Caiion City, at a 
place where the cajion is 2627 ft. deep. The perpendicu- 
larity of the sides of the caiion may be gauged by the fact 
that at this point the gorge is 50 ft. wide at the bottom, 
while the bridge, over 2600 ft. above, will have a span of 
only 250 ft. 


Among the larger cities of the United States, New 
York takes the lead in the matter of coal consumption. 
This city has an annual consumption of 124 million tons, 
while Chicago consumes 8} million tons, New York con- 
sumes 3.12 tons per head; Chicago, 4 tons per head ; 
Cleveland, 5.43 tons; Boston, 6.70 tons; St. uis, 7.55 
tons; and Cincinnati, 8.20 tons per head per annum, 
giving an average for these six cities of 4.42 tons. The 
gas consumption per head amounts to 8800 cubic feet in 
New York, 5940 cubic feet in Chicago, 5600 cubic feet 
in St. Louis, 5120 cubic feet in Boston, 3230 cubic feet in 
Cleveland, and 5180 cubic feet per head in Cincinnati. 
72 per cent. of the coal burnt in New York is anthracite, 
but in Chicago only 17 per cent. is anthracite. Boston 
burns 45 per cent. anthracite, and Cincinnati only 1 per 
cent. New York’s low coal consumption and high gas 
consumption is said to be due to congestion of population, 
large houses being heated by one furnace, while gas is used 
largely for cooking, &c. 

In a recent report drawn up by Mr. Arthur Gladwell, 
surveyor to the Eton Rural District Council, the con- 
struction of a road which is stated to give good satis- 
faction is thus described :—‘‘ A layer, }? in. thick, of fine 
tarred slag or tar-flux (about g-in. gauge, prepared with 
rather more than the usual proportion of tar) was laid on 
the old road about to be resurfaced, on which a layer 
of 2-in. machine-broken granite was superimposed (the 
layer being two stones in thickness, or thereabouts) ; 
the whole was then rolled by means of a 10-ton 
steam-roller, which had the effect he had anticipated — 
viz., to drive the granite down into the tar-flux, and force 
the flux into the interstices of the granite in an upward 
direction, thus forming a compact structure of granite 
and tarred binding material of excellent surface. The 
road thus treated had a compact appearance, and pro- 
mises to fulfil the desired conditions of a hard-wearing, 
non-slipping, and practically dustless and waterproof 


In coal Great Britain, in 1906, exceeded the output of 
1905 by some 14 million tons. The figures for 1906 were 
251,050,809 tons, of which nearly 175 million tons were 
mined in England, about 38 cilia in Wales, 38 million 
in Scotland, and a small quantity in Ireland. Of the 
counties of England, Durham produced 38} million tons, 
Yorkshire 324 million, and Lancashire over 24 million 
tons. In Wales, Glamorgan produced about eight-ninths 
of the output of the Principality. In Scotland, Lanark 
produces nearly half the whole output. Of minerals 
coming under the Coal-Mines Regulation Act, including 
coal, 265,204,716 tons were produced, ironstone accounting 
for 8,209,880 tons, compared with 7,860,969 tons in the 
previous year; 2,971,173 tons of fireclay were mined, 
compared with 2,847,122 tons in 1905, and 2,546,113 tons 
of oil shale were mined—an increase of about 100,000 tons 
on the output of 1905. The figures given above for iron- 
stone do not include the quantities worked in Lincoln- 
shire, Warwickshire, &c. The mineral production reported 
in 1906 under the Metalliferous Mines Act shows a mineral 
output of 3,814,497 tons, compared with 3,444,478 tons in 
1905. Of this, iron ore accounts for 1,824,415 tons, lime- 
stone for 767,421 tons, rock salt for 230,558 tons, lead for 
over 30,000 tons, and zinc ore for 23,000 tons, &c. The 
number of persons employed in coal-mines underground 
was 709,545, an increase of over 18,000 above the ~ 
for 1905, while the number employed above ground has 
also increased by about 5500 to 172,800, making a total 
number employed of 882,345 for the year 1906. 








German Strrikes.—The number of strikes in Germany 
increases for every year. For the years 1899-1903 the 
average number of strikes amounted to 1242, during 1904 
it rose to 1870, and during 1905 to 2057. The number of 
lock-outs is also on the increase: whilst the average for 
the five years 1899-1903 was 42 the year, the number rose 
in 1904 to 120, and in 1905 to 200. 

New Ontaki0.—The Grand Trunk Pacific Railway is 
being developed with all possible speed. All available 
poy tne been working upon different parts of the line, 
so far as the season has permit The line will bring 
new and valuable regions of fine land within easy reach 
of New Ontario. It will also develop minerals of various 
kinds, and forests of pine and spruce. Already many 
settlers have taken up lands along the line 
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BENDING-MACHINE FOR THIN PIPES. 
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Tue difficulty and tediousness of making a good 
bend in a piece of thin pipe by the usual hand methods 
are well known, and consequently several machines 
have been devised to effect this operation. We illus- 
trate one of these machines in Figs. 1 to 3, above, 
the first figure showing its general appearance. The 
working parts are mounted on an iron pedestal, bolted 
to the floor, and the top of the machine can be 
swivelled around the pedestal and locked in any 
desired position. This is a very convenient feature 
when long pipes have to be bent in a crowded work- 
shop, for it limits the clearance necessary round the 
machine to a comparatively small angle. 

The principle of the machine will be understood 
from Figs. 2and 3. The end of the pipe to be bent is 
clipped against the former B, as in Fig. 2, and the 
block C run down against it by means of the screw 
shown. Both Band C are grooved to suit the pipe, 
and B is, of course, also made of the desired radius of 


the bend. A mandrel A is inserted in the pipe, this 
mandrel fitting the bore of the pipe near the aad and 
terminating in a flexible end. @ flexibility of the 


end is obtained by the attachment of a ball to the 
rigid part’ of the mandrel by means of a few inches of 
chain, the chain being surrounded by thick spherically 
seated rings. The solid part of the mandrel, when in 
position, terminates at the point where the bending is 
to take place, a nut on the outer end of the rel 
locating this position for any number of similar pipes. 
Bending is performed by pulling round the former 
B by a lever, and thus drawing the tube over the 
mandrel, as in Fig. 3. Short bends may be made, if 
desired, in different planes, as illustrated by the work 


in Fig. 1. It is quite easy also with a cylindrical 
former, ved spirally, to bend a pipe into a coil of 
any number of turns. When the bending ig finished, 


a tap on the lever D will release the mandrel, which 
can then way ont, and the pipe removed. 
This machine is. made in. five sizes; which cover a 





range of 

meter, an 

less steel, brass, aluminium and scaperene equally well 
8 


vines varying from } in. to 6 in. outside dia- 
between 23 and 58. W.G. in thickness. Seam- 


handled, and clean and good bends can be made in a 
very rapid manner, without any of the filling processes 
often employed, No skill is required to work the ma- 
chine, and it is claimed that by its use one man can 
turn out hundreds of bends a day at less than a tenth 
of the cost of the older method. The machine is built 
for either hand or machine power, the makers and 
tentees being Messrs. M. A. Hughon and Co., 9, 
nnaught-street, Hyde Park, W. 








INDUSTRIAL NOTES. 

THE statistics, relating to employment, supplied to, 
and published by, the Labour Department of the Board 
of Trade have been extended, as shown by the memo- 
randum at the head of the ‘‘ Notes on the State of the 
Labour Market.” The result is, on the whole, satis- 
factory. The chart-line for the past month shows a 
decline of unemployed to a point below that of the 
same month a year ago, and of the mean for the last 


ten years. As a matter of fact, it nearly reaches the | y 


lowest level of last year, and of the average of the 
lowest points for the last ten years. The memorandum 
is as follows :— ; 

‘*1n addition to the 2756 returns from trade unions 
used for the chart, 4099 were received from employers, 
relating to 1,095,343 work le employed in and 
iron-mining, the cotton, woollen, worsted, and other 
textile trades, the building trades, the boot and shoe 
and other clothing trades, and the paper and glass 
trades. Besides these 6855 statistical returns, a large 
number of returns of a non-statistical character were 
received from employers’ associations, trade unions, 
local correspondents, and other sources. All the above 
returns relate to employment or unemployment ; others 
received and used in che following article dealt with 
trade disputes and with changes in rates of wages and 
hours of labour.” 

Employment showed a general improvement as com- 

d with the previous month, although severe weather 
indered work in some of the outdoor trades. The 
coal-mining, pig iron, iron and steel, tin-plate, cotton, 
and lace industries were all very busy. Employment 
in the other principal industries was good, except in 
the building trades, which, in spite of a seasonal 
poe mage continued ~~ As a with a 
year ago employment was better in all the princi 
industries except shipbuilding, which, in A mor i 


tricts, is still feeling the effects of recent disputes. 
The increases in rates of wages affected over 
480,000 -werkpeople, and the ate weekly rise in 
their wages amounted te more 21,0007. 





The 273 trade unions making returns had an re- 
gate membership of 618,574, of which 23,932, or 3.9 per 
cent., were reported as unemployed at the end of the 
month, as compared with 4.2 per cent. at the end of 
the previous month, and’ 4.4 per cent. at the end of 
February, 1906. 





Employment in the building trades improved, in 
spite of bad weather, and is now better than a year 
ago. Returns from 895 firms, employing 52,592 
workpeople, showed an increase in the number of 
workpeople employed of 3.2 per cent. as eompared 
with a month ago. ~ 


In coal-mining employment was ve , and 
equal to February, 1900—the best month on record. 
The average number of days worked per week at the 


pits was 5.69, as compared with 5.54 in February, 1906. 

Employment in iron-mining continued good, and 
was about the same as a year ago. The average 
number of days worked per week at the mines and 
open works included in the returns was 5.58, as 
= with 5.86 a year ago. 

The pig-iron industry continued very good, and was 
better than a year ago. Returns relating to the 
works of 108 ironmasters, employing about 25,000 
workpeople, showed that the total number of furnaces 
in blast was 343, as compared with the same number 
in the month previous, and 339 in February, 1906. 

Employment at iron and steel works continued very 
brisk, aud was better than a month ago anda year 
-— The volume of employment—i.ec., numbers em- 
ployed multiplied by the number of shifts worked—at 
the 207 works from which returns were received was 
0.9 per cent. greater than in January, and 3.4 per 
cent. greater than a year ago. 

In tinplate manufacture employment was very good, 
and better than a month ago anda year ago. Ac- 
cording to returns received, 449 tinplate and sheet 
mills were working, as compared with 445 in the 
previous month, and 424 in February, 1906. 

The engineering trades continued good, and showed 
some improvement as compared with both a month 
ago and a year ago. In several districts it was re- 
ported that overtime was being worked. The per- 
centage of unemployed trade-union members was 2.8 
per cent., as compared with 3.2 a month ago and 3 
per cent. a year ago. 

The improvement in employment in the shipbuild- 
ing trades was maintained. Trade unions with 59,251 
members had 4472, or 7.5 per cent., unemployed, as 
compared with 8.8 per cent. at the end of January, 
and 6.9 per cent. at the end of February, 1906. 

Employment in the cotton trade continued ve 
good, and was better than a yearago. There is still 
a scarcity of labour in all departments. Returns from 
firms employing 130,855 workpeople showed an increase 
of 0.9 per cent. in the amount of wages paid compared 
with_a month ago, and of 3.1 per cent. compared with 
@ year ago. 

The woollen trade was good, and better than a 
month ago; it showed little change compared with a 
year ago. Returns from firms employing 24,574 
workpeople showed an increase of 1.7 per cent. in the 
amount of wages paid compared with a month ago, and 
a decrease of 0.1 per cent. compared with a year ago. 

The worsted trade was good, and better than a 
month ago and a year ago. Returns from firms em- 
ploying 42,158 workpeople showed an increase of 1.7 
per cent. in the amount of wages paid compared with 
a* month ago, and of 2.1 per cent. compared with a 

ear ago, 

Employment in the flax (linen) trade continued good, 
and was better than a year ago. Returns from firms 
employing 45,639 workpeople showed an increase of 
1.4 per cent. in the amount of wages paid compared 
with a month ago, and an increase of 4.3 per cent. 
compared with a year ago. 

In the jute trade employment continued good. 
Returns from firms employing 17,757 workpeople 
showed an increase of 1.1 per cent. in the amount of 
wages paid, compared with a month ago, and an increase 
of 0.4 per cent. compared with a year ago. 

In the silk trade employment was slightly better 
than a month ago and a year ago. Returns from firms 
employing 8933 workpeople showed an increase of 3.1 
per cent. in the amount of wages paid as compared 
with January, and an increase of 2.3 per cent. com- 
pared with a year ago. 

Employment in the lace trade continued very brisk 
in England—better than a year ago. It was fair in 
Scotland. Returns from firms employing 9122 work- 
people showed an increase of 2.4 per cent. in the 
amount of wages paid compared with a month ago, and 
an increase of 8.7 per cent. compared with a year ago. 

In the hosiery trade employment on the whole was 
fairly good, and better than a year ago. Firms em- 
ploying 15,466 workpeople showed an increase of 1.7 
per cent. in the amount of wages paid compared with 
@ month ago, and of 4.6 per cent. compared with a 
year ago. 





In the printing and bookbinding trades employment 
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was moderate on the whole, showing a slight improve 
ment compared with the end of January, and: with 
February, 1906. In the printing trade the percentage 
of trade-union members unemployed was 3.6, as com- 
— with 4.3 at the end of January, and 4.7 in 

ebruary, 1906. In the bookbinding trade the per- 
centages were 4.1 for February, 3.9 for January, 1907, 
and 4.6 for February, 1906. 

In the paper-making trades employment continued 
good, and was better than a year ago. 

Employment was moderate in the furnishing and 
woodworking trades, but showed an improvement as 
compared with a month ago and a year ago. Trade 
usions with a membership of 34,643 reported 5.3 per 
cent unemployed, as compared with 6.4 per cent. in 
January, and 6.5 per cent. in February, 1906. 

The glass trades were fairly good on the whole, and 
better than a month ago and a year ago. Returns 
received from firms employing 11,575 workpeople 
showed an increase of 6.5 per cent. in the amount paid 
in wages compared with a month ago, and an increase 
of 8.5 per cent. compared with a year ago. 

Employment in the pottery trade continued good, 
and was better than a year ago. In the brick and 
tile trades it continued slack, and showed little material 
change compared with a year ago. 

Agricultural labourers were, generally speaking, 
fairly well employed. Some day labourers, however, 
lost time in the early part of the month, through 
severe weather. The supply of this class of labour 
was, in most districts, amply sufficient. 

Employment of dock and riverside labour on the 
whole was fair, but was not so good as x month ago. 
It showed little change compared with a year ago. 
The average daily number of labourers employed at 
the docks and principal wharves in London during 
the four weeks was 12,665—a decrease of 6.9 per cent. 
compared with a month ago, but an increase of 0.2 per 
cent. compared with a year ago. 





Thirty-seven new labour disputes began in February, 
as compared with 41 in January, and 29 in February, 
1906. The total number of workpeople affected by 
disputes was 12,809, or 9573 less than in January, 
and 17,058 less than in February, 1906.. The aggre- 
gate duration of all the disputes of the month, new 
and old, amounted to 117,400 working days, or 49,700 
less than in January, and 76, less than in 
February, 1906. Definite results were reported in the 
case of 39 disputes, new and old, directly ——e 

2 persons. Of these 39 disputes, 20 were decid 
in favour of the workpeople, 13 in favour of the em- 
ployers, and six were compromised. 





The changes in rates of wages reported affected 
nearly 482, workpeople, of whom about 481,500 
received advances, while only 800 sustained reduc. 
tions. The number whose wages were increased in- 
cluded 379,000 coal-miners (150,000 in South Wales 
and Monmouth, 110,000 in Durham, 110,000 in Scot- 
land, and 9000 in other districts), and 20,000 puddlers 
and millmen in the Midlands. The total computed 
effect of all the changes reported was an advance of 
over 21,000/. per week in the wages of those affected. 





The report of the Ironfounders for this month is en- 
couraging from the labour Loge of view, as there were 
55 fewer on donation benefit, but an increase on sick 
benefit and on dispute benefit. The total on the 
funds was 3047, last month 2957—increase on the funds 
90. It is not often that so many are on dispute ‘benefit 
in this union as 306—an increase of 150 inthe month. 
Of the total on dispute benefit, 178 were in Liverpool 
and Birkenhead, and 40 in the Wallsend district. 
As regards dispute benefit the bers have. voted 
overwhelmingly in favour of extending the benefit 
by 26 weeks, so that :n reality the benefit stands 
good for a whole year—52 weeks. This effects a 
change in the dispute levy. At Heywood the 
members have secured an advance of Is. per week, 
to date from May 1. At Trench also there is 
an advanco of Is. per week, without stoppage. At 
Worcester there is an advance of ls. 6d. per week, 
with a further promise of another 6d. per week if em- 
a is favourable. In the Liverpool and Birken- 

ead dispute eight firms have conceded the advance 
asked for, one being the largest in the district, and 
the Mersey Dock and Harbour Board have a to 
give the advance when the Employers’ Federation have 
effected a settlement on the terms agreed to; there- 
fore the men continue working. The total member- 
ship of the union at date was 19,208 ; a year ago, 18,595. 
This shows a considerable increase. The expenditure 
for benefits in the month amounted to 1176/. 19s. 4d., 
or about 1s. 4d. per member per week. The total cash 
in hand was 91,504/. 2s. 9d., showing a decrease in the 
month of 30/. 5s. 5d., due mainly to disputes. Ths 
union has to contend against closed shops in 31 dis- 
tricts in which there are branches, so that there is 
some fear of friction in those districts over the advance- 
in-wages movement. The returns as to employment 
in the places where there are branches are most favour- 





SPEED AND POWER COMPUTER FOR STEAMSHIPS. 


(For Description, see opposite Page.) 
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able ; only ten places, with a total of 1049 members. are 
reported as slack, dull, bad, and very bad, as against 
eleven places, with 931 members, last month. 


The report of the Amalgamated Society of Carpenters 
and Joiners for the current month shows the first real 
leam of sunshine as regards the state on employment 
or a long period.. There was. a reduction in the 
number of unemployed as compared with the month 
previous, and as compared with the same month a 
year ago. This is a matter for congratulation, for the 
stress and strain of the last few years have been 


| the entire social fabric,” he said. 








terrible for a union giving such generous benefits. 
The total number of members at date was 67,275. Of 
these, 4471 were on unemployed benefit, 1994 on sick 
benefit, and 1772 on superannuation allowance, only 
nine of whom were on the lower scale of 7s. per week. 
Reference is made to the fact that in the United States 
and in Canada and Australia the members in those 





branches have enjoyed full employment, while in the 
United Kingdom trade has been bad ; in South Africa 
trade has been even worse than in Britain. One pleas- 
ing feature in this connection is that the American 
and Canadian branches have remitted to the General 
Council more money than was asked for to assist in 
recovering the heavy losses of the society by continuous 
benefits to those out of work, sick, and superannuated. 
Nearly 5000/. have been so remitted recently. Australia 
ge 7501., and South Africa 550/., in spite of bad 
trade. 


The strike of electricians in Paris was a sorry affair, 
voacnnanay traffic and trade, and putting to incon- 
venience the whole of the community. There appears 
to have been no real excuse for it. As a demonstration 
of the power of a section of workmen in a trade to cause 
danger as well as inconvenience it was an object lesson, 
but one which might have serious results, not only to 
the community, But to labour. M. Jaurés called 
attention to the matter in the Chamber of Deputies, to 
which M. Clémenceau made a striking reply. Theformer 
declared that there was no violence, but that the men 
simply showed their power by stopping work. His 
attack upon the Minister was use the latter 
threatened to call in the aid of the military to replace 
the strikers if the strike was persisted in. If, said 
M. Jaurés, it was right. in this case, it would be 
equally right in the case of bakers, tramway men, 
railway servants, &c. The Minister justified his 
action not only in the case of the electricians, but as 

rds the other occupations. quoted. A strike, he 
said, should not be a fight at the expense of the 








passers-by. Soldiers were employed in the name of 





the right which society had to live. It was the duty 
of the Government to guarantee this life. ‘* What 
M. Jaurés regarded as liberty was the oppression of 
He continued : 
‘* Workmen should not be made slaves, but also they 
should not become tyrants. The electricians had gone 
on strike without valid reason, and had done a wrong 
to other workmen and to the poor.’”’ There can be no 
satisfactory reply to the Minister’s words, nor com- 
plaint as to his action. It is deplorable that some 
workmen, and Labour leaders too, should initiate and 
support a line of conduct which, if pursued by employers 
and capitalists, would be most severely condemned. 
Employers have duties as well as rights, and the 
employed have rights as well as duties ; but neither 
can shirk their duties and responsibilities to the com- 
munity and the State. 





The position of the iron trade continues fairly good, 
except that some uncertainty is felt as to some weak- 
ness in the North of England, more especially as to 
warrants and crude iron. In the Midlands, manufac- 
turers are well employed upon old contracts, and have 
nothing to fear for the present. During the past 
week some further buying took place, but no change 
in prices followed. The outlook is regarded as favour- 
able and the output has been large. The demand for 
unmarked iron is not so large, but the works continue 
to be well employed. The marked-bar firms are busy, 
with good inquiries from engineers and makers of 
railway rolling-stock. Galvanisersare still busy, with 
work enough in hand to carry them into the middle 
of the next quarter. Altogether the position is favour- 
able all round. 





A movement is on foot by the Amalgamated Engi- 
neers for a further advance in wages, notices for which 
have been given to the officials of the Employers’ 
Federation. The matter will come before the Joint 
Committee at an early date in London. 





At the end of last week a number of labourers 
engaged by a Manchester firm to enlarge the sidings 
of the railway at Scarborough struck work because, 
firstly, some were paid 54d. per hour and others only 
5d. per hour. Moreover, they allege that the rate of 

in the district for that kind of work is 6d. per 
hour, which they demanded. The representatives of 
the contractors deny that 6d. per hour is the standard 
rate. The contractors offered to pay 5}d. per hour all 
round, but the men refused the concession. It is 
stated that there will be no difficulty in getting-a 
supply of labour at the wages offered. 
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SPEED AND POWER COMPUTER FOR 
STEAMSHIPS. 


We illustrate on the opposite page a form of circular 
slide-rule or computer intended for making rapid 
approximations of the power and speed of steamships, 
which has been brought out by Messrs. Robert Morton, 
M.LN.A., of 8, Prince’s-square, Buchanan-street, 
Glasgow, and W. J. Goudie, A.M. Inst. Mech. E. 

The instrument consists of two graduated circles in 
carboard arranged to move about a common centre 
over a third fixed graduated circle. The latter, it will 
be seen from our illustration, has different graduations 
in threa sectors, one being devoted to the length of a 
vessel, another to the horse-power required, and a 
third to the limiting speed, by which is denoted that 
speed at which the power required begins to increase 
very fast with a further increase in speed. Th2 lower 
of the two movab'e discs is also divided into three 
sectors, graduited respectively for displacement, 
required speed, and coefficient of fineness. In one 
sector, moreover, there is an inner graduation, as shown 
in our illustration, for speed ratio. Finally, the first 
disc bears, a3 shown, graduations fur length and speed 
ratio. Three problems commonly arising in a naval 
architect’s office can be solved by suitably manipulating 
these discs. These problems are :—Firstly, the deter- 
mination of the limiting speed of a vessel, having given 
her length and coefficient of fineness; secondly, the 
finding of the speed ratio, having given the required 
speed and the limiting speed ; and, thirdly, with this 
limiting speed and speed ratio, and the length and 
displacement of the vessel, to determine the horse- 
power required to drive her at any desired speed. 
‘The results given by the calculator are stated to closely 
agree with actual practice in the case of twin-screw 
vessels ; but for paddle and single-screw vessels the 
figure thus determined should be reduced by 5 to 10 
per cent. 








PETROL MOTOR-OMNIBUSES.* 
By W. Worsy Beaumont. 

In the history of mechanical engineering there are few 
examples of rapid growth from the experimental stage 
to that of wide-spread practical and commercial import- 
ance so remarkable as that of the petrol motor-vehicle, 
including the petrol motor-omnibus ; and few things more 
gratifying to those who feel that human _ happiness 
increases with decrease of cruelty to horses. There is no 
example so instructive in possibilities as the adaptation 


of the high-grade, high-speed, high-power, light-weight | 


petrol prime-mover to the heavy, arduous, continuous, 
exacting work of the commercial operation of the motor- 
omnibus on common roads. 

In 1881,t when the author had the honour of address- 


ing this Institution, he dealt with a class of machinery | 


which, though used for agricultural purposes, performed 


more delicate operations by numerous simple appliances | 
and more numerous adjustments for meeting the require- | 


ments of air in motion and other means of effecting sepa- 
rations than could be found in any other single machine. 
In its evolution this machine, like the mechanical road- 
vehicle of the — day, was the work of those who, by 
persistent intelligent effort and endless experiment, com- 
manded success. They produced a machine, which, 
nevertheless, was more or less rusceptible of detail 
improvements by those who had been quite incapable 
of the efforts of origin, or even of appreciation of the 
importance of those efforts. The machines to which 
he referred—namely, the finishing thrashing-machine— 
used to be, at the date above mentioned, driven by a 
portable engine of nominally 10 horse-power. A quarter 
of a century has gone, and that machine could to-day be 
driven by a petrel-motor weighing not much more than 
the fiy-wheel alone of the engine of 1881. In this fact 
lies the commencement of the practical possibility of the 
petrol motor-vehicle, and it was due more to Gottlieb 
Daimler than to ty | other that it was proved to be 
practicable to make the feet of foot-pounds a more im- 
portant factor in work than was formerly possible. In 
other words, by this step alone—not an easy one—he 
reduced the necessary weight of an engine, not simply 
in proportion to the increase in speed of rotation, but by 
concomitant and accidental reductions following on that. 


Levassor, with Daimler’s assistance, designed and made | 


the prototype of most of that which has become the com- 


mercial automobile in its various forms; and although even | 


as late as 1897 the achievements of L¢vassor’s vehicle and 
those of others with Daimler motors were ridiculed by 
many in this country, as the transient efforts of the 
enthusiast, he and a few other intelligent enthusiasts 
paved the way for what was to become, and is becoming, 
an industry not only of importance to the industry itself, 
but | national importance to nearly every country in the 
world. 

In achieving the now acknowledged results a great 
servic3 has been rendered to every branch of mechanical 
engineering. New methods, new tools, new materials, 
rew applications of these materials and new treatment of 
old material have been placed at the disposition of 
the mechanical engineer, and enable him to undertake 
things hitherto impossible. He can now not only provide 
manifuld the power previously practicab‘e in a given space 
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for a given weight, but he can transmit that power with 
| a fraction of the weight of materials and with many times 
_ the durability. These services are the result of persistent 

effort, in spite of failure and discouragement and every 

wage of destructive criticism ; successful efforts of 
| those who refused to believe in the orthodox limits to 
| mechanical and metallurgical possibility, or of men who 
| did not, or would not, know the conventional limits. 

The result is, so far, satisfactory. The public utility of 
the motor-omnibus is universally recognised by all who 
ever require any omnibus service; and the further im- 
provements which are constantly being made will 
ultimately silence those who rather noisily object to the 
noise sometimes made, especially on roads. Although 
the popularity of the motor-omnibus will be generally 
conceded, it may be well to give some quantitative proof 
of the public demand for them, and evidence of the 
mechanical necessities, as shown by the commercial re 
quirements and results of working. 

Barely four years have passed since the first petrol-pro- 
pelled motor-omnibus may be said to have been regularly 
worked in public service in this country. Development 
has thus proceeded rapidly, but it must be recognised that 
the experience gained with the light motor-cars, and in 
later years with the larger commercial vehicles, has fur- 
nished the practical knowledge which alone has made it 
possible to construct the modern motor-omnibus. The 
motor-omnibus may in fact be + as a product of 
automobile development during the past ten years, the 
result of accumulated experience during that period and 
of the improvements of materials and the methods of 
using them which that process of development has called 
for. It is evident, however, notwithstanding the value of 
the experience already gained, that nothing but the con- 
struction and use of heavy | could have led 
to the further stage of development, and the production 
of the successful types of motor-omnibuses to be seen in 
use to-day. While some of thé first motor-omnibuses 
were designed and constructed in this country, the majo- 
rity have been of Continental origin, and at the present 
time about five-sixths of the number in use have been 
constructed chiefly in France and Germany. 

Within the last two years the number of petrol omni- 
buses in greater London have increased from a negligible 
number of small vehicles to 795 in actual commission. 
These, at the present rate of patronage, are carrying about 
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185 millions of passengers per year, which is equal to 
carrying the whole population about thirty-seven times 
in the year. The omnibuses run from 90 to 120 miles per 
day, or from 30,000 to over 40,000 miles per year. In one 
year the engines of these omnibuses will make from 
about 230,000,000 to 250,060,000 revolutions, and at the 
end of that time the cylinders of many are in perfect 
working condition. Considering that this means about 
2000 millions of strokes of the four pistons in every 
engine, it may be fairly claimed that the performances 
of many of these delicate engines far exceed that of 
any prime mover ever before put to any kind of work, and 
that it is more n astonishing when the conditions 
under which the work is done are remembered. 

On all the London motor-omnibuses seats are provided 
for thirty-four Lemme 5 eee not including the driver and a 
seat for an occasional learner at his side. There are now 
in the possession of the several companies in London alone 
over 800 motor-omnibuses, nearly all of which have béen 
made during the last three years. During this pease 
very few firms in this country were able, for different 
reasons, to undertake the construction of more than a few 
of these large vehicles, those best prepared being already 
very busily occupied with the production of either light 
passenger-cars or commercial vehicles of different types. 
Although such a large proportion of those motor-omni- 
buses which have performed most satisfactorily has been 
| the product of a few of the larger Continental works, it is 
peculiar that the countries producing them do not ure 
them, or are only now commencing to use them at all 
pom mentee My and it was left to this country, and more 
particularly to London, to show sufficient enterprise ani 
to bear the heavy cost of the initial experimental work, 
represented by the use of a new and untried mechanical 
means, of continuing and ey | the passenger trans- 
| port work hitherto carried on by the large London com- 
| panies by means of horse-haulage. A relatively short period 
| of service of some of the earlier, and at the time better, de- 
| signed vehicles sufficed to show that, even with somewhat 
| higher maintenance costs than then appeared probable or 
|even possible, there was some pect of running the 
| motor-omnibus profitably, and of providing an improved 
| road service. 





It is now evident to all, instead of to the few who could 

ent, that just as the h rawn 
ually been replaced by the improved 
} car, so will the mechanically- 
propelled omnibus su the horse-drawn omnibus. 
he transition stage has now been reached, accompanied, 
| as might be expected, with problems arising largely from 
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the substitution of the new things for theold. When some 
consideration is given to the volume of traffic now dealt 
with by the London omnibus companies, the magnitude of 
the change now actively occurring may be appreciated. 

The favourable reception of the motor-omnibus by the 
public, despite the occasionally just, but more often im- 
patient and unreasonable, objections raised by those to 
whom it does not happen to prove a convenience, led to 
so rapid an increase in the demand for more omnibuses 
that the available supply was soon exceeded. The diffi- 
culties that have been experienced in connection with the 
running and maintenance, in proper running order, of 
practically all of the many types of omnibus now in use 
may be largely attributed to this rapidly increased de- 
mand, and to the similar and less readily-met demand for 
competent and trustwortby men either to supervise, drive, 
or repair them. Itis the natural result of a change of 
considerable magnitude and of rapid occurrence, one of 
the results of the abnormally rapid growth of this new 
industry. 

There are in use now not less than twenty-four different 
makes of omnibus constructed by a similar number of 
builders, and of this number twenty-two are driven by 
—— and two by steam-engines, or, considered 
numerically, there are 95 cent. of the former type to 
5 per cent. of the latter. No electrically-propelled omni- 
bus has yet been successfully run, and those of the petrol- 
propelled type, with different forms of electric tranemis- 
sion-gear, have yet to be used to show to what extent the 
improvements expected will be realised. Apart from the 
relative merits of the different systems which may 
adopted, it becomes evident that interest at present 
attaches principally to the petrol-propelled types, whether 
that interest be proportional to the number of different 
makes in use or to the numerical proportions already 
stated. There is in general appearance great similarity 
in external design of the complete omnibuses ; a similarity 
that is necessarily aided by the use of bodies of nearly 
uniform type, made to omy with regulations equally 
applying to all. There are, however, in the design of the 
underframes and in the details of the mechanism very 
considerable differences of method and of form, which, 
considered with reference to the result obtained, provide 
an interesting study. 

Single-Deck Omnibuses.— A few of the earlier omnibuses 
of small power and weight were constructed with single- 
deck bodies, and, as long as they were in use, the prac- 
tical indications were encouraging ; but the period of 
service was short, and the number of vehicles insufficient 
to allow definite conclusions to be drawn as to their 
successful commercial working. Although some of theze 
small omnibuses only carried twelve passengers, and the 

roportion of passenger load to total load was low, there 
is no doubt that running expenses would also be low, and 
the earnings per omnibus-mile sufficient to ensure suc- 
cessful working in some districts. 

Double-Deck Omnibuses. — The types of double-deck 
omnibuses now used weigh in working order from 3% to 
4} tons, and the weight of the full load of sixteen inside 
and eighteen outeide passengers, with the driver and con- 
ductor, averages 2 tons8 cwt. The total load on the road 
wheels is therefore from 6} to 6? tons, and may occasion- 
ally reach 7 tons, The load on the drivi += bs with 
the omnibus fully loaded is in the most-used types about 
0.6 of the total load, and it may therefore be a fittle over 
4 tons, or, say, 2} tons per wheel. 

-, average weight of the bodies as used in London is 
cwt. 

The over-all dimensions* are as follow :— 

Extreme length varies from 18 ft. 6 in. to 22 ft. 6 in. 
Width over wheel- 6 ft. 3 in. to 7 ft. 2 in., the 
maximum allowed. Height to top rail of body, 11 ft. 6 in. 
to 11 ft. 9 in. 

The weights of the various under-carriages illustrated 
are approximately as follow :— 


Average Weights of Vehicles IUustrated on Pages 306 to 398. 


Complete 
Under- 
—- Omni 

Carriage. Unladen. 

tonscwt. qr. tonscwt. qr. 

30-horse-power Straker-Squire(London) 2 14 2 4 2 
30- es Dennis (Guildford) .. 2 12 0 Ss §-3 
24- ae De Dion (Paris) .. 7 i oe ee eS 
28- e Milnes-Daimler (Berlin) 2 14 0 4 38 0 
24- aa Scott-Stirling (London) 8 0 0 4909 0 


The ccniitions of service of these heavy vehicles are 
immeasurably severer than those applying to any other 
type of motor-vehicle, They are phen tom. used during 
good and bad weather, and they frequently have to be 
run over indifferently maintained and sometimes ex- 
tremely bad road-surfaces. Not only is the road speed 
high and the total weight to be moved usually greater 
than 6 tons, but a large part of the period of service is 
occupied in constantly repeated starting and stopping. 
This very interrupted running is continued for 16 or 18 
hours every day, and the daily mileage frequently reaches 
the high maximum already mentioned. It is not there- 
fore surprising that many of the earlier omnibuses were 
soon found to be in some respects unsuitable for the 
heavy work they were required to perform. Although, 
as has already stated, earlier experience has been 
helpful in determining the design of the motor-omnibus, 
subsequent experience has shown that in nunierous cases 
the severe conditions of service were not sufficiently 
anticipated. , 

The dimensions adopted for many although 
sufficiently liberal to give reasonable durability for periods 
or rates of service hitherto customary, were totally inade- 
quate when the rate of working previously constituting a 
year’s cervice became, in the cise of the motor-omnibus, 

* The general dimensions required for London public- 
service vehicles will be found in the ions of the 
Chief Commissioner of Police of the Metropolis. 
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equivalent to only from two to three months’ work. To 
the failures due to rapid wear and break condensed 
into the shorter period, had to be added other and more 
serious troubles, occasioned by causes even now incom- 
pletely understood, if we may judge from the compara- 
tively recently completed designs of some makers. It 
would seem that the designer had concluded that an 
engine capable of delivering, for instance, 30 brake horse. 
power, and speed-reduction gearing already found to give 





Fig.2. 


heavy motor vehicles of similar powers is analogous to | driven, and by the en of the engine. Differently 
that experienced with, for instance, the stationary engines | expressed, it may be said that whereas in the one case the 
used in the one case for driving electric-lighting gene- | load to which the engine and transmission gear is con- 
rators, and in the other for driving electric-traction | nected does not exceed 2 tons, it in the other case 
generators ; and many will remember the difficulties that | appncncies 7 tons. With the heavier load resenting 
occurred when the engine and generator that proved | the conditions obtaining with the omnibus, the frequently 
quite satisfactory for the first purpose were found to be | repeated and longer periods occupied in acceleration have 
unsuitable for the second, although the horse-power of | to be endured, and it is these periods that are distressing 
the engine wasthe same. The increased severity of the | to the engine and transmission parts. 





30 H.P. Omnibus Frame. (Straker—Squire.) 


13-1, LENGTH OF BODY 
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24 H.P. Omnibus Frame (De Dion). 


. Engine fly-wheel and disc friction clutch. . Universal-joints. 
. Change-speed gear operating rods. 
Change-speed gear-box. 


. Differential gear casing. 


. Centre ball*bearing for driving shaft. 


. Armoured wood main frame. 


. Underframe members. 








Satisfactory results in conjunction with it, when used as 
parts of the equipment of a light high-speed passenger- 
var, would prove equally satistactory chen wired to 
haul the much heavier, but slower-speed, vehicle. This 
expectation was, of course, doomed to disappointment. 
Parts of the transmission mechanism and ing have 
been rapidly destroyed, and the engines, althoug ina 
more favourable position, have been shaken and pulled to 
pieces, as a result-of the heavy and repeated inertia stresses 


oe when starting and stopping the —- he 





of; this Institution at 
nature of the conditions of working of the light and 





working conditions is not due to any increase of horse-. The speed of the engine may be suddenly reduced 
power, but to the continual fluctuation from a low mini-| without inconveniently igh rate of acceleration of the 
mum toa high maximum of the rate and speed of working, | vehicle, and its ene delivered at a high rate to the 
and to the heavy inertia shocks that occur as a result of | transmission $ a similar effect may, and o 

that variation. In both cases stresses due to inertia of does, occur w: the — speed becomes reduced by 
motion are experienced, and al so faras the engine | overloading during hill-climbing, before the conditions 
is concerned, these stresses or shocks may be limited by are altered by use of the change-speed gear. Reduction 
the energy of its moving parts, intensified in the case of of the severity of the stresses produced in this way 
the internal-combustion engine by the effect of explosion | depends very much upon the capability of the driver, but 
efforts, the whole of the intermediate machinery or trans- | it is necessary to provide for relatively high rates of 
mission parts has to resist very severe efforts controlled | tion, and 80 to increase the strength or stiffness 
by the amount of the resistance or weight overcome or of the working parts that their endurance may be satis- 
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factory, even though there be no increase of the horse- 
wer of the engine. Stresses of-even ter magnitude 
ave to be resisted by the whole of the parts included 
between the driving-wheel ~~ and the brakes. Pro- 
minence has been given to the cause and occurrence of 
these destructive stresses, because of frequently expressed 
se and because, although often un ised or 
underestimated, they are responsible for much of the 
trouble that has been, and is now being, experienced. 
Power.—The question of the amount of power that 
may be usefully employed is one that requires very careful 
consideration, for on its correct determination depends 
the character of design and, to a large extent, successful 
working. There are in service to-day omnibuses with 
engines of only 20 horse-power, a | number with 
engines of 24 horse-power, and an increasing number with 
engines developing between 30 and 40 horse-power. The 
larger powers have been employed after considerable ex- 
perience with the smaller engines, and there remains a 
decided tendency to use the higher powers mentioned 
with the designs of under-carriage now in common use. 
Engines of as much as 50 horse-power have been tried, but 


Fug.7. 



































must be used as to the relative importance of rapid accele- 
ration and of economy of fuel. At the present time 
omni constructed to run at 12 miles r are 
now run at considerably higher speeds, and this entails in- 
jurious racing of the engines and noisy working. On the 








engine and some of the transmission gearing is concerned; 
but there are three methods of construction which differ 
S- These methods may be classed as those in 
which— 

1, The main longitudinal and transverse members are 


whole, experience tends to show that a 30-horse-power | formed of rolled-steel channels and angle steel of uniform 


engine is ample for all London use, especially if anything | depth of section from end 


like —- observance of the regulation speed properly 
allowable to suc 

speed lation should be followed in the interests of the 
owner of the vehicles as well as in that of the public. In 


order to prevent this high-speed running under any cir- 
cumstances, a system of automatic control is required, 
which, while limiting the maximum speed, will P leave 
it in the power of the driver to accelerate rapidly up to 

the predetermined limit. With a 28-horse-power engine 

-— a rate of acceleration to 12 miles per hour is about 
° t. 

For the purpose of illustration of this paper, drawings 
of some of the most frequently-used under-carri have 
been selected to represent the general practice now 
obtaining as regards the general disposition of the machi- 


Pressed-steel spectacle plate. 
® frame-member. 
e reach bars. 
am frame-members 
Petrol tank. 
Close fitted undersheathing. 
Honeycomb water-cooler. 
Change-speed gear-box. 


TOmMROOD> 


28 H.P. Omnibus Frame. 




















to end. 
2. The longitudinal, and some of the transverse, 


h vehicles is to be maintained ; and this | members are of pressed steel, with a depth of section of 


the main longitudinals greater at the centre and tapering 
towards the ends. 

3. The longitudinal members are made of wood encased 
or stiffened by steel channels or flitch-plates with steel 
transverse members. R 

For pur of comparison, sections of maximum 
depth of the three types of main frame are shown by 
Fig. 1, page 395. 

The relative powers of resistance of these frames to 
bending are respectively in the order given—1i.37, 1.78, 
and 1, from which it may be inferred that type 2 is that 
which should give the t results in service, so far as 
strength of this part as an element is concerned. 


(Milnes —Daimler.) 


Side-brake operating lever. 

Change-speed lever and gate quadrant. 

Clutch, gear-box brake, and countershaft 
brake pedals 

Bevel and differential gear-box. 

Road wheel V brake shaft. 

Countershaft brake-rods. 

Universally jointed driving-shaft. 
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only to a very small extent, and it is unlikely that there 
be any further increase in their ee, 

The increasing use of engines of not less than 30 horse- 
power directs attention to the reasons that have led to 
their adoption, and invites investigation of the soundness 
of those reasons. The greater engine-power makes more 
rapid acceleration of the omnibus possible, and, without 
necessarily increasing the maximum speed, increases the 
ave speed. Higher speeds of hill-climbing are main- 
tained, and the change-speed gears are not so frequently 
brought into and out of action. The work of driving is 
consequently simplified, and when there is slight tem- 
porary loss of power, due to one or other of the occa- 
sionally unavoidable causes, the omnibus may be kept 
running in service without marked inconvenience until 
ae of the journey. The addition to the weight 
resulting from the use of the larger engine is not in pro- 
portion to the increase of power. 

— these possible advantages have to be set the 
disadvantages of increased weight of the more powerful 
complete omnibus, and the power of running at high 
road 8 inevitably attended by more rapid wear and 
failure of the rubber tyres. Increased consumption of 
petrol and lubricating oil has also to be considered. The 
effect of high road speed is not, however, confined to 
increa wear of the tyres. With greatly increased 
severity of the road shocks, there is necessarily greater 
wear and tear of all the active parts of the under-carriage. 

It ‘has way beng remarked that engines of about 
24 horse-power have been largely used, and continue to 
be used, and the question arises as to whether the omni- 
buses with these -y-"~ have shown themselves to be 
inferior to those of higher power. 8S considerably 
in excess of that permitted by the Government 
Board Regulations—namely, 12 miles per hour—can be 
and are maintained on level or nearly level roads ; but on 
the hills to be found on some of the London routes it is 
frequently difficult to run at the speeds at which the 
h rawn omnibus is usually driven. If the hills are 
to be climbed at high speed; and a speed of more than 
12 miles per hour is to be maintained on the level roads, 


then the engine of higher 





becomes necessary ; bu 
remembered that discretion 


in this commection it must 


t | main frame for the support 
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nery and the forms which it ye | takes. Those 
which are here given differ in some the important 


details, and some of them can be considered representa- 
tive of the methods adopted by nearly all of the many 
makers now engaged upon the construction of petrol 
motor-omni 

Framework of Under-Carriage.—The framework of the 
under-carriage is generally similar, so far as the use of a 
of the whole load and a secon- 





| one maker of 


Type 1 is representative of that used by the principal 
makers for some years. It has been found of insufficient 
strength to resist the bending stresses experienced in 
service. Nearly all of them showed signs of distress by 
bending at a position a little forward of the front end of 
the omnibus y, and it is wip nore A the part of the 
frame which would most severely feel the bending efforts 
and efforts productive of contrary flexure. In front of 
this critical part of the frame the load is distributed 
between the points of attachment of the front epring®, 
and behind it considerable stiffening effect is obtained by 
fixing it to the comparatively rigid omnibus-body. The 
severest bending stresses undoubtedly occur when a fierce 
clutch is suddenly dropped in, or when the brakes are 
instantaneously applied, and aggravate the effect of the 
pitching that may be observed when the omnibus is 
travelling over a bad road-surface. Nearly all these 
frames have now been stiffened or reinforced, either by 
the use of truss-rods or stiffening plates of various forms. 

The type of frame represented by No. 2 has not been 
so much used as No. 1, but it has been adopted by at least 
great experience. There is a growing ten- 
dency to use it, although it is a more expensive form of 
construction than the heavier form represented by No. 1. 
From the point of view of reduction of weight ran § correct 
use and disposition of the material, it is an improved 
form ; but as a deeper section of lighter scantling is 


| employed, the junction of frame members has to be very 





| in use an 


well designed and made to resist loosening by working 
or bulging and tearing away. Some of these frames now 
made in France are showing signs of distress, 
as before, by bending of the longitudinal members. 

The type of frame re by No. 3 has -been used 
with only three types of omnibus, but the particular form 
shown has proved to be very successful as used with the 
De Dion omnibus, Figs. 20 and 21, 400, Itastrength, 
judged merely from the section and with the-combination 
of materials taken into consideration, is much less than 
either of the other types ; but there is no doubt that it isa 
livelier or more elastic frame, and capable of undergoing 
greater deflection than the other types before deformation 
occurs. A frame that is rigid, or is of a section from which 


dary or under-frame for the attachment or support of the | little deflection can be expected without permanent change 
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of form, must be of greater weight than the more flexible 
a and for these reasons the armoured wood frame is 


Two examples of rolled-steel frame construction are 
shown by Figs. 2 asd 3, 396, and on page 273 ante, as 
used with the Straker-Squire and the Dennis omnibuses. 


In the former the reinforcing plates referred to may be | 


seen in the plan; and in both types the form and arrange- 
ment of the transverse members are shown, and the nature 
cf the attachments to the longitudinal members. In both 
these designs it will be seen that a secondary frame, hung 





roads, all day and nearly all night. There is relative 
motion between shaft and gear-box shaft, and the engine 
may not only be taken off its bed several times in the 
year, but the engine may be changed more than once in 
a year, and generally in double-quick time. If it is not 
absolutely in line in every direction, as it should be, with 
the gear-shaft, it has to accommodate itself as well as it 
can, when the bolts of a rigid coupling are pulled up 
tight. Itdoes this in various ways. Sometimes it has an 
unbendable will and breaks something, but more often it 


| struggles on until it has scooped out the bearings for the 


from the main frame, carries the engine and change-speed | pleasure of freedom, or it wriggles the coupling-bolts to 


gear-box. In Figs. 2 and 3, page 396, the 
frame is indicated at D, and i Vien. 5 and 6 at H. 


Figs. 7 and 8, page 397, show the pressed-steel frame as | 


used with the Milnes-Daimler omnibuses. In this design 


Fig 12. 


ition of this | 





ieces, This means then that a coupling that will give 
reedom without looseness should be employed at this 
place, and at other places whenever a rigid thing with 
working parts is fixed to a flexible frame. Universal 





Engine crank-chamber. 
Clutch casing. 
Change-speed gear-box. 
Jointed driving-shaft. 


Axle horn-brackets, 
Radiator water-cooler 

. Delivery pipes to cooler 
Supply pipes to cylinders 
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24 B.H.P Omnibus Frame. 


Bevel driving and differential gear. 


Connection of the front springs to the frame is usually 
made at the forward ends by a simple pin-attachment, and 
at the rear ends by shackles or swinging links. The rear 
springs are, with very few exceptions, connected b 

ao les or equivalent sliding —— pe to permit 
of movement to the front or back of the axle position, 
without longitudinal displacement of the axle in relation 
to the frame. In a fewcases a transverse spring has been 
used at the rear of, and in connection with, the side pair 
of rear springs ; but this arrangement is now infrequently 
used, and has generally been found to provide too great 
a range of spring deflection, and has tended to increase 
the lateral movement by swaying of the omnibus on the 
springs. It isa three-point method of suspension instead 
of the commonly employed four-point method with two 





springs. An example of the use of three springs at the 
(Scott-Stirling.) 
K. Speed-gear and brake-levers. 
M. Steering-gear. 
S. Driving shafts. 
T. Brake equalising-bar. 
U: Frame bearers. 
Vv. Brake-drums. 
W. Petrol tank. 
X. Silencer boxes. 











the material has been disposed to the greatest advantage, | 
and it is interesting to note that in some ways parts of | 
the framework are satisfactorily used for two purposes. 

It will be seen, for instance, that the dished stiffening- | 
plate, extending from the forward end of the frame to 

the back end of the gear-box, reinforces, and also forms | 
part of, the meansof support of the engine and change: | 
speed gear-box, and partly takes the place of the under- | 
8 | below the front part of the frame. There is 

not much provision in any of these frames for racking | 
or corner stresses, but such provision as is made by the | 
use of web or gusset plates at angle junctions appears 

to give sufficient strength for the frames of lighter auto- 

mobiles, 

With the exception of the sagging of the frames referred 
to, nearly all of the types in use have resisted the constant 
twisting and working to which they are subjected without | 

ronounced trouble by loosening of rivets and bolts at the 
joints, and have, indeed, only given,way in this respect 
as a result of bad souleenslip. There are very few | 
frames so stiffly constructed that some twisting or elastic | 
flexure cannot occur, nor is it desirable that they should 
be; but it is desirable that this flexure should be fully 
recognised and provided for in the machinery attached to | 
them. This necessity is far from being generally met. | 

_ Even in some of the best motor-omnibuses the connec: | 
tion between the clutch-drum or shaft and the gear-box 
shaft is by rigid ee te as though these parts were | 
fitted to a heavy mgid bed-plate, like that of a direct- | 
coupled central-station engine and dynamo. In this latter 
case it is necessary, or at least should not be harmful. 
rn ag the dynamoare never or seldom moved from | 
their 


fully, with time, light, and every 
In a motor vehicle the case is meay dlioeene. Its bed is | 
light and flexible, and it is dancing and jolting over bad 





Rear Azle and Driving Gear (De Dion). 


Fig. 14. 
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5 q 
The whole weight of the omnibus is invariably supported 


upon the axles iomah leaf springs of semi-elliptic form. 


Tubular azte. | 


| Eith 


| rear axle is shown, as used with the Dennis omnibus, 
| shown on page 273 ante, the transverse spring being below 
the double-transverse channels. 

Axles.—The axles used are of varying form, but gene- 
rally of similar type at the front to permit of the use of 
| pivoted axle-ends. The pivoted form of axle is required 
| a8 part of theuniversally-used Ackermann type of steering- 
| gear, by means of which a large steering angle or lock is 

conveniently obtained with the necessary running clear- 
| ance between the frame and wheels when the steering 
| angle is considerable. As shown on page 272 ante, the 
| steering angle obtained is 30 deg. and the turning circle 
| of the omnibus is’ 55 ft.; that is to say, the omnibus 
could, if required, be turned in a road 55 ft. wide 
between the kerbs. To obtain this steering angle, it is 
/ usually necessary to reduce the width of the frame at 
the front as indicated in the plans of several of the 
under-carriages shown. 
| In most designs of front axle the ends are forked to 
receive the pivoted-wheel axles, as in the original Acker- 
mann oe but occasionally the method is reversed, the 
| pivoted-wheel axle being forked, and the centre fixed part 
of the axle formed with pivot ends. Figs. 9, 10, and 11 
| show examples of three forms of axle-end. They are uy ical 
of those used with, for instance, the De Dion, Milnes- 
Daimler, and Straker-Squire omnibuses respectively. 
ither form is perfectly satisfactory, provided the com- 
bination of dimensions, material, and workmanship is 
good. Generally, it would appear that the wide fork is to 
be preferred, because less heavy stressses are felt by the 
ite 6 gs and when wear has occurred, there is less lateral 
reedom of the wheel and interference with steering. 





bed. and if they are, they are put back again care- | couplings or Hook joints used for this purpose may be; The construction of the rear axles is more varied, 
uisite for accuracy. | seen at E, Figs. 5 and 6. 


because of the different forms of transmission gear em- 
ployed ; but the common forms may be divided broadly 
into two types :— 
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1. Those which are load-bearing and driving-axles or 
live axles, 

. Those which are fixed and are load-bearing axles 
only. 

The former type, although frequently used with heavy 
slow-moving motor-vehicles, has been seldom employed 
for motor-omnil Used with some forms of trans- 
mission gear, it is the simplest form of axle ; but it has to 
withstand a complex combination of stresses, and must 
be of very large size to be safe. It possesses one advan- 





tage—namely, that the road-wheels may be easily removed, 


and with the least disturbance of parts or bearings, pro- | 


Fig. 16. c 24 HP. 
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"strength and weight, which latter is carried by the tyres 


and not by the springs. 

_ For a given load on the road-wheel, the bearing of a 
live axle is at a disadvantage ascom with the bearing 
surface inside the wheel on a fixed axle. In the latter 
the pressure u the journal in the wheel is simply that 
due to the | on the axle or that carried by the wheel. 
With the live axle the journal pressure is ter than 
this in proportion to the distance of the bearing in which 
the live axle revolves from the centre of the wheel. 

The fixed or load-bearing axles may be sub-divided into 
two-classes :— 


Engine, (Straker-Squire.) Fig. 77. 
A. Inlet-valve. 
Exhaust-valve. J 
Cam-shaft. 
Carburettor. 
Induction pipe. 
Inspection cover. 
Oil pocket. 
Governor and cam- 
shaft driving 
spindle. 
Cam-shaft 
Bear. 
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latter type of axle, more time has to be expended in 
removing parts of the anmpenee within the axle hous- 
ings or casing. It may also remarked that with the 
iehin forms of fixed. axle used with, for instance, the 
Dennis and the Scott-Stirling vehicles (the latter shown 
in Figs. 12 and 13), the road-wheels may be as easily re- 
moved as with the rotating wy and the driv- 
ing-gear is similarly enclosed. With the type of axle and 
transmission gear shown in Figs. 7 and 8 the objections 
which obtain to some others in this respect do not exist. 
The repairs to road wheels and tyres constitute a not 
inconsiderable proportion of the work of upkeep of the 
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20 H.P. Engine (Milnes—Daimler ). Fig. 19. Alii 
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vided that the interchangeability of wheels and axles has 
been studied. 

With live axles or gear-driven axles there is some diffi- 
culty in securing sufficient strength under heavy loads 
with anything like moderate frictional resistances, 
especially when the distance between the wheel centre 
and the point of application of the load—that is, the 
position of the springs—is considerable. In some cases 
the interposition of the brake-drums between spring and 
wheel enlarges this distance, but it is reduced to a mini- 
mum in the Milnes-Daimler, in which the brake is applied 
to a narrow V-groove on the wheel-rim. In some others 
the distance between wheel and springs adds a bending 
moment to the axle, which, with a heavy form of central- 
gear drive, differential and case, raises the static and 
inertia stress to a very high one, and calls for great 








1. The solid straight or bent-bar form, independent of, 
or not connected with, the driving gear. sie, ‘ 

2. The hollow form, containing and providing bearing 
support for the driving shafts. : 

These two classes of axle are those now most used ; in 
| fact, they are almost exclusively used. The simple fixed 
| load-bearing axle is to be preferred, whether of the eolid 
|or tubular form, because, apart from the advantage of 
| division of the work of driving and of weight carrying or 
| resistance of road shocks, no mechanical disadvantage 

attends their use. . 

The removal of the road-wheels for examination or 
repair of either the wheels, tyres, axles, or driving gear 
may take longer than with the simple load-bearing and 
rotating axle, but it has to be remembered that, with the 
forms of driving-gear which may be employed with the 














omnibus; and facility of removal and replacement of 
there parts requires careful consideration. With the 
designs of axle uscd, with one exception, with all types 
of under-carriage, excluding those which are side-chain 
driven, a considerable part of the weight of the driving 
gear is added to the axle and is directl ongperees upon 
the tyres, without relief from the effect of road shocks, such 
as may be afforded by spring support. By the use of chain 
driving-gear the dead-weight, or weight not spring-borne, 
is as far as possible reduced, and to the relief of the driving- 
gear from road shocks has to be added the relief of the 
wheels and tyres. Attention may well be directed to the 
type of axle and arrangement of fixed driving-gear (Figs. 
14 and 15, page 398) adopted by Messrs. De Dion et Bouton 
for their oranibuses. By utilising their well-known form 
of jointed driving-shafts they have been able to employ a 
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simple curved bar or tube axle and enclosed toothed 
driving r, without exceeding the dead-weight on the 
axles of the side-chain-driven omnibuses. 

Some consideration will be given later to the different 
types of final transmission gearing ; and in now referring 
to frames, springs, axles, and road-wheels, no further 
reference will be made to driving-gear. As affecting the 

uestion of axle weight, it may be interesting to record 
that with the Straker-Squire omnibus the weight of the 
axle complete with wood wheels, springs, and part of the 
weight of the radius rods and driving-chains, is 124 cwt. 
With the gear driven Milnes-Daimler omnibus the corre- 
sponding total weight, including part of that of the radius 
bars and propeller shaft, is about 23 cwt. With another 
type of r-driven omnibus—the Dennis—the total 
weight, including part of the weight of the radius bars and 
propeller shaft, is 16 cwt. These figures suffice to show 
that there may be considerable difference of dead-weight 
upon the wheels and tyres. 

Stoutly-constructed wooden wheels of the artillery 
pattern are most largely used. Wheels made of cast steel 
In one piece are now principally used with the Milnes- 
Daimler omnibus, and composite wood and steel wheels 
with the Crossley, Leyland, or Lancashire vehicles. The 
composite wheels have hollow-spoked, cast-steel centres, 
and wooden felloes. Although at present infrequently 
used, their form and appearance are good. The wooden 
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24 H.P. Engine (De Dion). 


A. Automatic inlet-valves. 
. Water inlet trunk. 

. Water outlet trunk. 

. Sparking plug hole. 


. Oil circulating pump. 


and to the difference of form of the crank-shaft and the 
crank-chamber which the use of cylinders, cast in pairs, 
or separately cast, calls for. ‘ ‘ : 

The system of valve operation also considerably in- 
fluences general design, as may be gathered from a brief 
inspection of the engine drawings shown by Figs. 16 to 21, 

399 and 400. These engines are of types now very 

y used, of 24 to 30 brake cee ek stan but in each case 
the more modern gy, whee the higher powers show some 
differences in detail. wings of the recent details were 
not obtainable, and are not here required, as the changes 
which have been found desirable will be referred to. 
Experience again shows that the successful running of the 
engines is largely determined by the type and arrange- 
ment of the important auxiliary parts used in connection 
with the carburettor and petrol supply, and with the 
water-cooling lubrication and ignition systems. It is’ in 
the design and arrangement of these that the 
greatest difference of practice is to be observed, and to 
which the greatest interest attaches. 

Carburettors.—As primarily affecting the power deve- 
loped by the engine, some reference will first be made to 
the form of the carburettor commonly used. 

Fig. 22 shows the form employed with the large number 
of ines now in use with omnibuses of the Milnes- 
Daimler, and the Straker-Squire, or Bussing types. Air 
entering the jacket E at D, and warmed by contact 


















high rate of flow of air through the carburettor a very fine 
air-petrol mist is produced, and at the low 7 flow 
corresponding to low speeds of revolution of the engine, 
a sufficiently rich mixture is obtained to permit steady 
running of the engine. If difficulty is sometimes experi- 
enced in starting the engine, carburation of the air ma 
be oe ne | injecting a little petrol through the cock 
at the top of the inlet-pipe. e fivat-chamber B is not 
shown in section, but it is of the commonly-used form, 
with float and small pivoted levers to regulate the opening 
of the central needle valve, and the rate of flow yo 
t it, in order to maintain the constant level. in 

its K are used to connect J and the intermediate piece 
to C. These parts may be quickly removed, to expose the 
nipple C, when carburettor troubles occuf. This carbu- 
rettor is of simple form, and equalisation of the quality 
of the mixture supplied to the engine at varying rates is 
not attem . 

With the carburettors* used with some recent designs 
of omnibus an auxiliary air-supply is arranged, either 
controlled by the engine speed-governor or by variation 
of suction at different engine speeds. The position of the 
type of carburettor illustrated may be seen by reference 
to Figs. 16 to19. A device for averaging the pressure 
in induction-pipe, jet-chamber, and fioat-chamber is also 
being used. 

Among the most frequently recurring causes of stoppage 


© F. Spring 


driving 
coupling. 
G. Oil sump. 
H. Oil check 
plates. 
J. Oil supply 
trunk. 
K. Oil ducts. 
L. Exhaust 
lift regu- 


lator. 
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well made of the best material, 
last well, and they have been, until recently at all events, 
lighter than the solid metal and the composite tyres. The 
production of the one-piece cast-steel wheels referred to 
is confined to very few makers. 

The rubber tyres are now almost uniform in section, 
and double or twin tyres are used on the rear wh 
From time to time attempts had been made to substitute 
wood and other materials for rabber, but so far without 
success. Failure has also attended many attempts to use 
spring-backed or cushioned wooden-block tyres, and the 
use of spring-wheels has not passed the experimental 


wheels, when thorough] 


stage. 

Engines.—The petrol-engines now used are all of the 
four-cylinder vertical type. A few of the two-cylinder 
horizontal engines are in use, but they must be considered 
obsolete in type, and their makers now show preference 
for the vertical —_ It must, however, be remembered 
that a number omnibuses with horizontal engines, 
some of them in London, have been in use a considerable 
time with very es records. The vertical engine 
may be more conveniently placed in the frame of the 
under-carriage than the horizontal type, and it permits 
the most convenient arrangement of the other machin 
parts. The longitudinal ees of the engine-shaft 
involves an undesirable right-angl» change of direction of 
drive with present d of omn.bus ; but with most of 
them little trouble can be attributed to this cause, So far 
as the general design of the modern engines is concerned, 
fitness for their pur very largely depends upon 
quality of material and soundness of work, and upon the 
readiness with which the active working and wearing 
parts can be removed and replaced. It is further 
that the engines should be very substantially construc 
or stiffly built to withstand the repeated fluctuations of 
speed and load. Bearings and rubbing or working 
surfaces must be everywhere of more pen 3 dimensions 
than those commonly employed for motor-car engines, and 
the crank-shaft and connecting-rods require to be of 
strong form, though the weight must be ke 
minimum. Difference of general design of the ines is 


now principally confined to the grouping of the cylinders 
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with that part of the hot engine exhaust-pipe F within 
E, passes through the connecting-pipe ( to the carburet- 
ting chamber C. Unwarmed air may be admitted at H, 
varying in quantity according to the set opening of the 
disc-shutter H. Petrol is supplied at A to the box B, 
and is there maintained at a constant height and about 
level with the top of the nipple C. Under the influence 
of suction from the engine a jet or spray of petrol issues 
from the nipple, and, mingling with the air, passes by way 
of the throttle-valve J and inlet pipe M to the inlet 
valves, and so to the engine cylinders. 

By restriction of the rege gira at the position of the 
top of the jet C the rate of air-flow at that point is 


in _ and aged suction or ejector effect occurs. 
The velocity of flow, when the throttle-valve J is open, 
is high, poe at C may reach 6500 ft. per minute. At the 





of the engine is interruption of the petrol-supply, due to 
a variety of causes. en the supply to the carburettor 
is by gravity or difference of level of the tank and car- 
burettor, failure of supply is generally due to either in- 
sufficient head or difference of level, or to choking of the 
pipe, and sometimes breakage of the pipe at the unions 
occurs. When, however, the supply to the carburettor 
depends upon maintenance of pressure in the petrol- 
tank, it is also necessary to keep all joints in the 
pressure and wi og and at the tank air-tight, and 
to ensure that the non-return valve at the engine 
end of the pressure pipe is in proper order. he 
possible causes of interruption of supply are thus 
somewhat more numerous when the pressure system, 
instead of the amped system, is adopted. With the 
former system the supply-tank may be carried at a dis- 
tance from the engine at a lower level and in a convenient 
position for filling—generally under the frame at the rear 
of the vehicle. As a rule, however, the usual position of 
the tank with the gravity system—namely, under the 
driver’s seat—is convenient enough for filling, and the 
connection to the carburettor is short, as may be seen by 
reference to Figs. 2and 3, and to Fig. 12, where the tank is 


shown at W. 
(To be continued.) 





Inp1an Go.tp-Mininc.—The record output of gold in 
British India in 1905 was not maintained last year, the 
production of the twelve months having been 577,260 oz., 
as compared with 628,415 oz. in 1905, 616.838 oz. in 1904, 
601,411 oz. in 1903, and 513,111 oz. in 1902. Last year’s 
1 t monthly production was that of ae — 
52,009 oz. The production fell off till September, when 
it only amounted to 46,638 oz. In December it had 
rallied to 49,981 oz. 


* It would be out of place here to deal with carburation 
and carburettors, and coolers generally, but reference on 
the subject may be made to ‘‘Motor-Vehicles and 
Motors,” vol. i., chapter xvi., page 320; vol. ii., chapter 
xxiii., page 519, 
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THE JAPANESE YANGTSZE SHIPPING 
COMBINE. 


Tuat the Japanese are determined to push their 
shipping enterprise .in.every part of the for East is 
very evident from their recent action in various parts. 
One of the most important developments is the union 
of the four companies—the Nippon Yusen Kaisha, the 
Osaka Shosen Kaisha, the Konan (Hunan) Kaisha, and 
the Daito Kaisha—for the pu of conducting the 
Yangtsze carrying trade incombination. Mr. Yamagata, 
Minister of Communications, recently received repre- 
sentatives of the four companies, and spoke earnestly in 
favour of their project, explaining that the Government 
regarded as of much importance the development of 
the maritime carrying trade between Japan and 
Yangtsze ports, and that the Treasury was prepared 
to grant a suitable subvention. Mr. Kondo, presi- 
dent of the Nippon Yusen Kaisha, stated that the 
amalgamation of the four companies was now prac- 
tically settled, and that the capital of the new concern 
would be 12 million yen, out of which amount 8 millions 
would be taken by the existing companies, and 
4 millions would be offered to the public. It is under- 
stood that the Treasury will increase the subsidies 
previously given to the independent companies, so 
that the —— concern will be in receipt of 
800,000 yen of public money per annum. Services 
will be opened, not only in Pm Yangtsze, but also 
along the coast of China, within such limits, however, 
as shall obviate competition with the existing lines 
of the Nippon Yusen Kaisha and the Osaka Shosen 
Kaisha. It is stated that the name of the united com- 
pany will be the Nisshin Kisen Kaisha. 

r. Kondo, the President of the Nippon Yusen 
Kaisha, recently made a tour of inspection in China 
and Korea ; and in an article in- the Shogyo Shimpo, 
he has stated that the things which struck him 
specially were the development of the Yangtsze 
carrying trade, the excellent pr cts of the Man- 
churian Railway, the rich future of the Fushima coal- 
mines, and the rapid progress of works in Korea ; all 
of which promise to add greatly to the maritime trade 
between China and Japan. 

At the present time, as to the Yangtsze, the ships 
engaged in the river carrying trade number forty- 
seven, and havea total tonnage of 54,794 tons. Divided 
according to routes and nationalities, they are :— 


Hankow-Shanghai Line. 





Nationality. Number of Ships. Tonnage, 
British ... a 8 16, 
Japanese 6 7,364 
French ... 6 6,631 
Chinese ... 4 6,509 
German ... 5 5,743 

Total .. a 29 43,167 
Hankow-Ichang Line. 

Nationality. Number of Ships. Tonnage. 
British ... we 2 2,618 
Japanese 2 2,147 
Chinese ... 3 1,766 

Total ... ats 7 6,531 
Hankow-Hsiangtan Line. 

Nationality. Number of Ships. Tonnage. 
Japanese me he 3 2064 
British ... a ies 2 1626 
Chinese ... ha iat 5 595 

Total 10 4285 

Kiukiang-Nanchang Line. 

Nationality. Number of Ships. Tonnage. 

British ie sii 1 811 


There are also sixty-five smal] steamers doing tug 
work between Suchow and Tsingkiang, vid Chinkiang 
and Yangchow. The Nippon Yusen Kaisha and the 
Osaka Shosen Kaisha have regular fortnightly services 
between Japan and Hankow, calling at Shanghai, 
and the Mitsubishi have ships carrying mine apna 
which visit Hankow; and these, as well as the ocean- 
going vessels that enter that port, are yearly increas- 
ing. The number and tonnage of ocean-going steamers 
that visited Hankow from January to September in 
the last year were as follow :— 


Ocean-Going Steamers visiting Hankow from 


January 1 to September 30, 1906. 
Nationality. Number of Ships. Tonnage. 
Japanese... ies 123 191,567 
All others 242 302,419 

Totals ... 365 493,986 


Mr. Kondo pointed out that trade along the Yangteze 
is increasing year by year, especially at Shanghai and 
Hankow, where during the ten years since 1896 there has 
been a twofold development. In 1905 the total foreign 
commerce in the Yangtsze Valley amounted to 756 
million taels, being an increase of 100 millions as com- 
pared with 1903, and of 220 millions compared with 
1899. The development of commerce has been accom- 
panied by an increase in the number and size of the 
vessels employed in the trade, and the Japanese are 








determined that they shall have their share of this 
increase. Moreover, they look forward to a great 
development in the trade between China and Japan. 
As we have on several occasions pointed out, the 
natural resources of China can be utilised very con- 
veniently in the manufactories of Japan; and not onl 
will there be a large carrying trade in raw materials 
from China to Japan, but also of finished or partly- 
finished products from Japan to China. The indus- 
trial and commercial development which is takin 
lace in the Far East deserves the careful attention o 
ritish manufacturers. 





METALLIC PeRMANENT WayY.—The value of the chairs 
and metallic sleepers exported from the United Kingdom 
in February, this year, was 780/., as compared with 5638/. 
in February, 1906, and 3289/. in February, 1905; and for 
the two months ending February 28, this year, 7358/., as 
compared with 11,305/. and. 9878. in the first two months 
of 1906 and 1905 respectively. The shipments to British 
India figured in these latter totals for 2726/., 8204/ , and 
5069/7. respectively. 

CaNnaDIAN Canals.—The Lake Champlain and St. 
Lawrence Ship Canal Company has been formed for the 
pu of constructing a canal between St. John’s, 
Quebee, and Montreal. Within three miles of Lon- 
gueil, which is on the op; 


rom Montreal, near the Little Montreal, there is a fall 
of 74 ft. -With the assistance of this fall, the engineers 
consider that it will be possible to obtain for manufac- 
turing purposes 100,000 horse-power, which would enable 
manufacturers to place their plants alongside the canal. 
If this canal project is worked out, the waterway between 
St. John’s and Montreal will be reduced to 21 miles, 
instead of 94 miles, as at present vessels have to go down 
the St. Lawrence 45 miles to Sorel, the entrance of the 
Richelieu, which connects with Lake Champlain. The 
oe one to ae the work in two years, at 
a probable cost of 2,400, . 


Tue ‘“Suippinc Wortp” Yrar-Boox, 1907.—Lon- 
don: Offices of the Shipping World, Effingham House, 
Arundel street, Strand, W.C. [Price 6s.]—This volume 
forms a desk manual on the subjects of navigation and 
over-sea trade. It is edited by Mr. E. R. Jones, and now 
a s for the twenty-first time. New matter has been 

ed in the form of digests of the 1906 Shipping Act 
and the Workmen’s Compensation Act, in so far as this 
latter applies to seamen. New tariffs are given for 
Canada, Japan, Germany, &c. For the rest the book 
provides information on all subjects of interest to those 
engaged in sea-borne commerce. Statistics of all kinds 
are given relating to shipsand shipping, as are also tables 
of imports and exports and trade with foreign countries. 
Tables of distances, sailing regulations, and of 
Trade scales of certain kinds of stores are alsogiven. Then 
comes a list of His Majesty’s consular officers and customs 
boarding-stations. A list of merchant ships having a 
speed of over 20 knots shows that Great Britain possesses 
forty-seven such vessels, Belgium seven, France seven, 
Germany five, and the United States five. A list of 
Lloyd’s signal-stations and a list of coaling-stations of 
the world is followed by a port directory of the world. 
This matter occupies some 562 pages, and is divided into 
sections dealing with the United Kingdom and foreign 
and Colonial ports respectively. In this section ports 
are yp sae alphabetically, and information of use to 
masters 0! tien such as c pilo &c., is given. 
The rest of the book, about 600 pages, is devoted to the 
tariffs of all nations of the world. A coloured map of the 
world is provided in a pocket at the back of the book. 
This gives the chief steamer and railway routes, and the 
chief products of the various countries are also marked. 





Go tp.—The value of the ex 
South Africa to the United 
tained in Feb: , only gro fy 1,878,380/., as com- 
pared with 1,894,692/. and 1,554,385/. in February, 1906, 
and February, 1905, tively. The value of the gold 
forwarded from British India in February was i f 
221,204/., as compared with 1,235,046/. in February, 1906, 
and 1,211,066/. in February, 1905. There was also a great 
contraction in the movement of gold from Australasia to 
the Mother Country in February, the total for the month 
being only 494,431/., as compared with 1,916,871. in 
February, 1906, and 178,477/. in February, 1905. The 
total imports of gold for the month were ont 3,722,830/., 
as compared with 5,585,838/. and 4,457,1097. The falling. off 
observable would have been much more considerable but 
for the fact that gold was received from tin February 
to the value of 750,000/., as compared with 153,721/. and 

00,0002. For the first two months of this year our gold 
imports were 8,301,912/., as com with 7,977,615/. in 
the ase gece period of 1 and 7,480,119/. in the 

in; 


of gold from British 
ingdom was scarcely main- 





correspo! g od of 1905. Colonial deliveries figured 
in these totals = the following values :— 
Colonial Group. 1907. 1906. 1905. 
Pe i arNR CATE £ £ £ 
British South Africa 4,946,978 8,472,746 2,725,978 
British India ; 5,370,217 1,439,452 1,910,784 
Australasia .. 643,007 2,265,604 748,608 


We received gold from France in the first two months of 
this year to the value of 755,390/., as compared with 
38,7022. and 56,244/.; on the other hand, the receipts of 
gold from Germany declined in the first two months of 
this year to 203,500/., as compared with 1,660,733/. and 
1,327,851/. respectively. 


ite side of the St. Lawrence | 





SWEDISH IRON AND STEEL DURING 1906. 

AT the recent meeting of the Union of Swedish Iron- 
masters, the following statement was made with regard to 
Sweden’s production and export of iton and steel during 


last year. The exports during 1906 amounted to :— 

Tons. 

Pig iron 112,200 
Scrap ... : 13,600 
Ingots oe 16,200 
Blooms, &c, ... 000 
Iron bars... 194, 400 
Cuts of iron bars 6,200 
Rolled wire, &c. 6,300 
Plate iron . ... 2,900 
Tubes, &. ... 13,900 
Drawn wire ... aa et es a 2,700 
Nails ... “i So a a an 5,900 
Total 401,300 


against a total of 387,600 tons for the year 1905, the 
increase being pretty evenly divided amongst the different 
commodities. e exports of pig iron show a materia! 
increase as com with a few years ago, as do also iron 
bars ; and the figures for last year, on the whole, appear 
to be the largest on record. 

During the last quarter of 1906 there were 107 blast- 
furnaces, 255 hearths, 19 Bessemer, and 52 Martin furnaces 
tion. 


in o 
The production during 1906 amounted to :— 


Tons. 
Pig iron 596,400 
Blooms ° 175,900 
Bessemer ingots 84,700 
Martin ingots 303,300 


which, as meoy with the previous year, means an 
increase of 65,600 tons of pig iron and 21,800 tons of 
Martin ingots, whilst Se. seein of blooms and 
Bessemer ingots was some tons smaller in each case. 
The report stated that the year had been satisfactory, 
the increase in the exports continued, and they had for 
the first time exceeded 400,000 tons. The increase in the 
output of pig iron and blooms had been continued, whilst 
the figures for ingots were on the decline, a fact which 
can no doubt be accounted for by the high prices for 
charcoal ruling during 1906. ‘Towards the end of the year 
the demand for Swedish iron and steel further in 

and most works have sold their mys for the next six 
or, in many cases, twelve months. ices continue firm, 
and confidence is entertained as to the good markets 
continuing. The official quotations for Swedish iron as 
fixed at the November meeting of the union were main- 
tained unaltered. 





Tue ‘“ Exeorriciran” Erxecrricat Traps’ Directory, 
Lonpon. London: Offices of the Electrician, Salisbury- 
court, Fleet-street, E.C. [Price 15s.]—This directory, or 
hand-book, for 1907 is divided into sections dealing with 
the electric centre ont power and railway Acts, and 
other regulations ting to the use of electricity, with 
notes of the year 1906-7, legal decisions, the don 
Electrical Bill, new tube railways, &c., with international 
telegraphs, including submarine and wireless systems, 
information on electrical limited and incorporated com- 
panies, a directory of directors, local authorities, institu- 
tions, associations, societies, and colleges connected with 
the electrical profession. The main British direc of 
electrical trades contains the names and addresses of all 
persons, firms, &c., connected with the electrical trade or 

fession, and is arranged alphabetically and under 
Biassified Trades, Telegraphic addresses, in addition to 

tal, are given. Directory sections follow devoted to 
Bolonial, Continental, Asiatic, and American countries. 
The volume concludes with some 120 of biographical 
sketches of men well known in the profession. 
Electrician tables of electric lighting, power, and traction 
undertakings of the United Kingdom, &c., are bound, 
and find a place in a pocket at the back of the volume. 





Tue Suerriecp Socrery or ENGINEERS AND METAL- 
LURGISTS.—On the 25th ult a paper on “ ucer-Gas 
for Melting, Heating, and Power in Steel Works,” was 
read by Mr. V. Stobie, before the Sheffield Society of 
Engineers and Metallurgists, Mr. W. F. Beardshaw being 
in the chair. The author laid stress on the cleanliness of 
gas-firing, and stated that the chances of burning steel 
were considerably lees in a gas-fired than in a coal-fired 
furnace. The excess air needed in a well-designed coal- 
fired furnace will be about 100 per cent. more than that 
theoretically necessary for complete combustion. A gas 
furnace requires only from 15 to 20 per cent. excess air 
for complete combustion. The chances, therefore, of 
burning the steel are much less. In speaking of the use 
of gas-furnaces for melting crucible steel, the author 
mentioned that there were between 16 and 18 gas-fired 
crucible steel furnaces in Sheffield at the present time. 
The fuel bill for such furnaces varied between 7s. and 
10s. per ton of steel melted, whereas in coke-furnaces 
the fuel bill amounted tc from 2/. 17s. 6d. to 32. 9s. for 
each ton melted. As far as has been ascertained at present, 
the only difference between crucible steel from gas and 
coke-fired furnaces is a slight diminution in carbon in 
that melted in the gas furnace, a point which can be dealt 
with without trouble. In connection with annealing 
furnaces of the ‘‘ Weardale” and other types, the author 
showed designs of a combination furnace and producer in 
which the loss by the coping of the gas after production 
was obviated, these coming direct from the producer and 
entering the furnace, and being burnt without any 
appreciable cooling. 
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CATALOGUES. 


Messrs. 8. W. Francis and Co., Limited, Gray’s Inn- 
road, send us a catalogue of wood, iron, and steel revolv- 
ing - shutters, machine - drawn brass mouldings, brass 
plate, fireproof doors, & 

The Electrotechnische Industrie (formerly William Smit 
and Oo.), Slikkerveer, Holland, have sent us a series of 
illustrations of dynamos, motors, transformers, and other 
electric appliances made by them. 


A recent ‘‘ Brush Budget ” gives, among other thin 
re) uctions of photographs of Brush-Chatteris electric- 
lift apparatus, portable winches, &c., as well az of a new 
type Gl nicte-omatbes for London service. 


The Rex Roofing Company, 98, North-road, Bloom- 
field, Belfast, send us a circular of roofs, of which they 
make a speciality. These are of the circular pattern, 
with or without ventilators or lantern-lights, suitable for 
sheds, workshops, &c. 

Messrs. Ludw. Loewe and Co., Limited, Farringdon- 
road, E.C., have sent us a circular of a ‘‘grip ” chuck, 
made’in sizes to hold drills from 4 in. to 4 in. in diameter. 
This chuck is of simple action, and tightens instantane- 
ously without the use of a key. 

We have received a pamphlet from the Elsinore Steam- 
ship and Engine Works, which commemorates the twenty- 
fifth year of their existence. This is well got up, illustra- 
tions being given of various portions of extensive works, 
together with portraits of the chief officials. 


The ‘‘Reo” Motors, Limited, Broad Sanctuary, S.W. 
send us a circular relating to travellers’ broughams and 
commercial vehicles; 8-horse-power and 16 — 20 horse- 
power chassis are built, fitted with various forms of body, 
for business or touring purposes. 

A circular comes to hand from the Weldless Chains, 
Limited, Gartsherrie, Coatbridge, illustrating the method 
of manufacturing weldless chains from « cruciform bar. 
A striking illustration is given of a ys-in. chain which 
broke under a test load of 9 tons 3 cwt., the Admiralty 
test calling for a breaking load of 44 tons only. 


Messrs. Tangyes, Limited, Birmingham, send us a cir- 
cular, No, 79, relating to ‘* special” pumps on bases with 
vertical boilers. These are dealt with in two series, the 
80.lb. and 100-lb. series. The boiler is provided with cross 
tubes, all-brass injector, and suitable fittings. Dimen- 
sions and other particulars, including prices, are given. 


Two leaflets have reached us from the Electrical Com- 
pany, Limited, Charing Cross-road, W.C. One relates 
to small motors and the other to remote switches, the 
latter of English make. Particulars and prices of the 
motors are given. The switches are fully described, and 
prices are given. 


A catalogue from the Deutsche Telephonwerke, Berlin, 
describes and illustrates all sorts of receivers and trans- 
mitters, and other telephone apparatus, such as exchange 
switchboards, &c, Special forms of apparatus for mining 
are also described, while among the products of this firm 
we also notice ships’ tel — electric syrens, telegraphic 
apparatus, rede aia rills, &c. 

A catalogue has been sent to us from Messrs. Thos. 
Auty and Co., 326, St. John-street, E.C., dealing with 
die-sinking and engraving machines. These are made in 
differert sizes up to machines with bed-plates 28 in. by 
48 in. The principle employed is that of copying a model 
by means of a pantograph, movement ratios of }, @, 4, §, 
and } being obtainable between the pattern and work. 


A copy of the Mach o~“ Gazette for January has been 
received from Mr. R. J. Richardson, Baskerville-place, 
Broad-street, Birmingham. This is a list (priced) of 
second-hand machinery for sale. It includes engines, 
boilers, pumps, compressors, and a quantity of machine. 
tools of all kinds. A small list of new machinery is also 
given, 

A new leaflet from the Edison and Swan United Elec- 
tric Light Company, Limited, 36 and 37, Queen-street, 
Cheapside, E.C., is devoted to voltmeters and ammeters 
of moving iron and moving coil types. These are made in 
sector and circular patterns. Prices are given. The list 
also includes particulars of spare separate shunts for am- 
meters, dimensions and prices being given. 


The Mason Regulator Company, Boston, U.S.A., have 
sent us a catalogue of automatic . “37 devices for 
pumps. These include governors for steam - pumps, 
weighted pressure regulators for hydraulic elevator ser- 
vice, and also pressure regulators of the spring type, 
qeevky tank regulators, regulators for vacuum pumps and 

owing-engines, and other devices. 

We have received from Mr. R. Weatherburn, Finsbury 
Pavement, E.C., a souvenir issued by Messrs. A. Borsig, 
Tegel, on the occasion of the completion of the hundredth 
locomotive built by thatfirm for the Chilian Government. 
The pamphlet is in Spanish, and is artistically illustrated 
with views of Chilian scenery, and locomotives supplied 
by Messrs. Borsig to the railways of that country. 


We have received a little book relating to high-s 
steel manufactured by Messrs. J. Beardshaw and Son, 
Limited, Baltic Steel Works, Sheffield. The matter in 
this booklet includes hints on the proper treatment of 
this steel in tool-making, a number of reports on the 
working of tools of s of this make, and diagrams of 
special sections rolled, &c. The brand is known as 
“*Conqueror H. V. Steel.” 

From Messrs. James Baldwin and Co., Devonshire 
Brass Works, Keighley, comes a circular devoted to 
various safety steam fittings. One of these is a ‘ water- 
hammer” stop-valve, designed to overcome the risk 


of failure due to water-hammer. Other fittings illus- 
trated are safety-valves of special forms, blow-off valves, 
&c. A steam-valve with renewable valve and seating is 
also illustrated and described. 


‘The Works and Productions of Messrs. John Abbot 
and Co., Limited,” is the title of a pamphlet sent out 
from this establishment at Gateshead-on-Tyne. It is 
matter reprinted from the Machinery Market, and is 
well illustrated. The examples shown of work executed 
by this firm include hydraulic installations, roofing of all 
kinds, cranes and lifting gear, anchors, coal-staithes, 


8%; | ooal-tips, hydraulic machines, &c. 


From the Thorn and Hoddle Acetylene Company, 
Limited, 151, Victoria-street, Westminster, S.W., we 
have received a catalogue of ‘‘ Incanto” self-contained 
lamps. In these lamps the base is formed of a small 
generator, and types are made suitable for the table, as well 
as pendant forms, yard patterns, and others designed fora 
variety of uses. The list also gives particulars of motor 
lamps, brackets, &c., and of the Standard type of ‘‘ In- 
canto” generators. 

A catalogue from the Brillig Light Company, Berwick- 
on-T weed, describes their system of illumination. In this 
system petrol or Brillogine is used, with a special form 
of lamp. Some patterns are lit with a match, in others 
a foams | spirit-lamp is needed to warm the burner before 
lighting. The gas produced from the spirit is burnt 
either with an ordinary burner, or with an incandescent 
mantle. It is stated that with an 80-candle-power lamp 
one quart of spirit lasts upwards of 13 hours, the cost 
working out at approximately 4d. per hour. 


Messrs. Applebys, Limited, have sent us a pamphlet 
describing their electric rotating gear for ingots for use 
on forge cranes. The suspension of the ingot is by a 
heavy endless linked chain, and the rotating gear can be 
operated from the ground by the man that controls the 
erane. Another pamphlet from this firm consists of a 
series of illustrations of work done by their Glasgow 
works, including cranes and apparatus of all sizes, from 
shipbuilding-berth cranes to small overhead cranes, over- 
head trolleys, pulleys, capstans, &c. 


The United Kingdom Metallic Packing Syndicate, 
Limited, 14, Cork-street, Liverpool, have issued a pamph- 
let describmg their metallic packing. The several 
forms of packing illustrated are for locomotive work, 
marine work, compressors, &c. If any doubt be felt as 
to the reliability of this packing, reference need only be 
made to the twenty or so pages of this pamphlet, on 
which are given lists of first-class railways at home and 
abroad, steamship companies, and other concerns making 
use of it. The United Kingdom Patent Universal 
Lubricator is also herein described. 


A large bound catalogue comes to us from Messrs. 
William Simons and Co., Limited, Renfrew. The con- 
tents of this volume consist for the greater part of illus- 
trations, with a few appropriate notes and information on 
the many types of craft built by this firm. Such illus- 
trations include reproductions of photographs of a great 
variety of bucket agyes me me of the stern-well and 
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bow-well types, barge redgers, bucket and pump- 
discharging and hopper gers, non-propelling types, 
suction types, pontoon types, grab types, hopper steamers, 
hopper barges, tugs, ferry steamers, &c. 

Messrs. Ernest Scott and Mountain, Limited, send us 
a catalogue of electric pumping machinery. ‘The first 
portion of this is devoted to reciprocating pumps of 
various patterns and for all purposes, some being mounted 
on bogies for use in mines, &c. Then follow examples 
of motor-driven centrifugal pumps, special enclosed 
water-cooled motor-pumps for unwatering existing shafts, 
sinking-pumps and motors complete with switch-gear, 
&c. .Then follow further examples of electrically-driven 
centrifugal ge single and multi-stage, a large number 
of useful tables relating to pumping, and finally diagrams 
of the various types dealt with in the pamphlet, 


We have received from Messrs. Siemens Brothera, 
Stafford, a series of lists and pamphlets devoted to elec- 
tric control for steering gear ; electrically-operated slip- 
way at Dublin ; belt-driven automatic starter for pumps, 
compressors, &c.; automatic starter with auxiliary motor, 
and also with step-by-step spark extinguisher ; tripping 
switches for use with starters ; and on electricity in paper 
mills. These are all well illustrated both with diagrams 
and with half-tone blocks, and a large amount of informa- 
tion is given in each case. The one referring to electricity 
in ) peper aie shows electric power applied to paper- 
making machines, calenders, &c. 


Messrs. Schiiffer and Budenberg, Limited, Whitworth- 
street, Manchester, have sent us an ‘‘abridged” catalogue 
for 1907, In spite of its title, this volume contains some 
180 of illustrated matter relating to an enormous 
number of steam and other fittings of all sorts, sizes, and 
patterns. Gauges (pressure and water), cocks, valves, 
whistles, injectors, ejoctors, pumps, steam-traps, reducing 
valves, indicators, tachometers, anemometers, lubricators, 
air-compressors, water-level regulators, governors, and a 
list of other articles too long to enumerate, of which this 
firm are well-known makers, find place in this volume; 
in nearly all cases illustrations and prices are given of the 
articles dealt with. 


A pamphlet bearing the title of ‘‘ Conveyors and Belts” 
comes to us from Messrs. F. Reddaway and Co., Limited, 
Pendleton, Manchester. This is concerned primarily 
with belt-conveyors, though towards the latter end of the 
book all sorts of other conveyors are illustrated, such 
as steel pan, scraper, bucket, drag-chain, cable and 
trough, and screw types. For belt-conveyors Messrs. 
Reddaway make aspecial brand ‘‘Camel” rubber convey- 





ing-belt, This is of uniform thickness, but the rubber 


protective coating is of increased thickness in the centre 
of the belt, where most wear takes place. Details of the 
arrangements of rollers, guides, throw-off carriages, &c., 
which this firm recommend and manufacture, are also 
given, together with illustrations of plants erected and 
condition of belts after prolonged use. 


We have received from Messrs. Henry Wood and Co., 
Limited, Saltney, near Chester, a book on ‘‘ Chains, 
Anchors, and Mooring Gear.” This neat cloth-bound 
volume consists of di ms and tables relating to mooring 
gear of all kinds. ables of strength of chains for 
Lloyd’s tests, Admiralty tests, and safe baie 4 for 
cranes are given. Tables of equivalents of English and 
French measures are given, both for measures of length 
and weight. A number of sketches are given of several 
forms of anchors, with stocks and stockless grapnels, and 
also of mushroom, Trotman, and other forms of anchors, 
sinkers, cables, links, slings, shackles, swivels, slips, 
mooring rings, &c.; and the volume concludes with folded 
sheets giving the sizes of chains and particulars of equip- 
ment n for vessels of various sizes, one table 
relating to steamships and the other to sailing vessels. 


Messrs. Robey and Co., Limited, Lincoln, have issued 
their ae No. 120, Section 8, dealing with traction 
engines, locomotives, and traction wagons ; and Sec- 
tion 9 describing the Robey steam wagon and steam 
tractor. The first of these describes four types of engines 
—namely : (1) a type suited for general purposes, thrash- 
ing, hauling, &c. ; (2) a type for colonial use ; (3) single- 
cylinder road locomotives with engine enclosed ; and (4) 
compound road-locomotives ; traction wagons are also 
illustrated and described. Section 9 refers to machines 
coming under the Heavy Motor-Car Order, 1904, within 
which regulations come the steam-wagons and small 
tractors with trailers. The small tractors are practically 
diminutive traction-engines. The steam-wagons are fitted 
with patent vertical boilers having all tubes submerged, 
compound two-crank engines, patent road-wheels, and 
other special features. 


Messrs. T. W. Tamplin and Co., shipbrokers, 83, 
Gracechurch-street, E.C., have recently issued a copy of 
their bi-annual steamship circular. This list contains 
—— of about 158 steamers for sale, 28 of these 

ing new vessels now building, 115 being second-hand 
cargo steamers, and 14 being pleasure steamers, paddle 
and screw. These vessels are of all sizes, from 11,077 tons 
gross register, 500 ft. length, and 30.4 ft. draught, to 
vessels of a few hundred tons. The pleasure steamers 
likewise vary in size, some having accommodation for 
1400 passengers, others being much smaller. The list 
concludes with particulars of steam-barges built for sea 
and river work, motor coasting vessels and barges, sea- 
going screw-tugs, screw-tug launches, paddle tugs and 
passenger tenders, fish-carriers, trawlers and drifters, 
steam-yachts, auxiliary steam and motor yachts, dredgers 
ee barges, lighters, &c., which are now in the 
market. 


From Messrs. Crompton and Co., Limited, Salisbury 
House, London Wall, E.C., we have received a card 
drawing attention to their small motors, and also a priced 
list of open-type arc-lamps. This latter is illustrated 
with views of many patterns of lamps, globes, shades, 
&c., as well as with reproductions of details of the 
mechanism, and diagrams. Steadying resistances, auto- 
matic cut-outs and substitutional resistances for con- 
tinuous-current lamps and choking coils, compensating 
coils and transformers for alternating-current circuits are 
also listed. Another list from the same firm refers to 
switch-gear, cut-outs, and accessories for central-station 
switch-boards. Messrs. Crompton have standardised sets 
of switches and accessories for currents of 40, 100, 200, 400, 
850, 1200, and 2300 amperes. [Illustrations of large boards 
are given, such as that supplied to H.M. Dockyard, 
Devonport, while diagrams are given of single and 
double-pole main switches, lever-switches, circuit- breakers 
of several patterns, single-pole fuzes, battery-regulating 
switches, and standa: ynamo panels, accumulator 
switch s, &c. Prices are given and all necessary 
particulars. 








AUCKLAND (NEw ZEALAND).—The trend of New Zealand 
life has of late been to Auckland. The city has now 
82,189 inhabitants, or 14,327 more than Christchurch, the 
next largest centre. The province of Auckland has now 
a population of 211,856, an increase in five years of 35,918. 
The next most thickly-populated province of New Zealand 
is Otago. The north island of New Zealand is growing 
more rapidly in population than the south island. 





Tue Iratian Navy.—The Italian naval authorities 
have decided to sell or break up a number of battleships 
and other vessels during the five years 1907-12. The list 
comprises 21 ships of various classes, including the Duilio 
(launched in 1877) and the Andrea Doria (launched in 
1891), as well as 51 torpedo-boats. With the p 8, 
which are estimated at 250,000/., the Italian Government 
intends to make large purchases of coal for its navy. 





So.ipirmp Tak.—A process has recently been intro- 
duced by the Tar (Patents) Solidifying and Distilling 
Company, Limited, 15, Mansion House Chambers, 11, 
Queen Victoria-street, E.C., for solidifying gas-tar, so 
that the material can be made into blocks, which are 
much handier for transportation than the liquid ma- 
terial in casks. The tar is subjected to a process of 
distillation whereby about 4 per cent. of the total weight 
of the constituents passes off. This 4 per cent. 1s com- 
~ of light oils and crude naphtha, which are used 
or gas enrichment. It is claimed that the solidified 





materjal wil] he very useful for road-making. 
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CompitepD sy W. LLOYD WISE 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
The number of views given in the Specification Drawings is stated 
in each case ; where none are tioned, the Specification is not 
illustrated. ~ 
Where inventions are communicated from abroad, the Names, 
— SU Gpotoatte + oy wed othe Patent Office, Sale 
Copi cations may ai: at q 
pA 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform 7 sae of 8d. 
The date of advertisement of the acceptance of a Complete 
a is, in each case, given after the abstract, unless the 
‘atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two months from the date oj 
advertisement of the nee of a Complete Specification, 
give notice at the Patent O, of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


1115. The Houston Com: . 
ut meg ae ce Tan 
Meters. (2 Figs.)° January 15, 1906.—This invention relates to 


the type of meter described in Patent No. 8832, of 1898, and has 
for its object to improve the accuracy of such meters, more espe- 
cially at low loads, and to enable their load range to be increased. 
According to this invention, a device is provided for varying the 
flux of the field-magnet as the load increases, thereby causing the 
armature to increase its 5 at low loads. The device consists 
of a magnetic shunt for the field-magnet which is excited by a 
winding in parallel with the armature or in series with the main 
wire of the meter. In contradistinction to arrangements of this 
kind hitherto pro; for other types of motor meters, the mag- 
netic shunt is pted to be saturated with a given current, so 
that as the load is increased above this point the rate of the meter 
is no longer affected by the shunt. Below this point, however, 
the flux through the shunt decreases, thereby causing the rate of 
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the meter to be maintained practically constant down to very low 
loads, by weakening of the main driving field. A permanent 
magnet a is provided with enlarged and preferably cast pole-pieces 
b and c, between which the armature of the meter rotates. These 
pole-pieces are connected by a bridge-piece d of magnetic material 
surrounded by a coil e having a suitable number of turns, and 
connected either in parallel with the armature, or in series with 
the main wire of the meter. The number of turns in the coil ¢ 
and the cross-sectional area of the bridge-piece d are proportioned 
according to the characteristics it is decided that the meter should 
have. In operation the shunt bridging-piece becomes saturated 
with a given current, so that if the load is increased above this 
point, the rate of the meter will not be affected by the shunt ; 
whereas if the load is decreased, the flux through d decreases and 
the main driving field weakened, so that the rate of the meter is 
kept practically constant down to very low loads, (Accepted 
December 28, 1906.) 


26,870. The Hon.C. A. Parsons and H. H. = 
serene. New -on- e. mo - Electric 
. (5 Figs.) December 23, 1905.—This invention 
relates to the field windings of dynamo-electric machinery, 
and more specifically to windings of the t; which are le 
up of a number of separate conducting strips joined together 
at their ends. The invention is specially applicable to wind- 
ings of the class described; in which a copper conductor 
in the form of an insulated strip is wound continuously round 
slots in the pole-faces of the field-magnets. This method 
of construction is difficult to carry out in practice on account 
of the stiffness of the conducting strips, and ‘also on account 
of the difficulty of placing the strip in the slots or holes in 
the pole-faces. The object of the invention is to obviate this 
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difficulty and to construct a separate strip-winding of the type 
above referred to in such a manner that it can be a 
easily placed in position without danger of injuring the insulation 
of the winding. The coils are made up of a number of 


joined up so as to form a continuous electric circuit surrounding 

re, as shown in Fig. 1. This may be effected, for in- 
stance, by flattening the ends of the strips to about half the thick- 
ness of their main portions by a die or other suitable means, the 
connecting strips ¢ being then men to strips d by bolts and nuts 
or in other suitable manner. It will be seen that by flattening 
the ends of the strips a larger area of contact at the joint is ob- 
tained, and also a continuous conductor of approximately uniform 
sectional area. The whole joint may, if desired, be zed or 
soldered together after completion. It will be obvious that in- 
stead of the attachment to the pole-faces above described, the 
copper strips d may be laid in slots, or attached to the pole-faces 
in any suitable manner. (Accepted December 31, 1906.) 


27,271. J. M. Moffat, R. J. Bott, J. W. Manley, 
and e@ Electric Company, 
Limit . (8 Figs.) Dec- 
ember 30, 1905.—This invention relates to the method of winding 
the conductors of instruments for detecting and for obviating 
leakage from ductors of electricity. In an instrument of the 
kind referred to as constructed under this invention, a coil com- 
prising two windings carrying current in opposite directions is 
employed. The windings are twisted round one another before 
they reach the spool or bobbin upon which they are to be wound, 

are wound upon the spool, still twisted round one another, in 
a helical direction. The windings are then led from the spool for 
some little distance, still twisted together. In thé-figure, 1 is the 
case of the instrument with the cover removed, 2 the coil or 
fixed element of the instrument. This coil is illustrated as broken 
away at the centre in order to display the magnet 3, which lies 
within the coil 2, and to which is attached the pointer 4, whose 
free end traverses the scale 5. In the case illustrated, the winding 
of the coil 2 consists of two se wires insulated from, and 
twisted round, each other and made into a cable ; 6 and 7 being 








the two insulated wires, and 8 the covering of the cable. Ifa 
current traverse one of these wires in one direction, the magnet, 
and with it the pointer, will be defiected in one or other direc- 
tion, depending upon the direction of the current. If a current 
traverses the other wire in the opposite direction, the magnet will 
be deflected in the other direction. If currents traverse both 
wires in opposite directions, then, if the turns of the two wires 
be equidistant and equal in number, and if the currents be similar, 
no deflection will take ee as the currents in the two wires will 
balance one another. If, however, the currents be unequal, then 
the direction of deflection will depend upon the wire which has 
the greater current passing through it, and the amount of the 
deflection will depend upon the excess of currentin the one wire 
over the current in the other wire. Now by twisting the two 
wires round one another it is possible to get them equidistant 
from the magnet, or, to express it more fully, to get the mean 
distances of the turns and twists of the wires practically equal, 
so that the deflection shall vary with the difference of the currents 
in the two wires. It will be seen that the two conductors are 
twisted round one another for some considerable distance towards 
each end after leaving the coil. (Accepted December 81, 1906.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


905. T. Browett, London. Re of Air 
Supply. (4 figs.) January 12, 1906.—As is well known, an oil- 
engine of the Diesel type is — with an air-pump, usually 
driven by the engine itself, for supplying highly compressed air 
to reservoirs, so as to be available for use for starting the engine 
and for injecting and atomising the oil fuel forced into the engine 
cylinders. If the air inlet valves of the pump have a constant 
lift, or if the air-inlet passage leading to such valves be of con- 
stant area, the pump will, at each stroke, deliver a practically 
constant volume of air at a practically constant pressure. But 
the working of the engine under varying loads, and the more or 








copper strips d joined up at their ends by other copper strips é, 
and are arranged to give electrically the same effect as is given 
by the winding shown Gagemmmatiadiy in Fig. 1. The r 
strips d are held on the pole-faces by means of fianged stripe } of 
magnetic material, which fit into shallow grooves in the pole-faces, 
the ves being parallel to the axis. The strips f, which are 
lel to the axis of the armature, may be fixed to the pole-faces 
y means of clamping strips h em! over projections k on both 
ends of the flanged on J ae bolted to the body of the 
eces. eee ee & laced between the strips / are 
in this manner held firmly on the pole-faces, and their ends are 








less frequent restarting of the engine, demand that a varying 
volume of air should be supplied by the pump to suit the varying 
requirements. Now this invention has reference to improv 
means or egpestine whereby the effective area of an air inlet 
orifice can be regulated automatically ding to i t 


be supported by a light spring 5 that bears against an adjustable 
nut 6 on the rod 4. Ge. osapenent is such that on the suction 
stroke of the pump the disc 8 will be caused by the external air- 
pressure to move in a direction to reduce the area of the air inlet 
gel, the extent of closing movement being regulated by 
means under the control of the governing h A Bourd 
or other suitable pressure-gauge be used. In the arrange- 
ment shown, a balanced plate 7 ng against a pin 11 on the 
disc 3, and having a cam-shaped a 7a, is arranged to be 
tly rotated in one or other direction through an arm 8 and 
inks 9 by the movement of a Bourdon or other sry aad 10 
conected to a reservoir 10a. (Accepted December 31, 1906. 
26,998. F. Clarke, Southend-on-Sea. Gas-Con- 
a Ap us. (3 Figs.) December 27, 1905.—In the 
ordinary treatment of gas, it is sometimes caused to pass through 
a series of chambers which are connected by central openings, 
through which extends a rotary shaft provided with discs that 
rotate one within each chamber, and are adapted to direct the 
gas received through the central opening of each chamber to the 
outer part thereof, the gas then turning ny bey the edge 
of the disc to the central opening leading to the next chamber, 
and so on, It has been pro’ to provide the rotating discs of 
apparatus so constructed with brushes or with fan-blades, and to 
provide for the supply of liquid to wet the surfaces with which 
the comes in contact, and to mingle with the gas. It is to con- 
densing apparatus of this type that the present invention has 
reference. According thereto, chambers are severally fitted with 
liquid-supplying pipes, which are controlled by suitable means in 
such a manner that the liquid supply can be cut off for a period 
from a number of chambers, which may afterwards be supplied 
with liquid, whilst others are not then so euaptied, the cycle being 
reversible, so that whatever is deposited in the dry chambers can 
be washed out simultaneously with the extraction of further im- 
purities in the gas, whilst the previously wet and washed-out 
chambers are being used in a dry condition. Each chamber is in 
the form of a drum 1, the several drums being connected together 
by pipes 2, which may be flanged. A shaft 3 extends concen- 
trically through each section or set of chambers, and is provided 














with appropriate driving gear. Within each chamber is mounted 
on the shaft 3 a device comprising a disc 6 of somewhat less 
diameter than the chamber. This disc is provided with radial 
blades 7, connected by arms to bosses surrounding the shaft. 
Usually these blades 7 are located at the puigbend 





rtions of 

the discs 6 only. Other radial blades 11 are f with, or 
secured to, the end walls of the chamber. An external supply 
ipe 12 is c ted by t hes with the interior of each cham- 


ver, in which there is provided a spreading or spraying device. 
Means are provided for controlling the supply of water or liquor 
to _ .-r ~ sets of ae oy as _ — 16. In 
working this condensing a) us, the crude passed 
through the first section or set of chambers, wah om free from 
all tarry matter or naphthalene crystals ; the becomes cooled 
by contact with the area of surface which is exposed to the 
atmosphere, and with the revolving paddle-blades 7, which force 
the gas nst the outer sides of each chamber, tarry particles 
and naphthalene being deposited thereon. The gas, after passing 
through the section of y chambers, is passed into the next 
section or set of chambers, into each chamber of which water or 
liquor is sprayed. The water or liquor brings down the gas to the 
normal temperature, and washes out of each chamber the tarry 
particles and naphthalene previously deposited therein. Each 
section or set es the dry, or first, section or set, and then 
the wet, or second, section or set alternately as required. 
(Accepted December 81, 1906.) 


27,283. G. Johnston, London. Valves. [2 Figs.) Dec- 
ember 30, 1905.—This invention relates to valves which are opened 
by the pressure of the fluid supply in opposition to _— , and 
has for object to provide a valve which can be main — open 
with less difference of pressure on its inlet and outlet sides 
usual, or any given strength of spring to be more effective. For 
this purpose, the opening of the valve Dory ae is to expose 
to the pressure on the outlet side of the valve one side of a disc 
of larger area than the valve, and is constantly exposed 
on its other side to the pressure on the inlet side of the valve. 
In one construction of valve, according to this invention, the 
valve-casing a is formed with a chamber, the cross-sectional area 
of the inlet ) to which is greater than the cross-sectional area of 
the outlet ctherefrom. Against the outlet end c of this chamber 
the valve d seats itself when closed. From the valve disc a stem 





passes through the chamber to the inlet end, being suitably 
guided by armse which extend from the inner side of the chamber. 
At the inlet end of the chamber the stem of the valve is provided 
with a collar which is securely fastened to it, and carries a disc f 
of thin sheet metal. This disc / is of such size as to work freely, 


ed | but in an air-tight manner in the inlet b. A spring A tending to 


keep the valve normally in its closed tion is a The 





In the drawing, the air-inlet passage 1 to be controlled is formed 
between the outer flanged end of a fixed pipe 2 leading to the 
interior of the pump, andan air-regulating device 3 in the form 
of a disc that isso mounted upon a fixed rod 4 extending through 
the open end of Go Fige 3 teat com move extely om the rod in 
a direction towards, and from, the end of the pipe 2, and so vary 
the sectional area of the gnnular jnlet passage 1. The disc 3 may 





arrang t is such that when the valve d is slightly opened by 
a reduction of pressure in the cylinder, the pressure in the 
chamber will correspondingly fall, and we an meng the greater 
area of the disc / in the inlet to the said chamber will be exposed 
to the difference in the pressure between the fluid supply and the 
fluid in the cylinder or vessel. The disc will, therefore, be forced 
inwardly, carrying the valve-stem and valve with it against the 
resistance of the spring. (Accepted December 31, 1906.) 
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948. Mather and Platt, Limited, and A. E. L. 
Choriton, Manchester. Internal - Combustion 
Mngines. (3 Figs.) January 13, 1906.—This invention relates 
to improvements in internal-combustion engines, mr nd of 
the two-cycle type, and has for its object the simplification of 
such engines, rendering them cheaper to construct and more 
economical and durable in running. The impro ts re 
pays po to the construction of the gas and air supply pumps. 

n the construction of two-cycle engines as hitherto carried out, 
separate pumps for the gas and for the air have been used, with a 
separate slide to support the crosshead of the operating mecha- 
nism. According to this invention, these pumps are secured to 
the side of the engine frame, the double-acting pump 2 for the 
gas is placed between the two single-acting pumps 3 and 4 for the 
air, the three pumps being in line and secured to one another as 








well as to the engine frame. The pump-cylinders are separated | towards, and project into, the sand chutes ¢ in front of each 


Figs, 
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from each other by intermediate delivery valve-boxes 5 and 6, 
each of which is divided by a diaphragm 7 into passages for the 
gas and air respectively, and is also provided with automatic 
valves in ite outer walls. The long hollow piston 9 of the double- 
acting pump 2, which is used for the charge of gas, is fitted on 
both faces with automatic valves,and is provided with slots 11 in 
its periphery. There are suction ports in the walls of the cylinder 
of the pump 2, which, when uncovered by the hollow piston 9, 
place the gas-supply main in communication with the one or other 
end of the pump ?. When the ports 12 are masked by the hollow 
piston 9 the gas can enter its interior through the slots 11, and 
then passthrough the automatic valves into the cylinder on each 
suction stroke. With the object of delaying the charging of the 
gas until after the scavenging by air has been effected, the piston 
9 at a predetermined portion of its stroke overruns the suction 
porte, thus cutting off the gas supply, and forcing the gas into one 
or other of the valve-boxes 5 or 6, and thence to the gas paseage. 
(Accepted December 31, 1906.) 


MOTOR ROAD VEHICLES. 


aoe 003. W. H. Cook, Birmingham. Petrol Tanks. 
[3 8.) October 5, 1906.—This invention has reference to 
petrol tanks connected to the carburettors of petrol-motors, and 
consiste of improvements whereby the entrance of any sediment 
into the pipe leading from the tank to the carburettor is effec- 
tually prevented, and the cleaning out of the tank is facilitated. 
In the bottom of the petrol tank is a well 2, the bottom of which 
is constructed as a removable plate 3. This plate is dished or 
made with a cavity 5, into which any sediment in the petrol will 
gravitate, 6 is a drain-cock fixed to the underside of the plate 
8 for the purpose of emptying the tank, when required. Within 
the well 2, and at a convenient distance above the bottom, a filter 
7 is provided. The =r half of this filter is made blank and 
solid, the lower part being made of wire gauze, so that any sedi- 
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ment gravitating down the tank will, by the upper solid part of 
the filter, be effectually prevented from entering the wire gauze, 
and will fall off the blank upper part of the filter into the cavity 5 
of the bottom plate 8. At one end the filter is connected to the 
side of the well 2, and also to the suction pipe 11 which leads to 
the carburettor. The wire gauze has to be arranged high 
enough above the surface of the bottom plate 3 so that any sedi- 
ment resting thereon will be undisturbed by the flow of the 
petrol through the wire gauze. It will be seen that it is impos- 
sible for the wire gauze to e choked, and any sediment in 
the petrol wil! rest on the top of the bottom plate 8, and will not 
enter and choke the ye sy 11 leading to the carburettor. 
Any sediment resting on the bottom piate 3 can be readily re- 
— mas the os AK! ae the plate 3 is 
remov e@ wire gauze can read ru clean, if required. 
(Accepted December $1, 1906.) > re 


7068. L. De Sil London, and A. . 
Uxbridge. Sanding- me Figs.) Rye 
This invention relates to means for ejecting sand, grit, or other 














(7068) 





matter on to the wheels of motor or like vehicles. The invention 
is particularly adapted for use on motor and like road vehicles, | 


the object being to provide means whereby, at the will of the | 


| same from oil and from atmospheric and other deleterious influ- 


| of the cap is surrounded by the cylindrical walls, which depend 


| the said cap, so as to admit of the free or uni 


driver, a blast of sand or grit may be directed on to the wheels, 
thereby enabling them to obtain a grip on the road when the 
same is ina condition, and to safeguard against side 
slip by the adherence of the sand on the wheel. According to 
this invention, it is pro; to utilige the waste or exhaust gases 
from the engine for this purpose. A org the chassis, and 
B the exhaust-box. CO is a sand-box which may be located in 
front of the driving wheels a, and is provided with two chutes c 
for directing the sand to the desired points. The contents of the 
sand-box are restrained from ing by means of a slide c! in 
the bottom thereof, said slide being actuated by the driver 
through the intervention of a rod c?. D is a valve on the outlet 
pipe from the exhaust-box B, said valve being adapted normally 
to permit the gases to escape direct to the atmosphere, but being 
provided with a by-pass having two branches, which extend 


driving-wheel. The exhaust gases from the engine are = 
allowed to pass into and ont of the silencer. Means are provided, 
such as a valve controlled by levers e!, el, whereby, when it is 
desired to direct the exhaust to the sand-boxes, the outlet through 
the silencer is partly, or entirely, closed, and the gases, or a 
portion thereof, f to omeee through the by-pass simultane- 
ously with the withdrawal of the slide c! of the sand-box, so that 
as the sand falls or is drawn out the exhaust gases _— it 
with considerable force on to the wheel. The slide and exhaust- 
valve may be operated by a common actuating member under the 
control of the driver. (Accepted January 9, 1907.) 


RAILWAYS AND TRAMWAYS. 


17,870, G. R. Feather, Bolton. Axle Bearings. 
{7 Figs.] August 9, 1906.—In connection with tram-cars and 
| like vehicles which have to travel on rails and around sharp 
| curves, it is found that the friction of the axles against their 
| bearings causes such heat as to prevent the lubricants from being 
supplied to the proper parts thereof when the well-known form 
of wicks is employed, whereas when lubricants with woollen 
or worsted waste in the cavities beneath the axles are made use 
of, then the vibratory or jolting movements of the vehicles cause 
the fibrous materials to descend out of contact with the axles, 
thus failing to supply the lubricants as desired. To obviate this, 
and produce parts which may be used in connection with the 
bearings of said axles, so that the employment of a plastic or 
semi-solid lubricant is provided for, as are also facilities for the 
feeding or application of such lubricant thereto, is the object of 
this invention. To attain the object of the invention, the cup a 
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is of such construction as to be held in position in the axle-box b, 
which is shaped to receive it. Cavities c are formed in the cap a 
to act as receptacles for the plastic or semi-solid lubricant. 
Leading from the cavities c are openings c! which end in ducts or 
furrows d made in that surface of the cap a which is in contact 
with the axle f, so that the plastic lubricant may extend from the 
receptacles ¢ through the openings c!, and into contact with the 
surface of the axle f. By forming the cap a to fit within the 
axle-box b, facilities are afforded by which, on the introduction 
of a lever, the axle-box b may be raised from pressing upon the 
cap a, so that a passage is opened through which the cap a may 
be removed to have its cavities ¢ refilled with lubricant. The 
part of the box b lying beneath the axle / may have its usual 
cavity h for the reception of a plastic or liquid lubricant, to 
retain which latter and to protect the outer end of the axle 
J against dust, a cover k is mounted upon the box b. (Accepted 
December 31, 1906.) 


431. J. Levick, Aston. Rubber Bogie-Truck 
8: {5 Figs.) November 12, 1906.—This invention has 
relation to covers for use in connection with the rubber eprings 
or buffering devices of railway and tramway carriage ie- 
trucks and the like, for the purpose of protecting the spring from 
oil and atmospheric and other influences, and thereby preventing 
the deterioration or ‘‘ perishing” of-the rubber. eretofore 
such covers have been made in the form of an open-bottomed 
cap and as an a part of one of the pair of washers between 
which the buffer-block is inte: ; but, according to this 
invention, it is pro to make the cover separate from the 
washer and from telescopic parts, which may be made from spun 
metal, whereby the cost of production is materially reduced 
without detriment to the efficiency of the cover in protecting the 
rubber, whilst the block is completely enclosed or boxed in by 
the telescopic parts, which thus effectually exclude all dust, dirt, 
or the like. a is the rubber buffering spring, which is carried 


— 





upon a hanger-rod or bolt b, and is inte between a 
pair of washerscandd. The cover consists of two parts el, e2, 
adapted to enclose completely the spring-block, and to lud 





STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


5759. J. Cowan. Edinburgh, and R. Baillie 
Glasgow. Steam-Generators. [1 Fig.) March 9, 1906.— 
This invention relates to plant used in the generation of steam, 
and is particularly applicable to large er Rome ey | installa- 
tions. Ia modern steam-generating plant of anything like large 
dimensions, it is customary to employ superheaters, and sometimes 
feed-water heaters working under pressures as high, or in some 
cases higher, than the boiler pressure have been used.- The 
object of the invention is to enable the feed-water to be highly 
heated and supplied automatically to the boilers, and the steam 
from the boilers to be superheated with maximum economy. The 
invention ists in bining a feed-water heater with a super- 
heater, the feed-water heater being worked under a pressure 
greater than that of the boiler or boilers with which it is applied, 
and the steam generated in the feed-water heater passing, together 
with the boiler steam, into the superheater, which is heated by 
the gases ing from the feed-water heater, whereby the water 
for the boilers and the steam from the generating plant are both 
superheated. According to the construction illustrated, the 
applicants provide a device very similar in shape to a five-drum 
Stirling boiler. The front top drum a and the front lower drum b 
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are connected by tubes c, and constitute a feed-water heater. 
The top drums d and e and the lower drum / are also connected 
by tubes g and fh, and these constitute a superheater. Feed- 
water may be introduced into the lower drum b of the feed-water 
heater, or the top feed-water heater drum a may be partitioned off 
into two compartments, and the feed-water introduced to one of 
these compartments. In the latter case some of the tubes c in the 
feed-water heater act as ‘‘ down-comers” while others act as‘ up- 
comers.” A small steam space is left in the upper drum of the 
feed-water heater, and from this space steam is led to the super- 
heater, preferably into the rear top drum thereof, by the pipe j. 
The steam ‘in the superheater passes through the tubes g, h in 
a direction opposite to the furnace gases passing over the tubes. 
Steam for working an injector for feed-water from a hot well l 
may be drawn from the top drum a of the feed-water heater, or 
superheated steam may be used by the injector instead of the 
steam from the feed-water heater, and thereby increase the feed- 
water temperature. The steam from the main boilers is also 
introduced into the rear upper drum e of the superheater by 
the pipe k. (Accepted December 31, 1906.) 


27,018. A. E. Trevithick, Cassel, Germany. _Loco- 
motive-Type Boilers. [2 Figs.) December 27, 1905.—This 
invention relates to boilers of the locomotive type, and consists in 
an improved construction of fire-boxes comprising a water-chamber 
arranged at the back of the fire-box, and connected with the 
barrel exclusively by means of water-tubes disposed above the 
furnace, and return water-tubes or passages disposed below the 
same or otherwise, thus permitting the water-chamber to vary 
its position in relation to the barrel as changes of temperature 
occur. In carrying out the invention, a water-chamber A is 
formed at the rear end of the fire-box, and between the inner 
wall of this chamber and the tube-plate b of the boiler B a series 
of tubes a, preferably inclined upwards from the said chamber to 
the boiler tube-plate, are mounted. These tubes may be arranged 
in two horizontal rows above the fire-bridge C, and in two ver- 
tical rows, one on either side. They connect with the tube- 
plate b immediately above the fire-tubes L!, and on either side 
thereof. Between the water-chamber A at the back of the fire- 





2708 


box and the underside of the barrel, pipes or passages a}, a! 
are provided 4 enabling the water to circulate through the 





| effectually dirt and dust from the block, as well as to protect the 


ences. The e consists of a cylindrical cup, which is quite 
yee! from the upper. washer, and hasa flat top, so as to pro- 
vide a proper abutment for the top of the spring. This flat part 


below the bottom of the spring, so as to provide for the latter 
being fully enclosed between the cap e! and the lower and 
shallower part e2 of the cover, which is smaller in diameter than 

, and telescopes or sockets within the open bottom of 





action of the socketing when the buffer spring is compressed 
and expands in absorbing shocks. The lower part ¢2 has a flat 
in which bears on the lower washer d. (Accepted January 9, 


water. and water-tubes a, these es being arranged 
beneath the furnace, as shown, or at the sides thereof. This 
method of construction admits of a steam superheater, such as 
D, being placed in the upper part of the fire-box, above the 
water-tu a. This may coneist of a number of horizontally 
disposed (J-shaped tubes d connected at their corresponding 
extremities to two headers or steam-chambers d!, d2 supported 
above the water-chamber A before referred to. The steam gene- 
rated in the boiler is led by way of the pipe d* to the header 
d}, passes through LJ-tubes d, and reaches the other header 
d2, whence it is led, by way of the pipe d4, to the regu- 
lator. Inits passage through the U-tubes d the steam is exposed 
to the heat of the furnace gases. The direct action of the furnace 
gases upon the superheater is, however, moderated by reason of 
the presence of the intervening water-tubes a, which operate as a 
veil. (Accepted December 31, 1906.) 
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EXTRA-HIGH-TENSION SWITCH-GEAR. 


WonvERFUL as has been the progress made in 
electrical machinery of all kinds during the last 
few years, there is no part of the equipment of a 
power-house which has undergone such a rapid and 
striking evolution as the switch-gear. When units 
were small, and the circuits to be controlled 
carried only currents and pressures which would 
nowadays be considered insignificant, a switch- 
board was little more than its name implied. It 
was regarded as quite a minor detail of the whole 
installation, to be constructed as cheaply as pos- 
sible, and to be located in almost any position in 
the engine-house where room could be found for it. 
Increase in pressures and a better appreciatioa of 
the importance of the switch-gear, both as regards 
the safety of the operator and of the machinery, 
and the continuity of supply, resulted in far-reach- 
ing changes of practice both in the design and lay- 
out of switch-gear. The switching apparatus now 
takes its proper place as one of the three great 
natural divisions of the station equipment, and as 
such receives the same attention in design as the 
generating machinery and the boiler plant. It 
is recognised as constituting a branch of engineer- 
ing in itself, requiring special knowledge and ex- 
perience if the best results are to be obtained. 

Modern high-tension switch-gear, however much 
it may vary in appearance and arrangement, is 
always marked by the extreme care taken in the 
insulation and separation of apparatus at different 
potentials, and by the elimination of all combus- 
tible material. When Mr. Ferranti devised the 
cellular backless type of board, he established 
principles of design which have had the most 
far-reaching influence on this branch of engineer- 
ing. The original Ferranti board is too well known 
to need more than ing reference, but the radical 
advance it marked in switch-gear practice is apt to 
be forgotten, except by those who remember the 
fire and death-traps which preceded it. The method 
of placing every distinct piece of apparatus in a cell 
by itself, perfectly visible and yet separated from 
its neighbours by rigid horizontal and vertical parti- 
tions, secured almost absolute immunity from short 
circuits, and the absence of any ‘‘ back” to the 
board did away at once with the most dangerous 
place in the power-station. In fact, one may safely 
say that, for the class of work for which it was 
designed, the old Ferranti board has never been 
equalled, and though the type has had to be modi- 
fied to suit the higher pressures and greater 
amounts of power that have now to be handled in 
a power-station, the underlying principles of its 
construction are to be found embodied in all the 
best high-tension boards of to-day. 

The reputation that the cellular board rapidly 
won for itself very soon rendered it the standard 
type for high-tension work, and an immense 
number were turned out of the Ferranti Works at 
Hollinwood, for use both in this country and 
abroad. The accumulated experience of the firm 
naturally placed it in a most favourable position to 
meet the demand for gear to cope with the develop- 
ments of power-station practice, and, as would be 
expected, the modern extra-high-tension Ferranti 
switch-gear embodies all those points which made 
the previous type famous. The cellular construction 
is retained, though the individual cells are perforce 
larger, and brick, stone, or concrete partitions 
have replaced those of slate. The board is still 
characterised by its symmetrical and easily-followed 
arrangement of c cuits, although its greater size 
necessitates the distribution of the apparatus over 
two or three storeys. This latter feature implies 
‘* distance - control,” the switches being worked 
from.a small operating-board situated where the 
attendant has a good view of the engine-room, and 
where he can attend to his duties in comfort. The 
provision of distance-control, which at first sight 
seems a retrograde step, in that it introduces addi- 
tional possibilities of failure and greater com- 

lication, has advantages in a large power-station 

ides those we have indicated. Not only does it 
allow the attendant to control the whole power 
of the station from quite a small board, instead 
of his having to rush along galleries, or up and 
down stairs, to execute a hurried manceuvre, but it 
also removes him from any apparatus at a dangerous 
potential, and enables him to carry out switching 
operations under exciting conditions with a per- 
fectly cool head, as he a not to consider his 
personal safety. If anything should “happen” at 
& main switch, for example, the switchboard atten- 








ts an intimation from his instrument dials 
cating-lamps, and can take steps to deal with 
the situation without being hurried or unnerved by 
the close proximity of fireworks. 

The details of any system of distance-control, of 
course, require the most careful designing, as other- 
wise the safety and convenience of the operator are 
purchased at considerable risk to the reliability of 
supply. A mechanical system, in which levers and 
= connect the operating-board with the main 
board, has certain advantages that need not be 
enlarged upon ; but mechanical systems become too 
cumbersome altogether for the control of boards 
of any but the smallest sizes. For large boards the 
ee of the main switches is always performed 
electrically, and several different methods are in 
use. The details of the method of —— the 
Ferranti switch, which is due to Mr. M. B. Field, 
will be explained later ; and here it will be sufficient 
to say that in all electrical methods, after the reli- 
ability of the mechanism, the most important re- 
quirement is instantaneousness of operation. If the 
switch is, or ever becomes, slow in responding to 
the wishes of the engineer, the switching-in of 
machines at the moment of synchronism is almost 
impossible, and the station is troubled every time 
with surgings of pressure on the mains and ma- 
chines. A slow breaking of the circuit is also a thing 
which may result in unpleasant consequences, while 
the possibility of a switch sticking and refusing to 
come out at all, either on account of a defect of its 
own or of a fault of the controlling apparatus, is 
not a chance that any engineer would like to con- 
template. All these defects are foreseen by those 
experienced in the design of switch-gear, and the 
way in which they have been guarded against in 
the Ferranti gear will be evident when we come to 
consider the details of the gear. 

As an example of the arrangement of the switch- 
gear of a modern extra-high-tension power-station 
we illustrate in Figs. 1 to 4 on our two-page plate 
the gear recently constructed by Messrs. Ferranti 
for the St. Andrew’s Cross Station of the Glasgow 
Corporation. The corresponding diagram of connec- 
tions is given in Fig. 7, on which, however, one 
generator panel and one eg only are shown 
for the sake of clearness. e board is erected 
across the end of the engine-room, which is 56 ft. 
wide between the crane-rail buttresses, and the 
operating panels are on a gallery which is formed by 
carrying the bus-bar floor beams through the divid- 
ing wall, and thus needs no columns for its support. 
This gallery overlooks the machinery, and is 10 ft. 
broad, allowing plenty of room for the attendant, 
while giving a clear s of about 4 ft. between the 
wae panels and the wall. From these panels 
the high-pressure switch-gear on the other side of 
the wall is electrically controlled. The operating 
panels, shown to a larger scale in Figs. 3 and 4, 
are built up of steel and marble, while the high- 
pressure panels consist of concrete cells, com- 
pletely closed in front by removable screens of 
sheet metal, excepting where isolating switches, or 
section switches, are mounted. Each separate 

iece of apparatus belonging to the high-tension 
Sonat has a cell to itself, the principle of sub- 
division and isolation being carried out to the fullest 
possible extent. 

The board is designed with a view to eventually 
control six three-p generators at 6500 volts, 
eighteen feeders, and two interconnectors, though 
at present provision is only made for three gene- 
rators and eight feeders, besides the interconnec- 
tors and the bus-bar switches. The interconnectors 
are to serve as links between St. Andrew’s Cross 
Station and the other station in the northern dis- 
trict. The generators are rated at 3000 kilowatts 
each, and are turbine-driven, producing current at 
6500 volts and 25 cycles. The exciters are mounted 
on the turbine shafts, and supply current to the 
field windings at 70 volts ; they are controlled from 
the generator panels. The feeders consist of three- 
core paper-insulated lead-covered cables, varying 
in capacity from 1000 to 2000 kilowatts each, and 
supply 6500-volt current to the various sub-stations, 
where it is adapted for power and lighting pur- 
poses by means of motor generators, rotary con- 
verters, or transformers. e neutral point of the 


dant 
or indi 


system is not earthed, though the switch-gear is 
designed so as to admit o 
necessary. 
Referring to Fig. 1, the three centre panels 
contain apparatus for control of the generators, the 
left-hand part of Fig. 2 being a section through 
the board at this part, Ovommencing from the 


this being done if 








ground-level, it will be seen that the first com- 
partment contains the receiver for the three-core 
generator cable, of which the three phases are here 
separated, and pass up through the next cell, which 
serves as a housing for the potential transformers. 
In the third cell from the bottom are placed the 
series transformers, and also a terminal board for 
the multi-core low-tension cables for the instru- 
ments on the operating-board ; these cables run up 
the wall and across through a trough in the floor 
of the bus-bar gallery to the low-tension board. 
The main cables up through the second floor 
to the main switches, and thence through selector 
switches to the bus-bars (see Fig. 7). The bus-bars 
are in duplicate, the two sets running practically 
the whole length of the board on either side of the 
central wall. Each bus-bar is in a separate com- 
partment, which has iron inspection-doors opposite 
the insulators, as shown in Fig. 1. The two sets 
of bus-bars- can be joined at either end by auto- 
matic oil-switches, and the selector switches are so 
arranged that any generator or feeder may be 
switched on to either set of bars. Isolating switches 
are inserted on both sides of each automatic switch, 
and serve to entirely disconnect the switches from 
the bars, and thus render them safe for inspec- 
tion purposes, as well as to earth either set of 
bus-bars if required. The diagram of connections, 
Fig. 7, renders the arrangement clear, while the 
positions of the automatic switches on separate 
raised platforms at the ends of the bars are shown 
in Fig. 1. The leads from the selector switches to 
the bus-bars are made by means of round bare 
copper rods running up behind the bus-bar com- 
partments, and likewise protected by iron doors. 
Above the bus-bar compartments are small cells 
containing the cut-outs for the electrostatic volt- 
meters, the potential wires passing through these 
cut-outs to voltmeter selector switches above and 
thence across to the electrostatic voltmeters on the 
wall just behind the operating-board. 

Proceeding downwards from the bus-bars through 
the feeder panels, we have the selector switches 
and feeder automatic switches on the first floor, 
opposite the corresponding apparatus of the gene- 
rator panels. The feeder cables then continue 
downwards through the flooring, and go to the 
current transformers in the cells directly beneath. 
The terminal boards for the multicore cables 
leading to the low-tension board on the control 
gallery are also contained in the cells of this row. 
The potential transformers are housed in a row of 
cells built in the opposite wall, as shown in Fig. 2. 
Next beneath the current transformer cells is a 
row containing the feeder-isolating switches, which 
are provided with earth contacts, and immediately 
below these, again, the static dischargers are 
mounted in a separate row of cells. In the lowest 
row of cells are the cable-receivers, whence the 
three-core feeder-mains leave the board. 

The appearance of the operating-board as at pre- 
sent equipped is shown by Fig. 8, 420, repro- 
duced from a photograph taken before erection on 
site. Fig. 9 shows theback view of part, includingthe 
three generating panels on the extreme right. The 
three generator panels are in the centre of the 
board, the instruments with which they are filled 
being enumerated on Fig. 3. Each generator panel 
en the operating-board is 2ft. wide, and contains one 
ammeter, reading fromzero to 500amperes ; one volt- 
meter, reading from zero to 10,000 volts ; one power- 
factor indicator ; one indicating watt-meter, rated 
at 4000 kilowatts ; and a reverse-current relay in 
each pole operating the automatic switch at a pre: 
determined amount of reverse current. On the 
same panel are a field-ammeter and voltmeter for 
the generator fields. The generator field-switch, 
with its non-inductive resistance, is situated on the 
machine bed-plate, as it is only to be used in case 
of emergency, the excitation current being con- 
trolled by manipulating the exciter field. er- 
ence to the diagram of connections will make the 
arrangement clear. The operating mechanism for 
the main switch is, of course, also on the panel ; 
but will be described in detail later in connection 
with the switch itself. The panel contains, further, 
two pairs of pilot lamps, one pair indicating whether 
the main switch is open or closed, and the other 
pair showing which set of bus-bars is in use. Syn- 
chronising plugs and voltmeter plugs complete the 
equipment, except as s the usual name- 
plates, lamp-bracket, &c. In front of each gene- 
rator panel is an iron pedestal, shown best in 
Figs. 3, 4, and 5, surmounted by a hand-wheel, 
by means of which the exciter field rheostat is 
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operated. These rheostats are suspended from the 
Ee beams directly beneath the pedestals. 

t will be seen from Fig. 3 that the exciter field 
rheostats are normally geared together by a shaft 
and bevel wheels, so that the motion of any hand- 
wheel affects all the generators simultaneous y: If, 
however, it is required to increase or diminish the 
load on any individual generator, this may be done 
by first raising the rheostat spindle by means of the 
lever shown in Fig. 5, and thus disconnecting the 


gearing, when the field of that generator alone will: 


be manipulated by the hand-wheel. The switch at 
the base of the pedestal is a double-pole throw-over 
switch, with non-inductive resistance for discharging 
the exciter field. 

The feeder-panels, of which eight are now 
equipped, are shown in Fig. 8, four at one end of the 
board and four at the other, and the appearance of 
their backs is shown in Fig. 9, in which the four 
left-hand panels are those in question. Start- 
ing from the top of each feeder-panel there is an 
ammeter reading from zero to 250 amperes, an 
integrating wattmeter rated at 2500 kilowatts, a 
pair of pilot-lamps showing whether the switch is 
open or closed, the operating-handle for the feeder- 
switch, with releasing-buttons on each side, and 
— bottom of the panel a three-pole overload 
relay. 

The pair of panels nearest, the three generator 

nels so far equipped are for the control of the 
interconnector lines joining the St. Andrew’s Cross 
station to the other station of the Corporation. 
The instruments mounted on each interconnector 
panel comprise an ammeter reading to 250 amperes, 
a voltmeter reading to 10,000 volts, a power-factor 
indicator, an indicating wattmeter reading to 2500 
kilowatts, two integrating wattmeters rated at 
2500 kllowatts each, and a three-pole overload 
relay. There are also the operating hand-wheel 
and buttons for the oil patti and plugs for con- 
necting the voltmeter and synchronising gear. 
Pilot | Hon indicating the position of the switch 
are fitted, as in the generator and feeder-panels. 

The bus-bar coupling-switches are both operated 
from one panel, which is seen under the voltmeter 
bracket in Fig. 8. The panel equipment consists 
merely of the operating mechanism, and pilot lamps 
belonging to these two switches. The only other 
instruments on the board are the station volt- 
meters, and the synchronoscope and synchronising 
voltmeter. These are mounted on swinging arms, 
so that they may be turned to face the attendant. 
Their connection will be understood from Fig. 7. 


(Zo be continued. ) 





A GIGANTIC TELESCOPE. 

THe form of action that American wealth has 
selected on more than one occasion, when anxious to 
advance astronomical science, has been to provide its 
professors with huge telescopes. The 36-in. refractor 
of the Lick Observatory is a memorable instance, 
since its success probably inspired other and greater 
efforts. The late Mr. Yerkes, pursuing the same 
line of thought, presented to the Williams Bay Ob- 
servatory the i6-in. yy which is the most 
powerful instrument of the kind at present exist- 
ing. Now there is being commenced the con- 
struction of an instrument of still greater optical 

wer, but of the reflecting type. Possibly the 
imits of the refractor as a light-grasping instrument 
have been attained, or nearly so, although it would 
be unwise to express any positive opinion on this 
point. To increase the size or area of the object- 
glass necessarily demands an increase in the thick- 
ness. The greater the thickness, the more the light 
absorbed. Consequently, there must come a time 
when the extra amount of light collected by the 
enlarged area would be lost by its passage through 
the glass, and no further advantage would 
gained. This point has not yet been reached— 
perhaps it would be rash to say that it is even 
within measurable distance ; but the difficulty of 
obtaining, in large masses, glass of the qualities 
suitable for lens-construction is a very real one, 
and points to the employment of the reflecting 
type for any telescopes materially larger than those 
now in use. Particularly welcome, therefore, was the 
recent announcement that Mr. John D. Hooker, of 
Los Angeles, had provided the necessary funds for 
the construction of a reflecting telescope, of which 
the mirror will be 100 in. in diameter, and the 
focal length 50 ft. This instrument is intended 
for the use of the Solar Observatory of the Carnegie 


Institution on Mount Wilson, California, now 
under the direction of Professor Hale, from whose 
account the following notes have been taken. 

The enormous stride contemplated by the erec- 
tion of such a telescope will be best apprehended 
if we compare its dimensions with the largest in- 
struments of the kind yet completed. Hitherto 
60 in. has been the limit of diameter of a silvered- 
glass mirror—mirrors of that diameter having been 
made by the late Dr. Common and by Professor 
Ritchey. In the case of Professor Ritchey’s 60-in. 
mirror the mass of glass of which the mirror is com- 
posed is 8 in. thick and weighs one ton. In order to 
resist flexure in a mirror of the increased size now 
pro , it will be necessary to have the glass 13 in. 
thick, and such a mass will weigh 44tons. To cast 
and anneal such a mass of glass, to give it the 
necessary homogeneity, is the first difficulty to be 
overcome. The Plate-Glass Company, of Saint 
Gobain, are prepared to undertake this task. This 
firm has had much experience in such work, and 
the disc of 60 in., for which this firm was respon- 
sible, is quite as satisfactory as the many smaller 
ones they have cast. After the deliberate opinion 
this firm has expressed, no doubt is entertained as 
to the satisfactory manner in which the contract 
will be fulfilled. 

Having obtained the disc, the labour of grinding, 
figuring, and testing can only be adequately appre- 
ciated by an expert. Here we meet with a com- 
paratively new departure. This formidable task 
will be undertaken in the workshops of the obser- 
vatory itself, these workshops being situated at 
Passadena, at the foot of Mount Wilson. It will 
be necessary to erect a building suitable for the 
purpose of figuring and testing, as well as to 
ee a grinding-machine of the necessary size ; 

ut these and other expenses incident to the 
construction will be met by the generous donor. 
No professional optician will be employed on the 
task, for Professor Ritchey, in whose hands the work 
will be placed, is an officer on the staff of the 
observatory. He has—as already mentioned— 
successfully figured a 60-in. mirror, and his method 
of parabolising will apply as perfectly to a mirror 
of 100 in. as to one of smaller size. The work 
is purely mechanical, and the experience already 
ained cannot but be of the greatest service. 
n passing, however, it should be mentioned that 
the ratio of aperture to focal length of the new 
mirror is to be comparatively short—1 to6. This 
comparatively short focal length indicates the 
ower of very perfect bolising. Special cranes 
or lifting and manipulating such a weight will have 
to be provided, just as plane mirrors of unusual 
size will have to be constructed for testing. All 
these details are provided for, and the advantages 
of having the whole work carried out on the 
observatory premises are obvious. The example 
here set is likely to have many imitators. 

After the opticians are satisfied with the figure 
of the mirror, there arises a problem of quite equal 
difficulty—the form of mounting. In settling the 
final details it is proposed to rely upon the experi- 
ence gained with the 60-in. mirror. Special designs 
for this instrument have been prepared, and it is 
understood that the complete apparatus has now 
arrived at the observatory. Here, again, the ordi- 
nary instrument-maker, accustomed necessarily to 
a smaller class of work, has been superseded. The 
mechanical execution, uiring heavy machinery 
for its accomplishment, has been placed in the 
hands of the Union Iron Works Company—a firm 
which is better known for the building of the 
battleships and cruisers of the American Navy 
than for the erection of telescopes. But the degree 
of precision required in many engineering devices 
is - of quite the same order of delicacy as the 
optician’s work; and on this point of accurate 
workmanship there has been complete accord 
between the officials of the Union Iron Works 
Company and Professor Hale. Probably four years 
will be required for the construction of the new 
mirror, and possibly another year for the mounting. 

When such an instrument is constructed, how 
will it perform? That the mirror will undergo a 
change of figure due to variation of temperature is 
certain. Will it be of sufficient amount to affect 
materially the character of the image and the 
effiviency of the instrument? This is a point 
which has been very carefully considered, and it is 
proposed to meet such contingency by maintaining 
the mirror, and possibly the entire telescope, at a 
constant temperature, approximately that of the 





night. The climate on the summit of Mount 





Wilson favours such an arrangement. The dome 
and building in which the telescope is to be housed 
will be so constructed that no air can enter during the 
daytime, and refrigerating machinery will be em- 
ployed to keep the temperature of the day the 
same as at night. The problem of temperature 
and the way its variations affect mirrors and object- 
glasses are curious and uncertain. Lord Rayleigh 
has shown that in a telescope tube only 12 centi- 
metres long, if a stratum of air in the upper part 
of the tube only a moderate fraction of the entire 
volume be very slightly heated, it will sensibly 
affect the definition. The trouble arising from the 
stratification of air, and the disturbance that can 
be produced by no more serious cause than the 
proximity of an observer’s hand to the telescope, 
are matters of common experience. Yet Professor 
Hale has put it on record that he has repeatedly 
seen the solar image beautifully defined in the 
40-in. Yerkes telescope after hours’ of continuous 
observation, when the air within the tube had 
become greatly heated, and certainly not uniformly 
heated. Many another observer can recall similar 
experiences. And yet it might be concluded from 
the experiments in the laboratory that the mere 
heating of the cell of the objective by the sun 
would seem to be more than a sufficient cause for 
seriously disturbing definition. There does not 
seem to be sufficient prima facie reasons to show 
why the image should be so much more easily 
distorted in the mirror than in the refractor. 

This point is of the utmost importance if we con- 
sider, lastly, how such an instrument could be most 
usefully employed. Even admitting the doubt that 
the atmospheric conditions on Mount Wilson are 
not sufficiently good to give perfect images, there 
can be no question but that the amount of light 
collected by this mirror will render it particularly 
suitable for spectroscopic work of all kinds. The 
investigation of stellar evolution has long been 
hampered by the fact that existing instruments do 
not afford the means for the adequate study of 
stellar spectra of the fainter stars. Here we seem to 
see the means of prosecuting this delicate and philo- 
sophical research. Photography of the numerous 
spiral nebule affords another field, of enormous 
scope, on which such a telescope can be usefully 
employed. The minute study of en nebule, with 
the view of detecting changes in their form, is only 

sible in telescopes of the largest size. Other 
inquiries will readily enough suggest themselves to 
the possessors of such unique means of furthering 
scientific knowledge. The regret is sometimes 
expressed that with the introduction of giant 
telescopes all other instruménts seem to be dis- 
placed. We do not, however, share this view. The 
fact is that with the larger telescopes new fields of 
research are opened up, and work can be performed 
which would be hopelessly beyond the powers of 
instruments previously existing. For telescopes of 
moderate size there still remains an abundant 
amount of useful astronomical work to be done. 

In conclusion, we desire to offer the heartiest 
congratulations to Professor Hale on this proposed 
addition to the equipment of the Mount Wilson Ob- 
servatory—an establishment which his enthusiasm 
created and his genius has guided. Such an addition 
demonstrates his power to inspire those who are 
able to assist scientific inquiry, and is also the best 
recognition of the value of his services in the past. 





AMERICAN Exports.—The value of the exports from 
the United States last year altogether beat the record, 
coming out at 1,798,107,955 dols. The exports 
as the ten years ending with 1906 inclusive were as 

low :— 


Year. Value. Year. Value. 
dols. dols. 
1997... 1,099,709,045 302... 1,360,685,933 
1998 ws 1,255,546,266 1908. 1,484, 753,083 
1899 .. 1,275,467,971 1904 ig, 1,451,318,740 
1000... 1,477,946,113 1905... 1,626,990,790 
1901 1,465,375,860 1906. 1,798,107 ,955 


In 1896 the total stood at 1,005,837,241 dols.; in 1886, at 
679,524,830 dols.; in 1876, at 540,384,671 dols.; in 1866, at 
348,859,522 dols.; and in 1856, at 281,219,423 dols. In 
1850 the exports were valued at 144,375,726 dols.; in 1840, 
at 123,668,932 dols.; in 1830, at 71,670,735 dols.; in 1820, 
at 69,691,669 dols.; in 1810, at 66,756,970 dols.; and in 
1800, at 70,971,780 dols. The progress which the export 
trade of the United States has made during the last 106 
years is almost incredible, but it will be seen that the 
most rapid advance has taken place in the last decade. 
The exports of the United States to Europe in 1905 were 
valued at 1,020,972,641 dols.; to North America, at 
260,570,235 dols.; to th America, at 56,894,131 dols.; 
to Asia, at 128,504,610 dols.; to Oceania, at 33,079,446 
dols.; and to Africas, at 18,540,603 dols, 
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STRENGTHENING GIRDER BRIDGES 
ON THE MADRAS RAILWAY. 


By Epwarp W. Sroney, C.LE., M. Inst. C.E. 


Tre Madras Railway, in common with railways 
at home and abroad, has had to strengthen or renew 
large numbers of girders, consequent upon the 
gradual great increase in the weights of engines, 
rolling-stock, and axle loads, and the extra require- 
ments of the revised rules for girder bridges issued 
by the Government of India. In addition to 310 
6-ft. openings, spanned by rail girders, there are 
1199 spans ranging from 9 ft. to 64 ft. clear, 
aggregating a length of over six miles. The par- 
ticulars of those found too weak to comply with the 
revised Government of India rules are given in the 
following table :— 


Taste I. 
Number of Spans Number of 
ar of Weak under Types of 
wee. Go: ernment Rules. Girders, 
Fé. 

9 281 4 
12 268 5 
15 37 8 
18 10 1 
20 177 13 
22 36 6 
24 1 1 
30 141 8 
34 1 
89 2 1 
43} 17 1 
50 14 8 
64 243 8 





|these girders was designed by the late Mr. J. M. 
Heppel, whose predilections for, and knowledge of, 
| continuous girders were well known. In one instance 
|—that of the bridge over the Palar River—the 
— are continuous over five 64-ft. openings. 
| Generally speaking, masonry piers were used, but 
| the piers of several large bridges were formed of 
wrought-iron screw-piles. 

These bridges, many of which have been in use 
for from thirty-six to forty-six years, have proved 
' quite satisfactory, and have never given any special 
trouble. This type of girder was erected on the 
banks behind abutments, and put in place by rolling, 
cheaply, quickly, and easily, in the manner to be 
described. As will be seen in Table I., numerous 
types of girders had to be dealt with, varying in 
sectional area, as this was gradually increased in 
those sent from England. 

__ When such a large number of girders had to be 
dealt with, it was most important to devise a 
scheme which should utilise, as far as possible, 
existing girders, and bring their strength up to 


modern uirements in the most economical 
manner, with as little interference with traffic as 
possible. The rail-girders were strengthened by 


duplication, a pair of rail-girders being put under 
each rail, making four in all, where there were but 
two before, as shown in Fig. 1. The flange area 
of many of the older girders was found to be so 
deficient, according to the new Government of 
| India’s rules, that it could not be made up by the 
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In the first method adopted at the Cheyair 
Bridge, shown in Figs. 2 to 5, the work was done 
while trains ran over the bridge, their speed 
being limited to five miles an hour. The extra 
|girders, as shown, were put one on each side 
‘outside the existing girders, at a distance of 
2 ft. ; to allow of their insides being painted 
they were connected on top by plates 4 ft. apart. 
On the centre of each of these was riveted a plate 
shorter than the distance between the inner edges 
of the top flanges of the pair of main girders ; to 
these plates were fixed the bed-plates of each cross- 
girder, thus ensuring the load on these being equally 
divided between each pair of main girders, which 
were connected below by strong horizontal bracing 
riveted to their lower flanges. This method re- 
quired all the wrought iron rolled cross girders 
carrying the permanent-way to be strengthened, 
as their span was increased from 8 ft. to 10 ft., but 
did not involve sluing, interruption to traffic, or a 
temporary diversion. 

The second method used for the Palar and other 
bridges, as shown in Figs. 6 to 9, page 408, probably 
provides a better distribution of the load carried by 
the four main girders, and greatly reducesthe stresses 
in the original rolled wrought-iron cross - girders 
which carry the longitudinal timber rail-bearers. 

To carry out this design, however, it was neces- 
sary to dismantle the bridge, and to divert the line 
either over a temporary road laid on the river-bed 
during the dry season, or slue the existing girders 





There were also five modern large-span bridges ‘ addition of extra plates ; all such girders were there- ‘and road to the unoccupied double-line side of the 
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64 F? SPANS 





























of the Whipple Murphy run-through type, for a 
single line, particulars of which are shown in the 
following table :— 


Taste Il.—Large Girder Bridges, Madras Railway. 


Span, Centre Total 











| fore replaced by new ones of ample area and strength. 
Those with webs sufficiently strong, and whose 
flanges could easily be made up to the requisite 
area, were removed bridge by bridge, and after the 
necessary plates, &c., were added, put back between 
trains, as there was time enough to do this for all 
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piers, which are constructed to carry a double line 
| of railway, and then build the new superstructure 
| with old girders in pairs in their final position—i.e., 
the site previously occupied by those already moved. 


Toe Toncasuppra Brivee. 


Bridge. = of ‘to Centre of Length. | Spans up to and including those of 30 ft. This is the longest bridge on the Madras Railway, 
a ____|___ Piers. = *""__| In all cases where there was sufficient headway | and originally consisted of 58-ft. and 64-ft. openings, 

ft. ft. to pass floods, or for carts at bridges over roads, | with masonry piers, founded on rock, 6 ft. wide on 

Sg thee 6 130 4 and the foundations good, the girders were replaced | top, 70 ft. from centre to centre, ‘spanned by plate 
a Bs 4 sto by masonry arches, which ought, the writer con- | girders 139 ft. 10 in. long, 4 ft. deep, and 8 ft. 
Chiltravati .. 19 140 2660 siders, to be used wherever practicable, as they are | apart, each continuous over two openings, the road- 
Feamer +s a8 ad 18-0 easily and cheaply maintained, while girder bridges | way being formed of teak sleepers 12 ft. by 12 in. 


- | need constant and careful supervision to keep them, | by 6 in., bolied to their top flanges; to these were 





Of these the Ferok and Kallai bridges are novel 
in design, inasmuch as they carry a cart-road at 
rail level, which has been of great benefit to the 
surrounding country, the road-approach at the end 
of each bridge being fitted with gates, which are 
closed some time before trains are due, and suit- 
ably controlled ; these roadways have now been in 
use for seventeen years, and have been quite safely 
worked without any difficulty. 

The Madras Railway is peculiar in having 230 
cpenings spanned by plate girders 139 ft. 10 in. 
long and 4 ft. deep, each continuous over two open- 
ings of 64 ft., the girders being 8 ft. apart, centre 
to centre, the roadway being formed of teak sleepers 
12 ft. by 12 in. by 6 in., fixed to the top flanges of 
the girders by two hook bolts at each end, the 
75-lb, double-headed rails being keyed in cast-iron 
chairs spiked to the sleepers. The original type of 


and the road over them, in good order. 


of each, converting the single-span girder into one 
continuous over two openings. Thirty-four spans 
| of 64 ft. were similarly dealt with, converting each 
girder 139-ft. 10-in. long continuous over two 
openings into one continuous over four openings. 
Where there was sufficient waterway and good 
foundations, this was a cheap and expeditious way 
of providing a large increase of strength without 
interference with traffic. 
For other 64-ft. spans whose girders were deficient | 
in area, two methods were used fur duplicating | 
them with others of the same type and flange area, 
these being obtained chiefly from the land spans of 





the Tongabuddra Bridge, which were converted | 


| into arches in the manner to be described. 


Nine spans of 50-ft. girders were strengthened | 
by building light masonry piers under the centre | 


| spiked cast-iron chairs, in which were keyed double- 
headed 75-lb. rails. 

This bridge was strengthened by converting 
‘eight land spans at the south end, and fourteen at 
the north end, each into two masonry arch openings, 

by the insertion of a central pier ; the remaining 
deep-river spans being covered by new and strong | 
steel-plate girders, 69 ft. 10 in. long, weighing each 
33.75 tons per set, or nearly double the weight 
of the continuous girders, 139 ft. 10 in. long, which 
they replaced, these being 38.41 tons only. 

The old girders, with the permanent-way, were 
first slued between trains over to the unoccupied 
double-line side of the piers, which are 29 ft.. long, 
after which the new piers and arches over the land 
spans were built for a single line, and the cross- 
sleeper road laid over these. 

Qa the completion of this work the new steel 
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girders were erected and riveted up on level ground 
at the Tongabuddra station, about a quarter of a 
mile south of the bridge, and each of them was 
then placed on a pair of low trucks, having four 
wheels 18 in. in diameter, which stood in a lay-bye 
alongside the girders. Immediately after the pass- 
ing of the first train—about 9 a.m.—these trucks, 
with their girder load, were drawn along the railway 
on the old Fridge by men opposite the opening they 
were to span. 

On the vacant half of the piers at each end of 
this opening was built a stack of bridge sleepers 
of height sufficient to bring their tops level with 











were removed, were taken to the next pier for use 
there. The cross-bracing frames, and the top and 


bottom diagonal horizontal bracing bars, were then | 


put in place, service bolted and riveted up, after 
which the cross-sleepers were put in place; and 
finally, when all these were in position, the chairs 
and rails were laid in the usual manner. 
After the new bridge was opened the old 


were rolled from their place to the bank, behind 


each abutment, which had been previously cut 
down level with the pier-tops to receive them. 





Figs. 10 to 13, below, and Figs. 14, 15, and 
16, opposite, illustrate the method employed for 


irders | 


such thickness and so shaped as to fit the extra 
flange and cover-plates, were fitted to make a level 
surface from end to end for the flat rails to rest 
against, as shown ; fish-plates secured by bolts with 
flat or countersunk heads being used on the upper 
side of each rail-joint. 

The rails were allowed to project at each end, as 
shown in Figs, 14 and 15, and bent upwards, so 
as to take a bearing on the rollers before landing 
on a pier, and to raise the girder end from its 
deflected position. Over the centre of the girder 
a platform of sleepers, bolted to the top flanges, 
was made, and on this a crab-winch was bolted. 








PALAR BRIDGE 
64 F’ SPANS 















Kae 





SSS 
t= 


SS 


—< 


a7 


v 


ts 


KS 











ZB 
















































































g. 12. 


the truck-floors, cross-sleepers being laid on blocks 
on other sleepers fixed to the bridge girders, from 
and level with the truck-floors to the sleeper stacks. 

Kach girder end was then slung to a cross- 
timber supported at each end by traversing screw- 
jacks, one on each side of the girder, and by means 
of these four jacks the girder was traversed across 
into position on the sleeper staging, over its bear- 
ings. The above process usually took under two 
hours—between 9 a.m. and 11 a.m.—the quickest 
time being 50 minutes. 

The second girder of the pair was got over in the 
same manner, between 1 p.m. and 3 p.m.—the time 
between other trains ; the remainder of the day 
being spent in lowering the girders on their bear- 


ing-blocks, which were made of 1 part of Portland 
cement to 2 parts of sand, The 


eepers, as they 
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HALF PLAN SHOWING ARRANGEMENT OF TACKLE USED IN ROLLING 
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SECTION OF GIRDER SHOWING ROLLER AND MODE 
OF FIXING RAILS AND RAIL STRAP. 
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removing these girders, and 









originally building them on 
the banks and rolling them 
a position. 
‘o allow of the rapid erec- ——:} 
tion of these girders the bank AWS 


behind each abutment was 
made up level with the top 
of this, and ordinary permanent-way sleepers, 
as shown in Fig. 12, laid on the prepared bank ; 
four sets of girders were put up at a time, ser- 
vice bolted and riveted, and as each was finished 
it was lifted by jacks, and old 20 ft. double- 
headed 75 1b. iron rails, laid flat, were secured 
to the lower flanges by straps and hook-bolts, 
as shown in the section, Fig. 13, above; hard- 
wood packings shaped to receive the rails, and of 



















APPROXIMATE WEIGHT OF 
ONE PAIR OF GIRDERS 
37 TONS. 





Hu 


|Four cast-iron rollers were spiked in pairs to 
sleepers laid on top of the piers to be crossed, as 
shown, these rollers being spaced 8 ft. apart, centre 
to centre, so that the rails fixed to the bottom 
flanges of the girder to be rolled rested fairly on 
them. From the crab-winch a 6-in. Manilla rope 
| was rove through a pair of double blocks A and B, 
| Figs. 10 and 11, the block B being put on a pier as 
\far ahead as the length of the rope allowed— 
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THE TONGABUDDRA BRIDGE; MADRAS RAILWAY. 











Fig, 14. 











Fie. 15. 











Fis. 16. 


generally five or six openings forward. The girder 
was then hauled forward by six or eight men 
turning the winch-handles, as shown clearly in 
Figs. 14 and 15; and when its final position was 
reached it was supported by four screw-jacks, one 
under each end ; the rails were then removed from 
the lower flanges, andthe girder lowered into 
place on to its girder stones (Fig. 16). 

This method, as used on the Madras Railway for 
putting the very numerous continuous girders on 
that line into place, proved most convenient, 
expeditious, and economical, as (a) the girders 
could be set up and riveted on firm ground behind 
the abutments, so that all the work could be 
done, rivets tested and inspected from the ground, 
without the use of scaffolding. The girders of 
the original Tongabuddra Bridge covered fifty-eight 
spans, 70-ft. centres, and required 76,100 rivets to 
be put in; they were erected, riveted, and rolled 
into place by the writer in four months. The 
girders were rolled from six to eight spans a 
day ; on one occasion fourteen spans were done, 
the contract rate finally given being Rs. 8 per set 
per span for lifting, fixing rails, rolling, and lower- 
ing into place. 

e cost per span for unloading, erecting, rivet- 
ing, and putting in place these continuance girders, 
including labour, charcoal, tools, plant, workmen’s 
houses, and supervision, came to Rs. 948 a span, or 
Rs. 53 a ton weight. At the Cauvery Bridge the 
contract rate paid by the writer for labour, un- 
loading girders and materials from the railway 
trucks, erecting and riveting complete, was Rs. 360 
per girder, or Rs. 180 per span; the weight of 
these girders was 55} tons, or nearly 28 tons per 


span. 








THE INSTITUTION OF NAVAL 
AROHITECTS. 

In our last issue we gave an account of the first 
day’s sitting of the recent spring meeting of the 
Institution of Naval Architects, held in the theatre 
of the Society of Arts, which commenced on 
Wednesday, the 20th inst., and was brought to a 
conclusion with the evening sitting on Friday, the 
22nd inst. 


CoNsTRUCTION AND LauNCH oF THE “* LusrTan1A.” 


During the morning sitting on Thursday, the 
21st inst., as already stated in our last issue, three 
papers were read. The first of these was a valuable 
contribution by Mr. W. J. Luke, of the Clydebank 
Shipyard, and was entitled *‘On Some Points of 
Interest in the Construction and Launch of the 
‘ Lusitania.’” This paper we print in full in our 
present issue. 

The first speaker on Mr, Luke’s paper was Pro- 
fessor Biles, who said that the production of the 
Lusitania and Mauretania was to a large extent due 
to the Institution of Naval Architects. It was Lord 
Brassey who had advocated in this Institution the 
creation of a committee which had been formed for 
the purpose of advising on this matter, and that 
committee had recommended the Government sub- 
sidy which had resulted in the carrying out of the 
work. At the conclusion of his paper, the author 
had said that the trials of the Lusitania would, no 
doubt, excite keen interest in technical circles, and 
it was to be hoped that the results obtained might 
be known and discussed. Professor Biles sincerely 
hoped that Mr. Luke’s shadowed promise would be 
fulfilled, for it was to be remembered that owners 
and contractors alike were under obligations to the 
Institution for the existence of these ships. The 
particulars given by the author in regard to high- 
tensile steel were most interesting. The experi- 
ments carried out by Mr. Kirkaldy gave results 
obtained from pieces of steel long enough to com- 

re with the parts used in the building of the ship. 

his was a welcome innovation in shipbuilding 
practice. In connection with this matter, he might 
refer to a paper on the torpedo-boat destroyer 
Wolf, read before the Institution at the spring 
meeting of 1905. The results then obtained might 
be compared with the tests now put forward. Dur- 
ing these experiments a system of observation was 
carried out on the strains set up, and from them 
was determined the stress on the assumed modulus 
of elasticity. The deflection of the vessel was noted, 
| and the value of the modulus arrived at thereby. 
| It was satisfactory to see that the results of these 
| experiments were of the same character as those 
| described, there being a like proportionate —dis- 
parity in the modulus between the high and low 
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stresses. It was satisfactory to have confirmed 
by Mr. Luke’s paper the modulus of elasticity 
ascertained by testing a complete structure. He 
would point out that the distribution of high- 
tension steel in the Lusitania was very similar 
to that of the America, built at Clydebank twenty 
years previously. Then high- tension steel was 
placed in the upper part of the structure, and 
it was interesting to note that in the same shipyard 
this method of design was repeated so many years 
after. It was stated in the paper that a satisfac- 
tory material could be produced with an average 
ultimate strength at least 20 per cent. greater than 
the average for the usual quality of mild steel, 
and in consequence a reduction, in certain scant- 
lings, of 10 per cent. from the ecantlings fixed for 
mild steel was adopted. Professor Biles was of 
opinion that the designers of the ship had not gone 
far enough in taking advantage of the greater 
strength of high-tensile steel. The author had 
further stated that the mild steel should have an 
ultimate tensile strength of from 28 to 30 tons per 
square inch of original sectional area, and high- 
tensile steel, free from nickel and not annealed, 
such as was used in the construction of the ship, 
should have an ultimate tensile strength of from 
34 to 38 tons—an increase of 20 per cent. The 
normal high-tensile steel was above expectation, as 
regarded ultimate tensile strength, by 2.2 per cent., 
and above the mild steel by over 24 per cent. How- 
ever, with the expected increase of 20 per cent., 
and with an increase of 9.7 per cent. in the ratio of 
the elastic-limit stress, it might be said that the 
high-tensile material was 32 per cent. better than 
the mild steel. If there were taken the increase 
for tensile strength of 24 per cent., and for elasti- 
city of 9.7 per cent., there was a superiority of 
36 per cent. Professor Biles pointed out that the 
designers only reduced the scantlings 10 per cent. 
for 30 per cent. stronger material, and as this re- 
duction only took place on part of the structure, 
the actual stress was only 6 per cent more ; so that 
of this superiority of 36 per cent. the designers 
took advantage of 6 per cent. only. He hoped in 
future that the reduction would be more than 10 per 
cent. for high-tensile steel. It might be said that if 
the material were reduced proportionately to 36 per 
cent, strength, the decks would be too thin, so that 
they would buckle; but in the Lusitania that would 
not be the case. : 

The author had stated that the yield-point, or 
limit of elasticity, seemed to have been considered as 
reached when a permanent set of about 0.01 per 
cent. of the original length took place. That, Pro- 
fessor Biles pointed out, was an arbitrary figure. 
He did not see where the difficulty arose in esti- 
mating the breakdown point. He had not been able 
to gather from the paper whether the strain-indicator 
was used. For the investigations of the Destroyer 
Committee this instrument was employed with satis- 
factory results, the breakdown point being perfectly 
definite. The diagram the aller had given of the 
pressure on blocks during launching was new and 
very interesting. It was the same problem that 
Dr. Elgar had worked out in the case of the 
steamer that broke through the blocks, and be- 
came a total loss, and was similar to the problem 
involved with vessels in dock with blocks extend- 
ing the full length of the ship. He thought this 
was the first published investigation of the varying 
ab goat on blocks during the launching. Work 

ad been done before on this subject, and it was 
very interesting ; but he thought the results had 
never before been published. 

Lord Brassey was the next speaker on Mr. Luke’s 
psper. He wished to make a few remarks from 
the point of view of an old Admiralty official. 
He considered it was the duty of the Admiralty 
first to uphold the Navy, and make use of all means 
that could be acquired for the purpose. If it were 
possible to supplement the required force from 
the mercantile marine, the Admiralty were bound 
not to neglect such 4 course. In the Navy ships of 
various types were needed. For the line of battle 
it was necessary to maintain the two-Power standard. 
Armoured cruisers should be supplied in sufficient 

uantity ; but they were a very costly section of 
the fleet, and it might be a question how far it 
was necessary to build them. Now that battle- 
ships were so swift, they could do the work 
that formerly had to be delegated to armoured 
cruisers. There was also the protection of com- 
merce to be taken into account, and that again 
needed vessels of a particular type. The speaker 


then came to those vessels which he described as the 








‘*eyes of the fleet,” and here {he thought it was 
possible to create an auxiliary force out of mercantile 
vessels. He made reference to remarks by Sir 
Nathanie] Barnaby and Admiral Lord Charles Beres- 
ford on this question, the gallant Admiral having 
said that subsidies should be given to mercan- 
tile vessels, as they would be extremely valuable in 
war time as lines of communication. He also re- 
ferred to Sir William White’s remarks in the presi- 
dential address to the Institution of Civil Engi- 
neers, when it was stated that mercantile auxiliaries 
would form a valuable type of vessel as ‘‘ eyes of 
the fleet.” . Foreign Powers, Lord Brassey con- 
tinued, gave liberal subsidies to fast ocean-going 
steamers, and President Roosevelt had also ap- 
proved of such a step. Sir William White had 
also said that if there were a movement towards war, 
use was always made of mercantile vessels. Such 
vessels as the Lusitania and Mauretania were a 
great national asset, of which the most should be 
made. Experience in all countries had shown that 
if these vessels were to be built and run, some 
assistance must be given by the Government ; they 
would not pay in themselves. It was very morti- 
fying that some time ago the ‘‘ blue riband” of the 
Atlantic had passed to a foreign flag, and the policy 
adopted to enable the Cunard Company to build 
these two magnificent vessels was, he maintained, 
a wise one, and was, moreover, popular with the 
country. 

Mr. Percy A. Hillhouse said that Mr. Luke had 
given an ideal paper, full of interest and infornia- 
tion, and he deserved the warmest thanks for the 
generous manner in which he had placed his facts 
at the disposal of the Institution. All would agree 
with Professor Biles in assuring Mr. Luke that 
members would look forward to the publication of 
the trial results with a keen interest. He would 
ask the author why it was not considered necessary 
to fit butt-straps to the keel-plates. As the full 
sectional area of all three keel-plates had been 
included in the moment-of-inertia calculation, some- 
thing seemed to be required to make the strength 
of each plate continuous through its butts, without 
throwing that duty upon parts which had already 
their own proper stresses to take up. The speaker 
did not think that Mr. Luke’s method of construct- 
ing the curves of pressure-rates was entirely cor- 
rect. This he illustrated by sketches on the black- 
board, which we reproduce in Figs. 1 to 3. In 
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Fig. 1 the length B A represented the length of 
ways in contact, and was divided into three parts 
at D and C, and into two parts at M. P repre- 
sented the whole pressure over the interval A per 


foot breadth of ways, and p, which equalled # the 


mean pressure per square foot. . Then, if the centre 
of pressure were to fall on D, the triangle B’ A B 
might be taken to represent the distribution of 

ressure. If the centre of pressure were to fall on 

, there would be obtained the triangle B A’ A; 
while, if the centre of pressure were to lie between 
C and D, the curve of distribution of pressure would 


pencil of lines passing through P. The values of the 
end ordinates of these trapezoids were correctly given 
by the formule contained in the . It could 
also be obtained by the geometrical construction 
due to the late Mr. William Froude. This the 
speaker illustrated by Fig. 2. The dotted line 
XX passed through the centre of pressure. If 
PC were joined, cutting X X at K, and K B’ were 
drawn parallel to A B, B’ P were joined and pro- 
duced to A!, then b and a would be the required 
end pressure-rates. 

Continuing, the speaker said that if the centre 
of pressure were to fall beyond C D, neither the 
formule nor the geometrical construction would be 
applicable, because both gave a pressure distribution 
partly positive and partly negative. The positive 
portion indicated that the grease between the two 
ways was in a state of compression. The negative 
portion of the curve should therefore be interpreted 
as indicating the necessity for a state of tension 
in the grease. Mr. Luke called it ‘‘an upward 
pressure ;” but a3 the ways merely rested one on 
the other, and were not in any way dovetailed or 
connected together, no such tension and no such 
upward pressure could possibly have existed. The 
simplest and most definite anges straight-line 
solution was the assumption that the pressure was 
spread over a less length than / in Fig. 3, and that 
the curve of distribution was a triangle of length 
3a, where x would be the distance of the centre of 


pressure from the nearest end of h. Then p = = 
x 


and the end pressure would be either zero or 2 p. 
The most important condition was when the stern 
was just about to lift. In such case x would equal 
0, as the centre of pressure would be on the fore 


edge of the fore poppet ; a = 2p = 2 ; =e. This 


agreed with other theoretical considerations. In 


this case Mr. Luke’s formula would give a = 4 7 

t 
a finite amount, and the ‘‘curve of pressure rate 
at fore end of sliding ways,” worked out on this 
assumption, gave a pressure rate of about 4.8 tons 
per square foot at the fore poppet, whereas the 
whole pressure of about 2850 tons, given by the 
‘‘curve of pressure on the fore poppet,” being 
concentrated theoretically along a line only, gave 
an infinite pressure rate per square foot. The 
curves were, therefore, mutually inconsistent, and 
should be amended as indicated. 

The method the speaker had described was used 
at Fairfield in connection with the launch of the 
Good Hope and subsequently, not so much to de- 
termine the variation of pressure on the fore 
poppet—a pressure never so severe as when the 
stern lifted—as to investigate the pressures exerted 
by the aft end of the ground ways upon the different 
pe of the vessel’s bottom as they passed over. 

uch pressures in the neighbourhood of the engine- 
room reached values several times as great as the 
mean pressure when the vessel was at rest before 
launching, and the resulting shearing stresses on the 
rivets connecting the frames to the floor-plates 
might then be so excessive as to call for relief by 
means of internal shoring. 

Mr. E. W. De Rusett was surprised at the 
quantity of information that was contained in this 
paper, but it was to be considered that the building 
of these big Cunarders was a national matter. 
Messrs. Swan and Hunter were also doing their 
best in the construction of the other ship, the 
M.iuretania, which had been allotted to them ; and 
he was impressed, in looking through Mr. Luke's 
paper, with the similarity of the figures in the 
design of the two ships. The displacement of the 
Mauretania was 400 tons greater on a 32 ft. 6 in. 
draught, and the mean slope was ,% in. to the foot, 
so that the velocity would be higher. The time 
occupied in the e of the ship was 70 seconds, 
as compared with 86 seconds for the Lusitania. 
The weight of the ship at launch, with cradle, was 
16,800tons. The static pressure exerted was much 
the same as in the Clydebank ship; on the fore 
poppets it was 3700 tons as against 3400 tons, the 
The drags 


excess being due to the extra declivity. 
used by Messrs. Swan and Hunter weighed 1015 
tons, whilst for the Clydebank ship they were 1000 


tons. In regard to the pressure on the fore 
poppets, the latter, in the Lusitania, were of 
soft wood, whilst for the Tyne-built ship the 
poppets were of pitch pine. It was interesting 
to notice that one of these shot out into the 





become one of the series of trapezoids formed by a 


air during the launch, and a photographer was 
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fortunate in having taken his picture just at the| perience. It was true of the war between Spain| built in for it ; protection could be put in if 
moment this occurred, the baulk of timber being | and America, and was also the fact in regard to the | needed, but it would add to the cost. e calou- 


shown in mid-air. In the figures regarding the 
moment of inertia the two ships were remarkably 
alike ; and as the work was all done independently, 
it was an indication that the calculations were 
sound. The author did not mention the rivets in 
his paper, but in the Mauretania they were all of 
ingot steel, and every care was taken to get sound 
work, so that each rivet used had its fair amount 
of work. The stresses on the structure were the 
same in both cases. Personally, the speaker had 
no doubt as to the success of the ships ; in fact, 
they did not build = on doubts, but on assurance. 
Speaking of the weights of steel castings, those for 
the Tyne-built vessel appeared, from the informs- 
tion given in the paper, to be heavier than in the 
Lusitania ; the weight of the stem, stern-post, 
rudder, and four spectacle eyes being stated by 
the author to be 184.47 tons. He was not quite 
sure, however, whether the same details were in- 
cluded in getting out the weights fur both ships. 
The area of the rudder was 420 ft. 

Admiral C. P. Fitzgerald said that the conditions 
had changed since mercantile auxiliaries were first 
considered. In those days, cruisers were short and 
stumpy, and es had about the speed of a 
tramp steamer. Now cruisers of the Royal Navy 
were equal in speed to ocean liners. It was 
worthy of Bae oral that the Russians had a 
larger number of auxiliary cruisers than any other 
nation, but during the late war with Japan they 
had not the smallest effect on the issue. He did 
not believe that these mercantile auxiliaries would 
be of any use to usin war. He noted with interest 
Mr. Luke’s remark as to giving information. in 
regard to the trials ; but this proposal, and, indeed, 
the whole of Mr. Luke’s paper, was contradictory 
to much that had been heard at the dinner of the 
Institution on the preceding evening with regard 
to secrecy in the construction of ships. 

Admiral Sir Edmund Freemantle said he was 
more in agreement with Lord Brassey than with 
his brother officer who had just preceded him. 
Large numbers of cruisers would be necessary in 
time of war, and he regretted there were not more. 
It was all very well for Admiral Fitzgerald to 
speak of trial-trip speeds of cruisers, but they were 
nominal speeds in regard to general service. The 
vessels of the cruiser squadron, in proceeding from 
the West Indies to Gibraltar, arrived at their 
destination one after another. The Drake made 
the maximum speed, which was 18} knots. The 
Campania would do three knots more across the 
Atlantic without any trouble, whilst the cruisers 
had great difficulty in keeping up their speed to 
the last. He thought, therefore, in war that 
vessels with even less speed than the Lusitania and 
Mauretania would be of value. The Dreadnought 
had just made a very good passage across the 
Atlantic, her average being 17 knots ; but even if 
she had reached 19 knots, she would have been 
slower than the Campania. The paper was chiefly 
occupied with details of structure and launching, 
but he would like to know, as a matter of design, 
why only one rudder was fitted ; it was a fact that 
rather surprised him. The Indomitable had two 
rudders. Probably that circumstance came under the 
Official Secrets Act, but those present at the launch 
were able to see and judge for themselves. The 
steering-gear in the Lusitania was below the water- 
line. He would like to ask whether any steps had 
been taken to protect the rest of the machinery in 
the same way. Although he (Admiral Freemantle) 
agreed with Lord Brassey in regard to what he had 
said about auxiliary cruisers, yet he had no sym- 
pathy with the effort to make these vessels into 
plated ships, as had been proposed by Professor 
Biles in a = that he had read before the 
Institution. To be useful, the ships must not have 
their speed impeded; they must be ocean grey- 
hounds. The French had thirty-three mercantile 
auxiliaries. Reference had been made by Admiral 
Fitzgerald to the fact that the Russians did not 
make use of their Volunteer fleet, but that was 
accounted for by the Japanese having given up 
their mercantile trade when war broke out. 
was a step that Great Britain could never take. 

Sir William White said that the apparent differ- 
ence of opinion in to mercantile cruisers 
was, he imagined, largely due to confusion of 
thought. Noone would propose that they should 
be used to the exclusion of cruisers, but he con- 
sidered that for auxiliary p they would be 
found valuable, and that opinion was based on ex- 


That | 


Russo-Japanese war. Getting the Baltic fleet to 
the Sea of Japan was really a wonderful perform- 
ance, but it was made possible by the assistance of 
mercantile vessels. The Russians purchased Ger- 
man stewmers, and the Volunteer ships played an 
important part in the operations, The paper was 
an honest and sound piece of work, and con- 
tained a large amount of information for which 
all constructors would be grateful. In tothe 
strength of the ships, it should be known that the 
Cunard Company had helped the designers in every 
possible way, and had given them the utmost depth 
of structure that poe ibly be obtained. The 
result was that the full depth of ship for strength 
was 60 ft., and the ratio of length to depth in 
regard to strength was very favourable. Speaking 
of the material used, he would state that at the 
time the Iris and Mercury were designed an experi- 
ment with steel was made by Siemens that was 
almost identical with that referred to by the 
author. That was thirty years ago, and the second 
of those cruisers was built of that quality of steel, 
including rivets. The steel was tested by means 
of a falling tup. The information then gained 
proved that ~ such a material was wanted it 
could be obtained. In fast cruisers of considerable 
length it was necessary to cut away the upper 
member of the girder in order to get in casemates. 
Were a high-tensile steel needed, it could be used; 
but it was very costly. In regard to the remarks 
of Mr. Hillhouse, he would point out that the 
sagging stresses were below the hogging stresses. 
He would ask whether in the Lusitania a special 
rivet steel was used. 

Dr. Bruhn compared some features of the design 
of the Lusitania with those of the Great Eastern, 
which was the largest ship that had been built up 
to recently, and, until the two new Cunarders 
came out, the largest transverse section. He 
had prepared diagrams which he had intended to 
show by means of the lantern, but he understood it 
was not available. He bore testimony to the great 
genius shown in the design of the Great Eastern. 
Longitudinal framing, which was then adopted, had 
often been advoca since for very large vessels, 
but he considered that the longitudinal system was 
not suitable for vessels of this kind. Referring to 
what had been said about the limit of stress of 
material, he would point out that it was not 
possible to properly allow for pitching movements, 
so that the stress could not calculated, and it 
was only possible to compare one ship with another. 
Experiments on the modulus of elasticity had been 
carried out at Lloyd’s, similar to those referred to by 
the author, and he could say that the two were in 
agreement. Considering the stretch of high-tensile 
steel, he thought that if buckling stresses had to be 
provided for, it was not desirable to go higher than 
was stated. The speaker here drew an ordinary 
strain diagram, and pointed out that it was ques- 
tionable at what part of the curve the stress should 
be taken. 

Professor Biles asked if the .strain-indicator had 
been used, to which Dr. Bruhn answered in the 
negative, but that long lengths of material were 
under test. Some differegce of opinion here arose 
between Professor Biles and Dr. Bruhn as to 
whether the break in the curve was sufficiently 
marked to enable a definite conclusion to be 
arrived at, Professor Biles handing in a diagram 
which showed, he maintained, a distinct yield- 
point. Each speaker appeared to remain of his 
own opinion at the conclusion of the discussion. 
Mr. Milton, taking up the matter, was understood 
to say that he did not agree with Professor Biles. 
Sir William White, intervening, said that the 
matter was being very thoroughly investigated at 
the National Physical Laboratory ; he quite 
with Mr. Milton that it was very difficult to define 
the yield-point. 

Mr. Luke, in replying to the discussion, referred 
to the remarks of Professor Biles in regard to the 
| experiments on the Wolf, and pointed out that the 
| deflection with a riveted structure might be 50 per 
cent. greater than with test-pieces of solid material. 
This fact supported the value of the experiments 
'made by Mr. Kirkaldy. He was not aware whether 





|it would be possible to do anything with the strain- 
|indicator. In regard to the reduction of 10 per cent. 


in the use of the high-tensile steel, he thought that 
possibly, if they had another ship to build, they 
might ask Lloyd’s fora further reduction. The vessel 
had only one rudder, and no protection had been 





lations would, no doubt, work out that the stresses 
would go through the plates, and not through the 
butts ; but that was not of so much moment, as the 
compression stresses were not so important. The 
pressure on the grease had been calculated for the 
important places at least double that which was 
needed. The displacement probably should bo 
about 36,800 tons rather than 36,440 tons. He 
would state that if stress and strain were propor- 
tional, there would be no elastic limit, a fact that 
was supported by the admirable work done by Mr. 
Kirkaldy. 

The meeting was then adjourned until the after- 
noon. 


Tae Movern Carco Steamer. 


On members assembling after lunch on Thursday, 
March 21, Dr. Elgar occupied the chair, and a paper 
on ‘‘ The Evolution of the Modern Cargo Steamer,” 
by Mr, 8. J. P. Thearle, was read by the author. 
This paper we _ to print in full in a future issue. 
In opening the discussion, Dr. Elgar said that the 
author had continued the admirable traditions of 
Lloyd’s in bringing forward a paper of a most com- 
prehensive nature on a professional subject. 

Mr. John Corry said that the cargo steamer 
had been a type of vessel in which he had always 
been tly interested, and the author had simply 
and clearly demonstrated its gradual development 
as it had grown up step by step. The value of the 
deep frame was well brought forward, and it gave 
the advantage of material properly distributed. 

Mr. John Ward, of Dumbarton, said: that the 
steamers dealt with in the paper were those upon 
which the Mamas sg d of the country largely 
depended. rning to the details of the shelter- 
deck type of steamer, he referred to what the 
author had said about tonnage openings having to 
be efficiently closed before cargo might be safely 
carried under the shelter-deck having such awnings. 
The manner of ** efficiently closing,” however, must 
be such that it did not fall under the description of 
‘* permanent,” for in that case it would not be con- 
sidered an opening at all, and the space beneath 
would be measured for tonnage. Undoubtedly the 
subject was, like many others appertaining to 
tonnage measurement, beset with difficulties, and 
as the Government, in its wisdom, had decided 
that seamen should be brought under the Em- 
amp tae Liability Act, the regulations should 

reconsidered. He was glad to see that Mr. 
Lloyd-George had promised to look into this 
matter. The conditions laid down by the Board 
of Trade were practically that ships should be 
made less seaworthy, for the tonnage regulations 
rovided that to claim exemption for measurement 
it should not be possible to protect the openings. 
The author had said that with the engine power 
usually supplied, the cargo steamer to-day had a 
sea-going aye of from 8 to 10 knots when fully 
loaded, while her speed in light condition would 
vary, much in accordance with the method and 
extent of her ballasting. It was known that a 
revolution had occurred in this respect, and in some 
vessels—those of the British India Line and others 
—it was now common to get 12 knots and 9000 
tons. These vessels would be a great help to the 
nation in time of trouble. It had been said on a 
previous occasion that five years ago it was thought 
that the evolution of design of ships came from the 
ship-owner, but opinions were now altered. One 
type of modern construction had been an evolution 
from the American. whaleback to the turret type ; 
it afforded e holds and few pillars or other 
obstructions. e speaker considered the turret 
type of vessel worthy of notice in the paper. They 
had heard of the advance in the material used 
for shipbuilding, and the steel of to-day was more 
satisfactory than when the change was made from 
iron to steel. He would like to ask how the scant- 
ling of the present day compared to that of steel 
when it was first introduced, so that an idea might 
be formed as to the advances made in passing from . 
iron to steel, and from steel of a former period to 
that of the present day. 

Mr. Foster King said that ship-designers up to 
now were so familiar with what had been done in 
the evolution of the cargo steamer that they were apt 
to forget the great value to the future of such a 
paper as had just been read. The paper was not one 
for criticism, but he sympathised with what Mr. 
Ward had said—that it was not right to exclude 
the turret ship because it might raise controversial 
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matter ; these vessels were most interesting and 
important. The paper seemed to show that there 
had 1 been periods of retrogression. There appeared 
to be constant recurrence to the flush-deck type. 
He thought that this process would always go on, 
so that the final form would be a flush-deck vessel. 
From what he had heard it was a ent that the 
man who commanded the turret ship would prefer 
to have that form of steamer under him. It been 
suggested that the evolution of the cargo steamer 
had been uniform during thirty-six years; but he 
would point out that at first was not 
rapid, but it had been so during the last ten years. 
He was struck by the constant references made to 
bad disposition of material, but he only found 
failure to support the structure in the erections on 
the shelter-deck. In regard to the evolution of 
design in the matter of side stringers, cases might 
have been mentioned in which no side stringers had 
been used at all. Messrs. Barclay, Curle, and Co. 
built ships of 410 ft. in length with side stringers, 
and he thought that would be the form that would 
be assumed. 

Mr. Thearle here asked what experience had 
been obtained with vessels of this type, to which 
Mr. Foster King replied that they had been running 
for six months. One voyage, he considered, in a 
winter gale was quite as good as a far longer 
experience. 

Jontinuing, the speaker said that Mr. Thearle 
had anticipated one form and type of cargo steamer ; 
this was a consummation the speaker would be very 
sorry to see brought about, as it would mean the 
loss of his bread and butter; but he did not think 
he was very much threatened, as there would 
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always be boats for special purposes and different 
lines of trade. To have one type of cargo-ship only 
would be as bad as the tendency to over-stan- 
dardisation, which threatened some other matters. 

Sir William White said that there was no class 
of ship in which greater ingenuity and resource 
had been displayed than in the tramp steamer. 
In regard to its performance in cheapening trans- 
port and earning dividends it was admirable. It 
was difficult to over-estimate the value of the cargo 
steamer to the country. A large part of the work 
of ocean transport of the world was carried out by 
steamers which hardly ever came back to England. 
The effect of tonnage laws was to bring out the 
resources of the naval architect in ingenious modi- 
fications of design. The Suez Canal had a consider- 
able effect on this, and he had known a shipowner 
decrease his net registered tonnage by closing up 
openings. Whether the yacht design or the cargo- 
steamer design showed most ingenuity in getting to 
the windward side of the law, he would not say. 
Sir William thought that, in ing over any refer- 
ence to the turret steamer, Mr. Thearle had con- 
sidered it was too important a matter to be dealt 
with except in a full paper. He (the speaker) had 
recently nm in conversation with Sir Theodore 
Doxford, and had suggested that a paper on the 
subject would be welcome to the Institution. Sir 
Theodore said he hesitated to suggest such a paper, 
as it would appear too much like an advertisement ; 
but Sir William had made up his mind to bring the 
matter before the Council with a view to invite a 
ead from Sir Theodore Doxford or one of his 
rothers, 

Mr. Thearle, in replying to the discussion, said 

















that Mr. Ward’s indignation at the present condition 
of the tonnage question was not a surprise to him ; 
but he had not said in his paper that the tonnage 
openings were not sufficiently covered. The law 
laid down that the openings should be efficiently, 
if not permanently, protected. The British India 
Company were in a better position than some 
others in regard to their vessels, for it was not all 
that could run 12-knot steamers profitably ; what 
had been said in the discussion in my to the 
turret vessels was quite true, and he had himself 
suggested to Sir Theodore Doxford some time back 
that a paper should be read on the turret vessel, 
and also on the type of Messrs. Ropner. He had 
been asked to give information as to the scantlings 
of steel before and since it had supplanted iron for 
shipbuilding; but the modes of construction had 
altered so much that it was very difficult to make 
any comparison. It could be said, however, that 
vessels carried more cargo now for a given weight 
than they did formerly. He agreed with Mr. Foster 
King that the changes during the last ten years had 
been very considerable. It was early yet to predict 
what would be the effect of doing away with the 
side stringers. They were fitted intercostal, and it 
would be necessary to see how far their abolition 
would affect the side plating. 


SHIPBUILDING CRANES. 

A r by Signor C. Piaggio, on ‘‘ Cranes for 
Shipbuilding ,”” was next read by the Secretar, 
in the absence of the author. This paper, wi 
illustrations, we shall print in full in a future issue. 

The discussion was opened by Mr. H. Murray, 
who said that he had a paper last year on the 
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same subject. Before the author erected his cranes, 
he had visited those which Mr. Murray had pre- 
viously described. The cranes illustrated by Mr. 
Piaggio were a very great improvement on the old 
mast and derrick system of lifting material. It 
appeared from the plans accompanying the paper 
that in constructing the centre vessel of the three 
shown it was necessary to lift materials over the two 
outer ships ; this, the speaker thought, would be 
inconvenient. The cranes carried a safe load of 1 
to 1} tons at the end. The average modern shell- 
plate was 30 ft. long, 6 ft. to 6 ft. 6 in. wide, and 
2 in. thick. That would give from 2} to 23 
tons in weight, which would be in excess of the 
capacity of the crane, and therefore the author 
would have to go back to 12-ft. to 14-ft. plates. 
Still there would be an advantage over the old 
mast and derrick system. In Italy it was cus- 
tomary to launch the vessels complete, and the 
author's arrangement would make it difficult to 
transport boilers. The usual plan was to leave 
some frames out and put the boilers in from the 
side. The speaker thought that travelling tower 
cranes would be a better arrangement for this 
purpose. The cranes being a fixture rendered them 
less useful than the American cantilever crane. 
With tower cranes it was possible to fit up bulk- 
heads on the ground, and lift them in bodily with 
two cranes; and with this system of construction 
big ships could be built much more quickly, the 
parts being put together independently and then 
erected. This saved a good deal of lifting also. 
It was also far easier to work bulkheads on the 
ground than in position. Another advantage was 
that girders, under- beams, and built-up pillars 
could be put together on the ground and then 
placed bodily into the structure. It wasalso easier 
to construct these parts on the ground. With 
travelling cranes it was possible to take a girder at 
each end and run it along to its position. There 
were many other advantages with movable cranes, as 
they could work in couples. He had seen the 
whole stern of a ship constructed independently, 
aud then lifted up by the cranes and placed on the 
top of the stern-post. This was only possible with 
moving cranes, by the use of which extra derricks 
and spars, all of which meant extra expense, could 
done away with. 








Mr. John Ward said the author had stated that 
six cranes would cost 10,0001., and these would 
serve three vessels. That gave the limits of carry- 
ing power for six squads of men only, if one 


squad worked one crane. At Dumbarton, for 
thirty years past, they had worked at the rate of 
one vessel every 2} weeks, and it would not be 

ssible to approach that output if they were 
imited by appliances in the way that the author 
had described. His firm had hydraulic cranes, 
assisted by hydraulic capstans, one to each squad, 
and they had eight to twelve squads working 
on each ship and carrying out work simul- 
taneously. He thought that if he were to ask 
his partners to spend 10,000/. in order that six 
squads of men might be engaged on three boats, 
the answer he would receive would not be very 
polite. It was, however, a great pleasure for 
British shipbuilders to see what their colleagues 
abroad were doing. 

Dr. Elgar said that the author would prefer to 
reply to the discussion in writing. 

The meeting was then adjourned. 


MEASUREMENT OF ENGINE PowER. 


At the evening meeting of Thursday, the 21st 
inst., three papers were down for reading. The 
first two were read consecutively, and discussed 
together. The first was a contribution by Mr. 
Archibald Denny, entitled ‘‘The Torsiometer as 
Applied to the Measurement of Power in Turbine 
and Reciprocating Engines.” This paper was read 
by Mr. Leslie Denny, in the absence of his brother, 
the author. The next paper was by Mr. J. 
Hamilton Gibson, and was entitled ‘‘Torque of 
Propeller Shafting ; Some Conjectures, Investiga- 
tions, and Results.” Both these papers we shall 
print in full in an early issue. 

Mr. C. E. Stromeyer opened the discussion by 
saying that some years ago he had read a Paper on 
‘*Strain-Indicators,” and it was now possible to 
compare thrust with actual horse-power. The load 
might be varied for better study of the action of 
propellers. Both the apparatus shown did their 
work so well that there was not much to say ; but | 
he would be glad to know whether the records 
could not be obtained by mechanical means. He 
thought it would be possible to have two wheels 








and a pen,fso as to locate the spots, and get the 
difference in reading. { 

Professor Hopkinson called attention to Mr. 
Gibson’s statement that shafts are rarely twisted 
through more than 1 deg. in 10 ft. It appeared to 
him that the limiting amount of twist was to be 
measured not by the angle of twist in a given 
length, but by the shear of the shaft at the surface. 
There was a certain limiting shear determining the 
maximum torque which could be transmitted by 
any shaft. This limiting shear would be about the 
same for all shafts of whatever diameter, and was 
of the order of 0.001. If that figure were taken, 
the relative motion due to twist between two 
points 10 ft. apart on the surface of a shaft 
transmitting its maximum torque would be one- 
hundredth of a foot, whatever the diameter 
of the shaft, whereas if the relative angular move- 
ment of the two sections of the shaft were taken, 
as suggested by Mr. Gibson, it would vary with the 
diameter of the shaft, being twice as great (over 
the same length) for a shaft 6 in. in diameter as 
for a shaft 12 in. in diameter. The quantity te 
be measured when determining torque was there- 
fore this linear displacement, and the measure of 
the accuracy attainable would be the percentage 
within which such displacement could be deter- 
mined. With a given length of shaft available, and 
given means for measuring the relative linear. dis- 
placement at two points ou the surface at the ends 
of the length, the accuracy attainable would be 
independent of the diameter of the shaft. . Appa- 
rently, from the figures given by Mr. Denny and by 
Mr: Gibson, the length of shafting necessary for 
reasonably accurate measurements with their appa- 
ratus was at least 15 ft.; and would in general 
include couplings and bearings which would militate 
against accuracy. 

The speaker had, in conjunction with Mr. L. G. P. 
Thring, attacked the problem of measuring the 
twist in a much shorter length. They had suc- 
ceeded in constructing an apparatus with which 
they expected to be able to measure the twist in a 
length of 1 ft. or 2 ft. of turbine shafting of any 
diameter, correct to 2 per cent. of the maximum 
torque it could transmit: In a 10-in. length of 
hat, assuming a maximum permissible shear of 
0.001, the relative displacement of the surface 
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at the two ends of the length would be one- 
hundredth of an inch. The problem therefore 
was to measure this relative displacement correct 
to one ten- thousandth of an inch. The appa- 
ratus consisted of a collar and sleeve passing 
over the shaft. The collar and one end of the 
sleeve were clamped to the shaft, each by three 
round-ended screws. The free end of the sleeve 
was close to the collar, so that the motion of its 
clamped end was brought up to the collar. A 
mirror was carried in pivots on the collar, so that 
it could rotate about an axis at right angles to the 
axis of the shaft. The axis of the mirror carried 
an arm at right angles to itself, and the other 
end of this arm engaged with a flat plate 
carried on the sleeve. Thus relative motion 
of the sleeve and collar, such as would be pro- 
duced by twist in the shaft, caused an angular 
displacement of the mirror proportionate to the 
relative movement of the sleeve and collar, or 
to the twist in the shaft. In order to observe 
this displacement, the mirror, which was concave, 
was so arranged as to reflect an image of a straight 
filament lamp on to a ground-glass screen. The 
image only fell upon the screen at one point during 
the revolution, but that was sufficient for observing 
its position. Thus the torque being transmitted 
by the shaft could be read off direct by observing 
the displacement of this intermittent image. 

far the apparatus had only been tried on ordinary 
workshop shafting, but it had proved completely 
successful, and there was good reason to hope that 
in the trial shortly to be carried out on a turbine- 
boat, by the courtesy of Messrs. Thornycroft and 
Co., an equal measure of success would be attained. 

Mr. F. W. Raven said that he had carried out 
ee with a torsion-meter of the Denny and 
Johnson type in one of H.M. destroyers. While 
at high powers the instrument seemed to give 
definite and reliable readings, at low powers the 
results were far from definite. There appeared to 
be two reasons for this difficulty at low power: one 
was that the electric current was weaker, as pointed 
out by Mr. Denny; but the more important was 
the fact that the personal error, being of a constant 
and not a percentage nature, was much more serious 
at low powers than at high. Taking actual figures 
for this destroyer, the shaft horse-power for 15 
knots was about 1200 divided between 3 shafts, and 
the corresponding torsion reading for each shaft 
about 0.06. As he did not think that any observer 
would care to guarantee his readings within 0.01 
(i.e., half the distance between two consecutive 
studs), it followed that there might quite ibly 
be an error of 200 shaft horse-power on the total 
of 1200, or 17 per cent. On the other hand, this 
amount of personal error would not form avery 
serious percentage of the full power of 9000 shaft 
horse-power. It was here that the ordinary steam 
indicator had a certain advantage, because, for 
measuring low powers, a weaker spring could 
be inserted, and the instrument thus rendered 
more sensitive. The difficulty of working was 
accentuated in the case of a destroyer by the fact 
that the shafts leave the ship a short distance from 
the turbines, there being thus but a small length 
of shaft on which to measure the torque. In this 
particular case the full-power readings were only 
about 0.25 on a scale graduated up to 1.25. One 
rather important practical point was to place the 
inductors in as dry a place as possible. He had 
found the contacts to frequently fail on one 
inductor, and the only explanation seemed to be 
the fact that owing to the proximity of the stern- 
gland a good deal of water was sprayed on to this 
inductor. In reference to Mr. Gibson’s paper, he 
was not clear as to the method by which the effect 
of thrust on the transverse torsional stress was 
calculated in Appendix I. Mr. Gibson appeared to 
calculate the torsional stress due to thrust and 
turning moment independently, and then to add 
the two together. But if this method were correct, 
it followed that a shaft under thrust alone would 
be in a state of transverse torsional stress, which, of 
course, is impossible from simple considerations of 
symmetry. He (the speaker) was of opinion that 
in reality the effect of the thrust on torque reading 
would only be very slight. 

Sir William White said that the great advantage 
that would follow the adoption of the steam- 
turbine was that attention would be paid to the 
different steps in the loss of power in the propulsion 
of ships. It was not that the subject had not been 
discussed, but the indicator had been so accepted as 
the instrument for the measurement of power that 





the consideration of intermediate losses had almost | load, did not vary more than about 14 per cent. 


dropped out of sight. 


The late Mr. Froude, as the| from the mean. 


It therefore seemed probable 


President had intimated in his address, had been | that 3 per cent. would cover the possible error in 


alive to the importance of this matter, and had} 
designed a turbine dynamometer, which had been | 


constructed. With that arrangement the instru- 
ment was for a particular ship, and he believed 


that it had never been really used. The last | 


time he had seen it was at Haslar—a monument 
of good intentions. Shipbuilders had not often 
the opportunity to make trials, for ships were 
built to go op service, and not to afford de- 
signers scientific data. Constructors had first tried 
indirect methods of getting the information re- 
quired, and from speed had worked back to power. 
That, however, was not sufficiently accurate. It 
was a great pleasure to see that a member of the 
firm of Denny Brothers, who had given Mr. Parsons 
such substantial support, had read this paper, and 
it was also a great — to see a gentleman from 
Messrs. Cammell, Laird, and Co.—a firm that had 
played so prominent a part in the development of 
steam shipping—also interested in the matter. In 
Germany there were two inventors who had 
brought out instruments designed for a similar 
purpose, and they believed that their apparatus was 
superior to others. However that might be, all 
were in pursuit of facts. Whether the information 
obtained was absolutely exact or not, it was a fact 
that a step forward had been made, and an analysis 
of propulsion would be able to be carried out in 
a manner never before reached. The problems in- 
volved in the design of screw-propellers were little 
known, as Mr. Yarrow could tell them if he would 
rise and speak on the subject. If instruments, 
such as those described, could be made only ap- 
_ceageaciny A correct in their records, they would 
nearer a knowledge of the action of screw pro- 
llers than ever before. Efforts in this direction 
ad been made by means of models ; but there had 
never yet been evolved a scale which would connect 
models to full-size propellers. The late Mr. Froude 
had wished to carry on this work, and might have 
done so had he lived. In connection with this 
subject Sir William White would refer to the pro- 
posal which he hoped was only in suspense—that a 
research tank should be erected under the auspices 
of the Institution. By means of such a tank ques- 
tions of the nature the meeting was then consider- 
ing could be elucidated. 
wo letters were here read by the Secretary ; the 
first was from Engineer-Commander E. W. Liver- 
sidge, who had been invited to make a few remarks 
upon the subject of the paper, inasmuch as he had, 
by the courtesy of Messrs. Cammell, Laird, and Co., 
been privileged to witness the static torque experi- 
ments, and also the use of the flashlight torsio- 
meter on trial trips at sea. In the earlier attempts 
made by Messrs. Cammell, Laird, and Co. to 
indicate the shaft-power there had been consider- 
able difficulty in choosing the modulus which should 
be employed for determining the power after the 
angle of twist had been successfully read. It was, 
the speaker said, a bold conception to attempt to 
twist a shaft by static means, but was, nevertheless, 
one in accordance with the best engineering ideas ; 
that was, an actual practical’ investigation of the 
matter to be determined, a strong feature in all 
work undertaken by Mr. Bevis. Mr. Gibson had 
given a very simple statement of the means em- 
loyed, which, with modifications of the torque 
evers, were applicable toa variety of shafts, and 
once the means were properly adapted, the actual 
experiments were very simply carried out. So far 
as friction was concerned, the writer explained 
that play of the fastenings and bending of the end 
of the shaft carrying the pointers were guarded 
against. 

In repetitions of the experiments there was very 
little variation in the twist indicated, such as 
occurred not exceeding 3 per cent. It was possible 
that these variations were due to the same cause as 
the ‘‘ lag” to which Mr. Gibson had referred. This 
phenomenon of ‘‘ lag,” or want of recovery of sha 
on diminution of the load, was also noticed, the 
author having indicated the possibility of the occur- 
rence. In some experiments made on steel discs, 
supported at their edges and loaded axially at their 
centres, their deformation under stress did not dis- 
appear so rapidly under decrements of load as it 
appeared under increments, though the discs imme- 
diately recovered their original shape on total 
removal of the load. It would be noticed, however, 
on reference to the author's diagram, that the angle 
of twist, whether under increasing or decreasing 





determining the shaft horse-power, once the 
modulus were fixed. The speaker considered that 
apparatus which would allow of instantaneous 
increments or decrements of torque would throw 
further light on the question of the effect of lag. 
There was no difficulty in reading the indications 
of the flashlight torsion-meter at sea, while there 
was very little which could possibly get out of order 
in the apparatus. In conclusion, he would say 
that he looked forward with much interest to the 
analysis of propeller performances which would be 
possible when figures for actual propeller thrust 
and shaft horse-power were available. 

Mr. Melville G. Clayton, the second correspon- 
dent, asked the following questions in relation to 
Mr. Denny’s paper :— What influence had the com- 
pression in a propeller shaft on the torsion-meter 
readings? Did not the apparent decrease in effi- 
ciency, as shown in Fig. 1 of the paper, indicate 
that the compression in the shaft had an influence 
on the twist in the shaft, and that the fall in the 
efficiency curve was at least partly due to that? 
Had Mr. Denny made any experiments with a 
view to determining this ? 

He also inquired, in connection with the paper 
by Mr. Hamilton Gibson, whether any endeavour 
had been made to obtain the variation in efficiency in 
the ball-bearing as the thrust was increased. He 
ae this question because some five years ago he 

ad made similar experiments, and found that the 
readings differed considerably from those obtained 
when the load was applied directly to the end of the 
upturned shaft. He would also ask Mr. Gibson 
whether he thought that if the ‘‘loading” and ‘‘un- 
loading” of the shaft could take place as rapidly 
as it did in practice, the hysteresis readings would 
be as marked as those given in the curve in the 
author’s figure. He (the speaker) would have 
thought that a higher modulus should be taken than 
that used. 

Mr. Leslie Denny, in reply to the discussion, 
said that, in regard to Mr. Stromeyer’s remarks 
about the use of the strain-indicator to measure 
thrust stress in propeller-shafts, they had not gone 
fully into the matter. It might lead to complica- 
tion of design of the instrument if they were to 
provide for compound stresses. In regard to what 
Professor Hopkinson had said, the length of shaft 
on which they had made measurements was 4 ft., 
and they had got on that short length fairly good 
results. On their own steamers, however, they had 
from 14 ft. to 78 ft. of shafting to work upon. 
They had made experiments with fifty-one shafts 
on turbine-engines and five with reciprocating 
engines, and had worked with shafts of from 42 in. 
up to 13 in. in diameter. 

In regard to what Mr. Raven had said as to 
accuracy with high, and not with low, powers due 
to the personal error and weaker current, it had 
been found that readings at low powers were less, 
but for practical purposes they did not go below 
one-tenth of the fall power. The data for progres- 
sive trials were not practically valuable for a 22-knot 
ship at less than 5 knots. It was possible, how- 
ever, to go to very small powers if needed, and to 
read to one-half a division on the scale. It had 
been said that in using the indicator it was possible 
to proportion the strength of the spring to the 
conditions of working. He had heard engineers 
say, however, that they could not depend on a 
reading to within 5 per cent. of accuracy upon 
indicator-cards, and that the error might go up to 
10 per cent., whilst the torsion-indicator was accu- 
rate at full power. In the instrument he had de- 
scribed the sectors were water-tight, and so kept 
dry. In regard to the tank experiments, it was 
impossible with any ordinary means to produce 
cavitation in the tank, although it could be done 
by making the water hot. He would reply to the 
questions put by Mr. Clayton in writing. Turn- 
ing to Mr. Gibson’s paper, he would say that all the 
experiments made by his firm were conducted with 
hollow shafts. The torque stress varied as the thrust 
stress over a large range of speed ; this had been 
confirmed by a considerable number of experiments. 
They had not been able to take thrust experiments 
on vessels, as that would need a thrust-sliding block 
for rea eer Sage aie or that the steam-turbine 
engines should be mounted on slides. It had been 
claimed that the eye was more accurate than the 
ear in taking records, but with the telephone the 
nearest approach to accuracy could be secured by 
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screw adjustment, and every care was taken to get 
backlash out of the screw. He thought that 
taking observations away in a quiet spot would 
compensate for any inaccuracy that might possibly 
arise. 

Mr. Bevis here asked to add a few words. He 
had been associated with Mr. Gibson in the work 
on the flashlight torsion-meter. When he first 
embarked on it he did not think it would be very 
successful, but after a time he was astonished at 
the accurate results that were obtained, and the 
information obtained by Mr. Walsh as to the efli- 
ciency of the propellers was most valuable. It 
showed the importance of what Sir William White 
had said as to the value of knowing shaft horse- 
power. That indicated horse-power was a doubtful 
factor was often suggested, especially by con- 
tractors; but in this case the shaft itself was the 
spring that measured the power, and with the flash- 
light indicator they got a very close approach to 
accuracy with low powers. 

Mr. Gibson said that Mr. Stromeyer had referred 
to a mechanical means of recording torsion, but he 
(the speaker) considered that such an effort would 
result in disappointment. There was too much 
shake to permit the indication to be caught at the 
right moment. Professor Hopkinson had referred 
to the length of shaft required, and the desirability 
of being able to use a short length; but Mr. Denny 
was right in saying that there would be a long 
length available in the shaft tunnel. In his ex- 
periments the length of shaft used was from 18 ft. 
to 26 ft., but they were not afraid of dealing with 
very much shorter lengths—down to 4 ft. Mr. 
Raven had referred to the importance of accu- 
racy at low powers, and, in answer, he would 
refer him to the appendix, where it would be seen 
that they had worked down to 37 horse-power. 
They had tried to get an absolute zero reading, and 
had run the turbine dead slow; but this was un- 
successful at only 50 or 60 revolutions. In regard 
to Sir William White’s remark, they had arrived 
a step nearer in analysis when they determined 
the shaft horse-power ; but he hoped to be able 
to register the exact thrust delivered to the ship 
by the propeller. Engineer-Commander Liversidge 
referred to lag, but he had not seen the last experi- 
ments, which showed that lag disappeared when the 
shaft was in molecular vibration. Mr. Denny had 
referred to solid as against hollow shafts, and the 
effects of compression. In some of His Majesty’s 
ships the hole in the shaft was excessive, being 8 in. 
in diameter in a 12-in. shaft. The effect of thrust 
in augmenting torque would there be more appa- 
rent. He thought the eye was more delicate than 
the ear; the flash-light gave a definite point. The 
speed of light was very much greater than that of 
sound, and that might have something to do with 
accuracy. 

PRoPELLER STRUTS. 

The last paper read on this evening was a con- 
tribution by Mr. G. Simpson on ‘‘ Propeller 
Struts.” In the absence of the author, it was read 
by Mr. Scott Younger. We shall publish this paper 
in full in a later issue. 

Mr. C. H. Wingfield, who was the first speaker 
in the discussion, said the author seemed surprised 
that experience showed a greater section of strut 
was needed near the hub than near the skin of 
the ship. In order to illustrate this point the 
speaker made sketches on the blackboard. These 
we reproduce in Figs. 4 to 7. If a linked frame, 
consisting of three members jointed at a, b, and c, 
as in Fig. 4, were considered, it would be seen that 
a force F, acting through the joint at c, would 
produce no bending moment in ac or bc, but would 
resolve itself into purely tensional and compressive 
forces. If, however, the links were rigidly con- 
nected near c, as in Fig. 5, a tendency to bend 


at d and e would be at once introduced ; since, | 


if joints were provided there, the lines d e and 
« b would be soriewhat in the relation of the 
two bars of a parallel ruler, except that the rate of 
(urning round the joints at d and e would be greater 
than about the joints a and b. If cde (Fig. 5) 
were regarded as a sector of the hub in Fig. 6, it 
would be apparent that provision would have to be 


made at d and e to resist the greater bending | 


moment at these points, indicated by the greater 
rate of turning about d and e in Fig. 5. Fig. 6 
showed the struts placed radially. This, the 
speaker said, was a construction which had the 
advantage of approaching more nearly to the rigid 
triangle shown in Fig. 4 than it did to the tangen- 
tial position indicated in the author’s figures. On 








the other hand, this form favoured vibration of the 
hub about the narrow neck between dande. A 
compromise seemed to the speaker to be best, and 
he preferred to make the produced centres of the 
struts meet beyond the centre of the shaft, but 
not so far beyond it as to be tangential to the 
hub, as illustrated in Fig. 7. Turning to the 
formula in the paper for the area of the struts, 
Mr. Wingfield said that although the author 
had published it in 1904, this was the first 
time that actual cases had been presented, from 
which to judge whether it gave a fair average of 
successful practice. Being an empirical formula, 
such a comparison was necessary before much con- 
fidence could be placed in it. With the exception 
of about five instances, the examples given in the 
appendix were all more or less widely different 
from the calculated result. He was not, of course, 
alluding to the few which were mentioned as having 
proved to be too weak. It followed, therefore, that 
the rule was not representative of the practice cited, 
and thus nota trustworthy indication of average 
practice, or else the practice cited was wrong, and 








(of 18.8.) 


the rule was right. In the latter case he thought 
it would lead to more confidence in applying the 
rule if the author would show, in fuller detail, what 
assumptions had been made in its construction ; 
and, since it did not agree with the examples cited, 
upon what actual cases was the empirical coefficient 
0.0633 founded? For instance, he would ask, why 
did R appear in the numerator? The expression 


R was a measure of the shaft diameter, so 


/ s x l would be a measure of the pressure on 


the hub, due to the weight of the overhanging 
portion of the shaft. An increase of the revolu- 
tions would reduce the diameter of propeller, the 
length of struts, and the diameter of the shaft ; 
whereas the formula suggested that in these cir- 
cumstances the area of the struts should be in- 
creased. He hoped the author would see his diffi- 
culty, and give the information desired in his written 


reply. 

Mr. Atwood said that he was in the same diffi- 
culty as Mr. Wingfield, not being able to see the 
basis of the author’s arguments. The cruisers 
referred to appeared to be sister-ships, but the 

rticulars showed that they did not belong to the 


British Navy. The author also had not allowed in 


his formula for different types of material. 

Dr. Bruhn also was in the same difficulty in 
seeing the reason for the factors taken. As com- 
plete particulars were not given in the paper, the 
speaker found it difficult to criticise fully. 

Sir William White said that it was impossible 
ever to formulate the different conditions under 
which the propeller might act. What Mr. Wingfield 
had suggested was at the root of the matter. He 
would ask Mr. Simpson, too, for the reasons that 
the formula had been put into the shape it had 





been. He thought that of the accidents recorded 
of broken struts it was too much to assume that all 
were caused by insufficiéncy of area; the internal 
condition of the metal might have considerable 
effect. He would like to be fully informed on the 
circumstances of the accidents. e sectional area 
of the strut was governed by other conditions than 
those of strength. The after edge especially was 
formed so as to reduce the resistance of the strut 
in passing through the water, In the old forged 
struts this was effected by putting on tail-pieces. 
He thought that until more substantial reasons for 
the formula were produced, it would not have 
much influence on practice. 

The meeting then adjourned until the next day. 
We shall deal with the remainder of the pro- 
ceedings in our next issue. 





PETROL MOTOR-OMNIBUSES.* 

By W. Worsy Beaumont. 

(Concluded from page 400.) 
Water-Coolcrs.—Nearly all motor-omnibus engines are 
provided with a pump of some kind for rapid circulation 
of the cooling water through the cylinder-jackets and the 
radiator water-cooler. It is not, however, now a necessity, 
and the circulating pump should be discarded: firstly, 
because it is a working part which can be dispensed with ; 
secondly, use its use ually destroys the effective- 
nees of the cooler, by coating and even choking the cooler 
tubes with the oil and grease which has to used to 
lubricate the pump ; and, thirdly, because a pump, almost 
of necessity, introduces a leakage point, and magnetos 
are injured by water. Moreover, it is always desirable to 
have a head of water above the top of the cylinders. The 
radiator water-coolers are either of cellular construction, 
or the exterior surface of gilled tubes forms the air-cooled 


Igniter (Milnes-Duimler). 
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surface. Although the best-made cellular or honeycomb 
types of radiator have resisted vibration extremely well, 
they are difficult to repair when they become leaky, and 
in this respect they compare unfavourably with the gilled- 
tube radiator. 

Large cooling surface is obtained by the honeycomb 
construction, but it is very questionable whether so large 
a proportion of that surface is as effective as is the surface 
in a well-constructed air-cooled tubular radiator. More- 
over, after a short period of use, especially in some dis- 
tricts, slight incrustation of the interior surface by de- 
posit from the water not only reduces the efficiency of the 
cooling surfaces, but in the honeycomb form this incrusta- 
tion is difficult of removal. is defect is aggravated 
when oily deposit from a circulating pump occurs. 

As an example of the use of the thermo-syphon, or 
natural system of circulation of the cooling water by tem- 
perature difference, reference may be made to Figs. 12 and 
13, page 398 ante. The cold-water-supply pipe from the 
bottom of the lower part of the radiator G to the lower part 
of the cylinder jackets is at J, and the heated water from 
the top of the jackets returns by separate pipes H to the 
upper part of the radiator. A belt-driven fan behind 
the radiator is used to maintain a flow of air through it to 
increase the cooling effect. With some engines the fly- 
wheel arms are formed as fan-blades, and a fan behind the 
radiator can then be dispensed with, if the engine-bonnet 
and undersheathing are made reasonably air-tight. 

Ignition.—Magneto-electric systems of ignition are 

* Paper read before the Institution of Mechanical 
Engineers, March 15, 1907. 
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most frequently employed with the engines, and of the | immediately below C, 
; the high-tension type. The | rotate the stem B, 
accumulator and induction coil high-tension system is occa- 
,, sometimes as the main system of ignition, 
ary 
set to be used when the magneto system is out of order. 
With the low-tension magneto system the insulated stems | 
of the igniters on the engine cylinders are always — 
single | 
| The timing of ignition with the form of igniter de- | from play, 


low-tension more often than 


sionally 


and in a few instances asa supplemen or 


trically connected, either by a collector-bar an 
lead, or by separate leads to the magneto generator. 


through the smal 
|stem A. The stepped part of the cam then 


foot of the pusher-rod, and allows the rod 
sharply under the influence of spring E. The momen 


and B. 


Change-Speed Gear and Clutch (Milnes-Daimler). 























: "1 arc necessary to | accum 
permit contact of the inner arm on B and the end of the | provision is 
passes the of ignition. 
C to drop | workin 


completion of circuit is thus followed by a quick brea 
pon arcing, or sparking. across the igniter stem ends at A 


and the light spring D may then | Se ee, i bao — with = 
u induction coil system, used, 

generally made for adjustment of the period 

Magnetos, although small, are subject to 


tor 


pressures in their bearings which are not always 
| small ; but these bearings and journals are nearly all sate 
| of dimensions that su; 
| full nen of their intend 
| be called upon to do continuous work very far removed 
and ought to be in good condition at the end 
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Figs. 23and 24, 
for bee years en § 
is representative of those used by 
fixed insulated stem is shown at A. 


415, show the design of igniter used | scribed is usually 
the Milnes-Daimler engines, and it | to suit high or low engine speeds. The proper use of 


other makers. The | ignition timing-gear is to be encouraged but it is at 
and the moving contact | sent difficult to 
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fixed as to period with no adjustment 


ensure correct regulation of ignition by the 


stem at B, both projecting into the cylinder combustion- | driver, and some makers continue to fix the period of 


chamber. _ The striker-rod C is normally 
shown, and the upper-headed end, by contact with the 
outer arm of the moving stem B, forcibly 


inner arm from making contact with the inner end of A. 


On a gear-driven cam-shaft within the engine crank- 
chamber are stepped cams, which give movement at the 
required moments to the striker-rods C. Shortly before 
— is to take place the cam slightly lifts the rods C 


an intermediate pusher-rod, not shown, but | current distributor. With high-tension magneto ignition, | been 


prevents the | frequently used, but they almost 


| 
| 





in the position | ignition permanently. 


High-tension magneto generators are becoming more 


without exception re- 


accumulators as a source of current, and they are some- 
times the equivalent of accumulators, induction coil, 
, contact maker or breaker, and high-tension- 


is | 


, | allow the driver to add readi 
quire more mechanical improvement thn the low-tension | 
type. They may be looked upon as taking the place of | 


| adjustment -serews have been largely dis 


i< a year, after making about a million revolutions per 
| day. 


Lubrication. — Until recently lubricators of various 


| forms have been used, from which a variable quantity of 


oil was allowed to gravitate through small-bore pipes to 
the different points of the engine to be lubricated. 
Small hand-worked oil-pumps were also provided to 

4 to the quantity of oil in 
the crank-chambers, when there was reason to believe 
the quantity already there to be insufficient. These 
sight-feed lubricators with numerous drip-tubes a 
wit 
and in many omnibuses only two or three drip-tu'ves have 
retained or found desirable, 





t toy-shop origin rather than a 
use, where they will 
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As far as possible, lubrication of the parts of a motor- 
omnibus, or, indeed, any motor vehicle, should be auto- 
matic and continuous, and much may be said in favour of 
the forced lubrication system now being gradually adopted. 
This method of lubricating has been in use with t 
De Dion and Maudslay omnibuses for some time, and has 
been successfully used for many years with the Bellis and 
Morcom types of high-speed steam-engi for which 

urpose it was originally devised and used by the late 
Mir. Morcom. By this means copious lubrication of all 
actively working parts may be ensured, without neces- 
sarily repeating the effect of over-lubrication by the 

avity and splash-bath methods. The system of forced 
eiviention used with the De Dion —_ may be seen 
by reference to Figs. 20 and 21, page 400 ante. The oil- 
ducts to the crankshaft bearings are shown at K, but 
passages through the crank-webs for lubrication of the 
crank-pins are not shown. 

Inlet and Exhaust Valves.—Without unduly prolonging 
the reference to engine details, it may be pointed out that 
an interesting difference of construction of those engines, 
illustrated by Figs. 16, 17, 18, and 19, page 399 ante, lies 


Dise Clutch (De Dion). 


A. Engine crank-shaft. 

B. Fixed friction-plate (c.i.). 
C. Sliding friction-plate (c.i.). 
D. Clutch disc (hard steel). 


E. Disc-shaft transmitting 
power to driving-shaft. 
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S % F. Disengaging levers. 
i Y G. Disengaging pins. 
WU H. Engaging or load spring*. 
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in use have four-throw five-bearing shafts and separately 


cast cylinders, as shown by, for instance, the Dion | 


engine, Figs. 20 and 21, 400 ante. Objection may 
sometimes be raised to the depressed seating given to 
the valves, especially the exhaust-valves of some engines. 
The cylinder dimensions of the 20to24 horse-power engines 
shown are 44 in. bore (105 mm.), and 54 in. stroke(130mm.), 


but larger engines of 28 horse-power are now used, having | tive over any m 
cylinder dimensions of 4,-in. bore (110 mm.), and 5}-in. | clutches have been used with 


the effort of spring ment is balanced or self-con- 

tained. Multiple- 

motor-omni and are 

be ere long sunaiag in London and elsewhere. They are all 

made on t 

pressure on one pair of surfaces is brought to bear on any 

number of such pairs, thus making a given pressure effeo- 
ult 


ise clutches have been used on some 
being used on some that will 


principle of the Weston clutch,* in which the 


iple of pairs of surfaces. 6 of these 
i ves on the one face and 


stroke (140 mm.). The normal speed of revolution is ridges on the other, fitting in the grooves as described by 


about 900 revolutions per minute. 


Professor Hele-Shawt 


ore this Institution, but nearly 


Friction Clutches.—With four of the representative | all are now being made with flat steel annular discs. 


Three-Speed Gear-Box, and Differential Gear (De Dion). 
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Driving Gear (Milnes-Daimler). 
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in the methods of operating the inlet and exhaust valves. 
In the egg. = engine it will be noted that a ver- 
tical skew-gear-driven shaft H gives motion through 
similar gear J to a longitudinally-arranged horizontal 
cam-shaft C above the cylinders. Velen atanntin levers, 
pivoted at the sides of the trough within which the cam- 
shaft works. give downward and opening movements to 
the upwardly projecting valve-stems of the inlet and 
exhaust valves, arranged at opposite sides of the cylinders. 
Thisis a method less frequently used than that ~~ 
by Figs. 18 and 19, e 399 ante, representing a Milnes- 
Daimler engine. ere spur-gear-driven cam-shafts A 
and B within the crank-chamber C are separately used 
for operation of the inlet and exhaust valves D and E, 
arranged at the opposite sides of the cylinders. The 
inlet cam-shaft A, on the right-hand side of the engine, 

Ocarries the cams for operation of the igniters, de- 
scribed with reference to Figs. 23 and 24, page 415. Both 
these engines have four-throw three-bearing crankshafts, 
and cylinders cast in pairs, but several types of engines 





M. Thrust and load-carrying ball-bearings. 
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types of under-carriage illustrated, leather-faced cone 
| friction-clutches are used, and they continue to be the 
type most largely employed for transmission of the power 
from the engine to the driving-gear. They either take 
the form of that shown by Figs. 25 and 26, page 416, 
or they may be of reversed form, commonly known as 
the internal-spring pressure-balanced type, with the 
directions of movement for engaging or disengaging the 
opposite of those required with the type illustrated. 
These two forms equally advantages and dis- 
advantages, and there is little reason to adopt one in 
reference to the other. The clutch-cone, as shown by 
igs. 25 and 26, may be removed with little disturbance 
of other parts. Provision for easy removal of the clutch 
is always necessary. : 
Clutches constructed entirely of metal, and gen he 
oil, have been used with very few types of omni 
That used with the De Dion et Bouton omnibuses is 
shown in section by Fig. 27. It is of the single-disc type, 





with two pairs of friction faces ; and it will be seen that 





Differential Shaft Brake (Milnes-Daimler) 


A. Brake blocks (oi) 
B Bracket fixed to frame. 
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Change-Speed Gear.—The forms of change-speed gear 
employed are all similar in that the engagement of pairs 
of toothed wheels is effected by axial sliding or by side- 
meshing them. Except for this general similarity they 
differ in innumerable details as to arrangement, number 
of wheels, type of bearings, operating gear, form of box, 
and materials of construction. It may be at once ad- 
mitted that to deal adequately with the details of these 
transmission gears a separate paper is réquired. 

An interesting form of gear, and one that is a= 
used, is that shown by = 25 and 26, page 416. The 
wheels shown provide for five speeds, four of which are 
for forward running. Attention may be directed to the 
form of the short stiff shafts D and E, the types of ball- 
bearings, and the form and method of securing the gear- 
wheels to their centres. Those who are not familiar with 
motor-vehicle construction will no doubt particularly 
notice the extreme lightness of the cast-iron gear-box, 
and, indeed, the small dimensions of all parts. Judg- 
ment can only be pronounced as to the sufficiency of 
these dimensions after careful consideration of the 
nature of the materials employed: and the stresses to be 
resisted. 

Gear-Boxes.—Other forms of gear-boxes are shown by 
Figs. 2, 3, 4, 5, 6, 12, and 13, pages 396 and 398 ante, and 
Figs. 28 and 29, above, and it will be seen that there is « 





* Proceedings, 1868, 214. 
+ Proceedings, 1903, Pare III., page 483, 
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remarkable difference of size of the containing boxes. The 
arrangement of shafts and gear-wheels in the gear-boxes 
shown by Figs. 12 and 13 ante is such that b using & 
divided primary shaft two pairs of gear-whee are re- 
quired for the greater speed reductions. For the highest 
speed of the omnibus, when the least gear reduction is re- 
quired, the parts of the primary shaft are connected by 
jaw-clutches. The power is then transmitted through the 
gear-box by the equivalent of asingle straight shaft ; none 
of the gear-wheels is ac:ive, but is idly driven, including 
those on the secondary shaft ; and frictional losses in the 
gear-box are reduced as long as the top speed, or direct 
drive, as it is frequently termed, is in use. When any of 
the other gears are engaged, the frictional loss is probably 
greater than that occurring with the type of gear-box 
shown by Figs. 25 and 26, page 416, inasmuch as the 
power is transmitted through two pairs instead of one 
pair of gear-wheels. With the Dennis gear-box the arrange- 
ment of the top-speed jaw-.clutch is such that simul- 
taneously with its engagement the gear-wheel on the 
rear end of the primary shaft, which at the lower speeds 
always transmits the power, is moved out of mesh with 
its pinion on the lower or secondary shaft. There are 
then no gear-wheels in mesh, and the secondary shaft and 
the wheels carried by it are stationary. When it becomes 
necessary to change from the top speed to the next highest 
speed the stationary secondary shaft has to be accelerated 
up to proportional speed, by re-engagement or side-mesh- 
ing of the final pair of gear-wheels referred to. 

In these gear-boxes there are only two shafts, or, if the 
divided shaft is regarded as two shafts, only three shafts, 
with their toothed wheels, and there is in addition « short 
spindle or shaft carrying one and sometimes two pinions 
used in the train required for reversing. Referring to 
Figs. 2, 3,and 4, page 396 ante, it will be seen that two gear- 
boxes are employed, the first, that at A, containing the 
change-speed gear, and delivering the drive shoves the 
propeller-shaft C to the second gear-box B. In this second 
gear-box there is a pair of bevel wheels at B, by means of 
which the right-angle change of direction of drive is 
effected, and a pair of spur-wheels for a further stage of 
gear reduction. The larger of the spur-wheels surrounds 
the differential gear through which the power is equally 
delivered to chain sprockets at the ends of the divided 
transverse shaft. In some forms of ear-box, notably that 
used with the Durkopp and De Sion omnibuses, the 
change-speed gear, and bevel and differential gears are all 
contained in a single gear-box, thus forming a single com- 
plete transmission gear unit, the only separate and ex- 

gear being, with the Durkopp omnibus, the chains 
and chain-wheels for the final drive to the road-wheels. 
Figs. 28 and 29 (page 417) show the change-speed and 
differential gear-box of this type used with the De Dion 
omnibuses. The driving-pinion C gears with the large 
bevel-wheel L, so that, although separately shown, the 
position occupied by the differential gear may be judged 
»y reference to these views and to F igs. 5 and 6 ante. 
For forward running, power is transmitted from one of 
the pinions on the upper shaft to one of the correspond- 
ing wheels on the lower shaft, the six gear-wheels shown 
providing for three forward speeds. Only one pair of 
change-speed wheels is engaged at any time, but neces- 
sarily a train of two wheels is also included for reversing 
at low speed. 

Interesting features of this gear-box include the use of 
an oil-circulating pump G, Fig. 23, for the continuous 
supply of oil to the spindle bearings and gear-wheels. 
The oil is filtered and freed from small solid particles 
before re-delivery to the bearings, and thus one common 
cause of rapid wear and destruction of bearings is removed. 
The differential gear is of the spur-wheel type, instead of 
the more frequently used bevel-wheel type. 

Power delivered finally to the universal joints at E, 
Figs. 5 and 6 ante, and Fig. 29, page 417, is transmitted 
through the jointed shifts J to the driving pinions of the 
internally-toothed gear shown in Fig. 14, page 398 ante. 

Power Transmission.—Many methods of transmission 
of power from the change-speed gear to the driving road- 
wheels are in use, requiring the use of different types of 
pearing. Some of these types are completely enclosed and 
bath-lubricated, others are semi-enclosed and lubrication 
18 not copious, while some are not protected at all, are 
exposed to weather and road dirt, and only receive inter- 
mittent lubrication. The satisfactory performance of all 
the forms of gearing used depends very much upon the 
attention given to protection from dirt, and to the 
thorough lubrication of all active parts. Although quiet- 
ness of running and smooth workin largely depend upon 
careful construction and workmans ip, yet the freedom 
from noise so conferred will be of short duration if insuffi- 
cient consideration is given to the lubrication and protec- 
tion of all working parts. pid wear of active parts 
has, however, occurred, even when these matters , 
had the necessary attention given tothem ; but the causes 
of such wear and breakage have been referred to in the 
early part of the paper. Reviewing the forms of final 
transmission gearing now employed, it may be remarked 
that Copper number of types cf omnibus are provided 
with si e-chain-driving gear, as compared with the 
many forms of gear-driving, but that, considered numeri- 
cally, the greater number of omnibuses in use are provided 
with gear-drives of several types. 

The Straker-Squire vehicle already referred to is repre- 
sentative of those driven by side chains ; but it may be 
remarked that so far the only attempt to protect the 
chains by encasing them has been practically carried out 
in the Arrol-Johnstone vehicle. At present the noisy 
working of the roller chains generally used has led to the 
experimental use of chains of the Hans Renold silent 
type, and the Morse rocker joint-pin chain of very similar 
external form. It remains to be seen whether these 
chains can be economically used when left exposed and 
intermittently lubricated. 











Fig. 13, page 398 ante, shows the bevel-gear-driven back 
axle of the Scott-Stirliog omnibus partly in section. With 
this design protection and lubrication of all parts isamply 
provided for. The same remark may be made moe 
the somewhat similarly-formed back axle of the Dennis 
omnibus, page 273 ante, and considerable interest attaches 
to the worm and worm-wheel form of driving-gear first 
adopted by these makers for the severe work of driving 
heavy motor-omnibuses. Little publicity has so far been 

iven to the results of working of this gear, or to the 
Tete of efficiency obtained in transmission, and it is 
commonly regarded with some suspicion as to economic 
efficiency, although some omnibuses provided with it 
have now been at work for sufficiently long periods to 
prove or disprove the advantages expected to result from 
its use. 

Various arrangements of spur-gearing are to be seen, 
and are now largely used with the cunhenes at work in 
London. The particular type here illustrated by Figs. 7 
and 8, page 397 ante, and Fig. 30, page 417, has been most 
frequently used, and is that used for at least eight years 
by the makers of the Milnes-Daimler vehicles. The De 
Dion Bouton, Ryknield, and Eugene Brillié omnibuses are 
provided with final driving gears of similar form, but with 
intermediate gear of different type. Many of these gears 
have been run with no protection whatever, and with 
little or no lubrication, and they have consequently been 
noticeably noisy after use. When this form o gear is well 
made and run under satisfactory conditions, its quiet 
running and freedom from wear have been remarkable. 
Fig. 14, 398 ante, illustrates the De Dion driving- 
gear, but the method of protection from dirt by encasing 
is not completely shown. 

Referring to Fig. 30, it may be remarked that the Can- 
statt (Milnes-Daimler) differential gear is the only type 
in use with the two halves of the differential so placed 
that they may not be in line, but at, say, 177 deg., and so 
that they have a downward inclination from the centre at 
which they meet. The useful object of this is that the 
road-wheels driven by this differential shaft may run on 
an axle with a similar downward deflection and the 
wheels be slightly coned. By this means the wheels have 
always a tendency to run on to the axle, instead of 
pressing outward with a tendency to run off, and wear 
out the washer on the end of the axle and the nose of the 
nave. There are also other reasons, which, however, do 
ae pone so much in these ~— of metallic wheels. 

ith the De Dion omnibuses the road wheels are 
inclined slightly, and the downward inclination of the 
driving-shafts is permitted by the use of the universal 
joints already referred to. 

Little consideration has been given to spring-cushioning 
or relief of the transmission gear by means of buffers er 
cushions of some sort. One of the first, and also one of the 
best, methods that have been used is sufficiently shown 
by Figs. 2 and 4, page 396 ante. The driving effort, it will 
be seen, is there taken through drag-links F, and de!ivered 
through volute springs to brackets fixed to the main 
frame. To permit movement of the drag-links, the rear 
ends of the forward radius-rods E are slotted, which 
allows sufficient movement for spring relief, but advisedly 
limits the range of such movement. 

Various designs have been made of motor-omnibuses 
with the front wheels driven and the back wheels trailers. 
Although it is practicable to make a front-drive vehicle 
which might be used for level running, the arrangement 
has an inherent mechanical defect. The propulsive effort 
is in part resolved into a vertical or turning effort about 
the centre of rotation of the whole, resulting in an increase 
of the load effect on the back wheels and a decrease on 
the front wheels. The frictional adhesion is therefore so 
lessened that acceleration from rest is reduced and hill- 
climbing troubles increased. Rapid acceleration is more 
or less a necessity for motor-omnibuses for London use, 
and rear-wheel propulsion would seem, therefore, to be a 
necessity. It may be here mentioned that the same fore 
and aft tilting effort, but in the opposite direction, occurs 
on the eopeeetion of the brakes, and hence the distance 
within which retardation from velocity X to velocity O is 
possible is greater than the distance within which accele- 
ration from velocity O to velocity X may be obtained. 

Brakes.—Brakes for any motor-vehicles, and perhaps it 
may be said especially for motor-omnibuses, are amongst 
the most important of the details. In almost all the 
omnibuses at present running the brakes chiefly used are 
those operated by the pedal under the driver’s foo acting 
on bands or brake-shoes of one type or another, on 
brake-drums attached to one of the gear-box shafts, or to 
the transverse shafts of both gear and chain-driven 
omnibuses. In some vehicles the anchorage of the brake- 
bands or shoes is carried by a member of the frame, as in 
Figs. 1 and 2, page 273 ante. By this means the stresses 
due to the resistance to rotation of the brake-bands are 
carried by the frame, and the gear. box thereby relieved. 
These brakes, although on drums of small diameter, are 
powerful, because they are applied to a high-speed shaft, 
and in many cases are now cast with an internal channel 
to receive water to keep them cool. 

Supplementary to these brakes are those on the driving 
wh and they are of several forms. In most cases they 
are band-brakes on drums affixed to the wheels, and in 
some they are internal expanding brakes inside these drums. 
The internal brake is, for instance, fitted to the vehicles 
shown by Figs. 12 and 13, 398 ante, in which the 
driving wheels run on a hollow fixed axle. In the form 
shown in Figs. 2, 3, and 4, page 396 ante, in which the 
wheels run on a fixed solid axle, and are driven by 
chains, the sprocket wheel and drum are seen between 
the road-wheels and the springs in the plan. In that 
vehicle the side brakes are of the internal-expanding 
type, applied by a side lever and equalising links at 
R! through which an equal pull is given to the two 
side rods which run backwards to the brake, A 











different form of equalising brake pull is shown in the 
plan, Fig. 13, page 398 ante, in which an we mes hep 
is pulled from the centre by the hand-lever and the two 
side rods actuated by it. In some vehicles an exterior 
brake-band is applied toa drum of the kind shown by 
Figs. 2, 3, and 4, page 396 ante. Fig. 31 (page 417) illus- 
trates the pinion or differential brake acting upon the 
drums H, Fig. 30, and it indicates sufficiently the type 
of foot-brake used with several vehicles. Cast-iron brake- 
drums and brake-blocks are used, and in the example 
shown there is provision for easy adjustment of the blocks 
and their easy replacement when worn. ‘ 

Working Costs.—All the petrol motor-omnibuses dealt 
with in the paper are of the same carrying capacity— 
namely, thirty-four passengers—and hence a nearer 
approach to the actual working costs can be made than 
is the case with motor-wagons, for instance, working in 
different parts of the country in different trades, different 
length of journeys, and different effective proportion of 
journeys, varying loads, and varying terminal and 
stopping-place time losses, working with and without 
trailers, which give rise to great variation in the relation 
between cost of working per vehicle-mile and per load 
ton-mile. 

With the petrol motor-omnibus it is only necessary to 
consider the cost per vehicle-mile. This varies to an 
appreciable degree with different makes of motor- 
omnibuses; but this variation is very small as compared 
with the difference caused by different management, 
Most omnibus owners started operation with the owner- 
ship of little or nothing more than the omnibuses, just 
as though they were only wheelbarrows, and required 
only a gang of labourers to wheel them, and a ganger to 
see that they wheeled them. The owners did not under- 
stand that they were entering upon an engineering under- 
taking with an immense quantity of high-class machinery, 
which would require more constant care and supervision 
than was ever before required for any similar quantity 
of machinery, not even excepting the railway locomotive 
with its requirements of running-shed and engineering 
workshops. 

Having found that the motor-omnibus would run when 
delivered to them, they ran them distances and speeds, 
regardless of the difference between the possible and the 
commercially practicable, or enn. With no repair 
works, and with insufficient and sometimes incompetent 
staff, they ran their omnibuses as many hours as they 
could anyhow be kept on the road, and at destructive 
speeds. In no commercial matter has the adage as to 
the stitch in time saving nine ever proved to be so 
indisputable a fact. The one stitch was seldom made, 
until the disastrous results of its disregard proved that 
the motor-omnibus-using company must fully recognise 
the engineering requirements of the business it enters 
upon. This has caused great increase in the cost of 
maintenance over that which was necessary. 

In the latter part of 1905 and early part of 1906 the 
author estimated the total working expenses of 34.seated 
petrol. motor-omnibuses, working a maximum of 90 miles 
per day, at from 8.79d. to 9d. per omnibus-mile. Since 
then petrol has nearly doubled in price, and the unsatis- 
factory conditions of working have increased the cost of 
repairs and renewals, and the long mileage per day makes 
double shift of both driver and conductor, or three 
drivers and conductors to two omnibuses, necessary. 
Improvements in the matters affecting repairs and 
renewals are, however, being made, and there is every 
probability that this estimate will be fully confirmed by 
all well-managed omnibus services, as it has already been 
confirmed by some. The increased price of petrol and 
the extra cost of double shift and of longer mileage must, 
of course, be added to that estimate. 

The cost of working a petrol moter-omnibus of the 
better makes, under proper conditions and running an 
average of 100 miles per day for 280 days per year, or 
28,000 miles, may now be put as follows :— 


Cost of Working Motor-Omnibuses, 


Pence per 
Mile. 
Depreciation at 20 per cent. .. 1.30 
Driver and conductor .. isi 2.20 
Tyres, percontract .. Es a “ ; 1.75 
Petrol, or fuel of other name, at ?d per gallon .. 1.63 
Oiland grease .. ~ eS és ; ss 0.15 
Renewals and repairs .. * os as 1.30 
Washing, stabling, lighting, and sundries 0.45 
Insurance .. - oe oe ee os ee 0.40 
Supervision, assistants, ticket service and in- 
spcctors, sundries. - os cs os 0.38 
Total working costs .. 9.56 


The average receipts per motor-omnibus mile in London 
exceed 13d. per mile. The difference between receipts 
and the new possible cost of working is thus fully equal 
to the author’s expectations, as stated on Various 
occasions. . 

Conclusion. —No standardisation in motor - omnibus 
construction can be expected for some time. The general 
design of the motor-omnibuses now in use may said 
to have been outlined from two to five years before they 
were developed in detail to the types which began to be 
used two years ago in any number in London. 

The extraordinary mileage, which soon became a pos- 
sibility with them, rapidly accumulated more working 
experience in a short time than has probably been crowded 
into a few months with any other type of road vehicle 
under commercial conditions. The companies started 
running them, the ry wl immediately adopted them in 
preference to the old horse-vehicle, and the companies 
were constrained to keep them on the road in spite of 
the very t difficulties which accompanied continuous 
work and continuous necessity for improvements and 
renewals. The result is now obvious in the great 
advance which has been made in the last year and a 
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half towards a satisfactory vehicle; but the experi- 
ence has been very costly, and on the whole it must 
ba admitted it has proved that even with the finest 
material ever placed in the hands of the mecha- 
nical engineer, larger dimensions and greater surfaces 
are required to contend with the severe work of the 
present double-deck omnibus. Some further improve- 
ments, which will secure durability of parts and fewer 
eee resulting from loosening of parts, will no doubt 
be made ; but endurance of known materials used under 

resent conditions of working and road surface cannot be 
indefinitely extended. Improvement may be looked for 
jn the conduct of traffic that will permit, say, twenty-six 
passenger omnibuses to be run commercially. Then the 
weight of an omnibus may be materially reduced, and fuel 
and oil consumption and wear and tear reduced, and 
these, with a general obser vance of the legal speed limit, 
will together add to the life of an omnibus, to its trust- 
worthiness, and to its commercial efficiency. There are 
now fewer directions in which imagination can point new 
paths of improvement, but there are still sufficient to 
make it unwise to act as though a standard of design and 
construction had been approached. 








INSTITUTION OF ExgctricaL Enoinrrers.—Professor 
J. J. Thomson, D.Sc., Cavendish Professor of Experi- 
mental Physics at Cambridge, and Professor of Physics 
at the Royal Institution, has been elected an honorary 
member of the Institution of Electrical Engineers. 


Be.cian Coat Imports.—The imports of coal into 
Belgium in the first two months of this year were 816,779 
tons, as compared with 897,329 tons in the corres nding 
period of 1906. In these totals the exports from Germany 
figured for 423,473 tons and 444,351 tons respectively ; 
those from France, for 102,619 tons and 194,812 tons re- 
spectively; and those from Great Britain, for 281,632 
tons and 239,178 tons respectively. 








‘*Spzep” Hack-Saws. — The value of a good hack 
saw to an engineering fitter is too well known ton 
proclamation, as are also the annoyance and loss of time 
caused when such a tool is of inferior quality, and fails 
long before it has done even a moderate amount of work. 
To secure hack-saws that can be relied on is, therefore, a 
matter well worth a little trouble, It has been common 
of late to hear American saws of this class spoken of as 
being the only ones really worth using, and many of them 
are no doubt of excellent quality, as we can testify from 
experience, but it is gratifying to know that it is really 
quite unnecessary togo to America for these tools. They 
are made in this country of excellent quality, and 
may be had as cheap, if not cheaper, than the American 
article. We have recently had one of these English-made 
saw blades under trial, with the most satisfactory results. 
It was manufactured by Messrs. Slack, Sellars, and Co., 
Limited, of Sheffield, who make a speciality of these 
saws. A feature of these blades is that the set given to 
the teeth enables the saw to clear itself properly, and 
therefore to save labour ; another — being that the 
blade has a soft, tough back, which prevents breakage. 
The saw is known as the ‘‘Speed.” 


CryLon GOVERNMENT Rattways.—The latest report 
of the Ceylon Government Railways shows that the sum 
availabie for general revenue of the colony as a result of 
the working of the railways for 1905 amounted to 
2,592,175 rupees. This is an increase of 589,374 rupees 
over the results for 1904.’ The increase of gross receipts— 
799,067 rupees—was accompanied by only an increase of 
expenses of 165,866 rupees, the proportion of working 
expenses to gross receipts standing now at 53.73 per cent. 
against 56.69 per cent. of the previous year. The gross 
earnings per train-mile have di by 11 cents to 
5 rupees 58 cents; while the expenditure has decreased 
by 22 cents to 3 rupees per train-mile, leaving the in- 
creased profit of 2 rupees 58 cents, compared with 2 ru 
47 cents per train-mile during the previous year. The 
train mileage amounted to 1,737,300: an increase of 
174,062 above the figures for 1904. It is noticeable that 
locomotive charges show an appreciable decrease of 2.2 
aed cent. By the completion of the northern and other 
ines, 100 miles of railway were added to the system 
during the year, the average miles open during the year 
standing at 5064. The goods traffic shows a net increase 
of nearly 29,000 tons, a falling-off being noticeable in 
traffic of cocoa-nut produce, fruit, vegetables, and other 
commodities, which, however, was more than counter- 
balanced by increases in rice, tea, cacao, and other items. 
The completion of the harbour works resulted in a decrease 
in stone traffic of 24,000 tons. The main line to Jaffa, 
vid Elephant Pass, promises to be very remunerative, and 
large tracts of country yet remain to be developed along 
this route, so that ultimately this portion of the system 
will improve considerably. Recent telegrams from 
Ceylon have referred to delays in undertaking the 
construction of further lines. These, it appears, are 
already sanctioned, and when complete are expected to 
prove of such benefit to trade that the community are 
inclined to be impatient. Two of these pro lines are 
in the tea-planting districts in the southern portion of the 
island, while the third is a branch from the northern 
line running to Mannar, on the coast opposite the Straits 
of Mannar, between Ceylon and India. This scheme 
derives its importance from the fact that it will shorten 
the route taken by coolies coming from Southern India to 
the Oyen plantations, a ferry maintaining communi- 
cation between the island and the continent. It is also 
suggested that, with this line completed, Colombo would 
become the port for much of the Southern Indian trade ; 
but this appears doubtful on account of the transhipping 
of goods which would be necessitated by this route. 








30-TON BREAKDOWN CRANE. 


THE illustration given on page 412 shows a 30-ton 
steam breakdown crane ik tae just been supplied 
by Mesers. Cowans, Sheldon, and Co., Limited, of 
Carlisle, for the Buenos Ayres and Pacific Railway Com- 
pany. It is for use on the ordinary permanent way, 
and before leaving the makers’ works it was satisfac- 
torily tested in all its movements with a load of 37 tons. 

The crane is capable of lifting its maximum load at 
a radius of 17 ft., and 25 tons at a radius of 22 ft. Its 
wheel-base is 21 ft., and it runs on a bogie with two 
pairs of wheels and axles, as well as upon two fixed 
wheels and axles. 

The total weight of the crane in running order is 
60 tons, which gives a weight of 15 tons upon each 
pair of wheels. All the motions are worked through 
clutches from one pair of engines. The gearing is of 
cast steel, and the various stretchers are formed of 
steel platesand angles. This crane is similar in design 
to the 15-ton and 20-ton cranes of which Messrs. 
Cowans, Sheldon, and Co., Limited, have made about 
sixty for various home and foreign railways, and at 
the present time they are making several more of 
30 tons power for home and abroad, the necessity for 
this larger size of crane arising from the increased 
weight of modern engines and rolling-stock, with 
which the lighter cranes are unable to cope. 

These cranes have a very large factor of safety, it 
having been found that in breakdowns cranes are 
seriously overloaded. Indeed, Messrs. Cowans, Shel- 
don possess a photograph showing one of their 15-ton 
cranes lifting a small engine weighing 30 tons, which 
it did safely and without sustaining damage, a fact 
which speaks well for the material and workmanship 
employed in its construction. 








EXPRESS LOCOMOTIVE FOR THE 
SWEDISH STATE RAILWAYS. 

THE express engines, known as type Cec, now in 
use for some years on the Swedish State railways, 
have of late proved too small for working satisfactorily 
the increasing traffic and the ever-heavier trains. More 
power a a contract was given to the firm 
of Messrs. Nydqvist and Holm, Trollhittan, Sweden, 
who have equating constructed the engine which 
we illustrate on page 413. This new express locomo- 
tive has been denoted by Class A, and has proved very 
satisfactory ia its initial trials. 

The engine, it will be seen, is a ten-wheeler, with 
four coupled wheels, and a four-wheeled bogie in front. 
It has a bar frame, constructed of steel castings. The 
boiler centre is high, giving room for a large fire- 
box. It is designed for a working pressure of 170 lb. 
per square inch, and is fitted with a Schmidt super- 
heater. The cylinders are placed inside the frame, 
and have piston-valves operated by the Von Waldegy 
gear. There is, it will be seen, a large smoke-box, 
inside which is fitted a spark-arrester. The engine 
is fitted with the vacuum brake. 

The following table gives the general dimensions of 
the engine :— 

Cylinder diameter 


NEW 


500 mm. eo in, 


Stroke... ‘e ie 600 ,, ny. 
Diameter of bogie-wheels_.. 970 ,, ( 3.18f 
s driving wheels... 1,880 ,, ( 6.19,, 
ia trailing wheels... 1,098 ,, ( 3.61,, 
Rigid wheel-base 43 — ome 
Tol ‘d = co | Gee « Ghat 
Total wheel - base, including 
tender... ioe aaa - 4S » (a7 a 
Boiler diameter a . 1,030 «+, ~(-54l,, 
Distance between tube-plates 4 (15:09 ;, 


,600 ” ” 
..-12kg. (170.61b. p. sq. in.) 


Steam pressure... . 
Tubes os 141 (50 mm. in dia.) 
(1.97 in..in dia.) 
*S 18 (133 mm. in dia.) 


(5.24 in. in dia.) 
Heating surface of fire-box, 
interior a sie ...11.58 sq. m.(124.68q. ft.) 
Heating surface of tubes ...122.3 ,, (1316 ,, ) 
Wace gis’ ea — od pa 
eight on e sin “ 
leading drivers ... 
+ trailing drivers ... 
Weight on trailing axle 
Total weight in running order 
Weight available for adhesion 
” of engine, empty 
Pull on draw-bar oe 


4.60 .,, 


ef BSEees 
waxsse 





INTERESTING MINING IN Servia.—At the instance of 
an enterprising Swedish owner of mines, comprehensive 
researches have been made in Servia with reference to 
mining undertakings. It has been discovered that the 
old Roman silver-mines at Kosmai, close to the city of 
Belgrade, and which were being worked some 1800 years 
ago, have left vast residues of slag, which contain so 
much silver and lead that it will prove remunerative to 
subject them to a second smelting down. It is therefore 
the plan to first work up the old slag, and then commence 
rational mining. The concession also comprises con- 
siderable iron-ore deposits, which are calculated to contain 
some 8,000,000 tons of iron ore, 





MISCELLANEA. 


THe survey has been n for an electric railway from 
Tiflis to Vladikavkas and Beslanovsk, in the Caucasus. 
Although it is estimated that it will cost some 74 millions 
sterling, the success of the enterprise is said tu be assured. 


In connection with the taking over of the Port of 
Lisbon | the Government, which event will take place 
cn May 8, a sum of 337,500/. has been sanctioned for 
expenditure on modern appliances, such as tugs, dcedgera, 
&c., for use on work connected with the port. 


A recent issue of the Straits Settlement Gazette publishes 
the text of an ordinance for the raising of a sum of nearly 
8 millions sterling for expenditure on various works, 
These include a main wharf, m dock and graving- 
dock, in connection with the sane Se Docks, at a 
cost of over 2,000,000/.; Singapore Harbour works, esti- 
mated at 1,264,000/.; and municipal water works for 
Singapore at a cost of 523,187/. 


It has been arranged to hold in St. Petersburg, in 
1908, a British Commercial and Industrial Exhibition, 
with the object of making the Russian public more 
familiar with British industries. It is suggested to 
transfer the Exhibition subsequently to Moscow. Various: 
sections will be assigned to the textile industry, factory 
engines and products, metals and metallurgy, mechanics 
and machinery, electric appliances, ornamental arts, 
education, agriculture, &c. 


The Board of Trade Journal reports that a law has 
recently been published approving of plans, specifications, 
and estimates referring to improvements of the port of 
Belem, Brazil. These were submitted by Mr. P. Farquhar, 
and the plant required for the work will include a hopper- 
dredger of a capacity of 200 cubic metres per hour. The 
cost of the first portion of the undertaking is placed at 
about 2,339,417/., while subsequently work of an estimated 
cost of 1,716,670/. will also be taken in hand. 


Tests of a pneumatic hammer reveal the fact that a 
very slight error of design or adjustment of the valve may 
affect the efficiency of the tool to a very marked degree. 
With a certain hammer, giving 936 blows per minute, the 
piston had a velocity of impact of 38.56 ft. per second at 
the end of the forward stroke. A slight improvement in 
the valve increased the number of blows to 1040 per 
minute, while the velocity of impact at the end of the 
forward stroke was 44.65 ft. per second, resulting, of 
course, in a much more effective blow. 


According to the New York Engineering Ricord, steel 
cross sleepers, filled with a mixture of asphalt and rock, 
are to be tried on the main line of the Pennsylvania Rail- 
road, near Lockport, Pa., where three thousand of them 
are to be installed. In form and size the sleeper is similar 
to the ordinary wooden ones, but it is hollow and is open 
on the bottom side. This steel box is filled with the 
asphalt mixture, and is placed in the track with the steel 
side up, the filling resting directly on the ballast. The 
new sleepers weigh about 700 lb. each, or about three 
times as much as the average wooden sleeper. 


A report was recently published in Die Lokomotive, on 
the working of various forms of rail motor-cars in use on 
the railways of Bohemia. The report deals with: (1) A 
Daimler benzine motor ; (2) a Serpollet steam-car ; (3) two 
Komarek steam-cars ; (4) three electric cars; and (5) an 
ordinary tender locomotive and train. of these, the 
Serpollet and Daimler cars appear to have been quite 
unsuitable for the work, developing as they do onl 
some 25 horse-power. The Komarek steam-cars (whic 
were described and illustrated on pages 318, 319, and 320 
of EnGrineerine, vol. Ixxxii.) develop about 100 horse- 
power in working, and compare most favourably with 
other cars. In working out oe gett working costs, the 
wages of motor-man and guard, lubrication, and lighting 
were included, as well as cost of fuel in case of the petrol 
or steam-cars and locomotive, or of power in the case of 
the electric cars. It was found that the working expenses 
of the-locomotive and train were 1.69 times, and of the 
electric cars 1.72 times that of the Komarek steam-cars. 
In the matter of repairs and renewals the locomotive 
cost 1.95 times, and the electric cars cost 2.12 times the 
Komarek car. Taking all costs together, the locomotive 
worked out at 1.73 times, and the electric cars at 1.78 
times, as expensive to work as the Komarek steam-car. 


Investigations of the figure and size of the earth, which 
have for some time been conducted in the United States 
of America, were not very uf, ago the subject of a 


r read by Mr. John ayford, Inspector of 
Geodetic Work and Chief of the Gomepatin Division, 
Ooast and Geodetic Survey, Washington, D.C. From 


the author’s statements it appears that 507 series of 
astronomic determinations, made at different stations 
and upon continuous triangulation extending from the 
Atlantic to the Pacific and from the Great Lakes 
to the Gulf of Mexico, show that for the United States 
and adjacent areas the assumption sometimes tacitl 

made, that the material composing the earth is suf- 
ficiently rigid to maintain the Continent in position 
in the vertical sense, is not by any means true; and 
what is a close approximation to the truth is, that 
the earth is in a condition called ‘*isostacy.” In other 
words, the United States is not maintained in its position 
above sea-level by the rigidity of the earth, but is really 
floating, because it is com: of material of insufficient 
density. The depth of this material of deficient density 
is supposed to be about 70 miles below the surface. The 
dimensions of the earth, both equatorial and polar, were 
found to be r than they were stated to be by Bessel 
or Clarke, or, indeed, by any other leading investigators, 
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SWITCH -GEAR 





AT ST. ANDREW’S CROSS STATION, GLASGOW. 


CONSTRUCTED BY MESSRS. FERRANTI, LIMITED, ENGINEERS, HOLLINWOOD, LANCASHIRE. 
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(For Description, see Page 405.) 
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Fic. 8. Front View or Operatine-Boarp. 















Fic, 9. Back View or Part or OPERATING-BoaRD, SHOWING FeEpER, INTERCONNECTOR, AND GENERATOR PANEL. 
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REMOTE-CONTROLLED EXTRA-HIGH-TENSION SWITCHG! 
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FRIDAY, MARCH 29, 1907. 
THE GOVERNMENT PATENT BILL. 

Mr. Lioyp-GrorcE is to be complimented upon 
a courageous attempt to improve our Patent Law. 
This effort will be widely appreciated, notwith- 
standing the fact that the measure he has intro- 
duced leaves much to be desired. The points to be 
considered are so numerous as to preclude the 
possibility of adequate treatment within the reason- 
able limits of a single article. We shall therefore 
content ourselves, on the present occasion, with a 
brief notice of some of the main features of the new 
Bill, and shall hope to return to the subject. 

It is proposed that, in the case of an appli- 
cation for a patent for a chemical invention, the 
provisional and complete specifications shall be 
accompanied by such specimens or samples as may be 
prescribed. In many cases this will be tantamount 
to refusal of provisional protection and Letters 
Patent for chemical inventions. Not only so, but 
the provision strikes at the very root of the system 
of granting provisional protection. The object of 
such protection is to enable the inventor to perfect 
his invention by experiments which, although open 
and known, will not constitute such a use or publi- 
cation as will invalidate the Letters Patent to be 
afterwards granted upon his cqpnniiens thus he 
is supposed to be enabled, as the result of experi- 





ence, to adequately describe in his complete speci- 
fication the t manner of performing his inven- 
tion. But the suggested provision would force the 


inventor to run the risk of practising his invention 
whilst still unprotected. This would place the 
British inventor at a disadvantage, because an in- 
ventor applying for a patent in some country belong- 
ing to the international union, in which deposit of 
specimens or samples is not insisted upon, might 
secure a date of priority, thus obtaining protection 
before entering upon the production of the speci- 
mens or samples to be lodged inthe United King- 
dom, with a subsequent application for patent, 
which would date back, under the Convention, to 
the date of the foreign application. In many 
cases the British inventor of limited means would 
be shut out altogether, and thus our Patent Law 
would have the effect of discouraging, instead of 
encouraging, the production of new and useful in- 
ventions, especially those of British origin. 

It is satisfactory to note that there is provision 
for enabling improvements on an invention already 
patented to be protected during the life of the 
original patent, without requiring the patentee to 
pay additional renewal fees beyond those for keep- 
ing alive the original patent. Another satisfactory 
feature of the Bill is the proposal to extend the 
preliminary investigation as to novelty to the 
specifications of earlier applications published after 
the date of the application in respect of which the 
investigation is made. 

Another provision is, in effect, that if the 
examiner reports that the invention described in 
an applicant’s complete specification is not sub- 
stantially the same as that described in his pro- 
visional specification, the Comptroller may, with 
the consent of the applicant, cancel the provisional 
specification, and treat the application as having 
been made on the date at which the complete 
specification was lodged. It would be an improve- 
ment to allow the applicant, should he so desire, 
to adopt the alternative course of limiting his com- 
plete specification to the subject-matter regarded as 
coming within the four corners of his provisional 


| specification, and lodging, as of the date of that 
27 | specification, a new application in respect of the 
| remainder of the subject-matter. 


It is proposed to vary and add to the grounds 
upon which the application for a patent may be 
opposed, so as to admit of opposition on the ground 
that the invention has been described or claimed 


in the complete specification of a prior British 


| application, or that the invention has been pub- 





lished in this country prior to the date the patent 
will bear if granted, or that the nature of the 
invention, or the manner in which it is to be per- 
formed, is not sufficiently or fairly described and 
ascertained in the complete specification. 

Sometimes an applicant neglects or fails to pay 
the sealing fee in time to enable the patent to be 
sealed within the period allowed by the existing 
Act, and the Bill before us provides for an extension 
of time in such cases. It is proposed to empower 
the Comptroller to grant an extension of time for 
payment of a renewal fee, without requiring the 
patentee to allege or prove, as he now has to do, 
the cause of his failure to pay within the prescribed 
time. 

Excepting during the pendency of an action for 
infringement, any person interested is to be at 
liberty to apply in the prescribed manner to the 
Comptroller for an order revoking a pia. on any 
one or more of the grounds on which the granting 
of a patent may be opposed ; and proceedings for 
revocation on any such grounds are not to be 
entertained by any Court, except on an appeal, 
or on an application by the defendant in an action 
for infringement commenced before the — 
to the Comptroller. It is provided that the Comp- 
troller may make an order revoking the patent, or 
requiring the specification to be amended by dis- 
claimer, correction, or explanation, or dismissin 
the application. A patentee is also to be allow 
to offer to surrender his patent, and, if the Comp- 
troller thinks fit, he is to be at liberty to accept 
the offer, and to make an order for the revocation 
of the patent, his decision being subject to appeal 
to the Court. 

The Bill furthermore provides that at any time, 
not less than three years after the granting of a 
patent, any person interested may apply to the 
Comptroller for the revocation of the patent, on 
the ground that the patented article is manufac- 
tured exclusively, or mainly, outside the United 
Kingdom. If, after inquiry, the Comptroller be 
satisfied that the allegations are correct, then 
(subject to international arrangements) unless the 
patentee proves that the patented article is manu- 
factured to an adequate extent in the United 
Kingdom, or gives satisfactory reasons why the 
article is not so manufactured, the Comptroller may 
make an order revoking the patent, either (a) forth- 
with, or (b) after such reasonable interval as may 
be specified in the order, unless in the mean- 
time it is shown to his satisfaction that the 
patented article is manufactured within the United 
Kingdom to an adequate extent. The Comp- 
troller’s decision is to be subject to appeal to the 
Court. This is a matter requiring careful con- 
sideration and cautious treatment. Some authori- 
ties incline to the opinion that an inventor should 
not enjoy an exclusive right to his invention in this 
realm unless it be actually worked here. But an 
enactment to that effect would, in practice, deprive 
of all reward for their ingenuity the large pro- 
portion of inventors whose ability to get their 
inventions worked absolutely depends upon their 
succeeding in securing the co-operation of capi- 
talists. Many valuable improvements have emanated 
from inventors of limi means, and it would be 
highly inexpedient and grossly unjust to treat an 
inventor’s lack of means as a reason for robbing 
him of his invention. 

On the other hand, it is clearly in the interest of 
the community to promote co-operation of inventors 
and capitalists, and it is the protection afforded to 
the former by the Patent Laws which enables such 
co-operation to be brought about. The circum- 
stance that a patented article is being manufactured 
exclusively or mainly outside the United Kingdom 
ought not to be treated as a ground for revocation of 
the British patent, unless the article is being im- 

rted into this country. The aim of our Patent 

ws is to promote our manufacturing industries, 
and this will not be effected by unduly harassing 
inventors, or by rendering their patent rights need- 
lessly uncertain. The abuse to be guarded against 
is the use of the exclusive privileges conferred by 
Letters Patent to secure a monopoly here for articles 
of foreign manufacture. The most effectual way of 
attaining the end in view would probably be to pro- 
vide that a patentee might, on a primd facie case 
being made out at any time after three years, be 
called upon to prove to the satisfaction of the Comp- 
troller(and of the Court, in case of appeal) either that 
the patented article is not being imported into this. 
realm to any appreciable extent ; or, in the con-: 
trary case, that it is being manufactured here to at 
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least an equal extent. That would apply all round, 
whether the patentee be a British subject or an 
alien. And it would be additional to the adequate 
protection of our manufacturing industries which a 
simple and economical compulsory licensing system 
would afford. 

It is proposed that petitions for the grant of a 
compulsory licence, or for the revocation of a 
patent under Section 3 of the Patents Act, 1902, 
shall be referred by the Board of Trade to the 
Court, instead of to the Judicial Committee of the 
Privy Council ; and, in lieu of Sub-Sections (5) and 
(6) of that section, to substitute a sub-section to 
the effect that, for the purposes of the section, the 
reasonable requirements of the public shall not be 
deemed to have been satisfied (a) if, by reason of 
the default of the patentee to manufacture the 

tented article to an adequate extent or to grant 

icences on reasonable terms, any existing industry, 

or the establishment of any new industry in the 
United Kingdom, is unfairly prejudiced, or- the 
demand for the patented article is not reasonably 
met ; or (b) if any trade or industry in the United 
Kingdom is unfairly prejudiced by the conditions 
attached by the patentee to the purchase, hire, or 
use of the patented article. 

We are at a loss to understand why applications 
for compulsory licences should not, like petitions 
for revocation, be dealt with by the Comptroller, 
with appeal to the Court. Inventors have got to 
regard the authorities at the Patent Office as readily 
accessible, and past experience has shown that the 
reference of applications for compulsory licences to 
the Board of Trade has not proved successful. 
Many cases arise, in practice, in which the oppor- 
tunity of applying to the Comptroller for a licence, 
and of having the case heard by an economical 
tribunal possessing technical knowlege, would result 
in bringing about arrangements which would pre- 
vent the introduction of valuable improvements 
being retarded, as it now often is, to the public 
disadvantage. 

In any proceeding before the Comptroller (under 
the principal Act or the new one) the evidence is to 
be given by statutory declaration, in the absence of 
directions to the contrary ; but it is provided that, 
in any case in which the Comptroller thinks it right 
so to do, he may take evidence viva voce, in lieu of, 
or in addition to, evidence by declaration ; also 
that, in case any part of the evidence is taken viva 
voce, the Comptroller shall, in respect of requiring 
the attendance of witnesses and taking evidence on 
oath, be in the same position in all respects as an 
official referee of the Supreme Court. 

Other important provisions are, that the Comp- 
troller shall, in proceedings relating to an opposi- 
tion to the grant of a patent, or toan application for 
the amendment of a specification, or the revocation 
of a patent, have power to award to any party such 
costs as he may consider reasonable, and to direct 
how and by what parties they are to be paid ; and 
that if a party giving notice of opposition to the 
grant of a patent, or to the amendment of a speci- 
fication, or applying to the Comptroller for the 
revocation of a patent, or giving notice of appeal 
from any decision of the Comptroller, neither 
resides nor carries on business in the United King- 
dom, the Comptroller, or, in case of appeal, the 
Law Officer, may require such party to give security 
for costs of the proceedings or appeal, and, in 
default of such security being given, may treat the 
proceedings or appeal as abandoned. 

Where a decision of the Comptroller is subject to 
an appeal to the Court, ora petition may re- 
ferred to the Court, the appeal or reference is, 
subject to, and in accordance with, rules of the 
Supreme Court, to be made to such judge of the 
High Court as the Lord Chancellor may select for 
the purpose, and the decision of that judge is to 
be final. 

The Bill contains many «ther provisions, and 
should be carefully perused and considered by all 
whose interests are affected by the laws relating 
to patents and designs registration. Whilst it falls 
short of what could be desired, it is probably capable 
of conversion into a satisfactory measure. We shall 
return to the subject again on an early occasion. 





THE CORRUGATION OF RAILS. 
Just as every advance in medical science seems 
to be discounted by the discovery of some new 
disease, so does engineering progress appear to be 
constantly dogged by unexpected troubles, im- 
posed, as it were, by the gods lest men should be- 





come too proud. Steel, at once the foundation and 
the crown of modern engineering, has given us 
many of these surprises. If the engineer, how- 
ever, claims credit for the virtues of the steel 
which he prepares, he cannot lay its defects upon 
the gods. It is his duty to assume responsi- 
bility for them equally, and to find some way 
of combating them, or even turning them to 
account. Some of the defects of steel may 
be traced directly to either its composition or 
the methods of its manufacture, for they appear 
before the steel has ever been put towork. Others, 
which only make their presence known after the 
steel has been in use for some time, are not so 
easily allocated. The user naturally blames the 
steel, and the maker equally naturally maintains 
that the treatment it received was responsible. He 
declares it unreasonable to expect any metal to 
stand such conditions, to which the user replies 
that such conditions are met with in practice, and 
steel must be made which will withstand them. In 
any particular case the controversy is perhaps 
rarely settled, yet the attention which the question 
has received all tends to the benefit of both the 
maker and the user of steel. 

One of the most puzzling questions in connection 
with the behaviour of steel is the explanation of 
the corrugations which afflict so many tramway 
tracks. The facts are very simple, and are now 
well known. At some time after the track is laid 
—sometimes after a few months, but more fre- 
quently after three or four years—corrugations 
begin to appear on the surfaces of the rails at 
certain — and naturally make the cars noisy. 
The evil shows a tendency to spread, and, once 
established at any point, it seems incurable ; for if 
the corrugations are ground off, they reappear after 
a short time. As, with the exception of the 
‘troaring” rails on Indian railways, steam-worked 
lines have been almost or entirely free from trouble 
of this kind, and as complaints are not heard from 
the engineers of tube or other electric railways, 
there must be some peculiar condition of tramway 
practice which causes or accentuates the pheno- 
menon. But tramway practice has so many condi- 
tions peculiar to itself that the elimination of all the 
features that may be exonerated by virtue of their 
occurrence in other branches of traction work does 
not appreciably narrow down the problem. 

Broadly speaking, there are three main directions 
in which the reason for the corrugation of tramway 
rails may be sought—namely, the nature of the 
rails themselves, the way they are laid, and the 
kind of rolling-stock which is run on them. In 
every one of these points tramway practice differs 
from steam railway practice. As regards the nature 
of the rolling-stock and its effect on the rails, Mr. 
J. A. Panton, in a paper read last week before the 
Institution of Electrical Engineers, has sought to 
prove that defective rolling-stock is at the bottom 
of the trouble. He holds that corrugations are 
caused by lateral play of the axles in weak trucks, the 
effect being intensified by the unsymmetrical thrust 
of the gear on the axles. With the conditions 
postulated, the axles get skewed in the track, the 
flanges bind in the narrow grooves, and the wheels 
are constantly attempting to climb the rail and 
dropping back again. If this were the only, or 
even the principal, cause, we should expect to find 
some types of truck doing considerably more 
damage than others to the rails. All trucks, of 
whatever make, could hardly be supposed to show 
similar defects. The general opinion of tram- 
way managers, however, seems to be that no 
single type of truck is either better or worse 
than its fellows in this respect. Our contem- 
porary, the Tramway and Railway World, has 
collected the views of over fifty tramway engineers 
and managers, who are practically unanimous upon 
this point. One or two certainly seem to think 
that the design of truck has something to do with 
corrugation, but the great majority entirely ex- 
onerate the truck. Mr. Panton, in his paper, 
= a case in which the overhauling and re- 

tting of the trucks on a certain route diminished 
the corrugations, but the weight of evidence seems 
overwhelmingly in favour of the innocence of the 
= except possibly as an accessory after the 
act. 

The next alternative is some defect in the rails, 
or in the formation of the road-bed. Some engi- 
neers consider that potential corrugations are 
caused by the chatter of the rolling-mills, and 
others hold that rolling the rails at too high a heat 
is primarily to blame. According to the latter 





theory, the web, which naturally cools and takes 
its final form first, is crinkled by the subsequent 
contraction of the top and bottom flanges; but 
exactly how this condition causes corrugation of 
the table after, possibly, years of work, is not very 
clear. It is known that when a rail has once 
begun to show corrugations, the state is incurable, 
and the fault will reappear evenif thecorrugations are 
ground off. On the Sher hand, if a corrugated rail is 
taken up and relaid in another part of the track, 
free from the trouble, the surface will become 
smooth again. The converse also holds, a rail that 
is working perfectly acquiring corrugations if relaid 
in an infected spot. If these statements are gene- 
rally true, it would appear as if the constitution of 
the rails might be eliminated from the problem. 
But even if the rail is not to blame, it is quite a 
tenable proposition that rails might be made which 
would never corrugate even under unfavourable 
circumstances. The composition of tram-rails, laid 
down by the Engineering Standards Committee, is 
said by many experienced engineers to result in too 
soft ametal. From an objection to the composition 
of the steel it is a very easy step to increase the in- 
dictment by assigning the cause of corrugation to too 
great softness of metal. But, as practically every 
make of rail has shown corrugations in one place 
or another, it is not apparent that softness is the 
determining factor. Besides, it is said that the 
‘troaring”’ rails on Indian railways are usually found 
to be of particularly hard material, and it is probable 
that these rails are affected by the same cause that 
gives rise to corrugations on English tram-rails. 

Among the mass of contradictory facts in con- 
nection with the subject it seems fairly well agreed 
that corrugations almost always make their first 
appearance on the outer rails of curves, particularly 
on curves of large radius. On any curve, of course, 
the wheels on one side must slip, but there is no 
primd-facie reason why those on one side should 
slip more than those on the other. Greater weight 
is taken by the outer rail, which by itself should 
tend to prevent slipping; but it is possible that 
the efforts of the flange to climb the outer rail 
allow a sort of spurious slipping to occur. The 
flange is continually commencing to climb, and then 
falling back, and whilst falling the wheel might 
have a chance to jump forward, and allow the axle 
to take its proper position radial to the curve. If 
we assume that it is the outer wheel which slips, 
and that this slipping is the cause of corrugation, 
it has to be explained why the corrugation appears 
first on curves of easy radius, where the slipping 
is not so concentrated. On such curves, however, 
the mean speed is naturally greater, and therefore 
the flange-climbing tendency is more marked, 
which lends colour to the theory that flange- 
climbing has something to do with the question. 

If corrugated rails were confined to curves, and 
always appeared at such places, one perhaps need 
not seek further as to their cause; but many 
systems are entirely free from any sign of corru- 

ation, either on curves or elsewhere. On the 
eicester tramways what corrugations there are 
are confined to straight track, and the trouble is 
more marked on the down rails of gradients than 
on the up ones. The London tramways, on the 
other hand, suffer both on straight and curved 
tracks, but on straight tracks it is the up rails of 
gradients that are most affected. At Portsmouth 
the gradients are entirely free from corrugations, 
although they are found both on curves and on the 
level on this system. At Sheffield the gradients 
are comparatively free, but when corrugation does 
appear on them it is about equal on both tracks. 
At Salford the corrugations are confined to the 
outer rail of curves, though on curved gradients 
the down track suffers most. 

With evidence such as this, drawn practically at 
random from the results of our contemporary’s 
investigations, one can arrive at almost any conclu- 
sion one likes as to the cause of corrugations. Many 

eople believe that it is the road-bed which is at 
fault, but the road does not vary at different points 
of the same track sufficiently to account for the 
facts observed. It is all very well to point out 
that tram-lines are laid on a very much more rigid 
bed than the rails of a railway, but this does not 
prove much. The rolling-stock is different, the 
conditions of running are different, and the rails 
themselves are quite different in form and stiff- 
ness. When all conditions vary, it is not much 
use trying to draw deductions from one point 
of difference. At Liverpool rails have been tried 
laid on concrete, wood, and tar-asphalte, and 
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corrugations appear on all of them. In Mr. Fell’s 
report to the London County Council, after his 
visit to study tramway questions in the States a 
year or two ago, he exonerates both the trucks and 
the road-bed, stating his opinion that increased 
elasticity of the latter has no effect on the trouble. 
Other engineers are equally positive that rigidity 
of the track is the main cause of corrugations. 
Whatever opinion one holds, there is ample 
evidence to justify it, and, on the other hand, it may 
be as amply refuted by other testimony equally 
strong. At present all we can do is to collect 
data in the hope that out of the existing confusion 
an explanation may be found consistent with all 
the facts. 








RUNTGEN, CATHODE, AND POSITIVE 
RAYS. 

TE concluding lecture of his course at the 
Royal Institution, was delivered on Saturday after- 
noon last by Professor J. J. Thomson, F.R.S., of 
Cambridge. In the preceding lecture he had, he 
said, shown that if the cathode of a vacuum-tube 
was perforated, streams of ruddy phosphorescence 
passed through the holes into the dark space behind. 
These streamers, he now pointed out, were merely, 
as indicated in Fig. 1, a continuation through the 
perforated cathode of a similar faye srgee earn 
in front of the latter, named the first cathode 
layer by Goldstein, the discoverer of the phe- 
nomenon. Thespectroscope, he proceeded, showed 
the ruddy glow on the two sides of the cathode to be 
identical in character. These positive rays had 
very different properties from the cathode rays. 
They were not easily deflected by a magnet, 
whilst the cathode rays were. Moreover, when 
a substance was caused to phosphoresce by the 
impact of the cathode rays, the light had in all 
cases a continuous spectrum; bombardment by 
the positive rays, on the other hand, gave a line 
spectrum, the lines present depending on the nature 
of the substance struck. ithium chloride, he 
showed, phosphoresced a bright red when struck 
by the positive rays, and the spectrum under these 
conditions showed the lithium lines. Acted on by 
the cathode rays it phosphoresced a steely blue, and 
the spectrum proved continuous. These positive 
rays, he proceeded, might afford very considerable 
help in solving some problems connected with the 
emission of light. One very suggestive fact about 
them was that they produced the spectral lines only 
when they struck salts of the metals. Thus pure 
sodium or pure potassium, if bombarded, gave nolines 
in the spectrum, but the salts of the same metals simi- 
larly treated gave the lines very strongly. This, he 
proceeded, was well shown in the case of the liquid 
alloy of potassium and sodium. This alloy always con- 
tained specks of oxide, and if the rays were directed 
into a pool of it, these specks shone out as bright 
yellow stars on a dark background, and yielded the 
sodium lines in the spectroscope. This fact was, 
he considered, very suggestive as to the origin of 
the lines on the spectrum. 

This property of the rays—of producing lumi- 
nosity in the places they struck—made it possible, 
he continued, to follow the course of the rays in a 
discharge-tube, and to detect their deflection under 
the action of electrostatic and magnetic fields. 
Wien was the first to show that these rays con- 
sisted of positively electrified particles moving at 
considerable velocities, which he determined on the 
same plan as that already described in a previous 
lecture, by which the velocity of the cathode rays was 
measured, The deflection of the rays under electric 
and magnetic forces could, Professor Thomson con- 
tinued, be shown by the apparatus represented in 
Fig. 2. Here the cathode A consisted of a fine 
tube, the nozzle of a hypodermic syringe being con- 
veniently used for this purpose. The positive rays 
passing through this cathode struck the end of the 
glass tube at E, which was coated with willemite, 
and made a spot of light. On their way they 
passed between two plates D, which could be 
oppositely electrified, and a magnetic field could 
also be established across the line of their path. 
The plate B was a shield of soft iron to prevent 
the influence of the magnetic field extending to the 
left of it. With not very low pressures in the in- 
terior of the apparatus, the spot, Professor Thom- 
son said, was not so much deflected by the elec- 
trical or magnetic fields, as drawn out in the fashion 
represented in Fig. 3, which represented the pheno- 
mena observed when air was the gas traversed 
by the rays. Here the round spot represented 


the spot of light produced when there was no 
deflection of the rays. The vertically - hatched 
extension showed how this spot was drawn out 
when the electrical field alone was in action, and 
the short branch on the left showed in the same 
way the drawing out of the spot when the magnetic 
field only was present. The cross-hatched patch, 
on the other hand, showed the band produced when 
both fields were simultaneously in action. A faint | 
luminosity was, moreover, observed below the | 
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original spot ; and the direction in which this was 
deflected indicated that it was due to negatively 
electrified particles. 


Calculating the iatio ° in the manner explained 
m 


in a previous lecture, from the deflection observed 
under the action of both fields, it appeared that 
this ratio for the left-hand boundary of the cross- 
hatched strip turned out to be 10', or the same 
as hydrogen. Under all conditions of the experi- 
ment this ratio was obtained for the boundary of 
this strip, but all ratios between this maximum 
value and zero were simultaneously present. Wien, 
who first observed this, ascribed it to the forma- 
tion of complex systems round the moving posi- 
tively-charged particles, acting as nuclei, which thus 
got loaded up on their path. it appeared, however, 








that in order to reconcile this theory with experi- 


ment the amount of loading required would be in the 
ratio of 10,000 molecules to one itive particle. 
Hence it was difficult to accept this view, and Pro- 
fessor Thomson suggested that the discovery of the 
negative tail, indicated in Fig. 3, led to the true 
explanation of what occurred when positive particles 
made their way through a ey might, he 
considered, easily attach to themselves one of the 
light negative particles, and would not then be 
acted on by the eld, and hence the final deflection 
would be reduced. Since the mass of the negative 
particles was small, their attachment to the positive 
particle would not appreciably alter the velocity 
with which the latter moved. e deflection shown 
by the spot of phosphorescence was thus an indica- 
tion of how far the positive particle had moved 
before it was neutralised. The negative tail was 
produced by the corpuscles shot out of the residual 
air by the impact of the positive particles. 


The ratio © came out, Professor Thomson pro- 
m 


ceeded, equal to that of the hydrogen atom in 
electrolysis. There was no indication in the 
bands of the presence of nitrogen or oxygen, 
and yet hydrogen had been very carefully re- 
moved. When a similar experiment was tried 
with hydrogen in the discharge - tube, the spot 
was spread out into bands, as indicated in Fig. 4. 


Here the ratio © for the cross-hatched band was 


m 

10‘, and for the other band about half this, corres- 
ponding to either the hydrogen molecule or to the 
a particle from radioactive bodies. These were the 
only ratios to be found. With helium somewhat 
similar deflection bands were shown, one of which 


corresponded to aratio £ = } x 10‘, equivalent, 
m 


therefore, to the helium molecule. The results in- 
dicated in Figs. 3and 4 were all obtained with not very 
low pressures in the discharge-tube. When, how- 
ever, the discharge took place through exceedingly 
high vacua, the spot was deflected, as indicated in 
Fig. 5, which represented the case of helium. 


Here the ratio © for the upper of the left-hand 
m 


lobes was 10‘, and for the one below it one-half 
this, and there was no indication of the presence 
of particles with a ratio of { x 10'. 

At very low pressures the two ratios of 10‘ and half 
thisquantity alone were observed, no matter what the 
residual gas. It might, of course, be suggested that 
in each case one and the same gas was really con- 
cerned, being occluded from the walls and electrodes, 
hence the identity of the results obtained ; but Pro- 
fessor Thomson said that he did not think that this 
thesis could be maintaincd. In the first place the gas 
occluded from the electrodes was not entirely hy- 
drogen, strong bands of nitrogen being visible in it 
when examined spectroscopically. Nor could the 
phenomenon beaccounted for by theintroduction into 
the tube of hydrogen and helium. Indeed, no matter 


what the precautions taken, these two values of | 
m 


only were obtained, whatever the nature of the gas, 
rovided the electrical field used was very intense. 
t appeared, therefore, that under strong electric 
fields all gases gave off the same two kinds of 


electric carriers, one having a ratio “ =10*, and the 
m 


other half this, The same uniformity was not, how- 
ever, obtained when weak fields were used. The 
velocity of the particles could also be measured 
from the deflections of the phosphorescent spot 
under the action of the fields, and this proved 
to be of the order of 600 miles per second. They 
were, therefore, moving very rapidly. Starke 
had observed the discharge in the spectroscope and 
proved the existence of a Doppler effect, the spec- 
tral lines being displaced in the same way as those 
of the spectrum of a star moving radially to the 
observer. The speed of the particles calculated 
from this displacement agreed with that deter- 
mined by the electro-magnetic measurements. 
The matter had been further examined last year, 
at the Cavendish Laboratory, by Professor Howe, 
who got very clearly-marked Doppler effects in the 
case of hydrogen, but with helium and mercury 
vapour got no such effect at all. In hydrogen, on 
the other hand, the Doppler effect was so marked 
that even rough instruments served to measure it, 
whilst with He and Hg the most refined ‘‘ interfer- 
ence” methods failed to show any displaccment of 
the spectral lines, though they should have sutficed 
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to detect velocities of but 60 metres per second. 
There was, therefore, a certain amount of mystery 
about the action of the positive rays, and were this 
solved we should, he thought, have got far into a 
knowledge of the mechanism by which bright lines 
were produced in the spectrum. 

An interesting property of the positive rays, Pro- 
fessor Thomson continued, was that if they struck 
against a metal-plate, such as C, Fig. 6, they caused 
the emission of cathode rays. In the vacuum tube 
they struck in this way the cathode, and thus enabled 
the cathode rays to start. This property of the 
positive rays was, he proceeded, essential to the 
maintenance of the discharge through such a tube. 

Coming next to the a particles emitted from 
radioactive bodies, Rutherford had shown that the 
ratio © was in this case 4 x 10‘, or the same as 
v 
one of the two values always observed in the case of 
the positive rays produced in a gas at a very low 
pressure. These a particles had, however, some in- 
teresting Ss not possessed by the kanal- 
strahlen. If negative particles or Réntgen rays were 

ed through absorbing materials, the intensity 
is to diminish at once. Bragg and Kleeman had 
shown, however, that if the intensity of the a rays 
was measured by their powers of producing phos- 
phorescence or ionisation, there was at first no 
diminution of this intensity. Thus, if a phos- 
phorescing screen were held in the path of a narrow 
pencil of these rays, there was actually a slight 
increase in the brightness of the phosphorescence, 
as the distance of the screen from the radium 
was increased from 0 up to about 4 centimetres ; 
but, then, on still further increasing the dis- 
tance, the light disappeared suddenly and entirely. 
Hence the a particles were said to have a certain 
range which varied with the substance from which 
they originated. Early experimenters on the ab- 
sorption of a rays had failed to note this pro- 
perty owing to working with the rays emitted 
rom a large extent of surface in place of with 
narrow pencils. Whilst, as stated, there was at 
first no diminution of the intensity of the rays as 
measured by their powers of producing ionisations, 
this was not true of their other properties. Their 
velocity in particular steadily diminished from the 
outset. Rutherford had shown that the a panticles 
from radium lost their power of producing phos- 
phoresence when their velocity fell to 60 per cent. 
of its original value, which was one-twentieth that 
of light. When these rays ceased to ionise, they 
still had, therefore, a velocity much in excess of 
the most rapid kanal-strahlen it was possible to 
obtain, and the latter, nevertheless, did cause 
bright phosphorescence. 

There were two suppositions on which it was 
possible to reconcile the different behaviour of the 
positive particles in the two cases. In the first 
place, it was possible that the « particles when 
travelling through the air attracted to themselves 
negative particles, and when their velocity fell below 
a certain limit, were unable to get away from these 
negative particles, and were thus neutralised. In 
the’ sécond place, phosphorescence and ionisation 
might be cumulative effects, and if impacts suc- 
ceeded each other sufficiently rapidly, the effect 
of one collision might last till a second occurred, so 
that. if repeated in rapid succession, the impacts 
might produce phosphorescence, though the indivi- 
dual effect of each was small. With the a particles, 
which were less in number than the particles in 
the discharge-tube, each had to act on its own 
account, and hence might require a lot of energy 
to effect ionisation. 

Positive rays of a different kind had, he proceeded, 
been detected by Professor Beattie, who found that 
certain salts, when heated, gave a discharge of posi- 
tive electricity. The matter had been further in- 
vestigated at the Cavendish Laboratory, and it was 
found that the amount dependec on the nature of the 
salt, the best results being obtained with alumi- 
nium phosphate, from which a discharge could be 
obtained sufficient to deflect a not very sensitive 
galvanometer. Where an electric discharge was 
produced by heating, its character depended, it 
was found, on the nature of the salts. ith oxides 
the discharge was always negative, and with phos- 

hates always positive. On the other hand, oxides, 
if rubbed, became positively charged, and phos- 
hates negative, so that rubbing and heat might 
be considered to have the same effect on removing 
the outer coating of the hypothetical ‘‘ double 
layer ” covering the salts. 





In conclusion, Professor Thomson remarked that 


itive 


a further investigation of the properties of 
opeful 


rays in general appeared now the most 
field for future research. 





RIVER POLLUTION AND SELF- 
PURIFICATION. 

Tue subject of river pollution is one which is 
ever prominent, and with the continued growth of 
towns and the increase of manufactories fresh causes 
of complaint and contention are constantly arising. 
The difficulty in dealing with the whole matter 
arises from the fact that the party causing the 
nuisance and the party suffering therefrom have, to 

ut it briefly, opposing interests. On the one 

nd, one body wishes to dispose of its sewage or 
refuse as cheaply as possible, while, to the other, 
water of a certain purity is absolutely n 
for town supply, watering of stock, factory, or 
other uses. tt is, of course, a matter of prime im- 
portance that riparian rights should be respected, 
and that no party be permitted to render the use 
of the waters of a stream unfit for any reasonable 
purpose by other parties having similar rights. As 
time goes on, pollution of streams by sewage 
proper is being more and more efliciently dealt 
with, schemes being adopted whereby efforts 
are made to allow of only harmless effluents in 
the end reaching the streams and rivers whose 
waters, lower down in their course, are made use 
of by other parties. Inthe matter of trade wastes, 
however, pollution is frequently probable for many 
reasons, among which may be the disinclination 
of manufacturers to adopt costly systems of puri- 
fication unless compelled to do so by Court; or, 
perhaps, from the fact that the advance of science 
traces pollution to hitherto unsuspected sources. 

At the same time the advance of science, besides 
pointing out the sources of pollution, often enables 
them to be dealt with in a profitable manner. For 
instance, a report recently issued by the United 
States Geological Survey Bureau instances a case 
of river pollution by acid iron-wastes from the 
works of the Shelby Steel-Tube Company’s Works, 
Shelby, Ohio. This trade waste was residue from 
the pickling necessary in the galvanising process, 
and consisted of iron sulphates, together with 
impurities of various kinds. The action on the 
stream was remarkable. It produced in the waters 
a reddish turbid discoloration, causing death 
to fish, and impairing the usefulness of the water 
for many purposes. Litigation, following on this 
state of affairs, led to the waste being turned into 
the town sewers, with rather peculiar results. Its 
addition to domestic sewage changed this into a 
highly acid liquid, reduced the effect of the sludge 
basin, and resulted in rapid deterioration of every 
part of the disposal plant ;-it was found to interfere 
with bacteriological action,-and rendered the effluent 
unfit to enter any but a lafge stream, on account of 
the iron sulphates. In order to improve these 
conditions, and at the same time to improve 
the economy of the pickling plant, a copperas 
recovery plant has now been erected at the tube 
works. ‘This, by a process of evaporation and 
crystallisation, results in the production of market- 
able copperas. With this admittedly experimental 
apparatus the objectionable etfects on the sewage 
are said to be reduced about 60 per cent. It is 
expected that when the plant has been perfected it 
will be even more profitable than now, and that the 
present troubles, both at the sewage-disposal plant 
and in the stream, will be practically eliminated. 

Careful study of the question of stream pollution 
has, in another part of Ohio, also lead to turning 
to profit refuse and waste, which before was a cause 
of considerable trouble to owners of riparian rights. 
In this case the offence was caused by the dis- 
charge, into the east branch of the Little Miami 
River, of corn and rye my from a distillery, 
together with liquid manure from cattle-pens near 
by. The effect of this, the dilution by the stream 
water being in the proportion of 1 in 150, was to 
turn the stream yellow for a mile or so of 
its course, after which it gradually assumed a 
dark murky appearance for about six miles. A 
slimy sediment was noticeable on the banks of the 
stream. At the point of discharge, Lynchburg, 
this was heavy and yellow in colour, but it gradually 
diminished in quantity, turning at the same time 
to a dark brown, until a point was reached about 
seven miles down thestream. Here it disappeared, 
and the stream waters resumed conditions similar 
to those prevailing above the distillery. This 





cause of pollution was eliminated by dealing with 
the corn and rye slops by evaporation, and by 
abolishing the cattle-pens, which were only present 
for the reason that the feeding of cattle with the 
slops was thought to be the best way of disposing 
of this waste matter. The evaporative process 
produces a distillate which can be used over again 
in one of the stages of distilling, while the solids, 
treated in a filter-press, dried, and broken up, 
form a food for cattle of a far greater market value 
than that of the original slops. 

Under the old conditions of pollution the solids 
contained in the stream were found, at three miles 
below the point of discharge, to be reduced to nearly 
the same quantities as in the stream above the 
distillery. The stream consists of a number of 
deep pools and shallow rapids, and is eminently 
suited to natural purification. The pools act as 
septic tanks, and the rapids provide a quick means 
of restoring to the water the oxygen absorbed above 
by the putrifying organic matter. The avidity for 
oxygen appeared to be satisfied in about the 3 miles 
already mentioned. Dissolved oxygen, which fell 
at once to a very low figure at the point of dis- 
charge, decreased in quantity to the end of the 
3 miles, after which point the water began to 
recover itself, and was almost normal again at a 
point 6 miles still further on, or 9 miles from the 

int of discharge. The amount of free ammonia 
in the water at once rose at the point of discharge, 
and continued to increase down to the 3-mile point, 
after which it diminished gradually in quantity, 
and was probably normal a little below the 9-mile 
point above mentioned. Thus the septic process 
was practically complete at some point about 
3 miles down the stream’s course, below the point 
of discharge, the water being here, according to the 
report, similar in character to the dilute effluent of 
a septic tank. 

The subject of self-purification of rivers has 
for some years been under investigation by 
Professor C. Weigelt, of Berlin, his investiga- 
tions comprising both a study of actual pollutions 
and experiments on the distribution of the liquids 
entering flowing water from conduits under different 
conditions. Some of these experiments are very 
interesting. His conclusions that flowing waters 
have a high recuperative, self-purifying power 
agree with those of other experts, and have 
recently been confirmed by the biological re- 
searches of Professor Lauterborn. Professor Lau- 
terborn, of the German Board of Health, has 
studied the fauna and flora of the Rhine and its 
tributaries. The current of the Rhine is mostly so 
rapid that the bottom is practically devoid of 
plankton—i.e., floating organisms. In other parts 
where the current is too swift to allow lower 
animals to find sufficient food, alge, fungus, and 
other forms of plant-life can thrive ; and these, it 
appears, are indispensable for the self-purification 
of the polluted water. But the breeding-grounds, 
so to speak, of these alge are the more or less 
stagnant bays or lake-like expansions of the 
river; and it would follow that a river which 
high-class regularisation. has converted. into a 
shipping canal, lined with stone embankments, 
could no longer bear any pollution by refuse 
water. Near Speyer, for instance, sewage is 
discharged into the Rhine, but not. in the crude 
state; the contamination can hardly be traced 
50 metres lower down. At Ludwigshafen the 
Badische Anilin und Sodafabrik sends through six 
conduits every second 870 litres (about 200 gallons) 
of coloured refuse water inte the Rhine ; the colour 
is still perceptible three miles below, but the fauna 
has become nearly normal again 60 metres below 
the point of discharge. The poisonous refuse water 
from some eresol works kill all life near the outlet; 
but 6 metres below life begins to reappear again. 
On the other hand, the off-flow from some cel- 
lulose works does not do any appreciable harm. 
The river-bank fauna and flora help materially in 
this purification process, and in some cases certain 
bivalves rmarseie ls seem tv render good service. 

The great number ef cases studied leaves little 
doubt that a river can bear a good deal of 
contamination without becoming a sewer. But 
the presence of the respective plants which 
exhale oxygen is necessary, and we must, there- 
fore, not go too far in our endeavours to 
keep river water clear of plant life. Moreover, 
wherever fishing is to remain remunerative, plants 
must be tolerated to a certain extent, as they are 
the abodes of the smaller animals on which the fish 
live. Quiet bights should then not be interfered 
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with, so that the plant life of the river may be re- 
plenished; though alge must not, of course, be 
allowed to become a nuisance. As regards the part 
of the river at which refuse water should be intro- 
duced, opinions and authorities differ. In some 
districts on the Rhine the authorities insist upon 
having the outlet of the conduit in the river bottom, 
at least 20 metres from the banks. The immediate 
destruction is then confined to those portions in 
which but little harm can be done, and the banks 
are neither disfigured nor rendered ineffective in 
the way indicated. Other authorities prefer to 
have the outlet on the bank. The bank will suffer, 
but the authorities can then always convince them- 
selves as to whether the rules they have laid down 
are being observed. The manufacturers naturally 
prefer the latter arrangement, as being the less 
expensive. 





NOTES. 
A Two-CentuRY SHIPBUILDING PARALLEL. 

In connection with the Maritime Exhibition at 
Bordeaux, a writer in the Journal des Débats refers 
with satisfaction to the exhibits arranged by Nor- 
mand, of Havre, and the Scotts, of Greenock, as 
they promise to be of exceptional interest. The 
writer in question traces a parallel between the 
two industrial concerns, the one founded by the 
Scotts, of Greenock, in 1711, and the other by 
the Normands, of Havre, in 1688. The resem- 
blance is further remarkable that in both instances 
there has been direct descent through the male line, 
the present chairman of the Scotch Company, Mr. 
Charles Cunningham Scott, being the sixth descen- 
dant, while the head of the Havre establishment 
is the seventh descendant of the original founder, 
and the fourth Augustin Normand. Both firms were 
first concerned with the construction of fishing 
craft, and later of yachts, while still more re- 
cently they have been responsible for large mer- 
chant and naval work. The Scotts will exhibit 
a model of the frigate named the Prince of 
Wales, built by them in 1805. Much might be 
written to show the progress of the century by a 
comparison, for instance, with the battleship 
Prince of Wales, the machinery for which was 
supplied by the same firm ; but the story has been 
often told, and we are glad that it will be so 
appropriately illustrated at Bordeaux. The Nor- 
mands are exhibiting the Notre Dame de Bons 
Secours, which was built in 1785, and the Corsica, 
built for the French Navy in 1842 under the name 
of Napoleon, and still serving a useful, although 
humble, function in the French fleet. The modern 
craft will include many of the high-speed torpedo- 
boats and destroyers, with which the Havre firm 
have been so successfully identified. Further 
interest is created in the parallel by reason of the 
fact that the Scotts, in association with French 
engineers, founded a building yard at St. Nazaire 
in 1860, and there built many vessels for the 
French Transatlantic Company. 


THe CHANNEL TUNNEL, 


Few of our readers will feel much regret at the 
announcement that the Channel Tunnel Bill has 
been definitely withdrawn, in consequence of the 
opposition of the Ministry, which was proclaimed 
by Sir Henry Campbell-Bannerman last week. 
The reasons given for this hostile attitude appear 
conclusive. The Prime Minister laid stress mainly 
upon what we believe is an unquestionable fact, that 
the existence of the tunnel, whatever the military 
precautions taken, would give rise to periodical 
panics, leading to heavy expenditure in the matter 
of fortifications and the like, which would otherwise 
be avoidable. Could it be shown that commerce 
would benefit in an equivalent degree by the con- 
struction of the Channel Tunnel, it might prove 
profitable to make the tunnel, and face the addi- 
tional military expenditure which it is certain would 
be its inevitable sequel: But this has not been 
shown, and there is no reason to believe that 
the tunnel would be successful commercially. A 
careful estimate of the possible amount of traffic 
appeared in the Times of last Monday’s date. 
Assuming that the tunnel reaped the whole of the 
French traffic now entering Dover, Folkestone, 
and Newhaven, it ap that, even so, the quan- 
tity imported through it would only be 231,400 
tons, whilst the amount exported would be 
but 54,200 tons. The revenue received, taking 
the maximum British mileage rates, would be 
65,200). per annum. Obviously the tunnel could 





not expect to secure the whole of the tonnage now 
entering the ports named by sea. As our exports 
to France are principally heavy goods, manu- 
factured mainly in the North, these would cer- 
tainly continue to be exported by sea. On the 
other hand, no doubt the tunnel would develop to a 
limited extent a new traffic in perishable commodi- 
ties. Whilst there seems little doubt that, from the 
national standpoint, the construction of the tunnel 
would be an unremunerative procedure, there can 
be no question that the original promoters were 
somewhat badly treated. The first company was 
formed in 1875, after the British Government had 
officially stated that it had ‘‘no objection in 
principle” to the undertaking ; and it was only after 
the spending of large sums in preliminary works 
that Parliament, in 1883, declared the construction 
inexpedient. 


Tue Ratsinec or THE Assovuan Dam. 

From Egypt comes the interesting announcement 

that the level of the Assouan Dam is to be raised 
another 23 ft. above its present level, which, it will 
be remembered, was fixed in deference to the 
clamour of tourists and archeologists that nothing 
should be done which would rob them of the 
attractions offered by the ruins of Phile. In 
essence this demand differed little from a request 
that the Fellaheen should be heavily taxed for 
their benefit. The cost of the structure as erected 
was 3,250,000/., and the quantity of water im- 
pounded was 35 milliards of cubic feet. It was 
estimated that at a cost of an additional 750,0001. 
double the quantity of water could have been 
impounded, and this extra supply would have been 
worth 10} millions per annum. Very fortunately, 
the design of the dam was entrusted to Sir William 
Willcocks, who recognised the probability that 
Egypt would not permanently assent to the neg- 
lect of her material interests for the sole benefit 
of the archzeologist and the tourist. He, therefore, 
fashioned the dam with a base broad enough to permit 
of its being safely raised in the manner nowdecided 
on. This question of increasing the quantity of water 
impounded was, it will be remembered, broached 
some two years ago, but postponed partly to get 
further experience as to the possibility of prevent- 
ing the serious erosion then in progress on the 
down-stream side of the structure, and partly 
owing to the disquietude occasioned by the evidence 
advanced by Messrs. Atcherley and Pearson that 
dangerous tensions might exist on the base of 
the structure. Model experiments since made 
have, we believe, indicated that in the actual con- 
ditions of practice the particular distribution of 
stress assumed in the investigation in question does 
not obtain, and theoretical grounds for this result 
were shown by Professor Unwin in an article 
ublished in our issue of June 30, 1905. We note, 
owever, that, according to the Times’ telegram 
announcing the decision of the Egyptian authori- 
ties, the cost of the proposed increase in the height 
of the dam is placed at 1,500,000/., or double 
the sum estimated as necessary by Sir William 
Willcocks in 1901; so that it is ible some 
steps are to be taken to further strengthen the 
dam whilst the work of raising its crest is in pro- 
gress. 


Tue Sream-TuRBINE. 


The steam-turbine was so little appreciated on 
its first introduction that, as will be remembered, 
the Hon. C. A. Parsons obtained an extension of 
his patent, as it was proved that he had utterly 
failed to reap any adequate return from his re- 
markable invention during the fourteen years 
which, as a rule, is the limit to the life of a British 
patent. At length, largely in consequence of the 
enterprise of Mr. Lindley in ordering a 1000- 
kilowatt machine for Elberfeld, engineers in general 
began to recognise that the steam-turbine had 
distinct claims to be recognised as a danger- 
ous rival to the ordinary reciprocating steam - 
engine, and since then the inventor has had many 
solid pecuniary reasons for satisfaction. From 
figures given in a paper read recently before 
the North-East Coast Institution of Engineers 
and Shipbuilders, by Mr. Parsons, in conjunc- 
tion with Mr. R. J. Walker, it appears that, 
including the work done by licencees, the Parsons 
turbines supplied fur land purposes have an aggre- 
gate output of over 2,000,000 horse-power, whilst 
turbines rated at 385,000 horse-power more are 
already at work in propelling steamships. One of 
these boats, the King Edward, has now run 107,700 





miles since first commissioned in 1901. Mr. 
Parsons, in conjunction with one or other of his 
different coadjutors, has contributed many papers 
on the steam - turbine to the ings of 
our different engineering societies, but has, so 
far, failed to give any account of the work of 
those early years of stress and strain in which 
he was gradually establishing, step by step, the 
essential features of his turbine as we now know it. 
There is no doubt something dramatic in his 
method of showing us the completed structure, 
so to speak, free from the network of scaf- 
folding employed in its erection ; but it is to be 
hoped for the credit of the British engineer that an 
adequate history of these fascinating years of de- 
velopment will not be much longer delayed, or the 
principal results then obtained will be independently 
established by other experimenters, who, having 
priority of publication, will have a ised right 
to take the whole of the credit. This already 
happened in regard to the matter of high-speed 
bearings, which formed the subject of a very 
extensive research by Mr. Parsons some years ago, 
but all the information available to the engineering 
ublic at e is obtainable almost wholly from the 
ater work of Dr. Lasche, whose most skilfully con- 
ducted and very comprehensive investigation was 
fully described in Traction anD TRANSMISSION for 
January, 1903. 





MOORINGS FOR THE CUNARD S&S. 

‘* MAURETANIA” AND ‘“ LUSITANIA.” 
THE moorings for the two new Cunard steamshi: 
Mauretania and Lusitania re being constructed y 
Messrs. Brown, Lenox, and Co., Pontypridd, Sout 

Wales. It will be remembered that some time 

we gave an illustration of the cables for these me 
(ENGINEERING, vol. lxxx., page 842). These were made 
of 3§-in. iron, while the common links of the mooring 
chains, an illustration of which we give herewith, are 
of 4}-in. iron. The illustration gives a fair idea of 
the great size of these moorings, which will weigh 














altogether about 200 tons. Patent Lenox mooring- 
anchors weighing 12 tons apiece will be used. The 
four bridle cenias are 720 ft. an and the main chains 
are made up of square links, each about 4 ft. long and 
weighing 4 cwt. apiece. The swivel connection shown 
in the figure weighs 4485 lb., and each shackle weighs 
711 Ib. The links of the buoy pendant are of 4}-in. 
iron, and weigh 243 lb. apiece, while the end links, 
weighing each 336 lb., are of 5g-in. material. This con- 
stitutes the heaviest work ever done in the chain- 
making industry, in which Messrs. Brown, Lenox, 
and Co, have a fairly long record for large work, hav- 
ing, among other contracts, supplied the cables for 
the Great Eastern in 1855. 





PeRsoNAL.—We are informed that Messrs. Ernest 
Scott and Mountain, Limited, Newcastle-on-Tyne, will 
shortly o a London office at 49, Queen Victoria —, 
E.C. Their manager at this office will be Mr. R. H 

ie.—Mr. G. C. Workman, agent for the Coignet 
System of Armoured Concrete, informs us of a a in 
his address—namely, from 43, Chancery-lane, W.C., to 
20, Victoria-street, 8,W. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Th ay m the 
pig-iron market was very quiet but firm, and the busi- 
ness only amounted to 1 tons of Cleveland warrants 
at 54s. =. cash and 54s. 8d. twenty-five days. At the 
close sellers quoted 54s. . cash, 543. 94d. one month, 
and 55s. 44d. three months. In the afternoon Cleveland war- 
rants were rather stronger, but the dealings were again 
small, 2500 tons covering the lot. The transactions were at 
54s. 5d. and 54s. 64d. cash, and 54s. 104d. one month, with 
closing sellers at 54s. 6d. cash, 54s. 104d. one month, and 
553. 6d. three months. Hematite was stronger with buyers 
at 72s. cash and 72s. 6d. one month, while sellers wanted 
3d. more in each case. On Friday morning the market 
opened easier, and the business was confined to about 
9000 tons of Cleveland warrants at 54s. 24d., 54s. 3d., and 
54s. 2d. cash ; 54s. 8d., 54a. 84. and 54s. 7d. one month. 
At the close sellers quoted 54s. 3d. cash and 54s. 74d. 
one month. In the afternoon the tone was the turn 
easier, and Cleveland warrants were done at 54s. 14d. 
and 54s, 2d. cash ; 54s. 6d., 543. 74d., and 54s. . one 
month, and the closing quotations were 54s. 24d. cash 
and 54s, 7d. one month sellers. The turnover was 5000 
tons, and included one lot of hematite at 72s. 74d. one 
month, with buyers over at that figure. On Monday 
morning the market was very weak, and Cleveland 
warrants, after being done at 54s. cash, dropped to 
5633. 6d. cash, while the forward business was at 54s., 
533. 104d., 54s, O4d., and 53s. 11d. one month, 54s. 6d. 
and 54s, 5d. May 21, and 54s. 4d. May 31. The turnover 
was good, amounting to about 20,000 tons, and the —__ 
quotations were 53s. 7d. cash and 53s. 11d. one mont 
sellers. Hematite was quoted much easier at 71s. 74d. 
cash and 72s. one month sellers. In the afternoon the 
weakness continued, and 9000 tons of Cleveland warrants 
chan hands at 53s. 34d. and 53s. 44d. cash, 53s. 9d. 
and 53s. 8d. one month, and 54s. 3d. three months. The 
ones priees showed.a firming tendency, with sellers at 
53s. 5d. cash and 53s. 94d. one month. There were buyers 
of hematite at 71s. cash, but no dealing took place. When 
the market opened to-day (Tuesday) the tone was still flat 
and the business only amounted to 6000 tons of Clev 
warrants at 53s. 5d. and 533. 3d. cash, 53s. 3d. seven days, 
and 53s. 8d. and 53s. 6d. one month. The close was 
easier, with sellers at 53s. 14d. cash and 533. 6d. one 
month. In the afternoon weakness in prevailed, and 
cash warrants fell from 53s. to 523. 10d., while forward 
warrants were done at 53s. 4d., 533. 44d., and 53s. 2d. 
one month, and at 53s. 3d. twenty days. The dealings 
were confined to 6000 tons of Cleveland warrants, and the 
closing quotations were 523. 104d. cash and 53s. >< one 
month sellers, Hematite was not quoted. The follow- 
a 2 are the market quotations for makers’ (No. 1) iron: 
—Clyde, 73s. ; Calder and Gartsherrie, 73s. 6d.; Sum- 
merlee, 76s. ; Langloan. 78s. ; and Coltness, 84s. 6d. (all 
shipped at Gl w) te oe (at Ardrossan), 74s. 6d.; 
Shotts (at Leith), 74s. ; and Carron (at Grangemouth), 78s. 


Sulphate of Ammonia.—Rather a better tone has been 
in evidence in the sulphate of ammonia market during 
the past week, and there has been a fairly good amount 
of business passing. With buyers in the market the price 
has remained firm, and is quoted to-day at 12/. per ton 
for prompt business, Glasgow or Leith, while the forward 

uotation is round 11/. 17s. 6d. per ton for the same ports. 
= amount shipped last week from Laith Harbour was 

tons. 


Scotch Steel Trade.—The condition of the Scotch steel 
trade remains practically unaltered, and producers have 
still enough work on hand to keep their establishments 
running full for some time. There has m no new 
development in connection with the home demand. 
and this source of inquiry remains very quiet. With 
reference to the demand on foreign account, makers 
state that there is a fairly large quantity of steel bein 
inquired for. In connection with structural materia 
a fair inquiry is also being received, and a | firm, 
Messrs. Brownlie and Murray, Limited, structural 
engineers, Possil Park, Glasgow, have heen successful in 
securing, inst keen competition, a large order for steel- 
framed e°: owns for ab . Prices remain firm, and no 
change has been made in the official list of quotations. 


The Foreign Demand for Pig-Tron.—A strong demand 
continues to be felt here, from America and Germany, 
for both Scotch and Cleveland iron. Since last report 
it is stated that several thousand tons of a particular 
brand of Cleveland makers’ iron have been sold for early 
shipment to Germany, and more inquiries are in the 
market to-day. Consumers in the United States and 
Canada are desirous of getting delivery of Scotch iron, 
bnt only a limited quantity has lately been on offer. 
_Makers report that they are ape A considerably behind 
with their deliveries, especially on foreign account. 


Cast-Iron Pipes.—Towards the close of last week it 
was reported that local makers of cast-iron pi had 
booked orders for several thousand tons for shipment 
abroad. They state that business generally is fairly 
good at present. 


Malleable Iron Trade.—Nothing fresh falls to be reported 
in connection with the malleable iron trade. The home 
demand is still poor from the makers’ point of view, as 
merchants who have old contracts still running are in the 
position of accepting lower prices than the makers can 
at present take. A good business is ing on foreign 
account, however, and works are being kept well em- 
ployed. 

Institution of Civil Engineers.—A meeting of the Glas- 
ed Association of Students of the Institution of Civil 
ngineers was held here last night, Mr. Donald A. 





Matheson, president, in the chair. A 
‘*Tests on Reinforced Concrete Beams, 
Mr. A. K. Robertson. 


per, entitled 
= read by 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hadfield’s Steel Foundry Company.—Mr. R. A. Hadfield 
presided at the annual meeting of the shareholders in the 
abovecompany and moved the adoption of an exceedingly 
satisfactory re and the declaration of a dividend of 
25 per cent. He spoke of the i of busi done 
during the last year, and said that owing to important 
extensions in buildings and machinery they 
able to increase their output. Their plant, of its kind, 
was now, he believed, the finest in the world. They had 
brought out a new product, which they termed “ Era” 
steel, which, after several tests, had been adopted by the 
Government for important defensive pu on the 
Invincible, the Indomitable, the Inflexible, the Aga- 
memnon, the Lord Nelson, the Shannon, the Minotaur, 
the Defence, and other ships representing the best 
types of naval construction. Then the company were 
bringing out a new type of projectile, the ‘‘ Kron” pro- 
jectile, which the Government are very exhaustively 
testing at the present time. He believed it was going to 
prove a very important adjunct to ships of the Dread- 
nought class, more powerful and more destructive than 
ever. He uttered a word of warning to the workers not 
to press their claims for higher wages unduly, reminding 
them that full time at moderate rates was better than 
half time at higher rates. 


The Engineering Trades.—A very unsettling move- 
ment is going on at the present time in the local 
engineering trades. It has taken the form of a federation 
of all branches of the trade, extending even to the 
Gasworkers’ and Labourers’ Union. The various unions 
have elected a permanent joint board, and through it have 
approached the employers with a view to an advance in 
=a of 2s. per week. The Engineers’ Employers’ 
Federation refused to discuss the matter with the Board, 
but expressed their readiness to deal with the various 





d| societies individually. That, however, did not suit the 


men, and they refused the terms. The pattern-makers 
at the Hadfield Steel Foundry were in such a hurry that 
they handed in their notices. A deputation from the 
Joint Board saw Mr. R. A. Hadfield, and although he 
would not promise the men their request, he said his firm 
would accept whatever terms the Sheffield Employers’ 
Federation might agree upon. 


The Strike in the Steel Trade.—The strike of steel- 
smelters at the Grimesthorps works of Messrs. Cammell, 
Laird, and Co. has been settled. By request a deputa- 
tion of the British Steel-Smelters’ Society, together with 
Mr. J. T. Macpherson. Jun., had an interview on Mon- 
day with Mr. Hartley, the general manager of the com- 
pany, and a very satisfactory spirit of conciliation was 
shown on both sides. The company undertook that the 
union men shall be allowed to return to work; that the 
non-union men shall join the society ; that the whole of 
the men shall work short time instead of a part of them 
full time ; and the company undertook to recognise the 
society as a medium for placing disputes before the 
management. The men will resume work as soon as 
arrangements can be made for them. 


The Iron and Steel Trades.—As the end of the quarter 
approaches buying has been slowing down in the iron and 
steel markets, but makers have an abundance of work on 
their books. The impression is becoming deeper that 
prices have reached their limit, and buyers are holding 
off in hope of their coming down. There are some very 
large contracts for a and other railway material in 
the market on behalf of India, and local firms are putting 
forth strenuous efforts to secure them. There is a great 
deal of work for that country already in hand. In most 
foundries and engineering shops full time is being made 
in anticipation of the Easter holidays. A fair amount of 
work has also come in to some of the lighter industries. 


The South Yorkshire Coal Trade.—Full time is being 
made at all the local collieries, with a view of accumu- 
lating stocks before the holidays. It is quite certain that 
there will be a very broken week, and that difficulty will 
arise in coping with the demand. The export trade con- 
tinues to develop, and the calls from railway companies and 
manufacturing concerns are fully maintained. The house- 
coal market is still weakening ; but there is a fair business 
in all the common grades of 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The unsatisfactory state 


of the money market has had a very depressing influence Ww. 


on business. This, together with the fact that generally 
quietness prevails just previous to the Easter holidays, 
has caused business to be practically at a standstill. News 
from America is more encouraging. The Pittsburg floods 
have checked production and delivery of pig iron there, 
and there is a likelihood of American consumers again 
buying here. Recent reports from America would 
doubtless have had a ficial influence on this 
market but for the condition of affairs on the Stock 
Exc Deliveries of pig iron are enormous, and, in 
fact, this month’s shipments may easily beat all pre- 
vious records. The first quarter of the year shows 
an increase of 100,000 tons in the quantity of pig iron 
shipped from here as compared with the excellent clear- 
ances for the corresponding period a year ago. Cleve- 
land pig is cheaper than it has been since August last. 
No. 3 g.m.b. is now 53s. 6d. f.o.b., and buyers hesitate 


4 the usual difference is about 1s. 6d. The price of 





to pay even that price. No.1 continues very scarce, and 
is comparatively dear, being 4s. above No. 3, ~~ 
o. 

is 57s. 6d., whilst No. 4 foundry is 52s. 9d., and No. 4 
forge 52s, East Coast hematite pig is stationary on the 
basis of 77s. for mixed numbers, but perhaps purchases 
could be made at a little below that figure. There is 
nothing doing in Spanish ore. Rubio is nominally 22s. 
ex-ship Tees, which is a higher price than consumers are 

pared to give. Freights, Bilbao to Middlesbrough, 

ave risen to 4s. 9d., and are likely to be higher. 


Manufacturcd Iron and Steel.—Producera of manufac- 
factured iron and steel are well situated. Many firms, 
indeed, have contracts made which will keep them well 
employed for several months. Under such circumstances 
little anxiety is shown to secure new work, and quota- 
tions all round are upheld. The following are the prin- 
cipal market rates:—Common iron bars, 8J. ; best bars, 
82. 10s. ; best best bars, 9/.; iron ship-plates, 7/. 15s. ; 
packing iron, 6/. 10s.; steel bars, 7/. 103.; steel ship- 
plates, 7/. 103.; steel joists, 6. 17s. 6d.; steel boiler- 

lates, 87. 103. ; cast-iron railway chairs, 4/. 2s. 6d. ; and 
Caeey sections of steel rails, 6/. 15s.—all less the cus- 
tomary 24 per cent. discount, except chairs and rails, 
which are net cash at works. 


Finished-Iron Workers’ Wages.—The accountants to 
the Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of England 
have just certified the average net selling price of manu- 
factured iron rails, plates, bars, and angles for the two 
months ending February 28 last to have been 6/. 19s. 0.46d. 
per ton, as against 6/. 14s. 11.26d. for the previous two 
months, and in accordance with sliding-scale arrange- 
ments there will be an advance of 3d. per ton on puddling 
and 24 per cent. on all other forge and mill wages, to take 
effect from April 1. 

Coal and Coke.—Coal is steady. The large demand for 
bunker coal is well met, and unscreened Durhams are 
123. 3d. to 123. 9d. f.0.b. Coke is very irregular. Medium 
blast-furnace qualities vary from 18s. 6d. to 20s. 6d., 
delivered here. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.— The steam-coal trade has shown, upon the 
whole, a healthy tone, and for early deliveries prices 
have been well maintained. The best large steam coal 
has made 17s. 9d. to 18s. per ton, while secondary quali- 
ties have ranged from 16s. tol7s. per ton. Spring 
having commenced, the demand for house voal may be 
expected to decline ; the best ordinary descriptions have 
made 17s. 6d. to 18s. 6d. per ton, while No. 3 Rhondda 
large has been quoted at 19s. 6d. to 193. 9d. per ton. 
Coke has shown little change; foundry qualities have 
made 26s. to 283. per ton, and furnace ditto 21s. to 23s. 
per ton. As regards iron ore, Rubio has been quoted 
at 20s. 6d. to 21s. per ton, and Almeria at 20s. 3d. to 
203. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

Dowlais.—The Big Mill has had a good output of light 
steel rails, angles, fish-plates, &c. The Goat Mill turned 
out last week upwards of 3000 tons of heavy steel rails, 
as well as a large tonnage of steel sleepers ; this output 
was principally destined for foreign shipment. Rapid 

rogress is being made with the development of new 

last-furnace plant. 


Cardiff Corporation Water Works.—A special meeting 
of the Water Works Committee of the Cardiff Town 
Council was held on Friday to consider tenders for sinking 
trial-holes in connection with the proposed No. 3 reser- 
voir at Cwintaff. A large number of tenders were 
opened, and the successful competitor was Mr. T. Taylor, 
Pontypridd. The chairman announced that negotiations 
had been completed to supply water from the Ely up toa 
limit of 2,000,000 gallons per day to the Barry Railway 
Company. Under the proposed terms, the company 
undertook to accept a minimum quantity of 1,250,000 
gallons per day at a charge of 3d. per 1000 gallons, with 
slightly lower charges for greater quantities. It was 
agreed to recommend the Town Council to accept these 
terms. 

The Swansea Valley.—There has been a good average 
output of pig iron at Llandore. The demand for steel 
bars has become less active. The tin-plate mills have 
been generally working steadily ; the collieries have also 
been well employed. 

Bargoed.—The Bargoed collieries raised on Friday 3245 
tons of coal, as well as over 100 tons of rubbish, in 9 hours 
40 minutes. This is claimed to be a record. The previous 
record was 2563 tons, raised at the same colliery. 


New Bristol Steamer.—Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, have launched from their 
allsend yard a steel screw steamer, built to the order 
of the Donald Steamship Company, Limited, of Bristol. 
This vessel is intended for fruit service between the West 
Indies and United States ports. 








‘PrRoBLEMS OF APPLIED CHEMISTRY: ERRATUM.—By a 

rinter’s error, the date of the foundation of the Ecole 

ntrale, at Paris, mentioned on page 386 of our issue of 
March 22, was given as 1850 instead of 1830. 





Otymp1a EXxursition: Erratum.—We are asked by 
Mr. J. Lester Clark, of the Riverside Works, Wey- 
bridge, whose motor-launch we described in our report 
of the exhibition, to state that the motor was not of his 
design, as we stated. It was built to the designs of 
Messrs. Wedster and Bickerton, for whose patents the 
Riverside Works Company are the sole licensees. 
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INDUSTRIAL NOTES. 


Tue American Federationist for the current month 
devotes considerable s to the subject of child- 
labour in the United States. The opening sentence is 
significant. It says:—‘‘The subject of child-labour 
has become a topic of national importance. The Pre- 
sident, Congress, and various societies vie with each 
other in calling attention to the necessity of at once 
correcting the evil.” It goes on to state that for 
many years organised labour stood alone in the fight 
against child-labour ; now it finds sympathetic allies 
in all classes of citizens. Previously the discussion 
was as to the means and methods by which to check 
the evil; now all are urgent for the remedy. It is 
notable that the demand is based upon the plea—‘“‘ the 
interest of the people” and ‘‘ the future of the ehild.” 
The welfare of the State stands first, on the ground 
of citizenship, the child being a unit in the whole, as 
upon his training depends the value of the future 
citizen. The writer is able to speak from experience 
as to the conditions of child-labour in Europe, Russia 
and Germany being especially quoted, child-employ- 
ment in those countries being mostly in the open air, 
and therefore less harmful than in mines and factories. 
The writer gives a brief synopsis or ‘‘ abstract of 
State laws” in force. These, the writer says, ‘‘ are 
accomplishing much, but not nearly enough. Some 
are certainly better than others.” In the Donate no 
Senator, in the recent debate, expressed himself in 
favour of child-labour, or adverse to legislation on the 
subject. The main question was, how to effect the 
object. But here, of course, is the obstacle. Differ- 
ences of opinion as to methods may delay legisla- 
tion, but it appears that the time is ripe for drastic 
measures. 





The report of the Boilermakers and Iron-Ship- 
builders for the current month is most encouraging as 
regards employment, for there is a substantial decline 
in the number of unemployed. The total number on 
donation benefit and two other classes of unemployed 
was, at date, 3510; previous month, 4147 ; decrease, 
637. On sick benefit, 2411; previous month, 2194. 
On superannuation benefit, 1534; previous month, 
1468. Net decrease on the funds, 264. The expendi- 
ture for the month was 13,017/. 15s. 10d. Members 
admitted, 299 ; deceased and run out, 178; net in- 
crease, 121. The society has determined by a second 
ballot that Mr. James Conley is to be the companion 
Parliamentary candidate with Mr. John Hill. Both 
will be run at the next General Election, or before, if 
a vacancy suitable for such candidature is to be found. 
It appears that a branch at Stockton-on-Tees has tried 
to over-ride a rule as to suspension pay for holidays, 
and proposes to take a vote upon the subject. The 
Council replies that the rules are definite, and cannot 
be set aside by any such vote ; and if money is paid, it 
must be refunded. How wonderfully on the alert are 
some men to get pay from the union? One wonders 
if these are also on the alert to pay contributions. 
The Executive Council have resolved to overhaul the 
finances of the society, with the view of greater 
administrative adequacy, and they invite suggestions 
from members. It appears that a large number of 
essays have been sent in on the subject. The Council 
say that they asked for definite suggestions, not essays, 
which are too many and too long ior publication. But 
all of them will receive attention by the Council in 
their endeavours to remedy any defects in the con- 
stitution, rules, or administration. A dispute at 
Nottingham, of long duration, affecting the members 
of this union, the Engineers and Ironfounders, has 
terminated in a friendly manner. The matter in dis- 
pute was over what is called the ‘‘ one-break system,” 
51 hours per week and one break for meals, or 54 hours 
and two breaks. The latter was the more favoured of 
the two propositions, and the firm consented to return 
to the old conditions. 


The Amalgamated Society of Tool-Makers has just 
celebrated its twenty-fifth anniversary, in commemora- 
tion of which it has issued a ‘‘ Souvenir Album,” with 
many excellent portraits of Labour leaders, old and 
new. In it will be found those of Henry Broadhurst, 
ex M.P.; George Howell, ex M.P.; W. J. Davis, J.P.; 


and many new members of the Labour parties in Par-, 


liament. The society was established in Birmingham 
in 1882, and now has branches in various Midland 

»ntres, in London, and elsewhere. Many tool-makers 
ire members of the Amalgamated Society of Engineers 
nd of the Steam-Engine Makers’ Society, but it was 
thought expedient to establish a new union specially 
‘or the tool-making craft. The story of the inception 
and formation of the union is briefly, but adequately, 
written. The union extended to Coventry in 1883, 
and to London in 1890. In the first year no benefits 
were paid ; these commenced in 1883. Since that date 
the societyhas prospered, and in the last five years the 
income reached 31,500/., and the benefits paid, 16,120/. 
In the sketch too much stress is laid upon the achieve- 
ments of labour in the last twenty-five years, and too 
little credit is given to the work of the old leaders 





previous to 1889. All the great trade unions now. in 
existence were founded long before 1882, beginnin 
with the Engineers in 1850. The Boiler-Makers an 
Iron-Ship-Builders, C ters and Joiners, the Iron- 
Founders, the Shipwrights, the Tailors, Shoe-Makers, 
the Bricklayers, and others were reorganised in the 
early ‘sixties, before the Royal Commission was con- 
stituted in 1867. The Trades Union Congress was 
established in 1868. The Tool-Makers Union is one 
of the young and flourishing unions founded within 
the last quarter of a century. 





The report of the Operative Cotton-Spinners for the 
current month is a more bulky document than usual, 
for it gives in detail the accounts of all the branches 
of the Association. The united membership was at 
date 16,332—an increase of 39 on the month, But a loss 
of 12 in the year, for reasons given. Of the total, 
7677 are returned as full members, showing an increase 
of 45 on the month, and of 498 in twelve months. 
There are 32 honorary members and nine paying for 
deferred benefits only. The number of unemployed 
was only 151 per week on the average, or at the rate 
of 1.96 per cent., as against 1.82 in the month pre- 
vious, But there were also on the funds 17 per week 
through temporary stoppages, 53 through accidents, 
and 139 piecers from all causes, so that the total on 
the funds was 360 per week, or 4.68 per cent. of the 
membership. The figures show a further decline in 
the number of piecers. The officials of the union had 
to deal with 29 disputes in the month, 33 in the pre- 
vious month, and 24 in the same month a year ago. 
There were 38 cases of accident reported by branches, 
as compared with 53 in the month previous, and 33 in 
the same month a year ago. The number of compensa- 
tion claims sent in to employers was 28 ; in the pre- 
vious month, 29 ; same month a year ago, 23. The aggre- 
gate claims sent in since the Act came into force were 
1663. Most of these were settled by mutual arrange- 
ment, without litigation. Cases of severe injury are 
sent to the medical officer of the union, Dr. Vernon, of 
Stockport ; only one such case occurred in the month. 
The financial operations of the Association in the month 
resulted in a gain of 1377/. 193. to the funds. The 
particulars of all the claims sent in to employers under 
the Compensation Act are given in detail, so that all 
the operatives employed at the mill are able to test 
the accuracy of the facts as stated, as well as the 
employers or their representatives. It is the same in 
all dispute cases, the whole of the facts are given. 
This publicity is valuable to all concerned, as it is 
impossible for fraud to occur in any of the cases dealt 
with by the Association officials. 





The report of the Associated Blacksmiths is 
encouraging, in so far as it indicates a growing 
improvement in trade. There were 41 fewer un- 
employed than in the month previous ; but there was 
an increase of 15 on sick benefit. The cost of sick 
benefit has so increased that inquiries are to be made 
as to whether any irregularities in payment have 
arisen. Some members of the union have been unem- 
loyed so long that special grants from the benevolent 
und were made by the executive last month. In 
Greenock, Barrow, Newcastle, and Middlesbrough 
trade is described as bad ; in some of these the strikes 
in the latter part of 1906 have still a bad effect upon 
employment. The outlook, it is said, is brighter, as 
good orders have been placed for shipbuilding, locomo- 
tives, and general engineering. ‘‘ Prospects are more 
cheering than for some time back.” There was an 
increase in membership of 35 in the month. There 
was also a gain of 68/. 193. 3d. in the funds, mainly 
due to the reduction in unemployed benefit. 





There is little reason to expect any material change 
in the position of the iron and steel trades on the eve 
of the Easter holidays, or, indeed, until the usual 
aay — after that date. A good deal of 

nished material is being supplied to users in the 
engineering, shipbuilding, and other metal-using in- 
dustries, on the basis of the quotations since the last 
quarterly meetings, and the indications are that in 
these respects there will be an increase—not a decrease. 
Activity in those branches is not diminishing, but 
extending. In the engineering branches in the Lan- 
cashire districts the proportion of unemployed at date 
of report was 2.5 per cent.—previous month, 2.8, and 
the same month a year ago, 2.9 per cent. This covers the | 
Manchester, Salford, and Liverpool districts. In the | 
Oldham, Bolton, Blackburn, and Burnley districts the | 
proportions were 1.8, 2.4, and 2.6 per cent. respec. | 
tively. Employment generally in Lancashire was | 

ood, with considerable overtime. There was distinct | 
improvement in the Preston, Blackburn, and Wigan 
districts. Boilermakers were quiet at Manchester, Old- 
ham, and Blackburn, and at Liverpool the strike of iron- 
founders affected the engineering branches. In the Mid- 
lands employment generally was good. The proportions 
of unemployed were 1.5 per cent. ; previous month, 1.7 ; 
and the same month a year ago, 1.5 per cent. The motor 
branches at Coventry and other centres continued very 





busy, considerable overtime being worked. The cycle 
branches were fair. The proportions of unemployed 
in all centres of the United Kingdom were 2.8 per 
cent.; previous month, 3.2 per cent.; and same month 
a year ago, 3 per cent. In the shipbuilding centres 
the mean was 7.5 cent.; previous month, 8.8 ; 
and the same month a year ago, 6.9 per cent. The 
largest proportions were in the Tees and Hartlepool 
districts, affected by strikes, being 14.4 per cent. , 21.5, 
and 5.5 per cent. respectively ; in the Bristol Channel 
ports, 16.3 per cent., 15.4, and 13.3 per cent. respec- 
tively. The lowest were on the South Coast: 2.1 per 
cent., 2.9, and 7.1 per cent. respectively ; and on the 
Mersey, 3.4, 2.1, and 5.1 percent. respectively. Tin- 
plate works continued busy. There was an increase 
in the number of mills in operation over the previous 
month of four, and of 25 over a year ago. Iron and 
steel works were busy, showing an increase in the 
number employed, the number of shifts worked show- 
ing also an increase. Altogether the position is favour- 
able, and the outlook is encouraging. If only 

can be preserved in the labour world, all will go well. 


The Departmental Committee appointed to inquire 
into the probable effects of an Eight-Hours’ Act for 
miners, having investigated the case in the Federa- 
tion districts, have now been inquiring into the prob- 
able effects in Durham, where the men are said to be 
mage opposed to legislation, their members in the 

ouse of Commons having always oppored and voted 
against the measure. The mining engineers in Durham 
oppose the Bill as injurious to both employers and 
employed. Very little fresh matter was furnished by 
witnesses, 





It is hoped that the question of an advance in wages 
in the cotton trades of cashire will be settled with- 
out a stoppage of the mills and factories. At the 
meeting held last week of the joint committee of 
employers and operatives’ representatlves the matter 
was discussed, and the conference was adjourned for a 
month. This shows that neither side desire a struggle. 
It is said that although the trade generally is pros- 
perous, the profits are very unevenly divided ; the 
ee get the larger and the weavers the smaller 
profits. 





The miners in the North Wales collieries have been 
agitating for ‘‘ a recognised price-list at each colliery.” 
The coalowners decline to admit the principle of uni- 
versal rates to the miners ; consequently the question 
of a general strike, affecting 12, men, is threatened. 
A special conference has n called of the men to 
consider the propriety of sending notices to terminate 
all contracts. A conference had been held on the 
subject, but it proved fruitless ; no agreement could 
be arrived at. The position is considered to be critical 
in North Wales. 





Considerable unrest has of late been manifest in the 
engineering trades in various parts of the country, 
ending in a strike at Hull, which was still un- 
settled when the conference of the representatives of 
the Employers’ Federation and of the Amalgamated 
Society of Engineers was held in London last week. 
In the busy district of Sheffield and its vicinity there 
were fears of a possible strike. In the Midlands, also, 
some anxiety was felt. The conference of last week 
was adjourned, and there are hopes of a modus vivendi 
being found which shall smooth matters, including the 
Hull strike. 





The Scottish Conciliation Board decided to concede 
6} per cent. advance in wages at its meeting in Glas- 
gow at the end of last week, to come into effect at 
once. This is the third advance in the present year. 
The concession affects 80,000 men. 


The Derbyshire Miners’ Federation has decided to 
follow in the footsteps of the Welsh Miners’ Federa- 
tion as regards non-union men, This policy may result 
in retaliation. The question of abstract right does 
not help us much ; it is rather a question of methods 
and means as between the combatants and the em- 
ployers. 











British Enogingeertnc Stanparps Copep List.— 


| Vol. IV. London: Robert Atkinson, Limited, 10, 
| Essex-street, Strand, W.C. 


[Price 253. net.] — The 
fourth volume of these lists has just been issued by the 
authority of the Engineering Standards Committee. 
This volume contains the various standard specifications 
drawn up by the Locomotive Committee, relating to 
material used in the construction of railway rolling stock, 
and to standard locomotives for the Indian Railways. In 
the case of materials the specificatione are given in full, 
together with the necessary diagrams of tests and test- 
pieces. The first and second reports (the latter only 
recently published) of standard types of locomotives are 
also given in full, together with diagrams of the different 
classes of engines. Lists then follow for the locomotive 
code, and also for a code relating to carriage and wagon 
stock, while the | engineering standard code 
occupies the latter portion of the volume. 
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GUN-MOUNTINGS; BREECH MECHANISM AND ELEVATING-GEAR. 


(For Description, see opposite Page.) 
MECHANISM 


Fig. 54. 


HYDRAULIC BREECH 
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PROPELLING AND ORDNANCE 
MACHINERY OF WARSHIPS.* 
The Influence of Machinery on the Gun-Power of, the 
Modern Warship. 
By James McKecunik, Barrow-in-Furness. 
(Concluded from page 382.) 
Hydraulic Breech Mechanism.—Until very recently it 
was the custom with modern ordnance to operate the 
breech mechanism of all guns by hand. With thegreater 


TYPES OF RECOIL AND RUN OUT GEAR. 


Fig.68, 
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this the slide was pivoted at the rear end, and the full 
weight of the gun and slide was carried on:the elevating 
ram. The gun did not recoil in an axial direction along 
the slide, and, consequently, a 
quired for recoil when at full elevation and depression. 
1n order to keep oo we as small as possible, the gun was 
raised or lowered bodily when moving in elevation. 

_ The arrangement in the Inflexible of 1881 represents an 
improvement on this gear. In this case the elevation was 
given to the gun through the agency of a slipper-beam, so 
pivoted that during recoil the gun moved in elevation 
about its trunnions, lowering the muzzle if at full eleva- 
tion, and — it if at full depression ; so that the gun 
required a much smaller gun than would otherwise 
have been needed. For the Nile, Victoria, and the Royal 
Sovereign of 1886 a further development was made, is 
re ted by Fig. 58. The gun was carried on the 
axial-recoil system, and, consequently, moved backwards 
in a straight line, minimising the opening of the gun port. 
The slide was pivoted at the front, and, while the whole 
rare 4 was approximatel anced, it was defective in 
that the pivot on which the slide moved was not coinci- 
dent with the centre of gravity of the system. 


large gun port was re- | drill 


held closed by springs of sufficient power to keep the 
valves closed, ond gos permitted the run-out of the gun 
under anny pressure — — the mains. For 
purposes the gun was in by pressure entering 
at the run-in inlet and acting on the piston-head of the 
ram. A small valve was also provided in the ram to allow 
—— during recoil to to the front of the piston- 
ead and — the space above the ram full of water. 

igs. 64 and 65 represent a similar ent. The 
recoil-valves, however, were shifted from <= the recoil- 
press to the batk end of it, and they were thus more con- 
veniently placed for inspection purposes. 

Fig, 66 represents an adaptation of Fig. 64, in which 
the gun was run out by a se te cylinder operating on 
a prolongation of the recoil cylinder acting as a ram. 
Liquid displaced by the entry of this tail ram into the 
run-out cylinder during recoil passed a loaded valve into 
the recoil-cylinder. 

Figs. 67 and 68 represent a further modification in 
which reverse piston-rods were used. During recoil one 
piston-rod entered the recoil and run-in and out cylinder, 
the piston-head engaging with the valve keys for con- 








The type used in 1892, and shown in Fig. 59, represents 
a further improvement in that the slide was fitted with 
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rapidity obtained in supplying ammunition, and the im- 
proved facilities for laying the gun in elevation and 
training, the time occupied in operating the ch 
mechanism became an essential factor in determining the 
rapidity of fire. This led to hydraulic appliances being 
fitted for operating the breech mechanism as illustrated in 
Figs. 52 to 54, page 428. The piston-rod of an hydraulic 
press forms a rack ——- into a pinion, the latter in turn 
enyaging an inte iate wheel which gears into a loose 
pimon on the hinge-pin of the arm carrying the breech- 
lock. The rotation of the hinge-pin opens and closes 
the breech, The control-valve is placed conveniently on 
the loading arm, and the pressure ipes lead thence to 
an arvenqement of swinging pipes Gee the gun, and 
froin the latter to the press on the gun. This arrange- 
ment 18 necessary to it the gun to recoil. One end of 
the pipe is attached to the recoiling part of the gun- 
nm) unting, and the other to the gun-slide. 

he Dev of Elevating Gear.—The various modifi- 
cations through which the elevating mechanism has 
Pp sed are illustrated byFigs. 56 to 60 on the opposite 

he gear of the Dreadnought of 1875 is typical. 





* Paper read before the Institution of Naval Architects 
on March 20, 1907. 








side plates, which enabled the trunnions to be carried at | 


the centre of gravity of the moving system, the gun being 
balanced at all angles of elevation. The further — 
ment shown in Fig. 60 was made in 1890, the principle 
adopted being very similar to that of 1892, but the elevat- 
ing-presses were somewhat differently arranged. 
igs. 61 and 62, on opposite illustrate the latest | 

method of elevating the gun by hydraulic power. The slide | 
is provided with a ket projecting downwards, and en- | 
gaging with hydraulic presses. Pressure may be admitted | 
at will to either press, causing a corresponding movementof | 
the gun in elevation. The presses are brought into action 
by the gun-layer, and are automaticaily controlled by a | 
device which makes it impossible for either gun, when at 
extreme angles of depression, to fire into the deck of the 
vessel on which it is mounted. It is ible to elevate 
the gun by hand, and the change over from one system to 
the other is usually effected simply and readily by 
utilising the hydraulic pressure to ee the hand gear out 
of action, generally by releasing a friction clutch. 

The Recoil Mechanism.—The successive modifications 
in recoil and run-in and out gear are illustrated in Figs. 
63 to 70, above. 





Fig. 63 shows a recoil-press with loaded valves, which 
lifted under the pressure due to recoil, but were normally 





| of the gun. They are 
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trolling the recoil, while the rod itself acted as a ram on 
entry into the cylinder, dieplacing liquid, which chan 
over to the lower cylinder, occupying the space vacated by 
the outgoing piston-rod. Water was pumped into the 
upper cylinder, forcing out the piston-rod and restoring 
the gun to the firing position. 

Figs. 69 and 70 re t the most modern arrange- 
ment. The recoil cylinders are separated from the run-in 
and out cylinders, the recoil is controlled by two recoil 
presses attached to the slide, while the run-in and out 
presses are connected by a double ram. 

The recoil-cylinders are placed to the rear of the gun- 
slide and attached thereto, one on each side below the axis 
vided with pistons and rods, 
with one end passing through a suitable gland towards 
the muzzle of the gun, and secured to the rear of the gun- 

le. The other end, of the same size, passes through 
the rear gland only sufficiently to protrude therefrom. 
The pistons, formed solid with the rods, and approxi- 
ma ~ : midway between them, are just clear of the front 
, end of the cylinders when the gun is in the firing position. 
These two cylinders, with their rods, form the recoil 
apparatus, and absorb the great bulk of the recoil energy 
| when the gun is fired. When the gun recoils, the piston- 
| rod, being attached to the carriage, moves with it, one 
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rod passing into the qinte while the other passes out. grooves at each side, of varying depth but constant and are self-explanatory. These indicate the suczess of 
The quantity of liquid in the cylinder is constant, irre- width; it is through these grooves that the liquid is the designers in calculating the shape of the key groove 
spective of the position of the piston in the cylinder; compslled to pass from one side of the pieton tothe other and obtaining approximately uniform pressure. 

but, as the piston moves to the rear, the liquid when the gun recoils with a constant velocity of flow, The velocity of the gun rises rapidly until it reaches the 
from one side to the other through a control-orifice in the irresp2ctive of the varying velocity of recoil of the gun. maximum at a point from7 in. to8in. from the com. 
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piston, which is illustrated in Figs. 71 and 72, 429., It thus depends on the varying depth of the grooves | mencement of the recoil (Figs. 76 to 78, above). It then 

he orifice is rectangular, with highly polished and rounded whether the gun-slide and ail in appertaisnmns shall be | falls off gradually until be om comes to rest. The 
edges, and is arranged to fit on a key securely attached in subjected to injurious or normal stresses. ' velocity of the guo, and therefore of the movement 
the cylinder ; but the key is formed so that, although it, Various diagrams of the pressures set up in recoil- | of the piston itself, is constantly varying, so that the 
fits sideways and upwards in the orifices, it has two cylinders are reproduced in Figs. 73, 74, and 75, above, | effective area of the recoil-orifice must vary in inverse ratio 
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in order to obtain a uniform resistance to recoil. This 
variation in area of the recoil orifice is effectually obtained, 
as already described, by the —— of the valve-key, 
shown in Figs. 71 and 72, page 429. In order to keep the 
recoil-press full of liquid, it is customary to have an ad- 
ditional supply tank to make up for any slight leakage. 

Run-out and in of Gun.—The two hydraulic cylinders 
for the run-in and out of the gun present a problem of 
some difficulty. From Figs. 69 and 70, page 429, it will 
be seen that the cylinders are placed below the gun and 
between the two girders of the gun-slide, one to the front 
and the other to the rear. ey are provided with a 
common hollow ram, which is secured to the gun-cradle 
about the middle of its length. The cylinder to the rear 
is for the ‘‘run-out,” and that for the front for the 
“run-in.” The end of the hollow ram entering the run- 
out cylinder is fitted with a spring-loaded valve of 
peculiar design, which opens, if sufficient pressure is set 
up in the run-out cylinder to the front, but this pressure 
must be over the arranged working pressure of the system, 
which is in this case 1000 lb. per square inch. The valve 
is, therefore, set to open at about 1250 lb. I will beseen 
that with the valve in the condition described, it will be 
quite possible to run the gun in or out, if pressure is 
admitted to front or rear cylinders and the other opened 
to exhaust. As the run-out cylinder is always subjected 
to 1000 lb. pressure with the gun in the firing position, so 
as to maintain it there, very little additional ure is 
required to open the valve when the gun mol > and so 
allow the water to pass from the run-out to the run-in 
cylinder through the hollow ram. The valve has to be 
very carefully designed to meet the requirements referred 
to, Hemmer owing to the sudden eas of the valve, 
the heavy spring, and the inertia of the water, a higher 
pressure than that intended may easily be set up. 

Figs. 79 and 80, page 430, show pressures developed by 
run-in and out cylinders of 12-in. gun-mountings. 

In the case of hand-o ted guns, and in instances 
where electricity is employed as the motive power, the 
guns are run out into the firing position after recoil by 
the agency of a. which give satisfactory results, at 
least where lighter guns are concerned. ( Figs. 81 
to 84, page 430.) 

Hydraulic Pumping Engines.—A brief reference may 
be made to the hydraulic generating tam employed on 
warships. This always consists of at least two indepen- 
dent pumping engines, so that one or both can be employed 
to maintain a practically uniform pressure throughout the 
ship. The piping is usually arranged on the ring system— 
i.e., a complete ring of piping running along each longi- 
tudinal ammunition passage and joined transversely in 
the cross lobby, forward and aft, of the machinery and 
boiler-room spaces. The engines are generally placed one 
forward and one aft, and as near to the barbettes as 
possible. Owing to the limited space between decks it 
is ay = with its cylinders and pump-barrels horizontal. 
Heavy fiy-wheels are not permissible, and the steam cut- 
off is an late. The engine, in the absence of an 
accumulator, has to maintain uniform pressure, and a 
special type of governor has been devised which, in this 
instance, maintains all speeds between a minimum of 3 
revolutions per minute and a maximum of 110 revolu- 
tions, while the variation in pressure is only about 100 1b. 
per square inch. The pressure, normally, is 1000 lb. per 

uare inch. Typical compound engines are shown in 
Fig. 85 to 88, page 431. 

The special type of governor is shown in some detail 
in Figs. 89 and 90, annexed. It is necessary also, in con- 
junction with this, to employ an ordinary centrifugal 
8 -governor, in order to i ee racing in the event of 
the pressure falling abnormally low, owing to the bursting 
of one of the pipes of the hydraulic system, or to some 
other cause. A speed-governor of this type, arranged in a 
simple manner, is provided with an improved safety 
device, which, if the governor should once close the steam- 
valve, will prevent its being opened again until the cause 
of the racing has been removed. The even is 
so arranged in combination with the hydraulic pressure- 
governor that the motion of these two governors, though 
produced by different causes, operates the steam-valve 
always in the same direction. 

The hydraulic supply for rotating the turn-tables is 
usually in duplicate, and is generally arranged in the space 
below the revolving structure, where walking pi con- 
sisting of two movable arms and two fixed end boxes, 
convey the water from the non-revolving part of the 
structure to the revolving part, one end box being 
attached to the latter, and the other to the former. (iuides 
are provided to enable the swinging pipes to keep their 
correct positions when passing over the dead centre 

Retrospective and Prospective.—This review of the pre- 
sent state of success in the machinery of a warship may 
prove the basis for future advance * but it will be recog- 
nised that in few departments of applied science is greater 


experience necessary, not only from a mechanical, but | 4 


also from the fighting Fe of view, than in the design 
and manafacture of ordnance mschinery. The progress 
of the past and our present position in this branch of 
industry amongst the great manufacturing nations justifies 
the belief that in the future we shall maintain our 
supremacy. An investigation of the development of the 
battleship from the ordnance standpoint has enabled a 
diagram to be prepared showing this progress (Fig. 91, 
on this page). The curve marked 
A shows the actual growth of displacement in tons. 
B the advance in | sete tad of propelling ma- 
inery. 
C the progress in 5; . 
D the weight of hated armour. 
E the weight of machinery, and 
F the weight of armament including all guns, with 
such of their protecting armour as is not attached 
to the ship. 





These curves have been drawn to show the mean results 
over a period of 47 years ; in other words, they strike a 
mean path amongst “‘ spots” oye the particulars 
of the most important battleships of successive years. 
This has been accepted as a eo method of indicating 
advance than by the plotting of a curve with the irregu- 
larities due to the linking up of the spots. 

It will be seen that the displacement tonnage has 
doubled in the 47 years; that the indicated horse-power 

quadrupled, while the speed has advanced 50 per 
cent. This suggests higher — efficiency, alike as 
ull. 


—~ machinery and form of 

n measuring the relation of the weight of hull, armour, 

armament, and machinery to the total displacement ton- 
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nage of the ship, the only comparative basis seems that of 
apene which is often more or less misleading. This 
18 €8 y the case when this mode of analysis is applied 
in comparing particular designs of ships, because the 
amountand distribution of armament, the arrangement of 
protective material, the speed required, and the coal 
carried on the normal —— may lead to inaccurate 
assumptions. In this case, however, we are concerned 
only with the general trend. There are produced on the 
iagram three curves, G, H, and K, to show the percent- 
age of (G) hull and armour, (H) machinery, and (K) arma- 
ment respectively to the normal displacement tonnage 
of successive ships since 1860, These curves differ from 
the others, being plotted to identical scale. 

In the older types of ironclads, from 1860-1870, the 
weight of hull and armour was smaller in proportion to 
the displacement than in the ships constructed between 
1875-1890, but in the more recent vessels the proportion 
of hull and armour has been in reduced. Phis latter 
reduction is probably accounted for by the greater resist- 
ance to penetration of modern armour per unit of weight, 
and to the adoption in the hull generally of material 
stronger per unit of weight. 

Of immediate interest is the fairly constant percen 
of weight of propelling machinery to the total displace- 
ment tonnage, notwithstanding that the total indicated 
horse-power per ton of displacement has greatly advanced. 
Thus, at the beginning of the ironclad era, the horse- 





power of the machinery of the Warrior’s time was equa! 
to about 0.60 indicated horse-power per ton displacement, 
whereas the weight of machinery alone—i.e., excluding 
coal—was about 9.5 per cent. of the displacement-tonnage. 
In the time of the Royal Sovereign class, which marked 
a new era in warship desi the power has increased to 
about 0.95, and the wei it of machinery alone was 9 
percent. In the King Edward VII. class, which again 
marked a new departure, the power was about 1.14 indi- 
cated horse-power per ton, while the proportion of weight 
was about 10 per cent. of the total. 

It will thus be seen that the marine engineer, notwith- 
standing the greater demands made upon him for higher 
power, has assisted the naval architect to keep the dis- 
placement tonnage of the ships as low as possible. In 
other words, the power of the ae gg = machinery per 
unit of weight has increased from about 6.3 indicated 
horse-power in the Warrior to about 10.75 indicated 
horse-power in the King Edward VII. class, and about 
12.5 indicated horse-power at the present date. 

As the percentage of weight of armament to 
the total displacement-tonnage, shown in curve K, there 
has been a steady increase ; but at the same time there has 
been a much a advance in the gun-power of our 
ships, so that here progress has been most marked. This 
is particularly the case in recent years under the ordnance 
administration of such officers as Admiral Sir John 
Fisher, Vice - Admiral Sir William May, and Rear- 
Admirals Sir Percy Scott and J. R, Jellicoe. 

ae years ago, the broadside-fire of the newest 
battleship was made up by four guns.of 8-in. calibre and 
fourteen of 7-in. calibre, but the former were weapons of 
only 9 tons, and the latter of 64 tons. In the Devastation 
of 1871 the broadside-fire was four 12-in. guns. In the 
Royal Sovereign, of twenty years later, it was increased 
to four guns of 134-in. calibre, with five 6-in. guns, but 
in the interval a great advance had been made in gun- 
construction, so that the wer of each weapon had 

tly increased. In the King Edward VII. class we 
—s as broadside-fire four 12-in. guns, two 9.2-in. guns, 
and five 6-in. guns, while in the Dreadnought the broad- 
side fire is eight guns of 12-in. calibre. 

As has been pointed out, however, the bore of the gun 
affords little indication of its power. The 12-in. gun of 
to-day has double the muzzle energy of that of 1885. 
Table V. shows at a glance the advance in weight of twin- 
= barbette-mountings within the past fifteen years. 

ince 1900 progress has been most marked. Fifteen 
years ago the muzzle energy developed by two guns was 
equal to 373 foot-tons per ton of gun-mounting, excluding 
the gun and shield ; to-day this energy is 533 foot-tons. 


TaBLe V.—Showing Progress in Power of Ordnance Per 
Unit of Weight. 
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Year. | Weight of Mountings for Pair 2° ee 
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1890 Total weight (without shield tons/ ft.-tons| ft.-tons 
and guns) .. ee oo Ue 66,000 | 373 
Shield .. 3 a - — | 
Two guns i ee *e 2 | 
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1895 Total weight (without shield 























and guns) .. ° 171 | 66,000 386 
Shield .. = pe a 
Two guns oe oe a @ 
263 
1900 Total weight (without shield 
and guns) .. ee oe 2 | 66,000 327 
Shield .. - “a —— 
Two guns. és - on ORT 
} | | 
| 418 | 
1905 |Total weight (without shield } } 
and guns) .. of -. 211 | 76,000 360 
Shield .. met a -- 158) 
Two guns ee ep +» 100 | | 
469 | 
Present (Total weight (without shield 
time. and guns) .. oe -. 209 | 88,000 420 
a 
| Two guns ee ee oo oe | 
511 | 
Now under | Total weight (without shield 
construc- and guns) .. a .. 210 |112,000| 533 
tion. Shield .. _ oe ae | } 
Two guns oe ée ~ aet 
| 535 


Thus, while doubling the striking power of each gun, 
the ordnance engineer has not greatly increased the 

ight, and has simplified and improved each unit in the 
calbaniei to ensure more accurate control of the gun, 
a greater rate of fire, and fuller reliability. Beyond this 
there is the still more important fact that while encourag- 
ing improvement in material, the distinguished officers 
responsible for our naval policy have brought about a 
great advance in the percentage of hits within a given 
time b: ecting the system of fire-control, and have 
thus ed aooementy to = ee Se modern 
machi u ting efficiency o ips. 

In —- I oath to express my thanks to Colonel 
Vickers and the Directors of Messrs. Vickers Sons and 
Maxim, Limited, for permission to reproduce drawings of 
their latest ordnance machinery, and to the members of 
the company’s staff for assistance in connection with the 


preparation of this paper. 
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- It need occasion no surprise when it is stated that the | 
THE CUNARD LINER “LUSITANIA. conditions which it was demanded should be fulfilled 
On Some Points of Interest in Connection with the Design, | were somewhat in advance of what was eventually found 
Building, and Launching of the *‘ Lusitania.” * | to be reasonably practicable ; in the end, after the Cunard 
By W. J. Loxe Company had instituted a committee of inquiry into the 
, ges ee Diab. ih, question of turbine propulsion, and after prolonged and 
IN offering this brief record to the Institution of Naval valuable assistance from the Admiralty officials through 
Architects for inclusion in its Transactions, it will prob- the testing of models in the Haslar experimental tank, 
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the berth into consideration, it was decided to lay the 
keel at a slope of ,', in. per foot, and to arrange lor a 
launch at a mean slope of ,,), in. per foot. These figures 
enabled the vessel to be placed at a satisfactory height 
from the ground, while excessive height of blocks at an 

place was avoided ; and with the probability of a launc 

in moderately warm weather, it gave enough slope to the 
ways to promise a successful launch, without undue 








| 


ably be quite em meee f to preface it with any refer- ' it was decided that the dim-nsions and principal parti- chance of exposing the vessel to risk in the restricted 
ence to the past history of trans-Atlantic traffic. Neither culars were to be as follow :— available waterway. Careful attention was given to piling 
will it be necessary to review the reasons leading up to Length over all ... e és 787 ft. the ground at the places where heavy pressure, would 
the decision to build the two vessels now being constructed Length between Seeapesmnerinns 760 ft. necessarily come upon it in the launching operation. On 
for the Cunard Ste p Company. Breadth, mould ot 5 ie ... 87 ft. 6in. (other parts of the berth no special precautions were 

When this decision was made the number of large, fast oe. moulded, to shelter deck amid- required, as the ground was well consolidated, and the 
trans-Atlantic liners was 17, and the principal particulars ships +4 hs ss ibe ... 60ft.44in. size of ship, in relation to the estimated weight of 
of the five fastest are set out in the table below :— Displacement at 32 ft. 6 in. . 36,440 tons | material worked in before launching, made it sufticiently 
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The above particulars have been taken from the columns 
of the technical Press, such as ENGINEERING, The Engi- 
necer, Zeitschrift des Vereines Deutscher Ingénicure, 
Before passing from this point, it will be well to remark 
that the writer disclaims any responsibility for the 
figures, except that of careful copying; and as an illus- 
tration of the distrust with which some of them should be 
received, it may be as well to point out that the result 
apparently produced in one case—viz., 13.3 indicated 
horse-power per square foot of grate with natural draught 
—is altogether untrustworthy. This, then, represented the 
public stock of information when proposals for the con- 
oe of two new veusels were invited by the Cunard 

pany. 
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The contract for the Lusitania was placed with Messrs. 
John Brown and Co., Limited, of Sheffield and Clydebank, 
who are builders of both hull and machinery, and the 
contract for the sister vessel, the Mauretania, was placed 
with Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, of Wallsend-on-Tyne, with machinery in this 
case by the Wallsend Slipway Company. The subsequent 
particulars have exclusive reference to the former vessel, 
though it will, of course, be at once apparent that for 
sister ships building for the same owners, at the same 
time, very many of the particulars and details are common 
to the two cases. 

The building berths at Clydebank are situated on the 
northern side of the Clyde, o ite to the mouth of the 
small tributary, the Cart. The expanse of water into 
which launching takes place is, however, not unrestricted, 





for this reason, as well as taking the 


present slope of 





evident that the vessel would not be, in this sense, heavy. 
For this reason, too, the keel-blocks were spaced and 
constructed in normal fashion. 

Before noting any of the details of construction, it 
should be stated that in consultation with Lloyd’s sur- 
veyors (the vessel being classed with Lloyd’s) it was 
decided that, on the basis of mild-steel construction, the 
materials of the hull should not be subjected to a stress 
exceeding 10 tons per square inch; the calculations in 
this connection followed the usual conditions accepted in 
previous cases—namely, that consideration should be given 
to the possibility of the vessel meeting with waves of her 
own length, and whose height from trough to crest 
would be one-twentieth of the wave-length; in the 
caloulation for inertia of section such parts were to be 
included (or omitted) as had previously been customary. 
I am well aware that a strong case could be urged against 
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both these points; but it is unnecessary to raise any 
argument on this occasion, as there is no desire to bring 
up controversial points. It was also decided to leave out 
of account in the calculation the ‘‘ Smith correction,” so 
that in view of these points, as also of the fact that no 
attempt was made to make any estimate of the stresses 
due to pitching and ’scending or of heaving, the stress of 
10 tons previously mentioned must be read to be purely 
comparative in amount. 

The preliminaries having been thus adjusted, calcula- 
tions were proceeded with, the results making it apparent 
that the maximum bending moment (of slightly over one 
million foot-tons) occurred in the condition when nearing 

rt with bunkers almost empty. The stress is one of 
io ging, the corresponding sagging stress being only about 
half this amount. 

It may be remarked that the corresponding bending 
moments in a load condition, assumed at a displacement 
of about 20 per cent. in excess of the arrival displacement, 
are slightly less for hogging, and for sagging—not very 
different from the case Pt viously considered. 

The structural details, in so far as they are usually 
determined on the — section, were, in consequence, 
got out for mild steel on the basis of the above-mentioned 
calculations. In view of the fact that the severest stresses 
were such as put the upper works in tension, it was 
determined to adopt high tensile steel of reduced scantling 
in these parts, provided such material could be produced 
of satisfactory quality. The investigation into this matter 
occupied some time, but, fortunately, owing to the i- 
tion in which it was intended to use the new material, no 
hindrance to the progress of work resulted from this 
investigation. In the end it was demonstrated that a 
satisfactory material could be produced whose average 
ultimate tensile strength was at least 20 per cent. greater 
than the average for the usual quality of mild steel, and 
in consequence a reduction in certain scantlings of 10 per 
cent. from the scantlings fixed for mild steel was adopted. 
This reduction not only caused considerable saving in 
weight, but made for better riveting, owing to the thinner 
plates and smaller rivets used. 

It also has the effect of lowering the neutral axis of the 
transverse section, and increasing the stress on the mate- 
rial beyond the accepted limit for mild steel, but this 
increase of stress comes entirely on high-tensile steel, and 
is very moderate in amount. Full details of the calcula- 
tion for the moment of inertia of the section are given 
subsequently ; the midsbip section is illustrated in Fig. 1, 
page 433, and the list of scantlings is appended. 

It will be noted that five continuous longitudinal 
girders are adopted—viz., the centre keelson, the margin 
plates, and the fifth girder on each side. The water.tight 
division of the ballast tanks is made by the centre keelson 
and the margin plates only (in association, of course, with 
water-tight floor-plates), no attempt being e to make 
water-tight the intermediate continuous longitudinals. 

The floor-plates are spaced at 32-in. centres for a length 
of about 300 ft. amidships; at the ends the spacing is 26 in. 
forward and 25 in. aft., the closing-in being gradually 
performed. They are 60in. deep amidships, and have a 
maximum width at the margin plate of 48 in., this latter 
point being to some extent governed by the joint effect 
of the convenient depth of bottom worked to in associa- 
tion with the adoption of a level margin at the height 
chosen. In association with the continuous longitudinal 
keelsons previously noted, it will thus be seen that the 
floor-plates are in one length from the middle line to the 
fifth keelson, and from thence to the margin they are also 
in one piece, this arrangement leading to convenient 
floor-plates below, and to the avoidance of inconvenience 
at the turn of the le a They aregenerally 1% in. thick, 
except under the boiler stools, in which case (following a 
commom a Me have been made »% in. thicker. 
It may incidentally be mentioned that, owing to the great 
depth and the comparative closeness of the frames, the 
lightening holes in the longitudinals are arranged with 
their larger dimension placed vertically, and one has 
therefore the rather curious experience of being able to 
walk with comfort through each frame space of the ballast 
tanks. The frame and reverse-bars up to the margin plate 
are joggled to avoid the necessity for slip iron. 

The flat-plate keel is in three thicknesses, arranged as 
shown in Fig. 3, page 433. It will be seen from this 
sketch that the connections of the pee forming the 
centre girder are arranged in the usual manner, the only 
points which are unusual being the connection of the 
garboard plates to the flat ay cag ne and the fact (as 
mentioned on the sketch) that the longitudinal connect- 
ing angles have no butt-straps. All the plates in this 
combination are at least 32 ft. long ; they have well- 
shifted butts, and the whole of the riveting is performed 
by hydraulic power. Having regard to the great neces- 
sity of securing fair holes, only the inner thickness of 
keel was punched, and the plates being assembled cor- 
rectly, the holes through the remaining thicknesses were 
drilled in | a? The plates were then separated, and 
drillings, &c., removed from the faying surfaces, the 
edges of the holes were slightly reamed, and the whole 
reassembled for riveting. The connecting-bars for the 
centre keelson were riveted first, aad before the garboards 
were put in place; experience in the Caronia and Car- 
mania (where a somewhat similar keel construction has 
been adopted) showed that the closing power of the 
hydraulic riveter was such that it was necessary to get 
the garboards in place before any other riveting on the 
flat keel was proceeded with, and this course had to 
be followed. The garboards were therefore got into 
place at a very early stage of the work, and before 
any transverse frames were erected; the riveting ma- 
chines were naturally of very large gap, and the neces- 
sity for keeping them within practical limits has led 
to the adoption of a width of plates in this connection, 
which (but for this explanation) might be considered 





rather low. It will be noted in passing that this combi- 
nation of keel-plates avoids the necessity of butt-straps, 
which fact was considered of some importance—at least 
as regards the straps on the outside. 

The next point which deserves notice is the shell- 
a. on the lower part of the bottom. This plating 
is worked clinker fashion, the frame bars being joggled, 
as before stated, to avoid the use of tapered slips, and 
the plates are lapped in the way shown for convenience 
in eee 8 A large portion of the shell riveting—in 
fact, nearly all of it to the turn of the bilge—has been 
done by hydraulic power, and as the closeness of the 
frames and floors made it quite impracticable to use 
machines of large gap, no course was open but to lap the 
plates as shown. Each strake could in this way be 
tiveted right up to the edge seam connecting to the next 
strake to be brought on. In this lower portion of the 
bottom the edge seams are double-riveted and the butts 
have double straps, the outer being double, and the 
inner treble riveted, with openly-spaced rivets in the 
third row. The edges of the outer straps are slightly 


| chamfered. 


From a little above the turn of the bilge the plate edges 
are sheared in lines pe to the sheer of the 
ship, and the strakes below are worked as stealers into 
the edge of the lowest of the parallel strakes, thus avoid- 
ing an excessive number of narrow strakes at the bow 
and stern. A little care was necessary in carrying out 
this disposition to arrange that each bilge-keel could be 
worked entirely on one strake, and in this way long and 
awkward crossing of lines of rivets in plate edges was 
avoided. 

In the wake of the engine-rooms the framing is con- 
siderably deeper than in the remaining portion of the 
bottom, and additional fore-and-aft girders are introduced 
in order to provide beds of suitable height and stiffness 
for the propelling machinery. A typical section (in out- 
line) isshown in Fig. 4; it is obvious that the arrangement 
is only applicable to this case, and would require to be 
varied according to the number, width, and height of the 
shafts, the size of the machinery, and the method of 
supporting 16. 

The whole of the riveting in the double bottom for 
connecting the transverse and fore-and-aft framing is 
performed by hydraulic power. The inner bottom plating 
calls for no special remark; the riveting is necessarily 
performed by hand. 

The frames above the margin are formed of channels 
10 in. by 7% in. by 4 in. by 4 in. by 33 in. for } L amidships 
to 9 in. by jf in. by 4in. by 4in. by 73 in. secured by heavy 
brackets to the margin plate and fortified by web-frames 
averaging four frame spaces apart. These channel frames 
are continuous from the margin plate to the shelter-deck, 
and call for no further notice. 

The shell-plating above the turn of the bilge is, as before 
stated, arranged in strakes approximating to parallelism 
with the sheer line worked with lapped edges and with 
lapped butts where in one thickness. The plates are 
generally about 33 ft. long—that is, twelve frame spaces, 
plus the lap of the butt; the edges are treble-riveted and 
the butts quadruple-riveted. A considerable portion of 
this plating is of high-tensile steel, as is shown in Fig. 5, 
page 435, the lightly hatched parts being of one thick- 
ness only, and of the same scantling as would have been 
adopted for mild steel, the more heavily hatched portion 
being in two thicknesses and of reduced scantling, in 
consideration of the strength of the material. Throughout 
the region of doubled thickness hydraulic riveting was 
adopted. The edges are treble-riveted, and the butts of 
the doubled portion are a outside and inside at 
butts of the outside plates, the outer straps taking three 
rows of rivets, and the inner straps taking four rows ; 
the thicknesses of the straps are reduced on account of the 
doubling. The butts of the inside plates are strapped on 
the inside and quadruple-riveted. 

All the holes in the high tensile steel were drilled, and 
more than usual care was adopted to clean off all drillings, 
&c., from the faying surfaces, and to ream the edges of 
drilled holes. As it was not convenient to remove the 
plates far from their location on the side to perform this 
operation, a special band-tool was devised, which, with 
a few smart turns, reamed at once both edges of the hole 
under treatment, and was found to give every satisfaction 
in its use. 

Very t care was taken in arranging the butts and 
edges of this work in relation to the sidelights, &c., 
coming through this thick plating, and in addition a very 
uniform system of tack riveting was adopted, for the 
purpose, as far as possible, of getting the plating of this 
member of the strength girder united over its whole 
extent as uniformly as practicable. The beams are of 


the scantlings noted in the Appendix, and have forged | 


knees for the sake of lightness. 

_ The deck-plating is also shown on the section. A con- 
siderable portion on the shelter-deck, and a less extent of 
that on the upper deck, is of aaa steel (Fig. 2, 

433), and the whole of the doubled portion on the 
shelter-deck and the stringer on the main deck in wake 
of the doubled high-tensile plating on the side is hydraulic 
riveted. The remaining deck-plating is principally of 
such a nature as is necessary to “caeagen suitable floorings, 
and occupies only a secondary Bo ace as regards the struc- 
tural strength of the vessel. The large openings in the 
decks—viz., funnels and ventilators—are arranged, as 
far as practicable, in the same fore and aft lines, so that 
important strakes of plating are run through for long 
uninterrupted lengths, and these openings , Bn heavy 
doublings and well-rounded corners. 

The main bulkheads are formed of high-tensile steel, 
ts in, thick in the lower and ¥, in. thick up to the 
main deck. Above this they are ,', in. thick, also of high- 
tensile steel. There are eleven main transverse bulk- 
heads, and the subdivision is carried considerably further 








by the longitudinal bunker bulkheads, by the two bulk- 
heads in the engine-room, and by the partial bulkheads 
in the coal-bunkers, The midship section shows how the 
longitudinal bulkheads are stiffened and braced to the 
side. These engine-room bulkheads, being connected 
to the longitudinal bunker bulkheads, and of strong 
construction, form valuable girders contributing to the 
strength of the ship; and, as they are well stiffened and 
braced, they are kept up to their work. The main 
transverse bulkheads have vertical channel stiffeners on 
one side 12 in. by 34 in. by 34 in. by $} in. to lower deck, 
and flanged stiffeners above, and on the same side hori- 
zontal girders 32 in. broad, with a face channel 9 in. by 
4 in. by 4in. by 4 in. by 33 in, 

The stem is of cast steel, and is rabbeted to receive 
the shell-plating. The stern-post is a steel casting suit- 
ably shaped for supporting a large balanced rudder, euch 
as is fitted. The rudder is composed of three steel castings, 
and the rudder-head is of forged steel; all the bf are 
connected by horizontal flanges, well rabbeted and heavily 
bolted. The rudder area is 420 square feet ; there is one 
removable pintle, and the steering-gear (in duplicate) is 
below the normal water-line. The spectacle eyes are of 
cast steel, the two after being riveted to the stern-post, 
and those for the outer shafts being well incorporated 
with the framework of the hull at positions abont 90 ft. 
before the after perpendicular. It may be of interest to 
note that the weights of these items are as follow :— 


Tons, 
— = 8.3 
tern-post 59.4 
Rudder nis sak 56.4 
Four spectacle eyes 60.2 
Total 184.4 


The reasons leading to the desire to use high-tensile 
steel have already been mentioned, and a few details of 
the mean results of the experiments undertaken to ascer- 
tain the relative merits of the different materials are 
given here by the favour of Messrs. David Colville and 
Sons, Limited, of Motherwell. It is quite apparent that, 
although the ordinary mechanical tests can bs readily 
enough carried through in the test-house at a steel works, 
tests for discovering the elastic limit (or even the break- 
down point) are much more difficult and tedious, When 
it is considered that either of these points is reached 
when the extension of the specimen is probably less than 
réoth of an inch in a length of 6in., it is quite evident 
that any attempt to discover this limit by means of 
marks no further apart than the above distance, and on 
pieces in process of testing to destruction, must be quite 
out of the question. 

These tests were accordingly made by Messrs. David 


| Kirkaldy and Son, London, on specimens 11 ft. long by 


2 in. broad, and of thicknesses varying from 0.737 in. to 
1,515 in. This ensured absolute impartiality in the con- 
ducting of the tests, and the results incidentally furnish 
complete proof (if such were needed) that if elastic limit 
is defined as the limit over which stress and strain are 
directly proportional, there is hardly any stress, however 
low, which can be called the elastic limit. The results 
given below are the mean of those given by :— 

1. Two specimens of mild steel. 

2. Ten specimens of high-tensile, normal. 

3. Eleven specimens of high-tensile, annealed. 

The third series is given, although the ship-plates used 
in the construction were not annealed. It should also be 
noted in connection with the ultimate extension that it is 
measured over a length of 100 in., and, in consequence, 
the percentage extension is much less than in a specimen 
of 8 in. or 10 in. in length. This is due to the fact that 
in all these lengths of specimens the local extension at the 
fracture would be the same. 


Measurements taken over an Original Length of 100 In. 
Ratio of 


‘Ultimate Elastic | Ultimate 








| | Elastic to 
Description. Extension a ig anew | Ultimate 
| in 00 In. | "Toes. Tons. —_ 
Mild steel . --| 17.66 12.9 29.6 | 48.5 
High tensile steel, | 
norm: Se 17. 5 36.8 | 47.7 
High tensile steel, 
annealed .. be 14.80 19.5 36.6 | 53.4 
t 


For the numbers of pieces tested it is seen that the 
average ultimate tensile strength of the mild steel is 
29.6 tons per square inch against 36.8 for normal high- 
tensile, and 36.6 for annealed high tensile steel, ‘The 
average ratios of the elastic to the ultimate tensile 
stresses to which the specimens were subjected were 
43.5 per cent. for the mild steel, 47.7 for the normal high- 
tensile, and 53.4 for the annealed high-tensile. 

Now in the strength calculation it was assumed, and 
so specified to the makers, that mild steel should have an 
ultimate tensile strength of from 28 to 32 tons per square 
inch of original sectional area, and high-tensile steel, free 
from nickel, and not annealed—such as was used in the 
construction of the ship— should have an ultimate tensile 
strength of from 34 to 35 tons, an increase of 20 per cent. 
The normal high-tensile steel is here shown to be above 
expectation, as regards ultimate tensile strength, by 2.2 

r cent., and above the mild steel by over 24 per cent. 

aking, however, the expected increase of 20 per cent., 
and with an increase of 9.7 per cent. in the ratio of the 
elastic limit stress to the ultimate tensile stress, we may 
say that the high-tensile material is 32 per cent. better 
than the mild steel. If we take the increase for tensile 
strength as 24 per cent., and for elasticity as 9.7 per cent., 
it shows a superiority of 36 per cent. — 

The specimens had 25 spaces of 4 in. marked off along 
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their lengths, and extensions were measured at in- 
crements of 1 ton load per square inch of original sectional 
area, and the ultimate extensions over the 4-in. spaces 
were recorded. These latter gave a measure of the uni- 
formity of the strength of the material, while by the 
former the yield-point or limit of elasticity was gauged. 
This seems to have been considered as reached when a 
permanent set of about 9.01 per cent. of the original 
length took J ay wl re 
The records show that the extensions up to the limit of 
elasticity were not proportionate to the stress intensities, 
and consequently Young’s moduli varied according to 
where the stresses and strains were taken. Ata small 
stress intensity the value of Young’s modulus for the 
mild steel is 41,000,000 lb. per square inch, and in the 
vicinity of the limit of elasticity falls to 31,000,000 lb. 
For the high-tensile steel it is 39,000,000 1b. at a low stress 
intensity, and 31,000,000 lb. in the vicinity of the limit 





It was considered advisable to drill all the holes in 
these plates, and to trim up all edges in the planing- 
machine, planing off a breadth (or length) equal at least 
to half the thickness of the plate in question. Before the 
keel-blocks of this vessel were laid, calculations had to be 
undertaken to see that she could be safely launched. The 
line of the berthing was selected to suit the length of the 
ship, and so that her stern _—_ point to the River Cart 
at its confluence with the Clyde. 

Suitable declivities of keel-blocks and launching-ways 
were determined by a limited process of: trial ro | e 
until, cmmepeaene to certain declivities with practicable 
heights of blocks, a safe margin of moment against tippin; 
was assured, and the vessel did not commence to lift unti 
she was far down the ways. These declivities, as stated 
before, were ,', in. for the keel-blocks, and ,%,, in. for the 
ways. The minimum excess of moment against tipping 





was 22 per cent. of the moment causing tipping at that 


A factor in the safety of a launch is the th of time 
the vessel has to run after the stern lifts until she drops 
or floats off the ways. This is especially so with long 
ships, as they are more liable to be canted by the action 
of the tide, wind, or drags. In case of this happening, 
it tends to cause the poppets to trip, and the fore end of 
the vessel to come down on the ground. The difference 
between weight and buoyancy can be calculated at any 
stage of the vessel’s progress down the ways, and, if the 
centre of gravity of the vessel be known, and the centre 


rror, | through which the buoyancy acts, the centre of pressure 


on the ways can be found by proportion. Knowing the 
weight that the ways are su ting (W-B), and the 
surface affording this support, the mean rate of pressure 
can be obtained at any position of the ship on the ways. 
These mean pressure rates are shown in Fig. 7, below. — 
Now, if the centre of the pressure is nod at the mid- 
length of the supporting surface, the rate of pressure over 
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of elasticity. These figures correspond very well in the, 
two materials, and show that a structure composed of the | 
two kinds of steel will be homogeneous in its character. 

Tt was also stipulated that, besides having tensile 
strength as mentioned above, the high-tensile steel 
should be able to satisfy all the other mechanical con- 
ditions and tests applied to mild steel ; the elongation on 
a length of 8 in. and on 8-in. specimens was sometimes 
as high as 30 per cent., and never below 23 per cent., 
which compares very well with the specified minimum of 
20 per cent. in mild steel. The non-temper test had to| 
be satisfactorily met, and bending tests were conducted 
on 11-ft. specimens of mild and high-tensile steel, and 
they were found to be of about the same value for with- | 
standing flexual stresses. A series of percussion tests 
clearly demonstrated the superiority of the high-tensile 
steel to the mild steel with which it was compared, and 
the material was consequently accepted. As will be, 
gathered from the previous mention of the positicns in 
which it has been used, no furnacing or bending of plates 
was required, 


| tributed. 




















place, and lifting occurred at 75 per cent. of the run down 
the ways. 

When a stern lifts owing to the excess of buoyancy over 
weight at the aft end, as the total weight is greater than 
the buoyancy, there is left an unbalanced weight to be 
taken on the fore and communica’ through 


ts, 
| the wore to the ee The shorter the length of ways 


over which this weight is borne, the more intense will 
the rate of pressure; if the poppets were rigid, this thrust 
would be located at the extreme forward end, and it is 
only by the yielding of the struts that this load is dis- 
i In the Lusitania this was facilitated by 
the fitting of soft-wood packing under the poppets. 
This packing at the fore end was 6 in. and com- 
pressed 14 in., and the struts themselves would also com- 
press or crush, and so distribute the load. 





this surface cannot be uniform. If, however, we assume 
that its variation is uniform, the curve of rates of pressure 
over the supporting length would be straight, and the 
slope can be obtained from our knowledge of the position 
of the centre of pressure. 

If x (Fig. 8) be the distance of the centre of pressure 
from the aft end of the standing ways, and h the distance 
from the aft end of the standing ways to the fore end of 
the sliding ways, and p the mean pressure rate over this 
distance, we can determine a and b from the formula 


z=h (204%), from which, since p = % +? q = 
3a+3b 
SP* 2 p, ard d= 4p — SP*, Now, if e= 2h, d 


will be zero; this is not a case likely to occur in fine 
ships. If x = yh a will be zero, and if x is less than 


; a will be negative, which means that there will be an 


upward pressure at a. 

Fig. 7 has as base the distance the vessel has 
traversed, and the corresponding mean rate of ure 
over the ways; also the rates of pressure over the ways 
proportioned ing to the above formula. This shows 
that when the Lusitania had run 280 ft. there was no 
pressure at the fore end of the ways, and the same 
occurred at 450 ft. run; between there two, the pressure 
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at the fore end of the sliding ways tended upwards, and 
the amount of this tendency is shown by the curve. From 
where the stern lifts until she leaves the ways, the curve 
of total pressure on the fore poppets is shown. 
F The variation of econ ressure fee | are by the 
isgram, is very slight, being a’ per square 
foot, from the start = till the ship has run 350 ft. ‘The 
pressure rates at the fore end of the sliding ways vary 
during this distance from 1.5 tons per square foot positive 
to a slight negative pressure, and the corresponding anand 
sure rates at the aft end of the standing ways vary from 
2.5 to 4.66 tons per square foot positive. This isa much 
more intense rate of pressure than is apparent by merely 
considering the mean pressure over the length of the 
ways, and the tendency to upward ure experienced 
at the fore end of the sliding ways not, to my know- 
ledge, been demonstrated before. 
ortunately, this intense pressure rate at the after end 


is prepared for by the means taken to withstand the high | sh 


ure on the ways when the vessel lifts at the stern. 
he ure amounted to 19 per cent. of the launching 
weight at the time of lifting in the Lusitania, and, if 
taken as distributed over the fore length of sliding ways, 
gives a mean rate of 10 tons per square foot. This mean 
rate could in turn be allocated to the ends of the length 
of sliding ways over which it is distributed, and in all 
probability would be augmented at one end and dimi- 
nished at the other in the same manner as was found in 
distributing the pressure over the total length of sliding 
ways. 
urves are also shown in Fig. 7 indicating the 
variation in the rates of pressure that come on various 
— of the sliding ways as the ship passes over them. 
hey are set off in terms of the distance the vessel has 
run. Of special interest is the one at 590 ft. down the 
ways, the locality in which the fore ends of the — 
ways are when the vessel lifts ; also the one at the aft en 
of the standing ways. aes 

Fig. 6 (page 435) shows the ordinary launching diagram 
and gives particulars of the launching ways. 

As is well known, the ship was successfully launched 
on June 7, 1906; the total time which ela from the 
release of the tri until she was fully afloat was 
86 seconds ; of this period 22 seconds were absorbed in 
tripping the keel-blocks left under her, and in this opera- 
tion she only progressed about 1 ft. down the ways. This 
gives an average speed of 12.2 ft. per second for the re- 
mainder of the journey to the water. The velocity was 
so moderate that the vessel was brought up with her bow 
about 110 ft. from the shore, the total weight of drags in 
use having been 1000 tons. : 

The trials will no doubt excite keen interest in tech- 
nical circles, and it is to be hoped that in due course the 
results there obtained mer A be made known and discussed. 
No more can be done at the present time than to express 
a hope that they may be in every way succcssful, and 
such as will entirely justify the enterprise of the builders 
and the owners in the t step they have taken in 
aon the responsibility of constructing these large 
vessels. 





APPENDIX. 
TABLE OF SCANTLINGS. 

Frames.—Inside double bottom, 44 in. by 4in. by 44 in. 
for { L amidships to }§ in. joggled ; and reverse frames, 
4 in. by 4 in. by 44 in. for} L amidships to 49 in. joggled. 
Outside double-bottom channel, 10 in. by ?$ in. by 4 in. 
by 4 in. by }§ in. for ? L amidships to shelter-deck, with 
reverse bar 4 in. by 4 in. by 4% in. angle to lower orlop- 
deck, to 9 in. by 3$ in. by 4 in. by 4 in. by ?§ in. for ? 
amidships to shelter-deck, with reverse bar 4 in. by 4 in. 
by 43 in. =a to lower oe. ‘ L eh 

ing.—Frames spaced in. for amidships to 

25 im. aft and 26 in, forward. ’ “ 

Floors.—4} in. under boiler-bearers and where neces- 
sary ; elsewhere, »$ in. 


Girders.—Centre, 60 in. by — in.; G., _ in. ; re- 
mainder, 2-1 in. Centre girder angles: top, 5 in. by 
5 in. by = in. ; bottom, 6 in. by 6 in. by ims other 


girder angles, 4 in. by 4 in. by at! in. ; margin angle, 
= in. 
Inner Bottom.—Centre strake, 7m in. ; remainder, 


15-12; 
~ In. 


20 

Orlop and Lower Orlop.—Stringer, }$ in. ; face-plate, 
64 in. by 44 in. b in. ; flan irder, in. to fore 
and aft bul heed wt es ° " 

Lower Deck.—Stringer, 72 in. by ™ — in. ; remainder, 
‘> in, ; beams channel, 10 in. by 3} in. by 3} in. by 
4% in. on every frame, to 8 in. by 34 in. by 34 in. by 
$$ in., according to span. 


Main Deck,—Stringer, 54 in. by @ in.; next strake, 
0 - 7 


a im. ; remainder, an in.; beams channel, 10 in. by 
i in. by 4in. by 4 in. by ?§ in. on every frame, to 8 in. 
y 34 in. by 34 in. by $§ in.. according to span. 

Upper Deck.—Stringer, 60in. by }§ in. high tensile steel 
to 33 in, mild; second strake, 4§ in. high tensile to J, in. 
mild forward and yin. mild aft; third strake, }} in. 
high tensile to y, in. mild forward, and . in. mild aft; 
remainder, 4{in. Beams channel, 10 in. b: if in. by 
4in. by 4 in. by ?j in. every frame, to 8 in. by 34 in. by 


in. by }$ in., according to span. 
Ae ue Dook'Stringes He in. high tensile to 3 in. 
-mild; doubling, "> in. high tensile; second strake, 
ye in. mild, doubling } in. high tensile; third strake, 


6 in. by 6 in. by 


12—10 - 





in. mild, doubling }¢ in. high tensile; remainder, 
Sin. mild. Beams channel, 10 in. by ?$ im. by 4 in. 
by 4in. by ?3 in. on every frame to 8in. by in. by 

in. by {2 in. according to span. Stringer angle, 12 in 
by 9in. by 3 in. 

Shell.—Outer keel, 50 in. by “=~ in.; middle keel, 


364 in. by aad in.; inner keel, 58 in. by 2} in, for ? L 
amidships. A strake = in.; B, C, D, E, F, G, H, J, 
K. L, M, N, “=” in.; 0, P, Q, 8, 8, T, U, == in; V, 


=x, ¥, = in.; doubling to V 3} in., extends 105 fc, 
aft of amidships to 120 ft. forward of amidships ; 
doubling to W 3} in. extends 165 ft. aft of amidships, to 
160 ft. forward of amidships ; doubling to X and Y te in. 
for 240 ft. aft of amidships, to 220 ft. forward of amid- 


i 
Forward where the vessel is closed in, the plating is 


5 in. 

"F. and A. Continuous Bulkhead.—¥, in. were curved ; 
remainder, }° in ; base angle continuous, 5 in. by 5 in. by 
+3 in. 

*° Angles.—Under decks in way of pillars 6 in. by 5 in. 
by i$ in. 


Calculation for Moment of Inertia. 




















Moment 
Area in (Lever, yoy of Inertia, 
Item, Square, in | uare 
Inches. | Feet. | _~ Inch x 
| | Feet. 
Below Assumed Axis, 27 Ft. 
above Base :— | 
Filat-plate keel - | 76.8 26.9 2,066 55,783 
Bottom and side-plating 908 4 | 20.6; 18,713 405,000 
Centre keelson S 46.8 | 24.5 1,146 28,090 
Side girders .. bie ..| 188.0 | 23.9 3,298 78,827 
Tank-topand pomtasriee..| 429.4 | 21.6 9,275 200,340 
Continuous side girder ..| 39.6 | 22.9) 946 22,620 
Side stringers .. es .-| 65.2] 69 381 2,628 
Bunker side vo | 110.9 8.1 898 7,274 
| 1805.1 | 36,723 | 800,562 
Above Assumed Axis, 27 Ft. | 
above Base : — | 
side-plating .. | 662.2 | 20.0; 18,244 306,560 
Lower deck 173.6 6.6 1,143 7,543 
Main deck 185.9 | 14.6 2,714 39,624 
Upperdeck.. 291.6 23.6 6,882 162,415 
Shelter deck .. 480.4 | 34.1 16,382 560,265 
Bunker side 43.2 34 148 508 
Casing bars 17.2 | 242 417 10,091 
1854.0 | 40,930 | 1,086,946 
Deduct one-sixth for rivets..| 309.0 | 6,822 181,158 
Above 27 ft. 1545.0 | $4,108 905,788 
Below 27 ft. 1806.0 36,723 800,562 
| 3350.0 2,615 | 1,706,350 
N.A. 0.78 ft. below 27-ft. line__t.e., 26.22 ft. Correction 2,043 
Lower lever, 26.30 .| 1,704,307 
Upper lever, 35.53 2 
Total moment of inertia . | 3,408,614 





In round figures, the moment of inertia in units of square inches 


by square feet is 3,410,000, and the bending moment in the condi- | Bel 


tion, when entering port, is 1,020,000. The consequent stress per 
square inch on the shelter deck—in extension—is 10.6 tons, and 
the compressive stress on the keel 7.8 tons. 








Nort SwepisH Iron-Ore Derosits.—A measure has 
been introduced into the Second Chamber of the Swedish 
Parliament proposing immediate notice of cessation of 
the — ccateaste 3S the — — ae 
pany and the Freja Mini mpany. e pro 
also contains clauses Bove = | to reduce the ore traffic on 
the Ofoten Railway (the Norwegian section of the Lulea- 
Gellivora-Norvik Railway), and introducing facilities in 
the ore transport on the Swedish railways. The proposal 
finally urges the Government to introduce, as soon as 
ay le, @ measure having for its object the taking over 

y the State of the North-Swedish iron-ore deposits. 





Messrs, R. STEPHENSON AND Co., Limrrep.—The 
report of the directors for 1906 states that the gross profit 
for the year was 57,084/., from which has to be deducted : 
—Repairs and renewals of buildings, machinery, and 
tools, 13,684/.; depreciation of plant and investments, 
7835/. ; loss on stock oil-engines realised, &c., 2815/. ; 
leaving 32,7501. After providing for interest on deben- 
ture stocks, the directors recommend the payment of the 
full dividend accruing upon the preference shares for the 
year, leaving 2945/. to be carried forward. A number of 
orders for new vessels were received during the year, and 
the tonnage delivered in 1906 amounted to 35,497 tons, 
as com with 32,750 tons in 1905. Current contracts 
were, however, affected by increased wages and other 
adverse circumstances. The locomotive works at Dar- 
lington have been fully employed, and the output has 
largely increased. The orders in hand will occupy the 
works during the ge part of the current year. The 
graving-dock has well employed, but prices have 
suff owing to keen ay ages for docking work. A 
new foundry at Hebburn has been completed, and has 
commenced work. The old foundry at Newcastle has been 
dismantled. New machinery for the marine-boiler sho; 
at Hebburn and the Darlington works has been installed, 
and has fully justified the outlay involved. A scheme for 
the reduction of the capital of the company and the sub- 
division of the shares received the sanction of the Court 
in December, 1906, 





CATALOGUES. 


Tue Engineers’ Advertising Company, Corn Exchange 
Buildings, Manchester, have sent us a pamphlet in which 
they offer hints to assist engineers in the preparation of 
catalogues and descriptive circulars. 


The Carron Company, Carron, Staffs, have sent us a 
| age list of general castings. These include casting: 
or a great variety of purposes, and as examples we may 
mention grates, furnace-doors, pipes, grindstone troughs, 
brackets, drain-traps, manholes, gratings, &c. 

The Lane and Bodley Company, of Cincinnati, Ohio, 
U.S.A., have sent us a pamphlet devoted to a description 
of their design of four-valve shaft-governor steam-engine. 
This is a horizontal engine ome for high speed 
for — purposes, and for which good economy is 


Messrs. Peckett and Sons, Atlas Locomotive Works, 
Bristol, have issued a booklet which consists of a series of 
views of their works. There are views of the shops, 
principal tools, &c., showing that the equipment includes 
much modern machinery, and several types of locomo- 
tives constructed recently by this firm are also given. 


A price-list from Messrs. Johnson and Phillips, Char!- 
ton, Kent, gives information relating to the many types 
of cables manufactured by this firm. The catalogue is 
thumb indexed, and quick reference is therefore possible 
to the lists of association, non-association, Faterson’s fire- 

f, and other cables, fittings, wires, flexible cords, &c. 
rices, weights, and other necessary particulars are given. 


“Accumulators” is the subject title given to a catalogue 
from Messrs. Snowdon, Sons, and Co., Limited, London. 
This P army however, in addition to accumulators, 
also deals with dry batteries and small volt and aw- 
meters for motor-car and other purposes. Rheostats, the 
Wodon patent electric valve, &c., direct-coupled petrol- 
engine generating sets are also noticed at considerabl: 
length. Leading particulars, distinguishing features, and 
prices are given. 

The Chloride Electrical Storage Company, Limited, 
Clifton Junction, Manchester, have sent us a circular en- 
titled ‘‘ Batteries and Highfield Boosters in Alternating- 
Current Stations.” In alternating - current stations, 
where batteries are used for the supply of current for 
excitation purposes, it is desirable thet these may be 
charged without disconnecting from the bus-bars. High- 
field boosters are specially designed for use in this 
connection. 


A neat little hlet comes from Messrs. Clarke, 
Chapman, and * <p Limited, Gateshead-on-Tyne, deal- 
ing with colliery plant. The matter therein includes 
tables of we capacity of-electric wires and cables, 
fuse tables, tables relating to wire-rope haulage, friction of 
water in pipes, areas and displacements. Rules are given 
relating to the use of electricity in mines. The illustra- 
tions are of colliery machinery, electric-generating plant, 
winding-gear, pumps, capstans, water-tube boilers, feed- 
heaters, &c. 
The Ingersoll-Rand Company, 114, Queen Victoria- 
street, E.C., have sent us their new catalogue of air and 
-compressors. This company, whose works are at 
ton, Pa., and Phillipsburg, N. Y.. U.S.A., are makers 
of compressors for use under all kinds of conditions. 
t-driven, steam-driven, by reciprocating engines or 
turbines, compressors driven electrically or by Pelton 
wheels, are all noticed and illustrated in these pages. The 
firm are also makers of single and multi-s' com- 
po, and their steam-engines and other machinery are 
tted with all modern fittings and devices. 


A pasties from the Seal Motor Company, Oil Mill- 
lane, Hammersmith, is devoted to the unique little engine 
bearing the name of the “Seal Motor.” It is of the 
inverted type, the cylinder and base casting being in 
one, and it is designed for marine work. For fuel it uses 
heavy oils or spirit; it is remarkably compact. It is 
made in 14 to 1? horse-power and 2} to 3 horse-power 
sizes, and runs at from 760 to 800 revolutions per minute. 
The smaller size gives, in dinghies, or small launches, a 
towing pull of 35 lb., while the larger size, suitable for 
ny ~ of from 16 ft. to 22 ft. in length, gives a pull 
o' 


A price-list has reached us from Messrs. W. T. Glover 
and Co., Limited, dealing with rubber-insulated wires 
and cables. This book is arranged with thumb-index, 
and is divided into twelve sections, some of which refer 
to details of standard sizes of solid copper conductors, 
“* Association” single vulcanised wires and cables, non- 
association cables, twin-vulcanised cables, concentric 
cables, aerial - cable suspenders, fuse- wire, jointing 
materials, formule, &c. A certificate is also enclosed, 
being a report on tests of the cable materials, showing 
that the insulating qualities are high, and losses small, 
and that the insulating material will ‘‘resist destructive 
agencies in a satisfactory manner.” 


Two pamphlets have reached us from Messrs. C. and 
W. Walker, Limited, Donnington, Shropshire. These 
refer to the Milbourne patent gas-purifiers, and to valves 
for gas-work. These purifiers are of the luteless type, 
the joint being made with india-rubber. The passage of 
the gas is controlled by valves embodied in the purifiers. 
The purifiers are of very compact and convenient form. 
The pamphlet relating to valves illustrates and gives 
particulars of a large number of patterns for ordinary 
mains on screw or rack and pinion principle, disc valves, 
indicating columns for valves, wheel valves, Walker's 
hydraulic main valves, hydraulic change valves for 
purifiers, centre valves for sets of purifiers, four-way 
valves, &, 
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WERF GUSTO. 


Aznout forty-five years ago a Dutch engineer 
started a small venture of engineering works at 
S. Hertogenbosch, in the South of Holland. 
Only four or five men were employed at first, but 
the master, Mr. A. F. Smulders, was the son of 
an engineer, and, as was afterwards proved ina 
wider sphere, a thorough engineer himself. It is 
astonishing what a lot of work can be turned out 
from a little shop and with a small staff when the 
master himself can do everything that is needed to 
be done. At first the chief products of the firm 
were steam-engines for small tug-boats, or for 
butter factories ; but the business extended rapidly 
—as businesses will when looked after by the 
owner—so that soon there were 300 or 400 men 
employed. By the time fifteen years had passed 
the establishment had quite outgrown the little 
Dutch town, and was transported to the more im- 
portant centre of Utrecht, where construction work 
was added to the original steam-engine department. 
The experience gained by steam-engine and con- 
anih 


a 





the time-honoured methods that enriched former 
generations. It is to be hoped, however, that a 
new and, perhaps, healthier prosperity for Schie- 
dam may spring from the works that Messrs. 
Smulders have now erected there at considerable 
cost, and which already employ over 1000 men. It 
is these works which we now propose to describe. 
We have already, on more than one occasion, 
dealt with the products of Messrs. Smulders. 
In our issue of September 10, 1897, we illus- 
trated and described a floating dock, built to the 
order of the Portuguese Government for San 
Paulo de Loanda.* This dock was 200 ft. long 
and 70 ft. wide, and had a lifting capacity of 1350 
tons. In our issue of June 23, 1899, we illustrated 
and described a marine bucket-dredger built for 
the Russian Government.t This vessel was 162 ft. 
long and 33 ft. wide. It hada speed of 6 knots, 
and dredged 460 yards of compact clay, mixed with 
stones, per hour. Another example of the firm’s 
work, which we illustrated and described, was a 





steam bucket-ladder excavator for irrigation work 
in Java, a model of which was shown in the ad- 
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struction work combined especially fitted Mr. 
Smulders and his staff for designing dredgers, and 
as there is plenty of scope for dredger work in the 
Low Countries, it is not surprising that this branch 
of engineering enterprise was added to the work of 
the Utrecht firm. That was about twenty-five 
years ago. Ten years later Mr. Smulders esta- 
blished, at Liége, in Belgium, a boiler works, which 
he put under the direction of his son, Mr. 
Smulders. At the present time this establishment 
finds work for 400to 500 men. Previously to this, 
Mr. H. Smulders, another son of the founder of 
the firm, had been taken into partnership, and 
later a younger son, Mr. F. Smulders, was also 
admitted. About the latter period—about twelve 
years ago—a shipyard was started on the Maas, at 
Slikkerveer, a little distance above Rotterdam. In 
1905 the then existing works at Utrecht and Slik- 
kerveer were closed, and the whole of the Dutch 
business—which does not include the Liége boiler 
works that still continue—was transferred to the 
banks of the Maas, at Schiedam ; a town of some- 
what faded splendour, which has given its name to 
the ardent spirit once looked upon as “‘ the wine 
of the country.” The ancient distilleries still 
exist, forlorn and deserted, on the banks of the 
canal—a sad memento of an earlier, happier time, 
when modern appliances and bigger establishments, 
with"production on a larger scale, had not ousted 








mirable collection of models which Messrs, Smul- 


ders sent to the Paris Exhibition of 1900.{ In 
connection with our account of the Exhibition we 
also gave a two-page illustration in our issue of 
August 3, 1900, of a bucket and suction dredger 
which became the property of the Russian Govern- 
ment, for use at Port Arthur. A larger craft of the 
same description was the combined bucket and 


L. | suction dredger which the firm built to the order 


of the Government of Uruguay, for use at Monte 
Video.§ This vessel was 241 ft. long by 41 ft. 
wide. I[t would carry 1046 cubic yards of spoil at 
7 knots. These references indicate the interesting 
and important nature of the work done by the 
firm at their old works. We shall, before we con- 
clude our present notice, give some further examples 
of the firm’s productions, such as will serve to 
illustrate the originality and ingenuity of their 
designs. Before proceeding to do this, however, 
we will devote some space to a description of the 
works themselves. 

Werf Gusto—which means Gusto Yard, as one 
should say Fairfield or Blackwall Yard—occupies 
an area of 15 acres on the Rotterdam side of the 





* See ENGINEERING, vol. Ixiv., page 315. 
+ Ibid., vol. lxvii., page 813. 

t Ibid., vol. lxx., page 150. 

§ Ibid., vol lxxv., page 448, 





River Maas. True to the genius of the country, it 
has been won from the water, the site having been 
at best a swamp, subme at high tides, until 
Messrs. Smulders acqui it. They at once set 
to work, with the apparatus of which they well 
understand the use, to dredge from the margin of 
the property, throwing the spoil back, and in this 
way they manufactured 15 acres of solid ground, 
having an elevation well above the highest recorded 
flood datum. In doing this they excavated a large 
deep-water outer basin separated from the main 
river by an island, as shown by the plan of the 
works, Fig. 1, on the present page. The length 
of water front is 1066 ft., and there is 30 ft. of 
water alongside the quay. There is an erecting- 
basin 370 ft. long and 165 ft. wide, having a land- 
ing-stage with three lines of railway, so that a 
travelling-crane can run right on to it. 

The constructions of the firm consist of dredgers, 
tugs, steam hopper-barges, and coaling vessels for 
the most part, and for the building of these there 
are seven building-slips, the largest of which is 
329 ft. long by 49 ft. 3 in. wide ; but this, like the 








adjoining slip—which is 295 ft. long—can be made 
to accommodate vessels of 600 ft. in length. The 
other berths are two of 214 ft., two of 204 ft., and 
one of 180 ft. The ways of all these building-sli 
are firmly supported by extensive piling; and the 
foundations of the buildings are also placed on 
substantial piles. 

In Fig. 2, on page 440, we give a view of the 
yard, showing the outer basin and the erecting- 
basin, with the two large buildings which form the 
engineering and the construction departments of 
the works. The smaller building-slip can be seen 
on the left. Fig. 3 on the same page is a view 
of the same buildings from the land side, with the 
building that serves as offices between. The main 
buildings form two spacious halls, in which the 
chief operations of the works are carried on. They 
are each 460 ft. long by 170 ft. wide. They are each 
divided into three bays, as shown in the cross-section, 
Fig. 4, page 440. The construction is of steel, and 
the general design may be gathered from the various 
interior views that we publish this week. The main 
columns are carried up to a height of 36 ft. in the 
centre bays and 22 ft. for the side bays. On the 
tops of the columns are the runways for the electric 
travelling-cranes. The girders of the latter are of 
light lattice-work construction, and were made by 
the firm. The columns support the roof, the summit 
of the main bay, not including the skylight, being 
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61 ft. 6 in. from floor-level, and the height of the 
side bays being 39 ft. The main bays are 78 ft. 9 in. 
wide, and the side bays 45 ft. 9 in., and they all run 
the 460 ft., which is the full length of the buildings. 
As will be gathered from the interior views, which 
we give on Plates XXX. to XXXIII., the shops 
are well lighted by two continuous roof skylights, 
and side and end windows in the walls. 

In the east building, which is the upper one in 
the plan, the north, or left-hand, end is devoted to 
the pattern-making and wood-working department 
on the ground level ; and above has been put in a 
floor to form the pattern-store. Although this 
department comes under the main roof, it is 
separated from the rest of the building by a con- 
crete wall, in order to guard against fire. This is 
more necessary as the next department is the foun- 
dry, which occupies the whole width of the building 
for a length of 99 ft. There are two cupolas, with 
an electric lift, as shown in Fig. 5, Plate XXX., 
which illustrates the south-west corner. For heavy 
castings there are two pits, each 16 ft. in diameter 
by 15 ft. deep. They are lined entirely with 
a riveted- plate structure, perfectly water - tight 
—a precaution not unwarranted, considering the 
nature of the ground. There are two core stoves, 
21 ft. by 21 ft., and a portable stove for drying 
moulds by turning the products of combustion 
of a coke fire through them. In this foundry cast- 
ings up to 25 tons are made. There is a 15-ton 
electric-crane over the main bay, and a smaller one 
of 5 tons over the side bay, as well as a long-span 
jib-crane, on which runs a travelling pulley. The 
brass-foundry is in the side bay. The foundry is 
divided from the next compartment by a concrete 
wall, which, however, is pierced by a doorway. In 
this section are copper-smiths’ shop, the painters’ 
shop, and the fettling-shop; these being again 
divided from the main building by another con- 
crete wall, in which is a doorway which gives ad- 
mission to the machine-shop of the main engineer- 
ing department. 

The first object to be noticed here is the steam- 
engine made by Mr. A. F. Smulders for driving 
his shop when he started at S. Hertogenbosch. It 
was evidently designed with some care, and has the 
touch of Gothic architecture that characterised engi- 
neering structures of the earlier part of the last 
century. There is a single cylinder working on to 
a crank above, the cast-iron fly-wheel having 
curved spokes, and a wrought-iron rim shrunk on 
like a tyre. Much spoil has been scraped from sea 
and river-bottoms, and much water has flown 
through suction-dredgers of the same author’s de- 
sign since this little engine was made. 

The northern end of the east bay is occupied by 
the turnery, a view of which is given in Fig. 6 
Plate XXX. The central bay, shown in Fig. 7, 
Plate XXXL., is used for erecting, whilst the west 
bay, shown in Fig. 8, is used as a finishing-shop. 
The last two illustrations are looking south, whilst 
Fig. 6 is looking north. The arrangement of shaft- 
ing is well shown in these illustrations, The drive 
is electrical, the main line of shafting is run on 
bearings supported on box-section beams carried 
by the columns, with counter-shafts beneath. On 
the east side there are three lines of shafting, each 
with its own motor. Next to the wall is one line 
of shafting, about 3 ft. from the ground, with 
counter-shafts above as shown. On the west side the 
fitters’ benches are next to the wall, and overhead 
shafting only is used. In the centre bay the electric 
travelling-crane is of 15 tons capacity, whilst the two 
cranes in the side bays are each of 5 tons capacity. 

At the south-eastern end of the building is the 
electric generating machinery to supply current 
both for power and lighting. This department is 
shown in Fig. 9, Plate XXXII. There are two ver- 
tical compound-surface condensing steam-engines of 
400 horse-power each. These are the firm’s own 
make, and are coupled direct to dynamos which 
generate continuous current at 440 volts, this being 
reduced by motor transformer to 220 volts for 
lighting purposes. There is also a 300-horse-power 
engine for the same purpose. 

The machine-shop is worked on the modern prin- 
ciple of a special tool department, and this is 
situated at the northern end of the building. Here 
are various machines for tool-making by Messrs. 
Reinecker, Gisholt, and other makers. At the sides 
of the centre bay are the heavy tools, one of the 
most notable among them being a large horizontal 
and vertical planing-machine by Messrs. T. Shanks 
and Oo., of Johnstone. Another fine machine-tool 
is of less usual pattern. Itis a machine for planing 





big castings, and has a low travelling bridge which 
works over a pit about 10 ft. deep. The table, on 
which the work is mounted when parts not of great 
thickness are used, can be removed bodily, and the 
part to be machined is then mounted on stout 
cross-girders in the pit, provision being made 
to fix the girders at any required height. The 
travel of the bridge is about 20 ft., and the 
distance between standards 8 ft. The work here, 
it will be seen, remains stationary, the bridge 
being traversed by two leading screws—one to each 
standard—there being a quick return. Next to this 
is a planing-machine of the ordinary type, by the 
Chemnitzer Maschinen Fabrik. There are two 
tool-saddles on the bridge, and one on each stan- 
dard. It will take work 7 ft. high and 74 ft. wide, 
and will make a cut of 21 ft. Close by are other 
smaller planing-machines, all of German make. 
Further on is a large vertical boring-mill of German 
make, but of American pattern. It has an 8-ft. 
table, and two tool-saddles on the bridge. Amongst 
other tools in this department is a big double- 
headed lathe of English appearance, but of German 


make. Another large and well-proportioned lathe 
was made bya Liége firm to Messrs, Smulders’ 
specification. 


At the back are the smaller machines, among 
them being a screw-cutting lathe, which was the 
original tool with which Mr. Smulders did the first 
work when he started at S. Hertogenbosch ; and 
there is also an old Jathe with a turret on the slide- 
rest, made by a Rotterdam firm. Near by is a group 
of special lathes—all American, five being by the 
Lodge and Shipley Company, the Bullard Com- 
pany, and the American Tool Works of Cincinnati. 
There is also a row of boring-mills by the American 
Niles Company and the German Niles Company. 
Further along are some French lathes, and beyond 
these are American grinding-machines by the Landis 
Tool Company. There are also a few British 
machine-tools, but with one or two exceptions— 
such as the fine horizontal and vertical planer by 
Shanks, and the milling-machine by the same firm 
about to be mentioned—they were all of com- 
paratively ancient date, so far as our observation 
went. The equipment of this shop illustrates, in 
a rather melancholy manner for Englishmen, the 
trend of custom in machine-shop equipment during 
recent years. When the original works needed 
extension in the past, Mr. Smulders appears to 
have purchased machine-tools largely from the 
best English makers; but during more recent 
times other countries appear to have almost mono- 
polised the custom in this department. Perhaps 
this may be partly accounted for, in the case of 
lathes, by the manager’s preference for V-rests ; 
but it is satisfactory to know that when a heavy 
cut has to be taken the old-fashioned British lathe 
is still given the job. It may be that high-speed 
steel will give British machine-tool makers a fresh 
start in the trade. 

There is a large boring-machine by Messrs. 
Nasmyth, of Manchester ; another by Messrs. G. 
and A. Harvey, of Glasgow ; and a more modern 
one by the Chemnitzer Fabrik. These have 
traversing standards, and work on one large table. 
A similar machine has been made by Messrs. 
Smulders themselves. A big slotting-machine is 
by a Liége firm. A horizontal milling-machine by 
Messrs. Shanks, of Johnstone, is a fine example of 
a modern machine-tool ; next is a large gear-cut- 
ting machine by Messrs. Reinecker, of Berlin, which 
will cut teeth on wheels up to 5} ft. in diameter. 
Two vertical milling-machines by Messrs. Denetfe 
and Co., of Liége, and an English-made radial 
drill, not of the latest pattern, complete our list of 
the most important machine-tools. 

Amongst the smaller tools there are a number 
of automatic and semi-automatic machines by 
well-known American makers, such as Messrs. 
Jones and Lamson, the Cleveland Machine-Tool 
Company, and others. There are also a number 
of shaping, milling, and drilling-machines of various 
kinds, mostly of Continental make, including a 
side-planer by a Brussels firm. The fitters’ benches 





XXXITI., is the same building looking south. The 
magnificent proportions of this hall are well shown 
in the illustrations, and will be further appreciated 
from the fact that the central object in the picture is 
a full-size ladder dredger. Fig. 12, Plate XXXIIL., 
is the north end of the main bay, and shows the 
elevator part of one of the large floating coaling- 
machines which Messrs. Smulders construct, and 
to which we shall make further reference later on. 
The illustration gives an idea of the size of these 
coaling-vessels. 

The plant of the construction department is 
more flattering to English pride than that of the 
engineering section, for most of the machines used 
are of British origin. In the eastern bay there is 
a line of overhead shafting, electrically driven, to 
actuate those tools which have not their own 
motors. In Fig. 13, page 441, is shown a view of 
the east bay, with a line of punching and shearing 
presses driven by their own motors, the latter 
being of Dutch make. The powerful machine in the 
foreground is one of Messrs. Craig and Donald’s 
punching and shearing presses with an angle-iron 
cutter ; another heavy press being by J. H. Riddel, 
of Glasgow ; whiist two other punching and shear- 
ing-presses are by J. Rennie and Son, of Glasgow. 
The big plate edge-planer is of the firm’s own 
make, whilst two smaller machines of the same 
type are respectively by a Scotch and a Belgium 
firm. There are also a number of automatic saws, 
drills, plate-bending machines, angle-iron benders, 
and other machines of the type usual for construc- 
tion work. 

An interesting and useful tool is John’s split- 
ting-shear, by means of which plates of any length 
and width can be sheared in two on any line. 
This machine we illustrated and described in our 
issue of February 16, 1906, page 223. 

In the foreground in Fig. 10 are shown the 
scrive-boards with the hand-power frame-binders, 
the work being done cold. The frames are bent to 
approximate shape in the hand-presses, and are 
then brought to the accurate contour, as marked on 
the scrive-board, by hammering. The men, by 
long practice, are especially skilful at this work, 
and turn out the frames in remarkably short time ; 
but slabs and furnaces are about to be installed. 

The forge shown in Fig. 14, page 441, is in the 
west bay, and contains an hydraulic press of 250 
tons, made by a German firm. There is a steam- 
hammer by Glen and Ross, and also two Massey 
steam-hammers. There is a plate-bending press, 
which can be used for flanging floor-plates and other 
work. At the end are two furnaces for heating 
forgings; whilst the smiths’ fires are in two rows on 
opposite sides, as shown. The hearths are fitted 
with a complete exhaust system for carrying off 
smoke. There is a pneumatic system installed for 
caulking and drilling ; and some riveting is also 
done by air pressure, though most is by hand. 
Boilers, it will be remembered, are made at the 
Liége establishment. ‘he air-compressing plant 
is on the Ingersoll-Sergeant system, and has been 
supplied by Alfred H. Schiitte, of Cologne. 

The construction building has the same installa- 
tion of overhead cranes as the engineering shops, 
there being a 15-ton electric-traveller in the centre 
bay and a 5-ton traveller in each of the side bays. 
There is also an electric locomotive crane which 
takes current on the overhead-trolley system and 
runs on the rails laid down in the yard, as shown in 
the plan, Fig. 1. In this way the crane can be run 
on to the landing-stage in the erecting-basin, down 
to the building-slips, along the East Quay, or into 
the two principal Saladings. The rails are of stan- 
dard gauge, and when connection is made, as it will 
be shortly, between the works and the railway, the 
yard will be in communication with the whole rail- 
way system of the country. That, however, is of 
less importance for an establishment in Holland 
having a good water frontage, with such a complete 
system of water transport. “5 

The offices are contained in the central building, 
as shown on the plan, and in the general view, 


‘Fig. 3. They comprise a central hall and model- 


are placed against the west wall, as shown in Fig. 8. room, the private rooms of the members of the firm, 


The boilers for supplying steam to the electric | counting-house, and drawing: offices. 


In Fig. 15, 


generating plant are placed in a separate house | page 441, we give a view of the principal drawing- 


adjoining the south-east corner of this building, as | office. 


As will be gathered from our illustration, 


shown in the plan (Fig. 1, page 437) and the south | which is taken from a photograph, the lighting, 


view of the yard given in Fig. 2, page 440. 
We now cross the yard to the West Building, 
which is devoted to constructional work. We give 


a general view, looking north, of this fine building | Messrs. Smulders’ yard and works, 


| 


both natural and artificial, is excellent, the latter 

being obtained by inverted arc. — a 
Having so far given an outline description of 

sufficient, with 


in Fig. 10, Plate XXXII., whilet Fig. 11, Plate | the illustrations, for our readers to form some idea 























APRIL 5, 1907.] 





ENGINEERING, 





439 











of the establishment, we shall, in another article, 
proceed to describe a few of the more recent and 
interesting of the productions of the tirm. 








THE NATIONAL PHYSICAL 
LABORATORY IN 1906. 
(Concluded from page 373.) 

In the Thermometric Division Dr. J. A. Harker 
and Mr. W. Hugo have completed a very necessary 
investigation connecting the Kew mercury thermo- 
meter scale with the scales of the Verre Dur of the 
Bureau International des Poids et Mesures, at 
Sévres, and of the Jena 16" glass of the Reichsan- 
stalt. It results that the departure of the Kew 
mercury-in-glass thermometers from the _inter- 
national hydrogen scale is very small at all tem- 
peratures. In order to elucidate some small dif- 
ferences between the Kew corrections and the 
corrections applied at the American Bureau of 
Standards, a number of comparisons against the 
Tonnelot standards and an exchange of sub- 
standards have been effected. 

The most important researches on the simple 
form of radiation pyrometer of the Féry type, made 
by the Cambridge Scientific Instrument Company, 
prove these instruments to be of a high practical 
value. The pyrometer essentially consists of a 
short telescopic tube, open at the end unless closed 
by a shutter, and provided near the eye-piece 
with a concave glass, on which a gold mirror is 
burned. The end is directed towards the source 
of heat to be measured, and one of the advan- 
tages of the arrangement is that the hole in the 
furnace from which the rays issue need only be 
small. The rays falling on the mirror are con- 
centrated on a little thermo-couple in the pyro-| 
meter. The leads from this couple are joined to a 
D’Arsonval galvanometer, which marks the tem- 
peratures in degrees Cent. The galvanometers are 
made either stationary or suspended in gimbals, | 
and two scales are marked on them, the one running 
from 509 deg. Cent. up to 1300, and the other from 
900 up to 1900 deg. ; the second higher scale is used 
when part of the radiation is stopped by the shutter. 
As the mirror pyrometer is to measure the total heat 
radiation, which largely consists of long infra-red | 
waves, no transparent screen must be interposed 
between the pyrometer and the source of heat, 
which in Dr. Harker’s tests is a tubular electric 
furnace. This furnace he inclines at an angle of 
30 deg., in order to minimise convection currents. | 
The radiating body of the furnace is a disc, a little 
brick of magnesia, platinised on its front, and pro- 
vided with a narrowslot in which the thermo-couple is 
placed, by means of which the furnace temperature 
is determined ; the wires of the couple are carried | 
out through insulating-tubes. Perhaps a dozen of 
the pyrometers to be verified are placed on rail- | 
bars—a kind of tramway—and pushed, one after 
the other, in front of the furnace, each pyrometer | 
being in circuit with its galvanometer. As soon | 
as the respective pyrometer arrives in front of | 
the furnace, the albanian indicates the tem- 
perature. When this pyrometer is pushed a little 
further on the bars, the galvanometer needle at 
once goes back, and the next pyrometer picks u 
the radiations. The pyrometers respond wit 
remarkable rapidity. By means of this clever 
arrangement Dr. Harker is able to calibrate a 
great many instruments at a time. Some of the 
instruments have been verified on the crater of a 
large are, and found to give readings agreeing within 
100 deg. or 200 deg. with the accepted arc tem- 
peratures. The actual heating of the thermo-couple 
in the pyrometer never exceeded 80 deg. Cent. 
Even if the gilt mirrors should tarnish, they 
would still reflect most of the long waves on which 
the action of this pyrometer depends. Although 
designed for high-temperature measurements, the 
Féry pyrometer responds to dark heat rays. Dr. 
Marker placed a pyrometer about 20 ft. from a 
tin vessel in which water was being heated, the 
wall of the vessel facing the pyrometer being 
blackened. The galvanometer needle went back 
when the hand was held in front of the pyro- 
meter, or the pyrometer shifted out of the path 
of the rays; but the heat from the warm hand was 
itself able to deflect the galvanometer. 

While the Féry pyrometer measures the total 
radiated energy radiated from the “black” body, 
particular rays are observed in the Wanner pyro- 
meter, with which Dr. Harker is also experimenting ; 
and the readings of a Wanner and a Féry pyrometer 














would not agree, therefore, in the case of asource of 
selective radiation like a Nernst lamp or an ordinary 
incandescent mantle. Dr. Harker uses in these 
— a spectro-photometer for testing with 
red, green, and other rays, a small-glow lamp as 
standard, and a ground-glass screen which, he 
found out, must be placed between two glass plates, 
as otherwise dirt “a the atmospheric condition will 
influence the diffusion ; this point was also noticed 
by Mr. Hunter in his tests of the definition of lenses, 
ey to be mentioned. Our readers will find 
urther information in the researches of Waidner 
and G. K. Burgess on optical pyrometers.* 

In testing the pred: of refractory materials at 
high temperatures, the sample is applied in the 
shape of a disc, 20 millimetres in diameter, and 
3 millimetres in thickness, and placed in a vertical 
tubular furnace of Acheson graphite, which is heated 
by a horizontal arc. The lower side of the disc is 

hotometered from below, while the disc is loaded 

rom above. In order to facilitate the comparison 
of several (ten) thermo-couples at temperatures 
up to 1400 deg. Cent., Dr. Harker has constructed 
a very neat bath-stand. The point of junction of 
each couple is in contact with a platinum ring, 
having ten internally-projecting studs, on which the 
wires are hooked ; below, the wires are secured in 
the oblique slots of the two steatite nuts, threaded 
upon the porcelain rod which forms the vertical 
axis of the stand. Any couple may be removed 
during the tests without disturbing the others, 
and insulation is not required. The cold junc- 
tions are placed in tubes resting in the large 
ice-box below. Arrangements for annealing con- 
siderable lengths of wire without danger of dis- 
tortion have also been made. This investiga- 
tion of thermo-couples is being carried out in 
conjunction with Messrs. Johnson, Matthey, and 
Co. The new platinum thermometer resistance 
bridge of the Laboratory has been calibrated and 
found excellent. The contacts are of the special 
form designed by Mr. W. A. Price; stout discs of 
copper, faced with a carefully-planed silver ring, 
are screwed down with long steel screws on to 
scraped surfaces of copper. The fit is first loose, 
but there is no rubbing action, ball-joints being 
used, and the contacts are easily kept bright and 
clean. The whole system of contacts is immersed 
in paraffin. As regards the intended high tempera- 
ture scale revision, which we mentioned on page 153 
of our issue of February 1, we can only say that 
Dr. Harker will proceed on original lines. 

The English Gréndal-Kjellin Company has pre- 
sented the Laboratory with a small Hiirdén induc- 
tion furnace, designed for the melting of platinum 
and refractory materials, with currents of higher 
frequencies than have so far been employed. The 
furnace forms a pan which can be tilted like the 
Kjellin furnaces in use at Volklingen, in the Saar 
district of Rhenish Prussia. The core of laminated 
iron embraces the whole pan in a double rectangle, 
the primary coils being wound round the central 
branch ; these coils are water-cooled tubes. The 
extremely high temperatures which are produced in 
the slag floating on the steel of the Héroult furnaces, 
and which have been claimed as a characteristic 
ray of those furnaces, can also be obtained 
in the Kjellin furnace. 

The new building of the Metrological Depart- 
ment, which is nearly ready for equipment, has 
been designed by the Director, and will provide 
the National Physical Laboratory with unrivalled 
accommodation for carrying out its work at uniform 
temperature. To ensure this uniformity the in- 
struments are best housed in small rooms, of which 
there are eight, while a gallery of 50 metres length 
has been provided for standardising long tapes and 
measures. The rooms form a series of cells, 
measuring 20ft. by 18ft. 6in.—the two end rooms are 
larger—whose walls do not reach up to the weaving- 
shed roof of the main building, but are covered in bya 
horizontal double glass roofing, which leaves an air 
space of 12 in. between the two sets of panes. These 
rooms are surrounded by corridors, lined on the 
north side by a further series of rooms, and on the 


south side by a double external brick wall of 18 in. 
thickness, with an air space of 3 in. between the 
two walls. 
face north. The eight main rooms are heated on 
the plenum system, the speed of the fans being 
regulated automatically ; special radiators allow of 
the rooms ‘being heated rapidly when required. 
The other rooms and the long gallery are heated by 


The saw-tooth roof and all the windows 


steam-pipes. The measuring-bench of this gallery, 
which runs along the inner cement wall of the 
corridor, is of enamelled slate, with stone blocks at 
distances of 4 metres, on which standard marks 
will be indicated by pieces of invar cemented in 
the stone ; further marks will be made on the floor. 
The walls of the eight rooms are covered with a 
special plaster and with Keen cement, and the spots 
where softer bricks are inserted in the walls for 
fixing bolts, &c., are marked on the cement. The 
instruments will be carried on special concrete 
foundations going down 8 ft. or more into the 
gravel ; the flooring rests on arches. 

In the old overcrowded rooms of Bushy House, 
Mr. H. H. Jeffcott and Mr. J. W. Attwell have 
had to take up several new kinds of research. 
Thus a kind of large size Amsler planimeter, used 
as areameter for measuring the areas—which are 
read off in square feet on the wheel—of hides and 
skins, had to be tested. The accuracy of metallic 
surfaces which cannot be studied by their re- 
flecting power is investigated by means of a 
micrometer with electric contact indicator; the 
measuring point penetrates through a hole in a 
plate, and an accuracy of 0.001 millimetre is 
attained. The importance of verifying surveying 
tapes has been impressed upon the department by 
the following case. A 100-meter invar tape had 
been sent to the Sudan as carefully divided by the 
makers, used for measuring half-million acres, and 
occasionally checked against a base set out by the 
tape itself. Suspicion arose later, and on examina- 
tion at the Laboratory the tape was found to be 
too short by 5 centimetres—i.e., by 1: 2000. As 
regards screw-measuring apparatus, it will not be 
generally known that the guide-screws of lathes can 
be checked for pitch by cutting a fine trace on a 
steel cylinder, and sending this trace to the Labora- 
tory for measurement. The pitch of nuts is mea- 
sured by means of a carriage actuated by an accurate 
guide-screw sliding along a , bearing a second 
slide making an angle of 624 deg. with the first ; the 
latter carries a pivoted lever, whose pointed end is 
brought into contact with the slope of the thread. 
This method has been applied in standardising 
the limits of tolerance for the various elements 
of screw-threads on behalf of the Section on Screw- 
Threads and Limit-Gauges of the Engineering 
Standards Committee. As we poin out in 
last year’s report, specimen bolts and nuts, 
made to Whitworth standards, were taken indis- 
criminately from the stock of thirteen firms and 
measured for full, core, and effective diameters, 
pitch, and angle of thread. For the interchange- 
ability tests, bolts and nuts have been screwed 
together in all possible combinations, with the 
following results :—Of 1207 combinations, 46 per 
cent. were good fits, 25 per cent. were slack fits, 
8 per cent. could be screwed up with a spanner, and 
21 per cent. would not fit. Three standard pipe- 
thread gauges have been measured in the soft state, 
and again after hardening; very small alterations 
were observed, and the necessary adjustments 
could be made after hardening. The guide-screw 
of the standard leading-screw lathe has been verified 
again ; the error nowhere exceeds 0.0001 in. 

Standard sets of flat-bottomed railway-rail tem- 
plates have been completed by Messrs. Cooke, so 
that the Laboratory possesses now full sets both of 
bull-headed and of flat-bottomed rail templates ; 

ipe-flange templates have been supplied by Messrs. 
too and verified. The secular alteration in the 
length of the invar-metre scale is rapidly falling off. 
Sixteen standard metres have been sent to Sévres 
for comparison. The metric standards of the 
Laboratory are all provided with spherical ends, 
and it is proposed to adopt the spherical ends also 
for British measure gauges. The Hartmann auto- 
matic comparator, a magnificent machine which 
the French Artillery Department constructed for 
the Laboratory, will be put to actual work after 
the completion of the preparatory arrangements. 
The box-shaped four-metre comparator can now be 
heated with the aid of a boiler, a motor and two 
centrifugal pumps, which extract the water from 
the middle of the tanks at the bottom, and dis- 
charge it into the tanks at both ends at the top. 
The tanks are of copper, asbestos-lined, and cased 
in wood. Inside the tanks are two longitudinal 
girders; on one of them the standard metre is 
placed, on the other the test-piece ; the former 
girder is of the Tresca X-type, the marks being 
on the neutral plane.* he girders can be 











* See ENGINEERING, pages 286 and 324 ante. 


* See ENGINEERING, page 217 ante, 
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raised, and the whole comparator be moved forward 
and backward, so as to be brought under the five 
microscopes (not yet provided) which are held by 
brackets above the tank ; these brackets are fixed 
to a wall along which the comparator stands. The 
ageing of the invar tapes and bars is effected in 
long furnaces, consisting of iron pipes up to 4 metres 
in length, with magnesia packing. The coefficient 
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of expansion of the tape is measured while the tape 
is under a tension of 10 kilogrammes, which is 
now applied, not by springs, but by a lever. 

A clock, a ae timekeeper, rivalling the 
best of its kind, put up in one of the rooms of this 
department, has not been mentioned in our pre- 
vious reports. It was presented two years ago to 
the Laboratory by the widow of the late Sir Douglas 
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Galton. The air pressure in the case is slightly 
reduced; the pendulum is made of invar. The 
|clock gives standard-time signals in the rooms of 
the Laboratory. A 
The Department of Metallurgy and Metallurgical 
| Chemistry will soon be able to take possession of its 
spacious new laboratory for metallurgical chemistry 
—a block 83 ft. by 46 ft. 9 in., divided into two main 
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= the monumental work done by Dr. H. C. H. Car- 
(For Description, se Page 437.) penter and Mr. C. A. Edwards, on the Properties of 
Alloys of Aluminium and Copper, was presented to 
the Alloys Research Committee of the Institution 
of Mechanical Engineers, on January 18 last, and 
has already been dealt with in our columns. Mr. W. 
Rosenhain and Mr. Edwards are continuing this 
work as to the behaviour in tension of some alumi- 
aareneee alloys at temperatures up to 500 deg. 
Cent. he specimens, 2 in. in length between 
gauge-marks, are heated, merely by radiation, in 
tubular electric furnaces ; the same method is to be 
used for the obviously important tension tests of 
other metals and alloys at high temperatures. In 
order to study the behaviour of the alloys in sea- 
water, test-plates, backed against steel plates or not, 
are attached to wooden boards, which are to be 
suspended in the sea near Portsmouth, and to be 
inspected at intervals. 

Mr. Rosenhain is further engaged in a reseaich 
on the physical structure and behaviour of eutectic 
alloys. We are fairly well informed concerning the 
structure of pure metals, and their mechanical de- 
formations and crystallisation ; but we know very 
little about eutectic and eutectoid bodies and their 
structure, and how they behave under strain, and 
when they fuse, solidify, and segregate. 

The analysis to which Mr. Rosenhain submits 
the differential cooling curves brings out the 
recalescence points much more characteristically 
than the usual methods, and will enable us better 
to compare curves taken under different condi- 
tions. The ordinary cooling curves show irregu- 
larities not easy to interpret. It is the slopes of 
these curves which give us the variation in the 
heat evolution near the recalescence points. Plot- 
ting the tangents of the slopes, Mr. Rosenhain 
obtains curves showing very striking peaks, which 
in samples of a steel cooling in 12, 30, and 90 
minutes respectively, occur at the same tempera- 
ture. The study of these curves, moreover, sug- 
gests that the recalescence phenomena are not con- 
fined to the limitcd number of compounds with 
which we have so far associated them. 

In the Optical Division, Mr. F. J. Selby, M.A., 
and Mr. J. de Graaf Hunter, B.A., are engaged in 
testing standard photographic process and portrait 
lenses, and are going to investigate achromatic 
objective glasses and microscopic objectives. Mr. 
Hunter has studied the speed and efficiency of 
photographic shutters, which leave a good deal to 
be desired. He works the shutter by a cam in 
front of a lino-lamp, and watches and measures the 
length of the filament, as visible through the radial 
slots provided in a disc revolving about a hori- 
zontal axis, from which the cam is actuated. In 
order to vary the speed in a large ratio—about 
1 : 50—he simply places a ball of rubber between 
the two cones of a speed-gear. Another research 
concerns the measure of the falling-off of the light 
intensity in passing from a bright to a black 
object, and the definition of lenses when used with 
stops. The change should be abrupt and graphi- 
cally. represented by a Z line, with a vertical 
ran. Owing to diffraction, however, every stop 
gives a sloping curve of its own which is symme- 
trical to the middle of the Z, but difficult to 
interpret. In the investigation, Mr. Hunter makes 
use of two cardboard discs, rotating together 
behind the collimator. The one disc bears a black 
half ring, the other a number of open sectors ; 
when the discs rotate, the black ring appears on a 
more or less grey ground, and the diminution of 
the intensity of light near the black edge is mea- 
sured ; the illumination is from behind, and the 
lens under test produces the image. 

Mr. Selby, Mr. Hunt, and Mr. Brookes have 
analysed the tidal observations of the Scottish 
Antarctic Expedition, and undertake now the pro- 
duction of annual tide-tables with the aid of the 
Indian tide-predicting machine, similar to those so 
far published only for the ports of India and Burma. 

In the Observatory Department at Kew, Dr. Ch. 
Chree, F.R.S., Messrs. T. W. Baker, E. G. Con- 
stable, J. Foster, W. J. Boxall, E. Boxall, G. Bad- 
derley, A. C. Cooper, B. Francis, A. G. Williams, 
W. J. Stockwell, and A. E. Gendle are continuing 
their important magnetic and meteorological obser- 
vations. On the unfelt tremor seismograph of 
Milne, the great earthquakes of 1906, at Colombia, 
San Francisco, and Valparaiso, have left .records 
Fic, 15. Drawixc-Orrice, whose maximum amplitudes exceed 16 milimetres, 
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The examination of thermometers, sextants, and 
telescopes indicates a comparative increase in the 
number of faulty instruments; while the high 
degree of excellence of watches and chronometers 
has been maintained. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

In our two preceding issues we reported the 

roceedings of the first two days—Wednesday, 

rch 20, and Thursday, March 21—of the recent 

meeting of the Institution of Naval Architects. 

We now conclude our report with an account of 
the meetings on the third day, March 22. 


Gyroscopic STeaADYING APPARATUS FOR VESSELS. 


The first paper taken was a contribution by Sir 
William White, entitled ‘‘ Experiments with Dr. 
Schlick’s Gyroscopic Steadying Apparatus.” This 
p3per, with the diagrams, we print in full in 
our present issue (see page 448). 

Sir John Shorageels was the first speaker. He 
was confident that in future something would be 
done towards steadying ships at sea. The method 
he had devised and put in practice, as the author 
had stated, proceeded in a manner different to that 
followed by Dr. Schlick, and therefore comparison 
beatween the two methods was difficult. It might 
be said, however, that the author had shown that 
the method was successful in checking movement 
through the angle mentioned, and the apparatus 
had also been shown to be strong enough for the 
purpose. Of course, in a ship at sea the angular 
velocity was not great at 5 deg. for the com- 
plete phase; the theoretical possible angle was 
several times that. However, in the state of sea 
mentioned the ship had really been made steady. 
The object could be attained in two ways, the 
wheel being made lighter ; but then there would 
be the disadvantage of high velocity, whilst with 
a larger size of wheel difficulties that — 
would be discovered by experience would be 
met with. The building of a large fly - wheel 
was not unattended with difficulty. Sir William 
White had said that with a wheel of 2 ft. 
less diameter, working at the same stress, the 
weight would be the same. He would point out 
that if the vessel did not roll, no work would be 
done ; and, therefore, if the wheel was sufficient 
to stop the initial motion, the only work done 
would be the certain amount necessary to form a 
fulcrum. In preventing rolling by aid of a moving 
weight there was the advantage that no rapid 
motion was set up, and he considered that the long 
ocean-going ship was the best for moving ballast, 
as the natural period was long, and there was more 
time to do the work. The speaker, in the experi- 
ments he had made on his steam-yacht, was not in 
so favourable a position as in the case of the 
torpedo-boat, as the latter had a metacentric 
height of 14 ft. only, whilst in the Cecile 
the metacentric height was 44 ft. The time 
of rolling was nearly as quick, though the weights 
that had to be dealt with were much larger. He 
had succeeded, however, in reducing the rolling by 
one-half. He very much regretted that he could 
not pursue his investigations, but other things had 
claimed his attention. 

General Sir John Stirling was the next speaker. 
He would approach the subject from a sailing-vessel 
point of view. He had had a great deal to do with 
sailing small boats, and he had suggested to Sir 
William White that Dr. Schlick’s invention might 
be — to sailing vessels. He would like to 
ask, however, how, when the machinery described 
was put in use, it would affect a vessel listed by 
wind pressure? Would it tend to cause a re- 
covery of the vertical position? The application of 
the device for racing cutters might have draw- 
backs in the installation of machinery, but, as elec- 
tric current for turning the gyroscope could be 
stored in secondary batteries, the invention might 
possess points of interest for the yachting world. 

Professor Lambert said that the matter so well 
put forward by Sir William White would convince 
the readers of the paper that the invention de- 
scribed was a practical proposition. When Dr. 
Schlick had first brought the idea forward, the 
speaker had thought that the theory was very 
beautiful, but would not work out in practice ; the 
diagrams showed, however, that the apparatus 
would be of reali use in steadying a vessel. The 


author had stated that rougher weather was hoped 
for on the trials when he was out in a boat ; yet it 








might be pointed out that the observations recorded | 


were taken when the swing of the boat was not 
so great as at other times. In considering the 
question of phase, and fore and aft oscillation, it 
seemed to him that the gyroscope should be) 
vertical when the ship was at the end of its roll, | 
and he would ask whether the hand-brake was 
continually used. What would be the effect in| 
heavy squalls if the ship received a very sudden 
jerk? Would the gyroscope counteract this, or 
would skilful watching of the brake be needed ? 
The experiments recorded were made with a vessel 
of quite moderate size, but it would be interesting 
to know what would happen if such an apparatus 
were put into a ship of a large size, with a 20-ton 
wheel exercising 50,000 foot-tons energy ? 

Sir William White here asked whether these 
figures were founded on definite calculations. 
Professor Lambert said that they were. 

Continuing, he remarked that if there was a 
chance of anything getting loose, the matter would 
be very serious. It was, therefore, satisfactory to 
know that the Hamburg-American Line were going 
to put the matter to the test in a larger vessel, and 
it would be interesting to get their experience. 
With the additional safety which would be obtained 
by doing away with excess of rolling, it was pos- 
sible that the City of Berlin would have entered 
the Hook of Holland without the terrible disaster 
recently chronicled. 

Mr. C. E. Stromeyer pointed out that the prob- 
lem before the meeting could be dealt with mathe- 
matically and also from a physical point of view. 
He would ask whether anyone on board the boat 
during the trials described by the author felt more 
or less discomfort when the apparatus was in use. 
He could imagine that a forced steadying would 
have a worse effect on persons than easy rolling 
would do. It was an advantage with a gun-plat- 
form at sea that the motion of the ship should be 
easy and natural, so that the men who lay the gun 
would know the right moment when the sights 
were coming on. He would point out one effect 
that might occur. He had taken in his hand a 
heavy gyroscope, and tried to deflect it. When it 
got to a certain point it completely turned over, and 
he had nearly to drop it. He would ask, Would a 
sudden blow have the same effect, and also whether 
the axis of the apparatus would be strong enough to 
withstand such an effect? He had known, in the 
case of Roots blowers which had been fitted on 
board ship, having a transverse axis, that breakage 
occurred, and he believed it was usual to fit these 
machines so that the axis was vertical. He could 
not see the necessity for the swivelling motion, and 
he would ask the reason for the braking action. 
When the machine was locked, was the whole 
motion stopped? He thought a better arrange- 
ment woul to put the axis athwartship. 

Professor Biles said that the subject discussed 
in the paper had two aspects. One was the desir- 
ability of stopping the rolling, and the other the 
best way of doing it, supposing it were desirable. 
The weather roll of a ship was objectionable amongst 
waves, a fact that was often observed in the old 
sailing days. But large steamers very seldom took 
a big lurch, though small ones did. He thought, 
therefore, the apparatus would be more successful 
in large vessels, and in small vessels it might in- 
crease the oscillation. He had been responsible 
for fitting a temporary rolling chamber on a Jarge 
vessel, but it ceased to be a rolling chamber, inas- 
much as it took room, and it was thought that it 
might cause an extra heavy heel. In warships it 
had also been fitted and removed. Mr. Crémieu had 
devised an apparatus of the pendulum nature, which 
shifted weights that were thus kept under control. 

Mr. V. Crémieu, D. és Sc. Ph., Paris, remarked 
that the action of the gyroscope in controlling the. 
oscillations caused by rolling of a vessel was pro- 
portional to the angular acceleration of these oscil- 
lations. For a given gyroscope, therefore, the 
action making for stability would be the weaker 
the longer the period of rolling of the ship. The 
results obtained with a torpedo-boat, where the 
period was only 4 seconds, could not be extended to 
large ships, in which it reached 16 to 18 seconds, 
without modifying to a very large extent these 





results, and the scope of the modifications was 
difficult to state. The speaker’s opinion was that 
for the large ships the use of the gyroscope would 
be difficult, if not impossible, by reason of their 
long period of rolling. It seemed, however, that 
in the case of these larger ships a much more simple, 


a few months previously, could be used. This he 
proceeded to illustrate by sketches and diagrams. It 
was well known thata ship in rolling followed prac- 
tically the laws of the pendulum. The successive 
impulses it received from the waves accumulated 
gradually in its mass. After each oscillation the 
passive resistance of the hull against the water was 
insufficient to counterbalance the excess of ris viva 
which the ship, removed from its state of equili- 
brium, still contained at the time it re-entered a 
state of equilibrium. In these movements the 
motive moment of the ship was equal to the pro- 
duct, Pa, of its displacement P by its metacentric 
height a. But the metacentric height a was in 
general very low on large ships ; and on such ships 
there was, on the other hand, a considerable vertical 
height between the upper deck and the bottom of 
the hold. This length, 1, might amount to twenty 
to fifty times the value of a. 

If, therefore, a pendulum / in length were sup- 
posed to be suspended under the upper deck of 
the ship, carrying at its lower end a weight 
weighing, for example, ;}, the total weight P of 
the ship, a pendulum would thus be obtained, the 
directive moment of which would be able to reach 
one-sixth the directive moment of the ship. It 
was easy to cause this moment to actin such a 
way that at every instant it transformed in heat, 
by friction, one-tenth of the vis viva of the ship. 
For this the pendulum rod would be given the 
shape of a flat plate abcd made to turn round an 
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axis 0 0; the weight 7 is shown fixed atcd. The 
whole system would be contained in the water- 
tight compartment A BC D, having the form 
of a sector A, (Fig. 1), the angle a of which 
is equal to the mean rolling angle of the ship ; 
30 deg., for example. The longitudinal section 
(Fig. 2) would be about equal to the surface 
a bc d of the oscillating flat plate, the space e 
between the edges of the latter and the inside 
of the compartment A B C D being only a few 
millimetres. If the compartment were filled with 
a highly viscous liquid, such as oil or a mixture 
of water and glycerine, the device would form a 
kind of auto-brake opposed to the rolling motion 
of the ship. For when the ship rolled, it took with 
it the compartment A B C D and the liquid it 
contained. But for a suitable value for the space e, 
the pendulum a b c d would remain vertical by 
gravity. The liquid would consequently be com- 
pelled to circulate in very narrow passages, and the 
circulation would transform into heat the whole of 
the work of the moment of the pendulum ab c d. 
Experience had shown that, in the conditions 
existing, there was a periodicity of the motions of 
the ship. When removed from its state of equili- 
brium, it returned to it without exceeding it. 
Trials had been made in Paris with a model 
weighing 25 kilogrammes (55 lb.), having a period 
of 4 to 6 seconds. The metacentric height was 
4 to 7 millimetres (0.157 in. to 0.275 in.). A pen- 
dulum 17 centimetres (6.692 in.) long, weighing 
120 grammes (4.21 oz.), sufficed to render the 
* was 
P 2u 
More complete experiments were now being 
carried out at Glasgow, thanks to Professor Biles. 
The advantages of this system, the speaker 
said, were numerous. It was very simple, con- 
tained no mechanism, and was cheap to manufac- 
ture. It modified in no way the initial stability 
of the ship. Once the dimension of the space ¢ 
were regulated, it worked automatically, and re- 
quired no supervision. Its method of action 
was quite different from that of the gyroscope. 
The latter took from an outside source the neces- 
sary energy to oppose to the rolling of the ship, 4 
moment antagonistic to the moment which directed 
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model completely aperiodic. The ratio 


‘the rolling. The pendulum, on the contrary, took 


the energy for the deadening effect it produced 
from gravity, which it transformed into heat at the 


and quite as efficient, device, which he had designed | expense ef the oscillating vis viva of the ship. 
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Admiral C. P. Fitzgerald said that Sic William 
White had quoted the case of the rolling of the 
Hercules. As he (the speaker) had been in her 
three years, and went round the world in the 
Inconstant, he could confirm what Sir William 
White had said in regard to this type of ship. 
His experience was that if a ship did not roll, it 
would not ship seas. 

Admiral Henderson also spoke on the same 
point, confirming Admiral Fitzgerald. Anything 
that would stop rolling of ships would improve the 
comfort of those at sea. 

Professor Dalby said that as the time was getting 
short he would limit himself to asking Sir William 
White one question regarding the practical be- 
haviour of the boat, and it would be easier to make 
the question clear by means of a sketch, which he 
made on the blackboard, and which we reproduce 
in Fig. 3. If OA were the vertical axis of the 
gyroscope, a roll would be equivalent to the action 
of an alternating couple about the longitudinal axis 
OB. If OB were the instantaneous direction of 
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the axis of the couple, the axis of spin of the 
gyrostat would try to occupy a position somewhat 
in the direction of OC; but as the couple was 
alternating, the axis would tend to oscillate about 
O A, as indicated by the dotted position. The 
gyrostat would then oscillate about the trunnions, 
under the control of the’brake if necessary. It 
would thus appear that there was theoretically no 
tendency to oscillate about a vertical axis when the 
axis of spin was vertical. It would be interesting, 
therefore, to know if this agreed with the practical 
test, or if any such oscillations had been observed 
or recorded during the experiments ; that was to 
say, had any ‘‘ yawing” been observed ? 

Mr. S. W. Barnaby said that few subjects were 
so surrounded with pitfalls for the unwary as the 
action of the gyroscope, and he only rose to ask a 
question. It had been suggested by one speaker 
that the axis of the gyroscope should have been 
placed horizontally, but he wished to ask whether 
it would not in that case have been likely to affect 
the steering of the vessel. They knew that the 
gyroscope had recently been fitted in the White- 
head torpedo, in order to give constancy of direc- 
tion, and it seemed to him that the vertical posi- 
tion was probably chosen by Mr. Schlick in order 
to avoid interference with the steering of the 
vessel, 

Professor Henderson next dealt with the theory 
of gyroscopic action at some length by the aid of 
the blackboard. He was of opinion that with the 
vertical axis as arranged by Dr. Schlick the steering 
would not be affected, but, as the ship rolled, the 
gyroscope would tend to inake her pitch more. 

Dr. Bruhn thought that with the horizontal axis 
there would be no effect on checking the rolling. 
He would ask how the pressure on the brake was 
manipulated, and did difficulty arise when the 
apparatus was tilted over. 

Sir William White, in replying to the discussion, 
said that it would seem that Dr. Schlick’s original 
paper was largely forgotten, otherwise some of the 
speakers would not have gone to the length they 
did. These remarks would apply to what Mr. 
Stromeyer had said, and also to Professor Hen- 
derson’s exposition, every detail in the latter having 
appeared in Dr. Schlick’s first paper. He did not 
think it necessary to enter into the principles of 
the gyroscope for this reason. In the original 
experiments Dr. Schlick had used models, but the 
inertia of the models was small compared with the 
inertia of the gyroscope. Dr. Schlick had recog- 
nised this, and had concluded that there must be 
control of the apparatus. The experiments now 
detailed, which were on a practical scale, were there- 
fore undertaken to show the soundness of the system. 
Sir John Thornycroft, who recognised the merit of 
the apparatus, was inclined to believe that they had 





not met with serious waves. 


in with facts, as at sea a regular series of waves 
was not met with. The waves encountered were, 


however, large and steep in comparison with the | used, as in the case of all such applications. 
size of the vessel, and they were also irregular. | formula, however, could be applied to all classes 


Sir John had also spoken of the difficulty of con- 
structing a large fly-wheel. That these difficulties 
existed there was no doubt, but at the present time 
the problem was being studied by many able minds, 
in an endeavour to improve the practice of the 
impulse turbine. He was pleased to see the pro- 
fessorial element had come forward, as it was the 
professors in Germany who were doing this im- 
portant work. He thought, however, that Professor 
Lambert’s fears were without foundation. He 
would point out that vertical motion would produce 
sea-sickness. A child might be made sick in a 
swing. The rolling motion had also associated with 
it a large vertical component, but the more motion 
there was, the greater was the destruction of com- 
furt. Theoretically, pitching motion was increased 
by the instrument, but the amount was so small 
that practically it was not noticed. In regard to 
what Mr. Barnaby had said, there was no influence 
on the steering set up by the gyroscopa when it 
was arranged in the way described. In the practical 
application of the apparatus he thought that in 
the immediate future vessels of moderate size 
might be fitted, and in that way experience 
would be gained which might lead to more ex- 
tensive application in bigger ships. Professor 
Biles had spoken of the slow motion of the 
large ocean ships of the intermediate class, and 
that this would be likely to favour the use of the 
apparatus. Sir William thought that these ships 
were the least likely to be affected, as their long 
periods and easy motion rendered them more com- 
fortable ships. 

Professor Biles here remarked that when these 
ships did roll they rolled badly. 

Sir William White acknowledged this to be the 
case, and it had been noticed that, whilst small 
boats were able to go about freely, the Hercules had 
nearly rolled her gun-ports under in what appeared 
nothing but a gentle swell, as the period of the 
ship synchronised with the period of the waves. In 
regard to what General Stirling had said as to sailing 
yachts, the matter would require very careful study, 
and it would be difficult to say on which side the 
advantages would lie. In conclusion, he would 
express on Dr. Schlick’s behalf the great regret that 
gentleman experienced in not being present. He 
had been subject to successive attacks of influenza, 
which had quite prevented him coming over. 


REsSIsTANCE OF SHIPs. 


Formule for Determining the Resistance of Ships,” 
was next read by the author. This paper we shall 
print in full in a future issue. 

Dr. Elgar, who, in the absence of the President, 
occupied the chair, pointed out the value of the 
paper that had just been read, as very little in the 
Transactions of the Institute was to be found on the 
subject. Mr. James Hamilton, however, had con- 
tributed a paper dealing with this matter, and he 
would ask him to open the discussion. 

Mr. James Hamilton, ia response, said that the 
paper referred to by Dr. Elgar had been read eight 
years ago, and since then he had freely used the 
solution of the problem described. He would wish 
to give a word of warning as to the application of 
the formula to heavy vessels, as it would be possible 
to go astray. The amount of success obtained 
depended on the ships to which the method was 
applied, and it was wise to test the formula in 
a very drastic way through wide limits. Four- 
nier’s formula gave very beautiful results from 
towing experiments, but it broke down if applied 
to battleships. He thought this difficult to account 
for, as beautiful results were obtained with model 
experiments. He conceived that a printer’s error 
might have something to do with the matter. It 
was the only formula in the paper dealing with all 


results. . 

Of the other formule, one did not determine the 
power at all, simply passing on knowledge from 
one person to the other ; there was no philosophy 
in it, as it required to be corrected at every stage 
by a new coefficent. Taylor’s curves of variants 
showed how to apply a correction, and therefore 





the method only. gave out what was put into it. A 





the elements, and should have produced the best | 
|the resistance, and when this difficulty 





He (Sir John) had| formula properly shvuld have no variants at all, 
made certain comparisons based on theoretical! | and this was the caso with the formula that he had 
investigations, but theory in this case did not fit | formerly given, although he did not claim that it 


was possible to get the horse-power without cor- 
rections. For this, however, judgment must be 
His 


of vesse!s. 

Mr. E. L. Atwood said the paper was extremely 
interesting, as it gave particulars of formule de- 
vised with great industry, which, when applied, 
were shown to be all wrong. It seemed impossible 
to get a formula that could now be applied, and 
English text-books did not give them because they 
were not suitable. Fournier’s formula, given in 
the paper, was “‘ fearfully and wonderfully made,” 
and was enormously complicated. He thought the 
best chance of solution was obtained with the 
residual resistance formula of Cotterill, which was 
based on the resistance or energy needed to form 
a wave. Middendorf’s formula broke duwn, for the 
wave changed as the speed went up. The diagram, 
Fig. 2, Plate I., of the paper was valuable, the 
data being obtained by the author from Admiralty 
experiments. Could Mr. Johns say if it had been 
tried with hollow and straight lines? It would be 
interesting to see the result. The earlier formule 
contained no promise of satisfactory results, and 
Fournier’s formula he would certainly leave alone. 

Mr, A. E. Seaton pointed out that the author 
had not alluded to the augmented surface formula, 
which was the most wonderful speed formula with 
which he was acquainted. He had found a diffi- 
culty in reconciling differences in some formule ; 
with many factors, there was no wonder there were 
many contradictions. For low speeds he thought 
the method of calculation by means of wetted sur- 
faces was most reliable ; but with high speeds, where 
wave-making was important, the matter was difficult. 
He agreed with what Mr. James Hamilton had 
said, that no formula should have so many variables, 
and did not consider that any formula was any good 
that needed constant doctoring and coopering up. 

Professor Biles said the paper was an interesting 
and valuable expansion of Mr. Froude’s last contri- 
bution on models. He attached no value to the 
formule. The real value of the paper was in Fig. 2, 
whica was simpler and more direct than Mr. 
Froude’s form. Mr. Froude dealt only with pris- 
matic coefficients between 0.55 and 0.6. On the 
rest of the diagram information was not available, 
and actual results were not given. He had investi- 
gated one or two cases and found that the curves 
were not very close to the result of modern experi- 
ments. He could endorse the fact that it was ex- 
ceedingly desirable to have the spots on the dia- 
gram, as then the trustworthiness of the curves 


| might be estimated. Although the principle was 
A paper by Mr. Johns, entitled ‘* Approximate | 


valuable, the difficulty was great in passing from 
one form to another on the same coefficient, and he 
considered that most formule began by calculating 
and ended by guessing. 

Mr. S. W. Barnaby said that he thought the 
information given in the paper would be found 
useful. Any paper coming from a member of the 
Royal Corps of Naval Constructors could be 
depended upon to contain valuable suggestions. 
They had all found a use for formule of this 
description in order to obtain quick approximation 
for the indicated horse-power required for a new 
design of vessel. He had found some merit in the 
‘*afonasieff’”’ formula, communicated by Captain 
Goulaeff to the Institution in 1893, provided that 
one grouped vessels according to their classes and 
speeds, and selected suitable values for the co- 
efficient A. No doubt Taylor’s method of separat- 
ing the resistance into two parts and calculating 
each separately gave the closest approximations. 
At one time he (the speaker) took much interest 
in making close calculation of the indicated horse- 
power for the designed speed of vessels ; and when 
one was dealing with small high-speed vessels, 
driven by a reciprocating engine and an ordinary 
screw, it was possible to make a very close esti- 
mate of the power required. But as the size of 
the vessels increased, uncertainties were intro- 
duced by the effect of the depth of water upon 
ad 
been surmounted, there came the turbine, requir- 
ing a propeller of such proportions that it had 
been variously described as resembling a ‘* bent 
halfpenny” or ‘tthe end of a screw-pile,” the 
efficiency of which was very uncertain. As the 
horse-power of the turbine could not readily be 
measured, some people preferred to measure power 
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by the amount of water evaporated per hour by the 
boilers ; but they were now threatened with the 


abolition of the boiler. Exact calculation of power | 


being so difficult with turbine-propelled vessels, 
the only safe thing to do was to allow good margins, 
though he looked to the torsiometer to help them 
out of some of the present difficulty. Some vessels 
would doubtless still be built with reciprocating 
engines and with propellers of normal form, and 
for these the table given by Mr. Johns would prove 
useful. 

Mr. Johns, in replying to the discussion, said 
that the Middendorf formula was for low speeds 
when skin-friction was of high importance. Mr. 
Hamilton had objected to variants, but it was 
necessary to have some; in Middendorf’s formula 


Glasgow they checked the work by comparing the 
results obtained by different students ; they also 
used it in conjunction with other machines. It 
had a scope of 200 square inches, and that was 
found quite sufficient. It was not possible to 
measure moments with an integrator, as with the 
integraph. The latter was also suitable for differen- 
tiation. Possibly at Greenwich, if more care had 
been taken with the instrument, ic would have 
given more satisfactory results. 
The meeting then adjourned until the evening. 


PREVENTION OF Fire at Sea, 
The last sitting of the meeting was held on the 
evening of Friday, March 22, the first paper taken 
being a contribution by Professor Vivian B. Lewes, 





there were only two. It had been pointed out that | 
the formula would be 5 per cent. out, but that was | 
5 per cent. on the residual, which was 2 per cent. | 
on the total. That, he thought, was a very good 
result, Taylor’s curves also gave excellent results. 
In regard to what Mr. Atwood had said, experiments 
had been made with hollow and straight lines, but 
he could not remember what were the results. 


Tue InTEGRAPH FoR Sate CALCULATIONS. 


The next paper was a contribution by Mr. J. G. 
Johnstone, and was upon the ‘‘ Application of the 
Integraph to Ship Calgulations.” 

In the discussion which ensued, Professor Biles 
was the first speaker. He said that the author 
had been carrying out this work at the Glasgow 
University. The integraph enabled calculations 
to be made that would never have been done 
had it not been invented, and the application of 
the calculations to the system of integraphing was 
very clearly explained in the paper. he most 
interesting were the flooding calculations, by which 
correct results were reached without any process of 
trial and error. Strength and stability calculations 
were also simplified. It was not easy to become 
acquainted with the method of working unless the 
student went through a course of naval architec- 
ture. 

Dr. Elgar said that all knew Mr. Johnstone’s 
work, and knew how he had mastered these calcu- 
lating instruments. He (the speaker) became ac- 
quainted with his labours when serving on the Com- 
mittee on Destroyers. He considered the inte- 
graph was not used so much as it should be, but it 
was an instrument that required a good deal of 
study. In the ordinary drawing-ottice routine there 
was not time to master these subjects; but when 
the method of working was once thoroughly ac- 
quired, it was possible to extend calculations far 
beyond ordinary office limits. He thought that the 
paper before the meeting would result beneficially 
in bringing about 4 more general knowledge of the 
use of the integraph. 

Mr. Atwood said that three years ago an inte- 
graphing instrument had been obtained for the 
Royal Naval College, but he had not found that it 
was so much used as the instrument appeared to be 
at Glasgow. They, however, employed it for work- 
ing out strengths, but not for stability calculations. 
For its use very careful handling was required, and 
a rigid foundation ; it operated best on a marble 
or glass slab. For strength, weight, and buoyancy 
curves it was suitable, and good results could be 
obtained. 

Mr. John Smith had not much to add to what 
the previous speakers had said. ‘To him it appeared 
that the instrument had one or two disadvantages, 
and at Greenwich they did not place the same 
trust on it as was accorded at Glasgow ; no doubt 
at the latter place it was better looked after. They 
had at Greenwich an integrator which had been 
used for four or five years, and no attention 
appeared to be needed for keeping it in order ; yet 
it gave results of an accuracy within a quarter of 
l percent, This could not b» said of the integraph. 
It had long arms, and would take as many atti- 
tudes as a ball-headed bicycle in the hands of a 
learner ; it did not give all-round reading, and had 
limited scope. He had found it useful in strength 
calculations, however, especially those made for 
launching purposes, : , 

Mr. Johnstone, in replying to the discussion, said 
undoubtedly the machine required attention and 
care, although at Glasgow it was left to the students 
to look after, with the result that one week it 
would work badly, whilst in the following week, 
perhaps, it might get intothe hands of some in- 
genious student, who would take it to bits and care- 


the title of which was ‘‘ The Causes and Prevention 
of Fire at Sea.” We reproduce Professor Lewes’s 
“— on another page in our present issue. 

he discussion on this paper was opened by Mr. 
W. H. Whiting, who said there could not be two 
opinions as to the desirability of prevention of 
fire at sea. The risks were two-fold—those that 
were incurred by merchant ships in peace time, and 
those to which warships were subject in battle ; the 
fire risks to warships in peace time were not serious. 
No war vessels had been lost by fire during the 
speaker’s career. The author had shown the way 
in which dangers might be present in merchant 
ships which no layman would suspect. In regard 
to prevention by modification of structure, Pro- 
fessor Lewes had joined with Mr. Sachs in the 
views he expressed in a paper read before the 
Institution in 1904. The principal measure then 
suggested was the use of fire-proof wood, and a cer- 
tain patented process was strongly favoured by Mr. 
Sachs. Mr. Sachs had also spoken in his paper of 
the shortsighted policy of the Admiralty in matters 
of fire-prevention, and had said that ‘‘ curiously 
enough, instead of serving as an example to the ship- 
owner in the direction of fire-prevention, the 
Admiralty had apparently— to quote one instance 
only—allowed the prejudice of minor officials and 
workmen against the imaginary disadvantages of 
impregnated wood to discount many of its great 
improvements in the general design and equip- 
ment of our men-of-war, whilst many other safe- 
guards I (Mr. Sachs) have pointed to do not 
find a sufficiently important place in the Navy.” 
He understood that Professor Lewes strongly 
backed up the opinions of Mr. Sachs in regard to 
fire proof wood, and that both these gentlemen 
were not satisfied with what had been put in war- 
ships. 

The paragraph above quoted, he understood, 
was not read at the meeting, and he had thought 
it had been withdrawn. It was unfortunate 
that it was printed in the Transactions. The 
Admiralty had, however, made a considerable 
number of experiments in the use of fire proof 
wood, and had found it attended with disadvan- 
tages. He therefore turned with interest to the 
paper of Professor Lewes to see how far these dis- 
advantages had been cleared away. The author 
had stated that practical experience had nar- 
rowed the list of efficacious compounds to ammo- 
nium chloride, ammonium phosphate, ammonium 
sulphate, calcium chloride, magnesium chloride, 
zine chloride, zinc sulphate, stannous chloride, 
alum, borax, boracic acid, and aluminium hydrate 
—a list of twelve names ; whilst a little further on 
ammonium phosphate and boracic acid were the 
two — substances mentioned as useful. The 
speaker would ask, Were they the only ones? He 
would also ask what Professor Lewes would recom- 
mend. Moreover, the author, in giving a descrip- 
tion of the process of rendering timber fire-proof, 
had pointed out how easily the wood could be 
spoiled. That was not at all a reassuring condition, 
and he thought that the objection to the placing on 
the market of an improperly-prepared wood was 
not to be looked on as a matter of prejudice, but as 
a good reason for being cautious about the use of 
such material. The speaker would be glad to know 
what -happened to the inside of the wood ; that 
was to say, how far the effect of the process pene- 
trated into the timber. The experiments just shown 
to demonstrate the low conductivity of the preserved 
wood were made on two small strips. He would 
like to know to what distance the ‘glazing effect 
on the coats of the cells extended ; the efficiency 
depended upon whether the glazing extended to the 
inside of the wood. He considered the experiments 
shown to be inconclusive, for small pieces of wood 





fully adjust it, so that he would get good results. At 


could be easily made fireproof, whilst it might not 





be possible to get large pieces to the same condi- 
tion. There was also the effect of water or moist 
air to be taken into account, as this would damage 
the wood. 

It might be supposed from the paper that fire- 
proof wood had been only used for the Royal yacht; 
but it had been applied over a considerable period for 
very many vessels in the Royal Navy. Furniture 
had been made from it as well as fittings, but he 
could state that it had given a very great deal of 
trouble in all cases, and it was not possible to apply 
the fire-proof wood they had obtained to ordinary 
shipbuilding. He would like to know if anyone had 
used successfully and for years the material described 
in the paper. It was said to have been adopted 
in the Italian Navy and also in American vessels. 
He would ask, Was it still used by them? He 
oy objected to the suggestion in the paper 
that fire-proof wood should be made compulsory; 
the inventors should show that the. wood could 
be subjected to trying conditions at sea. He could 
only say that if the treated wood mentioned by 
Professor Lewes was like that which he had seen, 
it was not worthy of much attention. 

Mr. George Canning pointed out that there was 
one essential difference between shore and sea 
fires ; that was, the presence of horizontal draught 
in the former, and its absence in the latter. Inthe 
burning of a warehouse, for instance, the fire was 
made very fierce by the side openings admitting 
air. It was more easy to locate the seat of a 
fire on shore than at sea, where access could not be 
obtained, in the ship’s hold, to the sides of the cargo 
space. After the experiments that the author had 
shown, it was almost impossible to believe that 
general cargo should not have the elements of 
spontaneous combustion in itself. A remedy by 
the introduction of inert gases had been suggested, 
and he would ask, Was it possible to check combus- 
tion by the use of various other gases? Ifthe latent 
heat of carbon dioxide was the only means of 
lowering the temperature, it would be necessary to 
carry a very large amount of gas unless it were 
planted in the cargo. Could Professor Lewes sub- 
stantiate the statement he had made as to its being 
possible to breathe 10 per cent. of this gas without 
harmful results, and he would like to know what 
type of flame had been considered in the proposal 
to extinguish fire by 3 to 4 per cent. of carbon 
dioxide. There was, however, the further danger 
that carbon dioxide coming into contact with red- 
hot iron would produce water-gas. He did not 
think that the cooling effect by liquid gas was 
sufticiently certain for the purpose proposed. 
Professor Lewes, in replying to the discussion, 
said that he had taken his statement as to the fire- 
proof timber in the Navy on the best authority he 
could command, and he did not know that it had 
been tried to the extent mentioned by Mr. Whiting. 
Since the paper by Mr. Sachs had been read, and 
apparently since Mr. Whiting had obtained his 
experience, there had been most important chang: s 
in the fire-proofing of wood. Formerly a material 
was used which was slightly hygroscopic, and that 
gave considerable trouble. This new material had 
been patented. The American wood to which 
reference had been made had been treated in a 
very imperfect manner. Mr. Canning had made 
some remarks very much to the point. If the 
captains of vessels would have the courage to 
batten down holds after the fire had been dis- 
covered, they would often get through their voyage, 
as there would be noside draught. In reply to Mr. 
Whiting’s question as to the glazing action, that 
only took place at the seat of the fire. If the wood 
were properly made, the anti-pyrenc would pene- 
trate right through the timber, but the glaze was 
only caused by the influence of heat. The salts 
would not be dissolved out if the wood were 
properly treated. The subjugation of fire on ships 
by means of steam injection had been sug- 
gested, but there was a drawback in regard to this, 
as the cargo would be heated up, owing to the 
latent heat of steam being given off. Mr. Canning 
had said that the latent heat of carbon dioxide was 
low. Experiments showed to the contrary, and 
3 to 5 per cent. in the atmosphere was a fair allow- 
ance for extinguishing an ordinary fire. Fora gas 
flame 5 or 6 per cent. would be needed, whilst the 
hydrogen flame took 50 per cent. of the gas in the 
atmosphere. He advocated the water-tight bulk- 
head in view of the diffusion of the gas. 

Lord Glasgow, in bringing the discussion toa 
close, said that during his naval career he had 
remembered fires set up in coal cargoes, and this 
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had said in his paper. 
Froatine Docks. 


The next paper on the list was by Mr. Lyonel 
Clark, and was on ‘‘ Modern Floating Docks.” This 
paper we publish in full in our present issue. As 
it was nearly ten o'clock before the discussion on 
Professor Lewes’s paper was concluded, Mr. Clark 
very considerately suggested that his paper should 
not ba read, and in place of it he gave, by means of 
the lantern, some extremely interesting pictures of 
floating docks from early days up to the present time. 
These, if incorporated in the Transactions of the 
Institution, will form a most interesting feature. 


Tae Fue. Question. 

The last paper read at the session was another 
contribution by Professor Vivian B. Lewes, entitled 
‘‘Some Phases of the Fuel Question.” This paper 
resolved itself practically into the advocacy of 
alcohol in place of petrol for internal-combustion 
engines. 

The paper was not followed by any discussion, 
and the annual general meeting for the present 
year was brought to a conclusion by the usual votes 
of thanks. 

Tae Summer MEETING. 

As already stated, the Summer Meeting of the 
Institution will be held in Bordeaux during the 
last week in June. 








EXTRA-HIGH-TENSION SWITCH-GEAR. 
(Continued from page 406.) 

Havine dealt with the general arrangement of 
the switch-gear at the St. Andrew’s Cross Station, 
we now proceed to describe various portions of the 
apparatus in greater detail, the main switches, 
naturally, taking the first place. A main high- 
tension switch in a modern power-station is an 
imposing piece of apparatus, which bears unmis- 
takeably the stamp of the engineer. Nowadays 
a main switch is taken seriously, as becomes its 
duties and responsibilities, although modern ideas 
necessitate a size and cost far in advance of what 
was considered good enough under former con- 
ditions. There is no doubt that the space’ and 
money devoted to modern switch-gear are well 
spent, provided that the apparatus is designed by 
those who have learnt by experience what features 
are essential to safety and reliability. Competition 
in this branch cf engineering is sufficiently keen, 
even amongst the best makers, to ensure that: both 
size and cost are kept as low as is compatible with 
a satisfactory solution of any given problem. When 
it is remembered that it is often specified, as at 
Glasgow, that every switch must be capable, on 
emergency, of breaking safely the whole power of 
the station, the necessity for adequate apparatus 
need not be enlarged upon. 

At St. Andrew’s Cross Station the generator- 
switches, feeder-switches, interconnector-switches, 
and bus-bar switches—fifteen, at present—are 
all of exactly the same size and of the Ferranti 
Field standard type, illustrated in Figs. 10, 11, 
and 12, pages 444 and 445. They are designed each 
to have a normal carrying capacity of 500 amperes 
at 6500 volts, and, as already mentioned, each 
switch must by itself be able to break the total 
output of the station—a matter of some 12,000 
horse-power—with safety. The design, which is 
due to Mr. M. B. Field, is noteworthy in many 
respects, the operating gear and the mechanical 
features of the switch itself being distinctly in 
advance of much that finds place in current prac- 
tice. The incoming and outgoing cables of the 
three phases are arranged, each pair in line verti- 
cally and well out of the way at the back of the 
switch, as seen in Figs. 11 and 12. Incautious 
access to them from the front is prevented by a 
removable sheet-iron door covering this part of the 
switch, as shown in Fig. 12. he cables pass 
down through insulators in a heavy stone slab, and 
terminate in fixed contacts beneath, the contacts 
of each phase being housed in a separate irun oil- 
tank suspended from the slab. he tanks are 
divided from each other by means of vertical con- 
c.ete walls 3? in. thick, and access to them can only 
'e obtained by removing a light iron door in front. 
In Fig. 10 one of the tanks is detached and stands 
at the side, allowing the contacts to be seen. A 
‘ayer of special insulating mate: ial lines the interior 
of each tank, leaving a $-in. oil s between itself 


was brought to his mind by what Professor Lewes | always well above the contacts, is rendered visible 


| from the outside by means of a glass gauge. 

The three bridge-pieces, which close the respec- 
tive phases, are suspended by wooden strips from a 
pair of light channels on the upper side of the 
stone slab. These channels are in turn attached 
by vertical iron pipes to a casting fixed to the base 
of a plunger working in a solenoid. When the 
solenoid is excited by the attendant at the operat- 
ing-board, it raises the plunger and thereby closes 
the switch. As compared with designs requiring 
the use of multiplying-levers to increase the effec- 
tive working range of a magnet, or involving the 
use of a motor and gearing, the Ferranti-Field 
mechanism is conspicuously simple. The plunger 
of the solenoid has a travel of 12 in., the weight of 
the contact-pieces, &c., being partly relieved by a 
piir of long tension-springs connecting the channels 
to the solenoid-casing (Fig. 11), these springs 
naturally assisting the solenoid most when the 
plunger is in the most unfavourable position. 

The details of the solenoid, tripping mechanism, 
&c., will be understood best from Fig. 13, which 
shows a section through the upper part of the 
switch. The solenoid is seen formed of two coils 
housed ina casting at the top. The plunger, shown 
in its uppermost position, is not solid, but built up 
of two thin concentric slotted iron tubes with an 
air-space between, and having a thin disc inserted 
at the upper end to form a pole of sufficient area. 
The use of thin tubes is dictated on account of the 
much greater suddenness with which they can be 
magnetised as compared with a solid plunger, and 
it will be seen that they are split longitudinally to 
prevent magnetisation being retarded by eddy cur- 
rents when the solenoid is switched on. The value 
of these refinements have been demonstrated in 
practice by the instantaneousness of the closing of 
the switch when synchronising : a feature of very 
great importance, and not easy of attainment with 
heavy switches. 

The solenoid casting is supported by a ribbed 
column, bolted to the iron entablature, the column 
being machined to form slides for a slipper fixed 
to the lower end of the plunger. Into the slipper 
are screwed two pairs of pipes, the lower ends of 
which are attached to the channels carrying the 
contact suspenders, as shown in Figs. 14 and 15, 
page 445. It will be seen from Figs. 11, 12, and 
16 that these channels are suspended from the 
solenoid-casing by the two spiral springs, which 
have already been mentioned as assisting the pull 
of the plunger when the switch is closing. A pair 
of leaf-springs are fastened beneath the channels, 
as Figs. 17 and 18 show, to act as buffers for the 
moving system when the switch opens. Fig. 16 
illustrates the fixed contacts and bridge-piece for 
one phase. These are, of course, submerged in 
one of the vil-tanks. The bridge-piece is of a single 
copper strip, connected to the wooden suspender by 
a pair of brackets. The fixed contacts are pro- 
vided with flexible attached copper blocks, each 
backed by a spring bearing on its centre, the 
arrangement ensuring good and even contact, and 
yet avoiding all possibility of the bridge-piece 
sticking. The design is well worthy of attention. 

We have yet to describe the mechanism which 
holds the contacts home when the switch is closed, 
and admits of being tripped either electrically, or by 
hand, to open the switch. This mechanism will be 
best understood from Fig. 13, though Figs. 11 and 
12 should also be referred to. The slipper cross- 
head, which is attached to the bottom of the 
plunger aud moves solidly with the contacts, carries 
pinned to it four links, which are connected to 
similar links pinned to the entablature, forming 
altogether a kind of double toggle arrangement. 
To the centre pin of the left-hand toggle (Fig. 15) 
is hinged the trippiag-lever, a catchon which engages 
with the centre pin of the other toggle, and prevents 
the whole arrangement collapsing under the weight 
on the upper links. The pressure on the catch is 
almost nothing in this design, and a very slight 
upward blow on the lever lifts it, and instantly 
allows the links to collapse, as shown by the dotted 
lines in Fig. 13. An iron-clad solenoid, excited 
either by an automatic relay, or by a push-button 
on the operating board, effects the tripping ; though 
this can be dune mechanically, or even by hand, 
quite safely, should it be necessary. The tripping- 
lever carries a balance-weight oh one side of the 
fulcrum, the inertia of which counteracts that of 
the other end of the arm; and, consequently, in 
spite of the extreme suddenness with which the 





aud the metal sides; and the oil-level, which is 





moving paits of the switch are stopped when the 


switch closes, the lever tends to remain horizontal, 
and the catch engages without shock or tendency 
to jump out. A spring attachment makes the 
engagement and retention absolutely certain. 
onnected with the toggle system by a link is a 
sort of miniature controller, shown in section on 
the left-hand side of Fig. 13. The function of this 
is to indicate at the switchboard the position of 
the switch, the controller contacts being so arranged 
that a red lamp is constantly burning when the 
switch is closed, and a green one when it is open. 

Having described the construction of the Fer- 
ranti-Field standard main switch, there yet remains 
to consider the mechanism at the operating-board 
by which it is controlled. This is illustrated in 
Figs. 21 to 25, page 448. Fig. 21 shows, in full 
lines, everything belonging to the switch, except 
the signal-lamps, which appear on the front of the 
board. There is just a hand-wheel and two push- 
buttons. The next two figures show that the 
hand-wheel spindle is connected to a sort of con- 
troller barrel behind the panel, the controller serv- 
ing to switch current on and off the solenoid which 
closes the switch. To close the switch, the hand- 
wheel is turned to the right—it will not go any 
other way—as far as it will go, about three-quarters 
of a revolution. All that is done thereby is to 
wind up a spring in the controller barre), the barrel 
being held stationary by a ratchet. When syn- 
chronism is obtained, the switchboard attendant 
presses the button below the hand-wheel, and this 
releases the ratchet, the solenoid is excited, and 
the switch closes. The dashpot device at the end 
of the controller is merely to steady the motion of 
the latter sufficiently to give time to excite the 
solenoid. The push-button above the hand-wheel 
serves to excite the tripping-solenoid, and thus 
open the switch. 

There are several things about this operating 
gear that are particularly worthy of note. In the 
first place, after the hand-wheel has been turned, 
the touch of a finger causes the closing of the 
switch, so that the exact moment of synchronism 
may be struck. Moreover, once that touch has 
been given, matters are taken out of the operator's 
hands, and it is not in his power to cause a disaster 
by hesitancy or attempts to re-open a half-closed 
switch. Even if he holds the hand-wheel fast, it 
makes no difference. Again, suppose the switch 
to have been closed on a dead-short, the automatic 
cut-out will immediately trip it, and it will not 
re-close even if the attendant keeps his finger 

ressed on the button. He can only close it again 
xy the deliberate act of turning the hand-whel, 
and afterwards pressing the button. 

The electrical connections of the low-tension 
operating gear for the main switch are shown in 
Fig. 25. When the controller C is in the position 
indicated, and the contactor P,— which is worked by 
the tripping-lever of the switch, as already ex- 
plained—is in the ‘‘on” position, the fact of the 
switch being closed is shown by the red left-hand 
lamp L being alight. The switch can be opened 
by either one of the relays R,, R,, or Ry, which 
are actuated respectively by the current in the 
three phases, or by the push-button P,, these four 
devices all being in parallel, and serving to close the 
circuit of T, the trip-coil of the switch. The 
relays, of course, operate with excess current in the 
case of feeder switches, and with reverse current in 
the case of generator switches. No high-tension 
current is brought near them, their alternating- 
current windings being supplied from series 
transformers, as shown in Figs. 26 and 27. 
Rotation of the controller C serves to close the 
main switch by the excitation of the solenoid O, 
the contactor P, being brought to its corresponding 
position simultaneously with the motion of the 
switch. It should be remembered that the circuit 
through O is only maintained for a few moments, 
and is automatically opened as soon as the solenoid 
has operated by the continued motion of the con- 
troller barrel. The solenoid, therefore, only has to 
stand a momentary current, and can hence be kept 
within comparatively small dimensions. 

In large oil switches such as we have described, the 
methods of removing the oil-tanks for inspection of 
the contacts, and of replacing them, are matters 
requiring attention at the hands of the designer. 
The cells in which they are housed are long and 
deep, only accessible from a narrow entrance at the 
front of the switch, so that lifting up the tanks by 
hand, while they are being bolted to the slab above 
them, is out of the question. In the Ferranti-Field 








switch a wheeled carriage is provided, as illustrated 
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DETAILS OF FERRANTI-FIELD REMOTE-CONTROLLED AUTOMATIC SWITCH. 


CONSTRUCTED BY MESSRS. FERRANTI, LIMITED, ENGINEERS, HOLLINWOOD, LANCASHIRE. 
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in Figs. 26 and 27 ; and this carriage can be run into| GYROSCOPIC STEADYING APPARATUS. _ | a first-class torpedo boat of the German Navy), in which 


any cell on a pair of T-iron rails, which are built | Experiments with Dr. Schlick’s Gyroscopic Apparatus for | PR 4iPeTImental, BVTORCODS pan Tag ng = me ep 4 


into the floor of each vell for this purpose The | Steadying Ships.* : 

. , : x n — ’ : . esse! t th est of 
carriage is of cast iron, and fitted with a winch-| By Sir Winttam H. Wuire, K.C.B., F.R.S., LL.D. Ries Sora wees, 5 Series takes the oe 
handle at the front, which raises the ends of a pair | D.Sec., Honorary Vice-President. | tion a brief summary of results obtained, and of conclusions 


of long levers, hinged at the back of the carriage.| Tut Transactions of the Institution for 1904 include a | derivable therefrom. It will be understood that Dr. 
The oil-tank is placed in one of these carriages and | pper by Dr. Otto Schlick ‘*On the Gyroscopic Effect of | Schlick accepts full responsibility for the facts stated 
run into position; by means of the winch-handle | » Pelgeae-e on Board Ships.” When it was read, Dr. | hereafter; but from personal observations I am in a 
the levers are then raised. Linke at the cent f | Schlick exhibited a series of models illustrating the prin- | position to certify to the remarkable steadying effect of 
: 6 © centre OF | ciples of his proposals, and an interesting discussion | the gyroscope. When I was on board the See-bar the 
the levers are attached to iron shoes, which work In | followed. The models then used were of small inertia in | state of the sea, unfortunately, was such that we did not 
slides on the sides of the carriage, and when raised | proportion to the inertia of the gyroscopes mounted in experience the heavy rolling which would have illustrated 
by the winch lift the tank by means of lugs cast on | them ; and it was explained by the author of the paper fully the advantages obtainable from gyroscopic apparatus. 
its sides. A ratchet holds the winch at any point, | that their steadying effect was consequently extreme. At On other occasions, however, suitable conditions we.e 
so that the workman hes both hands free to hold the same time Dr. Schlick stated his opinion—based on | encountered, and the extinctive effect of the gyroscope 
tl ki “re T <A his own investigations, and confirmed by other investiga- | was demonstrated conclusively. Stillwater rolling ex- 
he tank in position. The correct position of the car- tions made by Professor Fippel—that gyroscopic ap-| periments have also been made, and have confirmed 
riage, and therefore of the tank, is maintained while pliances having dimensions and weights suitable for | experience gained at sea. , 
this is being done by a stop at the outer ends of the Fe ye jam would — it veep he control and he Cee asrmgoniente and pom of the aber = 
ils ; the carriage may b : : ition | imtt the rolling motions of large ships when exposed to | longitudinal and transverse section) are illustra’ y 
40 S ay be locked in this postiven the action of ocean waves. Dr. Schlick euticipened that | Figs. 1 and 2, page 449. The principal dimensions are 4s 


by means of a small eye-bolt, as shown in Fig. 26. the period of oscillation of ships might thus be increased | follow :— 





(To be continued.) considerably, while the extreme angles of inclination Length at the water-line (about) ... 116 ft. 

reached in rolling might be largely reduced. Extreme breadth im a * 

: _Sincethe paper was read, Dr. Schlick has given con- Mean draught 3.4 ,, 
New Mexican Rattway.—A syndicate has been formed | tinuousattention to the subject. Recently he has carried Displacement ... 52.2tons. 
to construct a railway from Mexico to Belize, British | out a series of valuable experimentsin the See-bar(formerly Metacentric height ... 1.643 ft. 


Honduras. The line will connect Belize with Cam- 


Period of oscillation (double roll, 
peachy, Tabasco, and Vera Cruz, and it is estimated ine 


* Read before ‘the Institution of Naval Architects, with gyroscope at rest) —. ‘ 4 136 sece. 
The position in which the gyroscope is fitted (in a com- 








that the enterprise will cost 6,000, 000/, | March 22, 1907. 
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rtment before the boiler-room) and the space occupied 
v it are illustrated in goatee and cross-section in Figs. 
1 and 2. The details of the gyroscope and its attachments 
to the hull of the vessel are indicated in Figs. 3 to7 on 
pages 449 and 452. It would have been preferred to use 
electric power for driving the fly-wheel ; but no electric 
generators were available on board the vessel. It was 
decided, therefore, to make use of steam; the way 
of the fly-wheel was provided with rings of blades, the 
wheel being enclosed in a steam-tight cast-iron casing 
and worked asa turbine. In this first installation it was 
decided to keep the speed of revolution of the wheel 
relatively small, and to make its diameter correspond- 
ingly large, in order to minimise practical difficulties 
which might occur in carrying out the experiments. The 
following particulars for the gyroscope will be of 
interest :— 


Outside diameter of fly-wheel ... 1 metre. 
Weight of fly-wheel (without spindle) 1106 lb. 

Peripheral velocity per second ... 274.8 ft. 
Number of revolutions per minute ... 1600 


The fly-wheel was made of forged steel in one piece. 
The cast-iron casing containing the wheel is carried on 
two hollow horizontal trunnions, their axis lying athwart- 
ships. These trunnions have ball-bearings. The steam 
supply and discharge take place through the trunnions in 
the same manner as in an oscillating marine engine. The 
lower end of the spindle of the fly-wheel is carried on 
bul bearings, and there is forced lubrication to both upper 
and lower bearings. At the upper end of the spindle a 
centrifugal regulator is fitted, by means of which the 
steam supply is cut off if the revolutions per minute 
exceed 1600. In addition there is an appliance by which 
a bell is rung after every 10 revolutions of the fiy-wheel, 
in order that the engineer may readily check the rate of 
revolution. 

The common centre of gravity of the gyroscopic ap- 
paratus—fly-wheel and —_s arranged to lie below 
the axis of the trunnions. hen the vessel is at rest, in 
an upright position, the spindle of the fly-wheel will be 
vertical. When the vessel is set rolling, the spindle of 
the fly-wheel is free to become inclined to the vertical in 
a fore and-aft direction. As rolling proceeds the gyro- 
scopic effect of the fly-wheel produces longitudinal oscilla- 
tions of the apparatus. The period of these oscillations 
depends, of course, upon the distance of the centre of 
gravity of the whole apparatus below the axis of the 
trunnions, and upon the moment of inertia of the ap- 
paratus about that axis, The amplitude of oscillation of 
the gyroscope depends upon many and varying conditions, 
amongst which the period of oscillation and its ratio to 
the period of rolling of the vessel are important. It is 
most interesting to watch the movements of the gyro- 
scope, when it has been set free and is exercising a steady- 
ing effect upon the vessel. The observer may be standing 
upon a deck that maintains @ practically horizontal posi- 
tion as the vessel performs vertical heaving oscillations ; 
but the gyroscope meantime may be oscillating violently 
toand fro in the longitudinal sense, and the observer 
watching it may have the impression that the vessel her- 
self is moving. 

It will be understood that great importance attaches to 
the existence of efficient arrangements for controlling and 
‘*braking” the movements of the gyroscope on its trun- 
nions, and tLe rotary movement of the fly-wheel. In the 
See-bar this matter has been carefully studied, and experi- 
ment has shown that the brake -arrangements are 
thoroughly efficient. The detailsare shown in Figs. 5, 6, 
and 7, page 452, and require only brief explanation. A 
simple bund-brake is fitted on the port side, and is worked 
from the deck above, in order to control the swinging 
motion of the apparatus on the trunnions, or to hold it at 
rest. In addition there is a socket fixed on each side of 
the gyroscope-casing below the fly-wheel, which carries an 
hydraulic brake cylinder, the piston-rod lying fore-and-aft 
in the vessel. The braking-power is regulated by a valve 
workable in the gyroscope compartment, and from the 
deck. This hydraulic brake answered its purpose well, 
but in electrically-driven gyroscopes a different design 
would be adopted, involving less space and weight. 

When the apparatus was used in experiments at sea, the 
fly-wheel was set running while the casing was held fast 
by the friction-brake in its central vertical position, and 
the revolutions were brought up to 1600 per minute. 
Observations were made at first with the casing fixed ; in 
which condition, of course, the gyroscope had no effect on 
the rolling motion. After a sufficiently long period of 
observation in this condition had ela to enable the 
** phases” of rolling to be determined, the friction-band 
was loosened, the casing began to oscillate on its athwart- 
ship trunnions, and the gyroscopic action came into play. 
Another series of observations of rolling was then made, 
and the steadying effect of the gyroscope was ascertained 
by sompueing the two series of observations. 

The first experiments with the See-bar were made when 
the vessel was moored. The gyroscope worked satisfac- 
torily ; no vibration or shock was observable, and the 
arrangements for braking proved efficient. The revolu- 
tions per minute of the gyroscope were raised as high as 
3000 without any bad effects. 

Still-water rolling experiments were undertaken next, 


inclination, and noting successive angles of heel. For 
this purpose the chain trom a crane was made fast at one 
side of the boat, and fitted with aslip-hook. The boat was 
then hove over to an inclination of 10deg. to 15 deg. from 
the vertica], the chain was suddenly let go, and successive 
extreme inclinations were noted until they fell to about 
4 deg. The angles of inclination reached in successive 
rolls were determined by mean: of a heavy-rimmed fly- 
wheel about 2 ft. in diameter, the axis of which was fixed 
horizontally and longitudinally in the vessel at the height 
of her centre of gravity. Buall-bsarings were used to 
diminish frictional resistance to rotation. The centre of 
gravity of the wheel was a very small distance below the 
axis ; the period of oscillation was about 20 seconds. A 
scale of degrees was marked on the periphery of the 
wheel, and in this way extreme angles of oscillation could 
be readily noted. This pendulum wheel is identical in 
principle with that used in Mr. W. Froude’s instrument 
for automatically recording rolling motions. 

The results of still-water rolling experiments are re- 
corded in Fig. 8, page 452; they strikingly illustrate the 
enormous extinctive effect of the gyroscope. Comparing, 
for example, the first and third experiments, where the 
initial angle of inclination was 10 deg., it will be seen that 
with the gyroscope at rest 20 single oscillations took place 
before the extreme inclination to the vertical was reduced 
to half a degree ; whereas the same amount of extinction 
was obtained with little more than two single oscillations 
when the gyroscope was free to oscillate, and the fly-wheel 
was rotating at 1600 revolutions per minute. In experi- 
ments 2and 4 the initial angle was 13 deg. 40 min.; 25 
single oscillations were required to limit the inclination 
to half a degree from the vertical when the gyroscope was 
at rest, whereas only a little more than three oscillations 
sufficed when the gyroscope was free and the fly-wheel 
was running at 1600 revolutions. It may be added that 
care was taken in aes Nagene experiments to avoid 
any reflex wave-action on the rolling boat. The crane 
used was fixed on a pile-work mooring-stage at a con- 
siderable distance from the bank of the river, and not 
near a quay. 

Turning to trials made in a sea-way, it is proper to 
remark that on many occasians experiments were at- 
tempted when the conditions resembled those which I 
personally encountered. Either by the rapid falling away 
of the wind or other circumstances, a sufficiently rough sea 
was not met with to give conclusive results. Asa conse- 

uence, much time and patience had to be bestowed on 
the experiments before the full extinctive value of the 
gyroscope could be obtained ; and this fact makes our in- 
debtedness to Dr. Schlick the greater, for persisting with 
the trials until definite conclusions had been reached, 

The results of sea trials made on July 17 and August 21, 
1906, on the lower Elbe and off Cuxhaven, are graphically 
recorded in Fig. 9. The points marked B in the diagrams 
correspond with the times when the brake-band was 
released ; the gyroscopic wheel then became free to swing 
on its trunnions, and the extinctive forces came into 
operation. It will be noted that in all cases the practical 
effect was to extinguish the rolling motion almost imme- 
diately. In other words, with the gyroscope free to 
oscillate, and with a rotation of 1600 revolutions per 
minute, the See-bar was practically deprived of rolling 
motion, and simply subjected to heaving motions as 
successive waves passed her as she lay broadside on tothe 
sea. The inclinations on each side of the vertical under 
the circumstances were insignificant, varying about half a 
degree to one degree. 

It is interesting to remark that many seamen, to whom 
the possibility of steadying ships by means of gyroscopes 
and other appliances have been pot A ese have expressed 
the opinion that, if that result could be achieved, it 
would involve great danger of the sea breaking on board 
a vessel of which the deck remained practically horizontal. 
Dr. Schlick himself, at an early stage in his inquiry, con- 
sulted me on this point. I then expressed the opinion 
that nodanger whatever would arise. Indeed, it seemed 
obvious to me that when a vessel rolls heavily, in all pro- 
bability the risks of seas coming on board tie be greater 
than that in a vessel for which the rolling motion has been 
destroyed. In both cases vertical heaving motion must 
take place amongst relatively large waves, or the ship 
would be overwhelmed; but in the ship whose deck re- 
mains tically horizontal during the heaving motion, 
the risks of seas breaking on board should be less than in 
the same ship if her heaving is combined with heavy 
rolling. Uf course, in a ship of relatively very short period 
in proportion to the wave period, the deck may remain 
practically parallel to the wave-slope throughout the 
rolling motion, and consequently little water may be 
shipped on deck. This actually happened tothe American 
monitors which madelong ocean passages about 40 years 
ago. Butin such exceptional cases the amount of rolling 
was considerable, and these are not average or representa- 
tive conditions. The See-bar trials show: that the fancied 
danger does not exist ; and Dr. Schlick, in describing her 
motion, when the gyroscope was in action and she was 
placed broadside on to the waves, used the following 
words :—‘'The waves seemed to disappear under her, 
and, as was to be expected, she rose with a gentle motion 
vertically upwards, and sank again just as gently into 
the trough of the sea, without even 7 coming on board 





the motion being produced by running the crew from side 
to side in the usual manner. With the gyroscope fixed, 
the period of a complete double roll was found to be 
4.136 seconds. When the fly-wheel was running at 1600 
revolutions per minute the corresponding period of oscilla- | 
tion was found to be 6 seconds—an increase of 45 per 


cent. Owing to the small size of the vessel and her deck | 
erections, athwartship movements of men were difficult, 
and the extreme angle of heel attained was small. It 
was, therefore decided to determine the curve of declin- | 
ing angles by starting the vessel from greater angles of | 


to any extent worth mentioning.” His description corre- 
sponds exactly with that given by other observers of the 
behaviour of ships of long natural period when exposed 
to wave-action. Those who have studied the subject 
will recognise that similar statements were made forty 


| years ago, in regard to ships like the Inconstant and 


Hercules of the Royal Navy. In later yeara similar 


| descriptions have been given of the behaviour of the great 


Atlantic liners, especially those of the ‘‘ intermediate ” 
type. ; 
Turning back to the diagrams in Fig. 9, it will be seen 








that on July 17, 1906, the See-bar, when broadside on to the 
sea, wuh gyroscope fixed, reached a maximum inclination 
of 25 deg. to leeward and 15 deg. to windward. Her 
rolling motion passed through ‘‘ phases” gradually in- 
creasing and then decreasing. Not long before the 
gyroscope was set free, the rolling attained 15 deg. on 
each side of the vertical—an arc of rolling of 30 deg. 
Immediately the gyroscope came into operation the arc 
of rolling (out to out) was reduced to 1 deg. 

On August 21 the corresponding figures were—Maxi- 
mum inclination attained, 13 deg. to 14 deg. from the 
vertical with gyroscope fixed ; maximum inclination not 
long before gyroscope was set free, 11 deg. to 12 deg., arc 
of rolling 23 es arc of rolling with gyroscope oscillat- 
ing, 1deg. A second set of observations on the same 
day gave maximum inclination 15deg. on each side of 
vertical with gyroscope fixed; arc of a, 30 deg. ; 
a pea oscillating, the arc was reduced to 1 deg. 
to 15 deg. 

In his paper of 1904, Dr. Schlick gave a formula 
obtained by Professor Fippel, by which the approximate 
extinctive effect of a gyroscope may be estimated fora 
ship assumed to be performing a given arc of rolling 
oscillation with the gyroscope fixed. This formula may 
be stated in the following form :— 


J.w=3¢VDhO 


= displacement of ship in pounds. 

h = metacentric height in feet. 

J = moment of inertia of the fly-wheel. 

@ = moment of inertia of the ship; 
about a horizontal longitu- 
dinal axis passing through the 
centre of gravity. 

= the angular velocity of the fly-wheel. 

circular ° . ° 

Bt = extreme angle of inclination to 
vertical attained Lj ship when rolling 
with gyroscope fixed. 


in foot-lb. 
seconds, 


1] 
¢ 


For the See-bar this gives a value of ¢ = .479, or an 
extreme inclination of 274 deg. to the vertical, which the 
gyroscopic apparatus should be capable of extinguishing 
when set free. It is interesting to compare this estimate 
with the observations made at sea and recorded above. 
It will be noted, of course, that the formula takes no 
account of water-resistance torolling. Further experience 
will add to the data required for designing the most 
efficient gyroscopes for ships of various types and periods 
of oscillation; but, as a first approximation, Professor 
Foppel’s solution of an extremely difficult problem is 
pan of one which may be adopted by designers. The 

ractical points in the design of fly-wheels capable of a 

igh rate of rotation, without distress to the material or 
undue heating from frictional resistances, are being care- 
fully considered, and many improvements can already Le 
made as the result of the See-bar trials. 

The gyroscope fitted in the See-bar was intentionally 
made relatively powerful for purposes of experimental 
illustration. The proportion of the weight of the fly- 
wheel in that case to the total weight of the See-bar was 
as 1to1l4. The proportion of the moment of inertia of 
the fly-wheel to the moment of inertia of the whole boat 
about a horizontal longitudinal axis passing through the 
centre of gravity was approximately as 1 to 1156. Inorder to 
obtain experimental data which should beof valuein further 
designs of gyroscopes, it was decided to make an experi- 
ment with the See-bar with the fly-wheel running at less 
rates of revolution than 1690 per minute. When the 
revolutions were reduced to 1200, no sensible difference 
was observed in the steadying effect ; at 1000 revolutions 
per minute, a slight reduction in the steadying effect was 
remarked. At 800 revolutions, under conditions when 
inclinations of 12 deg. on each side of the vertical were 
observed with the gyroscope fixed, rolling was reduced to 
3 deg. on each side of the vertical when the penee 
was free to oscillate. This last trial showed that when the 
moment of inertia of the fly-wheel was only one-fourth of 
that provided for in the design of the gyroscope of the 
See-bar, a considerable reduction in rolling was produced. 
It has been stated above that the number of revolutions 
of the gyroscope fitted in the See-bar were raised to 3000 
per minute in the preliminary trials, and that no bad 
results followed. Experience with the wheels of steam 
turbines also shows that it is possible to work at much 
higher peripheral velocities, provided suitable designs 
and materials are adopted. ith a peripheral velocity 
twice as great as that used on the See-bar, the same effect 
could be obtained with a fly-wheel of 2.3 {t. diameter as 
was obtained when the actual fly-wheel fitted ran at 1600 
revolutions per minute ; and it is evident from the trials 
made at reduced rates of revolution that a wheel of only 
2 ft. in diameter would have given as great a steadying 
power as was required in practice. These facts are of 
great importance in considering possible applications of 
the system to larger vessels. Such installations would 
include electric driving as well as improvements in lubri- 
cation and in the design of the brakes. Dr. Schlick has 
already done much work in these directions ; he is con- 
vinced that the system may be applied to larger vessels in 
forms that would secure considerable steadying power ; 
while the requirements for weight space and motive power 
would be kept within such moderate limits that they 
could be accepted by shipowners. 4 ’ 

In regard to the extended use of gyroscopic steadying 
apparatus in sea-going ships of considerable size, there is 
room, no doubt, for differences of opinion, which will only 
be determined by further experience and experiment. 
The See-bar is a small vessel, but the scale of the experi- 
ments therein made is sufficient to indicate great possibili- 
ties for the system ; and we owe much to Dr. Schlick and 
those who have assisted him by having carried the investi- 
gation so far. Dr. Schlick desires especially to acknowledge 
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help given by the authorities of the Hamburg-Amerika 
Line, the Vulcan Company, of Stettin, and Messrs. H. 
Stulcken’s Son. The members of the Institution will, I 
am confident, congratulate Dr. Schlick and our other 
German colleagues in the profession on the completion of 
so excellent a piece of experimental work. 

My own opinion in regard to the extended use of 
gyroscopes on shipboard may be briefly stated. It will 
be wise, I think, to proceed gradually, and to begin with 
yachts and passenger steamers employed on coasting and 
cross-channel services. Two years ago, I conside the 
question for the turbine steam yacht Albion, of about 
1300 tons T.Y.M., which I designed for Sir George 
Newnes, and it was arranged to make an experiment on 
board that vessel when the See-bar trials were concluded. 
Unfortunately, a considerable time has been necessarily 
occupied on these trials, and this prevented us from carry- 
ing out the intended p mme in the Albion. I am 
confident, however, that in modern steam yachts, all of 
which have electric installations, it would be possible to 
obtain great steadiness at sea by means of gyroscopes of 
moderate size and weight, which could be fitted without 
difficulty and without inconvenience of any kind. 

Cross-channel and coasting passenger steamers of high 
speed are another class in which the steadying effect of 
gyroscopes would be of great advantage, and where there 
would no difficulty in regard to space, weight, or 
electric. driving. I have investigated this problem for 
typical vessels now on service, and feel confident that 
remarkable steadiness could be assured by the installation 
of gyroscopes of moderate size and weight, requiring com- 
paratively as eee for driving them. The designs for 
such gyroscopes have been considered ; and the Hamburg- 
Amerika Company have decided to make a trial of the 
system in a passenger steamer running between Hamburg 
and the pleasure resorts off the German coast. Thereare 
many routes traversed by passenger steamers belonging 
to the United Kingdom where considerable seas must be 
encountered ; and for these vessels it is certain, from the 
results attained in the See-bar, that greatly-reduced rolling 
might be secured by means of gyroscopes. 

For ocean-going passenger steamers it is possible that 
gyroscopic steadying apparatus may be introduced here- 
after. One must recognise, however, that these vessels 
are remarkably steady at sea under most circumstances, 
because of their large dimensions and long periods of 
oscillation. In them, therefore, the advantages of gyro- 
scopes would be less important than in smaller vessels ; 
but the experiments herein described show conclusively 
that gyroscopes could be designed, within permissible 
limits of size and weight, which would exercise a sensible 
steadying etfect upon even the largest passenger steamers 
on service. 

For warships the possible applications of gyroscopes 
are numerous, and the advantages of a steady gun-plat- 
form are great. It may be anticipated that experiments 
will be made before long with gyroscopic apparatus in 
destroyers and in the smaller classes of cruisers. For 
large war vessels the tendency of late has been to accept 
much greater metacentric heights than were formerly 
accepted, in order to favour range of stability and to pro- 
vide a larger margin of safety against damage in action. 
These modifications, of course, tend to shorten periods 
of oscillation, and to increase frequency of rolling ina 
sea-way. On the other hand, greater beam carries with 
it a reduction in the -~— of effective wave-slope, and 
the under-water forms adopted probably tend to increase 
resistance to rolling. Experience will prove whether, on 
the whole, these recent types are inferior in steadiness to 
preceding types. Should it prove to be so, it will un- 
doubtedly be possible to secure greater steadiness of gun- 
platform by means of gyroscopic apparatus ; although it 
is obvious that the great moments of inertia and large 
metacentric heights would necessitate the installation of 
large and powerful gyroscopes to secure adequate extinc- 
tive power. All these questions will be dealt with in due 
time by responsible designers. 

For present purposes it is only necessary to say, in con- 
clusion, that Dr. Schlick’s system opens up possibilities 
for the future in regard to controlling the rolling motion 
of ships at sea which have not been approached hitherto. 
There have been many previous workers in this field of 
inquiry, whose investigations will always command 
respect. Mr. William Froude laid down the principles 
of the behaviour of ehips at sea in a form that has guided 
naval architects in all subsequent work. Professor 
Rankine did much original investigation of a similar 
character. For many types of ships, however, it is not 
possible to secure a sufficiently long period of oscillation 
to ensure general steadiness and freedom from heavy 
rolling under ordinary conditions at sea. Sir Jobn 
Thorneycroft devised a beautiful automatic steadying 
apparatus, and applied it practically to his yacht (see 
Transactions of the Institute of Naval Architects for 
1892). The use of bilge-keels and water-chambers as 
means of steadying ships have been fully discussed at 
meetings of the Institution. Our Transactions contain 
practically a complete collection of papers dealing with 
these important subjects. In the present contribution I 
have — simply to describe the latest addition to 
our knowledge made by Dr. Schlick, as the result of long- 
continued investigation and experiment. We should 
have preferred that Dr. Schlick himself should have 
undertaken the task; but, as he could not do so, I 
venture to hope that the work done on his behalf may 
have permanent interest and value as recorded in the 
Transactions. 








_ Coa DevELopmEnt.—Itis stated that a colliery company 
18 likely to be formed to work bituminous seams of coal 
in the neighbourhood of Swansea. Sir Edward Boyle, of 


the Castle Steam Trawling Company, is stated to be 
interesting himself in the scheme. 








MISCELLANEA. 


A PROJECT is on foot for the construction of a canal to 
connect the Danube and the Theiss. Surveys have already 
been carried out by the Hungarian Government, and a 
Bill will probably be brought forward shortly asking 
Parliament to sanction the undertaking, which it is 
estimated will cost about 2,500,0007. 


A 350 ene ay Winter-Eichberg railway motor has 
recently been built for use on the eee track at 
Oranienburg, established by the State Railway authorities 
of Germany. The difficulties due to restrictions in size, 
owing to the limits imposed by the height from the rail 
to the floor of the car, are said to have been successfully 
surmounted. The stator has an outside diameter of 
about 47}in. and a length about 44in, The motor has 
six poles, works at a frequency of 25, and has a brush 
voltage at full load of 280. 1t is capable of working at 
350 horse-power for one hour, when working at 400 revo- 
lutions per minute. Forced ventilation by means of an 
electrically-driven blower is provided. Its full-load effi- 
ciency is said to be about 90 per cent, 


We have to record a very smart engineering feat re- 
cently carried out at Southampton on thes.s. Earlford. 
She was towed into the port with a cracked cylinder, and 
was placed in the hands of Messrs. Day, Summers, and 
Co., Limited, of the Northern Iron Works, on February 5, 
with instructions to get on with the work at once. The 
engines were disconnected and lifted out of the vessel, 
and it was subsequently found that both cylinders were 
d+ fective and required renewing. This, of course, neces- 
sitated two new cylinder patterns and two new cylinder 
castings. - These were made, fitted up in the shop, and 
the engines lifted back aboard, the whole job satisfac 
torily completed, and the vessel sailed on March 20, just 
six weeks = the day on which the work was taken in 
hand. In addition to the new cylinders a new connecting- 
rod had to be made, the engines were thoroughly over- 
hauled, and the engine bearers renewed. 


In connection with the matter of the emission of 
exhaust from motor-cars, Mr. 8. F. Edge has recently 
had analyses taken of exhaust gases from petrol motors. 
These analyses were taken at points 28 in. and 365 in. 
away from the exhaust port of the engine after the gases 
had passed through the silencer. The mean results of 
these experiments indicate the presence of 6,55 per cent. 
of hydrocarbons in the samples taken at 28 in. away from 
the exhaust, and of 5.70 per cent. at the point 35 in. away 
from the port. The mean results aro as follow :— 


Samples Collected at Point— 





28 in. from 35 in. from 
Exhaust Port. Exhaust Port. 

ler Cent. Per Cent. 
Carbon dioxide (CO,g) .. ch 8.70 8.15 
Oxygen (O) ¥ oe ee 2.75 3 60 
Carbon monoxide (CO) .. * 0.30 0.95 
Ilydrocarbons.. on ss 6.55 5.70 
Nitrogen (N) oe es ee 81.70 81 70 

10).00 100.00 


The use of superheated steam on locomotives has made 
considerable strides lately on the American Continent. 
In Europe there are said to be over 1600 engines equipped 
with one form of superheater or another, while in America 
some 260 locomotives of this type are in use or building. 
One of the most recent experiments in this connection has 
been carried out on the Atcheson, Topeka, and Santa Fé 
Railroad. On this line a ape! tandem compound, after 
working for some time with cylinders 19 in. and 32 in. in 
diameter by 32 in. stroke, and boiler pressure of 225 1b. per 
square inch, was taken into the shops and converted into a 
superheater locomotive. A superheater was fitted in the 
smoke-box, the high pressure ft in.) cylinders were re- 
moved, and the boiler pressure lowered to 140 lb. per square 
inch. It is stated that the engine operating in this form, 
superheat of only 30 deg. to 40 deg. bemg obtained, the 
economic results were within 5 per cent. of those obtained 
with the compound locomotives engaged in the sane ser- 
vice, while repairs come to considerably less than with 
the latter. 


The coefficient of expansion of quartz has been given 
various values. Callendar concluded that (59 x 10-*) was 
correct. Le Chatelier’s results suggested (50 x 10-*), 
while results obtained by Holborn and Henning gave 
(54 x 10-%). More recent investigations lately recorded 
in the Physical Review give as the correct coefficient the 
figure (44.9 x 10-8). This is based on some 43 determina- 
tions. The expansion was measured at 100 deg. intervals 
between 200 and 900 deg. Cent., the = reading 
being taken at 950 deg. Cent. It isstated that articles of 
fused quartz always contain bubbles, because of the 
cracking of quartz on heating. If, however, the quartz 
is gradually heated up to a temperature of 600 deg. 
Cent., and from that point is suddenly brought up to 
the highest temperature required, by means of an oxy- 
hydrogen flame or suitable furnace, or by dropping this 

uartz in other quartz already fused, clear glass is obtained. 

his result is said to be due to the fact that quartz 
gradually heated up to 600 deg. Cent. no longer inclines 
to crack, 


Locomotives of the ‘‘Snow ” type are in use for logging 
work in certain lumber districts of the United States. In 
the Indian Reservation the Northland Pine a | 
works trains of up to nine sleds of logs hauled by suc 
engines over snow roads. The nine-sled train carries about 
105,000 ft. of timber, while the ordinary loads are from 
50,000 ft. to 75,000 ft. The timber sleds have 4-in. runners, 
8 ft. centre to centre. The locomotives used are Ne pe 
at the front end by a pivoted sled, which practically takes 
the place of the bogie or leading truck. The trailing end 
is also carried on runners, while an endless chain 12 in. 
wide, running on twolarge wheels, bites the road surface. 





Vertical inverted engines are placed on each side of the 
smoke-box and drive horizontal shafts running back to 
driving-wheels. The weight of the engine is carried by 
the runners, while the movement of the chain propels 
the locomotive. The front sled is controlled by chains. 
The boiler is of the locomotive type. The engines, 
empty, weigh about 15 tons, and 18 tons in working order. 
A speed of from 4 to 5 miles an hour is attained with 
loads, trips of from 4 to 10 miles in length being made. 
For shorter hauls than 4 miles they are not considered 
economical. It is stated that one engine will thus accom- 
plish the work of from 30 to 40 horses. 


Tn a discourse delivered before the Dresden branch of 
the Verein Deutscher Ingenieure, Thiimmler recently 
spoke on experiments made by Gebriider Seck on bull ° 
bearings, with particular reference to the roller bearings 
of the Deutsche Munitions- und Waffenfabrik, of Char- 
lottenburg, and of a Schweinfurt firm. The Charlotten- 
burg firm places the bal!s in two annular cups of circular 
arc section, all through of the same strength ; there is no 


filling-in hole, and the bearing can only take (3 + 1) of 


the possible number of ballsn. The balls are separated 
by elastic distance-pieces. The Schweinfurt firm used to 
fill the whole ring with balls, which were squeezed into 
the bearing, the outer ring being heated for this purpose. 
The greater number of balls seemed to be an advantage, 
as it would enable bearings of equal dimensions to bear 
heavier loads ; but it resulted in the balls being destroyed 
in the course of a few weeks under heavy loads, although 
good lubrication was maintained. The firm, therefore, 
abandoned this construction, and adopted the circular 
arc for the cross-section of the cups and separators bet ween 
the balls; theirseparators are not elastic, however. These 
new bearings are sup to answer well, Whether any 
molecular fatigue and destruction may set in remains to 
seen. 


Traffic passing through the Canadian and American 
canals at Sault Ste. Marie during the season 1906 show a 
considerable increase on the figures of the 1905 season. 
Tbe number of vessels passing through the canals amounted 
to 22,155. Steamers showed an increase of 5 per cent. on 
previous year’s figures, but other classes showed a decrease, 
so that the net increase over the previous year’s figures 
amounted to only 2 per cent. The increase in number is, 
however, less marked than the increase in tonnage, point- 
ing to the use of larger vessels. Thus, the total regis- 
tered tonnage was 41,098,324, an increase of 12 per cent. 
over the 1905 figures, while the net freight tonnage was 
51,751,080, an increase of 17 per cent. on the previous 
year’s figures. Passenger traffic increased 16 per cent., 
63,033 passengers passing through the canals. The largest 
traffic was derived from iron ore—namely, over 35} million 
tons, an increase of 13 per cent. on the amount in 1905. 
Manufactured and pig iron increased 65 per cent, to 
391,105 tons. Traffics of over 84} million bushels of wheat 
and over 54} bushels of other grain were recorded, there 
being increases of 23 per cent. and 39 per cent. respec- 
tively on the shipments of 1905. Shipments of soft coal 
showed an increase of 40 per cent., and amounted to nearly 
7? million tons. The United States Canal was open 249 
days: from April 13 to December 17, and the Canadian 
was open 253 days. The East-bound freight amounted to 
41,584,905 tons, and the West-bound to 10,166,175 tons. 





Tue Institute or Marine Enoineers.—It has been 
found desirable to make some alterations in the arrange- 
ments for the annual meeting of this Institution to be 
held to-day. At the invitation of Lord Pirrie, in order 
to meet the convenience of the Premier of New Zealand, 
this meeting will be held at 7.15 p.m. at the Hotel Cecil. 
Previous to the meeting the Members of Council, &c., 
will be the guests of Lord Pirrie at dinner, at which the 
Premier of New Zealand will be present. 





New Harsoor, /GotHensurGc.—Entriesare invited for 
the international prize competition for plans for quays 
and wharves for the proposed new harbour and Sanne- 
gardsviken, Gothenburg. Three prizes are offered—the 
first of 2500 Swedish crowns, the second of 1500 crowns, 
and the third of 1000 crowns. The Harbour Board 
further reserve the right of buying any plans to which 
no prize was awarded for the sum of 500 crowns. Re- 
gulations, survey charts, &c., may be obtained on appli- 
cation to Géteborgs Stads Byggnadskontor, Marten 
Krakowgatan No. Gon payment of 10 crowns. Plans 
are to be sent in by September 2, 1907. 





**DrrecTory OF MANUFACTURERS, &C., ON THE NoRTH- 
Eastern System.”— Leeds: Messrs. Culross and Sprot- 
son, Wellington Press, Saville-street. [Price 1s. net. ]— 
This neat little volume is a directory of manufacturers, 
wholesale importers and exporters, in the districts served 
by the North-Eastern Railway. In connection with their 
policy of attracting new industries to their district, and 
of assisting the development of those already there, this 
company have done, and are doing, a great deal in any 
ways. This little production, compiled by the North- 
Eastern Railway Commercial ~ ye will doubtless 

rove of value to both buyers and sellers in the North- 
astern district, and such a directory should prove of 
valuable assistance in the expansion of trade in their 
district. It contains some 416 pages of matter, divided 
into two sections, which are arranged as ‘‘ Trades under 
Towns,” and ‘*Towns under Trades.” In the first the 
towns or villages are arranged alphabetically, the trade 
ups being similarly arranged under the town heading. 
The second portion, the reverse of the first, has trades 
arranged alphabetically, with sub-groups of towns, &c. 
Colliery-owners and coke makers are not included, as it is 
felt that lists of there already published fulfill all require- 
ments, 
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GYROSCOPIC STEADYING APPARATUS. 


(For Description, see Page 448.) 
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ENLARGEMENT OF Works.—At the Atlas Bolt and Nut | tects. On page 411 of our issue of March 29. Sir William 
Works, Darlaston, Messrs. F. W. Cotterill, Limited, have | White is reported to have said that the Mercury was 
recently completed the erection of some new shops. These | built in 1875 of high-tensile steel ; what he said was that 
additions to the works consist of a new “bright” shop, experiments were made with the steel, but it was not | 
300 ft..long, and a new nut shop, 220 ft. long. The desi adopted at that time. On page 412 the word ‘‘decrease” 
and construction of these shops were carried out under should have been “increase” in the sentence, “he (Sir 
the superintendence of Mr. F. Noake, member of the William White) had known a shipowner decrease his net 
Iron and Steel Institute. | registered tonnage by closing up openings.” Sir William 

j said he had known a shipowner deliberately close up 

Tue InstrrvTion or Nava ARcuiTects: Errata.— | openings and so largely increase his registered tonnage, 

@ inacouracies crept into our report of the discussions | because the trade earnings (with certain cargoes) made 
at the recent meeting of the Institution of Naval Archi- this change pay. On page 414, in the report of the 











NUMBER OF SINGLE OSCILLATIONS, 





speech by Mr. Leslie Denny, the sentence ‘‘ The data 
for progressive trials were not practically valuable for 
a 22-knot ship at less than 5 knots” should have been 


| the measurement of the power at low speeds in high- 


speed v was of no practical value, and that no one 
for practical pur would want the power at 5 knots 
of, say, a vessel capable of doing 22 knots ; though, if 
required, the torsiometer, especially the screw sector 
type, would give very accurate results at low powers. 
Also in the sentence ‘‘all the experiments made by his 


‘firm were conducted with hollow shafts,” the word 


**hollow ” should have been ‘‘solid.” 
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YHE WERF GUSTO OF MESSRS. SMULDERS, AT SCHIEDAM, HOLLAND, 


(For Description, see Page 437.) 
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THE MARINE STEAM-TURBINE. 


THE various successful trials of turbine steam- 
ships made during the past twelve months have 
generally been hailed as further triumphs for the 
marine steam-turbine. In many respects this 
conclusion is entirely justified ; but, at the same 
time, it must be confessed that the trials left 
matters pretty much where they were before. The 
pioneer turbine boat, the Turbinia, established once 
for all that the turbine could meet and beat the 
reciprocating engine when applied to the propul- 
sion of high-speed craft. uch vessels must, 
however, always form but a small, if important, 
minority of the total tonnage of the world, and we 
seem no nearer than we were eight years ago to 
the solution of the problem of adapting the turbine 
to the propulsion of even the larger size of tramp 
steamship. From the outset it has been recognised 
that the difficulty has lain with the propeller. Even 
in the case of high-speed boats the turbine has 
had to be run much below its most economical 
speed, and this has been the case although ita, 
dimensions have been enormously increased as 
compared with those of equal output applied to the 
driving of electric generators. The maximum peri- 
pheral speed of the buckets in marine work is com- 
monly much less than half that of a turbine 
employed for electric lighting; and if the same 
general design were followed in the two cases, the 
turbine should be at least four times as long if equal 
economy were to be maintained. Moreover, in order 
to get this relatively low peripheral speed at a 
moderate number of revolutions per minute, the 
diameter of the turbine has to be increased, which 
again involves a marked augmentation in the — 
of the machinery per ee at he 
designers have gone in this direction nearly as far as 
they dared, and as a consequence the total weight of 
the turbine machinery fitted to steamships seldom 
shows an advantage of more than 5 per cent. as com- 


460 | pared with reciprecating engines. In electric-light 


practice the turbine unit often weighs only one- 
fifth to one-sixth as much as the corresponding 
reciprocating unit. In spite of the relatively high 
weight of the marine turbine, it is nevertheless, as 


, | stated, run in general much below its most econo- 


mical speed ; and here undoubtedly is to be found 
one reason for the disappointing results which have 
in some cases been realised in service. In no 
instance, we believe, has the turbine engine failed 
to beat, both in speed and economy, a sister recip- 
rocating boat on the measured mile. In service, 


however, the latter has, in more than one instance, 
proved the less expensive in the matter of fuel. As 
the difficulty with the turbine is to get its speed 
down, designers have naturally selected as their 
speed for calculation that aimed at on the . trial 
trip. With turbines in which the speed is main- 
tained constant at all loads, as in those employed 
for electric lighting, the hydraulic losses below the 
governor-valve remain a nearly constant proportion 
| of the useful work done, so that throttling the steam 
to diminish the output some 20 per cent. or so 
'means no serious reduction in the economy. If, 
however, at the same time that the steam is throttled 
| the speed of the turbine is reduced, additional 
losses, arising from hydraulic shock, are added to 
those due to throttling, and the steam used per 
indicated horse-power per hour may very rapidly 
augment, particularly if, as is invariably the case in 
marine practice, the turbine is much underspeeded, 
even at full power. It would appear, therefore, 
that specifications for turbine-boats should lay 
much more stress on the economy to be attained 
during service conditions than on the full-speed 
trial, and the combination of turbine and propeller 
should be such as to give the best economy at the 
relatively low service speed, even if this involves 
the sacrifice on the trial trip of the fraction of a 
knot or so. 

An additional reason for the less favourable 
showing of turbine craft at sea was advanced by 
Professor Biles in his lectures to the Royal Scottish 
Society of Arts last winter. He notes that at sea 
the resistances corresponding to a given speed 
appear to be greater than in trial-trip conditions. 
This is not a serious matter in the case. of craft 
fitted with reciprocating machinery, since in general 
with them the propeller is of ample proportions for 
the thrust it has to develop. ith turbine craft, 
however, the propeller is often of such scanty 
proportions that quite a moderate increase in the 
thrust to be developed leads to cavitation and 
a consequent _— diminution in its efficiency. 
The recent careful experiments made at the Navy 
Tank, Washington, D.C., have much simplified the 
problem of combining a turbine and propeller so 
as to obtain the maximum possible over-all effi- 
ciency. Many people are still under the impres- 
sion that the percentage of slip is a direct measure 
of the propeller losses. In the old days this view 
led to the production of fancy propellers in great 
variety, all schemed out with the idea of. reducing 
the slip to a vanishing quantity. But these pro- 
pellers invariably proved less efficient than those 
they were designed to replace, and it was then 
pointed out by Rankine that some slip was neces- 
sary if any thrust at all were to be developed. 
In spite of this, however, the false impression 
as to the significance of slip still survives, 
and promises to continue popular for many 
years to come. The Washington experiments 
demonstrate once again that a high slip ratio, 
even as much as 40 per cent., is no bar to a 
reasonable propeller efficiency, which, even with 
the figure stated, may be 66 to 67 percent. It is 
not improbable, indeed, that this figure might be 
improved on by giving the propellers an increasing 
pitch from the front edge to the back. It is known 
that at low slip ratios there is no appreciable ad- 
vantage in this procedure, but theory indicates 
that there might be a substantial gain when the 
slip approaches 30 per cent. or more. One draw- 
back to the practice would be that the efficiency in 
going astern would be diminished, and turbine 
craft are already somewhat deficient in the matter 
of retrogression. 

Although, as stated, the Washington experiments 
have simplified the problem of selecting the pro- 
peller most appropriate to a given set of condi- 
tions, they have pretty conclusively demonstrated 
the hopelessness of any such improvement in the 
propeller as will permit of the ordinary reaction 
steam-turbine being applied to the driving direct 
of the propellers of the average tramp steamer. 
If the turbine is to come into general use for such 
craft, either some form of reduction gearing must 
be used, or some other form of turbine adopted. 
An analogous case is found in those water-power 
plants in which the quantity of water available 
is small, whilst the head is high. In such cases 
reaction turbines are never used, as the requisite 
speed of rotation becomes enormous, but some 
form or other of impulse turbine working with 
partial admission. ith water such turbines have 
very high efficiencies; but partial admission in 








the case of a steam-turbine involves some serious 





454 


ENGINEERING. 


[APRIL 5, 1907. 








losses, since the wheel has to run drowned. Never- 
theless, it is perhaps on these lines that the 
application of the turbine to small-powered craft 
will ultimately be developed. atv 

At first sight the system of partial-admission 
impulse turbines, velocity compounded on the 
Ferranti or Curtis system, would appear to 

ssess great advantages for marine work in 
all cases. It is, however, impossible to use as 
narrow blades with velocity-compounded turbines 
as with the pressure-compounded type. With the 
former, provision has to be made for a very great 
increase in the radial depth of the belt of steam as 
it flows through the blades, and if the latter are 
very narrow, this radial expansion, which, it must 
be remembered, occurs without change of pressure, 
would be effected so abruptly as to lead to very 
large eddy losses. Here, no doubt, is to be found 
the reason for the failure, so far, of this type to 
show any saving over the Parsons marine pattern 
in the matter of the weight and length requisite to 
the attainment of a reasonable economy of steam. 
In our issue of November 16 we reproduced a 
piper by Dr. Lasche, showing a marine tur- 
bine of this type designed to develop 8000 horse- 
power at 400 revolutions per minute. The dia- 
meter over the tips of the low-pressure blades 
was 2} metres (7.37 ft.), and the length of the 
working part, from admission to exhaust, about 
8 ft. 6 in. The estimated steam consumption 
(the turbine was never built) was, we under- 
stand, about 14 lb. of steam per brake horse- 
power hour. This is no doubt an excellent result 
in the matter of compactness, combined with a 
reasonable efficiency ; but there would be little 
difficulty in equalling it with an ordinary reaction 
turbine having properly-set blades, and the weight 
of the latter would be substantially less. No 
doubt the leakage loss at the high-pressure end 
of the reaction turbine would be considerable, but 
would not exceed that due to the extra hydraulic 
resistances which are inseparable from the system 
of velocity compounding adopted for the corre- 
sponding high-pressure end of the Allgemeine 
turbine. For larger powers, therefore, we think 
the Parsons turbine will hold its own; but there 
does seem a possibility that a combination of the 
Curtis arrangement for the high-pressure end with 
the Parsons for the low-pressure might possess 
advantages in the case of the lower powered and 
relatively slower vessels. A very detailed study of 
the problem would, however, be necessary to de- 
finitely settle this, as in steam-turbine practice the 
aphorism that ‘general reasoning 1s generally 
wrong ” acquires an exceptional validity. 








THE RHONE-PARIS ELECTRICITY 
SUPPLY SCHEME 

We have on several occasions called attention to 
the singularity of the concessions which have been 
granted to the Paris electricity supply companies. 
he Paris Municipal Council hoped to monopolise 
ultimately the distribution of current for light and 
power, and with this aim in view it granted only 
short concessions to the pioneer companies, thereb 
compelling the latter to sell the current at a hig 

rice. These concessions will now soon lapse ; 

arliament has decided against direct municipal 
trading in the matter of electricity supply ; and the 
terms of a new concession are now being con- 
sidered. The question of current supply to the 
French capital and its immediate vicinity has been 
on the ¢apis for the last twelve months or so. It is 
difficult to anticipate what will be the decision 
ultimately arrived at; one may surmise, however, 
that a single concessionnaire company will be formed, 
taking over, probably, the former leases. The 
new lease is to be a limited one, and is to run until 
1934, the Municipality reserving the right to pur- 
chase it ten years before exviry. Until within a 
short time ago the combinavion put forward by 
Messrs. Schneider and Mildé had alone, among 
numerous other schemes, met with approval; the 
association between these two well-known firms— 
which would include also, we believe, the original 
concessionnaire companies—would continue the 
current supply and carry out all the required ex- 
tensions and improvements, using steam as a 
prime mover. 

Quite recently another scheme of a novel kind 
has been proposed for the supply of electricity to 
the French metropolis. The scheme in question 
has been drawn up by three well-known engineers, 
Messrs. Blondel, Harlé, and Mahle, the former 


being a professor at the Ponts et Chaussées Insti- 

tute de a leading authority in electrical subjects. 

According to this scheme, the current would be 

generated on the banks of the River Rhone and 
| transmitted to Paris, a distance of about 400 kilo- 
|metres (250 miles). There are no insuperable 
| difficulties in a work of this nature, and should it 
| be postponed for any special reason it will be taken 
| up again when the question of cost is still more to 
| the front than it is at the present time. 

The demand in Paris for lighting, traction, and 
power is already heavy, and, according to Mr. 
Blondel, it would increase to a very large extent 
if a supply at a comparatively low cost became 
available. According to Mr. Blondel’s calcula- 
tions, the Paris Metropolitan Railway, when 
completed, may require a total of 100 million 
kilowatt-hours annually. The clients of the pre- 
sent electrical supply companies, and future 
clients, may take for lighting 60 million krilo- 
watt-hours. The power obtained from steam, 
gas, and compressed-air engines amounts to 200 
million kilowatt-hours, the greater part of which 
would be supplied electrically were the curreot 
obtainable ata lowcost. Power distribution in the 
suburbs would mean a further 100 million kilowatt- 
hours. By placing at the same figure the require- 
ment for tramways, omnibuses, and electric cabs, 
and counting 125 millions for the electric working 
of the suburban railway lines, the annual total 
required in the future would be about 700 million 
kilowatt-hours. This is, no doubt, anticipating 
largely ; it would seem, however, that a market 
could easily be found at the commencement for 200 
million kilowatt-hours, and even this quantity 
would form a sufficient incentive to carry out 
the scheme put forward by Mr. Blondel and his 
friends. 

The desideratum was to find one single waterfall 
having a large flow, and that as regular as possible. 
The flow of the Rhone at its entrance into French 
territory, in the vicinity of Bellegarde, meets these 
conditions. At that part the flow is hardly ever 
below 130 cubic metres (4600 cubic feet) per second 
at low water, and in the vicinity of Bellegarde the 
fall in the river-bed is 65 metres (213 ft.) over a 
distance of 22 kilometres (13.7 miles). Leaving aside 
the —— of high flood, when the flow per second 
reaches 1250 cubic metres (over 44,000 cubic feet), 
the power available during about 300 days in the 
year averages about 180,000 horse-power ; it would 
never fall below 80,000. The power can easily be 
regulated, and the available surplus stored, to regu- 
late the supply of current. In Switzerland, and 
quite near the frontier, the Chdvres generating 
station takes power from the Rhone and its tribu- 
tary, the Arve. The flow of the latter is not regu- 
lated by a lake, like the Rhone by the Lake of 
Geneva. On the down-stream side of the Chévres 
generating station the river runs through narrow 
gorges, and at one place, at the low-water period, 
it disappears partly underground. 

So far the enormous source of power here avail- 
able has been left practically untouched. There is 
a small station at Bellegarde, but this has only suc- 
ceeded hitherto in. finding local customers for about 
5000 horse-power, or half the power it was allowed 
to produce. Matters are different now, seeing the 
almost certain probability of a large demand. At 
first it is contemplated to utilise only 100 cubic 
metres (3500 cubic feet) per second, approximately 
the available flow at low water, and to put down a 
150,000 horse-power plant to supply the 100,000 
horse-power, or thereabouts, which would be taken 
by the Paris customers. In order to meet the 
variations in the current consumption, part of 
the water flow would have to be stored during 
a portion of the day, and to secure this it is pro- 
posed simply to build a barrage 33 metres (108 ft.) 
high across the bed of the river at a place called 
Grésin. The water would thus be made to accumu- 
late in the gorge, and no special difficulty is fore- 
seen in this part of the work ; the worst feature 
anticipated is that the water, by backing up, 
would cover a small cultivated plain higher up 
stream. The storage reservoir thus formed would 
have a capacity of two million cubic metres (over 
70 million cubic feet), the flow from which would 
vary with the requirements. 

These points have been gone into, and due con- 
sideration has been given to the question of navi- 

ation on the river. For navigation, the Bourget 

ke would be made to act as a regulator. This 
lake is already in communication with the river, 
but by a watercourse on a very small gradient ; 








when the Rhone is at the period of high flood, part 
of the water it carries finds its way to the Bourget 
Lake, and, according to the promoters of the 
scheme, it would be easy to make the lake act as a 
storage reservoir, to supply the river in the winter 
months, thus compensating for the altered régime 
higher up stream for regulating the water supply to 
the turbines. 

The Grésin barrage would have its foundation on 
a rock bank, which already partly obstructs the 
bed of the river ; it would be provided with Stoney 
sluices 10 metres wide by 7 metres high (33 ft. by 
23 ft.), sufficient to ensure relief at periods of 
sudden high floods. As there are no similar instal- 
lations along the Rhone in the district, and seeing 
that the small generating-station at Bellegarde 
would be purchased from the present company, the 
whole of the low-water flow could be stored up at 
Grésin, and returned to the river at Monthoux, 
where the large generating-station would be put 
down. At Monthoux the gradient in the river-bed 
is less ; the water would there reach the generating- 
station through two tunnels of large section, one 
acting as reserve, the tunnelled length being 4500 
metres (about 5000 yards). It is proposed to build 
the generating-station on the principle of those at 
the Niagara Falls—in the side of the gorge-wall ; it 
would be of suitable size to take a total flow of 240 
cubic metres (about 8500 cubic feet) per second. 
Discharge would take place directly into the river- 
bed; the power available would be 60,000 to 
160,000 poncelets, varying with the hours of the 
day, and therefore, supposing a turbine efficiency 
of 75 per cent., equal to 60,000 to 160,000 horse- 
power on the dynamo shafts. The generating 
station would probably contain forty-eight 2500- 
volt, 1000-ampere machines, divided into two 
series of 24, electrically connected through, but 
mechanically driven in sets of three. All the 
forty-eight machines would be connected in series, 
the centre point being earthed, so that although 
there would be 120,000 volts across the system, the 
potential difference above and below earth would 
not exceed 60,000 volts. The pressure might also 
be increased to 130,000 volts by speeding up the 
machines. The mains would start from the two 
end terminals of the current-generating machines, 
and lead to the motors, arranged on the same prin- 
ciple as the current-generating machine, with the 
centre point earthed. Continuous current would be 
generated ; this would reduce the number of lines ; 
the latter could be carried overhead, and the pres- 
sure would always be in proportion to the power 
transmitted, an advantage from the point of view 
of insulation. Two mains would suffice for carrying 
the total current ; the loss through resistance is esti- 
mated to be below 10 per cent. at full load. Each 
main would consist of six cables 150 square milli- 
metres (0.233 square inch) ‘in section, each carrying 
a current of 166 amperes at a pressure of 60,000 
volts. At the receiving station, the power would 
be transformed in whole, or in part, into mechanical 
power by machines grouped in cascade and driv- 
ing polyphase alternators for distribution through- 
out Paris. The primary current from the Paris 
station would probably be distributed at pres- 
sures varying from 10,000 to 15,000 volts, through 
underground mains, to step-down transformers 
supplying secondary circuits, or to rotary converters 
for the supply of low-tension continuous current. 
Part of the current from the generating station 
would, no doubt, also be supplied to motors coupled 
to low-tension continuous-current dynamos. 

At the present time a kilowatt-hour costs the 
Paris electrical companies as much as 12 and 15 
centimes (1}d. and 14d.); exceptionally, the cost 
falls as low as 8 centimes (/d.). More exceptionally 
still, and when consumption is regular over a lengthy 
period, and when the price of coal and labour is 
low, the cost falls to 5 centimes (4d.). The ruling 
cost, however, may be taken at 12 centimes (1}d.), 
which corresponds to a selling price of 50 centimes 
(5d.) at the customer’s switch. It is estimated 
that when the Rhone power-station is built, current 
could be sold to the larger users at the rate of 
7 centimes (;d.), which price per unit takes into 
account all charges and interest on capital at the 
rate of 4 per cent. The total cost of the generating 
station, with the mains and the receiving station, 
is put down at 60 million francs (2,400,0001.), each 
of the three items costing about one-third of this 
total sum. The cost of working is calculated to be 
5,500,000 francs (220,0001.) per year. 

More recently Mr. Blondel has proposed an im- 
provement on the above scheme, more especially in 
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regard to the hydraulic installation, which would 
utilise the whole of the river flow. This scheme 
provides for the construction of a barrage directly 
below the narrowest part of the Rhone gorge ; 
this would cause the gorge to be filled up over 
the whole of its length, and bring the level 
of the river to that which it occupied ages ago, 
before the water had eroded its bed, and formed 
the gorge in question. The barrage would be 
built lower down stream than Monthoux, the 
site proposed in the original scheme for the 
generating station. The section for the water 
flow would be a large one, limited by the two 
sides of the gorge, and the fall would reach 70 
metres (230 ft.). Small lakes would be formed 
at one or two points, but cultivation would not be 
interfered with to any great extent. The barrage 
would be approximately 140 metres (460 ft.) long 
at the crest and 50 metres (164 ft.) at the base, 
and the storage would be about 100 million cubic 
metres (3530 million cubic feet). Discharge would 
take place through a canal independent of the 
barrage, and cut in the side of the gorge. 

The current pressure would be increased to 
150,000 or 160,000 volts. Owing to the greater 
facilities now granted by the French Government 
with regard to the erection of transmission pillars, 
alternating current would probably be the form of 
current generated. The long tunnels above men- 
tioned being unnecessary in the modified scheme, 
the installation could be completed sooner. The 
power available would be fully utilised, and the 
erosions caused by the flow of the river from the 
barrage up-stream would cease. By means of a 
boat-lift lighters could navigate as far as the Lake 
of Geneva. 

From the technical point of view, we see no 
impossibility in the carrying out of a scheme of 
this nature, although no one can say what will be 
the losses on overhead lines at 60,000 volts pres- 
sure in such a climate as that of France. It is 
much easier of solution than that which dealt 
with the distribution in Paris of a water supply 
taken from the Lake of Geneva. This was very 
much to the front in the eighties, and, so far as 
we know, has not been abandoned. The Rhone- 
Paris electricity scheme, if it is accepted, will 
afford examples of interesting work; unfortu- 
nately, its immediate effect is to delay still further 
the solution of the Paris electricity supply problem, 
a very vexed question at the present time in the 
French metropolis. 








THE SPECIFIC GRAVITY OF PORT- 
LAND CEMENT. 

Tuat engineers must always be prepared to 
accept changes in their methods of work, and be 
ready to modify their views with regard to theories 
that may have done service more or less satisfac- 
torily for many years, is too self-evident to need 
discussion. Daily they find themselves called upon 
to review their beliefs in the light of modern dis- 
coveries. One of these beliefs, and by no means one 
of modern growth, which has probably suffered as 
little from scepticism as any other, is that the specific 
gravity of Portland cement is a test of its quality ; 
and for this we have the authority of the recently- 
issued British Standard Specification on Cement, 
the reason being that the specific gravity is held 
to denote the degree of calcination to which the 
cement has been subjected in the course of manu- 
facture. We are now asked to modify this view, 
or, at any rate, not to place too great a reliance on 
specific gravity as an unfailing guide to the quality 
of cement. 

In a paper on the subject, recently brought before 
the Institution of Civil Engineers by Mr. David 
Butler Butler, Assoc. M. Inst. C.E., we have some 
interesting results of tests carried out with a view 
to prove how far the specific gravity may be taken 
as an indication of strength. It is well known that 
the specific gravity of cement decreases with age, 
owing to the absorption of water and carbonic acid; 
but Mr. Butler was, however, surprised to find from 
his investigations that after ignition at red-heat, in 
order toexpel the water and carbonic acid, the specific 
gravities of variouscements corresponded soclosely as 
to make the test of little or no value as an indication 
of quality. Thirty different cements, whose specific 
gravities varied between 3.026 and 3.138 (i.e., a 
difference of 0.112), showed that, after ignition, the 
Specific gravities differed by only 0.016, an amount 
well within the range of experimental error in 
ordinary technical determination. In order to test 





the generally-accepted theory that specific gravity 


indicates the degree of calcination, twenty-eight 
samples of black well-burned and yellow under. 
burned clinker from the same kiln were obtained 
from various works, and the specific gravity of 
each sample was ascertained (1) in the condition 
in which it was received, and (2) after ignition 


may be a very uureliable guide to ite real quality 
unless other conditions are known. 

Briefly summarised, Mr. Butler’s experiments 
show that :—(1) The specific gravity of Portland 
cement is no indication whatever of proper calcina- 
tion. (2) The specific gravity depends on the age 
of the cement, and on the opportunities which it 
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Specific , | 
. oe Gravity OPer 1Per | 2Per 3Per 4Per 5Per GPer 7Per 8Per 9 Per 
after Cent. Cent, | Cent. Cent. Oent. Jent. Cent. Cent. | Cent. Cent. 
Ignition. i 
1. Wateronly . os 3.248 8.209 3151 3 103 3 057 3.012 2 969 2.027 2.885 2.804 2.804 
2. Carbonic acid only .. 3 248 3 200 3 167 3.152 3,129 3. 106 3.033 3.061 3.0i7 2.996 


at red heat. The results showed that all the 
yellow under-burned samples, when they had 
absorbed any appreciable amount of water and 
carbonic acid, had a much lower specific gravity 
than the well-burned samples, Afver ignition at 
red heat, however, the specific gravities of the 
well-burned and under-burned materials were 
practically the same, indicating that the diffe- 
rence was merely due to the absorption of water 
and carbonic acid ; and a fact worth notice in con- 
nection with the experiments was, that out of thir- 
teen samples of under-burned cement, as many as 
eight of them would have complied with the require- 
ments of most ordinary specifications for well- 
burned cements, so far as specific gravity was 
concerned. In other words, had the specific gravity 
been taken as a true indication of calcination, the 
two cements might have been considered as on an 
equal footing and equally good. 

As a further test, however, the percentage of 
water and carbonic acid was estimated separately ; 
instead of merely ascertaining the total loss on 
ignition before determining the specific gravity, a 
separate estimation was made of the water and 
carbonic acid. Forty-one different cements were 
treated thus ; they were not in any way specially 
chosen for the purpose, being samples which 
were met with in the course of ordinary prac- 
tice, and comprised English, Belgian, and German 
artificial Portland cement, Belgian natural cement, 
cement produced from rotary kilns, and also 
cement adulterated with various substances, The 
results on all the experiments were found to be 
practically the same; for although in their com- 
mercial condition the cements might differ widely 
in specific gravity, they were found when “ loss 
free”—i.e., after ignition at red-heat and conse- 
quent expulsion of water and carbonic acid absorbed 
since calcination—to be of almost identical specific 
gravity. 

From this it occurred to Mr. Butler that, having 
the specific gravity of the material in the condition 
in which it left the kiln, it should, by means of a 
formula, be possible to deduce its specific gravity 
after it had absorbed a given amount of water and 
carbonic acid. The formula deduced for this pur- 
pose is printed below, and is stated to give results 
which agree very closely with actually determined 
specific gravities :-— 

1 
unignited specific gravity 
(H,O) + (0.0055 x percentage of CO.) + 
100 — (percentage of H,O + percentage of CO,) 
: 100 (ignited specific gravity - 0.048) 

In addition to the tests already mentioned, which 
were made with ordinary commercial samples con- 
taining comparatively little water and carbonic acid, 
other experiments were carried out with cements 
of first-class qualities, which had been exposed 
for a considerable time to the air, during which 
time they were periodically examined. After eighty 
days it was found that the cement had absorbed 
water and carbonic acid to the amount of about 
10 per cent. altogether. By these tests the earlier 
experiments were entirely confirmed, for it was 
shown that the specific gravity depended on the 
amount of water and carbonic acid absorbed, and 
that this amount could be exactly allowed for by 
calculation. Other tests were also made wit 
samples practically representing the entire English 
cement industry, similar results being obtained 
as before. The above table gives the calculated 
specific gravity of Portland cement, the material 
supposed to be free from gypsum, and, if aerated, 
with (1) water only, and (2) carbonic acid only. 

Now these tests appear to be worthy of very 
careful attention, for, if they point to anything, it 


= (0.0080 x percentage of 





3.039 


has been afforded of absorbing water and carbonic 
acid from the air. (3) The specific gravity, although 
of no use in determining calcination, may some- 
times be of corroborative value in determining slag 
and other adulteration. (4) That, given the specific 
gravity of the ignited sample, and the percentage 
of water and carbonic acid expelled by ignition, 
the specific gravity of the unignited material may 
be calculated with a fair degree of accuracy. 








JAPANESE GOVERNMENT 
WORKS. 

WE have, from time to time, noted the progress 
which was being made with the Imperial Japanese 
Government Steel Works at Wakamatsu, as the 
matter had special interest to the steel-makers of 
this country. That progress has been interrupted 
on account both of financial and technical diffi- 
culties, and before the war with Russia the 
prospects of the undertaking were not by any 
means bright. A national struggle, such as that 
in which Japan was engaged, gives an impetus to 
all the industrial undertakings which are necessary 
for carrying it on; and the Government Steel 
Works seem to have been helped over their chief 
difficulties, and are now in a position to do very 
effective work. A very complete report of their 
present condition has been received by the Board 
of Trade from H.M. Chargé d’Affaires at Tokio, 
which contains some points of interest. After 
sketching the history of the undertaking, the 
most of which we have noted on previous occa- 
sions, the writer of the report reviews the expendi- 
ture, and makes out that the total of the, sums 
appropriated for the establishment of the works 
amounted to nearly 2,000,000/. 

The area of the works is about 330 acres, 
including some 82 acres of ground recently 
purchased for the purpose of enlargement, and 
not yet built upon. ‘The works are quite close 
to Wakamatsu, the chief port for the export of 
Kyishii coal, and about 9 miles west of Moji, the 
well-known coaling port on the Shimonoseki 
Straits, and northern terminus of the Kyishi 
Railway. The position was chosen largely on 
account of its proximity to the Chikuhdé coal-fields, 
by far the most extensive coal-producing district 
at present known in Japan. This district lies 
some 30 miles to the south of Wakamatsu, in the 
provinces of Chikuzen and Buzen, and covers an 
area of over 320 square miles, The entrance to 
Wakamatsu Harbour is very narrow, opening to a 
basin about a mile across at its widest part. This 
basin, again, opens to a large lagoon some ten 
miles in circumference, It is on the eastern side 
of this lagoon that the Imperial Steel Works 
stand. The lagoon is naturally very shallow, but 
dredging operations have been carried on since 
1890 by the Wakamatsu Harbour Improvement 
Works, with the result that the depth of water 
alongside the quay-wall for about 630 ft. is 20 ft. 
at ebb tide. A branch line of the Kyishii Railway 
has a station immediately adjoining the steel 
works, and short lines connect the various parts 
of the works and the quay (amounting in all to 
30 miles of lines) with the Kynsha Railway. Coal 
can be carried by the branch line from the mines 
at Futase, in the Province of Chikuzen, which 
belong to the steel works. The present output 
from these mines is not sufficient to meet the 
demands of the works, supplementary supplies 
being obtained from private -owned collieries at 
Miike, in Chikuzen Province, and the Island of 
Takashima, near Nagasaki. The total consump- 
tion of coal per annum is about 500,000 tons. A 
very complete coal-washing plant is in operation to 
supply the coke ovens. The cost of coke delivered 
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is to the fact that the specific gravity of any cement | at the blast-furnaces is about 20s. per ton. A hy- 
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product plant is being built to take ammonium 
sulphate and tar from the Semet-Solvay battery. 

here are two blast-furnaces in working order, 
and one in course of construction, which will be 
completed this year. The two furnaces now in 
use produce 300 tons of pig-iron in 24 hours, one 
giving 175 tons and the other 125 tons. At 
present the blast machinery is driven by steam 
generated in 24 Lancashire boilers by the gas from 
the furnace-tops, but a by-product plant is in 
course of construction for purifying the gas from 
the furnace-tops, and using it in engines to drive 
the blast machinery. 

The ore used in the furnaces is hematite, with 
some magnetite and limonite. About 80 per cent. 
of this ore comes from the Dayeh Mines, near 
Hankow, in China, under special contract with the 
Hang Yang Iron Works, owners of the mines. 
The ore contains on an average 60 per cent. of 
iron, and at least 100,000 tons must be supplied 
annually. The cost of this ore at the mines is 
from 4s. to 7s. per ton, and the freight to Waka- 
matsu is 7s. per ton, so that the cost of the ore 
delivered at the furnaces is from 11s. to 14s. per 
ton. An irregular supply of hematite ore is 
obtained from Korea, and considerable quantities 
from different parts of Japan; but the point of 
importance to be noted is that for purposes of 
manufacture the coal and iron-fields of China are 
more convenient to the works than those of Japan, 
and this opens up great possibilities for the future. 

There are three principal departments in the 
works—viz. :—(1) the pig-iron department ; (2) the 
steel department ; and (3) the rolling-mill depart- 
ment. Besides these there are the electric central 
building, central pumping - station, iron - foundry, 
repairing-shop, rr tages and foundry sand stor- 
age, boiler-shop, smithy, chemical and mechanical 
laboratory and inspection bureau, and fire-brick 
plant. The buildings are lighted throughout by 
electric light. 

There are at present two Bessemer converters, 
with a capacity of 150 tons each per 24 hours, 
one charge amounting to 10 tons. In three years’ 
time a third plant will be completed, according to 
designs drawn up by the German expert in charge 
of the Bessemer department. There are now eight 
Siémens-Martin furnaces, with a capacity of about 
the same quantity of molten steel per 24 hours as 
the two Bessemer converters—i.e., 300 tons. A 
great part of this steel is taken in 5-ton ingots direct 
to the plate-mill. Under present conditions the 
works are able to turn out about 90,000 tons of 
finished material a year. The original plans were 
for an annual output of 60,000 tons, which would 
have satisfied one-half of the demands of that 
time, but the success of the venture, and the 
steady increase of Government requirements, have 
brought about a sensible extension of the original 
programme. In the course of the next five or six 
years it is confidently expected that the annual 
output will amount to 180,000 tons—i.e., double 
the present output. By far the greatest portion of 
the products goes to the Imperial Navy Department, 
the remainder being purchased by the War and Rail- 
way Departments. aterials used at the various 
arsenals in Japan—Tokio, Kure, Sasebo, Osaka, 
Yokiska, and Maizuru—are largely supplied by the 
Imperial Steel Works. Practically all the materials 
for the building of ships of war are now turned out 
at the works; it should be noted, however, that 
armour-plate is not made there. 

For the Railway Department 40,000 tons of rails 
are turned out yearly. These rails vary in weight 
from 9 lb. to 60 lb. per yard, the output of heavy 
rails being ten times that of light rails. Heavy 
rails are exported in large quantities to Korea for 
use on the Korean and connecting systems. The 
selling price of heavy rails is about 71. 10s. per 
ton. The prices paid by the three Government 
Departments for goods purchased from the Imperial 
Steel Works are not depenaent on the current 
oe market prices, but are arranged in advance 
on the basis of the average prices ruling abroad 
during the immediately preceding five years, due 
consideration being also given to existing conditions 
at the works. 

The report to which we have referred gives a 
table showing the rolled products of the Imperial 
Steel Works. These include all the ordinary 
forms in use, and the results of the tensile tests 
show that the quality of the material is very good. 

A large proportion of the machinery employed 
is of German make. In the first instance all 
machinery was procured from Germany with the 
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exception of some electric cranes of American 
make, but now England and America are fairly 
well represented, The pig-iron and steel plant is 
practically all from Germany. The number of 
skilled and unskilled workmen err at the 
works is about 7000, with 3000 coolies, bringing 
the total number of employés up to 10,000. The 
daily wage paid varies from 44d. to 3s. 10d. 








NOTES. 

Tae Distrisution or Stresses IN Beams. 

Many years ago, Barré de St. Venant succeeded 
in solving with accuracy the problem as to the 
distribution of stresses in a beam subjected toa 
uniform bending moment. He found that the 
common assumption of normal cross-section planes 
before bending, remaining plane after the defor- 
mation, was not strictly exact, but that they were 
strained into a surface of the third degree. The 
problem as to the distribution of stresses and 
strains in a rectangular beam supported at the 
ends, and subject to various loadings on the 
upper surface, was attacked by the late Sir 
George Airey, who published a solution, which, 
after passing unchallenged for many years, was 
suddenly discovered to be totally wrong. This pro- 
blem, which is of a more general character than that 
solved by St. Venant, appears at last to have been 
satisfactorily solved for a large number of cases by 
M. Mesnager, who brought his results before the 
recent meeting, at Brussels, of the International 
Association for the Testing of Materials of Con- 
struction. His solution applies to a considerable 
number of different distributions of load, the case 
of most interest to engineers being that of a beam 
uniformly loaded on its upper surface. For this 
case he finds that the longitudinal stress is correctly 
represented by the relation 
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ox = P .y(3a2-2y)+ 3P 
where oc, = the stress in question, p the load per 
unit run, y the height of the point considered above 
the neutral axis, x the distance of the point from 
the central section of the beam, / half its total 
height, and / is the length of the beam. According 
to the ordinary theory, the maximum stress on the 
beam is given by the relation 
— 3p 
* Tew 
(h being half the height). The new theory shows 
that the stress thus calculated is a little small, the 
actual maximum stress being greater by the amount 


P ; but when the beam is long, compared with its 


5 
depth, the difference is immaterial. The stress on 
the beam along a vertical direction is, he finds, 
given by the relation 

P (42 —~ 3h%) y — 
sp’ 3™)y 
whilst the shear is 
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REGENERATION OF AIR BY SopruM PEROXIDE. 

Experiments have been made in America with a 
substance commercially known as ‘‘oxone,” which 
is wholly, or mainly, sodium peroxide. Thrown into 
water, it gives off 332 times its volume of pure 
oxygen, calculated for normal air pressure and a 
temperature of 0 deg. Cent., while caustic soda is 
formed. This soda absorbs the carbon dioxide 
which animals exhale, so that the oxygen is regene- 
rated, and the vitiation of the air prevented at the 
same time. An average man requires 25 litres of 
oxygen per hour, and 100 grammes of oxone furnish 
13 litres of oxygen ; thus 1 kilogramme (2.2 lb.) of 
oxone should suttice to sustain a man for 5.2 hours, 
and this estimate is confirmed by experiments made 
on rabbits and on men. Rabbits exhale compara- 
tively more carbon dioxide than men. In experi- 
ments made by Messrs. G. F. Brindley and R. von 
Foregger, rabbits were shut up in a box 3 ft. by 3 ft. 
by 6 ft., tin-lined inside, containing an electrically 
driven blower, thermometers and hygrometers, a 
glow-lamp and the oxone, which was in the first 
experiments encased first in a sheet-iron cylinder 
and afterwards in a cage of wire-netting ; for it was 
observed that the absorbed carbon dioxide formed 
a hard crust round the peroxide, and stopped 
the further liberation of oxygen. Mechanical agita- 
tion of the cage of wire-netting proved the ti 
means of preventing this interruption of the 





regeneration processes. An Orsat apparatus for 
determining the percentages of carbon dioxide and 
of oxygen was placed on the top of the box. A 
blank test having been made with four rabbits shut 
up in the box without the use of oxone, tests 
were conducted with four or six rabbits, and with 
different amounts of oxone ; sometimes water was 
also introduced. Finally one of the experimenters 
was sealed up in a box for 5} hours, in a space about 
four times as large as his coffin would be. He was 
allowed to smoke cigarettes, partly to test the sen- 
sitiveness of the Orsat apparatus, which duly 
marked each cigarette, and the cage was charged 
with 1 kilogramme of oxone. After about 44 hours 
the oxone was practically exhausted, and the 
oxygen percentage decreased noticeably, while the 
humidity went up rapidly; the carbon dioxide 
percentage did not at first change, because the 
caustic lye continued to absorb this gas. Six 
rabbits, it would appear, vitiate the air at half the 
rate at which.a man would vitiate it. The box 
used had a capacity of 54 cubic feet, or 1512 litres, 
while the capacity of a submarine-boat may be 
averaged at 2700 cubic feet, or 75,600 litres. 
At the end of the experiment, made with one of 
the authors, the carbon dioxide percentage had 
risen to 0.9. This percentage would be reached 
after 104 hours, if 1 kilogramme of oxone were 
allowed for each of the nine men in a boat of 
the capacity mentioned. The 0.9 per cent. of 
carbon dioxide is too high for practical purposes. 
But it would appear that each of the nine men 
could rely upon breathing pure air for nine hours 
under the circumstances indicated, and that is 
sufficient to draw attention to this application 
of sodium peroxide. The idea is, of course, not 
novel, but the ordinary powderlike sodium per- 
oxide reacts violently with water. That used in 
the experiments was a hard greyish substance 
obtained by fusing the peroxide. Whether the 
compound used contains some catalytic agent, or 
whether the reaction is rendered easily controllable 
merely by fusing the peroxide, does not much 
matter. 


INDEMNITY AGAINST THE WORKMEN’S COMPENSA- 
Tron Act. 


Cases are heard from time to time in the courts 
in which the question, Who is liable under the 
Workmen’s Compensation Act? is considered. 
The problem is by no means easy to solve where 
sub-contractors are employed in the course of a 
large undertaking ; and in view of the multifarious 
risks of having to pay compensation, large employers 
are sometimes careful to insist that the sub- 
contractors shall have their share of the burden. 
The provisions of the Act of 1897 upon the question 
of sub-contracting are fairly clear. Section 4 of 
the Act provides that where, in an employment to 
which the Act applies, the undertakers contract 
with any person for the execution by or under such 
contractor of any work, and the undertakers would, 
if such work were executed by workmen imme- 
diately employed by them, be liable to pay com- 

nsation under the Act, the undertakers shall be 
iable to pay to any workman any compensation 
which is payable by such contractor, or would be so 
payable if such contractor were an employer to whom 
the Act applies. Provided (aud this is an impor- 
tant proviso) that the undertakers shall be entitled 
to be indemnified by any other person who should 
have been liable independently of this section. 
How, then, can a contractor obtain an indemnity / 
A contract of indemnity need not be in writing, 
and it may apparently be concluded in a very in- 
formal manner. In the case of Greenwood v. 
Hawkins (23, Times Law Reports, page 72), which 
was heard some time ago by Mr. Justice Bigham, 
a contractor for the erection of a building agreed 
to employ sub-contractors selected by the archi- 
tect to do certain parts of the work. The archi- 
tect selected the defendant to do the carving 
work, and the contractor sent him a written 
order to execute the whole of the carving, the 


jorder concluding as follows:—‘‘ You agree in 


accepting this order to sign and send per return of 
post the enclosed accident indemnity.” The in- 
demnity was to hold the contractor and any insur- 
ance company with whom he might be insured 
harmless against all claims under the Workmen’s 
Compensation Act, 1897, by any person in the defen- 
dant’s employment upon such work in respect of 
any accident. The defendant did not return any 
answer to the order, nor did he sign the indemnity 
form, but he went on with the work. An accident 
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— to a workman employed by him upon the 
work, for which the contractor had to pay compen- 
sation under the Workmen’s Compensation Act, 
1897. The contractor claimed indemnity from the 
defendant. It was held that the defendant exe- 
cuted the work upon the footing of the order given 
to him by the contractor, and of the indemnity en- 
closed with it, and that he was liable to indemnify 
the contractor. The fact that the sub-contractor 
was held liable in this case draws attention to the 


such assumptions. Thus at Pawlowsk, tempera- 
tures of —55 and —18 deg. Cent. were recorded at 
altitudes of 10.5 and 17 kilometres -respectively, 
and it was striking that in most instances the 
| So-called inversion layer was also the highest 
stratum reached, indicating that the balloon might 
finally have drifted. For these reasons Nim- 
fiihr distrusts most of the thousands of records 
obtained, except the ten cases of Teisserenc de 
Bort, in which the sun was below the horizon 


necessity of persons who are employed to do part | during the whole of the balloon ascent. The 


of the work under a contract. paying attention to 
the terms of the head contract. It was frankly ad- 
mitted in the case in question that the defendant 
purposely did not sign the document sent to him ; 
but he nevertheless undertook to do the work upon 
the terms contained in it. The importance of a 
sub-contractor looking to the terms of the head con- 
tract was illustrated in another recent case—namely, 
Geary Walker v. Lawrence, noted in ‘‘ Emden’s 
Building Contracts,” Fourth Edition, by J. B. Mat- 
thews and W. Valentine Ball, at page 42. There 
the sub-contract provided (inter alia) that ‘‘ the 
terms of payment for the work in question shall be 
exactly the same as those set forth in clause 30 of 
the said conditions of contract above referred to 
(meaning the head contract); and in fact we are 
willing and herebyagree to be bound in every respect 
by the whole of the terms, clauses, and conditions 
set forth in the said contract.” It was held by the 
Court of Appeal that the moneys due under the 
sub-contract could be retained in the manner pro- 
vided by the retention clause in the head contract. 


THE Supposep Stratum oF WarRM AIR AT 
Hien ALTITUDES. 


Almost simultaneously in 1902, two men, famous 
as scientific aeronauts, announced that the records 
obtained with unmanned balloons carrying self- 
registering instruments indicated an important fact. 
At a height of about 10 kilometres the decrease | 
in temperature of the free air, observed as higher | 
strata were reached, became noticeably diminished, 
and changed sometimes completely, so that warmer 
air was again met with. Teisserenc de Bort pre- 
sented the first of these communications to the 
French Academy on April 28, 1902, and Richard 
Assmann read the second before the Prussian 
Academy on May 1, 1902. The stratum of warmer 
air which Teisserenc de Bort found at altitudes 
ranging between 8 and 13 kilometres, and Assmann 
between 10 and 15 kilometres, is known as the 
isothermal stratum, or as the temperature inver- 
sion layer. Subsequent experimental ascents of 
balloons and kites have shown that the vertical 
temperature distribution in the atmosphere may 
be very irreguJar, and that there are certainly 
inversion layers near the earth’s surface, within 
the first three kilometres of altitude. But the 
inversion layer in the free atmosphere, at alti- 
tudes corresponding to the tops of our highest 
mountains, is still regarded with suspicion, and 
this suspicion has been confirmed by R. Nim- 
fiihr, of the Vienna Meteorological Department, 
in the Meteorologische Zeitschrift. Teisserenc de 
Bort uses generally paper balloons, open below, 
to allow the hydrogen to escape when the balloon 
expands in the rarer atmosphere. When the 
buoyancy is diminished the balloon floats in 
the stratum of air until it begins to fall; while 
Hoating, the heating by the sun rays is un- 
checked, because the draught through the aspira- 
tion tube, at the bottom of which the instruments 
are placed, fails. This aspiration tube is due to 
Assmann who, further to overcome this difficulty, 
made his balloons, which have since been adopted 
almost everywhere, of india-rubber. The balloons 
are intended to stretch until they burst, and it was 
assumed that they would continue to rise with a 
slightly increasing velocity until the last moment. 
Hergesell, who directs the international balloon 
scents on concerted days from Strassburg, gave 
. formula, according to which a rubber balloon, 
tarting with a velocity of 4 metres per second, 
should attain velocities of 5 and 6 metres at alti- 
udes of 12 and 20 kilometres respectively. It 


ten records show that the temperature gradient 
—that is, the fall of temperature with increas- 
ing height—-increases slowly at first, then more 
rapidly up to 8 or 9 kilometres, and then diminishes 
markedly, sometimes changing its sign (temperature 
inversion). As this took place in all seasons, 
and is in agreement with observations made in 
other parts of the globe, we have apparently to 
deal with a general phenomenon of the air circula- 
tion, to explain which Nimfiihr points out that if 
the upper air drifting west to east, with a deflec- 
tion towards the pole and a vertical downward 
component, were sinking at the level of 10 kilo- 
metres ‘by 3.5 millimetres per second, we should 
observe such a diminution in the temperature gra- 
dient. The case would be similar to that of deep 
water, where the temperature gradient also sud- 
denly drops at a certain depth, and the character- 
istic phenomenon would not be so much the warm 
layer in the atmosphere as the sudden diminution 
in the gradient. That conclusion would thus dispel 
the doubt which we expressed as to the existence 
of the stratum. After correcting the proofs of his 
article, however, Nimfiihr detected a source of 
error in the bimetallic thermometers, generally 
employed in these researches, which would affect 
all records in very rarefied air, and the existence 
of the warm stratum remains thus doubtful. 








ENGINEERING STANDARDS COMMITTEE ; SECOND REPORT 
on StanparRp Locomotives FoR INDIAN RalILways.— 
The first report issued by the Locomotive Committee 
contained two standard types for the 5-ft. 6-in. gau 
and three standard types for the metre gauge. The 
latest report deals with five more types for the 5-ft. 6-in. 
gauge roads, each type of tender engine being shown 
with alternative designs of tender, according to water 
capacity required. Thus the 4-6-0 standard locomotive is 
shown with tenders of 3000, 4000, and 4500 gallons, as are 
also the 4-4-2 types and the heavy goods engines. The 
tank-engine is a six-coupled twelve-wheeled locomotive 
with trailing bogie. This report (No. 26) may be obtained 
from the secretary of the Committee, or from the pub- 
lishers, Messrs. Crosby Lockwood and Son, 7, Stationers’ 
Hall-court, E.C., at a charge of 10s. 6d. net. 

CarpirF INCORPORATED CHAMBER OF CoMMERCE.—The 
trade of Cardiff for the past year reached totals never 
before attained, and the figures set forth in the forty-first 
annual report of the Cardiff Incorporated Chamber of 
Commerce are well worth attention. The report is, 
naturally, almost solely concerned with the iron and coal 
trades. The total exports for 1906 from this port amounted 
te over 22? million tons; the imports to 2,812,885 tons. 
The South Wales coalfields are estimated to have pro- 
duced nearly 47 million tons of coal during the year, and 
foreign exports of coal from Cardiff amounted to nearly 
16 million tons ; while shipments from Cardiff, coastwise, 
amounted to 2,633,559 tons, These shipments from the 
Port of Cardiff in fact constituted a record, surpassing by 
over 1} million tons the previous best yearly records, and 
exceeding the shipments for 1905 by about 2,099,000 
tons. The foreign shipments increased by 1,859,929 tons 
over the amounts recorded in 1905. In patent fuel 
shipments reached a total of 501,855 tons, being an 
increase of over 100,000 tons over those in 1905, and 
some 31,870 tons above the previous best record—i.e., that 
of 1904. Coke exports also show an increase of over 
10,000 tons. In iron and steel the exports from Cardiff 
are small, due to large home consumption, and also to the 
fact that Newport does most of the exporting of the dis- 
trict. In imports, grain and flour amoun to 354,794 
tons, a decrease of nearly 60,000 tons on the previous 
ear. Imports of iron ore amounted to 926,994 tons (all 
ut about 4000 tons of which came from Spain), this total 
being an increase of 514 thousand tons on the figures for 
1905. Pit-wood imports show an increase of 110,000 
loads, Cardiff importing 900,000 tons of hewn wood out 
of a total of 3,284,000 tons for the United Kingdom. The 
report gives in detail the foreign coal exports and the 
ports to which shipments were made for the last four years; 
exports to countries are also given for five years. Par- 
ticulars of exports at the chief coal ore ports of the 





was, however, observed by Hergesell himself, 
‘ollowing the balloons with de Quervain theodolites, 
nd by others, that the velocity of the balloon | 
decreased at higher altitudes. This may partly be | 
due to the pores in the rubber, which even the) 
vest rubber seems to show when distended. 
When the velocity of rise diminishes, the aspira- | 
‘ion would also be reduced, and some extraordinary | 
vmperature observations can only be explained on | 


United —— are also given from 1 and much 
other data of interest to those concerned with these trades. 
The Chamber of Commerce of Cardiff has taken action in 
several ways during the past year in matters either 
directly or indirectly affecting the interests of its mem- 
bers or the prosperity of the district. It is s ted that 
other towns might well consider the advisability of com- 
piling yearly some such records of their trade as this 
report constitutes of that of Cardiff; and there is little 
doubt that such a course would not only prove a con- 
venience to a few, but an advantage to the community. 





SUBMARINE BOATS. 
To THe Eprror or ENGINEERING. 

Str,—At the recent meeting of the Institution of Naval 
Architects, following Mr. Lake’s paper on ‘Safe Sub- 
marines,” I described a system for salving these vessels 
when they are only out of control and before they have 
become full of water, and when they have gone down in 
a moderate depth of water. In the losses of the A 8 and 
A 1in our Navy, and of the Farfardet and Lutin of the 
French Navy, the depths did not exceed 80 ft. and 130 ft. 
respectively, and as these accidents occur generally when 
in diving trim or when diving, they generally occur in such 
moderate depths, because it is chiefly for coast defence that 
the boats are intended. My system consists in providing 
recesses built into the superstructure of the submarine or 
into the upper part of the hull itself; the lower end of 
these recesses will be provided with a gland, through 
which steel-wire rope (preferably of about 3 in. ciroumfer- 
ence, coated with mastic or some bituminous substance to 
render it smooth) will pass to two buoys, one to each 
recess; these I would make about 3 ft. in diameter by 
2 ft. 6 in. deep, cylindrical and with dished ends (these 
would be full of air compressed to about 90 lb., and this 
would obviate the need for strutting inst collapse 
when diving). The top of the buoy would form part of 
the deck when the buoys were in. These buoys would 
each weigh about 4 cwt., and would have a lifting capa- 
city of 5 cwt. over and above their weight—sufficient to 
take up 125 fathoms of 3-in, steel rope, with a breaking 
strain of 50 to 60 tons. 

Inside the vessel a windlass to coil the forward and 
after rope would be provided, with a recorder showing 
what length of rope was out, also a pawl and ratchet 
and brake. I calculate that the whole of this apparatus, 

ther with the extra strengthening of the hall at the 
points of attachment, would weigh less than 3 tons— 
1 per cent. of the vy oe of the submarine (when high 
and oj The use of the apparatus is obvious. When t 
crew of a submarine find that they can no longer come up 
by altering flotation, they send up the buoys, which, as 
soon as seen by the attending ship, are hoisted up to the 
steant launch davits, and the ropes are hauled in with 
the steam winches till the conning-tower is above water. 
The load when the submarine is nearly free of water (the 
neral condition for an hour or two) is a matter of a very 
ew tons, so the rope a is ample whilst the veasel 
is free of water, and the men are alive, and it is with the 
salving of these vessels during practice, immediately after 
they have gone down, and whilst the crew are yet alive, 
that I am concerned. I am not interested in salving sub- 
marines already full of water, and with drowned crews, 
some days after the disaster. Appliances capable of lift- 
ing 300 tons might then be necessary. A surface vessel 
requires bottom tackle or anchors. A submarine requires 
surface tackle, buoys, and steel ropes. One is as necessary 
as the other. 

I have the honour to be, Sir, your obedient servant, 

STEPHEN H. Terry. 

17, Victoria-street, Westminster, 8. W. 








INFLUENCE OF A SIDE-WIND ON VELOCITY 
OF RAILWAY TRAINS. 
To THE Eprror oF ENGINEERING. 

Srr,—It bas often been remarked that when there is a 
strong side-wind ewes on express trains it is neces- 
_ to burn considerably more coal per mile in order 
to keep up their speed. The usual explanation for this 
is the extra friction produced on the flanges of the 
wheels by the wind-pressure forcing the train over on the 
lee-rail. It seems to me that there is a much more potent 
cause for this retardation, and one which I think has 
escaped observation. It is the force necessary to accelerate 
the air which is blowing between each coach and the next. 
Let us take a typical case, where the velocity of the train 
is 50 miles an hour, and the velocity of the wind 50 miles 
an —_ at right angles to the rails. 

en 
Velocity of train = 4400 ft. per minute. 

= wind = 4400 °° 
Let 

Area of railway coach end = 8 ft. x 8 ft. 
Distance between coaches = 4 ft. 

.". Volume of air passing between each coach and 
the next per minute = 140,800 cubic feet. 

Mass of air passing between each pair of coaches per 

minute = 140,800 x 0.08 = 11,264 lb. 


— 11,264 , 4400 
32 60 x 60 


11,264 _ 44 
.*. Work = > - = 704. 
or 32 x 36 x 4400 = 1,892,704 


.*. Force 


*. H.-P, = 1.892.704 _ 57,3, 
23,000 

Therefore, in the above typical case the engine would 
have to develop about 57 horse-power more for each space 
between the coaches of the train than when the train was 
run in a calm. Even with quite a moderate wind velo- 
city we could easily get a retardation, due to, say, 
10 horse-power per coach, which in a long express train 
might amount to a total of 20 per cent. of the horse-power 
of the engine. 
It might at first be thought that the theoretical amount 
of air would not flow between the coaches, but would pro- 
bably be broken up in eddies. I find by experiment that 
this is not the case, but, on the contrary, considerably 
more air passes between the coaches t we have 
assumed. Mr. C. Seymour, C.E., of the Midland Great 
Western Railway of Ireland, has kindly measured for me 
with an anemometer the wind velocity across the rails, 





and the velocity between the coaches, Hisfiguresur — 
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Observation No. 1, near Longford :—Velocity of wind, 
850 metres per minute; velocity of wind between 
coaches, 700 metres per minute ; velocity of train, about 
30 miles per hour. , 

Observation No. 2, near Edgeworthstown :—Velocity 
of wind, 500 metres per minute; velocity between 
coaches, 790 metres per minute ; velocity of train, about 
40 miles per hour. The cause of this increase in the 
wind velocity between the coaches when the train is 
in motion is, I think, evidently due to the momentum 
of the mass of air being destroyed on impact against 
the sides of the coaches, and this must cause a con- 
siderable rise of air pressure along the windward side 
of the train; also, the air which has just passed the front 
of the train must have its momentum reduced by the 
advance of the train, which would cause a reduction of 
pressure along the lee side of the train ; tais difference 
of pressure between the windward and lee side would 
certainly cause an acceleration of the wind between the 
coaches. This difference of pressure on the sides of the 
train must be a function of the train’s velocity as well as 
the wind’s velocity. If the train is at rest, the pressure 
is entirely due to the change in direction of the flow of 
air round the train, and this soon becomes a steady flow ; 
but when the train is in motion it is continuously destroy- 
ing momentum of fresh air as it advances, and this 
appears as an increase in the difference of pressure on the 
side of the train. The same effect can seen in the 
efficiency of bilge keels to stop rolling of ships. When 
the ship is in motion ahead, the bilge keel is always enter- 
ing water which is at rest with the ship, and in order to 
roll she must accelerate this dead water up to the velocity 
of roll; but when the ship comes to rest, the only available 
energy she has is the friction of the keels through the 
water, which is evidently much less than in the former 
case, when in motion. 

It would be most interesting if one of our railway com- 
panies would fit up a train with wind-screens to prevent 
the wind ny between the coaches, and try the draw- 
bar pull when these were shut and when open, 

Yours truly, 
W. E. Wirson. 

Daramona, Streete, Westmeath. 








THE NEW PATENT BILL. 
To THe EpiToR oF ENGINEERING. 

Srr,—The Patents and Designs Bill now before Parlia- 
ment should not be allowed to pass without the addition 
of the following much-needed additional features :— 

. It has been urged over and over again for man 
years by competent persons that the term of a Britis 
patent in most cases is much too short for introducin 
and rendering remunerative the inventions mt 
thereby, so that often only a year or two are left of the 
fourteen years. It is idle to talk of the power of the 
Privy Council to prolong a patent beyond that term, for 
it is a fact that only very few petitions for prolongation 
are granted, and the expenses connected therewith are 
enormous. Generally more than a year elapses before a 
patent is actually granted, so that the term of fourteen 
years is curtailed to that extent. People conversant with 
the subject hold that a term of eighteen years would be 
suitable, and even this would hardly be equal to the 
seventeen years for which a United States patent is 
granted ; because the latter dates from the date of actual 
grant, which date is often a year or more after the date 
of application. 

2. Another serious cause for complaint is the heavy 
taxation of the patentee, who has to pay altogether 100/. 
in order that his patent may be kept in force for fourteen 
years. The annual tax payments begin at the end of the 
fourth year. My proposal is to omit the present taxes 
due at the end of the 5th, 7th, 9th, 11th, and 13th year, 
and to provide for payment of taxes at the end of the 
14th, 16th, and 17th year—viz., 15/, 17/., and 18. re 
spectively. The omissions would produce a reduction of 
50/., but the last three or additional taxes would add 50/., 
so that the total amount would remain the same, but 
be spread over a longer period and with greater intervals 
of time. The receipts of the Patent Office would prob- 
ably be somewhat reduced ; but not to the extent of the 
sum of the taxes now payable in the years that I propose 
to pass over, and that because the patents in themselves 
would be more valuable and worth keeping in force for a 
og period than now, and because many patents would 
be kept in force for the full term of 18 years. The idea 
that the Treasury is to receive from the Patent Office a 
yearly surplus of 100,000/. or more is now so universally 
condemned that I need not say more than that such a 
practice is like killing the goose that lays the golden eggs. 

3. At present a patent is rendered invalid if, in the 
course of a legal action, a part of the invention claimed is 
found to be old, although the rest may be ever so new 
and useful. This is in itself unjust, the length and ccst 
of litigation is often enormously increased thereby, and, 
what is of the greatest importance, the value of a patent 
is rendered so uncertain that many patents for really 
valuable or important inventions are not taken up or 
rendered available, to the detriment of the public gene- 
rally and that of the patentee. A provision should be 
inserted in the Bill to the effect that in legal in, 
no patent should be declared invalid by reason of merely 
a part of the invention being held to be old. This rule 
is followed in France, many, and other countries. 

4. Section 2, as it stands, is not so full and clear as it 
ought to be. It provides for specimens or samples, 
where the invention is a chemical one, being lodged at the 
Patent Office, together with the patent application, 
whether with a provisional or a complete specification. 
This clause should be rendered clear beyond dispute by 
stating that the same holds good also with regard to those 





patent applications from abroad which are lodged under 
the International Convention. ‘ 

5. It would tend to render patents more eligible as 
investments if the Bill had a clause added to the effect 
that no patent in a legal proceeding should be held to be 
invalid by reason of a publication more than fifty years 
old. 
6. At the present time the official examination as to 
novelty is confined to British patent specifications ; this, 
valuable as it is, is only a step in the right direction, 
although as much as the staff at present can manage. 
The new Act should give the Board of Trade power to, at 
any time, or from time to time, by rules, extend the 
search to foreign patent specifications and other publica- 
tions made in this country. What is possible in Germany 
and elsewhere is surely possible here, and a British patent, 
once granted, would thus acquire a greater face value, and 
be more readily taken up. 

Yours obediently, 
P. JeNsEN, Chartered Patent Agent. 

Office for Patents, Designs, and Trade- Marks, 

77, Chancery-lane, London, W.C., April 3, 1907. 








AERIAL NAVIGATION. 
To THE EpiToR OF ENGINEERING. 

Str,—When writing you on February 16 about the 
great difficulty there is in devising some safe method of 
coming down, I did not know (though I have ascertained 
it since) that Dr. Hele-Shaw did, in the lecture which 
was reported in your number of February 15, allude to 
the dangers of descent, and that he also gave a list of 
fatal results ; and I fail to see what useful object is to be 
gained by the suppression—for that is what it practically 
amounts to—in journals, technical and lay, of all allusion 
to this great danger. 

May I invoke your powerful aid in the matter? I am 
not concerned about the military aeroplanes poms by 
Maxim so many years ago, but the fiying-machines for 
which prizes are now being offered by enterprising news- 
paper proprietors. 

Faithfully yours, 
Wm. H. Massey. 

Twyford, Berkshire, March 16, 1907. 








THE ECOLE CENTRALE. 
To THE Epitor oF ENGINEERING. 

Srr,—In your issue of March 22, under the title 
“Problems of Applied Chemistry,” I read: — ‘‘The 
Ecole Centrale, founded at Paris in 1850.” I can testify, 
from having heard the lectures in this school during the 
three last years, that the Ecole Centrale is much older. 
It was founded in 1824 as a private school by the most 
famous professors of chemistry at the time, including 
T. B. Dumas; but in 1850 the school passed under the 
supervision of the Board of Trade, and has always re- 
mained so. Rebuilt in 1884, theschool is now preparing, 
in its spacious class-rooms and laboratories, engineers for 
every branch of the industry, both for France and for 
foreign countries. 

Yours faithfully, 
M. DE JARNy, 
Ingénieur des Arts et Manufactures. 
Douai, Nord, March 29, 1907. 





THE RENARD ROAD-TRAIN. 
To THE EpiTorR OF ENGINEERING. 

Sir,—With reference to the questions raised by you in 
connection with my letter of February 27, 1907, on the 
Renard road-train, I trust the following facts will give 
you, at any rate, most of the information you require. 

1. In answer to your first question, the following is the 
log of the train for three consecutive hours, showing the 
actual time at which each mile-post was passed on the 
War Office trials : — 

Speed in Miles 


per Hour. 
11.45 a.m. passed 1-mile post ... \ 66 
11. ” ” 2 ” e j 
12.8 pm . 3 |. 4.28 
mw ., ore - 5 45 
5 - 8.57 


a ae 
Trials stopped from 12.37 till 1.32 for lunch. 
Speed in Miles 


per Hour. 

1.32 p.m., passed }-mile post ... ) 

a3 1 Re ot - 9.53 
ee eke 
1.49 ,, a 3 ~ — ce 10 
1.56 ,, a 4 as wa yas 8.57 
ea ee Anes. 8.57 
Gees 7.5 
a _ : Rs at il 8.57 

” ” on ) ” 
eet! Fe aera Bae... 


It must be remembered that these trials were not made 
to ascertain the maximum speed at which the train could 
travel, but for the purpose of observing the general 
running of the train. 

2. The French transport contractors allow 20 per cent. 
depreciation on the motor, and 10 per cent. depreciation 
on the other vehicle, which, I understand, they consider 
an ample allowance. 

3. The representatives of the transport contractors, 
who have used the train for nearly two years in France, 
state that the minimum average speed over the 45-mile 
daily run is 13 kilometres (say 8 miles) per hour. 

4. During the whole time the train has been running— 





namely, over twenty months—it has only been laid up 
for repairs for two days. With the exception of these 
two days, the train has run regalarly six days a week in 
all weathers. 

In connection with the question of wear and tear of 
the transmission gearing, 1 may mention that after the 
train had been running regularly for twelve months the 
gearing was taken out and inspected by English engi- 
neers, and they ip orym that no appreciable signs of wear 
were visible, and that in their opinion the gearing was in 
oP aang condition as when it was put in, twelve months 

ore. 

5. The legal status of the train in England is hardly 
one for me to discuss, but I think it will be found that 
there are no legal disabilities; and if there are any 
technical ae te they ~—— overcome, having 
regard to the t advantages of the system in saving 
the road chan, ¢ and in affording much-needed facilities 
of transport communication in many parts of the country. 

It is not likely that technical difficulties will be allowed 
to deprive us of a system which has been pronounced by 
the French Government as of general utility, and which 
has been subsidised in order to encourage its adoption by 
local authorities. 

Yours truly, 
R. F. THorp. 

3, Shelley-court, Tite-street, Chelsea, S.W.., 

March 20, 1907. 

{If the cost of running is so great a3 to necessitate 
a Government subsidy, we think nothing more need be 
said.—Ep. E.] 








Tue CorpDINGLEY Mortor-Car SHow.—On Saturday, the 
6th inst., the Cordingley Motor-Car Show will be opened 
at the Agricultural Hal), Islington, N. This exhibition 
includes sections for pleasure cars, _— vans, and public- 
service vehicles, as well as a display by the Aero Club. The 
number of exhibitors is 400. In the Aero Section will be 
found, among other exhibits, models of the prizes offered 
for successful aerial navigation. The exhibition will 
remain open until the 13th inst. 





Roya InstTITuTION OF GREAT Britatin.—On Tuesday, 
the 9th inst., at 3 o’clock, Professor G. H. Bryan, F.R.S8., 
will begin a course of two lectures on ‘‘ Wings and Aero- 
planes;” on Thursday, the 11th inst., at 3 o’clock, 
Professor H. A. Miers, F.R.S., will commence a course 
of two lectures on *‘ The Birth and Affinities of Crystals ;” 
and on Saturday, the 13th inst.. at the same hour, Pro- 
fessor Silvanus P. Thompson, F.R.S., will begin a course 
of three lectures on ‘‘ Studies in Magnetism ” (the Tyndall 
Lectures). The Friday evening discourse on the 12th 
inst. will be delivered by Professor A. H. Church, F.R.S., 
the subject being ‘‘Conservation of Historic Buildings 
and Frescoes ;”’ and on the 19th inst. by Professor C. 8. 
Sherrington, F.R.S., on ‘‘ Nerve as a Master of Muscle.” 





INCORPORATED Municipal ELEcTRICAL ASSOCIATION.— 
The twelfth annual convention of this association will ba 
held at Sheffield from June 24to 29. The headquarters 
will be at the Royal Victoria Hotel. The provisional 
programme includes, on Tuesday, June 25, the presiden- 
tial address and reading and discussion of papers ; Thurs- 
day, the 27th, annual general business meeting and read- 
ing and discussion of papers ; Friday, the 28th, reading 
and discussion of papers. The subjects on which papers 
will be presented include depreciation, three-phase distri- 
bution, extensions to outlying districts, selling price of 
current, alternating-current distribution, &c. Visits and 
excursions have also been arranged to works, &c., while 
on the evening of the 25th a reception will be held by the 
Lord Mayor of Sheffield at the Town Hall, and on 
June 27 the annual dinner will take place. 





Larce Suction-DrepcEerR ror Lacos.—Messrs. Wm, 
Simons and Co., Limited, of Renfrew, have on hand, 
and rapidly approaching the launching stage, a large 
twin-screw 1200-ton pump-hopper dredger, constructed 
to the order of the Crown Agents for the Colonies, on 
behalf of the Lagos Government, for the improvement 
of the Port of Lagos. The construction of the dredger 
has been carried out under the direction of Messrs. 
Coode, Son, and Matthews, civil engineers, West- 
minster, London. The vessel is provided with a 27-in. 
sand suction-pump driven from a set of triple-expansion 
engines capable of raising 2500 tons of sand per hour 
from 35 ft. below water-level. The main suction-pipe, 
27 in. in diameter, is fitted in a central bow well, and 
is controlled by powerful hydraulic gear fitted on the 
upper deck. This pipe is connected to the suction- 
pump, and is fitted with an arrangement of flexible 
joints for preventing damage when the dredger is working 
on an exposed bar; the lower end of the pipe being so 
arranged that the vessel can plunge about without dis- 
—s the nozzle on the ground. The vessel will be 
propelled at 9 knots speed by two sets of triple-expansion 
ae fitted with all the most modern appliances for 
efficiency and economy in working. Steam will be = 4 
plied from two steel boilers of the Scotch type, for 180 1b. 
working pressure. An auxiliary condenser is provided 
for dea ing with the exhaust steam from the auxiliary 
engines. The combined power of the propelling, pumping. 
and auxiliary engines on board is about 2500 indicated 
horse-power. The hopper doors are raised by hydraulic 
rams arranged for rapid closing. Very strong windlasses 
are fitted at bow and stern, and powerful capstans are 
placed aft for manceuvring purposes. Steam steering- 
gear, electric light, cabins and crew’s quarters, and all 
the latest improvements and appliances for this type of 
vessel, are fitted up on 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgew Pig-Iron Market.—Last Wednesday morning 
the pig-iron market was quiet, but prices were a little 
firmer. The transactions consisted of 6000 tons of Cleve- 
land warrants at 533. 2d. cash, 53s. 14d. six days, and 
53s. 6d. one month, and the closing quotations were 
53s. 2d. cash and 53s, 64d. one month sellers. Hema- 
tite was quoted at 7ls. 6d. cash sellers. In the 


afternoon a steady tone prevailed, but only some! 


2000 tons of Cleveland warrants changed hands at 
53s. 2d. cash, 533. 3§d. nine days, and 533. 74d. one 
month. The close was a shade firmer for cash iron at 
53s. 3d., while the forward quotation was 53s. 7d. one 
month seller:. Hematite—1000 tons—changed hands at 
71s. 34. cash. On Thursday morning the tone improved, 
and 14,000 tons of Cleveland warrants were dealt in 
at 53s. 3d., 533. 44d., and 533. 44. cash, 533. 6d., 
533. Shd., and 533. 74d. one month, and 54s. 14d. three 
months. At the close of the session prices remained firm 
at 533. 4d. cash, 533. 84d. one month, and 54s. 34. three 
monthssellers. Hematite was offered at 72s. one month, 
but there were no buyers. In the afternoon the market 
was the turn easier, and about 6000 tons of Cleveland 
warrants were done at 533. 3d. cash, 53s. 6d. twenty-one 
days, 53s. 74d., 53s. 6d., and 533. 644. one month, and 
closing sellers quoted 533. 3d. cash, and 53s. 7d. one 
month. Hematite was quoted at 71s. 6d. cash sellers. 
The market was closed on Friday and Monday for the 
Easter holidays. When business was resumed on Tues- 
day morning a s‘rong tone prevailed, and Cleveland 
warrants advanced in price. The turnover was 7000 tons, 
at 533. 94d., 533. 9d., and 53s. 10}d. cash, 543. and 
533. 104d. ten days, 543. 2d. and 54s. 3d. one month, and 
5is. 9d. and 543. 10d. three months, and the closin 

quotations were 533. 104d. cash, 54s. 3d. one month, — 
54s. 1ld. three months sellers. Hematite—1000 tons— 
changed hands at 723. one month, with sellers over. At 
the afternoon session the market was easier, and about 
7500 tons of Cleveland warrants were done at 53s. 101. 
and 533. 9d. cash, 54s. 1d., 54s. 24d., and 54s. 2d. one 
month. The close was 53s. 9d. cash, 54s. 14d. one 
month, and 54s. 8d. three months sellers. Hema- 
tite was offered at 71s. 104d. one month sellers, but 
no business was done. This (Wednesday) morning 
the market opened quietly, and Cleveland warrants 
were a shade easier. The business, which amounted 
to 9000 tons, was confined to forward iron at 53s. 11d., 
533. 11}d., 533. 11d., and 54. one month. There were 
closing buyers at 533. 7d. cash and 54s. one month, 
but sellers quoted 533. 8d. cash and 543. Od. one 
month. Hematite was quoted 71s. 6d. cash and 723. one 
month sellers, and 71s. 94. one month buyers. In the 
afternoon the market was extremely idle, and prices 
were unchanged. The turnover consisted of 1500 tons of 
Cleveland warrants at 533. 74d. cash, and 533. 11d. and 
533. 114d. one month, and closing sellers quoted 533. 8d. 
cash, 54s. one month, and 54s. 74d. three months. There 
were buyers at 543. 6d. three months. The following 
are the market quotations for makers’ (No. 1) iron:— 
Clyde, 733.; Calder and Gartsherrie, 733. 6d.; Sum- 
merlee, 763.; Langloan, 78s.; and Coltness, 84s. 6d. (all 
shipped at Glasgow) ; Glengarnock (at Ardrossan), 74s. 6d.; 
Shotts (at Leith), 74s. ; and Carron (at Grangemouth), 77s. 


Sulphate of Ammonia.—Sulphate of ammonia has been 
1n only fair request during the past week, and to-day the 
market is dull. The price is somewhat easier, with 
sellers still quoting 12/7. per ton, and buyers about 
11/. 173. 64. per ton for prompt business—Glasgow or 
Leith. The amount shipped last week from Leith Har- 
bour was 2125 tons. 


Scotch Steel Trade.—With the Easter holidays now 
yast_ and no further break due until the annual trades 
holidays about the middle of July, work in the steel 


industry in the West of Scotland is expected to move/| h 


along steadily until then at least. Prices remain tirm, 
although many people considered that with the depression 
in the markets last week, steel quotations would ease off a 
bit; but that hope has not been realised, and producers 
still maintain a firm attitude. They seem quite prepared 
to wait on the improvement in the home demand, which 
has been so long delayed. The inquiry on foreign 
account continues good, and some fairly large quantities 
have been booked for shipment. Canada and Japan are 
very good customers at present, and a respectable order 
for black sheets has been placed locally for early delivery 
to the former country, while an inquiry is in the market 
for the same destination for from 2000 to 3000 tons of 
billets and blooms. Steel bars and light steel sheets have 
been the subject of good demand of late. 


Malleable Iron.—Reports show that the conditions in 
the malleable iron trade are unchanged this week. 
Makers are in receipt of some fairly large inquiries 
from abroai; but, in connection with the home market, 
merchants are still in a very favourable position to secure 
« lot of the orders. 


The Pig-Tron Demand.—A strong demand from the 
United States and Canada for Scotch pig-iron is reported 
to day, but makers are already oversold for prompt deli- 
‘ery. A large quantity of foundry iron was sold this 
‘norning for shipment to Canada, and several other lots 
“re under negotiation, the main obstacle being the matter 

delivery. Cleveland iron is also in request, and fresh 
inquiries are to hand this morning from the United 
sates, 

Shipbuilding.—During the month of March the number 
of fresh contracts reported was not so large as during 
the previous month, and the total tonnage is estimated as 
®5out 23,000 tons. Inquiries for new vessels have been 
scarce, but there is a fair amount of work on hand at the 





eases time, and steady employment is assured generally 
or almost all the summer. The number of vessels 
launched during March was thirty-eight, representing 
47,893 tons, of which the Clyde a seventeen, with 
a total tonnage of 43,943. he total Scottish output 
for the first quarter of this year amounted to 130,747 
tons, as against 137,610 tons for the same period 
of last year, and the Clyde contributed to these figures 
121,353 tons for this year, — 128,533 tons last year. 
The principal vessel launched during the past menth was 
-M.S. Indomitable, first-class armoured cruiser, of 
17,250 tons displacement. She was built and engined for 
the Government by the Fairfield Shipbuilding and En- 
gineering Company, Limited, Govan, and is fitted with 
turbines of about 41,000 indicated horse-power. Among 
the other vessels built on the Clyde were four steamers 
of over 4000 tons—viz., the Den of Crombie, 4900 tons, 
by Messrs. Charles Connell and Co., Limited, Scots- 
toun; the Strathness, 4350 tons, by Messrs. William 
Hamilton and Co., Limited, Port Glasgow; and the 
Hillfern, 4300 tons, by Messrs. Russell and Co., Port 
Glasgow. One of the features of the month is the large 
number of fishing vessels launched from yards in the 
North-East of Scotland, the total being sixteen, with an 
aggregate tonnage of 1770 tons. Three of these vessels 
were about 200 tons each, and the other thirteen were 
about 90 tons each. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
John Barker and Co.—The directors of this company 
report that their net profits for last year were 89,905/., 
out of which they recommend a dividend at the rate of 
124 per cent. 


Sheffield and South Yorkshire Navigation Company.— 
This company has had another unfortunate year. The 
net earnings, including 182/. brought forward, amount to 
25,5027., and after deducting bank and other interest 
there is a balance of 18,8707. This allows of a dividend 
of 3 per cent. on the preference stock, but there is nothing 
for the ordinary shareholders. 


The Iron and Steel Trades.—Leading members of the 
local iron trade express themselves as puzzled to under- 
stand the course business is taking. Prices are going 
down, and the cause is attributed principally to the 
operations of speculators. Works are as well employed 
as they have been at any time for months past, and there 
is as much delay in securing deliveries. Coal and coke 
are quite as dear, and yet prices of iron are being borne 
down. West Coast hematites have drop from 903. to 
89s. per ton delivered in Sheffield, and Kast Coast ditto 
from 88s. to 86s. per ton. Lincolnshire makers are still 
withholding quotations that would be likely to lead to 
business. Derbyshire No. 3 foundry is now quoted 
at 60s. per ton, having fallen 2s. per ton; and forge 
qualities are 1s. per ton easier. Bars stand at 7/. 16s. 
to 8. 5s. per ton, and sheets 9/. 103. to 10/. Makers 
of all kinds of finished iron are fully employed. The 
holidays were cut short at most of the steel works, and 
generally the works were in full operation on Tuesday. 
The demand for steel in all the heavy branches is still 
much above the average. In most of the lighter indus- 
tries the holidays have been more prolonged, as business 
generally is quiet. 

The South Yorkshire Coal Trade.—The great majority 
of the collieries in this district are standing this week. 
In a few cases they were started on Thursday, but the 
men were not at all keen to begin work. The demand 
for steam coal is apse, and is expected to reach 
large proportions when the export season is further 
advanced. Prices are showing an upward tendency. 
The owners of gas-coal pits are standing very firmly for 
an increase of 2s, to 3s. per ton in contracts now being 
negotiated, and on that basis some heavy engagements 
ave been entered into. In house-coal comparatively 
little is doing, and prices are falling. It is quite ex- 

ted that a general reduction will take place next week. 
here is a fair demand for all classes of boiler and other 
common coals, and prices are rather easier, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

Mripp.LEsBroucH, Wednesday. 
The Cleveland Iron Trade.—The market was re-opened 
to-day after the holidays, but not many people put in 
an appearance on ’Change, and the business was idle. 
Quotations were not very easily fixed. No. 3 g.m.b. 
Cleveland pig was put at from 54s. 3d. to 54s. 6d. f.o.b. 
No. 1 Cleveland iron was still very scarce, and was about 
583. 6d., so that it was relatively very dear. East Coast 
hematite pig was unaltered in value, quotations still 
being on the basis of 77s. for mixed numbers. There was 
nothing doing in Spanish ore. Nominally Rubio of 50 
per cent. quality was 22s. ex-ship Tees. Middlesbrough 
warrants opened at 533. 7d. and closed steady at 533. 74d. 
cash buyers. The warrant stores are still being heavily 

drawn upon. 


Manufactured Iron and Steel.—In the various branches 
of the manufactured iron and steel industries a lot of 
work is contracted for, and, in fact, some producers have 
orders booked which will keep them busy for some 
months to come. Under these satisfactory circum- 
stances manufacturers naturally take a firm stand, and 
quotations all round are stationary, and have been for 
some time past.. Inquiries to any extent concerning new 
orders would no doubt see an upward movement in 
values. Just at present there is very little new business 

sing. Principal quotations stand: —Common iron 
co, 8l.; best bars, 8/. 1%s.; bestb best bars, 9/.; iron 





ship-plates, 7/. 15s. ; packing iron, 6/. 10s. ; steel ship- 
plates, 7/. 103. ; and steel joists, 6/. 17s. 6d.—all less the 
customary 24 per cent. discount. Cast-iron railway chairs 
are 4/. 2s. 6d. ; and heavy steel rails, 6/. 153.—both net 
cash at works. 


Shipments.—Recsrd Pig-Iron Clearances.—Last month 
the shipments of iron and steel from this port totalled no 
less than 178,393 tons, to which must be added 12,023 tons 
of pig iron from the neighbouring little port of Skinnin- 
grove, making the total clearances from this district 
190,416 tons, of which 146,978 tons were pig iron, 13,800 
tons manufactured iron, and 29,638 tons steel. Shipments 
of pig iron were thus the best on record, the previous best 
being in November, last year, when they reached 144,741 
tons. Of the pig iron cleared last month—excluding the 
10,434 tons from Skinningrove—93,500 tons went to 
foreign ports, and 41,455 tons to coastwise customers. 
Germany was the largest receiver, taking 31,818 tons, and 
Scotland was a close second with 30,751 tons. America 
came third with 21,858 tons, and Holland fourth with 
13,242 tons. Of the manufactured iron shipped during 
March, 6294 tons went abroad, and 7506 tons coastwise, 
India receiving 4211 tons, and, as usual, being the largest 
purchaser abroad. Of the steel despatched last month, 
23,383 tons went to other countries, and 6255 tons coast- 
wise. India, for once, was not the greatest snparten, 6031 
tons going to that country, whilst Japan bought and 
received to the extent of 6911 tons, and no less than 6492 
tons went to the Argentine. 


Coal and Coke.—Demand for bunker coal is good, and 
unscreened Durhams are quoted 12s, 9d. to 13s. f.0.b. 
Household coal shows a tendency to ease, Local con- 
sumption of coke is heavy. Prices are irregular, medium 
blast-furnace coke ranging from 18s. to 21s. delivered here, 
Export coke is quieter. 





NOTES FROM THE SOUTH-WEST. 

Cardiff. — Business in steam coal has been restricted 
within somewhat narrow limits; fur large steam coal, 
however, there have been numerous enquiries for both 
early and distant shipment. The best large steam coal 
has made 17s. 9d. to 18s. 3d. per ton, while secondary 
qualities have ranged from 16s. to 17s. 3d. per ton.. The 
house-voal trade has shown scarcely any change ; the best 
ordinary qualities have made 17s. 6d. to 18s. 6d. per ton ; 
No. 3 Rhondda large has been quoted at 19s. 6d. to 
19s. 9d. per ton. Coke has remained at about its former 
level ; foundry qualities have made 26s. to 28s. per ton, 
and furnace ditto 21s. to 23s. per ton. As regards iron 
ore, Rubio has made 20s. 6d. to 21s. es and Almeria 
20s. 3d. to 203. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Paddington.—Thirty expresses covering 100 miles or 
more without a stop now run in and out of Paddington 
Station daily. The station is 700 ft. long and 258 fr. 
wide ; it covers about eight acres, and it involved an 
outlay of 650,000. There are nine platforms, accommo- 
dating some 300 trains per day. 


The Swansea Valley.—The steel and tin-plite works of 
the district have been fully employed. Four tin-plate 
mills have been restarted by the ufort Works, Morris- 
ton, after a stoppage of three weeks. The collieries have 
been fully employed ; the house-coal trade has, however, 
been affected by the warmer weather, prices having fallen 
during the last fortnight to the extent of 1s. 6d. per ton. 


Devonport.—Storage buildings for spherical mines are 
to be erected at the naval ordnance dépét, Stonehouse. 
Proposals are being made for the construction of tanks 
for the stowage of 17,000 tons of oil fuel at Turncharel. 
Additional accommodation is to be provided at the south 
dockyard, Devonport, for fire-engines and machinery, and 
the present station is to be extended for this purpose. 


Dowlais,—Business bas been somewhat affected, of 
course, by the Easter nee. The output of the Big 
Mill has comprised, as usual, light manufactured material, 
such as fish-plates and colliery tram-rails. <A a 
quantity of heavier steel rails has been turned out at the 
Goat Mill, but the aggregate has fallen below the usual 
production. Steel sleepers have been made to a compara- 
tively limited extent. 


Wages in Wales.—A meeting of the Joint Committee 
of the Iron and Steel-Workers, Mechanics, and Others’ 
sliding scale was held at Abergavenny on ay 4 
receive a joint award of the auditors (Messrs. J. C. Kirk 
and C. E. Parsons) for the three months ending February 
28, 1907. The result of the award is that wages have 
been advanced 6 per cent. from April 1. 





PrRsonAL. — Messrs. Thomas Robinson and Son, 
Limited, inform us that they have removed their 
London office to 79, Queen Victoria-street, E.C. 





CommerciaL AGENT OF THE NortH-EasTERN Ratt- 
way.—The Department of the Commercial Agent of the 
North-Eastern Railway bas proved exceptionally satis- 
factory, especially asa means whereby industrial and com- 
mercial concerns can secure information regarding the 
transit facilities on the line. At the same time the de- 

tment has been very successful in connection with the 
Souieaten of information as to the suitability of 
varies centres for the location of works. It is, therefore, 
interesting to note that as Mr. Geddes, who instituted 
this department, has been promoted to be General Goods 
Manager of the line, his assistant in the Commercial De- 
partment, Mr. H. D. Dryden, has been ae to be 
Commercial Agent, with head-quarters at York. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 20. 

Tux oversold condition of the steel industry and 
the constant presentation of additional requirements 
preserve prices practically at premium rates. The 
steel-makers recognise the danger of speculative 
tendencies in prices, and are throwing their influence 
against fluctuations which it is possible to avoid. 
Railroad construction requirements have been largely 
anticipated for a year ; equipment materials, such as 
cars, locomotives, and track material, are all in very 
urgent demand. The situation is exceptionally strong, 
and with a large volume of business awaiting its turn, 
nothing can be expected but a continuation of stringent 
conditions, premium prices, and difficulties in making 
satisfactory deliveries. Reports from all over the 
eountry are practically of the same character. Ship 
and boat-building requirements, especially the boat- 
building requirements on the Great Lakes, are absorb- 
ing large quantities of material, and the great engi- 
neering plants which are supplying the bolt equipments 
are running to the very extreme of capacity. There 
is much talk about heavy expansion of producing 
capacity ; but most of these expansions will occur in 
existing plants, and will not be developed through 
new plants. The locomotive works are strained to 
the very utmost, but are keeping their contracts, and 
the railroads are much better supplied with motive 

wer than six months ago. Passenger cars are also 

ing turned out in large numbers to accommodate 
the increasing passenger traffic. The wooden freight- 
car plants have all they can do, notwithstanding the 
general drift in favour of steel cars. News from 
Alabama shows extraordinary activity in the produc- 
tion of ore and coal, and new deposits are being 


opened up. 
March 27. 

The general tone of the steel market is strong, and 

there is a fair amount of selling and buying, but most 
of the transactions are of limited proportions, owing 
to the difficulty of obtaining assurances of late delivery. 
One interesting feature of the situation is the enlarge- 
ments that are being quietly made in almost every 
branch of the steel industry. In some lines of equipment, 
as, for instance, in signal equipment for railroads, the 
large plants are engaged in doubling their present 
facilities. In fact, in all lines engaged in the manufac- 
ture of everything entering into railroad construction 
vigorous efforts are being made to enlarge capacity. 
At the same time the bitter agitation in progress 
throughout the country and in Congress for repressive 
and restrictive a, porn is having the effect of dis- 
couraging railroad managers on many systems from 
vigorously prosecuting the improvements which they 
mapped out earlier in the year. Already some im- 
portant contracts, involving the expenditure of mil- 
lions of dollars, have been cancelled, and notice has 
been given to contractors in many other cases that 
work will not be prosecuted unless conditions should 
soon change. There is a bitter contest on among law- 
makers, both State and national, looking to the curb- 
ing of the power of railroads, and this legislation 
will probably be enacted. What the outcome will be 
it is difficult to say. The railroad managers may be 
stopping improvements for the moral effect, or, rather, 
to intimidate in a sort of way the law-makers who are 
engaged in the formulation of restrictive measures, 
The President of the United States is taking the lead 
in the movement, and his position is endorsed by the 
“nen ge at large, who for many long years past have 
een suffering from discriminations and rebates and 
other practices by which large manufacturers and 
shippers have been secretly deriving advantages which 
were denied to the rank and file of business men. 

A great deal of work is being done in the electrifica- 
tion of portions of existing lines. Much of this work 
is being done in the East, and especially in the vicinity 
of New York, where there are necessities of a very 
urgent nature calling for the use of electrical power 
instead of steam power wherever possible. Millions 
of dollars are being expended in this direction. 

Remarkable progress is being made in Canada and 
in the Provinces inthe Far West in railroad construc- 
tion. The Canadian Pacific Railroad is leading in 
this direction, but all of the great systems of Canada 
are prosecuting constructive enterprises with remark- 
able vigour. Vast areas of country are being traversed, 
or will soon be traversed, by railroad lines, which 
will open up opportunities to agricultural and manu- 
facturing enterprise. The road above mentioned— 
namely, the Canadian Pacific—has placed contracts | 
for the building of new lines that aggregate 1492 miles, 
of which 534 miles will be a double track from Win- | 
nipeg to Fort William, and from St. Anne’s, Quebec, | 
to Smith’s Falls. 





Coat In LapLaANpD.—Deposits of coal have been dis- | 
covered in Iurkasjiirvi parish, at a distance of only some 
three miles from Gellivara-Ofoten Railway. The analysis 
shows 12 per cent. graphite and the remainder pure coal. 
A company—the Kaisaniemi Coal and Graphite Explora- 
pow Company—has been formed further to examine the 

eposits, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
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represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and 1I. in all other cases. 





Tuer Hart.ePoots.—At a meeting of the Hartlepool 
Port and Harbour Commissioners, the engineer, Mr. J. D. 
Howkins, referred to a recent stranding of vessels on the 
Spit Rock, in the Hartlepool Channel, and he remarked 
that an attempt had been made to lay the blame upon the 
Commissioners ; but he contended that the casualties 
in question had been brought about by other causes. 
There was a strong tidal set towards the bay, which was 
accentuated in stormy weather. It had been suggested 
that the Spit Rock should be removed, and there was no 
| doubt that if the sea was always tranquil, the absence of 
| the rock would be an advantage. But in stormy weather 

the rock formed a natural protection, and if it were 
| removed, it would soon be found that artificial protection 
| would have to be provided. 








The price of quicksilver is per bottle, the contents of which vary in he from 70 lb. to 80 lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. 


in plates are per box of I.C. cokes. 


Warter-Power IN Norway.—The Norwegian Govern- 
ment has permitted Professor Leffler—on behalf of the 
Kinserwik Company, which company is about to be 
formed, and will be financed by several Swiss banks—a 
concession for four waterfalls in the Kinsoven river, 
in Ullens Vareg, together with sundry rights. The 
falls have hitherto belonged to the Norwegian Carbide 
Company, and the price at which they have been sold is 
600,000 be. The capacity of the falls is estimated at 
50,000 to 55,000 horse-power. The transfer has been made 
subject to a number of conditions, amongst which the 
most important is that after 75 years all the water- 
falls become the property of the Norwegian State, with- 
out any compensation, The share capita] amounts to 


000 kr. 
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YACHT FITTED WITH PARAFFIN AUXILIARY MOTOR. 
Pig.1 
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In our description of the recent Exhibition at 
Olympia we mentioned a yacht built by Messrs. 
White Brothers, of Southampton, and fitted with a 
60-horse-power paraffin motor for auxiliary power, 
constructed by the Parsons Motor Company, Limited, of 
the same town. We now give, in Figs. 1 and 2 above, 
longitudinal and transverse sections of the vessel, 
which show the general arrangement of the machinery 
and the small space it occupies. 

The vessel is of 240 tons yacht measurement, and is 
90 ft. on the water-line. he 60-horse- power engine, 
illustrated separately in Fig. 3, will propel her at a 
speed of 5? knots with 550 revolutions, the consump- 
tion being about five gallons of paraffin perhour. This 
isan interesting and novel application of the paraffin 
engine to yacht-work. The cylinders of the engine 
are cast separately, and are 64-in. bore by 8-in. stroke. 
There is a water-cooled exhaust, and the crank- 
chamber is easily accessible, there being two large 
doors, extending almost through the = Be length. 
The height from the crank-shaft to the top of the 
cylinder is 28 in., the total height being 40 in.; the 
width over all is 33 in. The length from the back of 
the fly-wheel to the front of the contact-maker is 
56 in., and the length over all, 63 in. Including the 
clutch, the length of the machinery is 72 in. The 
approximate weight without fly-wheel and clutch is 
1800 Ib., the latter weighing 440 lb. A six-cylinder 
100-horse-power engine is also made by the firm, the 
approximate weight being 2700 lb., without fly-wheel 
and clutch, the latter weighing 440 lb. The length 
of this engine over all is 84 in. 

In Figs. 4and 5 we give two views of the Parsons 
clutch and operating gear. It will be seen that it is 





of the outwardly engaging type, with enclosed spring, 
and has metal-to-metal faces, no leather being u . | 
Gradual engagement is obtained, and there is no end | 
thrust on the crank-shaft. The sliding-cone of the| 
clutch is released by means of two forks surrounding | 
the boss, and operated by a lever, as shown in Figs. 4 
and 5. The forks bear against a facing on the bank of 
the cone, and a collar on the shaft. Their jaws have| 
inclined faces on their adjacent sides, which act like | 
folding wedges when drawn over one another, and 
force the cone away from the collar. When 

















Fia. 3. 


of the wedge-face and make contact on flat surfaces, 
so that there is no tendency for them to return, and 
the clutch is therefore held out of gear. 








INDUSTRIAL NOTES. 

THE new Compensation Act is creating some stir 
outside, as well as inside, of the labour world. 
The legal profession is active in discovering possi- 
bilities in its provisions, and the insurance world in 
providing for all contingencies. Its effect will be far- 
reaching without doubt; what its ambiguities are 
remain to be seen when the Act comes into force, and 
is being administered in courts of law. Whatever its 
advantages or disadvantages, it is at least free from 
some complications which are in the French law on 
the same or similar subjects. 





The Lancashire and Cheshire Section of the National 
Free Labour Association held its quarterly meeting in 
Manchester last week, when the travelling secretar 
gave his report. He stated that, in accordance wit 
the instructions of the executive, he had made a 
thorough canvass of the district covered by that section, 
and had held meetings at Bolton, Oldham, Stock- 
port, Stoke, and Hull, with the result that a large 
number of new members had been enrolled. ‘‘ With 
the introduction of the card-indexing system, the 
issue of certificates of recommendation, and a relent- 
less use of the private inquiry forms, the association 
had worked wonders in enrolling the right sort of 
workmen under the banner of free labour. The Man 
chester branch had supplied a large percentage of the 
necessary fitters, turners, pattern-makers, &c., to re- 
place the men who had come out on strike at Hull, 
and out of the 200 ironmoulders sent to Liverpool and 
Birkenhead to establish the ‘open shop,’ the Man- 
chester branch had supplied over 50 per cent., and so 
had helped the employers to secure a fair day's work 
for a fair day’s wage, the continuous operation of 
their industries, and a British workman to obtain em- 
ployment without the permission of the United King- 
dom Association of Ironworkers.” The secretary con- 
tinued :—‘‘ For fifteen years the National Free Labour 
Association had withstood the most persistent mis- 
representation, and no money or effort bad been spared 
by their trade-union opponents to damage the organi- 


| sation ; but, in spite of all, their work had come to be | 


realised as an important step towards permanent peace 


in the labour world, with consequent advantage to | of individualists of the most pronounce 


trade and commerce, as well as to labour itself.” Such 


; passed | is the record of the most active man in the movement. 
sufficiently over one another, the forks reach the limit | Trade unions naturally regard the association with | for any dislocation in theiremployment. The union, 





repugnance, for the two are bitterly opposed. The 
association is, what it professes to be, an organisation 
of workmen to supply Tehowr to employers wherever 
there is a dispute. 





Some rather disturbing reports are afloat with 
respect to the attitude of the workmen employed in 
rebuilding San Francisco, so disastrously destroyed by 
earthquake. It is said that the men are making exorbi- 
tant demands as regards wages, and are exacting as 
regards hours of labour and conditions of employment. 
Probably this may be true. Such demands in this 
country six centuries ago led to the first Labour 
Ordinance—the Statute of Labourers. It is not 
unusual for men of all classes to exact the uttermost 
they can when they have the power ; but it is seldom 
that it is wise to do so. 





The annual report of the National Administrative 
Council of the Independent Labour Party, presented 
to the Fifteenth Annual Conference at Derby, on Easter 
Monday, states that ‘‘ never before in the history of 
the Party have they been able to present such a report 
of striking progress in all departments of their work.” 
It is sta that 170 new branches have been formed, 
and that there has been a great increase in member- 
ship, and the activity of the older branches continues. 
The income was larger than in any previous year, the 
total being 6079/., as against 1884/. in the previous 
year. The balance of assets over liabilities was 3206/., 
as against 1511/. last year. The offer of 1000/., if the 
Party raised a similar sum in twenty days, was so far 
successful that the amount required was raised in 
nineteen days, the total result being 2445/. by that 
special effort. The parliamentary fund, which stood 
at 8211. at the beginning of the financial year, decreased 
by 282/., and now stands at 539/. It is said that the 
literature department realised by its sales 2830/., or 
1600/. more than in the previous year, the surplus 
being handed over to the general funds of the Party. 
The Labour Leader, it is stated, has doubled its sale, 
and is now more than paying its way. On March | of 
this year the Party had 545 branches in operation. 
The individualistic character of the body named is 
indicated by the fact that there were seven candidates 
in the field for the chairmanship of the Party. The 
Party professes to be Socialistic, and it advocates 
Socialism in Parliament, in the Press, and on the plat- 
form ; but of all bodies it has the es proportion 


character, 


London cabmen have themselves to thank mostly 
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and the men outside of it, have persistently refused 
to adjust themselves to new conditions, such as are 
required by the travelling public of to-day. The cab- 
owners also deserve a large share of the blame. The 
newer development of the motoring industry was sure 
to affect cabs as well as omnibuses, and the attitude 
of cab-owners and cabmen has perhaps stimulated 
the motor industry into greater activity. There 
was a dead stand against a 6d. cab fare. The cabmen 
wou'd rather walk their horses in a line in crowded 
thoroughfares than take 6d. for a short drive. Then, 
again, they were against the ‘‘ taxameter ;” they did 
not care for mileage measurements. Any trade or 
calling which tries to control an industry to its own 
advantage, regardless of public convenience, is sure to 
end in trouble, and in the end the victory will be with 
the innovators. It was so in the case of machinery 
and all other labour-saving appliances. Whenever the 
men tried to prevent the use of either, they failed. 
They had better spend their time and money in 
trying to adapt themselves to the new conditions, and 
thus minimise the displacement of labour. Many in- 
ventions have resulted from labour difficulties, and 
more will follow. Smashing machinery is a thing of 
the past, but there are still many who would restrict 
its use in a number of trades. 





The peasant revolt in Roumania appears to be of a 
formidable character, and has already resulted in many 
deaths, with a greater number wounded. It is rather 
difficult to classify the causes of such revolt without 
entering into an account of the land laws of the 
country and the relation of the people to the land. 
The persons attacked were the landowners and the 
Jews; the military appear to have joined in the 
pillage in so far as the Jews are concerned. The 
reason seems to be that the Jews have become tempo- 
rary owners and rack-renters, either by mortgage or as 
farmers under a rental arrangement, and the rents 
have so risen under the system that the peasants can- 
not pay the rents and live. The owners are assured 
of their rental, but the middleman tries to screw 
out all he can as interest on the capital invested. 
The peasants’ war in Eogland had to do with the 
landholders direct, but in Russia, Roumania, and 
other parts of that quarter of Europe the money- 
lender comes in. Throughout Russia and Austria 
the latter appear to hold the screw, and to use it 
ruthlessly. The state of things in Russia, though 
now regarded as mainly political, was brought about 
mostly by industrial means. 


The miners’ dispute as regards an advance in = 
in the federated districta has been amicably settled by 
the concession of 5 per cent., as from the first making- 
up day in May next, thus bringing up the standard 
wage to 50 per cent. above the basis of 1888. The 
rate now stands at 45 above that basis. The resolu- 
tion, which was unanimously carried, says :—‘‘ Such 
advance is not justified by the figures, but is given in 
the belief that there is a rising market, and it is agreed 
between the parties that the advance shall not disturb 
the relation which has hitherto subsisted between 
wages aad the average selling price.” The above 
resolution applies to the wages of all underground 
labour and to the wages of surface labour engaged on 
the pit-banks and screens in manipulating the coal 
as heretofore. There was an advance of 5 per cent. 
as from the first making-up day in January last, so 
that will make 10 per cent. advance in four months. 
The Yorkshire miners think that they will reach the 
maximum of 60 per cent. within the present year, 
The coal trade has been very active of late. 





The Conference of the Federated Employers in the 
engineering trades and of representatives of the 
Amalgamated Society of Engineers resumed its sit- 
tings on Wednesday in last week at the Hotel Metropole, 
London, The proceedings were mostly centient to 
matters outside wages in several districts, such as the 
North-East Coast, Halifax, Oldham, and others. As 
regards wages, it was agreed that wages in the lower 
paid shops ought to be levelled up. Other questions 
were referred back for the present. 


The Labour Members who bated the President of 
the Local Government Board or the motion for adjourn- 
ment came off rather badly in tne conflict, Their atti- 
tude and conduct aroused Mr. John Burns’s ire, and led 
him to ~~ that rather than lend himself to the policy 
advocated he would resign his post, a statement loudly 
cheered. The complaint was that the 200,000/. voted 
was not adequately disposed of and administered, and 
further, that a sum of 1,000,000/. annually ought to 





be voted for employment purposes. Some men seem 
to be incapable of learning the most obvious of lessons, | 
or they would see by the results of the County Council | 
elections, and the recent election of boards of guardians 
in London, to say nothing of the borough olections in 
November last, that there is a revolt againstextravagant | 
expenditure in the manner advocated by some Labour | 
leaders, i 





The accountant’s ascertainment of the production 
and prices of manufactured iron in the North of 
England districts shows that production has not kept 
pace with prices. In the latter there was an advance 
of 4s. 5d. on the average settling prices. This gives to 
puddlers an advance of 2} per cent., and to other 
workmen in proportion. The total increase in wages 
has n 10 per cent. in fourteen months. It ap- 
pears that trade expansion has been more in steel 
than in iron. 





The steel-smelters’ strike at a great Sheffield firm has 
been settled in an amicable manner. The grievance 
was that the firm had discharged forty men, in- 
cluding the president and secretary of the local 
branch of the union, owing, it is said, to short- 
ness of work. It seems that the old arrangement 
was that in such cases all were to be put on short time, 
instead of some being dismissed. ‘The firm agreed to 
reinstate all the old hands, and that the men who 
worked during the strike shall join the union. All 
future disputes are to be dealt with by union officials 
a the heads of the departments affected, or by the 

rm. 





In the Potteries district 700 men came out on strike 
last week at the expiration of their notices for an 
advance in wages. It is expected that 500 more will 
join the strike. The operatives had given six weeks’ 
notice, but no settlement was effected. It appears 
that the trade is exceptionally brisk. 


A further conference took place in Manchester last 
week to discuss proposals for an automatic scheme for 
the regulation of wages. No definite agreement has 
been made, and the conference adjourned for three 
weeks, The weavers’ strike at Clayton-le-Moors was 
settled last week by the concession of 5 per cent. ad- 
vance in wages for a month. 


It is reported that a great and extended strike is 
threatened in America covering the great trunk lines, 
the result of which will be to dislocate all traffic, _ 
senger and goods, over most of the main lines. Par- 
ticulars are not yet to hand, but an increase in wages 
is the chief demand. Questions of hours and conditions 
of employment will also be raised in the contest. It 
may be that peaceful counsels will prevail, and that 
the President may be called in to arbitrate. 





A general strike has been spreading in Southern 
Switzerland, extending along the banks of the great 
Lake Leman. The dispute seems to have originated 


at the works of the notable condensed milk factories | g 


of Nestlé’s and to have extended to the chocolate 
factories in the same districts. Unfortunately, some 
rioting has taken place, and the towns are filled with 
troops. 





It is stated that the Hamburg dockers have yielded, 
and that the union officials are empowered to negotiate 
terms of settlement with the view of the men returning 
to work. The men accept a wage of 5 marks per da 
and | mark per hour for overtime. They rescinded the 
resolution of May 28, 1906, not to work after 10 p.m. 
The reason for the lock-out is thus removed. 





The Cleveland ironstone miners and quarrymen have 
put forward a plea for an advance in wages. The 
claim is for an advance to deputies from 4s, 8d. to 
5s. per shift, and miners’ tonage from 94d. to 104d., 
and to all other classes a substantial proportionate in- 
crease, both in the Cleveland mines and in the Durham 
limestone quarries covered by the Association. 








Nores eT ForMvuces De L’INGENiEUR.—15th Edition. 
Paris: E. Bernard, 1, Rue de Médicis. [Price 12 francs 
50 cents.] This volume, too bulky to be termed a pocket- 
book, and of information too diverse and varied to be 
called a treatise on any specific subject, is best described, 
perhaps, as a French glorified Molesworth. Glorified 
only to the extent that the information is elaborated to a 
greater degree, and, perhaps, of a still more varied nature 
than is to be found in the English pocket-book. From 
cover to cover, the book is crammed with printed matter ; 
in fact, from the appearance of the binding and cut 
edges, it would seem that there was lack of paper for the 
advertisement pages, for the exterior of the volume is 
also crowded with advertisements to such an extent that 
the title is nearly lost sight of, and the book has the 
appearance of a trades’ directory rather than an engineer’s 
reference book. The letter-press and illustrations cover 
some 2000 pages, and the facts that the work has reached 
its 15th edition and 120 thousandth copy attest its utility 
and popularity. It is produced under the direction of a 
committee of engineers, and has been considerably im- 
proved in its latest edition. A large amount of fresh 
matter has been introduced on turbines, metallurgy, 


Y | dock the 





electro-chemistry, automobiles, mines, patent laws, &c., 
while other chapters have been re-written and re-arranged. | 
The list of contents is far too long for us to give any | 
adequate idea of the range of the book, including, as it | 
does, matter on science and theory on the one Soult and, | 
on the other, such subjects as paper-making, sugar machi- 
nery, and all sorts of other applications. 








MODERN FLOATING DOCKS.* 
By Lyonet Epwin Crakk. 


At the summer meeting held at Hamburg in 1896, the 
members of the Institution were good enough to listen to 
a paper by myself on the subject of ‘Floating Docks.” 
Ten years have away since then, and during this 
louie the marvellous increase in ships, both as regards 
number and size, is known to all of us; but that a similar 
development has taken place in floating docks has perhaps 
passed unnoticed. It is, however, the fact; and during 


the t ten years the increase in floating docks, not so 
muc ano in numbers as in capacity or lifting power, 
has fully kept up with the growth of the world’s navies. 


We find from the ‘‘ Admiralty Dock-Book,” published in 
1897, that there were then in use 143 floating docks, with 
an aggregate lifting power of 307,882 tons. In the 1905 
edition of the same work the number of docks has increased 
to 196, an addition of some 30 per cent., whilst in lifting 
capacity the figure has risen to 631,710 tons—an increase 
of over 100 per cent. 

Dealing with individual docks, the increase in size is 
more marked still. In 1896 two docks, each of 8000 tons 
lifting power, represented then the largest in commission, 
although Messrs. Blohm and Voss had at that time on 
the stocks a pontoon dock of 17,500 tons lifting power. 
At the present time there are at work one dock of 20,000 
tons, three of over 17,000 tons, and four of over 15,000 
tons lifting capacity, whilst one of 36,000 tons is being 
built at Hamburg by the Vulcan Company for their new 
works there, and another of about the same power by 
Messrs. Blohm and Voss for their yard. 

In my Hamburg paper I dealt consecutively with dif- 
ferent types of floating docks then in use; and in this 
paper, which may be regarded largely as a supplement to 
the former, I propose to follow the same arrangement. 

The first forms of floating docks that I described were 
the one-sided docks, with which, perhaps, the name of 
my firm is the most closely associated. Of these the 
depositing-dock cannot claim to have made much progress, 
The situation required by these docks—a perfectly calm 
basin, without rise or fall of tide—is not of common 
occurrence. They have also been somewhat eclipsed by 
their own child, the off-shore deck, which is adaptable to 
any situation. It is not therefore surprising that beyond 
the Barcelona Dock of 6000 tons, commenced in 1896, 
which is now completed, we have no new or larger 
depositing dock to chronicle. 

The off-shore dock has, however, increased in number, 
and, more notably, in lifting power. The Reiherstieg 
Company, of Hamburg, who, in 1896, had a 5000-ton off- 
shore dock at work, have since put another down of 11,000 
tons lifting power, which has now been at work for some 
three years. It is interesting to note that, in our opinion, 
this lifting power about limits the ibilities of the off- 
shore dock for ordinary commercial work. This is due to 
the rapidly-increasing size of (ships, which has had a 
dominating effect on the designs of all modern floatin 
ocks. A ship increases in length, width, and depth, an 
therefore can keep up her longitudinal strength; but a 
dock has only the side walls to rely on for stiffness, and 
the height of these is dependent on the draught of vessel 
using the dock, a factor which only varies slightly with 
the increase in its size. We have, therefore, to provide a 
stiff girder, of which the length and load is being rapidly 
increased ; but in which the depth varies but slightly, 
and how to meet this has been the real problem for the 
dock-designer of the last ten years. In the one-sided 

roblem is more difficult, for our girder is there 
of an Lead form, of which the horizontal member is 
the largest, and we find practically that such a girder has 
not even the stiffness of an ordinary angle-iron section, 
but tends to act rather as two separate girders—one a 
relatively deep vertical one and the other a broad shallow 
one. It is this inherent want of longitudinal strength 
that limits the size of the one-sided dock, which other- 
wise, up to a lifting power of from 6000 to 10,000 tons, 
I still hold to be the best and cheapest docking appliance 


extant. 

But, although single-sided docks are limited in size on 
this account, the double-sided or U-shaped type of dock 
offers a much stronger form of girder, and it is in this 
type that all our large modern docks are to be found. One 
of the earliest—if, indeed, not the earliest—of self-docking 
double-sided docks is that associated with the name of 
Mr. Rennie, and now generally known as the Rennie 
type, or, in an attempt we once made of uniform classifi- 
cation of self-docking docks, the ‘‘sectional pontoon ” 
dock. (See Fig. 1, page 463.) This is an extremely simple 
form of dock, consisting of a series of similar pontoons 
connected ther into a whole by the walls or side 
girders, which run along each side on top of the pontoon, 
to which they are attached by bolts. In self-docking 
any particular pontoon can be unbolted from underneath 
the walls, allowed to sink slightly, and then be drawn out 
sideways, turned half round, and lifted on the rest of the 
dock. The type is also very suitable for erection abroad, 
for the pontoons can be built and launched separately, 
and, being but light structures, require no expensive 
launching-slips, whilst the side walls can be erected on top 
of the pontoons after they are afloat. In 1896 the largest 
dock of this type was at Amsterdam, being of 4000 tons 
capacity, but since that date many examples have been 
built ; one, indeed, with a lifting power of 15,000 tons. 
The type, however, is still normally somewhat deficient 
in longitudinal stiffness, for evidently the walls only 
can resist longitudinal bending, and there have been cases 
of serious buckling in the walls recorded when short 
and heavy ships have been lifted. They have also proved 
unsuitable for towing any distance, a 7000-ton example 





* Paper read before the Institution of Naval Archi- 
tects, March 22, 1907. 
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being almost broken in two a couple of years ago during 
a voy: up the British Channel. My own firm is re- 
sponsible for the design of a many of this type of 
dock ; but, warned by the mishaps of others, we have 
carefully considered the question of the longitudinal 
stiffness, and, although we have designed them toa lift- 
ing pee of 12,000 tons, we have so far managed to 
supply the required strengtb, and, I am pleased to be able 
toadd, have no failures to record. The first Blohm and 
Voss 17,000-ton dock was also of this type, but slightly 
modified, especially with the view of gaining longitudinal 
strength; and, as this has worked most satisfactorily, I 
think that we may fairly assume that the other failures 
were largely due to faults in design. At the same time, 
I am of the opinion that for what I may call a ‘‘ mixed” 
dock—that is to say, one that might called upon to 
lift either long liners or short laden merchantmen, both 
of the maximum lifting power of the dock, that about 
12,000 tons represents the limit of economical design in 
the case of this type. This is because, in the Rennie 
dock, it is the side walls that alone can provide resistance 








formly until the dock has a freeboard of 2 ft., the longi- 
tudinal deflection over the entire working deck of the 
dock shall not exceed 1 in. in 2000 in. Within the limits 
of allowed deflection, the shipload shall be assumed to be 
perfectly flexible.” 

Although it was, of course, not impossible to fulfil these 
conditions with a dock of the Havana type, it meant such 
heavy sections in the top and bottom flanges of the walls, 
which, in this type, take up most of the bending moments, 
that a cellular construction would have to be resorted to. 
One had. therefore, to revert to the old ‘ box” or 
“*trough” dcck, where the whole U shaped section could 
be brought into play to resist the bending moment. But 
the Philippine dock had to be a self-docking one, so the 
problem was to produce a dock of U shape, in which, 
whilst the whole section could be coun on to with- 
stand bending moments, it had still to be capable of being 
divided into sections that, amongst themselves, were cap- 
able of self-docking each other. 

Two new proposals were put forward, one by my firm 
and one by Mr. Henrik Hansson, an engineer of the 





under the body of the maindock. They arethen pumped 
out, and, being of sufficient displacement, lift the central 
portion right out of the water. 

The Philippine dock, since christened the ‘* Dewey ” 
dock, of a length of 500 ft. (152.4 metres), and a width of 
entrance of 100 ft. (30.480 metres), was constructed on 
these lines, and most successfully lifted the United States 
battleship Iowa, and also oened through its self-docking 
trials without the slightest hitch. 

Dealing critically with this type, we a note that, as 
a with a purely box dock, it has redundant weight 
in the case of the two supplementary side walls; the 
double decks required between the bottom of the side 
walls and the terminal pontoons, and two transverse 
bulkheads, instead of one, between the main body and the 
terminal pontoons; whilst these latter have to rather 
closely subdivided in order to have sufficient stability 
when worked alone for self-dccking purposes. There is 
also a weak spot at the junction of the terminal pontoons 
with the centre portion, for the side-walls are here reduced 
in height by the depth of the pontoons, and are therefore 
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against longitudinal flexure, and they are relatively 
shallow and weak girders—a fact that has been recognise 
long since, and in my Hamburg paper I described for 
the first time a new type of self-docking dock especially 
designed to give greater longitudinal strength. 

This was the “floating graving” dock, or ‘“‘ Havana” 
type, as it is now very generally termed, owing to the first 
example having been built for Havana. (See Fig. 2 above.) 
I need not describe the design, for that will be found in 
my 1896 paper, but I may be allowed to refer to some ex- 
amples that have been built. Historically, the type must 
be interesting, for to it belongs the first floating dock that 
has lifted a modern first-class battleship. Two examples 
may be mentioned: the one at New Orleans, in the United 
States of America, of about 18,000 tons lifting power, and 
the one of 16,500 tons lifting power, belonging to our own 
Admiralty, now stationed at Bermuda. e second 
Durban dock, of 9500 tons lifting power, also shows how 
suitable these docks are for being towed ag a complete 
structure to their ultimate destination. This dock was 
towed out the whole way from the Tyne to Durban, pass- 
ing through several severe galer, when, at times the dock 
took charge of the tugs, and once even went adrift, but 
still arrived safe and sound at Durban within the contract 
time. 

But, although the record of this type of dock is good as 
regards longitudinal strength, it was not sufficient to 
satisfy the requirements of the Navy Department of the 
United States ; and when the specification for a floating 
dock for the Philippines was issued in December, 1902, it 
be found to contain the following very stringent condi- 

ions :— 

** Allowable Deflection.—With any specified shipload 
docked centrally, and all compartments pumped uni- 


d|who had built the New 

















Maryland Steel Company, 


Orleans dock from our de- 
signs. Owing to the un- 
avoidable delay in getting 
the necessary information 
over here, and in mailing 
the results back to America, 
we were unab!e to complete 
our designs in time, and 














the contract was awarded 

to the Hansson design. 
This design, which I will 

now describe (see Fig. 3), is 





exceedingly ingenious, and has worked very well in prac- | shallower girders, just at the very spot where discon- 
tice, and under certain and not urreasonable conditions | ene in the pontoons or body of the dock occurs. It is 


may be considered as good a solution of the problem as 
there is. Shortly speaking, it is a combination of the 
“box,” or ‘‘ trough,” or “solid” dock, with the Rennie 
type, being for some four-sixths of its middle length abso- 
lutely a solid trough. Each end sixth, however, is like a 
Rennie dock in the form of a separate pontoon bolted 
to the underneath side of the side girders, which are a | 








true t 
and the main dock is made by a series of vertical joints 
extending downwards as far as the light water-line of 
the dock ; but such joints are dependent on the pull on 
the heads of rivets, and, considered aa girders, are only a 
series of webs with no flanges. This weak spot in the 
Hansson design might, however, be considerably improved 


at a further connection between the end pontoons 


projecting portion of the central box. I have described | by a more suitable design cf joint; and with this slight 


these end pontoons as representing a sixth of the length | 


teration, and where a equare-ended dock, having a ratio 


of the dock; but, more correctly, their dimensions are of width of entrance to length of about 1 to 6, is called 
such that, as in the case of the Rennie dock, when turned | for, this dock should fulfil its purpose most excellently, 
half round, they can enter between the walls of the dock and will certainly be heard of again. 


and be lifted on the central portion. For the purpose of 


docking the central portion, these terminal pontoons are | strength—that is, to approach the nearest 


Our own efforts to obtain the maximum longitudinal 
ible to the 


ee with supplementary side walls that project | Lox or trough dock—followed a different line. We bad 


yond the width of the main dock. The supplementary | 
walls control the terminal pontoons, which can then be 


already a a form of ordinary sectional dock—that 
is to say, a ) i ] ¢ 
lowered sufficiently deep to allow of their being warped ' connected together, in which the self-dccking operation 


ock composed of many sections only loosely 
















464 


ENGINEERING. 


[APRIL 5, 1907. 








was performed in the following way (Fig. 4, 463). The 
side walls were not constructed of the full length of the 
pontoons, but were kept slightly shorter, so that at each 
end of any section there was a shelf, or “land,” of the 
full width of the dock, but only of the depth of the 
pontoon. Providing the sections were of suitable length 
and design, it became possible to lift any third section by 
bringing the ‘‘lands” of two others underneath its ends, 
and so lifting it. This type of dock, however, had no 
rigidity whatever. About the same time, however, the 
Austrian Navy wished to instal a 15,000-ton dock, 459.6 ft. 
(140 metres) long, and of sufficient stiffness to lift iron- 
clads, at their naval arsenal at Pola. They possessed 
there a shallow basin closed by a gate, which, although 
too short to allow of the construction of the required dock 
in one piece, had yet sufficient area to accommodate it if 
built in three sections. Our experience of the feasibility 
of designing joints of great resistance, but capable of 
being made and unmade below water without the aid of 
divers, was such that we did not hesitate to undertake 
the design of this dock, which was built in three separate 
sections, hauled out of the basin, and coupled up afloat ; 
and although the end sections, when the dock is lifting a 
short, heavy vessel, are entirely in cantilever—that is to 
say, no portion of the ship is op directly to their 
buoyancy—still the joints hold as firmly as the rest of the 
structure, whilst the assemblage and bolting up of the 
sections presented no difficulty. The Pola dock showed 
us, therefore, that it was easy to make a dock in three 
sections that could be rigidly connected or bolted together ; 
and if the two terminal sections were constructed with 
docking lands, as mentioned above, when disconnected 
they could easily lift the central section between them. 
But, on the other hand, the central section could not lift 
the terminal one. We, however, got over this difficulty 
by. making these docking lands in the form of points. In 
this case it is evident that such a point, or a portion of 
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it, could be inserted between the side walls of another 
section. Therefore, in docking a terminal or pointed 
section, all that had to be done was to insert the point of 
the section to be lifted between the side-walls of the 
square-ended lifting section, whilst the other, or square 
end of this lifted section, was supported by the point of 
the second lifting section, in this case evidently also a 
terminal section pes Fig. 5). 

A dock of the bolted sectional type, and in this case 
strictly self-docking in itself without the use of a basin, 
was built by the Great Lakes Company at Detroit, and 
opened in 1905. This was originally of a length of 
449 ft. 10 in. (137.1 m.), and of a lifting power of 4000 tons, 
but has since been extended by the sddition of a fourth 
section of a length of 125 ft. (38.1 m.); for it is evident 
that once these docks comprise two terminal pointed 
sections, the number of square-ended sections is un- 
limited. Three other docks of this type are now building, 
one 365 ft. (111.25 m.) long and of 4000 tons roy | power, 
for Port of Spain, Trinidad, and one, 424 ft. 2 in. 
(129.28 m.) long and of 7500 tons lifting power. for Rotter- 
dam; and last, but — means least, one for the new 
Hambu yard of the Vulcan Company, of Stettin, of a 
length of 723 ft. 8 in. (220 m.), and of a lifting power of 
36,000 tons, capable of lifting the largest vessel afloat or 
even contemplated. 

As this dock has more than twice the nominal lifting 
power of any other dock afloat, and may claim to be 
the most modern expression of floating-dock design, a 
few words of description should not be amiss. The dock 
has a eu pee of 36,000 tons in fresh water, the 
pontoon deck having a freeboa:d of 6 in. The length 
over all is 723 ft. 8 in. (220 metres), but its buoyant or 
lifting portion, over which the keel-blocks occur, extends 
only over a length of 670 ft. (203.7 metres), the rest of the 
dock being built up of lattice-girders carrying a steel deck 
or platform of considerable strength. These platforms 
are of unequal length, the one at the bow being 39 ft. 3 in. 
(11 96 metre) long, whilst that at the stern is 14 ft. 3 in. 
(434 metre). The side-walls are of a length of 570 ft. 
(173.3 metres), this representing the extent of the 
rectangular portion of the dock, the body, from these 

ints out commencing to taper off in plan in the 

orm of points, which points run into the end platforms 
above mentioned. The width of the dock over all: is 141 fo, 
(42.88 metres), that between the side walls at the pontoon 
deck level is 106 ft. (32.3 metres), but at the deep-draught 


line the width is 115 ft. (35.05 metres) between plates. 
This width is, however, partly taken up by painting or 
shoring stages on the face of the walls, so that the width 
of entrance clear of everything is 108 ft. 6 in. (33 metres). 
The walls are of sufficient height to enable the dock to 
deal normally with a vessel drawing 29 ft. 7 in. (9 metres) 
over 4 ft. (1.200 metre) keel-blocks. The ——— plant 
of this dock is all contained in one wall, and is of sufficient 
power to lift a vessel of the maximum size in five hou 

and all the valves of the dock are hydraulically opera 

from a central valve-house situated on this wall. Powerful 
hydraulic side-shores are provided for centering the vessel, 
and sliding bilge-blocks and ordinary timber shores are 
fitted for folding her fast when paety seated on the 
keel-blocks, For the purposes of self-docking, and also, 
it may be noted, for facilitating the launching, the 
dock is constructed in three sections, of the length of 
325 ft. (98.8 metres), 221 ft. 10 in. (67.45 metres), and 
176 ft. 9in. (53.75 metres) respectively. Two of these 
sections, the 325-ft. and the 176-ft. 9-in. one, will be rigidly 
connected after launching by a bolted joint over the 
under-water portion, but by rivets above this point. The 
slightly brackish waters of the Elbe have so little corrosive 
effect on steel plates that self-docking is quite a secondary 
consideration, and 10 or 15 years will probably elapse 
before it will be necessary to self-dock, and after this 
lapse of time it was thought that bolts would require as 
much cutting out as rivets. The third section is, how- 
ever, merely connected by a loose hinged or rocking joint, 
that can be very rapidly made and unmade, so that 1t can 
be used or not, as required; for it is evident that some 
time must elapse before the full lifting power of the dock 
will be required, as the first two sections alone are far 
superior in lifting power to the weight of any vessel yet 
afloat, excepting, of course, the two Cunarders now 


been found ible to make these joints as strong 
as required ; for, all, it is only the top deck or 
flange that is of the greatest importance, and by the aid 
of doubling-plates and double-butt covers this can be 
made stronger than the rest of the dock. But it is in the 
junction between the toons and body that the Hansson 
dock falls most behind the bolted sectional type. In the 
former, as I have shown, the joint merely consists of 
vertical fin-plates extending downwards to the light water- 
line riveted to the ends of the pontoons, and connected 
together by fish-plates and pins. These vertical joints 
certainly provide a ee ney square inches of section, 
but they are badly , for evidently the end bolt in 
each fin, being the farthest removed from the centre of 
gravity of the section, would have to take the whole 
stress did it not give a little, and so let the other bolts 
gradually on up their work. 

In the bolted sectional dock, although here also the 
pull is on the heads of the bolts, such bolts form a 
continuous ring right round the profile of the pontoon, 
and not only is such ring farther removed from the 
centre of gravity of the section, for it runs round the 
bottom plating of the pontoon, not the light draught 
line, but every one of these bolts comes into play simul- 
taneously, and they form, in fact, a broad flange of the 
full width of the dock, instead of the series of webs. 
(See Figs. 6 and 7, page 463.) 

But there is one fact in these bolted sectional docks— 
namely, that they can be built with pointed ends, to which 
I personally attach a very high importance, as conducing 
to both the efficiency and cheapness of a commercial 
dock built for general rather than special purposes. In 
all modern ships a very large amount of the bow and 
deadwood aft is cut away, leaving a length of straight or 
bearing keel that is very appreciably less than the length 
of the ship. For instance, the Oceanic, which is 685 ft. 





building. For these ships, which displace in docking 








trim 33,000 tons, or similar vessels, the three sections 
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would be needed ; and it may be noted that in the design 
of this dock the possibility of having to lift vessels as 
large as, or even larger than, the new Cunarders formed 
the basis of the general conditions. 

_ Dealing critically with this type of dock, as I have done 
in the case of the other types, we note that, like the 
Hansson type, it has to have at the junction of the 
sections a redundant bulkhead, which in this case is worse 





than in the Hansson type, in that it usually, although not 
| necessarily, extends not only over the pontoon, but also 
|over the walls. The joint itself, however, is of a dis- 
tinctly stronger form. It is true that in the Hansson type 


(209 metres) long, has a length of straight keel of only 








| 560 ft, (170.68 metres), and the new Cunarders, which are 
| 787 ft. long, have a keel length of 640 ft. (239.87 metres). 
| Now, under ordinary docking conditions these vessels de 
not get, nor do they require, any support for their over 
| hanging portions. In cases of damage to bow and stern, 
support would certainly be necessary ; but even then it 
would not want to equal the support required by the 
heavy midship section of the ship.. Why not, then, 
curtail the buoyancy of the ends of the dock, and let the 
lifting power fall off at its extremities, as the weight of a 
ship falls off bow. and stern. A strong working plat- 
form is certainly necessary; but this need not have 
the same lifting power as the main body of the dock, 
nor need the side-walls be prolonged right up to the end of 
the dock if they can give the necessary stability without. 
But the finishing off of the ends of a dock in the 
form of points of reduced lifting power goes further 
towards economy in construction. Whilst I do not 
admit that a dock need necessarily be strong enough 
to carry a ship which is assumed to be entirely flexible, 
still there is undoubtedly a longitudinal bending moment 
to be provided for; and it is pretty evident that, for docks 
of the same length, the one that carries a uniform lifting 
power over its whole length will set up a much greater 
moment than the one that concentrates most of its 
buoyancy over its middle two-thirds, and has the ter- 
minal sixths in the form of points of rapidly-decreasing 
displacement. ' 
me idea of the advantage of the pointed type may be 
ined from a comparison of the Bermuda Docks, 546 ft. 
16611 metres) long, with the nt Dock, 500 ft. 
(152.4 metres) long. They are nominally of the same 
lifting power—namely, 16,000 tons; but whereas the 
former has 6500 tons in the hull, the latter has 9200 tons. 
It is true that the Dewey Dock has really 20,000 tons 
lifting power, but the Bermuda Dock could be brought 
up to this power by the addition of —_ 350 tons more 
material, which does not much affect the above result. 
The real reason of the much greater weight of the Dewey 
Dock lies in the very stringent requirements of the Navy 





the walls, as far down as the pontoons, are continuous— 
that is, without a joint—whereas in the Hamburg type 
the joint passes vertically downwards over the whole | 
wall. It may be noted, however, that there is no, 
absolute reason for keeping this joint in one vertical | 
plane ; it could, if required, be made in steps, in which | 
case the plate butts would largely break joint ; but, | 
so far, the necessity for this has not arisen, and it has | 


ep my to provide an ideal longitudinal stiffness ; 
and there is some irony in the fact that the extra strong 
Dewey Dock, when lifting the Iowa, of 11,600 tons 
displacement, set up~on the ship a deflection of 1 in., 
whereas the uda Dock, when lifting H.M.S. 
Dominion. displacing over 16,000 tons, produced on this 
ship a deflection of only gin. This was, of course, not 
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due to the superior ag or design of the Bermuda 
dock, but fa to the fact that the lifting power was 
better disposed. ‘ 

To show the tical difference between a dock de- 
signed with points and one Gontaeed of equal section 
throughout, I have got out two ben moments—one for 
the Hambu dock as designed with pointed ends and 
lifting the Mauretania, and the other for the same dock 
if it had been designed of uniform lifting power over its 
whole length. In both cases the docks are assumed as 
being pumped equally. The bending moment of the 
Vulcan dock at the centre would be 24,700 foot-tons, 
whereas the bending moment on the same dock, but of 
the ‘‘ Dewey” shape, would be 338,250 foot-tons—that is, 
fourteen times as great. Fad 

When we come to deal with docks of great liftin 
power, we meet with a somewhat curious anomaly, an 
that is, that theoretically they would be perfectly workable 
docks if they no longitudinal stiffness whatever. 
Although the whole trend of all papers on floating docks, 
and all discussion on the same, and, indeed, all efforts in 
dock design, have m to ask for or provide ter 
longitudinal stiffness, the Dewey and the new Vulcan 
docks, which represent the stiffest type yet designed, 
have, by their very conditions of being, eliminated all 
necessity for stiffness at all. In short, the lifting power 
of these docks per foot run is greater than the weight per 
foot run on the keel of any vessel they can be called upon 
to lift. For instance, the Dewey Dock has, if fully 

umped, a unit lifting power of 48 tons, whereas the 
argest American battleship only displaces 444 tons, and 
the Dreadnought only 45 tons, per foot run, whilst the 
Vulcan dock has a unit lifting power of 544 tons, against 
a unit weight of 51.6 tons in the Mauretania. This 
means that if we assume that these ships have sufficient 
stiffness in themselves to distribute their own inequalities 
of weight uniformly over the length of their keels (and 
this they must do, or they would hog or sag when afloat, 
for the displacement curves differ largely from the weight 
curves), then, since we can apply in these docks equal 
and opposite lifting power under their keel, there can be 
no longitudinal bending moment of any sort produced. 
This statement, of course, must not be taken too literally ; 
some strength will always be required to allow for in- 
equalities of pgs and, moreover, the length of dock 

umped out cannot be arranged exactly to suit the ship, 
but must follow the normal pumping divisions, so that 
there will always be a small bending moment set up in 
the dock’s structure. 

In short, in the new Vulcan dock we obtain almost 
absolutely the conditions of a masonry dock. It is usual 
to assume that the floor of an excavated dock is rigid, 
but, if all such docks were sighted, I think that in many 
cases the floor over that portion on which the ship bore 
would be found to have sunk appreciably. If it did, it 
would not matter, for all that we require of the floor is 
that it shall oppose a resistance equal to the weight of the 
ship; and if in a floating dock we can oppose a direct 
upward force under the keel as good as the earth resist- 
ance, we obtain exactly the same physical conditions, and 
the floating dock gives as rigid a as the masonry 
excavated dock. 

From the designer’s point of view I cannot over- 
emphasise the advantage that arises from being able in 
these large docks to counterbalance weight with equal 
lifting power. For some time past the advantage of this 
has been gradually forcing itself upon our notice, but it 
was not until the design of the second Vulcan dock came 
practically before us that we fully appreciated it. A lift- 
ing power of over 50 tons per foot run soon sets up a 
formidable bending moment, even if it extends over only 
asmall portion of the dock; and if the Vulcan dock had 
had to follow the Dewey specification, its construction 
would have been cenemaanaldg teiqaentiie, It is difficult 
to see any real objections to keeping the lifting power 
solely under or about under the weight of the ship. Mr. 
A. C. Cunningham, who was largely responsible for the 
specification of the Dewey dock, favours uniform pump- 
ing of the whole dock, because it is a safeguard against 
careless or ignorant pumping. But the whole successful 
working of a floating dock depends upon the skill with 
which it is pumped ; and it seems strange to say that the 
man who has tocontrol the dock with his valves, and 
keep her on a level keel and stable fore and aft and 
athwartships, should be considered incapable of simply 
cutting off certain compartments from the pumps alto- 
gether at a certain stage of the lift that, if necessary, 
could be shown him accurately in the water gauges in 
his valve-house. Such an argument appears to me not 
so much as to have resulted from practical observation, 
as to have been produced as a defence for a hypothesis 
which, although excellent in its early conception, fails 
when applied to extreme cases. 

Returning now to our criticisms of the bolted sectional 
dock, we have to admit that, as regards self-docking 
operations, it must give way to the Hansson type. In 
this dock, when the end pontoons are lifted, they sit 
square and uniformly on the floor of the dock, and when 
they lift the main body in their turn they bear equally 
and uniformly underneath it. In the bolted sectional 
dock, on the contrary, the lifted portion in all cases only 
bears on the ends of the lifting portions by its own ends. 
This means that the different portions of the dock behave 
as girders. In the case of the Hamburg dock the weight 
of the central portion is 6000 tons; and, although the 
normal section of this dock is strong enough to withstand 
the bending moment due to this weight, it is a point that 
always has to be examined in designing this type of dock. 
The same remark applies to the lifting portions, which 
between them have, of course, to carry locally the same 
weight, and the disposition of the material has to be care- 
fully considered to see that it properly transmits its load 
to the rest of the structure. This is rather a question of 





increase in weight, and so far, even in the Vulcan dock, 
no real difficulty has been met with. The fact, however, 
remains that the bolted sectional dock is inferior in self- 
docking capabilities to the Hansson type ; and this, in- 
deed, is only what is to be expected. All self-docking 
docks must be a compromise, and the nearer we approach 
the solid dock in design and lightness the more we sacri- 
fice self-docking capabilities. 

The bolted sectional is not, therefore, a type to be 
recommended where for any reason self-docking is ex- 
pected to be frequently required. Nor is it a suitable 
dock where the self-docking operations cannot take place 
in quite sheltered waters. Of course, all self-docking 
systems required smooth water for the actual disconnec- 
tion and connection of the different sections ; but whilst 
the released sections are being dealt with between these 
operations the dock could stand the ordinary weather it 
would be likely to meet at its usual moorings. With 
the bolted sectional dock, however, calm water is neces- 
sary throughout the whole time ; and if moored in a more 
or less open port, it would have to be moved to a sheltered 
position on the rare occasions when self-docking became 
necessary. 

But the necessity for self-docking the under-water 
portions of a dock seems to become less as we know more 
about these structures, for the natural marine growth 
with which their under- water surfaces soon become covered 
preserves the metal structure remarkably well. There 
are now docks still in existence that commenced work 
forty years back, and two of them, at least, have never 
been self-docked ; and although they are in a bad state 
now, it is interesting to note that it is not the bottom 
that has suffered most, but the inside under the pontoon 
deck, and in the walls—places that could have been looked 
after equally well in either a self-docking or a non-self- 
ay yy so In the case of the Havana Dock, which 
lay in the sand-locked and sewage-fed Havana Harbour 
for some five years, and where corrosion should be ex- 
—— more than anywhere else, the officer of the United 

tates Navy who was —— with the overhaul of this 
dock when she was removed to Pensacola reports :— 

‘* The under- water plating of these pontoons was found 
to be completely covered to a depth of 8 in. or more with 
a growth of large oysters, barnacles, and various shell 
growths. The growth formed an almost perfect protec- 
tion for the plating, which was found to bo in excellent 
condition throughout, with practically no corrosion. It 
is not believed that self-docking of the dock will again be 
necessary for at least five or six years.” ‘ 

So many similar cases might be quoted that I am quite 
prepared to admit that conditions might exist when one 
would be justified in recommending a non-self-dockin 
dock.* The case of a dock for Government vessels woul 
be one in point. The new Dreadnought, owing to her 
beam, has outclassed many of the Government stone 
docks ; so that, on the East Coast, which seems to be now 
an important object in our scheme of naval defence, we 
have no Government dock that could accommodate a 
vessel of this type. Now, ordinary box or trough docks, 
built to an ordinary commercial specification, which is all 
that is really required for this type of structure, where 
the stresses are quite no! , and where the machinery 
only works at long intervals, and then only for an hour 
or-two, could certainly be provided at well under a tenth 
of the cost of the Dreadnought. It is true that Lf 
might only last forty years, but how long is the D: - 
nought type going to last? Is that going to be the type 
of battleship even twenty years hence? ca with 
commercial liners, the Dreadnought is a small ship, half 
the size of the new Cunarders, and our new Hambu 
dock could lift two Dreadnoughts at once, if they coul 
be got on to her. And yet the cost of this dock will be 
well under 200,0002. I donot go so far as to say that so 
large a dock as this is what is generally required for our 
Navy, although the new Cunarders will be auxili 
cruisers, and their docking—and Saeet docking, if 
they have to keep up their speed—will have to be pro- 
vided for. For Dover, however—which I hold will, in 
spite of the present success of Southampton, eventually 
become the starting-point for all passenger liners, for it 
is the natural point to which the traffic of the Continent, 
as well as that of England, must converge—such a dock 
would be useful. For the Thames, however, at Sheer- 
ness, where the Bermuda dock at temporary moorin 
lifted the Sanspareil as a test, for possibly Harwich, 
certainly the Humber, the Tyne, and the Firth of Forth. 

lain trough docks of identical design, and suitable for 
Deendeoughtn, could be installed for the cost of one 
ordinary granite dock, and in one-seventh of the time; 
and no one who looks at the long dockless line of our 
East Coast can deny that such docks are wanted. Pos- 
sibly for the shallow muddy bottom of Rosyth, a slightl 
different type of dock might be necessary—that is, one wit: 
shallow pontoons, but fitted with end gates (see Fig. 8, 
page 463) forming a compromise between an ordinary st 
floating dock and a steel excavated dock; but this is a 
detail of design, and would but slightly affect the cost. 
Such docks would certainly last forty years, even if non- 
self-docking ; but even a box dock can, if necessary, have 
its under-water portions repainted when afloat by means 
of what is commonly called a “limpet.” ; 
This limpet is a sort of inverted diving-bell, that is 
drawn under the bottom of the dock, and, the water being 
pumped out, sticks on the bottom of the dock, aud forms 
a chamber into which men can penetrate. Campbell, the 





* In this opinion I am not alone, for Mr. Cunningham, 
who, although I do not always find —— in agree- 
ment, I still recognise as an engineer who has given more 
attention to the question of floating docks than anyone I 
know, also advocates in the case of Government docks a 








return to the solid type. 


the proper disposition of the members than of any serious 


inventor of the first Bermuda dock, appears to have been 


the first to propose this system ; but it was first adopted 
at Rotterdam some twenty years ago. Its success was 
only partial, but this was chiefly due to the design. The 
original limpet was merely an open box with leather all 
round the top of its four sides, access to the interior being 
obtained by means of trunks on each side. It did not 
give access to the chine or bilge of the pontoon, nor was 
good ventilation obtainable. Some ten years ago we were 
professionally retained by a firm of contractors to get out 
a preliminary scheme comprising several docks, but all of 
the same profile, that were to be capable of working sepa- 
rately or in combination. It appeared to us that here the 
limpet was the best method of self-docking, as one could 
be common to all the sections. 

In designing our limpet we made it just like a separate 
dock, with low side-walls, but of sufficient beam to con- 
tain the existing dock, and provided with air-chambers, 
that prevented it from sinking. The side-walls remained 
always above water, and were bulk-headed off from the 
rest, so as to afford the necessary control when it was 
sunk. The top of the limpet was open, and also tho 
sides, its junction with the dock extending not only over 
the bottom of the pontoon, but also up its sides tu above 
the light draught line of the dock, the joint up the sides 
being in the form of wedges (see Fig. 9). There was, 
therefore, a complete open communication down one 
side, across the bottom of the dock, and up the other 
sides, through which a current of fresh air could pass or 
be induced by fans. A limpet of this sort is, of course, 
not made the full length of the dock, but only from 
10 ft. to 20 ft. wide, and is moved on section by section 
until the whole bottom has been examined. Such 
a machine is by no means costly. I see the one 
above described, which was 31 ft. 9 in. long, and for a 
dock of 90-ft. beam, contained only 80 tons of steel. A 
similar limpet of suitable dimensions could be equally 
applied to the docks I have above suggested, and one 
would be yay = for all of them were they ordinary 
box docks, or shallow-draught box docks with auxiliary 
caissons. 

Indeed, the more one studies the steel floating-dock, the 
handier and more adaptable does it show itself to be, 
accommodating itself, from the very nature of its material, 
to almost any condition, or combination of conditions ; 
and in concluding this paper I would express the hope 
that the successful manner in which the docks that I have 
described above have dealt with ironclads and liners of 
the largest size will have convinced my hearers that the 
steel dock is no longer a makeshift, but a practical appli- 
ance for getting at ships’ under-water portions, of equal 
efficiency to the masonry dock; and that whatever may be 
the future requirements of the ship-owner or the naval con- 
structor in the way of increased beam, draught, or length, 
the steel dock will afford a ready and economical solution 
that can be provided in less time than they can construct 
the vessels it may have to accommodate. 





PROPELLER STRUTS.* 
By Grorce Simpson. 


Tue subject of suitable area for propeller strut-arius, 
to which the writer proposes drawing attention, is one 
which, so far as he is aware, has not hitherto been dealt 
with in the Transactions of this or kindred institutions, 
and has, for some reason or other not explaned, been 
omitted from the rules of the classification societies, to 
whose requirements so great a proportion of our vessels 
are built. With the introduction of turbines for marine 
propulsion, and the consequent increase in the number ef 
shafts, coupled with the fact that these structural fittings 
are of at least equal importance as rudder-stocks, whose 
diameters have always been the subject of specific re- 

uirements, makes the subject of proportional sizes for 


‘TY | these struts one which the writer considers as worthy of 


the interest of this Institution and of corresponding value 
to the profession of naval architecture at large. 

The object of the paper is to induce discussion on a 
semi-empirical formula, whose function is the determina- 
tion of suitable dimensions for strut-arms by a definite 
method, with a view of ensuring proportional relationshi 
between the area of arm, the horse-power transmitted, 
and the overhang of struts. 

The present almost eral practice of proportioning 
these directly on the horse-power and previous experi- 
ence, or, in many cases, individual opinion, has resulted 
in widely-divergent results for similar work. is is pro- 
bably more particularly noticeable in the size of strut- 
arms for the larger classes of naval vessels, wh in 
many cases, we find about twice the sectional area which 
would be assigned for an ocean liner of similar power, 
revolutions, and overhang, although structurally the naval 
vessels are of lighter construction. The result is that 
many tons of valuable material and weight are lost to the 
builder and owner respectively. 

It would seem almost impossible to determine the 
stresses exerted on these strut-arms, although the impres- 
sion at first sight tends to the view that the pressure 
exerted on the journal by the overhang of arm would 
give a moment sufficiently accurate to calculate an equi- 
valent resisting moment of section with a suitable fibre 
stress. This view of the case, considering the bracket as 
a cantilever, would result in giving the greatest section 
modulus to the arms where they adjoin the shell palm, 
and tapering from thence to the junction with the bub. 
This was not an unusual design of struts when twin-screw 
vessels first came into general use. The few cases, how- 
ever, in which propeller struts were carried “7 showed 
conclusively that the greatest stresses, apart altogether 


* Paper read before the Institution of Naval Architects, 
March 21, 1907. 
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from accidental causes, were those induced by centri- | of oy oy and cruisers. This is probably accounted mination of the pope struts of a great number of 
fugal forces, and were alternating ones, causing vibra-| for by the fact that in the vertical position the strut is vessels in which the factors varied to the extremes found 
tion to the outer part of the arms where they joined the | theoretically not subjected to stresses as great as when it in such vessels as pinnaces, destroyers, scouts, yachts, 

'y hub. These stresses should be very slight with a perfectly | is arranged horizontally. _ : freighters, and liners. The tablegiven will show how the 

ced propeller, and would be greatl mop by| It would be extremely difficult to state theoretically results in these cases would have compared with every- 

a badly-balanced wheel, or in a vessel of light construc- | what fastening is required through the palms to the shell; day practice had the scantlings been assumed in the ordi- 
tion where there was a tendency for the after part of the 
vessel to “‘ wiggle.” That such movement does take 
place to a very appreciable amount came under the im- ——___— 
mediate notice of the writer on one of the 27-knot de- 
strover class having a rudder of the usual overhung type, Fiaq.1 - 
and a stock of exceptionally large diameter and of 36 tons | o°* Fig .3. 
stee!, where the distance between the side of rudder and 
the propeller-tips was 14 in., measured in dock, and after 
trial trip, on redocking, the propeller-tips were found 
ben‘ over and the rudder plates excoriatcd with contact. 
Th; deflection of the rudder as calculated accounted for | 
only about @ in. of the — 14 in. clearance, so that 
the contact of the propeller and ship was in a great 
measure due to this ** wiggling.” 

The formula given comprises the factors :— 

1. P, the horse-power transmitted per shaft; —E 

2. R, the number of revolutions per minute ; —S==== 

3. J, the outboard length of shaft ; and 5 

4. A coefficient ve with the revolutions, its 
function being the adjustment of the area solved 
to the varying length of strut. 

This function will be more evident from an example :— 
As one of the factors in computing P is the number of 
revolutions oy minute, it follows that for a given power 
there may a great difference in the revolutions per 
minute, and consequently in the diameter of propeller, 
the larger wheel requiring a much longer strut to hold 
the propeller clear of deadwood, and, on the other hand, 
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a high-turning propeller would take a comparatively ° --8 6 >-> 
short strut. It will be evident from this that, viewed as a , 
a cantilever, the shorter strut, having the lesser bending 1. be 
moment, would not require as great a section modulus to + 





produce the equivalent resisting moment. Inthe example i 

stated we have taken the case of P = 2000, transmitted SECTION IN WAY OF STRUT 
io a po pe men at 80 revolutions per neato a 
reighter, and a similar power given in a torpedo-boat’s ‘ 

shaft turning at 400 revolutions per minute. Tie length TORPEDO BOATS STRUTS 
outboard J, in the first case, is taken at 300 in., and at 
310 in in the high-speed vessel, as the latter would have ' 

much finer lines, Speen | for a greater distance for the Fig. #.. 
intersection of the centre line of shaft with the side of 

vessel than would be the case in the fuller-lined freighter. 
We then have 


For the freighter ... Area = Joo = 73 aq. in. 
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Length of section ... L = 4/6333 Area = 19.7 in. 























Breadth of section... Bo = - = 49 in. pene 9B OD 
. h ho A a /P: | r a 
For the torpedo-boat Area = 33R > 24.9 sq. ia. | APPENDIX.—Dimensions or Propecter Strauta as Fitrep ComParep wiTH FormuLa: Area = a = su " 
Length of section ... L = 4/5.333 Area = 11.5 in. : ge ieer te — ‘ : 
Per Suarr. “ITTED. MULA. 
Breadth of section ... B = 2.8 in. RPM ele ee —" 
4 No. Tyre or VESSEL. = _ Dim. 1. VER | os zi 
If we assume 15 ft. as the diameter of the freighter’s —s | L x B. Area, LxB. Area, 
propeller and 6 fc. 9 in. for the torpedo-boat, the dia-| — oe ae em ie | a a ibe 
- produced will show the difference in length of strut. | in, in. eq. in. in. eq. in 
f we were to assume a weight for propeller and outboard 1 Cruiser ‘ ; 18,000 126 | 648 1020 88 x 10 259.0 26.2 x 6.5 128.0 
length of shaft for each case and apply this weight as 4| 2 | Do. 13,000 123 | (552 259 27x 7 148.2 25.6 x 6.4 123.0 
dead-load for the purpose of comparing the relative inten- 2 2S 10,500 138 6r8 1037 28 x 8 172.8 25.0 x 6.2 120.0 
sity of the moments acting on each, we should finda very| § | P% Scout .. ryan = po 4 ie oes oo Ss op: 
close agreement between the ratios of these compared 6 | Do. ah) en 2'950 172 872 524 .. $ os 0 o-. : = =. 
with the moduli of section of the arms. Of course, it} 7 (Battleship... 9,500 120 | 319 714 80 x 8 180.0 22.6 X 5.6 95.5 
must not be inferred from this that the writer claims for| 8 i 8,700 125.5 | 296 686 24x Ch 1222 21.4 x 5.4 86.4 
the formula other than what it is—viz., a rule based on 9 Do. 8,250 120 357 714 33 x 10 250.0 22.6 x 5.6 95.5 
observation and practice, with an attempt, as already Ln | Do. 7,600 128 | «(31 678 24 x- 6h 122.2 21.2 x 5.3 83.7 
stated, to secure a fairer relationship between the scant-| j9 FR eo = = = = a : 4 =e XS 94 
lings of struts and the work they are designed for. 13 |Channel steamer 3,000 150 | 350 540 ex ot AO Taxas | 388 
The vessel previously refe to afterwards broke both} 14 | Do - 8,000 192 304 560 Wx 4 56.5 15.7 x 3.9 46.1 
of her propeller struts, with an interval of about three} 15 (Passenger and cargo 4,700 lll | 360 573 18 x 4} 63.6 20.8 x 5.2 81.5 
pene between he accidents. nd mma, 8 may not ” - = = = = 4 —- ne 8 x 5.2 =e 
right to attribute this altogether to the wigglin ‘ \ , | x 70. .3 x 5.1 77. 
movement of the stern previously mentioned ; but there . = _ Hy bon | 4 a = — Ss = 2 46 a4 
can be no doubt that it may have been a factor of nosmall| 20 Do. Do. 3,000 112 368 498 18 . 4 ae oy > o 70.2 
amount in causing the fracture. The original struts of | 21 Do. Do. 2/600 130 | 290 461 ex 4 56 5 17.3 x 4.3 56.0 
this destroyer were tapered from 7 in. by l}in. to 9in.| 22 Do. Do. 1,500 100 | 169 294 9 x 3 24.7 15.6 x 3.9 46.4 
by 14 in., with a minimum sectional area where they broke = = — = | = pd » x : =5 me x = =~ 
7 . - ‘ 4 x i .3 x 8. 
of 8 square inches, It will be seen on reference toship| 95 (freighter... 3,500 125 630 651 18 x 4 €3.6 20.9 5.2 82.25 
No, 28 in the annexed table of dimensions that, by the} 96 Do 2'810 125 337 491 2x 8 65.0 “oot ye 62.0 
formula given, these struts should have been 29.8 square| 27 Destroyer .. 4,200 364 483 904 15} x of 27.0 185 < 36 39.3 
inches, and of section 12.6 in. by 3.1 in. The othercasesin| 28 Do. * 2,420 870 | 80 | 628 S23 12.0 12.6 x 31 29.8 
which there is a great difference between actual struts| 29 (Torpedo-boat;} 2,000 875 | 260 572 "x % 10.0 11.3 x 2.8 24.1 
tod the formula are Nos. ¢und 30, and in cach of thes | $0 Mier S| sie] | t8| B| s28 | & 
Vv s there is no doubt that the struts are dangerous] lv — - y ve XS ‘ 
near the breaking point, the extreme frailty of the arms coo, * = i. 4 5 s2% = Hy teh =. 
being quite observable on the ship. % | Do t 250 500 72 | (208 5x 1 4.0 5.9 x 15 6.6 
In support of the statement thatin many cases the area| 35 Do. [ 200 550 so | £07 3} x 22 5.6 X 1.4 5.9 
of propeller strut-arms isassumed without due considera-| 36 | Do. } 93 500 72 «(| 149 x § 1.8 5.0 x 1.25 4.7 
tion, attention is directed to Nos. 1 and 2in the table of} 37 | Do. } 17 450 8 | 71 2ix 4 1.5 3.6 x 0.9 2.5 
dimensions, where it is shown that in almost similar) * Do. 3 ad |; © | ox a6 8.4 x O56 aaa 

















cruisers a difference amounting to 75 per cent. is observed | — —~ —— — - _ — 
* between the two vessels, showing that, as the lighter strut * Broke both struts on trial. + Strut was perceptibly too light. 
has performed its work satisfactorily on service, a weight 
of about 23,000 Ib. of cast steel has been sacrificed by the | but an investigation of a great number of struts showed | nary way, the probability being that in applying the for- 
builder, and its equivalent lost in ammunition space. | that the proportion of sectional area of fastenings to mula a considerable saving in weight has ca effected. 
This is not an isolated case, and it is borne out by many | area of strut-arm ranged from 0.4 to 0.55, and the writer 
examples. An interesting point to be noted in comparing | is of the opinion that 0.5 would be a very propor- | ’ 
the arms of struts required for single-screw vessels, where | tion for rivet or bolt area, and one that should give an EXHIBITION AT AARHUS, 1909.—A strong movement is 
these are fitted vertically, is the much smaller area which | ample margin of strength, as the stresses which these have on foot for the holding in Aarhus, the capital of Jutland, 
the actual struts have in comparison with the formula | to do not appear to be excessive. Figs. 1 to 6, above, | of a large exhibition in the year 1909. A favourable site 
results. With horizontal struts the case is reversed—that | show different types of struts. - | has been secured, and the plans for buildings, &c., pre- 
is, in the majority of cases the formula gives a slightly in-| In conclusion, it may be stated that the author has ap- pared. The corporation has voted a considerable sum 
creased area over the actual Lrackets, except in the case | plied this formula for the past eight years to the deter- towards the undertaking, subject to a State grant. 


$ Single screw with vertical strut. 
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THE CAUSES AND PREVENTION OF FIRE 
AT SEA.* 


By Professor Vivian B. Lewes, F.1.C., F.C.S., Associate 
Member of Council. 

Dukine the first five years of the present century fire 
at sea resulted in the total loss of 141 vessels, having a 
total tonnage of 162,594 tons, whilst the total number of 
fires would approximate to twenty times this number; and 
it is clear that the financial importance, entirely apart 
from the dread nature of the subject, demands all the 
attention we can give it. Three yearsago Mr. Edwin O. 
Sachs, who, as chairman of the British Fire-Prevention 
Committee, has a wide knowledge of fires on shore, read 
a paper before this Society on ‘‘ Fire-Prevention on Board 
Ship ;” but, although he gave much excellent advice as 
to precautionary measures, he left the chief causes of fire 
at sea untouched ; and it is in hopes of adding something 
to your knowledge of this all-important subject that I 
venture to bring it forward again to-night. 

The conditions existing on-board ship differ so widely 
from those on land that ideas gleaned from fires on shore 
are somewhat misleading if taken in more than their 
general application. In shore fires we are largely dealing 
with dangers to the structure and fittings of dwelling- 
houses, and it is only when we come to warehouse fires 
that any great analogy can be found with fires at sea. 

Since the advent of iron and steel ships, risk from the 
structure is but small, and it is danger from fittings and 
cargo that becomes the first consideration ; and this 
entirely alters the ratio of danger existing amongst the 
various causes of fire. 

Taking the fire returns for 1904 in London, Liverpool, 
Manchester, Glasgow, Leeds and Sheffield, we find that 
the chief ascertaincd causes of fire were :— 


Matches ... wee an a a -o» 16896 
Overheating from defective flues and fire- 
places ... ae ae sain me .. 853 
Gas ei 464 
Oil lamps 408 
Candles ... 327 


These amount to 80 per cent. of the total fires; whilst 
these causes ya d did not play any important part in 
5 per cent. of the fires taking place at sea. 

In analysing the statistics of the returns of losses by 
fire at sea, one finds, as might be expected, that the 
general cargo occupies the pride of place, whilst coal, 
fibre cargoes, like cotton od jute, petroleum and other 
oils, grain and timber, figure in the order named ; but 
euch statistics are somewhat misleading, as the number of 
_- carrying general cargo enormously outnumber all 
others. 

Statistics, however, do give us a clue as to the class of 
fires that are most dangerous when once started ; and, if 
we tabulate the probable causes of fire and the total 
losses from these causes, we gain a valuable insight into 
what we may term the danger risk. 


Percentage of Percentage of 
causes of fires. total loss. 
General cargo ... 51 64 
Coal... ven 10 20 
Oil ai ia 7 10 
Cotton and jute 32 6 
100 100 


These figures certainly seem to show that a fire on a ship 
freighted with coal or oil is the most dangerous when once 
started, whilst the general cargo comes next ; and that 
fires in a cargo of fibre, although bulking largely in occur- 
rence, are the least dangerous to the life of the ship. 

There are three causes which overshadow all others in 
leading to disaster from fire, and these are :— 

(1) Spontaneous ignition taking place in a homogeneous 
cargo, or in one unit of a mixed cargo. 

(2) The unwitting admixture in a general cargo of sub- 
stances liable to raise the temperature to the ignition point 
by chemical action on each other. 

(3) The carriage of substances liable to give off inflam- 
mable fumes or vapours, which, igniting some distance 
from the cargo itself, cause explosion and fire. 

The best-known example of the first cause is the spon- 
taneous ignition of coal cargoes, and this I dealt with so 
fully ina paper I had the honour of reading before this 
Institution in 1890 that I cannot do better than refer 
you to it for further information ; although I shall have to 
revert to the subject in dealing with its prevention, and 
the methods employed in the extinction of such fires. 

_ All fibrous structures, when closely packed in bulk, are 
liable, when slightly moist and subjected to pressure from 
the weight of material stored above, to undergo heating ; 
and if a trace of oil or fatty matter be present, this heat- 
ing becomes so excessive as often to lead to spontaneous 
ignition. Of the ordinary fibres, cotton, jute, flax, ramie, 
aud hemp are more dangerous than animal fibres, like 
we ol and silk ; this being due to the fact that the vegetable 
fibres really consist of microscopic tubes, which contain 
the necessary amount of air to set up oxidation processes, 
all of which emit heat, whilst wool and silk, being prac- 
tically solid, do not themselves contain air, although in 
packing it is impossible to avoid the presence of air in 
the spaces between the fibres, and under certain condi- 
tions this leads to heating. The extraordinary effect 
which the smallest trace of animal or vegetable oil has in 
Sguitine = action = rae it to the point of 

1on of the mass is thorou i i 
to both oil and fibre ghly recognised, and is due 
P It is well known that some oils have the property of 
tying more rapidly than others, and that if a powdered 
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ame be mixed with boiled linseed-oil, the paint so| off is termed its flash-point, whilst the firing or ignition 


ormed will harden and dry in a few hours ; whilst if an | 


ordinary lamp-oil be employed, no drying action would 


take place. The drying of oils is due to the power! 


which they possess of taking oxygen from the air, and 
becoming converted into resins, the change from the 
liquid oil to the solid resin causing the hardening. This 
process, however, like all processes of oxidation, gives 
rise to heat, which, although it escapes our notice when 
taking place in the drying of paint spread over a con- 


siderable surface exposed to air, yet makes itself very | 
manifest when the oil, in a fine state of division, is 


spread over the surface of such non-conducting materials 
as cotton or other fabrics of a similar character, and it 
only needs a few pounds of such materials to be allowed 
to collect in a heap for ignition to follow in a compara- 
tively short space of time. Jute offers the same dangers 
as cotton when in bulk; and when oiled, spontaneous 
ignition sometimes cccurs even more easily than with 
cotton; whilst the same danger is found when the jute 
is in a thoroughly dry condition, and exposed to moderate 
warmth from a steam-pipe or flue, or even the rays of the 
sun. Even wool, when compressed in bales, becomes 
dangerous when slightly moistened by rain during 
making-up, although spontaneous ignition does not 
often result. 

Not only does danger from spontaneous ignition exist 
in the fibrous structures when in the raw condition, but 
fabrics made from them, if oiled or greased, are activel 
dangerous in even small quantity, a package of oiled-sil 
umbrella-cases having n known to ignite a general 
cargo. Oils and fats vary very much in their power of 
heating when spread on the surface of vegetable fibres, 
linseed-oil being the most dangerous ; whilst mineral oils 
are not only eamtbone practically harmless, but when 
mixed with animal oils retard their action. : 

Another danger with such cargoes of fibrous material is 
that they are often very dusty, and the dust is so inflam- 
mable that when mixed with air a spark from the impact 
of the iron bands on the bale or the nails in a stevedore’s 
boot striking on an angle-iron is enough to cause ignition ; 
and a flame will run through the dusty air as easily as 
through an explosive gaseous mixture. 

It must always be clearly borne in mind that, although 
the ignition point of a substance is an unalterable tem- 
perature both for the mass and particles from that mass, 
yet it is far easier to heat the substance in a fine state of 
division to the required temperature than to raise the 
temperature of the large mass. 

For instance, iron ignites at about 1500 deg. Cent., and 
gunpowder at a little over 250 deg. Cent. ; yet if some 
alcohol in a dish be ignited, and finely-divided iron dust 
be thrown into it, the iron burns brilliantly in the flame, 
whilst grains of gunpowder may be thrown through the 
flame without ignition, and will remain unacted upon in 
the alcohol until it is nearly all burnt away, when the 
flame, burning down to them, and being in contact with 
them for some time, heats them to the necessary tem- 
perature, and so ignites them. In the same way a very 
small flame held in contact with a block of wood fails to 
ignite it, whilst a splint or shaving cut from the block is 
easily ignited by the same flame. 

In a general cargo the chance of fire from the chemical 
actions brought about by the mixing of substances that 
have leaked from various packages during heavy weather 
is a very prolific cause of fire, and one which could only 
be avoided by a deep knowledge of the scientific side of 
the question, many apparently harmless substances causing 
fierce combustion when mixed. 

It would be impossible to deal with all possible causes 
in a general paper, but I may point out one or two 
unexpected actions of this character which have come 
under my own observation. ; 

Permanganate of potash is a crystalline body, which, 
dissolved in water, gives the disinfectant known as 
“Condy’s Fluid,” ~My owes its valuable cleansing and 
antiseptic properties to its power of giving up oxygen to 
oxidisable compounds, Glycerine, on the other hand, is 
the sweet, oily liquid so largely used for toilet prepara- 
tions, and no one would for a moment look upon the 
shipment of them amongst a general cargo as @ source 
of danger; but should a bottle of glycerine crack, and 
the liquid flow on to a package of permanganate of 
potash, the result is a combustion so fierce that the 
combustible portions of the cargo would become involved. 

Again, rope and other material treated with tar and 
turpentine is often found in a general cargo; and I 
investigated a case in which chlorine gas evolved from 
some barrels of bleaching. powder in the same hold caused 
a serious fire, by its action on the turpentine in some 
rope-waste. Nitric acid leaking on to turpentine, char- 
coal, or other carbonaceous material, causes fire; whilst 
the breaking of a carboy of sulphuric acid would lead to 
serious trouble in very many cases. It is impossible in a 
mixed cargo, the contents of which are rarely known to 
the stevedore, to avoid danger; and all that can be done 
is to avoid, as far as possible, packing bodies rich in 
oxygen in the same hold as easily oxidisable material. 

The third cause of fire is the formation of combustible 
vapours from easily volatile bodies, these vapours either 
finding their way through a leaky bulkhead to some 
source of fire, igniting and burning back to the source 
from which they sprang, or else forming an explosive 
mixture with the air in the hold. This has been the 
cause of most cases of fire in oil-ships in which crude 
mineral oil or petroleum spirit was being carried. When 
the oil comes from the well it consists of a mixture of a 
large number of different hydrocarbons, some of them, 
like petrol or petroleum spirit, being excessively volatile, 
and giving off inflammable vapour well below the ordinary 
air temperature ; whilst others, sgain, have to be heated to 
a certain tem ture before any inflammable vapour is 
developed. The temperature at which such vapour comes 





int of the oil is generally well above this. It is the 
ash-point, however, which is the factor of danger, as, 

if it be too low, vapours capable of ean explosive 
mixtures with air are given off, and are liable to cause 
very serious trouble. 

One of the greatest dangers with the vapour of volatile 
hydrocarbons is that the great weight of the vapour, as 
compared with air, will cause it to creep along surfaces 
for very long distances, and then, on reaching a light, the 
flame flashes back along the vapour to the source from 
which it sprang. It may be accepted that the transport 
and storage of refined lamp-oils and residuum are practi- 
cally free from danger, the only point to be guarded 
against being the ignition of the liquids in volume during 
fires ; whilst the dangers to be guarded against are to 
be found in the transport and storage of crude oils con- 


‘taining highly volatile constituents, and with petroleum 


spirit. 

Besides the causes of fire I have enumerated, there, of 
course, exist those inseparable from the careless use of 
lights, smoking, electrical dangers, and many others, 
which, however, sink into comparative insignificance as 
compared with the three primary causes. 

The question now arises as to the practically possible 
precautions that can be taken to minimise the occurrence 
of fire at sea, and it was this portion of the subject that 
Mr. Sachs dealt with in his 1904 paper, and his recom- 
mendations may be briefly summarised as :— 

1. Constructional safeguards, consisting of subdividing 
the hold into smaller compartments than usual, and em- 
ploying fireproofed wood. 

2, Safeguards of equipment, consisting of protectin 
all steam-pipes, and taking all possible precautions wit 
the electrical wiring of the ship. 

3. Administrative safeguards, consistin 
stowing cargo, proper inspection by patro: 
fire equipment. 

Excellent as these points are, many of them are not 
practicable under the conditions existing in the mercantile 
marine ; and the subdivision of the cargo-hold into smaller 
compartments, both from the point of view of expense 
and efficient handling of o, would certainly not recom- 
mend itself to the naval architect. 

The use of flame-proof wood, so strongly advocated b 
Mr. Sachs, is undoubtedly a reform in shipbuilding which 
is argently needed; and the fact that it has not yet 
been adopted is due, not to lethargy on the part of the 
naval architect, not to “7 minimising of the advantages 
that are to be obtained by the use of non-inflammable 
material, but to the simple fact that up toa short time 
ago the preparation of the wood had not reached that 
stage of perfection which would have justified the expense 
of adopting it. The idea of making timber fireproof is 
no new departure, as more than three hund ears ago 
attempts were first made to render timber used for ship- 
building fireproof; and from that time down to the pre- 
sent it has cropped up from time to time; perhaps the 
most notable attempts being those made by Sir Humphry 
Davy and by Faraday to solve the problem. A!) these 
attempts failed, owing to the idea not being grasped that 
the protecting ingredients must be got into the structure 
of the wood itself, and must permeate it to the core, before 
it is possible to obtain any satisfactory results ; and the 
fact that, although this could be easily done on the experi- 
mental scale in the laboratory, the great difficulties which 
stood in the way of doing it on the large scale led to 
failure in all the attempts, The cause of these failures is 
not far to seek. Impregnation of a most thorough 
character is a necessity, but every kind of wood has to 
treated in a different way in order to meet the require- 
ments of the varying densities ; and as this depends, not 
only upon the kind of wood, but also on the age of the 
timber and the character of the soil on which it grew, not 
only had the process to be varied with different epecimens 
of timber, but also for different samples of the same 
timber when grown under different conditions, these 
being points which only now have come to be recognised. 

A wide variety of substances have been suggested for 
fireproofing, and the salts employed are now generally 
spoken of as De nage but many of these have been 
found to be unsuitable, owing either to their action upon 
the wood or upon the materials which had to be used with 
it. One of the most popular substances in the early 
experiments was common salt, but it was soon found that 
the timber impregnated with this could not be com- 
mercially used, because of its hygroscopic erties. 
Other substances then employed to effect the fireproofing 
were found to rot the wood, whilst some of them very 
rapidly corroded the nails and screws used with the im- 
pregnated timber. Other chemicals, again, although they 
might do the required work fora short space of time, 
volatilised, and left the timber as inflammable as it was 
before. Practical experience has narrowed the list of 
efficacious compounds to ammonium chloride, ammonium 
phosphate, ammonium sulphate, calcium chloride, mag- 
nesium chloride, zine chloride, zinc sulphate, stannous 


of care in 
and better 


chloride, alum, borax, boracic acid, and aluminium 
hydrate. 
In making the wood non-flammable, the timber is run 


on small trolleys into a large cylinder, in which, by means 
of a vacuum, all air and moisture are extracted from the 
cells of the wood, and the solution of the chemicals is 
then runin. The contents of the cylinder are placed under 
hydraulic pressure, and carefully regulated according to the 
character of the wood ; as a pressure which is needed by 
one kind of wood would crush and destroy the cells of 
another. Indeed, the success of the whole process depends 
u minutie of this kind ; and the placing on the market 
of improperly-treated wood has created a prejudice 
against such processes that has done much to re its 
introduction. After im tion, the completion of 
which is indicated by the gauge-glass on the cylinder 
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showing that the right proportion of the liquid had been 
absorbed, the wood is removed, drained, and dried at a 
carefully-regulated temperature ; this, again, having a great 
influence on the quality of the finished wood, temperatures 
above 85 deg. Fahr. tending to render many kinds of 
wood brittle, whilst when dried at the right temperature 
the wood not er | retains all its original qualities, with 
the exception of inflammability, but is thoroughly 
seasoned and ready for the joiner’s shop. 

Made in this way, non-flammable wood is a perfect 
building material, has no effect upon the workmen’s tools, 
as was the case when the earlier et pe were used, 
and will take paint, stains, varnish, and other decorative 
treatment as well as it did before fireproofing. It now 
combines the ‘advan of excessively low conductivity 
with a great power of resisting fire, and entire freedom 
from spreading fire. This effect is caused by the chemi- 
cals used, consisting chiefly of ammonium phosphate and 
boracic acid, which, during treatment, crystallise in the 
cells of the wood, and can therefore never be removed. 
Under the influence of heat, the ammonium phosphate 
decomposes to ammonia gas and phosphoric acid, the 
former driving all air out of the cells and replacing it by 
a non-flammable gas ; whilst the phosphoric and boracic 
acids fuse and coat the cell-walls with a glaze which, 
whilst allowing the gases from the decomposing cellulose 
to escape. prevents the access of oxygen from the air to 
carry on further combustion. 

Unfortunately for the rapid advancement of flame- 
proof-wood, it was placed upon the market before it was 
perfected ; and although the Admiralty were quite willing 
to take it up warmly, some slight trouble was found in 
the installation on the Royal yacht, the wood not having 
been dried in the yard at the right tem ture before 
use. As soon, however, as this was discove and 
rectified, the results were found to be perfectly satis- 
factory ; and a further modification introduced since that 
time eliminates what seems to be the last of the troubles 
standing in the way of its wide adoption. Nearly all the 
European Powers are either experimenting with it or 
considering its adoption, and I am informed that all the 
woodwork on the new Italian ironclad Roma will be of 
this character. In the new ships of our own Navy, wood 
has been used as little as possible, and comfort has, to a 
great extent, disappeared with it. 

I am in entire accord with Mr. Sachs when he pleads 
that the use of fireproof wood on all passenger steamers 
should be made compulsory ; and it seems to me that at 
the present moment, when competition between the 
ocean lines is so keen, and every bid is made for the 
passenger traffic, the line which is wise enough first to 
see the importance of doing so will secure for itself an 
advertisement that will pay the extra cost many times 
over. 

I have my own views, however, on the way in which 
this should be carried out, and should never dream of 
advocating that a shipbuilder should be dependent upon 
any outside firm for the prepared wood. An . yo 
for treating the wood should be installed at all large 
shipbuilding establishments, and the wood treated there, 
in order to prevent delays in delivery during the building 
of the ship. The cost of treatment nearly doubles the 
price of a cheap wood ; but although this sounds almost 
prohibitive, it represents a very small percentage on the 
total cost of the ship; and it must be remembered that 
with a liner subsidised for use as a fast cruiser in time of 
war, there is timber enough in her top works to ensure 
its being fired by a very few hits from the enemy’s shell. 
By doing away with this danger by the use of properly 
treated wood, her value for such work should Be enor- 
mously inc 4 

It seems to me that the whole onus of the introduction 
of a safeguard of this kind rests with the owner; no 
shipbuilder would take the initiative, as he looks upon 
his present burdens as quite sufficient for his own needs ; 
and unless the use of flame-proof wood is specified, no 
advance will be made in this direction. 

With the introduction of treated wood, the risks of 
overheating by steam-pipes, and faults in electric installa- 
tions, are minimised. Electricity has been responsible 
for many disastrous fires. Although one might consider 
it to be the safest form of illumination, as there is no 
inflammable liquid to spill, or gas to form explosive 
mixtures with air, yet defective cables and fittings have 
been a fruitful source of accidents. An excess of current 
may cause a | in & weak part of the cable, and the 
short-circuiting causing heat, the bituminous envelope of 
the cable is decomposed with the evolution of inflam- 
mable gases, which ignite by the spark and produce 
flame. A spark from the carbon of an arc-lamp falling 
on inflammable material will start a conflagration, and 
many fires have been traced to the bulb of an incandescent 
electric light having been laid on textile fabrics, &c. In 
the last case the fabric soon begins to char, and in a very 
short time bursts into flames. 

When a fire is once well started, the means that can 
be adopted for its extinction may be either by lowering 
the temperature of the burning mass below the point 
necessary for the continuance of the combustion, or else 
by cutting off all access of air, and so depriving the 
combustion of the oxygen necessary for its support. To 
the first method belong the means usually adopted for 
extinguishing a fire—namely, that of pouring a large 
volume of water upon it. In doing so, several actions 
are brought into play. In the first place, the tempera- 
ture is reduced below the point of ignition, owing to the 
large amount of heat absorbed by the water; and, 
secondly, as the water is heated up to its boiling-point, 
an enormous volume of steam is generated, which drives 
the air away from the burning material. It may be 
stated, roughly, that about 5 lb. of water will require 
the combustion of 1 lb. of well-dried wood to effect its 
conversion into steam; and as in a fire it is only the 





surface of the wood that is undergoing combustion, the 
effect of the 5 lb. of water will be felt over a considerable 
area. The steam generated occupies a volume about 
1700 times as great as that of the original water, and as 
steam does not support combustion in the ordinary 
sense, the evolution of this enormous quantity of 
gaseous matter serves to drive off the oxygen of the 
air from the neighbourhood of the combustion, and so 
brings it toan end. The damage done toa mixed cargo 
by playing water into the hold makes it anything but a 
favourite method of extinction with the ore. and 
blowing steam into the hold when fire takes place is 
often adopted, in order to drive out air and so smother 
combustion. 

I must confess I have a strong prejudice against the 
use of either water or steam for coping with a fierce fire 
in a ship’s hold, as under certain conditions they may give 
rise to troubles as bad as those they are intended to cure. 
Take, for example, a fire in a coal cargo. There is a mass 
of coal in the hold, with a ket of incandescent coal 
near the bottom; the difficulty is, in the first place, to 

t at it, and the first impulse is to pump water in and 

et it find its way to the seat of the combustion. The 
water, however, cannot get aay to it in quantity, having 
to filter its way down through the interstices of the coal, 
meeting, as it does so, the hot products of combustion, 
and being evaporated off in cooling these down. The 
portion that does reach the seat of the combustion, on 
coming into contact with the red-hot mass of carbon, is 
largely converted into water-gas, a mixture of carbon 
monoxide and hydrogen, which only requires a small pro- 
portion of air to convert it into a highly-explosive mix- 
ture. This, collecting under the decks, explodes, ripping 
up the deck and blowing off the hatches, thus letting in 
free access of air to ca on the combustion, which 
generally leads to the total loss of the ship. ; 

It is even more difficult to get steam to the required 
spot, and steam, like water, is decomposed into water-gas 
by incandescent carbon. The cooling action that steam 
has upon the burning mass is far. less than would be the 
case with water, the chief value of which, as an extin- 
arcury J agent, is the large amount of heat rendered 

atent during its vaporisation. 

There are certain gases, however, which have a great 
power of stopping combustion by keeping away the 
oxygen of the air from the burning substance, and some 
of these have been pro for the extinction of such 
fires. If we burn sulphur in oxygen the gas sulphur 
dioxide, with its choking smell, is generated, and this gas 
has a powerful effect in preventing and yeas meen | 
fire, a small percentage of it being sufficient to extinguis 
flame. The action of it, however, is purely extinctive, 
and in no way cooling; and with a cargo on fire the cool- 
ing down of the mass is every whit as important as the 
extinction of the active combustion. Another gas, which 
acts in precisely the same way, is carbon dioxide; but 
here again, if carbon dioxide merely generated, and 
pum into the area containing the burning matter, no 
absolute cooling is effected ; and although the use of these 
gases was suggested over thirty years ago, it was this 
trouble which prevented their adoption. 

Some seventeen years ago I pointed out that, witha 

roper arrangement of apparatus, carbon dioxide could 

made not only a most valuable extinctive agent, but 
also one of the most powerful cooling materials one could 
obtain. When carbon dioxide is comp) under a 
ressure of 36 atmospheres at a temperature of 0 deg. 
nt. {32 deg. Fahr.), it is condensed to the liquid state, 
and can be stored in steel vessels with screw valves. On 
opening the valve some of the liquid is ejected into the 
air, and, being reduced to the ordinary pressure, is almost 
instantaneously converted into a large volume of gas. 
Conversion from the liquid to the gaseous state means the 
absorption of a large amount of heat ; and so great is this 
that everything near the stream of new-born gas is cooled 
down, and some of the escaping liquid is frozen to a solid, 
having a temperature of —78 deg. Cent. (—108.4 deg. 
Fahr.). The liquid carbon dioxide is now an everyday 
article of commerce, and is used to a large extent for 
aerating waters, driving torpedoes, and for freezing 
machines. 

In the hay od on “The Spontaneous Combustion of 
Coal,” which I read before the Institution in 1890, I made 
certain suggestions as to the way in which the liquid gas 
might be utilised. This proposition, however, was never 
taken up, partly use there was a fear that, under the 
influence of heat, the cylinders might explode; but if 
they had been made in the same way as those used for the 
compressed hydrogen employed in military balloons, there 
would have been no fear of a shattering explosion ; the 
worst that would have happened would have been a rip- 
ping up of the cylinder along the weld of the seam, which 
would havedone no harm, but would have been extremely 
efficacious in at once putting out the fire. Several firms 
have, however, adopted the idea, both for the protection 
of coal cargoes and stores containing such goods as cotton, 
jute, or wool in bales, in which it would be extremely 
difficult to get at the fire by any other means. In most 
of these cases the cylinders are arranged externally to the 
store, and the gas only turned on when a fire is dis- 
covered. 

_It must be remembered that with the use of sulphur 
dioxide instead of carbon dioxide, the same cooling effect 
would never be attained, and that the gas is so irrespir- 
able that qa ye in 10,000 render air incapable of being 
breathed ; whilst with carbon dioxide, although 3 to 4 per 
cent. will extinguish flame, a man can breathe for some 
time an atmosphere containing over 10 per cent. without 
danger. 

Prevention is, after all, better than eure, and if a small 
extra cost in construction were faced, there never need 
be another cargo fire on steamers carrying cargo from one 
port to another ; but the suggestion would not be applic- 





able to tramp steamers breaking cargo at various ports of 
call. To ensure this safety, ail that is necessary is to 
abolish any attempt at ventilation for the cargo space, 
make the hold gas-tight, and carry the cargo in an atmos- 
— of carbon dioxide, whilst any oxidising materials, 
ike nitrate, would be carried in a separate hold. In 
order to maké safety steamers for meg 4s, 3 cargoes in 
—- bulk, I should propose to make the holds larger 
rather than smaller, and to put in a double water-tight 
bulkhead at each end of the cargo space, filling in the 
spate in the end bulkheads either with water or heavy 
<a as to render the hold gas-tight. The hatches 
would be closed by iron covers, fitting into annular water- 
seals, these covers being raised or lowered by the crane 
when required. 

On loading a dangerous cargo, say Indian coal during 
the hot season, when the cargo was allin and trimmed, a 
tarpaulin would be put over the hatch of the hold to be 
treated, and, one corner being raised, a hose would be 
lowered into the hold so as to reach the surface of the 
coal. Through this hose carbon dioxide, generated by 
the action of hydrochloric acid on chalk (calcium car- 
bonate), or other cheap carbonate, in a movable apparatus 
on the quay-side, would be passed, so as to drive out all 
air from the hold ; and when a light held inside the hatch 
was extinguished, the hose and tarpaulin would be 
removed, and the cover lowered into position, thus 
making the hold gas-tight. Under these conditions the 
most dangerous cargo could with safety be carried in an 
atmosphere Of carbon dioxide, as there would be nothing 
to cause or support combustion ; and should gas be gene- 
rated from a coal cargo, so as to create pressure in the 
hold, it would blow the light water-seal of the hatch-cover, 
and so relieve the pressure. In this way, not only coal, 
but crude oil, petrol, and any dangerous cargo could be 
carried without risk. 

On reaching the - of discharge, the hatch-cover would 
be raised, and air from a blower forced down through the 
hose, escaping as low down in the hold as possible ; and 
this, after an hour’s blowing, would mingle with and 
displace the carbon dioxide and any gas that might have 
been formed; and when a safety-lamp lowered into the 
hold burnt brightly, it would be safe for men to descend 
and commence the discharge, the air current being kept 
going all the time. 

I am quite aware that the difficulty of making a bulk- 
head water-tight is considerable, but I have too much 
respect for the engineering skill of the members of the 
Institution to even suggest that it is impracticable; and 
if the big carrying lines had one or two vessels so fitted 
for the carriage of dangerous cargo, they would easily 
recoup the initial expense. 

The amount of gas needed to fill up the space not 
occupied by cargo would be comparatively small; and 
although the supporters of existing systems would talk of 
the danger of leakage of the gas into the working and 
living parts of the ship, such danger is practically nil. 
Any such leakage ati be brought about by straining of 
the bulkhead during heavy weather, and the liquid would 
have to leak out before any gas could escape, which 
would pny lead to the detection of the trouble ; but, 
even if this were not so, there is no danger in the slow 
leakage of the gas, as it would practically escape by 
diffusion, and the increase in quantity in the living por- 
tions of the ship, even under the worst conditions of 
ventilation, would be extremely small ; and as candle and 
lamp flames are extinguished before health is affected by 
mixtures of carbon dioxide with air, should a serious 
leakage occur, attention would probably be called to it 
by this fact. 

In passenger vessels, chemical extincteurs, which throw 
a mixture of saline solution and carbon dioxide, would be 
of great value for extinguishing small fires occurring in 
bedding, draperies, and fittings; but they have not been 
adop because, as ordinarily made, their use necessi- 
tates the carriage of mineral acids; it is, however, 
perfectly easy to make them without the use of objec- 
tionable acids, and so obviate this trouble, whilst the use 
of non-flammable wood for all fittings would give a degree 
of safety never yet attained. 

In conclusion, I have to apologise for the length to 
which this paper has extended, and to hope that some 
a of interest and use may be found in it by those 

esirous of decreasing the risks of the sea. 








Our Coat Ovurrut.—The increase in the coal output of 
the United Kingdom last year was 14,939,659 tons. To this 
increase the various coal-mining districts made the follow- 
ing contributions :—East Scotland, 1,428,001 tons; West 
Scotland, 725,071 tons ; Newcastle, 659,174 tons ; Durham, 
1,419,643 tons ; York and Lincoln, 2,637,090 tons ; North 
and East Lancashire and Ireland, 132,117 tons ; Liverpool 
and North Wales, 1,108,106 tons; Midland, 2,278,87") 
tons; Stafford, 522,141 tons; Cardiff, 1,351,139 tons ; 
Swansea, 1,149,724 tons ; and Southern, 1,538,383 tons. 





Extension oF Esspserag Harsour. — The Danish 
Government very materially to extend the 
Esbjerg harbour, oe which there is a lively traffic to 
England, the cost of the pee ary being estimated at 
some 5,500,000, kr., of which the town of Esbjerg is 
called upon to pay 500,000 kr. in the course of the first 
fifteen years—one-fifteenth each year. The extensions 
apply both to the general harbour and to the fishery 
harbour. The former will be extended in an easterly 
direction, and the cost of this will be rather more than 
4,000,000 kr.; the depth will be 22 ft. to 24 ft., and the 
length of the bulwark will be increased 1600 ft. The 
cost of the fishery harbour is estimated to amount to 
1,460,000 kr., and it is slso proposed to build a sand 
pumping steamer for the deepening of the bar. 
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ELECTRICAL APPARATUS. 


1944. J. S. Highfield, London. Lay Electric 
Conductors. [4 Figs.) January 25, 1906.—This invention 
relates to the laying of electric conductors, especially for high- 
tension direct-current systems, and it is the object of this inven- 
tion to approach with underground cables as nearly as possible 
to the conditions of aerial working. According to this invention, 
the conductors are laid in metal pipes, wherein they are supported 
at intervals by suitable insulators, whilst the interior of the Pipe 
system around the conductors is filled with dry filtered air. In 
Fig. 1, @ is the pipe system, which consists of a number of iron 
pipes connécted by air-tight joints. Air is supplied to the system 
of piping from a pump J, the air being filtered by —e passed 
through a vessel c filled with coke, and then being dried by being 
passed through a vessel d containing lime or other drying agent. 
In this way a constant current of pure dry air is supplied to the 
system. Valves are provided at intervals as indicated at e¢, and 
through these the air is allowed slowly to escape. Pressure 
gauges f serve to indicate whether or not the proper conditions 
of working are any | maintained in the pipe system. In Fig. 2 
the pipes are shown in ter detail. Here, again, @ is the piping, 
and g ie an insulator of porcelain or the like surrounded by rings 
4 of softer material, which support the insulator inside the pipe. 
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Fig.1. 












































The surface of the insulator is corrugated, so that the leakage 
path between the cable and the pipe may be as long as ible. 
The valves, adapted to allow of slow continuous leakage of air, are 
indicated at e. kis the cable which passes through a succession 
of insulators, these being placed sufficiently close together to 
prevent excessive sagging of the cable. The cable is anchored 
at suitable points in boxes laid in the piping where required. 
The interior of the piping is coated with some insulating material, 
such as asphalte or — and the exterior of the cable is similarly 
coated with an insulating skin, the cable being otherwise prefer- 
ably a bare stranded conductor. At cornersor bends the number 
of supporting insulators for the conductor may be increased, or 
the piping may be filled up solidly with hard insulating material, 
such as asphalte, with one or more pipes carried through the 
asphalte in order to allow air to pass the same. The air in the pipe 
system is preferably kept under pressure, since this makes it pos- 
sible to discover any faults, assists in preventing water from 
entering the piping, and affords a better insulating medium than 
if the air were not so compressed. So long as the leakage of air 
past the valves is constant, and so long as the pressure-gauges 
indicate that the pressure in the piping remains constant, it can 
be safely assumed that everything is in order. Immediately, 
however, that the pressure in any section falls off, a fault must be 
Suspected and located. (Accepted January 9, 1907.) 


21,094. Siemens Brothers’ Dynamo Works, Li- 
Fortin, Deen ens (Siemens Sehndbertwerhe mb, 
Berlin, Germany. orking Arc-Lamps. [1 Fig.) Septem- 
ber 22, 1906.—When arc-lamps are connected to a network with 
constant potential, they only operate effectually when there is 
included in their circuit an equalising resistance device that 
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| action of this arrangement is as follows :—As long as the arc-lam 





available working pressure is greater than the lamp pressure, 
there is ages open d employed a combined motor and gene- 
rator for partially converting the working pressure. This has 
the advantage that the combined machine can be made con- 
pon re | smaller than would be required for the complete con- 
version by means of converters of the usual kind. This invention 
has for its object to ensure in a simple manner, by means of a 
motor-generator of the above-mentioned kind, the same relative 
conditions between current and pressure at the terminals of the 
lamp that are effected by means of the said resistance devices. 
The rotary converter is composed of the motor m and the gene- 
rator g, whose armat are ted in series directly to the 
network n; the arc-lamp 7 is connected to the brushes of the 
generator g, but contains in its circuit the exciting winding S m 
of the motor. The exciting winding Sg of the generator f fed 
from a constant-current source, such asfrom the network n. The 





is not in action the machine g is driven as motor by the networ 
current, while the machine m, not being excited, runs without 
pressure, with the armature current of the machine g passing 
through it. When the circuit of the lamp is closed, the machine 
m is excited and runs as motor, driving the machine g as gene- 
rator, whose pressure is thereby reduced to that of the lamp. 
When the stance of the lamp increases, its current strength 
decreases, whereby the excitation of the motor m will be de- 
» and, quently, also the terminal pressure. The 
decrease of the excitation causes an increase of speed of the 
motor, while the decrease of the terminal pressure causes a 
retardation. On the resistance of the arc decreasing, the opposite 
action takes place; the speed of the motor m decreases, and 
consequently the terminal pressure of the generator g, until the 
a has attained its normal length. (Accepted January 





1389. J. E. bury, London. Electric Cables. 
(3 Figs.) Jan 18, 1906.—This invention relates to electric 
cables of the class in which the conductors are made up in pairs 
formed into a core in layers, the two wires of a pair constituting 
the two sides of a metallic circuit. The object of this invention 
is the production of a cable in which a balance in capacity is pre- 
served, and in which the relations between the various conductors 
are such that for all practical purposes there will be no inductive 
action between the various circuits, thus eliminating inductive dis- 
pap such, for — a a yt is _ 
‘or one purposes. The invention co: n ng the 
twisted pairs forming the metallic circuits at intervals, so as to 
change theirrelative positions, such t tions being made dur- 
ing the manufacture of the cable at desired intervals in the con- 
tinuous cable length, and not merely at the junction point of the 
said lengths. The core of the cable A is composed of a plurality of 
pairs of wires B, each formed of insulated conductors, constitut- 
ing @ metallic circuit. In Fig. 3 the two wires b, b, forming a 
pair, are shown twisted together with a variable twist, so as to 
form a series of lays between the nodesc. The length of twist 
gradually increases from one node c to a maximum at the middle 
of the lay, and decreases to the next succeeding node. This 
series of lays, having variable twists, is repea successively 
throughout the length of the _. The variable twist in each 
pair is produced by varying the of the capstan shaft in 
relation to the speed of the twister yoke when the wires are being 
paired—that is, the complete convolutions at the start may be 
four to the foot, and may be decreased automatically and gra- 











when the two parts were cpaet, it was necessary to provide 
some means for ensuring the correct engagement of the gear 
a. This a ore is oo ms 4 ime ole yp = 
e@ present invention by e ve-o ng an 
similar shafts C in the lower of the crank-chamber, the 
tappets D, slides, and the like arranged in the uj part. 
Consequently the manne of the gear-wheels is not disturbed 
by the swinging over of the e, and the construction is sim- 
plified. Where rocking-levers E are in’ between the cams 
on the shaft C and the valve- 
part of the crank-chamber. It 
the majority of working parts are undisturbed 


its D, these may be in either 
be seen oat this invention 
en the engine 
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is swung over, and there is no difficulty in ensuring the correct 
return of the parts in relation to one another when the engine is 
again set up. In the construction shown in Fig. 2, the valve- 
ting or similar shaft C may be carried upon a door F or the 



































like, forming one side of the crank-chamber, so that the ne 
inside the crank-chamber are rendered easily accessible, and the 
valve-operating or similar shaft can be moved when desired. 

is preferred in this case to connect the removable part of the 
shaft with its driving portion by a simple form of spring jaw, pin, 
or other coupling, which can only be engaged when the parts of 
the shafts are in their proper positions. (Accepted January 9, 


19,008. M. H. de Hora, London. Valve-Gear. 
{1 Fig.) May 80, 1906.—This invention relates to valve-gear 
for internal-combustion engines, and in Gomis Se game, for 
convenience of description, reference is made an internal- 
combustion engine working on the Otto cycle. The ~~ 
of the improvement is that the 2 to 1 shaft, or such like gear, is 
entirely done away with, the valve-operating mechanism being 
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dually to two to the foot, then be increased to four again, and so 
on. e transposition of the pairs is shown diagrammatically in 


Fig.2. Here a layer having fourteen pairs has one-half of its pairs 
shifted over other pairs at a particular point in the cable length. As 
a result no two pairs which were adjacent before the transposi- 
tion, afterwards continue in such relative positions. For example, 
pair 8, which prior to the transposition was bet rs 2 and 
4, is shifted so that it lies between pairs 6 and 8 ese trans- 
positions, as before stated, are made during the manufacture of 
the cable, at desired intervals in its length, by shifting the con- 
tinuous pairs with relation to each other, and without involving 
any splicing of the several conductors. The transpositions of the 
twisted pairs may readily be effected by leading alternate pairs 
through holes in two concentric rings placed in front of the 
drums from which the alternate pairs are led, and by ate pm on | 
the rings and drums that the outer set may be revolved aroun 
the inner and may be locked to the latter in any desired position. 
As the core is being formed up the machine is stopped at intervals, 
say, after making 200 ft. or 250 ft., and the outer ring is then 
turned in such relation to the inner that each pair of conductors 
in the outer ring is crossed over two pairs in the inner ring, 80 
that when the machine is started up again the position of each 
pair in the outer ring is the space of two pairs further around the 
circumference of the core than before. e twisting of the wires 
in variable lays tends to break up parallelism between the con- 
ductors of adjacent pairs, and the transposition removes a = 
from its position between two adjacent pairs before a sufficient 
t of parallelism has developed to produce cross-talk. (Ac- 
cepted January 9, 1907.) 
GAS ENGINES, PRODUCERS, HOLDERS, &c. 
4897. A. Craig, Coventry. Internal-Combustion 
es. (4 Figs.) February 28, 1906.—This invention has 
for its object to provide means whereby the crank-shaft, connect- 
ing-rods, and valve-operating shaft are rendered extremely acces- 


sible ina simple manner. As — to a vertical internal-com- 
bustion engine, the crank-cylinder is divided horizontally, and 











decreases or increases the potential on the lamp when the 
strength of current: increases or decreases. The employment of 
such resistance devices causes considerable losses of energy, and 
it has been endeavoured to operate lamps directly from a 
generator of the kind in which the characteristic decreases with 


increasing load, and increases with decreasing load. When the | by the upper part of the crank-chamber, and, consequently, 


in relation to the lower half B, leaving the crank-shaft and con- 


the top half A, together with the cylinders, is adapted to hinge 


| necting-rods exposed in the manner described in Specification 
No. 21,832, of 1905. In the construction described in the prior 
specification, the valve-operating and similar shafts were carried 









































specially designed for simplicity, ease of adjustment, durability 
and ready accessibility, all the parts being external to the casing. 
The crank-shaft A carries an external tappet B, which is arranged 
to work into a four-armed star wheel ©, imparting one complete 
revolution to the latter for every two revolutions of the shaft A, 
in the direction shown by the arrow. Integral with the star- 
wheel ©, and upon the eame axis, is a wiper D, which once in the 





course of each revolution comes in contact with one end of a 
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rocker E pivoted at F, whose other end bears upon the valve-rod G, | 
and thus opens the valve. A spring H around the rod G causes the 
seme to return smartly when the tip of the wiper D slides past the 
end of the rocker E. The arrangement just described may work, 
say, the inlet-valve, and a more or less exact duplicate of it may 
be provided in a ition suitable for working the exhaust-valve, 
the tappet B on the shaft A working both sets of apparatus. The 
position of the tappet B on the shaft A can be adjusted to meet 
cular requirements; likewise the position of the wiper D 
relative to the star wheel ©. The distance of the fulcrum of the 
rocker E from either of its ends can also be varied by making the 
pivot-pin F adjustable within a slot. Nor is it essential that the 
valve-rod G operate the valve direct, as in some cases it may 
be preferred to inte rocking levers at the cylinder head for | 
——s the valves. For a two-stroke Dee engine a pair of the 
wipers D diametrically fixed on star wheels C might be used. | 
Most of the bearings can easily be provided on the crank-case. | 
(Accepted January 9, 1907.) 


2099. Fae aed Ka: ~ and Motor-Car coma 
pany, Limi ,and A. Birming) am. 
8 Internal-Com Figs.) | 





parnchmy | bustion es. [4 
January 27, 1906.—This invention has for its object to facilitate | d 


of multiple-cylinder internal-combustion engines ; 
and, broadly described, consists in temporarily utilising one or | 
more of the motor cylinders as a pump or pu , driving such | 
pump or pumps by the other motor cylinder or cylinders, to 

charge, under pressure, combustible mixture, which passes into | 
the me ee or each cylinder, which is utilised as a pump, 
behind the piston thereof during one stroke, into a reservoir on 
the return stroke, and utilising combustible mixture thus stored | 
within the reservoir for ar the engine pistons after the 

next stop. The reservoir may be charged in this manner up to 

very nearly the maximum pressure of the working compression 

in the busti hambers. Each cylinder is provided with a 

valve-box between itself and the reservoir, within which is seated 

a valve b, Any one of the cylinders, or any pair thereof, may be | 
utilised as a pump or pumps, to pump combustible mixture into 
the reservoir, being driven for such purpose by the other cylin- 
ders. Each check-valve ), when as a pump-valve, is 

against its seat simply by a spring, against the force of which it is 
moved back by the pressure of the mixture caused by the forcing 
stroke of the pump, and allows mixture to pass into the reservoir, 
closing again at the end of the forcing stroke and preventing the 
return of mixture from the reservoir. When the reservoir has | 


the startin 
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become sufficiently charged, the valve is securely fastened down | 
to prevent any risk of firing the contents of the reservoir while 
the cylinder is working as a motor; and this is conveniently | 
provided for by forming, upon an enlarged portion of the valve- | 
spindle d, a quick-threaded screw d! which is screwed through a | 
corresponding portion of the valve-box, whereby the spindle may 
be screwed down upon the end of the valve-stalk )!, by turning | 
an arm /, which is fixed to the — through a moderate | 
angular distance. The spindle d is shown to be sufficiently raised 
to allow the valve to be lifted by mixture which is compressed 
within the corresponding cylinder. To utilise, within a cylinder, | 
the compressed mixture in the reservoir, for the purpose of start- | 
ing the engine, the valve ) of such cylinder is lifted by means of | 
the spindle d, for which purpose the head of the spindle is formed | 
with distance-pieces d? which pass across the edge of a cap form- | 
ing the outer end of the valve-stalk b!, and join into a plate d°, in | 
which is formed an open-ended slot d4, into which the valve-stalk 
b1 is passed with the cap over the plate d3, whereby, if the spindle 
d is screwed outwards sufficiently, it draws the valve b away from 
its seat. Sufficient distance is allowed, as shown, between the 
portion of the head of the spindle d from which the distance- 
pieces d2 project, and the plate «', to provide for the automatic 
ift of the valve when acting as a pump-valve, the spindle em | 
then in the intermediate tion shown. The valve b is gui | 
within its box by a flu’ portion, which is a sliding fit within a | 
cylindrical portion of the box. (Accepted January 9, 1907.) | 


HYDRAULIC MACHINERY. | 


13,313. Hugh Smith and Co, Limited, H. Smith | 
and O. Smi Glasgow. Controlling Electrically: | 
Driven Pumps. [2 Figs.) June 9, 1906.—This invention | 
relates to automatic controlling gear for electrically-driven | 
hydraulic pumps worked in conjunction with an hydraulicaccumu- | 
lator arranged to actuate an electrical controller for automatically | 








| 
| 
| 
| 
| 


starting and stopping the motor working the pump, and to the , 
arrangement of Wydraulie wear Re ne conjunction with | 
an automatic by-pass valve fit on the pump in which the 
controller cylinder and by- valve are connected in series by 
piping provided with regulating valves, so that the by-pass valve 
is always opened when the controller is thrown into action, and , 


| drives the pump. 


the motor is running at a s to work the pump before the 
by-pass valve is automatically closed. A is the plunger of the 
pump, which operates the hydraulic accumulator. B is the 
suction-valve, and C the delivery valve, while Dis the by-pass 
valve which opens a free between the delivery Pipe E 
and the suction-pipe G. The hydraulic accumulator is rai by 
the pump delivering the re water thereto through a pipe 
and check valve, the pipe Saing couptad to the delivery pipe E of 
the pump. en accumulator has reached the top of its 
stroke, a slide-valve is actuated to admit pressure water from the 
accumulator through the pipe / to the back end of the piston H 
in the cylinder I, spoenpee the valve D is automatically opened. 
When the accumulator descended any desi distance, it, 
by means of a valve, automatically opens the back end of the 
piston H to exhaust, and the front end of this piston being 
sag to constant accumulator pressure through the pipe w, 
the by-pass valve D is closed. K represents the electric con- 
troller for stopping and starting the electric motor which 
en the accumulator has reached the top 
of its stroke, the controller K is put off by the admittance of pres- 
sure water through the pipe ito the back end of the piston L in 
the cylinder M; and when the accumulator has descended the 
esired distance as described in connection with the by-pass 
valve, the water at the back end of the piston L is exhausted, 
and the controller is put on to restart the motor by the constant 
pressure from the accumulator through pipe w acting on the front 
end of the piston L. In order that the starting of the electric 
controller, motor, and pump may take place before closing the 


| by-pass, four valves N, O, P, Rare fitted, by which the speed of 


the inlet and exhaust water from either the front or back ends 
s the pistons L and H can be regulated. (Accepted January 9, 
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12,707. Aktiengesellschaft Brown, Bov and 
Compagnie, Switzerland. Shaft-Coup 
(8 Figs.) May 31, 1906.—This invention relates to improvements 
in flexible couplings for co-axial shafts. In such couplings it is 
necessary, known, to provide a tubular flexible member or 
members in the coupling, so as to allow for inaccuracies in align- 
ment, whipping, and the like. The object of this invention is to 
provide an improved form of tubular flexible connecting member 
in such couplings, which connecting member shall combine 
strength with elasticity. The invention consists in a coupling 
comprising as an essential a flexible tubular connecting member 
in the form of a hollow or tubular element of corrugated, grooved, 
or like surface, the corrugated or like hollow or tubular member 
being built up of parts, or arranged in one piece. According to 
the form shown in Fig. 1, Al, A2 are the ends of the shafts to be 


coupled up, and N!, N2 the coupling flanges keyed to the shafts. 
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The hollow coupling consists of a preferably cylindrical body K. 
In the construction shown in Fig. 1 it consists of a steel cylinder 
having a corrugated or undulated shape produced by turning 
grooves from the material alternately from its interior and ex- 
terior. The corrugations may either have rounded-off edges, as 
shown in Fig. 1, or square edges. There is an annular enlarge- 
ment W on both the faces of the cylinder which receives the bolts 
or studs 8, which serve to connect the cylinder on both sides to 
the coupling flanges N! and N2. Fig. 2 shows a modification in 
which the cylindrical body K is formed from corrugated steel 
sheet. The sheet for this purpose may be rolled in several layers 


on —L and fastened at both sides to the coupling flanges | 
NI 


N2 by means of studs S, which in this case radially 
into the flange. In order to avoid any friction between the 
individual layers of the metal sheet, the layers may be kept 
separated from each other by the insertion of an intermediate 
layer at the points where it is fastened to the flanges at the ends. 
(Accepted January 9, 1907.) 


7848. Albion Motor-Car Company, Limited, and 
T. B. Murray, Scotstoun. Friction Clutches. [8 Figs.) 
April 2, 1906.—This invention relates to clutches of the Weston 
type, in which are series of discs, alternate ones carried by driving 
and driven members of the clutch, and in which friction between 
the discs when they are pressed together transmits the drive. In 
order to free more definitely the discs from each other when the 
clutch is released, springs acting between adjacent discs of one or 
of each series have been pro or used, but it is obvious that 
such an arrang t is ineffective, in that these springs only 
separate discs of the one series from adjacent ones of the same 
series ; and even although the springs be applied to both series, 
there is nothing to separate the discs of one series from those of 





| the other series. According to the present invention, there is cut 


in each face of each disc of one series a number of recesses. The 
recesses are preferably radial, and alternate on opposite sides of 
the discs, in order that they may be of sufficient depth for their 


| purposes without, on tte one hand, unduly weakening the disc, 


or, on the other hand, requiring that it be of excessive thickness. 
Within each recess a spring is fixed, so that its free end or ends 


| bears or bear upon the adjacent disc of the other series. Means 


are preferably provided for limiting the outward movement of the 
free ends of the springs so that they cannot at any time project 
more than a very il amount beyond the surface of the disc. 
Where the recesses are radial, and extend to the edge of the disc, 


According to the example shown, there is cut in each face of each 
disc of one series a number of recesses A, B. The recesses are radial, 
and alternate on o te sides of the disc. Within the recesses, 
springs C, D are fixed by rivets in such manner that their free ends 
bear upon the adjacent discs G of the other series. Thus the 
springs C, D free the , upon which they are, equally from the 

jacent discs G of the other series upon each side of them when 





Fig. /, 





the clutch is released, and as is shown in Fig. 2. When in this 

ition, the springs C, D, which, of course, are of a material 
sufficiently hard to resist the wear thus imposed upon them, 
simply bear upon the surfaces of the adjacent discs. When the 
clutch is put into gear, they cause very gradual engagement, their 
final position, with the clutch fully in gear, being that shown in 
Fig. 3. (Accepted January 9, 1907.) 


RAILWAYS AND TRAMWAYS. 


22,452. J. Stone and Co., Limited, Deptford, and 
H. Darker, St. John’s. Lb i at Air Supply of 
Railway Carriages. (4 Figs.) November 2, 1905.—This 
invention relates to improvements in apparatus for purifying and 
cooling or warming air, and for supplying the same to railway 
carriages and other vehicles, the said apparatus being driven by 
an electric motor supplied with current from a dynamo driven off 
the axle, when the latter is in motion, or from a battery when the 
carriage is at rest. According to this invention, the air is puri- 
fied by passing it through water, the effect of which is to remove 
foreign bodies from the air, to reduce the temperature thereof, 
and charge the air with a certain amount of moisture. It will be 
seen that the losed chamber a has ted within it a tank ) 
which is kept supplied with water at a constant level by means of 
a bird feantate. The discharge from the bird fountain is pro- 
vided with a valve operated by a ball floating on the water in the 
| tank b, and this valve is mounted on a crane-neck or pipe jointed 
| to the water inlet to allow of the whole valve and ball being 
turned up clear of the sides of the tank b when the latter is to be 
removed for cleaning, and for this purpose one side or the bottom 
of the enclosed chamber a may be hinged or made removable to 
facilitate the adjustment and draining of the ap; us. The 
| tank b is provided with an inwardly and downwardly projecting 
flange g to prevent the water from —— or washing over; aud 
in order to ensure an absolutely constant level there is an over- 



































flow pipe. The air is admitted to the apparatus by the T-shaped 
inlet i which passes down through the roof of the carriage and 
into the sleeve 7, provided with a frame m, on which is clamped 
or otherwise attached cocoanut matting. The horizontal member 
of the inlet i is provided with a flap or valve g, which is adapted 
| to seat itself on one of two seatings in the said horizontal member, 
according to the direction in which the vehicle is travelling. The 
fan u is mounted on one side of the chamber @ and an electric 
motor is mounted so that the fan and motor have a common shaft 
w. The fan draws air from the outside through the inlet i, 
through the water and the matting, and the enclosed chamber a, 
as indicated by the arrows, and discharges it through the dis- 
charge pipe x, whence it is passed to a distributing pipe and deli- 
vered into a compartment or carriage. If desired, the air-washing 
| tank may be provided with two electrodes, marked 18 and 19 
| (Fig. 2), which electrodes are connected to the dynamo or battery 
| circuit, for the purpose of electrolysing the water, or the like, 
The electrode 18, at which the hydrogen is liberated from the 
water, is arranged under a cowl or bell 20, having a pipe leading 
away to the outside, while the other electrode 19, at which the 
oxygen is liberated, is merely suspended in the water, so that the 


the limiting means may very conveniently be formed by bending | oxygen escapes freely into the interior of the enclosed chamber a, 


over the free ends of the springs so that they engage with the other | whence it passes 


surface of the disc, or with a recess cut in the edge of the disc. 


away with the purified air through the fan to the 
distributing-pipe. (Accepted January 9, 1907.) 
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THE AULD BRIG O’ AYR. 


Tue work of restoring the Auld Brig o’ Ayr, about 
to be commenced, must regarded as a proof of 
Scotland’s national sentiment and of engineering 
courage. This historic structure, ‘‘. . . o’ ancient 
Pictish race, the vera wrinkles Gothic in his face,’ 
has been made classical by Burns’s ‘“‘ Twa Brigs,” 
one of the finest of his poetic fancies. It was chere- 
fore appropriate that the lovers of Burns should, as 
they have done, subscribe the money for restoring 
the structure to that condition of material strength 
which induced Burns to quote it so many years ago 
as a proof of the simple solidarity of the ancients 
in comparison with the richly embellished but 
flimsy characteristics of the moderns. But apart 
from sentiment, it is well to have this old structure 
maintained as a memorial of bridge construction of 
bygone ages. 

The date of origin of the ‘‘ Auld Brig” is some- 
what uncertain. It appears on Ordnance survey 
maps of over 700 years ago ; and, according to the 
charter of the Burgh of Ayr granted by Alex- 
ander IT. in 1236, certain fishings were then allo- 
cated to the town for maintaining the bridge as 
well as for promoting other schemes. A close 
investigation of local old-time records fails to dis- 
cover any reference to the building of a bridge 
subsequent to this period ; while time and again 
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there are references to repairs being carried out, 
so that it is assumed by the historians that the 
Auld Brig o’ Ayr is at least 700 years old. The 
lovers of the poet thus found encouragement from 
the archzeologist, and to all who have worked for 
the maintenance of the structure a lasting debt of 
gratitude is due. 

The bridge consists of four segmental arches of 
approximately 53 ft. span, with two abutments and 
three river piers, the latter 15 ft. thick, with heavy 
triangular cutwaters, 14 ft. in length on both up- 
and down-stream sides of the piers, so that the 
length of the piers is from 35 ft. to 37 ft. between 
the points of the cutwaters. Each arch has a 
rise of 18 ft., the springers being 9 ft. above low- 
water level. Between abutments the bridge is 
257 ft. long. With the steeply-inclined approaches 
at each end, the length is over 500 ft. The width 
between the parapets is 12 ft., ‘‘ where twa wheel- 
barrows tremble when they meet.” But, as Mr. 
James A. Morris, F.R.1.B.A., who has taken a 
useful part in the development of public interest 
in the subject, wrote in a contribution to the 
Architectural Review, of December, 1903, ‘‘the 
arches and piers all look the same, but there is 
that indescribable charm of ‘humanness’ in the 
work which arises from a variation of sizes and 
detail, and which is lost in the inevitable exactitude 
of much of the work of modern days. The north- 
most arch, for instance, has a rise of about 2 ft. less 
than the two remaining arches, and, unlike them, 
does not rise from a corbel course, while the line of 
the springing of the four arches is anything but ab- 
solutely uniform.” The piers are founded on clay, the 
north abutment alone being on rock. Un this clay the 
plers are carried ‘‘on an oak cradle of heavy, roughly- 


covering rather more than the full area of the piers 
and cutwaters.” The 10-in. by 10-in. logs lie dia- 
gonally to the line of the pier, and are braced 
underneath by cross-timbers of similar size, at 
about 5-ft, centres. This foundation is only about 
2 ft. below what was then the river-bed, and upon 
it was built the stonework. 

The bridge undoubtedly served its day, notwith- 
standing its steep ——— and narrow roadway, 
and it was only when extensive dredging opera- 
tions were carried out in the harbour a few Lendiel 
yards further down the river that the increased 
scour tended to undermine the foundations. Indeed, 
it was similarly destructive work which realised the 

rediction of the poet that the ‘“‘ Auld Brig” would 
a brig when Adams’s fine new structure had 
become ‘‘a shapeless cairn.” The ‘‘ Auld Brig,” it 
must be confessed, ‘‘ wi’ Time had warstled lang, 
yet teughly doure,” from many a torrent, ‘‘ while 
crashing ice, borne on the roaring spate, sweeps 
dams an’ mills an’ brigs a’ to the gate.” In 1867- 
1868 the piers were surrounded by sheet piling. 
In 1883 this piling, around the two southern piers, 
where the current was most direct, was partly 
washed away, and the foundations of the middle 
pier exposed. The piers were then encased with 
heavy concrete fenders, which proved a disadvan- 
tage, as they narrowed the water-way. As a 
consequence the river-bed underneath the bridge, 





f. 


owing to the scouring action of the torrents, was 
lowered by at least 5 ft., and the fenders them- 
selves were undermined in some places to the 
extent of 8 ft. inward from the waterway. 
In 1894 one of these fenders—that round the 
middle pier—was removed, and the pier under- 
pinned with brick foundations. In 1899, and 
again in 1902, further repair work was carried out ; 
but in the autumn of 1903 the burgh surveyor, 
Mr. John Young, who has time and again shown 
great ingenuity in carrying out temporary works, 
reported that the subsidence of the hornizing above 
the crown of the southmost arch revealed a seriously 
decayed state of this part of the structure, and 
that daylight could be seen through the arch 
along rents of considerable length. Indeed, the 
condition of the structure was so serious that 
instant action was necessary, even although for 
many years the bridge has only been used for 
foot-passenger traffic. 

The Corporation of Ayr were placed ina difficult 

ition. On the one hand they were influenced 
iy comiinaeen and the national love of the t 
and all traditions associated with his work, and on 
the other hand by the material requirements of 
the community for cross-river traffic. Expenditure 
of public money could only be legally justified on 
the latter ground. There was, moreover, the 
further difficulty that in 1879 a citizen left a holo- 
graph will bequeathing to the town his fortune 
subject to certain life-rent for the restoration of 
the bridge. The council were on the horns of a 
dilemma between the invalidation of their prospec- 
tive right to this | by forestalling the work 
anticipated in the will, or running the risk of the 


divided, but, fortunately, Mr. Richard Alexander 
Oswald, of Auchencruive, organised a preservation 
committee, which has done splendid service in 
arousing public interest, and in collecting the 
necessary funds for the preservation of the bridge. 
The Marquis of Bute, Mr. Walter Nelson, Ewen- 
field, Mr. Morris (already feferred to), Lord Rose- 
bery, and Dr. Wm. Wallace, the greatest of living 
authiritios on Burns’s literature, were particularly 
active in this direction, and to them and to the 
honorary secretaries, Messrs. David W. Shaw and 
Welsh, belongs great credit. 

There is, however, another and very interesting 
phase of the subject—namely, that associated with 
the engineering work. Only at long intervals is 
such a problem set to engineers, and it is gratifying 
that so many have or that courage and scien- 
tific imagination for which we recently pleaded ( 

315 ante). From the utilitarian point of view there 
can be no justification forthe restoration of the bridge 
in preference to the building of a modern structure 
on the same site. But the archeologist and senti- 
mentalist—neither of whom can be igno 
claim their privileges, and largely through the in- 
fluence of Mr. Morris several engineers were invited 
to examine the bridge and report. Mr. Francis Fox, 
M. Inst. C.E., London, considered that it was pos- 





sible to preserve the bridge as it stands by the use 
of the grouting-machine. Mr. John Carruthers, 








Westminster, who paeetes the bridge on behalf 
of the Society for the Protection of Ancient Build- 
ings, also expressed the opinion that the mainten- 
ance of the bridge was quite feasible ; while Mr. 
John Strain, of Glasgow, and other engineers were 

ually hopeful about the preservation of the bridge 
with its identity. One or two engineers suggested 
the taking down of the bridge, and the reconstruc- 
tion of a duplicate with the same stones ; but this, 
it was felt, was impossible, as the identity might 
be forfeited. Others, again, were opposed to 
anything but the building of a modern structure. 
Ultimately, the scheme of Messrs. Simpson and 
Wilson, MM. Inst. C.E., who had several times 
examined the bridge, was agreed upon, and the 
required sum of 10,0001. having been subscribed, 
largely in small subscriptions, work is now to be 
commenced, and, it is hoped, will result in the 
complete restoration of the bridge. 

The problem put to the engineer was the pre-. 
servation of the or thee in its present shape without 
taking away even any distorted part of the structure. 
An examination of the structure, and the sinking 
of bores, proved that the south abutment and all 
the piers were founded on boulder clay, varying in 
thickness from 3 ft. at the northmost pier to 10 ft. 
at No. 3 pier, and that the north abutment was 
founded on rock. It was therefore felt that the 
present dilapidated condition of the structure was 
not due to the sinking of the piers, but to weak- 
ness in the structure itself. All the arches have 
gone out of shape, more or less. The southern arch 
is flattened on the north side, and raised at the 
centre, while the other three arches have sunk at 
the crown, and, as a co uence, the spandrel- 





bridge disappearing, and with it the right to claim 





hewn logs, now black and hard almost as bog oak, 





the bequest for its repair. Opinion was sharply 


walls have been drawn away from the piers. This 
movement in the arches is believed to be due to 
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insufficient and improper haunching, and to the 
fact that the surface water has washed away a 
large -portion of the lime forming the original 
mortar.. All the-arches have been timbered, ex- 
cepting the northmost, which -was left free, so as 
to accommodate traffic to a timber yard further up 
stream. The bottom of the foundations of: the 
south pier was found in parts.to be. about 4 f5. 
above the bed of the river between the piers, 
the .bed having been scoured away by repeated 
floods and ice floes, 

Messrs. Simpson and Wilson, of Glasgow, who 
have had very considerable experience of under- 
pinning and grouting work in connection with rail- 
way tunnelling and other engineering undertakings, 
have, therefore, prepared a scheme for solidifying 
the whole structure by the injection into the in- 
terstices of liquid cement. .The probabilities are 
that, with care and with the exercise of the great 
experience which they possess, the whole structure 
willbe made into a monolith. The drawings we 
reproduce on the preceding page will help the reader 
to follow the description of the proposed procedure. 
In the first place, a temporary timber bridge will 
be constructed across the river, so that the old 
bridge may be closed. The plans for this tem- 

rary footbridge have been prepared by Mr. John 

oung, the burgh surveyor. As it is expected that 
the bridge may possibly have to stand from eighteen 
months to two years, it will be constructed in a 
substantial manner, and the cost is estimated at 
about 8001. The bridge will be situated about 
35 ft. from the ancient structure. It will be 130 
yards long and 8 ft. wide, and the roadway will be 
about-14 ft. above high water. There will be five 
timber piers, constructed of piles driven about 10 ft. 
into the river-bed, and there will be four spans of 
50 ft. and three spans of 40 ft. For the greater 
portion of its length the bridge will be level, and 
at each end there will be gradients of lin 15. It 
is expected that the bridge will not take more than 
six weeks or two months to construct. 

The first process in connection with the work on 
the ‘‘ Auld Brig” will be the pointing or caulking of all 
open joints in the arches, spandrel walls, and piers. 

his having been satisfactorily accomplished, two 
trenches will be formed at right angles to, and 
between, the spandrel walls at the centre of each 

ier, and extending in depth to the top of the 

aunching. These trenches, which are shown in 
dotted lines over each pier on the plan, will be 3 ft. 
wide and 4 ft. apart, and will be filled with concrete. 
From the concrete walls thus formed a trench 3 ft. 
wide will extend along the centre of the roadway to 
corresponding walls over the next pier, and it will 
extend in depth to the haunching and to the arch- 
ing. The grouting-machine will force liquid cement 
into every interstice in order thoroughly to fill any 
vacancies in the spandrel walls and arch. This pro- 
cess will require great care in order to obviate any 
further bulging of the walls, but the intention is to 
limit the pressure exerted by the grouting-machine 
to about 6 1b. per square inch. When this grout- 
ing is completed, the trench along the centre of 
the roadway will be filled up with concrete to the 
level for receiving the roadway. After this con- 
crete is set, the sand which at present fills the space 
between the spandrel walls will be removed, and 
the remaining portion of the walls, as well as the 
arch, will be similarly grouted. In this way it is 
anticipated that, without interfering with the outer 
walls, the arches will, in turn, be rendered mono- 
lithic. 

In order to deal satisfactorily with the founda- 
tions, it is proposed to sink a pit between the two 
walls formed in trenches at right angles to the 
spandrel walls at the centre of each pier, already 
referred to. The space between these two con- 
crete walls, as shown on the plan, is 4 ft. on the line 
of the bridge and 8 ft. on the transverse line. This 
pit or shaft will be carried to a depth of 8 ft. below 
the, timber cradle which formed the original base 
for the piers. During the process of sinking this 
shaft grouting work will be continued for the full 
depth, so as to fill in from the interior all interstices 
in the :masonry work of-the piers. From the 
bottom of the pit, mines will be driven alternately 
in various directions, to underpin, by brick-in- 
cement construction, the whole area under the piers 
and cutwaters. 

The original voids between the spandrel walls, 
which are now filled with sand, through which the 
surface-water percolated and tended to wash away 
the’ mortar of the old structure, are, as shown on 
the cross-section, to be covered with concrete arches 





9in. thick, having on the top a thick layer of 
asphalte, so that there will be no possibility of sur- 
face water finding its way to the arching. In any 
case the liquid cement forced in by the grouting- 
machine ought to form a thoroughly sound struc- 
ture. The roadway will be finished with hornising, 
as at present. The parapet walls are off the 
plumb at some places, and it will be necessary to 
take them down and renew some parts, the pre- 
— stones being too much worn to make a sound 
job. 
The work is to be commenced at the south abut- 
ment, which, as we have already indicated, is in 
the worst condition, and, as may be readily under- 
stood, grouting will be carried out as expeditiously 
as is consistent with a satisfactory result. We 
hope to deal with the subject when the restora- 
tion is completed ; but meanwhile everyone 
interested will join us in the hope that the 
work, which is of a novel character, will reward 
the enterprise of all responsible, both from the 
financial and engineering standpoints. 








THERMAL PROPERTIES OF WATER 
AND STEAM AT HIGH TEMPERA- 
TURES. ' 

(Concluded from page 335.) 

THE researches conducted by Professor O. Knob- 
lauch and Dr. Max Jakob, to which we have already 
referred, are particularly interesting to the engi- 
neer, because they deal with the specific heat of 
vapour at constant pressure, and were made with 
large quantities of boiler.steam flowing through 
the apparatus at rates of from 20 to nearly 
70 kilogrammes (44 lb. to 150 lb.) per hour, at 
absolute pressures varying from 2 to 8 atmos- 
pheres (28.5 to 114 pounds per square inch) and 
temperatures up to 350 deg. Cent. (662 deg. 
Fahr.). The steam was raised in a cylindrical 
boiler and passed through three water-separators, 
and, in downward flow, through two super- 
heaters in series, finally to be condensed in two 
condensers. The superheating was effected elec- 
trically, and the specific heat at constant pressure 
deduced from the formula : c, = Gu a » where 

a4 

W indicates the heat energy absorbed, V the heat 

losses, G the weight of steam (all per hour), and 

t, and ¢, are the temperatures. These are the 

symbols used by the investigators in the account 

of their work, published in Nos. 35 and 36 of the 

‘* Mitteilungen iiber Forschungsarbeiten.” The 

experiments will be continued. 

The steam is taken from a boiler of 60 square 
metres (650 square feet) heating surface. Two of 
the water-separators, in the form of eccentrically 
cut copper discs, are fixed in flanges of the hori- 
zontal portion of the pipe of 76.5 millimetres (3 in.) 
internal diameter. The steam-pipe is then bent 
downward and widens to a vertical heater of 
about 8 in. in diameter and about 12 ft. length, 
which contains the third separator, funnel-shaped, 
and immediately above the first superheater. 
The separators reduce the moisture in the steam 
to afew thousandths. In the first, or preliminary, 
superheater the heating resistances are placed inside 
the pipe. It would have been very difficult to 
insulate the long pipe thermally, with the resistance 
outside, sufficiently for energy measurements to be 
conducted, but it would have been preferable. For, 
the investigators point out, when wet steam is being 
heated, the heat is by no means utilised in the 
first instance for transforming the bubbles of 
liquid into vapour ; but the vapour becomes super- 
heated, and may yet carry wet steam. When 
steam is heated from the outside in narrow pipes, 
the water particles are vaporised when they come 
in contact with the hot walls. The exact thermal 
measurements were for this reason made in the 
second superheater, presently to be mentioned, 
and the first superheater was devised with the 
object of thoroughly mixing the steam in its down- 
ward flow, so as to render it homogeneous. 
The heater elements, or radiators, of the first 
superheater consist of fifteen cylindrical cast- 
ings, each 20 centimetres (7.9 in.) in diameter and 
height, arranged above one another and bolted 
together. The radiators of the cylinders may be 
likened to fir-trees whose sloping branches are cut 
off at equal lengths, so that the whole fits axially 
into the cylinder. The branches are copper rods 
sheathed with Jena glass, and each glass tube 
bears twelve hooks, round which nickelin ribbon 


resistance is wound. Thirteen of the cylinders 
are arranged in this fashion ; the lower two cylin- 
ders contain discs of wire gauze, and a further 
series of gauze discs is held by a cast-iron cylinder 
below the heaters, and not connected to the elec. 
trical system. For the insulation of the leads enter- 
ing the steam-pipe mica alone proved suitable at 
the high temperature of 400 deg. Cent. Only the 
upper heaters were under current, the intensity of 
the direct current of 143 volts rising to 15 amperes, 
each heater taking up to 1.5 kilowatts. The 
radiators are provided witha double air-jacket ; on 
the outside the steam-pipe is lagged with asbestos 
paper and two layers of asbestos cord. By means 
of standardised mercury thermometers passed 
through the pipe and of thermo-couples of iron 
and constantan, it was ascertained that the lower, 
non-heated radiators were practically all at the 
same temperature, and that the steam had the same 
temperature all over a horizontal section of the 
pipe, up to the steam layers close to the pipe 
wall, which was a few degrees cooler than the 
steam. The length of the pipe and the very large 
number of obstacles—rods, nickelin ribbon, and 
wire-gauze—placed in the way of the steam had thus 
effected an etlicient mixing. 

A short horizontal branch connection, opening 
mouth downward in the middle of the steam-pipe, 
conveys the steam to the second superheater 
proper, which is a copper coil imbedded in a thermo- 
stat filled with ‘‘ Hecla” oil, which boils above 
420 deg. Cent. The copper coil has an internal 
diameter of 18 millimetres (0.71 in.) and a length 
of more than 5 yards, and the copper cylinder in 
which the oil is contained has a diameter of 244 
millimetres (9.6 in.). The lagging of the thermo- 
stat consists of five air-jackets of sheet metal, in 
addition to asbestos cloth and asbestos cord ; finally 
the whole thermostat is surrounded by a water- 
vapour jacket, the water of which was kept boiling 
during the experiment. The cylindrical heater 
body consists of a clay cylinder, wound on the inside 
and outside with nickelin ribbon ; the cylinder is 
surrounded by the steam-coil. Passing out of the 
thermostat, the steam was condensed, first in an in- 
jection condenser, then iv a small surface-condenser, 
and finally was allowed to flow out through a 
burette and to be weighed. 

With this arrangement steady temperature and 
rate of discharge of condensed water were at 
the earliest only realised after five hours. Perfect 
temperature regulation was required only in the 
second superheater. fenmncdiately after each steam 
test, which occupied on an average 40 minutes, 
the steam supply was cut off, and the temperature 
observations were continued, while the oil-bath 
temperature was kept the same as during the steam 
experiment ; thus the heat losses in the apparatus 
were ascertained. In the twenty-seven final ex- 
periments, upon which the main conclusions are 
based, the total heat energy varied between 956 
and 1275 watts, the heat losses between 113 and 480 
watts, and the effective heat energies between 580 
and 917 watts. The steam-coil of the second super- 
heater has a diameter of 18 millimetres and a 
length of over 5 metres, as we have already stated. 
The steam temperatures at the inlet and outlet 
differed in extreme cases by 70 deg. Cent.—gene- 
rally by much less—and there were corresponding 
differences in the steam pressure. During the 
|experiments very fairly constant conditions were 
'realised ; the steam-inlet temperatures were kept 
| constant, on an average, within 1.5 deg. Cent., the 
| steam-outlet temperature within 0.6 deg , and the 
inlet and outlet pressure within 0.13 and 0.11 kilo- 
| gramme per square centimetre (about 1.75 lb.) ; the 
| oil-bath temperature did not fluctuate by more than 
|0.5 deg. Cent. The investigators consider that the 
| second decimal of their specific heat values is reli- 
‘able for temperatures up to 350 deg. Cent.; the 
|experiments were carried up to 378 deg. Cent. 
| he results of the large number of experiments 
| are embodied in the full curves of Fig. 2; the dotted 





curves mark extrapolations. The conclusions may 
be summarised as follow :—1. The specific heat of 
steam at constant pressure c, increases at constant 
temperature with the steam pressures, in a very 
marked degree, near the saturation line, but less 
markedly at higher pressures, where all the curves 
| become parallel and the c, values are nearly equal 
‘to one another. 2. For any particular steam 
| pressure c, diminishes, at first with rising tem- 
perature to a minimum, afterwards increasing 
slowly as the temperature is still further raised ; 
the minimum values shift with higher pressures 
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towards the higher temperatures. 3. The specific 
heat c, for steam at pressure 0 is not a constant, 
as has been assumed up to the present, but in- 
creases, more rapidly at higher temperatures. 4. 
The saturation line rises rapidly, becoming steeper 
and steeper at higher temperatures and pressures. 
This last important result is not unexpected, and is 
in accordance with several recent observations. The 
isobar for a pressure of 10 kilogrammes per square 
centimetre is an extrapolation. Further extrapola- 
tions by the investigators for pressures up to 20 
kilogrammes (285 1b. per square inch) show that the 
angle made by the saturation line and the respec- 
tive c, would become more and more acute. But 
just those portions lying between temperatures of 
200 and 250 deg. Cent. (390 and 480 deg. Fahr.) are 
uncertain. The general trend of the curves would 
apparently remain the same, and the c, values 


would, for pressures ranging from 0 to 20 kilo-| 


grammes absolute, at the temperature of 400 deg. 
Cent. (750 deg. Fahr.), lie between 0.51 and 0.53. 
These points are further to be investigated, how- 
ever, with modified apparatus. 

The zero pressure = is, like the line for atmo- 
spheric pressure, also an extrapolation, and the 
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third conclusion, that the specific heat at zero pres- 
sure is not constant, but increases more rapidly at 
higher temperatures, does not rest on direct ob- 
servation. If we accept it, the discordant observa- 
tions of other investigators, who assumed a straight- 
line law, become more concordant. Holborn and 
Henning had experimented up to 800 deg. Cent., 
Langen up to 1500 deg. Cent , Sarrau and Vieille, 
and Mallard and Le Chatelier in explosion tests 
nearly up to 3500 deg.; their extreme points for 
the mean specific heat would approximately lie on 
the produced curve of Knoblauch and Jakob. The 
value of the latter for atmospheric pressure, c, = 
0.462 between temperatures of 128 deg. and 220 
deg. Cent. (262 deg. and 428 deg. Fahr.), is by 8 
per cent. smaller than Regnault’s value—0.4805—for 
the same temperature range. But, they point out, 
Regnault determined the differences between two 
calorimetric observations, and an excess estimate 
of { per cent. in one determination, and too low 
au estimate of } per cent. in the other case, would 
account for the discrepancy of 8 per cent. in the cy. 

The general trend of the curves of Knoblauch 
and Jakob and their minimum are in agreement 
vith the conclusions of R. Linde, Callendar, Mollier, 
eterici, andothers. As regards the rapid fall ot 
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the experiments made by Lussana in 1894, and 
later on hydrogen, methane, nitric oxide, and 
ethylene, indicate a similar behaviour of those 
vapours near their saturation points. 

Messrs. Knoblauch and Jakob do not propose a 
new formula for the specific heat of steam at constant 
pressure c,, but they offer the following considera- 
tion. In the case of a monatomic gas c, should be 


a gas consisting of molecules of several atoms, 
c, Should increase with rising temperature, because 
even before any dissociation would become notice- 
able, an increasing amount of heat would be con- 
sumed in loosening the bonds between the atoms ; 
pressure should not affect the c,. In a monatomic 
vapour (as, for instance, mercury vapour) both 
temperature and pressure should count. As the 
vapours are easily condensed, there must be attrac- 
tive forces between the molecules (which forces 
would vanish in more permanent gases). These 
forces should increase with increasing density— 
that is, with the pressure at constant temperature, 
;and should diminish with rising temperature at 
constant pressure. 
! In a polyatomic vapour like water-vapour the 





influence of rising temperatures should be complex. 
The c, should diminish as in the case of the mon- 
atomic vapour, but increase as in the case of a 
gas of several atoms. Near saturation the former 
effect would predominate ; at high temperatures 
the latter; this would explain the isobars of 
the authors. For the zero pressure curve the 
case should be simpler, as the vapour would then 
behave like a gas of several atoms whose c, as- 
sumed higher values with higher temperatures. 
The influence of increasing pressure on water 
vapour should be similarly complex. For moderate 
superheating c, should increase with the pressure, 
as in a monoatomic vapour. Near the saturation 
line the attractive molecular forces would produce 
a more rapid rise in the c, curves at higher pres- 
sures; at higher temperatures the rise of the 
¢, should be less marked, because the number of 
molecules whose attractive forces the pressure 
could influence would have diminished, and the 
loosening effect would also become smaller. So far 
these considerations seem to agree with the authors’ 
observations. Why the isobars should intersect 
at still higher temperatures, as they assume, they 
do not further explain. 








the ec, line from the saturation line, the investi- 
gators agree qualitatively with H. Lorenz ; quan- | 
\tatively they differ, and they show that the ex: 
perimental conditions of Lorenz were hardly | 
sufficiently constant. The observations made by | 
‘Vitkowski on air at temperature down to —170 deg. 
Cent. in 1895, and by C. Linde in 1897, further, 





Tue “‘Kuerson.”—This vessel, belonging to the Russian 
Volunteer Fleet, which was considerably damaged during 
the Russo-Japanese War, will be brought to Copenhagen 
for repairs, which will be undertaken by the Burmeister 
and Wain Shipbuilding Company. The Khereon is the 
largest steamer which has ever entered the port of 
Copenhagen, and the repairs will extend over come six 


independent of pressure and of temperature. For | 


THE NEW YORK SUBAQUEOUS 
TUNNELS.—No. ITI. 
By Cuartes Prewini, C.E. 


Tse Harvem River Tunyet, New York. 

THe method adopted by the contractors for 
building the tunnel under the Harlem River was 
the subject of much criticism at the time, some 
engineers aflirming that the work, as proposed, 
could not be -carried to a successful issue. But 
despite all strictures and pessimistic utterances, 
the tunnel was built as originally planned ; and, 
moreover, has given no trouble whatever since it 
was thrown open for the operation of subway 
trains. The contractors, by reason of their success, 
have enriched the engineering profession with a 
practical example of a new method of building 
subaqueous tunnels, 

The double-tracked East-Side line of the subway 
diverges from the main artery at Broadway and 
96th-street, passes under and along Broadway, 
curves to the right under 103rd-street, after which 
it passes under and along 104th-street and Central 
Park. It then turns to the left to pass under and 
along Lenox-avenue, at which point the subway is 
built at shallow depth. On reaching 141st-street, 
it curves over to the right ; and, with a descending 
grade, passes under the western shore of the Harlem 
River (Figs. 1 and 2, page 474). On reaching the 
middle of its course under the bed of the river, the 
road ascends to the eastern shore, whence it con- 
tinues along and under 149th-street in the Borough 
of the Bronx. The distance across the river at the 
place selected is only 400 ft. between the bulkhead 
lines as established by the Government, the eastern 
shore being 125 ft. distant from the bulkhead line, 
while the western shore is only 85 ft., which gives 
610 ft. forthe width of the river across from shore 
to shore. It was decided that the projected tunnel 
should be constructed at shallow depth from the 
river-bed ; the metals are actually at a depth of 
only 44.66 ft. below mean high-water mark, the 
depth of the river at this point being 26 ft. 

lt was originally decided to construct this part of 
the subway by means of two parallel circular 
tunnels in contact with each other. This plan was 


| modified later so as to include two cast-iron 


cylinders, 16 ft. in diameter, with only a distance 
of 12.5 ft. from centre to centre of the tubes, by 
which arrangement communication could be estab- 
lished between them, as shown by Fig. 3, page 474. 
In the specifications contained in the contract 
between the City and Mr. John B. McDonald for 
the construction of the entire subway, we read : 
‘* For that portion of the route beneath the Harlem 
River and the approaches thereto the work may be 
conducted by means of compressed air, dredging, 
open caissons founded on piles, or such other means 
as the contractor may prefer, and as may be ap- 
proved by the engineer. Whatever method, how- 
ever, is pursued, must give the tunnel a firm 
foundation without danger of settlement; and 
must, during construction, give a free and unob- 
structed waterway for the passage of vessels at least 
two hundred feet in width. If necessary, the con- 
tractor must keep a channel dredged to a depth at 
least equal to the minimum channel-depth existing 
in the Harlem River at the time of commencing 
construction.” 
The specification consequently left the contractor 
free to build this part of the subway line by what- 
ever method he deemed best. The freedom was, 
however, greatly limited by the fact that the iron 
lining of the tunnel proper was to be surrounded 
exteriorly by concrete masonry. This by itself 
sufficed to prevent the adoption of the ordinary 
method involving the use of shield and compressed 
air. In this latter method the men carry on 
their work inside the shield ; and as the iron rings 
of the lining are erected one after another within the 
rear end of the shield, it would have been impossible 
to excavate the ground under the shield for the pre- 
scribed outside concrete masonry without causing 
the shield itself to sink. Of course, it would have 
been possible to construct a shield to meet the case— 
say, something like that employed by Brunel, which 
enveloped the masonry, and within which the iron 
rings of the lining of the tunnel proper could easily 
have been inserted, the concrete being afterwards 
forced on to their extrados. It is obvious that 
such a method would have necessitated the con- 
struction of a shield of very large dimensions—one 
which would be difficult to handle, especially at 
shallow depth. 
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With the elimination of the shield and compressed 
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air, the contractors had to fall back either on the 
cofferdam or on pneumatic caissons, according to 
the method suggested by Professor Winkler, of 
Vienna. The cofferdam offered a simple and well- 
known method of solving the problem. It was not 
only simple ; it was also economic and safe. Besides 
this, we had recent experience of its efficiency in 
the construction of tunnels under the Chicago 
River. According to the cofferdam method, the 
work is attacked at one of the shores, and the 
tunnel built in sections of such length as not to 
interfere with the flow of water or the navigation of 
the river. Round the entire exterior line of the 
first section a double-walled cofferdam is built, and 
strongly braced transversely, so as to withstand the 
pressure of the water. When the water is —_ 
out, a single-walled cofferdam is built within the 
first, leaving sufficient distance between the two to 
allow of the construction of the masonry. Thesoil 








two shafts. While the masonry work was being 
carried on within the first two caissons, a third 
caisson was to be sunk; and when it reached the 
plane of the tunnel floor, the partitions were to be 
removed, so that intercommunication would be 
established among all three. By the addition in 
this way of caissons, the tunnel could easily be 
built in separate sections, the work proceeding very 
regularly and with great safety. It is a matter of 
regret that this method was not given a practical 
test at the time it was proposed. The method 
adopted by Mr. McBean, of Montreal, for the 
Harlem River Tunnel, while being new in itself, 
has points in common with the two methods just 
referred to. It was carefully planned with regard 
to every detail ; and, though somewhat hazardous, 
it has proved successful, and will remain a monu- 
ment to the ingenuity and skill of the Canadian 
contractor, now a recognised master in subaqueous 


point above mean high-water mark, braced in the 
usual manner, and covered with heavy planks, to 
serve as the floor of the platform. On this plat- 
form were placed rails for the trains used in the 
transportation of materials. These platforms were 
also used in maintaining the perfect alignment of 
the caissons. 

Within the platforms and along the dredged 
channel four longitudinal rows of piles were sunk, 
6 ft. 4 in. apart, the piles in each row being 8 ft. 
distant from centre to centre. These | rome were 
accurately brought to line by beams bolted together, 
and placed across and above the water-level. The 
bolts in each couple of beams were then loosened, 
and the beams lowered to the required depth, where 
they were made fast by a diver. A few beams 
were also added for the purpose of bracing the piles 
transversely, after which they were cut off under 








water and —— They were used for the double 

















is then removed within the inner cofferdam, and the! construction. Mr. McBean undertook to build the! purpose of affording a strong support to the roof_of 
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tunnel constructed from the foundation. When the 
eud of the tunnel reaches the channel end of 
the cofferdam, a crib-wall is erected over the end 
of the completed tunnel. This crib, in turn, forms 
the end wall of another cofferdam, built in con- 
tinuation of the first, so as to allow the second 
section to be proceeded with, and at the same time 
to facilitate the removal of the cofferdams of the 
first section. The work goes on continuously in 
this way until the distant shore is reached. 

Although the caisson method has been suggested 
several times, and has been reported in text-books 
as practical and convenient, it has, however, never 
been adopted in actual practice. It was sugges 
by Professor Winkler as the most suitable to be 
employed in the construction of the tunnel under 
the Danube. According to this suggested method, 
the tunnel is constructed by sinking a series of steel 
caissons in succession to one another, and at the 
required depth. The caissons for the Danube 
tunnel were to be made of metal plates and angle- 
irons, with riveted connections on all sides except 
those running vertically and transversely to the axis 
of the tunnel, where the connections were to be 
bolted together. The roof of the caisson was to be 
made of T-irons, resting on templates placed on the 
edge of the longitudinal sides, and strutted in the 
middle by the crown of an iron arch with springers 
on brackets inserted on the vertical angle-irons of 
the frame of the caisson. Small brick vaults were 
to be built between the T-irons of the roof, with a 
thick stratum of concrete laid on their extrados so 
as to form a level surface. An opening was left in 
the middle of the roof for the shaft, which was 
provided with air-locks for the passage of men, 
materials, and compressed air. 

Professor Winkler proposed to begin by sinking 
a caisson near one of the shores of the Danube, 
and lowering it in the ordinary way; a second 
caisson was to be sunk close to the first, and material 
heaped on both so as to make them impervious to 
water. When both caissons had reached the plane 
of the tunnel floor, the sides, being then in close 
contact, were to be unbolted and removed, and the 
intervening space made water-tight. The chambers 
of the two caissons were thus to open into a 





single large one, communicating above by means of 
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tunnel in three sections :—The first, from the Man-, 
hattan shore well towards the middle of the river ; 
the second, from the shore of the Bronx towards 
the middle of the river; and the last, the section 
uniting the other two and completing the tunnel. 

Each section was built within a specially-con- 
structed working-chamber, consisting of timber 
side walls forming a wooden caisson, so constructed 
that compressed air could be used. This working- 
chamber of Mr. McBean presented some novel 
features, inasmuch as the caisson was not built on 
land, but under water. 

In building the tunnel, the Harlem River was 
dredged toa certain depth, so as to leave only 6 ft. 
or 8 ft. of excavation to be done before reaching 
the line of sub-grade of the proposed structure, as 
shown in Fig. 4. Two service platforms were built 
on piles 10 ft. apart longitudinally, and cut off at a 








the caissons, as also to reinforce the soil under the 
bed of the river, in case treacherous material should 
happen to be met with. 

Fig. 5 shows the manner in which the working 
platforms were constructed, and also the rows of 
piles sunk in the dredged channel. These piles 
were capped transversely with 12-in. by 12-in. 
beams, and braced as shown in the figure. Between 
the piles a very strong frame was placed, made up 
of waling pieces and two transverse beams 14 in. by 
14 in. each, placed one below the other at a dis- 
tance of 5 ft. 8in., and strongly braced together. 
Guiding-beams were fixed on each side of the frame 
for the sheeting piles. The frames were built in 
sections of different lengths, and placed directly 
above the cap-pieces of the pile-bents sunk in the 
dredged channel. Fig. 6 shows the frames between 
the bents, and the manner in which they were 
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braced, both longitudinally and transversely, as 
well as the arrangement for guiding the sheeting 
piles attached to the frames and the service 
platforms. 

The longitudinal sides of the caisson were con- 
structed by sinking two rows of sheeting piles, 
each row being close to a service platform. The 
sheeting piles were made up of yellow-pine timbers 
12 in. by 12 in.; three piles bolted together formed 
a section 3 ft. wide. Each section was grooved and 
tongued, so as to be firmly connected with the 
adjacent sections to be sunk. The lower ends of 
the piles were cut wedge-shaped, with a sharp edge 











machine. The sheeting was also extended between 
two platforms to make a bulkhead, and in this way 
the four sides of the caisson were built up. Par- 


ticular attention was always given to the alignment | 


of the sheeting piles, which was obtained by 


guiding the piles with the timbers placed longi- | 


tudinally, one below the water-line in connection 
with the frames located between the pile-bents, and 
the second along the inner edge of the service 
platform, as shown in Figs. 8 and 9. 


The caisson was completed by placing a roof | 


covering the sides. This roof was 40 in. thick, 
made up of three layers of 12-in. beams placed 


rangers were provided with T-irons, the flat side 
being laid on the sheeting-piles, while the web 
penetrated the ranger by reason of the weight of 
the load resting on the roof, for the purpose of 
sinking it to the required point. Earth was next 
heaped on the roof, and in this way a large working- 
chamber was prepared, as shown in Figs. 10 and 11. 

The working-chamber built on the Manhattan 
side of the Harlem River was 216 ft. long, provided 
| with two rectangular shafts 7 ft. by 17 ft., rendered 
water-tight, and rising above the high-water mark 
of the river. Within these shafts the air-locks of 
‘the tunnel tubes were placed, so that the work 
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to offer a small resistance while penetrating the 
soil (see Fig. 7). Each section of the sheeting 
piles was sunk by a ‘‘ pilot” similar to the pile to 
be sunk ; with the difference, however, that it was 
hollow, and constructed of steel plates and channels. 
The pipes for conveying the water were located 
within this ‘‘ pilot,” the water being delivered 
under pressure, so as to wash away the displaced 
materials, thereby facilitating the descent of the 
pile. As soon as the consecutive ‘* pilots ” were 


driven to the required depth, they were withdrawn, 
and one section of the sheeting lowered in their place. 
The sheeting-piles were then cut off under water, 
which pape oe was successfully carried out by 
means 0 


a circular saw operated by a pile-driving 
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transversely to the axis of the caisson, while 
between the beams planks 2 in. thick were placed 
lengthwise and bolted together, so as to make a firm, 
solid structure. The roof was built ashore, in 
sections varying from 39 ft. to 130 ft. long each. 
The edges of the roof fitted the sides of the caisson 
perfectly ; and when each section was towed to the 
proper spot, it was sunk and made secure. Under 
the roof were placed six longitudinal beams, 
12 in. by 14 in., called ‘‘ rangers,” resting on the 
cap-pieces of the pile-bents that were laid across 
the space of the proposed tunnel; while the ex- 
treme rangers were used for the purpose of fitting 
above the sheeting-piles of the caisson, in order to 
make the latter water-tight. The two extreme 
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could be carried on by means of compressed air. 
The pressure of the air was used to expel the water, 
being sufficiently intense to equilibrate a column of 
water equal to the depth of the lowest point of the 
roof of the caisson. 

When the working-chamber was constructed, the 
tunnel proper was begun by excavating the soil 
down to the required level ; the concrete was then 
laid on as shown in Fig. 12. It was just at this 
point, when a large part of the roof was constructed, 
and supported only by the sheeting-piles of the 
sides of the caisson, that the writer of this article 
feared that this novel method of tunnelling would 
prove a failure. The tendency of the timber to 
float, aided as it was by the air pressure within the 
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caisson, was counteracted only by the weight of the| rings for access by divers. The exterior of the 
earth heaped on the roof, and by the friction of the| upper half section of the permanent tunnel was 
soil against the feet of the sheeting-piles. This| filled with water until it was lowered into position. 
friction was only a small quantity, as the soil was| It was directed by means of tackles attached to 
loose, so that it was considered rather risky and | vertical eye-bars, which were strongly fixed to the 


dangerous to place reliance on such a feeble quan- | flanges of the springing line of the arch, and bolted | 


tity. This, fear was, unfortunately, justified on two | to the beams of the temporary floor. In this way 
occasions, when on cutting off a portion of the pile- | the roof was towed into place, and lowered by means 
bents some of the sheeting-piles got loose and water | of stone ballast, until it rested on the cap-pieces 
flooded the whole chamber, but, happily, without | and frames of the pile abutments, the sides of the 
loss of life. As the chamber was one of large} roof remaining just on top of the sheeting piles 
dimensions, the workmen had time enough to effect | that formed the sides of the caisson, as shown in 
their escape. It may be remarked that during these| Fig. 15. Perfect aliguament was obtained by wires 
troubles only a few of the sheeting-piles were dis- | strung at each end and along the side of the roof, 
placed, while the caisson itself offered a stout and| corresponding to points fixed on the working plat- 
successful resistance, due to its being strongly| forms and sighted with transits. Such accuracy 
braced transversely. The accidents were, therefore, | was obtained that the circumferential flanges of the 
limited to a few piles, instead of affecting the entire | outer 6-ft. ring were brought into contact with 
caisson. On the occasion of the first, the repairs | those of the 12-ft. section already constructed. A 
were effected by sinking the piles to a greater | diver then entered by the opening left in the pro- 
depth, continuing down until rock was encountered. | jecting ring, and bolted this section of the roof to 
After that, the water was pumped out and the work | the preceding one. By removing the iron’ dia- 
resumed. In repairing the second accident, the | phragm, the consecutive sections were united into 
sheeting-pilos were driven down to bed-rock, and|one. When the diver completed his work, the 
the surrounding soil strengthened by cement forced | opening was closed up, and compressed air used to 
through the loose soil around the piles. This remedy | keep the water out of the box included between the 
proved effective, and no further trouble occurred to — F and the temporary flooring. 
delay the work on the Manhattan side of the Harlem} The remaining sections of the tunnel roof were 
River. built in the same way, until the last abutted against 
On the concrete bed of the tunnel the segments | the part of the work constructed within the caisson 
of the metal lining were placed and surrounded by| under the high wooden roof on the Manhattan 
concrete, as required by the plans and specifications | side of the river. The following method was 
(Fig. 13). The contractors had planned to unbolt | adopted for the purpose of connecting the few parts 
the roof from its holdings, to remove by means of|of the tunnel which had been differently con- 
dredgers the earth which had been heaped on it,| structed. The diaphragm at the end of the last 
and thus set the roof afloat, after which it was to| section of the tunnel roof was constructed so as 
be towed within the two working platforms already |to abut against the last circumferential flanges 
erected on the Bronx shore. But Mr. McBean|of the iron lining without leaving a projecting 
devised a simpler and more economic, but at the| ring. It was continued above the metal and con- 
same time more dangerous, way of constructing this| crete lining of the roof in a rectangular form, 
second section of the tunnel. He thought that the| and of the same height and width as the wooden 
upper half of the tunnel proper could be used | bulkhead of the working-chamber on the Manhattan 
instead of the timber roof, thereby reducing the| side of the river. The diaphragm was made of 
capacity of the working-chamber, and limiting the | riveted plates and angles, with an opening 20in. by 
use of compressed air. In this way he dispensed | 30 in., bolted so as to be removable at will. The 
with the removal of timber, and also of the earth | diaphragm was of the same height as the roof, and 
heaped on the roof. was connected with a roof-plate to the rangers sup- 
In building this Bronx section, a channel was| porting the thick woodenroof. Other steel plates, 
dredged along the line of the tunnel to a depth of| placed vertically, were riveted to the diaphragm 
5 ft. from the foundation-bed of the proposed|and bolted to the caisson. All this work was 
tunnel. The working platforms were constructed | carried on by divers. The wooden bulkhead was 
on both sides of this channel, quite similar to those | cut to the springing-line of the arch ; and between 
erected on the other half of the tunnel; and|the two parts of the tunnel, built by different 
between them pile-bents were sunk, capped with] methods, a bulkhead was placed, made of steel 
12-in. by 12-in. beams. Over the cap-pieces rangers | plates 14 in. long, which prevented the entrance of 
were placed longitudinally, which also rested on| water into the working-chamber. 
the sides of the wooden working caisson, Fig. 14.| When the different sections were joined together, 
The sheeting-piles were cut off at level, but much | and all the openings closed and made water-tight, 
lower down than in the first half of the tunnel. cement-grout was poured on the roof, and earth was 
The roof was built on floats made of 12-in. by| heaped up to a height of 5 ft. The 300 ft. of the 
12-in. timber, laid transversely, 4 ft. apart, and] roof, resting on sheeting-piles and provided with 
supporting a floor of 3-in. by 12-in. planks, ren-| diaphragms at the extreme ends, formed a water- 
dered water-tight. The sides of the floats were] tight working-chamber, or caisson, communicating 
made by verticals, 4 in. by 6 in., and planks, 3 in. | with the exterior by means of the shafts and air- 
by 12 in., carefully caulked. A temporary floor| locks. The lower portion of the tunnel was built 
was built on the base of the float, consisting of | under air-pressure. The pile-bents were first cut 
transverse beams, 16 in. by 16 in., placed 8 ft. | off at the plane of the tunnel sub-grade, after which 
apart. A centre piece, 10in. by 16 in., was laid so| the foundation-bed of concrete’ was laid. The 
as to correspond with the axis of the tunnel; and | lower segments of the iron lining were then placed 
on each side of it, other parallel beams, 16 in. by | in position, and the structure made continuous by 
16 in., corresponding to each centre of the circular | building up the lateral walls, consisting of concrete. 
metal lining of the tunne) ; the beams, longitudinal | (Fig. 16). No accidents occurred while building 
and transversal, were strongly bolted together. The | this second part of the tunnel. 
temporary floor was completed by boarding the| The Harlem River Tunnel was completed in con- 
spaces left between the various beams. tract time, although the opening of the subway was 
On this float, the upper half of the tunnel was | delayed by difficulties encountered in tunnelling 
constructed by erecting the segments of the metal} through rock in the borough of the Bronx. The 
lining, which were strongly supported, so as to] writer endeavoured to obtain information regarding 
prevent any settling or distortion ; the concrete | the expense per linear foot, but all his efforts were 
was then built up in a large flange with vertical | rewarded with a general assurance that it proved to 
suspension rods, four toeach tar. The rings of the | be the cheapest method. 
tunnel were 6 ft. each, the weight of each lining! Some idea, however, can be obtained from an 
being 41,000 lb., the concrete covering 618 cubic | answer given by Mr. McBean to a criticism of ours 
feet. This second part of the tunnel was 300 ft.|to the effect that, in case of failure, he would 
long, with roof constructed in three sections—two | proceed to build the tunnel by another method, and 
of 90 ft. in length each, and the third of 84 ft. | still suffer no financial loss. The stipulated price 
Each of these sections alternated with a smaller | for building this tunnel, 900 ft. in length, was 
section, 12 ft. long, provided with air-locks. The | 1,000,000 dols., which is at the rate of 1,100 dols. 
shortest of the three sections was the first one set | per linear foot. As any other method would have 
up, and was constructed close to the Bronx side of | cost, say, 600 dols. per foot, we may infer that the 
the Harlem River. For this purpose the two ex-|completed tunnel cost between 500 dols. and 
treme ends of the section were closed by means of | 600 dols. per linear foot. As the designer of the 
steel plates forming diaphragms, built 6 ft. inward, method employed, which has been crowned with 
thus Loving one ring projecting out at each end, | such marked success, Mr. McBean deserves hearty 





Openings were left on the top of these projecting | congratulation. 





| From a professional point of view, Mr. McBean 
has made a substantial advance in the art of con- 
structing subaqueous tunnels. Through his ability, 
skill, and careful supervision, the suggestion put 
| forward by Professor Winkler has become a reality ; 
and we now have an encouraging example of build- 
|ing such tunnels, either by using large wooden 
| caissons, enveloping the entire tunnel, or by using 
| the upper part of the tunnel for the cover of the 
|caisson, so as to reduce the dimensions of the 
| caisson itself. According to this method, tunnels of 
| any cross-section can be easily constructed; the 
| writer has seen the plans of one 60 ft. wide, pre- 
|pared by Mr. McBean for a tunnel under the 
| Hudson River. The soil on which this tunnel will 
|rest will be reinforced by piles to remain in the 
ground after being cut off at the plane of sub-grade 
‘of the proposed tunnel. The work can be carried 
| on with considerable speed, as independent caissons 
|can be sunk, the intervening spaces being after- 
| wards connected by special sections. Another 
|advantage of this method is that a tunnel can be 
| constructed at very shallow depth under the river- 
bed, or flush with it, or even higher than it. It 
would be interesting to know whether under similar 
conditions a tunnel built according to the coffer- 
|dam method could not be more rapidly built, and 
| with less liability to accidents. We notice that this 
|new method of Mr. McBean has been adopted by 
| the engineers of the Michigan Central Railroad for 
the construction of the tunnel under the Detroit 
River, connecting Detroit with the Canadian shore. 
As the distance is greater than in the case of the 
Harlem River, the method employed by Mr. 
McBean will here receive an extended test, when 
it is to be hoped that it will be equally successful. 


| 











THE INTERNATIONAL BUILDING 
TRADES’ EXHIBITION. 

Tue Royal Agricultural Hall, at Islington, has 
| for so many years been the home of trade exhibi- 
| tions in London that one turns almost instinctively 
towards it when wishing to attend any of these 
| shows, and, indeed, there is at first a feeling that 
things cannot be quite right when we find it neces- 
sary to go in any other direction. In the case of 
‘the Building Trades’ Exhibition now open at 
| Olympia this feeling does not, however, long re- 
)main, for it does not require many minutes after 
entering the great hall to see that the Show is one 
| of no small interest, and is, with its 300 exhibits of 
(a very comprehensive kind, one well worth the 
| attention of all who are interested in the ancient 
| and honourable builder’s art. Whether the change 
|of site is entirely responsible for the excellent 
| results in evidence at the present Exhibition, we 
cannot say ; but it does not seem unlikely that 
the position occupied, and the size of the building, 
| have had their due effect. Anyway, whatever the 
reasons, they are such as have resulted in a very 
fine Exhibition. Not only is the space in the 
| Main Hall fully occupied, but the galleries and the 
| annexe are taken up with stands, and there is little 
| or no remaining space left. 

| As is usually found in exhibitions of this kind, 
| the majority of the stands are occupied by bricks, 
| tiles, terra-cotta, sanitary pipes, and such-like 
| material, there being thirty-six stands devoted to 
|these goods. Paving materials, which include 
those for ordinary country roads, as well as town 
streets, follow very closely, being represented by 
thirty-three stands ; and a very important section 
this is, for it is one which is likely to be very much 
‘to the front in the near future, in view of the fact 
| that the upkeep of our roads is now one of special 
‘interest on account of the growing traflic of heavy 
|motor vehicles. Another thing that must strike 
| even the most casual observer is the great progress 
that has been made since the last Exhibition in the 
| manufacture of concrete blocks, and the wonderful 
imitations of natural stones that are now produced. 
Indeed, it is not by any means an easy matter, 
without a close examination, to tell whether some 
of the exhibits are real stone or artificial ; and not 
‘only do these remarks apply to the rougher kinds of 
‘material, such as concrete blocks made to resem- 
ble blocks of ashlar masonry, but to manufactured 
marbles and ornamental stones, which are many 
of them very beautiful. There are five stands 
devoted to this class of goods. Among these we 
may mention the Manu-Marble Company, Limited, 
of 118, Queen Victoria-street, E.C., who have on 
show manufactured marbles and granites which 
give the effect of the best-known varieties of the 
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naturalstones. There is also aset of Manu-Marble 
tiling, as well as wall-linings, interior decorations, 
&c. These are guaranteed to stand climatic 
changes without injury. Artificial paving material 
is also well represented by the Excelsior Patent 
Stone Company, Finedon Sidings (Midland Rail- 
way), Northampton. 

We need not, however, dwell further on these 
at present, and will turn to what is perhaps always 
of special interest to engineers who attend these 
exhibitions—namely, the machinery. There is not, 
however, a great amount of this, and what there is 
is chiefly wood-working machinery or machinery 
for making bricks, concrete blocks, &. In the 
former class there are some interesting examples 
at the stand of Messrs. J. Sagar and Oov., 
Limited, Canal Works, Halifax, though most 
of the tools have appeared before. There 
are, however, two machines there to which 
this remark does not apply, for they have not been 
previously exhibited. One of them is a single-belt 
sand-papering machine, and the other a semi- 
automatic chain-cutter and hollow-chisel mortising 
machine. The former of these is for sand-papering 
and smoothing flat surfaces on a great variety of 
articles, such as panels, framing, electric fittings, 
boxes, and small cabinet work. As we hope, how- 
ever, to describe this machine more fully at a future 
date, we will not allude to it further here. The 
chain-cutter and hollow-chisel mortising machine is 
for general work, and has a combination of a chain- 
cutter and hollow chisel arranged in such a way 
that they do not interfere with each other. As is 
well known, the chain-cutter is of no use for 
making mortises less in length than 14 in. or 13 in., 
so for small work the: hollow chisel is used, and 
with it mortises may be cut from } in. square. 
Messrs. H. W. Cowley and Co., Limited, Bella 
Street Ironworks, Daubhill, Bolton, also exhibit a 
hollow-chisel mortising machine which is new ; it 
works horizontally and is automatic, the chisel 
and bit travelling to and from the timber, while 
the timber travels the length of the mortise by 
rack-and-pinion motion. It will make mortises 
from 2 in. to 1 in. wide, and from @ in. up to 12 in. 
long by 5 in. deep at one setting. The table will 
take an 11-in. board, and will drop 7 in. from the 
centre of the chisel. Messrs. R. Becker and Co., 
53, City-road, London, have several new machines 
on view, including a sand-papering machine and a 
general joiner. The former machine is for 
operating on doors and other large surfaces, and 
the latter, as its name implies, is for all-round use 
ina joiner’sshop. Messrs. Kirchner and Co., 21, 23, 
and 25, Tabernacle-street, Finsbury-square, E.C., 
show a variety of machines for wood-working, includ- 
ing saws of different kinds, planing-machines, mor- 
tising-machines, and turning-machines. There is 
also an inexpensive form of grinding-machine for 
planing-irons, moulding-cutters, &c. Messrs. 
F. W. Reynolds and Co., Edwards-street, Black- 
friars-road, London, S.E., and Messrs, Bastin and 
Co., 37, Queen Victoria-street, London, E.C., also 
exhibit some good examples of similar machinery. 
Brickmaking machines are exhibited by several 
makers, including Messrs. Sutcliffe, Speakman, 
and Co., Limited, Leigh, Lancashire, who have at 
their stand a machine in motion for making diffe- 
rent kinds of concrete blocks. 

As one would naturally expect to find when iron 
and steel enter so largely into the composition of 
nearly all concrete structures, there is a goodly 
show in this branch of the builder’s art, and rein- 
forced concrete in many forms is much in evidence. 
It is put to many uses. There are roofs made of 
it, as well as floors and partitions, in great 
variety, the results being, in many cases, excel- 
lent. The fire-resisting goods into the construc- 
tion of which steel and concrete enter are almost 
bewildering in their variety. The Kleine Patent 
Fire-Resisting Flooring Syndicate, Limited, 9, St. 
Helen’s-place, E.C., have a very good show, and 
exhibit a flat-brick flooring, built in wide spans, 
which is not dependent on accurate spacing of 
steelwork. It is said to be absolutely fire-re- 
Sisting and very sound-proof, as well as im- 
mensely strong. This firm claim to have laid as 
much as 17,000,000 square yards of this flooring 
without a mishap. There are also some interest- 
lug examples of the well-known and widely-used 
“Mack” partitions. These partition-slabs are 
comparatively light, having bamboo reeds of small 
diameter embedded in them parallel to the faces of 
the slab. The slabs dovetail into one another by 
means of a rounded projection on the edge, which 


fits into a hollow formed on the edge of the next 
tile, the joint being grouted with plaster. This 
material is now very extensively used for parti- 
tions, as it is very easily put in place, is very 
strong, and holds nails well. It is also employed 
for roofing. It is exhibited at the stand of Messrs. 
J. A. King and Co., of Bridge House, 181, Queen 
Victoria-street, E.C. This firm also has on view 
a new form of pugging-block for fireproofing shop- 
roofs. These blocks are made to comply with 
the requirements of the London County Council 
(Amendment) Act.. The New Expanded Metal 
Company, Limited, York Mansions, York-street, 
Westminster, S.W., have a new form of their 
well-known expanded metal, which they call ‘‘ cup 
lathing,” which, we understand, is made on a 
rotary machine three times more quickly than by 
the ordinary method. At this stand are also 
numerous examples of fire-resisting floors, roofs, 
walls, partitions, ceilings, &c., as well as numerous 
made-up articles, for which expanded metal is 
used, among which are such things as workmen’s 
lockers, builders’ screens, workshop divisions, 
fencing, &c. This firm has recently completed 
about 4} miles of square reinforced concrete conduit 
8 ft. 6 in. by 8 ft. 6 in., for the Loch Leven 
Water - Power Company. The Trussed Concrete 
Steel Company, Caxton House, Westminster, 
S.W., show specimens of Kahn trussed bars in four 
sections for reinforced concrete, and specimen 
beams into which this form of reinforcement enters. 
The Columbian Fireproofing Company, Limited, 
of 37, King William-street, Loudon, E.C., have 
numerous examples of reinforced-concrete pipes, 
made on the ‘* Bonna” system, which consists of 
a thin iron or steel tube encased in concrete. These 
pipes are now used very successfully for conveying 
water under pressure. There are many other ex- 
hibits of reinforced-concrete work which are well 
worth inspection, but which our space will not 
allow us to describe in detail, among them being 
those of the Associated Portland Cement Manufac- 
turers (1900), Limited, Dixon House, 72, Fen- 
church-street, London, E.C., who show a great 
variety of the many kinds of cement which they 
manufacture, as well'as the raw material, and the 
stages through which the latter passes, from the clay 
and chalk used to the clinker on to the finished 
product. The Imperial Stone Company, Limited, 
East Greenwich, S.E., have an interesting exhibit 
of concrete pipes in the gallery; but this firm, 
although they make a great quantity of sewer pipes, 
conduits, &v., do not appear to reinforce their 
material in any way. <A new form of roofing 
material, called ‘‘ Eternit,” may be seen at the 
stand of Messrs. Dawson and Co., Limited, Mendip 
Wharf, Battersea, London, 8.W. This material 
isa form of asbestos sheeting, and is made in 
sheets up to 8 ft. long by 4 ft. wide, and from 
js in. to § in. thick, and it is claimed that it will 
resist fire, acids, and weather, and that it will not 
rot nor discolour. It is said, also, to be suitable 
for lining walls, ceilings, &c., and to be cheaper 
than the best Welsh slates and Broseley tiles when 
fixed. 

Among the exhibits of bricks the stand of 
Messrs. G. Tucker and Son, Limited, Lough- 
borough, Leicestershire, is conspicuous. Here 
may be seen sand stock facing bricks, hand-pressed 
smooth red facing bricks, tapped and sanded red 
wire-cut facing bricks, baker’s-oven tiles, and hand- 
made chimney- pots, ridges, copings, &c. The 
variety of tiles exhibited is really too great to be 
described in any detail, and we can only allude 
very briefly to this branch. One of the exhibits, 
which is new and has not been exhibited before, is 
an interlocking tile, called the ‘‘ Grecian,” made by 


Messrs. H. I. and C. Major, Limited, Bridgewater, P 


Somerset, which appears to form a very substantial 
and pleasing roof-covering. One square requires 
ninety-five of these tiles, and they weigh about 
7 lb. per square foot. The Granite Silicon Plaster 
Company, Limited, 36, King’s-road, St. Pancras, 
N.W., exhibit specimens of granite plaster, which 
is now extensively used by His Majesty’s Govern- 
ment, and by the War and Postal Departments. | 
At the stand of this firm may also be seen | 
a very ingenious form of expanding ladder and 
balance trap-door called the ‘‘ Presto,” which has | 
been specially invented to meet the requirements | 





door and the ceiling, and can be pulled down by a 
cord, the ladder opening automatically as it de- 
scends to the floor, and at the same time raising 
the trap-door. It is made of pressed steel and is 
very light. A wooden ladder is also shown which 
will meet requirements in certain cases where a 
steel ladder would not be applicable. 

At one of the stands in the gallery may be seen 
a very interesting exhibit by Tarmac, Limited, 
of Ellingshall, Wolverhampton. Tarmac is now 
too well known to require any special descrip- 
tion. Actual sections of roads which were laid 
with this material and have been in use for several 
years are also shown, one of them being a section 
of the: Fosse-road, Farndon, Newark, which was 
laid down in June, 1904, and has been subjected 
to traction-engine traffic. It appears to be a good 
advertisement for the material. 

A very simple and effective form of pipe-joint, 
known as the *‘ Brandram,” is exhibited by Messrs. 
Sharp, Jones, and Co., Bourne Valley Pottery 
Works, Parkstone, Dorset. It is suitable for 
perfectly straight plain pipes without spigots or 
Hanges, and is formed by a wide steel band nearly 
equal in length to the circumference of the pipes 
to be joined, the band having each end curled over 
to form an eye. This band is well coated with 
hot bitumen, especially on its inside surface, and 
is then placed so that one-half of its width is under 
the last pipe laid, and the next pipe is pushed home 
and the band is drawn tight by means of two handles 
close round the pipes, a small cover-plate bedded in 
bitumen being placed under its end to complete the 
steel circle. A screw clamp is then applied and 
the band is tightened up until the bitumen begins 
to exude at each edge of the band all round the 

ipe. Staples are then inserted in the eyes of the 

nd from each side, andthe joint is made. These 
joints have been very severely tested and have 
proved very simple, cheap, and effective. 

Messrs. Hartley and Sugden, Limited, Atlas 
Boiler Works, Halifax, exhibit a new form of 
sectional eae by? It is known as the 
‘* White Rose” boiler, and is made in sizes suit- 
able for piping of from 280 to 6700 square feet of 
radiating surtace. 

The exhibits of timber and joinery are too 
numerous to mention, but are well worth attention. 
There are, in addition, many exhibits of sanitary 
appliances and methods for the treatment of sewage. 

efore concluding this notice we may say that it 
seems to us that, excellent as the Exhibition is in 
many ways, it is somewhat marred by the very 
inconvenient manner in which the stands have 
been numbered, for. the numbers are so arranged 
that they do not follow in any kind of order, but 
are apparently placed, so to speak, any way, which 
renders it very difficult to find any stand wanted. 
It seems to us that the old arrangement at the 
Royal Agricultural Hall was much better. 

The Exhibition was opened on. the 6th inst. by 
the Lord Mayor, and will close on the 20th inst. 








STANDARDISATION IN THE AUTOMOBILE INDUSTRY.— 
The Automobile Standardisation Committee, recently 
formed by the Institution of ‘Automobile Engineers, is 
composed of the following members:—Colonel R. E. 
Crompton, C.B., R.E. (Chairman); Messrs. H. Austin, 
J. 8. Critchley, C. R, Gerrard, H. F. L. Martineau, 
J. — A. Sharp,’ and-C. L. Wheeler, while 
Mr. W. Rees Jeffreys, secretary of the Institution, will 
act as honorary secretary to the committee, and Mr, E. 
Latham has been appointed secretary. At present the 
committee is engaged in drawing up a series of questions 
which will shortly be distributed in circular form amongst 
the trade. It appears to be too early yet to attempt 
any standardisation of design, and~this part of the 
subject will need very careful handling, not only in 
order to obtain the support of the trade, but also to 
revent undue restrictions being set down in directions 
in which standardisation would hamper progress. To 
us it appears that the industry is as yet hardly old 
enough, nor are the pa eee my it is called upon, or 
may in the future be called upon, to meet clear enough 
for far-reaching standardisation. On the other hand, 
small parts and accessories may well be standardised to 
the great benefit of the makers and profit of the users of 
automobiles of all classes. Such standardisation might 
well include bolts, bolt-heads, diameter of screws, thread, 
pitches, spanners, countersunk and other heads for small 
screws, &c., and uniformity of these would, once satis- 
factory standards were arrived at, prove of considerable 
value. The committee, we understand, pro later, to 
consider the advisability of using in this industry the 
metric or British units of measurement. As evidence 


of the London Building (Amendment) Act of 1905. | and information is sought from all sources, the committee 
The ladder is on the principle of the lazy-tongs, | invite communications on this subject from persons in- 


and when out of use folds up beneath the trap- 
door, and is intended for use as a fire-escape. It | 





requires only 164 in. of space between the trap- | 


terested in the matter. All such communications should 
be addressed to the Secretary of the Automobile Stan- 
dardisation Committee, care of Institution of Automo- 
bile Engineers, 1, Albemarle-street, W. 








[APRIL 12, 1907. 


ENGINEERING. 


*daLHoIyY ONIAD WALAV SUYVH “fF “OI “AAUND AHL GNOAAG HOVUT, 40 HOLAULG % Old 











478 














‘SaV GANUNLAIAG 40 MATA “T *OILT 


rs 














(‘a6vg apsoddo see ‘uoudworag 407) 
NMVIGOOM LY CVOUTIVY HUAAIM NOSGOH GNV IVHLNAO WHOA MUN GHL NO LINACIOOV FHL 














APRIL 12, 1907. ] 


ENGINEERING. 





479 








ACCIDENT ON 


THE NEW YORK CENTRAL AND HUDSON RIVER RAILROAD. 











of 


Fic. 5. CURVE ON WHICH ACCIDENT OCCURRED. 





NEW YORK 
CENTRAI 


LINES 





é Bier St tee 











Fic. 6. 


THE RECENT ACCIDENT ON THE 
NEW YORK CENTRAL AND HUDSON 
RIVER RAILROAD. 


Amowne the many accidents of recent years on the 
railways of the United States, few have been 
attended with such regrettable results, or have 
evoked such widespread interest, as that which 
occurred on February 16 last, near Woodlawn, on 
the New York Central and Hudson River Railroad. 
This road, although one of the very best in the 
United States, has not been altogether free from 
serious casualties. It was largely due to a 
terrible wreck in the Park Avenue Tunnel some 
years ago that the electrification of this portion 
of the system was decided upon, and it is to be 
regretted that so serious an accident as_ this 
most recent one should mar the inauguration 
of the new service. Owing probably to the fact 
that the American public have lately had rather 
more than their usual share of wrecks, and also to 
the fact that this was the first serious accident 





Exectric Locomotive. 


on an electrified main-line system, a great deal of 
irresponsible criticism has been indulged in in 
many quarters, while at the same time investiga- 
tions of a type hitherto unknown in the United 
States have been carried out at the instigation of 
the railroad company and other bodies. It cannot 
be doubted that the disaster was looked upon by 
many as the herald of increased perils to the 
traveller, and in the hope of counteracting this 
impression the railroad company have taken steps 
to reassure the public by publishing some account 
of the manner in which the problem of electrifica- 
tion was approached. 

On this part of the question we need not go into 
detail. It will suffice to say that after mature 
consideration electrification was decided upon, 
largely for reasons of increased safety and comfort 
to the passengers, and perhaps, too, in the hopes 
that such extra attractions would result in additional 
traffic on the system. It is needless to say that 


the scheme was very carefully considered before 
being adopted in its final form. The organisation 
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was complete, and the best authorities it was pos- 
sible to secure were called in to assist in the work. 
In the design of the locomotives the General 
Electric Company and the American Locomotive 
Company co-operated with the railroad company, 
and the first machine was thoroughly tested before 
the completion of the order was permitted. This 
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first locomotive was, in fact, worked for 24 — 
and covered a distance of over 50,000 miles at 
speeds, with different weights of trains, as high as 
84 miles an hour on the straight and 75 miles an 
hour on curves, without a single derailment. 

The locomotives were further tested, before being 

ut into service, on the 2}-mile instruction track 
tween High Bridge and King’s Bridge, and also 
in working into the Grand Central Station, and 
they appear to have proved quite satisfactory. The 
authorities cannot, therefore, be taxed with having 
adopted an untried form of motive power. 

We have been favoured by Mr. W. J. Wilgus, 
the Vice-President of the New York Central and 
Hudson River Railroad Company, with a set of 
copies of reports made on the accident by various 
authorities, and also with some excellent photo- 
graphs, and on these documents our present article 
is based. 

It will be well, before discussing the matter 
further, to recall to the minds of our readers a few 
of the salient features of the disaster. The train 
which was wrecked was one known as a White 
Plains express, and consisted of five cars, weighing 
loaded about 160 tons, drawn in this case by two 
electric locomotives, weighing about 94 tons each. 
At a point nearly 10 miles from the Grand Central 
Station, New York, the line enters upon a curve of 
about 28 chains radius, and at the centre of this curve 
passes under the Woodlawn Road Bridge. Under 
this bridge, in the track on which the accident 
occurred, is a Weber insulating joint. The first 
signs of derailment were visible at this point. The 
two electric locomotives and one car finally came to 
rest about 500 yards beyond this point, while the 
four poser ef cars lay on the neighbouring track 
about 200 yards from the bridge. It would be 
quite irrelevant here to speak of the results of the 
disaster ; what we are concerned with being, rather, 
the cause. The illustrations we publish in Figs. 
1 to 5, on pages 478 and 479, give a very good idea 
of the locality and the wreck itself. Fig. 5 shows the 
curve where the accident happened ; Fig. 1 shows 
the overturned cars; Fig. 2, the straight stretch 
after the curve, on which the derailed coaches 
came to rest, and on which the locomotives pulled 
up; while Figs. 3 and 4 show the overturned cars 
alter they had been righted. 

The whole interest in the case appears to centre 
in the fact that at the insulation joint under the 
bridge the heads of the spikes had been sheared off 
on the outside of the outer rail, that the joint was 
distorted, and the end of the southernmost rail was 
displaced as muchas 5in. The displaced rail formed 
the north end of a track circuit block section (the 
train was travelling in a northerly direction); a 
similar insulation joint existing in the inner rail, a 
few feet further on. It was at once surmised that 
the shearing of these spike-heads was the direct 
cause of the disaster. e believe, however, that 
marks were found along the track still further back, 
and it seems impossible to determine to what these 
marks on the sleepers were due. It may be that 
they bear some relation to the cause, or it may be 
that they resulted from the derailment of cars 
ahead. 

The supposition that this was another case of 
over-turning due solely to high speed is not borne 
out by the investigations before us. The curve 
is not gees: - one, = with the ee 

rovided, would permit of speedsa great igher 
hen are ever run on this road. No definite infor- 
mation is forthcoming as to the speed of the train 
at the time of the accident. As it was behind time— 
and as to the motor-men the running of a quiet 
motor locomotive isa less reliable guide by which to 
judge of speed than is the case with a steam locomo- 
tive—it is probable that the speed washigh. On the 
other heel the curve was regularly taken in safety 
by trains drawn by heavy steam locomotives at 
speeds probably often just xs high. The question 
is one which probably involves a series of factors, 
some of them impossible cf determination, and 
including the questions of curvature of track, 
speed, desiga of locomotive, and type of track and 
joints. 
: It is worthy of notice, though the matter is not 
referred to in the official reports published by the 
railroad company, that the men on a train passing 
over this point earlier in the day, had noticed a 
rough place at this point and had reported it. This 
report was attended to and the track examined, 
but no fault found in it ; the examination, however, 
was probably made either in the twilight or after 
dark, the report having been received only at 











5 p.m. by the section foreman on a winter’s day. 
Supposing that nothing was the matter with the 
eaek, 3 is a strange coincidence that at the place 
reported as being rough by the crew of one train, a 
pe Sera train should meet with disaster. From 
this point it would seem that some defect had 
begun to develop here which was not discernible by 
examination “et unsatisfactory conditions. 

All said and done, the spike-heads were proved 
to have been sheared off. An investigation of this 
point involves the consideration of the effects on 
the track of the new type of locomotive. In 
Fig. 6 we give an illustration of the electric loco- 
motives in use on the New York Central and 
Hudson River Railroad. As will be seen from 
the figure, they are twelve-wheeled locomotives, 
the leading and trailing pairs being mounted in 
pony trucks. The total wheel-base of these motors 
is 27 ft.; the over-all length, 37 ft.; and the 
rigid wheel-base, 13 ft. The centre of gravity 
of the whole machine is 44 in. from the rail- 
level. Their total weight is 189,000 lb. Springs 
are provided at either end to control the move- 
ment of the pony truck, or, rather, to assist 
it in its function of guiding the locomotive round 
curves. Play of gin. is allowed to the driving- 
wheels in the main frame. The behaviour of such 
a machine on curves, and its influence on the track 
of a curve of 1860 ft. radius, has, since the accident, 
received attention from experts called in both by 
the coroner and by the railroad company. The 
expert selected by the coroner was Professor E. B. 
Lovell, of Columbia University, while the case was 
referred for report, by the railroad company, to 
Professor G. F. Swain, of the Massachusetts Insti- 
tute of Technology, Boston, to Professor Mansfield 
Merriman, of New York, and to others. 

Consideration of the problem involves a know- 
ledge of the manner in which the locomotive is 
guided round the curve. At high speeds the guid- 
ing of the pony-truck becomes proportionately less 
effective, and the leading outside driver has to do 
the bulk of the work. While at low speeds the 
spring-controlled pony-truck may exert a much 
greater thrust against the outer rail than does the 
leading driver, at something between speeds of 40 
and 50 miles per hour this thrust becomes the same 
for both, while above this point it is greatest at the 
leading driver, becoming at about 70 miles per hour 
about twice as great at the leading driver as at the 
pony-truck. This is on the assumption that the 
second driving-axle does not thrust against the 
outer rail. The locomotive swings round the point 
of contact of the trailing outside driver, or last 
wheel of the rigid wheel-base. 

Professor Lovell considered that the whole of 
the guiding was done by the leading outside driver, 
and on this assumption arrived at conclusions which 
proved the possibility of sufficient thrust being 
exerted at this point to result in the shearing of 
the spike-heads ; but for this to happen the thrust 
would have to be concentrated at a single spike on 
one tie. Objection has been raised to these con- 
clusions, it being claimed that the influence of the 
pony-truck on the locometive was ignored, and also 
that the thrust is never likely to be concentrated 
at one int, as the track forms a continuous 
girder. Unfortunately, full enough information is 
not available to enable a thorough discussion of 
either of these points. Professor Lovell’s calcula- 
tions are only summarised in the evidence. With 

ard to the question of concentration of thrust, 
theoretically the objection holds, and, from a prac- 
tical point of view, it has also considerable force. 
A rail laid in a track in good condition will un- 
doubtedly act as a continuous girder and distribute 
the thrust over at least two sleepers ; but it has 
been already pointed out that this place had been 
reported during the day by the crew of a previous 
train ; and it is, therefore, quite within the bounds 
of possibility that there was some defect here 
whereby the thrust due to a heavy lurch had to be 
taken up by a less number of spikes than would be 
the case had no defect existed. 

It is noteworthy that in all the discussions of the 
accident published by the railroad company no 
mention is made either of the type of joint at this 
place, or of the report of the state of the track 
made earlier in the day. We do not wish to 
suggest, in any way, that the company is with- 
holding information, but it seems to us that their 
main efforts have been directed towards proving 
that steam-locomotives had a much more serious 
effect on the road than have the electric locomo- 
tives, and that it was practically impossible for 





these latter to do any such thing as to shear the 
heads off spikes. This action is probably the result 
of the great popular outcry about the evils of the 
introduction of electricity as motive power, and has 
resulted in obscuring, to some extent, the main 
point at issue. Instead of discussing the condition 
of the joint and track (in view of the track report 
already referred to) in connection with the stresses 
imposed upon it by the passing locomotive, the 
question is discussed only on the assumption that 
everything was in faultless condition, and the de- 
duction is arrived at, that no stress sufficient to 
shear off the heads of spikes would be produced by 
the electric locomotive. 

In taking the worst possible case—i.e., that in 
which the second and third drivers do not bear 
up against the outer rail, but including the guid- 
ing effect of the pony truck— the New York Central 
authorities arrive at the following figures for the 
total thrust exerted by the outside leading driver :— 


Speed—miles per 


hour AS 40 50 60 70 
Thrust on outer 

ral iad Ib. 4,740 7,400 10,470 14130 
Weight on outer 

driver ... lb. 16,750 17,450 18,605 19,950 
Friction resistance 

duetoweight lb. 4,180 4,360 4,650 5,0C0 
Resultant shear on 

spike ... Ib. 560 3,040 5,820 9,130 


These figures of resultant shearing stress on spikes 
are based on the assumption that the usual 
coefficient of friction of 0.25 may be used in con- 
nection with the bearing of the rail on the tie-plate. 
It is held that ice might materially reduce this co- 
efficient, resulting in greater shearing force on the 
spike-head. The results arrived at by Professor 
Swain are based on the assumption that the two 
leading outside drivers bore against the rail. This 
may actually have been the case, but as it is not 
the worst possible case, it does not help much in 
the solution of the enigma. 

Spikes have been tested by independent en- 
gineers in the appliances shown in Figs. 7 and 8, 
page 479. In one of these, Fig. 7, the appa- 
ratus is provided with knife-edges, while in the 
other, Fig. 8, rounded edges were given to the 
blocks. It is to be supposed that the test 
with rounded edges approaches more nearly to 
the actual facts of track service. The foot of the 
rail coming from the rolling-mill will not have 
a sharp knife-edge. On the other hand, the hole 
in the tie-plate, being punched, may have a fairly 
sharp edge on the upper side, according to which 
side the Toten are punched from. Taking the worst 
case, or clean square edges, the average single 
shearing strength of several spikes in the tests ran 
out at 18,753 1b., according to some authorities, and 
to about 17,000 lb. in others, while the railroad 
company say that some show as low a strength as 
14,400 Ib. e higher figures, therefore, at a speed 
of about 60 miles per hour, allow a factor of safety 
of nearly three, supposing the whole of the stress to 
be taken up by one spike. The spike-head is in 
practice not subjected to pure single shear, and 
the probability is that the head is bent upwards, 
and at the same time forced outwards against a 
sharp edge, when destruction might well occur 
earlier than would be expected according to labora- 
tory experiments. 

Supposing the coefficient of friction to be con- 
siderably reduced, owing to ice between the rail and 
tie-plate, from 0.25 to 0.125, at 60 miles per hour, 
the locomotive must produce a shearing stress of 
8145 lb. on the spike, while at 70 miles per hour a 
stress of nearly 12,000 1b. might be produced, which, 
it will be noted, lowers the factor of safety consider- 
ably. These, however, are extreme cases, and require 
conditions which may never actually occur all at 
the same time. The points, therefore, to be borne 
in mind are: (1) that the state of the weather was 
severe cold ; (2) that the track had been reported 
earlier in the day ; (3) that the speed of the train 
was probably high, owing to it being behind time, 
and to the fact that the motorman was less able to 
gauge his speed on account of the regular running 
of the motor than is possible with a steam-engine ; 
(4) that with a rigid wheel-base of 13 ft., and only 
the leading and trailing driving wheels touching the 
rails, shearing stresses are produced on the spikes 
which, if concentrated on one spike, result, under 
the best conditions, in a factor of safety of about 
three, while under bad conditions, of reduced co- 
efficient of friction, and heavy impact due to lurch- 
ing, provide a factor of safety da comparatively 
small figure. 
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A strange piece of evidence is produced by the 
railroad company in support of its contention that 
shearing of spikes is impossible with their new 
stock, and it is this :—During trials on an inferior 
road the electric locomotive was run round curves 
elevated for 60 miles an hour at a speed of 75 miles 
an hour. The effect of this was stated to be not 
to spread the track, but to shift it bodily in the 
ballast. It ap to us that but little value 
attaches to such a point, for had the track not 
shifted the gauge might well have been forced out. 

Since this track has been used by steam locomo- 
tives for years without accident, a great deal has 
been done in the way of comparing the action of 
these on the track with that of the new electric 
locomotives. The total weight of ‘*‘Central At- 
lantic” engines previously used was 190,000 lb. 
(a strangely round figure, as are all weights given 
for American locomotives). The total wheel-base 
of these engines is 27 ft. 7 in.; rigid wheel-base, 
16 ft. 6 in.; and driving wheel-base, 7 ft. The 
height of centre of gravity is 72.7 in., against 
44 in. of the electric locomotive. The height of 
the centre of gravity, of course, influences the load 
on the outer rail. With two given locomotives, 
equal in all respects except that the centre of 
gravity of one is higher than that of the other, 
odie round the same curve at the same speed, 
the load on the outer rail will be greater for that 
with the high centre of gravity. Thus, in the 
electric and steam locomotives used on this line 
the loads on the outside leading drivers at various 
speeds are as follow :— 


Speed—miles per 


hour... =e 40 50 60 70 
Steam locomotive 

(*Atlantic” 

type) . Ib. 25,165 .26,885 32,705 37,695 
Electric locomo- 

tive lb. 16,750 17,450 18,605 19,950 


The frictional resistance, therefore, between the 
rail and tie-plate is considerably greater in the case 
of the steam locomotive with the high centre of 
gravity. 

Taking the figures given by the railroad company, 
we have for the steam locomotive, so far as the lead- 
ing driver is concerned :— 


Speeds—miles per 


hour ... > 40 50 60 70 
Thrust at leading 
outside driver 

lb. 6,120 7,450 11,230 15,390 
Friction __resist- 
ance due _ to 
weight on wheel 

lb. 6,280 6,720 8,170 9,420 
Resultant shear 
on spike —_ 730 3,060 5,970 


which, on comparison with the figures given above 
for the electric locomotive, show a balance in favour 
type. 
Weber's classical investigations on 


of the old 

In Von re - 
manent way he arrived at the conclusion (see En- 
GINEERING, Vol. x., page 433, et. seq.) that the resist- 
ance of the rails to lateral displacement on the 
sleepers is increased by the load on the rails in the 
proportion of 0.33 of that load. This being the case, 
the engine with the high centre of gravity is much 
easier on the track than one with a low centre of 
gravity—a point substantiated by practice. 

It is only right to add, however, that at certain 
speeds the shear due to the calculated thrust of the 
bogie of the steam locomotive is more severe than 
that due either to the drivers of the steam-engine 
or the electric locomotive. On the other hand, it 
isa matter of conjecture as to how far these are 
conditions of actual occurrence, seeing that a well- 
designed four-wheeled truck has not only a cushion- 
ing effect on the blow, but that at the same time 
the centre of weight is shifted in such a manner as 
to put a greater load on the outside wheels, thereby 
relieving the shear on the spikes. A further con- 
sideration of this matter would be beside the point, 
as the present question is merely concerned with 
the possibility of such a combination of circum- 
stances arising as would render the track liable to 
failure under the action of the electric locomotive. 

It may be remarked, in conclusion, that Mr. 
S. M. Vauclain, of the Baldwin Locomotive 


Works, which firm, in conjunction with the West- | 5 


inghouse Company, have had considerable expe- 
rience of electric locomotive building, gave it as 
his opinion before the New York Railroad Club, 
when this occurrence was under discussion, that the 
centre of gravity of the electric locomotives was 
too low. He asserted, and we believe correctly that 
the effect of the ‘‘nosing” action of a locomo- 





tive upon entering a curve is much more severe in 
the case of one with a low centre of gravity than 
with a high. A statement of this nature by Mr. 
Vauclain, as a man in a position to obtain more 
accurate data from being not far from the place of 
accident, and within reach of fuller information 
than we have at our disposal, must carry a con- 
siderable amount of weight. 

The railroad company produce no constructive 
theory as to the cause, but have contented them- 
selves with controverting outside criticism. On the 
other hand, it is significant to read in recent tele- 
grams from New York that the line has been 
double spiked since the accident. It is somewhat 
surprising that on a first-class line shoulder tie- 
plates are not in use on the outer rails on curves, 
as these are admittedly of considerable assistance 
in preventing the spreading of the track. 





THE USE OF ELECTRIC POWER IN MINES 
AND QUARRIES. 

AT the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, March 26, Sir Alexander 
Kennedy, LL.D., F.R.S., President, in the chair, the 
papers read were ‘The Application of Hydro-Electric 
Power to jem by M. Kellow, Assoc. M. Inst. 
C.E., and ‘“‘Electrically-Driven Winding-Gear, and the 
Supply of Power to Mines,” by A. H. Preece, M. Inst. 
C.E. The following are abstracts of these papers :— 

The slate-mines of Wales are situated almost without 
exception in the counties of Carnarvon and Merioneth. 

The mountainous character of the country pu facili- 
tated mining and quarrying operations in the past, as it 
enabled the slate 8, which incline at high angles, to 
be worked by adit levels and horizontal galleries directly 
from the hill sides, and a small amount of power only was 
fo monn under these circumstances. The conditions tend 
to me less favourable every year, as the workings be- 
come deeper ; and as also mechanical aids in the manufac. 
ture of slate tend to become more universal, the require- 
ments, as regards power, must increase considerably. 

Though steam has hitherto been chiefly used, there is 
an abundance of water-power in the two counties, which, 
if applied, would supply all the needs of the slate in- 
dustry in this respect. There is little doubt that when 
the advantages of utilising water-power in conjunction 
with electric transmission and distribution are generally 
realised, it will be used almost to the exclusion of any 
other in slate-mining. 

The author has designed and installed a hydro-electric 
plant which contains many features of novelty. The 
problems covered a wide area, and the application of the 
principles involved to slate-mining generally are con- 
sidered. The scheme has been carried out in the 
Croesor and Cwmfoel Valleys, in the vicinity of Snowdon, 
and includes all the essential of a complete power system. 

ils are supplied as to rainfall, catchment area, 
water storage (partly by means of a reservoir 12 acres in 
extent, constructed at an elevation of 1460 ft. above the 
sea), and a steel pipe-line with its accessories. far as 
the author is aware, there is no previous example of so 
high a head of water as 860 ft. having been utilised in 
the United Kingdom. 

Particulars of an original design of air-vessel for use at 
the bottom of the pipe-line, furnished with hydraulic 
charging-apparatus, to enable it to be filled with air at a 
pressure corresponding to that of the water, are given. 

The advantages and disadvantages involved by the use 
of continuous and alternating current respectively, as 
regards generation, transmission, and distribution, are 
com , and a conclusion is arrived at that the three- 
phase alternating-current system is the one best adapted 
to slate-mining. iderations affecting the choice of 
periodicities are discussed, and 40 or 50 cycles is regarded 
as the most suitable. The type of generator and method 
of driving are considered, and conclusions stated. 

The conditions under which it is desirable to generate 
at the distribution voltage, and those under which trans- 
formation is desirable, are dealt with. The methods of 
driving the exciter from the alternator shaft and from a 
se te power source respectively are discussed. 

he essential qualities in mining plant are stated to 
be: reliability, first-class mechanical construction, and 
simplicity of operation; and as regards motors these condi- 
tions are best fulfilled by the three-phase induction type. 
The conditions prevailing in slate-mills are described, and 

up-driving by moderate-sized squirrel-cage motors is 
avoured. The peculiar requirements of winding-up in- 
clined planes, which are usual in slate mines, the character 
of the traffic, &c., are dwelt upon, and the conclusion is 
arrived at that three-phase motors are well adapted to the 
work. The types of motors most suitable to the driving 
of pumps, fans, winches, &c., are considered. The 
influence of various starting devices, used in connection 
with the motors, on the power-factor of the system is 
discussed. The advantages of the three-phase system as 
applied to slate-mining are then summarised, and the 

+ installed for mill-driving, winding, traction, pum 
ing, lighting, &c., at the Croesor Slate- is described. 
fficiency curves are given relating to every part of the 
system, separately and in combination. . 

In the second paper it is pointed out that the operating 
of mine winding-gears by electricity has, up to the present 
time, been little developed in Great Britain, but many 
plants of considerable size are now in regular use in 
other countries. : 

The author discusses the questions relating to winding 





in the first portion of the paper, and in thesecond portion 


he refers to various points relating to the cost of electric 
power in mines. 

The advantages of electricity over steam for winding 
purposes are referred to, and attention is drawn to the 
use of electrically-driven winding-gear for deep shafts 
and for two-stage windi The even turning moment of 
electric motors should reduce the wear and tear upon the 
winding-rope, and present advantages over the systems 
now in use. 

The losses through friction at starting with winding- 
gears are of great importance, as a winding-gear is 
stopped and started sometimes as often as seventy times 
per hour. Hence a method of drive which is enabled to 
start with little friction loss is certain to prove econo- 
mical when compared with steam-engines. 

Two-stage winding is:no doubt open to many objections, 
but if it is to be carried out successfully there is little 
doubt that the use of electricity would overcome one of 
the chief objections in avoiding the installation of boilers 
half-way down the shaft. The use of electrical winding 
may improve the working with ropes, so that it will be 
possible, by using a factor of safety of 6, economically to 
wind materials from a depth of 6000 ft. in a single wind, 
and thus obviate the necessity for two-stage winding. 

The Koepe pulley has been largely adopted in German 
with electrically-driven winding-gears, ther wit 
balanced ropes, and the working of such pulleys appears 
to give every satisfaction. e work put into heavy 
cylindrical drums during acceleration may no doubt be 
recovered during retardation ; but if rapid acceleration is 
required, the maximum horse-power is necessarily very 
great with cylindrical drums, and is considerably in 
excess of the normal power required at full speed. 

The types of motors which have proved suitable for 
winding are separately-excited continuous-current motors 
and asynchronous three-phase motors. In the case of 
continuous-current motors, the difficulty with starting has 

m met in some cases by using the Ward Leonard 
system of control. A sto battery has also been tried. 

ith three-phase motors a liquid resistance in the rotor- 
circuit has been adopted with satisfactory results. 

The author points out that the driving of winding-gears 
by re | is not entirely similar to electric traction 
problems. There are many new features which require 
careful consideration. It is essential to study the inertia 
of suspended loads, the momentum of the winding- 
thestatic and dynamic stresses on the ropes, the friction 
of the shaft, as well as the acceleration and retarda- 
tion. 

The great variation in power taken by electrically- 
driven winding-gears causes undesirable fluctuations in 
the circuit supplying the gear from the power-houee, and, 
consequently, it is necessary to introduce some method of 
reducing the effect. The possibility of using storage bat- 
teries is discussed, and the advantages of the fly-wheel 
en are gone intoin detail. Thislatter system involves 
the use of a heavy fiy-wheel, whose momentum is utilised 
to give out energy when a heavy load is required, and to 
take up energy when the load is light. T e system has 
been develo by Mr. Ilgner, of theS huckert 
Works. Other systems are referred to, and the use of the 
Ward Leonard method of connecting a special generator 
with the winding motor in series is discussed. 

igures are given as to the efficiency with the fly-wheel 
motor-generators. There is loss due to air-friction and 
windage, and in the case of a 40-ton fly-wheel, with a 
motor of 240 kilowatts and a generator capable of dealing 
with about 600 kilowatts maximum, this constant loss was 
about 17 kilowatts. : 

The amount of energy available for storage in the fiy- 
wheel should depend upon the period of retardation and 
the period of decking, when no energy is required to be 
— to the winding- from the generator. 

e supply of power in mining districts by bulk com- 
panies is attracting considerable attention at the present 
time. To the mine-owners it is purely a question whether 
they can erect electrical plant and produce electricity 
themselves at a lower rate than at the prices at which the 
bulk company are prepared to supply them. The author 

ives approximate figures as to the capital costs of plants 

riven by gas and steam-engines, and the running costs. 
He calls attention to the i d use of gas-engines and 
of their advantages where coke-oven gas or blast-furnace 

as is available. The cost of ucing electricity 

epends upon the load-factor, and the cost should be 
divided into the following three items :— 

a) Interest on capital and depreciation. 

3 Fuel. : 

c) Wages and repairs. 

Interest and depreciation are two of the largest items, 
and in the case of —— companies, as the life of a mine 
is limited, the interest should be high; and the author 
shows the effect of an allowance of 10 per cent. on the 
4 cost upon the price per unit with various load- 
actors. 








The cost of coal and wages depends not only upon the 
load-factor, but also upon the local prices, and short 
tables are given to show the effect, upon the cost unit, 


of different prices of coal and different costs of labour. 
It is shown that for a mine having a demand not ex- 
ceeding 2500 kilowatts, and with coal at 6s. per ton, the 
cost per unit, with a load factor of 20 per cent , is about 
0.64d., while with a load-factor of 50 per cent. it is 0.31d. 
The margin with a 20 per cent. load-factor below the price 
chargeable by a bulk company would probably be sosmall 
that it would be better policy to purchase current from 
them. In the case of the higher load-factur, it is doubtful 
whether a power company could compete with a local 
generating-station. i une 

The author adds in the Appendices descriptions ot 
electrically-driven winding-gears with cont current 
motors with alternating-current motors, and also some 








details of a test recently carried out in Germany. 
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NARROW-GAUGE EIGHT-WHEEL DUPLEX 
LOCOMOTIVE. 


WE illustrate on our two-page plate this week an 
eight-wheel duplex locomotive built recently by Messrs. 
Andrew Barclay, Sons, and Co., Limited, Caledonian 
Works, Kilmarnock, N.B., for a railway of 2-ft. 54-in. 
gauge, in the Island of Euboea, belonging to the Anglo- 
Greek Magnesite Company, Limited. This engiue was 
designed with the object of obtaining large hauling 
power in a machine suitable for light rails and per- 
manent way, and at the same time suited for sharp 
curves. 

In place of the boiler with central fire-box and two 
hesele extending in opposite directions, as used by 
Fairlie in his duplex engines, the locomotive we are 
now describing has a boiler of the ordinary type, the 
barrel extending over one of the steam-bogies, and 
the fire-box dropping down between the two bogies, 
as shown in Fig. B From this view and Fig. 3 it will 
be seen that the boiler is supported on a frame built up 
of plates, angles, &c., which rests on two bogies whose 
centres are 13 ft. apart. The centre castings are 
carried by cross-bearers on the frame, and are of a 
deep ball-shape, as may be seen in Fig. 2, or in the 
enlarged view of one centre which we give in Fig. 4. 
Two volute springs are provided to each bogie, placed 
vertically, one on either side of the centre (see Figs. 2, 
3, and 4), for steadying the upper frame laterally. A 
check-bolt at the trailing end of each bogie connects 
this to the main frame, and, while allowing freedom 
of movement radially, checks any tendency to motion 
in other directions ; check-chains are also provided. 

The difficulty of making steam connections with 
the cylinders on the bogies has been overcome by the 
use of sliding ball-and-socket joints. Steam is carried 
in the usual manner by pipes from the dome through 
the smoke-box to a point below the frame, where the 
pipe branches into two, one branch supplying the 
eading bogie, while the other, carried out under the 
running board and then turned in again towards the 
centre of the trailing bogie, supplies the cylinders at 
the rear end of the locomotive. The pipes are carried 
as near the centres as possible, and in line with these 
centres are provided with the ball-and-socket joints 
shown in detail in Figs. 4. and 6 to 13 inclusive, and 
also in Figs. 2and3. These pipes are suspended from 
the bogie cross-bearers by means of T-pieces, to which 
they are bolted through lugs, shown in Figs. 6, 9, 10, 
and 11, The steam-pipes in each case branch out 
through a Y casting, bends connecting them up with 
the cylinders. The exhaust of the cylinders of the 
front ie is carried through one pipe, also provided 
with ball-and-socket joints, to the Piast. ipe in the 
smoke-box, in the usual manner. At the trailin 
end the exhaust pipes are connected, and are wetted 
vertically up through a special chimney passing 
through the tank and coal-bunker. 

The driver’s platform, the coal-bunker, and the tank 
are accommodated on that part of the upper frame 
extending over the rear bogie. It will be noticed that 
the buffers and couplings are fitted to the bogies, and 
not to the a framing. 

The cylinders and Walscheart valve gear are out- 
side the frames. The fcllowing are the chief parti- 
culars and dimensions of the interesting engine we 
have been describing :— 


Four cylinders 9 in. in diam. by 


; f 15 in. stroke 
Boiler, diameter ... ea es 3 ft. 53 in. 

Be length over all ... =. 14,, a 
Heating surface : fire-box ve 48 sq. ft. 

ri fa a, ee 
” a total ... 508, 
Sad a mh oa ie 

orking pressure 160 1b. per sq. in 
Wheels _... ws 2 ft. 3h in. in dia. 
Rigid wheel-base... ott ee 4 ft. 
Total rah m ae so 
ee eee 2 ft. 54 in. 
Tank capacity... ie os 666 gals. 
Fuel _,, eds ot i 30 cwt. coal 
Weight in working order 30 tons 








Tug Gas Exorveers’ Pocket-Boox.—The third edition 
of the gas engineers’ pocket-book, by Henr O’Connor, 
has been sent us by the publishers, Messrs. Crosby Lock- 
wood and Son, Stationers’ Hall-court, Lud ate hil E.C. 
It is. a book of over 460 pages, well printed and indexed, 
and contains a | amount of information bearing on 
gas manufacture and appliances. Much of the contents 
18 of a general mechanical or civil engineering nature, and 
the mathematical tables are comprehensive, yet concisely 
arranged. The volume is pisteuerty well bound, and 
appears so generally useful that one regrets the state- 


ments that appear as Electrical Memoranda on page 350. | 


We find an ampere defined as the “standard of quantity :” 
an ohm, as ‘the standard of resistance offered by 139 
yards of No. 16 copper wire.” A watt-hovr is “the 
standard of pressure x —_ x hours,” whatever this 
may mean. “'4 watts will produce 1 c.p., 764 watts 
=11.H.-P.” We need not continue to quote, as there is 
practically not a single statement in this section which is 
not either misleading or absolutely wrong. The pocket- 
book is published at 10s. 6d. net, 
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TORSIOMETERS. 
Torsiometers as Applied to the Measurement of Power in 
Turbines and Reciprocating Engines.* 
By ARCHIBALD Denny, Member of Council. 


WueEn the suitability of the turbine method of propul- 
sion for commercial work was proved by the success of 
the King Edward, built by my firm in 1901, it became 
apparent to us that it would be highly desirable to have a 
method of ascertaining the horse-power transmitted by 
the turbine-shafts to the propellers. Until that problem 
was solved we could only work from the boiler to the 
propeller, and the efficiency of the turbine and the pro- 
peller must be lumped together. It is not possible to 
‘* indicate” the turbine in the same way as is done for a 
piston-engine, although I may say that a fair approxi- 
mation can be got by ascertaining the fall of pressure 
through successive expansions by means of pressure- 
gauges fixed to the turbine-casing. 

Some fifteen years ago we had made numerous experi- 
ments with factory shafting, endeavouring to ascertain 
the absolute torsion of a shaft while running, and it 
therefore immediately occurred to me that this was the 
SS —- in which to attack the problem. We 

tried various methods, principally using pierced discs 
and beams of light, but with very partial success. We 
had not tried any method involving the use of ee. 
and I therefore arranged for experiments to be made 
by this method on one of our faetory shafts. The first 
trials were made by fixing discs on the shaft at a con- 
siderable distance apart, so as to get a reasonable amount 
of torque. Thediscs were of insulating material, and each 
had a contact point arran at its periphery in such a 
manner that the — made momentary contact with a 
metal tongue or once in every revolution of the 
shaft. The contact points were connected to the shaft, 


and the metal brushes to a battery and a telephone re- | 
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ceiver. The method adopted was to first adjust the 
brushes so that both made contact with the points simul- 
taneously when the shaft was revolving, but transmitting 
no power. When transmitting power the shaft was, of 
course, subject to a certain amount of torsion, and thus 
the brushes were put out of simultaneous contact. One 
of the brushes was then moved round its disc concentri- 
cally. until simultaneous contract was once more esta- 
bhshed. The amount of this shift gave a measure of the 


— on the shaft, and to ascertain the correct amount | passed 
oO 


is shift the telephone receiver was placed to the ear, 
no sound being heard except when both brushes were in 
contact with the respective contact-points, when a loud 
‘tick” was heard. The principle was thus of extreme 
simplicity, and the method of carrying it out seemed at 


| first equally simple ; indeed, I may say that this first 
rough Scag which was quite successful, only cost a 
few shillings to make. We then set about making more 
accurate and elaborate apparatus on the same lines, to be 
fitted to the Queen Alexandra, which was nearly ready 


* Paper read before the Institution of Naval Architects, 
21, 1907. - 7 
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for trial, with an assured hope of getting satisfactory 


ts. 

The factory shaft on which we made the original ex- 
periments ran about 120 revolutions per minute, but the 
revolutions of the Queen Alexandra’s side shafts were 
over 700, and when we came to make experiments at this 
high speed we found the new apparatus was useless, as no 
certain sound could be got. We tried many forms of 
contacts, and after numerous experiments we did succeed 
in the Queen Alexandra, with revolutions about 750, in 
getting some fairly consistent results; but it was im- 
possible to be quite certain of the exact point at which 
the make and break in the circuit took place, and we were 
never quite sure of our results ; still we had made a great 
step in advance. . 

Mr. Charles Johnson, a member of our staff, who 
assisted in working out this problem, and was closely 
connected with it from the first, thoroughly es pone na 
the difficulties, and realised the desirability of getting 
away from the unreliable rubbing contact, and he ulti- 
mately succeeded in solving the problem in a most 
ingenious way. 


Fig2. 
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ANOTS. 


Fig. 1 (herewith) and Fig. 8, 483, show his original 
solution. Two gun-metal od A and B, were fastened 
to the shaft at a definite and known distance apart, the 
distance being as great as possible. On each wheel a per- 
manent magnet, with a sharp chisel-shaped edge, was 
fixed radially at the periphery of the wheel and with the 
sharp edge parallel to the shaft. At one end a soft- 
iron electro-magnet C, wound with fine wire, similarly 
chisel-shaped, was fixed, so that the moving magnet 
directly over the electro-magnet once in each 
revolution. At the other end a similar electro-magnet D 
was mounted on a screwed sector, and wires from these 
electro- ts were led to a differentially-wound tele- 
phone receiver. If the shaft revolved without transmitting 
power, the permanent magnets these electro- 
magnets simul y, and currents of electricity gene- 
rated in eachr coil passed through the telephone receiver; 
but the currents being equal and opposite, so sound was 
heard. When the shaft transmitted power, the permanent 

ts passed the electro- ets at different times, 
co hence a sound was heard in the receiver. By turning 
the hand-wheel shown in the diagram a new position of 
silence could be obtained, when it was evident that the 
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two permanent magnets were again passing the electro- | 
magnets simultaneously, and the amount of torque could | 
be ascertained from the reading of the sector screw. 
This instrument was used with great success on a number | 
of the turbine vessels built by my firm, but it required | 
the operator to work in the tunnel, where even with tur- | 
bines there is some noise and disturbance; and to over- 
come this objection Mr. Johnson designed another arrange- 
ment, which is illustrated in Fig. 2. The gun-metal 
wheels and permanent magnets remain as before, but in 
place of the chisel-shaped electro-magnets, soft - iron | 
sector cores, marked inductors A and B, take their place. 


from which to start, should be found. In order to do 
this, zero lines, or, rather, grooves, are cut into the cover 
plate of the inductors A and B, directly over the zero 
coils ; and in cotting up the instrument the chisel-shaped 
magnets are brought directly over these lines, by first 
dropping them exactly into the ves, and then raising 
and fixing them to just clear the top of the inductors. 


But we do not depend upon this method alone, because 
any inaccuracy in setting up the inductors might bring in 
small errors. We therefore get an absolute zero by 
running each shaft light alternately ; that is to say, before 
the commencement or after the completion of the trials, 











Fic. 6. 





Fig. 8. 











and readings are taken from three or four shafts in a very 
short time. This instrument is not suitable for very low 
revolutions, as the induced current becomes too weak to 
make a distinct sound in the telephone ; but it is suitable 
down to about 100 revolutions per minute. For lower 
revolutions the instrument first described is employed, 
but the operator must then be in the tunnel. 

The testing of the shaft to get the torsion scale previous 
to its being fitted on board is done by fixing rigidly one 
end of the length of the shaft to be used for the trials, and 
at the other end fitting a lever; this is loaded with 


| weights, so as to get the scale of torsion moment. For 





‘These cores are wound with a series of coils of very thin |each shaft is alternately run light, the vessel 
wire, so fine, indeed, that each coil, with its dividing wall | being driven by the other two screws. It is 
in one of the sectors, only Oécupies_a space of 0.02 in. | true that by this means we do not eliminate 
This sector, or inductor, as we term it, is fitted underneath | the effect of friction in the turbine and shaft 
one of the gun-metal wheels, and a similar one is fit bearings ; but this must be very small, as we 
at the other wheel, but in this case the coils are further find our original method of setting the zero, 
apart—namely, 0.2 in.; the reason for this will be after- | when carefully done, is always confirmed by 
wards explained. this method of checking the same. 

In Fig. 2 is also shown the recording-box, which will! To take a reading after the instrument is 
be seen to consist of two circles fitted with contact-studs | once set, and the resistance of the two tele- 
and movable contact-arms ; the upper one, marked “Scale | phone circuits is adjusted by means of the 
A,” is connected with the inductor at the wheel next the | variable resistances A and B, all that is neces- 
propeller, and has six contacts; that is to say, there are|sary is to turn the movable arm on scale B 
six coils, spaced 0.2 in. apart. The other one—scale B— | round the various studs until there is silence 
has thirteen contact-studs, which are similarly connected | in the telephone, when the amount of torsion 
to thirteen coils on the inductor at the carbine end of | is immediately read off the scale. If no such 
the shaft; these coils are spaced 0.02 in. apart. On the 
recording-box will be seen two side-coils, marked respec- 
tively ‘‘ Resistance A” and ‘‘ Resistance B.” These are 
resistance-coils for throwing into series with the differen- 
tial windings of the telephone receiver, which is connected 
to the two inductor circuits, which circuits must be 
accurately balanced before absolute silence can be got in 
the receiver. 

Fig. 2 shows the arrangement of the apparatus for one 
shaft. With this arrangement it is possible to locate the 
observer in any part of the ship, cables being led from the 

e 





—_ be found, it means that the shaft is 
| being twisted more than is covered by this 
scale ; the arm A is then turned to the first 
contact, and the arm B is again swept round 
the circuits. If silence be still not obtained, 
the arm A is turned to the second contact, 
and so on, the combined range of the scales 
being altogether 1.24 in., which is more than 
sufficient to measure the maximum torque 
usually obtained. From torsion experiments 
on the shaft described below, made previous 





Fic, 9. 


turbine shafts, which are small in diameter as a rule, this 


inductors in the tunnel to the recording-box, and we 
usually select some quiet cabin where the observer will 
be undisturbed. e sound in the receiver at usual 
revolutions is so distinct that even an untrained observer, 
after a very few minutes’ practice, can get perfectly 
accurate results, and powers transmitted can ascer- 


to its being fitted in the ship, or from a formula also given 
below, the factor by which this reading is to be multiplied 
is obtained, and the power is got by a simple multiplica- 
tion sum. 

This instrument is made for one, two, three, and four 
shafts ; for each shaft a group of circles as shown is re- 





tained from moment to moment. 
It is essential, of course, that the correct zero position, | 


quired. By means of the contact-arms and studs the 
various shafts are thrown into circuit witb their receivers, 


is not &@ serious operation, nor, indeed, have we found it 
so even for larger ordinary twin-screw shafts, although, 
of course, the weights used have to be much greater. 
We have tested all the shafts for the turbines and other 
vessels on which we have used these instruments, and we 
find that the torsion is given very closely by the formula 
on the next page. 
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go - WRL to recall that it was the first of its kind, and it must not, Cost of Shipyard Cranes. 
where ~ Kat’ therefore, be consitered as the very best one might expect — 
be hae 1 eae to-day. However, its daily results in — appear 6 283. 5ae | 
6°, = angle of torsion in degrees. quite sufficient for a correct judgment of the system to be Ss 52s 230 | 
W R = foot-pounds turning moment. arrived at. os (eas gaz | | 
L = length of shaft in feet. The plant consists of six electric tower cranes of 1.5 Type “=| ¢ Sisoel | 
d@ == diameter of shaft in inches. tons capacity each, working on three berths. In 1906 a Suk aes 2E°R/ Ele 
K = coefficient. new crane Toe added ; the eight of Se jib of aie crane ss = ERS acta 3/8 
. is 90 ft. crane consists of a steel lattice-work tower a fe) Pcl 
Sang Detaien eye | anpaee im Po o—~ of prismatic shape fixed on a concrete block. In the £ £ £'\e£ 
gg sagp pink get an nag kad 8 centre line of the tower is placed the turning mast, which | 1. Cantilever type as described | 11,50 1840 17200 —/ 120 


length from the length of shaft twisted—that is, we 
assume that the couplings do not twist. It is, of course, 
better to test each shaft independently, but the error 
would not be great by using the formula—probably not 
1 per cent. either way. 

While this instrument was dcsigned primarily for 
turbine engines, it wasquite natural that weshould attempt 
to use it for ordinary piston engines as well. In that 
case, however, on account of the variable torque through- 
out a single revolution, not less than six magnets ought 
to be fitted round the gun-metal wheel, and six sets of 
inductor sectors. This has actually been done in the 
case of two small twin-screw vessels with success, but it 
was a very cumbersome arrangement. The diagrams in 
Figs. 3 and 4, 482, give the results of the experi- 
ments, from which it will be seen that they are very 
consistent, and show about 94 per cent. efficiency for the 
steam-engine. 

Fig. 6, page 483, shows a set of recording instruments 
for three shafts, and the wheels and sectors for one shaft 
fitted to a dummy ; the actual instruments are exhibited 
on the table. Fig. 9, page 483, shows one of the wheels 
as actually fitted in a tunnel. 

Asa still further convenience, we use on all our trials of 
turbine vessels another machine shown in Fig. 7, with a 
roll of paper, on which a time-pen works, and also pens 
recording the revolutions of the turbines; and for con- 
venience, these are only recorded for every tenth revolu- 
tion of the turbine. ‘This machine is also connected by 





electric cables with the bridge, by means of which the 


is supported by a spherical support fixed on the concrete 
block and kept vertical by rollers fitted on the upper part 
of the tower. The horizontal jib, on which the load truck 
travels, consists of channel irons made rigid by lattice-work, 
and sustained by steel stay-bars at the top of the turning 
mast. There are in each crane three 110-volt continuous- 
current motors of the S.E B. type. One motor of 8.3 
horse-power actuates the lifting winch, one of 2.1 horse- 
power moves the truck along the horizontal jib, and the 
third, of 3.2 horse-power, gives the turning movement to 
the crane. All the motors, winches, and controllers are 
in the operator’s cabin, fitted under the jib, and are under 
his immediate control. As the three movements are 
independent, they can be made together, thus reducing 
waste of time in manceuvring. 

The electric current is conveyed to the motors from the 
bases of the cranes by bronze rings and copper brushes. 
The short arm of the horizontal jib carries the counter- 
weight, which has been calculated in such a way as to 
es a weight of 750 kilos. (half load) at the end 
of the jib. 

The principal features of the cranes are :— 


Safe load ... * os ve 1.5 tons 
Height of horizontal jib... from 69 ft. to 82 ft. 
Lifting s a aaa ... 50 ft. per min. 
Travelling speed of the load 

truck... ome ms da ee 
Turning — at the extremity 


of the ji 


” 


4 








beginning and the end of the mile can be signalled, and 
thus we are able, at one recording station, to ascertain 
the mean speed, the mean revolutions, and the mean 
power, all taken by one or two observers in a quiet and 
undisturbed cabin. 

The diagram in Fig. 5, page 482, shows the results got 
from two Vp aap ed sister vessels, one fitted with twin 
screws, and the other with turbines. 

The great advantage of these instruments is that we 
separate and define the efficiency of the turbine and the 
screw, and by this means we have been able to discover 
which is the best combination for any particular ship. 

I feel we owe a at deal to the skill and verance 
of Mr. Charles Johnson, a son of the late Mr. Charles 
Johnson, a member of this society, who was with us for 
many gs and latterly in partnership with the late Mr. 
William John. 








CRANES FOR SHIPBUILDING BERTHS.* 
By Signor Carto Praaaro. 


THE question of labour-saving appliances in dealing 
with shipbuilding materials is at present attracting great 





attention, so much so that two papers on this subject were 
read at the last spring meetings of this Institution. 
Hence, I ~% that the description of a system of electric | 
cranes which has proved highly successful after three 
years’ practice will be found of some interest. 

Early in the year 1904 the Societa Esercizio Bacini | 
decided to provide their shipyard at Riva, near Genoa, 
with pneumatic tools, and with such modern appliances 
as tend to reduce time and expense in the hoisting and 
placing of materials on vessels in process of building. 

Of the systems then in use none was found to answer 
the pu epee and all entailed such a large ex- 
pense that the advantage of time and labour saved did 
not appear sufficiently compensating ; it was only after 
an attentive study of the question that it was decided to 
solve the problem by a new method, leading to the 
installation I am going to describe, which has been found 
to pe the following principal practical require- 
ments :— 

1. Ability to take materials lying on the ground in any 
part of the yard near the berths, and to carry them rapidly 
to the exact position on the vessels being built. 

2. Moderate first cost and expense of up-keep, 

3. Greatly reduced encumbrance. 

4. Possibility of carrying on work in different parts of 
the vessel at the same tims and independently. 

5. Possibility of launching vessels with masts and 
funnels in place (this condition is important only for 
shipyards which, like those in Italy, launch vessels com- 
pletely finished). 

Before giving a description of the Riva installation, 
shown in the photographs on page 486, I think it right 





* Paper read before the Institution of N aval Architects, 
March 21, 1907, 














Fig .4. 
SECTION ea 


2. Cantilever with addition of | 
two side cranes +s ..| 14,800 £368 2380 §2iy 
3. Lattice pillars with skeleton 
roof carrying three travelling 
cranes over each berth ..| 28,500) 4560 2580 — |1980 
4. Lattice pillars with glazed 
roof, saving lost time in bad 
weather .. “* - * 
5. Lattice pillars with connect- 
ing girders, carrying one 
large travelling crane for each 
berth... 


32,000 5120 2838 | — (2282 


«ewe w | 26,250, 4200 2669  — |1510 
6. Tower crane as described,! 
two cranes per berth, equa) 
to four cranes on perinanent | 
ways. 11,900; 1904 2660 | 756) 
7. Tower cranes, “Riva” type’ 670 | 1072 2660 | L58§) 





load on the travelling truck being limited to 1.5 ton for 
each crane, my experience has proved it to be sufficient 
in all general cases, so that it does not seem necessary to 
increase it a great deal for the sake of a few heavier 
loads to be dealt with. 

It must be remembered that interest and sinking fund 
are the highest items of expense of such an installation, and 
I think it would be an economical mistake to design cranes 
capable of dealing with the greatest weights that might 
have to be lifted only occasionally. A new and complete 
crane equipment for three berths for ships of, say, 460 ft. 
long (Figs. 3 to 5) might be installed as follows :— 

The three berths should be placed at a distance of 
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_ The six cranes are placed in two rows, three on each 
side of the central berth, and as near as possible to the 
side berths ; the distance depending upon the breadth of 
vessels which are to be laid on them. Crowding is thus 
greatly reduced, the central berth remains capable of 
taking a vessel of very large breadth, and it is not neces- 
sary to lay the berths too near. 

railway well away from all interference on the ex- 
ternal side of each lateral berth is sufficient for the three 
berths, as the working radius of the cranes exceeds the 
maximum breadth of vessels building. Practically, the 
cranes have, a oy the outer berths, a far greater ran 
than that given by the jib’s length, as a load can 
_— lying far away from the ground covered by the 
jibs. 

Three years’ working experience has proved the excel- 
lence of this equipment, and so far the only expenses in 
upkeep are limited to the changing of steel-wire ropes—an 
Fae | of a few pounds. I have said above that the Riva 
installation is not quite complete ; in fact, with vessels of 
more than 300 ft. on berth, a portion of the vessels (aft 
and forward) is not covered by the cranes. As to the safe 





100 ft. between centre lines, and the centre of each crane 
respectively 44 ft. from the lateral berth’s centre line. 
The cranes of the type described above should be eight in 
number, each of 2 tons lifting capacity, in two rows, four 
in each. The height of the horizontal jib from the ground 
should be about 100 ft. for the four forward, 82 ft. for the 
two aft, and 90 ft. for the central ones. All the cranes 
should have a working radius of 82 ft., and three inde- 
pendent motors: one for lifting. one for moving the 
truck load, and one for turning the crane. The 8 
capacity should be as follows :— 
Lifting speed _.... : 
a oe 
rning — at the extremity 
of the jib... a is Ss 
It will be noticed that the vessels on the side berths 
are not entirely covered by the turning jibs ; but this is 
of no importance in practice. The ground area practic- 
ally covered by the cranes, as stated, is far greater than 
that limited by the jib’s length, as by allowing the hoist- 
ing-rope to assume an inclination of, say, 30 deg, with the 


80 fc. per min. 
95 
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vertical, weights up to 2 tons lying about 130 ft. from the 
centre of the crane can be safely handled. The yard area 
occupied by the cranes is very small. The towers can be 
utilised for the installation of water-pipes, compressed 
air, and electric mains for use on the berths. The total 
cost of such an installation is about 10,000/., foundations 
included. : : 

In comparing these figures with those given at the last 
spring meetings in the interesting paper by Mr. Murray, 
it must observed that the latter referred to two 
berths for vessels of 400 ft. length and 53 ft. breadth, 
whilst in our case the sum of 10,000/. is for three berths, 
and for vessels of 460 ft. and apne | breadth. 
Leaving aside the difference of the vessels’ dimensions, 
and considering only the number of berths, the expense 
incurred upon two berths would be reduced to 6600/. 

The comparison of expenses between the various 
systems in use would be as in the table in the preceding 
column, 








NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Pig-Iron Market.—Last Thursday morning a 
weak tone prevailed in the pig-iron market, and prices 
were easier. The turnover was 5000 tons of Cleveland 
warrants at 53s. 6d. and 53s. 54d. cash, and at 53e. 10d., 
53s. 104d., and 53s. 94d. one month, and closing sellers 
quoted 53s. 6d. cash and 533. 10d. one month. Some 
hematite changed hands at 71s. 3d. cash, with buyers over. 
In the afternoon a small business of 2000 tons of Cleve- 
land warrants was done at 53s. 44d. cash, 53s. 34d. six days, 
and 53s. 9d. one month, and at the close there were sellers at 
53s. 5d. cash, 53s. 9d. one month, and 54s. 4d. three months. 
Buyers of hematite offered 71s. 3d. cash, but there were no 
sellers. On Friday morning the market opened strong 
and about 6000 tons of Cleveland warrants were dealt in 
at 53s. 6d. and 53s. 74d. cash, 533. 9d. and 54s. one month, 
and 64s. 3d. and 54s. 4d. three months. The closiug 
quotations were 53s. 8d. cash, 54s. one month, and 54s. 6d. 
three months sellers. At the afternoon session the im- 
provement continued, and about 8000 tons of Cleveland 
warrants were put through at 533. 8d. and 54s. cash, 54s. 
one month, at 54s. 7d. three months, and +g fe 
sellers at 53s. 114d. cash and 54s. 4d. one month. ema- 
tite was also strong, and 3500 tons were done'at 71s. 9d. 
cash and 72s. seven days, and there were buyers over 
at 72s. cash. On Monday morning the tone was again 
good, and Cleveland warrants advanced from 54s. 1d. 
to 54s. 6d. cash, from 54s. 74d. to 55s. to 54s. 11d. one month, 
and with dealing at 54s. 8d. four days and 55s. 2d. three 
months. The business amounted to about 22,000 tons, 
and at the close there were buyers over at 54s. 6d. cash, 
and sellers at 54s. 7d. cash and 54s. 11d. one month. 
In the afternoon the market remained firm, and 12,000 
tons of Cleveland warrants were put through at from 
54s. 54d. to 54s. 8d. cash, at 54s. 84d. four days, from 
54s. 104d. to 54s. 94d. to 55s. 1d. and 55s. O4d. one 
month, and 55s. 6d. three months. Closing quotations 
were 54s. 84d, cash, 55s. 1d. one month, and 55s. 7d. 
three months sellers. Hematite was stronger and 1000 
tons were done at 72s. 9d. cash, with buyers over 
at that figure. On Tuesday morning Cleveland war- 
rants were in demand and prices advanced. About 
30,000 tons were done at 54s. 10d. and 55s. cash, 55s. 24d. 
and 55s. 4d. one month, 55s, 44d. two months, and 
55s. 84d. three months, and closing sellers quoted 55s. 
cash and 55s. 4d. one month. Buyers of hematite offered 
72s. 9d. cash and 733. 3d. one month. In the afternoon 
the market continued firm, and fully 8000 tons of Cleve- 
land warrants were dealt in at 54s. 114d. and 55s. 2d. 
cash, 55s. 3d. three days, 55s. 4d. thirteen days, 55s. 4d. 
and 55s. 7d. one month, and 56s. 1d. three months. 
At the close the quotations were 55s. 2d. cash, 55s. 7d. 
one month, and 56s. 1d. three months sellers. One lot 
of 500 tons of hematite was done at 73s. cash. When 
the market opened to-day (Wednesday), a strong tone 
again prevailed, and about 16,000 tons of Cleveland 
warrants were dealt in at 55s. 64d. and 55s. 
cash, 55s. 6d. and 55s. 8hd. twelve days, 55s. 84d. 
and 55s. 10d. one month, and at 563. and 56s. 1d. three 
months, Closing sellers quoted 55s. 6d. cash, 55s. 10d. 
one month, and 56s. 14d. three months. Hematite 
advanced a little further, and 2500 tons changed hands 
at 73s, 3d., 73s. 6d., and 73s. 44d. cash, and 73s. 9d. and 
73s. 11d. one month. In the afternoon the market was 
not quite so steady, and prices reacted The 
turnover consisted of about 15,000 tons of Cleveland 
warrants at 55s. 54d. and 55s. 44d. cash, 55s, 4 
and 55s. 6d. five days, and at 55s. 10d. and 55s. 8d. 
one month. At the close of the session sellers quoted 
55s. 5d. cash, 55s. 84. one month, and 563. 14d. three 
months. The following are the market quotations for 
makers’ (No. 1) iron:—Clyde, 73s. 6d. ; Calder, 73s. 6d.; 
Cee : ee ys ; Lan ni 78s. ; -— 
Joltness, » ipped at Glasgow); Glengarn 
(at Ardrossan), 74s. 6d.; Shotts (at Leith), 74s.; and 
Carron (at Grangemouth), 77s. 


_ Sulphate of Ammonia.—The sulphate of ammonia market 
is dull and practically unchanged, with sellers round 
lll, 17s. 6d. per ton for prompt business, Glasgow or 
Leith, The amount shipped last week from the port of 
Leith was 339 tons. 


Scotch Steel Trade.—During the past week there has 
again been a large inquiry for steel for export, and it is 
stated that quite a large quantity has been sold, includ- 
ing several good lines of structural material for Canada. 
Signs have not been wanting of late that the home con- 
sumer was soon likely to begin purchasing for his require- 
ments, and during the few days a moderate quantity 
of steel has been sold for local consumption. Producers 


trust that this may be the beginning of an improved home 


6d. | general feeling of cheerfulness prevailin 














demand. Specifications inst existing contracts have 
been arrivi — well. Prices are unaltered, and em- | 
ployment all round is steady. 


Scotch Pig Iron Advanced in Price.—Yesterday Messrs. 
Wm. ird and Co., Limited, officially intimated an all- 
round advance of 1s. per ton in their prices for pig iron. 
A strong tone still rules kg ewes circles, and some good 
inquiries are again reported from America. That these 
inquiries will ripen into business depends, of course, on 
whether the buyers on the other side can wait some 
time for delivery, until makers have worked off some of 
their present arrears. 


Malleable Iron Trade.—Nothing fresh falls to be re- 

rted in connection with the eable iron trade. The 
oreign demand continues fair, but the home market is 
unaltered. 


Shipbuilding.—Messrs. Alexander Stephen and Sons, 
Limited, Linthouse, have contracted to build another 
large steamer for the Allan Line. This vessel will be of 
about 10,000 tons, will have reciprocating engines, and 
will be fitted so as tu carry a large number of he 
She is for the Glasgow-Montreal cervice, and will be a 
sister-ship to the Grampian, at present under construction 


at _ same yard for Messrs. Allan’s Glasgow-St. Lawrence 
trade. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
oes District Ratlway.—The directors of the Shef- 
field District Railway have elected Mr. R. A. Hadfield, 
of Hadfield’s Steel Foundry, Limited, Sheffield, chair- 
man of the company. 


Sheffield Trade with America.—The total value of the 
exports from Sheffield to the United States during last 
quarter prove that the increased business hitherto 
reported is well maintained. The figures given by the 
local consulate show exports amounting to 205,445/., as 
compared with 185,564/. for the March quarter of last 
year. 


Iron and Steel.—Business was resumed very tardily 
after the holidays, the fine weather leading many to pro- 
long the vacation. The stoppage was taken advantage of 
to effect repairs and alterations. Work recommenced 
with plenty on hand, and encouraging signs of activity 
all round. Prices of all classes of material remain un- 
changed, and there is every probability of prosperity in 
the iron and steel trades for some time to come. A good 
demand exists for railway springs and axles, and tenders 
are being invited for heavy supplies of these 8 for 
the Indian Government. Large quantities of special 
steel production are being turned out from the engineer- 
ing establishments, and the factories engaged on Govern- 
ment work are fairly supplied with orders. 


The South Yorkshire Coal Trade.—The heavy demand 
for fuel caused a curtailment of the Easter holidays, and, 
as a rule, the pits were set down a shorter time than 
usual. House coal is down on an average about ls. per 
ton, and there is a steady influx of orders. The weather, 
however, has militated against any large buying. Heavy 
tonnages of steam fuel continue to go to the coast, and 
not only is the Hull trade exceedingly active, but sub- 
stantial consignments are being forwarded to the Mersey 
from this district. Values continue very firm. Coke is 
moving upwards, with a steady demand for the whole of 
the production of the ovens. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Satisfactory and encourag- 
ing accounts can this week be given of the pig-iron trade, 
at all events so far as Cleveland pig is concerned. A 
genuine demand ap to have set in, and there is a 
ing. Deliveries of 
pig iron continue on an excellent scale, shipments so far 
this month averaging 5000 tons be’ working . De- 
mand for delivery of Cleveland pig is such that the 
present very heavy production is inadequate, and the 
result is that to satisfy requirements iron is being taken 
from the public warrant stores at the rate of some 2000 
tons per working day. There are still, however, 140,000 
tons of Cleveland pig iron in the public warrant stores. 
Quotations for Cleveland pig are steadily moving upward, 
and, in fact, values are now higher than they have been 
fora month. No. 3 g.m.b. oS at 563. f.o.b., and some 
sales have been made at that figure. No. 1 Cleveland pig 
is still scarce, and is quoted at 60s., which must be 
sidered dear, seei 


con- 
that under ordinary circumstances 
it is about 1s. 6d. above No. 3. The lower qualities are 
steady and firm. No. 4 foundry is 553. 3d., and No. 4 
forge 54s. 6d. East Coast hematite pig is rather quiet, 
but values are well maintained on the basis of 77s. for 
mixed numbers. Thus hematite isa guinea above No, 3 
Cleveland, whereas the difference in normal times is only 
8s. to 10s. Spanish ore maintains its value, but there is 
not a great deal doing in it. Rubio, of 50 per cent. 
quality, remains at 22s. ex-ship Tees. 

Manufacturcd Iron and Steel.— Producers of nearly all 
descriptions of manufactured iron and s keep busy, 
but new orders are not over-plentiful. Many firms, how- 
ever, have contracts made which will keep them well 
occupied for some months, and consequently they take a 


steel boiler-plates, 8/. 10s. ; heavy steel sheets (singles) 
81. 15s. ; steel strip, 7/. 5s.; and steel joista, 6. 17s. 6d. 
to 7/.—all less the customary 24 per cent. discount. Cast- 
iron railway chairs are 4/. 6d. ; heavy steel rails, 
6/. 15s. ; and steel railway sleepers, 7/. 10s.—all net cash 
at works. Galvanised corrugated steel sheets, 24 gauge, 
in bundles, range from 13/. 15s. to 14/.—less 4 per cent. 


Cleveland Blast-Furnacemen’s Wages Advanced.—The 
average net selling price of No. 3 g.m.b. Cleveland pig 
iron for the three months ending March 31 last as been 
certified at 55s, 2.23d. per ton. For the previous three 
months the average price was 533. 4.46d. per ton, so that 
there has been an advance of 1s. 9.77d. during the first 
quarter of the year. According to sliding-scale arrange- 
ments, blast-furnacemen’s wages are advanced by 4} per 
cent. 


Cleveland Miners’ Wages.—A meeting of the Cleveland 
mine-owners was held on Monday, Sir Hugh Bell, Bart., 
presiding, A deputation from the Cleveland ironstone 
miners attended and asked for a substantial advance in 
wages. The mine-owners offered an advance of 2) per 
cent. ; and on the deputation hinting that the offer would 
not be acceptable to the miners, the chairman intimated 
that he could hold out no hope of any better offer being 
made. The conference was adjourned for a fortnight in 
order that the offer of 24 per cent. advance might be dis- 
cussed by the various lodges of the Cleveland Miners’ 
Association. 


Coal and Coke.—Coal is firm, with the exception of gas 
and household kinds, which, as is usual], tend downwards 
at this season of the year. The large suppl of bunker 
coal is well taken up, and unscreened Durhams range 
from 12s, 9d. to 133. 3d. f.0.b, Sellers offer medium blast- 
furnace coke at 20s. 6d. delivered here. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The large steam-coal market has exhibited a 
buoyant tone, and prices have been firmly maintained ; 
the best large has made 17s. 9d. to 18s. per ton, while 
secondary qualities have ranged from 16s. to 17s. 3d. per 
ton. The house-voal trade has shown ste«diness ; the best 
ordinary qualities have made 17s. to 17s. 6d. per ton; 
No. 3 Rhondda lurge has brought 19s. 6d. to 19s. 9d. per 
ton. Coke has shown little change; foundry qualities 
have made 26s. to 28s. per ton, and furnace ditto 21s. to 
23s. per ton. As regards iron ore, Rubio has been 
quoted at 20s. 6d. to 21s. per ton, and Almeria 20s. 3d. to 
20s. 6d. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 


Coal-Cutting Machines.—In a report to the Washington 
Bureau of Manufactures, Mr. D Williams, United 
States Consul at Cardiff, says that perhaps nothing re- 
veals the conservatism of British business men better than 
the slow increase in the coal tonnage mined by machines. 
In the entire United Kingdom less than 34 per cent. of 
the coal output of 1905 was produced by machines. The 
coal turned out by such machines in 1 was 5,744,044 
tons ; and in 1905, 8,102,197 tons. There were 3126 col- 
lieries in the United Kingdom, of which fewer than 10 
per cent. used machines. In South Wales there is a feel- 
ing among mine-owners that machines, even when profit- 
able, may be dangerous in the pits, where many explo- 
sions have occurred in the past. The cheapness of labour 
is, no doubt, another consideration, while the opposition 
of the men may account in part for the use of only 14 
machines in all South Wales. 


Bristol Engineers.—At the annual meeting of the Bristol 
Association of Engineers, the following officers were 
appointed for the session 1907-8 :—Mr. J. A. McPherson, 
President ; Mr. W. Thomson, Vice-President; Mr. B. 
de Soyres, hon. treasurer; and Mr. Nicholas Watts, 
hon, secretary. A paper was read by Mr. G. E. Ford, 
divisional engineer of the city engineer's department, 
Bristol, on Road Construction and Dust Abatement.” 


South Wales Coai.—The exports of coal from Cardiff in 
the first quarter of this year were:—Foreign, 4,357,561 
tons; coastwise, 617,115 tons; making an aggregate of 
4,974,676 tons. From Newport :—Foreign, 903,541 tons ; 
coastwise, 176,459 tons; making au aggregate of 1,080,000 
tons. From Swansea :—Foreign, 662,458 tons; coast- 
wise, 70,900 tons ; making an aggregate of 733,358 tons. 
From Port Talbot:—Foreign, 225,359 tons ; coastwise, 
95,557 tons; making an aggregate of 390,916 tons. From 
Neath :—Foreign, 193 tons; coastwise, 68,399 tons ; 
making an ag; ate of 104,592 tons. From y:— 
Foreign, 76,675 tons; coastwise, 11,042 tons; making an 
aggregate of 87,717 tons. Thecombined shipments of the 
six ports were accordingly 7,371,259 tons. The shi 
ments of patent fuel for the past quarter were :—Cardiff, 
121,853 tons ; Newport, 29,083 tons; Sw: 158, 428 
tons; Port Talbot, 32,298 tons; and Neath and y. 
nil; making an aggregate of 631,662 tons. The ship- 
ments of coke were :—Cardiff, 31,718 tons; Newport, 
4720 tons ; Swansea, 2737 tons ; Port Talbot, 5990 tons; 
rR pag and Llanelly, nil; making an aggregate of 

165 tons. 





Taz InsTiTvTION OF MecuanicaL EnGingrrs—Gra- 
DUATES’ ASSOCIATION.—At the meeting of this Associa- 
tion, held on Monday, April 8, a paper entitled ‘‘ Flour 
Milling” was presented and read by Mr. A. E. Harris, 





firm stand. Quotations all round are steady. mmon 
iron bars are 8/. to 8. 28. 6d.; best bars, 8/. 10s. to 
81. 12s. 6d.; best best bars, 9/. to 9/7. 2s. 6d.; packing | 
iron, 6/. 108.; iron ship-plates, 7/. 15s.; iron girder- 
plates, 8/.; iron os 81. 15s. ; steel bars, 7/. 10s. ; 
steel ship-plates, 7/. 10s. ; steel ship-angles, 6/. 17s. 6d. ; 


| cussion, in which the following graduates took 


Graduate, of London. Mr. A. O. Laird opened the dis- 
Mesers. Cheeseman, Aitken, Cartwright, Howl, Williars, 
and Symons. The chair was occupied by Mr. G. E. 
Humphries, President of the Incorporated National Asso- 
ciation of British and Irish Millers. 
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SHIPYARD CRANES OF THE SOCIETA ESERCIZIO BACINI, RIVA, NEAR GENOA. 


(For Description, see Page 484.) 
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co - seumen and Gotch, Melbourne; Sydney; Brisbane ; 
e 


Turner and Henderson, Sydney, N.S. W. 

T. Willmett and Co., Townsville, North Queensland. 
W. ©. Rigby, Adelaide, South Australia. 

Melville and Mullen, Melbourne, Victoria. 

Austria, Vienna : Lehmann and Wentzel, Karntnerstrasse. 

Brveium : E. F. Satchell, 314, Place du ChAtelain, [xelles-Brussels. 

EpinsurGH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque ; Em. Terquem, 19, Rue Scribe. Also for 
Advertisements, Agence Havas, 8, Place de la Bourse. 

Gurmany, Berlin: Messrs. A. Asher and Co., 13, Unter den Linden. 
Frankfurt-am-Main : Messrs. G. L. Daube and Oo. (for Ad- 

vertisements). 
Leipzig : F. A. Brockhaus. 
Mulhouse : H. Stuckelberger. 

G.iaseow : William Love. 

Inp14, Calcutta : Thacker, Spink, and Co. 
Bombay : Thacker and Co., Limited. 

Tray: U. Hoepli, Milan, and any = 

LiveRPOOL : Mrs. Taylor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 

New ZEALAND: Gordon and Gotch Proprietary, Limited, Welling- 
ton ; Auckland and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerpaM : H. A. Kramer and Son. 
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Company, Limited, Elverton-street, Westminster, S.W. 

RoyaL MErTgoROLOGICAL Society. — Wednesday, April 17, at 
7.30 p.m., at the Institution of Civil Engineers. Papers to be 
read :—1. ‘‘ Phenomenal Rainfall in Suva, Fiji, August 8, 1906,” 
by Mr. Robert L. Holmes, F.R. Met. Soc. 2. ‘‘ Temperature 
Around the British Islands in Relation to the Gulf Stream,” by 
Mr. Richard Strachan, F.R. Met. Soc. 3. ‘‘ Weather Regarded 
as a Function of Climate,” by Mr. L. C. W. Bonacina, F.R. 
Met. Soc. 
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Schwartz, Member. 

Tue InstTiTUTION oF MINING AND METALLURGY. — Thursday, 
April 18, at 8 p.m., at the rooms of the Geological Society, Bur- 
lington House, Piccadilly, London, W. The following papers 
will be discussed :—1. “‘A Visit tothe Gold-Fields of Orenburg, 
Russia,” by Mr. F. H. Hatch, Member. (To be illustrated by 
lantern-slides.)—2. *‘The McMurtry-Rogers Process for Desul- 
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planes,” by Professor G. H. Bryan, M.A., Sc.D., F.R.S. (Lec- 
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(The Tyndall Lectures.) (Lecture II.) 





READING - CASES.—Reading - cases which will hold twenty - six 
numbers of ENGINEERING may be had of the Publisher or of any 
newsagent. Price 6s. each. 


ENGINEERING. 


FRIDAY, APRIL 12, 1907. 


EGYPT. 


THE annual report of Lord Cromer on the condi- 
tion of Egypt and the Soudan, issued as a Govern- 
ment publication last week, is of unusual interest 
from more than one point of view. It is probably 
the last we shall see from the pen of that great 
statesman, whose resignation is announced. If, in 
time to come, Egypt once more takes her place 
among the nations of the world, these annual re- 
ports will be of incalculable value to the historian. 
As it is, their broad views—the calm, judicial 
tone with which Lord Cromer discusses cause and 
effect in this regeneration of a people so long 
enslaved—render the reports of great value to the 
student of race problems more particularly influ- 
enced by heredity. What would a modern his- 
torian not give for such a record of the time of 
the Roman, the Saxon, or the Norman invasion 
of these islands. To pursue this aspect of the 
subject would, however, be to venture beyond the 
boundaries of our province ; but it is permissible 
for us to point out how the work of the statesman and 
that of the engineer go hand-in-hand, each com- 
| plementary and essential to the other. 
| The most prominent contribution of the engineer 
| towards the regeneration of Egypt is the Assouan 





Art cq | | Reservoir ; a work with which, in its engineering 
Tlustrated) ............ 503 | aspect, our readers are well acquainted. During 


the past year, as before, it ‘‘ rendered invaluable 
service to the country,” Lord Cromer tells us. 





The process of filling the reservoir commenced 
on November 9, 1905, and two months after the 
water had risen to its maximum level; but not 
until four months later—May 10—was it found 
necessary to draw on the stored water to increase 
the river supply. From thatdate onward the daily 
amount added to the river from the reservoir varied 
from 6 to 20 millions of cubic metres (212,000,000 
to 706,330,000 cubic feet, or 1320 millions to 4401 
millions of gallons) daily. When one remembers that 
the whole productiveness of the Nile Valley depends 
on the volume of the river, the prosperity brought 
to the country by this single great engineering 
work will be appreciated. On July 21 the flood- 
water had passed Assouan, and the reservoir was 
emptied. ‘* The regulation of the dam-sluices is,” 
the report states, ‘‘a most intricate piece of work 
and demands continual care and study of the river- 
levels of the south.” Mr. Macdonald, the resident 
engineer at Assouan, and his assistant, Mr. Cooper, 
have, Sir William Garstin states, ‘‘ reduced this 
regulation to a science. The question of absorbing 
interest just now in connection with the Assouan 
reservoir is, however, the raising of the dam. It 
brings forward some points of great technical 
interest and importance, one aspect of which is ef 
dealt with in the letter from a correspondent whic 
we publish on page 493 of this issue. 

The report states that the protective works which 
have been undertaken down stream of the dam have 
been completed. There is now, we are told, a con- 
tinuous talus of great thickness, composed of 
granite and masonry, reaching right across the 
river, and extending from the faces of the sluices 
for a width varying from 30 to 60 metres. The 
cost of this work has been about 304,0001.E.* A 
new work of considerable importance, which has 
been undertaken, is the construction of a dam at 
Esneh, a place about 90 miles on the Nile below 
Assouan. Messrs. Aird have the contract, and the 
cost of the work will be about a million sterling. 
The object of the work is to raise the level of the 
river in flood, so as to render the basin of the Esneh 
Province independent of the flood being good or 
bad. In seasons of low supply this district has 
suffered severely of late, the floods of the seven 
years previous to 1906 having been distinctly below 
the average ; in one case, indeed, the level was the 
lowest recorded. Last year there was, fortunately, 
a considerable improvement, though the maxi- 
mum height recorded was not above the average. 
The prospects for the coming summer are, how- 
ever, good, and it is to be hoped that the biblical 
cycle may be reversed, and seven fat years will suc- 
ceed the seven lean years ; or, at any rate, that the 
new dam may be finished before great need for it 
will arise. A good commencement of the work 
was made last December, by starting the excava- 
tion for the eastern abutment, and also the dam 
for enclosing the lock on the western side ; whilst 
all the necessary plant and a large quantity of 
material have been collected. 

In the field of railway communication we hear 
of no new constructive enterprise, but Lord 
Cromer speaks with satisfaction of an important 
circumstance, by means of which existing lines 
may be made more useful. This was the com- 
pletion of the Anglo-French Agreement of 1904, 
which was signed only just in time to prevent com- 
plete administrative deadlock. It would be enter- 
ing too far into the field of the politics of the 
country to discuss the bearings of this agreement ; 
but that it will be most beneficial in its influence 
may be gathered from what has already been 
effected in railway finance alone ; and to both the 
countries it is not less satisfactory as indicating the 
friendly relations now subsisting between them. 
When we compare the conditions that now exist with 
those of a few years ago, it will be seen how much 
sentiment has to do with international politics ; 
and in this case the advantage is even greater to 
Egypt than to England and France. Under the 
conditions that existed before the signing of the 
agreement it would not have been possible to in- 
crease the proportion of working expenses to re- 
ceipts; and, we are told, ‘‘if means had not been 
found to spend a large amount of capital on de- 
velopments and improvements, the railways of 
Egypt would not have been able to meet the grow- 
ing requirements of the country.” 

Fortunately, as we have said, the catastrophe 
was averted, and by the greater freedom obtained 
the proportion of working expenses to gross receipts 


* An Egyptian pound is equal to 1/. 0s. 6d, 
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will be brought from 54.7 per cent. in 1906 to 60 
per cent. during the current year. The increase is 
due partly to a rise in the price of coal and of 
labour, but also to the fact that renewals of loco- 
motives are no longer charged to reserve, but to 
revenue. This salutary reform has been intro- 
duced through the recommendation of Sir Charles 
Scotter, who was consulted on the subject ; and it 
would be well if he could introduce some of the 
same spirit of ‘‘pay as you go” into certain cor- 
porations nearer home. 

Lord Cromer refers to ‘‘the growing require- 
ments of the country ;” and how fully the expres- 
sion is justified may be gathered from the railway 
statistics. In 1902, on a capital of 20,383,000/.E., 
the net earnings were 1,059,9001.E. For the next 
four years the capital and revenue both increased 
without check, until last year the former was 
23,200,000/.E., and the earnings were 1,475,0001.E. 
Not only, therefore, was more money invested and 
more money earned, but the ratio of the latter to 
the former increased at the same time, being 5.19 

er cent. in 1902, and 6.35 per cent. in 1906. 
This latter increase, however, is not likely to 
be maintained, for reasons stated, unless, of 
course, some new source of prosperity is tapped. 
The number of passengers carried in 1906 was 
22,550,000, and the total amount of goods trans- 
ogee during the same year was 6,712,019 tons. 

n addition to the ordinary railways there are 
now 1145 kilometres (711.5 miles) of light rail- 
ways for agricultural purposes open in Egypt. 
There are three companies running these railways, 
and they are all said to be doing well ; but appa- 
rently they will have to face additional expendi- 
ture in order that accommodation may keep pace 
with growing traffic, both of goods and passengers. 
During last year 6,834,000 passengers were carried, 
and 929,000 tons of goods. 

The Port of Alexandria has been improved in 
some important respects, considerable sums having 
been spent. Six new collier berths are being 
erected, and accommodation has been provided 
for coal storage. Two more berths have been 
arranged for. These facilities are much needed, as 
the amount of coal brought into the country is half 
a million tons greater than it was six years ago. 
Timber quays are to be created, the existing break- 
water is to be extended, and another is to be 
erected. These works are for the outer harbour, but 
new quays are also to be constructed forthe inner har- 
bour, and, altogether, a sum of about 670,000/. E. will 
be spent on new work, besides 106,000/.E. for repairs 
and minor improvements. Beyond that, 100,000/.E. 
has been granted for dredging a new channel 600 ft. 
wide and 35 ft. deep. hen this has been com- 
pleted, which it is hoped will be about next June, 
it is proposed to dredge away a shoal on the north- 
east side of the great breakwater, the spoil to be 
removed being about 3,600,000 cubic metres. The 
completion of this work will, it is hoped by Lord 
Cromer, ‘‘ make Alexandria one of the finest—if 
not the very finest—harbour in the Mediterranean.” 
Certainly, if the founder of the port-—great as was 
his ambition and boundless his views—could come 
back after the two thousand odd years since he 
inaugurated the enterprise, he might feel that it 
was not the least notable of his achievements. 

On another page we have a Note on the progress 
of bridge-work in Egypt, so we need not add any- 
thing more on that subject ; but we will conclude 
by a few figures from Lord Cromer’s report which 
may serve to indicate the progress that at last is 
being made in this one-time stronghold of tyranny 
and misrule. ‘The Estimates for the past year were 
13} millions, whilst the expenditure was 13 millions, 
thus leaving a surplus of half a million pounds 
Egyptian. The accounts, however, showed the 
revenue to be 15,337,0001.E., and the expenditure 
13,162,0001.E., leaving a surplus of 2,175,U000I.E. 
The net result was 1,675,000/.E. better than the 
estimate. At the inaing of this year 
11,055,4131.E. stood to the credit of the reserve 
fund, and of this amount 2,353,000/.E. was pledged 
for future expenditure. Atthe end of 1905 the total 
outstanding capital of the Egyptian debt was 
96,484,000/., whilst a year later the amount was 
96,181,000. It is recognised as desirable to avoid 
any measures which involve fresh schemes for the 
imposition of general taxation. During the last 
twenty years extraordinary expenditure on rail- 
ways, canals, and buildings has been incurred to the 
extent of 19,303,0001 E., of which only 3,610,0001.E. 
has been borrowed; the balance, amounting to 
15,693,0001.E., being paid out of revenue. Egyptian 





finance is somewhat complicated, being hampered 
by Imperial Firmans which were framed at a time 
the country had been brought, by the extravagance 
and lack of foresight of its rulers, to what was 
virtually a state of bankruptcy. In spite of this 
the prospects are not by any means gloomy, and 
though money must be found for works necessary 
to the prosperity of the nation, it may be hoped 
that the country will not languish for need of 
capital. At any rate, the figures quoted in Lord 
Cromer’s report may be described as un-Oriental, 
and they give hope that the poor native of Egypt, 
whose face for two thousand years has been ground 
by the taskmaster, may come by his own—the right 
to labour and reap the fruits of his labour. It is to 
be hoped he will speedily rise to his new condition; 
though we need not yet be too sanguine on that 
score. 








WINGS AND AEROPLANES. 


At a moment when the subject of aerial naviga- 


tion is arousing a considerable amount of interest, | p' 


it is surely most appropriate that Professor G. H. 
Bryan, D.Sc., F.R.S., should be giving two lec- 
tures on ‘‘ Wings and Aeroplanes” at the Royal 
Institution. His first lecture, dealing with wings 
and motors, was given on Tuesday, the 9th inst., 
and dealt largely with the study of wing motion. 
Before entering upon a discussion of the action of 
wings, however, Professor Bryan drew attention to 
the fact that it was less difficult for small animals 
to learn to fly than for large. The danger in learn- 
ing this art consists solely of that of the descent, 
and this in the case of small animals is less peri- 
lous than with large. If bodies were falling in 
a vacuum, the injury would be the same to both 


small and large, and a bird falling 20 ft. would be | p' 


hurt as much as a man falling that distance. But 
when the resistance of the air is taken into account, 
everything is in favour of the smaller and lighter 
as against the large animals. To small insects 
flight presents no difficulty, and their wings are 
often no bigger than their legs. A small creature 
in learning to fly has no fear of injury, as it may 
fly within a few inches of the ground, and even in 
falling from a great height would run no risk of 
hurt. Typical insects having developed larger 
wings may be found in the butterflies. These and 
many others, however, are like navigable balloons, 
in that they can make no headway against wind ; 
for this purpose an increase of motive power is 
necessary. Other instances of slightly larger crea- 
tures making use of flight may be found in the flying 
fish, which has an ideal element to fall into at the 
end of its flight; and in flying foxes, which in their 
gymnastics do a certain amount of gliding in the 
air, with small risk of harm owing to the shortness 
of the glides attempted. 

Proceeding to review the historical work done in 
connection with the action of a bird’s wing, Pro- 
fessor Bryan showed lantern-slides illustrating the 
investigations of Marey, Byard Collins, and others. 
It was pointed out that the wing moved in a path 
which took the form of a modified ellipse, and the 
feathering action was noticed. The lecturer drew 
attention to the fact that, while we had succeeded 
in making paddles feather correctly for the period 
of the revolution of the wheel in which they were 
in the water, out of the water they were hopelessly 
incorrect, while the feathering of a bird’s wing was 
correct at every point of the — ath. The 
photographic studies of birds by Marey were 
illustrated, photographs being shown taken by 
that investigator with his ‘‘ photographic gun,” in 
which he had a revolving plate on which to give a 
series of exposures, or with intermittent exposures 
on the same plate. This latter method gave super- 
posed images difficult to follow. Another—the 
stroboscopic method-—was also explained, in which 


directed attention to the so-called sailing birds. 
These, he pointed out, in gliding over the sea took 
advantage of the upward air cushion in front of 
waves and other rising currents on which to raise 
themselves. He mentioned a case in which 
he had noted, at Bangor, a rook stationary over 
the edge of a steep bank, the rising air enabling 
it to remain stationary for some 5 seconds, its wings 
quivering the while to maintain its balance. This 
was an unusual occurrence in the case of rooks, 
which seldom glide. Taking @n example from the 
dandelion seed, Professor Bryan showed how in a 
body with a large area of light material and a com- 
paratively heavy body below, an air current will 
cant it, catch it underneath, and so raise it. The 
action of side currents on birds is similar to this, 
and such birds as gulls are ever prepared for side 
winds, to give them a lift, which they take on a 
curve, and not on a straight path. Professor 
Langley’s investigations were drawn upon for evi- 
dence of the extraordinary changes of currents and 
eddies in the air, showing that birds, ever ready to 
rofit by these currents, could glide with ease. The 
imitation of sailing birds is, however, impracticable, 
as it does not allow of movement in any predeter- 
mined direction. As soon as a bird needs to fly 
direct, it has to flap its wings, and can no longer 
glide with wings motionless. 

With regard to wing area provided for flying 
creatures, Professor Bryan showed a table, at one 
end of which was the gnat, which, per 1 kilo- 
gramme weight, has a provision of over 11 square 
yards of wing surface, while an Australian crane 
has only 130 square inches per 1 kilogramme 
weight. Professor Langley’s table of relation of 
weight sustained to horse-power was also given, as 
well asa table relating to the weight and horse- 
ower of machines built. Professor Bryan con- 
cluded with a few remarks on the probability of 
there being produced in the future engines well 
suited to this work, remarking that he was well 
satisfied to leave this particular branch of the 
question in the hands of the mechanical engineer. 








THE EIGHT-HOUR DAY IN THE 
FRENCH COLLIERIES. 

THE intervention of legislation in labour ques- 
tions had small beginnings in France ; the alleged 
object was, at first, to afford protection to those 
persons, children and women, ‘‘ who were incapable 
of protecting themselves.” The Acts which deal 
with child and female labour are dated 1892 and 
1900, and in order to obtain for these the votes of 
those members of Parliament who dreaded the un- 
warranted interference of Socialism in labour sub- 
jects, the legislators who framed the Acts asserted 
that they had no intention of encroaching upon the 
liberty of persons who were able, without State 
intervention, to defend their own interests. Such 








an assertion was delusive in itself, inasmuch as 


| legislation was interfering in favour of adult women, 


and an easy step was likely to lead also to interven- 
tion in favour of adult men. This step has been 
taken, and the State now completely controls 
labour in collieries. The Act which effects this 
is dated June 29, 1905, and it is distinctly a very 
one-sided socialistic measure. 

The first effective attempt to reduce the French 
miner’s working day to eight hours from bank to 
bank was due to a Socialist député, M. Basly, who 
now leads a quieter life than formerly, because 
other agitators have taken his place; and he 
seems at the present time to concentrate his efforts 
upon counteracting the strikes led by his ) ge 
competitors. In advocating the measure, M. Basly 
put himself forward as a friend of mankind, and 
stated that ‘‘as a matter of fact the miner worked 
in most unhealthy surroundings, and the reduction 
of his hours of labour was just and necessary.” 


the interval allowed between two photographic ex- | Other members took up this outcry, and made 


posures amounts to one beat and a fraction of | 
another. In this way each exposure comes at a| 
later stage of the beat, although actually more than | 
a whole beat elapsed between the two stages | 
depicted. The difticulty of alighting was demon- | 


strated by a series of pictures of a pigeon in the act 
of settling. This showed the great effort on the 

rt of the bird needed to check its downward and 
orward movement, and the lecturer incidentally 
remarked that to solve this problem satisfactorily 
would be extremely difficult with large machines. 
Flapping wings have been made and used on 
models, but all tests go to show that they are not 


as efficient as a screw propeller. The lecturer then 





party capital out of it. We are willing to believe 
that they were deceived in being led to make such 
an affirmation ; but if it can be called a mistake, 
it certainly was a very gross one. It is easy to 
prove that in France, atall events, the condition of 
the miner, from a sanitary point of view, is not one to 
justify an infringement upon individual liberty. It 
may even be said that the miner occupies a most 
favourable standing compared with that of men in 
other trades; he has no slack periods, is practically 
never unemployed, he lives at a short distance from 
his work, his wages have been see cam | on the 
increase, his toil has decreased considerably for « 
number of years, and his working hours, previously 
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to the law, had generally been under nine hours. 
With regard to the question of health, it has been 
repeatedly ascertained that in the mining districts 
of the North of France there are many fewer 
exemptions from military service through ill-health 
or incapacity than in the other industrial districts, 
and the young recruits who have worked several 
years underground before joining the colours are, as 
a rule, stronger and taller than their comrades who 
have never been in such ‘‘unhealthy surroundings.” 
The miners who are pensioned off by the com- 
panies, and who, so to speak, have spent their 
whole lifetime in mining work, have an average age 
of sixty-seven on taking their pensions. 

Except in thin seams, where the work is 
laborious in itself and also by reason of the 
prevalence of coal-dust, the miner's trade is no 
worse than most other trades. The death-rate 
among miners, even including accidents, is less 
than the average for the male population taken as a 
whole ; it is half that which obtains in dock labour. 
In France there are more men whose age ranges 
between forty-five and sixty-five at work in the 
mines than in any other trade, even than in com- 
mercial undertakings and agriculture. From a 
humanitarian point of view, therefore, there are 
no reasons to justify intervention for the regula- 
tion of the work of adults in mines; and when 
at the International Conference, held at Berlin 
in 1890, mining work was found to be sur- 
rounded with special danger with regard to 
health, the decision was governed by feelings 
of misplaced sentimentality. Besides, even before 
the law of June, 1905, was passed, the conditions 
of labour in the greater number of French mines 
were easy. If in some districts the customs 
followed were not those which obtained in other 
and more favoured centres, local circumstances 
alone were to blame. It is true that even in the 
more favoured centres one did not find the double 
shift of seven to seven and a half hours, which 
rules in Durham and Northumberland; but the 
French miners’ position was bearable. Normally 
the getters and hewers are at the bank ready to go 
down at 44.m. or 4.30 4.m., and effective work 
can hardly begin before 5 a.m. or 5.30 a.M., owing 
to the time taken to reach the different headings 
and faces. At about eight o’clock the hewers 
breakfast and rest during about half an hour; 
occasionally they take one hour. Work then 
proceeds until one o’clock, and the men reach 
the bank again at about 2 p.m. Taking into 
account the time occupied in resting and in going 
to and from the spot where the men work, it is 
found that out of about nine anda half hours in 
the mine, effective work only lasts seven or seven 
and a half hours. The putters and hauliers com- 
mence working an hour later, and leave the 
mine two hours after the hewers, as they have to 
remove all the coal brought down from the face. 
They are in the mine ten and a half hours for 
about eight and a half hours’ effective work. Then 
follow the timber men, the builders, and the men 
for cutting the stone headings, who prepare the 
workings for the real miners; but we have not 
to deal here with these three classes of men ; they 
are not covered by the legislation of 1905, which 
deals solely with the men employed in the actual 
getting of coal. No surprise need be felt at the 
apparent narrowness of the law ; it is idle to puzzle 
one’s brain as to whether the mine is or is not less 
unhealthy for the timbermen than for the hewers 
and hauliers. One has simply to take note that 
the Socialists, whose dicta are obeyed by Parlia- 
ment, have endeavoured to get a principle accepted ; 
in this they have succeeded, roe they will develo 
it gradually, and cause it to be extended to all 
industrial branches. It is the thin edge of the 
wedge, and the thick end will follow ; in the future 
it will be impossible to prevent similar Government 
intervention in all trades. 

In four-fifths of the French collieries the effec- 
tive working hours did not exceed eight hours per 
day. In the remainder the hours were longer by 
reason of the comparative poverty of the seams, 
where coal-getting had to pressed forward in 
order that they should pay. It may be taken, 
however, that on an average the effective working 
hours never exceeded eight anda half. In order 
to facilitate the voting of the Act, the promoters 
stated that their object was purely and simply to 
regulate an existing status; they added that the 
eight-hour working day already ruled in a large 
number of companies, and it could be made to 
apply generally without any prejudice to the coal 








trade. But the duration of effective work and the 
time the men spent in the mine were intimately 
involved one with the other, and after having stated 
that the day’s work extended almost generally over 
eight hours, Parliament was led to decide that the 
men should not be more than eight hours in the 
mine from bank to bank, a decision which reduces 
effective work to six hours in the North of France 
mines and to 54 hours in the South of France, 
where the faces are at a distance from the bottom 
of the shafts. 

The Act of 1905 in question is a short one, and 
the first Minister of Public Works to put it in force 
—a medical man by profession—found it incumbent 
upon himself to comment upon it extensively, on 
forwarding it to the Government mining experts 
who have charge of its working. The Act is in- 
cluded in fifty lines ; the Minister’s comments cover 
two hundred and fifty, although the Act in question, 
and quite exceptionally so, was sufficiently clear in 
itself. The Act was to come into force at the com- 
mencement of 1906; but it was feared that if the 
new measure were thrust upon the collieries at one 
bound, trouble would supervene; a clear proof that 
trouble was feared. It was decided, therefore, that 
during two years the maximum day should be nine 
hours, to be reduced to 8$ hours two years later, 
and to be further reduced to eight hours afterwards. 
It is to be regretted that this pretended reform was 
not carried into effect at once, for unbiassed men 
would then have been able to ascertain thoroughly 
the extent of its injurious effects. 

The measure in question, as we have said, applies 
to hewers of fuel—coal, brown coal, and anthracite 
—alone, the other workers in underground opera- 
tions being totally ignored. The coal-hewers in 
open workings are also not covered by the law. 
The collieries are placed under the supervision of 
special work-inspectors, and also under that of the 
Government Mining Engineers, there being, besides, 
miners’ delegates, all of whom superintend, at a 
distance, the work of the coal-hewers ; the truck- 
men, timber-men, and others are outside the law, 
until they obtain equal favours. 

Under the law, the day is counted from the 
time the last men enter the cage to commence 
working until the time the first men return back 
to bank. For those mines in which entrance is 
through adits, the day commences from the moment 
the end of the adit of access is reached until return 
to the same point from the working headings ; an 
absurd distinction on the face of it, for a miner 
does not do any work when ascending and descend- 
ing the shaft ; and there is no difference in prin- 
ciple between an adit and a road in the mine. 
The law has not provided for access by ladders, 
but the Minister of Public Works has done so, 
and has stated that the ladders should be con- 
sidered in the same light as the adits of access, 
although there is no comparison generally between 
walking along the latter and toiling up and down 
vertical ladders, both in fatigue and in risk. The 
Minister of Public Works has also decided that, in 
fixing the length of a day’s work, the time taken 
by conveying the men in trucks from the bottom 
of a shaft to the working headings and back should 
not be taken into account, and this is contrary to 
the wording of the Act. 

The legislators who framed the measure have 
agreed that the time taken by the men to rest and 
to take their meal be not counted in the day’s 
work. It is ppg be note at this point that 
the Minister of Public Works has, most discreetly, 
expressed his regret that his office had not the right 
to intervene in the fixing and the apportioning of 
the time for rest; but he has charged the Govern- 
ment mining engineers to exercise great care in 
reporting the least oversight and irregularity in 
reference to the statutes, with a view to the insti- 
tution of proceedings against the colliery owners. 
This ill-concealed animosity towards owners forms 
a feature of the Ministerial Order of October 20, 
1905, and of other orders of a similar nature. 

Notwithstanding their intervention for reducing 
the length of the working day, the legislators have 
stated that they had no wish to interfere with con- 
ventions and practices in force in those companies 
where the normal working day was less than that 
established by the new law—a very candid admis- 
sion on the part of Socialists, that some owners 
willingly reduce the working hours of their men 
when they find they can do so. 

A number of exceptions have been provided, 
many of which it would be idle to record, as 
they are naturally obvious. After accidents, the 








chief mining engineer of the Government resi ling 
in the district may t a suspension of two 
months in the limitation of the working hours, a 
time which, in his judgment, he may extend ; this 
places the mine-owner in the hands of the Govern- 
ment agent. In cases of imminent danger, the 
owner can take upon himself to vary the number 
of working hours, but he must obtain without loss 
of time the concurrence of the Government agent, 
which is given or withheld after the latter has 
consulted with the men’s representatives, who form 

rt of the owner’s personnel, and are paid by him. 

e Government delegate has practical control of 
the working of the mine; but, in case of doubt, he 
has to consult with the men rather than with the 
owner. Similar exceptional abrogations of the law 
may be allowed with a view to meet “ occasional 
necessity,” a condition which Parliament has been 
unable to define. 

All these social laws are voted without any 
complete preliminary études ; very elastic terms are 
used in the wording to enable the clauses to meet 
the requirements of actual practice, which the 
députés had not ascertained before setting down 
rules and regulations. And a proof of this is the 
fact that the Minister of Public Works, on com- 
menting upon the law, stated that the ‘‘ occasional 
necessities” can evidently only apply to economical 
circumstances, such as those which led to longuwes 
coupes. By the latter term are meant those periods 
during which the demand for coal is a 
active, and can only be met by lengthening the 
normal working day. But an interesting point to 
note in this conjunction is that the Minister by 
such a statement tacitly acknowledged that a reduc- 
tion in the working hours reduces the output. 
The mine-owner who wants a temporary increase 
in the working hours, in order to satisfy his 
customers, has to ask for it and to submit to the 
pleasure of the Government mining engineer, who 
can grant or withhold the required authorisa- 
tion. The latter, therefore, and not the owner, has 
charge of deciding upon commercial needs. The 
Minister of Public Works has specified with regard 
to this point that the engineer is only to grant the 
authorisation to lengthen the working hours ‘‘ when 
the owner has not been able to foresee in the usual 
way of business an increase in the demand, and is not 
able to meet this increase by taking from his stock 
of coal in the open.” This and many other clauses 
are not in the Act ; they have been enacted by the 
socialist Minister of Public Works, who dealt with 
the colliery-owners as a school-master deals with his 
pupils, by punishing them for not having done their 
tasks. The punishment is reflected upon the men, 
who are thus forbidden to earn more wayes for 
a time, and upon the purchasers in the form of 
higher prices. There are also exceptions styled 
‘*normal,” which are granted when it is ascertained 
that the Act, if applied in all its strictness, would 
endanger, scciaboly or economically, the working 
of the colliery. 

Penalties under the Act are numerous. If, for 
example, the miners are not able, through the fault 
of the mine-owner or his agents, to leave the mine 
at the stated time, he is liable to a fine of from 
5 to 15 francs (4s. to 12s.) per man delayed, maxi- 
mum 500 francs (201.). In case of a second offence 
within twelve months the fine is 16 to 100 francs 
(12s. 10d. to 41.); maximum, 2000 francs (801.). 

The Act has not been in force sufficiently long to 
make it possible to state what effect it has upon 
the coal output. But that output will decrease 
may be reckoned as certain, for many companies 
had, at various periods, lessened the working 
hours of their men, and in each case the output 
fell in a Nig yore degree. In the Loire ‘coal- 

e, 


measures, for example, a decrease of 6 per cent. 
in the working hours has been followed by a de- 
crease of 6 per cent. in the output. But its most 


damning effect is to place the industry and com- 
merce of the country under the heel of officialdom, 
and to suppress at the same time all individual 
liberty, including that of the men. 








THE BACTERIAL TREATMENT OF 
TRADE WASTES, 

MICRO-ORGANISMS are most commonly associated 
in the public mind with death and disease, and it 
was, we believe, Laurence Oliphant who described 
them, in all seriousness, as the immediate product 
of a diabolical agency. Such a conclusion was 
the not unnatural consequence of the fact that 
the organisms in question first attracted the atten- 
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tion of the general public when it began to be 
established that, though dirt and disease were so 
frequently associated, the connection between the 
two was of a secondary character. The direct 
cause of the many disastrous epidemics which 
afflict mankind was shown to be, not merely 
‘*matter in the wrong place,” as Palmerston 
defined dirt, but the fact that a portion of this 
misplaced matter consisted of low vegetable forms 
of life, which, on introduction into the digestive 
or respiratory tracts of the body, gave rise to 
specific diseases. Palmerston’s excellent defini- 
tion, above quoted, was certainly based on the 
erroneous idea that the presence of organic dirt 
was in itself sufficient to account for the outbreak 
of an epidemic ; but there was also, no doubt, at 
the back of his. mind an idea that by removing this 
dirt to the land, agriculture would receive the 
benefit of a cheap but valuable manure, at the same 
time that the public health was benefited by the 
removal of the offensive material. At that date 
few, if any, realised the commercial impractica- 
bility of producing a saleable manure from water- 
borne sewage. It is now recognised that, in 
consequence of the general adoption of the water- 
closet system, which provides the only cleanly and 
inoffensive method of carrying off the wastes of 
the community, the sole practicable method of 
dealing with the sewage is to destroy, rather 
than utilise, the nitrogeneous matter contained in 
it. Sewage farms in which the latter alternative 
is partially realised are being steadily abandoned 
and replaced by septic tanks and contact-beds 
in which the much-maligned micro- organism 
— as the ally, and not the enemy, of the 
public health officer. The idea of destroying 
the offensive qualities of sewage by the action of 
these lowly organised forms seems to have origi- 
nated with Dr. Dupré some 25 or 30 years ago ; but 
the present ‘great extension of the system dates 
from the publication in 1892 of the researches of 
the Massachusetts State Board of Health, which 
not only confirmed the much earlier experiments of 
Dr. Frankland on the effectiveness of intermittent 
filtration as a purifier of sewage, but rationalised 
them by establishing the fact that the oxidation 
and nitrification of the sewage, in passing through 
the filters, was accomplished by the agency of 
living organisms. 

The progress made in the treatment of sewage 
by biological methods has been enormous during 
the t decade, and step by step it has been 
feand Semitte to deal in this way with wastes 
of the most unpromising character, so that in 
the course of the next few years it should be 
practicable to give effect to the main provisions of 
the Rivers Pollution Act of 1876. These have 
been held in abeyance for many years by the cir- 
cumstance that it was impossible to show to manu- 
facturers any practicable and effective method of 
treating the offensive waste a which they dis- 
charged into the sewers. Little by little, however, 
bacterial processes are proving adequate to the 
purification of trade wastes, as well as of domestic 
sewage. paper read before the Birmingham 
and Midland Section of the Society of Chemical 
Industry, and published in the last issue of that 
society’s journal, notifies another important advance 
in the treatment of a refractory sewage by biological 
methods. In this paper its authors—Percy F. 
Frankland, F.R.S., and H. Silvester, F.I.C.— 
describe the arrangements by which they have ob- 
tained a satisfactory effluent from the sewage of 
Oldbury, which is a town of 25,000 inhabitants, 
the dry-weather flow of the sewage being 791,000 

allons. The special difficulty in this case arose 
rom the fact that 9 per cent. of this dry-weather 
flow consisted of the waste liquors discharged from 
the works in which ammonia is recovered from the 
gas liquors conveyed thither from the large Bir- 
mingham gas-works. These waste liquors proved 
on analysis to contain in each 100,000 parts : 153.8 
parts of sulphocyanides, 46.8 parts of thiosul- 
phates, 140.1 ape of phenols, 4 parts of tar bases, 
14.2 parts of albuminoid ammonia, whilst the 
oxygen consumed in four hours amounted to 500 
parts. An attempt was first made to treat the 
sewage, which contained, as stated, 9 per cent. 
of the above waste liquors, by passing it first 
through a septic tank, and then, in succession, 
through two bacteria beds ; but the effluent obtained 
was very unsatisfactory. When the gas wastes 
were absent, however, it was found that a good 
effluent could be obtained, thus showing that the 
nitrifying organisms were not, at any rate, de- 





stroyed by the anti-septic constituents of the 
gas liquor previously passed over them. After 
some abortive attempts to obtain satisfactory 
results by tly increasing the duration of the 
contact in the two beds, it was decided to try the 
lan of passing the sewage through three contact- 
Peds instead of two, preceded, as before, by a 
sojourn in the septic tank. This additional sub- 
division of the work of purification was found to 
yield a satisfactory effluent, as shown by the follow- 
ing analyses :— 





| Parts per 100,000. 


Septicised Sewage. 








satiated Final Effluent. 
1. | 2. i. | 2 
— ———_— —_— ——= 
Albuminoid i 0.92 | 1.03 0.118 0.128 
Oxygen absorbed in | } | 
four hours .. --| 27.88 | 388.03 L1 1.13 
Sulphocyanide 62 | 102 | Nil 0.11 
Nitric oxygen.. Nil Nil 1.61 | 186 


The rate of filtration in these experiments varied 
from 343,339 gallons to 158,313 gallons per acre per 
day in the first set of experiments, and averaged 
63,325 gallons per acre per day during the second 
series, the beds, especially the primary one, losing 
much of their capacity during the heavy duty 
demanded from them at the outset. These pre- 
liminary experiments resulting favourably, it was 
determined to repeat them on a larger scale with 
a primary bed covering 0.242 acre, the secondary 
and tertiary beds being =4 acre each. These beds, 
over a period of nearly two years, have yielded an 
effluent non-putrescible and capable of supporting 
fish -life, though the primary bed was defective, it 
being necessary to make use of one of the existing 
beds of the sewage works, the bottom 6 in. of which 
was of too coarse material. 

Chemical methods of treating the waste gas liquors 
were also investigated, bleaching powder and sul- 
phuric acid being the reagents employed. It was 
found, however, that with a supply of even as 
much as ,% lb. of the powder per gallon a very 
inadequate degree of purification was obtained, so 
that the cost of this chemical process proved 
prohibitive, the bacterial method yielding a better 
effluent at less cost. 








MOTOR VEHICLES AT THE 
AGRICULTURAL HALL. 

A.tHoucH the Twelfth Annual Exhibition of 
Motor Vehicles now being held by Messrs. Cording- 
ley at the Agricultural Hall is considerably less pre- 
tentious than the similar function to which Olympia 
is given over for a week in the autumn, the Hall, 
nevertheless, contains a very representative collec- 
tion of vehicles. Pleasure cars naturally form the 
bulk of the exhibits, but motor-bicycles, tri-cars, 
motor-omnibuses, motor-lorries, and heavy tractors 
all provide material for inspection. If one re- 
stricts his contemplation, at this, or any other 
motor-car exhibition, to the elegance of the body 
work or the glitter of the various chassis, polished 
for the occasion with infinite pains, and listens to 
the everlasting story as to flexibility, power, ease 
of control, accessibility, &c., which is poured into 
his ear at every stand where he pauses for a moment, 
he will come away from the Show full of comfort- 
able opinions. If, however, he is even moderately 
critical, and knows enough of engineering to look 
beneath the polish, and to discount the blandish- 
ments of the attendant, he will see things in a dif- 
ferent light. The absence of many firms with 
famous names from the Hall does not, we think, 
in any way detract from the general standard of 
the designing, although the large proportion of 
foreign cars on view does not tend to raise it. 
The best designing is frequently seen on cars 
which have never won a name by racing or other 
forms of advertisement, and one finds some of the 
worst on cars the names of whose makers are 
household words. 

We have recently pointed out certain forms of 
construction — notably in connection with the 
attachment of springs- which are as bad as they 
are common, and we, therefore, need not refer to 
them again, except to say that one may see at the 
Agricultural Hall even worse designs, which have 
been evolved by ignorance combined with the 
desire for originality. Another feature in which 
many makers show, at least, thoughtlessness is in 
the arrangement of the steering-gear. In nearly 





half the cars at the Show the coupling-rod con- 
necting the front wheels is placed in front of the 
axle instead of behind,‘ where it certainly should 
be. When in front, if the car strikes a dog or 
any other obstruction at high speed, the rod is sure 
to be bent or broken, the steering-gear deranged, 
and the car may very likely be overturned by the 
convergence of the front wheels. Fatal accidents 
have occurred through this cause, but the practice 
is still continued. There isa curious idea, held, we 
believe, largely among motorists, and asseverated to 
us by the representatives of two independent firms, 
that when the coupling-rod is in front it is always 
in tension, and thus mechanically better. The 
absurdity of the contention need not be commented 
on, except as an illustration of the mental confu- 
sion of some of those who are relied on by the non- 
technical purchaser of cars. 

The ball-and-socket joints at each end of the 
steering-rod, in very many instances, might be 
designed more intelligently, without costing a penny 
more. In some of them a moderate amount of 
slackness would result in the end of the rod drop- 
ping right away from the lever on to the road, 
thus completely depriving the driver of control of 
the car. Usually a very slight modification would 
entirely avoid this risk, and the joint might become 
so loose that it could not fail to be noticed before 
danger of complete separation arose. 

hen a visitor to a stand receives a more than 
ordinary assurance of the ‘‘ accessibility” of the 
machinery of a car, it is generally instructive to 
mentally review the operations involved in the re- 
moval of some part, and thus acquire a notion of 
what constitutes accessibility in the eyes of the 
manufacturer. We noticed magnetos, for example, 
held on toa small bracket cast on the engine, by 
four small set-screws inserted through the bracket 
from underneath. Apart altogether from the 
question as to whether set-screws can be recom- 
mended under the conditions, one has only to 
imagine the operation of putting the four of them 
in upside down in invisible holes, and tightening 
them up on the lower side of a little bracket, to 
realise in full what things the word ‘‘ accessibility” 
may be used to cover. A really accessible method 
of fixing consists in registering the magneto on its 
base by means of a couple of steady-pins or other- 
wise, and locking it fast by the pressure of a single 
screw. This is amply sufficient, and allows of the 
removal of the apparatus in a moment if desired. 
The same firm that fixed the magneto in the way 
we have commented on, had nearly all the bolts 
in connection with the engine inserted with the 
head uppermost. This is correct practice for pins 
in brake-gear, &c., where the loss of a split-pin 
would otherwise result in the pir falling out, 
but seemed terribly out of place as applied to the 
attachment of the crank-case to its bearers, &c. 
It is never easy to have to put a nut on upside 
down ; and when the nuts are castellated, as these 
were, and awkward to get at, and even to see 
properly, the subsequent insertion of the split-pins 
would be a job to try the patience of the most 
phlegmatic of persons. , 

We have no time at present to review the entire 
list of points that attracted our attention at the 
Show. The curious thing about many of the worst 
faults is that they are very often to be found on 
cars which, in other respects, show careful and in- 
telligent design. Many of them are “ fashionable” 
because used in the first place on well-known cars, 
and, unfortunately, the public eye is being trained 
to approve of them. Competition, however, both 
in — and quality, is every day becoming keener, 
and those manufacturers who have the courage and 
ability to recognise that a car is first and foremost 
a piece of machinery, and to apply consistently the 
elementary and eternal principles of engineering to 
its design, will certainly reap their reward. 

The most striking exhibit at the Show was one 
which appealed only indirectly to the motorist— 
namely, a machine for manufacturing tyres, built 
and designed by the Palmer Tyre Company at their 
works in Silvertown, E. The Palmer tyre has, as 
is usually known, no foundation of canvas, but 
contains diagonally lapped layers of cord embedded 
in the rubber. The cord is woven from cotton and 
saturated with rubber in such a way as to have a 
rectangular section, perfectly free from enclosed 
air. e long sides of the section are vertical at 
the edges of the cover, but the cord is quarter- 
twisted as it approaches the tread, thus compen- 
sating for the difference in diameter, and abso- 
lutely covering the area in a way impossible with a 
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round section of lapping. The lapping is under 
perfectly constant tension, and is naturally stronger 
than canvas, which, from the nature of dines, has 
to be loose and wrinkled at the edges, if not un- 
duly stretched on the tread. The numerous layers 
of canvas, moreover, give rise to more internal 
friction in the cover as it bends and unbends in 
working. To attempt to’ describe the machine is 
impossible without drawings, but the complexity 














cylinders, and delivering into a reservoir. 
The sight-feed lubricators on the board have 
large easily detachable dome-shaped glasses, im- 
possible to be made dirty by the oil, as so many 
are. Alternative and independent forms of ignition 
are provided, the magneto being fixed in front of 
the engine and instantly detachable by loosen- 
ing a screw. The accumulators and coil are on 
the footboard, and the wiring is short and 
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and co-ordination of its motions and the perfection 
of the result make it a most fascinating example of 
automatic machinery. 

The Roydale Engineering Company, Limited, of 
Huddersfield, are exhibiting an 18 to 22 horse- 
power chassis, conspicuous, in the first place, for 
the quite extraordinazy degree of its ‘‘show finish,” 
but worthy in other respects of attention. The 
engine has all four cylinders cast together, and is 
very neat and workmanlike. Only one exhaust 
Pipe is attached to the casting, and no inlet pi 





at all, the carburettor being fixed directly to the |d 





direct. Roller bearings are used in the gear-box 
except for thrusts, where balls are provided. There 
are four brakes on the car, one on each of the 
back wheels worked by the side lever, and two 
independent pedal brakes on the gear-box shaft- 
drum. The car is mounted on five springs, the 
transverse spring behind being, as it ehould be, 
or direct to the frame ; on the whole we con- 
sider the chassis would compare favourably with 
anything exhibited either at Olympia or at the 
present Show, both as regards workmanship and 


Messrs. C. Wicksteed and Co., Limited, of Ket- 
tering, are exhibiting a change-speed gear, which 
we illustrate on this page. It will be under- 
stood from the ope that the wheels ~ 
always in gear, each speed being put into action by 
a cone clutch. A crank-shaft running through 
the gear-box works four connecting-rods, each of 
which is pinned at its small end between the 
flanges of a sleeve formed with a large square 
threaded screw. The partial rotation of any ‘seve 
causes the engagement of the corresponding clutch. 
The slow taper of the clutches .causes them to 
engage and hold with an almost negligible pressure, 
which, however, is taken up by ball-thrusts, as 
shown. The whole of the gear and clutches is of 
hardened crucible steel, and as it works in oil, and 
has no shocks to withstand, the wear is almost 
invisible, either on the teeth or cones. Engage- 
ment, too, is sweet, on account of the film of 
oil between the- clutch-cones; and it is said 
that it is impossible to detect the change of 
speeds on a car fitted with this gear. Should it 
ever be necessary to adjust a clutch, the corres- 
ponding connecting-rod is lengthened by the half- 
turn of a nut. The setting of the cranks makes it 
impossible for two cones to be engaged simul- 
taneously, and the eccentric shown on the shaft 
prevents any speed but the slowest being clutched 
in while the reverse gear is in mesh. Reversing is 
done by lowering an idle pinion into gear with two 
of the other wheels; and a plunger which is lowered 
simultaneously obstructs the motion of the end of 
the eccentric rod, and prevents the crank-shaft 
being rotated so as to bring the higher speeds into 
action. The whole of the gear is self-contained, 
and operated from a pillar on the foot-board. 
There is, of course, no need to de-clutch when 
changing gears. 

The noid Company, Limited, of 12, Camomile- 
street, E.C., are showing a selection of iron castings 
which have been repaired by them. Gear-wheels 
and boxes and other things in which accurate 
replacement of the detached is essential were 
on view, and it was claimed that no local hardness 
was formed at the joint, as is common with electric 
welding. The colour of the metal there certainly 
showed no difference whatever. We understood 
that a special mixture of iron was fused into the 
fracture by a blow-pipe method ; but whatever the 
process was, the result ~ gem excellent. 

Mr. John Goodge, 13, Britannia-street, King’s 
Cross, W.C., had on view a large three-wheeled 
motor-lorry of very original design. The three 
wheels were iron-shod, the single one being at the 
back. A two-cylinder motor, using ordinary paraftin, 
drove the vehicle by all three wheels, a chain trans- 
mission from the differential conveying power to 
the single one. Overhanging the front of the 
frame is a belt pulley, enabling the engine to be 
used for thrashing, chaff-cutting, or other agricul- 
tural needs. The lorry is built to carry 2 tons, 
and can be driven at 2$, 34, or 7 miles per hour. 
Steering is effected by means of the front wheels, 
and altogether the vehicle shows a refreshing 
freedom from convention, which by no means 
suggests that the design should be condemned on 
this account. 








THE AERO CLUB'S EXHIBITION. 


In connection with Cordingley’s Automobile 
Show, which has been opened to the public for 
the past week at the Agricultural Hall, Islington, 
there bas been held in the Berner’s Hall an ex- 
hibition of aeroplanes and flying machines, organised 
by the Aero Club. These appliances, intended to 
solve the problem of aerial flight, are more than 
130 in number, and form such a collection that at 
the time of our visit this exhibition was proving 
more attractive than the Motor Show proper. We 
must confess that the visitors, on the whole, failed 
to take the matter sufficiently seriously, either 
to profit themselves or advance the science to any 
great degree. 

The majority of the visitors, in fact, seemed to 
have no little difficulty in discriminating between 
what were evidently exhibited as sheer curiosities 
and what were, in effect, the fruit of scien- 
tific effort. It had been well, we think, for 
the benefit and instruction of the public, if 
the Aero Club had formed two distinct classes, or, 
let us say, three, and had grouped the models in 
these different sections. One class we should have 
had for curiosities, another for the fancies of ill- 





esign. 


developed knowledge, and Class ITI. for aeroplanes, 
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&c., constructed on scientific lines. It is not neces- 
sary for us to point out that the work of a selection 
committee entrusted with such a task would be of 
an extremely delicate character ; but it is only right 
that the general public should be safeguarded in 
such a matter, and, if possible, headed off in the 
right direction. Moreover, we understand that 
next week many of the models will be put 
through trials organised by the Aero Club. Now 
had these trials beén held before the Exhibi- 
tion, classification would have been simplified ; and 
how much more interesting and instructive would 
it have been had information, set forth on official 
cards, stated that a machine ‘‘Glided 70 ft.” 
or ** Flew 130 ft.,” or, again, ‘‘ Failed to fly.” We 
fear quite a number would bear this last legend, for 
many are es and come under the category 
of freaks, Elimination would have done no harm. 
The catalogue, too, is wonderfully reticent and 
guarded. ch exhibit is catalogued as a model 
aeroplane or flying machine, and beyond that it 
will not go—save in one instance, where the words 
‘*Not for competition” are added. Would that 
these words occurred more often ! 

In point of workmanship the Exhibition is dis- 
appointing. The majority of the models are crude 
and rough ; some are even provided with planes of 
newspaper. A few stand out as distinctly better 
than the majority, but the best of all in this 
respect is that of Mr. Ezio Tani, of 99, Percy-road, 
Uxbridge-road, W., to whom belongs the model 
‘* Not for competition ” (indeed, it is too valuable 
to be risked in this way). It is a fine bit of work- 
manship, and we wish the ingenuity exhibited in 
its construction had been Tested along safer 
lines, for it shows but little promise of flight. 
The mechanism is contained in a torpedo-shaped 
frame, from the upper side of which extends 
a tall mast, to which are attached three sets 
of planes. These planes can be raised or lowered 
at their outer tips, according as the machine 
is flying swiftly or slowly. wo propellers are 
provided, one at each end of the torpedo, and 
these are also worked at different angles to the 
shaft, according to the speed desired. Report 
has it that Mr. Tani is an artist. If this be so, 
he certainly cannot belong to the Impressionist 
school; for, unlike most exhibitors, instead of 
showing vaguely shaped machines, which are left for 
completion to the visitor’s imagination, Mr. Tani’s 
model is crowded with detail and beautifully fitted. 

Other machines are well constructed, such as 
Mr. A. V. Roe’s models and others, which, be- 
sides being neatly constructed, are built on more 
promising lines. In a matter where lightness is 
most essential, it is difficult to understand why 
some have chosen for their models coarse and 
heavy materials. But this is no more inexplic- 
able than is the adoption of some of the thease 
to which some have pinned their faith. En- 
couraging though the Exhibition is from the 
number of exhibitors, it is sadly disappointing in 
not having received visible support from a greater 
number of those men who have worked on this 
subject in a scientific manner. In fact, these are 
in a very small minority. The majority seem to be 
satisfied with merely *‘ beating the air,” and are 
then surprised that nothing comes of it—sure, in 
spite of all, that they have really solved the 
problem. The good work done by former experi- 
menters is, for the most part, ignored. fe is 
unnecessary to give a detailed description of 
all the exhibits, but among the more promising 
models may be mentioned several of the super- 

sed plane or modified box-kite form. Mr. A. 

. Roe, of 47, West Hill, Wandsworth, has some 
9-ft. and 10-ft. models, These have main frames 
of lattice-girder form, made up with three longitu- 
dinals. e supporting area takes the form of 
superposed twin planes with a third plane further 
back along the frame. A horizontal rudder plane 
is also provided, in two sections, which can be 
twisted so as to make the model swerve to one 
side or the other. Mr. Roe also shows a model of 
the Langley type of machine. Mr. H. H. Piffard, 
18, Addison-road, Bedford Park, Chiswick, shows 
a model having 40 square feet supporting area and 
weighing 3 lb. 5 oz. This is formed of two box 
kites with curved surfaces, fastened to a lattice- 
irder frame. This and Mr. Roe’s models are 

iven by yee worked by elastic. 

Mr. T. W. Clarke, St. Catherine’s Villa, Maple- 
road, Surbiton ; Mr. H. Crouchley, 45, Charlotte- 
street, Barnsbury, N., and others exhibit machines 
constructed on similar lines. Among other exhibits, 








sandwiched in between bat’s-wings by Major R. F. 
Moore, of the Avenue, Minehead, Somerset, and a 
diamond-sha aeroplane by Mr. F. Martin, of 
24, Egerton Gardens, W., is a wonderful jet pro- 
pulsion flying machine, whose grotesque ap nce 
afforded no little amusement to visitors. This ma- 
chine had the appearance of a large foot-stool with 
many legs. Fans inside a drum force air from the 
feet of the legs, and, together with a horizontal 
screw, give motion to this contrivance. A parachute 
covered the whole affair, for safety in descent; but 
we think this will seldom, if ever, be needed. 

Several models are provided with petrol motors. 
Among these is one by Mr. M. Kay, the Bungalow, 
Hordon-on-the-Hill, Essex, having a large plane 
covering all, and underneath it four tiers of 
small planes arranged in eight batches. The whole 
is mounted on a frame on wheels carrying the 
motor. The construction of this machine does not, 
we fear, show sufficient refinement to ensure suc- 
cess. In the adjacent hall the zenith kites by Mr. 
Balston, of Mereworth, Maidstone, to which motors 
have been fitted, form another interesting exhibit, 
while the wooden propellers by Messrs. T. F. J. 
Truss and Co., 60, tnd E.C., are very 
neat, and if capable of withstanding wet and damp, 
should prove well suited to this work. 

Altogether we fear that as yet the subject of 
aerial flight is not quite in the right hands. The 
display is, on the whole, disappointing, but may 
result in much good, if it only serves to remove 
from some minds the delusions of which they are 
at present subjects. Future shows will probably 
be great improvements, and the Aero Club deserves 
all encouragement and the heartiest thanks for 
boldly attempting such a thing. This Exhibition, 
and the trials they intend to conduct on propellers, 
motors, &c., should prove of considerable service 
in this matter. 








NOTES. 

Practica, Ports 1x Remnrorcep Concrete. 

Ir is only too well known that the importance of 
sufficiently providing for the shearing stresses in 
reinforced -concrete beams has frequently been 
overlooked, as illustrated by numerous failures 
that have occurred from this cause; and it is 
probably not yet sufficiently appreciated. It is 
satisfactory, therefore, to note that in a paper 
recently read before the Manchester Association of 
Engineers by Mr. H. N. Allott, M. Inst. C.E., the 
author did not omit to call attention to the matter. 
Certain dangers arising from the careless use of 
reinforced concrete were alluded to on page 22 of 
vol. lxxxi. of ENGINEERING, and this matter of 
shear was one of them ; but the subject requires no 
apology for its frequent discussion. It is well that 
it should be continually brought before engineers 
who may be called upon to design reinforced-con- 
crete structures, until it has become recognised as 
sound practice to provide for diagonal shearing 
stresses by proper reinforcement. ‘This was, how- 
ever, only one of the points touched upon by 
Mr. Allott, fur he treated of all the leading features 
of reinforced concrete in beams, floor-slabs, columns, 
&c. The advice he gave appears to be, on the 
whole, sound, and to be based on the most recent 
information as to what is safe practice to follow. 
Returning to shearing stresses, the importance of 
having fixed attachments for the diagonal rein- 
forcing rods is also a matter of moment, the difference 
in strength over loosely-attached vertical stirrups 
being, according to experiments in this direction 
carried out by the French Government, as much as 
20 per cent. Captain Sewell, in the United States, 
who is a leading authority on the subject, is 
strongly in favour of these fixed diagonal rods, and 
employs a system which consists of round bars 
passed through holes in the longitudinal reinforce- 
ment, the diagonal bars being of a flat U shape, 
and the longitudinal reinforcement flat bars with 
the width placed vertically, and resting on the 
bend of the U-shaped diagonals. The unit 
stresses advocated by Mr. Allott appear to be 
reasonable, and should be thoroughly safe, sup- 
posing, of course, that the materials and work- 
manship are good. They are for concrete :— 
Direct compression for columns, piles, walls, &c., 
350 lb. per square inch, and for steady loads, as 
warehouses, «c., 400 lb. per square inch ; compres- 
sion for beams, floors, &c., for steady loads, 400 1b. 
to 500 lb. per square inch; tension, 40 1b. per 
—— inch ; shear, 40 lb. per square inch ; and 

hesion, 40 lb. per square inch ; the allowable 











working stress in steel being 15,000 lb. per square 
inch. The hooping of concrete columns is strongly 
advocated, as adding much to their strength, and a 
higher ratio than 12 to 1 of length to least width 
is not reeommended. As a matter of fact, it was 
found from experiments carried out at the Waterton 
Arsenal, U.S.A, that the number of hoops in a 
column increased the crushing strength of the 
column from 1413 lb. per square inch when thirteen 
hoops were used in its length, to 5289 lb. per 
square inch when forty-seven hoops were used. 
In this case the hoops were 1.5 in. wide by 
0.12 in. thick, and were lapped and riveted at the 
joints. 
THe SHIPrBUILvING TRADE. 

Rather more orders have been placed for mer- 
chant ships during the past three months than for 
some time, a result due to concessions made in 
respect of price by shipbuilders. Thus 285 vessels, 
of 453,000 tons, were commenced during the past 
quarter, while the vessels launched numbered only 
192, and measured 324,000 tons. The condition of 
the industry, however, is still far from being equal 
to what it was a year ago, because the work in hand 
generally is in a more advanced stage, although 
the total tonnage is now only about 7 per cent. 
less than a year ago. The recent improvement 
has been widely distributed, but Belfast has, in 
consequence of orders for one or two exceptionally 
large vessels, shown the largest advance. Thus 
the 31 vessels, of 220,135 tons, building on the 
Liffey, represent in tonnage 264 per cent. more 
than at the end of last year, and 28} per cent, 
more than in April of last year. On the Clyde 
there has not been anything like the same 
improvement. In the Glasgow district there are 
128 vessels in course of construction, representing 
a gross tonnage of 275,088 tons. This is about 
9} per cent. more tonnage than three months ago, 
but 5 per cent. less than a year ago. In the 
Greenock district 46 vessels, of 158,479 tons gross, 
are building—an improvement equal to 13} per 
cent. in tonnage when comparison is made with 
the total of three months ago, but a reduction in 
the tonnage of a year ago of nearly 25 per cent. 
On the North-East Coast there is a general increase 
as compared with three months ago, especially in 
the Hartlepool and Tees districts. In the former 
the number of ships building is 17, of 57,220 tons— 
not by any means a large figure, because it is 27,000 
tons, or 32 per cent., less than a year ago, but it is 
20,800 tons more then three months ago. On the 
Tees there are 29 vessels in course of construction, 
representing 80,375 tons, which is 23,000 tons 
more than in December, but 15,000 tons less than 
in April of last year. On the Tyne the 82 vessels, 
of 242,170 tons, represents a volume of work prac- 
tically the same as at the end of the year, and only 
84 per cent. less thana year ago. Sunderland has 
improved only 1} per cent. on the figures of a year 
ago, but the 56 vessels, of 190,158 tons, now build- 
ing represent an improvement of 6} per cent. on 
the total of three months ago. Throughout the 
kingdom there are in course of construction 585 
vessels, only 10 per cent. of which are sailing craft, 
and the total tonnage is 1,306,087, of which but little 
more than 1 per cent. is sailing tonnage. This total is 
139,000 tons more than at the end of last year, but 
it is still nearly 96,000 tons less than a year ago. 
There has, however, been a steady decrease in the 
number of warships ordered. The following table 

















April, 1907. April, 1906. 
No. Tons. No. Tons. 
Merchant ships. . 585 1,306,087 547 1,401,882 
H.M. dockyards 7 81,630 8 124,400 
Private works .. +t es 41 130,930 38 118,075 
Foreign warships private 
works .. oe “ ae 7 35,960 9 65,420 








640 1,554,607 | 602 1,699,777 





gives the total for the whole of the United Kingdom, 
showing merchant and warships. The warship 
tonnage is 33,000 tons more than three months 
ago, but is about 50,000 tons less than a year 
ago, so that as compared with April of last year the 
total tonnage of vessels of all types in course of 
construction in the kingdom is 145,000 tons less. 


InpustTRIAL Prooress or Eoypt. 
Egypt affords the most modern and direct 
instance of the apostolic aspiration for the time 
when swords shall be turned into ploughshares 
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and spears into pruning-hooks. It is but a few 
years since we were fighting ‘‘ fuzzy-wuzzy” in 
the desert, and to-day we are educating him in the 
use of modern mechanical appliances. Moreover, 
perennial irrigation of land, formerly under basin 
irrigation, from the surplus stored in the great 
Assouan Reservoir, has given him extended peace- 
ful employment. The result is that there has 
been a very large increase in the cost of labour, 
and therein lies the great hope of Egypt and the 
Soudan as a market for British engineering, and 
especially labour-saving, productions. The work- 
men at the Esna Barrage, for instance, command 
two to three times the wage they received at the 
Assouan Dam in its early stages, and a great many 
fellahs are earning up to 1s. 8d. per day. There is 
therefore a great and growing market for excavating 
machinery, for pumping plant, as well as for agri- 
cultural implements. A propagandist movement 
conducted by engineers, rather than commercial 
agents, would well repay the British manufacturer. 
Much has been done towards the education of the 
natives, and it is gratifying to have a special report 
on the Nile Bridge by Sir Benjamin Baker, who 
inspected the structure at the request of Lord 
Cromer. Sir Benjamin pays a compliment to the 
builders of the bridge for the great care with which 
they have educated the fellah, while making a most 
satisfactory structure. The bridge is being built 
jointly by Sir William Arrol and Co., Limited, of 
Glasgow, and Messrs. Head, Wrightson, and Co., 
Limited, of Thornaby-on-Tees, under the general 
direction of Mr. A. S. Biggart, of the first- 
named firm, who has had unique experience in 
connection with such work. e foundations, 
which were all carried out well within the contract 
time, necessitated the sinking, under compressed 
air, of 28 cylinders or caissons, the maximum 
depth reached being about 75 ft., and the highest 
air pressure about 34 lb. per square inch. The 
average progress was about 50 ft. per week, and 
the work was carried out almost entirely by natives, 
The superstructure, which has already been de- 
scribed in ENGINEERING, has been erected and 
riveted at the rate of 90 tons per week ; and Sir 
William Garstin reports that ‘‘ the steelwork has 
come together very well, and the quality is excel- 
lent.” Sir Benjamin Baker regards the material 
and workmanship as entirely satisfactory, and in- 
stances the structure as a fine example of the 
‘*high class of work which can now be turned out 
by bridge-builders of great experience, whose 
manufactories are supplied with the most modern 
appliances.” Although the machine-riveting was 
a novelty to the natives, it is interesting to 
note that of rivets closed by pneumatic power, 
only slightly under 2 per cent. proved unsatis- 
factory ; by hydraulic power less than 1 per cent.; 
and by hand well under 1 percent. This is equal 
to the best British practice, and much superior to 
that attained on other native work. ‘The training 
of natives,” to quote again from Lord Cromer’s 
report, ‘‘ was, no doubt, somewhat of a hardship 
to Sir William Arrol and Co., but it was an advan- 
tage to the country, having regard to the demand 
for riveters.” This demand is likely to develop, 
because of the increased numbers of ships and 
barges being built in Egypt, as well as general 
structural work, and also in view of a proposal to 
build a new bridge at Boulac, for which public 
tenders will be invited during the current year. 
The land has already been purchased, at a cost of 
68,0001. E. 








THE ASSOUAN DAM. 
To THE Epiror or ENGINEERING. 

Sin,—As the Assouan Dam is to be at once raised, and 
as conflicting statements have beeri made as to whether 
the existing dam was, or was not, originally calculated 
to admit of raising 6 metres without strengthening, it 
may be well to endeavour to reconcile, if possible, those 
statements by a reference to published documents, as 
memories are proverbially treacherous. 

The facts —- to be these :—The International Com- 
mission of 1894, in their report to the Egyptian Govern- 
ment, asked for a variety of alterations in the plans 
submitted by Sir William Willcocks, one of which 
(page 19) was ‘‘ La pression maximum serait partout sur 
chaque pile de 5 kilogranvmes par centimetre carré.” The 
omended designs, prepared by Sir W. Willcocks, included 
« lithographed *‘strain sheet,” headed ‘Calculation of 
“am According to the Method Recommended by the 
Commission,” and showing a maximum stress, when the 
reservoir was full, of 4.91 kilogrammes per square centi- 
metre, which was within 2 per cent. of the prescribed 
maximum, and therefore apparently allowed no margi 
of strength for raising. This would appear to conflict 


dam he intended it to be of such a section that it could 
be raised 6 metres in height; but reference to a lecture 
delivered by him at the Khedivial Geographical Society 
in 1904 show what he really meant. He there says: 

“‘T have frequently heard it objected to the raising of 
the dam by 6 metres that the theoretical pressures at the 
toe of the structure would exceed 5 kilogrammes per — 
centimetre, the maximum pressure pro} by the Inter- 
national Commission. . . . Professor kine considered 

ures between 74 and 10 kilogrammes as quite safe 
or dams 48 metres high. When Sir Benjamin Baker was 
made consulting engineer to the Assouan dam I asked 
him his opinion. He said, ‘the structure must be no- 
where under tension. I do not care a damn for the 
theoretical toe pressures. The actual strains to the work 
will come from expansion and contraction.’ Men like Sir 
Benjamin Baker are not frightened by pense ures ; 
“< have contemplated realities too long for that.’ 
his explains Sir W. Willcocks’s position, and clears u 
the contlicting statements which have been circulat 
during the past two or three years as to whether the dam 
was designed to be raised or not. According to the views 
of the International Commission and the Government it 
was not ; and according to Sir W. Willcocks’s views it was, 
as he adhered to his former limits of stress before they 
were reduced by the International Commission. In doing 
this latter he claims to have had the support of Sir 
Benjamin Baker. 

_ But Sir Benjamin Baker was a member of the Commis- 
sion which prescribed the limit of 5 kilogrammes, so his 
expression of an indifference to theoretical toe pressures 
requires explanation. This will be found, no doubt, in 
the remarks he made at the Institution of Civil Engineers 
on dam construction, the year before the International 
Commission was appointed. He there implied that so 
far as mere pressure on the masonry was concerned it was 
a matter of indifference whether the theoretical toe pres- 
sure was 5 kilogrammes or 10 kilogrammes per square 
centimetre, as temperature stresses alone might amount 
to from 20 to 40 kilogrammes. But in limiting the stress 
to 5 Sengpennines instead of 10 kilogrammes the designer 
necessarily evolved a thicker and heavier dam, with lower 
shearing stresses, and altogether better able to resist great 
variations of temperature and other contingencies not 
taken into account in ordinary calculations, There is no 
real inconsistency, therefore, between his action as a 
Commissioner and his remarks to Sir W. Willcocks. 

So much for t history. As ards the future, it 
may be assumed for certain that, with Sir William Garstin 
still at the head of the Public Works Department, the 
raising of the dam to the extent of 7 metres, as recently 
announced, will not be done at the cost of a reduction in 
the factor of safety, but that the dam will be strengthened 
to an equivalent extent. As experience has shown that 
the temperature stresses at Assouan are as important as 
Sir B. Baker anticipated, it may also be assumed that the 
design for strengthening the dam will have special refer- 
ence to that fact. Practical engineers need no reminding 
that the actual stresses on a thick mass of masonry built 
under widely varying temperatures, such as prevail at 
Assouan, are entirely different to the theoretical stresses 
in a dam considered as an isotropic solid at uniform 
temperature ; nor is it necessary to tell anyone that in 
Egypt, where millions of = worth of summer cro 
depend upon the supply of water from the reservoir, the 
iy of the work must be beyond all criticism. 


ours faithfully. 
M. iowe. C.E. 


AGED NAVVIES’ PENSION FUND. 
To THE Eprror oF ENGINEERING. , 

Srr,—Four years ago, when old-age pensions were still 
considered a visionary idea, the sympathy of a few con- 
tractors brought it into actual being by originating and 
maintaining an Old-Age Pension eme for navvies 
who have reached the age of sixty-five. It is interesting 
to note how this pension scheme has worked. 

The originators well knew that navvies who had spent 
their H+ = lives out of doors, frequently being on the 

in search of work, would be miserable in an institu- 
tion, however well managed, that they would feel like 
prisoners, and lose all the little interests of their lives. 
Also, with the limited funds at their disposal, these con- 
tractors realised that, by assisting these men to eke 
out the pittance received from the parish, they would 
bring help to a much larger number than they could main- 
tain in a so-called ‘‘ home,” on which large sums would 
have to be expended in building and in maintenance. 
They therefore arranged to allow 5s. a week to men and 
2s. 6d. a week to the wives of pensioners of the required 
age. 

The number of men pensioners maintained in the four 
years has been 177, and the number of women 33—a total 
of 210. No joner is elected under the age of sixty- 
five years. The oldest applicants have the preference. 
At the present moment there are 154 pensioners ; of 
these, 30 are between eighty and ninety years old, 86 are 
between seventy and eighty years, and 38 are between 
sixty and seventy. Very many of these pensioners bi 
work at ten years of age or under. The oldest pensioner 
died at the age of ninety-three. His gratitude on receiv- 
ing the five shillings a week was very touching. He said, 
‘*T never had twopence for a bit of bacca; and now,” he 
declared, bursting into tears, ‘‘I’m a gentleman ; God 
bless my old masters !” ’ 

These small pensions make the difference between 
— - ane to — of aa gang 
aged e, and have ena couples uni or fifty 

ears ap oP ther in their homesto theend. They 
ows further the burden of their parents’ mainten- 
ance to children who had hard work to provide for their 











with Sir W. Willcocks’s statement that in designing the 


own large families. Since the fund was begun 55 pen- 








sioners have died, and in the four years only five have 
been dismissed as unsatisfactory. 

The fund is managed by a council of subscribers, which 
meets quarterly. At this meeting all the application 
forms are carefully examined. These forms have to be 
fully answered. They require the names of applicants, 
their ages, their families, &c., to be given, together with 
the various contracts, with their respective contractors, 
under which they have worked. 

The yaaa have usually worked for many firms, 
among them being some of old date, such as those of 
Webster, Peto, and Brassey. 
things being equal, to the most aged and destitute ap- 
plicants. t the last three meetings few pensioners 
could be elected, as the whole of the pensions subscribed 
for are now appropriated; and unless other contractors 
help, the pode. to their deep regret, will be obliged to 
refuse future grants. 

We are confident this admirable scheme only requires 
to be known to command the active Pe armen A and sup- 
port of all contractors who take a kindly interest in their 
employés. It is the practical realisation of a great idea, 
admirably carried out and commanding both the approval 
and confidence of business men. 

We ought to mention, in y= that these pensioners 
are not only watched by the | gentlemen who weekly 
pay them, but are also visited, without notice, by a 
member of the council, or his representative, twice a year. 

The income disbursed in pensions in 1906 was 1668/., 
and as there are neither offices nor a paid staff, the tot 
cost of working this charity, including -— 
postage, printing, &c., was only 62. 7s. 9d. e think 
this will speak for itself. 

Subscriptions will be gratefully received by the hon. 
treasurer, y Pearson, 16, Carlton House-terrace, 
8.W.; the hon. secretary, Mrs. E. Garnett, 6, Canning- 
road, Croydon ; or any of the following gentlemen, who 
form the Committee, at their offices :— E 

Sir Weetman Pearson, Bart., M.P., 10, Victoria-street, 
Westminster; Sir John Jackson, 53, Victoria-street, 
Westminster ; Mr. J. W. East Langton Grange, 
Market Harborough; Mr. J. T. Middleton (Messrs. 
Walter Scott and Middleton, Limited), 28, Victoria- 
street, S.W.; Mr. Jobn Price (Messrs. Price and Reeves), 
17, Waterloo-place, 8.W.; The Lord Denman, Balcombe- 

lace, Balcombe, Sussex; Mr. J. E. Yerburgh (Messrs. 

Idry and Fou) 21, Queen Anne’s Gate, West- 
minster; Mr. W. H. Topham (Messrs. Topham, Jones, 
and Railton, Limited), 2, Great George-street, Weat- 
minster. 

Inspection of books invited. 

Iam, Sir, your obedient servant, 
{. GARNETT, Hon. Secretary. 

April 9, 1907. 


Preference is given, all 








THE RENARD ROAD-TRAIN. 
To THE Eprron oF ENGINEERING. 

Sir,—There are one or two points about the Renard 
train which seem worthy of comment, and which I have 
not seen mentioned. All the driving-wheels are coupled 
rigidly together, except for the err arrangement. 
If the Setving tyres of one vehicle in the train were new, 
while those of another were nearly worn out, there might 
be a quite considerable difference in diameter between 
these wheels, and the consequence would be that a certain 
amount of slip of these wheels would always be taking 
place, the spring-drive arrangement in no way compen- 
sating for this. It seems this would be likely to cause 
considerable wear to the tyres, and also would not tend to 
improve the road surface, besides reducing the efficiency 
of transmission. 

Figures as to this efficiency seem to be ning ab 
present, and until they are produced it is difficult to 
criticise the arrangement with regard to probable cost of 
running. The whole system seems to be one to which 
electrical transmission could be successfully applied. 
The first cost would undoubtedly be much greater, but 
on the other hand, the difficulty above mentioned would 
be eliminated, also the great number of universal joints, 
and the change-s gears; and the efficiency of trans- 
mission and flexibility would be largely increased. 

It has been suggested that the Renard train would be 
useful for conveying farm produce, &c., into towns. It 
seems to the writer that anything in the nature of a train 
would be an undesirable addition to the traffic in a town, 
mainly because it takes such a long time to get across the 
road, and during the process it occupies to all intents and 
purposes the whole road, If several of these trains were 
about, it can be imagined that matters might become 
somewhat complicated, especially in London. 

Yours faithfully, 
C, A. St. Grorck Moors. 

17, Victoria-street, Westminster, S.W., April 8, 1907. 








ContTracts.—We are informed that among recent 
orders the Mirrlees-Watson Company, Limited, have 
received one from Toulouse for three sets of surface-con- 
densing plant, each set capable of dealing with 19,825 Ib. 
of steam per hour. Another order in hand by the same 
firm is for the Red Lion Cement Works, Northfieet. 





INTERNATIONAL ConGcREss OF HYGIENE AND Dewmo- 
GRAPHY, Berutn, 1997.—For the forthcoming Inter- 
national Congress of Hygiene and Demography the 
local committee of Berlin have arranged that the scientific 
meetings shall be adjourned at 2 p.m. each day, in order 
to enable members of the congress to visit hygienic 
institutes of Berlin, &c. To this end a guide - book 
has been compiled to more than 100 establishments 
selected by the committee and the presidents of the 
various sections. The local committee is under the 
presidency of Dr. Eilsberger. 
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THE ITALIAN SUBMERSIBLE BOAT 
** GLAUCO.” 


WE illustrate on the present 
mersible boat Glauco, designed by Major-Constructor 
Cesare Laurenti, Royal Italian Navy Reserve, and 
constructed under his personal supervision at the 
Royal Italian Dockyard, Venice. ‘The view illustrates 
the boat during one of her trial runs, at a 14-knot 
speed, in the channel of the Lido. She is fitted with 
Fiat-Muggiano explosion motors. The Glauco is the 
first of a series of five submersible torpedo-boats which 
the Italian Navy will have completed in the course 
of a few months. Their displacement when fully 
emerged is 175 tons, and 220 tons when completely 
submerged. They are designed for a speed afloat 
of 15 knots, using the explosion motors only, and 
for a cruising speed of 10 knots. The fuel carried 
is sufficient for a run of 175 miles at the higher 
speed, and for 600 miles at the 10-knot speed. The 
time required for diving when fully emerged is five 
minutes. Each boat carries two torpedo-tubes for 
18-in. torpedoes. Their length and breadth at water- 
line afloat are, respectively, 42 metres and 4.3 metres 
(137 ft. 9 in. and 14 ft. 11 in.). «The reserve of 
buoyancy when fully emerged is said to be 120 tons. 

Engineer C. Laurenti is now Technical Director of 
the Fiat-Muggiano Company, Spezia, which, we are 
informed, has in hand at the present time several 
submarine boats embodying improvements on the 
Glauco type. 


e the Italian sub- 





Messrs. Bett Broruers, Limirep. — The annual 
meeting of this company was held at Middlesbrough 
on Tuesday, Sir H. Bell in the chair. The chairman, in 
moving the adoption of the directors’ report, said the 
profits of the company had been 140,437/. in 1906, as 
compared with 87,469/. in 1905 and 68,579/. in 1904. This 
was due to the price of pig iron rising from 46s. 11d. to 
5ls. 4d. per ton. The production of the company last 
year had been 349,576 tons, as compared with 352,479 tons 
in 1905. The difference in the prices realised for pig iron 
had not all gone into the pockets of the shareholders, as 
the cost of production had largely increased. In 1899 
the company realised a profit of 213,334/., or nearly 
73,0002. more than in 1906. Since 1899 the cost of pro- 
duction had advanced 4s. 1d. per ton, in co uence of 
the greater cost of minerals, coal, stores, and labour. 
The report was adopted. 





Tue [ron AND Steet InstrtuTe.—The annual meetin 
of this Institute will be held at the Institution of Civ 
Engineers, Great George-street, Westminster, on Thurs- 
day and Friday, May 9 and 10, 1907, commencing each 
day at 10.30a.m. On Thursday, May 9, after reading 
the report of the council, the Bessemer Gold Medal for 
1907 will be presented to Mr. J. A. Brinell (Stockholm), 
and the president, Sir Hugh Bell, will deliver his 
inaugural address. A selection of papers will be read 
and discussed (Nos. 8, 6, 7, and 1). On Friday, May 10, 
the awards of the Andrew Carnegie Gold Medal and 
Research Scholarships for 1907 will be announced, and a 
selection of papers will be read and discussed (Nos. 4 
and 9). The remaining panes on the list will be dealt 
with if time permits, or will be discussed by correspond- 
ence. In the evening the annual dinner of the Institute, 
in the Grand Hall of the Hotel Cecil, will take place. 
The following is a list of papers that are expected to be 
submitted :—1. ‘‘On the Use of Steam in Gas-Producer 
Practice,” by Professor W. A. Bone, D.Sc., Ph. D., F.R.S. 
(Leeds), and R. V. Wheeler (Warrington). 2. ‘On 
Sentinel Pyrometers and their Application to the Heat 
Treatment of Tool-Steel,” by H. Brearley (Riga, ow 
and F. Colin Moorwood (Sheffield). 3. ‘‘On Indu 
Draught with Hot-Air Economisers for Steel Works and 
Blast-Furnace Boilers,” by A. J. Capron (Sheffield). 
4. ‘*On the Influence of Process of Manufacture on some 
of the Properties of Steel,” by F. W. Harbord, Assoc. 
R.S.M., F.I.C. (London). 5. ‘On the Distribution of 
Sulphur in Metal Ingot Moulds,” by Joseph Henderson 
Thornaby Iron Works, Stockton-on-Tees). 6. ‘‘On Steel- 
faking from High Silicon Phosphoric Pig Iron by the 
Basic sat al ayy f Arthur W. Richards 
(Grangetown). 7. ‘“‘On Steel-Making from Pig Iron 
containing Chromium, Nickel, and Cobalt,” b "hoe 
W. Richards (Grangetown). 8. ‘On Electrically-Driven 
Reversing Rolling- Mills,” by D. Selby-Bigge (Newcastle- 
pe are). 9. “‘On the Ageing of Mild Steel,” by 

. E. Stromeyer, M. Inst. C.E. (Manchester). 10. ‘ On 
Carbon-Tungsten Steels,” by Thomas Swinden (Sheffield 
University). 11. “‘On the Nomenclature of Iron and 
Steel,” Report of a Committee of the International 
Association for Testing Materials. Reports on research 
work carried out during the past year will be submitted 
4 C. A. F. Benedicks (Sweden). O. Stutzer (Germany). 

. F. Law (London), E. Hess (United States), P. Breuil 
(Paris), H. C. Boynton (United States), L. Guillet 
(France), W. H. Hatfield (Sheffield), A. Campion (Glas- 

w), KE. G. L. Roberts (London), E. A. Wraight 
(London), and W. Rosenhain (Teddington), Carnegie 

h Scholars. Autumn meeting.—The council has 
ae a cordial invitation to hold the autumn meeting 
of the Institute in Vienna on September 23, 24, and 25. 
After the meeting there will be alternative excursions to 
Bohemia and Styria, by invitation of the Prague Iron 
Industry Company and the Austrian Alpine Mining 
Company men yoeg fF An invitation has also 
received from the Witkowitz Mining and Iron Works 
Company to visit their works, 


been | tons ; and the Ultonia, 10,402 tons. 





SUBMERSIBLE TORPEDO-BOAT 


“GLAUCO.” 


CONSTRUCTED AT THE ROYAL ITALIAN DOCKYARD, VENICE. 

















METALLIC PERMANENT Way.—The value of the chairs 
and metallic sleepers exported from the United eg 
in March was 1163/., as compared with 3912/. in March, 
1906, and 6118/. in March, 1905, In the three months 
ending March 31 this year shipments were made to the 
aggregate value of 8521/., as compared with 15,217/. in 
the corresponding period of 1906, and 15,996/. in the corre- 
sponding period of 1905. 





Tenpers Invirep. — The Commercial Intelligence 
Branch of the Board of Trade are notified by His 
Majesty’s Consul at Stettin that tenders are invited for 
the work of excavating the second dock-basin in the 
Stettin Free Harbour (about 350,000 cubic metres). 
Tenders must be addressed to ‘‘ Die Hafenbetriebs-Direc- 
tion, Zimmer No. 81 des Verwaltungsgebaudes, Freibe- 
zirk, Stettin,” and delivered not later than 11 a.m. on 
April 25. Tenders should be sealed, and bear the follow- 
ing inscription:—‘‘ Angebot auf Aushub des zweiten 
Haffenbeckens im Freibezirk zu Stettin.” Conditions of 
contract may be obtained from the address mentioned on 
payment of 2s. A copy any or with a plan of the har- 
bour) may be inspected by British firms at the offices of 
the Commercial Intelligence Branch, 73, Basinghall- 
street, London, E.C. 





PERSONAL.—We understand that Mr. A. R. Walmsley 
has purchased the goodwill, together with tterns, 
drawings, &c., of the business of Messrs. George Hill and 
Co., electrical and tramway engineers, Manchester. The 
business will be carried on under the same title and 
address, Mr. J. H. Edwards being retained as manager. 
—Mr. George Tcennies, lately London agent to the firm 
of Mr. Epiphane Brasseur, steel and iron merchant, of 
Brussels, informs us that this firm have closed their 
London office. Mr. Tcennies intends to establish a new 
business as metal agent under the style of ‘‘George 
Teennies and Co,” with address at 57, Gracecburch- 
street, E.C.—Messrs. Lennox and Co. wish us to state 
that they have removed their office from Sanctuary House, 
Westminster, 8.W., to their works at 27, Essex-place, 
Turnham Green, London, W.—Mr. John Walsh, vice- 
chairman of Messrs. Henry Pooley and Son, Limited, of 
Birmingham, has been appointed a director of the New 
Conveyor Company, Limited, Smethwick, Birmingham. 





Tue CunarD Ling.—This important company beat the 
record in its past year’s working. The dividend rose to 
5 per cent., while, at the same time, 50,000/. was added 
to the reserve fund, and 54,411/. was carried forward ; the 
amount brought into the accounts of 1906 from 1905 
having been only 72852. The revenue-of the past year 
from freights, passage money, mails, &c., was 2,270,017/.; 
and the success of the twelve months’ working was due 
to a happy absence of the severe competitions of former 
years. The Carmania has established the suitability of 
the turbine for Atlantic work, and, with the Caronia, has 
proved a valuable addition to the company’s fleet. Pro- 
= is being made with two more turbine steamers—the 

usitania and the Mauretania. The fleet stood in the 
books at the close of last year at 4,851,271/.; wharf pro- 
perties, engine works, fixed machinery, moorings, &c., at 
149,032/.; and movable plant and machinery, stocks of 
wharf materials, stores, and coal at 78,976/. The nine 
largest steamers which the company has at present in 
working are the Caronia, 19.687 tons; -the Carmania, 
19,524 tons ; the Saxonia, 14,280 tons; the Ivernia, 14,066 
tons; the Carpathia, 13,603 tons; the Lucania, 12,952 
tons; the Campania, 12,950 tona; the Slavonia, 10,605 
The displacement of 
the Lusitania and the Mauretania will be about 33,000 
tons each. 





‘* BUTTERWORTH’S LEGAL TELEGRAPH Copg.” London: 
Butterworth and Co., 11 and 12, Bell Yard, Temple Bar.— 
This book has been produced with the object of facilitating 
communication by telegraph on legal matters. The code 
includes a large number of possible sentences likely to be 
of convenience between solicitors or solicitors and clients. 
Besides this, it provides a coded catalogue of the leading 
law books arranged under authors’ names, particulars and 
— of the books being given, as well as a code word 

or each work. A list of abbreviations is provided, as 
well as a long index of subjects. 





THE JUNIOR INSTITUTION OF ENGINEERS.—By per- 
mission of the Chief Engineer to the Metropolitan Water 
Board, Mr. Wm. B. Bryan, President of the Institution, 
the members recently paid a visit to the works in course 
of erection for the Fortis Green Reservoirs, which forms 

rt of the Board’s Staines Reservoirs Communication 

orks. Under the guidance of Mr. Joseph Francis, by 
whom the reservoir was designed, and under whose super- 
vision it is being constructed, and of Mr. James Byrom, 
the contractor, the party were shown over. This reser- 
voir forms the terminal of a line of pumping main through 
which the Thames water is to be pumped for the supply 
of the New River District. The water will be drawn from 
the river at Staines, and will pass along an open aqueduct 
to Kempton Park, where, after subsidence and filtration, 
it will um through a 42-in. diameter main to 
Cricklewood. a distance of 134 miles. There it will be 
again pumped through a 42-in. diameter main to the 
Fortis Green Reservoir, a further distance of 34 miles. 
A line of 30-in: diameter gravitation main will convey 
the water from the reservoir to the distributing mains of 
the New River District at Hornsey. The capacity of the 
reservoir will be ten million gallons, and its depth 17 ft. 
A central division wall, extending up to a lével of 6 ft. 
below the top water-line, will divide the reservoir below 
that level into two equal parts. The floor will be of 
concrete, the walls and piers of brickwork, and the roof 
of brick arching, with concrete filling to the spandrels, 
and covered with asphalte. The structure rests upon a 
thick bed of the London clay, and is made water-tight by 
a wall of clay puddle extending all round the outside 
of the walls, and carried well into the clay below. The 
whole will be covered over with earth, thoroughly 
well drained, and the top and slo of the embank- 
ments will be turfed. The floors have a fall towards 
the southern end, along which a drain channel will be 
formed, with an emptying pipe for clearing the reser- 
voir when necessary. For convenience of sweeping out, 
there is in the floor between adjoining bays of arching a 
brick partition of a few inches in height. To prevent 
mischief in case of overpumping, an Appold overflow is 
provided. This ensures that as soon as the water has 
risen to a certain height above the lip of the overflow, the 
surplus shall be very quickly drawn down by —_— 
action to the proper level. The sides of the trenches that 
have been excavated for the main walls, and which are 
21 ft. in width, are supported by means of horizontal 
timbers 11 in. by 3 in., held up in sets of four by vertical 
walings 12 in. by 6 in. kept apart by struts 12 in. by 
6in. By this method the face of the clay is firmly 
retained in place and has no opportunity of being affected 
by external moisture. Considerable lengths of 42-in. and 
48-in. diameter brick culverts have to be constructed to 
carry the surface drainage. which now traverses the site 
by means of ditches. At the conclusion of the inspection 
the members were entertained to tea, and before dis- 
persing, on the om gi of Mr. George Hughes (vice- 
chairman), seconded by Mr. W. J. Tennant (past chair- 
man), a vote of thanks for all the arrangements which 
had been made for their reception was passed, Mr. 
Francis and Mr. Byrom acknowledging it, 
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200-HORSE-POWER TURBINE FOR THE DARJEELING ELECTRICITY WORKs. 
MESSRS. W. GUNTHER AND SONS, ENGINEERS, OLDHAM. 


CONSTRUCTED BY 























Tue Darjeeling Municipality have for some ten years, 
or thereabouts, been lighting the town of Darjeeling, in 
the Himalayas, India, - electricity obtained by water- 
power, the turbines having been made by Messrs. W. 
Gunther and Sons, Central Engineering Works, Old- 
ham, England, in 1895. The plant then supplied con- 
sisted of two Girard turbines of 100 horse-power each, 
working with a fall of 270 ft., the turbines being 
coupled direct to Crompton single-phase alternators. 
This plant has now been extended by the addition of 
another turbine set, consisting of a turbine of 200 horse- 
power, constructed by Messrs. W. Gunther and Sons, 
and coupled direct to a single-phase alternator made 
by the General Electric Company, Limited, of Witton, 
Birmingham. The combined turbine and generator are 
illustrated above. The turbine is of Messrs. Gunther’s 
special Girard type, having a wheel 30 in. in internal 
diameter and running at 420 revolutions per minute. 
The water admission takes place on the inner circum- 
ference of the wheel, and the guide-ports, six in 
number, are so arranged that the regulating-slide is 
practically in perfect balance, and a very short motion 
of the slides serves to open or close the turbine, a most 
essential point for turbines for electrical work. 

The governor is of Messrs. Gunther’s hydraulic type, 
in which the slight rise or fall of the governor balls 
operates a small piston valve, which admits pressure 
water from the pipe-line to one or the other side of an 
hydraulic cylinder, the piston-rod of which is con- 
nected by a lever to the adjustment slide. The 
governor is so arranged that the turbine may be started 
or stopped hydraulically by merely moving a small 
handle connected to a distributing valve in the base of 
the governor, and the governor is designed to keep 
the turbine at constant speed at all loads from 
no load to full load; and as the action is very 
rapid, large amounts of load may be thrown off or 
on with a very slight temporary change of speed, 
which returns to normal within a few seconds. The 
water for the operation of the governing mechanism is 
filtered before passing through the governor valve, a 
double filter being used for this purpose. As the 
action of the governor is very rapid, it is particularly 
necessary to take SS against the risk of 
damage to the pipe-line through concussion when the 
a are suddenly closed, and all danger is cbviated 
by the use of a special automatic relief valve placed 
between the sluice-valve and the turbine inlet. This 
relief valve is entirely hydraulic in its operation, and 
has been specially designed by Messrs. Gunther 
for use in connection with quick-governed turbine 
plants under high pressures. A rise of 8 pound or 
two of pressure in the pipe-line, as the gates close, 
suffices quickly to open the valve to its fullest extent, 
and prevent any further rise of pressure, and, as the 
pressure falls again to normal, as the water column 
steadies, the valve closes down slowly, thus preventing 
continued concussion, or water-hammer, such as occurs 





with spring or weighted relief-valves of the ordinary 





type. This valve, therefore, not only prevents damage 
to the piping, but, by keeping the pressure constant, 
has a very marked effect on the accuracy of the govern- 
ing when a large proportion of the load is suddenly 
removed. A sluice-valve is placed in the position 
shown in our illustration for shutting off the water. 

The guide and wheel vanes are of steel, and the 
turbine is carried on a strong cast-iron foundation- 
plate with flanges, to bolt to corresponding flanges on 
the generator, the turbine and generator thus forming 
a self-contained machine. 








PARAFFIN CARBURETTOR FOR MOTOR 
VEHICLES. 

Arter the tyre bill, the cost of petrol is probably 
the most serious of the running expenses of motor 
vehicles, this item amounting to probably, at least, 
1jd. per mile in the case of motor-omnibuses. The 
price of petrol, moreover, has shown a rapid upward 
tendency during the last year or so, and is likely to 








increase still further unless the virtual monopoly = 
sessed by this form of fuel is destroyed by the utilisa- | 
tion of some of the other hydrocarbons in the engines | 
of motor vehicles. Alcohol seems to make little or no 
progress, probably on account of Government restric- | 
tions. Ordinary paraffin-oil has many advantages: it | 
is particularly safe and comparatively cheap, but its 
use is negligible so far as road vehicles are concerned, 
on account of the difficulty of vaporising it. To meet | 
this difficulty and make paraffin available as the ordi- 
nary fuel for motor vehicles, Mr. F. R. Davis, of Shaw- | 
ford, near Winchester, has devised the form of car- 
burettor shown in Figs. 1 and 2 above. 

The carburettor consists essentially of a cylindrical 
chamber A, surrounded by a jacket B, through which 
the hot exhaust gases circulate, entering and leaving 
by the passages C. The chamber contains a fan D 
mounted on a hollow spindle and practically filling the | 








interior. This fan is driven from the engine by the 
grooved pulley shown in Fig. 2. Paraffin enters the 
carburettor under a slight gravity head by the nozzle 
G, and the jet is at once atomised by the blades of the 
rapidly-rotating fan. Air for the mixture is drawn 
in through the holes at F, and delivered by the fan, 
together with the atomised oil, through the branch at 
the upper part of the carburettor, which leads to the 
inlet-valve of the engine, The pressure caused by the 
fan ensures a full charge entering the cylinder. The 
—— shown in Fig. 2 controls the position of the 

isc J by means of a rodgjn the centre of the hollow 
spindle. This disc shuts off the inlet to the fan in 
proportion to the speed of the engine, and thus governs 
the latter. 

The engine, when cold, is started with petrol, which 
is supplied through the jet H. After it has run a 
minute or two, the petrol is turned off and the paraffin 
turned on, an operation only involving the motion of 
asmall lever. The valve shown at E is for the auto- 
matic supply of additional air, the effective strength 








of the spring which holds it to its seat being controlled 
by a lever on the footboard. 

The curburettor illustrated has been used on a 
private motor-car with perfect success, and has re- 
sulted in a considerable saving on the fuel bill, As it 
requires no alteration whatever to the engine, and 
works equally well with petrol, there should be a large 
tield of awe Aa for it, particularly, we should thin 
in connection with motor-omnibuses and heavy vehicles 
where fuel economy is an important consideration. 








British Coat in FrRance.—The imports of British 
coal into the principal French ports in January, this year, 
were as follow :—Rouen, 116,186 tons ; Bordeaux, 96,354 
tons; Havre, 85,448 tons ; Marseilles, 85,030 tons; St. 
Nazaire, 60,443 tons; Nantes, 42,299 tons; Caen, 41,593 
tons; St. Malo, 39,069 tons; Dunkirk, 32,933 tons; and 
Dieppe, 33,306 tons. 
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INDUSTRIAL NOTES. 


EASTERTIDE is a favourite time for conferences and 
congresses with many of the toilers, because, perhaps, 
they are then better able to give three days, without 
inconvenience, than at any other holiday period of the 
year. In numerous instances they can be assured of 
Good Friday, Saturday, and Monday (Bank Holiday), 
with Sunday between. The Social Democratic Fede- 
ration met at Carlisle, the proceedings and speeches 
at which city will not help the cause of labour. 
Capitalists can smoke the pipe of peace while Labour 


leaders wrangle, worry, and rend each other on the| 


platform and in the Press. The Socialists, especially 
the leaders, are extremely wrath with the President 
of the Local Government Board, whom they de- 
nounce as a traitor and renegade. But to call him the 
most callous of all who have occupied that position is 
to be ignorant of the history of that Board and his 

redecessors in office, or to be so malicious as to ignore 
acts. The chairman of the conference and the other 
chief speakers denounced him in terms so offensive as 
to raise a spasm of disgust. 

A still more curious thing was manifest at the Con- 
ference—the feeling of distrust of the Independent 
Labour Party, the one body to which they looked for 
support in the earlier days of the Social Democratic 
Federation’s existence. It isanother piece of evidence 
tending to prove that the self-styled collectivists are 
more intensely individualist than those whom they 
denounce. The one dominant faith in them appears to 
be the high value they set upon themselves as indi- 
viduals, for few of them appear really to agree with 
each other except upon minor points. A motion to 
institute Barren 4 action in the cause of labour was 
carried after discussion by 47 votes to 43, but another 
motion to the same effect was rejected by 52 votes to 
36. Another resolution in favour of the executive of the 
Federation assisting candidates where desirable, and 
the local funds were insufficient, was rejected by 55 
votes to 24. The Rochdale delegate who opposed 
the proposal for unity said that ‘‘the future 
would resolve itself into a trial of strength between 
the Independent Labour Party and the Social Demo- 
cratic Federation.” Who really cares which will win 
or lose, or whether both be destroyed in the struggle? 
The report was discussed with closed doors. Wh 
this secrecy? The Socialists condemn secrecy in all 
other cases, why resort to it in a national conference. 
The massacre of Jews in Russia was condemned, and 
the Labour Members were urged to call attention to 
the matter on the next occasion. Woman suffrage 
was endorsed, with only three dissentients. The 
principle of a general strike was endorsed as a method 
of revolution. The new executive was elected, and 
Manchester was selected for the next annual confer- 
ence. The brotherly love that prevails was shown 
by the selection of some constituencies to be con- 
tested which are now served by Labour Members, 
but who are not Socialists after the pattern of the 
Social Democratic Federation. Thus they parade 
their weakness. 





The Independent Labour Party held its fifteenth 
annual conference at Derby, for which constituency 
the general secretary of the Amalgamated Society of 
Railway Servants sits as a Labour Member. The 
Independent Labour Party tried its best to —— 
him to enter the fold, failing which the members did 
their best to make his election impossible. The Inde- 
pendent Labour Party retains its name, to individualise 
itself as distinctive from all other parties ; but in Par- 
liament it is known as ‘‘ The Labour Party,” to the 
exclusion of the Miners’ representatives and such other 
Labour Members who refuse to subscribe to its for- 
mula, The conference at Derby, as at Carlisle, 
condemned the attitude and conduct of the President 
of the Local Governmert Board, though in less 
vindictive terms. The conference opened on the 
Monday, when a resolution in favour of adult suffrage 
for both sexes ‘‘on the same conditions as men ” 
was carried by 236 votes to 24. The euffragettes 
present were not in accord as to the policy to be 
pursued, either in the constituencies or in Parlia- 
ment ; one ——— lady threatened to resign. It 
was decided not to change the name of the party. 
Eight new candidates for election contests were agreed 
upon. The a pag of permanent organisers was 
postponed until the financial position of the party was 
assured. Old-age pensions and secular education were 
approved. Mr. J. R. Macdonald; M.P., was re-elected 
chairman. 

At the second’s day’s sittings the Labour Party in 
Parliament was instructed to promote measures to 
enable municipalities and other local bodies to under- 
take trading and other works and the development of 
existing municipal enterprises, and to use the profits 
as they thought best, without the necessity for pro- 
moting Parliamentary Bills. It was next sesulved 
that the time was ripe for the nationalisation of rail- 
ways. Those most important questions were carried 


without much debate. The next proposal was to 
It was urged that it was 


** democratise Whitehall.” 





as important to democratise all Government depart- 
ments as it was to democratise the Statute Book. 
Of course, the Local Govermnent Board was quoted 
as a flagrant instance of officialism adverse to labour. 
The conference ended in a wrangle, and a scene over 
the woman suffrage question. 
send a telegram of sympathy to the imprisoned martyrs, 
which at last was carried by 181 to60. Mr. Haldane’s 
army scheme was condemned, and Huddersfield was 
selected for next year’s conference. The chief inci- 
dents in the conference have been noted because of 
the supposed importance of the Independent Labour 
Party in political affairs, especially as regards all 
labour questions. But it will be observed that very 
little time of the conference was taken up with real 
industrial questions. Side issues occupied most of the 
time. A leading light in the literary world, once 
equally so in the socialistic world, said on one occa- 
sion that Socialism would be all very well but for 
the Socialists. The Easter conferences at least sup- 
port the latter part of his sentence. The assumption 
of authority to speak for labour is not equivalent to 
authorisation ; were it so, things would be different. 





The Shop Assistants held their annual conference at 
Leeds, and it was declared to be the best held since 
the formation of the union sixteen years ago. The 
chief points urged were: compulsory closing, with sixty 
hours per week, condemnation of the ‘“living-in” 
system, and a resolution in favour of ‘‘a moment’s 
notice” on either side. The union resolved to appoint 
as Parliamentary representative Mr. J. A. Seddon, 
M.P., at 100/., in addition to 2007. by the Labour 
Party. 





The annual conference of the United Kingdom 
Postal Clerks’ Association was held at Edinburgh, 
one hundred delegates being present. The conference 
expressed gratification at postal employés being in- 
cluded in the Compensation Act, and decided to 
b2come affiliated to the Labour Party. The Postmen’s 
Federation was condemned for its policy in supporting 
a lower rate of pay in the Provinces. A proposal to 
form a conciliation board, to which all could appeal, 
was adopted. 





The National Conference of the Teachers’ Union 
was held at Oxford, some 2700 delegates being present, 
representing a total of 60,924 members. A tew years 
ago the notion of a trade union for teachers would 
have been laughed at by them, but they are now as 
eager in its support as mechanics, artisans, and 
labourers. Mr. John Massie, M.P., defined the position 
for honourable and honoured teachers to be composed 
of three elements—‘‘ competence, dignity, and free- 
dom.” Combination, he said, was required to attain 
this. To this body is committed the education and 
care of the future citizens of this country; in many 
cases the members are ia the position of parents to 
the children whom they have to teach. 





The last report of the National Union of Boot and 
Shoe Operatives is the most encouraging for some time 
past. It states that ‘‘trade is still good with our 
members in the majority of our branches,” and a 
hope is expressed that it will continue. It goes on to 
say that ‘‘ the continued briskness, not alone in our 
industry, but in the bulk of the trades of the country, 
should make the lives of the workers brighter after 
the few years of stagnation previously experienced. 
It appears as though there is a general boom, but we 
still have the unemployed with us.” As regards this 
problem, reference is made to the influx of agricultural 
labourers into the towns to compete in the labour 
market when they might be well employed to till the 


soil. The report states that ‘‘ disputes in the month 
were not numerous, the chief ones being those that 
have occurred at Raunds.” This is the district that 


mostly supplies boots for the Government. At Leeds 
there was a dispute with one firm who declined 
to pay the minimum wage as fixed by mutual agree- 
ment, but the matter was settled after some negotia- 
tion. In the Metropolis, it is said, the branches of 
the union are endeavouring to get the “indoor 
workshops agreement adhered to.” Disputes over the 
minimum wage of 283. per week in three districts 
were settled by mutual agreement, the men affected 
by the dispute to be reinstated at such wage. Arrange- 
ments have been made to refer all such disputes to a 
local committee. 





The rumoured settlement of the engineering dispute 
in the Manchester district, alluded to in last week’s 
notes is now confirmed, the employers having conceded 
one-half of the men’s demands—namely, Is. per week 
advance in time wages, and 24 per cent. on piece- 
work rates. This makes the third concession in the 
Manchester district within the past few months, in 
which members of the United Machine- Workers’ 
Association and the Amalgamated Society of Engi- 
neers participate. It is stated that about 29,000 
skilled artizans will benefit by the advance. The 


The proposal was to| 


holidays ; but these will soon be upon us. The recom- 
mendations of the conference in London were confirmed 
by the employers’ associations and by the workmen’s 
unions. At the same conference the joint demands 
of all the engineering trade unions for an advance of 
23. per week on time rates and 5 per cent. on piece 
| rates in the Birmingham district were discussed, when 
| it was agreed that the Birmingham employers should 
| concede Is. per week and 24 per cent. respectively, 
| the same to date from the first pay-day in the present 
month. Similar applications from the North-East 
Coast were not granted, owing, it is said, to compara- 
| tive slackness of trade. These negotiations and the 
| results show the value of the agreement made and 
entered into after the great engineering dispute in 
1897-8. The work of the Joint Committee has been 
onerous, but tactful. They have averted strikes in most 
cases, the temporary revolt in Glasgow was the worst 
rupture in the ten years of their work. The policy of 
peaceful negotiation is advancing in most traces, 
Each successful arrangement or compromise gives 
encouragement to others to do likewise. The men 
need patience and trust in their representatives to do 
their best for those they represent. 


If newspaper reports. speak truly, the Hamburg 
dockers have had their revenge, quite other than by 
violence and driving the anti-strikers into the docks. 
The men whose services had been secured as ‘‘ strike- 
breakers” were discharged and sent back to England, 
and the scenes at Gelaicey Docks on Thursday in last 
week will not be casily forgotten. It appears that a 
batch of about 144 were landed, some being bound for 
London, others for Liverpool and Hull. The latter 
took train for their homes, but 44 London men were 
left stranded, because, as they allege, their fares were 
not franked, as were the others. The men in a body 
rushed to the railway station barriers, declaring their 
intention to board the next train for London. The 
Grimsby officials of the Great Central Railway de- 
clared that the men’s fares were only franked by the 
German company to Grimsby. A strong body of 
police guarded the station, but some men got into the 
train and had to be removed. Several arrests were 
made, but 30 of the dockers paid their fares to London ; 
four were penniless, others were under arrest. Frequent 
fights took were even among themselves, ere the ex- 
citement subsided. 





The Joint Committee of the Iron and Steel Workers, 
Mechanics, and others in South Wales, at a meeting 
held last week, considered the auditor’s award under 
the sliding scale arrangement for the three months 
ended February, with the result that wages were 
advanced 6 per cent. as from March 30 last. This will 
hold good for the current three months. 


At Accrington the joiners demanded an advance of 
one halfpenny per hour, making the rate 9. per hour 
for a 48-hour week. The men struck at the Carnegie 
Free Library and two schools. The Corporation, the 
Church Co-Operative, and two private firm; conceded 
the advance, but nearly thirty employers in Accrington 
and district refused the advance. 





The questions raised at the last Trades Union Con- 
gress as to the Municipal Employés’ Union have been 
considered by the Parliamentary Committee, the 
General Federation of Trade Unions, and the Labour 
Party, with the result that the association in question 
has agreed to remodel its rules so as to make it a 
bond fide trade union, so that the question of excluding 
it from the Trades Congress is postponed in order to 
see to what extent the changes proposed will satisfy 
the trade unions of the country. The objection 
taken was that the union in question was attracting 
men from other unions of different trades, so that 
unity in accepted sections was retarded. 


The strikes in Switzerland have fizzled out. The 
proclamation of a general strike failed, as there was no 
real response. There were some attempts at outrage, 
but these also failed. Workmen are beginning to see 
the folly of general strikes. 





A strike of railway employés on the South Hungarian 
Railway commenced on Thursday in last week ; the 
exact object of it is not reported. It is called a 
‘* passive resistance” strike; but a strike is active in 
its very nature. 


The Cleveland blast-furnacemen’s wages were ad- 
vanced 24 per cent. on Friday in last week, as a result 
of the increased price of No. 3 pig iron during the last 
three months. 

The wages of the Consett steel-workers have also 
| been advanced 24 per cent., from the same cause, to 
| date from April 1. 








The wages of the Northumberland coal-miners were 
| advanced 5 per cent. on Saturday last as a result of 
| the recent coal boom. This is the sixth quarterly 


advance does not take place until after the Whitsun | advance since 1900. 
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TORQUE OF PROPELLER SHAFTING.* 
Torque of Propeller nee. : some Investigations and 
esults. 


By J. Hamitton GIsson. 

THE necessity of ascertaining the horse-power of the 
marine steam-turbine by some means analogous to the 
‘‘indicator” has revived interest in the torsion-meter as 
applied to propeller-shafting. 

Iadicated horse-power, as obtained by mean-pressure 
diagrams from a reciprocating engine, is all very well from 
the naval architect’s point of view so long as frictional 
and other losses are known and remain fairly constant ; 
but the actual power transmitted to the propeller by the 
shaft is more definitely valuable information if such is 
obtainable and can be relied upon. 

In utilising a steel bar, such as a propeller shaft, for the 
measurement of power, obviously the first thing to do is 
to ‘“‘calibrate” that portion of the shafting which is to 
be so utilised ; for the shaft behaves exactly like a steel 
spring. However accurate the dimensions and homo- 
geneous the material, there are slight differences from the 
calculated results that must be known; just as there are 
discrepancies in a set of apparently identical helical 
springs for boiler safety-valves. Each must be tested 
and set independently ; and the analogy suggests that 
shafts used for torsion-meter records should be re- 
calibrated periodically, just as safety-valve springs are. 

A screw propeller shaft, when transmitting power, 
undergoes a compound strain. Not only is it twisted by 
the engine; it is simultaneously compressed by the 
thrust of the propeller. That this thrust is not an 
entirely negligible quantity may be inferred from the 
fact that in an actual case, the torsional stress in the 
shafting at full power being 5100 lb, the compressive 
stress due to thrust works out at 950 lb. per square inch, 
or 18 per cent. of that due to torque alone. 

In calibrating the shafting, then, it is advisable to 
make an allowance for, or to imitate as far as practicable, 
the actual working conditions, and to fix the power 
constant gg oe nl . 

Appendix No. I., page 498, shows by calculation the 
probable effect of the compound stress referred to; but 
it is given with all reserve, as actual experiments do not 
show quite so marked an effect. This is probably due to 
the fact that, even when transmitting full power, a pro- 
peller shaft is rarely twisted more than 1 deg. in 10 ft., 
and the effect of compression will naturally be more and 
more marked as the twist increases. 

Thus a minute square on the surface of a shaft will be- 
come skewed and form a rhombus as the shaft twists, and 
the square will be pushed out of shape more easily by 
axial compression C, C, Fig. 1, as the shaft goes on twist- 











ing. It follows also that the effect of compression will be 
more marked in a hollow shaft than in a solid shaft, and 
in a shaft having a very large hole than in one of smaller 
bore; for the skewing effect becomes greater 4s the sur- 
face of the shaft is approached, whilst the core remains 
comparatively unaffected by the torque, and offers an un- 
impaired resistance to compression. 

_ Figs. 2, 3, 4, and 5 are descriptive of an actual calibra- 
= experiment carried out in accordance with these 
1deas, 

The torque and compression were calculated before- 
hand for the varying speeds, allowing 95 per cent. of the 
estimated equivalent indicated horse-power for torque, 
and assuming 65 per cent. of the same to be re-transmitted 
from the propeller to the vessel in the form of thrust. In 
other words, the turbine efficiency was taken as 95 per 
cent., and the 5 efficiency as 65 per cent., giving 
a propeller loss of 30 per cent. The figures are neces- 
sarily somewhat arbitrary, but sufficiently near for the 
Purpose, 

Two light pointers were secured to the shaft at a certain 
fixed distance apart, and of such a length that their points 
described 1 in. of arc for 1 deg. of torque. The torque 
could thus be readily measured by a fitter’s decimally- 
divided straight -edge. The difference between the 
pointer readings gave the exact torque. It is worth 
notice that, however secure the fast end of the shaft may 

made, there is always the liability of some movement, 
especially at the enees of an experiment, due to 
fastenings, such as bolts, keys, &c,, giving slightly as the 
Stress comes on. 

The torque was applied by spring-balances at opposite 
ends of a couple, to eliminate friction in the supporting 
bearing, whilst the shaft was compressed by means of a 
6 to 1 bell-crank lever loaded by weights on a steelyard. 
To enable the end of the shaft to turn freely, a ball-bearing 
was introduced between it and the compression lever. 

teferring to the diagram in Fig. 5, the loads were 
applied in the following order :— 

1. First increment of torque. 
2. Corresponding increment of compression. 
3. Adjust torque balances. 
4. Second increment of torque. 
nd increment of compression. 


o 
6, Adjust torque balances. And so on. 


An appreciable time was allowed between each incre- 





* Paper read before the Institution of Naval Architects, 
March 21, 1907. 





ment for the shaft to accommodate itself to the stress. 
The loads were taken off in inverse order. 

The effect of adding the compression each time was 
not to increase the angle of torque sensibly and directly, 
as might be expected, but to slightly relieve the loads on 
the torque balances. When, however, the torque balances 
were screwed up again and adjusted to their former load, 
the shaft was found to be twisted an additional amount, 
represen by the short horizontal lines on the upward 
curve, and these horizontal lines became appreciably mod 
as the full load was attained. The phenomenon of mecha- 
nical hysteresis or ‘‘lag” was very marked on the return 
curve, shown dotted ; but on the removal of the last in- 
crement of load the pointer immediately returned to zero. 
As a check, the experiment was repeated several times 
with variations, such as applying the loads quickly, and 
taking off the total load suddenly ; but the curves followed 
the same lines within narrow limits, and the shaft in- 


variably and instantly returned to zero, thus proving its | 


perfect elasticity, but leaving some doubt in one’s mind 
as to the real nature of the ‘‘ lag” referred to. Aqperentiy 
a higher modulus should be taken for a shaft in whic 
the power is gradually and uniformly augmented ; and a 
lower modulus as the power is gradually and uniformly 
reduced. But these conditions do not obtain in actual 
work. A constant fluctuation of load giving rise to 
torsional oscillations in the shaft occurs, which probably 
has the effect of harmonising the maximum and minimum 
torque for any given power; and the true modulus might 
be taken as a mean between the upward and downward 
curves. In the present case the average modulus is 
11,250,000, giving a constant of 3.27 in the horse- power 
formula. 
Thus 


H = 2 D'N ¢0 solid shafting, 
CL 


and 
n=? (D+ —d4)N for hollow shafting, 
CL 


where 


H = shaft horse-power. 

6 = angle of torsion in degree. 

D = diameter of shaft in inches. 

d = diameter of hole in shaft in inches. 

N = number of revolutions per minute, == 

C = 3.27. (corresponding to a modulus of rigidity of 


11,250, 5 
L = length of shaft in inches. 

In a more recent experiment, the effect of keeping the 
shaft “alive” during the calibration test was tried with 
good results. Two lengths of 64-in. solid-steel shafting 
were coupled together, as shown in Fig. 6, and were 
kept ‘‘on the dither” by tapping the surface with lead 
hammers. 

It will be noticed that the lag in this case is almost 
imperceptible, and that the curve follows a straight line, 
as, indeed, it should do within the limits of elasticity. 
Evidently it is important to set up and maintain a species 
of molecular vibration in making such tests as we are 
considering. Two additional pointers were used in this 
experiment to measure and eliminate the effect of the 
centre coupling, and the compression corresponding to 
the propeller thrust at full power was added by a screw- 
jack through a calibrated spring and ball-bearing after 
the final increment of torque. The augmentation of 
torque recorded was just 1 per cent., the torque balances 
going back } cwt. from 25 cwt. The horizontal line at 
the top end of the curve shows the additional torque on 
screwing up the balances again to 25cwt. The experi- 
ments, so far, appear to show that an augmentation of 
torque due to propeller thrust of from 1 to 14 per cent. 
for solid shafting, and from 3 to 4 per cent. for hollow 
shafting, is a sufficient allowance to make under ordinary 
working conditions for shafts of normal proportions, 

The horse-power formula is such that for a shaft of 

iven diameter, length, and ascertained elasticity a 
» ee as shown in Fig. 7, page 498, can be readily con- 
structed to enable the power to be read off at a glance 
when the revolutions and angle of torque are known. 
The revolutions are usually readily obtainable by counter 
or tachometer, and it only remains to ascertain the torque, 
which must be done with extreme accuracy if the result- 
ing horse-power is to be anywhere near the truth. 

Torsion-Meters.—There are two well-known methods 
in use for measuring the torque of a revolving shaft: one 
electrical, the other mechanical. An example of the 
former method is the Denny-Jobnson torsion-meter. The 
mechanical method is represented by the Fittinger 
apparatus. It is not pro to refer to these methods 
any further than to say that both involve certain inter- 
mediate links between the shaft under observation and 
the recording instrument, and that such links are liable, 
under varying conditions, to introduce errors. — 

The apparatus now to be considered abolishes these 
intermediate links, and measures the torsion directly from 
the shaft itself. As a beam of light is the essential 
feature of the apparatus, it has been called the ‘ Flash- 
light” torsion-meter, and will be so referred to in the 
sdllowing description. The intrinsic parts of the flash- 
light torsion-meter consist of two thin discs secured to 
and revolving with the shaft, a fixed lamp, and a movable 
“‘torque-finder.” Figs. 8 to 13 show how these are dis- 
posed with relation to the shaft, and Figs. 14 and 15 are 
photographs of the apparatus as actually fitted. ; 

The discs are similar, and each is perforated near its 
periphery by a small radial slot. The lamp has a mask 
perforated with a similar slot, and the torque-finder has 
an eye piece which can be moved circumferentially, and 
is also provided with a slot similar to the others. hen 
the four slots are in the same radial plane, an observer 
looking through the eye-piece can see the beam from the 





lamp, and at every revolution of the shaft a flash is seen. 


The faster the shaft revolves, the steadier the light 
appears, owing to the physical effect of persistence on the 
retina. The apparatus forms, in fact, a pair of photo- 
graphic shutters, one shutter being at the lamp end and 
the other at the torque-finder end. 
Racay = ye | the shaft begins to transmit power the 
| discs twist relatively to one another, and their slots are 
| not now contained in the same radial plane. The beam 
still flashes through the shutter at the lamp end, but is 
obstructed at the torque-finder, because of the relative 
| displacement of the discs. To pick up the flash again it 
| is necessary to move the eye-piece circumferentially by an 
amount equal to this displacement. Attached to the 
| eye-piece is a vernier, which moves overa fixed graduated 
| scale on the torque-finder, and enables the angle of torsion 
| to be read off in degrecs. 
| The width of the slots is eliminated by utilising their 
| edges, Fig. 8, and noting carefully the exact instant that the 
last ray is cut off as the eye-piece is moved over. This gives 
an infinitesimally fine radial line of light as datum, and 


1 1 
enables the torque to be measured to j00 4e8-, or Saya 


of the circumference. No wengaas | is experienced in 
attaining this degree of accuracy. Several independent 
observers have on occasion obtained exactly the same 
reading on setting the torque-finder for themselves, an 
operation which takes only a few seconds to perform. To 
illustrate the appearance of the flash, as viewed through 
the torque-finder, and also the method of measuring the 
torque and ascertaining the power, an image will now be 
projected on the lantern screen. 

We will suppose, first, that the shaft is revolving idly ; 
the propeller is disconnected ; or, if in a turbine vessel, 
the steam supply may be shut off for a few moments and 
the turbine opened to the condenser vacuum. The ‘‘ way” 
of the vessel will then cause the propeller to revolve the 
shafting and turbine without appreciable torque. By 
moving the torque-finder over until the flash is just cut 
off, we obtain the ‘‘ zero ” reading, which must, of course, 
be subtracted from any su uent power readings. The 
zero in this case is, say, 0.56 deg. Now we will suppose 
that the shaft is transmitting power, and has twisted 
the discs relatively to one another, thus obscuring the 
light. To pick up the flash again, the torque-finder eye- 
piece, with its vernier, must follow the slot in its corre- 
sponding disc, and to get the exact angle of torque the 
point of cut-off is located as before. ‘I'he vernier scale 
now shows 2.45 deg., which, when the zero reading is 
subtracted, gives an effective torque of 1.89 deg. To 
obtain the horse-power we refer to a power diagram 
similar to that shown in Fig. 7. Assuming that we know 
the revolutions to be 500 per minute, then in this case the 
horse-power is seen to be 3820. 

In Appendix IL. are set out in ry form some 
shaft horse-powers np | obtained on a three-shaft 
turbine steamer by means of the flashlight torsion-meter. 
The results extend over a series of trials carried out under 
varying conditions, the total powers recorded ranging 
from 7975 down to 37. It will be seen that the port low- 
pressure turbine indicates less power than the starboard 
throughout the series. On investigation it was found 
that the blade-tip clearances differed slightly, the per- 
centage difference corresponding almost oneally with the 
percentage difference of the powers. . 

In a turbine installation the turning moment is so 
aniform that it is perhaps only necessary to indicate the 
torque at one point of the revolution. But in shafting 
driven by reciprocating engines the turning moment is 
anything but uniform, and a torque reading taken at 
only one point in the revolution might give an entirely 
misleading result. The torque should be ascertained at 
several points in the circle, and plotted out on a develop- 
ment of the circumference to obtain the mean turning 
moment. 

To meet this condition the flashlight torsion-meter is 
slightly modified, as shown in Fig. 13, page 499. Instead 
of having only one slot at a fixed radius, each disc is per- 
forated with several slots, corresponding to the number 
of points in the revolution at which it is desired to ascer- 
tain the torque, the slots being disposed in the form of 
a spiral at varying radii. The outermost slot, for ir- 
stance, may indicate the torque when the high-pressure 
crank is on its top centre, and so on. The light and the 
eye-piece of the torque-finder must be moved radially to 
or from the shaft to come opposite each pair of slots in 
the discs, and observations made, as before described, 
for each position. 

A torsion-meter record taken from a reciprocating- 
engine shaft by this method, and a set of indicator 
diagrams obtained simultaneously from the engine, would 
provide an interesting means of comparison, and very 
shortly such a comparison may be available. Of perha: 
greater interest would be @ comparison between the 
torsion-meter records of two identical vessels run at the 
same speed, one of which is propelled by turbines, the 
other by reciprocating engines ; as, for example, in the 
Cunard liners Carmania and Caronia, or H.M.S. Amethyst 
and Topaze. We should then have the exact power 
transmitted to the propellers of each vessel respectively, 
the only disturbing element in an exact comparison being 
the vexed —— of propeller efficiency. But a con- 
sideration of the compound stresses in propeller shaftin 
suggests that this problem might be solved by the use o! 
some simple apparatus that would record the actual 
thrust along the line of shafting, and enable a direct 
comparison to be instituted between the powor trans- 
mitted to, and the thrust produced by, the propeller. 
This, however, would naturally form the subject of 
another paper. 

Nows.--Besides the figures and diagrams appended, 
sev_ral lantern-slides, some being mechanical, were pro- 
jected on the screen, and added considerably in conveying 





to the minds of the audience the principles and methods 
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of working the flashlight torsion-meter. A working model| But the above only applies to the outerskin of the shaft ‘core nil, we may assume a mean effect over the whol: 
of the apparatus was on exhibition, together with actual | where the twisting stress is a maximum (Fig. 18). The! section to be 0.5 of 114 per cent. = 53 per cent. for a solid 
specimens of discs, lamps, torque-finders, &c., aJl of | twisting stress at the centre is nil, whilst the compressive | shaft; and 0.75 of 114 per cent. for the hollow shaft in 
which evoked the interest of members present. stress 18 uniformly distributed over the whole area of question = 8.6 per cent. for a hollow shaft of normal pro- 


ARRANGEMENT FOR TESTING TORQUE OF SHAFTING IN SHOP. 
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APPENDIX I. 
INVESTIGATION FOR Torsion Test oF SHAFTING AS alan , , , — _ 
Descaisep In Fires. 2 70 5. presen spat fps ses Trigion Bare for Application Sotieh Reo Gh Dia«19-8 
Shaft, 74 Me in oxpgenel diameter. IES fointers }. ~7 
-in. hole. 28785) 500 | 174 | 130|¢mes| . |. <——_—_ ————— eicomceentnonn L 
e Length between pointers, 20 ft. 6 in. . |= 7a == } aay ack 
: Lae H.PxOCx L’ 27408, 965| 17 | 127 + °% Is ; i 
Maximum deflection in degrees= = ; = 
(D4 — d4) x revs. Fined N ; ; 3 | A 
. y 
5000 x 0.95 x 3.27 x 246 _ 1.7 deg, x Cy x Z / 
2997 x 750 22798| 850| 10 | 118 |Atagmertation of 
(C = 3.27 for a modulus of 11,250,000), i Set in Vibration by + J aoe to Thrust 
5000 appurg with Haruner “i ons 
and maximum thrust = 65 x H.P. x 33,000 _ during Experunent. | Ba 
33 kts. x 101.3 x 2240 inone| a55| @ |208 Vy 
14.3 tons. Fig 6 ayy 
i - 14.3 x 2240 _ Ae 
Area of shaft = 33.7 sq. in.: . = 950 Ib. per 
33.7 10332 180| @ | 94 | of, A | 
square inch compressive stress. Tae 
Torsional (or shear) stress at full power— Laced cual @ Nes a a Eliminating the Saseof Ol due ta 
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4. da S - V4 | | 
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D 0.196 x 2997 il ] | ee an Decreasing | | 
= 5100 Ib. per square inch torsional stress. at 
A shear stress produces equal tension and compression eee | 
stresses at 45 deg.—i.c., fs = fe = f-. (Lineham.) 
But the compressive stress due to propeller thrust | | aa 
augments the 950 POT se So 6 DF 8 #8 40 T $2 7S 90 FE 6) IT «8 92 20 27 2T 
Se by _= 670 lb. per square inch, ; 
/ P : , . rm 
v2 section. Therefore the effect of compression in weaken- ; portions. The true modulus of rigidity for calculating 
and as f, = fe, therefore 670 must be added to the| ing the shaft’s resistance to torsion will be less than the power would then be 8.6 per cent. less than modulus for 
5100 + 670 = 5770 = total f, = torsional (or shear) | percentage above quoted. torsion alone. Actual experiments, however, show only 
stress, and 670 = 114 per cent. of 5770 (Fig. 17). If the effect at the surface is 114 per cent., and at the about half of this effect (see diagram, Fig. 5, above). 
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FLASH LIGHT TORSION METER. 





THE TORQUE OF PROPELLER SHAFTING. 
Fig. 12, 
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" SHAFT TRANSMITTING POWER. 
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APPENDIX II. 
Flashlight Torsion-Meter.—Turbine Steamer. 


Actual readings and corresponding horse-powers taken during 
trial-trips under varying conditions of displacement and pro- 








pellers. 
| | Shaft 
Revolu- | Shaft | 
Turbine Shaft. Degrees | tions per | Horse- | power, 
orque- | Minute. | Power. | ‘otal, 
} ° 
Starboard low-pressure .. 1.43 482.9 | 2775 \ 
Centre high-pressure 1.69 | 461.2 | 2600 | } 7975 
Port low-pressure 1.37 | 4728 2600 
Starboard low-pressure... 1.31 461.2 | 2410 \ 
Centre high-pressure 1.65 426.8 2330 6940 
Port low-pressure oe 1.24 457.3 2200 J 
Starboard low-pressure . . 1.16 426.4 1970 
Centre high-pressure 1.51 417.6 2080 } sean 
Port low-pressure ‘ 1.13 418.9 1910 
Starboard low-pressure .. 1.05 418.4 1765 | \ 
Centre high-pressure ..| 1.52 422.3 2120 | 75555 
Port, low-pressure 1.02 415.5 1670 J 
Starboard low-pressure .. 0.21 198.6 162 
Centre high-pressure 0.27 206.3 185 |} 495 
Port low-pressure ‘ 0.19 183.5 48s | 
Starboard low-pressure .. 0.22 146.7 88 ) 
Centre high-pressure 0.21 171.4 87 257 
Port low-pressure i 0.13 144.8 82 f 
Starboard low-pressure ..| 0.07 46.3 13 | 
Ceutre high-pressure 0.05 86.1 15 | 37.2 
Port low-pressure 0.01 24.4 9.2 | 








_ West Arrican Goip.—The value of the gold produced 
in West Africa last year amounted to 877,568/., as com- 
pared with 657,330/. in 1905, 345,608/. in 1904, 254,790/. in 
193, 96,8802. in 1902, 22,1862. in 1901, 38,0067. in 1900, 
51,2997. in 1899, 63,8372. in 1898, and 84,797/. in 1897. 
Last year’s output, accordingly, beat the record for the 
last tem years. In the production of 1906 banket mines 
figured for 324 per cent., quartz for 617 per cent., and 
dredging for 5? per cent, 
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Tue JapangsE Navy.—The ordinary naval expenditure 
of Japan for 1907-8, as voted by the Japanese Parliament, 
amounts to 3,441,469/., while the extraordinary expendi- 
ture of the year has been fixed at 4,906.752/., making an 
aggregate of 8,348,221. The extraordinary expenditure 
for 1907-8 comprises 1,093,958. for new constructions, as 
well as 2,500,000/. for the replacement of ships lost during 
the Russo-Japanese war. 














F tg. 18. 
TORSIONAL STRE COMPRESSION STRESS 
MaximMuM 
EQUAL 
MINIMUM THROUGHOUT 
~NIL 





Our ImprRiaL Coat Ourput.—There was a marked 
increase in the output of coal in the United Kingdom 
and the principal British colonies during the ten years 
ending with 1905 inclusive. This is shown by the fuollow- 
ing table, illustrating the production year by year during 
the decade in question :— 


Year. Tons. Year. Tons. 

1896 208,278,000 1901 241,105,000 

1897 215,831,000 1902 261,639,000 

1898 217,811,000 1908 216,416,000 

1899 236,572,000 1904 _ 259,688,000 

1900 .. 244,378,000 1905 .. 265,856,000 
The expansion of the output during the ten years was, 
accordingly, 57,083,000 tons. The production of the 


United Kingdom in 1896 was 195,361,260 tons; in 1905 
the corresponding total was 236,128,936 tons. British 
India raised 3,863,698 tons of coal in 1896, and 8,425,431 
tons in 1905; The Australian Commonwealth, 4,554,210 
tons in 1896, and 7495,956 tons in 1905; New Zealand, 
792 851 tons in 1896, and 1,585,756 tons in 1905; Natel, 
216,106 tons in 1896, and 1,129,404 tons in 1905; the Cave 
Colony, 94,076 tons in 1896, and 146,529 tons in 1905; the 
Dominion of Canada, 3,344,389 tons in 1896, and 7,835,654 
tons in 1905 Other colonies produced 46,449 tons of coal 
in 1896, and 2,608,684 tons in 1905. The considerable ex- 
pansion of the miscellaneous production was due to the 
inclusion of the Transvaal, the Orange River Colony, and 
Southern Rhodesia. The Transvaal raised 2,327,499 tons 
of coal in 1905; the Orange River Colony, 118,636 tons ; 
and Southern Rhodesia, 97,191 tons, 
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CATALOGUES. 


From the Electrical Company, Limited, Charing Cross- 
road, W.C., we have received a circular relating to 
‘** Economica” arc-lamps, prices being given for both con- 
tinuous and alternating-current lamps. 


Messrs. D. Ramsay Smith and Co., Riley-street, 
Chelsea, S.W., send us a little pamphlet on ‘*Screw- 
Propellers.” This firm make deep-sea propellers of the 
ordinary form, and are also makers of special forms of 
propellers for towing, shallow draught, and special high- 
speed patterns. Reversible patterns are also made. 


A little circular from Messrs. Royce, Limited, Trafford 
Park, Manchester, draws our attention to an installation 
at the Neptune-street Goods Warehouse, Hull, of the 
Hull and Barnsley Railway. This installation consists 
of eight Royce electrically-driven 30-cwt. jib-cranes, four 
electrically-driven capstans, and 13 fairleads. The cranes 
have separate motors for lifting and slewing. 


Messrs. Johnson and Phillips, Limited, Charlton S,O., 
Kent, have just issued a new list of main switches. The 
types illustrated, besides the ordinary pattern of knife- 
switch, include enclosed double-pole switches, gas and 
water-tight switches, oil-break switches for attachment 
to transformer-cases, &c. Particulars and prices are given 
in most cases. 

Mesars. Andrew Barclay, Sons, and Co., Limited, 
Caledonia Works, Kilmarnock, have sent us a card 
drawing our attention to their ‘t Lion” brand of Babbitt 
metal for bearings, &c. The card, on one side, gives 

raphically the result of a series of tests carried out b 
-rofessor Goodman, of Leeds, on this and other anti- 
friction metals, in. which the ‘‘Lion” brand shows 
remarkably good results, especially at the higher loads. 


A catalogue from the Power and Mining Machinery 
Company, of Milwaukee, Wis., U.S.A., is devoted to 
cement-making machinery. ‘This catalogue is well illus- 
trated, both with half-tone blocks and line drawings. 
Starting with crushers and ore-breakers of the McCully 
type, the matter refers to quarry-cirs, elevators, con- 
veyors, revolving-screens, mixing-mills, dryers, ball tube- 
mills, separators, rotary kilns, automatic scales, and, 
finally, producer-gas power-plant. 

The Gandy Belt-Manufacturing Company, Limited, 
Seacombe, have issued a price-list devoted not only to the 


many types of belting made by this firm, but also to all} P° 


accessories in. the form of fasteners, stretchers, &c.,. while 
split-wood pulleys, belt dressing, &c., are also noticed. 
An interesting test by Kirkaldy is mentioned, which 
showed that a best double-leather 6-in. belt had a break- 
ing load of 3572 lb. per square inch, while a Gandy belt- 
ing 6 in. by 8 ply failed at 6811 lb. per square inch. 


We have received a catalogue devoted to weighbridges 
and weighing-machines and scales from Messrs. Ashworth 
and Co., Midland Iron Works, Dewsbury. Scales of all 
sizes and weighing-machines for all purposes are herein 
illustrated and priced. Several patterns of portable or 
fixed platform weighing-machines are illustrated, and at 
the end of the booklet the Davy suspended weigher is 
noticed. These handy machines are on the lever prin- 
ciple, have no springs, aud are fully protected against 
damage by rough usage. tad 

A catalogue from Messrs. R. Waygood and Co., 
Limited, Falmouth-road, London, 8S.E., deals with hand- 
lifts of a large range of capacity. Ordinary dinner-lifts 
for houses or service lifts for flats are found at one end of 
the scale, and at the other lifts for warehouses and factories, 
large enough to take motor-cars and other bulky things. 
Particulars are also given of slanting hoists, hand-power 
cellar hoists, crabs, cranes, sack hoists, and blocks and 
tackle of different ty Prices are given in many cases, 
and a large amount of information. 


A pamphlet from the Atlas Engineering Company, 
Levenshulme, has reached us, and refers to patent com- 
ite road-wheels. These wheels are designed for motor 
and other vehicles of considerable weight, while other 
tterns are also made for light lorries, wagons, &c. The 
»0dy of the wheel is formed of a steel casting, the spokes 
and hub being hollow, and the rim of channel section. 
The hub is bushed with bronze. Wood felloes are fitted 
in the channel.sha rim, and tyres of steel or rubber 
are used. In another pattern the wood cushion is placed 
near the centre, around the hub. 


Messrs. George Green and Co., Keighley, have issued 
a large pamphlet devoted to foundry appliances. This 
is well printed and illustrated, and deals with all manner 
of foundry machinery and plant, such as cupolas, ladles 
of all kinds for crane and hand-work, or mounted on bogies, 
sand and loam mills of various sizes, rotary sand-sifters, 
rattlers and fettling drums, emergency cupolas for the 
quick melting of small quantities of metal, and gas-fired 
melting-furnaces for small work. Particulars of sizes and 
capacities are given, and, wherever possible, prices are also 
given. 


A booklet has been recently issued by Messrs. Glen- 
field and Kennedy, Limited, Kilmarnock, and is descrip- 
tive of the ‘‘ Ashley” pumps. The advantages of this 
type of pump are claimed to be: accessibility to, and im- 
ae arrangement of, working parts, suitability for 

igh-speed working, durability, and quiet running. These 
pe consist of a working barrel and bucket, the latter 

ng of considerable length, and carrying both the 
suction and delivery-valves. They are in use by a 
number of water works, railway companies, &c., and are 
made for lifts up to 1000 ft. 

A circular setting forth the properties of carbide of 


silicon and its use in the steel-foundry bas reached us from 
Messrs. J. W. Jackman and Co., Limited, Caxton House, 








Westminster, 8.W. This preparation contains silicon, 
carbon, iron, and aluminium, and is used as a ladle addi- 
tion to steel for casting. Its action is twofold. On the 
one hand, it acts as a deoxidising agent, similar in action 
to ferro silicon, by means of which the oxygen of the CO 
and CO, in the molten steel is combined with silicon, 
forming SiOz, which is removable as slag; and on the | 
other, by dissociation, its addition raises the temperature | 
of the molten metal, rendering it much more fluid. 


An illustrated circular from Messrs. Midgley and | 
Sutcliffe, Richmond-road, Bradford, is devoted to radial 
drilling-machines. These are of rigid design, and are 
suitable for high-speed work. Some twelve sizes and 

tterns are described, typical machines being illustrated. 
The smallest size dealt with in this catalogue has a 
maximum radius of 3 ft., and the arm rises and falls on 
pillar 8in. The largest machine illustrated has a maxi- 
mum radius of 7 ft., with a maximum distance from 
spindle to base of 5 ft. 9in., and 14 in. feed of spindle. 
The smaller machines are made with box-shaped bases, 
but the larger sizes have low bases. Prices are given for 
the smaller sizes, as well as shipping particulars. 


A pamphlet dealing with light locomotives has recently 
been issued by the American Locomotive Company. 
This is similar in size, style, and arrangement to the 
other pamphlets by this company, already noticed in 
these columns. This particular catalogue gives illustra- 
tions and particulars of engines of many types, ranging 
in size from the small contractor’s engines to types suitable 
for main-line freight. ' Examples include mine engines, 
yard engines, suburban and other tank engines, of which 
several examples for Japan are illustrated, and light 
passenger locomotives. The pamphlet concludes witha 
description of compressed-air locomotives for mine and 
other purposes. 


From the British Insulated and Helsby Cables, 
Limited, Prescot, Lancashire, we have received a number 
of circulars, for filing, relating to a variety of objects, 
One circular deals with ‘‘ Prescot” noiseless pinions, made 
of compressed manilla paper, of a strength equal to thatof 
cast-iron pinions, while possessing several material ad van- 
tages over the raw-hide pinions now common. Another 
leaflet is devoted to trolley-wheels for overhead wires, 
rail-bonds, and cable-grips of gun-metal or mild stcel, or 
woven wire. A further pamphlet is devoted to feeder 
pillars on Downe and Black’s system for lighting and 
wer distribution. These are of various patterns, and, 
it is claimed, go a long way towards fulfilling the require- 
ments of an ideal feeder-pillar. 


The title of ‘‘ Log-Sawing ” denotes the contents of 
Section IT. of Catalogue Series 8, issued by Messrs. 
Thomas Robinson and Son, Limited, Rochdale. This cata- 
logue is equal to those already published of this series. 
The machines are illustrated with good half-tone blocks, 
and sufficient particulars are given to enable a idea 
of their construction and working to be obtained. A 

rice-list is also issued in connection with this catalogue. 

he machinery described in this particular list includes 
vertical log-fran-es for large and small work, under-driven 
and over-driven frames, self-contained steam-driven log- 
frames, portable breaking-down frames, single and double 
horizontal saw-frames, horizontal and vertical log band- 
saws, circular and log cross-cut saws of several types, 
and overhead cranes and hauling apparatus. 


Mr. William Boby, Salisbury House, E.C., sends us 
three pamphlets, one of which deals with the *‘ Simplex” 
water-softener recently mentioned in these columns. 
Another is devoted to filters of the pressure or gravity 
type, in which the filter-bed is composed of a crushed 
——- termed ‘‘silex.” These filters are suitable 
or any water containing suspended matter. The wash- 
ing of the filter is a very simple operation. The third 
pamphlet is devoted to a water-softener termed a ‘‘ heater- 
detartariser” on the Chevalet-Boby patents. This ap- 
ee combines the duty of water-softeners and feed 

eaters. The water is raised to 212 deg. Fahr., lime 
being deposited in the heater, and not carried over into 
the boiler. With certain waters carbonate of soda in 
solution is pumped into the apparatus in proper propor- 
tion to the feed. 


A well-got-up catalogue has reached us ‘from Messrs. 
Ludw. Loweand Co., Limited, Farringdon-road, Clerken- 
well, E.C., and is one which should prove of considerable 
use to engineers. Besides dealing with their own manu- 
factures this catalogue includes machines and toola, for 
which Messrs. Ludw. Lowe are agents for Great Britain. 
The illustrations are extremely well reproduced, and 
prices and full information are given of machines, &c., 
making the book as complete and useful as possible. In 
addition to automatic and other machine-tools manufac- 
tured by Messrs. Ludw. Lowe the volume refers to 
shapers by the Springfield Machine Company, Norton 
see A mee ae Colburn a mills, &c., while 
Conrad ball-bearing blocks for line-shafting, &c., are also 
described and illustrated. Several machines by Messrs. 
de Fries et Cie., Dusseldorf, and other makers are also 
included in this comprehensive catalogue. 


From Messrs. George Richards and Co., Limited, 
Broadheath, Manchester, we have received a well illus- 
trated pamphlet of examples of machine-tools built by 
them. These are all of modern ty and well up to 
modern requirements for use with high-speed steel. 
Among the machines illustrated will be found several 
— of Messrs. Richards’s well-known side-planers. 

hese are made in sizes to plane from 2 ft. to 30 ft. long, 
and from 12in. to 48 in. wide, with one setting. For 
long and narrow work these machines are extremely 
suitable, while with a pit in front of the machine more 
bulky’ pieces can handled with ease. The cutting 


| per quarter to a less rate, according to quantity. 





stroke may be anything up to 60 ft. per minute, and the 





return stroke 80 ft. per minute. The work is fixed, of 
course, and the tool moves over it. Other machine: 
noticed in these pages include examples of heavy radia! 
drilling-machines, ring-machines, boring-mills up to 
8 ft. in diameter, grinding-machines, &c. 

Messrs. Alfred Herbert, Limited, Coventry, have sen 
us Section E65 of their catalogue. This is devoted tu 
turret-lathes, and, like most of Messrs. Herbert’s excellent 
pamphlets, is more than a mere catalogue. The chief 
advantages of turret-lathes in repetition work are sect 
forth in a few notes on the first two pages. Then follows 
a description of the lathes, the chief destinctive features 
of the machines being noted. They are hollow-spindle 
lathes, the largest size takinga bar 54 in. indiameter. A 
rangeof about yey speeds isobtainable, the useof high- 
speed tool-steel being taken forgranted. The main turret 
is hexagonal and inclined, so that long tools may clear the 
pilot-wheel. The turret is rotated by hand, as it is found 
that this arrangement gives better satisfaction than other 
systems. The turret feed has 18 changes, six of which 
can be obtained without changing the belt on the cones. 
Six independent adjustable self-acting stops are provided. 
The automatic feed is reversible. The saddle and square 
turret for ordinary tools have automatic longitudinal and 
cross feeds, reversible, with nine changes. Taper turn- 
ing attachments are made for these lathes. Chucks are 
then discussed, and examples are given of chucking and 
work on a variety of pieces, castings, &c. The remaining 
pages are given up to all sorts of accessories, such as 
boring-bars, bushes for drills, Morse taper sleeves, 
reamers, taps, tools, &c., concluding with a number of 
illustrations of work done on such lathes, and for which 
they are particularly suitable. 








Mortor-Boat Ractnc.—Owing to the success of the 
long-distance race from London to Cowes, held last 
autumn under the auspices of the British Motor-Boat 
Club, it has bean decided to hold a similar race this year, 
about June 22, and this race will be supplemented by one 
from Cowes to Torquay and back, the-prize for which will 
be a valuable cup. This race is for sea-going motor-yachts 
of 35ft. or more over all. In connection with motor- 
boating on the Clyde, it is interesting to hear that for the 
25 ft. one design class, which has proved so successful, 
Messrs. Bergius, of Glasgow, have no less than five boats 
in hand to order. The dimensions of this class are 25 ft. 
over all, 5 ft. 4 in. beam, with engine of 10 horse-power. 
We understand that races have been arranged to take 
place at Dover, Douglas Bay, and on the Trent. These 
— are being organised by the British Motor- Boat 

ub. 


Keuty’s Directory OF MERCHANTS, MANUFACTURERS, 
AND SHIPPERS OF THE WoRLD, 1907 Epition.—London : 
Kelly’s Directories, Limited, 182-184, High Holborn, 
W.C.—The new issue of this directory constitutes the 
twenty-first edition of this useful publication. Nochange 
has been made in the arrangement, but the whole has 
been brought up to date, the lists having been corrected 
by travelling agents covering large rortions of all the 
continents. Four main sections refer respectively to 
Indian, Colonial and foreign countries, to London, to the 
Provinces and Scotland, and to Ireland. The foreign 
section covers Europe, Asia, Africa, and North and 
South America. This and the Colonial section contain 
statistical accounts of each country, particulars of their 
ports, principal towns, lists of consuls and bankers, and 
classified lists of merchants, brokers, shipping agents, 
buyers of British goods, and manufacturers of goods 
exported. The second portion of the k contains the 
names and addresses of the manufacturers of the United 
Kingdom, together with lists of exporters and importers, 
showing the countries with which they carry on business 
and also the goods in which they trade. A short section 
is devoted to trade-marks. Statistical and other infor- 
mation has been obtained from consuls, the Board of 
Trade, Chambers of Commerce, and other reliable sources, 
and should prove of considerable assistance in trade. 





DARLINGTON AS AN INDUSTRIAL AND RESIDENTIAL 
Centre. —The Darlington Town Council have given 
powers to their Parliamentary and Commercial Com- 
mittee to supply information, &c., regarding the suit- 
ability of the town for works of various kinds, and this 
Committee has issued a pamphlet which will be welcomed 
by firms who are contemplating the establishment of 
new works, or the choice of a new location. This 
pamphlet states that the population is about 50,000; 
that the average wage for skilled workers is 32s. to 40s. 
per week; and that the total rate levied in the borough 
at present is 5s. 9d., but during the past seventeen years 
the average was less — namely, 5s. 34d. For light- 
ing, gas is supplied to large consumers using not less 
than 200,000 cubic feet per quarter at 2s. 6d., less 
8d. per 1000 for cash, while to ordinary consumers 
the rate is'2s. 6d., less 20 per cent. for cash, and in 
the case of automatic meters the price is 3s. 4d., less 1d. 
per ls. For gas-engines the power is 2s. 6d. per 1000 ft., 
less 1s. for cash. Electricity for lighting purposes 1s 
supplied at 3fd. per unit for over 20,000 units per quarter, 
and at 4d. per unit for less quantities. For power only, 
the rate for customers taking over 5000 units per quarter 
is 1d. per unit; for those taking over 500 units, 1}d. ; and 
for a less quantity, 14d. Tle water rate per 1000 gallons 
per quarter ranges from 1s. for consumers of 30,000 pie 

e 
total indebtedness of the borough is 485,000/., equa! to 
practically 107. per head of the population. While very 
conveniently situated for railway transit, the nearest 
port is Middlesbrough, about 14 miles distant. Already 
there are a large number of engineering firms, and the 
district is healthy and central, 
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SCOTCH RAILWAY PROPERTY. 


THE outcome of the working of the five principal 
Scotch railways—the Caledonian, the Glasgow and 
South-Western, the Great North of Scotland, the 
Highland, and the North British—for the six months 
ended January 3i was, upon the whole, little favour- 
able, although the two smallest companies maintained 
their modest ordinary stock dividends at the rate of 
2 per cent. perannum. The ordinary stock distribu- 
tion of the Caledonian Railway declined from 4} per 
cent. per annum to 34 per cent. per annum ; that of 
the Glasgow and South-Western Railway, from 4} per 
cent. per annum to 3 per cent. per annum ; and that 
of the North British Railway, from 2 per cent. per 
annum to 4 per cent. per annum. 

The worst showing is made by the North British 
Railway, which suffered from an increase in compensa- 
tion charges from 11,628/. to 43,825/., while mainten- 
ance of way absorbed 225,912/., as compared with 
216,553/.; locomotive power, 371,452/., as compared 
with 341,123/. ; carriage and wagon repairs, 132,617/., 
as compared with 124,529/.; trattic expenses, 435,241/., 
as compared with 409,840/.; and general charges, 
40,733/., as compared with 37,1537. While there 
was such a slump in the ordinary stock divi- 
dend, some reduction was effected in the past half- 
year in the amount of convertible preference stocks 
outstanding, through their conversion into ordinary 
stock. The operation must have been attended wit 
an unpleasant surprise. The ordinary stock is divided 
into preferred ordinary and deferred ordinary, and the 
amount of preferred outstanding at the close of 
January was 9,540,626/., while the corresponding 
amount of deferred was 11,963,111/. The company 
is still expending capital tolerably freely, the out- 
goings under this head for the past half-year having 
been 440,941/., while the outlay for the current six 
months is estimated at 401,780/. One would think it 
is a matter for serious consideration whether it would 
not be well to restrict capital outlays for a while, the 
balance carried to net revenue account for the past 
half-year having been 1,065,956/., as compared with 
1,151,182/. 

The experience of the Caledonian Railway is less dis- 
heartening ; but, at the same time, it is of a somewhat 
similar character, the outlay of capital for the past 
half-year having been 380,930/., while the estimated 
expenditure for the current six months is 235,000/., 
the balance carried to net revenue account for the 
past half-year having been 1,031,714/., as compared 
with 1,060,285/. 

The Glasgow and South - Western Railway is a 
much smaller affair in every way than either the 
Caledonian Railway or the North British Railway. 
The capital account was, however, increased during 
the past half-year to the extent of 58,458/., while 
the estimated expenditure for the current half- 
year is 82,789/., the balance carried to net revenue 
account for the past six months’ working having 
been 368,326/., as compared with 381,032/. On the 
other hand, the capital accounts of the Great North 
of Scotland and the Highland Railways are almost 
closed, the expenditure for the pas‘ balh-yons for® the 
former having been only 8583/., and that of the High- 
land Railway 8345/. The expenditure of capital has 
thus been rigidly restricted t the two companies. 
The Great Northern Railway was enabled to carry 
127,864/. to net revenue account for the past half- 
year, as compared with 127,026/.; and the Highland 
Railway, 125,368/., as compared with 124,140/. The 
policy of the Great North of Scotland and the High- 
land Railways is, in short, to make the most of their 
existing resources rather than to launch out into new 
ventures. It would be well if other railways laid 
this lesson to heart; at any rate, for a while, and to 
some extent. 

Of the capital expended by the Caledonian Railway 
during the past half-year, 156,863/. related to lines 
open for traffic, the Glasgow Central station extension 
alone absorbing 77,146/. The outlay made for work- 
ing stock was 58,125/. The Glasgow and South- 
Western Railway expended 45,595/. upon lines open 
for traffic, the Maidens and Dunure light line and an 
hotel at Turnberry absorbing 16,795/. The outlay 
for additional working stock was 12,705/. The ex- 
penditure of the Great North Railway upon lines 
open for traffic was 4285/., while 4298/7. was paid out 
for additional working stock, road motors figuring 
in this latter amount for 2358/7. The Highland Rail- 
way expended 3885/. upon lines open for traffic, and 
4160/. for additional working stock. The North British 
Railway expended 107,627/. upon lines open for traffic, 
and 285,330/. upon additional working stock, of which 
72,4501. was paid out for more locomotives, and 
151,1097. for more trucks. The Glasgow and South- 
Western, the Great North, and the Highland Railways 
expended nothing during the past half-year upon 
new lines, but the Caledonian Railway paid out 
37,3397. under this head, and the North British Rail- 
way 48,2547. The large expenditure of the North 
British Railway for additional working stock appears 
to be rather a good feature, as increased traffic cannot 





be developed without an ample supply ‘of engines, 
carriages, and trucks. 

The Caledonian Railway has entered into a contract 
for the installation of a system of power-working of 
points and signals at the Ghangowr Central Station on 
the electro-pneumatic principle. The Caledonian Rail- 
way has also completed and opened a new dock at 
Grangemouth, while good progress hes been made 
with the construction of the Grahamston and Grange- 
mouth connecting line. A new goods shed is being 
crected at Buchanan-street, Glasgow, goods station. 
A contract for the formation of a new goods an 
mineral yard at Flemington has been let, and the 
Clydebank dock branch is nearly finished. Widening 
works at Elderslie, upon the Glasgow and South- 
Western Railway, are making good progress, and are 
expected to be completed in time for summer traffic. 
A contract has been let for the extension of carriage 
works at Barassie, and work is now proceeding. 
The reconstruction of the steel girder works and 
masonry parapets at Orton, as well as of foot-bridges 
at certain stations upon the Highland Railway, has 
been completed, and progress has been made with 
widening the line between the County March and 
Dalwhinnie. 

Of the net revenue acquired by the Highland Rail- 
way for the past six months, 1200/. was set apart for 
an electric-power installation, and 1000/. was carried to 
the bridge-renewal fund, which stood at the close of 
January at 2005/. The North British Railway has 
made progress with widening the line between Bell- 
grove Kast and Parkhead. The works of the branch 
to the Naval Base at Rosyth have been much retarded 
by severe weather ; but the branch is now completed. 
Works in connection with a diversion of the line at 
Kilbowie have also been delayed by severe weather, 
but they are now being pushed forward. The Dalderse 
branch upon the Thornhill line has been completed and 
opened for traffic. The main line of the Clydebank 
section of the North British Railway has been com- 

leted, and will be brought into use as soon as the 

lydebank Dock is opened for traffic. Works on the 
Scotstounhill branch, authorised in 1905, are now well 
advanced, and the permanent-way will be laid as soon 
as Garscadden-road Bridge is completed. The Dains- 
ford branches of the North British Railway are well 
advanced towards completion, and about half the 
permanent-way has been laid. 

As will be inferred from the details which we have 
given, the working expenses upon the Scotch systems 
show a general tendency to increase. Upon the Cale- 
donian Railway the ratio of working expenses to traffic 
receipts for the past six months was 55.29 per cent., 
as compared with 53.54 per cent. ; upon the Glasgow 
and South-Western Railway, 58.18 per cent., as com- 
pared with 55.95 per cent.; upon the Great North 
Railway, 51.57 per cent., as compared with 51.40 per 
cent. ; upon the Highland Railway, 52.89 per cent., 
as compared with 52.66 per cent. ; and upon the North 
British Railway, 54.30 per cent,, as compared with 
50.08 per cent. 

The cost of the ccal consumed in the locomotive 
departments of the five companies during the past 
six months was :—-Caledonian Railway, 140,050/., as 
compared with 127,195/. ; Glasgow and South- 
Western, 55,975/., as compared with 51,953/. ; Great 
North Railway, 20,329/., as compared with 19,8371. ; 
Highland Railway, 22,332/.,as compared with 20,524/. ; 
and North British Railway, 135,195/., as compared 
with 118,996/. The advance in locomotive coal had, 
accordingly, a good deal to do with the rise in work- 
ing expenses ratios. The distances run by trains 
upon the five systems in the past six months were : 
—Caledonian catuer, 8,169,473 miles, as com- 

ared with 8,032,413 miles; Glasgow and South- 
estern Railway, 3,893,382 miles, as compared with 
3,746,550 miles; Great North Railway, 1,161,734 
miles, as compared with 1,094,188 miles ; Highland 
Railway, 1,418,030 miles, as compared with 1,368,849 
miles; and North British Railway, 9,565,418 miles, 
as compared with 9,238,073 miles. 

It may be interesting to add that the expenditure 
of capital made by the five companies to the close of 
January, 1907, was :—Caledonian Railway, 60,370,328/. ; 
Glasgow and South-Western Railway, 19,251,608/. ; 
Great North Railway, 7,084,886/.; Highland Railway, 
7,149,590/.; and North British, 68,090,429/.; making an 
aggregate of 161,976,841/. The companies’ outlay for 
working stock figured in these totals for the following 
amounts :—Caledonian Railway, 7,830,393/. ; Glasgow 
and South-Western Railway, 2,639,461/.; Great North 
Railway, 908,168/. ; Highland Railway, 1,044,256/. ; 
and North British Railway, 7,939,808/.; making an ag- 
gregate of 20,362,086/. Scotch railways have to con- 
tend with two great difficulties: first, relative high cost 
of construction, in consequence of the hilly and occa- 
sionally mountainous character of the country through 
which they pass; and, secondly, scantinees of popula- 
tion in many districts. Of course, some compensation 
for constructive difficulties has been found in the pic- 
turesque charms of Scotland, which a into the 
country a probably steadily-growing annual stream of 
tourists. 





SAFE SUBMARINE VESSELS AND THE 
FUTURE OF THE ART.* 


By Smion Lake. 


Tur United States Government, in 1893, when con- 
templating entering the field of ‘‘ submarine ” experiment, 
set up a certain standard.of requirements, which were 

1 in the following order :—First, safety ; second; 
acility and certainty of action when submerged ; third, 
speed when running on the surface ; fourth, speed when 
submerged ; fifth, endurance, both submerged and on the 


d | surface; sixth, offensive power; seventh, stability; and 


eighth, visibility of object to be attacked. 

At this time France was the only other country giving 
official encouragement to the development of the sub- 
marine as a weapon of defence, and from the discouraging 
results attained by their Gymnote—a boat of the diving 
type—there was little to encourage other governments to 
venture into this field of naval warfare. r. Nordenfelt 
had built several submarines in England which failed to 
meet with the success that might have been attained had 
he proviced greater stability in his craft. That he recog- 
nised that the cause of failure in his boats was prin- 
cipally this lack of stability is shown by his statement to 
the effect that submarine navigation would never be 
successfully accomplished until boats were built capable 
of navigating on a level keel. The conclusions drawn by 
Mr. Nordenfelt after his ——ae and the re- 
quirements prescribed by the United States Navy De- 

artment in 1893, have been my guiding principles 

uring the past thirteen years of practical effort. From 
my experience I should place longitudinal stability as 
the second requirement in order of importance. The 
greater the longitudinal stability, the greater the speed 
which may be safely attained when running either on the 
surface or submerged. The offensive appliances ma 
also be operated with much greater certainty in a craft 
which is not liable to stand on her end on slight provoca- 
tion. Visibility of objects may also be much better 
secured ina craft with great longitudinal stability, and 
operating on a level keel. 

There are official records of twenty-four accidents to 
submarine vessels, seven of which have been attended 
with fatal results—117 lives having been lost. In looking 
over the list of accidents it is plain that the greatest 
number of lives have been sacrificed by reason of four 
causes, and, taking there in the order of their fatal 
responsibility, we have, first, lack of longitudinal stability; 
second, carelessness ; third, explosions ; and fourth, colli- 
sions. As asphyxiation has come ay Am to producing 
fatalities in several instances, it may be considered as the 
fifth cause. 

My first experience was with a small wooden craft, 14 ft. 
in length, built in 1894, and named Argonaut, Jr. 1t wasa 
crude, coffin-shaped vessel propelled by hand-power, 
which revolved toothed wheels resting with sufficient 
weight upon the water-bed to give the necessary tractive 
force when submerged. 

After having been submerged in the Argonaut, Jr., on 
one occasion for over two hours, it was discovered that. eo 
much water had leaked into the water-ballast compart- 
ments that the boat would not rise when the anchor 
weights were released. Fortunately, a drop-keel of 600 1b, 
had been provided, which, when released, gave the vessel 
the buoyancy needful to bring her quickly to the surface. 
On looking over the list of accidents it will be seen that 
the lives of the crews of at least three French boats have 

robably been saved by the prompt release of their “> 

om and it is said that the French. have generally 
— this feature in all their modern under-water 
craft. 

The Hunley’s fatalities might have been avoided had 
she been poo with a drop-keel. Owing to the lack 
of longitudinal stability, she was found three times at the 
bottom of the river, end up, and her crews dead from 
suffocation in the lower end, where they had been thrown 
by her sudden downward pitch. From this position they 
were unable to operate the pumps — the only means 
designed to bring her to the surface should her diving- 
rudders fail to control her. According to the best infor- 
mation I have been able to obtain, the Al might have 
been saved had she been provided with a drop-keel, as 
the published reports show that only a small quantity of 
water had leaked in as the immediate result of the blow 
struck her by the Berwick Castle. Loss of control caused 
the American diving-boat Porpoise to accidentally plunge 
to a depth of 125 ft., and she was brought to the surface 
only after three-quarters of an hour of desperate hand- 
pumping. It took that length of time to pump the small 
quantity of water out of one of the forward trimming- 
tanks in order to give her an upward inclination by the 
bow. The propeller was then started at full speed, and 
the vessel was thus driven to the surface. 

My next boat, the Argonaut, 36 ft. in length, was the 
first submarine to be fitted with internal - combustion 
engines. Her construction was commenced in 1896. 
Built-up fuel-tanks were provided within her hull, as is 
the usual practice in the majority of submarines. ‘These 
tanks were made as tight as possible and tested by 
hydraulic pressure up to 20 lb. square inch without 
showing the slightest leakage. hen it became time fcr 
our first trials, fuel = 7 in these tanks the evening 
before and the boat sealed for the night. Notwithstand- 
ing the precautions taken, on opening the hatches next 
morning the smell of lene was so strong within the 
boat that, knowing the dangers associated with light 
hydrocarbons, I did not consider it safe to make a run, 
Our trials were delayed until new tanks could be made 
and fitted outside the hull. The fumes from gasolene 


* Abstract of a paper read before the Institution of 
Naval Architects, March 20, 1907. 
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naturally collect in the lower parts of a submarine vessel, 
pe na their presence may be entirely unsuspected, even by 
our. 

It is my belief that the best way to be entirely rid of 
this danger is to remove the fuel-tanks from within the 
main hull and to place them outside. 

Our first attempt to use ottine engines developed an 
entirely unforeseen difficulty. The engine was of the 
enclosed type, and had been carefully constructed for sub- 
marine work. Knowing that gasolene fumes are heavy, 
and conscious that the vitiated air and carbonic-acid gas 
given off by breathing would naturally settle to the floor, 
& receiving, or settling, pit had been provided for the 
purpose of collecting these heavy and an induction- 
pipe was led to this pit, so that the suction of the intake 
of the engines would automatically take up these gases 
and expel them with the engine exhaust. The Argonaut 
was designed to ran either on the surface or under water, 
using her main engines at all times for propulsion. 
Daring our first trials she worked very satisfactorily, and 
we remained submerged for a period of over two hours ; 
but shortly before the completion of the interval I noticed 
that the crew showed signs of considerable exhaustion. 
For myself, I felt weak ; perspiration started out all over 
my body, and there was severe pain at the base of my 
brain. Realising that something was wrong, the vessel 
was brought to the surface and anchored. One of the 
crew colla entirely as soon as he got out of the boat, 
and all of us were more or less affected on reaching the 
fresh air. 

The next day we made another submergence for the 
purpose of finding out, if possible, the cause of the dis- 
tress experien the day before. Everything worked 
well for the first hour, but towards the end of the second 
hour there was a recurrence of the symptoms and the 
distress manifested on the previous day. The trouble had 
been caused by occasional back explosions, which, coming 
out through the induction-pipe leading to the settling-pit, 
had been forced into the t. One of the products of 
that combustion was carbon monoxide, which is a deadly 

ison. The following remedy was found and applied :— 
The induction-pipe was connected with an induction-tank 
large enough to take the volume of any back explosions, 
the induction-tank being fitted with a check-valve which 
permitted the air to pass through the induction-tank and 
then into the induction-pipe of the engine ; but if a back 
explosion occurred, the check-valve seated and: prevented 
the products of combustion coming out into the compart- 
ment. If the products of combustion backed up into the 
induction-tank, the next revolution of the engine drew 
them out again. We have never experienced any trouble 
from this cause since, although we have run submerged 
ander gasolene propulsion for a period of more than ten 
hours at a time. 
universally used on submarine boats, and numerous cases 
have been reported where asphyxiation has occurred with 
nearly fatal results. With the proper installation, the 
running engines induce sufficient ventilation to keep the 
air within a submarine especially pure and fresh ; but the 
reverse is the result if the installation fails to provide 
effectually against back explosions or leakages. 

The Argonaut worked satisfactorily in the rivers tribu- 
tary to the Chesapeake, and also during our runs in the 
Bay itself. It was finally decided to take her out to the 
open sea, and to test her in rough weather—something 
which had not until then, so far as my knowledge goes, 
been attempted with any submarine. Our first attempt 
at submergence was made 5 miles off the Virginian coast, 
at a depth of about 35 ft. It was found that the wave 
motion reached even to the water-bed ; and, in attempting 
to propel the boat, she would strike the bottom and 
rebound to the surface, owing to the lifting effect of the 
submarine waves or ground swell. The Argonaut at that 
time navigated over the bottom on three wheels, two in 
span forward and one aft attached to the rudder, and 
serving, when travelling in this way, as the guiding 
wheel. The forward wheels and their connecting s — 
were very heavy. They were driven by a worm-and-whee 
attachment inside of the boat. The worm-wheel had a 
hub 11 in, in diameter, yet so t was the striking force 
of the vessel on the bottom that this hub was split by 
shock after we had m subme only a few minutes, 
and to keep the boat herself from bounding on the bottom 
it was found necessary to give her a negative buoyancy 
of about 1500 lb., under which condition it was found 

ible to navigate her easily upon the water-bed of 
ard sand. This experience brought about a modification 
of the boat in the form of smaller wheels, fitted to 
swinging arms. These allowed the boat to lie at rest 
or buoyant a short distance above the bottom to which 
she was anchored, so to speak, by the weight of the 
wheels, which were free to move up and down, thus 
allowing the hull of the vessel to rise and fall without 
fear of the body of the craft being brought in contact 
with the bottom. The vertical movement thus permitted 
was a rise and fall of 3 ft. before the keel could reach the 
bottom. This modification wis found to work perfectly, 
so that it was possible to go out in very rough seas and 
to navigate in shallow water. With only water enough 
to barely cover the conning-tower, the submarine would 
rise and fall with the waves, but to a lesser d The 
diving door was opened when submerged in about 39 ft. 
of water, during a storm so severe that a tug-boat accom- 
ing us was compelled to make for the harbour. It 

our uniform practice to lower our wheels when 
running submerged by the use of the vessel’s hydroplanes, 
while navigating between the surface and the bottom, so 
that in case of contact with the bottom, the wheels first 
meet the rock or obstruction. This, in connection with 
the hydraulic cushioning device fitted to them, has been 
sufficient to cause the boat to rise above the obstacle 


without sustaining the slightest injury. 
The Argonaut at this time was 


ft. in length, with a 


Gasolene engines are now well-nigh | } 





beam of 9 ft., and was a very stable craft; she was of 
the usual cigar-shaped type. No restrictions were ever 
placed upon the movements of the crew while runnin 
submerged. After these experiments off the sea coast o' 
Virginia it was decided to take the boat to New York 
for further tests in the neighbourhood of Sandy Hook. 
About this time we were caught out at night in the 
severe storm of November, 1898. During this storm 
nearly 200 vessels were lost on the Atlantic coast, and we 
found by the severest of practical tests that the cigar- 
shaped form of vessel was so unseaworthy and sluggish 
that nearly every sea broke over her hull, burying it 
several feet deep. The conning-tower of the Argonaut 
was 4 ft. in height above the deck, and a platform was 
erected above this for navigating work when running on 
the surface. As the night was pitch dark and we were 
trying to make a harbour in the horseshoe back of Sandy 
ook, it was necessary to do the navigating from the 
outside. The seas became so rough that we were obli 
to close down the conning-tower hatch, and I was obliged 
to tie myself to the platform to keep from being swept 
overboard. We made the harbour about three o’clock in 
the morning, and, as the weather was freezing cold, the 
navigator was encased in ice and without a dry thread on 
his person. This showed the necessity of having greater 
surface buoyancy, and the need of a larger conning-tower 
and better means for protecting the navigator against the 
sweep of heavy seas and rough weather. This brought 
about the addition of the superstructure and the large 
navigating conning-tower, which may, to some extent, 
be a disadvantage so far as speed is concerned, when 
running submerged, yet its value in handling the vessel 
in time of storm, and the comfort afforded for navigation 
at all times when running in a surface condition, more 
than compensate, in my opinion, for the slight loss of 
speed. 
At the time that the superstructure was added, the 
Argonaut was cut in two and lengthened by 20 ft. The 
superstructure was built of steel, giving her very much 
the appearance of an ordinary surface power boat. The 
fuel-tanks were placed within the superstructure, It was 
found that the addition of the superstructure gave her a 
much meee percentage of surface buoyancy, so that she 
rode the seas, instead of the seas riding over her. Atten- 
tion was therefore given in later boats to improving the 
stability when in a submerged condition, as well as attain- 
ing greater buoyancy on the surface. In some of our 
boats we have been able to secure as much as 22 in. 
between the centre of buoyancy and the centre of gravity 
when in a submerged condition. 

Some of the existing French submarines are 136 ft. in 
length and 9 ft. beam, the hulls being practically of 
spindle form. These are dangerous proportions, and it is 
ard to understand how the machinery and principal 
motive weights can be so distributed as to get more than 
a distance of 9 in., at most, between the centre of 
buoyancy and thecentre of gravity of such a long, narrow 
craft. In the light of my experience, I do not deem it 
safe to accept a design which will permit of a greater 
inclination ion 10 deg. when the horizontal rudders are 
set hard down to dive under the maximum power of the 
propelling machinery. As the manceuvring ability of 
vessels of the diving type, especially at slow speed, de- 
pends upon the atin. sensitiveness to her diving rudder, 
it cuts them out of consideration as safe vessels. The 
greater the stability of the diving type, the less easily they 
are got under water. As the vessel of the diving type 
must be inclined in order to dive, it is difficult to have 
great enough stability to permit of the free movement of 
the crew in a fore-and-aft direction when the boat is 
running submerged. Small leaks, or the firing of tor- 
pedoes, should not in themselves be sufficient to seriously 
disturb the trim of the vessel. The experience of the 
A 4, of the Royal Navy, in having her trim increased 
suddenly to 40 deg. by the head, owing to the admission 
of a moderate quantity of water through one of the ven- 
tilators, shows the necessity for greater fore-and-aft 
stability. The sudden diving of the Farfadet and the 
A 8 also shows the lack of longitudinal stability in boats 
of the diving type. The recent disaster to the Lutin may 
be primarily ascribed to lack of longitudinal stability, 
if the published reports, said to be from sources of official 
information, be correct. Notwithstanding, we have several 
times experienced considerable leakage when submerged. 
On one occasion as much as 6 tons of water worked its 
way past the valves and into the after ballast-tanks before 
we were aware of it; we were operating on the bottom 
at the time. At another time water leaked in through 
the boat’s exhaust valves and filled the cylinder of one 
of the engines. As the longitudinal stability of the craft 
was so great, this did not cause any particular incon- 
venience, and the water was easily handled by our pumps 
when we discovered the state of affairs. Ths experience 
led to the providing of additional saf is in the form 
of making all of the ballast-tanks within the boat strong 
enough to withstand the maximum pressure at the depth 
to which the boat herself was intended to be erage nee 
Pipes from the compressed-air system were led to these 
tanks, so that they might be blown free of water should 
the valves fail to work properly during the periods of 
deep submergence. The t could also be brought to 
the surface by admitting air to the superstructure. 

Submarine v are exposed to more danger of colli- 
sion when running submerged than are surface craft. On 
surface vessels there are generally two, if not more, per- 
sons on the ‘‘look-out” for each vessel, and under normal 
conditions they have the advantage of all-round vision, 
and the Mga yen A to check by sound the approach of 
other craft. The submerged vessel, on the contrary, must 
avoid all surface craft by the exercise of constant vigilance 
on the part of the man at the observing instrument. 
Many submarines are provided with periscopes, which 
give a view of only a few degrees, and that directly ahead. 





An early experience impressed strongly upon my mind 
the danger of accidents from this cause, and led to the 
attempt on my part to produce an observing instrument 
which should give an all-round view of the horizon imme- 
diately upon rising above the surface. The instrument 
known as the ‘‘Omniscope” was the result of this effort. 
The omniscope gives an all-round view of the horizon on 
being rotated in either direction only 30 deg. ad 
Recent experiments have proved the practicability of 
sending submarines of the non-diving type unseen through 
narrow, tortuous passages right up to the docks of forti- 
fied basins while look-outs were being maintained. The 
submarine may carry mines and plant them right under 
the guns of the most powerful forts or ships. e latest 
method of applying the sighting instrument makes it 
possible to run the vessel below the surface so that not a 
ripple is seen, even in smooth water. Thesighting instru- 
ment, without changing the level and depth of the boat, 


iged | may be extended above the surface and quickly with- 


drawn for the purpose of taking an observation. This 
~<* accomplished in less than two seconds. It would 
probably not be necessary to expose the sighting instru- 
ment more than once or twice, for a few seconds’ duration, 
while making a submerged attack. 








Tue University or Leeps.—The report for the year 
1905-6 for the University of Leeds shows a slight falling- 
off in the number of students attending different classes. 
The chief decrease is to found in the numbers of 
evening students, while the day students in the faculties 
of arts, science, and technology have increased by about 
fifty. In the engineering courses, electrical engineering, 
mining, textile industries, and others, the number of 
students has increased. A new professorship was insti- 
tuted during the year—namely, that of chemistry as 
rt to fuel and metallurgy. To this Dr. W. A. Bone, 
F.R.S., was appointed. This professorship will be closely 
associated with the Department of Mining. In this 
department a new scholarship has been instituted by the 
liberality of Messrs. William Cooke and Co., Sheffield. 





InpDIAN Crt1es.—The population of the principal cities 
of British India in 1901 compared as follows with the 
corresponding populations in 1881 :— 


City. 1901. 1881. 
Calcutta. . re i a os 847,796 612,307 
Bombay .. od he ‘a a 776,006 773,196 
Madras oy ts as .. 509,846 405,848 
Hyderabad i to a os 448,466 367,417 
Lucknow a iy fe i 264,049 261,303 
Rangoon.. ie ate ge .. 284,881 184,176 
Benares .. - “ wa sia 209,331 214,758 
Delhi ae oe ee ee em 208,575 173,393 
Lahore .. ‘ 201,964 157,287 


It will be observed that only one of the nine cities— 
Benares—experienced a decline of population during the 
twenty years. nares has always fon regarded by a 
large section of the native population of India as the most 
sacred Indian city ; but notwithstanding this it will be 
seen that it had fewer inhabitants in 1901 than in 1881. 
It will further be observed that the growth of Indian 
population has been more rapid in some places than in 
others. Thus, while during the last twenty years there 
has been a great increase in the number of inhabitants of 
Calcutta, Bombay has remained almost stationary in the 
matter of population. Still, upon the whole, there was a 
great growth of Indian town life during the period under 
review. This was undoubtedly largely due to the peace 
and security enjoyed under British rule. 





CoaL IN THE NortH Mripianps.—The Brodsworth 
Colliery Company, which has been sinking to the Barns- 
ley seam at Brodsworth, 3 miles from measter, has 
reached the Shafton seam at a distance of 200 yards. 
The seam is 5 ft. 6 in. thick; and the company, which 
commenced sinking in the spring of 1906, is much grati- 
fied at having struck it, as the Shafton seam is the first 
of any note which is expected to be encountered in reaching 
the Barnsley bed. It is, in fact, regarded as a landmark to 
other seams. The further distance from the Shafton 
seam down to the Barnsley seam is estimated at 430 yards, 
and the colliery company — to reach the Barnsley bed 
by the summer of 1908, The striking of this Shafton 
seam is an event of considerable importance to South 
Yorkshire and North Lincolnshire. A large area of 
country near Doncaster is regarded as carboniferous, and 
as its natural wealth is turned to more account, Doncaster 
must become a greater industrial centre than it is at 
present. Apart from this, coal is being increasingly 
worked in Nottinghamshire, and this must increase 
the industrial activity of Chesterfield. The line which 
was partly constructed under the title of the Lanca- 
shire, Derbyshire, and East Coast Railway has been 
vested this year in the Great Central Railway Company, 
and the opening out of what may be styled more Don- 
caster and Chesterfield coal will be a great advantage to 
that hitherto somewhat struggling undertaking. The 
discovery of coal about Doncaster and Sheffield has led 
some industrials to conclude that coal is also to be found 
in North Lincolnshire. The working of ironstone in 
North Lincolnshire was commenced some fifty years ago, 
but it has not made quite the progress which might have 
been anticipated. If coal were also found, however, in 
North Lincolnshire, the metallurgical industry of that 
district could scarcely fail to acquire a greatly increased 
development. But whatever may be the coal outcome of 
North Lincolnshire, the fact remains that great progress 
has now been made in working coal in Nottinghamshire, 
while a start has also been effected about Doncaster. The 
Barnsley district is one of the richest coalfields in Great 
Britain, and it is not at all surprising to find that its 
seams extend to Doncaster. It is also, of course, quite 
possible—and, indeed, probable—that they run also a few 





miles further into Nurth Lincolnshire. 
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ELECTRICAL APPARATUS. 


1691. S. Von Ammon, London. 0-Electric 
Machines. [2 Figs.) January 23, 





Dynam<¢ ’ 
2 1906. — This invention 
relates chiefly to that type of alternating-current iaduction 
motor in which the conductors on the rotor or revolving part are 
not connected by slip-rings and brushes with an external circuit. 
In this type of motor it is usual to permanently short-circuit the 
conductors by end-rings or any suitable means. Thus there is 
very little resistance, and on starting there is a very heavy rush 
of current, most of which is not useful in producing torque. It 
is well known to those skilled in the art that by introducing 
resistance into the rotor circuit a smaller current passes and a 
larger torque is produced, both these results being desirable. On 
attaining speed, however, it is essential that the resistance of the 
rotor circuits shall be as small as possible. This invention relates 
to a new method in which the resistance of the rotor circuit is 
gradually reduced until finally short-circuit conditions are ob- 
tained, there being no sudden change of resistance, and no break 
occurring anywhere in the circuit during such process, even for 


the shortest space of time. At one end of the rotor the project- | 


ing ends of the conducting bars are all permanently connected 
together in such manner that a suitable resistance is between 
each bar and the next. This original contact preferably remains 
undisturbed, whilst additional contact is made in such a way as to 
reduce the resistance in the path of the current until this be- 
comes as small as possible—that is, the conductors are short- 











circuited. The resistance is formed by the part A, consisting of 
a ring or combination of rings, which are mounted on a suitable 
spider rotating with the shaft. From this ring a number of 
fingers project downwards, as at G, and each rotor conductor 

, C) is ted to the ext ity of a finger. It will thus 
be seen that current flowing from one conductor to the next will 
pass along two of these fingers, against a corresponding resist- 
ance. The part C! may also, if desired, be made with decreased 
conductivity, and the resistance between two rotor-bars will then 
include two free ends, as C!, and two —_— asG. The part C! of 
the conductor is made flexible, and the part A is made to slide 
along the shaft in the direction of the axis. It will therefore be 
seen that on moving the part A towards the right, the effect will 
be to bring more and more of C! and G into contact, with a corre- 
sponding reduction of the resistance. The curved face of the 
part A is made with the curve so proportioned, with respect to | 
conditions, such as the stiffness of the conductor C! and the | 
effect on the same of centrifugal force, as to make contact in 
such a way that any desired conditions of resistance in starting 
may be obtained as the part A slides along, until finally C! is 
brought into contact with the upper portion E, which is a ring of 
copper or other low-resistance material, so arran as to givea 
path of lowest possible or other desirable amount of resistance 
between the conductors when each part of C! is brought into 
contact withit. (Accepted January 23, 1907.) 


1963. W. M. Mordey and G. C. Fricker, West- 
minster. Electricity Meters. [4 Figs.) January 25, 
1906.—This invention relates to the metering of alternating 
currents by the method in which a small direct-current source 
of electromotive force is inte in the alternate-current 
circuit, together with, or in itself containing, an electrolytic 
bath, having a soluble el t, or el ts, adapted to be 
affected by the direct current, but not by the alternating cur- 
rent. In such methods it has heretofore been necessary to rely 
upon the loss or gain in weight of one or other of the said 
elements to determine the measurement of the alternating cur- 
rent supplied. The object of the present invention is to enable a 
predetermined supply of alternating current to be obtained in 
exchange for a coin ugh a meter, wherein an anode is 
employed of uniform sectional area, capable of predetermined 
linear immersion in the electrolyte, the said meter being so 
modified that the electrolyte is traversed by both alternate and 
direct current, whereby the anode is electrolytically dissolved by 
the action of the current produ by the small interposed 
electromotive force, but acts only as an insoluble conductor for 
the alternate current to be metered. a and b are electric-supply 
conductors supplied with current from an alternator c, and 
designed to supply alternate current to electric translatin 
devices d—for example, incandescent lamps—that are arrang 
to be connected across the said conductors a and b by switches. 
J is a small electric accumulator arranged in the circuit of the 
supply-conductor a, and adapted to maintain a constanst electro- 
motive force of discharge. g is a prepayment electricity-meter 
of known electrolytic type, arranged in the circuit of the con- 
ductor @ in series with the accumulator f, so that both the 








supply-drum; a cathode n, consisting of a stationary copper 
plate arranged to dip into the electrolyte and connected to the 
opposite portion of the conductor a; and suitable prepayment 
mechanism, whereby a definite length of the anode strip k can be 
drawn off the drum and fed into the electrolyte in exchange for a 
coin, so that the quantity of electricity can be determined 
by noting the extent to which the anode has been fed forward to 
compensate for the linear wasting thereof, due to electrolysis, 
caused by the direct current from the accumulator /, and so that 
the limitation of the electric supply will be effected by the 
automatic breaking of the electric circuit when the immersed 
prepaid portion of the anode strip k has been electrolytically 
dissolved. With the arrangement described, when the circuit is 


c 
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closed across the conductors a and b through one or more of the 
devices d, after the anode atrip k has been fo into the 
electrolyte, alternate current from the alternator c and direct 
current from the accumulator / will flow through the electro- 
lytic meter at g. The immersed portion of the anode & wil 
consequently be dissolved by the small direct currrent, the 
strength of which will be dependent upon the conductivity of the 
circuit across the conductors a and b, which, of course, is 
dependent upon the number and conductivities of the devices d 
in use, so that the rate at which the anode is dissolved will vary 
with the strength of the direct current, and also with that of 
the alternate current, although the latter has no electrolytic 
action on the anode. (Accepted January 23, 1907.) 


2151. C. A. Parsons, G. G. Stoney, and A. H. Law, 
Newcastle-on-Tyne. o-Electric Machines. 
[4 Figs.) January 27, 1906.—This invention relates to rotating 
field magnets or rotors of dynamo-electric machines, and par- 
ticularly to the rotors of high-speed alternators. In the rotors 
of high-speed alternators, particularly such as are driven by 
steam-turbines, the number of poles required is small in order 
to obtain the pericdicities in use. It is usual to allow 
that component of centrifugal force of the coils which acts along 
the poles to be taken upon the projection of the pole-tips; but 
in the case of a two-pole machine the forces at right angles to 
this are usually greater than the force along the pole, and with 
four or other small number of poles may be very considerable. 
This invention consists in constructing the rotating field magnets 
in such a manner that the centrifugal forces to which the coils 
are subjected are more satisfactorily and economically met. In 
the construction of the rotors of high-speed alternators of a 
moderate number of poles the winding of each pole of the 
rotor is subdivided into two or more coils, and secured by bolts 
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passing through the spaces between coils, whereby the coils are 
efficiently supported against centrifugal force, while at the same 
time better ventilation of the rotor or more e for the con- 
ductors and for iron is obtained. In carrying the invention into 
effect, as applied to a rotor having poles a, with shoes g, the 
windings are divided into magnetising coils b, c,d, e, and the 
said coils are secured in a direction at right angles to the pole 
by means of bolts / passing between adjacent coils, such as b, c, into 
the pole-cores a. In this form the bolts are fastened at one end into 
the pole-core, the other ends clamping the coils through suitable 
clamping plates or the like 4. The bolts may be made of flattened 
oval section, so as to take up less space, and the outer ends of 
the bolts may be threaded to take nuts. In some cases, instead 
of putting the bolts between the coils, as above described, they 
may passed through holes in the coils, suitable insulation 
being provided ; or one large coil may be used with holes in it for 
the reception of the bolts. This arrangement is especially useful 
where the coil consists of wide copper strips suitably insulated. 
(Sealed March 28, 1907.) 


9550. W. McCormick, Thornaby-on-Tees. Con- 
troller Contacts. [5 Figs.] April 24, 1906.—This invention 
relates to controller contact fingers. According to this inven- 
tion, the contact finger-bar a is provided with a gap in the end 
thereof, between the two sides of which a contact-piece c is 
pivoted. This contact-piece c | conveniently take the form 
ofa roller or thick disc, elongated, if desired, towards one part, 
with a recess ¢ nicked in the elongation, so that the contact- 
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piece, when pivoted in position, interlocks by means of the said 
recess with the edge f of the gap. This secures electrical con- 








alternate current supplied by the alternator c, and the direct 
current ied by the lator f, will flow through it when | 
the circuit of one or more of the lamps or other devices d is | 
closed across the conductors a, lb. The prepayment meter g 

comprises a cell containing an electrolyte, an anode k connected | 
to the positive pole of the secondary battery /, and consisting of 

4 strip or ribbon of copper of uniform cross-section, wound on a | 


tact between the contact-piece c and the bar a, inasmuch as the 
tendency of the contact-piece, when in action, will be to jam 
against the bar at the recess in resisting the rotary motion which 
the contact-piece on the lever shaft would otherwise impart to 
it. When the contact-piece c gets too much worn on one side, it 
can be taken out and reversed. When the other side also be- 


comes too much worn, the contact-piece ¢ is wholl 
Another is then inserted in its place without detac 

a. It will be observed that when the sides are let into the 
contact-piece c, so as to be flush therewith, as shown, they are 
protected against the effects of sparking from the contact-piece, 
which sparking is unavoidable, and calculated to injure the sides 
when projected outside the contact-piece; besides, when let 
flush into the recesses of the contact-piece a, better contact is 
set up; otherwise the advantages incidental to the improved 
controller contact-finger are equally effective when the sides of 
the gap are not let in flush as aforesaid ; and further, although a 
cylindrical contact-piece with a récess in it is the simplest to 
make, this particular form is not in itself essential, so long as the 
contact-piece, by having a recess, is similarly ada) to jam 
an the edge of the gap in the finger. (Accepted January 16, 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


unde - - 
ustion es. (4 Figs.) January 19, 1906.—The object o 
this invention is to provide an improved construction of vertical 
high-speed gas-engine. The invention consists in an enclosed 
aeeeee gas-engine having multiple cylinders and efficient 
lubricating means, the valves all being operated from a single ¢am- 
shaft rotating in one or more encl oil-baths. In ing out 
the invention according to one form as applied to a three-cylinder 
vertical gas-engine, the frame a of the engine is constructed in a 
similar manner to that of a high-speed vertical Seems engine. The 
admission valves n and exhaust valves are all placed in line, soas 
to be readily operated by a cam-shaft p, which passes along the 
side of the cylinders. The cam-shaft p is driven from the crank- 
shaft, and rotates once for two revolutions of the engine-shaft. 
Opposite each cylinder there is a box 8, through which the cam- 
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shaft p passes, and which contains an oil-bath, while it acte as a 
cover for the cam mechanism and starting gear. On the sides of 
the gear-boxes next to the engine cylinders there are circular 
openings, in which work slides ¢t carrying cam-followers u. There 
are separate openings and slides provided for each exhaust and 
admission valve, and these slides prevent egress of oil from the 
boxes s. Springs v on the valve cause the end of the valve-stems 
to bear upon the slides t, whereby the cam-followers are held up 
against the cams. The cams w for operating the admission valves 
are rigidly keyed on to the cam-shaft p; but the cams 2, which 
operate the exhaust-valves, are constructed to slide on feathers 
fixed to the cam-shaft, so as to bring a cam with a double rise 
opposite the end of the exhaust-valves. The double cam z is 
formed in one with the usual working cam 2, and is provided with 
two approximately diametrically opposite raised portions, whereby, 
at starting, the exhaust-valve is opened once at each revolution. 
(Accepted January 23, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


347. Fraser and Chalmers, Limited, London. 
B. Gray, Johannesburg, Transvaal, South Africa.) Rock- 

reakers. (6 Figs.) January 4, 1906.—This invention re- 
lates to toggle-arms which, whilst being applicable to a variety 
of purposes, are designed for use in rock-breakers of that type in 
which a swinging jaw is oscillated to and from a fixed jaw by 
means of a reciprocating pitman operating upon the knuckle of a 





toggle, the extremities of which bear against the machine frame 
and the oscillating jaw respectively. In such machines it is 
found necessary, owing to the rapid wear of the jaws, to frequently 
replace the toggle-arms by longer ones, for which shorter ones 
must again be substituted when new jawaare fitted. The purposé 
of the invention is to provide a strong and rigid toggle-arm of 
variable length, which enables the required adjustments to be 





made without displacing it and without jacking over the pitmam 
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and swinging jaw in the manner which has gence been neces- 
sary. Packing-pieces of various widths are provided for altering 
the length of the arm as desired. 1, 1 are the two permanent 
end-pieces, having the usual rounded —— surfaces 2, They 
are connected by a screw 3 having a central portion or head 4, 
which may be used in conjunction with a key or spanner to rotate 
the screw. The screw 3 has oppositely-threaded ends fitting into 
screwed portions in the end-pieces 1, which may be bossed around 
the screw to strengthen the parte at those points. Two packing- 
pieces 6 are = loyed. They are formed so that they do not 
drop out when the end-pieces are sufficiently separated to permit 
the former to be withdrawn. They comprise a rectangular under- 
portion 9, having shoulders 7 and a tapered portion above these 
shoulders. The —— faces of the two permanent pieces 1, 1 
are correspondingly shaped, and the proportions are preferably 
such that when the parts are separated just sufficiently for the 
packing-piece to be lifted out, the shoulder 7 is unable to pass 
the restricted lower portion of the aperture, whereby pack- 
ing-piece is supported by the end-pieces, In Fig, 2 the main 
variation from the gle-arm previously de is that a 
single packing-piece 12 is used, which may be hollowed out at 11 
to receive and permit of the rotation of the screw 3 and nut 4. 
Such piece 12 has its tapered part and rectangular part o tely 
arranged to that in Fig. 1, whereby it must be removed from the 
bottom of the toggle-arm. (Sealed March 21, 1907.) 


LIFTING AND HAULING APPLIANCES. 


1734. J. R. Temperley, J. Temperley, and W. 
Alexander, London. Jib-Cranes. (% Figs.) January 23, 
1906.—This invention relates to hoisting appliances in which 
loads are lifted or slung from the head of a derrick or jib. The 
object of the invention is to obtain an improved hoisting appli- 
ance which shall have an increased radius of action, secure greater 
clearance in front of the appliance, and reduce the power required 
to perform certain of the various movements. The invention con- 
sists in mounting on the jib or derriok a beam extending before 
and behind, and also anchored at one end to a point near the 
back of the framework of the machine, and in leading the hoisting 
rope or chain from the hoisting engine round @ guide-sheave 
mounted near the point to which the extension beam is anchored, 
and at some distance behind the pivot of the jib. In carrying the 
invention into effect, as applied to a jib-crane, a strong frame- 
work a is erected on the platform c. Instead of stepping the jib d 
on the platform, as is usually done, it is pivoted on a horizontal 
axis ¢ at the top, and near the front of the framework a, thus 





obtaining considerable additional clearance in front, and enabling 
the crane to work much nearer to stacks of material, wagons, and 
the like, than is possible with the ordinary form of jib. By thus 
mounting the jib, the operator has a clear and unobstructed view 
of the site of operations. On an axis g at the head of the jib an 
extension beam / is pivoted, one end of which extends outwards 
beyond the reach of the jib, the other end extending backwards 
and being anchored down by suitable tie-rods k to the framework 
@ towards its rear. From the outer arm of the extension beam 
the loads represented by m are hoisted or slung. The tie-rods k 
are so arranged that the beam A lies in a horizontal or slightly 
inclined position, and so that when the jib is luffed or derricked 
+that is, raised or lowered to a greater or less angle, to diminish 
or increase the radius at which the load is lifted—an approxi- 
mately parallel motion is given to the beam, which therefore 
remains nearly horizontal. This arrangement secures a greater 
radius of action without increasing the height of the jib, and 
gives greater clearance under the whole length of the jib than is 
obtained with an ordinary jib. (Accepted January 23, 1907.) 


MOTOR ROAD VEHICLES. 

7116. E. J. de Normanville, joomtagten Spa. 
-Gear. March 24, 1906. [2 Figs.)—This invention 

relates to driving-gear for motor-cars of the type in which inter- 
engaging planet pinions of double width are employed, in con- 
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junction with a sun-wheel as the driving element, and an annulus 
as thedriven element. In the construction, in accordance with this 
invention, of a three-speed and reversing gear, a central driving 
sun-pinion a, secured to a driving-shaft }, is employed. Adjacent 








to the driving sun-pinion, and co-axially therewith, are freely 
mounted a pair of independent sun-pinions ¢ and d. The free 
pinion ¢ is ferably of the same diameter as the pinion a, but 
the loose piiion d te meted less in diameter, the relative size 
of this pinion being’determined by the speed ratio required to be 
given when the same is in operation. The pinion d is secured to 
asleeve e, which fits over the driving b, and has mounted 
thereon a brake-drum /, whereby it is locked or liberated as re- 
quired, whilst the pinion c is likewise connected to a controlling- 
brake drum g, but through the medium of asleeve h placed around 
the sleeve ¢. In conjunction with the pinions c and d are 
arranged a number of compound planetary pinions, each con- 
sisting of rigidly connected pinions 7, i}, 7. The planet pinion i! 
with the pinion d, and the planet-pinion ¢? with the piaion c. 
 pinions i, v1, 12 are suppo: bya er j, freely mounted 
at one end upon the pinion-sleeve A, and at the other end upon 
the sleeve forming part of the driven member. The carrier can 
be held or liberated by a brake-drum &. Around the central 
driving-pinion a are arran; a series of planets /, also mounted 
upon the carrier j. The pinions / are made sufficiently wide to 
interengage with the pinions i of the compound planets. An 
internally-toothed annulus m constitutes the driven element of 
the mechanism, being connected to the driven shaft and arranged 
tomesh with the —— pinions / in gear with the driving-pinion a. 
The high-speed drive is obtained by interlocking the driving- 
pinion a and either of the free pinions c or d, or any two indepen- 
dent members of the combination. No relative movement of the 
elements then occurs, and the whole revolves as if in one piece. 
The intermediate speed is given by holding the pinion d, and 
thereby permitting the motion of the oenege a to be 
transmitted to the driven annulus m by an epicyclic motion of the 
interen ng planets ; and, similarly, the slow is obtained 
by holding the pinion c. For reversing the motion of the annulus, 
the planet-carrier Z is held, the rotation of the lus being then 
directly obtained from the driving-pinion through the medium of 
the planets J in engagement therewith, the pinions c and d and 
compound planets, i!, 2 being meanwhile inoperative. (Accepted 
January 9, 1907.) 


603. T. W. Mayer, G. Nayler, A. Nayler, and 
Nayler and Co., ted, Hereford. Steam Motor- 
Vehicles. (3 Figs.] January 9, 1906.—This invention relates 
to steam-propelled vehicles, and especially to the type wherein 
the shaft which carries at one end the usual transmission gearing 
extends across the top of the boiler, and in which the horn- 

lates or shaft-brackets stop short with the fire-box end of the 

iler. The present invention comprises the combination of 
horn-plates or shaft-brackets which extend rearwardly and out- 
wardly from, and form a connection between, the fire-box and 
straight side-frames, with a second connection or shaft portion 
arranged on each side of and below the top of the boiler and 
extended between the inner ends of the horn-plates and side 
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frames, such second connection servin 
the transmission gearing. The horn-plates a are extended rear- 
wardly and outwardly. The extended horn-plates a are bolted 
or otherwise connected to channel irons ), forming the side under- 
frames of the wagon. The extended horn-plates also form the 
sides of the tender. The channel-irons ) are retained parallel, 
and extended and connected by brackets c at their ends to the 
parts of the horn-plates adjacent to the boiler. Further con- 
nections may be made by bolts or pirs ¢ fixed to the horn-platesa, 
or to the brackets thereon, by flanges or otherwise, the outer ends 
of the bolts or pins e¢ being bolted to the side frames b, which 
may have bearers or brackets to receive them. The bolts or 
= may also serve as supporting axles for gearing. (Sealed 
arch 28, 1907.) } 

10,899. H. Edmunds, Westminster. Anti-Skidding 
vices. [4 Figs.) May 9, 1906.—This invention relates to 
devices for attachment to the wheels of road vehicles to prevent 
skidding or side-slip, the said devices being of the kind in which 
chains are connected to rings of wire-rope, or chain, at each side 
of the wheel, so that the chains cross the tread of the tyre of the 
wheel at intervals, and are capable of creeping upon the tyre. 
The object of this invention is to render the portions of the con- 
nected chains which come in contact with the road more durable 
and less liable to cause injury to the tyre. According to this 
invention, the lengths of chain which cross the tread of the tyre 
from one side ring to the other are each provided at the mid-part 
of their length with links, or pieces, which are of a length to take 
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all the bearing of the anti-skidding devices on the road, as shown 
at 1, the ends' of these lengths or Fy being turned up into 
eyes or loops or being provided with eyes or loops, so that the 
eyes or loops are clear of the road when the main portions of such 
links or pieces 1 are on the road, and these turned-up eyes or 
loops are connected to short lengths of chain 3, which connect 
the links or pieces 1 to the respective side-rings 4, the connection 
being preferably made by links resembling those of the chain 





RAILWAYS AND TRAMWAYS. 


23,746. E.J. Wood, Castle Bromwich, and G. Car 
son, Hull. Axle-Boxes., [4 Figs.) November 30, 1906.— 
This invention relates to improvements in axle-boxes, and refers 
particularly to a special construction of the box, in conjunction 
with means on the journal for facilitating the lubrication of the 
journal. The axle-box B is formed circular at the front and has 
a floor or base B? sloping down towards this front. At the back 

of the box the floor is provided with an upturned projecting 
ip, forming a trough, in which oil from an adjacent part of the 
journal J is caught and passed through perforations to the bottom 
of the box. The circular portion of the box in conjunction with 
the sloping base forms an oil well or bath ; the lubricant is poured 
into this well through an opening b® near the top of the box. The 
opening b® is covered with a suitably-hinged cover C secured 
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against opening by a Pag - bearing at its heel against a projec- 
tion. On the end of the journal J a disc D is secured, and this 
disc rotates in the circular portion of the box, its lower part. 
dipping in the lubricant in the oil well, and, carrying it up, delivers 
it at its upper part by throwing it off at its edges. e box is 

rovided with projecting troughs T at the pg part, which are 

irected toward the edge of the disc and towards its sides. 
The lubricant, thus thrown by centrifugal force from the disc, is 
caught by the troughs and delivered into a tray S on the brass B?, 
The tray S has perforations in alignment with perforations in the 
brass, so that the oil accumulating on the tray percolates through 
to the journal, thereby constantly and thoroughly lubricating the 
same. In cases where heavy oils are used the disc may be corru- 
gated 7 slight radial or other corrugations. (Sealed March 
28, 1907. 


15,104. H. M. Harding, New York, and C. M. Clark, 
Summit, New Jersey, U.S.A. Multiple-Unit Control. 
(1 Fig.) July 3, 1906.—This invention consists of a multiple- 
unit control system having electro-magnetic devices within the 
several cars, with differential or opposed windings, a single pilot 
wire extending throughout the train, and connections from said 
pilot wire to said devices at points between the opposed windings. 
The invention also consists in means whereby the said pilot wire 
can be connected through variable resistances with either the 
ground or the trolley connection of the train, said variable resist- 
ances and the controllers being actuated by said magnetic devices, 
whereby the speed as well as the direction of the train is 
governed. Referring to the drawing, A and B are similar dia- 
grams indicating the wiring upon two cars of the train, C indi- 
cates the track rails, and D indicates a third rail or trolley. 
Upon each car magnetic means, such as solenoids 10, are 
arranged, having differential or opposed windings 11, 12, so 
that a continuous current passed therethrough will traverse 
the successive windings, producing a neutral magnetic effect ; 13 
designates cores for the solenoids which are held in the central 
position shown by springs 14. The pilot wire 17 extends through 
the successive cars, her jointed at the couplings by flexible con- 
nections 18. The pilot-wire 17 has branch connections 19 with the 
magnetic devices on each car, being connected between the op- 
posed or differential windings. It will be seen that the branches 
19 are symmetrically connected between the windings 11 and 12 
at a point corresponding to about half the entire potential drop 
through the complete magnetic device. The pilot-wire 17 is 

dditionally ted to controllers upon the several cars by 
branch connections 20 with controller-arms 21. The above con- 
stitutes all the essential features of the control system—namely, 
the magnetic devices having the differential or opposed windings 
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and the single pilot-wire circuit joined to said magnetic devices 
at a point intermediate the differential windings. The operation 
is as follows :—Supposing the pilot-controllers 21 of all the trains 
to be in the position shown, the motor-controller shafts 25 will be 
correspondingly located at their mid-position, corresponding to zero 
or off-position of the motors. This occurs by reason of the 500- 
volt potential drop from the trolley D being equally distributed 
between the windings 11 and 12 of each solenoid 10, so that the 
springs 14 lance one another and serve, together with the mag- 
netic action of the solenoid, as a whole, to hold the core 13 in 
mid-position, correspondingly positioning the pinions 26 and the 
motor-controllers 25. It is obvious that in this action the poten- 
tial falls regularly through the successive windings, so that at an 
intermediate point of each solenoid, to which is connected the 
branches 19 of en, the potential will be half way 
between five hund and zero or neutral—namely, 250 volts. In 
other words, the pilot-wire 17 will, under these circumstances, 
at a potential of about 250 volts. If now the pilot-controller arm 
2lon any car is swung upward, a connection is made through the 
resistance contacts 22 with the branches 23 from the trolley D, 
so that the potential of the pilot-wire 17 is correspondingly raised 
a greater or lets extent, depending upon the particular notch to 
which that particular pilot-controller is moved. If the pilot- 
controller is moved to the last notch, it is clear that all resistance 
is cut out of the resistance contacts 22 and the pilot-wire is 
directly connected to the trolley, so as to receive a potential 
of 500 volts. The result of raisirg the potential of the pilot- 
wire 17 is to neutralise the windings 11 of all the magnetic 
devices 10 and increase the effect of the windings 12, which now, 
being ly or wholly unopposed, become effective to draw the 
movable element 13in a direction to apply power at the motor- 
trollers 25. @ amount of this movement, and thereby the 





known as the ‘* Neptune” chain, which are made with flatt 


overlapping ends, which can be opened out for att t, and 





then sprung together again, and therefore constitute a ready 
means of removal and cement of the anti-skidding attach- 
mente for repairs or other purpose. (Sealed March 28, 1907.) 


tof power — by the moter-controllers, varies with the 
relative intensity of the effect of windings 11 and 12, and, in turn, 
with the degree of movement of the pilot controller arms 21. 
(Accepted January 16, 1907.) 
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A FACTOR IN THE DESIGN OF 


MACHINE DETAILS. 
By T. E. Stanton, D.Sc., M. Inst. C.E. 

In a leading article in ENGINEERING, October 17, 
1902, commenting on the then recent failures of 
certain crosshead-pins, in which fracture had taken 
place at a range of stress which was about half that 
which wrought iron had been found capable of 
sustaining for an unlimited number of reversals in 
Wohler’s experiments, the writer stated that ‘‘ while 
uuder steady loads the safety of a bar is not 
much affected by abrupt changes in its section, this 
is not the case when such a bar is subjected to 
alternating stresses.” 

The object of the present article is to bring 
forward experimental evidence which has been 
obtained, not only fully confirming this view, but 
giving definite numerical results as to the loss of 
strength to be anticipated from such changes of 
section as are common in machine design when 
using the ordinary materials of construction. It is 
somewhat remarkable that, although so much has 
been done during the last thirty years in the 
experimental study of the “fatigue” of iron 
and steel, all the observations seem to have been 
made on the material when machined in such a 
form as to offer the maximum resistance to the 
applied stresses. Even in Wohler’s classical ex- 
periments it appears that the results of one set of 
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specimens were rejected because the form of the 
specimens was not such as to enable this maximum 
resistance to be attained. 

Results of this kind, although most valuable for 
comparisons of the relative resistances of metals, 
are not quite what the designer wants, as it is 
obvious that in the design of machine details the 
form of maximum strength can rarely be adhered 
to. Further, the numerous failures which have 
occurred at ranges of stress less than half of that 
found to be sufficient for unlimited repetitions in 
fatigue experiments must lead to a considerable 
amount of uncertainty in the adoption of working 
stresses. It is to be hoped, therefore, that future re- 
searches on the fatigue of metals will be devoted to 
investigations of the resistance of forms of speci- 
mens other than those of maximum resistance. 

That perfectly definite values of the resistance of 
such forms can be obtained has. been proved by the 
writer and Mr. Bairstow in experiments made on 
nine qualities of iron and steel in an alternating 
stress testing-machine at the National Physical 
Laboratory.* One of the main objects of these 
experiments was to determine the greatest range of 
stress from tension to compression under which 


* Proceedings of the Institution of Civil Engineers, 
vol, clxvi 











these materials would sustain an unlimited number 
of reversals, when machined in certain forms which 
are of common occurrence in machine design. 

The number of these forms was, of course, 
limited ; but those treated are the four typical 
ones illustrated in Fig. 1, and consist of :— 

(a) The specimen of maximum resistance. This 
is 0.25 in. in diameter and 0.50 in. long in the 
parallel part, with fillets of 0.375 in. radius con- 
necting it to the shanks of the specimen, which are 
0.75 in. in diameter. This is the same form of 
specimen as that used by Dr. Smith in his high- 
speed experiments at Manchester. 

(b) This specimen is 0.375 in. in diameter and 
0.50 in. long in the parallel part, with a 0.375-in. 
Whitworth thread cut along the whole of this 
length. 

(c) This specimen is 0.295 in. in diameter, and 
is connected to the shanks by small fillets of 
0.062-in. radius, so as to constitute a moderately- 
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rapid change of section, such as is common in 
practice. ze 

(d) This specimen is also 0.295 in. in diameter, 
and has a sudden change of section at its connec- 
tion with the shanks. 

The manner in which these specimens commenced 
to develop cracks, and ultimately broke, is fully 
described in the paper to which reference has been 
made. Broadly stated, the essential difference 
between the manner of failure of the specimens 
in the form of maximum resistance and that of 
the specimens in the other forms was that, whereas 
in the former case the slip-lines from which the 
cracks developed were fairly evenly distributed 
over the surface of the specimens, those in the 
latter forms were confined to the region of the 
change of section, and appeared to be grouped 
about one particular line ot weakness. These 
characteristics are illustrated in the photo-micro- 
graphs, Figs. 3 to 5, here shown. 

or the purpose of studying the development of 
a crack at a change of section, it was necessary to 
machine a flat on the specimen parallel to the axis, 
so as to obtain a section at right angles to the plane 
of the crack. The on hs, Figs. 3 and 4, show 
two such sections which have been polished and 
etched in the usual manner. It will be noticed that 
the crystalline grains not in the immediate vicinity 








of the cracks are free from slip-lines ; whereas in 
Fig. 5, which is taken from a specimen of maximum 
resistance, the slip-lines are distributed fairly uni- 
formly over the section. 

As was anticipated from a study of these photo- 
graphs, the limiting resistances of the forms (6), (c), 
and (d), was found to be considerably lower than 
that of (a). It was expected that there would be 
more irregularity in the results of the experiments 
on the relatively weak forms, but by paying very 
careful attention to the machining it was found 
that the limiting resistances could be predicted 
with sufficient accuracy. 

The results for wrought iron and three mild 
steels are plotted in the diagram (Fig. 2) on a base 
of carbon percentages, and may also be stated as 
follows :— 

1. The resistance of a screw-cut specimen varied 
from 67 to 70 per cent. of the maximum resistance 
of the corresponding material, the fracture always 
wa er at the end of the thread. 

2. The resistance of a specimen having a mode- 
rately-rapid change of section varied from 65 to 72 
per cent. of the maximum resistance of the corres- 
ponding material. 

3. The resistance of a specimen having a sudden 
change of section varied from 47 to 52 per cent. 
of the maximum resistance of the corresponding 
material. Inthis form of specimen the low carbon 
material appears to realise a larger percentage of 
the maximum resistance than the figher carbon 
materials ; but it is worthy of notice that even under 
conditions which are commonly supposed to be the 
most fatal to high carbon steels—i.e., a sudden 
change of section—the actual resistance of the 0.4 
and 0.6 carbon steels is approximately 40 per cent. 
greater than that of the iron. 

The above resistances are, of course, estimated 
per unit of area, so that in calculating the strength 
of a screwed rod under alternating stress it will be 
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further necessary to take into account the area at 
the bottom of-the threads, so that the total re- 
duction in resistance may well be more than 50 per 
cent. of its maximum value. 

In the case of screw-threads there is a further 
possible source of weakness due to faulty machi- 
ning in the cutting of the screw. If the bottoms 
of the threads are not properly curved, but left 
with a sharp angle, there can be no doubt that 
risks of the development of a crack are very con- 
siderably increased. It seems quite probable that 
failures of steam -engine crosshead bolts, which 
have broken under very low ranges of stress, may 
be due to this cause, as Mr. Andrews* has pointed 
out. 





Our Rais AsroaD.—The exports of rails from the 
United Kingdom have remained about stationary this 
year, although they rose in March to 40,139 tons, as com- 
oe with 25,326 tons in March, 1906, and 45,305 tons in 

farch, 1905. In the three months ended March 31 the 
exports were 101,559 tons, as compared with 100,919 tons 
and 133,586 tons. There has been some falling-off in the 
movement of British rails to Argentina, which only took 
16,574 tons in the first three months of this year, as com- 
with 44,229 tons and 17,143 tons in the correspond- 

ing periods of 1906 and 1905 respectively. 


* See Enc INKERING, August 25, 1905, page 236, 
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THE MINING INDUSTRIES OF , 
NATAL. 


Ir is both interesting and gratifying to note that 
the mineral industries of Natal, and particularly 
that of coal, have made progress during the last 
three or four years. It is the more gratifying 
because this loyal colony suffered greatly during 
the time when it bore the brunt of the late South 
African war. Its industries may, however, still be 
said to be in their infancy. 

From a report recently issued by Mr. C. I. Gray, 
A.R.S.M., ¥G.S, Commissioner of Mines for the 
colony, it appears that, although mining for other 
minerals than coal can hardly yet be regarded as 
having been established on a footing of importance, 
yet an increasing amount of attention is being 
devoted to their development. We have little 
doubt that, in a few years’ time, there will be a 
great growth in the output of minerals other than 
coal te the Natal mines, but at present coal 
occupies a place of importance far ahead of all 
other ‘cinale, the po-ition being readily understood 
by the following figures:—In the year 1904 the 
total output of coal in the colony, including round 
coal, nuts, and small coal, amounted to 858,298 
tons, while in 1905 it was 1,129,407 tons, or an 
increase of over 31 per cent. In the year 1905 (no 
record is given of 1904) fine gold to the extent of 
108 ounces was won, while in 1904 (no record of 
any in 1905) 100 tons of copper were produced, 
and 74 tons of molybdenum ore ; but these were 
only samples for test purposes. From this it will 
be seen that the value of the minerals mined, 
other than coal, was practically insignificant. It is 
not likely, however, that things will for long re- 
main as at present in this respect, for the various 
minerals, such as copper, graphite,- asbestos, and 
phosphates, are at present receiving marked atten- 
tion. As to copper, in certain parts, bodies of 
pyritic ores have been proved, which extend from 
a depth of about 100 ft. to 270 ft., the ores being 
principally intermixed sulphides of copper and 
iron, with a considerable amount of zinc blende. 
It is the Buffalo Valley to which most attention 
appears to have been given, and there native copper 
and copper oxides occur distributed in bands of 
dark green ferro-magnesian schist, which is sup- 
posed to be an altered diorite or syenite, in granite. 
a seems to be very common in this locality, 
and is only waiting for development. 

There is a graphite deposit in the Impetyne 
Forest, in Alfred County, but very little ns at 
yaaa been done towards working it. The Stilito 

ountain, in Zululand, has been found to con- 
tain asbestos; but any attempt to procure it has 
so far only been made on a small scale. The 
mineral is of the short-fibred, or Canadian, variety, 
and occurs in a belt of serpentine. It is said to 
be of excellent quality, and has a pure white 
fibre about 5 in. long. The quantity of phosphate 
found has so far been insignificant. 

Returning now to the output of coal, this out- 
put was effected from a total of twenty collieries, 
99 per cent. of it being won by fourteen collieries 
in the Klip River County, while the remainder was 
mined in New Territory and Zululand. The accom- 
panying diagram shows how the output of coal has 
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eae from 1889, when it was 25,508 tons, to 
905, when it reached 1,129,407 tons. These 
figures are for the whole of Natal. 

In a previous article (ENGINEERING, vol. lxxxi., 
page 23) we had occasion to refer to certain tests 





which had been carried out by the Natal Govern- 
ment.in order to ascertain what were the steam- 
raising properties of the coals from different parts 
of the colony, and it will perhaps be remembered 
that some of these coals compare favourably even 
with our own Nixon's steam navigation coal. Much 
of the coal is, however, of a smoky nature, with the 
exception of anthracite found near Umlalazi, on the 
Zululand Railway, about 103 miles from Durban. 
‘This coal has not, however, been, up to the present, 
worked to any great extent, owing to the difficulty 
of burning it rapidly, and the consequent low 
speed of steam generation in the boilers with which 
it is used. For this reason it is not popular with 
steam-users, Attempts are, however, being made 
to obtain a wider market for it by mixing it with 
coals from other districts, and it is to be hoped that 
the enterprise shown by the Zululand Colliery 
Companies in this direction may have its reward. 
That the prospect seems hopeful is supported by 
the fact that some of the tests of the mixed coals 
carried out by the Testing Committee referred to 
showed a higher efficiency in the mixture than was 
given by either of the coals when used m poown ¢ 

By far the largest proportion of the coal output is 
in round coal, the percentage having varied little 
from 1901 to 1905, being, in the former year, 89.11 
per cent., and in the latter year, 84.35 per cent. 
of the whole. This slight falling off has been due 
to the increase in the output of nuts and small 
coal, and, during the last year or two, of washed 
nuts ; this last form of coal having increased from 
16,250 tons in 1904 to 84,136 tons in 1905. The 
amount of coke produced in the colony has been 
insignificant, but there appears to be an indication 
that its manufacture may before long be undertaken 
in earnest. 

A particular feature noticeable about the coal 
industry is the increasing use of coal-cutting machi- 
nery. In the year 1903 there were thirteen mecha- 
nical coal-cutters at work, in 1904 the number 
rose to forty-seven, while in 1905 there were 
seventy-seven of these labour-saving appliances at 
work. These coal-cutting machines were in some 
cases driven by electricity, and in others by com- 
pressed air ; there being, in the year 1905, twenty- 
se of the former at work and fifty-three of the 
atter. 








THE MANUFACTURE OF OXYGEN. 

In 1886, on the present site of the British 
Oxygen Company’s works in Westminster, a large 
oxygen plant was erected, which must take a leading 
position in any article dealing with the economical 
production of oxygen. The plant was installed by 
Brin’s (now The British) Oxygen Company, and 
although in itself a very qualified success, it led to 
the development by that company of a process 
which was destined to supersede all known methods 
of manufacturing oxygen, and greatly to enhance 
the commercial value of that gas. 

The Brin process for producing oxygen is based 
on the*barium-oxide process, first suggested by the 
eminent French chemist Boussingault in 1851. Bous- 
singault discovered that‘at a temperature of about 
1000 deg. Fahr. the monoxide of the metal barium 
would absorb oxygen readily from the atmosphere, 
with the resulting formation of the dioxide, and that 
at a higher temperature of about 1600 deg. Fahr. the 
oxygen thus absorbed would be given off again, and 
the monoxide be restored to its original condition, 
ready for the cycle to be repeated. 

As a natural sequence to Boussingault’s dis- 
covery, repeated efforts were made to establish a 
commercial process for the production of oxygen on 
this apparently indestructible reaction of barium 
oxide. In spite, however, of its chemical simplicity, 
many practical difficulties arose, which remained 
unsurmounted until the advent of Brin’s Oxygen 
Company in 1886. The company was formed to 
work the patents of two French chemists, whose 
name it bore. Initial experiments, conducted on a 
small scale under these patents, had met with con- 
siderable success, so that the erection of the large 
plant already referred to was at once proceeded 
with. Unfortunately—or, in the light of subsequent 
events, perhaps fortunately—the plant entirely failed 
to come up to expectations, and for a time it appeared 
as though Brin’s Oxygen Company was destined to 
share the fate of all its predecessors. Fortunately, 
however, for the shareholders, the technical staff of 
the company proved itself well qualified to grapple 
with the situation. Further experiments were at 
once underfaken, with the ultimate result that 





most of the old theories were thrown overboard, 
and an entirely new plant was erected. 

The new plant was constructed to work with 
barium oxide at a constant temperature of 1200 deg. 
to 1400 deg. Fahr.; the operations of oxidation 
and deoxidation were carried out at short inter- 
vals of time, and the working of the whole process 
was rendered automatic. This plant, including the 
automatic gear, was designed by Mr. Kenneth S. 
Murray, the company’s engineer and present general 


manager, whose valuable services to the whole com- 


pressed-gas trade have, on more than one occasion, 
been mentioned in this journal. 

The new plant, which was completed towards 
the end of 1888, proved an unqualified success, and 
from that date the development of the company’s 
business has been uninterrupted. In addition to 
their London works the company now own oxygen 
factories in Birmingham and Manchester, and are 
about to open a new factory in Newcastle. Oxygen 
factories employing the company’s process are also 
in successful operation in Glasgow, Paris, and 
Berlin, and special plants for industrial applications 
of oxygen have also been erected. 

Fig. 1 on page 508 is a photographic view showing 
part of the company’s present barium-oxide plant 
in Westminster ; the process was fully described 
by Mr. Murray in a paper read before the Institu- 
tion of Mechanical Engineers in January, 1890. A 
summary of this paper was published by us, with 
illustrations, at that time (ENGINEERING, vol. xlix., 
page 149), and particulars of the process are also to 
be found in most text-books. It would therefore be 
a@ mere waste of space again to give a detailed 
description of the process. It will, however, be seen 
from what we have already said that this company’s 
old title was always somewhat of a misnomer, and 
that the process which has made them not only the 
oldest and leading gas-compressors of the day, but 
also the pioneers of the gas-cylinder industry, has 
always been more British than Brin. 

There is, however, an even better reason for the 
company’s change of title, which is that they have 
recently installed in their Westminster works the 
first plant erected in this country forthe production of 
oxygen by the liquefaction of air, and they seriously 
contemplate the possibility of abandoning the Brin 
—or, more correctly speaking, the barium-oxide— 
process in favour of its modern rival. For some years 
the company has regarded the liquid-air system of 
separating oxygen and nitrogen from the atmos- 
phere as the one method which might possibly 
supersede their own process. On this account they 
have not only done corisiderable work themselves 
in connection with liquid air, but have also 
acquired the British patents of Dr. C. von Linde 
and Dr. Hampson. These two inventors are the 
authors of the self-intensive system of liquefying 
air, on which are based the numerous processes in- 
troduced in recent years, with extravagant and 
preposterous claims that have gone far to bring 
liquid air into disrepute. As a serious scientist, 
Dr. Linde saw long ago that the only really valuable 
commercial application of liquid air lay in its em- 
ployment for the separation of oxygen and nitro- 
gen, and for many years he has devoted himself to 
the task of adapting his system of liquefying air 
to this purpose. That his labours have been 
crowned with success is proved by the fact that 
on the Continent the company which controls 
his patents have already erected a large number 
of plants, which are in daily operation, giving 
most satisfactory results. 

It is a Linde plant which the British Oxygen 
Company have recently erected in their Westmin- 
ster works. It was started a few months ago, with- 
out any of the flourish of trumpets which has 
usually heralded enterprises connected with liquid 
air, and the plant has since been in daily operation, 
working smoothly and satisfactorily. It isa similar 
plant which the company is about to erect in New- 
castle. The company is, not unnaturally, reluctant 
at present to publish drawings or to furnish precise 
details of the method by which oxygen and nitro- 
gen are separated. The general arrangement of 
the Linde plant may, however, be gathered from 
Fig. 2, page 509, which is a photographic view 
taken from a gallery somewhat above the machines. 
The plant is arranged on the opposite side of the 
factory to that occupied by the machinery of the 
barium-oxide process, and is quite distinct from 
that process. ; 

Briefly expressed, the process consists of lique- 
fying the air completely in the first instance by the 
self-intensive system, and then whilst obtaining 
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almost complete transference of heat from the com 

pressed air entering the apparatus to the liquefied 
air, the liquid is submit to a special process of 
rectification, by means of which oxygen of any 
degree of purity up to 98 per cent. or 99 per cent. 
can be obtained. The present plant—which is 
considered a small one—-produces 12,000 cubic feet 
of oxygen of 95 per cent. purity per day. 

The plant is driven by a Diesel engine, which 
develops from 30 to 35 brake horse-power, the en- 
gine being placed about the middle of the machi- 
nery, as will be seen by reference to the engraving. 
Air is compressed by a three- stage belt - driven 
compressor, partly seen in the background beyond 
the Diesel engine. Between each stage of com- 
pression the air is restored to normal tempera- 
ture by passing through coils contained in a cooler, 
through which water circulates. The system of 
liquefaction of the air is very complete, all the 
moisture and carbonic acid being practically elimi- 
nated, first in purifiers containing unslaked lime 
and calcium chloride, while the final traces of mois- 
ture are subsequently removed by freezing in a 
forecooler, which is employed partly for this pur- 
pose and partly to pre-cool the air before it enters 
the separator. The lower part of the forecooler 
is reduced in temperature by a small CO, refri- 
gerating machine of the usual type, made by the 
British Linde Refrigerating Company, but the 
upper part is cooled by the waste nitrogen from the 
separator. 

This interchange is so effective that before the 
nitrogen is returned to the atmosphere it has taken 
so much heat from the incoming compressed air 
that it leaves the forecooler only a few degrees 
below normal temperature. The compressed air, 
on the other hand, leaves the bottom of the fore- 
cooler at a temperature considerably below freezing 
point, and then enters the top of the separator, 
passing downwards through a series of coils, which 
are so constructed as to be surrounded by both the 
outgoing cold gases. The bottom of the separator 
contains liquid air, or, more correctly speaking, 
liquid oxygen ; and the compressed air, on its way 
to the expwsive point, is. conveyed through this 
liquid, by which means it is largely condensed. It 
then passes through the regulating-valve, at which 
point it expands, and it is ultimately discharged 
into the top of an inner central chamber, which 
forms the rectifying-column in which the separation 
of oxygen and nitrogen is effected, oxygen descend- 
ing in a liquid state to the bottom of the separator, 
and nitrogen ascending in a gaseous or vapourous 
condition to the top. The nitrogen is allowed 
freely to discharge into the atmosphere through the 
forecooler, as already explained, and the oxygen is 
allowed to boil off in any desired quantity by the 
adjustment of an oxygen discharge-valve. Both 
gases, however, as already stated, on leaving the 
separator, are kept in intimate contact with the 
coils conveying the incoming air, so that before 
leaving the apparatus the heat of the incoming air 
has been mostly transferred to the gases. 

The plant is very conveniently arranged, and 
consists of two separators and two forecoolers, one 
of each being worked at a time. In this way 
continuous working is ensured, for when ice (due to 
untrapped traces of moisture in the air) has accu- 
mulated to such an extent as to cause a blockage in 
one separator, the other can be put into operation, 
whilst the first is allowed to thaw. In practice, 
the freezing up is found to occur after from five to 
six days of continuous work. 

The description we have just. given represents 
the normal working of the plant ; but before pure 
oxygen can be produced the separator has to be 
cooled down, and a considerable quantity of liquid 
produced. This operation takes about four hours, 
during which time the compressed air circulating 
through the coils is (by adjustment of the regu- 
lating-valve) maintained at a pressure of about 
2500 Ib. per square inch. Afterwards, when the 
oxygen is being produced, the pressure is lowered to 
about 800 Ib. per square inch, at which pressure it 
continues to work. 

The tops of both separators are seen in the figure 
behind the furnace of the barium-oxide plant, one 
separator being only partially hidden. The small 
carbonic-acid machine is seen at the side of the 
‘urnace, but the forecoolers which come between 
‘he separators and the foreground of the figure are 
completely hidden. The machines in the fore- 
ground of the figure are not connected with the 
oxygen-producing plant. They are two compressors 
for filling oxygen eylinders. 


It may be stated, in answer to suggestions which 
have frequently been made, that the interchange of 
temperature is so well carried out in Dr. Linde’s 
apparatus that the inventor does not consider it 
expedient to encumber and complicate his plant by 
introducing in the compressed-air system any appa- 
ratus to effect the somewhat problematic advan- 
tages of pressure expansion at the low temperatures 
involved.in the liquefaction of air. 

We hope on some future occasion to give some 
particulars, of the present-day applications of 
oxygen, which are of increasing interest to engi- 
neers. Meanwhile, we have no hesitation in saying 
that it would be exceedingly difficult to find two 
more beautiful processes under the same roof than 
are to be seen in the Oxygen Works in Elverton- 
street, Westminster. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Petrot Motror-OMNIBUSES. 


On Friday last, the 12th inst., an extra meeting 
of the Institution of Mechanical Engineers was held 
at the Institution House, Storey’s Gate, the Presi- 
dent, Mr. T. Hurry Riches, occupying the chair. 
The object of the meeting was to conclude the dis- 
cussion upon Mr. W. W. Beaumont’s paper on 
‘** Petrol Motor-Omnibuses,” which had been read 
and partly discussed at the previous meeting, held 
on the 15th ult. (see page 365 ante). 

Before the discussion was resumed last Friday 
a number of lantern-slides were shown by the 
author. They illustrated an ‘‘ Old Vic.” omnibus 
with a horizontal engine, the total length of the 
vehicle being a little over 18 ft. An omnibus with 
a Milnes-Daimler engine was shown, and also a 
Stirling omnibus, with which the first attempt was 
made to run motor-omnibuses commercially in 
London. There next followed some slides illus- 
trating the Wolseley omnibus, the vehicle itself, 
the 30-horse-power engine, the gear-box, and 
the drive to the axle being shown. _Lilustrations of 
the Arrol-Johnston omnibus, the Chritchley-Morris 
omnibus, with a 40-horse-power engine, and the 
Maudslay chassis, with details of mechanism, were 
also exhibited. Next followed views of an arrange- 
ment of disc-clutch. By means of diagrams Mr. 
Beaumont dealt with the stability of a horse- 
omnibus and 4 motor-omnibus respectively. The 
motor-omnibus, fully laden on the upper seats, 
and with no load whatever on the inside seats, was 
shown to be more stable than the horse-omnibus 
fully laden inside and outside. The angle to which 
the motor-omnibus might be tilted was shown to be 
so great that there was, the author said, hardly any 
condition, arising through side-slip . or collision 
with the kerb, that would bring about overturning. 
Another view of an actual omnibus showed how 
far a motor-omnibus could be tilted before over- 
turning took place. The angle of tilt, as the 
speaker said, could hardly occur under working 
conditions. Some slides illustrating details of 
mechanism were also shown. 

The exhibition of the slides, and Mr. Beaumont’s 
description of them, afforded an interesting addition 
to the paper, and will be a useful record in the 
Transactions of the Institution. We have, however, 
described and illustrated in these columns many of 
the vehicles and details of mechanism which were 
exhibited. 

The discussion was commenced by Mr. T. Clark- 
son, who said that if the importance of the motor- 
omnibus might be judged from the number of 
papers which had recently been read upon the 
subject, then no other branch of engineering was 
at all comparable with it. Mr. Beaumont had 
given them an excellent paper; if he were to 
criticise it, he would say that its principal fault 
was that it was too descriptive aud popular, 
whereas it might have been more analytical, tech- 
nical, and suggestive. The title of the paper was 
‘* Petrol Motor-Omnibuses ;” but petrol for driving 
motor-omnibuses, under practical every-day con- 
ditions, was becoming an almost impossible sub- 
stance. The fact must be faced that, as Mr. Beau- 
mont had mentioned in his paper, the price of 
petrol had practically doubled ; and unless it were 
possible also to increase the efficiency of the petrol 
motor, the impossibilty of using this fuel for the 
pu was imminent. The paper could not 
therefore be regarded as more than a compila- 
tion dealing with machines which were within 








measurable distance of becoming obsolete. He 


would ask, What were the possibilities in the way 
of further increase in efficiency ? The best record 
of which he had any knowledge averaged something 
like six miles to the gallon of petrol for a double- 
decked omnibus. 

The efficiency of the internal-combustion engine 
had been carefully studied by various practical ob- 
servers, and it was, the speaker thought, generally 
recognised that the practical limits of its efficiency 
had been closely approached ; though whether by the 
adoption of a different cycle, by the employment of 
higher compression and higher temperatures, greater 
ratio of expansion, by compounding, or by any other 
means additional duty might be obtained, it was im- 
possible tosay. Mr. Beaumont had himself indicated 
at the end of his paper that the directions in which 
improvements could now be made were of a some- 
what restricted character, and the speaker would be 
glad if the author would assign any reason for his 
expectatiun of improvement. Six miles to the gallon 
represented a very fair performance, and it was well 
known that many omnibuses were not doing any- 
thing like that at the present time. In regard 
to the difficulty of transmission,. the employ- 
ment of change gears was practically indispens- 
able, and it was found that some of the lead- 
ing manufacturers of the petrol-omnibuses were 
now turning their attention to the substitution of 
the electric form of transmission. There was much 
to be said for it, as it gave some of the smoothness 
and flexibility of steam; but the price had to be 
paid in greatly reduced efficiency. He had been 
informed by those who understood the subject that 
the conversion of the mechanical energy produced 
by the petrol motor into the electrical form, and 
the re-conversion into mechanical energy on the 
road, involved a loss of from 20 to 26 per cent. 
The question then arose, Could the petrol motor 
afford to sacrifice something like 20 to 26 per cent. 
in order to get some of the flexibility and ad- 
vantages peculiar to steam? The speaker did not 
think, in view of the probable rising price of petrol, 
that electrical transmission would get over the 
difficulty. He agreed with Mr. Beaumont as to 
the extremely severe character of the conditions 
under which motor-omnibuses had to run, and it 
was satisfactory to note that this fact was being 
more and more appreciated. 

There were, Mr. Clarkson continued, a number 
of details in the paper which required attention. 
He was struck by the string of adjectives used 
on the first page of the paper in referring to 
the ‘‘adaptation of the high speed, high-power, 
light-weight petrol prime-mover to the heavy, 
arduous, continuous exacting work of the com- 
mercial operation of the motor-omnibus on common 
roads.” This was not an overstatement, for it 
expressed something of the conditions appertain- 
ing to the service. The author had expressed 
the truth when he had said that ‘‘the services are 
the result of persistent effort, in spite of failuro 
and discouragement, and every adversity of destruc- 
tive criticism; successful efforts of those who 
refused to believe in the orthodox limits to 
mechanical and metallurgical possibility, or of 
men who did not, or would not, know the con- 
ventional limits.” The author had given figures 
relative to the weights of certain vehicles illus- 
trated. The speaker had noted the weights of 
certain cars running in the streets, and his observa- 
tions led him to conclude that there was some dis- 
crepancy. In the case of the Straker-Squire vehicles 
he had found the weight to be 4 tons 8 cwt., some 
vehicles being as high as 4 tons 9 cwt. Tho 
Maudslay omnibus, which the author had men- 
tioned that evening, but had not referred to 
in the paper, was 4 tons 14 cwt ; but that was 
one of the heavier a The petrol electric type 
of omnibus weigh he believed, considerably 
more. 

Turning to the thermo-syphon arrangement 
as a means for dispensing with the pump, the 
speaker referred to a circumstance which had 
occurred about seven or eight years previously. A 
gentleman had bought a car, and, being desirous 
of doing away with the pump, had consulted Mr. 
Clarkson, who had allowed the possibility of the 
suggestion. Certain tests were made, and ulti- 
mately the car was fitted with a system that 
worked very well, it being found that the natural 
circulation could be made very effective. One of 
the principal advantages was that the circulation 
went on after the engine had stopped, and there- 
fore the engine was very quickly cooled, and the 








parts could be soon handled in case of adjust- 
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ment or repair. The gentleman was so pleased 
with the arrangement that, as he su uently 
informed Mr. Clarkson, he had taken*out a patent 


for it. Something had also been said‘in the paper 
about sight-feed lubrication. ‘To the speaker's 


mind, the long rows of sight-feed drips had always 
been an abomination, as they were too much for 
any driver to have to look after. It was therefore 
gratifying to learn that these were now being done 
away with, and the system of forced lubrication was 
being used instead. This he regarded asa tribute to 
Messrs. Belliss and Morcom, who had done so much 
in that direction. 

Mr. E. G. Brewer said he had had considerable 
experience with railway frames of pressed steel, 
and the subject of chassis therefore appealed to 
him. Mr. Beaumont had remarked that some 

ressed-steel frames were showing signs of failure. 
he speaker could not say if that should be attri- 
buted simply to the pressed steel, or to the reckless 
way in-which some makers and designers of motor- 
vehicles used their frames. They would sometimes 
design a frame to carry a certain load, and then 
drill large holes in the lower web, not, apparently, 
thinking that this would reduce the strength. At 
the Motor Show then being held in the Agricultural 
Hall, he had seen a pressed-steel frame with a 
4-in. web, in the middle of which was a 2-in. hole. 
On inquiring as to this he was told that it was in 
order that the exhaust-pipe might be put through. 
In some channel-bar frames there was a lower web 
24 in. wide, and through the middle of the bridge 
was a {-in. hole for the purpose of carrying an in- 
termediate attachment. He had seen these frames 
ive way, the break starting from the hole, and he 
lieved that others, the author among them, had 
seen broken frames, the fracture starting from rivet- 
holes in places where no rivet-holes should have 
been. In the design of frames—especially pressed- 
steel frames—for railway purposes trouble was taken 
te avoid drilling any holes in the lower webs. 





Fie. 1. 


Omnibus - makers who used pressed - steel frames 
seemed to think it quite unimportant to have solid 
ends ; in railway practice every care was taken to 
have solid ends, both across and longitudinally. 
Speaking of the design of motor-omnibuses gener- 
de, the speaker attributed the comparative dearth 
of improvements to the fact that the makers had 
been flooded with orders, and had directed their 
attention more to delivery of the omnibuses than 
to considering how they could turn out the best 
vehicle. With fewer orders a better omnibus 
would probably be put on the road. 

The next point to which Mr. Brewer referred 
was that the design of an omnibus should consist 
of a series of units ; this, he felt sure, would be 
@ practice welcomed by a great many who were 
running motor-omnibuses. At the present time, 
if an omnibus went into the yard with a dif- 
ferential wheel broken, it was absolutely laid up 
until a new wheel could be fitted. With the unit 
system the whole of the back axle—if of the live- 
axle type—would be constructed as one unit, and 
could be replaced by another, kept in stock. The 
same should apply to gear-boxes and engines, 
and the removal of the engines as a whole should 
be made perfectly simple. Mr. Clarkson had 
referred to the author’s remarks relative to the 
automatic circulation of the cooling water, and 
he, the speaker, was very pleased to see that Mr. 
Beaumont had such a high opinion of the convec- 
tion system. Mr. Brewer entirely agreed that 
pumps were unn - He also concurred that 
it was bad designing to place the top of the radiator 
below the level of the top of the cylinder. De- 
signers would do well, he thought, to treat their 
cooling appliances on the principle followed for 
the ordinary domestic bath, the boiler being at 
the bottom of the house and the hot water at 
the top, an arrangement that acted very well. 
He would s t, therefore, that instead of 
putting a complicated piece of metal, with thou- 
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sands of soldered joints, in the front of the 
vehicle, the proper place for the radiator was on 
the canopy over the driver's head. With the 
radiator in that position good results would be 
obtained without forced circulation, or without 
forced draught by means of fans, as at present 
used. Placed where it was, the honeycomb radiator 
was soon choked with dust from the road. ; 
In speaking of the lubrication of the engine 
Mr. Clarkson had not given himself all the credit 
that was his due, and the speaker would like to say 
a word as to the system of lubrication used by Mr. 
Clarkson. The petrol motor-omnibus, as was 
known, was fitted with what was called ‘‘ forced 
lubrication ;” but, he would ask, was it forced 
lubrication? The arrangement usually found was 
a pump the delivery-pipe of which was split up 
into numerous branches, these branches leading 
to the various bearings. In the event of one 
of the branches becoming choked, there was no 
ressure behind that individual pipe to clear it. 
Mr. Clarkson employed an arrangement which the 
speaker considered a good one, whereby every pipe 
that led to each individual bearing had periodically 
forced through it, by a pump, a stream of oil. This 
arrangement was well adapted to petrol vehicles, 
but was not employed on them. Another matter 
he would allude to was the question of material. 
Motor-omnibus designers did not seem to pay much 
attention to this. They did take trouble to get 
excellent material for certain details, but failed, 
generally speaking, to select substances suitable for 
the various parts of engines and frames. A motor- 
omnibus would be seen having the crank-case and 
the gear-case of cast iron. This was placing cast 
iron in situations where it had to stand excessive 
vibration and tensional strains ; and, as every eng!- 
neer knew, to place cast iron in tension was not 
good practice. No doubt, when a few more 
hundreds of gear-boxes and crank-cases had broken, 
steel castings would be substituted. One maker of 
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motor-omnibuses had always used steel castings for 

the differential-cases, and these cases had never 

failed ; but crank-cases of cast iron had failed in 

large numbers. 

Mr. Holroyd Smith was the next speaker. 

Referring to the thermo syphon system of circula- | 
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tion of cooling water, he said that in a car with 
which he had to deal there was a pump that was 
too efficient, so it was taken away altogether. 
He had found one curious result: when the 
pump was running, the water would be boilin 
at the top of the cooler and positively col 


LIQUID-AIR PLANT. 
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at the bottom. The top of the cooler was not 
below the top of the cylinder. After doing 
away with the pump the temperature distribution 
was more équable. It had given him as, Te 
te hear Professor Hele-Shaw acknowledge the 
Weston multiple-plate clutch. About the year 1880 
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he had constructed a multiple clutch which had in 
it what was the fundamental difference between 
Professor Hele Shaw’s clutch and the Weston clutch. 
The centre plates were of cast iron, and had what 
the speaker described as ‘‘surrounding plates,” 
the drive being obtained by forcing different plotes 
together axially. All the plates were V-shaped 
(Fig. 1) on their per 
modification of the 


Fig.1 


ena and this gave the cone 
eston clutch, and was more or 


less the precursor of the Hele-Shaw clutch ; though 
not with the same angle, because, unfortunately, he 
had not then studied the question of angles suffi- 
ciently. The question of worm-gearing had been 
spoken of, and he would remind Mr. Beaumont 
that the first car that he, Mr. Smith, had built, and 
had shown to the author, was driven by a worm- 
gear. That was prior to the existence of the firm 
of Dennis Brothers, whose gear had been shown. 
Worm-gear had also been used by Reckewzawn in 
a motor-omnibus driven by accumulators, but the 
gear was not as efficient as it might have been. 
It was formerly regarded as ridiculous to suppose 
that worm-gear could be efficient, and text-books 
stated that the loss in transmission with worm- 
gear would be 75 per cent. He would also refer 
to an electric omnibus that he had constructed 
for demonstration in Bradford. It was a heavy 
car with two electric motors, with double gear- 
ing. This car had to mount a grade of 1 in 11. 
The weight without the full load of passengers 
was over 5 tons. He had found by measuring the 
current required for driving the motor, and the 
actual power given off by the axle, that there was 
a combined efficiency of motor and worm-gearing 
equal to 84 percent, That, he ventured to think, 
had not been obtained elsewhere. Referring to 
an example of worm-gear exhibited, the speaker 


said that the travel of the screw was longer than’ 


it ought to be. ‘‘ Pitch” was the wrong expres- 
sion to use, for sometimes it was measured at the 
root and sometimes at the point. For this reason 
the speaker employed the term ‘‘travel of the 
screw ” instead of ‘‘pitch.” In designing a worm- 
wheel it was necessary to have one which could drive 
the worm backwards, and so long as an angle which 
would do that, was obtained there was no advantage 
in overstepping it. He had found that the best 
angle for travelling over the thread was that reached 
when the travel of the screw was equal to the largest 
diameter of the screw. That would give ample back- 
drive. A greater angle produced faulty design. 
There would be side-thrust, the wheel trying to push 
the worm to the right or left, according to the direc- 
tion in which it was running. He was, however, 
pleased to see that his example in respect to ball- 
thrust blocks was being almost universally followed. 
The speaker fully approved of the practice of Messrs. 
Dennis Brothers in placing the worm on the top of 
the wheel, and equally disapproved of. the Lan- 
chester design, where the worm was placed under- 
neath the wheel. The speaker here illustrated 
a method he had devised for lubricating worm- 
gear, there being a little side trough alongside the 
worm, to catch the oil thrown off and to conduct it 
downwards. This constituted practically a circulat- 
ing pump. If the worm were at the bottom, the 
oil would be churned up a great deal too much. 

{n the paper the author had referred to spring- 
wheels, om remarked that these were in the 
experimental stage.. The speaker would say that 
he found himself, in this regard, in the same posi- 
tion as he was in twenty-six years ago in relation to 
worm-gearing. The worm-gearing he had made 
then was more eflicient than any made to-day, but 
was nevertheless treated as outside practical me- 
chanics. It might take twenty years to arrive at it, 
but the spring-wheels the speaker was making 
to-day would be the accomplished fact of the future. 
One of his spring-wheels had been running over 
5000 miles on a motor-car which weighed over 
30 cwt., and only one spring in the hub had re- 
quired renewal. The springs in a worm-wheel, the 
speaker said, should have nothing more to do 
than to resist the radial movement. Unfortu- 
nately, in all prior attempts to use spring-wheels 
the drive had to go through the springs as well. 
These springs, had to carry out the function 
ordinarily performed by the springs of a carriage. 
The springs of a carriage running on a perfectly 





level road had only to respond to variations in the 
load and irregularities of the road surface. The 
problem was to make a spring-wheel so that the 
springs within the wheels, which were constantly 
going round, should only have to respond to the 
irregularities of the road. This the speaker had 
accomplished by an arrangement which he proceeded 
to sketch on the blackboard. In this device the 
springs were under an initial compression equal to 
the load. The springs could 

could not expand, a little plunger being provided 


Skidding could be got over by the use of seg- 
mental tyres, and there would be less trouble in 
keeping the rubber on the rim. If the seg- 
ments were also made transversely and circumfer- 
entially, they arrested both side slip and skidding. 
In saying that he was speaking from experience. 
Mr. Guy Beaumont said that one of the speakers 





had referred to the systems of direct lubrication in 
use, and he gathered that the Belliss and Morcom 


be compressed, but| system had not been, so far, adopted for the 


|engines of motor-omnibuses. He could mention 


to allow of end motion. If the springs were to last, | three types of omnibus on which the complete 
no angular movement could be permitted between system was adopted—namely, the De Dion, Maud- 


the central hub and the surrounding wheel, and 
the torque from the axle to the wheel must be pro- 
vided for independently. The problem was, how 
to do this without interfering with radial elasticity. 
This was effected by the method shown in the 
sketch (Fig. 2). The centre part represents the axle. 
On that are hinged two driving-arms to transmit 





the motion to the wheel. Each arm is connected 
to a point on the wheel by a pair of pin-connected 
links. The middle pin of one pair of links is con- 
nected to the middle point of the other pair by a 
strut which had a large eye in its centre, through 
which the axle passes. By this arrangement there 
could be, the speaker said, two movements at 
right angles to one another, a radial movement would 
be given in any direction, and an absolute torsional 
drive would bs secured. The advantage to be 
derived from a spring-wheel was this: supposing 
a vehicle to be running forward and to come to a 
block in the road, as soon as the wheel began to 
drive, the side-springs would give a move in one 
direction, which would alter the centre of load, and 
this would assist the vehicle to go easier. Revert- 
ing to the subject of worm-wheels, the speaker 

inted out, by the aid of a sketch, another preva- 

ent defect of worms: they were made too long. 

A worm needed only to be short. If the gear 
became worn, then the edge of the worm coming 
round — assuming a little backlash—would strike on 
the top of the teeth. Therefore, in a worm-wheel 
the speaker had made some years ago he had taken 
care to increase the pitch at the termination of both 
ends of the worm, so that it would never strike on 
the teeth until they were so far worn as to require 
renewal. 

Mr. Henwood said that the author had appa- 
rently taken it for granted that the periphery of the 
wheel was the only part whereby resilience could 
be secured. The restrictions, however, of the out- 
side of the wheel did not permit of sufficient pro- 
vision being made to secure the whole vehicle from 
most severe and injurious road shocks, injuring not 
only the vehicle, but also the passengers, and ren- 
dering travelling in motor-omnibuses so unpleasant 
to many people that they would not ride in them 
again. It was time, the speaker thought, that 
systems offering greater efficiency should be taken 
up. and he would mention that it was quite pos- 
sible to provide a motor-onnibus with about 1000 
cubic inches of rubber, and to cushion the weight, 
and also the drive, with about 400 cubic inches in 
each back wheel. 

Mr. A. W. Torkington said that the Statute Book 
would show that for two centuries spring-wheels 
had been invented, and, according to a previous 
speaker, it would be another two centuries before 
the right one was obtained. He had always 
been told, and had accepted it as true, that the 
proper place to absorb vibration was on the peri- 
phery of the wheel; nothing did that so well as the 
rubber tyre, but the trouble was that it skidded. 
Colonel Crompton had pointed out that segmental 
tyres were very much better than continuous tyres. 
The speaker believed that he had based that know- 
ledge on a patent which was taken out in 1878 by a 
member of the Institution, and with which Colonel 
Crompton had had something to do. That tyre did 
very well indeed for heavy vehicles, such as traction 
engines, and no trouble had arisen from skidding. 


| slay, and the Milnes-Daimler, the oil being sup- 
plied under pressure to the crank-shaft bearing 
and crank-pins, and, in two of the cases, to the 
gudgeon-pins. Mr. Holroyd Smith, in referring to 
worm-gearing, had suggested, as the result of his 
| experience many years ago, that the best travel of 
| the worm was that which did not exceed the maxi- 
| mum diameter of the worm. It seemed, however, to 
| the speaker, that if these proportions were adopted, 
| either the gear reduction would be much too great 
or the diameter of the worm- wheel would be disad- 
vantageously small. Many makers using worm-gear 
found a difficulty in getting a sufficiently small 
reduction, and many wished they could run their 
engines slower when running on top speed. It was 
quite true that with lower reduction the question 
of side-thrust cropped up, but, with the excellently- 
made ball-thrust ween ad now obtainable, the ques- 
tion of side-thrust might be neglected. Ball-thrust 
bearings seemed capable of taking very great loads 
for indefinite periods without suffering. From the 
exhibits shown on the table it would not appear 
that the worm-gearing suffered from side-thrust. 
Tho President, in calling on Mr. Beaumont to 
reply to the discussion, observed that the question 
of side-slip called for more attention than it had 
received. He had never seen an omnibus in the 
street that did not appear to accomplish the sliding 
movement very expeditiously when not desired to 
do so; and frequently they had slid in a very 
objectionable way. He had seen in the Strand one 
of the omnibuses narrowly escape sliding into a 
vehicle going in the same direction, and he had 
expected a case of ‘‘locked buffers,” as it was 
termed on the railway. He hoped, however, the 
problem was nearer solution than some believed, 
and that the road motor would prove a prosperous 
and profitable undertaking to the country at large. 
Mr. Beaumont, in replying, first dealt with the 
remarks of Mr. Campbell Swinton, who had re- 
ferred to the figures given in the paper. These, 
the author said, related to what might be expected 
as the cost of working of motor-omnibuses. Mr. 
Swinton had described these figures as too high for 
the country, and too low for London, and had 
supported his remarks by giving figures of his 
own. The author was glad to find that in the main 
his figures were satisfactory ; but on looking at Mr. 
Campbell Swinton’s figures he observed that at 
least five or six pints of lubricating oil per day 
per vehicle must have been used, besides grease 
and carbide. Mr. Swinton had put all these to- 
gether, but what was done with them all Mr. 
Beaumont was unable tothink. One or two of the 
speakers, including Mr. French, showed that it was 
possible to do with less—at all events for a London 
running-day—and the speaker did not believe the 
Bath Tramway Company’s omnibuses did anything 
like the same mileage. Again, figutes had been 
given as to rents, rates, and insurance, which 
together came to 0.73d. per mile run. Deducting 
0.4d., the amount assumed to cover insurance, 
0.33d. remained per mile run of the omni- 
buses for rents, rates, and taxes. For attend- 
ance on omnibuses, in the garage and outside, 
Mr. Swinton’s figures were 0.47d. and 0.18d., or 
0.65d.; for attendance other than the drivers 
and those whose wages were paid in the cost of 
maintenance. The 0.65d. per mile run, supposing 
the omnibuses ran 100 miles per day, worked out 
at about 5s. 5d. per day per omnibus, What 
did the men do? For repairs and maintenance 
the figures were higher than the sum allowed in 
the paper. Mr. Beaumont would say that he had 
many figures relating to actual results which 
showed that when the omnibus was attended 
to as such a piece of mechanism should be 
attended to, the cost of maintenance and repairs 
could easily be kept down to the figures given in 
the paper. He would admit that he had not 
added to maintenance the cost of breakages result- 
ing from looseness of parts which ought not to be 
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loose, nor expenses incidental to such occurrences 
as side-slip, &c. 

The author next dealt with the remarks of 
Colonel Crompton, who had referred to the work 
done by Willans. He was unwilling to be second 
to anyone in appreciation of the work done by 
Willans in the production of the high-speed 
single-acting engine; but if credit were to be 
given to him, mention should be made of the 
Brotherhood engine; and also of the Hardingham 
engine, which came out in 1873 and was described 
in papers presented to the Institution; these 
engines were employed for various purposes, for 
which nothing but a single-acting high-speed engine 
would have been of use. The engines were some- 
what earlier than Willans’, although of a slightly 
different design. It was within the speaker's 
knowledge that one at least of the engines had 
been run ata speed of 3000 revolutions per minute. 
Colonel Crompton had also spoken of piston speed, 
but the author did not consider pistoh speed the 
difficulty from a mechanical, whatever it might be 
from a theoretical, point ofgview ; theoretical, that 
was to say, in so much as it did not take into con- 
sideration all that was practical. Mr. Mark Robin- 
son had very properly pointed out that what Willans 
did was not in the direction of high piston speed ; 
he used high revolutions and high pressures, and, 
by arrangements that enabled him to use high 
pressures properly, he got the high economy that 
gave the Willans results such importance. Remarks 
had been made with respect to different sizes of 
engines. The speaker maintained that it was 
perfectly true that the very large engine, capable 
of 45 horse-power, was not necessary to economical 
working of omnibuses. The 45-horse-power engine 
was one that would continue to do the normal work 
of a London omnibus when it was more or less in a 
sick condition. But engines were not wanted to 
run in that condition, and the engines of vehicles 
sufficient, in principle, to do their work properly 
should be kept in proper order; and engines of a 
smaller power, when in order, should be always 
working at their most economical rate. 

Mr. French had referred to the Ryknield omni- 
bus with a particularly well-made chassis, and had 
mentioned figures in connection with lubricant con- 
sumption. These figures, the speaker assumed, 
would be reached by practically all the omnibuses 
that would be running in a comparatively short 
period—counting the period in units of years. Mr. 
French had also mentioned 15 per cent. for depre- 
ciation as sufficient for a well-made omnibus. 
Doubtless he had had in mind well-maintained 
vehicles, and he was quite ready to support Mr. 
French in the assumption of 15 per cent. deprecia- 
tion, if, at the end of the period represented by the 
15 per cent., the vehicle, or, rather, the chassis, 
were supposed to have practically no value. This, 
however, meant a contradiction, because, if the 
vehicle were kept in working order for the whole 
five or six years, it could not very well be assumed 
that it suddenly ceased to be a workable vehicle, 
and absolutely valueless. As the speaker had 
elsewhere said, the vehicles running under present 
racing conditions might be used satisfactorily, and 
have had a certain value up to the end of the five 
years; then they had a value which would be 
represented by the value of a repairable and still 
— chassis for ordinary slower speed cart-horse 
work, 

Continuing, the author pointed out that Mr. 
Douglas Mackenzie had referred to his remark that 
five sixths of the motor-omnibuses in London were 
of foreign manufacture. This was a rough ap- 
proximation, and Mr. Mackenzie’s correction was a 
proper one. The figure should have been five- 
sevenths. Mr. Mackenzie’s statement that there 
were 550 foreign omnibuses in London was, how- 
ever, enough to illustrate his point as to the large 
proportion of the whole of the work done by British 
iuvestors in foreign-made vehicles. Mr. Mackenzie 
had also referred to disc-clutches, and pointed out 
that there were only four of the Hele-Shaw type on 
London omnibuses. Of the De Dion single-disc 
cl itches, however, 118 were in use ; and the Fiat, 
‘he Italia, and other foreign vehicles were all being 
itted with multiple-dise clutches with flat rings. 
Dr. Barr had referred to the high-speed engine, 
nd urged that the speaker had not brought out the 
polot that the limit of speed of the engine was not 
the limit of revolutions, but the limitation of piston 
Speed. The speaker’s reason for not bringing out 
that point was that it was not true. If piston 
speed were wanted, it could be obtained with com- 








parative ease. The thing that was difficult was that 
which Willans, Brotherhood, and Hardingham, and 
subsequently Daimler, in an altogether different 
type of engine, had overcome. Piston speed was 
not the difficulty, but high rotation, and this 
brought in the other questions. Therefore the 
speaker would still contend that Daimler, when 
he arranged an engine that would run at 1000 revo- 
lutions per minute, as compared with the internal- 
combustion engines previously made, that could 
not run at anything like that speed, had made the 
advance that had since become of such great im- 
portance. Dr. Hele-Shaw had mentioned two 
clutches, and in particular that one which bore 
his name. In that relation Mr. Beaumont would 
say that he had received a clutch, or rather the 
discs of the clutch, which had run over a consider- 
able mileage before the plates were taken out. 

Turning to the discussion that evening, Mr. 
Clarkson had complained that he had not given 
sufficient technical data. In reply to that, he 
would ask what sort of a paper it would be if the 
various points which Mr. Clarkson probably had 
in view were all considered? When it was 
remembered that the motor-omnibus had at least 
two thousand parts, certainly one hundred of 
which involved numbers of problems of design, it 
would be seen that, at any rate, such a paper would 
exclude discussion. Mr. Clarkson had felt doubtful as 
to the future of petrol. The speaker believed, how- 
ever, that he, Mr. Clarkson, would be as ready as 
others to admit the possible use of kerosene in 
internal-combustion engines, and there was, there- 
fore, no occasion for engines to starve for lack of 
petrol. Moreover, other things were coming forward. 
The question of miles per gallon depended very 
much upon the way in which the petrol or kerosene 
were used. He had yet to learn that there were 
not other types of vehicles which would give a 
greater mileage with these kinds of fuel. With 
regard to the weights given by Mr. Clarkson, the 
speaker would observe that in the case of one of 
the vehicles mentioned in the table the maker had 
given too high a weight. But, as Mr. Clarkson 
would know, the weights of the bodies of the omni- 
buses in London had increased a great deal of late, 
in order to get sufficient strength ; and, in fact, an 
omnibus might be greater or less in weight as the 
result of a difference in the design and construction 
of the body, and this to the extent of as much as 
6 cwt. 

Mr. Brewer had alluded to frames, and the way 
in which they were sometimes spoiled. It was 
true that well-designed frames had often been 
reduced in strength; much in the same way that 
properly proportioned joists in a house had some- 
times had notches 2 in. deep cut in them by the 
gasfitter in order to find a place for his pipes. Mr. 
Holroyd Smith had referred to various matters, 
some of which had already been more or less 
replied to. Mr. Smith had said, in relation to 
spring-wheels, that he was 20 to 25 years ahead in 
what he believed to be the proper direction in 
which to move. The author would content himself 
with saying that if it were necessary to have inside 
a wheel such tackle as Mr. Smith had shown on 
the board, he himself would prefer to add a little 
to the cost of the springs, and improve the 
method of carrying a well-made wheel and axle 
on springs, such as engineers were accustomed to 
use, rather than attempt to get over the difficulty 
by putting springs inside the wheels, and in this 
way enormously increase cost to get practically. 
the same result. Mr. Torkington had referred to 
tyres. The speaker would admit that he had said 
very little in his paper about tyres, because the 
subject would need a paper to itself. Mr. Torking- 
ton was very happily situated in regard to the 
subject, because he was associated with those who 
had made a most successful sectional tyre, which 
had done much towards limiting side-slipping. 

One point the speaker would refer to related to 
lubrication. There was on the table a gudgeon- 
pin, and a bush from the small end of a connecting- 
rod, which would show the effect of very high 
speeds when lubrication was not sufficient and 
efficient. It was a pin—or, rather, a bush upon a 
pin —that had very little movement, and belonged to 
the piston of a 30-horsé-power engine. It happened 
not to get quite sufficient lubrication, and although 
the movement was very small, so great was the 
heating effect of running at 1500 revolutions per 
minute that the bush had practically melted on to 
the gudgeon-pin. 

Mr. Beaumont concluded his reply by reference 








to the manner in which the question of using auto- 

mobile vehicles on common roads had been worked 

out in France, but he said that England had now 

se the first place in regard to commercial automo- 
iles. 

The meeting then closed. The next general 
meeting will be held on Thursday, the 25th inst., 
when the President will deliver his address, and 
the annual dinner will be on Friday, the 26th inst. 





EXTRA-HIGH-TENSION SWITCH-GEAR. 
(Continued from page 448.) 

WE now come to certain details of the Ferranti 
board at St. Andrew’s Cross Station. Being a 
distance-controlled board, with all the operating 
gear, instruments, &c , working with low-tension 
current, and placed on a separate operating-board, 
the convenience and neatness of the system of low- 
tension wiring has received careful attention. The 
method employed is, we believe, unique in switch- 
board practice, and constitutes an ideal way of 
dealing with the large number of small cables 
required to connect up the low-tension apparatus 
and instruments, whether using alternating or con- 
tinuous current. Mr. Field, in designing the board, 
came to the conclusion that to obtain the same 
simplicity and safety of the wiring as marks the 
general scheme of the Ferranti board, a radical 
departure from current practice was needed, and 
hence had special armoured multicore cables made 
for each group of low-tension leads. The cost, we 
understand, of this arrangement is not appreciably 
more than that of running the leads in tubing 
or independently, while the practical convenience is 
— to everybody acquainted with this class of 
work. 

When we illustrated the electrical connections of 
the inain switches, in Fig. 25 on page 448 ante, 
there was shown a section of the multicore cable 
employed to carry the direct-current leads in that 
case, although no reference was then made to it. 
In Figs. 28 to 30, on page 512, we now give dia- 
grams illustrating the systems of low-tension wiring 
adopted for the generator, feeder, and intercon- 
necter panels, together with sections of the respec- 
tive cables. As these panels have already been 
described and the arrangements of the instruments 
illustrated, we need not again refer to this equip- 
ment, particularly as it is fully indicated on the 
diagrams themselves. It will be seen that both the 
generator and interconnecter multicore cables are 
identical, each containing four 7, leads and three 
4; leads, or seven leads in all. The multicore cable 
for the feeder instruments is similar to the others, 
except that it only contains two 4 leads, and these 
are differently arranged with respect to their com- 
panions. All the cables are braided and armoured 
with wire, the leads inside being thus protected 
most efficiently from damage or accidental contact 
with high-pressure apparatus. a 

The type of isolating switches employed is shown 
in Figs. 31 and 32, page 512. These switches, as 
their name implies, serve to isolate apparatus alto- 
gether from the system, as would be necessary in 
case of examination or repair. They are of the knife 
type, and very simple in construction, as they are 
never opened when current is flowing through 
them. When it is required to open them, they may 
be pulled out by means of a long rod. There is one 
on each phase, on both sides of each bus-bar switch ; 
similar switches are placed between the generator 
and field-switches and each set of bus-bars, and a 
third set serves to isolate each feeder, or put it to 
earth, this preventing the possibility of a feeder 
being made alive from the sub-station end. Each 
switch has a compartment to itself, and is carried 
in insulators, mounted in cast-iron brackets of the 
form shown in Figs. 33 and 34, All the metal-work 
belonging to the switch proper can be withdrawn 
from the insulators, as it is held mechanically, 
although the insulators themselves are permanently 
fixed in the brackets by means of red-lead putty. 
The insulators were tested individually with 
30,000 volts alternating pressure before use, and 
the complete board was tested for half-an-hour 
with 13,000 volts, or double the working pressure 
after erection. It will be noticed that the sockets 
in the casting do not completely embrace the insu- 
lators, an opening being loft along one side. The 
reason for this is to minimise the losses and heat- 
ing by hysteresis, which would be set up by the 
alternating field in the conductor were the latter 
surrounded by a closed iron circuit. That such 
heating is by no means negligible has been 
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DETAILS OF EXTRA-HIGH-TENSION SWITCH-GEAR. 
CONSTRUCTED BY. MESSRS. FERRANTI, LIMITED, HOLLINWOOD, LANCASHIRE. 
(For Description, see Page 511.) 
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CHASSIS FOR HEAVY MOTOR-VEHICLES. 
CONSTRUCTED BY THE AUTOMOBILFABRIK ORION ACTIEN GESELLSCHAFT, ENGINEERS, ZURICH. 























demonstrated by Mr. M. B. Field in a paper 
before the Institution of Electrical Engineers, and 
the attention given to this detail is an instance of 
the care devoted to the design of the board. 

One of the three-pole relays used to bring out the 
automatic feeder-switch, in the event of undue over- 
load, is illustrated in Fig. 35. The relay is provided 
with a time-limit device, preventing its operation in 
case of immediate return to normal load, as would 
probably occur should the overload be due to an 
accidental short-circuit onthe mains. Each pole of 
the relay comprises a laminated horse-shoe magnet, 
excited by one of the phases, and embracing in its 
air-gap the edge of a copper disc, mounted so 
as to be free to rotate. One of the magnet-poles is 
fitted with a copper band, retarding its polarity, 
and thus causing the magnet to exercise a torque 
on the aluminium disc. The torque is counter- 
balanced by a weight, which is wound up if the 
disc rotates. When the weight has been wound 
up a certain distance, it comes in contact with a 
lever, which effects the closing of the circuit through 
the tripping solenoid of the main switch. The di 
is braked by a permanent horse-shoe damping 
toagnet, which can be adjusted so as to act on the 
cise at a greater or less distance from its edge. The 
amount of overload at which the relay wil act is 
cetermined by the weight to be wound up, and the 
time-lag in its action is determined by the setting 
of the damping magnet. It should be noted that 
the time-lag is not constant for any given setting, 
but is shorter in proportion to the extent of the 
overload. The relays on the generator panels act 





on an exactly similar principle ; but they, of course, 
respond only to reverse power. 

Among the other fittings of the board, the cut- 
outs used to protect the electrostatic voltmeters 
are worthy of notice. Spark-gaps placed in parallel 
with such voltmeters have been used for this pur- 
pose, but are by no means a certain safeguard 
against sparking across between the vanes. The 
protective device used on the Ferranti board is 
illustrated in Figs. 36 to 38. In series with the 
voltmeter leads is a glass tube filled with water, and 
forming an extremely high and definite resistance. 
The only opening in the tube is a small hole near 
the bottom, which is covered by a piece of rubber 
tubing, forming a valve similar to those used for 
bicycle tyres. The tube is surrounded by metal 
bands near the ends, connected electrically to the 
water column by means of platinum wires fused 
through the glass. It is held in spring-cli 
within the barrel of a porcelain holder, not unlike 
that of a Bates fuse, the holder having external- 
plug contacts connected with the clips inside. A 


disc | discharge between the vanes of the voltmeter, or 


a short-circuit of the instrument, causes a current 
to pass through the water, which instantaneous! 
blows some of the water out of the tube throug 
the valve and opens the circuit. A new tube can 
be inserted in a few seconds, and the old one 
refilled by the attendant with a pipette. 

The metal framework of the operating board, and 
that of the high-pressure compartments, as well 
as the cases of all transformers and switches, the 
cable receivers and the secondaries of all instrument 








transformers, are effectively earthed by means of 


bare-copper conductors connected to the main 
earth-bars of the station. Switches, transformers, 
and other apparatus are interchangeable, and 
similar parts are made to gauge, so that one set 
of spares may suit any apparatus. 


(To be continued.) 





THE ‘** ORION” CHASSIS FOR HEAVY 
MOTOR VEHICLES 

In the illustrations above we give a sectional elevation 
and plan respectively of the ‘‘Orion” chassis for motor- 
omnibuses and motor - lorries constructed by the 
Automobilfabrik Orion Actien Gesellschaft, of Zurich, 
who are represented in this country by Messrs. Moss 
and Woodd, of Oaklands-road, Cricklewood, London, 
N.W. Omnibuses with this type of chassis have now 
been running for a considerable length of time on the 
Cricklewood-Victoria route, and numerous lorries are 
also at work in this country. Contrary to almost 
universal practice, the engine is placed horizontally, 
and is made with two opposed cylinders working on a 
common crank-pin. The cylinders are 160 millimetres 
(6.3 in.) bore, with a 180-millimetre (7.1 in.) stroke, 
and provide about 20 horse-power with the engine 
running at 600 revolutions per minute. This speed is 
only about two-thirds as high as usually adopted in 
motor vehicles, and results in quieter running and less 
wear andtear. The egg ee og have a groove cut 
along their upper sides leading to the crank and 
gudgeon-pins. An oil-pump driven by the engine 
raises the oil through pipes to the upper side of the 
crank-chamber, whence it drips on to the rods and so 
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finds its way to the pins. All other bearings are pro- 
vided with rapes tee p in an easily accessible 
position at the side of the chassis. The change-speed 
gear is of the sliding-wheel type, and gives four forward 
speeds—namely, 3, 6, 8, and 13 miles per hour—and 
a reverse speed of 3 miles per hour. The final drive is 
by means of roller-chains. The chassis shown has an 
over-all length of 15 ft. 9 in. by a width of 6 ft. 7 in. 
When fitted with a lorry body, it provides 60 square 
feet platform area. The wheel-base is 11 ft. 2 in., and 
the track 5 ft. 5 in. The wheels are of cast steel, with 
rubber tyres, the front tyres being 830 millimetres by 
120 millimetres, and the rear tyres—twin —970 milli- 
metres by 160 millimetres. 

Gravity petrol feed is employed, and high-tension 
magneto-ignition provided. The ignition can be timed 
by Sead, although normally the engine is ‘governed on 
the throttle. The clutch is of the leather-faced cone 
type. The change-speed wheels are of unhardened 
cast steel, and it is claimed that they easily outlast 
the usual case-hardened wheels, and, moreover, run 
more quietly. The third and fourth speeds, which are 
most used, run for 17,000 to 18,000 miles, and are then 
renewed as part of the maintenance contract, without 
reference to their condition. We were shown wheels 
which we understood to have run for this distance, and 
they seemed to have sustained remarkably little 
damage. Naturally, the leading ends of the teeth had 
become somewhat bruised, but the total injury was 
much less than would have been expected. The teeth 
were fin. pitch and 1,, in. broad, neglecting the 
tapered end. 

A chassis similar to that illustrated was exhibited 
by Messrs. Moss and d at Messrs. Cordingley’s 
Show last week at the Agricultural Hall. 





THE JAPANESE CABLE-STEAMER 
‘OGASAWARA MARU.” 

Tue cable-steamer Ogasawara Maru, which left 
Nagasaki on October 5 last for the cable-laying work 
between Tsushima and Kiushiu, is the first ship of its 
class built in Japan. This steamer, which is illustrated 
in Figs. 1 to 6 on page 520, is owned by the Depart- 
ment of Communications of the Japanese Government, 
and was constructed at the Mitsubishi Dockyard and 
Engine Works, at Nagasaki. The design of the vessel 
was entrusted to Dr. C. Shiba and Mr. K. Suyehiro, 
professors of the Engineering College of the Imperial 
University of Tokio ; the contract was placed June 1, 
1905, and the work commenced in November of the 
same year ; the vessel being launched on June 2, 1906, 
six months after the laying of the keel. She is a steel 
spar-decked twin-screw steamer of 1455 tons gross, 
with engines developing 1850 indicated horse-power 
at full speed. The hull and machinery were con- 
structed under the Japanese Government’s Shipbuild- 
ing Encouragement Law. 

The general features of the ship are shown by Figs. 
1 and 2, giving profile and plans of the main deck. 
Figs. 3 and 4 illustrate the appearance of the bow and 
stern respectively, the former view showing the bow- 
sheaves. The stern-sheaves can just be made out in 
Fig. 4. The bow-sheaves are again shown in Fig. 5, 
which is reproduced from a photograph taken on the 
upper deck looking forward. In the foreground the 
dynamometer is shown, which measures the tension on 
the cable. The last illustration, Fig. 6, represents the 
inside of the cable-gear house on the spar-deck, and 
shows the arrangement of the hand-wheels for con- 
trolling the gear. The principal dimensions of the 


vessel are :— 
Ft. In. 
Length between perpendiculars 240 0 
Breadth, moulded e ss 34 0 
Depth ra 22 3 


The guaranteed speed was 12 knots, the ordinary 
sea pe expected being 11 knots. During the official 
speed trials the maximum speed obtained was 13.286 
knots, and the average of six runs between the two 
measured-mile posts, three nautical miles apart, was 
13.085 knots. 

The hull and machinery of the ves:el were all con- 
structed by the Mitsubishi Cemgeny, except the cable 
gear, which was supplied by Messrs. Johnson and 
Phillips, of Charlton, Kent. Three cable tanks are pro- 
vided in the vessel : the fore tank, of 20 ft. 6in. dia- 
meter, intendel for the storsgé of shore-end cables ; 
main tank, 27 ft. in diameter ; and after tank, of 23 ft. 
diameter. The total capacity of the three tanks gives 
storage for 600 tons in all of deep-sea cables. Each 
tank is provided with a cone at the centre for stor- 
ing battens or fresh water. The hatchways of the 
tanks are provided with girders, carrying bell-mouth 
crinolines, &c. 

The structural arrangements provide two complete 
decks running fore and aft, and an inner bottom 
carried nearly the whole length of the vessel, a feature 
of the structure necessary in this class of vessel. The 
hull is subdivided into five water-tight compartments 
by transverse bulkheads, 

The foremost cable tank, provided for the shore-end 
cables, is carried up to the level of the main deck. 





The main tank is brought 5ft. above the main deck, 
leaving ample clearance between the top edge of the 
tank and lower side of the deck above. The bottoms 
of these tanks rest on the top of the inner bottom 
plating. The after tank is similarly constructed to the 
main tank, the bottom, however, resting on the top of 
the shaft tunnel. 

The vessel is rigged as a two-masted schooner. 
Besides the necessary cargo appliances, the foremast 
is provided with yards to facilitate the lowering of 
buoys, &c., in cable-laying work. 

In front of the foremost cable tank, and on the main 
deck, the cable gear is located, as shown on the plan ; 
this part of the deck is most carefully constructed for 
minimising the vibrations caused by the motion of the 
cable engines. 

The double combined picking-up and paying-out 
machine, which is placed forward of the foremost tank, 
is very similar to that fitted in the cable steamer 
Pacific, and was supplied by Messrs. Johnson and 
Phillips. The machine is fixed on the main deck, with 
the winding drums appearing through an opening in 
the spar-deck, all the iendiee for controlling the 
machine being brought to the spar-deck. This 
double machine practically comprises two complete 
and independent gears, both of which may be used 
either for picking up or paying out. This double 
gear is provided with two sets of steam-engines, 
placed fore and aft of the gear ; either of the engines 
can drive the gear for picking up and also for paying 
out when the pull on the oan is moderate. When 
a heavy load is on the cable, both engines are put 
into work conjointly. 

The drums can be driven at three different speeds 
by changing the gear-wheels by means of clutches, 
which action can be performed from the starting plat- 
form on the spar-deck. In the ordinary cable-laying 
or picking-up jobs, one of the engines may be kept as 
spare, since the power of one only is always quite 
sufficient for ordinary working. This reduces to a 
minimum the risk of total disablement of the gear. 
The cable-drums are 6 ft. in diameter by 21 in. 
between-the flanges, and they have steel gearing-teeth 
and brake-rings bolted to the rims of the drums for 
driving and holding, the drums being arranged to run 
loose on the shaft. The main brakes encircling the 
rings attached to the drum consist of steel bands, 
with elm-block liners. They are made to close by 
means of right and left-handed screws actuated 
through worm-gearing from handle-wheels mounted 
on the stands on the starting platform. This arrange- 
ment gives very fine adjustment for the lighter load 
on the cable, and at the same time provides enormous 
holding power when necessary. To the back of each 
brake-strap is fitted a water-service pipe, so as to 
cool the rubbing surface of the elm-blocks and drum. 
This cooling water is supplied from an independent 
small steam-pump, which is arranged to be started or 
stopped from the starting platform. Both brakes 
can be coupled to each drum when an excessive load 
is on, and give a very powerful holding-back action to 
the machine. 

The hauling-off and holding-back gears stand on the 
spar-deck, and are driven from the geared drum by 
means of endless chain through a friction coupling and 
free wheel. These gears are made to traverse across 
the face of the drum by means of screws, in order to 
lead the cable to any position on the drum. There are 
three sheaves in the bow gear. They have [J section, 
run loose on a fixed shaft, cast-iron whiskers or guards 
being provided between the various sheaves and at the 
outsides to prevent the cable from getting out of the 
grooves, The stern gear has only one cast-iron sheave 
mounted on a girder tixed on the spar-deck, and is also 
provided with whiskers. For registering the pull on 
the cable three dynamometers are provided, these 
being fitted with Messrs. Johnson and Phillips’s patent 
arrangement of internal spring, and their maximum 
readings are 25 tons for picking-up purposes, and 
5 tons for paying out. The usual cable leads of Y- 
shaped sheaves, mounted on A frames, are provided 
fore-and-aft to the dynamometers. 

The cable-engines were tried under steam outside 
Nagasaki Harbour. The machine wound up the load 
of 25 tons, consisting of bundles of anchor cables, from 
the bottom of water 17 fathoms deep, and at the speed 
of one turn per 22 seconds, which is equivalent to 1.02 
knot lifting speed of cable. In this case of heavy pull 
the two sets of engines were used conjointly. For the 
purpose of turning over the cable from one tank to an- 
other, or taking in cable from outside, two sets of 
electric hauling gears, driven by a 6-brake-horse-power 
motor of closed-in type, were supplied b essrs, 
Johnson and Phillips ; they are driven off the electric 
main on the spar-deck. 

The propelling machinery of this vessel consists of 
two sets of triple-expansion engines, constructed 
unier the Japanese Government’s Shipbuilding Regu- 
lations, 14} in., 24 in., and 40 in. in diameter, with 
a 27-in. stroke. The propellers are 11 ft. in diameter, 
and have each three blades of manganese-bronze. 

The steam-generating plant of this vessel consists of 
two single-ended Scote yo and one donkey boiler 











of the Cochran type. The main boilers are 14 ft. in dia- 
meterand 11 ft. 6 in. in length, with three furnaces of 
3 ft. 6 in. internal diameter for each. The flues are 
of Deighton’s patent corrugated pattern, united to the 
combustion - chamber with detachable ends. The 
working pressure of the main boilers is 185 lb., and 
that of the donkey boiler 100 lb. per square inch. 

One evaporator of 10 tons capacity, supplied by 
Messrs. Caird and Rayner, of London, is fitted, with 
its accessories ; it is so arranged that the steam pro- 
duced may be admitted to the main and auxiliary con- 
densers, and also to the intermediate-pressure receiver 
of the main engines. 

The general service and ballast pumps are of the 
usual Worthington type, and all of them are so con- 
nected that each is at any time able to send water to 
any of the cable tanks. 

The electric installation of this ship consists of two 
sets of steam dynamos, supplied by Messrs. Clarke, 
Chapman, and Co., of Newcastle-on-Tyne, working at 
110 volts. A searchlight projector of 16,000 candle- 
power is fitted on the flying-bridge. A refrigerating 
machine of the carbonic anhydride system, supplied by 
J. and E. Hall, cf England, is fitted in the port wing of 
the engine-room, on the same scat as the steam dynamos. 
This machine is for cold storage and for manufac- 
turing ice. A Kelvin sounding-machine is provided, a 
James submarine sentry, and also a steam-driven 
sounding-machine for lifting samples from the ocean- 
bed, as usual in cable-steamers. 

In boat equipment the steamer is provided with two 
sampans, two 22-ft. steel life-boats, and one steam- 
cutter, 30 ft. long. The steam-cutter is of the Navy 
type, fitted with a water-tube boiler and one set of 
compound engines, capable of developing sufficient 
power to propel the boat at 7 knots. 

As will bo seen from the above description, the 
cable-steamer Ogasawara Maru is constructed and 
equipped in a very efficient manner ; she was officially 
tried under steam on July 30 last, on which occasion 
she went through her various tests to the complete 
satisfaction of the owners’ representatives. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 3. 

ConpiTiI0ons in the American steel and iron industry 
have quieted down, and, while more or less business is 
being done daily, the very heavy transactions which 
have characterised the market for some time past are 
practically unknown at this time. There is consider- 
able inquiry for structural material, and as structural 
mill capacity has been increased, and is increasing, 
there is less anxiety among the promoters and builders 
of large enterprises calling for structural material than 
there has been for some months. Most of the orders 
now placed are for buildings calling for material 
ranging from 1000-ton lots up to 5000-ton lots. A 
great deal of office-building will be done this year; the 
requirements now in sight throughout the West call 
for about 50,000 tons, which will be contracted for 
within the next two or three weeks. A coaling station 
for a Virginia railway will call for 4000 tons of steel. 
Requirements for the export trade are quite en- 
couraging, and some large orders will probably be 
placed within thirty days. In steel rails there is very 
little being done on the part of standard roads, but the 
tramway requirements are very heavy. Electric roads 
will be built on a large scale, and a part of the demand 
will arise from companies who are combining with 
other companies in order to make a continuous road 
under one management. A great deal of combination 
is in progress among electric roads, and considerable 
track-laying will be done in order to round out the 
system. The bar-iron trade continues active, and the 
bar-mills everywhere are working to full capacity. The 
bulk of the heavy requirements of the country are pro- 
vided for, and from now on nearly all the business will be 
made up of comparatively small orders. The ore 
requirements of the furnaces have been practically 
covered for the coming year. The navigation season 
opens about April 20, and there will be a rush of 
cargoes from that time on. There is but little activity 
in pig iron, as nearly all the large consumers are 
protected by contracts, which run from periods of 
three to twelve months. Iron for pipes is active, as 
a great deal of pipe-laying is to be done this year. 
Billets are very active, and command full prices. All 
of the billet-mills are well oversold. The tone of the 
market is strong, and could not be otherwise. There 
are no indications of any relaxation, excepting in the 
case of a number of railroad companies, who are re- 
linquishing some extensive improvements plauned 
early in the year. It is supposed that the bitter 
attacks by Congress, in order to establish some sort of 
benevolent regulation of roads, has something to do 
with the curtailment of improvements projected. A 
strong fight is being made in Congress to pass laws 
which will make the railroad companies obedient to 
the best interests of shippers. There are no indica- 
tions of weakness in prices, and scarcely any possi- 
bility of adecline. The city of Chicago is in the market 
for 12,000 tons of water-pipe. All of the pipe plants 
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report inquiries for business, and pipe-iron will there- 
fore be absorbed to the limit of production. The 
boiler-tube mills are working day and night, and are 
keeping their customers well supplied. 

April 10, 1907. 

Another steel plant is to be erected by the United 
States Steel Corporation at Duluth, Minn., and will 
consist of one large furnace, six open-hearth furnaces, 
a blooming-mill, a combination rail and structural mill, 
a renee docks, shops, a cement plant, and by- 
product coke-ovens. This plant will add very largely 
to the producing capacity of this company ; and as it 
will be located near the ore-fields, some advantage 
will be gained in point of transportation. 

The demand for ore is growing active as the navi- 

gation season approaches. There will be a general 
rush of ore cargoes to Lake Erie ports, as the stock of 
ore at some furnaces is dangerously low. A great 
scarcity for spot delivery pig-iron prevails, and in 
consequence there is an improvement in prices for 
early delivery, in southern iron especially. Stocks at 
Alabama furnaces have declined to 30,000 tons. Car- 
builders are once more in the market for all kinds of 
material entering into car construction. It is under- 
stood that they have taken a large amount of business 
recently for the delivery of cars during the latter 
quarter of the year, and the negotiations which are 
now opening are intended to secure material for that 
purpose. 
: here is an improved demand for foreign iron of 
special brands. Several cargoes will arrive in a short 
time as stocks are rather low. Thereis a little iron at 
New York, and perhaps 3500 tons of Scotch iron at 
Baltimore and some litt/e at Boston. Several sales have 
been made during the past few days, but the volume of 
business done appears to depend upon the quotations 
submitted. Speaking in a general way, the steel market 
is quiet, but this means that there is a steady demand 
for moderate quantities of every product of furnaces and 
mills. There is less demand for remote delivery than 
there was a few weeks ago, but the indications are 
that there will be sufficient demand from new buyers 
to maintain the present range of prices, which are 
mostly on a premium basis. An urgent demand for 
scrap-iron has sprung up within a few days, and large 
eales have been made, aggregating some 40,000 tons, 
within a week. The mills have sold about 10,000 tons 
of crop-ends. The movement in coke is rather mode- 
rate, as most of the large consumers have placed their 
contracts, and need not worry over supply or prices for 
some months to come. The bar market continues active, 
and mills in every section of the country report sufficient 
demand to keep mills running better time. The sheet- 
iron mills are similarly busy, and the smaller buyers 
have been appearing in the market in the past week 
and paying premium prices for early deliveries, The 
expansion of steel capacity is still engaging the atten- 
tion of manufacturers, and a number of extensions 
are being projected by mills along the Lakes, which 
will be probably pushed to completion before autumn. 
The labour question is quiet, and there are no dis- 
turbances to speak of. Outside of the steel industry 
the usual spring agitations will probably occur ; but 
employers generally do not anticipate any material 
disturbances that would interfere with their plans. 
In lead and tin there is a fair movement, and produc- 
tion is on the increase ; but there is no accumulation 
of stocks to jeopardise the maintenance of prices, 
according to the views of some of our best dealers. 








BRIDGES AT SYDNEY AND BRISTOL. 

At the ordinary meeting of the Institution of Civil 
Engineers, held on Tuesday, April 16, Sir Alexander 
Kennedy, LL.D., F.R.S, President, in the chair, the 
pone read were ‘The Pyrmont Bridge, Sydney, 
N.5.W.,” by Mr. P. Allan, M. Inst. C.E. ; and “‘ Swing- 
Bridge over the River Avon at Bristol,” by Mr. W. H. B. 
Savile, Assoc. M. Inst. C.E. The following are abstracts 
of these papers :— 

The Pyrmont —P across Darling Harbour replaces 
the old bridge, built by a private company in 1857. The 
new bridge and its approaches extend from Sussex-street 
on the city side to Murray-street on the Pyrmont shore, 
a distance of 1825 ft., the length of the bridge proper 
boing 1210 ft. There are three 30-ft. clear openings in 
the Sydney approach for vehicular traffic to wharves; 
while on the Pyrmont side the Darling Island Railway 
passes under a steel bridge of 25 ft. span. [Electrical 
motive-power is used for working the swing-span, also 
for roadway-gates and lighting, the whole being operated 
by one man from a conning-tower on the centre of the 
swing-span. The approaches are imposing in character, 
owing to the northern, or exposed, sides of abutments 
and retaining-walls being faced with Pyrmont freestone. 
The clear headway above high-water mark is 25 {t. under 
the side spans, which are twelve in number, with trusses 
of the Howe type slightly modified. 

_The wrought-iron caisson forming the pivot-pier has a 
diameter of 42 ft., is 53 ft. 14 in. in length, and the two 
concentric rings of which it is composed are connected 
with angle-bar bracing, the inner ring being splayed out 
at the bottom to form a — It was sunk by 
— Sane to the rock, whic have dip of 8 ft. in the 

ameter, 








The first section, weighing 50 tons, was put together 
on an ironbark frame suspended by wire ropes from the 
already-erected permanent protecting platform. The 
lines were eased off till floating point, when section after 
section was built on until the harbour-bed was nearly 
reached, weighting being done by depositing concrete 
between the walls, Care had been taken previously to 
level off the bed, and the caisson was brought to true 
position by folding wedges between timber guides against 
the side of the caisson and the piles of the platform. 
Once grounded, the inside material was removed by means 
of a bucket dredger until rock was reached. Bores having 
disclosed 25 ft. of stiff sandy clay, it was intended to 
excavate in the dry in the sloping rock sufficiently to 
enable the cutting edge to be bedded on the solid for its 
whole periphery. When the water was pumped out, the 
caisson listed 11 in. out of level, but only two small leaks 
occurred. Excavation proceeded on the high side, the 
caisson being lowered 2 ft. in 48 hours, when a ‘‘ blow” 
filled the chamber in 20 minutes, but did not alter the 

lumb. This was doubtless due to the stiff clay not 
ens the cant, the large head eventually breaking the 
The advantage of a dry foundation was considered so 
great that pumping out was decided upon, despite the 
alternative of excavation and depositing of the bottom 
12 ft. of concrete by divers, which had been provided for 
in the contract. large bank of clay was putin posi- 
tion, and excavation of the remaining 6 ft. of rock in the 
wet was proceeded with by “‘jumpers.” During excava- 
tion, the water was kept near the top of the inner wall. 
Upon rock being cleared about 1 ft., water was pumped 
down about 23 ft., and the caisson was allowed to settle, 
this being carried on until the contract depth was 
reached. Non-uniformity of strata and any consequent 
tilting was immediately dealt with, the cutting edge 
being ultimately bedded in correct position, with its top 
only 2} in. out of level—well within the margin of 1 ft. 
allowed. The plumb sides of the caisson, and the simple 
expedient of having four draught-gauges figured on the 
inner wall, materially assisted in achieving this accuracy. 

Details are then given as to how concrete was deposited 
by divers where the cutting-edge was not bearing, and 
how the inside of the chamber was made secure before 
pumping out. Upon lowering the water, only three 
small leaks were found, which, when led to a sump, could 
be Lo down by hand-baling. Concreting was then 
carried on day and night up to 12 ft. above the cutting- 
edge. From this point the caisson was filled with rubble 
sandstone concrete, the plumbs weighing up to 3 tons. 
The total weight on the foundation, excluding friction 
and buoyancy, is 6800 tons. 

The rest of the piers are of concrete, with masonry tops, 
the Pyrmont one being founded on rock, whilst that on 
the Sydney side is carried on fifty-eight piles driven to the 
rock 64 ft. below low-water mark. ‘The site for the 
latter was excavated by a ladder-dredger to a level clay 
bottom 32 ft. below low water, piles being driven to the 
rock with a follower, and finished alternately 2 ft. and 
3 ft. 6 in. above this level. Sheathing was then built 
round, and a box for concreting was formed. After 
divers had removed accumulated silt, &c., sand was 
deposited over the whole area to obtain a clean bottom. 
The method adopted for depositing concrete (1850 cubic 
— in nineteen days) through water by mote tripping 

xes, and for overcoming ‘‘ slurry,” are fully described. 

The four N-shaped main girders forming the swing-span 
have horizontal tops with curved bottom booms, and are 
223 ft. in length, with a depth of 15 ft. at the centre and 5 ft. 
at the ends. Owing to the high speed of swinging, a rigid 
deck span was essential, which was obtained by riveting 
the buckled plates to the projecting bottom flange-plates 
of the top booms. The swing is of the rim-bearing type, 
its weight of 850 tons when swinging being distributed 
yd means of small girders to equidistant points on the 

rum. 

Great ingenuity was displayed by the supervising 
engineers in England in arranging for the treads and 
tracks of the turntable to be faced up true, the diameter 
(35 ft.) being so large that provision for turning could 
not be given effect to without building special lathes. The 
method adopted is fully described. When the parts were 
erected, the sections fitted accurately, and the fact that 
the span has coasted 70 deg. after cutting off the current 
shows the easy running of the track. 

Difficulty was experienced through the pivot moving, 
and owing to the rollers seizing and tearing off the ends 
of the radial rods. The steps taken to overcome these 
defects, which became serious, are fully detailed. The 
results were gratifying, for in the three years after effect- 
ing these alterations the swing-span was opened 18,816 
times without a hitch or any expenditure for repairs, 
whilst there is not an idle roller, thus showing complete 
distribution of the weight. 

The electrical equipment for operating the swing-span 
consists of two 60-horse. power motors, located on a machi- 
nery Se within the drum, and driving a main hori- 
zontal shaft connected by vertical shafts and bevel-gear- 


ing to the rack at the top of the pier. The motors have a | 


aranteed starting effort of Ib. at 3.143 in. radius 
rom the centre of the armature-shaft ; also an armature 
speed of 509 revolutions per minute in 24 seconds with 





for the gates are also described, with an account of the 
difficulty experienced before obtaining satisfactory results. 

Current is supplied by the Railway Commissioners at 
ld. per Board of e unit. During the four years 
1902-1906 the swing was oat 24,610 times, the cost of 
the current being 83/. 6d. 5d. The total cost of the work 
oe Shee e bridge was begun in 1899, and opened 
in 1902. 

The second paper describes a bridge built by the 
Corporation of Bristol to carry a carriage road and a 
double line of the Great Western Railway across the 
River Avon. Part of the cost was borne by the Great 
Western Railway Company. 

The bridge is part ~ scheme of railway extension at 
the Bristol City Docks, its main object being to vide 
a junction with the Great Western main line at the west 
end of the docks, and thus relieve the congestion’ caused 
by goods traffic at Bristol Station. It also improves the 

communication between Bristol and its southern 
suburbs. 

The total length of the bridge, including approach- 
spans, is about 600 ft. The main feature is the swing- 
span, which is 202 ft. 6in. long, pivoted on a pier in .. 
the river. The two arms of this span are unequal, their 
lengths being 121 ft. 6 in. and 81 ft. respectively. All 
the river-traffic passes through the channel — by 
the long arm, where there is a clear waterway 85 ft. wide. 

The swing-span and one approach-span on the north 
side are double-decked, the roadway being carried on 
the high level, and the foyex on the low level. The 
remaining spans are on the high level and carry only the 
ee et as the railway, being on oS oe, is 
carried by girders only where it is actually crossing the 
river. 

The work was divided into four contracts—namely, the 
foundations, superstructure, machinery, and interlocking. 

The foundations contract includes the following works: — 

(a) Two river-piers, carrying respectively the centre 
pivot and the north end of the swing-span. These piers, 
which are of masonry and concrete, were both built inside 
single-pile dams, and are founded on hard marl. (+) The 
south abutment and approach, founded partly on concrete 
taken down to the es and the remainder on ay 
piles. (c) The north approach, where there are three 
masonry abutments, two of which are founded on piles, 
and the third is ly on piles and partly on two con- 
crete columns, taken down to a hard bed of gravel. 

The superstructure contract includes the swing-span, of 
which the swinging weight is about 1000 tons, three 
approach-spans on the north side and one on the south 
side, of the river. The paper gives particulars of the 
construction of all these spans, and the methods of erec- 
tion. A full description is also given of the turntable of 
the swing-span, and a tabulated statement shows the 
weight of steelwork in each of the spans. 

e turning machinery consists of two three-throw 
reversible hydraulic engines, situated in a tower above 
the roadway. These engines, by means of gearing, drive 
two vestianl shafts, each of which carries a pinion at its 
lower end which engages in a circular rack on the 
lower roller-path. Only one of these engines is required 
to be used at a time, the other being provided in case 
of a breakdown. Four 60-ton hydraulic presses are fixed, 
one at each end of each main girder, and by means of 
these the ends of the girders are jacked up to enable 
sliding-blocks to be moved into position under the girders 
when the bridge has been closed, or to be withdrawn 
when the bridge is to be opened. When these sliding 
blocks are in position they transmit the reactions to the 
abutments, and the main girders are then supported at 
each end and at the turntable. 

The paper gives a description of the navigation lights 
and 7m , and also of the interlocking with the railway 
signals. 








Warer-PowER IN QUEENSLAND.—It if proposed to 
utilise the Barron waterfalls in order to provide motive 
ne for Cairns and other Queensland towns. Mr. W, 

orin, C.E., has reported upon the subject to the Queens- 
land Government. He points out that the prospective 
market for the power of the falls is:—(a) Lighting and 
providing power for moderate-sized factories in Cairns 
and other towns; (b) operating the Cairns railway ; 
(c) driving sugar-mills ; (d@) manufacture of calcium car- 
bide; (e) copper-smelting or electrical deposition ; 
(f) other electrometallurgical works or electrothermic 
manufactures; (g) poner for various industries arising 
from the pursuit of those branches of tropical cultivation 
for which the surrounding country is suitable. 





AMERICAN AUTOMOBILES.—The number of establish- 
ments devoted to the production of automobiles in the 
United States stood, in 1900, at 57; in 1905, the corre- 
sponding total had been carried to 121. The amount of 
capital invested also increased from 5,768,857 dols. in 
1900 to 20,552,247 dols,; and the average number of wage- 
earners employed from 2241 to 10,239. At the census of 
1900, the manufacture of automobiles was carried on in 13 
American States; in 1905, the corresponding total had 
increased to 17. At the census of 1905, Michigan ranked 
first in the number of establishments, the amount of 
capital invested, and the value of the production, and 


load, and current not exceeding 130 amperes in either second in the number of wage-earners employed ; at the 
motor. Results are given of exhaustive tests made of | census of 1900, the industry had no existence in the State. 


the power and cost for opening the span. The quickest 


At the census of 1905, Ohio stocd only third in the number 


opening was 30 seconds, the operation costing 0.357d. ; | of establishments, in the amount of capital invested, but 


while the most economical run took 55 seconds, costing 
0.192d., with a maximum effort of 48 horse- power. 

Tables show the cost and speed of lifting the ends of the 
oa and working the gates ; while a full description of 
the working is given. ae agpend with details of the desi 
of the controlling brake and the latch and catch for 


first in the number of wage-earners, and second in the 
value of products. New York ranked second in the 
number of establishments, third in the number of wage- 
earners and in the value of the production, and fourth in 
the amount of capital invested. Detroit and Cleveland 
ranked first and second in 19€5 as centres of the manu- 


securing the span. The mctor-gear and solenoid brakes | facture of automobiles, 
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FERRO-CONCRETE FLOORS 


CONSTRUCTED BY THE PATENT INDENTED BAR 
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WE illustrate on this page typical sections of the 
floors laid at the Waldorf Hotel, Aldwych, by the 
General Fireproofing Company, of Glasgow, according 
to designs by the Patent Indented Steel-Bar Company, 
of Queen Anne’s Chambers, S.W. The hotel in question 
has a frontage of 190 ft. on the street named, and 
extends back some 160 ft. from the building line. It 
has been constructed around three sides of a square, on 
which the windows of the interior rooms face. It is 
eight storeys high above street-level, but there are also 
two floors in the basement. The building has been 
erected by the Waring-White Company on the steel 
skeleton principle, with floors of ferro-concrete sup- 
ported on steel girders, which the concrete protects 
in case of fire. A special feature of the work is 
that all the steel bars used for reinforcing the concrete 
have the peculiar indented form shown in Fig. 1. The 
object of the indentations is to take, in a thoroughly 
mechanical fashion, the comparatively heavy shearing 
forces which are necessarily developed between the 
concrete and the metal-work when a ferro-concrete 
beam or slab is subjected to 9 transverse loading. The 
bars used are made of a high-tension steel, but one 
which has, nevertheless, an elongation of 17 per cent. 
in a length of 8 in., and which, in the small sections 
invariably used, can be readily bent cold without 
injury toa relatively small radius and through 180 deg. 
In Fig. 2 we show a section which has been cut 
through a slab of concrete and its reinforcement, 
which shows very clearly the excellent mecha- 
nical bond obtained between the two materials. 
The floor slabs at the Waldorf Hotel have in general 
spans of 8 ft. to 18 ft., but the same methods of pro- 
portiening. and laying the slabs are followed in each 
case. In Fig. 3 we givea typical section through a slab, 
when the latter is supported on I beams, whilst Fig. 4 
represents the method followed when the slabs rest 
directly on the supporting walls. The bars in this 
case, it will be seen from Fig. 5, are alternately 
straight and bent up at the ends. In the case of the 
Waldorf Hotel the mixture of concrete used was 
formed out of three parts of crushed brick, two of sand, 
two of coke-breeze, and one of cement, the aggre- 
gate being crushed to a l-in. screen. The whole 
of the framework of the building consists, as already 
stated, of steel columns and girders of theordinary type. 





















The centering for the floors was supported as follows :— 
In each panel a pair of timber joists were laid across 
the steel girders of the main framework. Another 
mgs of timber joists were hung from the upper pair 

y means of iron bolts passing through the con- 
crete, and which could be subsequently removed. The 
centering was then laid on the lower pair of timber joists 
and adjusted as to level by means of nuts on the bolts 
previously mentioned. This done, the indented bars 
were laid on the centering, being previously hooked at 
one end, so as to take a tirm hold on the steel girders, 
and to avoid the necessity for a large lap over the girder. 
The other end of each bar, which was not hooked, 
projected beyond the steel girder on which it was 
supported to a distance of approximately a quarter of 
the span of the floor. This arrangement affords a good 
anchorage for the bar, and ensures that the slab shall 
act as a continuous girder over the J beam, and this 
has a considerable effect in the matter of securing a 
stiff floor. The spacing of the bars was, of course, 
arranged variously for the different spans and loading, 
three loads being taken into consideration in the case 
of the Waldorf Hotel—viz., 225 lb. per square foot, 
135 lb. per square foot, and 100 lb. per square foot. 
In all cases cross-bars were inserted in a direction at 
right angles to the bars forming the main reinforce- 
ment, as shown in Fig. 7, these cross-bars being about 
2 ft. apart, and of the same size as the main rein- 
forcing-bars. They therefore have the effect of 
allowing the surrounding portions of the floor to 
afford assistance to any particular place which may 
be carrying a heavy concentrated load. 

The system adopted in laying the bars to ensure 
their location at the correct distance from the centering 
—which in this case was taken to be 4 in.—was to lay 
them on a round rod 34 in. in diameter, and to move 
this rod along between the bars and the centering as 
the concrete was put in. No trouble was experienced 
in on | this, and it is obvious that the bars are thus 
all held at exactly the right distance from the center- 
ing. The proper spacing of the bars is ensured by 
allowing them to pass through notches cut in a piece 
of timber at the correct intervals. Once the bars are 
hooked over the beams and correctly spaced by means 
of this piece of timber, no further difficulty occurs in 


arranging them, the cross-bars being merely laid 
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horizontally on the top of the main bars. After 
the bars had been correctly spaced on the center- 
ing, the concrete (whichy was machine-mixed) was 
merely tipped on them, and carefully rammed into 
position, the round rod mentioned above being moved 
forward in front of the edge of the concrete just put 
in. In some instances openings occur in the floor-slabs, 
and, of course, special provision had to be made for 
this. Special reinforcement was therefore placed 
round these openings, which were in some cases framed 
by reinforced concrete beams, as shown in Fig. 6. 
A view of the rods in position ready to receive the 
concrete is shown in Fig. 7. 

It will be seen that the concrete used consists of but 
1 part of cement to 7 of aggregate, and is sub- 
stantially less rich in cement than is usual with ferro- 
concrete structures. It is claimed, however, that 
owing to the use of the indented bar ample security is 
obtained, a claim which is supported by the excellent 
results obtained on the official test of the floor by the 
architect to the structure. It has long been recog- 
nised that the adhesion of concrete to plain steel bars 
was mainly dependent on the proportion of cement 
present, and it has been principally for this reason 
that relatively rich mixtures have commonly been 
used in ferro-concrete constructions, As the in- 
dented bar gives a mechanical bond, a specially 
high value is not necessary for the adhesion 
between the steel work and the concrete, since 
slipping can only occur by the direct crushing of 
the former. In some experiments made at the Massa- 
chusetts Institute of Technology in 1903, by Professor 
Spofford on the force required to pull out bars from 
identical blocks of concrete, the indented bars took 
practically double the pull required by the plain bars 
to move them ; and whilst the rods slipped in the latter 
case, they either broke or the concrete split in the case 
of the indented bars. The concrete used in these ex- 
periments was, it should be stated, a lean one, con- 
sisting of 1 part cement, 3 parts of sand, and 6 of 
broken stone. 

The work at the Waldorf Hotel was recently tested 
by the architects, Messrs. McKenzie and Son, of 
Aberdeen, the floor being that of a private dining- 
room on the main floor, which was designed to carry 
a safe load of 2 cwt. per square foot. The panel was 
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supported on main girders, 10 ft. 10} in. centre to 
centre ; the length of the panel was 26 ft. llin. The 
concrete slab was 54 in. thick, and the reinforcement 
consisted of 4-in. indented bars placed 54 in. apart 
centre to centre, with four cross-bars in the panel, at 
a spacing of about 2 ft. apart. The test was made by 
means of bags of cement. placed in layers on the floor, 
the final load being 4 cwt. per square foot, or twice 
the calculated safe load. A factor of safety of four 
had been used in making the design, and the ultimate 
test load was therefore half the calculated breaking 
load. 

The deflection of the slab and girders at the various 
loads was as follows :— 


Deflection of Deflection of Main 
Load. Concrete Slab. Steel Girders. 

"h cwt. ty — 

” 4 mr 
14 1s 1s 
2 ” vs 4 
23 ,, 1s ve 
3 ” bs 8 
34 ” § Ys 
a tt 1s 


On the load being removed, the permanent set due 
to the deflection of both the girders and concrete 
proved to be 4 in. The permanent set of the concrete 
slab was, therefore, somewhat less than this. The 
under-side of the slab was carefully examined at the 
moment of maximum load, and no cracks whatever or 
other sign of weakness could be discerned. Another 
panel, 12 ft. 12 in. wide and 23 ft. 6 in. long, proved 
to have no permanent deflection at all after testing to 
a load of 2 cwt. per square foot, the safe working load 
for which it was designed. 








TORPEDO VEDETTE-BOATS FOR THE 
ROUMANIAN GOVERNMENT. 

On this page and on our two-page engraving will be 
found illustrations of a screw torpedo vedette-boat, 
eight of which have recently been built for the service 
of the Royal Roumanian Government by the Thames 
Iron Works, Shipbuilding, and Engineering Company, 
Limited, London. The vessels are 100 ft. long, 13 ft. 
beam, with a draught of water of 2 ft. 94 in., and a 
displacement of 51 tons. The general appearance of 
the boat may be gathered from Fig. 1, above, which 
is reproduced from a photograph. 

_ The hulls are built throughout of steel, the deck and 
sides to just below the water-line being bullet-proof. 
The vessels are each fitted with a 47-millimetre gun on 
top of the conning-tower forward, and a small mitrail- 
leuse gun aft. Gear for dropping torpedoes over the 
side is fitted on both sides amidships, and two spar- 
torpedoes are fitted forward over the bows. The boats 
are also supplied with powerful searchlight projectors, 
and are lighted throughout by electricity. Accommo- 
dation is provided for four officers and twelve men. 

The problem set the Thames Company was an 
extremely difficult one, the maximum length allowed 
being 100 ft.; maximum draught, 2 ft. 9} in ; and the 
speed 18 knots on a trial of four hours’ duration, under 
penalties. Owing to the abundant supply of oil in 
Roumania it was also desired to use petrol residuum 
as fuel. It was found impossible to use internal- 


combustion engines on account of their excessive 
weight, so it became necessary to provide the 600 








Fre. 1. 


indicated horse-power on a weight of 16 tons by using 
steam propelling machinery. 

There are two sets of compound engines of the 
inverted type, the twin screws running in tunnels 
formed in the stern of the boat. These engines are 
shown.in perspective in Fig. 2 on our two-page engrav- 
ing, where may also be seen a longitudinal section of 
the engine in Fig. 3. The cylinders are 8} in. and 
17 in. in diameter respectively ; with a stroke, 9 in.; 
and they are supported on turned-steel columns strongly 
braced together. The main bearing-frames are separate 
castings of Stone’s high-tension bronze of 30 tons per 
square inch tensile strength, bolted to long steel 
girders, which also carry the thrust-block, feed-pumps, 
and air-pumps. The bearings throughout are lined 
with white metal, and centrifugal lubricators are fitted 
to all the revolving . The crank-shafts are solid, 
and balance-weights are fitted to the cranks. 

There are two feed-pumps fitted to each main engine, 
these being worked from a. counter-shaft driven by 
worm and worm-wheel from the crank-shaft at a re- 
duced speed, the pumps making one revolution to four 
of the engines. Each pump has a separate connection to 
the boiler through two non-return valves, and hand- 
controlled valves are fitted on the suction side only. 
This method of working is verv simple, and is found 
to render the feeding of the boiler very safe and easy. 
There is also no danger of burst feed-pipes owing to 
feed-valves being inadvertently closed. The air- 
pumps are driven off the forward end of the crank- 
shaft through a universal joint, and run at the same 
speed as the main engine. Each set of machinery is 
complete with its own condenser, and the centrifugal 
circulating-pump, steam, exhaust, feed, and other 
pipes are all in duplicate, so that each main engine is 
entirely independent of the other. 

The circulating pump has an impeller 12 in. in dia- 
meter, driven by a single-cylinder engine. The pumps 
are entirely of gun-metal, and from each pump there 
is driven an auxiliary air-pump, which is so fitted that 
it can be stopped whilst the main air-pump is working 
The circulating water passes once through the con- 
densers, and the condensers and pipes are arranged so 
that, with the circulating-pumps stopped, enough 
water will pass through the condensers to maintain a 
vacuum of 22 in. or 23 in. There is a hot-well tank 
at the forward end of the engine-room, and a reserve 
feed-tank at the after end, both being provided with 
filters. An auxiliary feed-pump, of the direct-acting 
type, by Messrs. Caird and Rayner, is fitted in the 
engine-room. It has a cylinder 74 in. in diameter, and a 
pump 54 in. in diameter, with a stroke of 8in. This 
is large enough to feed the boiler at full power, and 
will do duty for bilge or deck, and will pump through 
the filter on the reserve tank. The vropellers are of 
bronze, 3 ft. 3 in. in diameter, three-bladed, accurately 
pitched and balanced. Steam is supplied by a Thames 
Iron Works water-tube boiler, the design of which 
will be seen hy the illustrations on our two-page en- 
graving, a perspective view being given in Fig. 4, and 
a longitudinal and transverse sections in Figs. 5 and 6 
respectively. The steam pressure is 185 Ib. per 
square inch, and the heating surface 1290 square 
feet. The furnace is specially arranged for burning 
oil fuel, the ordinary fire-bars being replaced by 
fire-brick, with slots for the admission of air. The 
casing is carried down under the hearth, and the air is 
admitted directly at the front, and at the back through 
a casing which serves the double purpose of keeping 








the back cool and of heating up the air before entering 
the furnace. 

Owing to the very limited weight available for the 
machinery, it was necessary to resort to steam spray- 
ing. Four special burners are fitted to each boiler, 
two at the top having an angle downwards, and two 
on the bottom, at each side of the fire-door, directed 
towards the centre. The arrangement of the oil and 
steam-pipes can be seen from Fig. 4. 

Oil-bunkers are fitted on each side of the boiler, and 
a steam-pump is fitted for pumping from them to the 
present-use tank. A steam-coil is fitted in each tank 
for heating the oil, the steam running first through the 
present-use tank, and then through the coils in the 
bunkers. The water from these coils is run into the 
bilge to obviate any danger of getting oil into the feed 
water. Both bunkers and the present-use tank act 
as settling tanks, and a valve is fitted at the bottom 
of each to drain off water as it collects. There is not 
enough height in the boat to run the oil through the 
burners by gravity; the present-use tank is therefore 
worked under an air pressure of from 1 Ib. to 101b., the 
air being supplied by a small pump driven off the fan- 
engine, and a reducing valve regulates the pressure. 

The forced-draught fan is 4 ft. in diameter. driven 
by a single steam-engine running at 800 to 1000 revo- 
lutious per minute, the air pressure at full power 
being from 4 in. to 5in. of water. For the purpose 
of securing good ventilation in the engine-room the air 
inlet of the fan is through the upper part of the engine- 
room bulkhead, and the mushroom-tonped ventilator 
at the aft end of the engine-room. The air for the 
boilers has thus to pass right through the engine-room, 
serving admirably to ventilate that compartment. In 
the steering compartment is the generating set for 
lighting the ship and working the projector. The 8- 
kilowatt dynamo was made by the Thames Iron Works 
electrical department, and the enclosed tandem com- 
pound engine, made by Measrs. Peter Brotherhood, 
Belvedere-road, Lambeth, 8. E., has forced lubrication. 

Four bilge ejectors, each of 8 tons per hour capacity, 
are fitted, one in each compartment. Chadburn’s 
reply telegraphs are fitted from conning tower to both 
engines. 

The boats were designed by the late Mr. G. C. Mac- 
krow, and the official trial of the first hoat tonk place 
on the Thames. September 25, 1906. The Roumanian 
Government were represented by Major Demetriade, 
Director of Marine; Captain-Commander Ralesco, 
President of the Commission; Captain Negru, Captain 
Mihail, and Captain Stefanesso. 

The trial was of four hours’ duration, and the fol- 
lowing results were obtained :— 

Mean speed ts ses . 
Mean indicated horse-power ... 
Mean revolutions per minute ... 554.8 
Boiler steam pressure... ... 182 3 1b. per eq in. 
Air pressure in stokehold 44 in. water 
Pressure of steam in oil-fuel 

burners .. Be kek. ... 181 1b. per aq. in. 
Pressureof oil for oil-fuel burners 7 ™ 
Temperature of oi] in warming 


18.0365 knots 
622.7 


tank Si i ase . 175 deg. Fabr 
Oil consumption ... . 1.7316. per 1. H.-P. 
per hour 


This result was obtained with the two top burners 
only in operation. The power was maintained steadily, 
and generally there wae absolutely no smoke or visible 
gases from the funnels. 

The machinery, which was designed by Mr. R, 
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Warriner, ran smoothly and without vibration ; no 
sign of heating was observed in any of the bearings, 
although only the ordinary oil service was On 
the stopping and starting trial the engines were easily 
and rapidly manipulated by one man. Four of these 
boats left the Thames Iron Works last October, taking 
altogether six weeks on their journey from London to 
Galatz through the waterways of Central Europe. 
They were not allowed to proceed under their own 
steam, but had to be towed along with the barges, 
&c., in the usual way. The last four boats left the 
works in March, and are now on their way through 
the centre of Europe. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday m the 

ig-iron market was irregular and easier in tone ; Cleve- 
and warrants were done at 553. 04d. and 55s. 24d. cash, 
55s. 4d. and 55s. 5d. one month, and 55s. 7d. June 5, 
closing with sellers at 553. 2d. cash and 553. 54d. one 
month. The turnover was about 9000 tons. In the 
afternoon Cleveland warrants were again easier, and 
about 7000 tons were dealt in at 553. and 55s. 1d. cash, 
55s. 4d., 55s. 34d., and 55s. 4d. one month, 553. 3d. 
eighteen days, and 55a. 74d. three months. At the close 
eellers quoted 55s, Od. cash and 55s, 4d. one month. 
Hematite was quoted 733. 6d. cash sellers. On Friday 
morning the opening was weak, and on some unloadin 
Cleveland warrants declined from 54s. 74d. to 54s, 54d. 
cash, with closing sellers at 54s. 3)d., while forward 
business was done at from 553. to 54s. 7d. one month, 
with closing sellers at the latter price. The dealings 
amounted to 12,000 tons. At the afternoon session 
there was a slight recovery in values, and somewhere 
about 10.000 tons of Cleveland warrants changed hands 
at from 54s. 3d. to 54s. 6d. cash, 54s. 7d. five days, from 
54s. 5d. to 54s. 104d. one month, and at 54s. 10d. three 
months. The closing quotations were 54s. 74d. cash and 
54s. 11d. one month sellers. When the market opened 
on Monday morning the tone was firm, and 6000 tons of 
Cleveland warrants were done at 54s. 84d. four days, 
543. 6d. and 54s. 94d. eleven days, 54s. 10d. and 543. 11d. 
one month, and closing sellers quoted 54s. 8}d. cash and 
55s. one month, One lot of 500 tons of hematite changed 
hands at 73s. 5d. one month, and there were buyers over at 
that figure, but no sellers. In the afternoon the market was 
quiet but firm, and the total business was 1000 tons of 
Cleveland warrants at 55s. one month, The close was 
strong, with sellers at 54s. 10d. , and 55s. 2d. one 
month, and of hematite at 73s. 6d. one month. On Tuesday 
morning a firm tone again prevailed, and 12,000 tons of 
Cleveland warrants were put through at the advanced 
rices.of 55s. 34d. and 55s. 4d. cash, 55s. 14d. six days, 
53. 6d. and 55s. 8d. one month, and 55s. 9d. three ane ong 
The close wasa shade easier, at 55s. 34d, cash and 55s. 74d. 
one month sellers. Hematite also improved, and 1000 
tons were done at 73s. 9d. one month. At the afternoon 
session the market continued strong, and nearly 7000 tons 
of Cleveland warrants were dealt in at 55s. 5d. cash and 
553. 9d. and 55s. 94d. one month, and sellers’ closing quota- 
tions were 55s. 6d. cash and 55s. 10d. one month. When 
the market opened to-day (Wednesday) the tone was firm, 
and about 16,000 tons of Cleveland warrants were done at 
55s. 7d. and 5ds. 64d. cash, 55s. 84d. twenty-one days, 
55s. 104d., 55s. 11d., and 55s, 10 one month, and at 
56s. 1d. and 56s. 14d. three months. At the close sellers 
— 55s. 7d. cash, 55s. 11d. one month, and 563. 1d. 
three months. Hematite was strong, and 500 tons 
changed hands at 74s. 14d. one month, closing with buyers 
at 73s. 6d. and sellers at 74s. cash. There were buyers of 
Standard foundry iron at 55s. 14d. cash, but no sellers. 
In the afternoon the market exbibited a of going 
the turn easier. Cleveland warrants—7 tons —were 
deslt in at 55s. 8d. and 55s. 6d. six days, and from 
563, to 553. 9d. to 553. 94d. one month, and the closing 
quotations were 55s. 64d. cash, and 55s. 10d. one month 
sellers. Hematite advanced to 733. 84d. cash, and 500 
tons were done at that figure. Standard foundry iron 
was stronger, with buyers at (55s. 3d. cash. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 
Clyde, 73s. 6d. ; Calder, 75s. 6d.; Gartsherrie, 743. ; Sum- 
merlee, 763. 6d.; Langloan, 783s.; and Coltness, 86s. (all 
shipped at Glasgow); Glengarnock (at Ardrossan), 75s.; 
Shotts (at Leith), 753. 6d.; and Carron (at Grange- 
mouth), 77s. 


Sulphate of Ammonia.—The sulphate of ammonia 
market keeps dull, and the price is rather easier at 
1l/. 15s. per ton for prompt business, Glasgow or Leith. 
The amount shipped from Leith Harbour last week was 
only 41 tons, 


Scotch Steel Trade.—The conditions lately prevailing 
in the Scotch steel industry remain almost without 
change. The demand on foreign account is still good, 
and some large lots have been sold for shipment to the 
colonies and other parts. This feature of the trade has 
been a source of much satisfaction to produdéers and has 
ensured steady running of the mills for some time, It is 
stated that home consumers have again been buying, but 
only in moderate quantities for present requirements. 
Specifications are much better. Prices are firm and no 
alterations have been made. 

Malleable-Iron Trade.—Reports show that the malle- 
able-iron trade is not quite so healthy at the moment. 
Fresh business is not over plentiful, especially for the 
home market, where merchants are still placed in a 
position to under-quote the producers. 

Pig-Iron Position.—The demand for Scotch pig iron 
continues unabated, and makers report an improvement 





in local consumption. Inquiries from America have been 
in the market during the past week, and some more were 
reported to-day, for both Scotch and Cleveland iron. 
One or two lots of Scotch foundry iron were sold the 
other day for shipment to America. 


Clyde Shipbuilding.—The Clyde Shipbuilding and 
Engineering Company, Limited, Port Glasgow, have con- 
tracted to build a large steamer for the Australian trade of 
Messrs. M‘Ilraith, M‘Eachern, and Co.—Messrs. William 
Hamilton and Co., Port Glasgow, are also reported as 
having received an order for a large steamer, of about 
4000 tons, for Australian owners. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron Stack Collapse.—Owing to the collapse of a large 
iron stack at Messrs. Cammell’s Grimesthorpe Steel 
Works, on Saturday last, three workmen lost their lives. 
At the inquest it was stated that the stack was built in 
the usual way, by laying the bars cross-wise, four one 
way and then four the other. In the middle of the stack, 
however, all the were dropped in one way. It was 
suggested that the vibration caused by a new hammer 
erected near the stack had caused the iron to shift, but 
this explanation was not accepted by the works manager, 
who ascribed the accident to defective stacking. 


South Yorkshire Navigation Company.—The annual 
meeting of the South Yorkshire Navigation Company was 
held in Sheffield this week. The report showed a slightly 
improved year, there being an increase of 26,000 tons, and 
680/., when compared with 1905. The net earnings of the 
company, however, only allowed 3 per cent. to be paid on 
the preference stock. 

Patiern-Makers’ Wages.—For some time the pattern- 
makers of Sheffield have been agitating for an increase 
in wages from 40s. to 423., the rate at which the moulders 
are paid. Messrs. Hadfield’s Steel Foundry Company, 
Limited, have alone conceded the advance. Failing to 
get a satisfactory reply, the whole of the pattern-makers 
at Vickers Sons and Maxim and other large works have 
handed in their notices. 


Iron and Steel.—Local makers report that the new 
quarter has opened well, orders coming to hand in gratify- 
ing volume, and books generally being well filled. There 
has been a stronger inquiry both for pig and finished iron 
from Germany and America, and there is every prospect 
of a good export season. This is strengthening the pig- 
iron market, the tone of which, owing to the substantial 
home demand, has me very satisfactory. There is no 
change in the price of raw material. West Coast hematites 
continue strong, and it is anticipated that the next meet- 
ing of the South Yorkshire Bar-Iron Association will see 
an advance in the price of bars. All-round trade is dis- 
tinctly buoyant, and there seems every probability of a 
prolonged period of good active business. 

South Yorkshire Coal.—There has been a slight falling- 
off in the demand for house-coal, owing to the advanced 
season, but this is more than compensated for by the 
increased sale of steam fuel. The output of the latter is 
larger than it has ever been at this season of the year, and 
sales are correspondingly heavy. The export season has 
not yet started, but already there are signs of great 
activity at Hull and Grimsby, The railway companies 
are asking for tenders, but with the strong demand coal- 
owners are very independent, and having fixed their 
— are leaving it with the companies to accept or 

ecline as they choose. Heavy contracts have been made 
for gas-coal with Metropolitan and provincial companies. 
These, as a rule, show the substantial increase of from 
~ to 33. over last year’s rates. Coke is brisk and prices 
rm. 








Tue GerMAN Navy.—A small cruiser, named the 
Stettin, has just been launched at that port for the 
German Navy. She is of the same type as the Nurnberg 
and the Stuttgart. Her displacement is 3450 tons, and 
she is to steam at the rate of 23} knots per hour. She 
will be fitted with turbines, and will be completed before 
the autumn. The transformation of the German ironclad 
cruiser Koenig Wilhelm into floating barracks is under 
consideration. A fourth submarine has just been launched 
by a private firm at Kiel. 





Tue Crty or Lonpon Directory For 1907.—London : 

. H. and L. Collingridge, City Press Office, Aldersgate, 
E.C. [Price 12s. 6d.]. Published somewhat later than 
other directories, this volume contains the latest lists of 
officials which earlier directories have, perforce, to be 
without. The City of London Directory, then, includes 
among other up-to-date information, not only alterations 
of the addresses of firms, so many of which occur at Christ- 
mas and the New Year, but also the full lists of the new 
County Council, the members serving on the different 
committees, &c. The work Ss poe for the thirty-seventh 
time, and has been revised and numerous additions made. 
The official section contains lists of the chief Officers of 
State, Aldermen of the City, members of the Court 
of Common Council, and all other bodies connected 
with the management of the affairs of the City and 
Greater London. An educational section gives full 
information of the City schools and educational facilities. 
A further section is devoted to the Livery Companies and 
their work. The streets section and alphabetical and 
trades sections give, under theze several arrangements, 
the name, address, trade or profession of every person or 
firm in the City. Finally, there is a section devoted to 
public companies. A portion of the official section is de- 
voted to biographical sketches of the chief officers of the 
ox and Livery Companies. A large folded coloured map 
of the City is to be found within the front cover. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The continued enormous 
shipments which this month promise to easily beat all 
previous records, ther with the unprecedented with- 
drawals of Cleveland iron from the public warrant stores, 
are having a beneficial influence upon the market. So 
far this month pig-iron shipments from the Tees average 
between 6000 ani 7000 tons per working day, whilst 


| the withdrawals of Cleveland iron from the public war- 
| rant stores av e 
| are, however, still 420,000 tons in the stores, so that 


tons per working day. There 
ample opportunity is still afforded for speculative opera- 
tions, At present, however, gamblers are quiet, and 
most of the business ing is of the legitimate kind. 
No. 3 g.m.b. Cleveland pig is 56s. 3d. f.o.b. The other 
qualities of Cleveland iron are also very firm. No. 1 is very 
scarce, and is not obtainable under 603. 3d., whereas it is 
usually only about 18d. above No. 3. Foundry 4 is 
55s. 6d. to 55s. 9d., amd No. 4 forge, 54s. 9d. to 55s. 
East Coast hematite pig keeps stationary on the basis of 
77s. for mixed numbers, and there is not a great deal 
doing in it just now. Hematite must be considered dear 
compared with the values of Cleveland iron. Time was 
when Nos. 1, 2, and 3 hematite stood at 8s. to 103. above 
No. 3 Cleveland, whereas to-day the difference is more 
than double that. The anticipated easing in Spanish ore 
has been realised. Rubio of 50 per cent. quality is now 
21s. ex-ship Tees, and buyers are not now so backward as 
they have been. Freights, Bilbao to Middlesbrough, still 
remain at 4s. 9d. 


Insufficient Accommodation for Vessels.—Rarely, if ever, 
in the history of the iron trade has the Tees been so 
crowded with shipping as at the present time. Demand 
for pig iron for export 18 so great that the accommodation 
for vessels in the river is insufficient, and several ships 
are having to wait their turns at the various wharves. 
One day this week no fewer than sixty-eight vessels were 
lying in the -port of Middlesbrough. Work is very 
plentiful for the dock, wharf, and riverside men, who are 
thus sharing with the employés in the works the benefit 
- the flourishing condition of the Teesside’s staple in- 

ustry. 


Manufactured Iron and Steel.—Producers of manu- 
factured iron and steel are well placed so far as work is 
concerned. In almost all departments there are good 
contracts running, and makers are not necessitated to 
look for new orders just at present. Under these favour- 
able conditions quotations are naturally upheld. Common 
iron bars are 8/.; best bars, 8/7. 10s.; best best bars, 9/.; 
packing-iron, 6/. 10s.; iron ship-plates, 7/7. 15s.; iron girder- 
plates, 8/.; iron boiler-plates, 8/. 15s.; steel bars, 7/. 103.; 
steel hoops, 7/. 15s.; steel strip, 7/. 5s.; steel joists, 
61. 17s. Gd: steel ship-plates, 7/. 10s.; and steel boiler- 

lates, 87. 10s.—all less the customary 24 per cent. Cast- 
iron railway chairs are 4/. 2s. 6d. to 4/. 53.; light iron 
rails, 7/. 7s. 6d. to 7/. 15s.; heavy steel rails, 67. 15s.; and 
steel railway sleepers, 7/. 10s.—all net cash at works. 
Iron and steel galvanised corrugated sheets, 24 gauge, in 
bundles, are quoted from 13/, 15s. to 14/.—less 4 per c2nt. 


Coal and Coke.—Fuel keeps steady and firm. Some of 
the contracts for gas-coal for London and the Continent 
usually in the market at this period of the year are re- 
nial to have been settled on the basis of about 
12s. 4d. f.o.b. Tyne. The continued large demand for 
bunker coal is readily met by a very ample supply. Un- 
screened Durham bunkers are quoted 12s. 6d. to 13s. f.o.b. 
Coking coal is strong. The local consumption of coke is 
very heavy, and sellers are inclined to raise quotations, 
but buyers declare that prices are already too high com- 
pared with values of Cleveland pig iron. Few, if any, 
sellers will entertain offers for medium blast-furnace coke 
under 203. 6d. delivered at Teesside furnaces, and some 
ask up to 223. Consumers point out that the true value 
of coke is about one-third that of No. 3 Cleveland pig. 








Our Locomotive Exports.—Thanks to a rather better 
demand for British locomotives on South African account, 
the value of the exports rose in March to 277,346/., as 
compared with 181,445/. and 225,095/. There is still, 
however, extreme languor in the South African demand. 
Our locomotive shipments to British India in March also 
left much to be desired. The value of the locomotives 
exported from the United Kingdom to March 31 this 
year was 883,459/., as compared with 637,926/. in the first 
quarter of 1906, and 601,119. in the first quarter of 1905. 





**Hawortn’s Practica, TImMBER- MEASURER AND 
Timper - Buyer’s Tasies.” London: Alfred Haworth 
and Co., Limited, 84, Leadenhall-street, E.C. [Price 
1s.]—The 1907-1908 edition of this book constitutes a 
pocket-book of a mags of useful information, formule, 
&c., relating to timber and measurements required in the 
timber trade. Thus tables are given for calculating the 
weight of deals; ‘‘ standards” of different countries are 
given and explained, and rules given for checking the 
same; tables are given showing the prices per standard 
at per running and per hundred running feet; log 
measurements, round timber measures, prices per square, 
weights of square hewn and round timber, rates of car- 
riage, information relating to lath wood, to American 
sawn lumber and mahogany, are given, together with 
many other useful facts and figures of service in this 
connection. Finally, conversion tables, tables of equiva- 
lents, wage tables, weight of iron bars, &c., and other 
miscellaneous information complete a little compilation 
which should certainly have a useful life in the sphere it 
is intended to occupy. 
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NOTES FROM THE SOUTH-WEST. 


Cardif.—The demand for large steam coal has been 
scarcely so active, and prices for immediate shipments 
have been less firm. There has, on the other hand, been 
a good enquiry for Monmouthshire large coal. The 
large steam has made 17s. 9d. to 18s. per ton, while 
secondary qualities have ranged from 16s. to 17s. per ton. 
House voal has shown little change; the best ordinary 
qualities have brought 17s. to 17s. 6d. per ton; No. 3 
Rhondda large has been quoted at 19s. 6d. to 193. 9d. per 
ton. Coke has remained at its former level ; foundry 
qualities have been quoted at 26s. to 28s. per ton, and 
furnace ditto at 203. to 22s. per ton. As regards iron ore, 
Rubio has brought 20s. 6d. to 21s. per ton, and Almeria, 
20s. 3d. to 203. 6d. per ton, upon a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

Dowlais.—Both the Goat Mill and the Big Mill have 
been well employed ; the latter has been engaged almost 
entirely upon fish-plates and short-length rails. The 
Goat Mill last week turned out 3500 tons of finished-steel 
rails, to meet orders upon home and foreign account. 


Pontardulais.—New stamping works will shortly be 
erected at Pontardulais. A suitable site has been secured 
on the Ffosyrefail estate. 


Barry.—A meeting of the Barry Chamber of Trade was 
held on Thursday. The chairman said negotiations were 
proceeding for the erection of large steel works, and the 
final choice lay ween Barry and a place midway be- 
tween Manchester and Liverpool. 


The Swansea Valley,—There has been about an average 
output of pig-iron during the last few days. The steel- 


oe 


bar trade has continued active. The ngaregate produc- 
tion of tin-plates has been slightly reduced in co uence 
of several mills having been cl for repairs. The col- 


lieries have been generally well employed. 


Messrs. Cammell, Laird, and Co., Limited.—In view 
of the possible breakdown of negotiations between Messrs. 
Cammell, Laird, and Co., Limited, and Lord Jersey for 
the acquisition of land at the Burrows, Swansea, one of 
the company’s surveyors has inspected the table-land lying 
between Llanelly and Burry Port. 


The ‘‘ Boadicea.”—Preparations have been commenced 
at Pembroke Dockyard for receiving the keel of a new 
fast unarmoured cruiser, to be named the Boadicea. Her 

rincipal dimensions will be:—Length, 385 ft. ; extreme 

readth, 41 ft.; draught of water, 13 ft. 6 in. ; displace- 
ment, 3300 tons. She has been specially designed for 
accompanying destroyers. The ship is to be completed 
within twenty-one months from April 1. A sum of 
122,1862. is to be expended upon her during 1907-8, of 
which 40, 4002. will be for dockyard labour. 








Rarttway Torsine Steamer.—Messrs. William Denny 
and Brothers, Dumbarton, launched on Saturday, the 
13th inst., the turbine steamer Empress, which they have 
built for the South-Eastern and Chatham Railway Com- 
pany. The vessel is generally similar to the Victoria, which 
Messrs. Denny launched last month for the same owners, 
and, like her, she is intended for the cross-Channel ser- 
vice. She is 310 ft. long, 40 ft. moulded breadth, and 
24 ft. 6 in. deep to the awning-deck, which extends from 
stem to stern. The turbines, along with the rest of the 
machinery, including the boilers, are being supplied by 
Messrs. Denny and Co., Dumbarton. 





Messrs. CLAYTON AND SHUTTLEWORTH, LimtreD.—The 
trading profits of this firm for the past year are returned 
at 111,328/, After providing for debenture interest, de- 
preciation, management cha &c., the net profits for 
the year were 63,753. Of this amount, however, 28,2561. 
was sponge for expenses in connection with the issue 
of debenture stock. An allocation of 5000/. was made to 
the reserve fund, and a dividend of 6 per cent. is pro- 

osed on the ordinary shares, leaving 65067. to be carried 
orward. The dividends paid on the ordinary shares for 
the five years, ending with 1906 inclusive, have m As 
follows :—1902, 5 per cent ; 1903, 7 per cent.; 1904, 6 
per cent.; 1905, 6 per cent.; and 1906, 6 per cent. 





ANNIVERSARY OF L&ONARD EviERr.—Monday last, 
April 15, was the occasion of the 200th anniversary of 
the birth of Leonard Euler, the great Swiss mathemati- 
cian, The son of a Swiss pastor, he was born in Basle in 
1707, twenty years before the death of Newton and nine 
before that of Leibnitz. He was thirty years the senior 
of Lagrange, and was contemporary with several of 
the Bernouillis, He died in 1783, the same year as 
b’Alembert, who, however, was ten years his junior. A 
pupil of the elder John Bernouilli, Euler was a friend 
of his sons Nicolas and Daniel, whom he followed in 1727 
to St. Petersburg, at the invitation of Catherine I. 
W hilst professor at St. Petersburg he devoted himself ‘to 
the development of the calculus. He also published in 
1736 his treatise on mechanics, which Lagrange calls the 
‘rst great work in which analysis was applied to the science 
of motion. In 1741 he went to Berlin, and while there 
contributed many informal papers to the Transactions of 
the Berlin Academy of Science. As director of the 
Academy he was succeeded in 1766 by Lagrange. In 
this year Ealer returned to St. Petersburg, at the invita- 
tion of Catherine II. While working assiduously here 
he, unfortunately, lost his eyesight. This was recovered 
‘ater, to some degree, but overwork in destroyed it, 
this time irreparably. He died in ‘St. Petersburg on 
September 17, 1783. He has been called ‘‘the most 
fertile of great geometers,” and there are few branches of 
~ a which were not enriched and advanced by his 





MISCELLANEA. 


It is stated that very shortly a compressed-air pipe-line 
10 miles long will be at work on the Panama Canal, 
between Pedro _—s and Bas Obispo. The line follows 
the canal. It is of 10-in. pipe, and is furnished, at con- 
venient intervals, with gate-valves, tee-pieces and branch 
pipes for the supply of rock-drills, pneumatic tools, well- 
drills, and for other machinery and purposes. 


The Helsingborg Copper Works, in Sweden, are going 
to be materially extended, so that the annual production 
will be increased to 5000 tons, which represents almost 
the whole of Sweden’s consumption of copper. The 
extension also comprises the erection of an electrolytic 
refinery, of a yearly yy of 2000 to 3000 tons of 
copper; and there will be installed plant for utilising 
various auxiliary products. 


The Krupp establishments employ at present some 
53,000 workmen and 5000 engineers and officials. Of 
this total of 58,000 persons, 40,000 persons are employed 
at the steel-works and coal-mines at 4000 in 
the iron mines, 4000 at Rheinhausen, 4000 at Magde- 
burg, 5000 at the Germania Shipyard at Kiel, and 1000 
at the steel-works at Armen. Amongst the leading 
specialities of the firm are guns, armour-plates, rifles, 
shells, boilers, rails, axles, tyres, propellers, tubes, &c. 


It is stated that the South Manchurian Railway was 
to be handed over by the Military Administration to the 
company on March 31. On this being satisfactorily 
accomplished, the company intend to proceed to carry 
out several improvements and alterations. Among these 
will be the reconstruction of the landing-pier and station 
at Tairen. An electric crane will provided on the 

ier. Relaying of 400 miles of permanent way will also 

taken in hand, and is expected to occupy about 
a year. 


The high-class steam-engine owes much to the en- 
couragement makers of it received from the proprietors 
of textile mills; and it is interesting to note that the same 
enterprising class of individuals are now beginning to 
encourage the manufacture of large gas-engines, by the 
very practical method of adopting them. A Kérting 
engine with twin cylinders, and designed to give 600 
horse-power on the brake, has recently been constructed 
by Messrs. Mather and Platt, Limited, of Salford, and 
is to be applied to the driving of a cotton-mill. In 
view of the supreme importance of reliability in the 
matter of power supply for such undertakings, this 
order bears eloquent witness to the steady improvement 
which has been effected in the construction of large gas- 
engines. 


According to recent statistics, the total number of men 
engaged on board the sea-going German merchant navy 
amounts to 64,000, of whom 12,500 are officers or persons 
to be classed as such, whilst sailors, stokers, &c., account 
for 51,500 men. Of the above total, 20 per cent., or 
12,800 men, including 2900 officera, are on sailing-vessels; 
1.4 per cent., or 900 men, amongst whom are 250 officers, 
are on sea-going lighters; and 78.4 per cent., or 50,300 
men, amongst whom are 9400 officers, are on steamers. 
The number of men serving on board sailing-vessels has 
somewhat decreased during the last ten years, more 
especially because small and comparatively heavily- 
manned sailing-vessels have been replaced by large 
sailing- vessels, with labour-saving rigging and auxiliary 
engines. The number of German steamers of or above 
6000 tons gross has, during the last five years, risen from 
41 to 70, and 25 of these are mger steamers, with 
large crews; thus the Amerika has 539 and the Deutsch- 
land 557 officers and men. Of the total of 64,000 men, 
the one-half, or 49.4 per cent. (31,600 men), includ- 
ing 7800 officers, are sailors proper; 30 per cent., or 
19,000 men, including 4300 officers, are in the engine 
department; and the rest—12,600 men, amongst whom 
500 are classed as officers—are otherwise employed, more 
especially on board the large steamers. 


The directors of the Great Eastern Railway Company, 
evidently having no apprehension that the Channel 
Tunnel would cause any appreciable diminution of their 
Continental traffic, arranged last year for an important 
extension of the accommodation previously existing at 
Parkeston. The new quay, now giving promise of early 
completion, is 1080 ft. long, and will provide for the 
reclamation of a triangular area, a accommodation 
for numerous railway sidings, and buildings destined to 
be used as transit and locomotive sheds. Three new 
berths, 320 ft. long each, will be available for steamships, 
and ample equipment will be installed for the mechanical 
handling of merchandise in the most expeditious and 
economical manner. The quay extension was designed 
by Mr. John Wilson, M. Inst. C.E., the chief engineer 
to the company, in accordance with the Hennebique 
system of ferro concrete ; all details of which were pre- 
pared by Mr. L. G. Mouchel, M. Soc. C.E. (France), of 
Westminster. The quay is founded upon about 450 ferro- 
concrete piles, driven through # 15-ft. bed of gravel into 
a stratum of hard clay, commencing at the average 
depth of 44 ft. below quay-level. At the back of 
the structure some 870 ferro-concrete grooved and 
tongued sheet piles will provide an impenetrable wall 
for the purpose of holding up the material to be 
tipped upon the area for reclamation, and above the 
sheeting a curtain-wall will be built up to deck-level. 
Further, a horizontal platform will extend landwards to 
support and utilise part of the filling, so a3 to counter- 
belense a considerable proportion of the horizontal thrust 
of the earth against the quay. Along the harbour front, 
the quay will be supported on massive ferro concrete 
piers. On the decking of the new quay three tracks for 
railway trains and 4 track for travelling cranes will be 


| provided, in addition to hydraulic capstans and other 
appliances. The bed of the harbour in front of the quay 
is to be dredged so as to give the minimum depth of 20 ft. 
at low water, and as the tidal range is about 12 ft. at 
Harwich, this will ensure the depth of fully 32 ft. at high 
water, and thus provide adequately for the future ship- 
building programme of the Great Eastern Railway 
mpany. 








Prrsonat.—Mr. R. N. Tweedy, A.M.I.E.E., has been 
appointed manager of the Dublin and South of Ireland 
ranch of William Coates and Son, Limited, 5, Leinster- 


Street, Dublin, and Belfast, and sole t for the West- 
inghouse Company in Ireland. Messrs. tes are engaged 
at present on the electrical installation at the Irish Inter- 


national Exhibition. 





REFORMS ON THE GERMAN Rartways.—Ono May 1 a 
new system comes into operation on the German railways 
as rega the passenger traffic. The 45-days’ return 
tickets, which are not of a very old date, are done away 
with, asare, virtually, all return tickets. Return tickets 
certainly can be obtained under the new order of things, 
but only at twice the price of a single fare, in addition to 
which they are only valid for a couple of days. The new 
fares are :—First class, 7 pf.; second class, 4.5 pf.; third 
class, 3 pf.; and fourth class, 2 pf. per kilometre; with 
an additional charge for certain express trains. The 
charge for seats in the “‘D” trains is done away with, 
but the public is at liberty to order seats beforehand. 
The journey can be broken wherever it pleases the 
traveller, but free lu will no longer be allowed. The 
new rates are considerably lower than the present ones. 





University or Lonpon: University CoLttecr.—The 
accommodation provided at the University of London, 
University College, for the Schools of Engineering and of 
Architecture will be considerably extended before the 
beginning of the next session, in October, by the addi- 
tional space which becomes available through the removal 
of University College School to Hamps . Full courses 
for University of London degrees in engineering and in 
architecture are given at University College, and occupy 
three years. Students intending to enter the College in 
October should pass the matriculation examination in 
June or in September. The Andrews scholarships are 
offered for competition in May next; one of these scholar- 
ships, value 30/., in science and mathematics, is tenable 
in the School of Engineering. Full particulars of the 
courses and of the scholarships can be obtained on appli- 
cation to the Secretary. 





Tue InstituTIon oF Crvit, Enarngrrs.—The students 
of this Institution held their thirty-second annual dinner 
at the Trocadero Restaurant last Wednesday evening, 
the 17th inst. Sir Alexander B. W. Kennedy, President of 
the Institution, occupied the chair, supported by Colonel 
Crompton, C.B., Messrs. R. W. Allen, Bertram Blount, 
C. A. Brereton, Walter Hunter, Dr. Tudsbery, the Secre- 
tary of the Institution, and other gentlemen. After the 
loyal toasts the health of the Institution, secretaries, and 
guests was proposed by Mr. A. Carmichael, the chairman 
of the students section, and responded to by the president, 
Dr. Tudsbery and Mr. Blount. Sir Alex. Kennedy, in an 
excellent speech, referred to the strides engineering had 
made since his entrance to the profession, when boiler- 

lates were unobtainable more than about 6 ft. by 4 ft. 

y 4 in. thick, and a high-pressure boiler worked only at 
30 lb. per square inch. He emphasised the fact that the 
engineers’ problems were those of his day, and their solu- 
tion was none the less creditable if improved on by the 
means at the disposal of the next generation. The names 
of the men who founded the Pyramids were forgotten, 
but their work endured. Colonel Crompton proposed the 
health of ‘** The Students,” remarking that the wish ap- 
— unnecessary, Mr. C. J. Guttmann responded. 

he musical entertainment also contributed to a very 
successful evening. 





A Sreev Canat in Ecypr.—Messrs. T. Piggott and 

., of Birmingham, have recently completed a remark- 
able canal in Egypt. It is to be used to convey water 
taken from the Nile at a point about 40 miles above the 
Assouan Dam, across the Eastern Desert to Kom-Ombo, 
where it will be used for irrigation. The uliarity of 
the canal is that it is entirely constructed of stee). It is 
nearly a mile long by 6 metres wide, and is made up of 
17 sections, each about 100 metres long. These sections 
are coupled together with masonry basins, into which they 
can slide to accommodate the expansion and contraction 
of the metal work, due to changes of temperature. The 
cross-section of the canal is a semi-circle, surmounted by 
straight sides 4 metre high. It is made of steel plates 
6 millimetres thick, and stiffened by T-section transverse 
ribs, and stayed from side to side at the top with flat and 
angle straps. A longitudinal flange of 3 in. by 24 in. by 
# in. angle runs along the length of the canal. The normal 
water-level is at the diameter of the cross-section. The 
aqueduct is entirely above the ground level. It rests on 
# sand foundation, and is banked up on either eide with 
earth. Great difficulty, according to African Engi 
neering, was experienced in teaching the Arab workmen 
the use of pneumatic riveters; in fact, the riveters had 
eventually to be discarded in favour of hand-work ; but 
the natives learned how to caulk with pneumatic hammers. 
It was found that each gang of riveters could close about 
300 rivets per ay bey ten hours, after a little training. The 
temperature in the shade was frequently 117 deg. Fabr., 
and the wind often blew all the sand foundation from be- 
neath the structure in onenight. Nevertheless, the canal 
was completed, by working day and night, in five months. 
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THE JAPANESE CABLE STEAMER “OGASAWARA MARU.” 
CONSTRUCTED BY THE MITSUBISHI DOCKYARD AND ENGINE WORKS, NAGASAKI. 
(For Description, see Page 614.) 
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AGENTS FOR “ENGINEERING.” 


anes cca and Gotch, Melbourne; Sydney; Brisbane ; 
e 


Turner and Henderson, Lt 

T. Willmett and Co., To ille, North Queensland. 
W. O. Rigby, ustralia. 

Melville and Mullen, Melbourne, Victoria. 

Avusrria, Vienna : Lehmann and Wentzel, Kirntnerstrasse. 

Brxeium : E. F. Satchell, 314, Place du Chatelain, Ixelles-Brussels. 

EDINBURGH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, Librairie Etrangére, 22, 
Rue de la Banque; Em. Terquem, 19, Rue Scribe. Also for 
Advertisements, Agence Havas, 8, Place de la Bourse. 

Germany, Berlin : Messrs. A. Asher and Co., 13, Unter den Linden. 
Frankfurt-am-Main ; Messrs. G. L. Daube and Co. (for Ad- 

vertisements). 
aes: F. A. Brockhaus. 

Mulhouse ; H. Stuckelberger. 

Guiaseow : William Love. 

Inpia, Calcutta : Thacker, ik, and Co. 
Bombay : Thacker and Co., Limited. 

Tray: U. Hoepli, Milan, and any _—- 

LiveRPOOL : Mrs. lor, Landing Stage. 

MANCHESTER : John Heywood, 143, Deansgate. 

New ZEALAND: Gordon and Gotch Proprietary, Limited, Welling- 
ton; Auckland and Christchurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerDaM : H. A. Kramer and Son. 

Sourn Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth 
Bloemfontein, Durban, and their various Branches and 
Bookstalls throughout South Africa. 


NOTICES OF MEETINGS. 


Nortu-East Coast InstiruTion or ENGINEERS AND SHIPBUILDERS. 
—Friday, - 19, at 7.30 p.m., in the Lecture Theatre of the 
Literary and Philosophical Society, Westgate-road, Newcastle- 
upon-Tyne. Alteration of Article II., Article [X., and of 
a new by-law, No. 47. The discussion on Mr. W. C. Mountain’s 

on “‘ The Application of Electricity to the Driving of Pump- 

a, for Pontoons and Graving Docks,” will be resumed. 

ussion on paper on ‘‘ Marine Steam-Turbine Development,” 

by Hon. ©. A. Parsons and Mr. R. J. Walker. Paper on “‘ Trim 
Curves,” by Mr. A. E. Long, M.A. Discussion. 

Tue Society or Arts.—Monday, April 22, at 8p.m. Cantor 
Lectures. ‘‘ Detergents and Bleaching Agests used in Laundry 
Work,” by Professor Herbert Jackson, F.1.C., F.0.8. (Three 
lectures.) (Lecture II.)}—Tuesday, April 23, at 4.30 p.m. Colonial 
Section. ‘* Social and Economic Conditions in Australia,” by the 
Hon. John Winthrop Hackett, LL.D., M.L.C. The Hon. Alfred 
Deakin, Prime Minister of the Commonwealth of Australia, will 
preside.—Wednesday, April 24, at 8p.m. ‘‘ Rubber Cultivation 
in the British Empire,” by Mr. Herbert Wright, Controller of the 
Government Experimental Station, Ceylon. Lieut.-Colonel David 
Prain, C.1-E., F.R.S., Director of the Royal Gardens, Kew, will 

e. 

Tue Surveyors’ Instirvrion.—Monday, April 22, at 4 p.m., 
being the second of the two afternoon meetings arranged for the 
convenience of the country members, wher the discussion on 
the paper read by Mr. Leslie S. Wood on December 10 last, 
entitled ‘‘ The Improvement of Our Woodlands,” will be d 

Tae InstiruTe OF Marine Encineers.—Monday, April 22, at 
8p.m. Lecture by Mr. J. G. Hawthorn on “ Fertility of Resource 
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MINERS’ EIGHT-HOUR DAY. 


Tue House of Commons was engaged last Friday 
in discussing the Coal Mines (Kight-Hour) Bill, 
which then came up for second reading. This Bill, 
not always in the same form, but always containing 
the same principle of restricting the working day for 
coal-miners to eight hours from bank to bank, has 
been before the House on numerous occasions, but 
has never been passed through all the stages. On 
two or three octasions the second reading has been 
passed, as was the case last Friday, but there all 
seem has ended ; and if history does not repeat 
itself in the present case, it is quite certain that 
the final statute will be very different from the Bill 


2 | 98 introduced. 


The attitude of the Government towards the 
uliar, and 
their position not free from difficulty. The Govern- 
ment is pledged to legislation in favour of an 


95 | Cight-hour day, but before framing a Bill they 


thought it desirable to obtain accurate information 
on the probable economic effect of such a restric- 
tion of labour upon production, wages, employ- 
ment, the export e, and upon other British 
industries which might be affected. It would have 
been wiser to get that information before giving a 
ledge, but better late than never. The Home 
retary, therefore, appointed a Committee, pre- 
by Mr. Russell Rea, M.P., to inquire 
into these matters, and to submit a report. t 
Committee was appointed on July 30, 1906, but 
it has not yet completed the hearing of evidence, 


and the only report issued is one dated March 
23, 1907, which briefly announces this fact, and 
is accompanied by two Blue-Books containing the 
minutes of evidence already heard. The promoters 
of the Eight-Hour Bill are not content to wait any 
longer, and the Government, therefore, was com- 
pelled on Friday to deal with an actual Bill upon the 
subject, while still without the information which 
has been declared to be necessary before a satisfactory 
solution of the problem can be found. The final 
result is that the Government has supported the 
second reading and the sending of the Bill to Com- 
mittee, but has declared, through the Home Secre- 
tary, that the Bill as it stands cannot be accepted, 
and that when the final report of Mr. Russell ’s 
Committee is received, many new clauses and 
modifications will be added by the Government. 

In the debate on the second reading the miners’ 
representatives endeavoured to cast ridicule upon 
the evidence which has been given before the 
Departmental Committee, as being a mere repetition 
of stock arguments which are well known and have 
nothing in them. But we do not think any unpre- 
judiced person who reads that evidence will share 
this opinion ; and when he finds that the miners 
themselves have not come forward to give evidence 
in opposition to that of the owners, or to show the 
advantages to be gained by legislation, he will be 
still less impressed in favour of their view. We do 
not, on the present occasion, propose to analyse 
the evidence in any detail, but we may especially 
direct attention to that given by Mr. H. H. S. 
Cunynghame, C.B., Assistant Under-Secretary for 
the Home Department, who was the first witness ; 
and to that of Mr. Thomas Radcliffe Ellis, who 
attended as officially representing the Mining 
Association of Great Britain. In connection with 
his evidence, Mr. Cunynghame put in a mass of 
well-prepared and valuable statistical information, 
well worthy of careful study. 

It is well known that the miners themselves are by 
no means unanimous in favour of an eight-hour day, 
but their unions and associations use all their influ- 
ence to secure its enforcement, and therefore take 
pains to see that witnesses shall not come before a 
committee and be cross-examined in detail as to 
their aims and individual views. The hours of 
labour at present in vogue in mines are consider- 
ably less than those in force, or customary, twenty 
years ago, and the change has been brought about 
to a very large extent by the action and influence 
of the miners’ unions. [If it could be shown that 
the hours now customary are much in excess of 
eight hours, and that more than eight hours’ work 
is injurious to health, then the unions might 
justly demand that Parliament should help them 
to obtain a reduction to the proper limit, instead of 
leaving them to work out their own salvation by 
means of strikes, which do so much harm to other 
industries besides that of mining. But it has been 
conclusively shown that coal-mining is not an un- 
healthy occupation ; gloomy it may be, and dan- 
gerous, but it is not unhealthy; and abundant 
proof of this fact is contained in these blue-books 
now published. A striking illustration will be found 
in the evidence of Mr. G. A. Mitchell, who referred 
(Q. 1302) to a friendly society at a colliery which 
included both underground workers and surface- 
men in its members, and from which in the years 
1868 to 1874 the surface-men received 41.7 per cent. 
more than they contributed to it ; the difference 
being made up by the contributions of the under- 
ground men, who paid the same levy to the society, 
but suffered less from sickness or disease. 

Then, if the argument of unhealthiness of the 
occupation must be put aside, are the hours of 
labour now in force obviously so long as to require 
the interference of the Legislature? And if so, can 
a limit of eight hours from bank to bank be shown 
to be reasonable and proper? Now on these two 
points a great deal of valuable information is given 
in the blue-books. A person not familiar with the 
conditions of the coal-mining industry is struck by 
the fact, shown by the evidence of witnesses, that 
to a very large extent the working-day of miners 
at = does not exceed eight hours. From bank 
to bank the time is in many cases more than eight 
hours—it may be nine hours or more—but the 
actual working time underground is in most cases 
about eight hours, and in many cases less. There 
are, in fact, 131,000 miners’ who work only eight 
hours or less from: bank to bank. In Scotland, 
for example, the custom seems to be to have an 
eight-hour winding shift ; the cages are lowering 
men for about half-an-hour in early morning, then 
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winding for eight hours, then raising the men 
during another half-an-hour, thus making a nine- 
hour day from first man down to last man up. 
That ninth hour is, of course, occupied by the 
men in getting to and from the points where their 
work lies ; and old men, who do not desire to work 
a full day, are allowed to come up at 11 o’clock, 
when the winding stops during meal-time. This 
latter custom does not seem to prevail in England, 
but, if desired, it could be introduced ; while, if an 
eight-hour bank-to-bank day is made compulsory, 
the privilege enjoyed by these old men would have 
to be taken away, as winding would have to be con- 
tinuous during the whole eight hours. One result 
of the change, therefore, would be not only to 
prevent men working more than eight houra, but 
to compel some to work eight hours who only feel 
able to work less. 

It is, of course, an iapactant part of the 
trade-union doctrine that all members of a class 
must be brought to the same dead level, and 
if some desire to work more than eight hours, 
their zeal must be curbed, because the majority 
have decided that eight hours, and no more, 
is the proper limit. Something of the true meaning 
of the present movement was disclosed in the 
evidence of a representative of the Cleveland 
Miners and Quarrymen’s Association, who stated 
that an eight-hour day is at present the general 
rule among the Cleveland miners, and that the 
main reason in favour of the agitation for the 
statutory limitation is ‘‘ that a very small section 
of the men are wishful, in some instances, to try 
to infringe the principle, and it keeps us constantly 
at an agitation point to maintain the eight hours. 
They would not be able to do it if we had a fixed 
legal eight-hour day.” That is to say, Parliament 
is to legislate, not because masters are tyrannising 
over poor workmen, but because some industrious 
workers desire to work longer than their less indus- 
trious fellow-workmen. believe to be good for them. 

Can any good reason be given to support a com- 
ame ay limitation of working to eight hours from 

ank to bank ? It is at least certain that none was 
given during the debate last Friday in the House 
of Commons. It is suggested that with this limita- 
tion miners will not be so prone to take idle days 
as they are at present, as they will not be able to 
make up for lost time one day by working over- 
time the next. But even if this were so, it is hard 
to see why a man who prefers to make his living 
wage in five days, and take a holiday on the sixth, 
should be prevented from doing so, and compelled 
to spread his work over the sixth day also; and it 
is not at all clear that this result would be achieved, 
for if the change results, as the miners are un- 
doubtedly led to believe, in increased wages, or the 
same wages for less time, they will still, when trade is 
brisk, inte their off-days, as they have always done. 

On the other hand, if no good reason can be 
given to support this legislative restriction to 
eight hours from bank to bank, there are many 
weighty arguments against it. Most of these 
must be already well known to our readers 
who have given thought to this subject, and it is 
therefore unnecessary to enlarge upon them here, 
but some may be briefly touched upon. It is 
proved that our collieries under present conditions 
are working at practically full pressure during the 
time the men are in the mines. If this time is 
reduced by an hour, there must be a considerable 
reduction of output. Advocates of the change 
roint to the fact that although the hours of labour 

ave been greatly reduced in the last twenty years, 
the output has greatly increased ; but they do not 
take note of the fact that this increase is almost 
entirely due to improved methods of coal-cutting 
and haulage which have followed the introduction 
of machinery, nor of the further fact that in the 
old days, although the men were in the mines for 
a large number of hours, they were not working all 
that time. To quote again ‘he representative of 
the Cleveland miners, ‘‘a great deal of the time 
was spent in lying about, and in some instances 
playing with cards and with dice and that kind 
of thing, because there were not, as I have 
said, sufficient appliances to get the work away.”’ 


Departmental Committee to show that, in the end, 
a probable result would be the closing of many 
of the older collieries, especially those working 
thin seams. Other industries, such as the iron 
and steel industry, which depend so much on coal, 
would be very seriously affected by the increase in 
the price of this commodity, and our export trade 
in coal would also suffer. In the course of time 
there might be a reduction of cost price, not to 
the present rate, but to something much nearer the 
present price than will at first prevail; but this 
depends on a myriad of events, many of which 
are very problematical. If double shifts have to be 
introduced where single shifts are now used, there 
must be a great increase in the supply of labour ; 
but mining is not a trade to which any man can 
at a moment’s notice turn his hand, as it is strictly 
regulated by statute, and a two-years’ apprentice- 
ship is required of any one who desires to become 
a hewer at the working face. One result will 
probably be the importation of foreign labour, such 
as the Poles in the Lanarkshire mines, but we 
question if the trade unions will welcome such 4 
result, and the miners, as individuals, will certainly 
not do so. 

Altogether, it seems clear that the old miners will 
undoubtedly suffer, as in the high pressure in the 
strictly limited day they will not be able to hold 
their own against younger men. Further, under 
present conditions a miner, when he has finished 
cutting and clearing, has to attend to the roof and 
see that all is made safe before he leaves; but if he 
is compelled, under penalty, to be at the bank not 
one second more than eight hours from the time 
he left it, there will be a great temptation for him 
to be careless in this important matter, or to over- 
look itin his desire to do as much work as possible 
in his time and then hurry to the surface. 

There are many more arguments which might be 
put forward, but for the present we will only refer 
our readers to the blue-books of evidence before the 
Departmental Committee, where they will find 
much instructive information, and where they will 
find many points raised which are worthy of most 
careful consideration. 
mechanical engineers, or manufacturers using coal 
extensively, appear to have given evidence ; but we 
hope that this omission may be put right. The 
questions at issue are too important to be neglected 
by the classes we have mentioned. 

As to the question of how an eight-hour day, 
calculated for each individual from bank to bank, 
is to be enforced, there is little use discussing 
the matter till we see how the Government pro- 
poses to deal with it. The French law measures 
the period of limitation from the last man down to 
the first man up—a much simpler procedure—and 
it allows of exceptions ; yet amendment is already 
found necessary. Howan Act can be administered 
if it attempts to deal with each individual, it is 
difficult to see, and we find the representative of 
the Home Office candidly saying to the Depart- 
mental Committee : ‘‘ As to the administration of 
the Act, one thing is quite plain to me, that the 
Home Office cannot do it.” There is the difficulty 
which the Government has to face, and we rather 
expect that, whatever solution may be found and 
put in force, the first persons to rebel will be the 
miners themselves. 








LAUNCH OF H.M.S. “INVINCIBLE,” 

Tae new cruiser Invincible was launched from 
the Elswick yard of Sir W. G. Armstrong, Whit- 
worth and Co., Limited, on Saturday last. Com- 
plete success attended the event, which is as one 
would expect, inasmuch as there have already been 
floated from the same establishment, since it was 
first inaugurated 224 years ago, twenty-four fighting 
ships for the British Navy, apart altogether from 
the work done for foreign Powers. 

The Invincible (which was fully described in 
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ENGINEERING of March 15, page 349 ante) excels, 
alike in length, speed, and gun-power, any of her | 
predecessors. She has a length of 530 ft., a beam | 





of 78 ft. 6 in., and when displacing 17,250 tons | 
draws 26 ft. of water. At this draught she has a| 


latter en échelon between the second and third 
funnels, which are, therefore, at a greater distance 
apart than the two forward funnels. The maga-° 
zines for these guns are located between the second 
and third boiler-rooms. This arrangement of guns 
will enable the amidship guns to fire on either 
broadside, although their arc of training forward 
and abaft of the beam on the off broadside may 
be more limited than in the case of the Dread- 
nought. In the broadside action, however, the 
ship will have the same fire as the Dreadnought, 
while forward as well as aft she will use six 
12-in. guns. The secondary armament for re- 
pelling torpedo attack consists of a large number 
of 4-in. quick-firing guns. The turbine ma- 
chinery, which is being constructed by Messrs. 
Humphrys, Tennant, and Co., of London, is to 
develop 41,000 indicated horse - power, and the 
legend speed is 25 knots. There are four screws 
and two rudders. All of the screws have four 
blades, and the outer propellers are about 30 ft. 
ahead of the inner propellers, the latter being close 
up against the rudders, which, as has already been 
explained in ENGINEERING, are entirely suspended 
from the counter of the ship within which the 
steering-gear is fitted. 

The vessel is in an advanced state, the launching 
weight being 8400 tons. The drags consisted of nine 
piles of chains, resting on the ground on each side 
of the ship, the total weight being 450 tons. The 
cradle, which in the case of fine-ended ships is 
always a subject of interest, was made up some- 
what differently from the practice in most naval 
construction works. The rows of poppets at the 
forward end were not continuous. There were 
three spaces left. The tops of the poppets were 
housed in the steel structure, from which there 
were plates extending under the ship, from the 
port to the starboard poppets ; but instead of this 
metal structure, with its lashings, being secured 
to the hull, as in some instances, it was indepen- 
dent, and the ship was snugly cradled inside the 
plating with timber wedges. In this way some 
play was possible within the cradle, a matter of 
some importance when the stern of the ship is 
floated in the process of launching. It has been 
found in recent launching practice that, in cases 
where the framing has been bossed out for twin- 
screw propeller-shafts, the stern becomes water- 
borne at an earlier period than was formerly the 
case, and, as a result, the consequent thrust on 
the forward cradle is earlier and the tendency to 
movement of the ship of greater duration. ‘There 
is, however, the further fact that the speed down 
the ways does not attain the same high velocity. 
In the case of the Invincible the time occupied from 
the first perceptible movement until the vessel was 
eompletely afloat was just under 50 seconds. It 
follows that the distance which the vessel travelled 
from the end of the ways is shorter. 

The release of a vessel of such weight is also of 
interest, and the method adopted at the Elswick 
Works was notably successful. The last dagger 
dropped was hydraulically operated. This dagger 
was of steel, pivoted to the bottom of the standing- 
way, and projecting through it into a bearing con- 
structed of forged steel in the bottom of the sliding- 
way. To the upper part there was secured a counter- 
balance weight, while the bottom abutted against a 
ram working in a cylinder in which the hydraulic 
pressure was 100 lb. Lady Allendale, who released 
and named the ship, working a small capstan, 
opened the valve, and the receding of the arm 
within the cylinder caused the dagger to incline to 
the horizontal position, and thus gradually released 
the sliding-ways and the ship. The ship was held 
rigidly until the moment of release, and at the same 
time there was certainty of release. Indeed, the 
whole performance was characterised by precision ; 
and at the luncheon there was general congratula- 
tion upon the success of the day’s proceedings, and 
upon the prosperity of the Elswick Works under Sir 
Andrew Noble, who presided. 





NEW RULES FOR ELECTRIC WIRING. 


Laws and regulations, it is said, were invented 


To-day it is very different, as work goes on all the | capacity for carrying 1000 tons of coal, and a large | for the discomfiture of rogues, though honest men 


time at full pressure, so that further limitation 
must reduce the output and lead to an increase in 


— of oil-fuel. While protected as effectively as | 
the majority of battleships, excepting perhaps only | 


have equally to submit to them. In fact, unless 
they are drafted with the utmost discretion, it 1s 


the cost of production. The effect would be very |the King Edward VII. and Dreadnought classes, | the honest man who often feels them most hardly. 
different in different collieries and different districts, | she 
so that some would be unfairly handicapped with | 
to others. 
vidence has been already given before the 


is excelled in her gun-power only by the 
Dreadnought. The main armament includes four 


one forward, one aft, and two amidships, the 





The business known as ‘‘ electrical contracting” 
has suffered from an undue proportion of men, if 


pairs of 12-in. guns, mounted in four barbettes— | not altogether dishonest, at least highly incapable. 


It has been taken up by plumbers, gas-fitters, and 
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bell-hangers as an adjunct to their ordinary work, 
and executed often in a manner which would be a 
disgrace to a competent workman in any of these 
trades. One may spend an indulgent smile on the 
enterprising tradesman who justifies his claim to 
the title of ‘‘ electrician” by merely putting up 
electric bells that do not ring ; but when the same 
man blossoms forth as an “‘ electrical contractor,” 
and undertakes the really responsible work of 
wiring houses for light and power, it is a different 
matter altogether; and the worst of it is, that 
these men get a great deal of work, and live by 
taking contracts at prices much below the lowest 
figure at which a conscientious firm can quote. 
The customer, as a rule, knows nothing of wiring, 
and accepts the lowest tender. Then, when the 
inevitable dissatisfaction occurs, he blames electric 
light in general, and everybody concerned suffers 
except the shoddy contractor who has the money 
for the job in his pocket. 

In order to protect the public as far as possible 
by setting a standard to which good wiring work 
should conform, the Institution of Electrical Engi- 
neers has from time to time issued a code of regu- 
lations for wiring, the first edition being issued so 
long ago as 1882. The fourth and latest edition of 
these regulations has just been published. The 
committee entrusted with its preparation con- 
tained representatives of the Municipal Electrical 
Association, the Electrical Contractors’ Associa- 
tion, and some of the leading fire-insurance offices, 
besides receiving the assistance of the Engineering 
Standards Committee and the Cable-Makers’ Asso- 
ciation. Thisshould ensure the general acceptance 
of the revised rules, which, however, will come up 
periodically for consideration by the same com- 
mittee, which has been appointed a standing com- 
mittee for this purpose by the Council of the Insti- 
tution. As, however, we have had wiring rules for 
a quarter of a century, and shoddy wiring is still 
rife in spite of them, it is too much to expect that 
the regeneration or the extinction of the black 
sheep in the trade is at hand. Such contractors 
will only be kept in the paths of rectitude by 
exacting of them a rigid fulfilment of a clear speci- 
fication, drawn up in accordance with the recog- 
nised rules governing good practice. The question 
is, Who is to do this? 

The person most closely interested in securing 
good work is, of course, the customer, but the 
average householder or owner is usually utterly 
incompetent to look after his own interests in the 
matter. So long as he gets the lamps and switches 
put where he wants them, he leaves everything else 
tothe contractor. The latter has, however, two other 
sets of requirements to meet—namely, those of the 
fire-insurance company and of the supply authority. 
The fire inspector, however, does not care in the 
least whether the voltage drop on the most distant 
lamps is 2 per cent. or 20 per cent., so long as the 
wires are not overloaded. His duty is to see—that 
is, as far as it is possible to see after the installation 
is completed—that the fire risk is negligible, and 
he is not concerned with the amount of light a 
distant lamp will give. The electric supply com- 
pany, the third interested party, are anxious to get 
another consumer on the mains, and accept the 
certificate of the fire inspector that the installation 
is approved. The company, nevertheless, will 
naturally make their own tests of insulation, &c., 
previous to connecting up, and will otherwise in- 
spect the system; but the worst of the bad work 
will be inside walls and floors and ceilings, where 
its condition can only be inferred. No electric- 
light undertaking likes either faults on its system 
or dissatisfied consumers, so that it might be 
thought that this inspection would be sufficient 
safeguard for the house-owner. The security he 
gets from it is, however, mainly illusory. It is 
only as a very last resource that the company will 
refuse to connect up the house, and certainly not 
on the grounds of excessive voltage drop. 

If, however, the new regulations do nothing 
to protect the consumer against bad work- 
manship, they will, if they become universally 
accepted, remove a lot of the troubles of the 
electrical contractor. Up to the present he has had 
to contend with numerous codes of rules, and to 
vary his practice according to whether it is required 
to satisfy the Institution rules, the private rules of 
the supply company concerned, or the demands 
of the particular fire office which undertakes the 
risk. There appears no valid reason why the 
Tustitution rules should not cover every point that 
a fire office has to consider, and, as a matter of fact, 





many fire offices have been content with these 
rules ; but several offices have enforced their own 
stipulations. The same statement applies generally 
to supply companies, who usually have been 
satisfied with the Institution rules, but, in other 
cases, have drawn up regulations of their own. The 
variations in the requirements of these little-known 
rules of the various supply authorities is a t 
source of annoyance to the contractor. The fuses 
in houses connected to the mains of the Greenock 
Corporation, for example, have to be ; in. longer 
than the fuses in sande houses, although the 
pressure of supply is the same in both cases. In the 
County of London Company's area the insulation 
resistance of a single motor must not be less than 
20 megohms, whereas the City of London Company 
are satisfied with anything above 1 megohm, and 
the Poplar authorities, who have the highest pres- 
sure of all, only stipulate half a megohm. The 
way of specifying the minimum insulation resist- 
ance allowable for motor circuits at Dundee 
provides a nice little sum for the contractor. It 
is to be ‘‘not less in megohms than 10 divided by 
the cube root of three times the current taken by 
the motor.” 

Again, under the Phoenix Fire Office rules, all 
radiators for heating should be fixed to or stand 
upon approved fireproof insulators, whereas the 
Manchester Corporation require the frames of such 
apparatus to be earthed. Literally, there is nothing 
inconsistent in these demands, so that the con- 
tractor can earth the radiator to please the Cor- 
poration and support it at the same time on 
insulators to comply with the wording of the 
Phoenix rules. The combination is, of course, 
manifestly absurd, and it is inconsistencies of 
this nature arising from the multiplicity of exist- 
ing wiring regulations that make it so desirable 
that the new rules may be found sufficient to 
ensure adequate protection. They, it may be men- 
tioned, do not specify particular values for the 
insulation resistance of installations, and pass over 
many other things, such as the point we have just 
mentioned, that might be made the subject of more 
detailed instructions. It is better to insist only on 
such things as are really essential if the regulations 
are to be universally adopted, and this appears to 
have been the object of the Committee. If other 
circumstances arise to make it desirable to add to, 
or modify, the rules, their periodical revision should 
enable them to be kept up to date, in order that 
they may remain the continual standard of the 
contractor’s business. 





INSURANCE OF LABOUR IN 
GERMANY. 

In an interesting booklet on the insurance of 
workmen in Germany, compiled by Dr. Zacher, 
Privy Councillor and Senate President of the 
Imperial Insurance Department, we find it recorded 
that previous to June, 1871, there was practically 
no legislation covering cases of accident to work- 
men. These came under common law, and common 
law granted no compensation. If a workman 
suffered in any way, the immediate author of the 
accident might be called to account, but never the 
employer. Generally, therefore, owing to the 

verty of the respondent, no compensation could 
granted to the plaintiff. Matters remained in 
this state until the passing of the liability law of 
June, 1871, by which the employer was made re- 
sponsible for accidents which occurred in his works 
or on his premises. This applied te railway opera- 
tives and to workmen in mines, quarries, excava- 
tion work, and factories ; and although it improved 
matters, it was far from satisfactory to the a 
classes. The latter had to take single-handed al 
the necessary steps to obtain redress, the onus of 
proof resting entirely with them. No responsibility 
was incurred under the law by employers of labour, 
and no compensation could be demanded of them 
when it was proved that they, or their managers, 
were not directly to blame. Accidents which 
occurred through fault, or neglect, on the part of 
the operative, or even through the risks attending 
various kinds of occupations, were not covered by 
the law of June, 1871; lawsuits increased year by 
year, and embittered the relations between em- 
ployers and their operatives. 

In order still further to improve matters, and 
following an Imperial edict of November, 1881, a 
series of laws was passed covering various classes 
of operatives ; thus that of July, 1884, applied to 
engineering firms and structural work, and it 
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was extended shortly after so as to apply also to 


railway, canal, and river operatives within the 
country, to post and telegraph employés, and also 
to the army and navy ; an enactment dated May, 
1886, further covered agricultural and forestry 
labour ; that of July, 1887, dealt with excavation 
for, and the erection of, buildings ; and labour em- 
ployed for navigation was further dealt with in an 
Act also dated July, 1887. All these enactments 
were revised and grou together in 1900, the 
decree passed in the latter year dealing further 
with cases of sickness and with the matter of 
disablement insurance. 

These enactments gradually covered all operatives 
whoseannual wages did not exceed 2000 marks(1001. ). 
The accident insurance decree of 1900 has raised 
this maximum annual wage to 3000 marks (150I.), 
and has rendered insurance against accidents com- 
pulsory on the part of employers of labour. It also 
covers domestic service and cases of accident which 
might occur to operatives away from their regular 
work, when they are acting under their employers’ 
orders. 

Although accident insurance is compulsory as 
aforesaid, and is carried out under State guarantee, 
the State, so to speak, stands apart, and, although 
controlling the insurance, does not, we are told, 
overburden employers with red tape in the matter 
of all the minute insurance clauses. The em- 
ployers of similar trades and crafts have joined 
together, and have formed district trade insurance 
associations in the central towns of the districts 
throughout the country. These are self-managed 
bodies, who appoint sub-committees and agents, 
and obtain full reports on each individual case 
which comes under their jurisdiction. For State 
work the trade associations are replaced by Govern- 
ment boards for the consideration of cases of 
accident. 

The law on accidents provides compensation for 
all cases except those in which the accident was 
caused by the victim intentionally, the compensa- 
tion being paid after the first thirteen weeks, during 
which preliminary period the sufferer is on the sick- 
list, and receives medical treatment and a part of 
his wages. If the workman be rendered totally unfit 
for work as the result of an accident, he receives as 
a pension two-thirds of his annual wages. For 

rtial disablement the compensation varies accord- 
ing to the consequences of the injuries received. 
In both cases the patient is given immediate sur- 
gical and medical treatment, this continuing as 
long as is necessary. If the accident causes the 
death of the workman, his funeral expenses—equal 
to a fifteenth part of his annual wages, minimum 
50 marks (21. 10s.)—are paid by the association, 
the latter further granting to his representatives 
an annual pension of from 20 to 60 per cent. 
of the annual wages of the deceased, this 
being distributed to the widowed consort, to 
the children under sixteen years of age, to 
indigent parents, grandparents, and to orphan 
grandchildren. The above proportions of the 
wages, however, are not absolute, and it is within 
the discretion of the trade insurance associations to 
increase the pension to the full amount previously 
earned by the deceased ; the same applies occa- 
sionally in the case of absolute permanent incapacity 
for work ; while, when unemployment is traceable 
to the consequence of partial incapacity for work 
following an accident, the compensation may reach 
for a time two-thirds of the wages as paid to those 
who become totally unfit for work. _ 

The annual wages are taken, under the decree, 
at 300 times the daily wage. Under former enact- 
ments the maximum was 1200 marks (601.); it is 
now 1500 marks (751.), and all sums exceeding this 
product are counted, for pension and compensation 
purposes, at a third their amount. 

During the first thirteen weeks following an 
accident the operative is cared for by the sick fund, 
or at the employer's cost. Following this prelimi- 
nary period, when the operative is being atfended 
to, and his family is receiving aid through the provi- 
sions made by the sick fund, he may, subject to the 
decision of the trade insurance association, remain 
in the sick club, the said association taking over all 
medical charges and compensation allowances from 
the thirteenth week ; or the association may take 
a case in hand from the moment the accident 
occurs, charging the sick fund with all expenses 
incurred during the first thirteen weeks. 

The amount of claim is settled without loss of 
time by the trade insurance association on the 
evidence of a report made out by the police ; when 
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the settlement is likely to be delayed by investiga- 
tions, the injured workman is paid a sum on account. 
The time during which a claim for compensation for 
an injury traceable to an accident may be put for- 
ward is two years from the date of the accident. A 
workman who is not satisfied with the decision given 
in his case bya trade insurance association can ap 

within a month to an arbitration court, formed of 
two representatives, one selected by each party, a 
Government official acting as umpire. This court 


settles all minor and current disputes. More im- | 


— decisions may be carried for appeal to the 
mperial Insurance Bureau, the head authority 
which has charge of the labour decree, its operation 
and matters of jurisdiction connected with it. 
This consists of a president, appointed for life by 
the Emperor, and twelve temporary members, of 
which six are representatives of the Bundesrat 
(Federal Council), and six representatives of em- 
ployers and operatives in equal numbers in indus- 
try, agriculture, and transport. There are also 
other permanent members of administration 
appointed by the Emperor, twenty-one for acci- 
dent insurance and six for disablement insurance ; 
legal advisers, and Government delegates ; all of 
whom form the different committees and courts of 
equity. 

The amount of contribution of each separate 
employer of labour towards his trade insurance 
association is in proportion to the risks which 
his membership entails upon the association. The 
risks for each separate establishment are deter- 
mined on the basis of a danger tariff drawn up 
by the association, and in proportion to the total 
wages paid. 

An interesting feature in the decree is that the 
State does not interfere directly with the question 
of protective devices and appliances ; it acknow- 
ledges that it is to the interest of the trade insur- 
ance associations to improve these, and always to 
put down the very best, and has left the decision 
and jurisdiction as to the selection of such appli- 
ances entirely in the hands of the associations. The 
latter have the power to increase the assessment 
of those members, being employers of labour, who 
do not adopt the most perfect appliances in the 
matter of safety. The associations have also framed 
rules with regard to safety, and may fine the opera- 
tives who transgress these rules. The question of 
safe working and safety appliances is, however, 
under the general supervision of technical in- 
spectors appointed by the Imperial Insurance 
Bureau above referred to. 

The sick fund already alluded to is worked in con- 
junction with the provisions of the law on accidents, 
by virtue of an enactment dated June, 1883; it pro- 
vides relief in cases of sickness and accident, and 
affords compensation for wages lost during the first 
thirteen weeks following an accident, as already 
stated. The enactment was at first applicable mostly 
to workmen in mines, quarries, and factories ; but 
its application was extended by an additional decree, 
which came in force in January, 1893 ; other decrees 
modified its operation. Insurance with the sick 
fund is compulsory, the workmen contributing 
two-thirds, and the employers one-third, both cal- 
culated in percentage on the wages, the workmen 
alone participating in the benefits of the fund. 
These benefits are: medical treatment or free 
hospital treatment, and sick- pay for thirteen 
weeks, the sick-pay being half the daily wage, as a 
minimum ; this is increased in special cases. 
Should an accident prove fatal while a workman is 
being relieved by the sick fund, his representatives 
are allowed from the said fund funeral expenses 
amounting to twenty times the average daily wage. 
Insurance with the sick fund is compulsory on 
behalf of the employés and workmen whose annual 
wage does not exceed 2000 marks (1001.). Indepen- 
dent employés, and those whose wages exceed the 
said limit, are at liberty te insure or not. The sick 
fund is administered independently of the Govern- 
ment, and is divided into sections in the various 
districts throughout the country, the divisions 
covering each the same trade, or the callings in 
which risks are practically equal. Each section is 
independeni of the other sections of the same dis- 
trict, and of similar sections of other districts. 
This greatly facilitates management, collection of 
contributions, and prompt distribution of relief ; 
also the detection of cases of malingering, and the 
settlement of disputes. The latter are decided, 
free of cost, by the local courts of justice. 

Besides the sick funds which work in conjunc- 
tion with the trade insurance associations, and 





whose awards in the matter of relief to really 
necessitous families are not infrequently in excess 
of the limits above stated, there are private sick 
funds, the membership of which is voluntary. 

In Germany insurance for — an old-age 
pension, and for guarding against the effects of 
physical incapacity, was first governed by a law 
of 1891, which since has been superseded by 
that of July, 1899, which came into force 
in January, 1900. Insurance is compulsory on 
the part of all inhabitants on completing their 
sixteenth year, the law covering all employés, 
whatever be their trade, apprentices, domestic 
servants, engineers, foremen, clerks, shop assis- 
tants, teachers, ships’ crews, &c., whose annual 
wages do not exceed 2000 marks (100/.). It is com- 
— also on the part of small employers of 

bour who employ but one assistant workman. 
Insurance is voluntary on the part of employés 
whose annual wages are from 2000 to 3000 marks 
(1001. to 1501.). The following are exempted from 
compulsory insurance :—Officials in any way con- 
nected with Government, also public school teachers 
while training for their profession, if they have 
expectations of a pension equal to the lowest in- 
capacity and old-age pension ; soldiers who during 
their service are employed as workmen ; persons 
giving instruction for remuneration during their 
studies; infirm persons who are entitled to an 
incapacity pension, or whose capacity for work 
is reduced permanently to less than one-third ; 
persons who, in exchange for their work, receive 
no wages, but board and lodging, or who can 
obtain only temporary employment. 

The personal contributions to the fund, if they 
have been regularly paid for a minimum period of 
200 weeks, are reimbursed in cash on application ; 
to the insured female who marries before she is of 
age to obtain an annuity ; to the representatives of 
a deceased workman; and to operatives permanently 
disabled by reason of an accident, and who obtain 
the accident pension. 

A pension for incapacity is granted to those 
persons who become unable to earn at least one- 
third their average wage, after they have contri- 
buted to the fund for at least 200 weeks, their 
altered circumstances being duly ascertained by 
official inquiries. The old-age pension is granted 
to all contributors on reaching their seventieth 
year, after they have contributed to the fund for 
at least 1200 weeks. To each annuity when it 
becomes due, whether for incapacity or by reason 
of old age, Government adds the amount of 50 
marks (2/. 10s.). Government also pays the con- 
tributions to the fund of the men while accom- 
plishing military service. 

For the purpose of establishing the amount of 
individual contributions to the incapacity and old- 
age pension fund, the wage-earners have been 
divided into five classes, according to the following 
total annual wages earned :—350 marks (171. 10s.), 
550 marks (271. 10s.), 850 marks (421. 10s.), 1150 
marks (571. 10s.), and above. Contributions to the 
fund, based on these totals, are paid each week, 
half by the operative and half by the employer. 
As a general rule, the employer pays the total sum 
and deducts half from the operative’s weekly 
wage. At the present time, the total weekly 
contributions to the fund are as follow, as per the 
above classes :—14, 20, 24, 30, and 36 pf. (1.68d., 
2.40d., 2.88d., 3.60d., and 4.32d. 

The old-age pension is made up of the Govern- 
ment subsidy of 50 marks (2/. 10s.), plus an amount 
provided by the insurance institutions, varying per 
class from 60 to 90, 120, 150, and 180 marks (31., 
41. 10s., 61., 71. 10s., and 91.). The incapacity pension 
consists of the same Government subsidy, plus an 
amount varying per class from 60 to 70, 80, 90, and 
100 marks (31, 31. 10s., 4l., 41. 10s., and 5l.), and 
plus, according to the class, the following sums :— 
3, 6, 8, 10, and 12 pf. (0.36d., 0.72d., 0.96d., 1.20d., 
and 1.44d.) multiplied by the number of weeks 
during which contributions have been paid by the 
workman. 

In practice the system is carried out in the 
following way :—Each workman has to provide 
himself with a card bearing his name, which he 
hands over to his employer, the latter having to 
see that a stamp is stuck on every week, the 
amount ranging in five classes from 1.68d. to 
4.32d., according to the man’s wages. The em- 
ployer is entitled to deduct half the stamp’s value 
from the —— wages. The stamps can be 
bought, as ordinary or revenue stamps, at 





the post or other special offices. As long as a man 


has employment he is sure to get a stamp added 
weekly to his card, which has room for fifty-two 
weeks. When it is full it is handed over to the 
particular office—generally the police office—against 
a receipt and a fresh card; the latter is again 
taken care of by the employer. On leaving a 
berth the worker is given his card, and on enterin, 
a new berth he hands it over to his new employer. 
The man is free to go on adding stamps to his card, 
even for the weeks he may be out of employment. 

With reference to the working of the incapacity 
fund in conjunction with the old-age pension, the 
main point to be borne in mind is that no man can 
enjoy any two pensions simultaneously. The two 
insurances are essentially one. If a workman, at 
whatever age, becomes incapable of work through 
sickness (during actual sickness he is provided for 
by the sick fund), and has accumulated at least 
200 weeks’ contributions, he has a title to an 
incapacity pension, as long as he remains incap- 
able ; even if, for the rest of his life, he will never 
have the enjoyment of an old-age pension. 

The amount of his annual incapacity pension is 
made up as follow :—50 marks (2I. 10s.) contri- 
buted by the Government, plus either 60, 70, 80, 
90, or 100 marks (31., 31. 10s., 4i., 41. 10s., or 5l.), 
according to the class out of the five in which the 
man ranked by the amount of his wages, plus so 
many times either 3 pf. (0.36d.), 6 pf. (0.72d.), 8 pf. 
(0.96d.), 10 pf. (1.20d.), or 12 pf..(1.44d.), as he 
has made weekly contributions, of 14 pf. (1.68d.), 
20 pf. (2.40d.), 24 pf. (2.88d.), 30 pf. (3.60d.), or 
36 pf. (4.32d.) respectively, according to the class 
in which he ranked. So, for a workman whose 
annual wages ranged between 850 and 1150 marks 
(421. 10s. and 57/. 10s.) (Class IV.), and who be- 
comes an invalid after 500 weeks’ contributions 
—(30 pf. (3.60d.) per week—the annual pension 
will be 50 marks plus 90 marks plus 500/10 pf. 
(1.20d.) = 190 marks (97. 10s.). 

The workman becomes entitled to an old-age 
pension when he attains the age of seventy, and has 
contributed at least 1200 weeks. If at seventy he 
has only contributed, say, 1100 weeks, he will 
have to contribute 100 weeks more before he is 
entitled to a pension. Even while in the enjoy- 
ment of his pension it is supposed that he can still 
do a little work ; if he become an invalid he would 
change over to the enjoyment of an incapacity pen- 
sion, which is a little higher. An instance will 
illustrate the point: A man at seventy who has 
paid the statutory 1200 weeks’ contributions and 
ranks Class IV. would receive 50 marks Govern- 
ment contributions, plus 150 marks fundamental 
sum—200 marks (10/.). Should the same man 
become incapable of work at 72, and had he con- 
tributed for 100 weeks more in the same class (in 
this case Class IV.), as he is entitled to do, he 
would become a pensioner enjoying an invalid 
pension amounting to 50 marks Government contri- 
butions, plus 90 marks fundamental sum, plus 
1300/10 pf. (1.20d.) = 270 marks (137. 10s.). 

We have given in the foregoing a brief recapitu- 
lation of the German laws which provide against 
accidents, and for sickness, incapacity, and old 
age ; but this would not be complete without a 
reference to the fact that numerous private com- 
panies had already instituted funds of their own 
free will for the benefit of their employés before 
Government stepped in and rendered such funds 
and insurance compulsory. Among these companies 
are the Fried. Krupp Company, who own the world- 
renowned works of Essen and other German towns. 
Our readers are well acquainted with the benevolent 
institutions established by this firm, and we shall 
limit our remarks concerning these institutions to 
a brief historical sketch and the latest statistics 
available :—In the ’fifties of last century the Krupp 
Works had in operation a fund, formed by their 
own subsidies and by the members’ subscriptions, 
the object of which was to afford relief to the 
latter and their families in cases of illness or death ; 
it also afforded pensions in cases of accident and 
incapacity, and old-age pensions. As the various 
laws above referred to, dealing with accidents, 
incapacity, and old age, came in force, the Krupp 
private funds were reorganised. The workmen 
and the firm subscribe to the State funds; but 
apart from these, the Krupp Company have insti- 
tuted at their various works workmen’s and 
officials’ pension and provident funds, the joint 
capital of which exceeds 33,000,000 marks (over 
1,650,0007.). In 1905 the firm’s contribution t» 
the State pension funds amounted to over 3,000,00'' 
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private funds in the same period to over 1,400,000 
marks (70,0001.), the latter sum exclusive of the 
facilities afforded by the firm to their staff and 
operatives in the matters of banking, housing, 
food supplies, and general medical and surgical 
aid, which amounted to a further sum of 2,400,000 
marks (120,000. ). 

In concluding our present series of articles on 
the labour laws in France, Belgium, Italy,* and 
Germany, we wish to add that on the Continent, 
as a rule, the men are well cared for by their 
employers. Disputes have arisen, but when the 
men have been able to approach their employers 
and lay their case directly before them, a satis- 
factory solution has almost invariably been arrived 
at within a very short time. In Continental 
labour troubles, and especially in those which occur 
in France, the danger lies in the fact that ‘‘ media- 
tors” often step in, and in nine cases out of ten 
these ‘* mediators” are men ‘‘ sans foi ni loi,” good 
speakers, it is true, who have tried their hands and 
their wits at numerous callings throughout the 
country, but have failed in all. We have come 
across such ‘‘ mediators ””—at some distance—who 
have ‘* conducted” strikes, have filled their own 
pockets, and have brought incalculable misery on 
the population of a whole district; they were 
acclaimed by the men at the time, but now dare 
not show their faces for fear of rough handling. 

Messrs. Krupp, and other Continental firms we 
could mention, deal directly with their men; in 
these works contentment reigns and will continue 
to do so, provided the unscrupulous ‘‘ mediator ” be 
kept at a distance. Our thanks are due to Mr. 
F. Homann, of Essen, who has kindly given us a 
few data for the present article. 








STUDIES IN MAGNETISM. 

On Saturday last Principal 8. P. Thompson, 
F.R.S., opened a course of three Tyndall lectures 
on ‘* Studies in Magnetism,” in the Royal Insti- 
tution. Lecturing in the spirit of the great 
scientist, in whose memory these discourses are 
held, Dr. Thompson approached his subject from 
both the historical and the experimental sides. The 
lecturer stated in his introduction that he could not 
deal with the phenomena of temporary magnetism, 
and he devoted the first discourse to lodestones. 
The lodestones, he said, were blackish stones, 
rusty brown on the outside, occurring all over 
the world ; among the many specimens on the table 
were some from Elba and Antrim, magnetic sand 
from New Zealand, and a large lump of black rock 
—Government property—-from the Island of Ascen- 
sion. The three chief properties of those stones 
had been well known to the ancient nations ; the 
properties were attractive, directive, and communi- 
cative. Iron was attracted by lodestone; the 
stone directed itself, when floating or suspended, to 
the poles; and it communicated its properties to 
hard iron—iron that could be given a sharp cutting- 
edge. For the subsequent discoveries we could 
assign dates, though the priority was sometimes 
very doubtful. ; 

Without entering into such questions, Dr. 
Thompson referred to the remarkable letter which 
Petrus Peregrinus, or Pierre de Maricourt, hailing 
from Picardy, wrote in 1269 from Lucera, in 
Southern Italy, on the properties of magnetic stones. 
Though a soldier of fortune, this Peter certainly 
applied scientific methods. He placed steel needles 
on the stone, marked the positions they assumed 
on the stone with chalk, produced the lines, 
and noticed that they all intersected in two 
points. Making a stone float on water, he ob- 
served that the one pole faced north, the other 
south; that similar poles repelled one another; 
that a stone broken in two again showed the two 
poles, &e. There were 28 copies of this manuscript 
in existence, Dr. Thompson remarked, and the 
letter was printed in 1558, at Augsburg, in a book 
edited by Gasser, of which we still possessed 
18 copies. But though often plagiarised, the 
letter, as such, was forgotten. A copy in the 
possession of the British Museum was interesting 
for the annotations and explanatory diagrams 
by the astrologer, Dr. John Dee, who told 
us how the sailors in the North Sea kept their 
odestone locked up as long as known land was in 
sight, and took it out to touch the needle when on the 
open sea. Gilbert referred to Peter in his famous 
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work ‘*De Magnete.” Gilbert’s great discovery 
was the arming of magnets by fitting iron caps to 
the poles. After his days the interest in lodestones 
languished, steel magnets claiming all the atten- 
tion, and it was only in recent decades that lode- 
stones had been studied again. 

It was remarkable, Professor Thompson pointed 
out, that of the five oxides of iron only the one, 
Fe,0,, possibly representing a compound between 
the two oxides FeO and Fe,0;, was magnetic 
in the ordinary sense. For if a good lodestone 
was about as strongly magnetic as cast iron, and 
would take about half the magnetism of steel, the 
other oxides would not take up the one-thousandth 
part of that magnetism. Natural magnetic iron 
oxide contained over 70 per cent. of iron when 
pure. The magnetic rock was not, as a rule, cry- 
stalline. But we found crystals in sizes of more 
than an inch, generally octahedrons, also rhombic 
dodecahedrons and, rarely, cubical crystals re- 
sembling pyrites. Now it had been demon- 
strated by P. Weiss and others, experimenting 
with magnetic iron oxide and also with other 
magnetic ores (pyrrhotine, Fe,S,), that the crystals 
could only be magnetised in certain planes, and 
that the structure of the crystal was an impor- 
tant feature. Octahedrons would hardly keep 
any magnetism ; the form was against it. Rings 
and rods were best; Dr. Thompson had years 
ago made rings of natural magnets, and Weiss had 
cut rods from the minerals for comparison. Both 
in the octahedrons and the dodecahedrons, the 
rods proved most magnetic when cut at right 
angles to the face of a crystal ; but rods cut at 
right angles to a cubical face would hardly retain 
any permanent magnetism. That magnetite 
lost its magnetism when heated was known to 
Gilbert. The critical temperature was 535 deg. 
Cent., and Dr. Thompson had just observed 
that magnetite showed recalescence like steel. 
Magnetite became more susceptible to magnetic 
force after having been heated above the recales- 
cence temperature, and it was necessary to anneal 
different specimens of magnetite, which behaved 
very differently, to obtain uniform results. 

The influence of structure was further exempli- 
fied by other recent researches of the lecturer. 
The preparation of magnetic iron oxide had been 
known since the days of Wéhler. Two parts 
of a solution of ferrous sulphate (green vitriol) were 
oxidised with nitric acid, mixed with the third part 
of the solution, and precipitated with ammonia ; 
the black flakes adhered to a bar magnet like 
iron filings. If the precipitation was effected in 
glycerin or gelatin, and a-bar-magnet was placed 
over the warm mixture, then the particles of oxide 
arranged themselves, on cooling, in lines of force 
like iron filings, or like the magnetic needles in 
Ewing’s model of a magnet ; and as long as that 
structure was maintained, such a block or plate 
would behave like a magnet. When the gelatin 
was melted the orientation was disturbed, and the 
magnetism vanished. We could assume such an 
orientation in the crystals of natural magnets, and 
there would be a greater density in certain directions. 
Structures characterised by different densities in 
different directions could be imitated with the aid 
of fine iron wires. When the iron wires were 
placed parallel to one another, and a disc was cut 
out of such a wire ribbon, and surrounded with a 
ring of brass, this ring would easily roll, of course, 
on a smooth surface and stop in any position ; 
rolled on a bar magnet, however, it was at once 
stopped when the wires were at right angles to the 
bar. When a similar ring was made out of iron 
gauze, with wires crossing at right angles, there 
were four maxima positions of magnetisation, alter- 
nating with four minima, the latter being at 45 deg. 
to the wires. 





WINGS AND AEROPLANES. 


Tue second lecture on this subject was delivered 
by Professor G. H. Bryan, D.Sc., F.R.S., at the 
Royal Institution on Tuesday, the 16th inst. Re- 
ferring to the last point of the previous lecture, 
Professor Bryan again stated, as his opinion, that 
the actual mechanical problems connected with the 
provision of sufficient power presented no insuper- 
able difficulties, and then proceeded to state that 
if only the machine would fly straight, we might 
soon arrive at a complete solution of the problem. 

The complete solution of the problem of straight 
flight involves questions in higher mathematics, 
into which the lecturer did not enter. In con- 








sidering the question of straight flight questions 
involving stability in motion arise. An example 
of stability in motion, as opposed to pe oe 
may be seen in the ordinary toy top. This, when 
not rotating, rests on one side, but when set in 
rapid motion spins on its point until the motion 
becomes so slow that the top falis over. In this 
case it isstable when moving rapidly, and unstable 
when the motion is slow. Problems of this descrip- 
tion arise with flying-machines, but these may tend 
to right themselves when travelling at a moderate 
pat and be unstable when travelling rapidly. 
The stability of flying machines is coxnetale 
more complicated than the question of stability of 
ships, which is now a matter reduced to mathe- 
matical calculation ; for the flying machine is ve 
liable to turn over forwards or backwards as well 
as to upset sideways. In fact, the principal difii- 
culty to be encountered is that of pitching. 
any years ago Dr. Glaisher made an interesting 
experiment with a glider which first drew attention 
to the failure by pitching. The glider he used had 
been successfully experimented with from the 
top of a house, and seemed to perform its flight 
to the ground satisfactorily. On a longer flight, 
however, when dropped from a balloon, it started 
fairly well, but developed a violent wave-like 
motion, finally turning over completely, and per- 
forming somersaults in this way till it reached the 
round. This behaviour is what is to be expected 
ben a mathematical consideration of the subject. 
Professor Bryan some time ago took up this 
question, and made a series of mathematical 
studies on it, with the assistance of Mr. W. E. 
Williams, formerly one of his students. Stability, 
he found, depended on an equation of the fourth 
degree. The conditions of stability have been 
given by Dr. Routh, and involve a considera- 
tion of the moment of inertia about the centre of 
gravity of the body, the resistance of the air on the 
surfaces of the machine, and the position of the 
centre of gravity. Professor Bryan’s work was 
carried far enough to prove that the subject could 
be treated by mathematics, and definite conclusions 
arrived at. This work he hopes to carry further. 
If a glider is launched in an inclined position, it 
is at once evident that instead of keeping to a 
straight path, it may either fall much more rapidly 
than along the line representing the intended 
slope, or glide off at a gentler slope, and, rising 
in the air, may overturn. On a glide of moderate 
length the wave-like deviations from the theoretical 
straight path may appear to be equal on either side, 
and seem at first to result from a stable motion. 
Curves plotted from calculations show, however, 
that this motion may become aggravated. If motion 
is in the least degree unstable, the longer the glide 
the greater will be the deviation from the desired 
th, until the machine overturns. Professor 
ryan sketched on the blackboard two such 
curves, one of them having a loop in it. These 
curves were in agreement with Dr. Glaisher’s 
glider experiment referred to above. Another 
difference between the stability of ships and that 
of flying-machines lies in the fact that not only 
have we one pitching motion, and that in itself a 
dangerous one, but mathematics prove that the 
presence of another pitching motion has to ba taken 
into account. Instead of a wave-like path, such as 
depicted in a, Fig. 1, page 526, another series of 
motions comes into play, with the result that the 
a taken is something like that shown in b, Fig. 1. 
tither of these motions may lead to overturning. 
Fig. 2 shows a curve, plotted from calculations, 
which represents the path of a glider affected by two 
motions, one increasing while the other is decreas- 
ing. The oscillations become irregular and the 
machine would be unstable, and after a certain dis- 
tance would fail. Mr. Williams had experimented 
with gliders made according to these calculations, 
and having found that these behaved approximately 
as was expected, he proceeded to take photographs 
of the paths of these experimental ‘ian. Some 
of these we roughly indicate in Fig. 3,a tof. The 
photographs were taken by attaching a small piece of 
magnesium wire to the glider, and lighting this, the 
photographs being taken at night. In Fig. 3a the 
path of a single square plane is shown in which 
the gliding is fairly satisfactory. Fig. 3b depicts the 
path of two small planes, one behind the other, set 
at asmall angle. In this it will be noticed that the 
short-pitching motion became greater and greater, 
and that finally the glider was quite erratic. Fig. 3c 
is another example of final failure owing to the 
growth of the short-pitching motion. Another 
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example shown on the screen depicted flight in an 
almost straight line, the wave-like variations being 
very slight and occurring at equal intervals along 
the path. Fig. 3d shows a path of a glider in which 
the short motion was not started, the long motion 
only being recorded. Fig. 3e represents a path 
which is apparently the result of stable motion 
both for the short and long-pitching motions. Both 
the long and short periods are regular. This path 
was recorded with a glider of two square planes 
inclined to one another at an angle of 10 deg. By 
taking photographs with a revolving shutter Mr. 
Williams obtained records of the paths of gliders 
which showed broken lines such as that in Fig. 3f. 
These curves showed the velocity with which the 
glider was travelling at different points of its path. 
For instance, at the commencement the dots are 
small and close together, showing that the velocity 
was low ; it then increased, the dots being longer in 
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the portions of the path more nearly vertical. Again, 
on its upward turn the velocity is reduced, then it 
becomes greater on the direct fall, and soon. The 
path depicted is that given by a single square 
plane. 

Models show how greatly stability depends on 
form and dimensions. The velocity must be greater 
for large than for small models (approximately 
v? should be proportional to the linear dimensions 
of the glider, with certain reservations). For these 
reasons, if models are chosen so as to glide 
at the same velocity, large models will be less 
stable than small. Professor Bryan illustrated this 
with models of three different sizes, designed to glide 
with the same velocity. The small models glided with 
a very even motion, the next size larger were rather 
more uncertain, while the largest size of all showed 
a most erratic behaviour. The calculations possible 
on this subject are as yet only approximate, as the 
data available are not at all complete. Square planes 
only could be used in the experiments, for the reason 
that the changes of the position of the centre of 
pressure have, so far, been calculated only for such 
planes. Again, no experiments have been made by 
any investigators on planes beginning to turn for- 
wards or backwards ; and until information is avail- 
able on this point a full consideration of the stability 
of flying-machines is impossible: No solution of 
the problem will be final unless it includes work 
of this kind. Experiment alone is not conclusive, 
and while one machine built may be satisfactory, 
such a result can form no sound basis on which to 
design machines of otier dimensions. 

In conclusion, we may refer our readers to the 
Aeronautical Journal for January, 1904, for the 
calculations of Professor Bryan and Mr. Williams, 
and also to the July, pe ame hog yt _—— for 
reproductions of the oan s of the paths of 
glides depicted in the sketo whore. 








NOTES. 

Tur New AGREEMENT BETWEEN THE ENGINEERING 
Emrtoyers’ FepERATION AND THE ALLIED En- 
GINBERING TRADES. 

THe terms agreed to at the conference of the 

Employers’ Federation and the Allied Engineering 

Trades, which took place on March 22 last, ap- 

pear to be of a very far-reaching nature, and, 

when compared with the terms of agreement 
signed in January, 1898, show the change that 
has taken place in the views of both masters 
and men with regard to certain labour questions. 

Many mutual concessions are contained in the 

new agreement, some of the most important 

being connected with picce work, and overtime by 
piece-workers. Overtime and night-shift rates are 





conceded, in addition to piece-work earnings, while 
their day rate is guaranteed to those on piece-work, 
irrespective of piece-work earnings ; also the time 
to be allowed for systematic overtime is reduced 
from 40 to 32 hoursin any four weeks. In order to 
avoid delay in the holding of local and central con- 
ferences, special provisions are made. The rating 
of skilled workmen, the selection, training, and 
employment of operatives, and the number of 
apprentices employed have also received atten- 
tion. The subject is a very important one, affect- 
ing as it does the future relations between masters 
and men, and the agreement points to a lessening 
of disputes and to an increase of that amicable feel- 
ing which ought to be encouraged between employers 
and employed. As we hope, however, to refer 
more fully to this agreement at an early date, 
more need not be said about it at present. The agree- 
ment will be submitted to the votes of the members 
of the A.S.E., the S.E.M., and the U.M.W.A. for 
ratification, or otherwise, in due course. 


CEMENT IN DENMARK. 


According to a recent statement, the five existing 
cement factories in Denmark have, during 1906, had 
an aggregate output of 1,350,000 barrels, of which 
1,150,000 barrels have been absorbed by the home 
consumption, and the balance, 200,000 barrels, ex- 
ported. The imports into Denmark from Sweden 
and Germany have amounted to a similar quantity 
—150,000 to 200,000 barrels. In other words, the 
consumption and the production have been about 
the same. Through the extensions which the exist- 
ing five Danish cement factories recently have made, 
or are about to make, their production per annum 
will be increased so as to reach an aggregate of 
2,250,000 barrels. There are at present under con- 
templation the erection of three new cement fac- 
tories in Denmark, with an aggregate annual capa- 
city of 500,000 to 800,000 barrels. If these works 
are all destined to become a reality (as to one, at 
least, there can be little doubt in this respect), the 
total production of cement in Denmark will amount 
to some 3,000,000 barrels. It gces without saying 
that the Danish market cannot consume this large 
quantity, and compared with the surplus, whith 
will then be available, the present import of cement 
is insignificant. There will, consequently, when 
the projected works are in full swing, be 1,000,000 
to 1,500,000 barrels of cement ready for export. It 
may be said, with some certainty, that such a large 
quantity cannot be sold advantageously, if at all. 
The result will, of a necessity, be that the out- 
put of the works will have to be materially reduced, 
to very small advantage for the capital invested in 
these undertakings. The export cement business 
is not by any means such a lucrative one as many 
seem to imagine, and the only Danish cement factory 
with any export worth speaking of has had to sell 
cement to distant countries at a profit of 14d. to 
2d. per barrel. 


AERIAL NAVIGATION. 


‘* Aerial Navigation” formed the subject of a paper 
read by Major B. F. S. Baden-Powell before the 
Society of Arts, on Wednesday, the 17th inst. In 
his opening remarks the author discussed the pro- 
bability of the advent of practical air-ships in the near 
future. Gas-filled air-ships were scarcely touched 
upon in the paper, the author considering that it ap- 
peared probable that these must undergo a substan- 
tial modification of their present forms, and that 
they will become altogether obsolete the moment gas- 
less machines are practicable. Major Baden-Powell 
then proceeded to review the knowledge already 
at the disposal of an inventor in connection with 
aerodynamics, and concluded that Duchemin’s for- 
mula for the pressure of air on planes was the most 
accurate yet obtained. Discussing the question of 
alteration in the position of the centre of pressure, 
he gave Joéssel’s law of C = (0.2 + 0.3 sin a) L 
(where L = length from front to back), as the only 
reliable guide in this matter. Information on this 
subject may be said to be still incomplete. After 
touching upon balance and gliding, in which, as 
yet, a great deal is still left unexplained, the author 
discussed the effect of suction above a plane in for- 
ward motion, andalso the point demonstrated by Pro- 
fessor Langley that a plane surface propelled hori- 
zontally through the air will fall more slowly than 
one falling vertically without progressing. The be- 
haviour of air under curved surfaces was touched 
upon, the work of H ves being noted in this 
connection, and his deduction cited to the effect 
that the eddy on the underside of the curve actually 





helps the plane forward. Major Baden-Powell then 
spoke of the work recently done in this connection, 
and gave the accompanying table of data relating 
to modern machines :— 

Aeroplane Machines. 
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The paper was illustrated by a number of experi- 
ments with paper planes and gliders of simple 
form. At the close of the discussion Sir Benjamin 
Baker, who occupied the chair, remarked on the 
back suction on inclined planes, stating that his 
observations showed that at the front and back 
edges on the = side there existed a negative pres- 
sure, while at the centre there was actually a posi- 
tive pressure ; he also stated that the negative pres. 
sure measured above the front edge was greater 
than the positive pressure measured below it. 


Tue New Svussipine Reservoirs or THE MEtRo- 
POLITAN WaTER Boarp at WALTON. 


On Saturday last two new subsiding reservvirs 
at Walton, constructed by Messrs. John Aird and 
Sons for the Metropolitan Water Board, to the 
designs of Mr. J. W. Restler, M. Inst. C.E., were 
formally opened by Sir R. Melville Beachcroft. 
The reservoirs were originally planned by the 
Southwark and Vauxhall Water Company, and 
were in course of completion when the undertaking 
was absorbed by the Metropolitan Water Board. 
The two reservoirs lie side by side, being merely 
separated by a roadway, and cover in the aggre- 
gate an area of 125} acres, and have a combined 
capacity of 1198 million gallons, equivalent to 
about 5$ days supply for the whole metropolis. 
Similar reservoirs are also to be constructed in 
the Lea Valley, and when these are completed 
the storage capacity provided will be as great 
as that of the recently-completed Birmingham 
water supply. These new reservoirs were not in 
any sense required for impounding purposes, the 
Southwark and Vauxhall Company having had a 
more than ample supply for its requirements in 
even the driest of summers, so the works in ques- 
tion were projected by them solely with a view to 
still further improving the already excellent quality 
of the water served to consumers. It has long been 
recognised that water, if stored, has remarkable 
powers of self-purification. In the old days, ocean- 
going sailing vessels trading to London were not at 
all particular as to the quality of water they took 
on board, and experience showed that even if their 
casks were filled with a badly-fouled water, the 
latter became of excellent quality at the end of a 
few weeks. Reliance is not, however, to be placed 
solely on the purification effected in these subsid- 
ing reservoirs, but the water is to be further passed 
through sand filters before it is delivered into the 
mains ; the efficiency of these filters as eliminators 
of pathogenic organisms is well recognised. The 
Walton water will be sent to Hampton for filtration, 
being taken under the Thames through two 48-in. 
mains laid through a tunnel under the bed of the 
river. The intake for these new reservoirs is on the 
river bank at Walton, and consists of three tunnels, 
each 8ft.6in. in diameter, fitted with Stoney balanced 
regulating sluices, constructed by Messrs. Ran- 
somes and Rapier, Limited, Ipswich. A special 
pumping station for the supply of the reservoirs is 
about to be erected, the designed capacity of the 
machinery being the delivery of 100 million gallons 
per 24 hours. Including these new reservoirs the 
storage capacity now available is equal to 40 days 
consumption for the whole metropolitan area, and, 
as already mentioned, it is to be considerably in- 
creased in the immediate future. All the speakers 
at the opening ceremony paid a warm and un- 
doubtedly deserved tribute to the anxiety of the 
late water companies to provide an adequate and 
pure supply of water, and to the enterprise with 
which they pursued these ends. Very different 
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language was used in this regard when it was desired 
to cheapen the terms on which the undertakings in 
question were acquired. 


Niosium. 


It is both interesting and instructive to note that 
in the course of their search for new materials 
suitable for filaments in incandescent electric 
lamps, Messrs. Siemens have in their physico- 
chemical laboratory at Nonnendamm, near Berlin, 
studied the properties of niobium, and Dr. Werner 
von Bolton announces, in the Zeitschrift fiir Elek- 
trochemie of April 12, that he has succeeded 
in preparing pure niobium, about which little was 
to be found in text-books ; most of this little will 
now have to be revised. Niobium is generally 
stated to have been discovered by Heinrich Rose 
in 1844. What Rose really did was to establish that 
niobic acid, which resembles tantalic acid, must be 
a hydrate of an element closely related to vanadium 
and tantalum ; he did not isolate the metal, how- 
ever, and he and other chemists suspected the 
presence of further elements: the pelopium of 
Rose, ilmenium of Hermann, and the neptunium 
of Kobell, in columbite and other minerals from 
which niobium (or columbium) is gained. We 
now class vanadium, niobium, and tantalum as 
a sub-group of trivalent and pentavalent metals, re- 
sembling phosphorus, arsenic, and antimony on 
the one side, and aluminium and the rare earths 
on the other. Bolton prepares niobium in two 
ways. The pentoxide} is rendered plastic by 
being mixed with paraffin and pressed through dies, 
to obtain fine threads ; these threads are converted 
by calcination into the tetroxide, which looks 
bluish and conducts the electric current. When 
this tetroxide is further heated by the aid of 
continuous currents, and the escaping oxygen re- 
moved, the U-shaped oxide thread finally becomes 
partly metallised; the reduction succeeds much 
better with alternating currents, when first a few 
brilliant specks appear at white heat, from which 
the glowing spreads. It has been found that this 
way, in which tantalum wires have been pro- 
duced, is not suitable for preparing larger masses 
of the metal, for which purpose Bolton makes 
use of the alumino-thermit of Goldschmidt, using 
again the pentoxide and less than the neces- 
sary amount of aluminium. An alloy of niobium 
and aluminium results, a very hard greyish sub- 
stance of specific gravity 7.5, which Goldschmidt 
himself had mistaken for impure niobium. This alloy 
is then heated in an electric vacuum furnace (used 
also in the tantalum preparation) ; to drive all the alu- 
minium out ofa lump of alloy weighing 20 grammes 
required the application of 185 amperes at 40 volts 
for 15 hours, and a good deal of the niobium is lost 
by evaporation. The pure metal thus produced hasa 
density of 12.7, instead of 7.5, previously assumed ; 
it can be rolled out to sheet metal and foil of den- 
sity 12.75 and thickness 0.05 millimetre, but cannot 
be directly drawn into wire ; it is, however, soft, like 
wrought iron, and not at all brittle. The specific 
heat is 0.071 ; and assuming the atomic weight to be 
93 (as deduced from the niobic acid), the product of 
these two constants would be 6.603, in accordance 
with the law of Dulong and Petit. The electric 
conductivity is 0.187, the temperature coefficient 
positive, like that of metals, while the coefficient of 
an oxide, which is formed — the heating of the 
pentoxide, is negative. Heated for a long time in 
air or oxygen, the metal, which resembles tantalum, 
but is slightly brighter in colour, being more like 
platinum, becomes slowly covered with a brownish- 
bluish skin of oxide ; even in oxygen the powdered 
material requires heating for hours to produce 
oxidation. With hydrogen, niobium forms the 
hydride NbH, which seems to have been mis- 
taken for the metal by Roscoe, and also by 
Weiss and Aichel in their attempts to reduce 
niobium chloride. A small percentage of carbon 
makes niobium very hard, and Moissan’s metal was 
really a carbide. Most acids and alkalies do not 
attack niobium at all, either hot or cold, although 
fused alkalies and saltpetre do attack it ; it does not 
form an amalgam, but alloys with iron and other 
metals. Two features of this metal are electrically 
interesting. The niobium melts at 1950 deg., and 
does not give suitable filaments for incandescence 
lamps. In electrolytic cells containing sulphuric 


acid, two niobium electrodes stop alternating cur- 
rents of 120 volts ; when one electrode is niobium 
and the other platinum, the anodic impulse is 
stopped, as in the case of tantalum and aluminium, 
the anode becoming covered with glowing gas bubbles. 








AUSTRALIAN TRANS-CONTINENTAL 
RAILWAY. 


WE entered a few months ago at some length into 
the history of the Northern Territory of South Aus- 
tralia and the great Trans-Continental Railway which 


it has been so long proposed to carry through it. We 
should now note that an important step has been 
taken by the Commonwealth of Australia with regard 
to the Northern Territory—a step which may have 
some effect upon the future of the Trans-Continental 
project. Should this be the case, many interesting 
engineering questions will arise; and we need offer, 
accordingly, no apology for again dealing with the 
subject. The step which has been taken 3 the Aus- 
tralian Commonwealth is the conclusion of @ provi- 
sional agreement with the South Australian Premier 
and Minister of Lands for the taking over the Northern 
Territory by the Commonwealth. The Northern 
Territory has ae been the white elephant of South 
Australia, as it has involved that State in a con- 
siderable annual outlay without yielding much corre- 
sponding return. The South Australian Cabinet has, 
accordingly, become weary of the strain for which the 
State has to provide, the loss sustained by the 
South Australian Treasury for the last forty-two years 
having been about 100,000/. per annum. At the same 
time the arrangement which has been entered into 
between the South Australian Premier and the Common- 
wealth Premier is only provisional. Should it not be 
—— by the South Australian Legislature, and 
still more by the Federal Legislature, it will, of course, 
come to nothing. 

The reason why the Northern Territory has in- 
volved the South Australian Treasury in such a 
heavy annual loss is that it has been practically turned 
to no account, The same fate will await the Common- 
wealth Government unless it can carry a railway 
through the vast area of country which it proposes to 
take over. Australian statesmen are quite aware of 
this ; and there is, accordingly, now a chance of an 
effort being made to complete the long-desired through 
communication from Adelaide to Port Darwin. e 
may recall the fact that it is not necessary to construct 
a line the whole way from Adelaide to Port Darwin, 
as railway communication has already been established 
as far asOodnadatta. It should also not be forgotten 
that although the construction of the pro through 
railway is a condition precedent for the ‘success of 
the Northern Territory when it is transferred to the 
Federal Government, it is also n to en- 
courage emigration into what is at present a vast 
wilderness. But while it will not be sufficient to rely 
7 railway construction alone for the development 
of the territory, we may pretty well take it for granted 
that emigration cannot be expected to make much 
progress without a through railway. If population is 
necessary for the development of the Northern Ter- 
ritory, a good through railway is more likely to bring 
that population into the territory than any other 
influence which can be exerted for its development. 

It must not be assumed that, because the Northern 
Territory scheme of South Australia has not thus far 
been a success, the territory is valueless for settle- 
ment. On the contrary, the Northern Territory 
exported between 1880 and 1904 products to the 
aggregate value of 3,475,813/. The exports com- 
prised the following items :—Gold, 1,889,566/.; silver, 
51,350/. ; tin, 78,237/.; copper, 104,997/.; timber, 
2000. ; cattle, 801,537/. ; hides and horns, 51,135/. ; 
wool, 89,2487. ; rl-shell, 230,788/. ; horses, 39,252/. ; 
sheep, 9973/. ; fish, 7902/. ; trepang, 116,889/. ; wolf- 
ram, 2899/. ; and tortoise-shell, 50/. This production 
was effected , & population of only 3500 souls, 1200 
of whom are Europeans and 2300 Asiatics ; and it is 
not too much to assume that if a substantial number of 
inhabitants were settled upon the territory, the work 
of production and exportation would be commenced 
med carried on in good earnest. Even, however, under 
depressing and almost hopeless circumstances the 
revenue collected from the territory in 1905 was 
20,617/., as compared with 26,290/. in 1904. Itis to 
be feared that when the accounts for 1906 are officially 
made up, they will show a further reduction of 5000/. 
in the income, so that it is not surprising that the 
South Australian Government should be endeavouring 
to get rid of its white elephant. 

pinions differ a good deal as to the value of this 
vast, but at present profitless, territory. Some of the 
travellers whe have passed through it have formed 
hopeless conclusions respecting it ; but account must 
be taken of the fact that they had to contend with 
great personal hardships, which coloured their opinions 
more or less. Apart con this, the settled parts of 
Australia had then reached a much less perfect stage 


of development than that which they have now| P@ 


attained ; and this should, of course, not be over- 
looked, as the settled districts now afford a market 
for some of the products which the territory may be 
expected to yield. Captain Sturt, who traversed part 
of the territory some sixty years ago, pronounced it 
& fiery wilderness, in which life could scarcely be sup- 
ported. Native Australians, on the other bank contend 





that the territory is a land of vast undeveloped 
resources, and that all that is needed is a better water 
supply, which can be obtained by artificial means if 
the worst comes to the worst. One reason why such 
divergent views are taken as to the value of the terri- 
tory is to be found in the fact that the seasons vary 
a good deal in the heart of Australia. One traveller 
who has explored the Australian wilds may have had 
an exceptionally good season in which todo so; the 
next traveller may have had to face great meteoro- 
logical difficulties. All this has complicated, of course, 
the information which has accumulated with respect 
to the territory during the last half century. But, 
after all, one would be inclined to attach the most 
value to the testimony of native-born Australians, 
especially if the territory can be endowed with the 
seeped railway. The fact that such a considerable 
quantity of gold was obtained from it during the last 
quarter of a century, taken in conjunction with the 
extensive mineral wealth which other parts of Aus- 
tralia are known to ess, is certainly encouraging. 
Australia is also a region of vast pastoral wealth, and we 
may repeat the fact that cattle to the value of 801,537/. 
were exported from the Northern Territory between 
1880 and 1904. The territory has at present been a 
failure so far as the South Australian Treasury is con- 
cerned; but it by no means follows that because South 
Australia shows a desire to retire from its further de- 
velopment, the Australian Commonwealth, with its far 

ter resources, will not be able to work out results 
which a single State has been unable to accomplish. 
We may note, in connection with the proposed Trans- 
Continental line, that it has been completed from 
Adelaide to Oodnadatta, a distance of 685 miles, while 
at the other end a section has been brought into 
operation from Port Darwin to Pine Creek. The 
object now to be aimed at is to cover the wide gap 
between Pine Creek and Oodnadatta. 








Boston.—A project is under consideration for the con- 
struction of a deep-water dock near the mouth of the 
river at Boston. A number of gentlemen interested in 
Midland colliery properties have visited Boston this 
week, and have inspected several sites. The main object 
aimed at in connection with the proposed dock is the 
provision of increased facilities for the exportation of coal. 

TRIAL or AN O1t-Furet Streamer.—On April 13 the 
steamer Elax left Messrs. Smith’s Dock Company, North 
Shields, for trial, after a thorough overhaul and installa- 
tion on board of liquid fuel-burning apparatus. The 
steamer is owned by the Shell Trading and Transport 
Company, and is employed in the oil-carrying trade. 
She is of 4015 tons gross register, capable of carrying 
5500 tons of cargo, and is the eighteenth steamer 
belonging to this company to be fitted for burning 
liquid fuel. On her trial, at a speed of 11 knots, the 
required boiler pressure was easily maintained on a con- 
sumption of 144 cwt. of liquid fuel per hour. This is 

uivalent to a consumption of only 174 tons per day for 
all purposes, as against 30 tons of coal per day consumed 
for the same work on previous Ls a The installation, 
as fitted by Messrs. Smith’s Doc mpany, includes 
Rusden-Eeles patent burners and Flannery-Boyd heating 
coils, and gravitation tanks for purifying the fuel before 
being pad cari to the burners. 





LiverPooL CorPoraTion TRAMWAYS.—The working of 
the Liverpool Corporation tramways for the year 1906 
resulted in a balance of 82,756/., after payments of in- 
terest and to the sinking fund. The total revenue of the 
system amounted to 583,619/., and the percentage of 
working expenses to gross revenue works out at 67 per 
cent. he general rates account benefits by 27,585/. 
transferred to it from the balance on the tramways. The 
average fare per passenger was 1.108d. for the year, and 
the average th of a penny stage on the system is 
2 miles 699 yards, The working expenses per car-mile 
work out at 7.751d., interest and sinking fund per car- 
mile to 2.171d., making total charges per car-mile of 
9.922d.—a slight increase on previous years. The earn- 
ings per car-mile stand at 11.17d,—also a slight increase 
on previous years. The cost of current to the system is 
1.984. per car-mile; cost of general repairs and main- 
tenance, 1.63ld. per car- mile; the most important 
items being permanent-way repairs, which cost.0.636d. 
per car-mile ; car repairs, which come to 0.807d. per 
car-mile ; and repairs to electrical equipment of the 
line, which works out at 0.123d. per car-mile. In 
the matter of receipts, 1d. tickets form 89.197 per cent. 
of the total tickets sold, the 2d. fare only being respon- 
sible for 9,211 cent. of the tickets sold, while in the 
higher fares still fewer tickets were sold. An all-round 
increase is noticeable in traflic, passengers having in 
creased 2.5 per cent., receipts 2.5 per cent., and mileage 
0.4 per cent. Over 122 million passengers were carried 
during the year, with a car-mileage of over 12 millions. 
It is satisfactory to learn that the fatal accidents occur- 
ring on the system show a decrease in proportion to the 
ssengers carried. Last year the proportion of fatal 
accidents to gers carried was 1 to 30,523,632, while in 
1898, when heueaaee were in use, there were six fatal 
accidents in connection with the horse-cars, and one in 
connection with ic cars, making @ ———— of 
fatal accidents to passengers carried of 1 to 6,000,000. The 
plough-guard fitted to the cars during the last year 
pushed forty-four people out of the way without any 
serious injury. 
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THE MARINE GAS-ENGINE. 
To THe Eprror or ENGINEERING. ‘ 

S1n,—I have read with great interest Mr: McKechnie’s 
paper on “ Propelling and Ordnance Machinery,” as 

ublished in your issues, dated March 22 and March 29. 
Mr. McKechnie’s work in connection with internal- 
combustion motors, and the success he has achieved in 
submarine-boat propulsion, give special value to his state- 
ments. I only regret that he did not consider it possible 
to give more complete details on the question of Porn a 
sion. I will not discuss here that part of the paper devoted 
to ordnance; but, as former technical director of the 
French Otto Company, with which I only lately severed 
my connection in order to devote myself to the construc- 
tion of rere marine motors, I feel qualified to take 
part in the discussion of a question of so far-reaching 
importance. 

dealing first with the more general aspect of the ques- 
tion, I may broadly sum up my experience in these 
matters by stating that, if internal-combustion motors are 
to be applied, not only to small motor-boats or vedettes, 
but also to the larger mercantile or war ships, we must 
supply the naval architects with high-power vertical 
motors running at a speed low enough to work silently, 
and at one which will give the best propeller efficiency. 
These motors must be :— 

1. As easily reversible as steam-engines. 

2. Provided with a reliable clutch for throwing in and 
out of gear. 

3. Capable of large s and power elasticity. 

4. Completely mu ote © for the longest runs. 

In all these respects I think I may say I consider our 
technical knowledge is now sufficiently advanced and 
experienced to render it quite feasible to put internal- 
combustion motors in big ships, instead of steam-engines. 
For our own part I may state that we have built oil- 
motors running at speeds of less than 250 revolutions per 
minute, which, without any tooth-gear, could be reversed 
in less than 30 seconds. 

As far as the clutch question is concerned, I would say 
that, after long search for a reversible, light, compact 
and reliable device, we have found what we wanted (see 
Michel’s Patent Sabathé-Séailles Clutch, ENGINEERING, 
October 26, 1906, e 569). 

Elasticity in s and power largely depends upon the 
number of cylinders and the weight of fly-wheel; both 
may be altered to suit requirements, and it is quite pos- 
sible to obtain a minimum number of revolutions (at 
which the motor will continue running) low enough to 
give the required reduced cruising power. Moreover, the 
clutch gives, under any circumstances, perfect control 
over the driving power. 

As regards reliability, Mr. James Hamilton pointed out 
the difficulties which occur from ignition devices and too 
many cylinders. There is a way out of this difficulty 
which I have adopted, and it is, to have no ignition device 
and no inte we between cylinders, so that, if one 
be disabled, the others may continue working, and most 
repairs may be made without stopping the motor. 


Referring now to the fuel question. I would say that I| A 


fail to understand why Mr. McKechnie prefers to 
oil, and, with Mr. James Hamilton, I would ok aie 
this is so if oil be so much better? According to Mr. 
McKechnie’s own figures, the oil machinery is lighter 
and more compact, and fuel consumption is much smaller. 

With gas-producers, we have to face the question of the 
supply of anthracite, and then there is still the question 
of stokers, With oil, on the conti , the radius of 
action is substantially increased (or dead weight for 
combustible is enormously reduced). Supply is not diffi- 
cult ; pumping fuel on board is a — at once easy and 
quick, even at sea ; stokers are altogether abolished : all 
of which are very a ge eo military or commercial 
advantages. I may add that storing a liquid is much 
more easy than storing a solid; the same accessibility of 
bunkers is not necessary, and odd parts of the a. 
otherwise unemployed, may be utilised for this pur 4 

Of course, I must ved that when I advocate hquid fuel 
versus solid combustible, it must be unders' that I 
mean heavy oil, gasolene and petrol being, as Lord Glasgow 
said in his presidential address, altogether out of the 
question. In this respect it may interest your readers 
to know that in our motors we succeed in burning 
heavy oils of a specific gravity of 0.850, or even crude 
oils of still greater density. 

Referri now more particularly to the two-stroke 
motor, as described by Mr. McKechnie, and employing 
either gas or oil, I must say that he has given very meagre 
information on this matter. Is the new motor still ina 
theoretical state? or, if not, how many horse-power have 
been constructed’? Is the 500-horse-power-per-cylinder 
motor of this new system? and, if so, at what speed was 
it tried ? 

From the statements made it would ap) that some 
extraordinary results have beer obtained, such as, for 
instance, the suppression of cleansing apparatus. What 
then about dust ’ and unless some apeoalie pure anthracite 
has been employed, what about che tar and the valves? 
To all of us the gas-cleaning difficulty is too well 
known, and Messrs. more’s experience with the 
burning of coal other than good anthracite is only a repeti- 
tion of a failure experienced by many other engineers. 
Again, another question is the difficulty of arging 
the high-pressure producers, 

Mr. McKechnie claims for the new system the great 
advantage of suppressing gas-compressors. Whether 
this be such a distinct advantage is an open question ; 
anyhow, the process novelty, as a French engineer, 
Mr. Gardie, tried it long 960 5 he also had only one com- 
pressor, sending part of the compressed air to the pressure- 
gas generator, and the other part (heated by the exhaust 
gas) direct to the motor, which was of the two-stroke 





woe, Imust say that he found it necessary to have a 
gas-cleaning apparatus. a 

Referring to the figures given by Mr. McKechnie in 
his Table I., these figures appear to me to be very high. 
His oil motor, for instance, comes out at almost 50 kilo- 
grammes per indicated horse-power. Even with water in 
jackets and piping this is very heavy for a 16,000-horse- 
power motor, ially if this is supposed to be of the 
two-stroke type. I may state for comparison that, at 
250 revolutions per minute, we have been able on the old 
four-stroke cycle to reduce weights to 20 kilogrammes per 
indicated horse- power. 

Again, the coal consumption stated by Mr. McKechnie 
as 453 grammes per indicated horse-power with producer- 
gas seems very high. I will only say that we have often 

ised in continuous normal work with suction producers 
a coal consumption of less than 450 grammes per brake 
horse-power. 
As regards oil, a consumption of 271 grammes (0.6 Ib.) 
per indicated horse-power is given, whilst we do not burn 
more than 130 grammes per indicated horse-power. 

From all this it would appear that the proposed motors 
have not a very high efficiency. 

It is im ible to say much about the new two-stroke 
motor, as Mr. McKechnie’s information is not sufficient] 
exhaustive to allow of a discussion of this matter. 
recognise, however, that the two-stroke cycle will be of 
great importauce in the future. We have very carefully 
considered this question, and I may even say that we 
have patented a two-stroke motor (France, December 4, 
1904; March 18, 1905; September 13, 1905; England, 
January 30, 1906; &c.), about which I will only say that, 
working with either gas or oil, it employs the recom- 

hot residual products of combustion, without 
exhausting them, to ignite the new charge. This process 
allows the re-utilisation of the heat contained in the 
oo gases and the suppression of any other ignition 
evice. 

I do not wish to say any more now about this two- 
stroke motor, and I desire it to be clearly understood that 
all I have stated in this letter refers to our four-stroke 
motors and to engines in actual use. It need only be 
added that we are now building, on the four-stroke cycle, 
four-cylinder motors giving out 1000 indicated horse- 
power at 300 revolutions, and that we are designing an 
eight-cylinder motor giving 3000 brake horse-power at the 
same speed. These motors burn about 180 grammes of 
heavy oil per brake horse-power. 

Hoping this letter will prove of interest to your 
readers, and that as a statement of the position of 
internal-combustion marine motors on this side of the 
Channel a will kindly find a place for it in your 
columns, I remain, 

Yours very faithfully, 
G. SaBATHE. 
23, Boulevard Pasteur, Paris, X Ve. 








MERcHANT VENTURERS’ TECHNICAL COLLEGE, BRISTOL. 
—The Society of Merchant Venturers have appointed Mr. 

. W. 8S. Cross, M.A., F.R.1I.B.A., of London, as archi- 
tect for the restoration of the main building of this coll 
in Unity-street. Mr. Cross was the architect for the 
Municipal School of Technology, of Manchester. He has 
also been connected with the erection of the Davies 
Chemical and Physical Laboratories, now being built for 
the University Coll at Aberystwyth, and technical 
institutes at Gosport, Hackney, Portsmouth, and Burnley. 

Licut Ratmways Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order made 
by the Light Railway Commissioners :—Mansfield and 
District Light Railways (Extensions) Order, 1907, autho- 
rising the construction of light railways in the borough 
of Mansfield and in the urban districts of Mansfield, 
Woodhouse, and Sutton-in-Ashfield, and in the rural 
district of Skedgby, in the county of Nottingham, in ex- 
tension of the light railways authorised by the Mansfield 
and Districts Light Railways Order, 1901, and for other 


purposes, 





ConTRActs.—We are informed that Messrs. Bruce, 
Peebles, and Co., Limited, have received an order from 
the Manchester Electricity Committee for two 250-kilo- 
watt Peebles motor converters.—The Empire Roller 
Bearings Company, Limited, have orders in hand for the 
Brazilian, tramways, the Madras Railway Company, for 
main line rolling-stock bearings, the cashire and 
Yorkshire Railway Company, and tramways in Liver- 

1, Great Grimsby, &c.—Messrs. Appleby’s, Limited, 
ave obtained an order for a 120-ton electric overhead 
travelling-crane for gun-dipping at Woolwich Arsenal. 
Other orders in hand by this firm include one for 
three portable electric gantry jib-cranes for the Dublin 
Port and Docks Board.—The Adams Manufacturing 
Company, Limited, Bedford, have obtained the con- 
tract for a year’s supply of motor starting switches 
to the Ashton-under- Lyne Corporation, for their 
‘“‘Igranic” rheostats.—The Glasgow and District Sub- 
way Company have ordered from Messrs. George Cradock 
and Co., Wakefield, a special tramway cable, 36, ft, 
long, 14 in, in diameter, and weighing from 57 to 60 tons, 
this constituting the heaviest rope in one piece in the 
world.—Messrs. R. H. Longbotham and Co., Limited, 
Wakefield, inform us that they have just completed at the 
Mickley Collieries the installation of an elevator plant for 
feeding coal washery ; further plant for storing the washed 
coal, consisting of storage bunkers and elevators, as well as 
gantry and other accessories for charging the and 
coke ovens have also been installed. They also Save in 
hand, for other collieries, three sets of electrically-driven 
125-brake horse-power main and tail gears and 70-brake- 
horse-power main haulage gear. 





ROYAL METEOROLOGICAL SOCIETY. 


Tue monthly meeting of this Society was held on Wed- 
nesday evening, the 17th inst., at the Institution of Civil 
ineers, Great George-street, Westminster, Dr. H. R. 

Mi hey a the chair. 

A paper by Mr. R. L. Holmes on the “‘ Phenomenal 
Rainfall in Suva, Fiji, August 8, 1906,” was read by the 
Secretary in the absence of the author. This is an account 
of a very remarkable fall of rain which occurred during 
a thunderstorm at Sava, the capital of Fiji, on the night 
of August 8. Unfortunately, the exact amount had to be, 
in part, estimated, owing to the observer failing to mea- 
sure the fall at intervals during the night. Very little 
rain fell before sunset, but from 6 p.m. it continued a 
ceaseless downpour until sunrise the next day. At 
10 p.m. the assistant found the gauge overflowing with 
12.50 in. of rain in it. Four hours later, at 2 a.m. on the 
9th, the gauge was again overflowing, and at 6 a.m. it 
was overflowing once more ; that is, three times in twelve 
hours. Very little rain fell after 6a.m. These measure- 
ments show over 37 in., without taking into account the 
overflowings, the amount of which is unknown. As the 
gauge was 25 ft. above the und, Mr. Holmes is of 
opinion the rainfall should be increased by about 11 per 
cent., so that the total fall must have been fully 41 in. in 
about thirteen hours, which he thinks surpasses anything 
that has been recorded in any other part of the world in 
so short a space of time. 

Mr. R. Strachan read a paper on the ‘‘ Temperature 
Around the British Islands in Relation to the Gulf Stream.” 
This was based on observations made in the year 1906, 
which have been published by the Meteorological Office. 
Around the British coast the temperature of the air was 
lowest in February, and highest in August. The tem- 
perature of the sea corresponded to these epochs, with 
slight interruptions, having been lowest in January for 
the west and central, in March for the south, and highest 
in September for the north, and in July for the east 

itions. The water in the Strait of Florida was about 
deg. warmer than the sea at the North of Scotland. 

Mr. L. C. W. Bonacina also read a paper on ‘‘ Weather 
Regarded as a Function of Climate.” 








THe IrauiaN SvupMERSIBLE Boat ‘‘Guauco.”—The 
Company Fiat-Muggiano, which built the submersible 
boat Glauco, of which a description appeared on page 494 
of our last issue, has been amalgamated with the San 
Giorgio Limited Motor-Car Society of Genoa, under the 
name of the Fiat-San Giorgio Limited Company, with 
Engineer C. Laurenti as technical director. 





University CoLLeck ENGINEERING Socrety.—The past 
and present engineering students of University College, 
London, will hold their annual dinner at the Trocadero 
Restaurant on Friday, May 3, at 7.30 p.m. This dinner 
will be of special interest, as the Emeritus Professor of 
LS pg Sir Alexander B. W. Kennedy, LL D., 
F.R.S., President of the Institution of Civil Engineers, 
will be the guest of the evening. Professor T. Hudson 
Beare will preside, and a large number of distinguished 
engineers will be present. Karly sugpention for tickets 
should be made to Mr. J. A. Smith, University College, 
Gower-street, W.C. 





IaNITION IN PETROL Motors.—We have received from 
Mr. S. F. Edge an abstract of tests which he has carried 
out, tending to show that, contrary to a widely-held 
opinion, no greater power can be gained with magneto- 
ignition than with a properly designed and maintained 
accumulator and coil. @ see no very obvious reason 
why any other result should be expected, provided the 
sparks are of equivalent energy. Both systems are per- 
fectly satisfactory from the firing standpoint, and each 
has its peculiar advantages and disadvantages in this 
respect. When magnetos are supplied at a apa based 
on their cost of manufacture, they will probably supplant 
the accumulator system. 





AERONAUTICAL* EXHIBITION AND TRIALS.—The trials 
in connection with the Aeronautical Exhibition, described 
in our columns last week, took place at the Alexandra 
Palace on Monday, the 15th inst. As a result the first 
prize of 150/. was not awarded ; the second prize of 75/. 
was awarded to Mr. A. V. Roe; the third prize of 25/. 
to Mr. W. F. Howard, Mr. Roe’s model flew, indoors, 
distances of 78 ft. and 84 ft., and in the open did about 
the same. The successful model consisted of two super- 
imposed main planes 9 ft. by 15in., with horizontal steer- 
ing-planes at the back of the main planes. The 
apparatus weighed 641b. Mr. Howard’s model flew, in the 
open, distances of between 71 ft. and 108 ft., but suffered 
great damage in coming to the ground. 





Tue CopENHAGEN Free Harsour.—The free port of 
Copenhagen, which commenced work in 1897, and which 
to os with had several difficulties to contend against, 
has for every su uent year had a larger turnover, and 
it has sev: times been necessary to materially enlarge 
the warehouse accommodation by building new ware- 
houses. Some statistics have just been made available, 
comprising the years 1897 to 1903, during which the 
aggregate imports to the free harbour were :— 

° e 843,000,000 Ib. (Danish) 


1897.. ° ° ee 

1898... << - oe ..  1,815,000,000 ,, ” 
1899... ee ee ée -»  1,810,000,000 ,, ” 
1900 1,193,000,000 ,, ” 
1991 1,534,000,000 ,, ” 
1902.. ee oe ee -s _1,718,000,000 ,, ” 
1903.. 1,718,000,000 ,, ” 


The exports during the same period have risen from 
165,000.000 Ib. in 1897 to 376,000,000 Ib. in 1903, 
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THE “APOLLO” 


ALL-GEAR LATHE. 


CONSTRUCTED BY MESSRS. POLLOCK AND MACNAB, LTD., BREDBURY, MANCHESTER. 





Fig.2. 




















Fie. 3. 


THERE seems, since the introduction of automatics | head, is of the 30-in. size, and has sixteen direct 


and semi-automatics, bar and chucking lathes, to be 
the tendency in workshop practice to do as little 
work as possible on centre lathes. Although it 
is not always possible to arrange work under such 
ideal conditions that it can be turned out automatically 
or semi-automatically, there is little doubt that where 
turrets of any form can be used, and several operations 
performed without changing the tools, or removin 
the job from the lathe, there is a distinct saving ; an 
most work in manufacturing shops is capable a being 
arranged, if not on automatic lathes, at any rate on 
types of lathes approximating to the bar turret design, 
or to the turret facing and chucking machine. 
_ The lathe, illustrations of which we give above, 
is a tool of this type, and is made to swing 30 in. and 
36 in. - This covers a large variety of work, and with 
suitable tackle the turret can be worked by a boy. 
The design of the lathe for boring and surfacing 
work is very convenient, being shorter and handier, 
as well as more rigid and more steady, than an ordi- 
nary straight or gap-bed lathe. 

The machine shown, with the ‘‘ Apollo” all-gear 


| 





| supplied. Then, again, the head 


spindle speeds, advancing in geometrical progression, 
giving a ratio of about 30 to 1 in the gearing. No 
countershaft is necessary with this machine, but, of 
course, if more 8 s are required, they can be 
multiplied almost indefinitely from a countershaft ; 
but for all practical purposes sixteen speeds are quite 
enough. 

Not only does this design of lathe, with the advan- 
tages of an all-gear head, make it very convenient and 
economical in respect to workshop space, but there is 
also the very important economy due to an operator 
being able to obtain the correct spindle speed by 
merely moving one of the levers, for which a chart is 
gives a constant 
cutting power on all diameters within the capacity of 
the lathe, which makes the output of the machine con- 
siderably more than any cone-driven lathe, because 
the belt velocity is a constant, and therefore the power 
is constant. A cone-drive, as is well-known, gives a 
variation of speed, and therefore of the cutting power, 
every time the belt is changed. For instance, with a 
four-speed cone, the variation from maximum to mini- 





mum is something like 3 to 1, which means that if.a 
cone-drive on its maximum power can remove 300 lb. 
of metal per minute, on its minimum power it would 
only remove 100 Ib. per hour, and proportionately the 
same for intermediate steps. But with an all-gear ar- 
rangement the cutting power, belt velocity, and out put 
in pounds of metal removed per hour is a constant quan- 
tity, working on all diameters. Therefore, with the 
largely increased output and efficiency, a small lathe 
can often be substituted for a larger one, providing the 
swing required is within the limits of the machine. 
When a smaller size is substituted, it is much more 
easily and quickly manipulated by the operator. The 
power is as great, or greater, than a larger lathe on the 
cone principle. 

In our illustrations, Fig. 1 is a side elevation of the 
machine, Fig. 2 a plan, and Fig. 3 is a photographic 
representation. The all-gear head is enclosed in a box, 
rupning in oil, and the spindle is of very large dia- 
meter and runs in very large bearings. By moving an 
index-wheel eight variations of speed can be obtained 
for every spindle speed, covering all necessary feeds 
for sliding and boring, which practically eliminates 
change-wheels. 

The bed is of box section, with square lips, and has 
cotter adjustments for the carriage, which brings the 
carriage along its whole length with equal pressure 
against the bed. When the Bed is of Y shape, this is 
not easy, because the screws have to be adjusted by 
hand, and it would be a pure coincidence if these were 
all adjusted equally. e whole of the twist of the 
carriage is taken on the front shear, so that the 
thrust of the pinion on the rack exercises a straight 
pull with minimum of twist, and a consequent 
steadier feed. This would apply whether the carriage 
was feeding by screw or rack. The cross-traverse of 
the carriage is engaged by friction cone. 

There isa handle with a dropping worm at the front 
of the carriage, which exercises control over all the 
feed motions, so that in the case of a jam, or an 
emergency, all feed motions can be instantly valesand 
There is also a reversing motion working by a spring 
handle on the carriage, for travel in either direction, 
and with a neutral stop between, which instantly dis- 
engages the longitudinal travel. This is an important 
advantage, because it is the saddle which is the 
most convenient place for this arrangement, which 
saves the operator’s time in going to the end of the 
lathe to throw off. The whole of the change-wheels 
of the carriage are carried in a double apron, so that 
the feed-shaft and wheels are supported in two bear- 
ings, and not overhung. This gives increased anne 
in coarser feeds, with less liability to breakage. The 
hexagonal turret-rest revolves by hand, and is arranged 
for six tools, There is a longitudinal automatic knock- 
off motion on the shaft for every stop. There is also 
an automatic knock-off on the cross-traverse. The 
cutting speed of this machine is arranged from about 
30 ft. to about 260 ft. per minute. The makers are 
Messrs. Pollock and Macnab, Limited, of Bredbury, 
near Manchester. 








INDUSTRIAL NOTES. 

THE question of overtime in the engineering trades 
is again rapidly coming to the front, and on a more 
extended scale than ever before. In 185] the then 
newly-established Amalgamated Society of Engineers 
endeavoured to put a stop to overtime ; strikes ensued, 
followed by a great lock-out and the introduction of 
“the detested document” intended to break up the 
newly-formed society. It was a great and costly 
struggle, in which the employers were victorious in so 
far as overtime was concerned, but not as regards the 
break-up of the union. The movement of to-day 
extends to all branches of engineering, shipbuilding, 
and the metal trades, but there is no indication of any 
strike or lock-out on this occasion. At the recent 
conference at the Caxton Hall, Westminster, called by 
the Parliamentary Committee of the Trades Union 
Congress, attended by many Members of Parliament 
and other delegates, two resolutions were carried. 
The first—a long one—was in the nature of a preamble, 
giving as reasons for the abolition of overtime, want 
of employment, &c. The second was as follows :— 
“That unemployment is increased by periodic and 
systematic overtime, and that, as a means of decreas- 
ing unemployment, while keeping in view the legal 
restriction of the hours of labour, it is recommended 
that the employers’ associations and trade unions 
co-operate to abolish overtime wherever possible, so 
as more evenly to distribute work.” This matter will 
come before the reconstituted joint committee in due 
course. Overtime, as a rule, is not to the advantage of 
employers, except in cases of great pressure of work. 
Though paid for at a higher rate than the normal 
working hours, less value, as a rule, in labour is the 
result. The higher rates of pay have had the effect of 
inducing workpeople to seek overtime more than ever. 





* The Amalgamated Engineers’ Monthly Journal for 
the current month deals first, in the editorial notes, 
with measures before Parliament, the Army scheme, 
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which is not approved ; with the Admiralty changes— 
by Orders—which are condemned as injurious to the 
engineering trades. The advice given to working en- 
ineers is ‘‘to give the Navy, for the present, a wide 
rth.” The Bill for the reform of the Patent Law is 
adversely criticised in many particulars, especially as 
to costs to the poor inventor, in comparison with those 
obtaining in the United States. The Weights and 
Measures Bill, defeated by 150 votes to 118, is con- 
demned as an unnecessary interference with the customs 
of British trade. The unemployed chart shows that in 
the Amalgamated Society the number of men out of 
work has fallen to nearly the lowest point in last ye1r, 
and the chart line is going down toa lower level. The 
membership incre by 840 in the month, the total 
number being at date 106,028. The number of unem- 
loyed on benefit was 2550—decrease 205; sick benefit, 
decrease, 60; superannuation benefit, 5213—in- 
crease, 31. The Journal reports that Mr. A. Henderson, 
Labour Member, is appointed chairman of the Wool- 
wich Arsenal Committee of Enquiry. There are three 
Labour M.P.’s, two Sheffield M. P.’s, and three officials 
of the Government. In this number there is the first 
of a series of papers on Karl Marx, and a further 
article on the ‘‘ Hollesly Bay Farm Colony Experi- 
ment,” with illustrations. r. Barnes’s speech in 
Parliament on the Navy Estimates is reprinted. The 
series of articles on political economy and technology 
are continued. 





The Ironworkers’ Journal for the current month con- 
tains a very full report of the annual meeting of the 
Midlands Wages Board. That board, as now recon- 
stituted, is independent of the North of England 
Board of Conciliation and Arbitration, and is now 
able to fix the basis of wages without the device of a 
bonus or otherwise. The chairman said that if the 
basis adopted did not work out exactly as to figures 
and rates, it so nearly approximated thereto as to be 
fairly satisfactory. The board had to deal with fifty- 
five tirms and represented a total of sixty-four works ; 
the North of England Board dealt with eight firms, 


representing eleven works. The output in the North | P 


was about 12,000 tons in each two months; in the 
Midlands, 40,000 tons in each two months. Disap- 

ointment was expressed at the slow rise in prices: 

ut it was expected that considerable improvement 
was in view. The most encouraging feature at these 
annual meetings is the warm expressions of confidence 
on both sides. Employers eulogise the men’s repre- 
sentatives, and the latter the former’s. This feeling 
of mutual respect is evidence of the good work being 
done. The question of non-union labour was inci- 
dentally alluded to, but the board recognises no differ- 
ence between union and non-union men. One of the 
operatives’ representatives said that the board was the 
creation of the [ronworkers’ Association, and could not 
live without it. That is true, it was admitted; but 
the board must be impartial. 





The Durham Miners’ Monthly Cirewar devotes con- 
siderable space to the Compensation Act of last year. 
As Mr. ‘in Wilson, M.P., was on the Grand Com- 
mittee on Trade, he is able to describe ‘the arena 
where the principal fight took place.” He says that 
‘*on the one side there were obstructive tactics and 
efforts to weaken the amending provisions, all done 
with the most glaring assumption of hypocritical 
political piety.” These are strong words from one of 
the most urbane Members of the House of Commons ; 
but he speaks from his own point of view as a 
Labour Member—one who is deeply interested in the 
questions at issue, as one of the representative 
miners. He points out how the Government hesi- 
tated to retrace the steps taken in drafting the Bill 
It is not necessary to go over the details here—it 
would be tedious; but as a bit of history of labour 
legislation it is useful. Mr. Wilson, in his notes, 
deals especially with the Act as it affects miners, 
There is also, in a Blue-Book, a kind of review of the 
official report of the inquiry into the Wingate explo- 
sion, and the danger of coal-dust in mines. Some 
of the principal recommendations of the Committee 
are given, also the sources of the coal-dust danger, 
which are three in number. The recommendations to 
avert the danger of explosion are fairly simple, and, if 

ut in force, ought not to be the cause of great expense. 
‘he fact is that the better -entilation of mines has 
caused this new danger of coal-dust explosion, just as 
it rendered the Davy safety-lamp no longer reliable. 
The greater current of air in the mine drove the flame 
through the gauze wire of the lamp, and now the 
strong current of air dries the roads and produces 
dust. Non-unionism is causing some stir in the 
Durham collieries. A prominent mineowner, lately 
dead, is the subject of eulogy, because of his great 
kindness and philanthropy. 





The report of the Amalgamated Society of Car- 
penters and Joiners is still rather discouraging. The 
total membership was 67,103 at date. 


unemployed benefit was 3383; on sick benefit, 1721 ; 
and on superannuation benefit, 2018. 


Seven large 





umber on 





joinery firms are scheduled as refusing to recognise 
the labour conditions agreed to by other employers, 
and thirteen other are mentioned as doubtful places, 
where there are disputes. But at three towns nego- 
tiations as to working rules ended satisfactorily — 
Belfast, Wolverhampton, and Heywood; the latter 
obtaining an advance in wages, the other two a con- 
tinuance of the old rates, instead of reductions, as 
demanded by the employers. Steps are to be taken 
to organise more thoroughly, and to increase the mem- 
bership. Last month there was an increase of 338. 
so that the society is once again gaining ground. A 
suggestion is made whereby an increase of 450 per 
month could be attained. A full report is given of 
the winding up and dissolution of the Amalgamated 
Builders, Limited. This concern was started to give 
employment to men on strike, or on unemployed 
benefit ; but it did not succeed. The whole thing is 
now settled and a full financial account is given of the 
result. All liabilities were met, including wages due, 
and compensation of 2501. to the manger, auctioneer’s 
commission, solicitors’ charges, &c., and a balance of 
79. 7s. 7d. was paid over to the society. It wasa 
bad venture, but well meant in the interests of labour. 
As traders the concern could not compete with private 
firms. Attention is called to some irregularities in 
sending members to situations, —— of fares, and 
expenses. There is no charge of wrong-doing, but of 
oversight in the methods. The question of the Par- 
liamentary fund and affiliation to the Labour Party 
has led to inquiries by the Lambeth branch. The 
council reply that as a vote of the whole of the mem- 
bers sanctioned the arrangement, the decision must be 
carried out. 





The report of the Cotton-Spinners is again favour- 
able. The united membership stood at 16,488—a gain 
of 156 in the month, and of 150 during the year, Full 
members numbered 7820—a gain of 143 in the month, 
and of 608 in the past year. There were also 36 
honorary members and seven paying for deferred 
benefits. The piecers and half-timers do not keep 
ace in membership with the full members, and this 
is complained of. The total number of unemployed on 
the funds averaged 164 per week, or a trifle over 2 per 
cent. Many were on the funds from temporary causes 
—stoppages, 17; accidents, 49. These are exclusive 
of piecers. The total of all kinds averaged 4 83 per 
week. The officials dealt with 27 disputes in the 
month ; previous month, 29; same month a year ago, 
26. These were adjusted without stoppage of work. 
The accident cases reported were 47 ; previous month, 
38 ; same month a year ago, 25. Two persons had to 
be placed under special treatment. The compensation 
claims sent into employers were 32 ; previous month, 
28 ; same month a year ago, 17. The total claims sent 
in since the Act came into operation number 1695. 
In most cases these have been settled without litiga- 
tion. The financial operations of the Association have 
resulted in a gain of 673/. 7s. 9d. in the month. Par- 
ticulars are given of all the persons claiming compen- 
sation for injuries, and the amounts awarded respec- 
tively, so that there can be no false claim, or, if there 
is, it is exposed by the inquiries made, and the claim 
is disallowed. Such cases appear to be rare, and 
rightful compensation is seldom withheld. The more 
this kind of mutual arrangement can be made, in all 
such cases, the better for both parties. 





Every advanced step in labour legislation on the 
Continent or in America will help to equalise the 
conditions under which British manufacturers have to 
compete with their rivals. The German Federal Council 
have just passed a set of stringent regulations with 
regard to establishments in which cigars are made, 
sorted, or packed. These regulations come into force 
on May | next, and are intended to prevent injury to 
the health of the workers, and, through them, of the 
general commuuity. None of the work-rooms, storage- 
rooms, or drying-rooms is to be used as sleeping, 
living, or cooking apartments. The doors of all work- 
rooms which adjoin living-rooms are to be kept closed 
during work hours. Rules and conditions are laid 
down as to height, air-space, ventilation, construction 
of flooring, &c. In order to prevent as far as possible 
any danger to the health of the employés from the 
inhalation of particles of dust, no tobacco may be used 
except in a moist state, and, so that it may not become 
dry, it must be brought into the work-rooms only in suf- 
ficient quantities for one day’s work. All work-rooms 
must be closed threo times daily for 30 minutes, when 
the windows are to be thrown wide open for ventilation; 
and all walls, ceilings, and floors are to be thoroughly 
cleaned three times a year. Facilities for washing, 
&c., are to be provided. Women and young persons 
can only be employed direct by the employer, and no 
— can receive their wages except husbands, 

athers, or brothers, employed in the same factory. 


Mr. Carnegie has given millions for the pro- 
motion of education, fres libraries, and international 
peace. Recently he has been endeavouring to do 
something to promote industrial peace. He has 





been entertaining a large company at his New York 
mansion, composed of large employers of labour, of 
representatives of labour unions, and of well-known 
public men, with a view of bringing about a more 
friendly feeling on labour questions. These réunions 
cannot fail to fo good. The lines he especially adopts 
appear to be those of the Civic Federation—a body 
called into existence in America for the same purpose. 
The interchange of thought and opinion by those who 
take opposite sides cannot do barm. The greatest 
harm is done by keeping apart. In the United States 
there are special reasons why an endeavour‘should be 
made to bridge over difficulties, especially as occasions 
arise in which great industrial,forces are in strong 
a. threatening a great labour war. It is a 
worthy object to try and avert this, and few men are 
better able than Mr. Carnegie to effect it. 





The Labour Party in the House of Commons decided 
on the re-assembling of Parliament to oppose Mr. 
Haldane’s scheme for the reorganisation of our military 
system, and an amendment was agreed to with the 
view of opposition. All the members of the party 
were not agreed on particulars, but it was felt that 
militarism was too much the object of the scheme. 





It will surprise many to learn that the strike at 
the Hemsworth Collieries continues after a duration 
of 24 years. The Yorkshire Miners’ Association has 
been continuing strike pay, and is now soliciting aid 
from the Miners’ Association. The South Wales 
Federation has just papa 50l.,and Mr. W. Abraham, 
M.P., was requested to see what was being done, or 
could be done, towards a settlement of the dispute, 





The Cleveland Ironstone Miners have opened nego- 
tiations with the employers for an advance in wages. 
After some interchange of opinions the employers 
offered 24 per cent. advance—the same as had been 
given to the blastfurnacemen. The men’s representa- 
tives were not satisfied with the offer, but agreed to 
place the matter before their members. 


The boiler-makers’ application for a 5 per cent. 
advance in wages in the Glasgow district has been 
refused, as was that of the engineers previously. This 
decision was placed before the men, when it was 
resolved to consult the Executive Council of the 
Union before determining upon what further steps 
should be taken. 





There is unrest among the railway servants, as the 
companies’ replies to the recent memorials are un- 
favourable. The position will be reviewed at a dele- 
gate meeting on May 12, when definite action on the 
part of the men will be decided upon. 








THE EVOLUTION OF THE MODERN 
CARGO STEAMER.* 
By 8S. J. P. Toearte, Member of Council. 


THE type of vessel which is emp!oyed at any part of 
the world for the performance of some specific work will 
be found generally to be of the dimensions and design 
— experience has shown to be most suitable for that 
work. 

The sprit-sail barges, so characteristic of the Thames 
and Medway, are familiar instances of a type which has 
been perfected by long experience, and similar illustra- 
tions of this principle will be found at other parts of 
Great Britain, and, indeed, all over the world. Such 
cases are, however, instances of types which have been 
actually, and perhaps definitely, evolved, and are not 
simply stages in an evolutionary development. 

The modern cargo steamer cannot be said to have yet 
attained to a corresponding condition ; for, so far as can 
be ascertained from a consideration of the preceding 
stages through which it has passed, it has not yet nearly 
reached finality of design, nor become so fixed a type as 
the Thames barge, the Broads wherry, or the North Sea 
sailing trawler. ‘These are, doubtless, survivals of the 
fittest — the many attempts which were made in the 
past to produce vessels suited for the special work they 
had to do. It is possible that the steamer intended for 
carrying general cargoes may some day become of simi- 
liarly stereotyped dimensions, construction, and design, 
but that stage does not seem to have yet been reached. 

In considering, therefore, the evolution of the modern 
cargo steamer, we have to do with a specimen of marine 
architecture which is still passing through transition 
stages, and, although developed to a fairly high pitch 
of advancement, has not yet attained finality. 

It will be well, perhaps, if, in the study of this in- 
teresting subject, our attention is fixed upon the ocean 
cargo steamer, pure and simple, without stepping aside 
to consider such specialised forms of the steamship as the 
screw collier, the coasting steamer, the passenger steamer, 
or the steamer for carrying petroleum in bulk. There 
will be quite sufficient to advantageously occupy our 
attention if we restrict it to the general cargo steamer, 
or what is commonly known as the “‘ ocean tramp.” 

The cargo steamer has from the first been screw- 
propelled; for the variations of draught economically 

ible with paddle-wheel propulsion are too restricted 
or profitable cargo-carrying. 

* Paper read before the Institution of Naval Archi- 
tects, March 21, 1907. 
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~ y to displace the paddle-wheel in steam navigation, 
and hence our study of evolutionary development is 
necessarily restricted to a period of sixty years. In 
point of fact, however, the actual period is much shorter 
than that, and for all useful purposes we need no longer 

a retrospect than about thirty-six years. 

The time of the opening of the Suez Canal will, it is 
thought, constitute a suitable epoch from which to date 
the genesis of the cargo steamer. She was then, it is 
true, something more than a mere embryo, inasmuch as 
she was al y aship, and an iron ship; but, —— 
that she had an engine and boilers and additional bulk- 
heads, she did not differ widely from the iron sailing 
vessel of the period. She carried masts and yards and 
sails, although not to the same extent as the sailer; but 
~ had not become an entirely distinct and specialised 
ship. 

It wili be convenient if in this historical study we 
consider the subject under the twofold aspect of outline 
design and structural detail. For the evolutionary pro- 
cess has proceeded concurrently on distinct lines and 
under the influence of circumstances bearing little or no 
relation to each other. The outline design has 
through various phases, and the structural details have 
at the same time undergone continuous change. The 
designs have varied chiefly as regards the extent and 
character of the deck erections; the structural details 
have developed mainly with the advances of the iron and 
steel manufacturers in the production of structural 
materials. The outline design has been influenced from 
time to time by the effects of the regulations relating to 
freeboard and to tonnage measurement, as well as by the 
opening up of new ocean trades and by modifications in 
the conditions under which pre-existing trade has had to 
be carried on; but the changes in the modes of con- 
struction have been to a large extent independent of 
these causes, and have been marked by a continuous 
advance, both as regards the economy of materials 
employed as well as in their more efficient combination 
in the vessel. It is proposed, therefore, to consider 
these two aspects of the question separately, and to give 
attention first to the evolution of cargo steamer _—_ 

The earliest cargo steamers were flush-decked (Fig. 1, 

age 532), the machinery openings in their upper decks 
Coe protected only by low coamings and glazed sky- 
lights, and when the e had been shown to be insufficient 
they were succeeded by iron casings, which did not 
extend to the sides of the vessel, nor did they partake 
in any degree of the character of the modern bridge- 
house. Many of these vessels had full scantlings through- 
out, but in some of them the weather deck was of a 
comparatively light character, as also were the upp:r 
works, when compared with the scantlings at the next 
deck below. ‘The vessels so designed were known as 

“*spar-decked,” and vessels with still lighter decks and 
upper works were described as ‘‘awning-decked.” It may 

here remarked that the “‘spar-deck” and ‘‘awning- 
deck” vessels of to-day are more strongly constructed 
than were those early ves-els bearing the same designa- 
tion. The vessel having comparatively light upper works 
cou'd not, of course, be safely loaded so p amet as vessels 
of full scantlings, and consequently, unless for special 
trades in which light cargoes were carried, they were not 
profitable ocean carriers when properly immersed. There 
were, however, no recognised tables of freeboard then ia 
existence, and consequently the loading of vessels at that 
period, and for some little time afterwards, was left to 
the judgment of their owners. 

Experience very soon showed that the machinery 
openings in the decks of steamers, especially those 
with full scantlings, and, therefore, deeply immersed, 
required more substantial protection than was afforded 
by the ordinary casings, and consequently the first 
noticeable development in steamship design was the 
fitting of a short bridge-house covering the engine and 
boiler openings, and extending the full breadth of the 
vessel (Fig. 2). To this was shortly added a topgallant 
forecastle, in order to keep the fore-end of the vessel dry, 
and it was made of sufficient length to provide quarters 
for the seamen; also in some cases a short poop was 
fitted, which gave cabin accommodation for the officers 
(Fig. 3). Such erections were, however, not placed upon 
spar or awning-deck vessels, the accommodation for the 
crews of which was situated below the weather deck. 
Although, at first, bridge-houses covered only the 
machinery openings, it was not long before they were 
increased in length beyond those limite, and poops and 
forecastles were also increased in size. It accordingly 
happened that the deck erections of some steamers built 
twenty-five years ago were very similar in outline to those 
in vessels building to-day, but they were not so sub- 
stantial nor so well bulkheaded, neither did they con- 
tribute so much to the structural strength of the vessel as 
do those in the steamers now being built. These ‘‘three- 
island” steamers, as they are sometimes described, have, 
in fact, been built at all times during the interval, while 
other types that have since come into existence have 
ceased to be built. The ‘‘three-island” steamer of 1907 
is, however, a much superior vessel to that of 1880, and 
the ‘islands ” themselves are more substantial. 

_The type which was more immediately evolved from 
the flash-deck steamer of full scantlings was that with a 
long poop and forecastle (Fig. 4, page 532). The long 
poop extended to the fore side of machinery space, and 
was, in fact, a poop and bridge-house joined together. 
“hese deck erections, being enclosed, were measured for 
tonnage; but deductions from them were allowed on 
“ccount of the crew and machinery spaces. 

_ It will be evident that heavy cargo placed under a poop 
ceck would tend very materially to trim a steamer by the 
‘tern, and hence it was disadvantageous to pay tonnage 
dues upon a space which could not always be utilised for 


It is now about not Salen since the screw-propeller 








cargo-carrying pu On the other hand, it was 
difficult to properly trim the fiush-deck steamer when 
loaded, by reason of so much cargo space being taken out 
of the after a ri order to -¥ the ~~ This 
was particularly the case wit and grain ca . 
and hence there arose, especially on the North-East Coast 
of England, a tendency to substitute a raised quarter-deck 
for a poop, making the raised quarter-deck of the height 
requisite for obtaining the desired trim. The erections 
fitted upon this type of steamer at first consisted of a 
raised quarter-deck extending to the fore side of the boiler 
space, and surmounted by machinery casings, and, in 
addition, there was a short forecastle. An improvement 
upon this was found in placing a short —- ouse over 
the machinery space, and, when this was done, we had 
the well deck type, of which the ‘‘ well” was the space 
enclosed by the bulwarks and by the bridge and forecastle 
bulkheads (Fig. 5). A type of sea-going cargo steamer 
was thus reached, which whatever may be its imper- 
fections, has been found to be eminently seaworthy when 
properly loaded and immersed. The design, however, 
involved a discontinuity in the weather deck, which 
ultimately necessitated special structural arrangements, 


| that added to the cost and weight of the vessel and dimi- 


uished her available cargo space. Fig. 6 illustrates the 
arrangement which experience showed to be necessary in 
order to maintain the longitudinal strength unimpaired 
at the break. The overlap of decks there indicated, and 
the special strengthenings applied at that part, neces- 
sarily varied with the dimensions and oo of the 
vessel. Large well-deck vessels were, therefore, much 
handicapped on that account, and, as cargo steamers 
increased in size, it was found disadvantageous to build 
them to this type when they approached a length of 
about 300 ft. 

As already remarked, the raised quarter-deck arrange- 
ment came into existence primarily for purposes of trim, 
and the short bridge house was associated with it for 
ape of security as regards the machinery openings. 

rom this simple type others of a more complex pene 
were evolved. The changes commenced in the lengthening 
of the bridge so as to cover a portion of the forward cargo- 
hold space, and the consequent necessity for placing 
hatchways in the fore part of the bridge-deck. This 
development proceeded until at length the well was 
scarcely m4 than was required for the No. 1 cargo 
hatchway. Fig. 7 (page 532) shows an outline of one of 
these well-deck vessels with a long bridge. Many such 
vessels had been built when it at length occurred to some- 
one that by joining the fore end of the bridge with the 
after end of the forecastle a useful reduction in the free- 
board might be effected, combined with an increase in the 
cargo capacity of the vessel. The balance of trim was re- 
stored by increasing the fulness of the fore body of the 
vessel and by carrying the machinery a little further aft ; 
a process which commenced directly the fore end of the 
bridge was extended forward of the stokehold bulkhead. 
The type of vessel then reached is the “* part-awning-deck 
type” (Fig. 8), the scantlings above the level of the main- 
deck being, however, generally in excess of those which 
would be required between a main deck and an awning- 
deck. Such vessels are now rarely built, but occasional 
a disposition is observed to revert to this type, which 
about twelve to fifteen years ago was very popular with 
shipowners. 

Reference to this subject would be incomplete unless 
something was said regarding a variation which was 
evolved out of the part-awning-deck type. Fig. 9 shows 
a vessel such as is referred to, which was known as a 
raised-fore-deck steamer. It will be seen that in this 
type there isa raised quarter-deck, a short bridge-house 
covering the machinery openings, and on the fore side of 
the bridge-house a deck corresponding to the raised 
quarter-deck on the after side, extending to the after end 
of topgallant forecastle. There are, in consequence, four 
breaks in the continuity of the weather-deck in such a 
vessel—viz., one at each end of the biidge, and those at 
the end of poop and forecastle. Another important 
feature must not be overlooked. In the part-awning- 
deck vessel there are two decks on the fore side of the 
raised quarter-deck—viz , the part awning-deck and the 
main-deck, but only one deck abaft the bridge—viz., the 
raised quarter-deck. In the raised fore deck type there 
is no second deck in way of the raised fore deck of the 
vessel. Structural provisions were, however, made both 
at the after part of the part awning-deck vessel, and 
throughout the raised-fore-deck vessel, to compensate for 
the aiense of a second deck when two would otherwise 
be fitted. Only a very few of these raised-fore-deck 
vessels were built. 

While developments in steamship design were pro- 
ceeding in the directions just indicated, the ‘ three- 
island” type continued to be built, with a general ten- 
dency to increase the lengths of the erections, more 
especially that of the bridge-house (Fig. 10). Two con- 
flicting considerations have operated in fixing the extent 
of the deck erections more especially in British-owned 
vessels. These are freeboard on the one hand, and ton- 
nage measurement on the other. An increase in sub- 
stantially - constructed and efficiently - protected deck 
erections upon a vessel of full scantlings permits of a 
reduction of freeboard, and, therefore, of an increase in 
weight of cargo carried. But if these deck erections are 
permanently closed-in spaces, they must be measured for 
tonnage, and therefore dues based upon tonnage must be 
paid upon them. 44) 

The cattle-carrying trade led primarily to some im- 
portant developments in the construction and utilisation 
of deck erections. At first a great many of the cattle 
were carried on the upper deck under pe ge age wocden 
protections, which did not form part of the vessel, and, 
therefore, the spaces they enclosed were not measured, 
These temporary protections were often fitted in the 





wells of the three-island vessels (Fig. 10); but, as they 
required frequent renewal, they becameanexpensivecharge 
to the shipowner, to be deducted from his freights. Ulti- 
mately some owners found it advantageous to make light 
permanent cattle protections of iron or steel, and to 
efficiently incorporate them with the structure of the 
vessel. The coverings of these light protections were 
termed ‘‘shelter-decks.” Hence a vessel so built would 
have a p, bridge, and forecastle, and two lengths of 
shelter-decks (Fig. 11). From this there p ed 
another change, which consisted in making the entire 
erection, fore and aft, of the same scantlings as the bridge- 
house (Fig. 12). But when this was done, special care 
had to be taken to prevent the space being of the char- 
acter which must, under the sta‘ute, be measured for 
tonnage ; for the shipowner did not want to pay to 

dues on cattle spaces above an upper deck when cattle 
were not being carried. It consequently became neces- 
sary to leave s s in the deck, known as ‘tonnage 
openings,” in order to attain that result. At first, these 
tonnage openings were two or more in number, and 
extended right across the deck, from side to side, at places 
before and abaft the machinery space (Fig. 13). Bulk- 
heads were fitted at the extremities of the machinery 
openings, or the latter were protected by trunk casings, 
but ’tween-deck bulkheads were omitted elsewhere when 
it was desired to avoid tonnage measurement. Portable 
hatches were employed to cover these openings when at . 
sea, and means were adopted for securing them in what 
was recognised as a temporary but efficient manner. 

After a time permission was er by the tonnage 
authorities for the breadth of these openings to 
reduced to those of ordinary cargo hatchways, and they 
were fitted with low coamings, and provision was made 
for the temporary but efficient covering of the openings 
with wood hatches when at sea. ecently tonnage 
openings have been made of still further reduced size 
(Fig. 14). 

By the time, however, that the shelter-deck type was 
evolved it was no longer being used for cattle only, but 
for general cargo purposes, especially for light goods. At 
about the same time the experience which had been 
obtained with shelter-deck steamers suggested the trans- 
ference of material from the main-deck to the shelter- 
deck; and this tendency has continued, until at the 
present time the great majority of shelter-deck steamers 
are built with the shelter-deck sheer-strake, side-platin 
and deck-plating of such thicknesses as to make that dec 
the upper member of the girder represented by the 
structure of the vessel. The result of this transference 
of material, when not associated with tonnage openings, 
has been to permit of the vessel being loaded propor- 
tionately to the structural efficiency of the upper works. 
When, however, tonnage openings have been made in the 
shelter-deck, and transverse bulkheads have been placed 
in the tween decks closely adjacent to these openings, 
the freeboard has been approximated to that of the 
normal awning-deck vessel. 2 2 

Our consideration of this subject brings us to an in- 
teresting stage in the evolution of that type of the 
modern cargo steamer known as the shelter-deck type. 
The shipowner has, very naturally, desired to carry as 
much cargo as possible on a minimum due-paying — 
He has also desired to load his vessel as deep! HM as the 
Freeboard Rules and Tables permit. The matter has been 
a simple one as regards freeboard, for the surveyors of the 
assigning authorities have to satisfy themselves that the 
statutory requirements have been complied with before 
recommending any particular depth of immersion. Ton- 
nage openings must be efficiently closed before cargo can 
be safely carried under a shelter-deck having such open- 
ings; but the manner of efficiently closing must be such 
that it does not fall under the description of *‘ permanent,” 
for in that latter case it would not be considered an 
opening at all, and the space beneath would be measured 
for tonnage. The whole subject is, like many others 

rtaining to tonnage measurement, beset with difficulties. 
The shipowner very properly maintains that the shelter- 
deck is a source of safety to a vessel, and should not, 
therefore, be penalised by tonnage measurement when 
not carrying cargo. The dock and harbour boards argue 
from their point of view that all spaces which may at 
any time carry ome should be measured for tonnage, 
and that dues should be paid upon them. The subject 
is mentioned here, not with ~ idea of solving the 
difficulties alluded to, but simply to sped on record 
an interesting stage in the evolution of the modern cargo 
steamer, 

Before dismissing the question it may, however, be 
remarked that it crops up elsewhere than in the case of 
shelter-decks. The long bridge-house, which is so impor- 
tant a feature in another type of cargo steamer, presents 
a similar problem to the tonnag ment authori- 
ties. Long bridge-houses have for the most part bulk- 
heads at both their fore and after ends, certainly at their 
fore ends. When the bulkheads are entirely closed, the 
bridge-house has a definitely recognised value in reduction 
of freeboard. When there are openings in it which are 
not provided with means for being efficiently closed, the 
bridge-house has a lesser value, and when there are no 
bulkheads at all it hasa much smaller value. 

Where there are no openings in the bulkheads the 
entire space within the bridge-houre is measured and in- 
cluded for tonnage ; but where there are openings in the 
bulkheads the space is not so measured. Means bave, 
however, been adopted for efficiently closing the openings 
by what is recognised as a temporary arrangement, which 
sees the bridge- house its full value in reduction of free- 

ard without at the same time being included in the 
erec- 





tonnage measurement. In other words, the 


tions in such cases have been deemed to fulfil all the con- 
ditions necessary for their full value to be taken into 
It need hardly be 


account in the reduction of freeboard. 
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stated that had they not been intended to receive cargo 
at times, the bridge erection would have been of consider- 
aoe length. 
is is a matter which has not yet reached a stage that 
may be considered final. Modifications in the modes of 
closing the bulkhead openings are still being made from 
time to time, the tendency being in the direction of satis- 
fying the tonnage measurers that the spaces should not 
measured for tonnage, and at the same time of satis- 
fying the freeboard surveyors that | are fully efficient 
towards the reduction of freeboard. It should be borne 
in mind, when meee yh we question, that a long 
bridge-house is a source of both strength and safety to a 
vessel, more especially when substantially constructed. 
Every reasonable inducement should therefore be offered 
to shipowners for incorporating such a desirable erection 
in -— structure of steam yn ~ iia im 
© growing practice of carrying cargo under dec 
erections has resulted in other erections being placed 
above them, in order to afford accommodation to officers 
and to give equivalent spaces for the navigation of the 
vessel for those which the cai shuts out. At first 
spar-decks were flush, no erections being placed upon 
them. But to-day spar-decks are commonly surmounted 
by bridge-houses, poops, and forecastles, and the com- 
bined lengths of these sometimes cover upwards of 70 per 
cent. of the total length of the vessel. As already re- 
marked, the strength of spar-deck vessels, especially at 
their — works, has been so much increased beyond 
that of the earliest steamers of the type that the fitting 
= — extensive deck erections has become quite reason- 
able. 

At first the shelter-deck was formed by joining the 
bridge-house, poop, and forecastle of a vessel of full 
scantli and so making a continuous erection, which 
caused the vessel to appear filush-decked. But to-day it 
is no uncommon thing to find shelter-decks surmounted 
by bridge-houses (Fig. 12), long bridge-houses surmounted 
by lesser ones, and even still lesser erections surmounting 
these in very large vessels (Fig. 13, annexed). 

When the principal scantlings were transferred from 
the main deck toa shelter-deck, and when some of the 
acantlings of upper decks were transferred to the long 
bridge-houses above them, there was at once suggested the 
possibility of carrying a lighter erection upon the more 
substantial one wherever stability conditions favoured 
the arrangement. The —— of all the available 
8 beneath the shelter-deck or en I bridge-house for 
the reception of cargo made the possibility a necessity. 
Hence it is now no unusual thing to see a vessel with a 
substantially constructed long bridge-house, which has 
upon it a less substantial and shorter bridge, providin 
the officers’ accommodation, and this again surmoun 
=s navigating bridge, chart-house, and steam steering- 
wheel-house. The structural arrangements necessary to 
ensure the safety of the whole is, of course, a detail which 
has received due attention. 

A study of the changes which have taken place in the 
external arrangements of the cargo steamer would be in- 
complete without a reference to the subject of masts and 
sails. The cargo steamer commenced her history as a 
masted and rigged vessel, carrying both square and fore- 
and-aft canvas, and 5 a of ane at a slow speed 
should her machine reak down (Fig. 16). As time 
went on, the extent of the masting and of the sail-power 
gradually diminished until the opening of the Man- 
chester Canal in the year 1894, when it became necessary 
for all steamers using that inland waterway to have masts 
much shortened from the then prevailing practice, and 
made telescopic, in order to pass under the bridges cross- 
ing thecanal. Even for some time previous to that date 
very little more than fore-and-aft sails (that is to say, jibs 
and staysails) were carried on most cargo steamers. At 
the present day it is not unusual for steamers to be pro- 
vided with no sails at all, or with but a very small amount. 
The masts now, for the most ay serve the purpose of 
derrick standards in port, and for light and signal hoist- 
ing at sea (Fig. 17). Indeed, in some cases the derrick 
standards are not even placed at the middle line of the 
deck, but are grouped in two parallel rows. 

And here allusion, however brief, should be made to 
the great advances in regard to the rapid loading and 
discharge of — which have of late attended the 
development of the cargo steamer. These have not only 
shortened the time of the vessel’s stay in port, and 
thereby increased her freight-earning powers, but they 
have also materially reduced the cost of handling the 

3, and, by their efficiency, have added to the safety 
of the dock labourer’s employment. 

Before considering the internal structural changes which 
were simultaneously going on in the cargo steamer, a 
few words are necessary in to the increases in size 
and modifications in proportions and form which took 
place throughout the period under review. It is a matter 
of common observation that the cargo steamer is larger 
than she used to be, but the growth of the cargo steamer 
has not been relatively so great as that of the passenger 
steamer. The average gross tonnage in the year 1870 of 
the cargo steamers then afloat was about 870 tons, and 
the cargo steamers built during that year had an ave 
gross tonnage of 1050 tons, cargo steamers of 1100 to 1 
tons being very common. In the year 1880 the average 
tonnage of cargo steamers then afloat was about 1330, 
while the average size built in that year was about 1580 
tons, steamers of 1200 to 2000 tons being common. The 
average tonnage of the cargo steamers afloat in 1890 was 
about 1500 tons, and that of the steamers built during 
that year was about 2150 tons, a great many of the 
steamers being between 2000 and 3000 tons. In the year 
1900 the average tonnage of steamers afloat was about 


1900 tons, and the gross tonnage of the steamers built | af 


during that year averaged about 3000 tons, very many of 
the steamers being between 3000 and 4000 tons.” ' 





By the year 1905 the average tonnage afloat of cargo 
steamers had increased to about 2250 tons, and the average 
coaeee of - teamers built so go - = about 

tons. At the present time the great of cargo- 
steamers range between 3000 and 4500 tons. There is not 
just now a marked tendency to build cargo steamers of a 
Caper size, but rather to build a — J om ngenen of the 
total number of sizes between and 4500 tons, these 
being apparently the tonnages found most suitable for the 
general ocean ing trade. Much larger cargo steamers 
are, of course, built, but they are, for the most part, 
associated with certain well-known passenger lines, chiefly 








resistance to a vessel when steaming ; and in 
many steamers were built of a full scantling type, wn 
as three-decked, in which the relation of depth to breadth 
was such as to result in a serious deficiency of stability 
when loaded with a homogeneous cargo. 

The late Mr. Martell, in a paper read by him before 
this Institution in 1892, stated that the average ratio of 
depth of hold to the breadth of steamers built in 1879 was 
about 0.69, but by 1890 the nae age had fallen to 0.62 ; 
so that while the average breadth of a vessel of 24 ft. 
depth of hold was 34.8 ft., in 1879, it had increased to 
38.9 ft. in 1890. It need hardly be said that no increase 
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in the Atlantic -trade. The ordinary cargo steamer of 
to-day ranges in length from about 300 ft. to 380 ft. 

For vessels which have to go seeking, which is the case 
with the average cargo steamer, it is most important that 
their draught of water should not exclude them from any 
port where may be obtained. It is this question, 
then, of draught of water which limits the dimensions of 
such vessels ; for draught fixes depth, and, within a small 
range, depth limits length. The ratio of breadth to depth 
adopted in jteamers does, however, show some 
variation. About forty years ago, and for many years 
8, cargo-steamers were frequently oe Bm 
narrower than they are to-day. It was thought at that 
time that reducing the th tended to diminish the 



























of resistance to speed attended such an increase of breadth 
| when suitable lines were adopted for the vessel. The 
| tendency to increase the breadth of cargo steamers in 
| relation to registered depth has continued since Mr. 
Martell read the Jam referred to. In the year 1900 the 
average ratio of depth to breadth had diminished to 0.50, 
and in 1906 it was 0.48, ’ 
It should be explained that these proportions occur in 
vessels of full scantlings. Shelter-deck vessels have a 
greater depth to shelter -deck in proportion to their 
breadth, and consequently such vessels would show a 
higher ratio than those given. . 
he cargo steamer of to-day is not fine-lined, nor has 
she been so for many years. Her owner has judiciously to 
associate conflicting forces in the interests of profit- 
earning. He wants to carry as much cargu as possible 
upon a certain draught of water, and to deliver that 
cargo as speedily as possible to its destination; but he 
does not want the ship which does this to stand him in a 
larger first cost than can be avoided, nor to cost more 
than can be helped in coals, stores, and the other expenses 
attendant upon navigation. He has, therefore, to strikea 
judicious mean, and the result is the cargo steamer as we 
see her. It is in the constant effort to effect economies of 
first cost and actual working, and to increase results in 
freight-earning, that the struggle has consisted which 
results in this survival of that which, up to now, has 
proved to be the fittest. Future evolutionary changes 
will be the further result of this economical conflict. The 





modern cargo steamer has practically a flat bottom, with 
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very little rise of floor, and with a fulness of form result- 
ing in a di t coefficient ney ey 0.81. To show 
how the tendency to fulness of form has gone on of late 
years, it may be mentioned that the average displacement 
coefficient in 1880 was 0.74, in 1890 it was 0.77, and in 
1900 it was 0.80. ¢ 2 
With the engine-power usually supplied, this vessel has 
a sea-going speed of from 8 to 10 knots when fully loaded, 
while her speed in a light condition will vary much, in 
ce with the manner and extent of her nr ver 
And this brings us to a subject which has profoundly 
influenced the genesis of the cargo-steamer. Up to about 
twenty years ago steamers employed in the ocean carrying 
trade did not often make voyages in ballast. Wherever 
they went they for the most part took a cargo of some 
kind or another. But since the United States of America 
has set up a restrictive tariff which practically excludes 
British manufactured s, the great bulk of our trade 
with that country has of a one-sided character.. Our 
ships have had to make the westward passage of the 
Atlantic empty, in order to get a cargo for the eastward 


Fig.18. 

















It would be foreign to the purpose of this paper, and 
tend too much to the introduction of qquttontad 
matter, to consider the evolutionary position of such 
forms of the modern cargo steamer as the ‘‘turret-deck ” 
or the “‘ trunk-deck” types. These, it is suggested, may 
well be made the subjects of papers from the pens of 
those who have been chiefly instrumental in bringing 
them into existence, and to whose-ingenuity ov are due. 

We may now, perhaps, venture to approach the subject 
of the structural evolution of the cargo steamer. At the 
date from which we commence our survey, steamers and 
sailing vessels were closely alike in their construction. 
Fig. 18, below, shows the typical midship section of 
that period. As will be seen, it consisted of floors, 
frames, eee, keelsons, beams, stringers, shell- 
plating, and decks. Speaking in general terms, trans- 
verse stresses were chiefly resisted by means of tiers of 
beams. The frame girder was the simple frame and 
reverse-frame arrangement, which dated from the earliest 








days of iron shipbuilding, and double bottoms had not, 
except in coasting colliers, taken the place of the floors 
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strii in the hold ye Yr Ho ty 2 was at first 
sought to compensate for their omission by fitting a series 
of extenctoene frames, termed ‘‘ web frames,” spaced at 
regular intervals, and associating them with a series of 
stringers of the same depth (Fig. 19). These web 
frames were really partial heads, of from 15 in. to 
18 in. or 20 in. in’ breadth, and they were spaced from 
four to eight frame spaces apart, ing to the ciroum- 
stances of the case. tween the web frames the ordinary 
frames were situated. As already remarked, there were 
associated with the web frames one, two, t! or more 
side-stringers of the same depth as the web frame and of 
equal scantling, and web frames and side-stringers were 
united at their intersection by plates of | form, 
known as ‘diamond plates,” which were afterwards 
ae to a triangular form, known as “ half-diamond 
p tes.” 

This arrangement, which is shown by Fig. 19, is still 
adopted by some shipowners, and especially by some 
foreign owners, whose preference for it is due to the 
prospect of increased tonnage measurement and conse- 
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passage. This fact has had a very marked effect upon 
the construction of the modern steamer, which 
must be designed so as to be suitable for any work which 
she may be reasonably required to perform. Hence, in 
order that she may be suitably ballasted for going west- 
et a 9 the es in ha pe without a cargo, it has 
Seen found necessary to fit tank arrangements for carrying 
water — — otherwise would not have been 
sary. But, whatis of greater importance, experience has 
shown that the straining conditions when ballasted are 
of such a marked and distinctive character, when con- 
trasted with those encountered in a loaded condition, that 
special structural provision for them must ‘ 
afforded. These will be presently considered in detail; 
and reference to the matter is now made only because of 
its bearing upon the question of speed maintenance under 
both loaded and ballasted conditions. 

We have now followed, in as consecutive a manner as 
the story will permit, the evolutionary process which has 
gone on during the past 35 or 40 years in the production 
of the modern ocean cargo steamer, in so far as regards 
her external form and outline. 

We have seen how the various ents of deck 
erection origi and how forms were evolved out of 
preceding ones. We have in this manner arrived at the 
normal types which now prevail. 
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and keelsons common to the same 8 
built with decks and tiers of beams in number proportionate 
to the vessel’s depth, measured from the top of the keel to 
the top of the upper deck beams. For instance, the steamer 
24 ft. in depth to upper deck would have two complete 
decks, and a tier of hold beams in addition. Increases 
in depth would be accompanied by additions to the side 
stringers, until at length a depth would be reached re- 
quiring another tier of beams, and so on. Hence in large 
steamers the hold space would be much broken up, from 
a stowage point of view, by the presence of many decks 
and tiers of beams. In passenger vessels, and vessels for 
other special trades, it is still the practice to multiply 
decks and tiers of beams in this way, with results contri- 
butory to the purpose for which the vessel is intended. 
But in ordinary cargo vessels these arrangements are 
obstructive. They not only serve to reduce the stowage 
capacity of the vessel, but they add very considerably to 
the weight of the structure. [t is no dovbt true that a 
cross-tie is a most efficient mode of supplying transverse 
strength, having to the weight of material em- 
ployed for the purpose; but it seems doubtful whether so 
much transverse strength was really required as was con- 
tributed by the numerous decks and beams at one time 
fitted in all cargo steamers. 





When the ; resence of tiers of hold beams and wide side- 


iod. Steamers were | 


quent higher subsidies. The arrangement has proved to 

an excellent one from a structural point of view, but 
it has disadvantages resulting from the interference with 
cargo stowage, and the difficulty of keeping the stringers 
free from the decaying materials left after discharging 
grain cargoes. 

The form of compensation for the omission of tiers of 
beams and of wide stringers in hold which has received 
the greatest approval is that known as ‘‘ deep framing.” 
The earliest form of deep frame was a combination of 
frame and reverse frame of increased size, and this was 
associated with heavy side-stringers. Fig. 20 shows such 
an arrangement. It gives a reduced tonnage measure- 
ment as compared with ordinary frames or web-frames, 
which is an emg to the British shipowner, but not 
to the shipowner who seeks his profits in Government 
subsidies. 

As already remarked, the earliest deep-frame vessels 
had heavy side-stringers associated with the strong frame 
girder. e depth of these stringers was, however, 
rarely sufficient to make them of structural value as 
pinion. having regard to the length of a cargo hold from 

ulkhead to bulkhead. It has therefore been found ad- 
vantageous in more recent years to reduce these side- 
stringers very considerably, until at length they serve no 





| other purpose than that of stiffeners to the sh 


plating, 
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and to + any tendency to side tripping in the frames 
(Fig. 21). The weight saved in the stringers has largely 
been employed in lightening the structure, but a part of 
it has been utilised in giving additional strength to the 
frame-girder. The tendency at the present day is in the 
direction of a still further diminution of the material used 
in the side stringers of deep-frame vessels. It need eo | 
be pointed out that the deep-frame system with small 
side-stringers is specially adapted for being insulated in 
the manner found necessary when refrigerated cargoes 
are carried in the hold. 

_ While considering the question of evolutionary change 
in transverse framinz, we must not omit to notice the 
various forms of frame section which have from time to 
time taken the place of the early frame and reverse frame 
combination. 

These have consisted of Z-frames, channel-frames, and 
bulb-angle frames. The Z-frame has not been extensively 
used in the mercantile marine; but the channel-frame 
presents many a to the shipbuilder, and has 
often been, and still is, adopted both for frames and beams 
The form, however, which seems most likely to prevail 
is the bulb-angle frame, and that, too, as much by reason 
of its durability as from any other cause. It has always 
been noticeable that wasting by corrosion, in the framing 
of iron and steel vessels, takes place much more rapidly 
at the inner or fore-and-aft flange of the reverse frame 
than at any other part of the frame combination. This 
has been specially remarked in bunkers and other parts 
of the vessel where the wasting is most rapid. For this 
reason bulb-angle framing was adopted, many years since, 
in the bunkers of steamers, with most satisfactory results. 
The bulb of the section is found to resist that tendency 
to rapid oxidation which is so observable with reverse- 
frame angles. Hence bulb-angles were used for the 
framing of steam colliers in the cargo holds and elsewhere ; 
and during recent years bulb angle framing has n 
larvely employed for ordinary o steamers. Bulb- 
angle sections are now rolled in this country of sizes 
suitable for ‘‘ deep frames;” that isto say, for the frames 
of vessels in which tiers of beams and stringers have 
omitted in order to provide unobstructed cargo-holds. 

In no respect have the structural developments of 
recent years, in cargo steamers, been more important than 
in ——- to this one of framing. Steamers up to 28 ft. of 
moulded depth have of late years been built with only 
one deck, and they are doing their work at sea in a most 
satisfactory manner (Fig. 22, page 533). Thirty years 
ago very few steamers of so large a size were being built 
at all, and those which were built had two decks and 
three tiers of beams with wide hold-stringers. Subse- 

uently such vessels had two decks and web frames. 
Followieg this modification, steamers of a large size were 
built with deep wey J and a tier of beams; but now, as 
already remarked, we have them with still stronger deep 
framing, often of bulb angles, and having only one deck, 
and no hold beams. Other developments of ‘a most im- 
portant character have proceeded simultaneously with 
those relating to the framing, and will presently be 
considered ; but the very strong ‘“‘deep framing” of the 
modern cargo steamer is her most prominent and note- 
worthy characteristic. 

At the period from which our survey commences, the 
coasting screw collier was already fitted with a double 
bottom, constructed on the McIntyre system, for carrying 
water ballast when not loaded with coals. Ships of the 
Royal Navy had nm for some time previously framed 
on the cellular system, but about thirty years ago the 
system was first applied to the construction of the double 
bottom of cargo steamers. At first the system was much 
handicapped by the fact that, although the cellular spaces 
in the double bottom could not be used for carrying cargo, 
yet the tonnage measurement authorities felt themselves 
compelled, under the terms of the Merchant Shipping 
Act, to measure all that portion of the space above the 
level of where the tops of the floor-plates would be in the 
ordinary style of construction. When once the law 
allowed the cellular double-bottom spaces to be excluded 
from tonnage measurement, a — impetus wa3 given 
to that mode of construction. This was more than twenty- 
five years ago; and whereas at that time cellular double- 
bottoms were unusual, and ordinary floors and keelsons 
almost universal in the mercantile marine, at the present 
day all but the smallest steamers are fitted with double 
bottoms; and this, too, not only for the purpose of carry- 
ing water-ballast, but also because of the great structural 
value of the system, and the share it contributes to the 
strength of the vessel. 

The McIntyre tank, which consists of an inner bottom 
riveted to the tops of longitudinal girders standing on the 
— of ordinary floors, is still occasionally fitted in some- 
what large steamers, but it hos not the structural value 
of the cellular double bottom. At first it was very usual 
to fit the floors of a cellular double bottom at alternate 
frames only, and to fit a greater number of longitudinal 





girders than are found to be sufficient when the floors 
are fitted at every frame. Ever at the present day, this | 
practice is followed at some shipyards on the North: East 
Coast of England, but the more general practice is | 
to fit floors at every frame associated with a lesser number | 
of longitudinal girders. Probably the depth of the double 
bottom is determined rather by water-ballast requirements | 
than by structural strength, and is haps otherwise in | 
excess In most cases of what is absolutely required. But. 
the general efficiency of the system is now well estab- 
lished, as is also the necessity for providing some margin 
of thickness against the tendency to corrosion, which 
under boilers is usually very considerable. 

The extra stresses attending the navigation of steamers 
across the North Atlantic in a light condition during | 
winter have alread n alluded to. Notwithstanding | 
the great structural value of a double bottom, the effect 
of “flogging” the seas when light and trimmed by the | 





|and economical, so that it became increasingly 


stern has nevertheless been ngrenly to distress the rivetin 
at the fore part of the double bottom of full-bow 
vassels, and even to indent ported prt It has, there- 
fore, found necassary to afford additional strengthen- 
ing at that part in all vessels of full form intended for 
that work, which means that practically all cargo 
steamers have to be so strengthened. This is oneof the 
penalties which the British shipowner has to pay on 
account of the United States tariff laws. 

These remarks on cellular double bottoms would be in- 
complete if brief allusion were not made to the employ- 
ment of liquid fuel in steamers, which was started about 
eight years ago, and the use made of the cellular double 
bottom for carrying the oil. 

Great changes have been effected of late years in the 
pillaring of decks of cargo steamers. The shipowner has 
at all times a strong desire to have his steamer so con- 
structed that as few obstructions to cargo as possible 
may offered in the arrangement of the material of 
which she is built. Pillars are at times a rock of offence 
to the shipowner, as they break stowage and interfere 
with loading and e- Among the important de- 
velopments undergone by the cargo steamer has, there- 
fore, been that involved by a reduction in the number 
of pillar Saute to the deck or decks. This has been 
of a twofold character, for a reduction could not be effected 
in the number of pillars without increasing the strength 
of those which were allowed to remain. Also a concen- 
tration in the pillaring supports must be accompanied 
by means for the due transmission of the support given 
by such concentrated pillaring. Hence it has become a 
common practice to fit a few very strong pillars, and 
additionally to support the deck beams by fitting strong 
girders under them, with an intercostal attachment, so 
as to transmit the pillar support over all the deck 
(Fig. 23). It is hardly necessary to follow this point into 
further detail; the main principle will be obvious 
from the my oe remarks, and it will be seen that 
they indicate changes in cargo-steamer construction of a 
most important and far-reaching character. The possi- 
bilities are great, and are limited only by the question of 
cost and by weight of structure. By making beams and 
= of sufficient strength, pillars might be wholly 

ispensed with, due attention being, of course, paid to 
such additional stresses as would brought on other 
parts of the structure. The penalty to be paid is, how- 
ever, in every way a costly one, and is only justified by 
the attainment of a purpose in the vessel’s design of 
corresponding importance. 

Incidental reference has already been made to the trans- 
ference of materials from the upper-deck sheer-strake, 
deck-plating, and stringer, as well as from the upper 
strakes of shell plating, to the side plating and decks of 
long erections, which has been increasingly taking place 
for some years past in large cargo-steamers. As bridge 
houses were increased in length, it was observed that 
their scantlings were not sufficient effectively to resist the 
stresses brought upon them. The bridge-deck plating and 
stringers and the upper strakes of bridge side-plating 
were sometimes found to have been torn after heavy 
weather had been encountered; and, in cases where 
passenger saloons were placed in long bridge-houses, it 
was often found impossible to keep them water-tight. At 
first this difficulty was occasionally got over by delibe- 
rately cutting the erection in two and making a water- 
tight sliding joint, the yielding of which was a preferable 
alternative to rupture or leakage. But at length it became 
apparent that the better course would be to treat the long 
erection as the upper member of the girder and strengthen 
it accordingly. Then began the transference of materials 
from the range of the upper deck to that of the bridge- 
deck, which has since developed until at the present time 
the shelter deck, which grew out of the long bridge- 
house, has deck and side plating suitable for the stresses 
which are encountered at that part, and a correspond- 
ing reduction has been made in the scantlings of the 
deck below, which formerly was the ‘“‘strength-deck” of 
the vessel. 

The outcome of this evolutionary movement has been 
that spar-decks get the scantlings which formerly went 
to main decks; and where the spar-deck is surmounted 
by along bridge, a further transference of scantling to 
that height has been made throughout the length of the 
erection. Awning decks have received similar treat- 
ment when — in large steamers which are, how- 
ever, now usually built more frequently of the shelter- 
deck type. 

In the earliest cargo steamers the decks were usual] 
of wood, and in ves:els of comparatively small size suc 
decks were found to be generally sufficient. In the 
larger vessels iron decks were necessary in order to obtain 
the requisite structural strength, and these were often 
sheathed with wood. The wear and tear of a wood deck 
in a cargo steamer is considerable ; so that even so far 
back as twenty years ago it was becoming a very usual 
practice to make the weather decks of iron, unsheathed ; 
and where a vessel was large pa to require two iron 
decks for structural purposes, neither of them would be 
sheathed. The arrangement proved to be both efficient 
re- 
valent, until at the present day decks are rarely sheathed 
with wood except in vessels intended for carrying 
passengers. The only economical objection to the practice 
is that of the rapid wasting by corrosion which goes on in 
iron or steel decks, especially the latter, when exposed to 
the action of sea-water. There are no structural objec- 
tions to the omission of a wood sheathing, provided the 
beams be sufficiently close efficiently to stiffen the plating 
of the deck. At present there is an increasing tendency 
to space beams at every frame under the plating of 
weather decks, and the tendency is a good one. 

The desire to have roomy cargo holds with unbroken 
stowage, which has given rise to the building of so many 





| large single-deck steamers, has further resulted in a 


thickening of the deck plating, which is advantageous, 
not only by reason of its structural value, but also because 
of its greater durability. The deck plating is increased 
in thickness in order that, in co-operation with other 
additions, the necessary strength may be afforded to a 
vessel having only one deck. But being thick on that 
account, it serves other very useful pape, especially in 
view of the buckling tendencies which decks experience 
in these days, when concentrated ballasting amidships is 
unfortunately so often resorted to. 

It cinnot be said that the evolution of the cargo-steamer 
has of late beon attended with any increase in bulkhead 
subdivision, but the bulkheads are much better stiffened 
than formerly. The standard subdivision of ordinary ca go- 
steamers remains the same as it was twenty years ago. 

The steamer up to 280 ft. long, cl: with Lloyd’s 
Register, has four bulkheads; up to 330 ft. she has 
five. Thence to 400 ft. she requires six, and to 470 ft. 
seven. Beyond these lengths steamers are something 
more than ordinary cargo carriers. In fact, the great 
majority of modern cargo steamers are less than 400 fr. in 
length. During recent years, a strong desire has often 
been manifested to dispense with one or more bulk- 
heads in large cargo steamers, the object in mos’ casa3 
being to stow large machinery or long logs of timber, or 
something else which the usual cargo hold is too short to 
receive. Structural compensation for the absence of one 
or two bulkheads can be very easily supplied, so that 
there is no difficulty in complying with the owaers’ 
desire so far as the strength of the vessel is concerned. 
But whatever element of safety to ship and crew is for- 
feited by the omission of a watertight bulkhead cannot 
be supplied in any other way. Itis no doubt true that 
the standard bulkhead subdivision of the holds of a cargo 
steamer is not in all cases a guarantee of safety against 
sinking if one compartment be open to the sea ; but despite 
this, it would be a matter for regret if less rather than 
more subdivision were to be sought; and it is hoped, 
therefore, that the tendency to which reference has been 
made will not be an increasing one. 

With the desire to get larger and clearer holds ha3 
grown a desire to get longer and wider hatchways. Here 
again the structural possibilities admit of the strength of 
the vessel being maintained up to the limits of size 
hitherto sought. Moreover, the precautions taken effi- 
ciently to close in the openings at sea and +. the 
hatches against weather stresses are better than they 
formerly were, so that there are no grounds for anxiety in 
these particulars. ; ; 

The evolution of the cargo steamer during the period 
which we select for our retrospect has nm materially 
influenced by the introduction of mild steel into ship- 
building. It would be scarcely possible to exaggerate the 
beneficial influence which the substitution of that material 
for iron has had upon the development of the cargo 
steamer. Not only have we had an ideal material to deal 
with, but improvements in the steelmaker’s art have 
resulted in the production of sections more and more 
suited for the shipbuilder and the ship. He has given 
us longer, b er, and thicker plates, longer and 
heavier bars, smoother surfaces, and in every respect 
better structural materials upon which to work. This 
improvement in quality and suitability of material has 
had its influence upon the quality of workmanship, as 
seen in the fitting together and the riveting. The whole 
result is that during the 25 years or thereabouts that mild 
steel has been used in shipbuilding, workmanship and 
finish have been always improving; so that the cargo 
steamer of to-day is a better and a stronger vessel, both 
absolutely and also in proportion to her scantlings, than 
ever she has been before. It remains to be seen whether 
further improvements will be made in steel manufacture, 
and whether a low-priced trustworthy steel of higher 
tenacity than is used at present will be produced, having 
all the excellent qualities of the mild steel now employed 
in shipbuilding. Should such an article be forthcoming, 
it may be expected that, with it, still further advances 
will follow in the evolution of the cargo steamer. ; 

It would unduly prolong this paper were attention 
given to all the modifications which have been made in 
the mode of combining materials in the cargo steamer. 
The common use of lapped, in lieu of the older-fashioned 
rag woe butts, the now common practice of joggling the 
edge laps of plating in order to dispense with the use of 
liners, and also the joggling of frames and beams in order 
to effect the same result, are instances of such modifica- 
tions which serve the purpose of reducing the weight of 
the structure without diminishing its strength. These 
have become possible a 3 in consequence of the excellence 
of the material used in shipbuilding. On every hand, by 
means of better machinery and in other ways, improve- 
ments in the modes of doing the work are being effected, 
and, at the same time, the cost of production is being 
diminished. Tramp steamers have not yet been stan- 
dardised, but successful designs for the purpose are now 
often duplicated, and we have got so far as the standardi- 
sation of the sectional material used in their construction. 
Whether the time will ever come when tramp steamers 
will be as like one another in point of dimensions and 
design as are Thames barges, it is at present impossible 
to determine ; but we have some justification for supposing 
that the evolutionary changes now in progress are bring- 
ing that description of vessel nearer and nearer to a 
standard ideal. 








Royat InstrruTion.—On Tuesday next, April 23, at 
three o'clock, Professor William Stirling will deliver the 
firat of a course of three lectures at the Royal Institution 
on ‘Stimulation, Luminous and Chem» and on 
Thursday, April 25, at the same hour, Dr. A. W. Verrall 
delivers a lecture on ‘‘ Euripides and His Age,” and on 





May 2 on “ The Baczhants of Euripides.’ 
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Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 
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the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Ojice of opposition to the grant of a 
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GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7115. W. J. Crossley, Openshaw, and J. A. Atkin- 
son. Stockport. Cylinders. (6 Figs.) March 24, 1906.— 
This invention is for the purpose of improving the construction of 
cylinders of internal-combustion engines, with a view to making 
them less liable to fracture from heat strains, to make them more 
convenient, and to reduce the cost of construction. In the single- 
cylinder arrangement shown in Fig. 1, a main casting or casing a 
is employed, which forms part of the framing of the engine. The 
cylinder proper consists of a cylindrical liner c inserted from the 
inner end; at its other end it is joined to a short piece d, which 
forms the outer end of the cylinder. This short piece d is also 
inserted from the inner end of the casing a, and bears against, and 
is bolted to, the internally-turned flange b. In the wer portion of 
this short piece d a passage ¢, more or less parallel to the axis 
of the cylinder, is formed from the inside of the cylinder to the 
outside. This e ¢ is for the admission of air and gas, and 
has at the outside a suitable admission valve-box f and valve. In 
the lower portion of the short piece d a similar passage g is 
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formed, leading to the exhaust valve, and to which the exhaust 
valve-box h and valve are attached. The admission valve-box f 
and the exhaust valve-box h pay have independent water 
circulation round the parts exposed to high temperatures. Water 
spaces are arranged in the short piece d, and, as far as sible, 
round the passagese and g. A number of studs j, one of which is 
shown in the upper portion of Fig. 1, secure the liner c and the 
short piece d to the casing a, these studs not only retaining the 
liner c and piece d in position, but making the liner joint and the 
joint of the short piece d against the internally-turned flange b. 
Fig. 2 shows slight modifications from Fig. 1, the short piece d 
and the liner c being formed in one casting, there being no 
separate liner joint; also the admission valve and the exhaust 
valve are both contained in one casing. As there is no liner joint 
in this construction, only short bolts or studs are required to 
make the joint against the internally-turned flange b ; also, as this 
joint has only to stand the water pressure in the water-jacket, 
small bolte, and not many of them, are sufficient. (Sealed 
March 28, 1907.) 


GUNS AND EXPLOSIVES. 


27,618. O. Imray, London. (Firm A. F. Smulders, 
Schiedam-Lez-Rotterdam, Holland.) Torpedo-Pro 4 
Apparatus. [1 Fig.] December 4, 1906. — This invention 
relates to an apparatus (operated by means of fluid under pres- 
Sure) for projecting quepeliecs from submarine and submersible | 
vessels. The apparatus consists of a tube a carried by arms c | 
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jointed at one end to the huil d and at the other end to the tube. 
¢, J, 9 are cylinders for compre: air (or other suitable fluid), 
the function of which is hereafter described. The cylinder e is 
jointed to the hull, whilst the end of its piston-rod is jointed to 
the tube @. The compressed air supplied from the interior of the 
svbmarine through a duct i acts first on the piston of the cy- 


linder ¢. The apparatus turns on the points k, k, and in this 


movement comes above the wave-guard!. A buffer m arrests one 
of the arms c in its movement before it has reached the ver- 
tical position, thereby limiting the rise of the tule a. At this 
moment the piston of the cylinder ¢ has moved to such an extent 
that communication between the cylinders e and f through the 
pipe o is established. The com air passes through the 
pipe o and acts upon the piston of the cylinder f. The piston 
moves down and thereby retracts a bolt which is fixed to the 
piston, and which has up till now held the tail of the torpedo 
Stationary in the apparatus, and at the same time releases the 
safety brake. As soon as the piston bas reached the end of its 
stroke, communication with the cylinder g through a pipe ¢ is 
opened up. The compressed air passes through the pipe ¢, forces 
the piston of the cylinder g forwards, and thereby causes the 
torpedo to move forward a corresponding distance. In this 
movement the air inlet lever, which exists in all torpedoes, 
strikes a fioger fixed to the apparatus, and is moved back £0 as 
to open the air-inlet valve, in the manner usual in most torpedo- 
projecting apparatus. The torpedo then starts and moves out of 
the tube. When the torpedo has passed out, the compressed-air 
piping is connected to exhaust, and the apparatus by its own 
weight moves back into its position of rest on its supports. 
(Accepted January 30, 1907.) 


6355. B. T. Hamil Finchley, and L. Stroud, 
London. Gun-Sights. (3 Figs.) arch 16, 1906.—This 
invention relates to improvements in gun-sights, and has for its 
object the application to a gun-sight of a controlling device of 
the type described in prior Letters Patent, No. 2U11, of 1905. 
According to the present invention, such a controlling device is 
c ymbined with a simple appliance for releasing the pinion of the 
sight-adjuster from the rack formed upon the sight-bar, in order 
that a rovgh adjustment of the sight may be effected easily and 
rapidly without need for rotation of the pinion along the rack. 
The sight member A is grooved to receive the side flanges of a 
vertical rack B. A scale is provided on the rack B, whereby the 
required elevation of the sighting member may be ascertained 
for different ranges, and the ran Rn has an orifice which, when 
adjusting the sight, is made to register with the selected figure 
on the rack. The member A has rotatably mounted within it an 
axle C, and at one end of this axle is a cam-piece D having a 
double cam-face and a tail-portion. This cam-piece lies in a 
circular recess formed in an enlargement on the member A, and 
between the cam-face and the interior wall of this recess balls E 
are mounted. Between the balls is a spring E!, whereby they 











are maintained apart, and their dimensions are such, relatively to 


the space in which they lie, that they jam between the ends of 
the cam-face and the interior of the recess, so that the cam piece 
is by this meana ri irec- 


gidly locked from movement in either 

tion. The recess is closed in by a cap, which is free to turn 
relatively to the cam-piece. The flange of the cap extends over 
the enlarged portion of the sliding member A, gnd provides a 
milled edge, whereby the cap may be turned. On the cap, and 
projecting into the recess containing the cam-piece, | F4 are 
provided, and these are so disposed than one lies on each side of 
the tail-piece, and extends between the balls E; but a slight 
amount of free movement is permitted between the balls and the 
tail-piece. On the axlec is asleeve or cap G! carrying a pinion G, 
which engages the teeth of the rack The cap projects out 
beyond the member A, within which the pinion lies, and a spring 
is mounted within the cap, and bears against the end of the axle 
C at one end and against the bottom of the cap at the other end, 
so that normally the cap is maintained in such position that the 
pinion meshes with the rack. The cap is, however, free to slide 
upon the axle, and is engaged therewith by a pin G3, which passes 
through the slot in the axle, so that rotation of the cap with the 
spindle is secured. (Accepted January 30, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING. 


28,959. A. Hiorth, Christiania, Norway. Electrical 
Smel -Furnaces, (1 Fig.) December 19, 1906.—To enable 
induction furnaces to be utilised both for smelting and for ex- 
traction, and thus, for instance, make them equally useful as 
well for the production of metal direct from ore as for production 
of refined steel by fusing, the following method is adopted. In 








| at the a of interruption the current is caused 
throug 























the continuity of the charging is wholly or partly interrupted, and 
to across, 


A are the fu: 


accordance with the present invention, during part of the process | 








connection between the electrodes may also, as indicated in 
dotted lines, be formed by a secondary coil F extending around 
the iron core B. The partition C) which may be provided with a 
narrower pas for the charge, is detachably mounted in the 
case where the furnace is to be operated as an induction furnace, 
in which case also the connection bet the electrod . Dis 
interrupted, the result being hot charge and colder slag. If the 
furnace is to be utilised as un electrode furnace—for instance, for 
extraction-—the partition is placed in the annular space, and the 
circuit between the electrodes is c . The current will then 
find its way from the charge th h the electrodes D, and 
thereby passing through the slags, which are a bad conductor, 
heat these intensely ; in this way the so-called energetic slags are 
produced. (Accepted January 30, 1907.) 

7235. The Hardy Patent Pick Company. Limited, 
and W. Blears, Sheffield. Rock-Drill Standards. 
(3 Figs.] March 26, 1906.—-This invention relates to that type of 
stand: for rock-drills which is constru notched or 
slotted bars which support the drill and are extensible as re- 
quired, being retained in the adjusted position by means of a 
slotted T-shaped or other supporting pin or bolt; and this 
invention has for its object to provide improved means of this 
description for securing the standard when extended to the re- 
quired extent. According to this invention, the upper end of the 
pillar @ is provided with a collar or crosshead 6 formed with 
vertical slots c through which the pair of notched or slotted bars 
d are free to slide ; the collar } is also slotted or drilled trans- 
versely, as shown at ¢, to accommodate a hand-pin or locking-bar 
f, which is adapted to be placed or rolled into engagement with 
































the notches or slots g of the extending part of the bars d 
thereby locking the two ts together. It will be understood 
that the lower ends of the bars d are provided with a sleeve 
or sleeves h capable of sliding upon the pillar, which latter is 

rovided with the usual extending screw i. The pin or locking- 

It f issecured in the slots e by a washer which is fixed upon 
one end of the pin or bolt /, the other end of the pin or bo't 
being fashioned as a handlel. By these means it is not possible 
for the pin or bolt / to be lost or mislaid, and it is not necessary 
for the workman to risk placing his fingers between the bars d to 
operate the bolt f when it is desired to shorten or lengthen the 
standard. As the bolt fis moved in a straight line in and out of the 
notches of the bars d, the lengthening or shortening of the stan- 
dard 4 readily and speedily accomplished. (Accepted January 
30, 1907.) 


RAILWAYS AND TRAMWAYS. 


8262. A. Spencer, London. Bogies for Railway 
Vehicles. [5 Figs.) April 5, 1906.—For the purpose of attain- 
ing easy riding in a bogie, according to this invention, the weight 
is supported by relatively long main bearing-springs and equalising 
levers, each fulcrummed upon an axle-box. Suppl mentary 
springs may be so arranged in conjunction with the long main 
bearing-springs that shocks are equalised or distributed uniform] 
between the various springs. In the arrangement illustrated, 
which shows a portion of a six-wheeled bogie, two laminated 
steel bearing-springs a are provided on each side of the je, the 
weight being taken through bracke's fixed to the sole-bar b of the 

e me, supplementary springs f, main bearing-springs a, 
supplementary springs d and ¢, and equalising levers Ah. e 
middle portion of each spring a is pivoted to a depending bolt, 
which extends through the bracket, the supplementary spring / 
being threaded on the bolt between a seat near its lower end and 














un 


the underside of the bracket. The middle portioa of each equal- 
ising lever h rests on the corresponding axle-box, and the ends of 
the levers are each provided with a pivoted hanging bolt, on 
which is threaded a spring d in like manner to the f. The 
ends of the springs a rest on the springs d carried by the outer 


| equalising levers A, and on both ends of the middle equalising 


levers h ; whilst resting upon the springs ¢ carried b 
ends of the outer equalising levers A are brackets 


e inner 
ed to the 


| bogie sole-bars. As in a six-wheel bogie only two main bearing- 


pass 
electrodes, from we beh whereby the furnace is made | 
to operate as a kind of el e furnace. A, 


rnaces, 
B the common magnet core, C a partition placed in the annular 

2 of the furnace, D, D electrodes bony = | down into 
the slag, and E the connection between the electrodes. This 


springs are employed on each side, instead of the three usual 
springs, these two oprings may be considerably longer than those 
u 'y employed. It will be seen that the whole of the weight of 
the carriage and e is transmitted to the springs by the 
brackets fixed to the -bars lb, the bearing-blocks which 
connect the ends of the bearing-springs a to the equalising levers 
h being entirely independent of, and not touching, the bogie 


frame. (Acc pted January 30, 1907.) 
16,712. P. Dawson, London. Catenary Overhead 
uctor Suspenders, (3 fis.) July 24, 1906.—The 


object of this invention is to provide double catenary suspenders 
for overh uctors for electric railways and tramways, in 
which suspenders the strain on each catenary wire can be ad- 
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justed independently of the other, and in which the insulators 
can be removed replaced without taking the strain off the 
cal wires, and also in which, in the event of fracture of 
the insulator or of the insulators, the trolley-wire does not fall to 
the ground, the arrangement also agg means for 
adjusting the position of the trolley-wire. e insu A are 
secured to the supporting-bars or channel-irons B by means of 
bolts and nuts, the bolts passing longitudinally through the insu- 
lators, and, it may be, through the or nel.irons B, bu 

ferably through clips which embrace the bars or channel irons 
Bo The insulators A are embraced by the curved parts of strap- 
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plates F secured together by bolts, the strap-plates having 
splayed-out ends, to which are bolted plates E. To these plates 
E are attached the holders of the adjusting insulators D, which 
are provided with screwed eyes for the attachment and adjust- 
ment of the catenary wires 1. The strain on each catenary wire 
can thus be adjusted independently of the other. The insulators 
A can be removed and replaced without taking the strain off the 
catenary wires ; and should the insulators, or either of them, 
break, the trolley-wire will not fall to the ground. The insu- 
lators A can be brought into, and secured in, any position along 
the bars or channel irons B, and the position of the trolley-wire 
thus be easily adjusted. (Accepted January 30, 1907.) 


16,713. P. Dawson, Westminster. Trolley-Wire 
8 on Clips. (3 Figs.) July 24, 1906.—The object of 
this invention is to provide a simple and efficient clip by which 
the trolley wires of electrical railways and tramways can be con- 
nected to catenary suspension wires in such a manner that the 
catenary suspension wires can be easily adjusted without slacken- 
ing the parts between which the trolley wire is held. The new 
clip comprises a middle piece A having an se gee at its lower 
part, and two metal pieces B, one on each side of the piece A, 
a bolt C being passed through the pieces A and B and secured by 
a nut and washer. The parts of the metal pieces A and B which 
face each other are provided with grooves, so disposed as to 


Fig. 2. 
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receive the catenary suspension wires D, which are ni firmly 
between the pieces A and B by screwing up the nut. e wires D 
can be easily adjusted by slackening the nut, which is screwed 
up again when the adjustment has been made. This adjustment 
is effected without interfering with the parts which ¢ the 
trolley wire F; these parts consist of clip-pieces E which are 
secured to the ear-piece a of the piece A by a bolt G passin 
through the ear-piece a and through the clip-pieces E, the bolt 
being provided with a nut and washer, so that when the nut is 
screwed up the upper edges of the clip-pieces E bear upon the 
ear-piece a, whilst the lower edges of the said clip-pieces E engage 
with grooves in the trolley wire F and firmly grasp and support 
it. (Accepted Jauuary 30, 1907.) 


938. W. K. Kaye, Leesis and London. Window 
Me and Fas re Device. [9 Figs.) November 16, 


ORE “Ths invention relates to an improved opening and fasten- 








ng device for the windows and ventilators of railway i 


which are A akin tt tee ae 
outwards, a distance, as arrange- 
ment and construction of a simple device which, when in one 


will hold the window firmly closed, and, when iv a second 
will hold the window firmly open, the device being 
one 4 movement. The device consists of a 
provided. with, by preference, two lugs B, B at right 
being recessed and provided with 
pins or —— D, Di, The pivots 
bearings formed in lugs E which project vertically 
a hinge bearing F attached to the framework G. The pivot 
passes through the lugs B, B, and carries thereon one end of 
an arm, link, or lever H, the other end of which is carried on a 
ivot J su ted by | K attached to, or forming part of, a 
inge L to the window frame M. In the posi- 
tion shown in Fig. 1 the window is in the closed position, in 
Fig. 2 in the held-open ition, and in Fig. 3 in the full-open 
ition. The handle A in the closed position holds the Ww 
ly closed. On raising the handle A tothe position shown in 
. 8, the window is as far a as is required, and as the 
mechanism will permit, and the dle A being firmly bedded in 
such position, the window is held firmly open. (Accepted January 
80, 1907.) 
11,691. The Glasgow Rail Maainoesing Com- 
pany, Limi and G. y. Drummond, van. 
Boxes. (3 Figs.) May 19, 1906.—This invention relates 
to the axle-boxes of railway vehicles, and has for its object to 
— means for relieving the friction and consequent wear and 
on the axle-box and guard-plate in which it is guided. In 
carrying out the invention, and for the ee hereinbefore 
volewrel to, the guard-grooves A in the axle box B, which ordinarily 
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engage the guard-plate, are fitted with steel rollers C, as shown, 
or with spherical steel balls, against which the edges of the guard- 
plate bear. Preferably the rollers C are reduced at their ends, or 
fitted with projecting spindles, which are adapted to slide in 
grooves E in the axle-box, while the rollers revolve in contact 
with the guard-plate. Alternatively, rollers without their ends 
reduced, or not having projecting spindles, may be used. The 
rollers or balls may be renewed at any time without taking the 
axle-box from beneath the vehicle. (Sealed April 4, 1907.) 
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11,461. J. Metcalfe, J. C. Metcalfe, and R. D. 
Metcalf r. eed - Water Heaters. 
(2 Figs.) May 16, 1906.—This invention relates to feed-water 
heaters and comprises the combination as hereinafter described 
with a boiler or other feed-water supply-pipe or main, of an 
injector heating-appliance which can be put into operation or 
isolated from the said pipe or main as required. In the applica- 
tion of the invention as illustrated in the drawings, a heater a is 
arranged in the delivery main 6 from a pump or an injector, 
such heater being preferably similar to the auxiliary live-steam 
injectors described and illustrated in the Specification of Letters 
Patent, No. 20,222, of 1899. The delivery main ) is also provided 
with a branch or by-pass pipe c, having its inlet d at or near the 
inlet to the heater, and its outlet ¢ adjacent to the outlet of 






Fig.1. 
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the heater. For the regulation of the flow through the heater 
and the branch pipe, valves f and g of any suitable and 
ype are arranged respectively in the main and 
pipe, or a two-way valve may be placed at the junc 
tion of the main and the branch pipe. By the operation of the 
valves f and g, or of the two-way valve, the water flowing from the 
pump or injector can be directed either through the heater a or 
through the alternative path provided by the branch c, or through 
both simultaneously. In a modification, a spring or otherwise 
loaded lift-valve is employed in the branch in place of, or in 
addition to, the valve g, the loaded valve being adapted to open 
in the event of an excessive pee arising in the main whilst 
the heater is in operation. non-return valve may be vided 
on the by-passor branch ¢. (Accepted January 30, 1907.5 
891. Babcock and Wilcox, Limited, and A. E. 
; :. Chain-Grate Stokers. (3 Figs.) 
une %, 


improvement consists in ig aero | the 
travelling grate of email grate bare joined by ahi the 
bars being arranged to break bond, and or inclined 











being bevell 





at each end, and having at their mid-length a triangular patch or 





snug, which fits into the space left between the abutting bevelled 
ends of the adjacent grate-bars to close the vertical opening 
between them. As represented, each grate-bar A has each of its 
ends bevelled or inclined at 4, and on each side is cast or otherwise 
formed at mid-length a patch or snug a! of triangular formation. 
Accordingly, when the bars are fitted together to overlap or 
break , and jointed on cross-rods B to form a chain-grate, 
these snugs fill up the s between the abutting ends of the 
bars and close the vertical opening between such ends. 

of the snug in the example represented is half of the width of 
the grate-bar; but obviously the snugs may be formed on one 
side only of the grate-bar, and made of the full width of the 





latter, so as to cover the entire space between the abutting ends 
of the adjacent The essence of the invention is the con- 
struction of a travelling grate for a furnace, this travelling grate 
being formed of grate- constituted as shown, and arranged 
to present a surface unbroken by interstices at the ends of the 
bars when a travelling grate passes over a polygonal drum, the 
object being to form an air seal and to minimise the riddling of 
the coal. It will be observed that the constructian described has 
the advantage of clearing the usual dumping-plate D in turning 
round the usual end roller C of the chain-grate framing, so that 
the dumping-plate is not unduly raised to destroy the air seal. 
(A anuary 30, 1907.) 


1656. C. Erith, London. Mechanical Stokers. 
(3 Figs.) January 22, 1906.—This invention relates to mechanical 
stokers for distributing fuel on to grates with the aid of blasts of 
steam or of air at regular intervals. According to this invention, 
the opening of a blast-valve at regulated intervals admits steam 
or air at a constant intensity suitably regulated and at recurring 
intervals, each such blast of steam or air blowing a small charge 
of coal or other fuel on to the furnace-grate. For the purpose of 
the invention a blast-valve adapted for operation at regulated 
intervals by an engine, whereof the speed is governed by a dash- 
pot or similar governing means is mp ge The fuel flows 
through a hopper ¢c on to the feed-plate d which projects into the 
ted at or about the rear of this feed-plate, is a 
blast-nozzle e, preferably of taper or wedge formation, and pro- 
vided with a regulating valve adapted to vary the intensity of the 
blast to suit the nature of the fuel and the size of the furnace- 
grate over which the fuel is to be distributed by the blasts of 


furnace. Situa 











steam or air issuing from the said nozzle. The blast-valve f may 
be of any suitable type. A small engine g is connected directly 
to a dash-pot A containing oil or other liquid, so that, by regulat- 
ing the flow of liquid through the valve h!, a positive action of the 
engine at slow speeds.is ensured. On the piston-rod g! of the 
engine is a cross-head i, provided with a roller adapted to actuate 
a lever k, whereby the blast-valve f is opened. e roller runs 
against the lever k, which is formed with a projection, whereby, 
upon the the roller coming into contact with the projection on the 
forward stroke, the-cross-head i forces the lever k forward and 
effects the opening of the blast-valve f Upon the roller passing 
the projection a spring on the valve spindle causes the blast-valve 
Jf to close. On the return stroke, when the roller reaches the pro- 
jection on the lever, a pivoted arm carrying the roller turns on its 
centre and allows the roller to pass without moving the valve. 
The pivoted arm is eee me back to its original position by means 
ofaspring. (Accepted January 30, 1907.) 


MISCELLANEOUS, 


8S. Foreman and Drake and Gorham, 
Limited, London. vipe-Couptings. (2 Figs.) April 9, 
1906.—This invention relates to pipe-couplings for use with those 
pipes which do not require to be screwed for the purpose of join- 
ing together lengths thereof. Such forms of piping are used for 
protecting electric wires. The object of the invention is to pro- 
vide a coupling suitable for use on conduit pipes and in which the 
coupling has two members, which, when screwed together, effect 
a good electrical and water-tight joint between the ends of the 
conduits. According to the form shown in Ly 1, ordinary 
screwed unions a and } having conical or tape shoulders are 

Fig.i, 


a a 


Fig Z, 
me 


over the ends of pipes d and ¢; after so passing the 
unions over the pipes, a taper plug or the like is employed for 
slightly expanding the ends into the splayed form shown at c. The 
= of these expanded ends are smoothed with a file or 
f by means of a cutter or the like, and are drawn together by 
the union pieces a and b, so as to enable a good electrical and 
water-tight joint to be made. A washer is conveniently placed 
between the pipe-ends. In Fig. 2 this form of junction is shown 
as applied to a “ box” connection somewhat similar to those 
i ly used for electric conduits. In this form the screw g is 
arranged to sorew into the box. (Accepted January 30, 1907.) 
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THE DEMOLITION OF THE GREAT 
WHEEL. 

Tue demolition of the Great Wheel at Earl’s 
Court, which for twelve years has formed so con- 
spicuous a feature of the London landscape, is now 
practically completed, and the last of the steel 


| will take place in spite of the utmost care on the 





part of the engineer and the contractors. The 
unfortunate victim in passing under the tower 
with a friend was struck by a pin falling from 
a shackle 150 ft. above ground-level. The pin 
had been loosened by the action of the wind in 
banging the shackle against the steel-work. By 


work will be removed from the precincts of the|an extraordinary fatality the workman thus so 


Exhibition before the close of another week. 


The | haplessly struck down had taken part in all the 


work has been one requiring the exercise of no | really dangerous portion of the work—that is to 
little ingenuity in the devising of safe, yet reason-|say, in the removal of the uppermost segments 


ally economical, methods of procedure. 


The pur- | of the wheel ; but when rogress had been carried 


chasers of the structure, Messrs, George Cohen down to axle-level, feeling less certain of his 








RF. 1. 


and Sons, iron merchants, London, entrusted 
the responsibility of preparing detailed plans of 
operation to Messrs. W. T. Andrews and Co., 
consulting engineers, Leytonstone. The efficiency 
of the arrangements made by this firm is well 
shown by the fact that in spite of an unusually severe 
winter, and in spite of the fact that unexpected 
difficulties arose in taking apart joints and with- 
drawing bolts and pins, the whole gigantic struc- 
ture has been razed to the ground in a period of 
less than four months’ actual working time, and 
without the occurrence of any serious accident 
directly attributable to the operations in progress. 
here was, it is true, one fatality; but this 
occurred at a time when work had been suspended 
owing to the violence of the wind, and the incident 
Well illustrates how such lamentable occurrences 











THe WHEEL AS IT WAS. 


nerve, he had asked for a job on ground-level, a re 
quest which was immediately complied with. This 
change of occupation was undoubtedly the indirect 
cause of the unfortunate man’s death, as, when 
hit by the falling bolt, he was taking his friend to 
see the work on which he had just been engaged. 
The wheel, of which we give in Fig. 1 an illus- 
tration showing its condition when Mr. Andrews 
first essayed the task of preparing his plan of pro- 
cedure, was a pin-jointed structure 300 ft. in dia- 
meter, weighing, with the cars in position, about 
1000 tons, whilst the two four-legged standards on 
which it was mounted weighed about 400 tons more. 
No detailed plans of the edifice were available, 
and all the data necessary for determining the pro- 
portions and positions of the temporary struts 
required in the demolition had to be measured 





from the structure itself. For its erection very heavy 
and expensive scaffolding extending up to the axle- 
level had been employed, but considerations of 
time and expense made impracticable any similar 
plan of operations for taking it down. The difti- 
culties were enhanced by the very restricted area 
of the site on which the wheel stood. This site 
was in an angle between two lines of railway, over 
one of which the outer edge of the wheel pro- 
truded. Heroic methods, such as destruction by 
dynamite were accordingly out of the question, 
and the engineer had, therefore, to face the pro- 
blem of a piece-by-piece process of demolition. In 
this, moreover, the greatest”care had to be exercised 
to ensure the safety of the ground staff. Every 
bolt and nut had accordingly to be lowered down 
in bags, since small articles dropped fiom a 
height of 300 ft. or more cannot be depended on tu 
fall vertically. The first process was the removal 
of the cars, which were forty in number, and weighed 
some 200 tons. These were hung from the main 
pins of the outer peripheries of the wheel, which, to 
this end, were extended cantilever fashion beyond 
the chords, of which they made the joints. This 
removal was effected in such fashion as to never 
allow the wheel to be more than the weight of one 
car out of balance. The procedure will be under- 
stood by reference to Fig. 2, page 538. The cars 
were, of course, taken off at the lowest point of the 
wheel. Car No. 1 being removed, the wheel was 
turned through 180 deg., and Car 21 taken off. 
The next car to be removed was No. 11, and the 
fourth car No. 31. By proceeding step by step in 
this fashion the whole of the cars were, in the 
course of ten days’ work, dismounted without, as 
already stated, the wheel being unbalanced during 
the process by more than the weight of one car. 

In devising his plans for taking down the 
structure, Mr. Andrews assumed the wheel tuo 
consist of two semicircular arches, the upper one 
of which rested on, and was supported by, the 
lower one, which, in turn, was suspended from 
theaxle. It was evident, therefore, that the wheel 
must be demolished ‘from the vertex, and very 
careful consideration was given as to the safest and 
most economical fashion of effecting this. The 
matter of economy was indeed only less important 
than that of safety, since the purchasers intended 
to dispose of the metal as scrap. Calculation showed 
that if the vertex of the wheel were cut through, 
the amount of metal in the peripheries would be far 
from sufficient to withstand the heavy bending 
moments developed along the horizontal axis by 
the weight of the two cantilevers, then constituted 
by the upper quadrants of the wheel. The peri- 
pheries formed a pin-connected girder, about 
40 ft. deep. Each chord consisted of two members, 
built out of 5-in. by 4-in. by 4-in. angles, riveted by 
Z-in. rivets set at 4 in. pitch, to ,%-in. web-plates. 
These members were braced together by an angle- 
iron lattice-work. Pin-plates were riveted or 
bolted to each end of the web-plates, the pins at 
the inner periphery being 5} in. in diameter, and at 
the outer 4} in. in diameter. Radial struts built 
up of 12-in. by 12-in. by 4-in. channels connected 
the inner and outer peripheries, and each bay of . 
the complete girder was braced together by two 
steel diagonals 3} in. in diameter. LEighty steel 
spokes, 2;% in. in diameter, connected the inner 
periphery to the axle, whilst another eighty 
spokes, crossed in plan, and 24 in. in diameter, 
served as wind-bracing. 

Deep as was the circular girder constituted by the 
two peripheries, it was, as stated, not strong 
pel x to take the stresses which would be deve- 
loped on cutting through the vertex of the wheel, 
and it was determined, therefore, to insert two 
massive timber struts between the periphery and 
the axle, and to locate them in such a position that 
they could be removed with safety once the portion 
of the wheel between their upper extremities had 
been got rid of. These struts were built out of 
12-in. by 12-in. pitch-pine timber, and were care- 
fully laid out me erected on the ground, as shown 
in Fig. 22 of Plate XXXVLI., published with our 
present issue, before being put into position in the 
wheel. Prior to this latter operation the wheel was 
tested for roundness, and was then discovered to be 
2 ft. out of truth at one point. The distortion of 
the periphery here is well shown in Fig. 31 on 
page 539. It was determined, accordingly, to make 
this the point at which fhe peripheries were tu be 
cut through, as in this way the truest portion of the 
wheel would be at'the bottom, and a more regular 
distribution of the weight over the suspension 
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spokes might be anticipated. The struts were | 
designed to carry a load of about 100 tons, and their | 
upper ends extended to a height of about 100 ft. | 
above the level of the axle. Each strut, which, as 
will be seen, was a composite structure, weighed 
about 20 tons. The process of putting them into 
place is clearly illustrated in Figs. 3 to 9, annexed. 
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the upper end of the second strut, which was then 
fixed in the same manner, and the wheel turned 
round to bring the proposed point of disconnection 
into the topmost position, as indicated in Fig. 8 
on the present page. During this series of 
operations, however, the cables used to operate the 
wheel were, bit by bit, got rid of, and lowered to 
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the ground. These cables had an aggregate length 
of 2100 ft., and weighed in all about 32 tons. 
Whilst the upper end of the first strut was being 
fixed, these were got rid of in 60-ft. lengths as 
the wheel was turned to its final position. These 


| were first cut at the levels marked P and P! in 


Fig. 3, and as it was necessary to maintain the 
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Since the weight of the wheel was carried entirely 
by the spokes in tension, any point of the wheel 
was obviously always somewhat nearer the axle 
wh n ut the top than when occupying its lowest 
pos tioa. It was considered best, therefore, to 
complete the building of the struts into place with 
the wheel occupying the final position at which the 
actual work of taking it to pieces was to be begun. 
Each leg of each composite strut consisted of three 
lengths of 12-in. by 12-in. pitch pine. The upper 
lengths were built in between the peripheries at a 

int near ground-level, and were thoroughly 

raced together by wire ropes and cross-struts of 
timber. The upper ends of the two struts being 
thus placed in position, the wheel was then turned 
round till the propeess point of disconnection was at 
the top of the wheel, and this done, the latter was 
securely lashed to the inner legs of, the standards 
by wire-rope. The procedure was as follows :— 
The bay which was to take the upper end of one 
of the struts was brought near the pote point of 
the wheel (see Fig. 3, annexed), and this upper end | 
was built into it. This done, the wheel was then | 
moved round, to bring the proposed pvint of dis- 
connection to the lowest point of the wheel, in which 
position the stagings and derricks to be used in 
removing the steel-work at that point were fixed in 
position. The wheel was then moved on, to bring 
near the lowest position the bay which was to receive 























chain in tension on the driving sprocket, each of the 
ends was lashed to the wheel. The latter was then 
turned through about 60 ft., and the chain again 
lashed fast at the same level P, Fig. 4, and the 
piece of chain between P and P' was then cut off 
and lowered to the ground. The proposed point of 
section was then at the bottom of the wheel, and the 
derricks and staging to be used in removing the first 
segments were accordingly put into place as already 
mentioned In Fig. 5 the wheel is represented 
turned through another 60 ft., when the chains 
were again lashed as before, and another 60 ft. of 
cable cut off above the level P, and the top length 
of the second strut was secured in place with the 
wheel in this position. A further turn of the wheel 
is represented in Fig. 6, at which another 60 ft. of 
cable was removed, and a similar length was cut 
away with the wheel in the position shown on Fig. 7. 
This progress in removal of the chain largely 
counterbalanced the weight added to the wheel by 
the fixing of the upper ends of the timber struts. 
In Fig. 8 the wheel has been moved round another 
20 ft., and is in the position at which it was lashed 
fast, and the erection of the struts completed. At 
this point the remainder of the cable was cut loose 
and dropped to the ground. This diagram repre- 
sents the state of affairs on January 11 last. 

In Fig. 9 the lower portions of the struts are 


‘shown in position. * These rested on box girders 
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built out of }-in. steel plate, specially constructed 
to rest on the axle, to which they were firmly 
secured. The upper ends of the struts being well 
braced together by wire-rope, the distance between 
the opposing timbers was measured. The inter- 
mediate lengths were then cut to the dimensions 
found, less a clearance of 2in. The joint at one 
end of this intermediate section was made by 
splices of 4-in. steel plates, forming a box 4 ft. 
long, inside of which the pitch- pine principals 
were butted one against the other, the whole being 
secured by {-in. bolts. Hard-wood wedges were 
driven between the opposing ends at the other 
joint, so as to bring the struts fairly into bearing. 
It had been intended to grout up with neat cement 
the foot of each t, where it butted on the steel 
saddle on the axle; but by an oversight this was 
omitted, and when the full load came on to the 
struts, these settled down till they found a full 
bearing on the plating, the rivet-heads burying 
themselves in the pitch pine, as shown in Fig. 30. 

The cross-bracing of the struts, consisting of 
timber posts and wire-rope ties, was next inserted, 
thus making all ready for the first cut. The con- 
dition of affairs was then that represented in 
Fig. 10, page 538. 

In order to make certain that each man engaged 
in the difficult work involved in the removal of the 
upper segment of the arch should have a clear 
understanding of which bolts and rivets might be 
safely removed and which might not, such as 
those in tension, Mr. Andrews caused a wooden 
model of the upper part of the wheel to be pre- 
pared, in which each joint, or portion of a joint, 
which was to be untouched was painted red. This 
model was explained to each individual workman, 
and not merely to the foremen, so that everyone 


had a thorough fore-knowledge of the procedure | 


to be followed. On February 4 the first cut was 
made in the continuity of the wheel, a set of plates 
being taken out from the outer periphery on each 
side of the top centre, leaving the radial struts 
standing. The wind-bracing, with the exception 


of two sets, was next removed, and in doing this | 
the contractors and engineer themselves were | 


confronted with an unexpected difficulty. It had 
been intended to drive out the pirs at each joint, 


| secured to the webs of the princi 


Is of the peri- 
pheries, since they proved intractable to the spanner. 
The whole of the tie-bars and spokes had there- 
fore to be sawn through with hack-saws, no other 
means existing of getting them out. Of these 
there were 160, each 3} in. in diameter, and a 
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but owing to the effects of wear and rust this 
proved totally impossible. Indeed, it could seldom 
le done even after a member had been lowered to 
:round-leve], and it was totally out of the question 
in the actual conditions under which the men had 
‘o work up aloft. Similarly, it proved equally im- 
practicable to unscrew the sleeve-couplings, with 
which certain of the tie-bars were connected up. 
In fact, it was often necessary to cut off the nuts 
of the Z-in. bolts with which the pin-plates were 
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similar number of 2,%,-in. and 2$-in. bars. The 
sawing had often to be done under rather awkward 
conditions, and it says much both for the skill and 
perseverance of the men and for the quality of 
the saws that the 3}-in. bars were each cut through 
in about 24 hours on the average. 

After the first plates had been removed from the 
outer periphery of the wheel, the weather became 
frosty, and much care had to be taken in proceed- 
ing with the operations on the inner peripheries, 


since these were under considerable thrust, as the 
full load had not yet come on the timber struts. 
It was originally proposed to take the thrust by « 
couple of 20-ton jacks, and then to remove the 
chords, after which the two opposing ends could be 
allowed to settle in gently towards each other, the 
movement anticipated being about 2 in. As an 
experiment, however, it was determined to remove 
some of the bracing between the side plates of each 
principal forming the inner periphery of the bays 
under demolition, in the hope that if these plates 
crippled under the thrust, they would do so quietly, 
and thus let the wheel settle down in the gentle 
manner desired. These bracings removed, the men 
were withdrawn, lest in the bending of the plates 
a rivet should shear, its head fly off, and cause an 
accident. In Jess than half-an-hour after the men 
had left the work the plates were observed to quietly 
buckle in, to the shape of the letter S, coming 
about 1 ft. 8} in. out of line in a distance of 30 ft. 
The buckling of these plates is clearly visible in 
Fig. 25 on our two-page plate, which is reproduced 
from a photograph taken a few days later. 

The load being now transferred to the timber 
struts, work could safely be resumed. The bent 
plates in question were not removed at once, but 
further weight was first taken off the outer peri- 
pheries, together with another 10 tons of the steel 
tie-bars ; the condition of the wheel on the com- 
pletion of this work being represented in Fig. 12, 
whilst Fig. 13 represents the wheel with the whole 
of the chord members of the first two bays removed, 
leaving the two cantilevers, with the radial strut 
slung in the centre. The lowering of this left a 
gap of 40 ft. at the apex of the wheel. The weight 
removed in these operations was about 30 tons. In 
Figs. 15 and 16 the removal of another bay on each 
side of this gap is represented ; and in Fig. 17 two 
more bays are gone, whilst in Fig. 18 the gap has 
been widened to 160 ft. by the removal of 120 tons 
of material. The taking away of another 30 tons 
brought the scene of operations down to the upper 
ends of the temporary struts, leaving a gap of 
200 ft. between the ends of the outer Soriphetion. 
Although every bolt-head had to be lowered over 
300 ft., the whole of this difficult series of opera- 
tions took but 24 days to accomplish. The struts, 
having now served their purpose, were next taken 
to pieces, and lowered from a steel hawser slung 
across the gap. This hawser, at the same time, 
assisted in steadying the wheel against wind pres- 
sure. 

The condition of affairs after the removal of these 
struts is represented in Fig. 20. It will be seen 
that there was then very little overhanging weight 
to cause bending strains in the periphery. Portions 
of the dismantled struts were used to form the der- 
ricks, 70 ft. in length, shown in position in Fig. 29 
on our two-page plate. These were slung from the 
framework of the standing portion of the wheel, and 
could be swung through considerable angles when 
necessary. Being 12-in. by 12-in. pitch-pine 
timbers, they were capable of sustaining very 
heavy loads, so that from this point on the chord 
members and radial struts were sent down intact, 
instead of being removed piecemeal. With their — 
aid work was rapidly pushed forward, in spite of 
occasional stoppages from fog and wind. An equal 
rate of progress was maintained on each side of the 
wheel, so as to keep it well in balance. The der- 
ricks were lowered as the work proceeded, until at 
length the work of demolition reached the points 
at which the wheel was lashed to the standards. The 
derricks were then dispensed with and the whole of 
the remainder of the wheel dropped bodily to the 
ground by sawing through the suspension bars at the 
axle. This was done on the 11th inst. The weight 
of the bays involved was about 60 tons, and the 
lowest point was about 18 ft. above ground- 
level. ‘The upper ends of the suspension rods had, 
however, of course, to come down over 150 ft. 
The operation formed a very effective display, the 
combination of noise and twisting rods being 
likened by Mr. Andrews to a miniature storm, 
accompanied by whatmay be termed *‘rod lightning.” 
The time taken up to this point from the making 
of the first cut in the periphery of the wheel was 
only two months, and the condition of affairs at 
this stage is represented in Fig. 21. The next im- 
rtant step was to get the axle and its plummer- 
locks to the ground. The axle was 8 ft. in diameter 
and about 40 ft. long, and taken together with its 
plummer-blocks, weighed about 60 tons. It was 
situated at a level of 180 ft. above the ground. 





Mr. Andrews, after careful consideration, decided 
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TYPES OF FISHING CRAFT. 


(For Description, see Page 542.) 
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|Photo. by Norrie, Fraserburgh.) . (Photo, by H. Jenkins, Lowestoft. | 
Fiz. 10. Scotca Stgam Drirrer. Fic. 11. Lowegstorr Steam Drirrer. 





























| Photo. by Norrie, Fraserburgh. | | Photo, by F. Jenkins, Sout..wold,} 
Fie. 12. Scorcw Samine Drirter. Fic. 13. SournHwotp InsHorE TRAWLER. | 
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(Photo, by H. Jenkins, Lowestoft.) (Photo, by Preston, Penzance.) 
Fic. 14. Lowestorr Saiuise TRAWLER. New.yn Drirrers. 
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to throw the whole mass bodily to the ground, taking 
due precautions to cushion the blow on striking. 
This noteworthy feat was successfully accomplished 
on April 18, and in Fig. 32 we reproduce a photo- 
graph which shows the mass in mid air. 

The operation was accomplished by first jacking 
up the plummer-blocks to a height of 3 in. above 
their beds, so as to get in underneath six round 
steel bars, 2} in. in diameter, intended to serve as 
rollers. They were spaced at about 18-in. centres. 
Four steel-wire ropes, 2} in. in circumference, were 
made fast to one end of each block and led over a 
pulley secured at the opposite end of the standards, 
on which the bearings rested, and thence to the 
ground. The lower ends of these wire ropes were 
coupled up to tackle, of sufficient strength to give a 
horizontal pull of 30 tons on the block at the top. 

Owing, as was afterwards ascertained, to a rivet 
having started in the upper plating, which pro- 
vented the motion of one of the rollers supporting 
the block, this pull proved insufficient to shift the 
corresponding end of the axle, though the other 
moved easily enough. The tackle at the obstructed 
end, however, broke repeatedly, and it was only 
after six hours’ perseverance that success was at- 
tained. The refractory mass then went with a jerk, 
being actually flung off to an accompaniment of fire 
and smoke arising from the friction generated. 
At the moment of hitting the ground the mass 
had a striking energy of nearly 11,000 foot-tons, 
but the blow was received on a cushion of wood- 
chips about 12 ft. in thickness, which was thickly 
covered by tarpaulins to prevent the flying of 
splinters. Through this mass the axle penetrated, 
burying itself some 4 ft. in the ground below. 

The eight legs are now being removed. They 
are of box girder section, 4 ft. square, built up of 
plates and angles. They weigh about 300 tons, 
and rest on solid cubes of concrete, each of which 
weighs over 250 tons. The upper ends of these 
struts have been taken down plate by plate, by 
cutting out the rivets, but the lower portions of 
them are being sent down in 40-ft. lengths. 


From start to finish the whole structure has | 
been demolished within a period of less than six | 


months, which, considering that every rivet and stay 
from 3} in. in diameter downwards had to be sawn 
through, as every nut was completely set with rust, 
reflects the highest credit on all concerned, and in 
particular on Mr. W. T. Andrews, who devised in 
detail the whole plan of operations. We believe 
we are correct in saying that the work of demo- 
lition was considered so hazardous by some other 


firms of consulting engineers that they refused to | 


have anything to do with it; but Mr. Andrews’ 


early experience in the matter of carrying through | 
important and difficult engineering operations in | 
the Far East, with no resource but native labour, | 
has evidently stood him in good stead on this occa- | 


sion. Itis to him that we are indebted for the 


very full particulars of this most interesting piece | 


of engineering, which we have been able to place 
before our readers. 








THE MODERN DEVELOPMENT OF 
BRITISH FISHERY HARBOURS.— 
No. ITI. 

By H. C. M. Austen, Assoc. M. Inst. C.E. 


Tue fact that steam was not introduced amongst 
fishing-boats until 1880 is somewhat surprising in 
view of its revolutionary effect upon general mer- 
chant shipping prior to that date ; but it must be 
admitted that the change, when it came, pro- 
gressed wonderfully, as the figures in the pre- 
vious articles on this subject abundantly testify. 
It was there shown not only that steam fishing 
vessels had greatly increased | and were continu- 
ing to increase in numbers, but that since their 
inception, twenty-tive years ago, both the quantity 
and value of fish landed, carried away by rail, and 
exported, had risen enormously, so that a great ex- 
pansion in the various branches of trade allied to 
the fishing industry had followed. The conse- 
quent requirements in’ the way of improved har- 
bour accommodation, as the result of development 
in both vessels and trade, will be dealt with in sub- 
sequent articles, In the present number it is 
proposed, therefore, to deal exclusively with the 
fishing vessels which have been previously referred 


Of all kinds of steam fishing vessels, trawlers 
must be given the place of first importance, because 
| they were the pioneers of steam in fishing vessels, 
|of which they represent the largest type afloat, 
travel farthest for their catches, and carry on the 
most remunerative class of trade. The birth of 
the steam trawler might fairly be described as acci- 
dental, for the first trawlers were old tug-boats on 
the rivers Tyne and Wear, whose owners, not being 
content with their earnings in their natural element 
amongst general shipping, determined to convert 
them for the time being into fishing craft. So great 
was their success that specially-designed vessels 
were constructed forthwith, and various steam 
fishing companies at once sprang into existence. 
Twenty years ago these trawlers were about 80 ft. 
or 90 ft. long, whereas now they are seldom less 
than 115 ft. long and range up to 130 ft., or even 
more. The increase in size is chiefly due to the 
greater distance trawlers now steam to reach remote 
tishing-grounds, to the consequently larger machi- 
nery and coal-carrying capacity they require, and 
to the larger cargoes of fish they bring to port. An 





accommodation for about fourteen men, including 
the captain and engineers, and cost, when ready 
for sea, anything between 6000/. and 80001. Of 
the catches of steam trawlers landed on the East 
Coast, 70 per cent. come from the North Sea, whilst 
the remainder is caught outside the territorial 
waters of maritime countries, from Morocco to the 
White Sea and round the neighbouring islands, 
such as Iceland, Farée, and Rockall. Most of the 
fish so caught is landed at Grimsby, Hull, London, 
North Shields, and Lowestoft in England, and 
Aberdeen and Leith in Scotland, in order of quan- 
tity. The catches of trawlers fishing over the area 
south-west of the British Islands, and on the West 
Coast of Ireland, are landed at Fleetwood, Milford, 
Swansea, and Cardiff, also in order of quantity. 

Under Part IV. of the Merchant Shipping Act, 
1894, and under the Sea Fisheries Acts of 1868 and 
1883, all British sea fishing-boats are compelled to 
show letters and numbers signifying their port of 
registry. Table III. annexed gives the port-dis- 
tinguishing letters for all the English and Scottish 
fishery harbours. 





TABLE IIL.—Port-DisrincuisHinG LeTrers FOR FISHING VESSELS. 


Distin- 











‘* beam ” trawl by the more modern ‘‘otter” trawl, 


| which was first used in about 1894. The former 


| 


Distin- | : Distin- 7 " 
Port of Fishery : Port of Fishery sabe Port of Fishery 
— | Registry. Harbour. — Registry. Harbour. —_— Registry. Harbour. 
A Aberdeen Aberdeen FY Fowey Looe ME Montrose Johnshaven 
A - Stonehaven FY _ Mevagissey ME ra Gourd :n 
AB Aberystwith Aberystwith GK Greenock Gourock OB Oban Oban 
AB me Aberdovey GN | Granton Granton OB es Mallaig 
AG Ardrishaig Ardrishaig GY Grimsby Grimsby OB =” Tobermory 
AR Ayr Dunure H Huli Hull P Portsmouth Chichester 
AR pea Girvan HL Hartlepool Hartlepool PD Peterhead Peterhead 
BD Bideford Bideford INS Inverness Inverness PD *” Port Errol 
BD a Clovelly INS i Nairn PD 9 Boddam 
BE Barustaple Combmartin INS pa Findhorn PH Plymouth Sutton 
BF Banff Crovie INS is Burghead PN Preston Preston 
BF * Gardenstown INS se Uopeman PZ Penzance Newlyn 
BF o Macduff INS » Lossiemouth PZ ” Porthleven 
BF a Whitehills INS | ae Cromarty PZ ” Mousehole 
BF a Portsoy INS | ” Ballintore R Ramsgate Ramegate 
BF net Cullen INS “A Portmahomack R 9” Margate 
BF aie Portnockie K Kikwail irk RX Kye Rye 
BF - Findochty KY | Kirkealdty Buckhaven SH Scarborough Scarborough 
BF ae Buckie KY ® Elie Sil - Bridlington 
BK Berwick Berwick K Y “9 St. Monans SM Shoreham Shoreham 
BK - N. Sunderland KY pa Anstruther SN North Shields North Shields 
BK a Holy Island KY es Pittenween ss St. Ives St. Ives 
BK ” Burnmouth LH Lr ith Leith SSS _ | South Shields South Shields 
BK a Eyemouth LH | ; Fisherrow SY Stornoway Stornoway 
BM Brixham Brixham LH a Morrisonshaven a 99 Carloway 
BRD Broadford Portree LH 2 Cockenzie TH Teignmouth Teignmouth 
BT Bridport Lyme Regis LH ae Port Seton TH *” Torquay 
CN Campbeltown Caimpbeltown LH ” Dunbar WA Whitehaven Whitehaven 
DE Dundee Dundee LH pat Newhaven WK hick Wick 
DE 9s St. Andrews LK Lerwick Lerwick WK Lybster 
Ds Dumfries Annan LN Lynu Lynn WK Dunbeath 
FD Fleetwood Fleetwood LO London _ WK Helmsdale 
FE Folkestone Folkestone LT Lowestoft Lowestoft WK o Thurso 
| ¥B Fraserburgh Fraserburgh LT -" Southwold wk ” Scrabster 
FR ‘ Sandhaven M Milford Milford wy Whitby Whitby 
| FR pa Roschearty M - Tenby Yu Yarmouth Yarmouth 
ME Montrose Montrose 


important factor which, by adding to their catch-| The plans and section, Figs. 5 to 9 on 
ing power, has also conduced to increase the size | page 540, show the detailed arrangements of an 
of these vessels, is the replacement of the old | up-to-date steam trawler. 


This particular vessel, 
built in 1905, was the first provided with a 
whale—or turtle—back for the Iceland fishing. 


| was a constant source of trouble by reason of its} The whale-back, which is filted forward, is one 


/cumbrous weight, and by the frequent necessity of 
repairing it when broken on the rough bed of the 
|sea. The ‘‘ otter” trawl is considerably lighter, and 
|has a self-opening mouth, governed by two flap- 
| boards, 9 {t. by 4 ft. 6 in., on either side of the net. 
This type of trawl has greatly increased the catch of 
round fish, such as cod and haddock, which swim 
some little distance from the actual sea bottom. 
Steam trawlers may be divided roughly into three 
classes--viz., ‘‘ Fleeters,” ‘‘ Single-Boaters,” and 
‘*Icelanders.” ‘‘Fleeters” are usually a smaller 
class of vessel, from 100 ft. to 110 ft. long, and, 
as their name implies, fish in fleets. They are 
supplied with bo | sufficient to last from six to 
“— weeks, during which time they remain on the 
fishing - grounds, and periodically deliver their 
catches to a ‘‘carrier”—a larger type of vessel— 
whose duty it is to go round collecting the fish from 
individual vessels in the fleet and to deliver it in 
|London. The ‘“‘single-boaters”’ fish separately, 
| but do not go more than 200 or 300 miles out to 
sea, and return within a week or ten days at most 
to Hull or Grimsby, or wherever their head- 
quarters may be, to discharge their fish, leaving 
jagain immediately on another trip. The third 
| class is composed of larger vessels, which, during 
the season, go to Iceland, or, of late years, still 
‘further off in other directions, spending three or 





to as amongst the principal causes of the modern |four weeks on the trip, and bringing home large L ' , 
development of fishery harbours, and which in | quantities of fish, often worth 1000/., but always, | few have complete refrigerating apparatus and ice- 
| of course, dependent in this respect upon the con- | making machinery fitted up on board. 


themselves form an interesting study of shipbuild- 
ing and engineering. 





| dition of the market. These vessels usually have 


of the latest improvements, and greatly assists in 
keeping seas off the vessel, at the same time affurd- 
ing shelter for the crew when working at the fish. 
The vessel was built by Messrs. Cochrane and Sons, 
of Selby, to whom the author is indebted for the 
use of the plans, and for the information connected 
therewith. The modern trawler, as will be seen 
from the drawings, is crowded with appliances, so 
that every inch of space may be utilised to the fullest 
advantage. Commencing at the after end, there is 
acabin, with accommodation for the captain, chief 
engineer, and four other hands ; then the engine- 
room, boiler-room, coal-bunkers, reserve bunker 
(used for coal when going to the fishing-grounds 
and for fish on the return journey), fish and ice- 
room, store-room, forecastle.to accommodate eight 
men, and sometimes a store forward of this. 

The fish-room is divided up into several compart- 
ments, both vertically and horizontally, into which 
the various kinds of fish are placed and packed in 
ice to preserve them during the voyage home. A 
further innovation which some of the larger trawlers 
have adopted for the better preservation of fish 
during long voyages, and which is especially valu- 
able during the summer months, is the insulation 
of the shell, deck, and bulkheads surrounding the 
fish and ice-rooms by means of several layers of 





compressed cork, with insulating paper between 
'the layers, or by means of silica cotton, whilst a 


The sailing trawler, of which two examples are 
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illustrated in Figs. 14 and 17, on page 541 and the | daily. The tonnage of these boats varies from 18 


present page respectively, is a type of vessel which 


the steam trawler has, to a great extent, sup- 


planted, the ratio of reduction in their numbers 


between 1893 and 1902 being over 60 per cent.; 


whilst steam trawlers had increased by 128 per 


cent. during the same period. 


But, as was stated in the second article of this | 
series, the sailing trawler will never be ousted 


entirely, for reasons already given ; in fact, since 
1902, when the extent of steam rivalry with this 


| to 25 tons ; and it is the proximity of their home 
ground between Berry Head and Eddystone, 
together with their fine sailing qualities, which 
enables them, weather permitting, to make a 
| paying trip each day, thus biinging a fresh catch 
to market, and dispensing with the use of ice. 

Sailing trawlers of any size as a rule remain at 





| sea a week on an average. They alluse the ‘‘ beam” 
| trawl, as the ‘‘ otter” does not answer cn a sailer. 
The Lowestoft trawler, of which an illustration is 


| 35 per cent. of the total steam fishing fleet, and 
most of them are registered at Peterhead, Aber- 
deen, and Buckie. The corresponding English 
steam liners only number about 4 per cent. and 
‘chiefly hail from North Shields and Grimsby. 
| Many Scottish steam drifters are temporarily con- 
| verted into ‘liners’ when the herring season is 
jover. An example of a Scotch steam-drifter is 
| shown in Fig. 10 on page 541, while Scotch sailing 
| drifters are illustrated in Fig. 12 on the same page. 

The sailing drifter is a type of vessel which more 





class of vessel reached its limit, the number of first- | given in Fig. 14, has a gross tonnage of from 55 to| than any other varies in design according to the 
class sailing trawlers has steadily increased in| 60 tons, takes a beam of from 44 ft. to 47 ft. long, | peculiar conditions of its port of register, such as 


England, the rate of increase between 1902 and 
1905 being just over 12 per cent. 


| varying slightly, according to the design of the stern. 


| distance from fishing-grounds, exposure to heavy 


The value of the | The fore head of the trawl comes up through asmall | seas, position on coast-line, and local traditions and 


sailing trawler, such as the Lowestoft, Ramsgate, | gangway on the port side, and the after head hangs | customs. The Scottish boats, which are all very 


and Brixham boats, is indisputable so far as 
‘‘beam” trawling in home waters is concerned. 
The value of the smaller in-shore sailing trawlers is, 
and always will be, considerable. 


| just clear of the taff-rail aft. The usual draught of 
| these trawlers is about 10 ft. 


| The steam drifter, which has so largely taken 


| similar in model and rig, and of which a specimen 
|from Fraserburgh is shown by Fig. 12, page 541, 
|are migratory in their habits, as are the Cornish 


This latter type|the place of the sailing drifter, and will un- | boats, exemplified by a Newlyn drifter, of which 


is fairly represented by a Southwold trawler, an | doubtedly continue to do so, is a boat of somewhat | examples are illustrated in Fig. 15, and yet no two 


illustration of which is given in Fig. 13, page 541. 


similar model to that of the steam trawler, but 


|vessels could be more dissimilar in appearance. 


Brixham, it should here be mentioned, is the| without the trawler’s elaborate internal arrange- |The Whitby boats, representative of the Yorkshire 


‘-Mother of the Trawl Fisheries,” and her fisher- 
men were the pioneers of this industry in the 











Fic. 16. Yorssuire ‘‘Mutes” in Wuaitsy 
Harsovur. 


United Kingdom. Although the harbour is quite 
inadequate to afford shelter to the vessels using it, 
Brixham owns a fleet of 220 first-class sailing 
trawlers, similar to the one illustrated in Fig. 17. 
This particular vessel, which, it may be seen, 
closely resembles a yawl-rigged yacht, is reckoned 
to be the fastest sailing trawler for her tonnage 
afloat, having, in fact, easily carried off the first 
prize in her class race at the annual Torbay 
regatta. As speed is so important a feature of 
the modern sailing trawler, a few facts and figures 
about this vessel will be of interest. The Ibex, as 
she is called, was designed, built, and is owned by 
Mr. Andrew Upham, of Brixham. The port- 
distinguishing letters ‘‘DH” on her bow, signi- 
fying Dartmouth, have now been altered to ‘‘ BM” 
for Brixham (see table of port-distinguishing letters 
for fishing vessels), vessels belonging to this port 
having only recently acquired registration letters 
of their own. She is built of English oak through- 
out, has a tonnage of 50 tons, length over all 76 ft., 
breadth 17 ft. 9 ins., and draws 10 ft. 6 ins. of 
water. Her crew consists of four men all told, 
including the skipper. She carries a trawl-beam 
16 ft. long, and is fitted with a steam capstan for 
working the gear. The cabin is right aft, then 
the engine-room, fish and ice-room, and forecastle, 
each compartment being divided off by bulkheads 
across the ship. Brixham vessels of this type 
chiefly fish in the Irish Sea and Bristol Channel, 
and land their catches at Milford Haven or some 
other equally convenient port, remaining at sea 
‘bout a week at atime. As at Ramsgate, a smaller 
class of trawler also fishes from Brixham, which is 


| ments for the accommodation of the crew, and for 
| storing fish and ice, such space, of course, by reason 
| of the nature of its trade, not being required ina 
| drifter. Salt, however, is always carried, so that 
|if the catch is too small to be worth while taking 
'to harbour at once, it may be salted on board, and | 
| landed later on. Asan illustration of the advantage | 
| the steam drifter has over the sailing drifter, it is | 


| ** mules,” illustrated in Fig. 16 on the present page, 
constitute a still more divergent type of sailing 
drifter. 

One of the peculiarities of the Scotch boats is 
that they seldom use any other than the main- 
sail, although they are provided with spars for a 
complete yaw] rig. 

The Cornishman seldom tishes much north of 

















Fig. 17. 


no unusual thing to hear of cases where both vessels 
have hauled their nets close to each other. The 
former has then steamed to market, landed her 
catch, sold, cleaned up, taken in stores, and stood 
out to sea, meeting the sailer still on her way toa 
market with often falling prices. The illustration, 
Fig. 11, on page 541, is from a photograph of a 
vessel designed and built by Mr. John Chambers, 
of Lowestoft (as is also the Lowestoft trawler 
already referred to), who has kindly supplied the 
explanatory dimensions and figures. She draws 
9 ft. 6 in. of water. Both types of vessels are built 
entirely of English oak. 

The comparative difference in the various types 
of fishing vessels belonging to English and Scottish 

rts is, both as regards number and tonnage, 

rgely accounted for by the fact that drift-net fish- 
ing in Scotland is the means by which about 68} 
per cent. of the total quantity of fish landed is 
caught, whereas in England it is only responsible 
for 35 per cent. of the total. The English trawling 
and line-fishing (the latter being an inconsiderable 
fraction of the whole) is the most productive, yield- 
ing 65 per cent. of the total, the Scottish trawling 
and line-fishing yielding 314 per cent., of which 
more than one-third is attributable to line-fish- 
ing. Line-fishing, which is the oldest method 
of fishing in existence, is also carried on by smaller 
boats inshore all the year round, and even by the 
larger boats when the herring season is over ; but 
their catches do not represent a large proportion 
of the total quantity of fish caught. Steam ‘‘ liners” 
regularly engaged are in design practically identical 
with steam "Trifters. Scottish steam vessels | 








ihe only port where such vessels land their catches 





gaged in line-fishing ducing 1905 numbered about 


BrixHam TRAWLER. 


Whitby, and the Scotsman seldom south of Lowes- 
toft ; but as with most vessels of this type engaged 
in drift-net fishing, their custom is to follow the 
fish, chiefly herrings, round the coast, and the extent 
of their travel usually terminates with the com- 
mencement of the season within reach of their own 
ports. The steam drifter,.on the other hand, is 
more independent, and, with due regard to the 
home fishing, is generally attracted to the best 
markets, irrespective of their geographical position 
on the coast. But all classes of vessels, and more 
particularly those which fish away from home, 
especially drift-net boats which are engaged in the 
herring, mackerel, and pilchard fishing, invariably 
select harbours to fish from where they are assured 
of a safe and easy ingress and egress in all weathers, 
ample low-water accommodation within, combined 
with good unloading facilities and inland communi- 
cation. 








THE ROTHESAY DOCK AT GLASGOW. 


INCLUDED in the interesting programme of public 
functions performed by their Royal Highnesses 
the Prince and Princess of Wales this week in 
Glasgow was the opening, on Thursday, of a new 
tidal dock constructed by the Clyde Navigation 
Trust. This basin, which is situated on the north 
bank of the Clyde, six miles west of Glasgow 
Bridge, and within the burgh of Clydebank, has 
hitherto been unofticially known as the Clydebank 
Dock, but their Royal Highnesses, when invited to 
name the basin, sugges Rothesay Dock, because 
they derive a ducal title from the noted seaside 
resort of that name on the Island of Bute, in the 
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THE ROTHESAY DOCK AT CLYDEBANK, GLASGOW. 
MR. W. M. ALSTON, M. INST. C.E., ENGINEER TO THE CLYDE NAVIGATION TRUST, ENGINEER. 
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and Westland, engineers, Edinburgh, in the case 
of the North British branch and sidings, and of 
Messrs. Formans and McCall, engineers, Glasgow, 
in the case of the Lanarkshire and Dumbartonshire 
Railway branch and sidings. P 

The two railway yards have been designed so as 
to allow the ‘‘ outward” and ‘‘ inward ” traffic of 
the dock to be separately dealt with; each yard 
consists of separate groups of sidings on each side 
of the main line, to obviate the fouling of the main 
line by the shunting and marshalling of trains. The 
yards have been laid out to provide the maximum 
convenience in working, the object being to effect 
the speedy handling of trains and facilitate the 
movement of ms in marshalling. In Fig. 2 
there are shown the yard and sidings of the Lanark- 
shire and Dumbartonshire line. 

The construction of the dock was commenced at 
the west end, near the entrance, and proceeded 
eastwards. Following their usual practice for many 
years, the Clyde Trustees decided to execute the 
work without the intervention of contractors, and 
Mr. W. M. Alston, the engineer to the Trust, was 
thus responsible for the work, as well as for the 
plans. The accompanying table shows the length 
of quayage and other particulars of the new dock, 
and, for comparison, the same information for the 
other docks of the Clyde Trust. The entrance 
from the river is 200 ft. wide, and within it isa 
basin sufficiently large to permit of vessels about 
600 ft. in length being canted. Extending east- 
ward, parallel with the river, is an inner basin of 
an average length of 1735 ft., and tapering in width 
from ft. at the west end to 230 ft. at the east 
end. Only the eastern end of this basin remains to 
complete. Along the riverside is a quay 597 ft. 
long, which increases the total wharfage to 6120 ft. 


Dimensions of Glasgow Tidal Docks. 
7 oe 


King: | | Rothe- 


am ston |Queen’s Prince's |". 
| Dock. | Dock. | poy. 


Dock. | 





Length of uays and wharves 
quays ie 


y 823 3,334, 3737 2040 

Area of quays, roads, and 

shed space es acres) 3.74 24.85 89.84 55 
Area of shed-floor space) 
sq. yde., 8402 | 39,890 | 58,292 _ 
Area of water space acres) 5.33 | 33.75 35.00 19.66 
Depth of water at high-water 

of ordinary spring tides ant beadecaden nadie Sette 364 





The construction of the quay-walls involved most 
careful work, partly because of the nature of the 
strata. Part of the site consisted of low-lying 
ground, which had been embanked many years ago 
with dredged material, lifted from the bed of the 
river. Over _ of the site muddy sand was en- 
countered. hen operations were commenced at 
the north-west corner of the outer basin, the inten- 
tion was to put in a wall, partly in open cutting and 

'y between sheet-piling. After a trench had 

m cut to about the level of low water two rows 

of sheet-piles were driven, and excavation between 
the two rows was commenced, the piles meanwhile 
being kept well strutted apart ; but as the excava- 
tion , Sm a the ee. proceeded the bottom 
of the trench blew up. and the slopes caved in to 
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such an extent that it became advisable to abandon 
the attempt to construct. the wall in this manner. 

Several types of cylinder foundations, including 
those —- at Glasgow,* were then considered, 
and finally a monolith substructure was decided 
upon. The size adopted for the monolith was 30 ft. 
in length by 21 ft. in breadth, with two cross-walls 
and one longitudinal wall, all 3 ft. 2 in. in thick- 
ness (Fig. 4). This arrangement of walls gave six 
wells or spaces, each 5 ft. 9 in. to 5 ft. 10in. in length 
by 5 ft. 9 in. in width, for the pur of excava- 
tion. In each end of the monolith there were 
formed three chases, the two at the sides 1 ft. 2 in. 
in width by 9 in. in depth, and the centre one 
1 ft. Gin. in width by 9 in, in depth. The side 
chases were to receive the sheet-piling driven be- 
tween each pair of monoliths, and the centre 
chase was to receive the concrete filled into the 
space between each pair of monoliths after the 
space was dredged out. 

As will seen from the section (Fig. 3), a 
trench was cut with side slopes 14 tol, to a level 
of about 3 ft. below low water. On the floor of 
this trench the shoe of the monolith was set, as 
shown by the engraving (Fig. 9, page 548). 

The first shoes were about 3 ft. in depth, and 
were built with riveted steel plates and angles. Of 
necessity, these were somewhat expensive, and a 
timber shoe was tried. This proved to be quite 
satisfactory, and timber shoes were used for the 
remainder of the monoliths, except at the rounded 
portions of the dock entrance, where circular- faced 
steel shoes were imperative. In all, 142 monoliths 
were sunk, and of these only 13 had steel shoes. 
The steel shoes were V-shaped in cross-section, 
and, after setting, the V-space was filled up with 
concrete. In every case the shoe was secured to the 
lower portion of the monolith by holding-down bolts 
l1}-in. in diameter. The V-shaped portion of the 
wooden shoe was 2 ft. in depth, and was built with 
one whole log, combined with the two halves of 
another log cut diagonally. The cutting edge of 
the shoe was preserved from abrasion by bent steel 
plates spiked on. Four cross-beams and two longi- 
tudinal beams, 12 in. by 12 in., spanned the shoe 
crosswise and longitudinally, to carry the division 
walls. These beams were provided with cutting- 
edges, formed of diagonally-cut half logs. The 
wooden shoes are illustrated by Figs. 5 to 7 on the 
preceding page. 

The leat the monoliths were first formed 
with brickwork, but as building in situ proved to 
be slow and inconvenient, it was decided to use 
concrete blocks. A platform was accordingly laid 
down, upon which blocks were moulded within 
frames, concrete of 6 to 1 proportion being used. 
The blocks were built in courses 3 ft. 74 in. in 
depth, and were moulded in two sets of lengths, so 
that when built the blocks in each course should 
break joint with those in the adjoining courses. 
This will be seen by comparing the two monoliths 
in plan (Fig. 4). The ordinary height of a com- 
plete monolith, including shoe, was 31 ft., and 
this was the depth which it had to be sunk below 
the floor of the open trench (Fig. 3,) 

Sinking was effected by excavating in the wells 
by grabs worked by 10-ton travelling derrick cranes 
(Fig. 9, page 548). In general, after about one-half 
of the monolith was built, sinking commenced, and 
the monolith was carried down as far as it would go ; 
building was then completed and sinking resumed. 
The weight of the monclith alone was insufficient 
to sink it, irrespective of the extent of the grab- 
dredging in the wells, and loading with cast-iron 
weights, made for the purpose, was in all cases 
necessary. Where sinking was in ordinarily soft 
ground the average total weight required for each 
monolith was about 320 tons. In harder ground 
double this weight was required. 

After the sinking of a monolith was finished, the 
lower part of the wells was filled up with 6 tol 
concrete, and above that there was 9 to 1 concrete. 
The filling of the remainder was continued with 
sand or earth, except for the uppermost 2 ft. in 
depth, which was done with 6 to 1 concrete (Fig. 3). 

Each monolith was separated from its neighbour 
by a space of 4 ft., so as to admit of the working of 
agrab. After the sheet piles were driven between 
the chases in the ends of the monoliths, the enclosed 
space was excavated by grab, and filled up with 
6 to 1 concrete. 

On the continuous substructure thus obtained, 
the superstructure of the wall was built, 23 ft. in 


+ See ENGINBERING, vol. he, pages 294 and 295, 





height. From Fig. 3 it will be seen that the front 
is formed of common brickwork faced with vitrified 
blue bricks, the back with large rubble, and the 
interior of 5 to 1 concrete, with displacers. It was 
found preferable to build the back with freestone 
rubble rather than to make it of concrete within 
shuttering. The subway in the upper part of the 
superstructure was to have been formed of the sec- 
tion shown on Fig. 3, with brick arch, for the accom- 
modation of hydraulic-power pipes, &c.; but when 
it was decided to have electric power instead, a 
square section was adopted and the roof was made 
flat, with concrete reinforced with expanded metal. 
The trench behind the superstructure was filled with 
the best dry materials obtained in the dock area. 

Most of the monoliths rest upon a soft sub- 
stratum, but in other cases they reached boulder 
clay, which, as a rule, was very irregular in level, 
and in such cases the clay was excavated with 
grabs until the monolith got a solid bearing all 
over. Sometimes, when it was possible to enter 
the monolith into the clay, the water was pumped 
out, and dry excavation carried on by men in the 
bottom of the monolith. In all such cases much 
patience was required. 

As the work proceeded eastward the boulder 
clay rose sufficiently high to permit of monolith 
foundations being abandoned in favour of walls in 
open cutting. The upper part of the trench 
was formed with slopes 14 to 1 to a level of 
3 {t. below low water, as far as the monolith 
foundation wall. In this trench two rows of 
sheet piling, each 9 in. in thickness, were driven 
down to the boulder clay. Excavation of the soft 
material between the two rows of piles was then 
commenced, care being taken to keep the sheet 
piling in place by heavy shoring. By this means 
the surface of theclay wasreached. After this, the 
remaining depth of trench was cut out of the solid 
clay, down to foundation level. Where the boulder 
clay was found to rise up to the surface of the ground, 
the trench was cut from top to bottom with uniform 
slopes of $ horizontal to 1 vertical. The clay was 
very hard, and interspersed with boulders, and 
blasting with dynamite had to be systematically 
carried on. 

The sheet piling was done with slabs or bays of 
timber, composed of three or four logs built 
together with dowels and dogs, and driven by 
means of heavy hammers. When the inside faces 
of the piling were exposed by excavation, it was 
found that the piling was in excellent condition as 
regards joints. After the lower portion of the 
wall was built, the piling was allowed to remain, as 
the front row could be recovered during the process 
of dredging out the dock. 

The interior walls of the dock were constructed 
in what may be termed the ‘‘dry land.” The 
section, Fig. 8, shows the construction of the wall. 

The river-side walls being partly exposed to the 
tide, the tops of the monoliths were kept at a higher 
level than those inside the dock, and the super- 
structure was executed by tide work. 

With regard to pumping during operations, it 
was constant, but not heavy; the plan adopted 
was to take the trenches in sections, and keep 
shifting the pumps forward as required. 

With respect to the excavating of the dock, so 
soon as the entrance walls and those of the outer 
basin were completed, dredging commenced, and 
the dredger cut its way inwards from the river, 
bringing in the water with it. The material 
dredged was carried to sea in hopper-barges, the 
distance to the site of deposit being nearly 40 miles 
from the dock. 

Only a small area of the space surrounding the 
dock was low-lying, and this was embanked with 
material obtained from the trenches, or from 
excavations produced by the sinking of the 
monoliths, he balance of the excavation was 
disposed of by laying it on the water space of the 
dock, there to be dredged. 

The total length of the walls, when the dock is 
completed, will be 2222 yards, of which 1520 yards 
are founded on monoliths, and 702 yards will be 
ordinary wall founded on boulder clay. The total 
number of monoliths sunk was 142, of which 13 
had steel, and 129 had wooden, shoes. 

The ~ of the dock, as wo have already 
indicated, is unique, and has excited consider- 
able interest, not only in this country, but in some 
of the Continental countries. Almost for the first 
time electricity has been adopted for all operations, 
to the exclusion of hydraulic and other prime 
movers, and the Clyde st are to be commended 





for the courage they have displayed in making this 
departure. We had almost called it an experiment ; 
but the electric system for operating coal-hoists 
for the loading of ships has already been adopted 
—for one hoist at Rotterdam and for one at Emden. 
It is said, however, that these have not given absolute 
reliability, and in any case have not resulted in any 
repetition of the system in European countries. 
The Clyde Trust originally intended to apply hy- 
draulic power, but upon investigation of the whole 
subject they decided to adopt electric power, and 
in working out the details of design for the new 
dock they were fortunate in securing the services 
of Mr. Walter Dixon, M.I. Mech. E., M.I.E.E., 
as colleague with the mechanical engineer of the 
Trust—Mr. George H. Baxter, M.I. Mech. E. As 
a consulting engineer, Mr. Dixon has long been 
associated not only with the mechanical engineering 
incidental to docks, but with the application to 
them of the electric system of power transmis- 
sion, and, as evidence of his scientific foresight, 
it is interesting to recall that he was the first 
to introduce the three-phase alternating current 
system into this country at a time when it was 
opposed by most authorities. For many years he 
has made a study of electric work generally, and 
particularly of dock equipment, and the success, so 
far, of the two coal-hoists at the Rothesay docks at 
Glasgow has justified the confidence that the Clyde 
Trust has placed in his advice. 

The complete equipment will include four 
hoists, two of which have been completed and 
tried, thirty-six cranes, several transporters, and 
the necessary electric capstans, turn-tables, and 
auxiliary machinery in connection with the working 
of the dock-sidings. The power-station, which is 
well shown on one of the engravings on page 552, 
Fig. 12, is a terra-cotta brick building with free- 
stone facings. It includes an engine-house, 104 ft. 
long by 60 ft. 6 in. wide, a boiler-house of the same 
length and 49 ft. wide, with a house for condensing 
plant, having a length of 36 ft. 6 in. and a width 
of 27 ft. 9 in. , In each section of the power-station 
there is room for future additions to plant. There 
are two boilers of the Babcock and Wilcox type, 
each capable of evaporating 12,500 lb. of water per 
hour when working at a pressure of 160 lb. per 
square inch. Mechanical stokers, Green’s econo- 
misers, &c., are fitted. The chimney has a height 
of 150 ft. 

There are in the engine-room two main generating 
sets, by Messrs. Siemens Brothers, Limited. Each 
set consists of one steam-engine of 450 brake horse- 
power, driving three generators—one of about 300 
electric horse-power, for supplying power to the 
general machinery on the dock, and two of about 
400 electric horse-power each, for supplying current 
for the working of the coal-hoists. While the gene- 
rator for general work is placed close to the prime 
mover, there is interposed between it and the two 
coal-hoist generators a large flywheel, suitably 
braked, so that any momentary excess of load, due 
to both coal-hoists being raised during the same 30 
seconds, is met without taxing the steam-engine. 
Thus, although the engine is of only 450 brake 
horse-power, the three generators may have a col- 
lective output of 1100 electric horse-power for short 
periods. Storage batteries have thus been entirely 
dispensed with, the variation in load being met by 
the development of power storage in revolving 
masses. here is a separate lighting set having 
an output of 120 kilowatts at 440 to 460 volts. In 
connection with the special type of generating plant 
there is an exciter, which consists of a high-speed 
engine coupled up to an electric generator. The 
main switchboard, by Mesers. Kelvin and Jas. White, 
Limited, Glasgow, is placed on a gallery carried 
by columns along the whole length of the engine- 
house, and provision has been made for twenty 
panels. Insulated cable is used in the basement 
of the power station, but bare copper conductors 
are laid in the subway constructed in the back of 
the quay-wall. The cables are by the British In- 
sulated and Helsby Cables, Limited, Prescot. In 
the power-station there is an overhead traveller, 
having a capacity of 20 tons, by the Glasgow Crane 
and Hoist Company, Limited, Gl ssow (now Ap- 
plebys, Limited). ‘ 

The working of the coal-hoists is certain to be 
watched with great interest, as they open up an 
entirely new field for electric work. Of the two 
now completed, one has-a height of 50 ft. and the 
other of 60 ft., and each is capable of dealing with 
800 tons of coal per hour, an efficiency based on 
the use of 20-ton coal wagons, which can be raised 
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to the full height of 50 ft. in 30 seconds, and tilted 
in 6 seconds to an inclination of 45 deg. for dis- 
charging the contents into the ship. This capacity 
will be open to modifications due to trimming of 
the vessel and the supply of loaded wagons. The 
initial difficulty in connection with the application 
of electric power lies in starting, accelerating, slow- 
ing down and stopping the 400 electric-horse-power 
motors within a few seconds. The hydraulic ram 
is undoubtedly ideal for this purpose, and its control 
is so definite that there is little chance of the plat- 
form or wagon being overtipped. Nor can there 
be any over-run, as might happen with a motor 
in which the problems have not been adequately 
solved. In the hoists at the Rothesay Dock the 
difficulties have’ been overcome so far as present 
working shows. One advantage is that there is no 
likelihood of the motors being frost-bound, as has 
happened elsewhere with hydraulic hoists. As 
shown in the hoist which is illustrated on page 548, 
Fig. 10, the whole of the machinery is placed at 
the top of the hoist, and the controlling gear is 
such that the cradle is automatically stopped in its 
vertical travel, so that there is no chance of over- 
winding or over-tipping. 

The general procedure corresponds with that in 
the case of hydraulic hoists. The wagon approaches 
the hoist by gravity on the low level, and after having 
been weighed on the weighbridge, is run over a turn- 
table on to the hoist-cradle, which is raised the 
required amount to suit the hatchway, of the ship. 
The cradle is tipped, the contents fall through a 
shoot into the hatchway, and the cradle is lowered 
again to the level of a bridge, which is, in the case 
of the Rothesay Docks, about 16 ft. above the quay- 
level. The wagon is then ejected from the cradle, 
and es over the bridge by gravity, to be again 
weighed to determine the tare, after which it con- 
tinues by gravity to the general level of the 
railway sidings. The coal-hoists and electrical plant 
for them have been supplied by Eisenwerke (vorm. 
Nagel and Kemp), A.G., Hamburg. The steelwork 
of the hoists was erected by Sir William Arrol 
and Co., Limited, Glasgow, as sub-contractors. 

The turntables arranged in connection with the 
hoists have been supplied by Messrs. Cowans, 
Sheldon, and Co., Limited, Carlisle, and they are 
of an entirely new design, the working power beihg, 
of course, electric. They have a diameter of about 
18 ft., and each can be tilted to run a wagon stand- 
ing on it on to the hoist-cradle. The discharging 
cranes, now ready, have been supplied by Messrs. 
Stothert and Pitt, Limited, Bathe and others are 
being built by the same firm and by Messrs. 
Cowans, Sheldon, and Co., Limited. These cranes, 
several of which are well shown in one of the 
engravings on page 552, Fig. 11, have a lifting 
capacity of 4 tons, and are supported at 27 ft. above 
quay-level on steel framework, running on rails of 
a gauge of 14 ft., enabling railway wagons to pass 
between its vertical members. The jibs are of 
the derrick type, of a total range of lift of 80 ft. 
and a radius of 45 ft. The cranes are of the free- 
barrel type, which has been adopted as_ the 
result of experiment by the Trustees at the Princes 
Dock. The speed of lift is 120 ft. per minute. 
A powerful capstan has been erected on each 
side of the entrance to the dock to assist in 
warping vessels into the basin. These were sup- 
plied by Messrs. Clarke, Chapman, and Co., 
Limited, Gateshead-on-Tyne. Along the quay 
there are at frequent intervals capstans, each cap- 
able of hauling a load of about 200 tons. These 
latter were supplied by Messrs. Stothert and Pitt, 
Limited. The lighting of the dock, which was 
carried out by Messrs. W. C. Martin and Co., 
Limited, Glasgow, is by are and incandescent 
lamps, and in this connection it may be stated that 
no exposed overhead conductors are employed in 
the distribution system. 

At the opening ceremony fit recognition was 
made of me wah done by the chairmen of com- 
inittees in connection with the undertaking. Lord 
Dean of Guild Mason has been convener of the 
new Works Committee, and Mr. John Inglis, LL.D., 
cf the Workshops Committee, and upon them has 
Gevolved much of the work in connection with the 
completion of the docks. It should be added 
that the preliminary plans were prepared under 
the direction of the late Mr. James Deas, when he 
was engineer-in-chief to the Trustees, in conjunc- 
t.on with their consulting engineer, Sir Benjamin 
Paker, K.0.B. Since the death of Mr. Deas, in 
1599, the whole of the work has been carried out 
by his successor, Mr. William Murray Alston, 


M. Inst. C.E., who has been assisted by Mr. 
Archibald Hamilton, M. Inst. C.E., as assistant 
engineer, and Mr. Andrew Mitchell, the resident 
engineer. The machinery equipment has been 
under the direct personal supervision of the 
mechanical engineer for the Trust, Mr. George H. 
Baxter, M.I. Mech. E., and the consulting en- 
gineer, Mr. Walter Dixon, M.I.Mech.E. The 
hotographs we reproduce are by Mr. William 
ullarton, of Glasgow. 








INFLUENCE OF A SIDE-WIND ON THE 
VELOCITY OF RAILWAY TRAINS. 
To THe Eprror or ENGINEERING. - 

Str,—With reference to the letter of Mr. W. E. Wilson 
on this subject on page 457 ante, I may state that the 
same su; tion was made by Mr. R. M. ae the 
present locomotive superintendent of the Midlan Rail- 
way, about twelve years when I was engaged in 
working out the results of his experiments on the subject 
of train resistance. 

_I do not know whether the idea was published at the 
time, but I believe I referred to it in a paper on the 
subject of train resistance, which I before the 
students of the Institution of Civil Engineers about that 
time. As I am not in a position to look the matter up, I 
can only speak from memory. 

The following confirmatory facts may, however, be of 
interest. If Mr. Wilson will take the resistance caused 
by a side-wind in hot summer wea‘ and in cold weather, 
he will find that the same force of wind causes a greater 
resistance in hot weather than in cold, this being probably 
due to windows being left open in the former case, thus 
increasing the weight of air dealt with second, 

Again, on first coming to Egypt, I was very much 
puzzled by the very powerful engines that seemed to be 
n for working trains of moderate weight on prac- 
tically dead-level lines. However, on thinking it over, 
it was clear that this was simply an exaggerated case of 
the same problem. The lines here run on embankments 
carried above the level of the plain, with nothing to break 
the wind, and the third-class carri » composing half 
the train, are unglazed. There are also end platforms to 
the coaches, which, again, i the quantity of air 
dealt with, and the result is that the total momentum 
imparted to the air is many times as great as in England. 

The complete formula may be put in the simple form 

HP. = 4" sin @ 
~*~ 70,000 - 





where 
H.-P. = horse-power required to overcome wind 


resistance. 

A = total area of openings through the train 
in square feet. 

» = velocity of wind in miles per hour. 

V = velocity of train in miles per hour. 

6 = angle between direction of motion of 
train and wind. 


I would also like to point out that there is a | 
amount of air set in motion by the brake-gear, as may 
seen by watching an express with a sea fog blowing 
across the line, and I would strongly recommend Mr. 
Wilson to watch a train under these conditions if he is 
interested in the subject of wind resistance, as the motions 
of the air are very beautifully exhibited under these con- 
ditions. 

I am, Sir, yours anne, 
Turf Club, Cairo, April 12, 1907. C. E. Wo rr. 








WINGS AND AEROPLANES. 
To THE Epiror or ENGINEERING. 

Srr,—May I, through you, ask Professor Bryan if he 
can throw any light on the vexed a of safe landing 
or danger in coming to ground with a flying-machine ? 

In order to fix our ideas, let us consider the case of an 
aeroplane which must be driven at a 8 of 35 miles per 
hour before it will rise in the air and fly ; and it seems at 
first sight as if, no matter at what higher speed it may 
afterwards be driven through the air, it cannot reach the 

und again gently except when gliding at a speed of 
$5 miles per hour. é 

If this be so, and unless a machine can be made to 
raise itself off the ground when eens moderate 
horizontal speeds—its mechanism being capable of 
descending to earth slowly at moderate speed—the 
danger in attempting to land by means of a ‘‘glide” 
must be considerable. i 

Yours obediently, 


London, April 20. STUDENT. 





‘*4 FACTOR IN THE DESIGN OF MACHINE 
DETAILS.” 
To THe Eprror oF ENGINEERING. 

S1r,—I have read with great pleasure Dr. Stanton’s 
paper on ‘A Factor in the of Machine Details,” 
published in your journal of the 19th inst. In confirma- 
tion of his experimental results so perly carried out, 
allow me to say a few words about the matter. ; 

Denoting a stress in terms of curvilinear co-ordinates, 
text-books on’the theory of elasticity always give a term 
proportional to the principal curvature ; so that, on 


surface of a body, the stress is to some extent - | 


tional to the curvature of the surface. Fig. 2 in Dr. 


Stanton’s paper shows clearly the validity of this theory | 


—namely, the limiting ranges of stress of b and c are 
approximately the same, as the curvatures at the ts of 





rupture lie between the two extreme cases. e range 





the | paper relating to 


of stress in d is small, owing to the large value of the 
curvature at the point of rupture. Of course, there are 
Many circumstances governing the condition at the sur- 
face of a body, so that I am only speaking very broadly. 
The author’s experiment is a strong proof of the elastic 
theory. To cite a few more examples, Jost take a strip 
of paper and cut it at @ and 6 with a very shar; 

knife, or preferably a razor, as shown in ‘the fol. 
lowing figure. At a ae to the edge a fair curve 
as far as possible, and at b a very sharp cut, and 
let the intact breadth at A be less than that at 
B. Then roll both ends of this strip each over a lead 
pencil, or something with a cylindrical form, and give 
them several turns tightly. Pull the strip at both 


ao i Ne 


A 


2. 








wore 


ends uniformly while holding both the rolled edges with 
the pencils. Then you will observe that part B will give 
way, in spite of its having the greater intact breadth 
than at A. A few years ago, in the College of Engineer- 
ing, Tokio Imperial University, some pieces of very high 
tensile steel were subjected to tension tests. To mark 
the lengths of these test-pieces very small punch-holes 
were made on them with a sharp-pointed tool. In making 
experiments, three or four pieces out of about a dozen 
pieces underwent ruptures just at the punched points, as 
if they were made of glass or other such brittle sub- 
stances, and their ultimate strengths were much inferior 
a with the pieces which yielded normally. This 
is one confirmation of the author’s experiment and 
the elastic theory. 

In cutting plate-glass workmen use a very sharp edge 
of a diamond to change the curvature of the surfaces, 
and we know how easily it splits. Stones are not eafe 
to be uced as tension members of a bridge, owing to the 
cracks which may creep in, causing infinite stresses. We 
know very well how easily tumblers or dishes are apt to 
break when once cracks set in. 

The above is 
Tanakadate, of the Science College, Tokio Imperial 
University, told me several years ago, and I have put 
it forward here because Dr. Stanton’s paper interested 
me so much. 

I am, yours truly, 
. YOKOTA. 
30, St. Vincent Crescent, Glasgow, April 22. 








Tue CHARTERED InstTITUTE OF PatENtT AGENTS.—On 
Wednesday, April 24, a conversazione of the Chartered 
Institute of Patent Agents was held at the Royal Insti- 
tute of Painters in Water Colours. The members and 
guests were received by the President (Mr. J. C. Fell) 
and by Mrs. A. Bertwell. The function, which is 
biennial, proved most successful, as, indeed, a well- 
arranged social evening in these rooms can scarcely 
fail to be. Altogether some 421 members and guests 
were present, among the latter being Sir T. Barclay, Sir 
J. Lawrence, the Comptroller-General of Patents, Mr. 
C. V. Dalton, C.B.; the ory on troller, Mr. H. 
Hatfield,- F.S.0.; Mr. G. H. ford, M.P.; Mr. J. 
Cutler, K.C.; Mr. T. Terrell, K.C.; Mr. R. W. Wallace, 
K.C.; Mr. A. J. Walter, K.C.; and Professors Arm- 
strong, Perry, and Robinson. 





New Dry Docks 1n Swepen.—The Swedish Govein- 
ment has granted a sum of 300,000 kr. from the fund for 
commerce and shi yoy age the construction of the 
new large dry dock in Malmé, on the Sound, just opposite 
Ne aa om on condition that the work is commenced 
before October 1, 1908. In Gothenburg plans are at 

resent under consideration for the construction of a 
arge new dry dock at the mouth of the Gita River, the 
money for which will be provided by co-operation of 
the State, the city of Gothenburg, and perhaps a private 
company. The Swedish Government has on a previous 
occasion put forward a somewhat — a but 
nothing came of it then. Now it is erally admitted 
that a move must be made, both for the general shipping 
of the place and from naval considerations. It is ex- 

ted that the State grant will have to be somewhat 
large, but that the Government, as a return, will insist 
upon vessels of the fleet having prior rights. 

Somété InpusTRIELLE DU Norp DE LA France.—We 
have received a communication from the Société Indus- 
trielle du Nord de la France, relating to the competitions 
of this year. The subjects suggested by the Society as 
suitable for papers include boilers, grates, steam-engines, 
lubrication, metallic packings, gas, and other engines, 
indicators, moteliansy. electricity and lighting, motor 
vehicles, &c. In other branches the committee invite 
memoirs on subjects connected with textile industries, 
electro-chemistry, photography, dyeing, fuels, oils, &c., 
and on economic questions, especially such as have re- 
ference to the North of France. @ essays must be 
sent in before October 15. All papers sent in will remain 
the property of the Society, which reserves the right 
to publish those to which prizes are awarded, and any 
others they may deem suitable. It is not implied that 
the Society does not-invite the contributions of papers 
on other subjects than thore mentioned in their pro- 
gramme; the committees are willing to consider any 

i progress made recently on subjects 
| coming within the broad lines of mechanical arts, &c. A 
‘large number of prizes and medals are awarded each 

ear, ranging from a value of 500 francs downwards. A 
list of conditions and further culars will be sent on 
‘ application to the secretary, Socié'é Industrielle, 116, 
ue de l’H6pital-Militaire, Lille. 
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MOTOR STEAM FIRE-ENGINE FOR 
JOHANNESBURG. 

Since the Transvaal came under British rule the 
Johannesburg Fire Brigade has been entirely re- 
organised. he present chief officer, Mr. Gordon 
Stuart, was formerly the captain of the fire brigade 
at Nelson, in Lancashire, and his appointment to 
Johannesburg led to great improvements being made 
in the fire apparatus of the city. One of Messrs. 
Merryweather and Sons’ motor ‘‘ Fire King ” steamers 
has now been in use there for about two years, and 
we understand that the only troubles experienced 
with it have been due to the bad roads, which taxed 
very heavily the springs and the steering-gear. In 
addition to the machine already supplied, Messrs. 
Merryweather have just completed a second engine of 
the same type for the same fire brigade, and in this 
engine precautions have been taken to strengthen the 
various parts which had shown signs of weakness in 
the previous one, in order that the engine may be 
able to withstand the continual shocks received when 
travelling, for in many places where it may be required 
to run the roads are crossed by “‘sluits” (water- 
courses), which try vehicles very severely when 
moving rapidly. 

This new engine we illustrate on the opposite page, 
Figs. 1 and 2 showing it in perspective, while Figs. 3 
to 7 show the construction and arrangement of the 
boiler and the liquid-fuel burner used for raising steam. 


The engine is capable of delivering 500 gallons of water | _ 


per minute. and will throw a 14-in. jet 180 ft. high. 

The boiler is of the makers’ usual quick steam-raising 
water-tube type, the construction being clearly shown 
in Figs. 3 and 4, the former being two half vertical 
sections taken at right angles to each other, and the 
latter a sectional plan. 

As will be seen from the illustrations, liquid fuel is 
used for raising steam, the burner being of the patented 
form made by the company. Oil is supplied from two 
16-gallon tanks placed over the front wheels, and steam 
is used to spray the oil on to baffle-plates in the furnace, 
the whole burner being so arranged that it can be re- 
moved when required, and coal used instead. The 
arrangement of the burner, as well as that of the oil 
and steam connections, is shown in Fig. 5, while the 
burner itse If is shown in detail in Figs. 6 and 7. 

The machinery, which consists of a pair of steam 
cylinders mounted over two double-acting gun-metal 
pumps, is placed vertically between the frames in front 
of the boiler. The motion is direct-acting, the steam 
and water pistons being at opposite ends of phosphor- 
bronze double rods, screwed connections being pro- 
vided at the pumps, which are disengaged when the 
engine is used for travelling, and which can be coupled 
up on arrival at a fire, in less time than is taken to 
connect the hose-pipes. Steel crossheadsare fitted, which 
work on slipper , and long connecting-rods drive 
a two-throw crank-shaft, at one end of which is keyed 
a steel pinion. This latter can, by means of a slidin 
hand-lever, be put in gear with a counter-shaft moun 
across the side frames. The counter-shaft, which carries 
the differential, has also a steel sprocket at each end, 
and from these roller chains drive the rear road-wheels. 
For running, the toothed wheels are meshed together, 
and, on arrival at the fire, a lever is moved over and 
locked, so that the engine is out of gear with the 
travelling wheels when the pumps are at work. 

The driver has the starting and reversing levers in 
front of him, as well as the steering-wheel, and the 
lever for operating the cylinder drain-cocks. When 
the pumps are at work, the steam supply is controlled 
by a separate valve on the engine. e steering-gear 
is of the irreversible type, provision being made for 
pars wear, and acl heavy rods are used, 
with ball joints to reduce friction. The front and 
rear axles are heavy forgings, and horizontal springs, 
which have their ends working in sliding slips, are 
used. The wheels are of the usual artillery pattern, 
with polished gun-metal hubs, steel rims, and solid 
rubber tyres. The front wheels are 3 ft. in diameter, 
with 4-in. tyres, and the rear wheels are 4 ft. in dia- 
meter, with 3}-in. twin tyres. 

On each side of the boiler is a tank carrying 100 

allons ; these tanks can be filled by buckets or b 
ose, and, when the main pumps are working wit 
suitable water, can be kept full automatically trough 
ball-valves. The brakes include'two of the expanding 
type on drums bolted to the rear wheels, which are 
worked by the driver’s hand-lever, and also a band- 
brake on the differential, which is actuated by the foot. 

The engine has been constructed throughout b 
Measrs. Merryweather and Sons, Pate peal | 
London, S.E. 








CrystaL Patace Encryegrine Scuoot.—The Wilson 

remium, for the best paper read before the Crystal 

‘alace ap nies J wp og, has y: the present session, 
has been awarded by the Council to Mr. J. R. Crisp for 
his paper on ‘‘Indian Railways.” The award was pre- 
sented to Mr. Orisp yp Bae! Alexander Kennedy, on the 
occasion of the 103rd distribution of certificates of the 
above school on Friday, April 19, 


THE ROTHESAY DOCK AT CLYDEBANK, GLASGOW. 
MR. W. M. ALSTON, M. INST. C.E., ENGINEER TO THE CLYDE TRUST. 
(For Description, see Page 543.) 














Fic. 9. View sHowinc WoopEeNn SHOE FOR MONOLITH AND THE SINKING OF MONOLITHS. 
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Fic. 10. Execrricatty-Operatep Ceat-Sxuippine Hoists. 


PRoposeD INTERNATIONAL EXHIBITION IN BERLIN, | reviews are held. By means of electric trains the jour- 
1913,—There is a movement in favour of celebrating the | ney to Berlin will only take a few minutes. The realisa- 
25th anniversary of the German Emperor’s accession | tion of the plan will, no doubt, depend upon the 
to the throne by holding a grand international exhibi- |Emperor’s wishes, with regard te which conflicting state- 
tion in Berlin in the year 1913. A capital site, say the =ments’bave appeared. There can, however, be no douht 
pe apr of the plan, may be found in the Tempel- that Germany could bring about a very interesting exhi- 
hofer field, just south of Berlin, where the large military _ bition, 
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STEAM FIRE-ENGINE FOR JOHANNESBURG. 


BY MESSRS. MERRYWEATHER AND SONS, ENGINEERS, GREENWICH, 
(For Description, see opposite Page.) 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursda morning the 

ig-iron market opened easier, and a small business of 

000 tons of Cleveland warrants was put through at 
55s. 4d. cash, 55s. 4d. and 553. 3d. eight days, 553. 6d. 
twenty days and one month, and 563. three months. The 
closing quotations were 553. 3d. cash and 553. 64d. one 
month sellers, Hematite was weak, and 1090 tons 
changed hands at 73s. 3d. cash, with buyers over. In the 
afternoon the market was very quiet, and the turnover 
was limited to 2500 tons of Cleveland warrants at 
55s. 54d. one month, 55s. 8d. two months, and 553. 9d. 
three months, closing with sellers at 55s, 3d. cash and 
553. 6d. one month. On Friday morning the tone was 
good, but the only business was about 2500 tons of 
Cleveland warrants at 553. 5d. cash, and 55s. 9d. and 
553. 8d. one month, . Closing sellers quoted 553. 54d. 
cash and 53s. 8hd. one month. Hematite was not 
dealt in,“but the quotations were firmer at 73s. 44d. 
cash buyers and 73a, 9d.‘cash sellers, At the afternoon 
session about 6000 tons of Cleveland warrants were done 
pd roved prices of 55s. 6d. cash, and 55s. 9}d. 
an 
were 553. 6jd. cash’and 553. 101. one month. Oa Mon- 
day morning the" a oe Nat ag continued, and Cleve- 
land warrants were dealt in at 553, 91. and 553. 9d 
cash, 553. 8d. and 55s. 10d. four days, 553. 10}d. seven 
daya, 563. 1d. and 56s. 1}4. one month, and at 563. 6d. 
three months. At the close there were buyers over at 
55s. 94d. cash and 563. 14d. one month, and sellers at 
41. more in each case, and the turnover was about 
12,000 tons, Hematite, 500 tons, changed hands at 
743. 6d. one month, and closing buyera offered 743. 44d., 
but sellers quoted 74s. 74d. one month. A strong tone 
prevailed in the afternoon, and Cleveland warrants were 
done at 563. Od. and 56s. 14d. cash, 563. 3}d. seven days, 
and 563. 31. one month. The close was good, with buyers 
over at 563. 2d. cash and 563. 5d. one month, and sellers 
at 563. 31. cash and 563. 61. one month. The busi- 
ness, of 10,000 tons, included some hematite at 743. 6d. one 
month, closing with sellers at 74s. 74d. one month. On 
Tuesday morning the tone was again strong, and 16,000 
tons of Cleveland warrants changed hands at from 
563. 44d. to 563. 104d. cash, from 563, 104d. to 57s. 24d. 
one month, and at 57s. ten days, and 57s. 34d. three 
months. Attheclose there were buyers at 563. 104d. 
and 57s. 2d. one month, and sellers at 4d. more in each 
case. Hematite was firmer, and 1590 tons were done 
at 74%. 94. cash, 743. 74d. six days, and 743. 104d. 
one month. In the afternoon the market was ir lar. 
as Cleveland warrants, after advancing from 563. 9d. to 
57s. cash, and from 563. 114d. to 57s. 34d. one month, 
closed with sellers at 563. 10}d. cash and 57s. 14d. one 
month. The turnover, of 8500 tons, included dealing at 
57s. 34d. three months. Hematite was easier for cash, 
and about 1590 tons changed hands at 74s. 64d. and 
743. 3d. cash, and 753. one month, and closing sellers 
quoted 74s. 44. cash, buyers offering 1d. less. The market 
was closed all day on Wednesday, a general holiday being 
observed, owing to the visit to Glasgow of the Prince and 
Princess of Wales. The following are the market quota- 
tions for makers’ (No. 1) iron :—Clyde, 743. 6d. ; Calder, 
763. 61.; Gartsherrie, 753.; Summerlee, 773. 6d.; Lang- 
loan, 783.; and Coltness, 863. 6d. (all shipped at Glasgow) ; 
Glengernock (at Ardrossan), 763.; Shotts (at Leith), 76s. 6d. ; 
and Carron (at Grangemouth), 77s. 


Sulphate of Ammonia.—A dull tone-still prevails in the 
sulphate of ammonia market, and the price is nominally 
1U. 153. per ton for wongt business, Glasgow or Leith. 
The shipments from Leith Harbour last week amounted 
to 582 tons. 

Scotch Steel Trade.—Scotch steel-makers report that an 
improvement falls to be recorded in the baying movement 
of home consumers; but this, although still limited, is 
capable of further expansion. Large inquiries have again 
been received from a’ , and orders for a considerable 
quantity of material have bsen secured locally. With 
regard to specifications against —_ contracts, these 
are now coming in well, and, over, there is being 
experien a very heavy pressure for delivery. The 
demand for material which producers have been feeling 
lately is said to have been unequalled for some months 
past. Prices remain firm. 


Malleable Iron Trade.—A dulness continues to be felt 
in the malleable iron trade in this district. Specifications 
are scarce, and such new business as is being fixed up is 
only for limited quantities. 


Shipbuilding.—During the past week several fresh ship- 
building contracts have been reported, and these, added 
to the orders at present on hand, make a fair amount of 
tonnage under construction. The Caledon Shipbuilding 
Company, Dundee, have com:racted to build a steamer 
for the Canadian lakes trade. The dimensions of this 
vessel are to be 250 ft. long by 43 ft. beam by 26 ft. 
in depth, moulded. — Messrs. Russell and C»)., Fort 
Glasgow, have received an order for a steamer of fully 
10,000 tons carrying capacity; the machinery is to be 
made at Greenock.—Messrs. A. Rodger and Co., Port 
Glasgow, have received orders for two new steamers.— 
Messrs. Ritchie, Graham, and Milne, Whiteinch, have 
contracted to build a stern-wheel steamer of 110 tons, and 
also a steam launch of 25 tons. 

ig-Iron Position.—Scotch pig-iron makers continue to 
be fully emmeres and the position has been strengthened 
by more local uring. At the time of writing, however, 
the demand on foreign account is not quite so urgent; 
but this may be due to the fact that supplies for earl 
delivery are practically all disposed of. Hematite an 
foundry iron meet a ready sale at full prices. 


. one month. Closing sellers’. quotations | P®g®s- 


, | investi 





Institution of Engineers and Shipbuilders in Scotland.— 
The annual general meeting of the fiftieth session of the 
Institution of Engineers and Shipbuilders in Scotland 
was held in Glasgow last night, and Mr. James Gilchrist, 
the President, occupied the chair. The office-bearers for 
the sessions 1907 to 1910 were elected as follows :—Presi- 
dent, Mr. John Ward; Vice-Presidents, Mr. D. A. 
Matheson and Mr. James Weir; ordinary Members of 
Council. Messra. Thomas Arrol, E. Hall-Brown, Robert 
Lang, David Marshall, and C. C. Scott; Member of 
Council from associate class, Mr. Laurence Machrayne. 
The premiums—awards of books—for papers during the 

t session were made to Mr. E. M. a for 
Bis paper on “The Determination of the aes Di- 
mensions of the Steam-Turbine, with Spécial erence 
to Marine Work,” and to Mr. H. Norman Leask, for 
his paper on “‘ Refuse-Destructors.” 





Tae Rattway Accipent aT Exuiot Junction.—The 
report of Major J. W. Pringle, on behalf of the Board of 
Trade, on the cause of this accident, has just been issued. 
The report is an unusually lengthy one, Major Pringle’s 
“conclusions” alone omer no less than thirteen 

Major Pringle finds that the case was one in 
which a number of contributory causes were involved, 
and it is the discussion of these points which made the 

tion such a len; ~ one. After concluding 
that the driver must eld primarily responsible 
for the accident, on account of his having received 
very definite instructions that he should travel with 
caution, while, as a matter of fact, he was going at 
arate which prevented him from pulling up within a 
reasonable distance, Major Pringle proceeds to point out 
five minor causes which contributed to the disaster, 
These are, some of them, concerned with the action of 
the traffic staff of the joint line, and tend toshow that the 
officials did not thoroughly realise what was, under the 
exceptional circumstances, required of them in order to 
keep the line working. The station-master Grant is 
censured for allowing the second train to leave Arbroath 
so soon after the | train ; and Major Pringle suggests 
that at least half an hour should have ela between 
the dispatch of the two trains. He allows that no breach 
of rules was caused by using a shorter. interval, and the 
main reason he puts forward for this suggestion is appa- 
rently that shorter intervals would merely cause a block at 
Elliot Station. To give this as a ‘contributory cause” 
seems rather stretching the point, when a few lines above 
Major Pringle remarks that ‘‘ A driver must, in such cir- 
cumstances, therefore, travel at such a pace as will render 
it possible for him to stop within the range of his vision :” 
which, it will be remembered was on this occcasion de- 
cidedly restricted on account of snow. The officer of the 
Board of Trade suggests that fog signals should have 
used at the home signal, but it was in no way part of the 
duties of the guard of the local stationary train to go 
back and protect his train with detonators. In discussing 
prevention, Major Pringle dismisses the su tion of a 
third man on the footplate. We may say this has been 
tried in America, and resulted in a far less satisfactory 
state of affairs than when there were only two in the cab ; 
the third man, asa rule, distracting the attention of the 
others from their duties. 





Cox’s Arr-Gas.—Through the courtesy of the Non- 
Explosive Gas Syndicate, Limited, 43 and 45, Fortess- 
road, Kentish Town, London, N.W., we recently had 
the opportunity of attending a demonstration of a new 
illuminant known as ‘‘ Cox’s Air-Gas,” which is now 
being used with success in connection with incandescent 
mantles. The method by which this gas is manufactured 
consists in adding about 2 per cent. of petrol vapour to 
a'r while the latter is being forced by means of a rotary 
blower, driven by a small hot-air motor, through a 
carburettor in which the petrol falls in small quantities 
over wire-gauze screens of ao area, means being 
attached for regulating the — y of petrol so that a 
fixed mixture of air and petrol at a regular pressure 
is the result. The plant, including the motor, the 
blower, the carburettor, the petrol tank, and the gas- 
holder, is very compact, and occupies but small space, 
the whole being carried on an ironstand. The apparatus 
is started by turning the motor by hand untila floatin 
ted is charged with the air-gas thus produced. 

rner which supplies heat to the motoris then lighted, and 
after about two minutes the motor begins to work inde- 
pendently, and from that time runs automatically, and 
produces the exact quantity of gas required to supply 
whatever number of burners may be in use, from one 
burner to the maximum number that the miachine will 
supply. The temperature of the flame is very intense, 
and the light given off from the mantle is of great 
brilliancy. Ordinary fittings and burners may be used, 
all that is necessary with the burnera being to close 
up the air-holes, as the gas has sufficient air in 
it not to require these air holes. A special burner 
is, however, made, which is recommended. The petrol 
vapour being very much diluted with air, the gas 
is non-explosive; in fact, when issuing from a pipe it 
will not ignite unless it is passed through wire-gauze. 
It is smokeless, non-corrosive, non-poisonous, and con- 
tains no sulphur, ammonia, or tar, and it is said that 
colours may be seen by the flame as in daylight. With 
regard to its illuminating power, one inverted incan- 
descent mantle, of what is known as the “Bijou” size, 
is said to give a light of 90 candles when consuming 
6 cubic feet of gas per hour, and one gallon of petrol is 
said to produce 1000 candle-power for twelve hours. The 
gas seems well adapted for lighting country houses, as 
well as railway stations, hotels, churches, villages, &c. 
The apparatus is at present made in five different sizes— 
namely, to produce 1200, 2000, 3000, 5000, and 8000 candle- 
power respectively. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

York and the North-Eastern Railway,—It is stated that 
the North-Eastern Railway have under consideration a 
proposal to revive their York works, and ultimately 
make the city their headquarters for the carrying out of 
repairs. 

Extensions in Steel Works.—Dauring the past few years, 
when profits have been heavy, many of the large steel 
works have taken advantage substantially to increase 
their means of production. Among these, Messrs. 
Thomas Firth and Sons, Limited, of Sheffield, have 
taken an important step in removing their crucible steel 
department to Tinsley, thereby setting their Norfolk 
ten for an extension of their foundry and Siemens 

ranches. 


Pit-Cage Accident.—A shocking cage accident occurred 
on Tuesday at the O ve Colliery, near Sheffield. 
From some unexplained cause the engine overran its 
stops and smashed the cage in the headgear of the pit. 
Of four occupants, three were killed outright, and one 
shockingly injured. The winding-engine was a modern 
one, of the horizontal type, fitted with 36-in. cylinders, 
and a 10-ft. winding-drum. The winding-rope was fitted 
with King’s patent, which operated all right and liberated 
the rope, Ad by means of the patent appliance, the cage 
remained held to the headgear after the collision. 

Iron and Steel.—The general tone of the iron and steel 
trades of the district is steadily improving. The demand 
for all classes of material is heavier than ever, and a 
marked revival is noted in pig iron. Towards the close 
of last quarter there was a falling off, which it was feared 
might be continued; but manufacturers state that this 
despondent view has been negatived by the orders which 
have come in during the past fortnight. The Midland 
Railway Company are placing on the market an enormous 
order for trucks, and Sheffield will benefit largely in the 
demand for springs, wheels, axles, and general castings. 
This increase in stock will also necessitate new locomo- 
eves, and here again the engineering branches will largely 

mefit. 


South Yorkshire Coal Trade.—The pits continue ex 
ceedingly busy, and though there is a weakness in the 
house coal branches, which is only to be expected at this 
period of the year; the tonnage passing out of hand far 
surpasses the corresponding period of last year. The 
official returns from Hull and Grimsby bear witness to 
this fact. During the week ending April 16, from Hull 
there was exported 69,437 tons, compared with 28,855 
tons last year, while from Grimsby there was shi 
36,510 tons, compared with 18,860 tons last year. Host 


been | of the hard-coal trade is being done on contract at from 


93. 6d. to 10s. per ton. Coke is in brisk request, and 
small coal is selling well at rates up to 7s. 61. per ton. 








Hutt AND THE CoNTINENT.—The commencement of 
traffic between the North of England and Belgium, which 
was made last year by the Lancashire and Yorkshire 
Railway Company, has been attended with encouraging 
results, and an arrangement has now been come to by 
which the North-Eastern Railway Company becomes a 
partner in the new steam line. After the close of June 
there will be three sailings each week between Hull and 
Zeebrugge. 





Tue InstiTuTr OF Marine Enctneers.—On Monday, 
the 15th inst., a paper by Mr. J. Shirra, Vice-President, 
of New South Wales, was read before the Institute of 
Marine Eogineers. The paper, on ‘*Salinometry,” read 
by the Hon. Secretary, dealt with the use of sea- water in 
marine boilers. Messrs. J. G. Hawthorn, F. Cooper, and 
W. W. Wilson took part in the discussion, which was ad- 
journed. On April 20 the members of the Institute visited 
the testing works of Messrs. David Kirkaldy and Sor, 
Southwark-street, S.E., demonstrations being given on 
the various testing machines in use at these works. 





NATIONAL ASSOCIATION OF BRITISH Exporters. —With 
a view of encouraging and assisting the foreign trade of 
British firms, a body has been formed under the name of 
the National Association of British Exporters. Incor- 
porated under licence from the of Trade, this 
asscciation is non-political in character, and formed of 
business men. The management will be by an executive 
council elected periodically by members of the Associa- 
tion. It will carry on no trading transactions for its own 
profit, and will be supported by annual fees from the 
members. Agents and correspondents in commercial 
centres abroad will collect information regarding trade 
openings in the centres they represent, and from consular 
reports and statistics, and other sources, the Association 
will collect news and particulars of importance to its 
members. This matter promptly distributed will, it is 
hoped, greatly assist British traders in competing in 
foreign markets. A weekly trade report is to be issued, 
containing information concerning current opportunities 
for trade, and also particulars of colonial and foreign 
houses of interest to British manufacturers and exporters. 
A freight bureau will be at the service of members, enabling 
them to obtain promptly information ws quick 
and cheap routes for shipment of goods. The business 
of each member is treated as confidential. Other parti 
culars, conditions of membership, &c., of this Association, 
which should prove a useful agent in the development 
of British trade, may be obtained from the Secretary, 64, 
Imperial-buildings, Ludgate-circus, E.C. We may state 
that the hon. President is the Dake of Argyll, K.T., P.C., 
K.C.M.G., while the list of hon. Vice- Presidents includes 
the names of a large number of well-known engineers and 
manufacturers. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.essroucH, Wednesday. 
The Cleveland Iron Trade.—The market is very strong, 
and there is a good sound legitimate business doing. 
Quotations are moving up in a most satisfactory way, and 
it is pleasing to know that the improvement is due alto- 
gether to improved genuine trade. Buyers are once more 
coming forward rather freely, but their demand is chiefly 
for prompt business, and very few people indeed are in a 
ition to sell iron to any extent for immediate delivery. 
Shipments of pig again constitute a record, and for April 
they will easily beat the previous best, which were 
reported last month, when they reached 146,978 tons. The 
output of Cleveland iron is altogether inadequate, and 
in order to meet the extraordinary demand considerably 
over 40,000 tons have already been taken from the war- 
rant stores this month. No. 3 g.m.b. Cleveland pig has 
this week been sold at 57s. 6d. f.o.b., but séllers now ask 
57s. 9d., which is the highest price named for over a 
month, No. 1 is up to 61s. 9d.; No. 4 foundry, 57s. ; 
and No. 4 forge, 56s. 3d. After having stood stationary 
for some time, East Coast hematite pig is once more 
commencing to move. During the past few days a 
deal of hematite has been sold at 77s. for mixed numbers, 
which is the price that has ruled for so long, but now 
many makers are inclined to hold out for 77s. 6d. Thus 
mixed numbers of hematite are still nearly a sovereign 
above No. 3 Cleveland, whereas the usual difference used 
to be 83. to 10s. ; but for long hematite makers have not 
been hampe by any stocks, and this explains 
the situation. Rubio ore (50 per cent. quality) is firmer 
at 21s. 6d. ex-ship Tees. 


Manufactured Iron and Steel.—Satisfactory accounts 
continue to be given of the finished iron and steel indus- 
tries. Producers report a considerable amount of work 
on hand, and speak rather hopefully of the future. The 
following are the market rates :—Common iron bars, 8/. 
to 8/. 2s. 6d. ; best bars, 87. 10s. to 8/. 12s. 6d.; best best 
bara, 9/. to 92: 2s. 6d. ; packing-iron, 6/. 10s. to 62. 12s. 6d ; 
iron ship-plates, 7/. 15s.; iron oe, 81.; iron boiler- 
plates, 8/. 15s.; steel bars, 7/. 103.; steel ship-plates, 
71. 103. ; steel boiler-plates, 82. 10s.; steel hoops, 7/. 15s. ; 
steel strip, 7/. 5s. ; and steel joists, 67. 17s. 6d.—all less 
the customary 24 per cent.; whilst iron rails are 7/. 7s. 6d. 
to 7. 15s.; heavy steel rails, 62. 15s.; and steel railway 
sleepers, 7/. 10s.—all net cash at works. Both iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
— at 132. 15s. to 14/.—less the usual 4 per cent. 

iscount. ; 


Cleveland Miners’ Wagcs.—A conference between the 
Cleveland Mine-Owners and the representatives of the 
Cleveland Miners’ Association, to consider the question 
of wages, was held at Middlesbrough on Monday, but no 
satisfactory agreement was arrived at. Sir Hugh Bell, 
Bart., occupied the chair, and Mr. James Toyn, Presi- 
dent of the Miners’ Association, explained that the offer 
had been laid before the whole of the lodges, but they 
had unanimously refused to accept an o—- of 2} per 
cent. for three months. The executive had instructions 
to press for an advance of 5 per cent. On behalf of the 
owners it was pointed out that such a claim could not be 
entertained. long discussion followed, but the masters 
declared that they could not go beyond their offer for 
the next quarter; but it was stated that they would be 

repared to offer 3? per cent. for a six months’ settlement. 
The men’s delegates intimated that the terms of the 
decision of the lodges would not allow them to accept 
such an offer, inasmuch as a six months’ settlement had 
not been before the miners. They would go back to the 
lodges, however, and lay the offer before them. This 
was accordingly to, and it was decided that a 
further conference be held at Middlesbrough on Monday. 


Coal and Coke.—Shipments of coal from the North-East 
ports are improving, as is usual at this season of the year, 
when the Itic trade is opening out. Quotations all 
round are steady and firm. Demand for coke continues 
good, but quotations are still eg mee About 203. may 
be given as the figure for average blast-furnace kinds deli- 
vered here, but buyers endeavour to purchase at rather 
less, and, on the other hand, several sellers are inclined to 
hold out for a little more. 








A Nortu-Eastern Rattway~ Swine - Brings. — A 
swing-bridge which has been constructed for the North- 
Eastern Railway at Hull was rolled into position over the 
Humber at ee heron on Thursday, the 18th inst. The 
bridge is 153 ft. long, its total weight is about 500 tons, 
and it has been built within 160 ft. of the centre of the 
river, The haulage was effected by powerful locomo- 


tives, and the bridge was lowered into position by | ben 


hydraulic jacks. 





AUSTRALIAN PATENTS.—A correspondent writes from 
Sydney as follows:—At present the Commonwealth 
Patent Office, in searching for anticipation of the subject- 
matter of inventions in applications for patents, confines 
itself to its own records—namely, those of individual 
States and those of the Commonwealth. Outside publi- 
cations of any kind are not resorted to, but what is 
knowledge of the examiner is taken into consideration, 
and in some cases proof of such knowledge is sought for in 
books in the library and elsewhere, including publications 
of British and other patent offices. It is stated advisedly, 
‘“ at present,” for there is no knowing at what moment a 
Ministerial order may issue (or even the Commissioner 
‘hange his mind) directing a more extensive enquiry into 
the subject-matter of application for patents. This may 
come very suddenly, or may insjdiously creep’ into the 
practice, as in New Zealand. 





NOTES FROM THE SOUTH-WEST. 
Cardiff.—The steam-coal trade has exhibited a buoyant 


tone. .The best Admiralty large has between 
17s. 9d. and 183. per ton, and prices for other descriptions 
have been firmly maintained. ualities of 


steam coal have ranged between 16s. and 17s. 3d. per 
ton. House voal has been rather inactive; the best 
ordi descriptions have made 17s. to 17s. 6d. per ton, 
while No. 3 Rhondda large has been quoted at 19s. 64. to 
20s. per ton. Foundry coke has made 26s. to 28s. per ton, 
and furnace ditto 20s. to 223. per ton. As regards iron 
ore, Rubio has brought 20s. 6d. to 20s. 9d. per ton, and 
Almeria 203. 3d. to 203. 6d. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, &c., 
to Cardiff or Newport. 
_ New Welsh Colliery.—Saturday was a ‘‘red-letter” day 
in the upper part of the Sirhowy Valley, witnessing, as it 
did, the initiation of a great colliery enterprise. The scene 
was between Blackwood and , & little to the east 
of the Pennar branch of the Great Western Railway, where 
the Tredegar Coal and Iron Company, Limited, by means 
of a subsidiary concern ing the title of the Uakdale 
Navigation Collieries, Limited, has commenced mining 
operations. The area of the company’s taking will be 
approximately 2700 acres, and it comprises the -known 
rithdir Seam, together with the steam-coal measures. 
A considerable area of the Mynyddielwyn seam has also 


been acquired, and it is ex that in a short time the 
company will be working this latter seam through the 
Waterloo Level, the aveeean at which has been 


The depth at which it is expected to win the first of the 
steam-coal seams is approximately 630 yards. The prin- 
cipal seam which it is intended to work will be won at 
approximately 680 yards depth. . It is intended to sink 
two shafts, each 21 ft. in diameter (finished), to the steam- 
coal measures, and one shaft, 16 ft. in diameter, to the 
Brithdir seam of house coal; and the colliery will be 
equipped to raise 2500 tons of coal per day from the steam 
coal to the south Rit, and 1000 tons per day through the 
house-coal pit. © new company will be man en- 
tirely by the present Tredegar Company’s staff, of which 
Mr. E. Wilson Taylor is omens director and chief 
salesman, and Mr. A. 8. Tallis, Tred ‘ eral 
manager. Messrs. Scott and Leggatt, of Cardiff, have 
been yom consulting electrical engineers, and Mr. 
W. C. Hepburn is to take charge of the sinkings. 


Dowlais.—The Goat Mill has been larly employed 
upon contracts for heavy steel rails, the bulk having been 
turned out upon colonial account. The Sleeper Mill has 
resumed running. The Big Mill has produced a variety 
of light finished goods, 


The Swansea Valley.—The steel and tin-plate works 
have been well employed, and a similar report’ may be 
made with respect to the spelter works. e collieries 
have generally been busy. 


Barry Railway.—Colonel Druitt, R.E., and Mr. Mayne 
finspestass of the Board of Trade) visited Barry on 

aturday, and conducted an inquiry on behalf of the 
Board into certain —- # made wy Mr. R. Bell, M.P., 
on behalf of men employed on the Barry Railway, with 
reference to the condition of the rolling-stock. The com- 

laints apply more a to the locomotives used 

th for passenger and mineral traffic. The proceedings 
were conducted in private, and strict precautions were 
— to prevent the details of the evidence being dis- 
Co . 


South Wales Engineers.—The annual meeting of the 
South Wales Institute of Engineers was held on Thurs- 
day, the 18th inst., at Cardiff, Mr. T. H. Deakin in the 
chair. Discussion was resumed on a paper ‘‘ Notes on 
Blast-Furnace Practice at Blaenavon,” by Mr. Forster 
Martin. Mr. Vaughan remarked that he considered the 
great success which had attended Mr. Martin’s furnace was 
due to good fuel, rich ore, well mixed and distributed ma- 
terials, and the maintenance of everything in good condi- 
tion. There was discussion on other papers, ** Notes on 
the Working of a Suction-Gas Plant,” by Mr. Arthur J. 
Stevens ; ‘‘ Miners’ Safety-Lamps and the Electrical Ig- 
nition of Same Underground,” by Mr. William Best ; and 
‘*Hanley’s Cage Guardian,” by Mr. A. Hanley. 








“THe MercantTiLe Y&AR-Book AND Directory OF 
Exvorters, 1907.” London: Lindley Jones and Brothera, 
21, St. Helen’s-place, Bishopsgate-street Within, E.C. 
[Price 103.]—The new edition of this book has been issued, 
and makes its appearance for the foenty feet time, With 
such a record it is unnecessary to in uce it to many of 
our readers, it being probably already among their busi. 
ness hand-books. There are probably, however, others 
who have not as yet made its acquaintance, and for their 
efit we would say that the book consists of a directory 
of exporters in London, hester, Liverpool,” Bir- 
mingham, Glasgow, and many other British” towns, 
besides those in Paris, Hamburg, Berlin, Amsterdam, 
and other Continental, as well as American, cities. The 
volume is divided into sections as follow :—(1) Exporters 
of London, given in street order along various itineraries ; 
(2) importers in British colonies foreign countries, 
with their buyers or agents in Europe, arranged under 
cities ; (3) principal classes of goods shi from London, 
with the names of shipping firms; (4) the names and 
addresses of merchant ex rs of on, together with 
the markets with which they trade ; (5) merchant exporters 
of other towns in Great Britain, and their foreign markets ; 
(6) exporters of various Continental cities and of New 
York, and the markets with which they trade. For 
other matter the book contains a manufacturers’ adver- 
tising appendix, an English-French-German vocabulary 
of goods shipped, from London, and other useful matter 
likely to be of service in the export trade. 





MISCELLANEA. 


TnuroveH the munificence of the heirs of the late Mr. 
Frank Stemen, Saeee President of the Pennsylvania 
Railroad, a scholarship fund has been founded in order to 
give the sons of eee oseneray the opportunity 
of obtaining a technical education. The fund is said to 
amount to 120,000 dols., and each scholarship will be of a 
value of 600 dols. a year. 


The extension of the Swedish North Trunk line 1s at 
present engaging much attention, and a movement is now 
on foot in order to have the line taken through the Torne 
River Valley, so that the Swedish frontier country may 
have the same advant as the Finnish side, which is 
in railway connection with Finland 5 Rossia, 
It is urged in favour of the plan for the Torne Valley 
line that the country has many possibilities of develop- 
ment likely to benefit a railway. 


According to a recent bulletin of the United States 
Geological Survey, investigations to determine the outline 
of the crest of the Falls of Niagara were made in 1842, 
1875, 1886, 1890, and 1905. From these surveys the author 
of the bulletin deduces the mean rate of erosive action to 
be 53 ft. per year for the Horseshoe Fall, and a mean rate 
of 0.2 ft. to 0.5 ft. per year for the American Fall. It is 
anticipated that the increasing amount of water that is 
taken from the river for power generation will soon 
modify the rate of erosion. 


According to E. Wedekind and K. Fetzer, chromium 
boride is one of the most refractory substances known. 
Acids and alkalies do not attack this boride (Cr B), which 
in the pure state contains 17.4 per cent. of nm, and is 
slightly magnetic. Fused caustic soda and nitre corrode 
it slightly ; sodium peroxide, however, oxidises it with 
incandescence. The boride had formerly n descri 
by Moissan, Binet du Jassoneix, and Tucker and ees 
who all found their compound less refractory, possibly 
because it was less pure. When prepared in the electric 
furnace the boride takes up carbon. Wedekind and 
Fetzer obtain it with the help of thermit as a white 
crystalline powder. 


The cost of stops has recently been calculated for 
different cars working on different grades on the Phila- 
delphia and West Chester Traction Company’s lines. 
Several types of cars are in use, and we can only sum- 
marise the results obtained. The cars may be roughly 
grou as those of a weight of about 15 tons empty, 
provided with motors of 160 horse-power, and of a seat- 
ing capacity of forty passengers, and heavier cars of 
30 tons weight, provided: with 300 motor horse-power, 
and seating forty-eight passengers. The cost of stops with 
the former class varied from 0.1d. on the level to 0.12d. on a 
3 per cent, grade, 0.15d. on a 5 per cent. grade, to 0.19d. 
to 0.2ld. on a 7 percent. grade. The heavier cars for 
the same grades gave the following ey :—0.12d. level, 
0.14d. to 0.15d. on 3 per cent., 0.18d. to 0.19d. on 5 per 
cent., and 0.28d. to 0.29d. on a7 per cent. grade. These 
results were obtained, allowing 20d. per hour as platform 
expenses, and taking the cost of power at the motor as 
0.8d. per kilowatt-hour. 


Experiments, of which an account was ara A given 
in the Journal of the Franklin Institute, relate to oe 
of balanced slide-valves, and tend to show that the 
ordinary standing test for valve leakage is misleading. 
The engine tested was one having a cylinder 6 in. in 
diameter and 9 in. stroke, the slide-valve measuring 5 in. 
wide by 4} in. long. A balance-plate with springs was 
used to relieve the pressure on the valve. When ty 4 
ing 5.13 horse-power, the steam consumption was 91.2 lb. 
per indicated horse-power-hour. Without the balance- 
‘onan the steam consumption fell to 60 51b. per indicated 

orse: power-hour. With the ports plugged, and the valve 
moved by a motor at the working speed, the leakage, 
with the balance-plate in use, was 43.9 per cent. of the 
total steam consumption, while with the plate removed it 
was only 13.9 per cent. he |horse-power required to 
work the valve with the balance-plate in use was found to 
be 0.25, but without the balance-plate, 0.38 horse-power 
were needed to work the valve. ‘The greatest leakage 
took place when the valve was in motion. 





PeRrsonaL.—Messrs. Hughes, Fawcett, and Co.. Hebden 
Bridge, inform us that they have lately purchased the 
business of Messrs. Harrison and Horsley, Pomona Iron 
Works, Cornbrook-road, Manchester, and havo trans- 
ferred it to their works at Hebden Bridge.—Messrs. 
Antonio Zirion y Saravia y Cia., Calle de’ Tiburcio 
No. 18, Mexico, state that they have opened a business 
for the #ale of mining an ever ary machinery, and 
for civil engineering and architectural work, installing 
machin all kinds, &c.—Weé_are asked to state that 
the London office and show-rooms of the Adams Manu- 


facturin Comper, Limited, are now at 106, New Bond- 
street, W.—Mr. William Fox, 5, Victoria-street, S.W., 
has taken into partnership Mr. F. W. La Trobe Bateman, 


A.M. Inst. C.E., formerly his assistant for several years. 
—We are asked to state that Messrs. Mountain and 
Gibson, of Bury, Lancashire, have removed their London 
offices to Albert Buildings, 49, Queen Victoria-street, 
E.C., with phic address ‘‘ Girders,” London. The 
new offices will be under the direction‘of Messrs. F. W. 
Newman and N. McL. Lawrence.—Owing to considera- 
tions of health, Mr. W. T. Durrant, of St. Wulfstans, 
King’s Norton, has resi his position as manager of 
the buying department of the Metropolitan Amalgamated 
Railway Carriage and Wagon Company, atid is com- 
mencing business as a consultant buyer.—We are in- 
formed that, owing to ill-health, Mr. Grumwell has retired 
from the firm of Isles, Limited, Stanningley, near Leeds 
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THE ROTHESAY DOCK AT CLYDEBANK, GLASGOW. 


MR. W. M. ALSTON, M. INST. C.E., ENGINEER TO THE CLYDE NAVIGATION TRUST, ENGINEER. 
(For Description, see Page 543.) 
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Fic. 26. 120-Fr. Gap; Fesrvary 18, 1907. 
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can be made equal to one two-million- d battle- 
AGENTS FOR “ENGINEERING.” NOTICES OF MEETINGS. ship; of whatever the suggeated proportion may be. 
Aostraiia : Gordon and Gotch, Melbourne; Sydney; Brisbane ; Sus. Qecer ee asne~20 , April 29, at Spm. Cantor ‘he balance of opinion is, however, evidently 
PA. Henderson, Sydney, N.8.W. ieee pppgtergente and Bleaching Age + wend In fv against subdivision of power, for battleships have 
ae Co... sounert le orth Queensland. Yi: ure IIL.) Tue iackson, F.1.C., F. (Three lec | heen getting bigger and bigger since the days of 


Melville and Mullen, Melbourne, Victoria. 
Austria, Vienna : Lehmann and Wentzel, Kirntnerstrasse. 
Place du Chitelain, Ixelles-Brussels. 


Buteium : E. F. Satchell, 31a, 
EpinsureH : John Menzies and Co., 12, Hanover-street. 
Francs, Paris: Bo: Li 


: Boyveau and brairie Etrangére, 22, 
de la Banque ; Em. Terquem, 19, Rue Scribe. Also for 
ents, Agence Havas, 8, Place de la Bourse. 
GurmafY, Berlin: Messrs. A. Asher and Oo., 13, Unter den Linden. 

Frankfurt-am-Main : Messrs. G. L. Daube and Co. (for Ad- 


ents 

Leh F. A. Brockhaus. 

Mulhouse : H. Stuckelberger. 
GLaseow ; Love. 
Ini, Osicutta : Thacker, , and Co. 

a : Thacker Co., Limited. 
Iraty: U. Hoepli, Milan, and any pate 
LIVERPOOL : Mrs. lor, Landing Stage. 
MANCHESTER : John Heywood, 143, 
New ZzaLanp : Gordon and Gotch Proprietary, Limited, Welling 

ton; Auckland and i rch. 


A Christch 

Christiania : Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorrerpaM : H. A. Kramer and 

Sour Arrica: Central News 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth 
Bloemfontein, Durban, and their various Branches and 
Bookstalls throughout South Africa. 

7 : Gordon and Gotch Proprietary, Limited, Launceston ; 

obart. 

Untrep Statzs, New York : W. H. Wiley, 43, East 19th-street. 
Chi : H. V. Holmes, 957-958, Monadnock Block. Sole 
Agents for Advertisements in the United States :—Morse 
International Agency, 19, West 34th-street, New York. 





We beg to announce that American subscriptions to ENGINEERING 
may now be addressed either direct to the Publisher, Mr. CO. R. 
JOHNSON, at the offices of this journal, Nos. 35 and 36, Bedford- 
street, Strand, London, W.C., or to our accredited Agents for the 
United States : Mr. W. H. Wiley, 43, East 19th-street, New York. 
and Mr. H. V. Holmes, 957-958, Monadnock Block, Chicago, 
The rates of subscription able in advance) for one year are :— 
For thin (foreign) paper edition, 1/. 16s. Od. ; for thick (ordinary) 

tion, 22. 0s. 6d. ; or, if remitted to agents, 9 dollars for 








The charge for advertisements is three shillings for the first 
four lines or under, and eightpence for each additional line. The 
line averages seven words. Payment must semeney all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
ahd on the inside pages may be obtained on a) ion. The 
afe 12 in. deep and 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all prac- 
ticable regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing Advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


ENGINEERING can be supplied, direct from the publisher, 
post free, for twelve months at the following rates, payable in 


advance :— 
For the United Kingdom 219 3 
» all places abroad— 
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THE SIZE OF WARSHIPS. 


Nava debates in the House of Lords are most 
academical in character, but they are often not less 
informing on that account ; indeed, compared with 
the political. bickerings that are often elsewhere 
obtruded into. naval discussions, the calm examina- 
tion of facts that takes place is a distinct gain. So 
long as the First Lord of the Admiralty is a Peer, 
and the voting of money rests with the Com- 
mons, the naval interest is, to a certain extent, 
divided, and we may look for debates in the Upper 
House similar in character to that which took 
place on Wednesday of last week. Lord Brassey, 
in raising the discussion, had no fault to find with 
the administration.” ‘‘The Opposition,” he tells 
us, ‘is silent because they are satisfied with the 
general administration of the Navy ;” and, ‘‘ the 
supporters of the Government know that the 
strength of the Navy in men and ships is being 
adequately maintained.” Moreover, ‘‘ where eco- 
nomy has been possible votes have been cut down, 
and no pains have been aane to perfect the 
training of the Navy.” hat more a grateful 
country could ask from its rulers it is difficult to 
imagine ; still, there are one or two things that 
might be inquired into with advantage ; and Lord 





56 | Brassey forthwith proceeded to inquire into them. 


First there was the case of the Dreadnought. 


7| Her design had been ‘‘commended by an over- 
7|whelming weight of authority” at home, and 


received still more practical recognition 
abroad, being followed by nearly every mari- 
time Power—by Russia, Japan, France, and the 
United States. Still, the Dreadnought cost some- 
thing like two millions sterling, and such ships 
must be few. There were operations in war which 
could be more effectively performed by many ships 
than by few. Admiral Sir Reginald Custance has 
said, ‘* No ship, however large, can stand up against 
the fire of two or three battleships.” It is a sweep- 
ing assertion, as it would be to say, ‘‘ No small ships, 
however numerous, can stand up against the fire of 
one large battleship.” Before we can reduce such 
maxims to their current value we must define the 
limits of ‘‘small” and “‘large.” The problem, 
which will never be settled in peace time at any 
rate, is whether two one-million-pound battleships 








the Great Harry, and more and more costly. Con- 
centration is still a cardinal principle in sea fight- 
ing, ason land. A ht ougeged with two 
one-million-pound ships has but to disable one for 
victory to be in her hands. It is true that in the 
operation she may receive damage herself, but the 
big ship will have thicker armour and higher speed ; 
and, moreover, there is no chance of her’ power 
being divided, as may be the case with the two 
ships, which may lose the advantage of concentra- 
tion. Sir William White, who has not in practice 
been averse to big meer ye one may judge by 
his creations, has suggested that the armament of the 
Dreadnoughts might be distributed between three 
vessels equal in speed, armament, arid defence, and 
possibly superior in fighting power to the larger 
ships. The question arises, Can the three hulls 
and machinery, equal in efficiency to two Dread- 


at | noughts, be built for the same expenditure? The 


guns and their mountings involve a large part of 
the cost of the Dreadnought—about 30 per cent. 
of the total ; and it is well known that the cost of 
the hull of a ship does not decrease pro rata with 
size, nor does the power and cost of propelling 
machinery decrease with the displacement weight, 
the speed being constant. 

No one, we think, would be more ready than 
the great naval constructor to acknowledge that 
considerable sacrifice must be made by replacing 
two units by three, aj altogether from the finan- 
cial question. Sir William  ppory: holds that 
the sacrifice would be warranted ; and it might, of 
course, take one of many directions: the smaller 
ships would need greater power for equal speed, 
and the weight of hull structure would be greater 
for the same armament, whilst thicker armour 
would be more easily provided for the bigger 
ships. If we take cost as a basis of comparison, 
the advantage in these respects lies with the two 
vessels as against the three ; and in many other 
things, such as up-keep, coal endurance, &c., the 
big ships are to be preferred. In regard to man- 
ceuvring in battle, there is more room for question, 
and it.is a question the navai tactician must decide. 

On the other hand, two fortunate shots from 
mines or torpedoes would annihilate the whole 
force if it consisted of two larger ships, whilst in 
like case of three smaller ones there would be a 
ship left ; but against this, three ships are more 
likely than two are to hit a floating mine. Much 
the same thing may be said of strandings or other 
accidents of navigation. In strategy the question 
of size is not easy to decide. Two ships can only 
be in two places at once, whilst it might be neces- 
sary to occupy three, or it might be desirable to 
proceed to a rendezvous by three routes. As battle- 
ships are, however, primarily intended for the line- 
of-battle, this is not so important a consideration 
as with cruisers. The big ship will, however, have 
higher speed and wider radius of action than any 
number of smaller ones, other features of design 
being proportionate. 

For cruisers the problem of design is even more 
congeneen than it is for battleships, as the duties 
of the former are more varied. We have gone on 
from the days of the Blake increasing the size and 
power of cruisers, until many of them have become 
really modified battleships ; but naturally the cost 
has gone up also. A cruiser that costs about a 
million and a half is evidently too expensive a 
vessel to carry out the duties of the old frigates. 
Lord Tweedmouth, repeating Lord . Brassey, says 
the protected cruiser is almost a non-combatant ; 
but the same might be said of all vessels in 
regard to others appreciably stronger than. them- 
selves. The old ue frigates, which were never 
classed as non-combatants, were not supposed to 
stand up to battleships, although on one occa- 
sion a frigate did fire on'a battleship, and was 
poral sunk for her impertinence. Lord Brassey 
is satisfied that the British Navy has an over- 
whelming superiority in protected cruisers; as, 
indeed, it chould have, considering the over- 
whelming superiority of the maritime commerce it 
would have to protect. Lord Tweedmouth, who 
naturally oupporse the big battleship, says, in 
quoting naval opinion, that the big armo 
cruiser is more likely to be of advantage in war 
than the smaller cruiser; and he is of opinion 
that no foreign cruiser would be able to stand up 
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against the Invincible. One may readily agree 
with this, but it does not follow, as — to 
thought by some, that we should not have cruisers 
capable of standing up against weaker vessels 
than Invincibles. Naturally, we would like all our 
cruisers to be Invincibles, if we could afford it. In 
some respects the cruiser problem is the reverse of 
the battleship problem, inasmuch as dispersion is a 
virtue with this class of vessel. 

Lord Brassey has no good word to say for the 
eight scouts that have lately been built. They are, 
he says, costly but not satisfactory ; flimsy in con- 
struction, and weak in armour and armament, 
speed being their only merit.. He also disapproves 
of the special torpedo-boat destroyer Swift, which 
is being built by Messrs. Cammell, Laird, an 
Co., the estimated cost of which is over a quarter 
of a million. This vessel is to be 345 ft. long 
by 34 ft. 2 in. beam, and is estimated to have 
a displacement of 1800 tons. With 30,000 horse- 
power she is designed to steam at 36 knots, and 
will carry 180 tons of oil fuel. Lord Brassey 
evidently considers that the usefulness of such a 
vessel will not be equal to her cost, and would 
prefer two ocean destroyers, which could be built 
for about the same money. It certainly cannot be 
claimed for craft costing a quarter of a million 
sterling that numbers can be cheaply expended 
in time of war. The advance in torpedo craft is, 
however, only characteristic of that in all vessels 
of the Fleet, from pinnaces to battleships. In 
default of a design for an effective cruiser for 
scouting duties, which Lord Brassey says ‘‘ the 
ablest constructors, both in the Navy and out- 
side,” have failed to produce, he would call 
attention to the subvention of mail steamers. 
Lord Brassey has always taken an interest in naval 
auxiliaries ever since he raised the first naval 
volunteer corps, about thirty-five years ago, and 
the principle of merchant-steamer subvention owes 
ah to his efforts. . He quoted Admiral Lord 
Charles Beresford's evidence before the Committee 
on Subsidies in support of his views. Auxiliaries, 
either in the shape of men or ships, are, however, 
not generally considered with favour by the Sea 
Lords. The Royal Naval Artillery Volunteers, 
an enthusiastic and hard-working body, were 
disbanded with scant courtesy some years ago; 
and the present body cannot be said to have 
received enthusiastic support. Lord Tweedmouth 
now says that mercantile cruisers ‘‘ can be relied 
on very doubtfully,” as ‘‘they must be extremely 
fast, or they will not be able to escape from 
ships of more formidable type.” It would be instruc- 
tive to compare the maintained sea speed and coal 
endurance of the protected cruisers—which are, 
the First Lord says, ‘‘ almost non-combatant ships” 
—with the class of ocean liners that would be avail- 
able for scouting duty and conveying information 
in time of war. No doubt wireless telegraphy has 
completely modified the practice of scouting in the 
present day, but speed and coal endurance are still 
essentials to effective service of this nature. We 
have yet to learn how far ‘‘ wireless” will stand 
the rough test of war. The First Lord, however, 
per cea ar ee that ‘‘ if any mercantile cruisers are 
to be capable of being of service in war,” they 
would be vessels like the two new Cunarders. 

The most important feature of the debate was, 
however, the explicit statement by the First Lord 
of the Admiralty as to the policy of his Govern- 
ment. Fears have been expressed—they may have 
been founded on rumours originally circulated for 
political purposes—that the present Administra- 
tion was careless of the position the country has 
held as a naval Power. The rumours at first 
gained some colour from the reductions made in 
the Navy Estimates. It must be remembered, how- 
ever, that these reductions did not originate with 
the present Administration, and there is nothin 
whatever to show that ert are due to politica 
subserviency on the part of the Board of Admiralty. 
Although a clear political horizon may never be 
taken as a reason for slackness in preparation for 
national defence, it is but yenneuale to put forth 
additional effort if complications abroad threaten. 
A few years ago—the period of our ‘‘ splendid 
isolation "—such complications did threaten, and 
the Navy Estimates went up by leaps and bounds. 
Since then the alliance against us, which was mostly 
to be feared, has ceased to threaten. The purchase 
of two powerful warships on the eve of the Russo- 
Japanese war swelled the expenditure of the year 
by a large amount, and might Le taken as a reason- 
able cause for some reduction to follow. 





Making all allowances, however, a reduction of 


be|the Fleet below the strength needed to maintain 


our naval supremacy would be a dangerous ex- 
periment that the country would justly look on 
with alarm; but this Lord Tweedmouth in the 
Lords, and Mr. Robertson on the same day in 
the Commons, assure us is not to take place. 
The First Lord of the Admiralty said that the 
axiom must be accepted by everyone ‘‘ that our 
country must at all events keep the command 
of the sea, without having any regard to the cost 
at which that may be done.” r. Robertson, 
speaking somewhat later on the same day in the 

ouse of Commons, said :—‘‘As to the two-Power 
standard, I would say — and I believe it has 


d|already been stated elsewhere by the First Lord 


of the Admiralty—that it is the determination of 
the Government to maintain our naval supremacy 
as it stands now, and in the event of the Hague 
Conference proving abortive, to hold ourselves 
ready to take steps to maintain our relative posi- 
tion.” 

It is not nece here to deal at length with 
the debate that arose in the House of Commons 
on the 17th inst., on Mr. Bellairs’s vote of censure 
on the Admiralty. If the effort of the hon. member 
had not been so ambitious, it might have been 
more effective. A thin House was evidence of the 
little fear Mr. Robertson need have felt as to the 
success of the attack upon his department; and, 
indeed, the accusations stelle ws forward were too 
vague or too trivial to be pushed home. Perhaps 
the point that excited most interest was, as usual, 
a personal one ; and in this Mr. Bellairs succeeded 
in clearing himself from the accusation of dis- 
ingenuousness which Mr. Robertson attempted to 
fasten on him. Throughout, however, the Commons’ 
discussion was distinctly inferior in tone to that 
of the Lords, and Mr. Bellairs’s motion was rejected 
without a division. 








THE CONDITIONS OF GERMAN 
LABOUR. 

InsuLakity is naturally a characteristic of an 
island people, and it is equally natural that it 
should be most pronounced amongst the least 
travelled and less liberally educated sections of the 
community. Englishmen have always been rather 
proud of their falling in this respect ; it appears to 
them as a mark of the superiority of the race over 
other peoples of the world. Cheap and rapid travel, 
the steam-ship and the railway, have, fortunately, 
done much to cure us of this unamiable trait, which, 
also, has been a great obstacle to our material ad- 
vancement, There is, after all, a good deal of 
human nature even in commercial Affairs, and no 
one likes doing business with people who give 
themselves airs of superiority. The chief way, 
however, in which self-sufficiency acts as a bar to 
success is by leading us to conclude that we have 
no need for improvement in order to compete 
with others, and this opinion has certainly not been 
conspicuous by its absence among the working 
classes of Great Britain. This is not to be won- 
dered at, because the working men of this country 
are seldom brought into direct competition with 
those of other nations, and are apt to accept as 
immutable industrial conditions that are fast chang- 
ing. Moreover, certain persons, for political ends, 
have encouraged the belief that Continental work- 
ing men were immeasurably below those of this 
country and lived under conditions greatly inferior. 

A patriotic Englishman, Mr. C. Algernon More- 
ing, of Gainsborough, who may be well called a 
friend of the working man, has lately taken a 
thoroughly — step towards removing the false 
impression British operatives hold as to the character 
and ways of living of Continental workmen. He 
found, to his amazement, to use his own words, 
“that not a few orators sought to induce the 
electors (of the Gainsborough Division) to believe 
that German workmen, as compared with British 
workmen, lived under conditions of social misery. 
... It was repeatedly affirmed that German 
workmen and their families were constrained to 
live on dog’s-meat and horse-flesh, that they were 
clad in rags and tatters, and that their habitations 
resembled pig-sties rather than the dwellings of 
human beings.” Mr. Moreing, ever since he came 
to live among the workmen of Gainsborough, has 
entertained special sympathy for them, and deter- 
mined to do something to give them less erroneous 
views of the German workman. ‘The great diffi- 
culty,” he says, ‘‘ I have always experienced when 





discussing political and social problems with the 
working classes has been that they will not believe 
anything, how ever lucidly explained to them, 
which does not coincide with preconceived notions 
and prejudices.” He shrewdly adds, however, ‘I 
fancy in this regard they hold no monopoly.” 

Under these circumstances Mr. Moreing com- 
municated with three Gainsborough firms—Messrs. 
Marshall, Sons, and Co., Rose Brothers, and 
Edlington and Co.—who consented to give leave 
of absence to certain of their men for the purpose 
of visiting Germany to inquire into the condition 
of the working population of that country. He 
next obtained the assistance of Mr. J. L. Bashford, 
M.A., of Trinity College, Cambridge, who had a 
special knowledge of German conditions. Mr. 

hford undertook to take charge of the expedi- 
tion, and by his influence ready access was obtained 
to various works in Germany, and official assistance 
was secured. 

The delegates who formed the deputation were 
selected by the workmen of the three firms at an 
open meeting. Their names are Messrs. G. W. 
Brown, H. Beilby, J. Mann, T. W. Mottershall, 
G. Proctor, and H. Calvert. They visited the 
chief industrial districts of Germany, the results of 
their investigations being set forth in fourteen 
signed reports. Each member also made to Mr. 
Bashford an individual written statement, giving, 
in his own words, a brief summary of the impres- 
sions made upon him by his trip in Germany. 
These reports, and a summary of the individual 
statements, have now been published* in a book 
of nearly 300 pages, together with a supplementary 
report by Mr. Bashford himself on the conditions 
of labour in Upper Silesia ; a district that could 
not also be visited by the delegates within the six 
weeks over which the tour extended. From this 
publication the following facts are taken ; and we 
need hardly premise that they are of a very diffe- 
rent complexion to those that might have been 
expected from the oratory to which Mr. Moreing 
referred. 

As it is possible for us to refer only to a part of 
the report, we will confine ourselves chiefly to the 
visits likely to be of most interest to our readers. 
After dealing with the velvet and silk industry of 
Crefeld, the deputation proceeded to the world- 
famous works of Friedrich Krupp. Here they 
found that the number of workmen employed had 
been 99 in 1843, and at Essen alone there are at 
present 35,000, and the total number of officials 
and men employed at the various works belonging 
to the firm amount to 62,553 ; and there is a still 
growing demand for labour. In regard to this vast 
establishment, we may point out that it does not 
represent average industrial conditions. The larger 
part of the works is employed in producing war 
material for the German Government, and it will 
be evident—in the case of war for instance—that 
the trade of the country might be in a very 
languishing condition, whilst Krupp’s might be 
unusually busy in supplying guns, projectiles, and 
other things for the Navy and Army. No doubt 
Krupp’s have brought the art of steel-making and 
casting to a high state of perfection, and their 
success in armour-plate production has been 
marked. Whatever steel is supplied to the home 
market for industrial purposes, and whatever of 
the products of the works are exported, may be 
counted as representing an economic gain to the 
country; but this will not apply to the employ- 
ment of the whole of the 62,553 persons. The 
same may be said of our own war-material- 
producing firms at home; and the fact is not 
altered use the expenditure for war, or 
preparation for war, is an absolutely essential con- 
dition to the existence of a great nation. That 
question, however, is one of politics rather than 
economics. 

The report speaks of the system of housing work- 
men which was founded by the late Alfred Krupp 
in 1861, The Commissioners found the dwellings 
of the working colonies could hardly be surpassed 
‘“‘in regard to sanitary arrangements, comfort, and 
eesthetic attractiveness.” The inmates were found 
to be content with what they received. The 
houses were of three to seven rooms, and there 
was nothing monotonous in the aspect of the colony, 
which is certainly more than than can be said at 
home of the working-class dwellings put up by the 
ordinary building contractor. 

* “Tiifeand LabourinGermany.” London: Simpkiv, 
=— Hawilton, Kent, and Co., Limited. [Price 2s. 
net. 
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Ventilation and sanitary arrangements were well 
provided for, and there was plenty of free open space 
between the houses, and a garden to each of a size 
that the tenant could attendto. The rent averaged 
about 31. to 31. 5s. per annum ood room, whilst in 
the immediate neighbourhood of Essen the price was 
about 5s. to 10s. higher. Mess-rooms were provided 
for the workmen, a substantial well cooked meal 
being provided for 45 pfennig (5}d.), coffee and 
bread and butter cost 2}d., and a supper of bread, 
meat, and soup, 47d. Sleeping accommodation was 
provided for single men. The cost of a room, with 
dinner and supper, was: 1s. 6d., whilst to sleep in a 
cubicle in a dormitory, with board, costs 1s. 24d. 
Two sleeping quarters had been completed at the 
Rheinhausen Works, consisting of 215 beds, and a 
new house has been proposed having 330 beds. 

At Altenhof the deputation found a colony of 
pensioners, 100,000/. having been spent in the erec- 
tion of dwellings which were assigned rent free for 
life to old employés of the firm. By the old-age pen- 
sions derived from the firm, and by the State pen- 
sions, the working people were enabled to pass their 
old age without fear of penury, there being ample 
accommodation for a man and his wife. These pen- 
sioners were able to follow some light occupation if 
they wished. Provision was also made for widows. 
Hospitals and convalescent homes were also provided. 

There were workmen’s, widows’, and orphans’ 
pensions, a widow receiving half the husband’s 
pension. A workman becoming incapable of work 
after twenty years’ service, or after fifteen years if 
his occupation had been exceptionally arduous, 
received 401. a year if his wages have been at the 
rate of 1001. a year. After twenty-five years’ 
service the pension was 451. a year; after thirty 
years, 551. ; after thirty-five years, 62/. 10s. ; and 
after forty years, 751. It has been said that the 
pension scheme set forth might appear very well 
on paper, but that, in practice, the old people were 
almost always dismissed before reaching the age 
limit. The Commissioners made special inquiry 
on this point, and are unanimous in saying the 
charge is unfounded. Some other details men- 
tioned in the report may be mentioned here. There 
was found to be a fund from which advances might 
be made to a workman who had been employed by 
the firm twenty years, and who might selacaly be 
in need of pecuniary aid ; the loan to be repaid by 
deductions from wages. When the money was nearly 
repaid, a notice was sent to the workman, asking 
him if he cared to have the deduction continued, 
and the money paid for him into the savings bank. 
In 75 per cent. of the cases the men have consented 
to this. There was a co-operative system of supply- 
stores open to the workmen of the firm. Goods 
were supplied at ordinary town prices, and the profit 
made was distributed amongst purchasers in propor- 
tion to the amount of their outlay. The savings bank 
was also run on benefit lines. The money deposited 
was paid intothe Essen Municipal Savings Bank in 
the name of thefirm. The savings bank allowed 3} 
per cent., and the firm added 14 per cent., so the 
men got 5 per cent. on their money. Beyond this, the 
firm contributed another 1 per cent. annually of 
the total deposits. This money was devoted to the 
purpose of a lottery; a proceeding that seems, 
to English eyes, of doubtfal advanta e. However, 
it appears to satisfy the German workman’s craving 
for the excitement of an appeal to chance ; for the 
deputation found that no inclination towards 
gambling was to be observed. It would be an 
abuse of terms to designate this lottery as gam- 
bling, as the men pay nothing in themselves, and 
therefore risk nothing. In this country betting is 
becoming more and more prevalent among the 
working classes, and there are some who hold that 
it is a worse evil than drunkenness. The monotony 
of occupation in factories, with the subdivision of 
work, leads men to look elsewhere for the excite- 
ment of the pleasing anticipation so easily supplied 
by the betting lists. 

The report gives some figures as to the rate of 
wages paid by Messrs. Krupp, and the way it has 
advanced during twenty years. In 1886 the average 
rate was 3.71 marks, or about 3s. 8d. ; in 1904 it 
had gone to 4.88 marks (4s. 93d.), whilst in 1905 
it was 5.12 marks (5s.). Going back still further, 
the advance appears more marked, the rate in 1904 
being 267 per cent. higher than in 1853. All kinds 
of labour are included in these figures ; but it is said 
‘that there is no doubt that for highly-skilled 


labour, such as that of turners, machinists, furnace-| had improved immensely during the last thirty | still more instructive. 
cate Professor Miers’ arguments. 


men, and skilled mechanics, 8s., 103., and even 


with two hours for meals. «It will be interesting if 
we add the amounts paid for wages during two 
years. In 1886 the total was’3,354,736l., the average 
per head being 47/. 14s. 3d. In 1904 the total had 
risen to 9,174,5501., the average rate per head 
being 671. No foreign workmen were employed. 
We have given considerable s to these 
details of employment at Messrs. Krupp’s works 
because the whole establishment is one of unique 
interest ; but it cannot be taken as typical in most 
respects. The patriarchal or paternal system of 
administration could not be followed in average 
works; and it may perhaps be questioned by 
some, oven in the interests of the men them- 
selves, whether it is desirable it should be. In 
1904 the firm spent no less than 157,114!. in main- 
taining all the Krupp institutions for promoting 
the welfare of the workpedple, and this was 
exclusive of contributions required by the State, 
under its social legislation in regard to provision 
against accidents, sickness, premature infirmity, 
and old-age pensions. It must be a large and 
highly profitable business that can afford the — 
total of voluntary contributions above mentioned ; 
but it must be remembered that the Krupp works 
hold what bad gee me J & monopoly of an extremely 
lucrative e within the borders of the empire. 
It would, of course, be desirable that the men 
should do more in this direction on their own 
initiative, without being so much hand-led ; but 
one can only say that in this case the results ap 
to be fortunate, for the workmen employed at 
Messrs. _—— works seem to be prosperous and 
contented ; though one would hardly look for 
many so dry-nursed to rise above the rank-and-file. 
From Essen the deputation proceeded to Bochum, 
and were still in the district of the heavy iron 
industry, and were permitted to visit two large 
works. There was no lack of work, and the men 
were said to be employed under favourable condi- 
tions, wages being ‘‘ not illiberal,” if not quite up 
to the British standard. The report takes excep- 
tion to the remarks that had been made by 
Sir Charles McLaren as to the unfortunate 
state of German workmen, supposing them to 
refer to this part of the country. At the Bochum 
Steel Works the hours of work are from six to 
six, with an hour and a half—12 to 1.30—for dinner, 
and a pause for afternoon coffee. The average 
rate of wages is about 25s.3d. per week. Boys 
of fourteen go through three years’ apprenticeship 
as machinists, getting 2s. 6d. per day. This pre- 
sumably is an average figure. The minimum rate 
for a machinist is about 3s. 6d., and the wage goes 
up to 5s., 5s. 6d., and 6s. A fireman’s minimum 
wage is 3s., rising to 6s. and 8s., the average being 
about 4s. 24d. per day. After twenty-five years’ 
service, a workman receives a watch and chain and a 
gratuity at Christmas of 50s. for the rest of his life ; 
his widow, after his death, getting 25s. a year. Last 
year there were 1200 men on the list who had 
completed the twenty-five years, these being the 
survivors out of about 3000 in the employment of 
the firm twenty-five yearsago. There are now about 
6000 employed. There was found to be in connection 
with the works an edifice that would lodge and board 
about 1200 unmarried men. The accommodation 
5 ee to be excellent ; but every — man em- 
P oyed was obliged by his contract to lodge and take 
is dinner and supper at this establishment. Ger- 
mapy is evidently a land of paternal government. 
The charge for board and lodging was about 8jd., this 
including two meat meals, the men providing their 
own coffee and bread ; so there is, after all, some con- 
solation for paternal control. The building cost the 
firm 52,2821. Family men were housed in flats at a 
rent of about 50s. per annum perroom. In the towns 
|a similar flat would cost 76s. to 903s. There were co- 
operative stores, a sick fund, old-age funds, and edu- 





cational establishments in connection with the firm. | 


| At Dortmund the Hoesch Iron and Steel Works 
| were visited. Here the workmen did not take so 
kindly to the paternal system, being, we are told, 
more inclined to live for themselves. The minimum 
| wage was 3s., and skilled work was paid up to 10s. 
|and 12s. per day, all being piece-work. It was 
| noticed here, also, that — did not prevail. 
| There was no workhouse here. 

The next place we notice as being visited by the 
| deputation was Solingen, sometimes known as “‘ the 
| German Sheffield.” Here, as elsewhere, it was 
|found that the position of the German workman 


years. ‘‘ Not only,” the report says, “‘ has he been 


12s, perday are paid.” The hours are ten per day, | able to assert his position with greater weight, but | 





he is a long way nearer to the present standard of 
life accepted in England: than was his. parent to 
that enjoyed by our fathers thirty years ago.” In 
the cutlery works of J. A. Henckels about 2500 
hands were employed. The hours were seven to 
seven, with a quarter of an hour’s pause at 9 4.M., 
and another at 4 p.m., and an hour and a half for 
dinner. The head man at a forge earned 50s. per 
week, and the other 25s. pe week. In. the knife 
department, on piece-work the wage would rise to 
60s. per week. About 1500 pairs of scissors were 
turned out every day, the hands earning up to 
30s. per week. "The fixed wage in the plating de- 
partment was 36s. per week. Kngravers earned 24s. 
to 45s.; grinders, 29s. to 30s., and up to 45s. per 
week ; razor-makers, up to 40s. per week. 

It will be interesting here to quote a few figures 
as to outgoings which were collected by the deputa- 
tion at Solingen. The taxes on an income of 461. a 
year were 10s. 1}d., including income tax, communal 
dues, and church rate; for an income of 98l., 
30s. 4d.; from 1031. to 1171., 35s. 3d.; from 1171. to 
132l., 43s. ld. On an average a Solingen workman 
required about 9/. a year for his own clothing, 101. 
for that of his wife, and from 31. to 31. 10s. for each 
child. The women and children were said to be in- 
variably well clothed. The prices of food are given 
in the report as follow :—Beef, 9d.; pork, 10}d.; veal 
94d.; mutton, 8}d.; bacon, 9d.; flour, 14d.; butter, 
ls.—all per pound English. A 4-lb. English loaf 
of German rye bread would cost 4}d. 

The deputation visited Diisseldorf and give a few 
particulars of the industry there. We will content 
ourselves with quoting some figures as to wages. 
Moulders received 4s. to 7s., 8s., and 10s. a day, and 
up to 12s. when on piece-work. The average day- 
wage in one iron works was 4s. 6d.aday. In the 
forging department the first man earned 10s. to 11s. 
per day, and the others 4jd. per hour, together 
with 15 to 20 per cent. for piece-work. At the 
heavy lathes 7s. 4}d. to 7s. 77d. per day might be 
earned. The hours of work were from 6 30 a.m. to 
6.30 p.m., with an hour and a half for dinner, and 
two pauses of a quarter of an hour for coffee. 

We regret we have not space to follow this in- 
teresting report further, but what we have said 
will serve to give our readers an idea of its scope, 
and doubtless many will get the report for them- 
selves. Perhaps we may venture on the opinion 
that the deputation considered generally that, all 
things considered, there is not much to choose 
between the position of the British working man 
and his fellow in Germany ; although it is probable 
that in both cases the conditions under which either 
works would not suit the other. The skilled men, 
on the whole, may get higher wages in England, 
whereas the labourer has somewhat an advantage 
in Germany. 

The great social problem, which includes the 
position, interests, and welfare of the working 
classes, has in this country received too little 
attention from the point of view that is most im- 

rtant—the economic. The ‘‘ working man” has 

en flattered, praised, blamed, cajoled, and fooled 
to the top of his bent ; he has been told he is the 
backbone of the country until he has often for- 
gotten that the body politic needs a brain as well 
as a backbone. Whether this false aspect is more 
prevalent in Great Britain than elsewhere we do 
not pretend to say ; but it does appear that there 
is in this country a more numerous class of persons 
who, either through fear or interest, conspire to 
ive him a false impression of his status in life. It 
is to be hoped that the report under notice, as coming 
from those of his own class, will help the working 
man to correct any false impressions of this kind. 








THE BIRTH AND AFFINITIES OF 
CRYSTALS. 

In the course of two Thursday afternoon lectures, 
delivered at the Royal Institution in the last two 
weeks, Professor H. A. Miers, F.R.S., of Oxford, 
succeeded in demonstrating that there was a good 
deal to be learnt yet from ‘‘crystal-gazing "—i.e., 
studying the growth of crystals under the micro- 
scope and under other conditions. As the slightest 
changes in temperature and concentration alter 
the phenomena, Professor Miers exemplified some 
of his points by reproducing the photographs of 
Dr. Tutton and other investigators. But the suc- 
cessful demonstrations by Mr. T. V. Barker were 
e will very briefly indi- 
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saturated for the respective temperature. Satura- 
tion may be produced by evaporating the solvent 
or by cooling the solution. e crystallisation can 
be started by dropping a. small crystal of the 
respective salt into the solution, or by scratching 
the glass walls of the vessel with a rod ; this, how- 
ever, must be done in the solution, not before the 
solution is poured into the glass. When the liquid 
is kept very quiet it may be undercooled consider- 
ably, and therefore become strongly supersatu- 
rated; when a crystal of the salt (e.g., sodium 
sulphate or sodium acetate) is used to start the 
crystallisation, the whole solution solidifies almost 
like a crystalline sponge. These facts have long 
been known. But Ostwald predicted two consecutive 
crystallisations, ‘and Professor Miers and his pupils 
have demonstrated them. Miss F. Isaac has coo 
solutions in sealed tubes to keep out all germs and 
impurities, agitating the tubes all the time. As soon 
as saturation is reached a faint shower of crystals 
falls out ; the cooling then proceeds until at a definite 
lower temperature a second, more profuse shower 
of crystals forms. These two states are observed 
in all solutions, in different solvents, in fused metals, 
alloys, rocks, and meteorites. If we plot tempera- 
ture against concentration, we obtain two parallel 
curves, the upper curve corresponding to higher 
temperature and lower concentrations marking the 
saturation, the lower curve indicating the super- 
saturation or solubility. In aqueous solutions both 
the water and the salt may crystallise, and four 
cases are possible : the solution may be unsaturated 
for both substances, saturated for either of them, 
or saturated for both. The same applies to alloys, 
and we thus arrive at the complicated conditions 
with which the phase rule deals. According to 
Miss Isaac, pure water freezes spontaneously in 
sealed tubes at —1.9 deg. Cent., in the absence of 
any germs; when the agitated water contains par- 
ticles of garnets, glass, &c., which produce. mecha- 
nical friction, crystallisation begins at —0.4 deg. 
Cent.* ’ 


The two growths of crystals mentioned are dif- | pa 


ferent in appearance. Whether the first is entirely 
spontaneous, or whether the presence of germs of 
the respective crystal—never absent, possibly, from 
the air—-is essential, remains undecided ; Professor 
Miers inclines to the belief, however, that certain 
crystal germs are almost always present in labora- 
tories, and many of his experiments are, there- 
fore, made with rare organic compounds, like salol 
and betol. When a crystal grows very rapidly, 
under brisk evaporation, it shoots out like a long 
needle, because the change in concentration is less 
great at the apex than on the sides of the crystals ; 
these variations in the density of the solution are 
studied by the aid of the refractive index. When 
two growing needles approach one another, they 
stop growing before they come into actual contact, 
and bend off under definite angles. Afterwards, 
when the conditions change less rapidly, pris- 
matic clusters are slowly formed round the needles ; 
the two crystal shapes, needles and prisms, are the 
same, as proved by angle measurements, but the 
elongation along different axes gives the crystals a 
different appearance. A mutilated crystal, placed 
in a saturated solution of its own, ws into a 
perfect specimen. Other crystals attach themselves 
to certain faces, either in the same direction (parallel 

rowth) or in different directions (twinning); in- 
dividual crystals may be joined tu more or less 
complete rings. But a-twin crystal starts growing 
as such; it begins as a twin at its birth, and the 


_ twinning is a matter of structure. 


Very interesting are the novel experiments on 
the growth of crystals on one another. If a solution 
of sodium nitrate is poured on a freshly split face 
of Iceland spar, the tiny nitrate crystals arrange 
themselves beautifully parallel, and with their edges 
parallel to the edges of the spar. Similar observa- 
tions have been made concerning the crystallisation 
of sodium nitrate on the carbonates of zinc, mag- 
nesium, iron, &c. All these carbonates, and the 
nitrate as well, crystallise in rhombic prisms, but 
the isomorphism is not complete—i.e., the angles 
under which the faces meet are not quite the same— 
and it seems:to be more important that the two 
kinds of crystals, growing on one another, should 
have approximately the same molecular volume, 
than that their angles should be equal. Again, the 
alkali haloids (compounds of the alkali metals with 
chlorine, bromine, iodine, fluorine) will generally, 
but not always, crystallise in perfect regularity on 


* See Encivggrine, vol. lxxxii., page 312. 








one another. These haloids all crystallise in cubes, 
but while Rb Cl will grow y on K Cl, it will 
not grow regularly on Na Cl (rock salt). Mr. Barker, 
who is making a ial study of these phenomena, 
has made 246 series of experiments on the many 
salts of the haloid group. Alkali anates and 
perchlorates also crystallise similarly on the sul- 
phates of barium, strontium, and calcium. Now 
similarly growing crystals also seem to be able to 
inoculate solutions, that is to say, to start crystal- 
lisation in solutions of similar salts (in this sense), 
and Professor Miers suggested that similar crystals 
may be due to similar rhythmical motions. These 
rhythmical motions would carry us a step further 
than Mr. Barlow’s thesis of close packing, which 
means that crystals which can geometrically be 
fitted into one another are likely to grow under 
similar conditions, 








THE NORTH SWEDISH IRON-ORE 
DEPOSITS. 

A measure which is of considerable interest to 
the engineering world has been introduced by the 
Swedish Government into the Legislature, proposing 
the part purchase by the Swedish State of the famous 
iron-ore deposits in North Sweden. Protracted 
negotiations have preceded the preliminary arrange- 
ment now arrived at, on account of the conflicting 
interests which had to be considered. It is an old- 
standing desire of the Swedish State to become pos- 
sessed of the ore deposits in question, but the in- 
creased value to which the ore. deposits have now 
risen is an obstacle to direct purchase by the State. 
The difficulty has therefore been to find an arrange- 
ment whereby the State, with a smaller outlay 
than that which an out-and-out purchase would 
entail, would be able to become possessed of 
the ore deposits. This problem has been solved 
by the present proposal, according to which the 
Swedish State, on January 1, 1908, becomes the 
proprietor of half the share capital in the com- 

ny to which are transferred om ore deposits 
which do not already fully belong to the State. An 
additional clause reserves for the Rtate, after twenty- 
five years, the power to purchase the remaining 
half of the ore deposits of the said company. An im- 
portant consideration has been the guarding against 
the excessive or exclusive export of iron ore to the 
detriment of the home industry ; this danger has 
been averted by the clause providing for home 
concerns the right to buy ore at the export price, 
and, more especially, of course, by the State be- 
coming so largely interested in, and able to control, 
the ore deposits. Another consideration has been 
the securing for the State of a revenue from the 
ore deposits from the outset; this has been brought 
about a tax to the exchequer on half the ore 
worked and exported, in addition to which the 
stipulated railway rates will yield a considerable 
income to the State. 

In order to obtain these advantages it is pro- 
posed that the Government should allow an in- 
creased ore export, and, further, that the ground 
right which the State owns in certain areas and 
mines within the district in question, should in the 
meantime be transferred to a company, in which 
the State should own half the share capital, in 
addition to which the State should guarantee that 
no export duty is to be levied on the ore from the 
mining district in question. The State is to 
transfer to the Luossavaara-Kirunavaara Company 
the areas and mines at Luossavaara-Kirunavaara 
and Gellivara ; but this arrangement does not 
practically affect the State’s right in these mines, 
inasmuch as that half, which at present belongs to 
the State as ground-owner, is to be transferred to 
the Luossavaara-Kirunavaara Company, in which 
company the State is to have half the capital. 
It may be mentioned here that ore has not yet 
“Kw broken in the areas in which the State owns 
rights. 

he State will receive half of the present Com- 
pany’s Gellivara Malmfilt’s assets, with the excep- 
tion of certain stocks, &c., the entire assets of the 
Mertainen’s Mining Company, the mines and 
claims in the Syvajarvi, Nokusvasvaara, and Han- 
kivaara mining districts now belonging to the 
Luossavaara-Kirunavaara Mining Company, half 
of the other assets of the company, with exception 
of certain stocks, &c., and the State, further, will 
have the exclusive right of exploitation for thirty 
years (1908 to 1937) of the Luossavaara ore deposits, 
and, should the State desire it, full ownership, 
without any remuneration, of the mines and claims 





within that district ; whilst the mines and claims 
enumerated above under the third arrangement at 
once into the possession of the State. The 

er to the State of the Mertainen mines 
takes place by the Luossavaara-Ki vaara Com- 
pany handing over all the shares in the said mines, 
of nominal value 5,000,000 kr. (278,000/.). As to the 
transfer of the half of the Gellivara, Malmfalt, and 
the Luossavaara-Kirunavaara Companies, this is 
brought about by the State becoming owner of half 
the Luossavaara-Kirunavaara Company ; which com- 
pany for that purpose will increase its capital to 
80,000,000 kr., half preference shares and half ordi- 
nary shares; and, further, for 16,016,000 kr. shares 
(new issue) they will buy the mines and other assets 
of the Gellivara-Malmfalt, with exception of certain 
stocks, &c. As for the present debts of the various 
concerns, of which the State becomes owner, part 
or otherwise, the Gringesberg-Oxelsésund Traftic 
Company has undertaken to pay all the debts 
on the Sestalngh mines up to the end of 1907, 
without any right to repayment, whilst the 
Gellivara Malmfalt is to hand over its concern 
free of debt through an arrangement with the 
Grangesberg - Oxelsésund Traffic Company about 
transferring certain values to that company. That 
portion of the Gellivara-Malmfilt’s assets which 
passes into the possession of the Luossavaara- 
Kirunavaara Companyis estimated at 24,024,000kr., 
which sum is to be balanced by the above-mentioned 
16,016,000 kr. in shares of the latter company, the 
balance of 8,008,000 kr. being premium over the 
par value of the shares. The debts of the Luossa- 
vaara-Kirunavaara Company up to the end of the 
present year are to be paid by the Grangesberg- 
Oxelsésund Traffic Company, in return for which 
the latter company obtains from the former sundry 
stocks and bonds. 

From the year 1908 to the year 1937, both 
inclusive, the State is to have an annual revenue 
from the preference shares, representing a fixed 
charge on half the quantity of ore which each 
oad has been worked in the company’s mines at 

irunavaara and Gellivara and removed from 
thence. This charge is to be 1 kr. (13.3d.) per ton for 
ore from Kirunavaara, and half that (50 dre) per 
ton for ore from Gellivara for the years 1908-1927 ; 
for the years 1928-32 respectively, 1.50 kr. and 
75 dre; and for the years 1933-37 respectively, 
2kr. and lkr. The preference shares do not 
carry any right to additional dividends for the 
years 1908-1937. From the latter year preference 
and ordinary shares will have equal rights as to 
the profits accruing from the working of the 
company. 

e State can become possessed of the entire 
assets and prpete of the Luossavaara-Kirunavaara 
Company y purchasing the shares in the com- 
pany, which now belong to, or before Decem- 

31, 1932, will have been acquired by, the 
Grangesberg-Oxelsdésund Traffic Company or the 
Gellivara-Malmfalt, which companies will be the 
principal holders of the Luossavaara-Kirunavaara 
Company’s ordinary shares: The value of these 
shares will be fixed by nine arbitrators, of which 
the King nominates three, the Gringesberg- 
Oxelsdsund Traffic Company three, the Corpora- 
tion of Stockholm one, the Corporation of Gothen- 
burg one, and the Technical High School, Stock- 
holm, one. In fixing the price, the average annual 

rofit of the years 1920-1929 will be ascertained 
with due consideration to writings off, &c.), and 
the purchase sum to be paid by the State will be 
25 times that of the average of the above annual 
profits on half the share capital (the ordinary 
shares), capitalised at 4 per cent. Should, however, 
the nine men in question estimate the quantities 
of iron ore still remaining at the end of 1932 within 
the area belonging to the company to be less than 
150,000,000 tons at the Kirunavaara ore deposits, 
and 37,500,000 tons at the Gellivara ore deposits, 
an amount has to be deducted from the purchase 
sum representing the egate value of such deficits. 

With reference to the railway rates, the State 
undertakes, during the period 1908 to 1932, to 
carry an aggregate of 75,000,000 tons of iron ore 
from Kirunavaara ore district to the Norwegian 
frontier at a rate of 2.64 kr. per ton. The above 
quantity is to be distributed as follows :—During 
the year 1908 itis proposed to work some 1,500,000 
tons, which quantity by degrees, but not by more 
than ,000 tons a year, is raised to 3,300,000 
tons annually. The State further undertakes to 
carry during the years 1908 to 1932 up to 1,200,000 
tons of ore annually, or as much more as the King 
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may see fit toallow from Kiruna to Svartén at a 
rate of 3.48 kr. per ton, as regards loading arrange- 
ments, &c., on the terms of July 1, 1898, for 
Gellivara ore—subject to the ag te quantity 
from Kirunavaara to the Norwegian frontier and 
to Svartén not exceeding 3,500,000 tons a year, 
and not exceeding the quantity of the previous 
year by more than 400,000 tons. Further, the 
State undertakes to carry, during the period 1908 
to 1932, from Gellivara to Svartén, an aggregate of 
18,750,000 tons of ore, from the Gellivara ore 
deposits, at a rate of 2.75 kr. per ton. This 
quantity is to be fairly distributed over the period, 
the company, however, having the right to de- 
spatch 1,000,000 tons annually the first five years. 
Finally, the Luossavaara-Kirunavaara Company is 
entitled to despatch, during the present year, an 
additional 150,000 tons beyond the stipulated 
quantity of 1,200,000 tons from Kirunavaara to the 
Norwegian frontier. 








FRENCH LEGISLATION ON ELECTRIC 
DISTRIBUTION. 

Tue French law of June 15, 1906, on electric- 
power distribution applies to all installations which 
are not for use in conjunction with telegraphs or 
telephones. It deals with two matters: Distribu- 
tion within the limits of private properties, and 
transmission along or across public thoroughfares. 

No authorisation or declaration is needed for 
transmission: when the mains do not cross public 
thoroughfares at any point, and do not follow 
the latter, or when they run through two or more 
private properties adjoining each other. The 
mains, however, must not lie at less than 10 
metres (33 ft.) in a horizontal plane from a pre- 
existing telegraph or telephone line. If there are 
any such lines crossing a private property, authorisa- 
tion for laying an electric main has to be obtained 
from the Prefect, the Government representative in 
each ‘‘ department.” In order that the authorisa- 
tion be given, a number of technical conditions 
have to be met, which apply both to mains laid in 
public thoroughfares and in public properties; but 
the difficulty lies in the fact that these conditions 
are not yet decided upon, although the law has 
been in force for a number of months. The 
conditions in question will deal with matters of 
safety, with the satisfactory working of the public 
services, and also with the preservation of country 
scenery. The delay is caused by the time taken in 
the settlement of a joint resolution by the Public 
Works Committee and telegraph officials. 

When an electric distribution-main is to be laid in 
a public thoroughfare, even for a small part of its 
total length, a permission has to be obtained from 
the Public Roads Commission ; this permission, 
when granted, does not specify any time limit within 
which the main can be left in situ. Besides this, 
a similar permission can be granted to any com- 
petitor who wishes to lay mains beside those 
already laid. The authority which grants permis- 
sion for the laying down of an electric-current 
distribution system has no right to interfere with 
the commercial conditions of this distribution 
system, and has no power to specify that maximum 
tariffs shall not be exceeded for the sale of current ; 
the matter is not considered as a concession by the 
French legislation. The distribution companies 
have simply to pay a certain sum for taking up a 
part of the public thoroughfares, and for general 
supervision of the lines. 

Those commercial companies, however, who wish 
to continue working in complete safety, without 
the risk of having a permission withdrawn, have 
recourse to the concession system. A concession 
is granted only after the public authorities have 
agreed upon the rules and regulations which are to 
govern the relations of the concessionaire with his 
clients, and particularly upon the maximum selling 
prices of current. As in the case of railway 
concessions, the rules and regulations in matters 
of electric current supply are drawn up in a special 
form approved by the Court and Council of State ; 
they are accompanied by special conventions, which 
may contain exceptions to the rules and regula- 
tions, and have to be approved also, as stated 
further on. 

_ Concessions may be granted under varying con- 
ditions. The concessionaire com may desire 
or not to have the benefit of the advantages of 
compulsory purchase, which greatly facilitates the 
taking over of lands by the company, or the occu- 
pation of private properties, or of such parts which 





it needs for laying the lines or mains. In order 
that the company may obtain these advantages, it 
is n that the undertaking be endorsed 
as being for the benefit of the public service ; and 
as this pronouncement entails to some degree a 
violation of private rights (a landowner cannot 
refuse to sell to the concessionnaire company 4 
portion of his lands or rights), the concession has 
to be surrounded by certain legitimate precautions. 

When there is no declaration made to the effect 
that the undertaking is to be for the benefit of the 
public service, and the concessionaire company con- 
siders that it will be able to come to terms amicably 
with landowners, the authorisation is given by 
the ‘‘commune” or by the various ‘‘ communes ” 
over which the mains will be laid. As, however, 
local authorities in France have no real inde- 

ndence, the concession has to be approved by the 

refect, the State representative in every depart- 
ment. When distribation extends over a wider 
area, several ‘* departments” for example, the con- 
cession has to be authorised by the Minister of 
Public Works. A decree signed by the President 
of the Republic has to be obtained when the general 
rules and regulations set forth -are not strictly 
adhered to. 

When the concessionnaire wishes to obtain the 
advantages of the public service declaration, the 
concession can only be granted after approval by a 
presidential decree. When this is obtained, the 
concessionnaire is at liberty to compulsorily put- 
chase the necessary Jands; he also can put down 
supports and anchoring ties for aerial lines, both 
on outside walls or on sides of buildings which 
give on public thoroughfares, and on roofs and 
terraces, on condition that access can be had to the 
latter from the outside, and provided all required 
measures are taken from the point of view of safety. 
He can also cause the lines to cross private pro- 
perty, and put down underground mains, or founda- 
tions for aerial lines, on privately-owned land which 
is not built upon and is not enclosed by walls. 
He is also at liberty to cut down branches of trees 
likely to come in contact with the aerial lines. But 
all these rights can only be exercised by the con- 
cessionnaire after an inquiry has been held, and 
approval has been given by the Prefect. The 
owner is not dispossessed; he can quite as freely 

ull down or repair his buildings or increase their 
height ; he can also shut in his property, or cause 
buildings to be erected upon it, notwithstanding 
the fact that mains are laid in it. 

As a rule, concessions for electric current distribu- 
tion are granted without a monopoly beingconferred. 
A similar concession may be granted to a competitor, 
in which case the latter is not allowed to grant 
more favourable tariffs than the former conces- 
sionnaire, thus mitigating competition to a certain 
extent. hen a concession for public or private 
lighting is granted by a ‘‘commune,” or a group 
of ‘‘communes,” it may be specified in the grant 
given the first concessionnaire that he alone will 
have the right to take advantage of the public 
thoroughfares. But this reservation a not 
apply to a subsequent concession dealing with 
current distribution for power. 

In exchange for having thus placed the thorough- 
fares at the disposal of the concessionnaire, the 
State, or the ‘‘communes,” obtains current at 
special rates. At any time a public authority can 
demand that mains be removed or modified; in 
which case the concessionnaire receives an in- 
demnity, the amount of which is fixed by the 
Court. 

Schemes for current distribution have to be 
examined by representatives from the various 
Ministries who are interested in their establish- 
ment or working; effective working can only be 
commenced after official trials have taken place and 
a special authorisation has been given. 





PHYSICAL AND ENGINEERING USES 
OF THE MICROSCOPE, 

Tue presidential address which Mr. Walter 
Rosenhain, B.A., Superintendent of the Metal- 
lurgical Department of the National Physical La- 
boratory, delivered to the Optical Society on 
Thursday, the 18th inst., deserves the attention of 
both the practical optician and the engineer and 
metallurgist. While the biologist and naturalist 
here, as well asin other countries, habitually resort 
to the microscope, the metallurgist, and, still more, 
the engineer, have so far made comparatively little 
use of this most valuable instrument. Mr. Rosenhain 





showed how a properly-constructed microscope 
could assist the metallurgist, provided he knew 
how to interpret the. microscopic images, and Dr. 
Walmsley — Mr. Ch. Hyatt-Woolf, who 

and seconded the vote of thanke to the President, 
admitted that the British optician was y to be 
blamed for the diffidence of the British metal- 
lurgist, who had had to obtain his microscopes 
from abroad. 

In enumerating the chief applications of the 
microscope in the engineering laboratory, Mr. 
Rosenhain first referred to the microscope as a line- 
of-sight instrument. Too high magnification, he said, 
was not desirable for that purpose, as it was difficult 
then to determine accurately where the scratch on 
a glass plate, or on an invar slab, really commenced. 
When the micrometer microscope was to serve for 
direct measurement of small objects with the aid 
of an eye-piece scale, the pressure of the finger 
might be sufficient at high magnification to deflect 
the microscope tube if it moved as a sliding fitting ; 
this difficulty could be avoided by making the tube 
fixed and doing all the focussing on the stage. 
Many measurements could easily be made by throw- 
ing an image of the object on the screen. When 
the object was not flat—a screw, e.g.—the light 
should pass the threads tangentially, so that we saw 
a profile edge like a geometrical shadow. On this 
shadow pitch, angle, and radius could be measured ; 
and if we moved the object across the screen and 
further let a line shadow fall on the screen, we 
could readily examine each thread as it approached 
the line; this method, which admitted of high 
accuracy and also of rapid testing, was to be used 
at the National Physical Laboratory. 

Having briefly touched on the determination of 
the optical properties of small specimens, Mr. 
Rosenhain passed to the important. metallogra- 
sewer work. It was, he said, a comparatively young 

ranch of research, and it was not always under- 
stood that what the microscope showed us was not 
merely a magnification of what the naked eye saw. 
‘The microscope presented to us hieroglyphs, difficult 
to interpret, perhaps, but of the greatest import- 
ance. Mr. Rosenhain explained the interpretation. 
For metallographic work we had to prepare a_per- 
fectly polished surface with the aid of fixed—not 
loose—abrasives (emery-paper, ¢.g.), which left 
systems of scratches on the pattern ; these scratehes 
had to be removed with the help of rouge, mag- 
nesia, alumina, &c., and the treatment caused the 
surface layer to flow. The specimen would then 
look bright under normal illumination, and dark 
under oblique illumination, and we had to bring 
out a pattern by etching with acids or salts. The 
specimen displayed either a simplex structure, 
ponerse of a pure substance or homogeneous 
alloy, or a duplex structure of patches, which 
chemicals beens out more clearly, since no two 
substances were equally corroded. Under normal 
illumination, now, the unattacked horizontal por- 
tions would appear bright, because they reflected all 
the light up, and the pitted portions would appear 
dark ; the appearance rae” change and be more 
or less reversed when the light came from the 
sides. Even a simplex structure metal would 
exhibit a pattern, because the elements making up 
neighbouring crystals would be —— oriented, 
and edges and faces would be corroded to a dif- 
ferent degree. How these patches changed in 
appearance under illumination from different sides 
was demonstrated with the aid of slides placed in 
a Zeiss lantern, and sue tenn got with revolving 
stages lent by Messrs. Beck and others. 

If the specimen, lead for instance, was strained 
while on n cape senders stage, the surface became 
covered with fine wavy lines, as the lecturer ob- 
served in 1899. These striz were not cracks, but 
slip-bands ; the elements slipped over one another 
like the leaves of a bent book, in which the leaves 
themselves were not deformed by the bending. 
That the dark lines were not furrows and ridges, 
as had been assumed by French metallurgists, could 
be proved in the following way. . Each furrow or 
ridge, would, under vertical illumination, mark 
two dark lines, corresponding to the two slopes, 
from which no light was reflected up. into the eye- 

iece. Under oblique illumination from right and 
eft we should, on the whole, expect to see as many 
slopes, or dark lines, from the one side as from the 
other ; but if we placed a red lamp on the right 
and a blue lamp on the left of the microscope, the 
numbers of red and of blue lines were by no 
means equal, The slip-lines, in fact, represented 
little steps, and some of these steps might slope 
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to the right, and others to the left, because there 21 deterioration or corrosion. ; £ 
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crystal elements might slip. The steps could 
poten A be made visible & depositing copper 
electrolytically on the metal an ca a cut 
through the seam of, say, iron and copper. In some 
of the specimens exhibited, the steps were perfectly 
plain and distinct ; in mild steel they were very 
minute, and in trying to examine them, we almost 
revched the limits of resolving power of our instru- 
ments; here the microscope of Zeiss with ultra- 
violet illumination would help us further. 

Having given these hints, which will prove 
useful for the guidance of engineers and chemists 
who are not experts in metallography, Mr. Rosen- 
hain dwelt on the requirements of the metallurgical 
microscope. The metallographer should be able to 
apply with ease vertical illumination from above, 
not from below by transmitted light, and illumina- 
tion from the sides. The stage of Mr. Rosenhain’s 
own microscope could be completely rotated rela- 
tively to the light, which entered from three sides— 
front, right, and left—through apertures in the 
microscope tube. The best source of light was a 
Welsbech burner: and the beam was, for vertical illu- 
mination, directed on to a reflector inclined at 45 deg. 
This reflector might be silvered and cover half the 
aperture of the objective, or it might be a whole- 
field glass plate. The serious diminution of the 


light intensity was smaller in the former case, but | _ 


for absolutely axial illumination the latter arrange- 
ment was alone to be recommended. These illu- 
minators should be readily interchangeable, for the 
focussing should not be disturbed in the slightest 
way during micrographical examination. We indi- 
cated in our issue of February 23, 1906,* how 
Mr. Rosenhain has solved these and some other 
problems to which he referred in his address. 

The lecturer finally turned to another, com- 
paratively recent application of the microscope 
which Professor Th. H. Behrens icularly has 
developed in Leiden. This method of qualitative 
micro-chemical analysis was too little known, he 
said, here in England. When we had to deal with 
minute specks, the ordinary analytical methods 
failed, but Behrens had detected 2 millionths of a 
gramme of sulphur in dust. In these analyses the 
substance is dissolved in the smallest possible 
bulk of liquid, and added reagents are added which 
form sparely soluble compounds, yielding charac- 
teristic crystals, easily identified with the micro- 
scope. Other promising fields of application of the 
microscope, the lecturer observed, had scarcely been 
opened up, and there was no doubt that suitably 
constructed instruments could teach us a great deal 
yet. : 





THE WORKING OF THE BOILER 

EXPLOSIONS ACTS. 

Tae annual report for the year ended June 30, 
1906, on the working of the Boiler Explosions 
Acts, 1882 and 1890, has been issued by the Board 
of Trade. During the period named, forty-one 
preliminary inquiries and thirteen formal investi- 
gations were held under the provisions of the Acts. 
The fifty-four explosions thus dealt with caused the 
death of twenty-tive persons, and injury to twenty- 
one others. The number of persons killed was 
slightly below the average number killed annually 
during the past twenty-three years ; but the report 
states, it is satisfactory to note, that while the 
number injured during the past year is only about 
one-third of the average, and that while the number 
of explosions is less than for any year since 1887, 
the total number of killed and injured is the 
smallest recorded for any year since the Act of 
1882 came into operation. 

Out of the total number of explosions recorded, 
thirty-five occurred on land, and nineteen on board 
vessels. On analysis, it appears that out of these 
fifty-four explosions, twenty-two of the boilers, &c., 
were not under any special system of inspection ; 
fourteen were under boiler insurance companies ; 
eight were under marine insurance companies ; 
eight were under Lloyd’s; one under Lloyd’s and 
the Bureau Veritas ; and one under the rd of 
Trade. 

— B, C, and D, added to the report by 
Mr. R. Ellis Cunliffe, solicitor to the Board of 
Trade, give further information. 

Appendix B describes the causes of the explo- 
sions during the year as follow :— 


* See ENGINEERING, vol. Ixxxi., page 251. 








11 ignorance or neglect of attendants. 
3 miscellaneous. 
The explosions arose from the following boilers 
or vessels :— 
14 horizontal multitubular. 
4 vertical. 
8 cylindrical, Cornish, Lancashire, &c. 
5 locomotive. 
1 water-tube. 
17 steam-pipes, stop-valve chests, &c. 
5 miscellaneous. 
Appendix C gives the total number of explosions 
dealt with since the passing of the Act of 1882, the 
number of lives lost, and persons injured :— 
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Year. bon of i ed 
Explosions. Number of | 
Number of 
Ee Persons Total. 
Lives Lost. Injured. 
1882-3 45 35 33 68 
1883-4 41 18 62 
1884-5 43 40 62 102 
1885-6 57 33 79 112 
1886-7 37 24 44 68 
1887 8 61 31 52 &3 
1888-9 67 33 79 112 
1889-90 77 21 76 
1890-1 72 32 61 93 
1891-2 83 23 82 105 
1892 8 72 20 37 67 
1893-4 1% 24 54 78 
1894-5 1l4 43 85 128 
1895-6 79 25 48 73 
1896-7 80 27 75 1¢2 
1897-8 8t 37 46 
1898-9 68 36 67 103 
1899-1900 59 24 65 
1900-1 72 33 60 93 
1901-2 68 30 55 85 
1902-3 69 22 67 &9 
1903-4 60 19 45 64 
1904-5 57 14 40 54 
1905-6 54 25 21 46 
Totals oe 1623 669 1395 2064 
Average of 24 a 
years ° 67.8 27.8 58.1 86 


It will be seen, the report states, from the 
figures given in Appendix C that the general ten- 
dency is in the direction of increased security in 
the working of boilers. 

Appendix D states that the thirteen formal in- 
vestigations held during the year related to 


2 Cornish boilers. 

3 aoaion. . : 

1 portable locomotive boiler. 
1 vertical boiler. 

1 plain cylinder boiler. 

1 stop-valve. 

3 marine boilers. 

1 Lancashire boiler. 


The explosions resulted in the death of twenty- 
three persons and injuries to twelve persons. The 
causes of the explosions, the report adds, had been 
clearly ascertained, and in no case had the explo- 
sion been shown to be attributable to unavoidable 
accident. 

The report refers in detail to the various explo- 
sions respecting which formal investigations had 
been conducted during the year, but as particulars 
of most of these have been given in our columns, 
we need not refer further to them. As a result of 
3 formal investigations, the Commissioners found 
that— 


One explosion was due to neglect of owner. 

Two explosions were due to neglect of servants, for 
which owners were responsible. 

One explosion was due to neglect of a ship’s engineer. 

One explosion was due to neglect of an engineer. 

In one case explosion was due to an error of judgment 
on the part of the engineers of a ship. 

In one case no one was to blame. 

In one case the owner, the manager of the works, and 
works engineer were each to blame. 

In one case a boiler insurance company’s inspector’s 
examination was defective. 

In one case the owners and a firm of boiler-makers 
were to blame. 

In one case a servant of the owners was to blame. 

In one case a ship’s chief engine driver and the owner’s 
superintending engineer were to blame. 

n one case owners and their manager were re- 

sponsible. 

The following amounts were ordered to be paid 
by the Board of Trade towards the costs and ex- 
penses of the investigations :— 


£ 
Owners 10 in 2 cases, 
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The gross total amounted to 250/., as against 
4011. the previous year. 








NOTES. 
Srupres 1n MaGNeTISM. 


Tue subject of Principal S. P. Thompson’s 
second lecture, delivered at the Royal Institution 
on Saturday, April 20, was the compass. Rare old 
prints, quaint and modern com cards, and 
models, covered the lecture table, and the discourse 
was chiefly of historical interest. In his first 
n had referred to the first part 
of the remarkable letter of Petrus Peregrinus, of 
1269. The second, most wonderful, part of this 
letter, the lecturer said in his second discourse, 
contained the descriptions of three instruments : 
a floating lodestone, surrounded by a divided circle 
of the astrolabe pattern; a true compass, with 
needle to be touched by the lodestone, transverse 
needle axis of brass, top and bottom pivots, trans- 
parent divided circle, and a kind of roof; a 
perpetuum mobile, whose chief part was a pivoted 
magnet. There had certainly been crude com- 

asses before this invention of the pivoted magnet 

y Peregrinus. A cardinal accompanying the 
fourth crusade, 1204 (which ended with the con- 
quest of Constantinople and the establishment of 
the Latin Empire there, 1204-1261), commented on 
the use of compasses floated with the aid of two 
pieces of cork instead of one piece. The crusades 
favoured the rapid spreading of the compass to the 
northern countries. Flavio Gioja, of Amalfi, who 
had so often been credited with having invented the 
compass in 1304, was a mythical person ; but it was 
probable that the sailors of Amalfi—an important 
port in those days—improved the compass and put 
it into a box ; one of Dr. Thompson’s beautiful prints, 
showing a compass-box with sight, bore the inscrip- 
tion ‘‘ pixis vel buxola,” from which words the 
Italian and French terms for the compass seemed 
to be derived. As regards the Chinese priority, 
Klaproth had proved, in his correspondence with 
Humboldt, that in Chinese manuscripts there was 
not any reference to lodestones prior to the second 
century B.C.; magnetic needles were first men- 
tioned in 121 a.p., floating needles in 1111, pivoted 
needles in 1297 ; yet the Chinese still used floating 
needles in 1680. Dr. Thompson proceeded to 
demonstrate by a large number of illustrations 
from old manuscripts and prints the evolution of 
the compass-card from the wind-roses of the ancient 
Greeks and other nations. As regards the magnets, 
Peter Barlow introduced, about a century ago, the 
four (or five) small parallel needles of the Admiralty 
pattern compass, which Lord Kelvin later improved, 
principally by reducing the weight. Kelvin’s card 
consisted of an aluminium rim, silk cords, and 
six fine needle-magnets. Gowan Knight had used 
several parallel magnets about 1775. The favourite 
shapes of the magnets had been diamonds, in full 
or only in outlines, and bars, with straight or in- 
dented ends, pivoted flat or edgeways. With the 
aid of iron filings, Knight had proved that a lens- 
shaped magnet, consisting of two flat arcs joined by 
a bridge-piece, readily took up a strong mag- 
netism, but that this shape also developed false 
poles easily. 


GERMAN Exectricitry Works 1n 1906. 


The statistics just published of German elec- 
tricity works for April, 1906, compiled by the 
Elektroteckwische Zeitschrift, show again a marked 
increase. In fact, the curve has of late become 
steeper. As in the previous years, the statistics 
deal only with public plants. Any group of plants 
which is under the same administration in one 
district is counted only as one concern. Thus the 
six municipal electricity works of Berlin, with a 
total capacity of 108,956 kilowatts, figure only as 
one plant, while the several electricity works of 
Hamburg and of Karlsruhe, which are financially 
independent of one another, are counted separately. 
In this sense we find 1338 works in 1906, against 
1175 in 1905. There were, further, 368 works 
awaiting completion, of which 50 had started supply 
by the time the statistics were ready for the Press. 
From some 200 more works no replies had been 
received to the inquiry sheets, but it may be 
assumed that 1600 public electricity works were 
supplying light or power, or both, in 1906. The 
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statistics, which cover more than 60 pages, mention 
the number of inhabitants of the district, according 
to the census of 1905, the current system and fre- 
quency, primary power, normal capacity, both of 
engines and batteries, number of glow - lamps 
averaged at 50 watts, number of arc-lamps averaged 
at 10amperes, power of electric motors joined to the 
network (not counting tramway motors), number 
of electricity meters, terms of supply, capital in- 
vested, date of opening of the works, distribution 
by cable or aerial wires, or both, and special features. 
The averaging of glow-lamps has also been extended 
to the various new filaments of osmium, tantalum, 
osram, wolfram, zirconia, and to Nernst lamps. The 
general progress is shown by the following figures, 
which refer respectively to the years 1894, 1905, and 
1906, 1894 being the year when these statistics were 
first compiled by our contemporary :—Number of 
works, 148, 1175, 1538; number of glow-lamps, 
493,801, 6,301,718, 8,240,596 ; number of arc-lamps, 
12,357, 121,912, 154,913 ; aggregate horse-power of 
motors, 5635, 300,428, 377,838; capacity in kilo- 
watts—for light, 30,869, 376,042, 489,485 ; for power 
—5072, 279,395, 340,056 ; capacity totals, 35,941, 
655,427, 829,541. The electric power in fifty large 
towns, possessing 53 plants of more than 2000 kilo- 
watts each, sums up to 414,511 kilowatts. As 
regards the current system, we find, in 1906, 1080 
works supplying only direct currents to a total 
capacity of 253,144 kilowatts (69,334 in accu- 
mulators); 37 works supplying only agg 
(mono and bi-phase currents — capacity, 24, 
(accumulators, 115) kilowatts; 96 works, giving 
tri-phase currents only—capacity, 131,916 (accu- 
mulators, 2331) kilowatts ; two mono-cycle plants 
—capacity, 1657 (accumulators, 152) kilowatts ; 
both direct and alternating currents are sup- 
plied by 18 works— capacity, 26,176 (accumu- 
lators, 2540) kilowatts; direct and tri-phase currents 
by 100 works— capacity, 272,788 (accumulators, 
39,064) kilowatts; direct, alternating, and tri-phase 
current are supplied by one works—capacity, 13,316 
(accumulators, 38) kilowatts. As regards primary 
poms we have steam in 616 works, of 317,430 

ilowatts ; water power in 135 works, of 14,683 
kilowatts ; wind power in one plant, of 220 kilo- 
watts.; gas power in 170 works, of 20,286 kilowatts ; 
Diesel motors in nine works, of 1059 kilowatts ; 
water and steam power in 250 works, of 96,260 
kilowatts ; water and gas power (also petroleum) 
in 67 works, of 4702 kilowatis ; steam and gas 
power in 40 works, of 12,704 kilowatts ; and mis- 
cellaneous power (sometimes not specified) in 40 
works, aggregating about 142,000 kilowatts. Thir- 
teen of the works were established before 1888 ; 
eight were opened in 1889; four in 1890; the number 
of new installations then went up steadily to 144 in 
1898, 134 in 1899, and 145 in 1900; after 1900 
the development was less brisk, the numbers being 
94, 101, 105, 107, 101, and 23. The last number 
refers only to the first three months of 1906. 


Pustic Works 1n New Sourn WALEgs. 


The last report of the Public Works Department 
of New South Wales records an expenditure for 
the year ending June 30, 1906, of 1,752,542). The 
expenditure on roads, bridges, ferries, &c., 
amounted to 497,061/., and that on railway and 
tramway construction to 309,0741. On water 
supply and sewerage 197,545/. was spent, while on 
harbours and rivers a sum of 177,978l. was ex- 
pended. In the roads and bridges branch of the 
department the most important events of the year 
have been the completion of thirty-six bridges of 
over 20-ft. span and upwards. Among these was 
a bridge over the Hawkesbury River at Richmond, 
consisting of thirteen arched 50-ft. spans of rein- 
forced concrete construction, the whole having a 
length of 722 ft., with a clear roadway of 214 ft. 
Avother bridge opened to traffic during the year 
was a steel-truss bridge over the Hunter River at 
Singleton. Commenced in 1904, this was com- 
pleted at a cost of 14,0801., and opened in 
September, 1906. A bascule bridge of the 
rolling-weight type, giving a clear water-way of 
60 ft., has been completed and opened for traffic 
over the south arm of the Clarence River at 
Maclean. Work on the bridge over the Macquarie 
River at Narromine is making good progress. The 
State now possesses a total road mileage of 33,977 
miles, which is an increase of 493 miles on the 
previous year. In the Railway Construction branch 
the line from Casino to Grafton (67 miles in length) 
has been completed and handed over to the Rail- 
way Commissioners, while work is in hand on other 





extensions of an aggregate length of some 139 miles. 
The New Central station at Sydney is at last re- 
— to be practically finished, a sum of 575,000I. 
ving now been expended on this work, while 
further works now pro will, it is thought, 
bring the cost of the whole scheme to 718,600/. In 
the matter of harbour works steady progress con- 
tinues to be made. Training-walls and breakwaters 
of a total length of 374 miles have been constructed 
during recent years, but this only represents two- 
thirds of the work uired to complete the 
schemes now in hand. The works on the Rich- 
mond River have now resulted in an expendi- 
ture of about 345,872]. The rock used in these 
breakwaters, &c., is hard sandstone, blocks up 
to 20 tons in weight being quarried at a point 
19 miles up stream and conveyed to wharves by rail, 
and thence down stream to the training works, &c. 
Altogether some 48,782 tons of stone were quarried 
for this work during the year, at a cost of 30.5d. per 
ton. Over 1,267,000 tons have been used in these 
improvement works up to date. Work on the 
Clarence River has resulted in an expenditure of 
527,000/., and as it is thought that the work already 
completed will be sufficient for present require- 
ments, the completion of the original scheme of 
improvements is postponed for the present. At 
Newcastle continued progress is reported. Here 
some 74,000 tons of stone were deposited on the 
northern and southern breakwaters during the year. 
As the heavy seas were found to be damaging the 
work, the minimum limit of weight of rear ny been 
raised from 5 to 12 tons, while the largest block de- 
sited during the year weighed as much as 34 tons. 
k excavation in the harbour resulted in 12,717 
tons of rock being removed from the port over an 
area of 28,200 square feet. A rocky obstruction at 
Tomago is also in course of removal. The average 
cost of rock removal within the harbour worked 
out at 4s. 5$d. per ton. Accounts show that 
dredging with a ladder dredger cost on an average 
for all works 2.21d. per ton last year, a decrease of 
0.43d. per ton on the figure for the previous year. 
Dredging by sand-pump cost 3.34d. per ton; by 
combined grab’ and sand-pump, 5.60d. per ton ; 
and by grab alone, 9.80d. per ton. Considerable 
progress was made with irrigation and pages | 
schemes. The Catennad. Dann was far enoug 
advanced for some 450 million gallons of water to 
be impounded during the rains. In water-supply 
schemes the heaviest expenditures for the year 
occurred in connection with the Boomi Bore (total 
to date of —_ 9594’.); the Curlewis Tank, 
11,5101. ; the Euraba Bore (total to date of report, 
92121.) ; Moomin Creek Bore, on which 32591. had 
been spent up to the time of issuing the report ; 
and the Neargo Bore, on which 42701. has been 
spent. Various other works of considerable im- 
portance to the State have been in hand, includin 
work on the Barren Jack Dam, while drainage an 
other schemes, the erection of public buildings, &c., 
have all made fair progress. 





Pic in France.—The production of pig iron in France 
in the second half of lust year was 1,745,528 tons, as com- 
pared with 1,576,748 tons in the first half of 1905. The 
output for the second half of 1906 was made up as follows: 
~Cosiing pig, 308,650 tons ; patting pig, , 280 tons ; 
Bessemer pig, 69,617 tons; Thomas pig 328 tons; 
and manganiferous pig, 26,653 tons. The output for 
the whole of 1906 was 3,319,032 tons, as compared with 
3,076,712 tons in 1905. In last year’s total casting pig 
figured for 591,275 tons, puddling pig for 741,571 tons, 
Bessamer pig for 149,971 tons, Thomas pig for 1,784,726 
tons, and manganiferous pig for 51,489 tons. 


Contracts.—The Grangemouth and Greenock Dock- 

ard Company have received an order from Canada for a 
Lake steamer for lumber and trade. The vessel 
will be 240 ft. in length by 43 ft. by 22 ft., and classed 
British Corporation. At the present time this firm have 
in hand another steamer for the ian Lakes. This 
firm has also obtained an order from Messrs. Harland 
and Wolff, Belfast, for a large floating crane pontoon, 
measuring 150 ft. by 85 ft. by 13 ft. This pontoon is to 
peight of 100 te The crane willbe. supplied by the 

eight of 150 ft. crane wi supplii the 
Benrather Maschinenfabrik Acti Ilschaft. —Mesars. 
Glenfield and Kennedy, Limited, Kilmarnock, have 
obtained a contract from the Norwich Water Works for 
a beam pumping engine capable of raising 1450 gallons 
per minute 
cylinder will be 36 in. in diameter by 7 ft. stroke ; the 
4 24} in. in diameter by 6 ft. stroke, and 314 in. by 

ft. stroke.—We unders that Messrs. Mountain and 
Gibson have obtained an order from the London County 
Council for 300 pairs of maximum traction trucks, this 
being the fifth consecutive order by the London 
County Council with this firm. The firm have also in 
hand cara for Llandudno, Delhi, Coventry, and other 
places, and trucks both for home and abroad. 


nst a total head of 350 ft. The steam | tors 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 17. 

Tue reports from various steel centres during the 
past week are erie A repetition of conditions pre- 
viously prevailing. ere are some Sa 
in Eastern markets regarding the prices at which pig 
iron can be bought for immediate and late deliveries. 
In some cases concessions have been made. In many 
instances large orders for late delivery were placed at 
full prices. The pipe-manufacturers are the heaviest 
buyers, as pipe-line work is abundant, and the manu- 
facturers have been slow to anticipate their summer 
requirements, Some of these shipments are to be 
made to the Rocky Mountains region and to the 
Pacific Coast. Bessemer iron has been selling freely 
in the central west. English and Scotch irons have 
been wavering, the widest — of prices showing a 
difference of 2s. No. 3 Middlesbrough is selling at 
19.50 dols. in this territory. It seems to be pretty 
well established that all kinds of crude iron, when sold 
in large lots, are weakening, the difference amounting 
since January 1 to as much as 2 dols. per ton in some 
cases, Iron-makers are discussing the possibility 
of a further decline in crude iron, in view of the 
heavy transactions which have just been closed, and 
which will take the larger consumers out of the 
market for some months to come. Last week trats- 
actions in steel making irons a ted over 250,000 
tons, nearly all of which is to be delivered during the 
second half of the year. The Youngtown Sheet and 
Tube Company purchased 150,000 tons of iron at 
21 dols., and an independent dealer sold in the 
aggregate 100,000 tons for shipment during the 
second quarter and the last of the year. The 
buyers were the Sharon Steel Company and the 
Allegheny Iron and Steel Company. The New York 
Air-Brake Company is closing this week for 22,000 
tons, and the American Radiator Company for 21,000 
tons. The pipe-makers are in the market for large 
quantities, estimated at somewhere between 25,000 
and 50,000 tons. It is believed that these large trans- 
actions are the result of concessions quietly made, as 
above indicated, but the truth of this supposition is 
not to be had under any circumstances. In finished- 
steel products rails for traction lines are very 
active. The Chicago City Railway is in the 
market for 10,000 tons, and the Union Traction 
Company, of the same city, wants a like amount. 
Orders for 8000 tons have n.taken for export to 
China and Japan. Numerous small orders for 1000 
tons or more have been placed for traction lines in 
many cities. Orders for structural material are coming 
along. San Francisco has placed orders for 3000 tons, 
and builders in Seattle, Washington, have contracted 
for 2000 tons. A bridge over the Ohio River at Pitts- 
burg will call for 10,000 tons, and the Michigan Central 
Railway wants 2500 tons for bridges. Another bridge is 
to be built across the Mississippi River at Chaffee, 
Arkansas. The demand for coke and coal is very 
heavy, and the production this year is in excess of last 
year. All of the coke plants in Western Pennsylvania 
and West Virginia are now working full time. The 
demand keeps prices at the top limit, notwithstanding 
a little accumulation of stock at some of the remote 
ovens, Heavy shipments of iron ore will begin in 
about a week, as the navigation season then opens. 
A number of new vessels just from the yards will be 
put to work. They are of very large capacity, and 
will slightly reduce the cost of transportation. 





Trent Navication.—The annual meeting of the Trent 
Navigation Company has just been held at Nottingham, 
Mr. H. Robson in the chair. The presented states 
that the receipts on revenue account for the past year had 
been 20,664/., as compared with 21,553. in 1905. The 
traffic carried by the company last year was 63,346 tons, 
as com with 66,158 tons in 1905. This was partl 
due to the low state of the river during the second half 
of 1906, and partly to a combination of other adverse 
circumstances of a more or less temporary character. The 
directors are about to proceed with a lock at Cromwell, 
and other improvements. The chairman, in moving the 
adoption of the report, said that during the past eleven 
years the company had made a gross profit of 12,930/., 
while in the eight preceding years it sustained a loss 
of 1329. The directors had found that wherever the 
river was under the influence of a lock, for the 
distance above the navigation was easy; but as 
soon as it lost its influence, the company’s troubles 
began. The directors were satisfied, according! , that 
if they could put a sufficient number of locks and 
weirs into the river the navigation would be quite satis- 
factory ; and they were also Of opinion that with a good 
waterway, they would get plenty of yg ha = 

proposed to begin by constructing a at Crom- 
well, 6 miles below Newark, and to do a considerable 
amount of dredging between Newark and Torksey. 
works would not only promote trade between 
Newark and Hull, but they would also benefit trade 
higher up the river. The new works would 
cost about 40,0002. The net revenue of the company 
should not be less than 4000/. or 5000/. pt annum. 
80 — interest upon the 40,000/. would be amply 
covered, 
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SPECIAL ELECTRIC TRAIN ON THE LANCASHIRE AND YORKSHIRE RAILWAY. 
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DurinG the year of 1906 the sphere of electric trac- 
tion was extended on the Lancashire and Yorkshire 
Railway to include Aintree, thus adding to the mileage 
worked electrically by some 5 or 6 miles of road. This 
extension is expected ultimately to prove of consider- 
able benefit, for Aintree, situated to the north-west of 
Liverpool, is not only a growing residential suburb of 
that city, but is also of importance as the scene of the 
‘*Geand National.” At such times as race meetings 
the railway company has, of course, to cope with a 
considerable amount of special and extra traffic, and 
on the occasion of the Spring Race eymcin, | held on 
March 21 to 23 last, such special trains from Liverpool 
were for the first time all worked by electric power. 
The specials were six in number, and were probably the 
longest and heaviest electric trains ever run in this 
country, taking the place of steam trains of similar 
capacity. A distinct advantage in the handling of 
such traffic is obtained with electric trains, for while 
with steam trains it was necessary at the end of each 
journey to do shunting operations in order that a 
fresh lsstaantive may attached to the train for 
the return journey, such work is obviated with the 
electric trains. 

Four of the special trains used on the occasion to 
which we have referred consisted of ten ordinary six- 
wheeled trailer carriages, over the roofs of which 
cables had been run tv connect standard electric motor- 
cars, placed one at each end. Of one of these trains we 

ive an illustration above. The motor-cars are 60 ft. 
ong, and are each equipped with four 150-horse-power 
motors. By trains made up in this way the company 
were enabled to utilise a considerable amount of ordi- 
nary stock. The other two trains were made up of stock 
having a similar capacity, but using ordinary electric 
trailer carriages. The horse-power of each train 
nominally can be taken to be 1200, buth sets of trains 
being approximately 460 ft. long, each capable of seat- 
ing over 500 passengers, and weighing about 230 tons. 








Tur TeLeGRaPHone.—The longest distance over which 
the human voice has been transmitted is believed to be 
from Montreal to Winnipsg, 1430 miles, over a special 
copper wire along the Canadian Pacific Railway, This 
wire, which has intermediate connections only at North 
Bay and Fort William, was installed by the railway com- 
pany for its telegraphone system, by means of which two 
messages —one by telephone and the other by telegraph— 
can be transmitted simultaneously over the wire. 





Borovucu Po.iyTecunic InstrtvTe.—On Satarday, April 
20, an exhibition of students’ work was held at the 
Borough Polytechnic Institute. At this function there 
was not only an exhibition of work accomplished by the 
students of the Institute in the various courses of the 
winter session, but practical demonstrations were given 
in the different classes. The. workshops were in full 
swing, and during the exhibition entertainments were 
given by the students, such as concerts by the Institute 
orchestra, gymnastic displays, &c. 
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THE LAW OF MASTER AND. SuRVANT. 


Parkin v. South Hetton Coal Coinpany.—This case, which 
was heard by Darling and A. T. Lawrence, JJ., in the 
Divisional Court on the 23rd ult, raised an interesting 
question with regard to the payment of a miner’s ~— 

Mr. Mitchell Innes was for the plaintiff, and Mr. Gar- 
land appeared for the company. 

The plaintiff was a putter in the service of a colliery 
company, his duty being to draw coal in tubs under- 
ground. His wages depended on the number of tubs 
drawn, and were payable fortnightly on the Friday fol- 
lowing the end of each fortnight, a statement of the 
wages due, called a pay-note, being handed to each work- 
man on the a day. The total amount of work 
done each day was ascertained daily. On Thursday, 
July 12, 1906, pay-notes were handed to the putters, 
showing the wages due for the fortnight ending on 
July 7. A dispute arose as to the amount due to one of 
the putters, and in consequence on the Friday the putters 
declined to work, thus a the pit idle. The putters 
were then informed that they had broken their contracts 
and forfeited all wages since the conclusion of the pre- 
vious fortnight. On the following Monday the putters 
presented themselves for work, but were refused. unless 
they signed on afresh. By arrangement, however, they 
resumed work on the next day. The plaintiff claimed for 
four days’ wages, from July 9 to 12 inclusive, and damages 
for breach of contract in not allowing him to work on the 
Monday ; contending upon the latter point that laying the 
pit idle for a day or two was, to the knowledge of the 
defendants, common practice, and did not amount to a 
repudiation of the contract of service. The County 
Court Judge awarded four days’ wages and damages for 
breach of contract. On appeal, however, it was held 
that the plaintiff was not entitled to recover for breach of 
contract, the refusal of the men to work justifying their 
dismissal; but that as each day’s wages e due 
daily, though not payable until the end of the fortnight, 
he was entitled to recover the four days’ wages. 

Mr. Justice Darling, in the course of his judgment, 
said that he came to the conclusion that the man had not 
been hired by the week or by the fortnight to be paid 
wages at the end of the week or fortnight calcula’ for 
the week or fortnight, as in such a case as that of a man 
being hired to drive a cart at 1/. a week, who, if he drove 
for a day or two, and then went away, had not carried 
out his contract. He came to the conclusion that this 
man was really working on piecework, calculated on the 
daily average system, but the wages were not recoverable 
until the end of a fortnight. Supposing there had been 
no refusal to work, and that he had worked for four days, 
earning 103. a day, in that case there would have been 2/. 
due to him, but he could not have sued to recover them 
until the end of a fortnight. 

Mr. Justice A. T. Lawrence concurred. 

Perkins v. Stead.—This case, which was heard in the 
Divisional Court on April 9, raised a somewhat peculiar 
question with regard to the liability of the owner of a 
motor-car for the negligence of a driver supplied by the 
person from whom the owner has bought the car. 

Mr. E. Pollock, K.C., and Mr. W. Atkins were for the 
laintiff ; Mr. A. Powell, K.C., and Mr. Brandon for the 
efendant. 

It appeared that the defendant purchased and paid for 











| a motor-car in London, and the vendor agreed to provide 


a driver to drive the car to a certain place outside London, 
and deliver it there, as the defendant’s driver did not 
know the locality, and had no experience of the class of 
car purchased. Whilst the car was being driven by the 
driver supplied by the vendor from London to the place 
named for delivery, it collided with and damaged a 
motor bicycle, owing to the negligence of the driver. At 
the time the defendant, his driver, and his son were in 
the car. In an action in the County Court by the owner 
of the bicycle against the defendant to recover for the 
damage to the bicycle, the judge held that the driver of 
the car, though he was the general servant of the vendor, 
was at the time under the control of the defendant, who 
had the pougert in and possession of the car, and that, 
therefore, the defendant was liable to the plaintiff for 
the negligence of the driver. The Divisional Court 
(Ridley and Bray, JJ.) held that this decision was 
right. At the time when the accident happened the de- 
fendant had become the owner of the car and had = 
session of it. The servant of the motor-car company had 
merely been lent for the purpose af taking the car to 
Barnet, and was the servant of the defendant for this par- 
ticular purpose. 








INSTITUTION OF NavAL ARrcuiTects: SumMER Mext- 
1nc.—As already announced, it is proposed to hold a 
summer meeting of the Institution this year at Bordeaux, 
from June 25 to 28, in connection with the International 
Maritime Exhibition in that city. This meeting will be 
held jointly with that of the Association Technique Mari- 
time, and will form the basis of an International Maritime 
Congress, in which naval architects, shipbuilders, and 
marine engineers of all countries will be invited to take 

rt. An invitation has also been extended by Messrs. 
Rchusbdee, of the famous Creusot Steel Works, to visit 
their manufactory, and this will form the object of a 
special trip at the close of the meetings. 





Roya. UnrtTep Service Instrrute.—On April 17 4 

per on ‘Submarine Telegraphy” was read by Mr. 
Charles Bright, F.R.S.E., M.1.E.E., before the Royal 
United Service Institute, Major-General Sir T. Fraser, 
K.C.B., R.S., being in the chair. The paper, which was 
arama ss illustrated with lantern-slides, was largely of an 

istorical nature, the author tracing the progress made 
in such work from the first Channel line in 1850 down to 
the present day. The construction of cables, ‘the laying, 
upkeep, code, &c., were also dealt with. It may be of 
interest to mention that the first cable m across the 
Atlantic, 150 words in length, took thirty hours in trans- 
mission, while to-day Atlantic cables can be worked up 
to 100 words per minute. There are at the present 
moment some 250,000 miles of cable laid at the bottom of 
the sea, representing some 50 millions sterling, each line 
costing about 2007. per mile to make and lay. Of the 
total number of lines laid, 206,144 miles are owned by 
various companies, and 44,988 miles by various govern- 
ment administrations. The average useful life of a cable 
is said to be between thirty and forty years. About 
15,000 messages are conve od by the world’s cables each 
day, 90 per cent. of these being in code, for business or 


official purposes, 
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PRELINIS SHIELD FOR SUBAQUEOUS TUNNELS. 












x 


Tue extraordinary and, we might well say, the un- 
paralleled activity that reigns in New York and its 
vicinity in the construction of subaqueous tunnels 
offers a splendid opportunity to engineers and inventors 
to devise ways and means for overcoming the diffi- 
culties and minimising the dangers incident to all such 
work. The latest advance made is connected with a 
shield designed by Mr. Charles Prelini, C.E., of New 
York, which seems to offer special mechanical and 
structural advantages, and also some new valuable 
safeguards for the protection of the workmen employed 
in subfluvial tuonelling operations generally. 

Prelini’s shield Is that of Brunel by its articu- 
lation, consisting as it does of two distinct sections 
telescoped together, each capable of advancing with- 
out the other. Common to the two parts of this 
double shield is a large safety-chamber, in which the 
men can find prompt and secure shelter in any emer- 
gency that may occur. 

The rear section contains the three elements of 
every regular shield—viz., the front, the diaphragm, 
and the tail. The front of this end section is built u 
of a shell consisting of a number of steel plates whic 
are made of unusual length, inasmuch as the front has 
to overlap the tail of the forward section. This arrange- 
ment renders unnecessary the brackets used im the 
common form of shield _# strutting the shell to the 
structural members of the diaphragm. The essential 
members of the diaphragm are columns and girders, 
together with a strong arched beam, with heavy cast- 
steel plates on both sides. The spaces between the 
columns and girders,are closed on both faces with 
steel plates ; sliding doors are also provided for the 
awe of affording a —- through the diaphragms. 

he proportions of the shield are such as to permit of 
a large space between the two parts of the diaphragm 
to be used as a decompressing chamber. The heavy 
plates of the arched beam afford a safe bearing for the 
application of the hydraulic jacks for advancing' the 
shield ; those towards the rear receive the thrust of 
the jacks abutting against the iron lining of the tunnel, 
whilst the front plates receive the thrust of the fixed 
jacks which control the movement of the forward 
portion of the shield. The tail of this rear section 
consists, as usual, of a shell made up of steel plates 
bent into tubular shape, and sliding above the rings of 
the iron lining of the tunnel proper. 

The forward section of the new shield also includes 
a front, diaphragm, and tail. When required for work 
in loose soil, the front is made with a steel hood pro- 
vided with a cutting edge, and strengthened by 
brackets attached to the diaphragm in the manner 
shown in Fig. 2. The diaphragm is built of con- 
siderable strength, as it has to resist nearly all the 
pressure carried by the shield, for which purpose it is 
formed of columns and girders, which support an 
arched beam of the same shape as the interior lining 
of the tunnel. The spaces between the columns, 
beams, and girders are closed in with plates, with the 
exception of the doors leading into the diaphragm 
and the space outside the shield. The rl beam 
of the interior is fitted with steel plates to bear the 
thrust of the hydraulic jacks, while columns and 
girders — a suitable number of brackets intended 
to strengthen the rear part of this forward section of 
the shield. 

From the above description it will be seen that 


a 
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there is a wide space between the two diaphragms, | 


which space forms a safety chamber close to the front 
of the excavation and available at all times, and that 
the re ny of the rear section is a real bulkhead, 
which follows pm closely the excavation as it pro- 
gresses. This bulkhead allows the use of a higher 
pressure within the safety chamber, and also in the 
front, than in the completed parts of the tunnel. If 
high pressure were required at the front, for instance, 
the tunnel could easily be divided into sections of 


different air pressure, so that the men, whether | 


entering or leaving, would be protected against attacks 
of the ‘‘ bends,” which are now, untortunately, so com- 
mon. In case of a blow-out, the workmen can retreat 
into the safety-chamber close by, the only operation 
needed being simply to close the doors of the dia- 
ph of the forward section. The air pressure can 
then be easily increased within this limited space, and 
an inrush of water thereby prevented. 

When rock is encountered, the shield is not injured 
by the blasts, as the forward part readily yields to the 
concussion of the air. As oy. 


as readily as those with a circular section, as 
the result of the two portions being telescoped together. 
The shield can also be easily moved round curves and 
over grades ; and in caseof a mistake being made, the 
forward section of the tunnel can be withdrawn, a 
facility not afforded by the shield as constructed at 


present. 

This shield undoubtedly presents advantages over 
those in general use, and is worth the attention of 
those interested in difficult tunnelling operations. 





Tue Surveyors’ Instrrution.—The Council of the 
Surveyors’ Institution have decided to accept the invita- 
tion of the Scottish Committee, and will hold the next 
country meeting at G w on May 23 and 24. Visits 
will be organised to inbargh and to places on the 
Clyde, &c. 





Mipp.EsBRoucH. — An extension of Middlesbrough 
dock, which has been ay hand, has now been prac- 
tically completed by the North-Eastern Railway - 
pany. The original dock was opened with a water area 
of about 9 acres. By 1886 this area had been increased to 
15 acres, while a new lock was added, and a number of 
hydraulic cranes were placed on the quays, so that traffic 
facilities were greatly increased. The water area of the 
dock has now carried to something over 30 acres, in 
accordance with plans yo by Sir J. Wolfe Barry, 
while the quay space been greatly enlarged, and 
electric and steam cranes have been multiplied. The cost 
of the extension will be about 800,000/. 


Unitep States GrowocicaL Survey.—Mr. G. Otis 
Smith has been appointed Director of the United States 
logical Survey in succession to Mr. 
who has become secretary of the Smithsonian Institution. 
Mr. Smith was selec from a number of scientists 
strongly recommended to the President, including Dr. 
C. W. Hayes, chief geologist of the Survey; essor 
Van Hise, of the University of Wisconsin ; Mr. W. B. 
Clark, State Geologist of Maryland; and Professor 
Holmes, who has recently been in charge of fuel investi- 
gations for the survey. r. Smith has been connected 








with the survey for about ten years. His appointment 
takes effect on May 1. , — 


one-half of the shield | 

advances at a time, rotation is avoided, and conse- | 

quently shields of an oval, or an elliptical, shape can | 
u 


C. D. Walcott, | 
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LUNKENHEIMER’S REGRINDING VALVE. 


WE illustrate below a form of regrinding valve 
which is supplied by the Lunken Valve Company, 
35, Great Dover-street, London, E.C. 

This form of valve has now been manufactured for 
some considerable time, but the one we illustrate has 
been improved and strengthened, its shape altered, its 
weight increased and the working parts strengthened, 
and all sizes are now made with lock-nuts on the hand- 























wheels, which provision facilitates the taking apart 
of the valve for repairs, &c. 

In our illustration it will be noticed that the hub 
| which carries the operating stem is secured to the 
| body by a union connection, which in turn screws over 
| the shell of the valve body. The advantage claimed 
| for this is that the hub. and the body do not become 
corroded together, for the thread which holds the 
union ring to the casing is outside the latter, and is 
not exposed to the action of the steam, for the joint 
is made between the flange on the hub and the neck 
of the casing. This form of connection also acts as a 
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tie, tending to make the valve rigid and strong, The 
stem of the valve has on it.a long durable thread, and 
the valve disc is held loosely to the stem by the lock- 
nut shown, and is therefore quite free to adjust itself 
to the seat. 

When it is necessary to regrind the valve, the trim- 
mings are removed from the body by unscrewing the 
bonnet ring. A wire nail is then placed in the hole 
shown in the stem just above the valve, and the lock- 
nut and the stem will then turn together. A little 
powdered sand or other abrasive and oil are then 
placed on the disc, the trimmings are again placed in 
the casing, and the valve is reground. “On the bottom 
of the bonnet will be seen a small ring, or projection, 
which acts as a guide on the inside of the valve-neck 
while regrinding is being performed. As the bevel on 
the seats of the valves, when sent out from the factory, 
is very small, there is allowance for a considerable 
amount of regrinding. 

The valve can be packed under pressure when 
opened or closed. When open, with the steam passing 
through, the valve is screwed up as far as possible, 
until the shoulder on the valve-stem thread forms a 
tight joint beneath the stuffing-box. The gland may 
then be packed. The highest grade bronze composition 
is used in the construction, and every valve is carefully 
tested before being sent out of the factory. 

These valves are made in sizes from @ in. up to 4 in. 
in diameter, 





INDUSTRIAL NOTES. 

Tue state of the labour market, as disclosed by an 
extensive survey of groups of trades, is seen by the 
following :—In addition to the 2678 employment re- 
turns from trade unions, 3759 were received from 
rg fon relating to 1,073,909 workpeople, employed 
in coal and iron mining, the cotton, woollen, worsted, 
and other textile trades, the building trades, the boot 
and shoe and other clothing trades, and the paper and 

lass trades. Besides these 6446 statistical returns, a 
arge number of returns of a non-statistical character 
were received from employers’ associations, trade 
unions, local correspondents, and other sources. 

Employment on the whole continued good, and in 
many trades showed an improvement, in addition to 
the ordinary seasonal movements in the outdoor and 
also the clothing trades. As compared with a year 
ago, most of the principal industries showed an im- 
provement. The increases in rates of wages reported 
affected over 500,000 workpeople, and the aggregate 
weekly rise amounted to more than 25,000/. 

The 273 trade unions making returns had an aggre- 
gate membership of 618,150, of whom 22,058, or 3.6 
per cent., were reported as unemployed, as compared 
with 3.9 per cent. in the month previous and 3.9 per 
cent. in the same month a year ago. 





Employment in the coal-mining industry was very 
good. The average number of days worked per week 
at the pits was 5.67, as compared with 5.69 in the 
previous month, and 5.50 a year ago. 





at the same time in any year since 1903. Returns 
from 818 firms, employing 51,719 workpeople, showed 
an increase of 7.5 per cent. in the number employed 
as compared with a month ago. 





Employment continued very good in the cotton 
trades, and was better than ayearago. There was still 
a scarcity of labour in all departments. Returns from 
firms employing 119,452 workpeople showed an in- 
crease of 0.6 per cent. in the amount of wages paid 
compared with a month ago, and of 3.4 per cent. 
compared with a year ago, 

In the woollen trades employment was good, ani 
was better than a month ago and a year ago. Returns 
from firms employing 22,372 workpeople showed an 
increase of 3.4 per cent. in the amount of wages paid 
compared with a month ago, and of 1.4 per cent. com- 
pared with a year ago. 

Employment in the worsted trades was good, and 
better than a month ago and a year ago. Returns 
from firms employing 45,554 workpeople showed an 
increase of 2.8 per cent. ia the amount of wages paid 
compared with a month ago, and of 3.6 per cent. com- 
pared with a year ago. 

In the flax (linen) trade employment, on the whole, 
continued good in Ireland and in England ; it was 
fairly good in Scotland. Returos from firms employ- 
ing 47,082 workpeople showed an increase of 4.7 per 
cent. in the amount of wages paid compared with a 
month ago, and of 9.1 per cent. compared with a year 
ago. Some of the increase was due to a recent ad- 
vance in wages. 

The jute trade continued good. Returns from 
firms employing 18,777 workpeople showed an increase 
of 7 per cent. in the total amount of wages paid as 
compared with a month ago, and of 4.6 per cent. as 
compared with a year ago. Some of the increase was 
due to an advance in wages. 

The silk trades showed a slight improvement com- 
moe with a month ago and a year ago. Returns from 
rms employing 8428 workpeople showed an increase 
of 1.3 per cent. in the amount of wages paid as com- 
pared with a month ago, and an increase of 1.5 per 
cent, as compared with a year ago. 

Employment in the lace trades was good generally. 
In England it was better than a yearago. In Scotland 
it showed a decline. Returns received from firms em- 
ploying 8137 workpeople showed an increase of 1 per 
cent. in the amount of wages paid as compared with 
the previous month, and of 7.6 per cent. as compared 
with a year ago. 

In the boot and shoe trades employment was fairly 
ood, and better than a month ago; it was slightly 
better than a yearago. Returns from firms employ- 
ing 62,724 welhaunats showed an increase of 2 per 
cent. in the amouat of wages ,aid compared with a 
month ago, and of 0.6 per cent. compared with a 
year ago. 

Employment in the other leather trades was quiet, 
and pw the same asa month ago and a year ago. 
Trade unions with a membership of 3703 had 6 per 


In iron-mining employment was good—about the | cent. unemployed, as compared with 6.2 per cent. a 


same as a month ago and a year ago. The average | month agv and 6.1 


number of days worked per week by the mines ard 
open works included in the returns was 5.82, as com- 
pared with 5.88 in the previous month, and 5.85 a year 


ago. 
Employment in the pig-iron industry continued very 


ood, and was better than a month ago and a year ago. 

eturns relating to the works of 108 iron-masters, 
— over 25,000 workpeople, showed 348 fur- 
naces in blast at the end of the month, as compared 
with 343 a month ago and 338 a year ago. 


At iron and steel-works employment continued very | 


brisk, and was better than a month ago and a year 
ago. The volume of employment—i.e., numbers em- 
joa a multiplied by the number of shifts worked— 
uring the month at the 207 works from which returns 
were received was 0.7 per cent. greater than a month 
ago and 3.1 per cent. greater than a year ago. 
Employment in the tin-plate and steel-sheet in- 
dustry continued goad, and was better than a year 
ago. There was a decline as compared with the month 
previous, due principally to breakages. At the works 
covered by the returns 443 tin-plate and steel-sheet 
mills were working, as compared with 449 in the pre- 
vious month, and 419 in March, 1906. 





In the engineering trades employment continued 
good, and showed little change as compared with either 
a month ago or a year ago. In several districts it was 
reported that overtime was being worked. The per- 
centage of trade-union members unemployed was 2.9, 
as com with 2.8 a month ago and a year ago. 





eg cent. a year ago. 
Employment in the paper-making trades continued 
good, and in Scotland it was better than a year ago. 


In the printing and bookbinding trades employment 
was fair on the whole, and rather better than a month 
ago and a yearago. In the printing trade the per- 
centage of trade-union members unemployed was 3.4, 
as compared with 3.6 a month ago, and 3.9 a year 
ago. Th the bookbinding trade the percentages were 
4.4, 4.1, and 4.4 respectively. 

Employment in the furnishing and woodworking 
trades was fairly good, and better than a month ago 
and a year ago. Trade unions with a membership of 
34,629 reported 3.6 per cent. unemployed, as compared 
with 5.3 per cent. a month ago and 4.3 per cent. a 
year ago. 

In the glass trades employment continued fairly 
good, and was on the whole better than a month ago 
and a year ago. Returns received from firms employ- 
ing 9939 workpeople showed an increase of 1.9 per 
cent. in the amount of wages paid compared with a 
month ago, and of 9.7 per cent. as compared with a 
year ago. Some of the increase was due to an advance 
in wages. 

Employment in the pottery trade continued good, 
and was better than a year ago. In the brick and 
tile trades it continued dull owing to seasonal slack- 
ness, and was about the same as a year ago. 





Farm labourers were generally in regular work 
throughout the month, but in certain counties some 


Employment in the shipbuilding trades, = the | day labourers were irregularly ay towards the 


whole, showed an improvement compared with a/| end of the month in consequence o 
as in March, 1906. | of farm work. 


month ago, but was not so 
Trade unions with 59,281 members had 7.1 per cent. 
unemployed, as compared with 7.5 per cent. a month 
ago, and 5.7 per cent, a year 

In nearly 


| 


the forward state 


Employment of dock and riverside labour was fair, 
and better on the whole than a month ago and a year 
The average daily number of labourers em- 


1 branches of the building trades employ- | olayed at the docks and principal wharves in London 


ment showed an improvement, and is now better than | was 13,110, an increase of 3.5 per cent. compared 








with a month ago, and of 2.5 per cent. compared with 
@ year ago. 





Thirty-two new labour disputes began in the month, 
as compared with 37 in the month previous, and 
20 in March, 1906. The total number of workpeopls 
affected by disputes, new and old, which were in pro. 

was 12,177, or 632 less than in the previous 
|month, and 16,576 less than in March, 1906. The 
| aggregate duration of all the disputes of the month, 
|new and old, amounted to 105,400 working days, or 
| 12,000 less than in the month previous, and 76,400 less 
than in March, 1906. Definite results were reported 
in the case of 30 dispztes, new and old, directly 
affecting 3487 persons. Of these 30 disputes, 12 were 
decided in favour of the workpeople, 11 in favour of 
the employers, and seven were compromised. 

The changes in the rates of wages reported affected 
506,800 workpeople, of whom nearly 501,300 received 
advances, and about 5500 sustained reductions. The 
number whose wages were increased included 461,000 
coal-minera in England and Wales and Scotland, and 
20,000 iron-puddlers and millmen in the Midlands, 
The total computed effect of all the changes reported 
was an advance of over 25,600/. per week. 





The American Federationist for this month contains 
what is equivalent to the report of the Parliamentary 
Committee of the Trades Union Congress in this 
country. In several brief paragraphs the legislative 
measures proposed and pee are dealt with, in- 
dicating what was attempted, what done, and what 
further action should be taken thereon. The remarks 
and criticisms are of interest to American work- 
people, and indirectly to labour organisations in this 
country, as showing the trend of legislation. The 
measure to amend the Employers’ Liability Law, so 
as to overrule the judge’s decision in the District 
Court of Kentucky, was introduced too late to have 
any chance ; this measure is to be re-introduced this 
year. Proceedings as regards the railroad men’s hours 
of labour, women and child labour, and other matters 
are dealt with. There is an article on “ Political 
Economy” from the pen of Professor. J. W. Howerth, 
of the University of Chicago, in which the old school 
fare rather badly. The editorial articles by Mr. 
Gompers are of chief interest. He cites the action 
of the British Legislature of last session, in respect 
of the Trades Disputes Act, as being far in advance 
of anything done in the United States as regards 
laws affecting labour. 





The report of the Associated Iron-Moulders of Scot- 
land is fairly encouraging. The working membership 
is well maintained, and there is a further decrease in 
the number of unemployed of 51, and of 176 since the 
end of January. No further labour troubles are re- 
ported, but in 31 places in Scotland and England shops 
are shut to the members. Some of these are shops 
closed to the members of the Ironfounders’ Society, 
and to the Scottish members by the working agree- 
ment of the two unions. The report states that a 
large number of the members are leaving for foreign 
parts, mainly America, and instructions are given as 
to clearance cards, so that the membership shall not 
lapse. Financially there was a surplus of income over 
expenditure of 361/. 5s. 7d. in the month, the aggregate 
balance to the good being 87,846/. 7s. 6d. at date, Out- 
of-work benefit-fell from 657/. to 586/.; superannuation 
benefit cost 832/., and funeral benefit 237/. The rebate 
of income tax amounted to 177/. 3s. 8d. In the matter 
of trade the piece-work shops are not so busy as the 
other shops in comparison with the numbers employed. 
The subject of federation with other unions of a 
common kind is still under consideration, being before 
a delegate meeting recently; but no further steps have 
been taken to effect such federation, except discussion. 
The votes of the members are being taken upon a reso- 
lution of the executive council to join the Labour 
Party by direct representation. It is pointed out that 
if the votes are in favour, a special levy will have to be 
paid to meet the expenditure. The votes are due at 
the office at the end of this month. 





It is pleasing sometimes to get away from industrial 
strife and to wander in the more peaceful paths of 
industrial thrift. Such an occasion offers itself with 
the issue of the annual summary of the Ancient Order 
of Foresters, showing the progress made in 1906. The 
total membership on December 31 was 917,185. Of 
these, 136,981 were members of the juvenile societies 
and probationary courts, the recruiting ground and 
nursery of the order. There were of adult males 
722,285, and 10,239 females, besides 143 in the United 
States; then there were 26,321 widow contributors 
for funeral benefit, 21,216 male and female honorary 
members. The increase in the year was 8645, all in 
the female and juvenile sections; but there was 4 
decrease in the adult male benefit members of 11,059, 
and of honorary members, male and female, 114 ; 
total net decrease, 2528. This decline is not satis- 
factory ; but other forms of thrift have arisen, and 





many unions give ample equivalent sick benefit 
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compired with formerly. The financial operations of 
the O-der is more gratifying, for there was a net 
increase in the funds for the year of 303,198/. The 
total increase was 307,100/. ; but there were decreases 
in the Widow and Orphan societies’ funds of 659/., and 
in the High Court funds of 3243/. The net increase 
is larger than in 1905. The aggregate balances in 
hand amounted to 8,635,654/. ere was a total of 
9300 deaths of adult members in the year, while the 
decrease in the initiation of adults was 1680. Sick 
pay was paid to 185,222 different members in the 
United Kingdom. The number of days’ sickness was 
9,881,004, or an average of 15 201 days per member ; 
but the average duration of pay to the recipients was 
53.34 days in the year. The record on the whole is 
encouraging. The work done is unquestionably good. 
The benefits go to the sick and needy who provided 
for ‘‘a rainy day.” 





Some labour leaders in this country advocate the 
enactment of a minimum legal wage, and they quote 
the examples of New Zealand and Australia as to its 
advantages. The methods are not quite alike, but in 
neither case can it be said that the experience is quite 
satisfactory. The New Zealand Act was passed in 
1890, but did not come into practical operation till 
1896. Its object was to prevent strikes, and compel 
employers and workmen to unite in industrial unions. 
Its chief business has been to arrange rates of wages. 
A trade union puts in its claim for an advance in the 
rate of wages, or an employers’ union for a decrease in 
wages; a refusal to concede is technically a labour 
dispute. The matter is then referred to the Court, 
and the claimant cites the other to appear. Evidence 
is taken, and the Court decides the matter at issue. 
The method has some advocates, but it also meets 
with oppositicn. Ia Australia it is said that strikes 
have been virtually abolished, and also sweating. On 
the other hand, it is urged that the unions, without 
these Courts, could have effected all that has been 
accomplished under the Courts. The period covered 
by the experience of these Courts in the countries 
named has been fairly prosperous, so that the trend of 
wages has been towards a higher level. The time to 
test the plan is in a falling market, when the trend 
will be in a downward direction. But, after all, in 
what way are the methods adopted better than those 
of the Conciliation Boards in this country? The iron 
and steel trades have had a long experience ; the coal- 
mining industry also, but more varying, except during 
the last few years. The engineeriog trades are pro- 
gressing under a similar arrangement. The boot and 
shoe and the tailoring trades have their ‘‘ statement 
lists,” and the cotton trades are negotiating. There 
is no need of a law when all can be done without it. 





There are indications of greater activity in the iron 
and steel trades, especially in the Midlands, where a 
general improvement was manifest at last week’s 
market. The business done in bars, sheets, and hoops 
was good, and quotations all round were very firm. 





There is a feeling of anxiety in the cotton districts 
of Lancashire by reason of the refusal of ty age to 
concede the 5 per cent. advance demanded by the 
weavers. At the conference held last week in Man- 
chester the subject was discussed for a long time, but 
the employers were unable to agree to the advance. 
It is thought probable that the Weavers’ Amalgama- 
tion will resolve that notices to cease work shall be 
handed in. The total number affected is about 
120,000 operatives ; the advance demanded means an 
increase of from ls. to ls. 6d. per week; in the 
aggregate an addition of about 7500/. to the wages bill 
per week. 





An important deputation of representatives of the 
engineering, shipbuilding, and other industries engaged 
in, or affected by, Admiralty work, which was arranged 
by the Parliamentary Committee of the Trades Union 
Congress, waited upon the Civil Lord of the Admiralty 
last week to urge that skilled labour in the dockyards 
should receive better pay. These ‘‘ skilled labourers” 
really do mechanics’ work, and the deputation asked 
that the pay should be raised to the same level as the 
wages paid. by private employers and contractors. 
This is not an unreasonable demand. To exact 
the trade-union rates of wages in all contract work, 
and to pay less in the Royal dockyards, is unfair to 
the outside employers, The conference lasted three 
hours, and the Civil Lord took notes of all the points 
urged, and promised to lay the facts before the First 
Lord of the Admiralty. 





The position of affairs on the Clyde is far from re- 
assuring. The recent refusal of concessions to the 
boiler-makers has not settled the question of an ad- 
vance in wages, for other sections of workmen in the 
same and similar industries are seeking an advance, 
Which they say is justified by the state of trade ia 
the district and generally. Sewover, no strike will 
take place without further conferences between the 








parties affected, and therefore a peaceful solution of 
the question is possible. 


The Labour Party in the House of Commons tabled 
an amendment to the Finance Bill of the Government, 
on the grounds that it does not fulfil their desires as 
regards old-age pensions, and that the income-tax pro- 
visions are inadequate. The other groups are less 
dissatisfied with the proposals, 





The miners’ strike in Western Canada has developed 
new conditions, and new departures are advocated. 
In the first place, the Canadian Pacific Railway Com- 
pany is stated to be seizing all coal in transit over its 
lines for the supply of factories and private consumers, 
and for its own needs. 





‘The strikes of waiters and others in Paris last week 
was of an unusual character. Without warning, at 


la given hour, the men ceased their occupations, and 


left the hotels and restaurants without help, to do the 
best they could. The use of that serious labour weapon 
—a strike, without warning—is not only to be deplored, 
but seriously to be condemned. The men acted upon 
secret orders, emanating from the committee and its 
leaders, which was a breach of contract. 








Coat ON Frencu Rattways.—The consumption of 
coal upon the French State Railways in 1905 was 262,600 
tons. In this total British coal figured for 210,700 tons, 
German coal for 7600 tons, and French coal for 44,300 
tons. It follows aT. that more than 70 per cent. 
of the coal used upon the French State system in 1905 
was derived from foreign sources. The a of 
coal upon the Western of France system in 1905 was 
817,300 tons. In this total British coal figured for 
499,400 tons, German coal for 44,900 tons, and French 
coal for 277,500 tons. It follows accordingly that 65 per 
cent. of the coal consumed upon the Western of France 
system in 1905 was derived from foreign sources. 





Drepeinc Tin Deposits.—Messrs. William Simons 
and Co., Limited, of Renfrew, have just completed one 
of the largest and most powerful dredgers yet built 
for working alluvial tin deposits. With the necessary 
modifications on the saving tables, the dredger could be 
equally well employed in gold recovery. The buckets, 
formed of cast-steel backs and hard-steel bodies, fitted 
with lips made of special quality of steel to wear well, 
are 74 cubic feet one and of strong design. The 
bucket-ladder is built in the most modern form of girder- 
work, designed for dredging to a depth of 40 ft. under 
water-level. The upper and lower tumblers are of cast 
steel. The lower tumbler is in two be working 
in special bearings of cast steel and chilled iron. 
The buckets discharge the material into shoots lined 
with steel bars, and from thence it is disch 
into the screen. The screen is of the revolving type, 
with graduated perforations, and is driven by fric- 
tion gear at the lower end. The dredging gear is 
driven from a set of horizontal compound condensing 
engines, fitted with air and ok na Steam is sup- 

lied from a horizontal multitubular cylindrical steel 

iler, constructed for a working pressure of 140 lb. per 
square inch. Independent auxiliary steam-feed and 
bilge-pump, with connections to tanks, water-boat, and 
bilges, are provided. Feed-filter, meter, and special ver- 
tical steam-feed heater are also fitted up. The dredging- 
gear consists of spur-gear, with large and powerful friction- 
clutch, so that the buckets can be disconnected at will while 
the screen and elevator-gear are still running. The screen 
and elevator gear are driven from the first motion shaft 
of dredging gear. Water is supplied to the screen by one 
16-in. centrifugal pump driven by vertical compound 
engines. The pipe from the water pump enters the screen 
at the lower end, and is perforated for its full length. The 
saving tables are very large, and of an area suitable for 
the special material to be dealt with. In addition to the 
tables, special launders, 60 ft. in length, are fitted on 
each side of the dredger. These launders are provided with 
riffles for their entire length, so that no paying material can 
be lost. The launders also serve the double purpose of 
carrying off the tailings from the tables sufficiently far 
astern that even the softest material will not run back 
upon the buckets. The elevator is designed to disc e 
the material at a height of 20 ft. and to a distance of 50 ft. 
from stern. It is fitted with a close-connec 
buckets, each of which is duplicated of each other, and 
are interch ble. The elevator drive is from the 
upper end, powerful mooring winch, driven by an 
independent two-cylinder high-speed engine, is placed 
on deck. It has six independent wire-rope barrels ; 
one for ladder hoist, one for head moorings, and 
four for side moorings. All the barrels are arranged 
to work independently or conjointly. The dredger is 
electrically lighted throughout, and accommodation is 
provided on for a crew. There are large tanks 
fitted up on board for feed-water, and s' e space 
for a large amount of wood fuel. A special feature 
of this vessel is that all working parts are carefully made 
to gauge, and duplicate parts made from templates, so as 
to = entirely interchangeable. The hull is of steel, with 
wood decks fitted with beltings at water-line, and ‘s of 
special, strong construction to meet the various strains due 
to this class of work. All pain F for carrying the - 
ing, bucket-ladder, screen, and tables, is of steel buslt in 
single-web section to facilitate inspection and painting. 
The dredger has been constructed to the order of the 


Tongkih Harbour Tin-Dredging Company, under the 
Gatien of Mr. L. A. Smart, ML. Pre 


E.8., London. 
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THE RESISTANCE OF SHIPS. 
Approximate Formule or Determining the Resistance of 
ips.* 


By A. W. Jouns, R.C.N.C. 


Oxk of the most important problems in ship design is 
the determination of the power required for the propul- 
sion of the vessel at a given s To those designers 
who have a tank in which a model of the ship can be run, 
or who are in possession of data obtained from such a 
tank, the problem is not difficult ; but to the majority of 
designers, who have no such means available, the problem 
is a somewhat difficult one, especially in the case of a ship 
of novel form or dimensions. 

It is therefore rather remarkable that but little can be 
found in our Transactions, or in our text-books, as to the 
best means to be adopted in such cases to obtain even an 
approximate solution of the problem. Foreign text-books, 
on the other hand, generally contain many approximate 
formule, by which the resistance and horse-power of a 
ship can be calculated; but in nearly all cases the leading 
particulars of the ships from which these formule are 
obtained are omitted. The use of such formule under 
these conditions becomes rather a danger than a help to 
the designer. i 

The purpose of this paper is to bring before the notice 
of this Institution some of these formule, and to show 
comparisons of the results given by them and those 
obtained from experiments on models. Before doing 
this, however, it is necessary to notice the method com- 
monly employed by designers to obtain the indicated 
horee-power for a given ship at a given speed—that is, 
by the use of yy! constants. It is almost unneces- 
sary to remark that there are two such constants, one 
involving the immersed area of midship section, and the 
other the displacement, speed, and indicated horse- 

wer. The latter constant is the one usually employed, 

ing algebraically expressed by the quantity 
Da V3 . 
LH.P. 

For the earliest steamships, in which speeds were rela- 
tively small, nearly all the resistance was due to skin 
friction ; the quantity thus obtained had a very nearly 
constant value at all s 8; but with the comparatively 
high speeds now obtained the quantity is a very variable 
one. 

It is worthy of note, in connection with the Admiralty 
constants, that with the same efficiency of propelling 
apparatus, and also assuming the whole of the resistance 
to conform to the law of comparison, the constant will be 
the same for similar ships at corresponding speeds. 

As, however, the whole of the resistance does not 
conform to the law of comparison, it is not difficult to 
see—with the same reservation as to the efficiency of 
propelling machinery—that the employment of the 
Admiralty constant at corresponding speeds in similar 
ships will give too small a result in passing from a large 
to a small ship, and too great a result in passing from a 
emaller toa larger ship. 

The disadvantage attending the employment of the 
Admiralty constant is that one cannot separate the per- 
formance of the ship itself from that of the propelling 
apparatus. A good form of ship with an unsuitable 
screw will give the same constant as a bad form of ship 
with a good screw. The two cannot by any means be 
separated, and this is a serious drawback, for the 
designer cannot say from the results of trials if his ship 
is the best form he could have adopted, or if the screw 
is the best which he could have employed. To separate 
the performances of the two it is necessary to know the 
resistance of thé ship alone, and this is the purpose of the 
approximate formule, which have been given from time 
to time. 

It is to be remarked in connection with the Admiralty 
constant that a similar method of obtaining the power of 
a ship has beeu used by the French naval authorities ; 
but, with the recent establishment of an experimental 
tank in Paris, this method of estimation will drop into 
disuse, as it bas at the British Admiralty. 

Passing now to approximate formule for the calcula- 
tion of resistance, it will be found that such formule 
generally consist of two terms. The first term involves 
the frictional or skin resistance, and is of the form 
R=f8 V'™, where f is the coefficient of friction suitable 
for the state of the bottom and length of vessel, 8 is the 
wetted surface, and V is the speed. The values of f 
given by Tidemann’s experiments are generally recom- 
mended, these being from 3 to 5 Bo cent. greater than 
ose determined by the late Mr. W. Froude. 

The second term of the formule is that involving the 
wave resistance, or, better still, the residuary resistance, 
It is this term with which this paper is particularly 
concerned. 

Mippenporr’s FormvLa. 

An approximate formula which is found in nearly all 
foreign text-books is that due to Middendorf, and was 
first made public in 1879. I have been unable to see the 
work in which it was originally published, but for English 
units it takes the following formt :— 

0.428 M V25 


Residuary resistance in pounds = /1 + (bY 


where 
M ia the immersed midship section in square feet, 
V is the speed in knots, 
* Paper read before the Institution of Naval Architects, 
March 22, 1907. : 
+ See Théorie du Navire, vol. iii., page 511, Pollaid 
and Dudebont ; or Die Schif/fmaschine, Busley. 
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L is the length in feet, 
P B is the breadth in feet, 
an 
e isa coefficient varying with the prismatic coeffi- 
cient and given by the following table :— 


Prismatic Coefficient. Value of e. 
0.70 and under. 2 
0.72 1.98 
0.74 1.93 
0.76 1.85 
0.78 1.75 
0.80 1.62 
0.82 1.42 
0.84 1.18 
0.86 0.90 
0.88 0.55 
0.90 0.02 


Fiq.1. RESIOUARY RESISTANCE IN POUNOS PER TON OF DISPLACEMENT. 


SCALE FOR LENGTH— DISPLACEMENT COEFFICIENT 


(2923 A) 


SCALE FOR SPEED — LENGTH COEFFICIENT 


It will be seen at once that this formula does not con- 
form to the law of similarity, for at corresponding speeds 
the residuary resistances for similar ships will vary as 
the 1,, power of the displacement, instead of the first 
power. If true, therefore, for one particular size of 
vessel, it will not be true for similar vessels at other dis- 

lacements. Bearing in mind the date of publication 
1879), it can be supposed that this formula should apply 
to comparatively small vessels at low speeds. In the 
table below the vessels taken are not large, and the speeds 
comparatively low. The table shows the results ob- 
tained by this formula compared with those obtained 
from model experiments, the leading particulars of the 
ships being given :— 











vessels of large prismatic coefficients, below 700 tons dis- 
placement, and then only at low speeds. For vessels of 
moderate displacements the results are generally about 
twice the experimental results. 

Mopirrep MippenporF Formvu.a. 

In a recently-published book on marine sageoning 
a Gr no different form has been given to the formula of 
= endorf. For English units it takes the following 
orm :— 


A x 0.089 x M x V5 


R= J/1+0. (Ry 


L 
B’ 


where 
C = 4.7 — 0.32. 


and 


(9923.3) 


L 
2 
according to the following table :— 


A varies with the ratio 


| 











es Ba | ale 
| < es < 

s s ps S 

eo oa s vu 

Bs B a B 

ee . 7s 
0.08 24.5 0.45 4.3 
0.10 | 23.9 0.60 13.6 
0.15 | 22.5 0.65 12.9 
0.20 |} 22 0.70 12.3 
0.25 20 0.75 11.75 
0.30 19 0.80 11.3 
0.35 18 0.85 10.9 
0.40 17 0.90 10.6 
0.45 | 16 0.95 10.3 
0.50 | 15,2 1.00 10.1 

$e = 1.05 & 10.0 

above 

From the values given for pA it will 


be seen this formula is applicable to very 
high speeds, such as those obtained 
by torpedo vessels and other small fast craft. Since 
for similar vessels at corresponding speeds the quantity 


a is constant, this formula, like the preceding one, does 
not conform to the law of comparison. For ordinary 
vessels the results given by this formula are somewhat 
smaller than those given by the first ; but for vessels of 
moderate displacement they are gen y still much 
greater than those given as the result of model experi- 
ments. The table on the opposite page shows side by side 
the calculated and experimental results for six vessels. 
The last three are destroyers, and in these cases the effec- 
tive horse-power is given in place of the resistance. 








Length, 250 Ft. ; Dis- Dis 


Length, 210 Ft. ;| Length, 152 Ft. ; Length 85 Ft. ; | 


Length, 145 Ft. ; Dis- Length, 380 Ft. ;-Dis- 





lacement, 


placement, 760 Tons; | 620 Tons; Pris- 
Pr i 0 ftici t 


, 0.85 





} 


Calcu- Calcu- 











Di . ’ 
449 Tons ; Pris- 254 Tons ; Pris- 
matic Coefficient, matic Coefficient, jmatic Coetticient, Prismatic Coeffi ient, 0.63. Prismatic Coefficient, 0.58. 

0.83. 0.78. 0.71. 


| Caleu- | ysoqel 


placement, 700 Tons; placement, 4740 Tons ; 


Calcu- 





| Model Model Model Model | Model 

Speed. ated Reaist- | ated Resist. | 18d Resist- pated | Resist- Speed. 80d Resist- Speed. lated | Resist- 
ance. | 8™® | ance, | 8° | ance. | 82°F | ance | 82% ance, | 820e. —r 

knots tons tons tons tons tons tons tons tons knots tons tons knots tons | tons 
6 | 0157 | 0.165 | 0.165 0.145 | 0.187 0.13 | 0.58 | 0.16 1.24 0.21 15 11.7 4.5 

r 0.230 | 0.225 | 0.243 © 0.205 | 0.275 |) 0.195 | 0.77 | 0.38 9 166 6.81 16 13.7 6.0 

8 0.322 0.295 | 0.340 0.205 | 0.384 028 1.08 0.64 10 2.16 1.23 17 16.0 7.4 

9 0.432 0.525 | 0.455 «0.495 | 0.515 = 0°46 145 | 138 11 2.75 1.9 18 185 | 92 
10 0.562 = 1.06 6.590 1.100 | 0.67 1.34 188 | 38 12 3.42 8.62 | 19 21.1 11.45 





The results show that, except in the first and second 
cases, which are vessels wi 


From this table it will be seen that for the first two 


considerable length of | vessels the calculated results are generally very different 


poral middle body, the calculated results are greatly | to the model results. In the third case, where the dis- 


fferent from the model results. It appears from the 
other examples which 


first example given, and 
have bean taken that this formula is only applicable to | 


| placement is very much less than those of the first two 





* Wilda, *‘ Marine Engineering,” 1906. 





cases, the results are somewhat closer. In each of the 
cases t is an agreement at one s , but there 
is no regularity as to the speed at which this occurs. In 
the fourth and fifth cases taken the results are in fairly 
close agreement, but in the sixth vessel there is a wide 
divergence in the results. From these and other cases 
which have been taken it would appear that this formula 
gives very fair approximations to the resistance of vessels 
of displacements of from 300 to 600 tons with de 
ratios of from 3.6 to 3.8 at their highest speeds. For 
large and fast vessels the calculated results generally are 
much ter than the experimental results. 
As in the first form of the formula quoted, the second 
form appears to be also applicable to vessels of about 700) 
tons ee with high prismatic coefficients and at 





relatively low speeds. For such vessels the second form 
gives slightly better results than the first. 





PRISMATIC COEFFICIENTS 


- 


It is to be remarked that in high-speed vessels, where 
the length is generally from ten to twelve times the 
breadth, the formula can be written 


A x 0,039 x V2» 


L 
B ve 

Although, as has been pointed out, the above formule 
do not conform to the law of comparison, they may be 
used for larger vessels than those of the displacements 
stated above by first reducing the larger vessels to the 
displacement for which the formule give good results, 
and then using the law of comparison on the calculated 
results to obtain those for the larger vessels. 


Residuary resistance in pounds = 


ADMIRAL FoURNIER’s FORMULA. 


Another approximate formula which has been proposed 
is that given by Admiral Fournier. It differs from those 
usually given in that it consists of one term only, which 
gives the total resistance, and is made to depend entirely 
on the coefficient for surface friction. The formula is 
extremely complicated, and is given in Appendix L.,, all 
units being French. Admiral Fournier, in publishing 
the formula, gave the results as calculated for a number 
of models of French warships compared with the results 
obtained by towing models one-sixteenth the actual size 
of the vessels, This table is given in the Appendix, and 
shows a remarkable ment between the two sets of 
results. When applied to actual vessels, however, the 
results are in most cases greatly different to the results 
obtained from models. This will be seen from the follow- 
ing table :— 





Battleship of - | - Battleship of Cruiser of Cruiser of 
15,000 Tons. 14,000 Tons. 5600 Tons. 300u Tons. 
os m - 
Ferg Ai hi 
3.18 } B.is. es. 
aX | Ea ¥.| ga! |B. Ee ge Be 
3 | S.: ._ ia | @.* oS sia % . 3: 55 
3 Bo go) | Bx | Ex 3 Ef go ge ee 
; : a } Sai | <oi Sei *a 
2 ge ge |B) ga) ge &|6" 29 2 6" a" 
ell ARR A kk) A A fl ME lS Bcc be wm 
knt. knt. | kot. knt. . 
10 1, 1,000) 14 | 3,300) 2,680 16 12,500 2190 14 |1510, 930 
12 | 2,310 2,100' 16 | 5,200) 4,050 20 46,0005200 16 9300 1400 
14 3, 2,800: 


21 | 14,400) 14,880 
17 | 7,820) 5,650, | | 
20 15,000 17,600 } | 

' Except in the first two cases the results are widely 
different from the model experiments, and as 4 serious 
formula in the calculation of the resistance of ships it 1s, 
therefore, of little value. 


Mr. D. W. Taytor’s Formv.a. 
The next formula to be considered is that given by Mr. 
D. W. Taylor,* which takes the form 
: . z 12.56 D V+ 
Residuary resistance in pounds = Wv’ 
where 
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CALCULATED AND EXPERIMENTAL 

















RESISTANCE OF VARIOUS VESSELS. 





























Length, 227 Ft. ; Length, 235 Ft. ; Length, 225 Ft. ; 
Le , 340 Ft.; Length, 417 Ft.; Length, 386 Ft. ; Displacement, Displ t, Di pl t, 
Breadth, 57} Ft.; Breadth, 75 Ft.; Breadth, 40 Ft. ; 375 Tons. 390 Tons ; 560 Tons, 
Displ t, |  Displ t,. Displacement, Beam _ 3.6. Seam Beam _ 3.2 
9000 Tons. 14,800 Tons. 2900 Tons. | Draught Dr aught Draught 
RS Ge’ Pe BT aes ee Pe ORD be Magy a , | 
gil g| jsf! i ¥5| 3 oot s ‘awe 
g3\_3 33\ 3/ . {33 ga | a! a | |ga | 
LHW LP RH LH 2 BE c: | ge | YES | 3s 
ro = | — . = . 3 = 
- s='s* & 88 5=| & 68 S8#| = SH SH BE a2 | & | 64 | xe 
knots tons | tons| knots tons | tons| knots tons tons| knots knots } 
12 11.8 4.9 15 31.1 140 22 15.7 | 11.8 15 185 110 140 90 | 15 172 | 230 
13 14.4 7.0 16 36.5 | 17.8 23 18.5 144 20 510 «6640 525 570 | WW 304 390 
14 17.3 11.4 17 42.6 21.9 24 21.6 19.2 24 1180 | 1490 1230 1871 :, @ 520 | 660 
15 29.6 16.1 18 49.2 | 31.2 25 | 26.8); 26.2 28 2270 | 2290 2380 2170 | 21 820 | 1260 
16 24.2 | 22. 19 | 562) 564/ 26 | 29.4 32.7 30 3010 | 2820 3160 23 1260 | 2020 
17 28.2 | 40.8 20 | 63.8 | 916 | oe ee e ss 25 1860 2750 


b is the block coefficient. 

Dis the displacement in tons. 

V is the speed in knots. 

L is the length on the water-line in feet. 


The formula is stated to be applicable only to speeds for 

2 
which is less than 1.2. As will be seen, it conforms 
to the law of comparison, and, compared with the formule 


which have already been considered, gives extremely 
results for all classes and sizes of —_ t has n 
applied by the writer to over thirty different ships, and 


the general results of the application are as given below. 

Most of the examples taken for comparison have been 
those of warships, and it was found in applying the 
formula that a slight modification gave better results. 
This modification consists in taking the length as the 
extreme length of immersed vessel in place of that on the 
water-line, and in calculating the block coefficient on the 
extreme length instead of that between perpendiculars, as 
usually taken. For merchant ships the two lengths are 
generally the same, but for warships the difference in the 
two is appreciable. 

In only two cases of the many taken were the calculated 
results for all speeds less than the experimental results. 
For the remainder the following are the conclusions 
arrived at :— 

For vessels in which the block coefficient varies from 
0.6 to 0.65, the calculated results are generally correct for 


a speed such that vis about 0.85. Below this speed, 


the results are generally about 74 per cent. larger, whilst 
above this speed the results are somewhat smaller than 
the experimental results. 

For vessels in which the block coefficient varies from 
0.5 to 0.55, the calculated results are generally correct for 


a speed given by 1. equal to 1. Above this speed the 


results are slightly smaller, whilst below they are generally 
about 10 per cent. greater than the experimental results. 

Considering that at the highest speeds the frictional 
resistance is nearly equal to the residuary resistance, 
whilst at low seen the former is much greater than the 
latter, it will be seen that the formula gives extremely 
close results. 

In an article in a recent number of an engineering 
magazine,* Mr. Taylor has given a series of curves from 
which the residuary resistance in pounds per ton of dis- 
placement can be calculated for a ship of given displace- 
ment, length, and speed. These curves are given by his 
kind permission in Fig. 1, page 564. They are applicable 
to much higher speeds than the formula just considered, 
and can be applied to torpedo and other small fast vessels. 
Their method of application needs no explanation. 

Applied to large ships, they give at the highest speeds 
better results than his formula, but at low speeds the 
latter gives better results. For the highest speeds of 
torpedo craft the curves give good results for vessels 


with a beam ratio of from 3.0 to 3.2. For vessels 
draught 

whose .———_ ratio is greater than this, the curves give 
draught 


too small a result. The table below shows the results of 
the application of the formula and the curves to a few 
typical cases. In all cases the length has been taken as 


Bee ee ee | ee | 
the object of obtaining an approximate method of cal- 
culating the residuary resistance of a ship whose prin. 


cipal elements are known. Although no simple alge- 
braic rule has been obtained, the residuary horse-power 


of ships up to speeds given by r = 1.3 can be approxi- 


mately found by the use of the curves in Fig. 2, 564. 

n these curves the prismatic coefficients are taken as 
abscisse, and the ordinates of the various curves measured 
on the scale to the right of the figure at the particular 
prismatic coefficient multiplied by the displacement of the 
ship raised to the 14 power will give approximately the 
residuary horse-power required at the particular value of 
r taken. The scale on the left of the figure is that for a 
displacement of 14,000 tons. In this case L is the extreme 
length of the ship in feet under water, and V is the speed 
in knots. The prismatic coefficient is taken on the length 
between perpendiculars. 


Above a ratio of rE = 1.3 the residuary horse-power 


does not generally increase as the prismatic coefficient ; 
in fact, in one or two cases a substantial decrease is 
indicated. 

In a few ships of exceptionall 


good form the curves 
give too great a result, but for 


inary forms of ships the 





made by use of Colonel Rota’s curves.* Other approxi- 
mate formule have been publi from time to time, 
but they are usually extremely long and complicated, 
involving much time in their application. The formule 
which have been considered in this paper are generally 
simple, but their application and comparison of results 
have taken considerable time. 

No doubt there are many other simple formule which 
have not been published, but which are, at the same time, 
extensively used in practice. The application of one 
such formula by a well-known gentleman, in fact, sug- 
gested this Gop. If in any discussion which may follow 
some of these formule are ught to light, part of the 
purpose of this paper will have accomplished. 

In conclusion, I have to express my thanks for the 
—— given me by Sir Philip Watts, K.C.B., the 

irector of Naval Construction, to pee these results, 
and to my friend and colleague, Mr. S. E. Boyland, 
Assistant Constructor, Admiralty, for checking the 
arithmetic and otherwise assisting me. 


APPENDIX I. 


ADMIRAL FouRNrIER’s APPROXIMATE FORMULA FOR THE 
R&sISTANCE OF SHIPs. + 


For a speed V between O and W 
Resistance = 


4U heute 1+1 
640 vafaar JM. ,/a ga) (1 + toe 


For a speed V greater than W 


Q 
0.217 


V \ 1.86log_® 
Resistance = ¢4.U . v2 (\ ) 844 x Ox (F) EO 
D WwW 
where 
¢ = coefficient of surface friction as given by Tide- 
mann ; 
U = displacement of vessel ; 
L = length of vessel ; 
B = beam of vessel ; 
D = draught of vessel ; 
M = area of immersed midship section ; 
Q= «[@e — 1 + (2y — 1)? 1)? + (28-1) + a 


where 
a = block coefficient ; 





8 = prismatic coefficient ; 


TABLE SHOWING RESULTS GIVEN BY FORMUL2, AS ComPARED WITH ResuLTs OF Towinc EXPERIMENTS ON 
Mopets Ong-SIxTEENTH Size OF VESSELS. 








the fact that in such vessels the length between per- 
pendiculars is practically the immersed length of the 
ship, and not, as in the majority of warships, an appre- 
ciably smaller length. 
The curves apply to vessels in which the ratio. >&*™ 
draught 
varies fromabout 2.7 to 2.9. For greater ratios than the 
latter the curves give results which are smaller than they 





immersed length. 


should be, whilst for smaller ratios than the former the 





Cruiser of 2900 Tona. 


Destroyer ; 560 Tons. Destroyer ; 390 Tons. 











Battleship of 15,000 Tons. ee te Oe, = 3.8. 
Length, 385 Ft. Draught Draught 
| | nie goarty a oa iim | -_ ae as 
Calcu- Calcu- ; | Oaleu- | Calcu } cu- | | 
Experi- Experi- Experi- | Experi- 
Spe lated by lated from | | lated by lated from lated from lated from 
tee: ss Formula. Curves, | 5P¢ed. | mental Formula! Curves. Speed: Com Curves. | Speed beer Curves. 
H.-P. E.H.-P. | “eS E.H.-P.| E.H.-P. | EH.-P.) EH.-P. | ones! E..P. 
knots knots | knots Dy knots iF a 
19 7370 4900 =| 5500 24 3170 2765 | 3150 25 2750 2630 30 =| «(32560 
18 3870 3740 4000 23 | 2280 | 2230 | 2100 24 2390 2220 28 | 2170 1700 
] ( | 2560 2780 2900 22 1710 1790 1600 23 2020 1820 26 1720 1380 
i 6 1960 2076 2100 21 | 1390 1420 | 1250 22 1640 | 1440 24 1370 1060 
15 | 1450 | 1500 1530 20 | 1180 1110 | 970 21 1260 1140 2 = 6| | (840 760 
14 1020 1060 1120 19 950 860 730 | 20 920 890 20 | 525 450 
| 








The writer has examined the resistance results of 
about seventy ships of various sizes shapes wi 





* Marine Engineering, July, 1905. 





th | 





results will be too great. An approximate correction for 


beam 


=————-— 60 
Sanakh those mentioned can be 


different ratios of 











‘* TERRIBLE.” * Bayarp.” ** OcBAN.” “* MELAN.” * Bomas.” 
| RESISTANCE IN Ki1o-| RESISTANCE IN Kuo-| Resistance in Ki1o- RESISTANCE IN KILO ResisTANce In Kio- 
GRAMMES, GRAMMES. GRAMMES. GRAMMES, GRAMMES, 
Speed. Speed. Speed. - — 
| Caleu- | Experi- | Calou-  Experi- | Oalcu- Experi- OCalcu- | Experi- Oalcu- | Experi- 
| lated. mental- | lated. mental. | lated. mental. lated. | mental. lated. | mental. 
metres } metres metres 
0.6 0.66 0.533 1,28 | 1.5 el be | 0.6 0.18 0.10 
1.0 1.92 1.93 2.06 2.2 2.26 2.55 |. 1.35 1.16 12 1.0 0.25 0.25 
14 4.09 4.2 4.3 | 4.14 4.39 4.55 1.65 1.98 2.2 14 0.536 0.559 
18 7.48 7.75 7.83 | 8.53 7.4 8.95 | 20 3.49 3.5 L8 1,001 1.013 
2.0 12.46 12.8 11.44 | 1175 12.6 12.9 2.4 6.3 6.31 2.2 1.85 18 
2.1 17.25 17.3 16.0 | 15.0 16.29 16.25 2.5 | 7.2 7.2 2.4 2.17 2.27 
2.2 24.0 24.5 19.6 19.8 | 20.98 21 26 | 8&3 8.2 2.5 2.58 2.55 
' | | 
curves give a good approximation to the results obtained y= M 
by model experiments. In all cases the frictional resist- BD 
ance has been calculated wy using the coefficients as eo Area of water plane 
determined by ae Mr, ann Se (See Appendix II.) Ee a a 
The majority of cases examined are warships, but , sae , 
several merchant shige are incladed. It has been found ms W is a critical speed given by ‘ 
in these cases that better results are obtained by in- a if i 1.57 
creasing the prismatic coefficients by 0.02. This is due to 4 [2 $8.85 (8 — 0.636) (6 0.669) | 5) * JL. 


APPENDIX II. 
Coefficients for Computing Effective Horse-Power Required 
to Overcome Skin Friction Based on Mr. Froude’s Uon- 
stants. 


If 8 is the wevted surface in square feet, then 
E.H.P. = /. 8, where f has the values given below. 


Length of Ship in Feet. 


ed in 
ots. 


n 








BSeE | Es 


3es8s 
Se 
es 
% 











Sedna ako 
wwOeaag 


0815 | .0812 | . 








~ In the above tables skin friction is taken as varying as V1. 825, 
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BODSWORTH’S HEATING FURNACE. 


CONSTRUCTED BY MESSRS. 


Fig. 2. 
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We illustrate above a furnace which has been | 
specially designed for heating all kinds of tools for | 
forging and hardening, especially those made from 
high-speed steel. Figs. 1 to 4 represent a front 
elevation and sections, while Fig. 5 is a photo- | 
graphic view. The fuel used is coke, an ordinary fan | 
being employed for producing the blast. In the 
manipulation of steel in this furnace the heat from 
coke has been found to be more suitable than that 
produced by the combustion of gas, in addition to 
which it is more economical. The arrangement of the 
furnace is such that while the tools are being heated 
they are in sight of the operator the whole time, which 
is an advantage claimed for the arrangement, in | 
addition to which they do not come into contact with | 
the fire. There are two fires, as will be seen by the | 
illustrations, and between these there is a chamber, | 
which is heated by radiation through open ports in the | 
sides ; and by means of a brick damper inside the 
canopy the flame may be drawn partially through the | 
heating chamber, if desired, or it may be excluded 
altogether. By this means scaling of the tools is 
reduced to a minimum. 

The furnace, with the 7 doors closed, as when 
in actual use, is shown in Fig. 1, while Fig. 2 is a 
vertical section taken on the line A B of Fig. 3. In| 
this vertical section the space between the two fires is 
clearly shown. The upper chamber of this space is 
used for partially heating the tools, and the lower one, 
which is the hotter, for getting the final heat required. 
Fig. 5 also shows the furnace with the canopy doors 








open. 
Prhe lining of the furnace is made with silica or other | 
high-heat-resisting brick, the remainder being built 
with ordinary firebricks, A special brick is supplied | 
for the lining of the furnace. 
The makers are Messrs. Walter Spencer and Co., 
Limited, Crescent Steel Works, Sheffield. 





CATALOGUES. 

Tuer Allis-Chalmers Company, Milwaukee, Wis., send 
us a card relating to pclyphase-induction motors, giving 
a few notes on their advantages, design, starting appa- | 
ratus, &c. , 

Messrs. Spencer and Co., Limited, Melksham, Wilts, 
send us circulars describing tyre-benders, loam and sand- 
mills, and mortar or ore mills. In each case prices and 
leading dimensions are given, as well as remarks on the 
chief features of these machines. 

The Niles-Bement-Pond Company, 111, Broadway, 
New York, U.S.A., have sent us a list of second-hand 
metal-working machinery. This list contains the chief 
particulars of nearly three hundred second-hand machines. 

he maker’s name and condition of the machine is given 
in each case. 

Messrs. De Dion Bouton, Limited, 10, Great Marl 
borough-street, W., send us an illustrated pamphlet on 
the many types of motor-vehicles they make. The motors 
made by this firm are too well known to need description 
in this column, and it will suffice tosay that the pamphlet 
deals more particularly with vehicles for commercial 
travellers, and light delivery vehicles. 

We have received a card drawing our attention to the 
‘‘Ordnance” centrifugal fans manufactured by the Elec- 
tric and Ordnance Accessories Company, Limited, of 
Cheston-road, Aston, Birmingham. This firm make a 
speciality of fans, the chief feature of which is the special 
form of blade claimed to give a maximum of pressure 
with a minimum of slip. 
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WALTER SPENCER AND CO., LTD., 
Fig .3. 
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From Messrs. Davidson and Co., Limited, Belfast, 
comes a pamphlet devoted toa description and to the uses 
of ‘‘Sirocco”’ fans. The —— is divided into sections 
dealing respectively with ‘‘ Sirocco” apparatus, heaters, 
fans, &c., with the heating and ventilating of industrial 
buildings, the ventilation of public buildings, and with 
the ventilation of ships. In each case numerous examples 
are given, as well as excellent illustrations. 


A circular reaches us from Messrs. Bastin and Co., 
37, Queen Victoria-street, E.C., describing the ‘‘ One-and- 
All” improved elephant machine. This wood-working 
machine is capable of trenching, square-turning, &c. It 
requires no extra floor space, power, or countershafts, 
on can be put in and out of gear very quickly. The 
spindle works vertically, horizontally, or inclined at any 
angle. 

Bearing the title ‘‘ Darlington as an Industrial or 
Residential Centre,” a pamphlet comes from the chief 
goods manager of the North-Eastern Railway, York. 
This little pamphlet is very well illustrated, and from the 
views given Darlington would seem to be one of the most 
pleasant towns of England. The booklet is issued with 
the object of pope gs more prominently before the public 
the advantages of this town as a centre of industry. 

Messrs. Snowdon, Sons, and Co., Limited, Balfour 
House, Finsbury Pavement, E.C., have sent usa catalogue 
of luminous indicators for engine-rooms, bells, lifts, ships’ 
telegraphs, &c. The bells in those for use in houses 
are arranged in the ordinary way to give an audible 
signal, while, at the same time, instead of a vibrating 
flag or disc, a glow-lamp is switched on behind the proper 
indicator motte. The same principle is employed for 
lift indicators, &c. 

A catalogue from Mesers. Alfred Herbert, Limited, 


Coventry, styled ‘‘ Section A, Part 6,” is devoted ‘to. poses, 


milling cutters. These pages contain notes on the care 
of cutters, tempering, pitch of teeth, and the many forms 
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now used, such as end-mills spiral cutters, rotched 
cutters, inserted-tooth cutters, &c. Prices and all neces- 
sary particulars and dimensions are given of these, while 
pe are also given of arbors, collets, and chucks 
or use with cutters. 


Messrs. Johnson and Phillips, Limited, Charlton, 8.0. 
Kent, have recently issued a pamphlet on “ Air and Oil- 
Transformers.” These are either single or three- 
phase, and are made in sizes from 1 to 300 kilowatts, and 
for voltages to 10,000 and upwards. The advantages of 
oil-cooled transformers are set forth, and illustrations are 
given of single transformers and of groups. The descrip- 
tive matter contains particulars of materials used in con- 
struction, and remarks on distinctive features, &c. 


A catalogue of books has reached us from the Hill 
Publishing = Sg! Book Department, 505, Pearl- 
street, New York. Many American papers have book 
departments which do a large trade, and those of the 
American Machinist, Power, and the Engineering and 
Mining Journal have been consolidated under the above 
name. The catalogue contains a list of most of the well- 
known standard and recent books in the English lan 





guage on engineering and technical subjects. 


From Messrs. W. H. Bailey and Co., Limited, Albion 
Works, Salford, we have received a circular relating to 
| patent bell-tolling machines, Koster’s high-speed com- 
poe, and tide-recorders. Another circular from this 

rm relates to the Gutermuth patent pump-valve, and to 
| Bailey’s ‘‘ Rolvalve” pumps. The flap-valves consist of 

sheet phosphor-bronze, the end of which is coiled round 
a opine forming a coil-spring. The ‘‘ Rolvalve’ pump 
has two double-acting rams worked from one crank- 
shaft—one ram drawing] while the other is forcing, with 
a double action in each barrel. 
| Bearing the title ‘‘Cheap Steam,” a pamphlet comes to 
us from Messrs. Ed. Bennis and Co., Limited, Little 
| Hulton, Bolton.’ This contains matter directly relating to 
the cheap production of steam, such as methods of firing, 
combustion in the furnace, &c., and also deals with the 
handling of coal on labour-saving lines. The first few 
pages are devoted to the Bennis stoker and compressed- 
air furnace, and also to natural-draught furnaces, chain- 
grate stokers, &c. The rest of the pamphlet contains 
particulars of coal-handling plant, conveyors, coaling 
towers, Bennis truck-tippers, and other apparatus intro- 
duced in this special line of work. 

An excellent catalogue of portable electric tools and 
other equipment has reached us from Messrs. Kramos, 
Limited, Bath. This is priced and well illustrated, and 
is divided into sections devoted to portable electric-tool 
equipments, mono-rail electric transporters, electric brake 
magnets and capstan switches, automatic electric-lift- 
controlling equipments, the ‘‘Kramos” electric resist- 
ance unit, at to automatic electric-lift gear for indus- 
trial purposes. The portable electric tools include all 
kinds of drills, —_ pot pillars for drilling, &e. 
‘* Kramos” flexible shafts and their applications are illus- 
trated in use with portable electric motors. The catalogue 
gives information regarding a very large variety of appa- 
ratus. 








Exectric ENTERPRISE IN DexwaRK.—A comprehen- 
sive electric power and light distribution scheme is at 

resent being worked out for a number of towns in Zea- 
and. The central station is situated at Skooshooed, 
some 5 or 6 miles north of Syne, and it is proposed 
to supply electric current, through high-tension transmis- 
sion (40,000 volts) to Elsinore, Fredensborg, Hillréd, &c. 
The local distribution is to be at 10,000 volts, which ten- 
sion is being transformed to 200 volts for lighting pur- 
but for greater distances the current will be trans- 
mitted at 40,000 volts, and then first transformed to 10,000 
and subsequently to 200 volts, 
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‘‘ENGINEERING” ILLUSTRATED PATENT: 
RECORD. 


Compitep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 
The number of views given in the Specification Drawings is stated 
in each case ; where none are tioned, the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, 
é&c., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
nch, 25, Southampton Buildings, Chancery-lane, W.C., at 


The date of the advertisement of the of @ Complete 

e of the advertisement of the acceptance a Com 
Specification is, in each case, given after the abstract, unless the 

atent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oj 
the advertisement he t of plet ification, 
give notice at the Patent Office of ition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


10,610. J. Brockie, London. Arc Lamps. [3 Figs.) 
May 5, 1906.—According to the;present invention, the sudden 
relative displacement of the carbons to break the circuit at the 
arc is effected without providing for any freedom of the negative 
or lower carbon, which in this case is fixed as usual, and with 
this object the circuit-breaking and clutch devices are arranged 
to operate in the manner hereinafter described. The clutch a of 
the upper or feeding carbon is connected positively by a link b 
with a lever c fulcrummed in standards @ on the base-plate of the 
lamp. The ends of the pivot-pin connecting the lever and link 
extend outwardly, to engage notches on thejupper side of a forked 
lever e, connected at the one end with the core f1 of the 
main regulating coil /, and at the other end with a dashpot g- 
During normal feeding of the carbon the connecting pivot-pin 
rests in the notches, and the levers c, e move as one about their 
common fulcrum under the weight of the carbon and carbon- 
tube as the core /! gradually drops within the solenoid f. Carried 
on the lever ¢ is a pivoted latch h, which is arranged so as to 
yield upwardly, but is substantially rigid with the lever ¢ for 
downward pressures. Thus when the latch is struck downwardly 
by any suitable means, brought into operation by the drop of the 
lamp current or the position of the core of the regulating so!enoid, 
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the lever ¢ is turned about its fulcrum independently of the 
lever e,80 a3 suddenly to raise the clutch a, and with it the 
feeding carbon, thereby breaking the lamp circuit at the arc. 
the lever ¢ is returned immediatély by the weight of the clutch a 
and link b to its normal position of engagement with the lever e, 
and is further dropped, together with the lever e, by the de- 
energising of the solenoid f, to release the clutch a and allow the 
carbons to come together and re-start the arc. Any of the means 
used for displacing the lever c, to retract the carbon, described in 
Patent Specification No. 6510, of 1906, may be used or adapted 
for the same purpose in the present invention, as, for example, 
the divided core i, i! of the auxiliary series coil j. The lower part 
i of the core is loose, and carries a striking-rod or hammer, which 
is guided to strike the latch A when the tractive force of the 
magnet j, 7! is no longer sufficient to sustain the weight of the 
core iand hammer k. When the lamp-circuit is re-established by 
the carbons coming together, the free core i is again drawn up- 
wards by the magnet into abutment with the fixed core 1!, the 
latch h yielding upwardly to the hammer-head so as to allow it 
to pass, To ensure that the core i will drep with certainty when 
the lamp current has fallen to a definite predetermined value, a 
slip of brass or other non-magnetic material is interposed between 
the parts of the divided core. (Accepted February 6, 1907.) 


2066. A. y. Besey Ealing. Insulated Conductors 
and Windings. [ Figs.) January 26, 1906.—This invention 
has for object to enable electrical af oe to be constructed 
with coils or windings that can be ily built up and afterwards 
worked at a much higher temperature or overload than heretofore 
practicable, without liability of their breaking down, either elec- 
trically or hanically, in 1 e of such higher working 
(ew perature, and thereby obviate the need, as heretofore, of 
Using mechanical supporting means, such as heavy tape, formers, 
and the like, for preventing mechanical breakdown and which 








a>) to retain heat, and, if of metal, toaffect injuriously the elec- 
trical efficiency of the apparatus. For this P , accordin 

thereto, a conductor a has a covering of ating materia 
composed of an inner layer of material b that is normally of more 
or less soft or pliable nature and is capable of being converted 
by heat, or alternate heating and cooling, into a more or less 
hard, dry, practically imperishable material, having good insulat- 
ing qualities and a thin outer covering or sheath ¢ of material 
that normally serves to protect and hold the inner layer of insu- 


such insulated conductor being readily handled and formed into a 
coil, and which can be converted by heat into a thin porous layer, 
the nature and arrangement of the insulation being such that 
upon alternately heating and cooling a coil or winding of such an 
insulated conductor, the outer covering or sheath wilh be con- 
verted into a porous condition, and portions of the inner layer 
of a around adjacent convolutions of the con- 
ductor will be caused to exude or pass through the interposed 
porous material and become blended or mixed together and form 
an —— mass or block of insulating material, through which 
the conductor extends. The inner layer of insulating material } 
—— a strip of “ berrited asbestos” paper wound spirally 
on the conductor, as shown, and the outer layer or sheath ec of 
material composed of threads of cotton, silk, or other textile 
fibres capable of being carbonised or decomposed by heat, wound 
around the inner layer } of insulating material. It is, however, 
much more convenient and Provera = | to cover the conductor a 
with the asbestos paper and cotton or other threads, and then to 
pass the whole through a bath of melted “ berrite” composition, 
so as to saturate the paper and thread therewith and to pass the 
treated conductor through a wiping device to remove excess of 
the composition, the composition remaining on the covered con- 
ductor becoming solid when cold, and forming a smooth dry 
surface that will allow of the convolutions of wire being readily 
handled and wound upon or slid along a core, former, or like 
support in making up the coil. To assist the iatter action the 
covered and conductor be 4 be passed through powdered 
mica or like material. (Accepted February 6, 1907.) 


2705. Siemens thers and Co., Limited. West- 
minster, and J. C. Wilson and W. G. Griffith, Stafford. 
0-Electric Machines. (2 Figs.) February 3, 1906. 

—This invention relates to improvements in commutation wind- 
ings for direct-current dynamo-electric machines, whether these 
windings be polar or distributed, such i being adapted 
for supplying and balancing three-wire systems by means of a 
choking coil, or coils, connected with two or more — in the 
armature winding, as described, for instance, in Specification 
No. 19,636, of 1898. When generators of this kind have commu- 
tation wiadings of the kind referred to above, the ampere-turns 
of the commutation winding must bear a fixed ratio to the 
ampere-turns of the armature for all loads and all conditions of 
ce. With the usual arrangement of commutation windings, 
wherein the windings of the commutation system are all on the 
positive, or all on the negative, side of the generator, this fixed 
ratio cannot be obtained for an unbalanced load. By the present 
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aforesaid fixed ratio for all loads and all conditions of balance. 
For this purpose, the commutation windings (either polar or dis- 
tributed) are divided into two equal portions—one connected in 
series between the generator and the positive outer wire of the 
three-wire system, and the other in series between the g t 


invention the commutation windings are arranged to give the 





magnet yoke © is passed through the central ure of the 
furnace and detachably secured to the core B. en 
to be effected on the furnace A, the magnet yoke C may 
out of the same and in the furnace A!, where it may be 
secured to the opposite side of the core B in the position indicated 
in dotted lines, Of course, the furnace may be provided with as 
many yokes C as there are furnace rings A, and all of them be 
connected with the core B. If one of furnace ri is out of 
operation, the yoke belonging to this furnace may be nected 
with the core. Fig. 2 shows a modification where one magnet- 
hi D common to two furnaces A, A! is employed, in which case 
the induction coil may be suitably a on the branch of the 
magnet hoop extending on the underside of the furnace. (Ac- 
cepted February 6, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


13,787. G. Wil London. Gas-Washers. [4 Figs.) 
June 15, 1906.—The object of this invention is to vide an 
improved construction and arrangement of whereby the 
apparatus may be more readily inspected and cleansed, and to 
enable this to be done without stopping or decreasing the output 
of the apparatus. It also has for its object so to constract the 
bubbling hood or cover where the gas bubbles through the —— 
that a more efficient washing of the » pas is obtained. According 
to the invention, a gas-washer is divided vertically into sections, 
and each vertical section consists of a series of superim 
chambers a!, each formed with one or more elongated hoods d, 
which, in a réctangular apparatus, will preferably run lengthwise 
of the respéctive chambers, and will cover a correspondingly- 
shaped opening ¢ in the floor of each chamber, the opening being 
surrounded by a wall projecting up to the hood d in the usual 
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manner. The liquor is fed from the liquor main g into the uprer- 
most compartment of the chamber by the pipe /!. The liquor 
leaves the lowermost chamber by the main k and valved connec- 
tion. The longitudinal side of the hood d, which is in 





and the negative outer wire. By this arrangement the cape 
turns of the commutation system always bear a fixed ratio to 
the ampere-turns of the armature, since the ampere-turns of each 
are proportional to the mean of the currents in the two outer 
wires of the three-wire system. The coils a!, a2, a3, a4 are con- 
nected in series with each other, and are inserted between the 
positive terminal c of the armature and the terminal d of the 
positive main, while the coils 1, b?, b®, b4 are connected in series 
with each other and inserted between the negative terminal e of 
the armature and the terminal / of the negative main. 
February 6, 1907.) 


28,370. A. Hiorth, Christiania, Norway. Electric 
Furnaces. [4 Figs.) December 12, 1906.—This invention re- 
lates to electrical smelting furnaces with induction heating, and 
has for its object an arrangement of such furnaces designed to 
increase considerably their efficiency. This invention consists in 
so arranging the electrical-induction device as to permit of slter- 
natively or simultaneously using the same for two or more 


(Accepted 
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furnaces. As furnaces of this kind need frequent repairs, and 
such repairs occupy erable time, in view of the fact that 
the lining must dry slowly, the induction device in furnaces as at 
present w uently remain out of operation for a con- 
siderable time, and this implies an increase of worki ay ea 
relatively to the output. In the present invention this incon- 
venience is avoided by grouping two or more furnaces A, A! 





lating material in place around the conductor, and to admit of 





ide or around one common induction coil with core B. The 


the 'y , will be fitted with a supplementary detach- 
able apron or hood m projecting outward at an angle, and con- 
sisting of sheet metal bent to a section corresponding with the 
crown of the hood d, so as to be slidden lengthwise on to and off 
from the hood d, or otherwise suitably placed thereon, so as to be 
removed for cleansing when uired, the aprons being fastened 
to the hood d by studs. In this manner one or more of such 
supplementary aprons m may be fitted, and by removing the 
studs or fastenings the aprons may be slidden or lifted off. ese 
aprons may be formed with a series of holes situated close together 
—eay, three or four rows deep along their lower edge, where 
immersed in the liquor. (Accepted February 6, 1907.) 

2368. C. B. , London, and R. G. Shadbolt, 


Grantham. acture of Gas. [1 Fig.) January 30, 
1906.—This invention relates to the manufacture of producer gas 
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and water-gas, or mixed producer-gas and water-gas, that shall 
be free, or practically free, from carbon dioxide. For this y 
in the manufacture of such gas according thereto, conversion of 
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contained carbon dioxide gas into carbon monoxide is effected 
by separating the solid carbonaceous fuel c’ to the gas- 


enerator into a main or generating portion, from which the gas 
formed by the admission thereto of air or steam, or air and 
steam, and an auxil or conversion portion, which is surrounded 
and adequately heated by the main portion, and through which 
the gas containing car' dioxide on its way from the main 
portion is caused to pass. The bottom of the producer a-has a 
central outlet hole for gas and ashes, and the annular space 
between this hole and the wall of the producer is fitted with 
grate-bars, which are located above a recess d, which serves as 
an air and ae gee chamber and also as an ash-pit. Sup- 
ported centrally within the producer is a vertical tube g that 
forms between itself and the wall of the producer an outer annular 
-generating chamber h located above the grate-bars, and 
Sesigned to contain the fuel to be converted into gas. The interior 
of the tube g forms a vertical reducing chamber to contain the 
fuel designed to convert the carbon dioxide in the gas produced 
in the chamber h into carbon monoxide, the two chambers g and 
h being in direct and free communication with each other through 
the upper portion of the producer. To one side of the chamber d 
is secured a branch pipe ¢ that is connected to an air-supply pipe 
and to a steam-supply pipe. Secured to the bottom of the central 
support below the vertical tube g is an outlet branch o, that is 
provided at one side with an outlet pi p for the escape of the 
that has been treated. The weper put the producer is provided 
with a steam or water vapour generator w, which is connected 
to the supply pipe ¢ hereinbefore referred to. The gas-outlet 
pipe p extends upward to a pipe 4 leading to the main outlet 
pipe 5, which extends to an hydraulic main, purifying a 





gas-holder, or other desired place, as may be desired. The outlet 
pipe p may, when desired, be ted to a carburettor for 
carburetting the gas. For this pu the pipe p may, as shown, 


be provided at a vertical portion of its length with a surrounding 
vessel 3 designed to contain oil for carburetting the gas. (Ac- 
cepted February 6, 1907.) 


GUNS AND EXPLOSIVES. 


15,903. A. E. Jones, Fiume, Hungary. Torpedo- 
Immersion Regulators. (2 Figs.) July 13,1906. —The present 
invention has for its object improvements in immersion regulators 
for torpedoes, such improv constituting a further develop- 
ment of those devices in which hydrostatic pressure acting upon 
a hydrostatic membrane or a piston acts in opposition to a loaded 
arm. In order to _ of constructing the pendulum / acting 
in opposition to the hydrostatic pressure of the smallest dimen- 
sions, small membranes or pistons must be oes to transmit 
the small movements of the membrane or of the piston r to the 
slide-valve a in such a manner as to obviate any inexactitude, 
which would be quite unavoidable if transmission members, even 
of the best construction, were employed ; to this end, in accord- 
ance with the present invention, the slide-valve a is directly con- 
stituted by an extension of the piston-rod ¢, or by a rod fixed in 
the middle of the membrane, so that the stroke of the membrane 
or of the piston 7 is transmitted directly and undiminished on to 
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the distributing slide-valve a. The hydrostatic chamber » itself, 
in which the pendulum / oscillates, may be constituted by a casing 
u fixed to the wall w, and over which the water flows ; the wall w 
of the hydrostatic chamber v, which carries the cylinder z of the 
hydrostatic piston , is affixed to the cylinder n of the servo-motor. 
The pendulum / acts through a finger g nst the inner side of 
the hydrostatic piston 7, the rod ¢ of which, as already stated, 
me directly into the slide-valve a of the servo-motor ; the 
slide-valve @ is guided in a movable slide-valve casing 6, and this 
in the fixed casing c, and is connected with the piston m of the 
servo-motor by a two-armed lever. If, owing to the co-operation 
of the hydrostatic and the pendulum pressure, the slide-valve is 
displaced in the direction indicated by the arrow 1, the air sup- 
plied is admitted into the right-hand side of the cylinder n, and 
the left-hand side is placed in communication with the exhaust ; 
as a result. the piston is displaced in the direction indicated by 
the arrow 2. (Accepted February 6, 1907.) 


MOTOR ROAD VEHICLES. 


2171. The Enfield Cycle Gomqany, Limited, and 
W. Guillon, Redditch. [1 Fig.) January 29, 1906.—This 
invention relates to the driving mechanism of motor-cars in which 


bevel-wheels f the differential gear have hitherto been 
arranged inte between the larger bevel-wheels, which 
are fixed upon the axles, the present improvements consisting of 
an arrangement whereby the differential or inner part of the 
gearing is separated from the other or outer pest. In carrying 
this invention into effect, the two satellite pinions B! and CO! are 
mounted in the differential-box A. The box A is mounted upon 
the shaft F, so as to be capable of rotating independently thereof, 
the shaft F and box being both mounted in bearings in the fixed 
casing or M. The one differential pinion B is fixed to the 
shaft F, while the other ion O is mounted to rotate thereon, 
.and is connected to another or pinion D by means of a 
sleeve d!, such secondary pinion D en; ng with the large bevel- 
wheel H, which is fixed on to one of the wheel axles K, a third 
pinion E being fixed to the opposite end of the shaft to that of 
the differential pinion B, and engaging with the bevel-wheel J, 
which is fixed upen the r wheel axle K!, The action is as 
follows :—Upon the differential box A being rotated, it transmits 
its motion to its satellite pinions B!, 01, which respectively gear 
with the differential pinions B and OC, and ‘which transmit the 

tions to the outside of the box by the pinions D and E engaging 
with the pinions H and J, thus driving both axles K and K! at 
the same , and at the same time allowing such axles to 
revolve at different speeds. (Accepted February 6, 1907.) 


PRINTING AND ALLIED MACHINERY. 

9587. W. 8. Dow, Lon and E. J. Smith, Plum- 
Boxes. [4 Figs.) April 24, 1906.—This in- 

vention has reference to fudge-boxes used for the reception of 
added matter and late news not included in the first instance 
- the pes cylinder. The invention relates to the mode 
of fixing the fudge-boxes upon their cylinders. a is the fudge- 
box and b is the cylinder. e inwardly-projecting edges of the 
movable and fixed ends ¢c and d are provided with teeth or serra- 
tions which can be driven into the ends of the linot; slugs f by 
means of a screw operating on the movable end c. To fasten the 
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tudge-box to the cylinder, the base of the fudge-box is fitted 
with inclined projections A,h and i. The projections h, h are 
introduced beneath the fixed lugs k on the cylinder, and the 
projection i is engaged by the sliding jaw / operated by the 
screw m, which has two threads of different direction, one of 
which engages with the part m1 on the cylinder, while the other 
screws into the jaw 7. By means of this screw the jaw / can be 
rapidly advanced or retired. n isa stud, by means of which the 
ape position of the fudge-box circumferentially of the cylinder 
s ensured. (Accepted Fe ry 6, 1907.) 


21,663. W. T. waghemem, London. (The Aluminium 
Presse Company, New York, U.S.A.) Cylinder-Adjusting 

echanism. (3 Figs.) October 1, 1906.—This invention has for 
its object certain improvements relating to cylinder adjustments 
for printing-machines where fine ce my or is required. The 
usual form of mounting a printing cylinder is to have the cylinder 
mounted so as to be guided laterally between fixed shoulders in 
supporting-frames or journal-boxes; and in this case, when 
lateral adjustment of formes is required, it is necessary to stop 
the machine and loosen the formes from their fastenings, adjust 
the forme on the cylinder, and reclamp the same. In the method 
shown the cylinder is so mounted that it can be adjusted late- 
rally in its bearing, ons the forme with it, and thereby 
accomplishing the desi: justment much more readily. 8 is 
the journal-box containing the eccentric sleeve 10, in which the 
journal 11 of the cylinder finds its bearing. This journal 11 is 
provided with a projection 12, fastened to which is a collar 13. 
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annular groove, in which is placed the sleeve 14, which forms the 


The space between the collar 13 and projection 12 forms an 


of the wheel in such a way that the velocity of the fully-expanded 
steam is fully utilised. In ing out this invention, the 
applicants employ a plate, through which suitable apertures are 
made for the expansion of the steam or for guiding the flow of 
expanded steam. The apertures in this plate have an amount of 
taper required to expand the steam to the necessary extent, anc’ 
may be of such a section as will cover the whole of the buckets. 
This plate may be made solid, with the nozzles or apertures cut 
through it, or it may be built up in parts for convenience in cut 
ting out the steam spaces. The back of this plate will be faced 
so that another plate or ring may be arranged concentrically to 
rotate against it. In this sliding or rotating disc are made suit 
able openings in such relation to the steam apertures on the 
fixed plate, that when the plate is partially rotated a greater or 
less number of the openings for the expanding steam may |) 
closed or opened so as to regulate the number of active apertures 
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in accordance with the load upon the turbine. This tially- 
rotating ring may be moved by rack, pinion, screw, lever, or 
other mechanical means, operated by band or automatically in 
a is the turbine-wheel having buckets 
» on its circumference of the usual type. / is a plate having 
inclined and tapered orifices or passages therethrough, leading 
into the turbine casing near the buckets ) of the turbine. To 
control the passage of the steam from the steam-chest to the 
turbine casing, an annular plate g is provided, having slots there- 
through opposite the holes leading to said passages. Means are 
provided—for instance, a rack and worm—for rotating the plate 
g to cover or uncover any desired number of the steam-holes in 
the plate f. The annular plate g may be variously shaped to 
accord with the arrangement or inclination of the steam passages. 
(Sealed April 11, 1907.) 


any convenient manner. 


MISCELLANEOUS. 
23,135. The Hon. W. P. Lindsay,Coventry. Speed- 
Recorders. [5 Figs.) October 18, 1906.—This invention relates 


to -recorders. The improved construction is especially 
applicable to recording apparatus age hy pencil travelled over 
a band of paper driven by clockwork. The means for travelling 
the recording pencil, which constitute the main feature of this 
invention, comprise a pair of screwed spindles and a pencil-carrier 

perated by a rovided with female-screw surfaces 
adapted to co-act_with the screwed spindles alternately, so as to 
reciprocate the pencil-carrier and pencil over the recording sur- 
face, and suitable means for causing the screwed member to co-act 
with the screwed spindles alternately. The means for travelling 
the recording pencil comprise a spur-wheel driven by a suitable 
gear and meshing with a pair of spur-wheels, one of which is 
mounted on a left-hand-threaded screw-spindle p, and the other 
of which is mounted on a right-hand-threaded screw-spindle 4. 
r is a member provided with female-screw surfaces adapted to co- 
act with the screwed spindles p and g respectively, and is adapted 


























to be rocked so as to engage one of the screwed spindles. The 
means for rocking the member r comprise a bar u suitably pivoted 
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adjustable e that holds the cylinder in its proper lateral posi- 
tion. In the construction shown, the cylinder-bearing 8 has a 
part 15 attached to it in a relatively fixed lateral position, which 
contains a hollow threaded cylindrical portion 16 encircling the 
cylinder end 12, Mounted on this part 16 is the sleeve 14. This 
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both wheels of the car are driven through a single differential 


arrangement of bevel-gear in such a manner as to allow of the 
wheels having the necessary inclination, and in which the smaller 


sleeve 14 has formed on its inside a threaded portion, which 
engages the thread on the part 16, and therefore is in effect a nut 
engaging the screw on 16; and as the sleeve 14 is held by and 
works into the annular groove formed at the end of the cylinder, 
it will carry this cylinder laterally in the direction required 
according as this nut is adjusted inward and outward. The 


| sleeve is adjusted by means of a screw and worm 17, as in this 


way a very fine adjustment can be readily effected, and at the 
same time it is self-| . When this worm is moved in one 
direction or the other, it will carry the cylinder laterally in the 
direction required. (Accepted February 6, 1907.) 


| STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


2361. A. Greenwood and EK. Anderson, Leeds. 
Steam-Turbines, (9 Figs.) January 30, 1906.—This inven- 
tion relates to steam-turbines of the De Laval type, and com- 
prises an improvement in the arrangement form of the 


be remembered that in the case of steam-turbines of the De Laval 
type the expansion of the steam to the full extent takes place in 





nozzles, and to this end the nozzles are tapered in a way that 
is now well understood, and they are directed towards the buckets 
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and on which the member r is adapted to slide when one of its 
screwed surfaces is co-acting with a screwed spindle. The opera- 
tion of the pencil-travelling gear is as follows:—Assuming the 
female-screw surface to be in mesh with the screwed spindle p, 
and the driving spur-wheel to impart clockwise rotation to the 
driven spur-wheels, then the member r is slidden along the bar « ; 
during this sliding motion a spring 3 engages a projection 5, and 
is deflected, and tends to rock the bar u; this rocking is, however, 
restrained by the engagement of a spring-catch w with a projec- 
tion » until the -catch is disengaged therefrom, thereupon 
the energy in the spring 3 rocks the member 7 and bar uv, 
henge canny tet mle apenas peg! Seer 

ere, & -catch y engagin a ection z. e member 
ris deh. to slide the ref u in Barone direction, and 
the change of 





effected in a similar manner by a spring 
4 and projection 6 when the member reaches the other end of the 
ters, -. e 8 47 of the er ris ap a apne pe ~ 

rough a adapted to le on rods 9, 9, avin 
ine 10 adapted to be engaged between a pair of lugs 11, 11, on 
the member 7 and a 12 provided with any suitable meant 
for holding the (Accepted January 30, 1907.) 
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AN ANALYSIS OF THE EVOLUTION 
OF MODERN TOOL-STEEL. 
By Professor H. C. H. Carpenter, M.A., Pu.D. 
INTRODUCTION. 

In the following paper an attempt will be made 
to trace the evolution of modern tool-steel, in the 
light of the most recent knowledge of this subject. 
The impetus to this has been given by the publica- 
tion of Mr. F. W. Taylor’s presidential address to 
the American Society of Mechanical Engineers,* 
‘On the Art of Cutting Metals.” By Mr. Taylor’s 
courtesy the writer was enabled to contribute to 


C . OIF FERENTIAL COOLING CURVE OF NEARLY PURE IRON. 
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be made at the outset as to the present position of 
the theories of the hardening of steel. As is well 
known, complete agreement between the so-called 
‘* allotropic ” and ‘‘ carbonist” schools of thought 
has not yet been reached. At the same time there 
is more agreement than there was five years ago. 
So far as this paper is concerned there is no need 
to labour the points of difference. As far as 
possible the theoretical conceptions invoked for 
the woe will be those which are now gene- 
rally admitted to be valid. At any rate, whatever 
labels may be attached to the writer by readers 
of this paper, he desires to state that he writes 
neither as an allotropist nor as a carbonist, but as 
an independent scientific investigator. 

It is now universally acknowledged that when 
pure iron cools from 1000 deg. Cent. (or any tem- 
perature above this) it evolves heat at certain tem- 
peratures. These evolutions have been designated 
Ar3 and Ar2.* The temperatures at which these 


Fig.2. 





Cc. 
1000 





Temperature, Degrees Centigrade. 





2. 8, between Ar 3 and Ar 2—also non-magnetic. 

3. a, below Ar 2—magnetic. 

Passing from pure iron to iron carbon alloys, it is 
found that when more than about 0.1 per cent. of 
carbon is present, another evolution of heat occurs 
at about 700 deg. Cent. on cooling, which rises to 
@ maximum at about 0.9 per cent. of carbon. (The 
character of Ar3 and Ar 2 and the temperatures at 
which they occur are rapidly changed by this addi- 
tion of carbon.) This is designated Ar 1, and it is 
universally agreed that it is caused by the conversion 
of hardening carbon to carbide, and in particular 
pearlite, carbon. The evolution of heat is rapid, 
and Ar 1 may be properly called a ‘‘ critical point.” 
The differential heating and cooling curves for steel 
—, 0.9 per cent. of carbon are shown in 

ig. 2. 

On heating, the critical points and ranges are 
attested by absorptions of heat, and are designated 
Ac1, Ac2, and Ac 3, and the temperatures at which 


DIFFERENTIAL COOLING & HEATING CURVES OF STEEL 
CONTAINING 0-30 PER CENT OF CARBON. 





Fic. 3. Austenitic, or polyhedral, structure. 
x 150. 
the discussion which followed, and to record his 
sense of the high value attaching to the researches, 
extending over twenty-five years, upon which the 
address was founded. Since then the extensive 
reprinting of extracts from the address by the 
European technical Press has furnished ample 
evidence of the universal interest it has aroused, 
and of its great practical importance. 

Pages 221-232 are devoted to a section headed 
‘* Theory of Hardening Steel ; Investigations Made 
to Find an Explanation or Theory for the Pheno- 
mena Connected with ‘ Chromium Tungsten’ High- 
Heated Tools.” Mr. Taylor there discusses two 
contributionst to this subject by the present writer. 
During recent months considerable correspondence 
with regard to this theory has been exchanged, and 
this has culminated in Mr. Taylor’s kind encourage- 
ment of the writing of the following paper. 


Section I.—Current THEorres oF HARDENING. 
It is essential, for the understanding of the argu- 
ment that will be used, that some reference should 
* Proceedings of the Society, Vol. xxviii., No. 3. 
+ Journal of the Iron and Steel Institute, 1905, No. 1, 


Fie. 4. Martensitic, or acicular, structure. 
x 150. 





pages 433 to 473 ; and 1906, No. 3, pages 377 to 396. 





occur (see Fig. 1) depend to some extent upon the 
rate at which cooling takes place, and, accordingly, 
the experimental results of various observers are 
not perfectly concordant. Further, certain discre- 
neies in the past must unquestionably be attri- 
uted to errors in the calibration of the temperature 
scales. But there is now practical unanimity :— 

1. That Ar3 occurs at about 900 deg. Cent., and 
that it is a rapid evolution of heat. 

2. That Ar2 occurs over a range of temperature, 
and that its limits are more difficult to define, but 
that the maximum liberation of heat is near 
750 deg. Cent. 

In accordance with these facts Ar3 is properly 
called a ‘critical point,” and Ar 2a *‘ critical 
range.” They have been related to changes in the 
physical properties of the iron, Ar3, e.g., being 
associated with a decided change of electrical re- 
sistance, and Ar2 with the appearance of magnetism 
on cooling. Three varieties of iron are thus dis- 
tinguished :— 

1. y, above Ar3—non-magnetic. 

* There is another evolution of heat designated Ar 0, 
but for the purposes of this paper it can be disregarded. 





Fie. 5. Banded pearlite structure. 
x 750. 


Fie. 6. Typical high-speed steel untreated. 
x 150 


they occur are either about the same, or, more 
usually, a little higher than on cooling. 

It is well known that neither pure y nor pure 
8 iron has been prepared. Each exists in the 
eye range of temperature in which it is stable. 

ut hitherto a method has not been found of 
obtaining them at the ordinary temperature, owing 
to the impossibility of suppressing the Ar3 and 
Ar2 changes on cooling. The only form of pure 
iron which is known at the ordinary temperatures is 
the a variety. 

There are, however, certain alloys of iron which 
undoubtedly contain the y form. Such are Had- 
field’s non-magnetic high manganese steel, the high 
nickel steels, certain nickel-manganese steels, and 
others. The structures of these alloys exhibit a 
general similarity to one another, and are usually 
characterised as ‘‘austenitic” or ‘* polyhedral” 
|(Fig. 3). They indicate a condition of perfect 
mutual solution of the constituents. The critical 
points or ranges of such steels are now known to 
lie below the ordinary temperature. 

The magnetic measurements of Dr. Carl Bene- 
dicks, and the microscopic work of Dr. L. Guillet, 
agree in showing that if 1.6 per cent, of carbon 
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could be preserved in a dissolved state in iron, 
the resulting steel would be entirely constituted of 
austenite. The most rapid method of quenching 
hitherto invented has, however, failed to effect 
this, and the product probably contains a mixture 
of y, 8, and a iron. It certainly contains the last 
named, because it is magnetic. Compared with har- 
dened steel, the foregoing alloys of y iron are soft. 

So far as the writer is aware, it has not been 
shown that an alloy of 8 iron free from either 
y or airon has been prepared. But it is univer- 
sally agreed that hardened steel is some form of 
combination of carbon with a solution of carbon in 
either 8 or airon, or both; and after some years 
of controversy substantial agreement appears to 
have been reached. as to its physical characteristics. 
Formerly it was maintained, on the one hand, that 
hardened steel was structureless, and, on the other 
hand, that it was clearly crystalline. It has now been 
shown that the lower the hardening temperature 
the smaller are the crystals, and in properly 
hardened steel they appear to be at the limit of 
microscopic vision. But even in this case there is 
good reason for thinking that the structure is 
acicular, or, as it is more commonly called, mar- 
tensitic (Fig. 4, page 569). Whatever it is, the 
material is nearly homogeneous, and owes its quali- 
ties to the fact that the Arl heat evolution has 
been suppressed by rapid cooling. As is well 
known, such hardened steel is unstable at the 
ordinary temperature, and under the influence of 
heat, or heat and mechanical work, is tempered and 
ultimately completely softened. 

For the argument that will be subsequently 
developed it is important to emphasise here that 
certain alloys containing y iron have been shown 
to be unstable at the ordinary temperature, and 
have been converted by mechanical work into 
alloys containing either 8 or a iron, or a mixture 
of these. In other words, certain soft alloys with 
polyhedral structure have been thus converted 
into hard alloys with martensitic structure. 


Secrion If.—THe Wear or Toors IN 
Cortina MetaAts. 


A brief reference must be made to facts put for- 
ward by Mr. Taylor in regard to this (paragraphs 153 
to 203 of his address). He shows that ‘‘ cutting 
with a metal-cutting tool consists in pressing, tear- 
ing, or shearing the metal away with the lip surface 

. . only under pressure,” and that ‘‘ after the cut 
has once been started, and the full thickness of the 
shaving is being removed, the action of the tool 
may be described as that of tearing the chip away 
from the body of the forging, and then shearing it 
up into separate sections ; the portion of the chip 
which has just been torn away, and which is still 
pressing upon the lip surface of the tool, acting as 
a lever, by which the following portion of the chip 
is torn away from the main body of the metal.” 
Further, ‘‘it would appear that the chip is torn 
off from the forging at a point appreciably above 
the cutting edge of the tool, and this tearing action 
leaves the forging in all cases more or less jagged or 
irregular at the exact spot where the chip is pulled 
away... An instant later the line of the cutting 
edge, or, more correctly speaking, the portion of 
the lip surface immediately adjoining the cutting 
edge, comes in contact with these slight irregu- 
larities left on the forging...and shears these 
lumps off, so as to leave the receding flank of the 
forging comparatively smooth.” hus, ‘‘ that 
portion of the lip surface close to the cutting edge 
constantly receives much less pressure from the 
chip than the same surface receives at a slight 
distance away from the cutting edge.” The wear 
of the tool shown on folder 3, Fig. 17e of Mr. 
Taylor’s memoir, shows that the severest pressure 
was, not at the cutting edge, but at some little 
distance back from it. 

Mr. Taylor divides tools; into three classes, ac- 
cording to the causes which contribute to their wear. 

The first class contains tools in which mechanical 
abrasion plays the chief part, and ‘the heat 
produced by the “pe pony of the chip has been so 
slight as to have had no softening effect upon the 
surface of the tool.” 

The third class comprises those ‘‘in which the 
heat has been so great as to soften the lip surface 
of the tool beneath the chip almost at once after 
starting the cut, and in which, therefore, heat has 
played the principal part in the wear of the tool.” 
‘*The wear in tools of the second class is a com- 
bination of the type of wear of the first class with 
the type of wear of the third class, the first-class 





type of wear extending throughout the greater 
part of the time that the tool is cutting. Cutting 
speeds which cause wear of the second class are the 
most advantageous—at any rate, for all roughing 
work—and these are designated ‘economical.’ ” 


Section III.—Epocus 1n tHe History or Toot- 
STEELS. 

Mr. Taylor has classified these under three 
heads : 

1. The era of carbon tool-steel. 

2. The era of self-hardening or air-hardening 
tool-steel. 

3. The discovery of ‘‘ high heat treatment,” the 
original high-speed tools, and the most modern 
high-speed tools. 

In this paper these will be considered in the 
order given. 

1. The Era of Carbon Tool-Steel.—Mr. Taylor 
states that carbon tools held the field up to 1894, 
and that they contained between 0.75 and 1.50 per 
cent. of carbon, and small quantities of silicon and 
manganese (and sometimes chromium). The follow- 
ing typical analysis is taken from paragraph 952 :— 
Make of +1 Manga- Chro- Phos- Sul- 

, Carbon. Silicon. a: mium. phorus phur. 
Jessop. 1.047 


0.206 0.189 0.207 0.017 0.017 


Under the standard* test finally adopted by him, 
a properly hardened tool cut 16 ft. of medium hard 
steel per minute. The hardening and tempering 
processes, as described in paragraphs 941 and 942, 
consist in quenching the tool on a rising tempera- 
ture at about 750 deg. Cent. in water at the ordi- 
nary temperature, and reheating to between 200 deg. 
and 300deg. Cent. to remove brittleness. Mr. Heynt 
has recently made a study of the ‘‘ letting down” 
of a carbon tool-steel of very similar composition 
to the above—viz. :— 

Carbon. Silicon. Manganese. Phosphorus. Sulphur. 
0.95 0.35 0.17 0.012 0.024 
From which it appears that after this treatment 
the Jessop tool still possesses the martensitic 
structure. The point which the writer desires to 
emphasise here is that when a carbon tool is put to 
work, it is at the outset in its condition of maximum 
working hardness. As is well known, it can only 
cut at slow speeds. Any attempt to make it cut 
at high speeds fails, because so much heat is gene- 
rated by the friction of the chip against the lip-sur- 
face that the temper is completely drawn. The 
temperature at which this occurs is near 500 deg. 
Cent. It must be admitted that mechanical work 
per se probably has a share in causing the passage 
of the hard, unstable martensitic structure into 
the soft, stable pearlitic structure. (See Fig. 5, 

page 569.) 

The wear of these tools at what Mr. Taylor terms 
‘* economical cutting speeds” (paragraph 185) has 
been investigated by him very carefully. He has 
found that the cutting edge ‘* begins to be injured 
almost as soon as the tool starts to work, and is 
entirely rounded over and worn away before the 
tool finally gives out, and the tool works well in 
spite of its cutting edge being damaged.” This 
fact seems to support his contention that the 
heaviest work does not come upon the cutting-edge, 
but at a little distance from it ; even so, however, 
it is not obvious how the tool continues to work 
well, and it would have been interesting had he 
given some—if only tentative— explanation of 
this. In addition to the extremely rapid round- 
ing of the cutting-edge, there is a progressive wear- 
ing away of the flank, and fine particles of steel and 
dust mount upon the lip, and adhere there. Finally, 
so much of the flank is rubbed away ‘‘ that no 
amount of pressure can force it into the work,” and 
the tool has then to be removed. 

It appears to the writer that it may be fairly 
doubted whether the tool that cuts under these 
conditions has a ‘‘martensitic structure.” The 
above facts seem to indicate that this essentially 
unstable structure at ordinary temperatures is 
quickly changed by the pressure of the chip into a 
different (and softer) modification. An investiga- 
tion is required to decide this. 

2. The Kra of Self-Hardening or Air-Hardening 
Tool-Steel.—Mr. Taylor puts this era between 1894 
and 1900, and classifies the tools as containing 
between ‘‘4 and 11 per cent. of tungsten in com- 


* “The exac} cutting speed at which the tool was com- 
pletely ruined at the end of twenty minutes” (para- 
graph 68 of Mr. Taylor’s address). 

r yo und Eisen, 1906. Sonder abdruck, Nos. 13, 15, 
and 16, 








bination with 1.5 to 3.5 per cent. of manganese 
and 1.25 to 2.25 per cent. of carbon ; and to these 
ingredients chromium to the extent of from 0.3 to 
almost 3 per cent. was used either as a substitute 
for manganese or in addition to it. The rest of 
the steel consisted of iron with a small amount of 
silicon used for melting purposes.” The following 
typical analysis of Mushet tool-steel, which comes 
in this class, is taken from Table M (loc. cit.) :— 


Carbon. Silicon. Manganese. Tungsten. Chromium. 
2.15 1.044 1.578 5.441 0.398 


The effect of the increase of manganese and the 
introduction of tungsten was to produce a tool which 
was ‘‘almost as hard when cooled slowly in air 
from a forging heat as carbon tools when cooled in 
water” (paragraph 950). Further, the tool was 
capable of cutting medium steel at 26 ft. per 
minute, as compared with the 16 ft., of which the 
carbon tool was capable under standard conditions. 
In other words, it was not only easier to harden, 
but, when once hardened, it was more difficult to 
soften. The reason of this has been recently 
demonstrated. The elements tungsten and man- 
ganese act as a brake in hindering the Ar3, Ar 2, 
and Ar1 heat liberations during the cooling of the 
alloy steel at ordinary rates, with the result that 
when the ordinary temperature is reached they 
have only partially occurred, and consequently the 
steel is hard. They act similarly when the hard tool 
is put to work by hindering the changes which 
cause a complete softening on a rising temperature. 

But apart from these differences, which are of 
degree rather than of kind, the self-hardening are 
similar to the water-hardening carbon tools. In 
particular it is desired to emphasise that the self- 
hardening tools possess their maximum cutting 
hardness at the beginning of their work, and are 
gradually softened as it progresses. Further, Mr. 
Taylor has shown that they wear out like the 
carbon tools. Another and most important point 
of similarity between the two types is that they 
are seriously injured, as tools, if they are heated 
above 850 deg. Cent. 

3. The Discovery of High-Heat Treatment and 
High-Speed Steels.—Mr. 'Yaylor has pointed out 
that a good deal of misapprehension exists as to 
the next step in the evolution of modern tool- 
steel. During the era of self-hardening tools some 
makers substituted chromium for manganese with 
satisfactory results. The following chromium- 
tungsten steel is self-hardening : — 


Carbon. Tungsten. Chromium. Manganese. Silicon 
1.14 7.723 1.83 0.1 0.246. 


(Paragraph 103.) This ‘‘ Midvale ” tool was found 
to cut at slightly higher cutting speeds than the 
Mushet, previously described. But it was only 
on ‘‘ overheating” them that a marked difference 
in properties was made manifest. Then the 
Mushet tool ‘‘crumbled badly when struck 
even a light blow on the anvil,” whereas the 
‘** Midvale ” tool, although it ‘‘ showed no tendency 
to crumble,” ... was ‘‘apparently permanently 
injured.” Subsequent experiments showed that the 
temperature range in which this occurred was about 
840 to 930 deg. Cent., but that if the ‘‘ Midvale” 
tool was heated to 950 deg. or onwards, its cutting 
properties were better than with the ordinary low 
temperature treatment from 750 to 800 deg. Cent., 
and that the higher above this it was heated ‘‘the 
higher were the cutting speeds at which it would 
run,” even though the tool began to melt. 

Thus the next step was a change, not in the 
chemical composition, but in the heat treatment of 
tool-steel. 

Mr. Taylor’s conception of the character of this 
discovery is stated in the following terms (para- 
graph 965) :—‘‘ Heating these tools . . . up close 
to their melting point is commonly referred to . 
as ‘hardening the tools.’ In point of fact, the 
high-speed tools at their very hardest are little, if 
any, harder than the carbon tools, or the old- 
fashioned self-hardening tools, and the quality «f 
hardness is not that which enables them to run at 
very high speed.” But such treatment ‘‘ does give 
them the entirely new and extraordinary property 
of retaining what hardness they have, even after 
the tool has been heated up in use through the 
pressure and friction of the chip until it is almost 
or quite red hot.” This new property has been 
called ‘‘red-hardness,” ‘‘ because the tool main- 
tains its cutting edge sharp and hard to cut steel 
even after its nose is red hot, and because in many 
cases it heats up the chip, or shaving, which it 's 
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cutting, until the portions of the chip which are 
exposed to the friction of the tool become red hot.” 
he analysis of the original Taylor-White tool- 
steel (1900 a.p.) is given in Table M, as follows :— 
- ro- Man- gq: Sul- Phos- 
Carbon. = } oon ganese. Silicon. phur. phorus. 
1.85 8.00 3.88 0.30 0.15 0.03 0.02 
It was found to be capable of cutting from 58 ft. 
to 61 ft. of medium steel per minute—an immense 
advance upon the capabilities of the tungsten-man- 
ganese self-hardening steels. Recent developments 
have resulted in the raising of the chromium and 
tungsten and the lowering of the carbon percent- 
ages, while silicon and manganese have been re- 
duced to quantities which are ‘“‘ sufficient merely 
for good melting.” The addition of a small quan- 
tity of vanadium has been found to considerably 
improve the cutting properties of a tool, and the 
best modern high-speed steel prepared by Mr. 
Taylor has the following composition (No. 1 tool) :— 
Carbon. Tungsten, Chto = b+ aa 


bs va Silicon, 
067 1891 5.47 O11 0.29 0,043 


Under standard conditions it cut 99 ft. of medium 
steel per minute. This speed is fully six times 
greater than that obtained with the Jessop, and 
nearly four times greater than that obtained with 
the Mushet tool. What is the explanation of this 
enormous advance in cutting speed ? The principal 
object of this paper is to discuss this question, to 
endeavour to ascertain whether any theory can be 
put forward which is in harmony with all the facts 
adduced by Mr. Taylor, and to inquire on what lines 
it seems probable that future advance may be made. 

The most important facts that require to be 
taken into consideration are the following :— 

(«) The revolutionary high-heat treatment of the 
tool followed by a low-heat treatment. The best 
results are obtained by the following process :— 
A slow heating to 815 deg. Cent., followed bya 
rapid heating to just below the melting-point, 
succeeded by a rapid cooling to the same tempera- 
ture. After this the tool is air-cooled (the rate of 
cooling is immaterial), then heated to about 620 deg. 
Cent. for five minutes, and again air-cooled. 

(b) During the greater part of the time that the 
tool is cutting, heat is said to only slightly soften 
it. The chief wear is caused by the mechanical 
abrasion of the lip surface of the tool. It is only 
towards the end of the time that heat plays any 
considerable part in softening. 

(c) In contradistinction to carbon-steel tempered 
tools, where the tool is put to work at standard 
speeds, ‘‘the cutting edge remains in almost 
perfect condition until just before the tool gives 
out, when even a very slight damage at one spot on 
the cutting edge will usually cause the tool to be 
ruined in a few revolutions.” 

(d) Mr. Taylor is very emphatic upon the point 
that there is no relation between what he terms 
the ‘‘red-hardness” and the ‘‘hardness” of the 
tools. He says (paragraph 1122) :—‘‘We would 

. call attention to the fact that the highest 
degree of ‘red-hardness’ can be found in these 
high-speed steels when accompanied either by the 
highest degree of hardness on the one hand, or by 
a very considerable degree of softness on the other 
hand. And we repeat most emphatically that 
hardness in high-speed steels is in no sense a guide 
to their high-speed qualities, which depend mainly 
upon the quality of red-hardness. As illustrating 
this fact, we refer to the photograph, Folder 3, 
Fig. 18, which shows a high-speed tool with deep 
nicks, which were readily filed in it with an ordinary 
carbon-steel file after it had run successfully at high 
speed. It is also a fact that No. 1 tool, which 
when properly treated represents the best all- 
round modern high-speed tool for cutting metals of 
all qualities experimented with, is not a particu- 


represents a second feature, in which the latest 
high-speed tools are better than those originally 
developed.” 

It is, of course, obvious that a tool must be 
harder than the material it is cutting, but the 
reason why the greatest possible hardness is not 
demanded in the majority of high-speed tools is 
given by Mr. Taylor when he says (loc. cit.) . . . 
‘**in the average machine-shop more than nine- 
tenths of the work is done upon the medium or 
softer qualities of metal.” 


mium is an indispensable constituent of the past 
and present types of high-speed steel. 


but the writer fully endorses Mr. Taylor’s conten- 
tion that the conclusion from his results is irre- 
sistible that ‘‘chromium is the element which, in 
combination with tungsten” (or molybdenum), 
‘* produces the new quality of red-hardness.” 

(f) The limit in regard to the advantageous use 
of chromium and tungsten appears to have been 
reached in Tool No. 1. If the tungsten is raised above 
19 per cent., even although there is a corresponding 
addition of chromium, red-hardness diminishes. 

(g) The percentage of carbon may be varied be- 
tween 0.32 and 1.28 without any noticeable effect on 
red-hardness. 

(hk) Tools which are heated to about 670 deg. 
Cent. have their red-hardness seriously impaired, 
and at 730 deg. Cent. it is completely destroyed. 

Various researches have shown that the struc- 
tures of high-speed steels, in spite of their wide 
differences of chemical composition, are remarkably 
similar. A typical structure of one forged at the 
usual temperature, but which has not undergone 
the high-heat treatment, is shown in Fig. 6. It 
indicates the presence of certainly two structural 
constituents—a light and a dark. Their nature is 
somewhat obscure, but the structure is generally 
recognised as that of constituents which are in a 
state of transition between the martensitic (hard) 
and the pearlitic (soft) types ; and when given the 
ordinary treatment, certainly the majority of these 
tools fall into the self-hardening class. In the 
language used in Section I. they represent steels 
which have undergone the Ar 3 change, but not the 
Ar 1 change, or, at any rate, only to a small extent. 


(To be continued.) 








INDUSTRIAL DEVELOPMENTS IN 
GLASGOW. 

Giascow has for long been one of the most 
important industrial centres of the United King- 
dom, the enterprise of manufacturers, and the 
variety of work carried on, being probably unexcelled 
in any other community. As a consequence, the 
cost of land within the city area, and the difficulty 
of securing ground for extensions to existing fac- 
tories, has involved a migratory movement to the 
outskirts of the city, as notable and, perhaps, 
equally extensive as in the case of the Metropolis. 
Concurrently with this removal of factories to the 
outlying districts there has been a growth of resi- 
dential suburbs. This has been assisted by the 
wide area served by the Corporation tramways, 
perhaps more than by the economic conditions. 
The redistribution of population is not so much 
attributable, as is the case in some measure in 
London, to the cost of living, or to recent in- 
creases in municipal rates: in Glasgow they are 
only 60 per cent. to 70 per cent. of those exacted 
within the metropolitan area, and are less than 
in several of the large cities in England. This 
is a consequence of the satisfactory municipal 
organisation which existed in the city for many 
years, and was in advance of that in English 
towns. Indeed, the success of many Glasgow 
schemes encouraged municipalities in other cities 





larly hard tool. It is less hard, for example, than | 
the old-fashioned Mushet tools, and far less hard | 
than almost all of the high-speed tools alloyed with | 
molybdenum. Itcan be filed with a hard carbon- | 
steel file ; and yet, in spite of its being only mode- | 
rately hard, it possesses the very highest degree of | 
red-hardness.” 

Alongside of this, however, must be placed the | 
following quotation from paragraphs 1060 to 1062. 
. . . ‘Now while red-hardness is the most im- 
portant property or quality sought for in high-speed 
tools, nevertheless for certain classes of work— 
namely, turning the very hard qualities of steel and 
also hard cast iron—the property of hardness is desir- 
able in addition to that of red-hardness. . . This 








to embark on undertakings with light heart, un- 
conscious of the fact that experience in Glasgow 
had developed from small beginnings, and that, at 
all events in past years, there was in the town 
council a large leaven of men who had acquired 
extensive experience in their own businesses. Quite 
recently, however, even Glasgow has not maintained 
that uniform success, and there are amongst the 
citizens not a few who look with uncertainty to the 
future. In the present year there is a proposal to 
extend the boundaries of the city in nearly all 
directions, so as to include those districts which are, 
more or less, the outgrowth of the city as at present 
defined; and evidence of this doubt as to the 


(e) There can no longer be any doubt that chro- | 


They may | 
contain either tungsten or molybdenum as well, | 


opposition is being organised against the proposed 
extension. Certain it is that some of the firms 
who have gone beyond the boundary hoped to get 
free from the financial burdens consequent upon 
— failures in municipal trading, and it will 

regrettable if their prescience is nullified as a 
consequence of this extension of the city boundaries. 

Several districts might be indicated as evidence 
of this industrial migration, but probably the most 
extensive is that on the north bank of the Clyde, 


| west of the city. About five or six years ago the 


manufactures on the river terminated about four 
miles from Glasgow Bridge, and for the next four- 
teen miles, to Dumbarton, there were continuous 
green fields, with the exception of the yard long 
occupied by Messrs. Napier, Shanks, and Bell, and 
later by Messrs. Napier and Miller, the Clydebank 
Shipbuilding Works, the Clyde Trust Works at 
Dalmuir, and the harbour of Bowling. Now for 
eight miles from Glasgow Bridge there is only one 
small site available for new works, and Messrs. 
ee yy and Miller have, a mile further westward, 
built a new shipbuilding yard. It will thus be 
recognised that there has been in recent years a 
considerable industrial development in the district 
embraced by Scotstoun, Yoker, Clydebank, and 
Dalmuir. 

The first firm to break new ground was Messrs. 
Mechan and Sons, Limited, one of the most 
active of the Glasgow firms of engineers and con- 
tractors, their output being largely specialised and 
at the same time varied. They formerly had 
works at Cranston Hill, but they found that these 
were too small for their requirements, and that no 
space was available for development. They chose 
Scotstoun largely because of the considerable deve- 
lopment taking place there as a residential area, 
but were no doubt influenced by the advent of the 
Lanarkshire and Dumbartonshire Railway in con- 
junction with the Caledonian Company. This 
system, in addition to the North British line, affords 
railway connection with the whole of Scotland and 
of England. This railway development has un- 
doubtedly been an important factor in the situa- 
tion, because the river, and two parallel lines, owned 
by competing companies anxious to supply siding 
accommodation, afford good transit facilities. Since 
Messrs. Mechan went to the district the develop- 
ment has been rapid, and, as we have said, there is 
now practically no ground to feu or sell. Messrs. 
Mechan’s works occupy an area of 18 acres, 9 acres 
of which are covered with buildings, and at the 
present time they have in employment 1200 to 1400 
men; but when the works are finally completed 
the number will be 2000. Immediately adjoining 
them are various works, giving employment in the 
aggregate to a large number of men, all of whom 
live in the immediate vicinity, in houses built within 
the last four or five years. Here are the Albion 
Motor Works, occupying about 6 acres, and employ- 
ing about 300 men. The Clyde Structural Iron 
Company, Limited, are engaged principally in making 
roofs, bridges, and such like ; their works covering 
about 6 acres, and employing about 300 men. Other 
works are the enamelled hollow-ware manufacturing 
establishment of Messrs. Macfarlane Brothers; the 
architectural and structural engineering works of 
Messrs. Bryden and Middleton ;_ the cast - iron 
epee of Messrs. Shaw and McInnes, &c. 

he early comers to the district secured their 
land at about 301. per acre, but the price soon rose 
when the land superior realised that there was a 
demand, and now 1001. per acre is being asked, but, 
so far, has not been paid. This, however, is con- 
siderably less than is exacted within the city. The 
taxes too are considerably lower than in Glasgow, 
the district being within the county of Renfrew. 
The rates are approximately about 3s. 6d. per pound 
as compared with the 7s. per pound on owners’ and 
occupiers’ rates in the city. Scotstoun, so far as the 
residential part is concerned, is looked upon as a 
garden city, and the inhabitants have so far been 
successful in resisting every effort to establish 
public houses within the district. 

Continuing west from Scotstoun into the County 
of Dumbarton, we have first the new Coventry 
Ordnance Works, which are for the manufacture of 
gun-mountings for warships, constructed by Messrs. 
Cammell, Laird, and Co., Limited, of Birkenhead ; 
Messrs. John Brown and Co., Limited, Clydebank ; 
and the Fairfield Shipbuilding and Engineering 
Company, Limited, Govan. These three ship- 
building companies are joint partners in this under- 
taking. Of the principal machine-shop just com- 





future is found partly in the fact that vigorous 





pleted by S.r William Arrol and Co., Limited, 
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Glasgow, and now being equipped with machine- 
tools, we give an engraving on this page. The 
works cover an area of 20 acres, and include two 
fine workshops, each having a length of 675 ft., and 
a collective width of 134 ft., the height being 63 ft. 
In the larger bay, which is to the left of that illus- 
trated above, there is to be an overhead traveller to 
carry a load of 100 tons, and others of from 60 tons 
capacity downward ; the crane rail-level is 44 ft. 
above the floor, go that the loads carried may be not 
only heavy, but of large bulk. In the same bay, 
but at a lower level, there are to be rails for a series 
of 10-ton travellers for the ordinary shop work. 
An unusual feature in this bay is that both crane 
runways are the same span, so that the lighter 
cranes may be lifted to the higher level, and 
worked there. The difficult problem of providing 
two runways in the same bay, and of the same 
span at different levels, was satisfactorily solved. 
Parallel with these shops is a gantry of correspond- 
ing length—namely, 675 ft., with a span of 87 ft., 
and a height above the surface level of 50 ft. This 
gantry is for the accommodation of 100-ton and 
lighter cranes, for the loading of gun-mountings. 
The type of roofing adopted in this case is the 
‘*umbrella,” or ‘‘ ridge-and-furrow” type, sup- 
ported in the ridge, and entirely covered with glass. 
The roof is carried on cross-girders at 29-ft. centres, 
which rest upon columns with deep foundations. 
The advantage of this system of roof-construction 
is that the building will be more stable than one of 
the ordinary ridged-roof type, under the” severe 
racking stresses due to the heavy high-speed travel- 
ling cranes. The whole of the constructional steel- 
work of these large shops, requiring the use of 2500 
tons of steel, was completed within six months of 
the date of the placing of the order. Of this time, 
sixteen weeks sufficed for the erection of the struc- 
ture—a proof of the splendid organisation and 
suitability of the manufacturing and erecting plant 
employed by Sir William Arrol and Co., Limited. 
Immediately to the west are the new works of 
Messrs. Yarrow and Co., Limited, which are also 
being constructed by Sir William Arrol and Co., 
Limited, Glasgow. Messrs. Yarrow originally had 





























Macnutne-SHop at Scorstoun FoR THE COVENTRY ORDNANCE Works, Limttep ; 


AND Co., LimitEp, GLascow. 
124 acres of land, but have since purchased for 
future extensions an equal area vacant between their 
establishment and the Coventry Works. On the 
area first acquired, which has a frontage to the river 
of 750 ft., with a depth of 700 ft., there is being 
constructed a fitting-out basin 320 ft. long and 
85 ft. wide, set at a slight angle to the flow of the 
river, so as to facilitate the entrance and exit of 
vessels. To the east of this there are several building 
berths, at the head of which the platers’ shed has 
been constructed. The carpenters’ and pattern- 
makers’ shop and the smithy are to the west of 
the basin. On the landward boundary, on the west 
side of the entrance, there is the machine-shop, 
illustrated on page 584. The total length is 248 ft., 
and there are three bays, of a total width of 1554 ft. 
To the east of the entrance there is a boiler-shop 
of 303 ft. in length, with three bays of a total 
width of 153 ft. This shop is also illustrated on 
page 584. The offices are located between these 
two shops, with the entrance, close by which the 
railway siding passes. One of the new features is the 
construction of a yard gantry 330 ft. long, with a 
height above the ground-level of 26 ft., for the 
accommodation of a 7-ton electric crane of 85-ft. 
span ; the space below this gantry is to be used 
for building shallow-draught steamers for shipment 
in pieces. The fitting-out or tidal hasin is com- 
pletely covered over by a roofing, entirely glazed, 
carried on columns 92 ft. apart transversely, and 
55 ft. longitudinally. The whole area of the basin 
is commanded by a 50-ton electric crane. The total 
width of the building over the tidal basin is 140 ft., 
consisting of the main gantry building and two 
lean-to roofs at the sides. The workmen engaged 
on the wharf or aboard the vessels will thus be 
protected from weather. The whole of the work 
will be carried on under roof, except that done on 
the building berths. 

Messrs. Drysdale and Co., Limited, manufac- 
turers of the well-known ‘“‘Bon Accord” pumps, &c., 
have just purchased land for new works, which are 
immediately to be erected. The site they have 


chosen adjoins the new yard of John Shearer and | 


Son, Limited, who f>r many years carried on busi- 
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GLASGOW. 


Constructep By Stk WitiiaM ARROW 


ness at Kelvinhaugh Slipway, within the harbour 
of Glasgow ; but they had to relinquish the ground 
because the Clyde Trust desired to absorb the 
site in connection with the construction of new 
docks at Yorkhill. The tenancy of the Kelvinhaugh 
Works expired last year, and now Messrs. John 
Shearer and Son are carrying on work in their 
new yard. The principal machine-shop here was 
the building used at the last Glasgow Exhibition 
for exhibiting the machinery in motion. In the 
yard there is alsoa graving dock, which has a length 
of 500 ft., a width at entrance of 68 ft., and a depth 
on the sill of 20 ft. at high water of ordinary spring 
tides. Further down the river there is the Glyde 
Valley Electric Power Company’s station for sup- 
plying electricity in bulk, and here also one finds 
another reason for the industrial development which 
has taken place in the district, as many of the new 
manufacturing works are taking their current from 
this station. The Clydebank Docks come next in 
our survey westward of the riverside establishments ; 
but as in last week’s issue we described this new 
undertaking of the Clyde Trust, we may pass to 
the shipbuilding yard of Messrs. John Brown and 
Co., which extends between 3000 ft. and 4000 ft. 
along the river side. This establishment has been 
fully described in ENcinEERrtNG,* so that there is 
no need to refer either to the extent or to the 
splendid work carried out here. It may be remarked, 
however, that within recent years several new 
shops have been erected, amongst these being 
a new department for the erecting of turbine 
machinery. This building, another of Sir William 
Arrol and Company’s erections, is 241 ft. long, 
129 ft. broad, and has a height of 72 ft., the over- 
head electric travellers numbering four, each 
carrying 60 tons. 

Immediately westward of the Clydebank Works 
are the Naval Construction Works at Dalmuir, of 
Messrs. William Beardmore and Co., Limited. 
These also have been described in ENGINEERING ;t 
but since then Messrs. William Beardmore and 


* See. ENGINEERING, vol. Ixxii., pages 242 and 245, 
+ Ibid., vol. lxxviii., page 455. 
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EAST RIVER TUNNEL; NEW YORK AND BROOKLYN RAPID TRANSIT RAILWAY. 


Fug. 2. Fig. 3. m7, 
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'four-mile stretch of river which has been the scene 
|of so much development during the past three or 
four years, and indicates that the Clyde engineers 
are still actuated by the energy which has enabled 
the district, since the opening of the steam era, to 
take such a prominent place in the advance of 
mechanical engineering. ~ 
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Co., wi i j i h: teri construct a large dry dock, which will make the THis tunnel is being constructed under the East 
the dem, kone: teaniood! the’ ide Trust. oer ws Beardmore exteblishment at Dalmuir probably the | River for the extension of the existing New York 
which formerly separated the basin and the engine | most comprehensive on the river. is riverside | subway into the city of Brooklyn for the purpose of 
and boiler-shops. In this area it is proposed to | district, from Scotstoun to Dalmuir, embraces the relieving the great congestion of passenger traflic 
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which occurs every day during the ‘‘ rush ” hours at! and on no occasion while readings were being taken | the river-bed, so as to direct the contractors in pre- 
the Manhattan terminal of the present bridge. That | did the temperature rise above 17.8 deg. Cent. 


the problem is an urgent one will appear from the 
fact that no less than 350,000 persons cross from 
Brooklyn over to the metropolis every day. 

The new road extending into the heart of 
Brooklyn is to be 34 miles long, commencing at a 
point near the intersection of Park Row and 
Broadway, and extending under and along Broad- 
way, Bowling Green, Battery-place, State-street, 
and Battery Park, with a loop under Battery Park 
and Whitehall-street. The main line will be con- 
tinued from the loop under South-street to Piers 2, 
3, and 4 on the Manhattan side of the East River, 
then under and across the river as well as under 
Pier 17 on the Brooklyn side. Thence it passes 
under Joralemon-street and Fulton-street and 
Flatbush-avenue to its intersection with Atlantic- 
avenue at the terminal station of the Long Island 
Railroad, as indicated on the plan profile, Fig. 1, 
on page 573. 

The centre line of the part of the tunnel which is 
under the river was determined by triangulation, 
for which purpose a base-line W B, E B, Fig. 2, 
was measured on Governor's Island. This parti- 
cular site offered three special advantages—viz. :— 
(1) That triangles of good, working proportions 
could be used ; (2) that owing to the absence of 
traffic, there would be neither disturbances nor 
interruptions ; and (3) that the ground was level 
and presented few obstructions. Owing, however, 
to the presence of houses and intervening foliage, a 
clear sight between the stations at the ends of the 
base-line could not be obtained, so that it was 
decided to determine its length by atraverse. For 
this purpose points 1 and 2 were determined, and 
angles and distances accurately measured. In 
determining the angles iron rods 4 in. in diameter 
were employed, which were painted white and red, 
and plumbed by instrument. The angles were 
read by two operators, each taking four sets of 
readings, each set requiring the same angle to be 
read twenty or twenty-five times. It was finally 
agreed to accept for angle 1 the value 143 deg. 
03 min. 10.27 secs., and for angle 2 the value 
147 deg. 40 min. 37.93 secs.; the angular error 
could not affect the length of the base-line more 
than 0.01 ft., which is less than , ig, of the entire 
length. 

Greater difficulty was experienced in measuring 
the length of the sides. It seemed, at first, that 
the use of the ordinary steel tape would give good 
results; but it was found that the temperature of 
the ground was from 1 deg. to 4 deg. Fahr. higher 
than that of the air at a distance of 1 in. from the 
ground, which temperature difference would cause 
an error in excess of the prescribed limits of accu- 
racy. To obviate this the tape was supported at 
intervals of 20 ft., soas to rest horizontally when 
stretched at a distance of about 10 in. from the 
ground. Observations of temperature were taken 
at these points of support. 

The Rapid Transit Commission had a standard 
measure of its own, to which all measures used by 
the engineer along the line were to be referred ; 
but since the survey was to bo compared with an- 
other based on the Washington standard, it was 
found necessary to determine with accuracy the 
absolute lengths of the tapes which were to be used 
on the work. As the National Bureau of Standards 
at Washington does not certify a 100-ft. tape 
nearer than yj, in., there must be a possible maxi- 


in., or a probable error of 


1 
240,000 In 
view of this fact, the engineer in charge decided to 
use two standard tapes of 100 ft. and 1600 ft. 
respectively, both of which were graduated by com- 
parison with a standard tape 100 ft. in length. The 
operation of standardising was carried out in the 
shade of the level guard-timber of a wharf in the 
following manner :—The two tapes to be compared 
were clamped together and fastened to the timber 
at the zero end. They were supported at distances 
20 ft. apart, and at the 100 ft. mark a pull of 10 Ib. 
was applied by means of a pulley. When the tape 
was stretched for some time, a mark was made on 
the tape with a myeroeny at the precise point 
corresponding to the standard length of 100 ft. 


1 
mum error of 240,000 


in, on each length of 100 ft. measured. 


The only assumption made in this operation was 
that the coefficient of linew expansion of the tape 
was the same as that of the standard. The standard 
temperature of the comparator was 62 deg. Fahr., 


'mometer of the Rapid Transit Board and also with 





(64 deg. Fahr.); the observations showed no per- 
ceptible relation between temperature and distance. 
The linear coefficient furnished by the Bureau of 
Standards was 0.0000063. For the sake of uni-| 
formity all readings were taken either at night or | 
during cloudy weather. The temperature was | 
determined by two bath thermometers which had | 
been carefully compared with the standard ther- | 





the standard thermometer of the Physical Labora- 
tory of Manhattan College, which latter had been 
calibrated at Kew Observatory. When all the 
standardising work was finished, the legs of the 
traverse were measured several times over, with the 
result that 

Line 1 to W B = 698.111 ft. 
»  2= T2961 ,, 

» 2, EB = 732.908 ,, 

From which the length of the base-line W B—E B 
was found to be 1929.727 ft. 

This done, the various angles of the quadri- 
laterals were determined, from which the length of 
the proposed tunnel was next deduced. For this 
purpose two stations, Tand B R, were selected, one 
situated on the roof of Pier 4, Manhattan, and 
the other on the roof of a storage warehouse 
at the foot of Joralemon-street, or Pier 17, Brook- 
lyn. The angles were read off a new transit, made 
by Messrs. Buff and Buff, the least count being 
20 seconds. The method of repeating was adopted 
in preference to that of reading ‘‘around the 
horizon,” because the instrument was new, and 
as such not reliable enough for the accuracy re- 
quired. Each angle was read from 15 to 25 times 
from left to right with telescope normal, and the 
same number of times from right to left with tele- 
scope reversed, the two values thus obtained con- 
stituting a ‘‘set.” The number of repetitions was 
chosen so as to make the sum of the angles 
equal to the nearest multiple of 360 deg. It 
may be further observed that the position of 
the vernier on the limb was taken at random at 
the beginning of each ‘‘set ;” but at the begin- 
ning of the second half of the set the vernier 
was placed about 90 deg. away from its first posi- 
tion. To each angle corresponded two sets, one by 
each of the two observers. At each station the 
three angles, two single and one total, were first 
adjusted to make the total value of the angles equal 
to the sum of the two single angles. The angles 
having been weighted in proportion to the square 
root of the number of sets observed, corrections 
proportional to these weights were applied, after 
which the angles of the quadrilateral were adjusted 
by the method of logarithmic residuals. The dis- 
tance between the two points was checked by a 
second triangulation, using the towers of the old 
Brooklyn Bridge as observing-stations, and sight- 
ing back on the two points T and BR previously 
selected for the vertices of the first triangulation. 
The distance between the bridge towers was 
measured by means of the 1600-ft. continuous tape, 
suspended from the lateral bracing at distances of 
15 ft. due north of the top chord of the stiffening 
truss on the north side of the footway. A tension 
of 10 lb. weight was applied by means of a pulley, 
and ten measurements taken between two plumb- 
bob strings, one near each end of the span, sus- 
pended by notches in the transverse bracing angles. 
At the same time the profile of the line was 
observed by three transits stationed at the Brooklyn 
tower, set on fixed foresights situated on the 
Manhattan tower, and reading levelling-rods placed 
on the top chord of the stiffening truss at pre- 
viously-selected points. Readings for temperature, 
distance, and rod were taken simultaneously. 
Difficulty was encountered in reading the tape on 
account of vibration, and of the rapid relative 
motion of the free end of the tape and the plumb- 
bob string, due to change in the length of the span 
under continually varying load. 

The results of this second triangulation wero 
very close to those of the first ; the accuracy of the 
work may be inferred from the fact that the first 
rough unadjusted survey, made at the beginning to 
determine the centre line of the tunnel, differed 
from the adjusted by 0.23 ft. over a line 5712.55 ft. 
long, while the final results agreed almost exactly 
with the distance as previously determined by the 
Secretary of War when locating the pierhead and 
bulkhead lines. 





The next element to be determined was the nature 
of the soil to be encountered in excavating under | 





ring their bids, The contract for the necessary 

orings was awarded to the United Engineering and 

Contracting Company, of New York, for a price of 
9 dols. per lineal foot of boring. 

The diamond drill was used in the following 
manner :—A cluster of five 12-in. piles, 60 ft. long, 
was driven on the centre line of the tunnel at places 
where specimens of the soil were desired. An engine 
was located on these clusters capable of rotating the 
bit from 200 to 400 times per minute. Three shifts 
of men were employed to hasten on the work, the 
core procured being { in. in diameter, and in lengths 
up to 24 in. The specimens showed that the rock 
was mainly micaschist with a vein of granite. 
These specimens were put away in wooden boxes, 
with all necessary indications as to depth and loca- 
tion, for the use of the contractors in making their 
estimates. The smallness in the length of the core 
was due to the strong action of the currents in the 
river, which snapped the core from time to time. 
Twelve borings by the diamond drill were made in 
the river along the centre line of the proposed 
tunnel, being driven to depths varying from 43 ft. 
to 100 ft. Wash borings were also made in the 
usual way by means of two pipes of different 
diameters. The larger pipe was forced into the 
ground, and within it the smaller one was placed, 
with an attachment at the upper end for connecting 
with water under pressure. This pressure forced 
the loose materials up through the space between 
the two pipes, which materials were then collected, 
dried, and preserved in boxes, with suitable indica- 
tions as to locality and depth. The number of 
such wash-borings was 86, of which 19 were in the 
borough of Manhattan, 43 in the East River, and 
24 in Brooklyn. The samples brought up showed 
in every case sand of various qualities ; they were 
provisionally encased in 3-in. cans with screw-lids, 
also the location and the depth were noted; and 
finally they were placed in glass tubes lin. in 
diameter, and graduated to a scale of 20 ft. to the 
inch. 

Different types of cross-section were adopted for 
the various sections of this tunnel. When it was 
to be constructed at shallow depth, the standard 
steel beam and concrete construction of the subway 
proper for double-track line was adopted. Asshown 
in Figs. 4 to 6, page 573, it consisted of steel bents 
spaced 5 ft. between centres, and composed of a 
15-in. roof I-beam weighing 60 lb. to the foot, sup- 
ported at the ends by 12-in. I-beam columns, and 
at the centre by four 3-in. by 3-in. by g-in. bulb- 
angle columns, resting on a concrete foundation 
with concrete arches, spacing the lateral columns 
and roof-beams so as to form a completely-sur- 
rounded continuous structure, the whole being 
water-proofed with felt and asphalte, and provided 
with salt-glazed four-way ducts for electric cables. 
The side I-beam columns were figured for compres- 
sion, and the bents were reinforced by means of 
knee-braces made of two 3-in. by 3-in. by @-in. 
steel angles, the bents being connected together by 
meaus of tie-rods ? in. in diameter. 

A modification of this standard subway double- 
track steel and concrete construction is to be used 
on the Brooklyn Tunnel, inasmuch as the rein- 
forced - concrete construction will be adopted. 
This consists of a structure made entirely of con- 
crete, and reinforced with small square rods 
spaced in proportion to the cover and braced at 
the centre with a 4-in. by 3-in. by 2-in. bulb-angle 
columns, and on the sides with columns consisting 
of two 3-in. by 3-in. by g-in. angles, the columns 
being 5 ft. apart between centres, and held to- 
gether by a liberal use of tie-rods, as shown in 
Figs. 7, 8, and 9, page 573. The concrete must 
consist of one part of cement, two of sand, and four 
of stone. The thickness of the cement forming the 
roof of the tunnel varies from 22 in. to 26 in., 
according to depth below surface of the street. In 
Brooklyn, and especially along Flatbush-avenue, the 
tunnel runs underneath the elevated road ; and in 
order to relieve the pressure of the columns which 
rest directly on the roof of the subway, a grillage 
will be constructed, consisting of four 12-in. I-beams 
placed parallel to one another and longitudina!ly 
to the road and supported on two transverse 20-in. 
I-beams, forming a bent, these resting on the 
columns of the subway proper, as shown in Figs. 10 
to 12, page 573. 

Another cross-section for the Brooklyn Tunnel 
was also adopted—viz., the arched roof which was 
intended for those parts of the subway which had 
to be constructed either at great depth beneath 
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the street surface or for the approaches of the 
tunnel. The roofin this case consists of a poly- 
centric, arch with the longest radius at the crown, 
supported by battered side-walls, and provided with 
an inverted arch at the bottom in order to prevent 
any sliding of the side-walls under lateral pressure 
of the loose soil through which the tunnel is being 
constructed. The lining of the tunnel is concrete 
masonry throughout. 

For that portion of the tunnel under the East 
River the circular cross-section has been finally 
adopted ; two parallel single-track tunnels are con- 
structed, with a clearance of 15 ft. 6 in. interior 
diameter. The metal lining of the tubes will vary 
with the nature of the soil encountered in the 
process of excavation. In loose soil the lining will 
be cast-iron rings 1} in. thick, made up of ten 
segments, provided with radial and circumferential 
flanges 7 in. long. The segments are bolted together, 
the plates being reinforced with cast triangular 
prisms of the same height as the flanges. When 
completed the interior of the tunnel will be lined 
with beton, flushed right to the flanges. The 
lining of the tubes through rock is made up of an 
iron cylinder and a concrete wall, the cylinder being 
constructed of plates and angles riveted together, 
the plates to be & in. thick, while the dimensions 
of the angles are 3 in. by 4 in. by @ in. thick. 
Within the iron tube a concrete wall is to be con- 
structed 15 in. thick, and lining the tunnel in such 
a way as to have a clearance of 15} ft. (see Figs. 
13 to 15, page 573). 

To facilitate the construction of this new subway 
line, known, for distinction, as ‘* Contract No. 2,” 
the whole work was divided into four sections. 
The first included the work under and along the 
Broadway, south of the terminal of ‘‘ Contract 
No. 1,” already constructed. The second included 
the loop under Battery Park, as well as the con- 
nections of the Broadway line with the tunnel 
under the river. The third section included the 
tunnel under the East River; while the fourth, 
and last, section was in Brooklyn itself, including 
the entire line up to its terminal station at Atlantic- 
avenue. Although the engineers estimated the 
amount of work called for in Contract No. 2 at no less 
than 8,000,000 dols , the Interborough Company 
proposed to construct the entire work for the insig- 
nificant sum of 2,000,000 dols.; and, as a matter of 
course, secured the contract. The reason for this 
exorbitantly low bid was not far to find, inasmuch 
as the contractor would also be the leaser of the 
road for a period of fifty years, paying only 4 per 
per cent. on the outlay for the construction, to- 
gether with 1 per cent. for the sinking fund. It 
was merely to avoid any competition that the bid 
was put at so small a figure. The right of running 
the trains was the primary object of the Inter- 
borough Company, the cost of construction being a 
matter of only secondary importance to them. 

The various sections were accordingly sublet, as 
follows: — The first to the Degnon Contracting 
Company ; the second and the third section to Mr. 
Andrew Onderdonk ; while the Brooklyn sections 
were given to Messrs. Crawford and McNamee. 
The portion of the line along Broadway, together 
with the loop around Battery Park, was completed 
some time ago, when it was thrown open to public 
traffic; the Brooklyn section is now almost com- 
plete. As this part of the work does not offer any 
special interest at the present moment, we shall 
confine our concluding remarks to the manner in 
which the tunnel under the East River is being 
constructed, 

This subaqueous tunnel consists of two circular 
tubes 15 ft. 6 in. interior diameter, running parallel 
to each other at 26 ft. apart from centre to centre, 
known as the North and the South tube respectively. 
At a point close to the middle of the loop around 
Battery Place two shafts 18 ft. by 20 ft. were sunk 
to a depth of nearly 50 ft. Openings were then 
made at the required level of the tunnel, on both 
sides of the shaft, for excavating the tunnel 
proper in both directions simultaneously — viz., 
toward the East River and toward the land ap- 
proaches. On the Manhattan side, the bed of 
the river is formed of solid rock, extending well 
out towards the middle of the river-bed. The 
excavation was carried on in the manner usually 
followed in America for land-tunnels—viz., by | 
heading and bench. The heading was as wide as 
the whole section of the tunnel ; the bench, follow- 
ing at a distance of only a few feet, opened the 
tunnel to the prescribed dimensions. e work 


‘ments were made for the use of compressed air 


when necessary. For this purpose diaphragms 
with air-locks were erected in the finished parts of 
the tunnel, and a complete plant was installed 
near the shaft. After an inrush of water which 
flooded the tunnel, compressed air was used, and 
the same method of excavation was followed. 
Whenever the ledge of rock through which the 
tunnel had to pass showed any sigus of extra 
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been quietly pursuing their daily avocations on the 
river-front. Such an ejection was a fact of unique 
and dramatic interest, which was largely com- 
mented on by the papers. 

It is easy to see that the expansive force of the 
compressed air would force its way through weak 
points of the river-bed, and give rise to the sensa- 
tional ‘‘ geysers” of the newspaper reporters. If 
the opening thus produced is oa the tunnel will 


dipping, so as to leave only a thin stratum above | remain filled with compressed air ; but if it happen 
the roof of the tunnel, a shield was introduced, | to be large, an inrush of water will follow, and the 
and the work was continued by means of both | tunnel will be promptly flooded. Repairs are made 
shield and compressed air. The rock encountered | either by ‘‘ plugging” the hole, as in the Hudson 
throughout this work had the micaschistose character | River Tunnel, or by simply building up a new bed 
of the rock pervading Manhattan Island; it was/| of the river with an impervious material, such as 


hard and compact, and hence necessitated blasting. 
No serious trouble was met with except where the 
soil changed from hard rock to loose material. The 
only incident worth noting was a fire which broke 
out in the timbering of the north tubes and spread 
rapidly to the strutting of the tunnel. As is well 
known, it is difficult to extinguish a fire under 
compressed air, owing to the intensified combustion 
which takes place, so that flooding was resorted to 
as the surest means of overcoming the trouble ; and 
this, of course, delayed the work correspondingly. 
As aresult of this experience, a minimum amount 
of timbering was used subsequently, and the cast- 
iron lining was kept as close as possible up to the 
face of the excavation. 

On the other hand, troubles of all sorts were 
experienced in driving the tunnel from the Brooklyn 
side of the river. The plan called for a working 
shaft along Joralemon-street at a point between 
Henry-street and Garden-place. But, singularly 
enough, Brooklyn does not own either the streets 
or the water-front ; the former belong to the pro- 
prietors of the houses fronting on the streets, while 
the city enjoys only the use of the streets for pur- 

ses of publictraftic. Accordingly, the shaft was 
ocated on a narrow street surrounded by high-class 
residences, so that it was only with great difficulty 
that permission was obtained to sink a shaft 18 ft. 
by 20 ft. to be carried down to the level of the 
tunnel floor 75 ft. below. Joralemon-street slopes 
down from Henry-street to the water-edge, and 
from the soundings previously taken it was found 
that the soil was loose and treacherous, so that it 
was determined to run the two tubes lined with 
cast-iron rings under and along Joralemon-street 
right up to theshaft. The tubes ran some distance 
apart ; and as the shaft was sunk for the use of 
only one tube, it was found necessary to sink 
another shaft for the construction of the second 
tube. From these two shafts the tunnel was driven 
towards the river and towards the Borough Hall 
of Brooklyn. In building the section towards the 
river the unsatisfactory nature of the soil rendered 
it necessary to excavate the tunnel by means of a 
shield lined with cast-iron segments. Instead of 
pushing the shield ahead, thereby squeezing the 
soil, as was done in the Hudson River Tunnel, the 
material was removed to the bottom of the shaft on 
a road with an incline of more than 3 per cent., so 
that the cost of this part of the tunnel increased 
proportionally. All along the south line of 
Joralemon - street public property was aoe | 
damaged, a warehouse building of the New Yor 
Dock Company settling completely. 

When the excavation of the tunnel approached 
the water-edge, caissons were sunk near Furman- 
street for the two tubes; they were of the same 
dimensions as those previously used, and were 
placed at a depth of 60 ft. When these-were in 
good working order, and close to the large plant 
erected by the contractors, the working shafts 
between Henry-street and Garden-place were filled 
in, the street surface restored, and all machines 
removed. 

The soil encountered near the water-edge was of 
the most treacherous nature, consisting of newly- 
formed ground of soft; mud, with a considerable 
admixture of rubbish. Great difficulty was accord- 
ingly experienced, and many ‘‘blow-outs” occurred. 
The worst accident happened near the bulkhead 
line of the river ; indeed, it was the most singular 
accident in the history of subaqueous tunnel- 
construction. While a gang of men, commonl 
called ‘‘sand-hogs,” was at work outside the shield, 
a blow-out suddenly occurred. A stratum of only 
14 ft. separated the bottom of the river from the 
roof of the excavation. A man was caught in the 
mass of escaping air, and was driven clear out with 
considerable force, falling back unconscious in the 





was carried on at atmospheric pressure, but arrange- 


clay, which can be removed when the tunnel is 
completed, as was done in the case of the Black- 
wall Tunnel under the Thames. When a blow-out 
occurred on the Brooklyn Tunnel it was repaired 
by spreading a sail over the spot and placing bags 
of clay on top, the clay being covered by loose clay 
dumped from scows. 

Even more radical methods were adopted to pre- 
vent the recurrence of trouble, which methods in- 
volved the filling in of the ‘‘slip” between Piers 17 
and 18 on the Brooklyn side, and also the moving 
of the tunnel line a little south of its original loca- 
tion, as explained later on. Great opposition was 
made against the filling in of the slip by the New 
York Dock Company, the owners of the property, 
who obstructed the initiation of the work by moor- 
ing heavy railroad floats in the slip itself, and later 
by obtaining an injunction from the Supreme 
Court to prevent the prosecution of the work of the 
tunnel altogether within the limits of their pro- 
perty, which extended from the foot of Joralemon- 
street to the pier line in the river. But a city im- 

rovement of such magnitude as the Brooklyn 

unnel was not to be interfered with, even if it 
should incommode a few owners of property who, 
of course, knew very well that they would receive 
due financial compensation for any loss they might 
sustain. The injunction was finally removed and 
the work is now advancing towards completion. 

The work included in Contract No. 2 is shown in 
Figs. 16 and 17. It will be seen that the tunnels 
were to run under and across the East River ina 
straight line from shore to shore, passing under 
Pier 4 on the Manhattan side and under Pier 17 
on the Brooklyn side. The Manhattan part of the 
tunnel was excavated through solid rock ; and, as the 
piles for the construction of Pier 4 were sunk down to 
rock-bed, it follows that they did not interfere with 
the tunnelling work which was going on below. But 
conditions were different on the Brooklyn side, 
where the piles were sunk to a very great depth. 
To construct the tunnel along the original line 
would have necessitated the cutting of all the piles, 
thus completely undermining the pier itself, It 
was decided to avoid this by shifting the tunnel- 
line a little to the south on a slight curve near the 
Brooklyn shore, a similar curve being also added 
near the Manhattan shore. As now constructed, 
the tunnel runs straight across the East River, 
with a curve near each shore. 

Another sort of trouble was experienced in build- 
ing this tunnel which also caused some delay and 
no little excitement among the City Fathers and the 
local Press. As the tunnel was driven through 
very soft soil on the Brooklyn side, it was found 
that it began to show signs of sinking ; and as the 
clearance in the tunnel above the roof of the cars 
was to be only 5 in., it was found that after the 
settling occurred there would not be sufficient 
vertical space for the trains. In his report for 1905, 
Mr. George 8. Rice, chief engineer to the Rapid 
Transit Board, says on page 152, with reference to 
this difficulty :—‘‘ In constructing the north tunnel 
some regrettable variations were made from grades 
laid down by the engineers of the Board which will 
require subsequent alterations to correct. The 
faulty construction was not due to any defect in 
the plans, but to the sub-contractor’s method of 
handling his shield, the control of which was lost 
at times.” When the fact became known, the 
Mayor of New York appointed engineers to 
investigate the accident and suggest methods of 
repairing the damage done. In their report these 
engineers suggested the removal of the lower plates 
of the iron lining in the part of the construction 
that was above or below the prescribed grade, in 
order to excavate the earth beneath and insert new 

lates of a different shape. The tunnel floor was 
owered in this way 9 in. ; the cross-section of the 





river, where he was picked up by men who had 


reconstructed portion was changed from the circular 
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to a somewhat elliptical shape in the lower part of 
the tunnel. The damaged portion which necessitated 
these repairs was, according to the Engineering 
Record, over 2500 ft. long. 

The north tube was bored through in December, 
1906, while the south was to be completed some time 
in March, if no accidents occurred. When the head- 
ings of the north tube, driven from the iy ner 

ides, were only a few feet apart, a pipe was forced 
rough from the Brooklyn side, to test both the 
grade andthe alignment. The result was eminently 
satisfactory, the difference of grade being only 
0.03 in., and the line itself only 0.01 in. out. The 
point at which the shields met was 2400 ft. from 
the Manhattan side, and 1900 ft. from the Brooklyn 
side; it was 75 ft. below mean high-water mark 
and 32 ft. below the bed of the river. 

The work was in charge of Mr. Frederick Noble, 
engineer for the Rapid Transit Commission, who 
deserves special recognition, as this was his first 
experience in subaqueous tunnelling. The work 
was conducted with marked intelligence through- 
out,'and was covered with deserved success. 








EXTRA-HIGH-TENSION SWITCH-GEAR. 
(Continued from page 513.) 


Attuovuen the electrical control of high-tension 
switches allows of great latitude in deciding on the 
high-tension apparatus relatively to the operating- 
board, and has other advantages peculiar to itself, 
there are many cases in which direct mechanical 
control may be preferable. If, for instance, the 
main switches are small enough to allow the panels 
of the main board not to exceed a width which 
might be adopted for those of the operating- board 
without making the latter of an unreasonable 
length, mechanical control may often be better 
than electrical. For in such circumstances the main 
board may be placed directly underneath or behind 
the operating- board, so that the mechanical connec- 
tions between the corresponding panels are short 
and direct, and the simplicity of the arrangement 
is an obvious commendation. Furthermore, many 
engineers have more confidence in mechanical 
systems of control, and the question of price also 
tells in favour of such systems. 

An example of a large mechanically-operated 
distance control board is illustrated in Fig. 39 on 
our two-page plate, this particular board having 
been constructed by Messrs. Ferranti, Limited, to 
the order of the Durham Collieries Electric-Power 
Supply Company for their generating station at 
Philadelphia, near Penshaw. This station, which 
started work last summer, contains 10,000 horse- 
power of plant, generating three-phase current at 
€600 volts and 50 periods. The generating sets 
consist of five turbo-alternators, each of a normal 
output of 1250 kilowatts, and there are besides two 
motor-converter sets, each of 400 kilowatts, to 
supply continuous current for the Sunderland dis- 
trict tramways, 

It will be seen from Fig. 40, which is a vertical 
cross-section through one of the generating panels, 
that the low-tension board is of the bench type, and 
is placed on a gallery, immediately below which is 
the cellular board containing the high-tension appa- 
ratus. The control-board contains twenty-eight 
panels, divided electrically into two groups, so that 
the station may be worked as if the switch-gear was 
divided over two independent boards if required. 
The main board is longer than the control-board 
by the width of the two lightning-arrester panels, 
one at each end, which, of course, have no counter- 
parts on the bench-bourd, The relative arrange- 
ment of the groups of panels is clearly shown in 
Fig. 39, the right-hand half of this illustration 
giving the back view of the panels, and showing 
the removable iron doors through which access to 
the back is obtained.. Beneath the various grou 
aré indicated the functions of the panels, so that the 
latter do not need separate enumeration. Fig. 44 
shows the diagram of connections, from which, 
however, several duplicate panels are omitted, so 
as to allow the representative ones of each group 
being engraved to a larger scale. It will be 
noticed that there is only a single set of main bus- 
bars, divided, however, by a switch D S in the 
centre of the board, so that each half may be 
worked separately. The connections are therefore 

articularly simple. The apparatus on each circuit 
is indicated by letters on the diagram, the meaning 
of these letters being given below the engraving. 

In Figs. 40 to 43, which represent a generator 


panel, the arrangement of the apparatus shown on| fuses. In the sub-stations of the system, at the 
the diagram beneath is evident. The cables from| point of entrance of the overhead transmission 
the generator enter the lower left-hand cell of | lines, horn arresters are used to protect the appa- 


Fig. 40 (shown in the elevation in Fig. 41), where 
the current-transformer is situated. The next cell 
upwards contains the main automatic oil-switch ; 
and the topmost one on this side the three isolating 
switches. This cell is a deep one, and opposite it, 
on the other side of the central wall of the main 
board, are the three bus-bar compartments, running 
horizontally along the board. The cell. beneath 
the bus-bars contains the potential transformer, and 
below this again is a cell with the fuses for this 
transformer. The generator field rheostat is sus- 
pended beneath the gallery floor and operated 


ratus from lightning. 

The main switches used on the board are of the 
type shown in Figs. 53 to 55, except that the ope- 
rating handle is not directly attached, as in the 
illustration. The moving contacts are in inde- 
pendent wrought-iron tanks, one to each phase, 
filled with oil and lined with teak. The contacts 
are of the laminated brush type, each brush being 
long enough to span the break in its phase, as 
shown in Fig. 54. The cross-head, to which are 
fixed the wooden rods, carrying the moving con- 
tacts, has a travel of 4 in., and is worked by a sort 





through bevel gear by means of the hand-wheel on| of modified Scott-Russell parallel motion. Re- 
the standard shown in Figs. 40 and 41. On the ferring to Fig. 53, it will be seen that at the upper 
base of the hand-wheel standard is the double-pole | end of a bracket cast solid with the top plate of the 
field-switch for the generator. The low-tension| switch is pinned a short link, the other end of 
wiring is carried in a metallic conduit between the | which is pinned to the centre of a link twice its 
boards. The handle of the main switch projects| length. The latter link is pinned at one end to the 
from the front of the bench-panel, and is connected | centre of the cross-head, and at the other to a short 
to the switch proper by a system of rods and levers. | link, rocking in its turn about the same axis as the 
The vertical rod forming the first link in the series | fulcrum of the handle. The upper end of the short 
is loaded with a heavy cast-iron sleeve, in order to| vertical link moves in a very short path, which to 
balance the link-gear between handle and oil-switch. | all intents and purposes is a horizontal line, and 
The tripping coil is on the front of the panel, im-| thus, as in the parallel motion already mentioned, 
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mediately beneath the switch-handle, and when it | 


releases the latter, the weight mentioned, together 
with the spring action of the switch-brushes, open 
the switch. 

On page 576, Figs. 45 to 47 show the arrange- 
ment of the apparatus belonging to one of the 
2000-kilowatt feeder panels, and Fig. 48 isa section 
through the operating and main boards illustrating 
the equipment of a motor-generator panel. The 
illustrations, taken together with Fig. 44, leave 
little more to be said in explanation of the panels. 
The rheostat inside the bench-board of Fig. 48 is 
operated by a hand-wheel through a cardan shaft, 
as shown, and serves to control the voltage of the 
exciters. Figs. 49 and 50 on page 577 represent 
one of the summation panels, of which there are 
two, one on each part of the board. These panels, 
called sometimes ‘‘station panels” or ‘‘ load panels,” 
serve to carry the instruments and their trans- 
formers, which belong to the board in general, such 
as the main integrating wattmeters for recording 
the total output, and the indicating wattmeter to 
show the total load on the bars at any time. 
raised bracket at the back carries three voltmeters, 
one showing the bus-bar volts, one the voltage of 
the incoming machine, while the third is a syn- 
chronising voltmeter. The board does not contain 
a rotary synchroniser, but each half is provided with 
a power-factor indicator, and frequency meter and 
recording voltmeter on the flat-back panel in front 
of the bench-board, as shown in Fig. 40. 

The lightning-arrester panels have no counter- 
part on the bench-board, as they, of course, con- 


tain no apparatus requiring hand operation or con- | 


tinual inspection. At the back of the central wall 
of the main board they form the extremities of the 
horizontal bus-bar compartments, the bus-bars 
being the only apparatus present on that side. 
The front of each panel is merely one large cell, in 
which are situated the spark-gap arresters, and their 


56. 


the path of the cross-head must be a straight line, 
because of the geometrical properties of the com- 
bination. The motion of the link-work is obtained 
from a toggle-joint connecting the lever with the 
centre of the long link, as shown. 

The arrangement of the bench-board will already 
have been gathered from the illustrations to which 
attention has been previously directed, but its 
general appearance will be better understood from 
Fig. 56, which is, however, not a view of the 
identical board in question, but of a very similar 
but shorter board, built by Messrs. Ferranti for the 
South Lancashire Tramways Company. The board 
illustrated, it will be noticed, is fitted with syn- 
chroscopes, and a slightly different arrangement of 
dials in the sloping panels; but the engraving gives 
|a very fair idea of the appearance of a typical 
| bench-board. 
| (To be continued.) 








Tuirty-Tox Crain-Testing Macuines.—Two large 
chain-testing machines of 30 tons capacity have recently 
| been completed by Messrs. W. and T. Avery, Limited, 
| for a railway company in the North of England. These 
| machines can be used for any chains from ,'; in. to 
1? in. in diameter. Chains of jin. diameter and up- 
| wards are inserted direct into the holding slippers, while 
| for the smaller sizes loose holders are used, secured to 
the slippers. The main hydraulic cylinder is of cast 
| iron, and is designed for a working pressure of 750 lb. 
per square inch. The main frame of the machine con- 
sists of two rolled steel joints, at one end of which is 
| fixed the cylinder, &c., and at the other the lever and 
|steelyard gear forming the weighing and recording 
|mechanism, This latter portion of the machine consists 
of a cast-iron main lever fitted with knife-edges, 
|and a steelyard similarly fitted, and also fitted with a 
| scale reading from zero up tothe 30 tons full load, which 
| scale is subdivided into ,4;ths by a Vernier scale upon 
the sliding poise. The poise is mounted on rollers and 
is worked forward and backward by a central screw, which 
is rotated by means of bevel and spur gearing controlled 
by a hand-wheel at the front of the steelyard. 


| 
| 
| 








May 3, 1907.] 


ENGINEERING 


579 











THE LATE MR. WALTER BROCK, 
DUMBARTON. 


By the death of Mr. Walter Brock, of Dumbarton, 
there has ed away an engineer of sound practical 
ability, who did much for the development of the 
marine engine, alike for screw and paddle propulsion, 
and particularly for the attainment of high economy. 
He was one of Robert Napier’s protégé:. To the 
influence of Napier’s master mind many of the foremost 
of our engiveers owe their best characteristics, and 
amongst them the subject of this memoir. He was 
associated with the development of the multiple- 
expansion system, carrying it one stage further in 
steamship practice than his old friend and colleague, 
the late Dr. A. C. Kirk, and he stimulated the steel 
manufacturer to greater effort to produce the heavier 
boiler-plates necessary for the higher steam pressures. 
Later in life he introduced improvements in the 
paddle-engine, and helped forward the application of 
the marine steam-turbine. 

Born seventy-two years ago, the son of Mr. Henry 
Brock, a citizen of Glasgow, and manager of the 
Clydesdale Bank from 1838 to 1852, Mr. Walter Brock 
was educated in the city of his birth, and in 1852 
became an apprentice in the works of Robert Napier 
and Sons, of Glasgow. 

Having served five years, he was employed for a 
further period of two years in the drawing-oftice, until 
1859, when he became head draughtsman at the works 
of Messrs. Simpson and Co., Pimlico, London. Here 
he continued for 54 years, being for the last two years 
the assistant manager. He was engaged in designing 
and carrying out a large variety of engineering works, 
tie firm having even then a high repute for stationary 
michinery and pumping plant. In 1864 he returned 
to the engice works of Messrs. Robert Napier and 
Sons, of Glasgow, this time in the capacity of manazer 
of the department, and th.re he continued for seven 
years superintending the construction of the machinery 
during years of very c msiderable advance in the power 
of merchant steamers. 

It was in 1871 that Mr. Brock joined the wel)-known 
Dumbarton engineering firm. The two firms—Messrs. 
William Denny and Brothers, the shipbuilders, and 
Messrs. Denny and Co., engineers—have been distinct 
organisations, although the partners in each are prac- 
tically the same. Mr. Brock first joined the latter as 
managing partner, but two years later he became a 
partner in the shipbuilding firm also. The late 
Dr. Peter Denny was then the sole partner, his 
brothers William and James having died. The present 
Leven Shipyard was opened about 1867, the firm 
having moved from another establishment at Dum- 
barton. The engineering works had been commenced 
in 1851 by the Dennys, in association with Mr. John 
Tulloch and Mr. John McAusland. It was at these 
engineering works that Mr. Brock took full control, 
and the influence of his training and experience was at 
once felt as development succeeded development, not 
only in the works, but also in the productions of the 
firm. It will be remembered that De. Kirk brought 


out his triple-expansion engine in the early ’eighties, and | b 


Mr. Walter Brock, a year or two later, developed the 
system still further by arranging for four cylinders, in 
which the steam expanded successively.* His earlier 
engines were arraaged on the tandem system, the 
object being to economise, as far as possible, the room 
in the fore-and-aft line, and at the same time to facili- 
tate the addition of two new cylinders to existing com- 
pound machinery, making it of the quadruple expan- 
sion type. Such alteration was made in many in- 
stances. A long succession of new quadruple engines 
were also built by Messrs. Deany and Co. on this 
system, the economy with the increased steam pres- 
sures available being marked. Ultimately, however, 
it was found that the four-crank system gave a better 
turning moment even than the triple-expansion engine, 
and the later engines have all been of this type. 
Later Mr. Brock built an engine in which the high- 
pressure cylinder could be thrown out of gear, the 
steam from the boiler passing through it to the 
second of the series, the piston Re in equilibrium ; 
but this system, which aimed at giving a greater 
range of power for warships’ variable cruising speeds, 
with low consumption of coal at all rates of running, 
was not extensively applied. 
ihe firm took a prominent part in the development 
of high-speed paddle and screw steamers for Channel 
service, and here also Mr. Brock’s ingenuity was 
displayed, as he introduced a system of valve gear 
which enabled more powerful engines to be adopted 
within the limits in width of the paddle - steamer 
engine-room. With his characteristic modesty, he 
attributed this gear to close observation of Continental 
locomotive mechanism, but the alterations necessary 
to make the arrangement suitable for marine practice 
necessitated not only ingenuity, but mechanical skill. 
The system+ has been very extensively adopted. Mr. 
‘tock was actuated by a progressive spirit, even in his 


* See Ewcingenina, vol. xlvi., es 415 and 447. 
T Ibid., vol. li., page 39. — ’ 





later years, and when the success of the Parsons turbine 
had been demonstrated on board light torpedo craft, 
he, with his partners, became associated with the Hon. 
C. A. Parsons and Captain Williamson in the build- 
ing of the first commercial steamer to be driven by 
turbines—namely, the King Edward. From this 
point forward Mr. Brock, as an engineer, advocated 
the turbine system, and his son was closely associated 
with the development of the system, until;his death 
fifteen months ago. Mr. Brock was among the most 
extensive builders of the turbine, having constructed 
in recent years a large number of high-speed steamers, 
not only for the British Chaonel service, but also for 
trading on the Indian coast and in Australian and 
New Zealand waters. 

The subject of our memoir devoted his whole time 
to his work, and when the late Dr. Peter Denny died 
in 1895 he became the managing partner of the ship- 
building yard, in addition to having full control of the 
engine works. He took no part in public affairs, nor 
in the work of our technical organisations; a fact which 
was ever a source of regret to those who knew him, 
because it was recognised that his rare common-sense 
and engineering knowledge would have been advan- 
tageous in the discussions, An exception was his 
membership of the Dumbarton Harbour Board. He 
was, however, a member of the Institution of Civil 
Engineers, with which he first became aszociated in 
1865, being advanced to membership in 1877. He 
became a member of the Institution of Mechanical 
Engineers in 1865, of the Institution of Naval Archi- 
tects in 1873, and he was also a member of the Institu- 
tion of Shipbuilders and Engineers in Scotland. 

Mr. Brock continued in active work almost until 
the end, although he had had one or two serious and 
recurring illnesses. Two months ago, however, his 
health gave way completely, and his death on the 
25th ult. was not unexpected, although greatly re- 
gretted, a fact which was testified by the large company 
of friends and fellow-workers who attended the funeral 
on the 27th ult., to show their sympathy with his only 
daughter and his second son, Mr. Walter Brock, who 
survive him. 








THE LATE SIR ALEXANDER WILSON, 
BART. 

It is with regret that we have to record the death, 
at the age of seventy, of Sir Alexander Wilson. 
Though a Scotchman by birth, Sir Alexander Wilson 
spent the greater part of his life in Sheffield in con- 
nection with the firm of Messrs. Cammell, Laird, 
and Co. 

Born in 1837, at Haughmill, Fifeshire, Alexander 
Wilson received his education at St. Andrew’s and 
Edinburgh Universities. Following his elder brother 
George to Sheffield, he became connected with the 
Cyclops Works of Messrs. Charles Cammell and Co., 
and in the year 1857 was sent out to the United States 
to represent the firm in that country. He returned 
in 1859 to take up a responsible position under his 
brother at the Cyclops Works. In 1864, on the firm 
eing converted into a limited company, George 
Wilson was appointed managing director, with his 
brother Alexander as assistant. In the year 1879 
Mr. Charles Cammell died, and George Wilson 
becoming chairman of the company, Alexander was 
appointed managing director and deputy chairman, 
He later, occupied the positions concurrently of 
managiog director and chairman, but in 1901 relin- 
quished the former office, and in 1903, when the firms 
of Charles Cammell and Co. and Messrs. Laird Brothers, 
of Birkenhead, were amalgamated, he retired from the 
chairmanship of the reorganised company in favour of 
Mr. J. M. Laird, retaining only a seat oa the board 
of direct ors. 

As Master Catler in 1897, and managing director of 
Messrz. Cammell’s, Mr. Alexander Wilson was respon- 
sible for the arrangements for the visit of Her late 
Majesty Queen Victoria to their works. Shortly 
after this visit Her Majesty conferred a baronetcy on 
him, a distinction which gave great satisfaction to the 
Cutlers’ Company, as it was the first time in its long 
history that a Master had been so honoured during his 
term of office. 

Sir Alexander Wilson took an early interest in the 
rolling of heavy plates, the first really heavy B acres 
having been rolled, it is believed, at the Cyclops Works 
in 1862, when one 44 in. thick, weighing from 7 tons to 
8 tons, was turned out of the mills. Subsequently Sir 
Alexander was responsible for the Wilson compound 
armour-plate, one of the first attempts to produce a 
shell-proof plate, which, with a backing of iron, 
had a facing of steel. Sir Alexander Wilson was one 
of the original members of the lron and Steel Institute 
on its foundation in 1869. He was a member of the 
Institution of Mechanical Engineers and an Associate 
of the Institution of Civil Engineers. His death 
occurred late on the night of Saturday, the 27th ult., 
after an illness which, though not till quite lately of a 
serious character, had lasted since the beginning of 
December last. Though Sir Alexander Wilson took 
but little part in public life, other than his connection 








with the Cutlers’ Company, he was, of course, a well- 
known man, and one whose loss will be regretted by a 
large circle of friends and acquaintances. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, ‘April 24. 

THE enormous traffic to which railroads have been 
subjected during the past i or two has given rise 
to the necessity for a rail of greater endurance. Ths 
open-hearth rail is evidently the coming rail. The 
mills of the country are, however, nearly all filled up 
with orders which will absorb their output for the 
current year in the old Bessemer rail. Railroad com- 
panies are now clearly recognising that it is a matter 
of economy to use open-hearth rails, and already 
some mills have secured large orders for 1908 de- 
livery. A revolution, if the term is not too strong, 
is about to take place in American rail mills in the 
adaptation of all of the rail mills for the production 
of open-hearth rails. Two mills have already been 
equipped for that purpose—namely, the Tenneseee Coal 
and Iron Mills at Birmingham, Ala., and the Bethle- 
hem Mills in Pennsylvania. The price for these rails 
will be 30 dols. per ton instead of 28 dols., and because 
of the intention of many roads to use them, rumours 
are current that the price will be advanced to 31 dols. 
It is quite probable that the price of Bessemer rails 
will remain at 28 dols., where they have been for six 
years, as to advance the price would naturally induce 
managers to prefer the open-hearth rail, could 
this rail be had. The demand for pipes has reached 
such limits that the greatest producer — namely, 
the National Tube Company—has withdrawn from 
the market until June 1. It is probable that 
even then this concern will not be able to accept 
any orders, especially as there will be a few weeks’ 
shut-down for the perpens of making necessary 
repairs. The pig-iron market is in about the same con- 
dition as it has been in for rome time, and some large 
contracts are pending. The New York Air-Brake 
Company has been unable to close a contract for 20,000 
tons, but hopes to do so this week. Most of the 
business now under consideration contemplates dc- 
livery during the third quarter of the year.’ Bessemer 
is under active negotiation, and contracts for some 
15,000 tons have been placed within a few days. 
The movement in foreign iron is attracting some 
attention, and a number of orders for quick shipments 
has recently been cabled. A good deal of business 
is in sight, but those who are in the market are deter- 
mined to obtain some concessions. Foundry iron is 
moving in small lots at all iron centres at about 
former quotations. Billets and sheets are dull, although 
the stocks in the hands of consumers are not suffi- 
cient to cover the engagements in hand for finished 
products. Rods are selling at 37 dols. for Bessemer 
and 38 dols. for open-hearth. The tone of the market 
is good, and there is no evidence of any weakenin 
tendency in any direction. Structural material is still 
active because of the considerable number of buildings 
that are to bs erected as soon as material can be had. 
Plate iron and steel are also active, and the plants are 
still overcrowded with orders, and are obtaining 
premium prices for early deliveries, Builders’ hard- 
ware is extremely active ; the building season has 
set in, and a great many hardware jobbers have post- 
poned their orders until rather late. The nail mills 
are working full time, and the manufacturers of barb 
and fence wire have all the business they can handle, 
The agricultural sections are coming into the market 
for everything which comes under the names of agri- 
cultural supplies. 





CaNADIAN Reserve Power,—A lecture has been de- 
livered to the Canadian Clab by Abbé Choquette on the 
reserve energy of the province of Quebec. The Abbé 
observed that up to the present coal had been the greatest 
factor in industrial ry ne veered, but the province of 
Quebec was at a great disadvantage with respect to this 
class of power, as the only signs of coal in the province 
were small pieces brought down with boulders in the 

lacier epoch. But while Quebec could never have much 
lack coal, she had a supply of “‘ white coal” unequalled 
by any other country, as she had mountains and rivers 
to furnish current and power in abundance. The 
St. Lawrence, with a fall of 178 ft. between Corn- 
wall and Montreal, was a store-house from which 
millions of horse-power could be drawn. The Shawini- 
gan Water- Power Company was delivering electric 
power to the Montreal Light, Heat, and Power Com- 
pany from its hydraulic plant at 14 dols. to 15 dols. 
per horse-power per year of 365 days of 24 hours each, 
while steam power could not be generated by coal for less 
than 50 dols. The great difficulty was the initial cost, 
while 25 per cent. of the power produced was lost in 
transmission. ‘Another big charge was that for copper 
wire used for transmission. The Wabasso Cotton Com- 
pany is expected to estublish itself at Three’ Rivers. 
Three Rivers is not far from Shawinigan Falls, from 
which a magnificent supply of power may be obtained at 
moderate rates. Besides this advantage, gas wells at 
St. Sevre are ex to be connected with Three Rivers 
during the ensuing summer, 
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THE BURROUGHS ADDING AND 
LISTING-MACHINE. 


On this and the opposite page we give illustrations 
of an extremely efficient ing-machine, which is 
very extensively used in banks and clearing-houses 
both in this country and abroad. The machine is of 
American origin, but is manufactured at Nottingham 
J the Burroughs Adding and Registering-Machine 

mpany, Limited, from whose works the whole of 
the large Continental demand is met, as well as the 
needs of the British market. The machine is intended 
to print down a column of figures, such as £ s. d., and 
then almost automatically to print at the bottom of 
this column the sum total, thus relieving the clerk 
of all the labour of addition. In principle the machine 
is quite simple, the apparent complication visible in 
Fig. 1 being due, in the first place, to the repetition 
of similar parts, inseparable from a machine of this 
kind; and, secondly, to the provision of various 
details, designed to make impossible the improper 
working of the machine by a careless or indifferent 
operator. 

Each essential element of the machine consists of 
lever A (Fig 2) pivoted near the middle, carrying at 
the one end a set of figures from 0 to 9, held in slides 
by springs, whilst the other end is attached to a seg- 
mental rack B, with which a number-wheel C can be 
thrown in or out of gear. The upper end of this 
rack is arranged to move between a couple of 
guide-plates D. It will be seen that a curved slot is 
cut in these guide-plates which is concentric with 
the point of oscillation of the lever A. Into this 
slot ite a projection from the top of the rack B, and 
as the other end of this rack is secured to the 
lever A, any possible motion up and down between 
its guide-plates is a true circular motion about the 

ivot of A. A number of slots are, it will be seen, cut 
in the right-hand edge of the guide-plates D, and in 
these slots lie the ends of a number of wires, as shown. 
If a key is depressed, the corresponding wire moves to 
the left, and its bent-in end is pulled to the bottom of its 
slot, in which ition it catches the projection shown 
at the top of the sector B, and thus limits its possible 
downward movement. With the rack thus arrested 
the other end of the lever A is raised, so that, of the 
different figures it carries, that corresponding to the 
key depressed on the keyboard is in position for print- 
ing. This printing is effected by the release of a small 
spring-actuated hammer, which, striking the right- 
hand end of the type-block, whivh, as already stated; 
slides in a slot in A, and is normally held back by a 
spring, drives it forward against the type-ribbon and 


r. 
PeThe same effort which produces the downward 
movement of the rack throws out of gear with it the 
number-wheel C, which therefore undergoes no rota- 
tion during this downward motion. After the opera- 
tion of printing is effected, however, the rack is raised 
again to its topmost position ; but prior to being per- 
mitted to take this ——— movement, the farm is 
thrown into gear with it, and hence, by the time the 
rack is restored to its original position, this wheel 
will have been turned through a number of teeth, 

ual to the number of the key originally depressed. 
if the series of operations just described is repeated, 
a second figure will be printed on the paper, and the 
number-wheel fed forward an additional number of 
teeth. Hence, if a set of these wheels is arranged in 
series, with suitable provision for ‘‘carrying” from one 
wheel to the next, as in an ordinary engine-counter, 
the wheels will show at any time the total of all the 
figures successively printed on the paper; and by 
suitable means this total can, moreover, be printed 
on the paper below the column of separate items. 

This latter operation is effected by depressing the 
totallising key, shown at the far side of the kéyboard 
in Fig. 1, which is arranged so that no other key on the 
board can be depi atthe same time. The effect 
of the de noes of this key is to prevent the number- 
wheels Cheing t rown out of gear before the downward 
motion of the racks. These wheels are fitted with 

wls, which prevent them being rotated backwards 

yond the zero ition. Thus, if in the totallis- 
ing movement a wheel indicated 5, the rack in its de- 
scent would turn it back through five teeth, and 
would then be unable to -le further, just as if 
in the case previously described the wire correspond- 
ing to the number 5 key had been moved back in its 
slot. Hence the type end of the lever A will be in 
position to print the number 5, which was that on 
the counter. At the same time it will be seen that 
this counter-wheel C has been moved back to its zero 
position, and if moved out of gear before the racks are 
raised again, will read zero at the completion of the 
operation. Thus the taking of a total clears the 
machine, setting all the number-wheels to zero. 

Whilst the essential principles of the machine are 
as just described, many safeguards are necessary to 
ensure its proj working. The latter involves 
on the part of the attendant two distinct operations. 


In the first place, the amount to be recorded is 
‘*get” by depressing a key on the keyboard. By 
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pulling back the handle shown to the side of the 
machine in Fig. 1, this sum is then printed on 
the paper at the back of the machine, and on the 
return stroke of this handle the number on the key- 
board is transferred to the number-wheels, as just ex- 
plained, and at the same time the keys depressed in 
—— the keyboard are released and return to their 
norm ti 


sm ons. 
The depression of a key has three distinct results. 





In the first place it moves the corresponding stop-wire 










to the back of its slot, asalready explained. Secondly, 
it locks every other key in the same column; and, 
thirdly, it withdraws a catch which would otherwise 
prevent the descent of its corresponding sector. 

The locking of every other key in the same column 
is effected by the device shown in Fig. 3. The tail of 
each, it will be seen, rests on the horizontal arm of ® 
small bell-crank, the other end of which is connecte’ 
to the stop-wire. As the key is depressed, the vertic*' 
leg of the bell-crank moves to the left, and carrics 
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with it a sliding-plate G, through a slot in which the 
lower arm of the bell-crank passes, as indicated at F 
(Fig. 3). In the position shown, key No. 6 being 
depressed, the sliding-plate G, moving to the left, 
has brought solid metal under the noses of each of 
the other bell-cranks ; so that, as will be seen, it is 
impossible to depress any other key till the plate has 
been restored to its original position. This sliding- 
plate is constantly impelled to the right 4 @ spring, 
and would fly back when the pressure on the key was 
removed, were it not locked by a pawl at its left-hand 
end. After an item has been printed, the final motion 
of the machine lifts this pawl, letting the plate slide 
back, in doing which it carries with it the de 

key, restoring this to its normal position. At its for- 
ward end, this plate, in being moved back by the 
depression of a key, carries with it, by means of a pro- 
jection, the stop which, as already stated, would 
otherwise prevent the downward motion of the sector. 




















5. 


This stop, when a figure has been set, is prevented 
from flying back by a pawl, and this pawl is 
released, bringing the stop into its normal position 
simultaneously with the release of the sliding plate 
at the end of an operation of the machine. In 
certain cases it is convenient to be able to repeat a 
number several times in succession, without resetting 
it. This is effected by depressing the special key, 
shown to the right of the keyboard in Fig. 1. The 
depression of this key prevents the pawls which hold 
the sliding-plate G, on the depression of a key, from 
being raised at the end of an operation of the machine, 
and consequently any depressed keys remain down. 
Provision of this nature is possible, since but very 
few of the various motions of the machine are positive 
in character, but are effected through the medium of 
springs. Summing up, it will be seen that the depres- 
sion of a key has but three — results. All further 
operations are effected by pulling back to the limit of 





its travel the side handle shown in Fig. 1, and letting 
it return of its own accord, The effect of pulling over 
this handle is to throw into tension a series of powerful 
springs in the base of the instruments ; these springs 
acting then as driving power to the main shaft of the 
machine. The rate at which they succeed in effecting 
the different operations is governed by an oil dashpot, 
and hence sufficient time is ensured for all the successive 
operations of printing and tetallising to be effected in 
due order. It is therefore impossible for a careless 
operator to damage the machine by seeing how fast he 
can ‘* buzz it round.” The force operating the machine 
is quite independent of that which he exerts on the 
handle, and cannot exceed the tension of the springs. 
A notched plate is, however, attached to the Nandle. 
spindle, and moving with it, ensures by engagement 
with pawls that the handle shall be pulled over to the 
limit of its travel every time, before being allowed to 
return. The handle, though it does no direct driving 
of the mechanism, does govern some of the movements 
made, since the possible motion of the spring-actuated 
driving-shaft cannot exceed that allowed by the 
motion of the handle, and the latter must therefore be 
carried to the end of its travel before the spring- 
driven shaft can effect its full travel. Moreover, if 
this handle is out of its normal position, it throws up 
a bar extending right across the machine, which locks 
all the keys, and prevents any being depressed until 
the handle is restored to its position of rest. 

Referring to Fig. 4, it will be seen that the handle, 
by means of the link X, pushes over the lever Y. This 
lever is pulled towards the front of the machine by 
four strong springs hooked into the bottom plate, as 
indicated, and, by a set of springs, such as Z, pulls 
over, in its turn, the bell-crank W. It is this crank 
which really actuates almost the whole of the 
mechanism of the machine. It is coupled to Y by 
eprings, as already stated, and moves to the left under 
the influence of these only. Its return stroke to the 
right is, however, made under the thrust of the fork 
V, which is pivoted to Y. Hence the driving power 
of the machine on its return stroke is soovidedl by the 
springs connecting the lever Y with the base of the 
machine, and in the forward stroke by the springs 
between Y and W. On both strokes, therefore, the 
machine is spring-driven. A dashpot, not shown 
in this figure, but clearly visible in Fig. 5, which 
represents the machine partially dismantled, controls 
the speed of the machine on both strokes, 

We have already explained that in the operation 
of listing a series of items which are ultimately to 
be added up, the first action of the machine is, 
through suitable linkwork, to shift all the number- 
wheels clear of the descending racks, To this end 
the whole set are mounted on a frame extending 
right across the machine. This frame is itself 
mounted on pivots, so that it can be swung in 
or out from the racks. As soon as the handle has 
been moved over to the full extent of its travel it 
is automatically locked here, and prevented from 
returning until the operation of printing has been 
effected. On the return stroke of the machine the 
wheels are swung into with the racks which, in 
ascending, turn these wheels round through a number 
of teeth equal to the number of notches, past ‘which 
the rack has been allowed to fall till brought up by the 
stop-wire. In order that these wheels hall ebunye show 
the total sum registered by the machine, a “‘ carrying 
device” is necessary from the wheel corresponding to 
the units place, to the tens place, and so on. This 
carrying device consists, in the first place, of a cam or 
long tooth—keyed to the number-wheel C, Fig. 2. This 
cam does not, as in an engine-counter, rotate directly the 
wheel next above it, but merely releases a stop, which, 
when no total is being carried, limits the rise of the 
succeeding rack. Hence, if a “‘ carrying” operation 
is to be made from the units to the tens wheel, the 
cam on the former displaces a stop in the path of the 
tens rack, and, as a consequence, on the return stroke 
of the machine, the tens rack rises beyond its normal 
position to a height equivalent to the pitch of its 
teeth. While the racks are rising (during the 
operation of listing) the number-wheels, as already 
stated, are in gear with the racks ; hence, in the above 
case, the tens wheel rotates one tooth more than it 
otherwise would have done. 

In the operation of totalling, it will be remembered 
that the relation of the number-wheels to the racks 
is reversed ; that is to say, they remain in gear durin 

the down stroke of the racks, and are thrown out o 
gear on the return. As the racks in totalling fall to a 
distance limited by the wheels.rotating backwards to 
the zero position, it is essential that these racks shall 
be in normal position before a total is effected, and 
hence provision is made by which if any rack is in the 
high position due to its having “‘carried over” from one 
wheel to the next, a stop is thrown into action which 
makes it impossible to depress the totallising key at 
the left hand of the machine. By making an 
idle stroke of the machine the racks are restored 
to the normal position, and a total can be taken. 
This idle stroke of the machine, moreover, feeds 





forward the paper on which the items are listed, 
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so that a space intervenes between the list of items 
and the total printed by the next movement of the 
handle. - -This space serves the useful pu of dis- 
tinguishing a total from one of the individual items, 
the column of items being always separated from the 
total by this space. 

We have said that in ‘‘ carrying over,” the rack 
which effects the operation rises one tooth beyond its 
normal position. This is, possible, because, as will be 
seen from Fig. 2, the rack is connected to the swing- 
ing beam A by a pin working in a slot. A spring 
tends to throw the rack up and bring the pin to the 
bottom of the slot. When no“ carrying over” is to be 
effected, the beam A, in moving back to its normal 
position, carries with it the rack B, but the latter is 
stopped in its upward movement by a catch before 
the beam A has completed its stroke. This the 
latter does in stretching the spring connecting it 
with B, and comes to rest finall 
the top of the slot. If, on the other hand, the long 
tooth on the preceding wheel has removed the sto 
in the path of B, the latter moves with A till the 
latter has completed its stroke and comes to rest with 
the pin at the bottom of the slot, and, therefore, one 

itch above its normal position. Each of the swing- 
ing beams A is connected on its right-hand side with 
& spring, pulling it downwards. A bar extending 
right across the machine prevents any one of the 
beams descending, until it has been swung out of the 
way by pulling the operating handle. When this bar 
has been swung clear, any one of the beams which may 
have been released by the depression of a key is pulled 
down by its spring till brought to rest by the stop- 
wire connected to the depressed key. On the return 
stroke of the machine, the bar, already mentioned, is 
swung up to its original position, carrying with it all the 
beams which have been displaced ; and when these are 
home, they are locked there by a set of pawls, each 
of which is released only by depressing one of the 
corresponding keys. 

The swinging Seems A are bent in the horizontal 
plane, so that whilst their type ends are set at }-in. 
centres, their other ends are j in. apart. At its type 
end each beam has mounted on one side of it a set 
of five little blocks, which move in slots, and are held 
back towards the pivot of the beam by springs. Each 
block carries two types, the five giving all digits from 
0 to 9, whilst a set of little hammers, spring-actuated, 
lie between each set of beams, and, it released, will 
drive forward the block in front and print the cor- 
responding character on the paper. The release gear 
for these hammers is shown diagrammatically in 
Fig. 6. There are a series of pawls T mounted side 
by side on a pin, which is carried by two links 
swinging about a centre R. If this link is swung 
forward, it can, it will be seen, catch a second pawl U, 
provided always that the forward end of T is allowed 
to fall behind the catch. If the main swinging lever 
A, Fig. 2, corresponding to T, is in its normal position 
—that is to say, if.no one of its corresponding keys 
has been depressed—the tail H of the pawl T is pre- 
vented from rising by the underside of this lever, and 
as a consequence its forward end cannot catch hold 
of U. Hence, on the return stroke of the frame on 
which T is mounted, U remains unaffected, and the 
striker P, which drives the type-hammer by the roller 
8, remains in place, and consequently no printing is 
accomplished as far as that particular element of the 
machine is concerned. 

If, on the other hand, a key has been depressed on 
the board in the row corresponding to the pawl T, the 
sector end of the corresponding lever falls, and its type- 
carrying end rises, so that the tail H of the pawl Tis 
no longer kept from rising. The main lever having 
been brought into position by the fall of the sector 
agaiust its stop-wire, as already explained, the further 
operation of the machine swings forward the frame on 
which is mounted the pawl T, which, as its tail can 
now rise, grabs U, and, on its return stroke carrying 
this with it, releases P, which, driven forward by its 
spring, strikes the hammer sharply against the back of 
the type-bluck, and the corresponding character is 
accordingly printed. Tke arrangement of pawls and 
levers P, U, and T is repeated for each place in the 
pounds, shillings, and pence column, the whole set being 
mounted side by side. As stated above, the pawl U 
is, in general, never raised unless a key has been 
depressed in the corresponding column of the key- 
board. If, however, it is desired to print the sum of 
500/., say, then it is convenient that the zeros shall be 
printed automatically, without requiring to be set 
on the keyboard, for which, in fact, no provision is 
made. To effect this the tail Q of U for the hundreds 
column has a projection on its right-hand side, which 
extends over the tail of the U pawl for the tens 
column. If, then, the U pawl for the hundreds column 
is raised by its corresponding piece T, its tail Q pushes 
down the tail of the U pawl for the tens column, and 
thus releases the corresponding striker P. Similarly, 
the raising of the U pawl for the tens column releases 
also the striker for the units column ; and thus, in 
the case taken, the sum 500/. will be printed, though 
only one key has been depressed on the keyboard. 


NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgew Pig-Iron Market.—The market opened with a 
firm tone last Thursday morning, and about 14,000 tons 
of Cleveland warrants were put through at 57s. 3d. and 
57s. 5d. cash, 57s. 7d., 57s. 9d., and 57s. 8d. one month. 
The close was a shade easier, with sellers at 57s. 5d. cash 
and 57s. 9d. one month. Hematite was strong, and 1500 
tons were done at 75s. cash and eight days, and 75s. 6d. 
one month. Closing sellers quoted 753. 9d. one month. 
In the afternoon the tone was again good, and the dealings 
were confined to about 10,000 tons of Cleveland war- 
rants at from 57s. 44d. to 57s. 8d. cash, and at 57s. 74d. 





with the pin at | 58s 





one month. At the close sellers quoted 57s. 8d. cash, 
and 57s. 1ld. one month, On Friday morning the 
market opened strong, and Cleveland warrants for 
cash advanced from 57s. 10}d. to 58s. 14d., and after 
easing to 58s. 04d. closed firm at 58s. 34d. cash sellers, 


while for the month position dealing took place at! q 


t ., 58s. 5d., and 583. 6d., closing at 58s. 7d. one 
month sellers. The turnover was 16,000 tons. Hematite 
advanced, and 1000 tons changed hands at 76s. 


P seven days and 76s. 6d. one month. At the afternoon 


session the upward tone continued, and nearly 9000 tons 
of ale on warrants were dealt in at from 58s. 34d. 
and 58s. 3d. to 58s. 9d. cash, and at 58s. 10d. and 58s. 104d. 
one month, and 59s. 14d. two months. Closing quota- 
tions were 583. 74d. cash and 58s. 104d. one month sellers. 


Hematite was again strong, and 1500 tons were done at | q 


76s. 14d. cash, and 763. 9d. fourteen days and one month. 
On Monday morning the market was a trifle irregular, 
and the large turnover of 30,000 tons was confined 


to Cleveland warrants. Dealing took place at 58s. 6d. | Go 


and 583. 3d. cash, 58s. 44d. three days, 593., 58s. 6d., 
58s. 84d., and 58s. 8d. one month, and at 58s. 104d. 
three months; and there were closing buyers at 58s, 4d. 
cash and 58s, 8d, one month, and sellers at 4d. more in 
each case. Buyers of hematite offered 76s. 6d. one month, 
but there were no sellers. In the afternoon the market 
was steady, and about 10,000 tons of Cleveland warrants 
were done at 58s. 3d. cash, 583. 6}d., 583. 6d., and 583. 74d. 
one month, and closing sellers quoted 58s. 4d. cash and 
583. 74d. one month. Hematite was not quoted. On 
Tuesday morning an easier tone prevailed, and the deal- 
ings were confined to about 10,000 tons of Cleveland 
warrants at 58s. 2d., 58s. 3d., and 58s. 24d. cash, 
583. 3d. ten days, 583. 6d. one month, and 58s. 104d. 
three months. At the close there were buyers over at 
583. 24d. cash and 58s. 6d. one month, and sellers 
at 4d. more in each case, and buyers of hema- 
tite at 763s. 9d. one month, and sellers at 77s. In 
the afternoon the market declined a little, and Cleve- 
land warrants were done at from 58s, to 57s. 114d. cash, 
at 58s. 14d. three days, and from 58s. 4$d. to 58s. 3d. one 
month, closing with sellers over at the lower values. The 
turnover, of about 10,000 tons, included some hematite at 
76s. 3d. cash, with closing sellers over. The market 
opened to-day (Wednesday) with a firm tone, and Cleve- 
land warrants rose from 58s. 1d. to 58s. 4d. cash, and from 
583. 3d. to 58s. 74d. one month, with other dealings at 
58s. 14d. nine days and 58s. 7$d. three months. The 
business amounted to about 16,000 tons, and closing 
sellers quoted 58s. 4d. cash, 58s. 74d. one month, and 59s. 
three months. Hematite was steady, and 1500 tons 
changed hands at 76s. 4d. five days, 763. 6d. nine days, 
and 76s. 8d. one month. In the afternoon the opening 
was strong, and Cleveland warrants advan from 
58s. 74d. to 59s. 04d. and 59s. cash, and from 58s. 11d. to 
593. 04d. and 593. one month, closing with buyers over at 
583. 1ld. cash and 593, 2d. one month, and sellers at 1d. 
more in each case. The turnover was about 12,000 tons, 
and there were sellers of hematite at 76s. 9d. cash, but 
no buyers. The following are the market quotations for 
makers’ (No. 1) iron :—Clyde, 74s. 6d. ; Calder, 76s. 6d. ; 
Gartsherrie, 75s.; Summerlee and Langloan, 78s. ; and 
Coltness, 86s. 6d. (all ship at Glasgow) ; Glengarnock 
(at Ardrossan), 76s. 6d.; Shotts (at Leith), 76s. 6d. ; and 
Carron (at Grangemouth), 79s. 


Sulphate of Anvmonia.—There has been no improve- 
ment in the sulphate of ammonia market, and business is 
still very quiet. The price is nominally 11/. 15s. per ton 
for prompt business, Glasgow or Leith. The amount 
shipped last week from Leith Harbour was 156 tons. . 


Scotch Steel Trade.—Nothing of particular note has 
occurred in the Scotch steel trade since last report, and 
makers are still experiencing a steady demand. The 
works are well employed, specifications coming in with 
good regularity, while home consumers are exhibiting a 
greater tendency to come into the market, and conse- 
quently a fair amount of new business has been secured 
for local requirements. The demand on foreign account 
continues on satisfactory lines, and producers report the 
receipt of some good orders for shipment. Prices are 
unaltered and remain firm. 


Malleable Iron Trade.—The malleable iron trade shows 
almost no sign of change, the works generally are quiet, 
and new business is still very scarce. 

Pig-Iron Position.—Pig iron maintains a strong posi- 
tion, and good inquiries have been received from America 
this week, a number of which have resulted in business. 
Some lots of Scotch foundry iron have been sold for ship- 
ment to the United States, while a considerable quantity 
of Cleveland iron has also been sold for the same destina- 
tion. 

Shipbuilding.—The ge eens returns for the month 
of April, dealing with the vessels launched, form very 
interesting reading. In the first place, the number of 
vessels launched from the different districts was sixty-six, 
with an ate of 65,249 tons, making a total of 195,996 
tons for the first four months of the year. At the end of 
March there was an apparent shortage when the figures 








of the first quarter were compared with those of last year ; 
but taking the tonnage for the first four months of last 
year (177,267), it was found that on this year we 
are already 18;729 tons to the good. These statistics 
are certainly very gratifying, the more so when it is 
known that there is still a large tonnage on the stocks, 
besides a number of new orders on hand which have been 
placed quite recently. The proportion which the Clyde 
can claim of the above output is thirty-five vessels, with 
@ gross tonnage of 58,794, as compared with 31,657 tons 
for April of last year. For the four months of this year the 
total now stands at 180,146 tons, as against 160,190 tons 
for the same period of last year. 1t would seem as 
if records were made only to be broken. The largest 
vessel launched was the twin-screw steamer Corsican, 
of 12,000 tons, for the Allan line, by Messrs. Barclay, 
Curle, and Company, Limited, and there were other six 
steamers, each of over 4000 tons, placed in the water 
from Clyde yards. One of the smallest vessels certainly 
eserves to be mentioned—namely, the Scout, which was 
built for Messrs. David Macbrayne, Limited, Glasgow, by 
the Ailsa Shipbuilding Company, Limited, Troon. She is 
a twin-screw motor steamer of about 106 tons, fitted with 
oil motors, each of about 120 indicated horse-power ; and if 
this fitting is a success, it may mean the development of the 
art of marine engineering along a new line.—Among the 
new contracts recently reported are the following :—A 
passenger steamer for Liverpool owners, to be built by 
Scotts’ Shipbuilding and Engineering Company, Limited, 
reenock ; Messrs. Russell and Co., Port Glasgow, have 
secured an order from Fratelli Cosulich, Trieste, for a 
steamer of 12,000 tons, to be fitted with twin-screw 
engines of 7000 horse-power ; Messrs. George Brown and 
., Greenock, are to build a cargo-steamer of about 
200 ft. in length, for South American owners, and the 
same firm are to build a nger and cargo-steamer, of 
160 ft. in length, for the Cunstitn trade. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Ordnance Orders.—Messrs. Vickers Sons and Maxim 
have received substantial orders for 12-in. guns in con- 
nection with the building of British and foreign war- 
ships of the Dreadnought type. Each of these ships 
have mounted ten of these powerful weapons, which re- 
presents not only a considerable cost for the guns them- 
selves, but for the elaborate mountings necessary to train 
and sight them. In addition to the heavy guns, orders 
have also been given out for guns of smaller calibre, so 
that great activity will obtain at the works for some time 
to come. 


Pattern-Makers’ Wages. —On Saturday the notices 
tendered by the members of the Paitern-Makers’ Asso- 
ciation employed in the Sheffield engineering trades 
expired, and some 150 men engaged by the firms in the 
heavy trades struck work. Their demand is for an 
advance in wages from 40s. to 42s. per week, the masters 
having offered 1s. advance immediately, and a conference 
with respect to the other 1s. in six months’ time. Some 
F stcmdiom eg moulders and other workmen are dependent 
on the pattern-makers, and it is feared a great dis- 
organisation of trade will take place. 


Iron and Steel.—There has been a firm tone in the iron 
and steel markets during the past week, and all round the 
outlook is satisfactory. Makers are well booked, and 
— show signs of improving, so that consumers who 

ave not bought ahead are pressing forsupplies. Lincoln- 
shire irons are steady, and Derbyshire have slightly 
advanced. Current prices delivered in Sheffield are :— 
Lincolnshire forge, 593. 6d.; foundry, 62s. 6d.; mottled, 
white, and basic, 63s.; Derbyshire forge, 56s. 6d.; foundry, 
583. 6d. to 593. 6d.; East Coast hematite, 833. 6d. net ; 
West Coast hematite, 85s. to 85s. 6d. There is a heavy 
inquiry for bars and billets, and steel manufacturers state 
that there is plenty of business on hand. 


South Yorkshire Coal Trade.—Trade continues ex- 
tremely brisk, and there is every indication of a satisfac- 
tory season. Already the rolling-stock on the different 
railways is being hardly pressed, and unless there is a 
substantial increase when the export season gets into 
full swing an awkward ition of aftnien is anticipated. 
Pits are working well, the demand for steam coal being 
exceptionally heavy. Barnsley hards are making 12s. 
per ton. Coke is selling freely, and gas-ccal is moving with 
great activity. House fuel is somewhat quieter, especially 
in the better qualities. Prices show signs of weakening, 
but are still stronger than is customary at this period. 








NOTES FROM CLEVELAND AND THE 


NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is a fair amount 
doing in ——. Altogether the situation is very satis- 
factory. The output of Cleveland pig, though on an un- 
P ented scale, is most inadequate, with the result that 
during April nearly 57,000 tons had to be taken from 
the public warrant stores in order to meet the enormous 
demand. Even the huge deliveries of last month did not 
by any means satisfy requirements, but the means of de- 
spatching were taxed to their fullest, and nomore iron could 
possibly | moe been got away. There still remains 400,000 
tons of Cleveland iron in the warrant stores, and there 
are warrants in circulation for 383,000 tons, so that there is 
still ample opportunity for outside speculators to indulge 
in a gamble. No. 3 g.m.b. Cleveland pig is now 59s. 
f.o.b., and some sellers ask up to 593. 6d. For named 
brands a higher figure has to be paid, and one firm of pro- 
ducers have this week sold No. 3 at 603. for forward 
delivery, and they are now asking more than that price. 
No. 1 is 633. 3d.; No. 4 foundry, 58s. 6d. ; and No. 4 








May 3, 1907.] 


ENGINEERING, 





583 











forge, 57s. 9d. East Coast hematite pig shows an un- 
mistakable upward movement. Movements in this branch 
are steady, and are not in the least influenced by specu- 
lative operations, all sales being for consumption. Market 
quotations are on the basis of 77s. 6d. for mixed numbers, 


but several firms are holding out for a little above that | 


figure, and as a matter of fact rather more than the fore- 
going quotation has been realised i 
Rubio of 50 
notwithstanding endeavours to purchase at a trifle less. 


Manufactured Iron and Steel.—Demand for manufac- 
tured iron and steel is somewhat better and prices gene- 
rally are firmer, ee > it can hardly be said that they 
are actually higher. Producers are busily employed, and 
have good contracts made, whilst a number of inquiries 
concerning further orders are reported.. Common iron 
bars are 8/. to 8/. 2s. 6d. ; best bars, 8. 10s. to 8/. 12s. 6d. ; 
best best bars, 9/. to 9/. 2s. 6d.; packing-iron, 6/. 10s.; 
iron ship-plates, 77. 15s.; iron boiler-plates, 8/. ; steel bars, 
7l. 103.; steel ship-plates, 77. 10s. ; steel boiler-plates, 
81. 10s.; steel hoops, 7/. 15s. ; steel strip, 7/. 5s. ; and steel 
joists, 6/. 17s. 6d. to 7/.—all less the usual 24 per cent. 
discount. Cast-iron railway chairs are 4/. 2s. 6d. to 4/. 5s ; 
light iron rails, 7/7. 7s. 6d. to7/. 15s.; and heavy steel rails, 
61. 153.—all net cash at works. The price of iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
is 132. 15s. to 14/.—less 4 per cent. 


Iron and Steel Shipments—Record Clearances of Pig.— 
Shipments from Middlesbrough ‘last month were ex- 
tremely large, those of pig very easily constituting another 
record. Great as the clearances were, they would have 
been still heavier had more facilities been available for 
loading. The previous best shipments of pig from this 
district were so recent as March, when they amounted to 
146,978 tons. For the month just ended the clearances 
reached no less than 177,627 tons, of which 168,993 tons 
were shipped from Middlesbrough, and tons from 
the neighbouring port of Skinningrove. Of the pig 
despatched from Middlesbrough, 130,425 tons went to 
foreign ports, and 38,568 tons to coastwise buyers. 
Germany was the largest importer, receiving 42,970 
tons; the United States being second, with 34,572 
tons; and Scotland third, with 30,355 tons; whilst 
Italy took 10,764 tons ; Holland, 10,440 tons; Canada, 
8402 tons; Japan, 5988 tons; France, 5305 tons; and 
Denmark, 4628 tons. Of the 16,879 tons of manufactured 
iron shipped last month, 9736 tons went abroad and 
7143 tons coastwise, whilst of the 28,228 tons of steel 
cleared, 23,520 tons went to foreign lands and 4708 tons 
to coastwise customers. Once more India was the largest 
importer of both manufactured iron and steel, taking 
2912 tons of the former and 7827 tons of the latter. The 
other principal receivers of manufactu iron were 
Brazil, 2064 tons; Japan, 1522 tons; and Hong Kong. 
1067 tons. The other most~ important customers for 
steel were :—Western Australia, 4829 tons ; Cape Colony, 
3414 tons; Japan, 2345 tons; Germany, 1282 tons; and 
Hong Kong, 1160 tons. 


Cleveland Miners’ Wages.—We are pleased to be able 
to report that the wages question of the Cleveland iron- 
stone miners has been amicably settled by the granting 
of an advance of 5.1 per cent. for the next six months. 
This raises wages 36.75 per cent. above the basis. Three 
times within a month have representatives of the miners 
waited upon the mine-owners. At the first conference an 
offer of an advance of 2} per cent. for three months was 
refused, and at the second meeting an offer of 3? per cent. 
advance for six months met with a refusal; but this week, 
at the third conference, a settlement was happily effected 
by the acceptance of a little over 5 per cent. advance. 
The miners are once more agitating for a twelve o’clock 
Saturday. 


Coal and Coke.—Fuel shows very little change. Local 
requirements of coke are very heavy, and values show an 
upward tendency, but quotations are still based on about 
20s. for average Tast-fernace qualities delivered here. A 
fair demand for coke for export is reported. 








NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has shown little change, 
especially in transactions for forward delivery. The best 
large steam-coal has ranged between 17s. 6d. and 18s. 
per ton, while secondary qualities have brought 16s. to 
17s. 3d. per ton. House coal has also shown little 
change; the best ordinary qualities have made 17s. to 
17s. 6d. per ton ; No. 3 Rhondda large has brought 19s. 6d. 
to 20s. per ton. Foundry coke has been quoted at 26s. to 
27s. per ton, and furnace ditto at 203. to 22s. per ton. 
As regards iron ore, Rubio has made 20s. 6d. to 20s. 9d. 

r ton, and Almeria 20s. 3d. to 203. 6d. per ton, upon a 
basis of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

_Swansea Docks.—The Swansea Harbour Trust Execu- 
tive Committee has disc an important proposal by 
the Midland Railway ep Ne to erect two tips 
and to undertake the erection of a portion of the wharfage 
at the new King’s Dock. The work is estimated to cost 
about 100,0007. The Harbour Trust will give the company 
similar terms to those enjoyed by the Great Western 
Railway Company—viz., when the new dock is opened 


the company is only to pay on tonnage in excess of the | 77 


average shipment despatched from the existing docks for 
the past five years. 


_More Welsh Coal.—A new undertaking, the Welsh 
Navigation Steam-Coal Colliery Company, with a capital 
of 500,0002, and with Mr. H. Lewis, of Tynant, as 
managing director, and Mr. Griffith Jones as manager, 
has been formed to carry on coal-mining operations, 
9nd two shafts have already been sunk to a depth 


Spanish ore is strong. | 
r cent. quality is put at 22s. ex-ship Tees, | 


of about 100 yards. Mineral rights over the Ynysplwm 
estate, comprising an area of about 1000 acres, have been 
secured from Mr. Megler Thomas, and the enterprise 
will, in about two years, give employment to 2000 men. 
pres: > an abundance of steam-coal of the best quality 
available. 


H.M.S. ‘‘ Defence.”"—On Saturday the first-class ar- 
moured cruiser Defence was launched at Pembroke Dock- 
yard. the ceremony being performed by Countess Cawdor. 
The Defence is one of the largest of the three cruisers of 
the Minotaur class, and she is 490 ft. in length by 74 ft. 6in. 

m; her displacement is 14,6(0 tons. The vessel is 
provided with a belt of armour varying in thickness from 
in. amidships to 4 in. forward and 3 in. aft. The decks 
vary in thickness from $in. to 2in., and the whole of 
the vital parts of the ship and gun machinery are under 
pe The armament consists of four 9.2-in. breech- 
oading guns mounted in pairs in barbettes; ten 7.7-in. 
breech-loading guns, mounted singly in barbettes on the 
upper deck; sixteen 12-pounder 18 cwt., and two 12- 
under 18 cwt. guns. The vessel is being engined by 
essrs. Scott, of Greenock, with twin-screw triple-ex- 
pansion engines, capable of developing 27,000 horse-power, 
and supplied with steam from an installation of boilers of 
the Yarrow type. Her estimated speed is 23 knots per 
hour. She will be fitted with the latest arrangements in 
ventilation, accommodation for officers and men, gunnery, 
electric lighting, wireless telegraphy, &c.; and she will 
have a crew of 794 officers and men. She was laid down 
in February, 1905, and when ready for commissioning she 
will have cost about 1,350,000/. 


Dowlais.—The output of steel rails at the Goat Mill 
has shown some reduction ; this is stated to be due to a 
temporary decline in the demand. The Big Mill has 
been well employed upon miscellaneous light goods. Con- 
siderable quantities of Spanish iron ore have come to hand. 


The Swansea Valley.—There has been about an average 
output of pig iron at Llandore, and the various steel 
works have been well er The demand for steel 
bars has continued good, and prices have ruled firm. 
The tin-plate works have been generally active, and the 
collieries have been in full working. 





THe Late Mr. Patrick Doyie.—Mails just arrived 
from India announce the death of Mr. Patrick Doyle, 
the founder and editor of our contemporary, Indian 
Engineering. Mr. Doyle was born in 1849. At the age 
of fifteen he entered the Civil Engineering College, 
Madras, developing while there great aptitude for 
mathematics, chemistry, and geology. Before the 
of eighteen he was in charge of two subdivisions of the 
Madras Presidency P.W.D.. In 1878 Mr. Doyle was 
appointed chief superintendent of the public works at 
Perak, but shortly afterwards went to Queensland, where, 
in 1880, his name ap; at the head of the Queensland 
examination list. ater Mr. Doyle went to China, 
finally returning to India in 1883, where he followed his 
profession as consulting engineer, in connection especial] 
with +» work, &c. In 1885, associated wit 
Messrs. Newman and Co., Limited, he helped to start 
the fortnightly journal entitled the Indian Engineer. 
amps ae as we have stated above, he founded, and 
was editor of, the technical weekly Indian Engineering. 
Mr. Doyle was on his way to England at the time of his 
death, which occurred in Bombay on March 27. Through- 
out his career he has been a constant contributor to 
technical and other journals, and was a member of 
several statistical and technical institutions. 





Tue INSTITUTION OF MECHANICAL EnGinEERS.—Mr. T. 
Hurry Riches delivered his presidential address before the 
Institution of Mechanical Engineers, at Storey’s Gate, 
Westminster, on Thursday evening, the 25th ult. As, 
however, we publish this interesting address in full on 
another page, no further allusion need be made to it here, 
except to remark that the vote of thanks, which, at its 
conclusion, was proposed by Mr. W. H. Maw, and 
seconded by Mr. J. A. F. Aspinall, was carried with great 
cordiality. The anniversary dinner of this Institution was 
held on Friday last at the Hotel Cecil, the President, Mr. 
T. Hurry Riches, being in the chair. Among the guests 
were the Right Hon. R. B. Haldane, K.C., LL.D., +9 FP. 
Secretary of State for War; Sir Alex. B. W. Kennedy, 
LL.D., F.R.S.; Sir William H. M. Christie, K.C.B., 
F.R.8.; the Right Hon. J. Lloyd Wharton ; Engineer- 
Vice-Admiral Sir A. John Durston, K.C.B.; the Hon. 
Sir Josiah Symon, K.C.M.G.; and a large number of 
other gentlemen famous either as engineers or as 
politicians. Altogether over 270 members and guests 
were present. The toast of ‘‘Our National Defenders” 
was proposed by Mr. J. A. F. Aspinall, Vice-President. 
Sir John Durston replied on behalf of the Navy, and 


Mr. Haldane for the Army, the War Minister pointing 
out the advantages the Navy had over the Army as 
rds: continuous tradition, and expressing the view 


that the national spirit evinced by the men who defended 
and policed the remotest parts of the Empire would, 
when properly organised, give us an Army as ect in 
its way as the — § Other speakers were A. 
Tannett-Walker and E. B. Ellington, vice. idents of 
the Institution, Mr. Duncan V. Pirie, M.P., the Right 
on. J. Lloyd Wharton, chairman of the North-Eastern 
nn the Hon. Sir Horace Tozer, K.C.M.G., Agent- 
General for Queensland, the Hon. Sir Josiah Symon, 
K.C.M.G.. Senator of the Commonwealth of Australia, 
and Sir W. H. M. Christie, Astronomer-Royal. 
numerous guests coming from the self-governing colonies, 
and the present political situation, had an influence on the 
nature of the speeches, which were, on the whole, well 





worthy of the company. 





MISCELLANEA. 


Mr. Caarves Brient, F.R.S.E., M.1.E.E., lectured on 
Tuesday at the Cavendish Laboratory, Cambridge Uni- 
versity, the subject being ‘‘ Submarine Telegraphy.” 


Steps are said to have been taken in the construction 
at San Francisco, of the largest dry dock in the world. 
This will be situated at Hunters’ Point, and is being 
constructed by the San Francisco Dry Dock Company at 
an estimated cost of a million and a quarter dollars. The 
new dock will be 1050 ft. long. being large enough to 
= at once any two of the battleships of the United 

tates. 


Comparing the working of the Varese Railway under 
steam and electric power, the Giornale del Genio Civile 
reports an increase of net revenue in the year 1902-3 over 
the year 1897 of about 393,978 lire in favour of electrical 
working. There is nothing in the comparison quoted to 
show that this increase is not due, at least in part, to 
normal development of trade; but it is significant that 
the propurtion of expenses to revenue has fallen from 
67.5 per cent. under steam working to 65.5 per cent. under 
electrical working. Though only slight, this is certainly 
an improvement. At present power costs 1.08d. per unit ; 
but when the water-power plant is completed, it is 
estimated that the cost will be only 0.45d. per unit, when 
the economic results will be much more satisfactory. 


According to the report of Mr. F. Omori, secretary of 
the Imperial Japanese Earthquake Investigation Com- 
mittee, the San Francisco earthquake was only part of a 
series of connected earthquake phenomena which ex- 
tended along the whole western coast of the American 
continent. There were seven great earthquakes in the 
region mentioned during the seven years preceding the 
San Francisco disturbance, there being only two gaps in 
the chain, one at Francisco, and the other along the 
southern end of South America, By the Californian 
earthquake, and by the disturbances at Valparaiso on 
August 17, 1906, these two gaps were closed. Tension 
along the whole of the western coast was the cause of 
these shocks, and Mr. Omori is of opinion that equilibrium 
has now been restored, and that therefore it is probable 
that the region will be free from seismic activity for some 
time. : 


The reduction of friction in oil pipe-lines recently 
occupied the attention of the Engineers’ Society of 
Western Pennsylvania, and was the subject of a paper 
read and discussed before the Society by Mr. 8. N. 
Speller, of the National Tube Company. It was then 
stated that in Southern California pipe-lines had been 
laid, which had the inside of the pipes rifled, in order to 
cause the viscous oil, which contained a small percentage 
of water, to whirl on its passage through the pipe ; when 
it was found that as soon as a sufficient velocity was 
given to the oil a layer of water flowed between the oil 
and the pipe, and the friction in the line was reduced. 
It was found that corrugations ,', in. deep in the interior 
surface of the pipe could be rolled by means of an appa- 
ratus which was forced throngh the pipe by a ram with 
six rollers, or wheels, equally s round its circumfer- 
ence ; the wheels being slightly inclined to the axis of 
the pipe, so as to make one complete revolution on the 
inner surface of the pipe every 10 ft. 


We read in La Métallurgie that the French Govern- 
ment technical staff and the large French gun-building 
works are giving their attention to the matter of wire- 
wound gun construction, on the process adopted both in 
England and in the United States. Should this type 
of gun be adopted by the French Government, it would 
Tead t to important modifications in the mechanical plant 
of the gun-building works in question, But, as far as we 
are aware, the matter resolves itself in a rumour, which 
was no doubt started by a very able por recently read 
before the Académie des Sciences Y Colonel Jacob, 
Directeur du Laboratoire Central de la Marine, on the 
** Resistance and Elasticity of a, a Tubes.” In this 
paper, which is analysed briefly by Le Génie Civil, 
Colonel Jacob states that by — the same metal there 
is little advantage in using more than four or five hoops ; 
while the advantages that may be obtained by using thin 
coils would be derived from the ible improvement in 
the elastic limit of the thin material amy | the coils. In 
the steel bands used for winding guns, the elastic limit 
may reach double or treble that of the steel of ordinary 


hoops. 





Tue Monrrevx-Bernese-OseRtaAND Rartitway.—This 
railway, which establishes a direct connection between 
Montreux, Zweisimmen, Thun, and Interlaken, forms the 
subject of a pamphlet recently issued by Mesars. Orell 
Fiiesli, Zurich, in their series of ‘Illustrated Europe.” 
The railway is worked electrically; it runs through 
beautiful scenery, an excellent idea of which is obtained 
from the excellent illustrations contained in the pamphlet. 
This will prove an interesting tourist guide. 


Sream-Tursine Fire-Boats.—Two steam-turbine fire- 
boats for New York have been launched from the yards 
of Messrs. Miller Brothers, Newburgh. They will be 
similar in construction, the length on deck being 131 ft., 
breadth of bull 27 ft., and depth 14 ft. The engines will 
be of the turbine pattern, of 830 horse-power. The 
pumps, of the new centrifugal pattern, will be driven 
direct by turbines, and each will have a capacity of 
10 000 gallons of water per minute. ‘here are to be no 


The | obstructions on the decks, which are to be flush and 


always clear for action. ‘ The only objects on deck will be 
the pilot-house forward, the water-tower aft, and two 
turrets for hose connection. There will be nine 3}-in, 
hose-connections in each turret. 
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DEPRECIATION. 

DEPRECIATION is one of those unpleasant condi- 
tions, or processes, which we mostly try to thrust 
out of sight and forget, whether it refers to ourselves 
or our belongings. We here treat only upon the 


productive plant. No producer is more interested 
In this subject than the engineer who has to 
deal with machinery that not only wears out, but 
may become obsolete in quite unlooked-for ways, 
of which the introduction of high-speed steel is a 
recent example. In the good old days, when com- 
petition was less keen, the march of invention less 
rapid, and. the conduct of business had not been 
brought to so fine a point of science, it was possible 
towork with broad generalisations founded on liberal 
conceptions of what might be ; or, perhaps more 
often, with no ieuniations at all. Now there is no 
leisure to correct errors of procedure before the 
manufacturer is overwhelmed by competition, both 
at home and abroad. The question of depreciation 
has two as : that of accountancy, or finance, 
and that o engineering. It is the engineer who 
must make his estimate of the rate of depreciation, 
t| whilst the accountant allocates it to the proper 
position in the accounts. The former half of the 
problem we do not to deal with here ; 
though we’ may remark, in. passing, that it would 
be a good subject of "discussion for engineering 
institutions. 

In considering the financial aspect of tlie question, 
we are glad to have the assistance of two experts 
who have read papers lately before the Institute of 
Directors and the Chartered Accountant Students’ 
Society of London respectively. The former of 
these gentlemen, Mr. P P.D. Leake, F.C.A., F.1.D., 
points out that the ultimate success or failure of 
many productive industries depends upon the proper 
recognition of the importance of the question of 
a hey reciation. This is, no doubt, the case in regard 

to large enterprises conducted by joint-stock com- 
gS badens and, more especially, in the case of muni- 
| cipal trading, where a higher responsibility is in- 
curred-—a responsibility which Mr. Leake describes 
as being in a ‘‘ nebulous state.”” Thesecond author 

to whom we have just referred, Mr. Lawrence R. 
Dickeoe, F.C.A., Professor of Accounting at the 
University of Birmingham, confines his remarks 
almost entirely to the question as it affects local 
authorities. 

It seems almost a truism to say that ‘‘no profit 
can exist until expended outlay on productive plant 
has been provided for out of gross revenue ;” yet 
Mr. Leake finds it necessary to state the fact, and 
he is justified in view of the way in which the 
expression ‘‘ gross revenue ””’—often used without 
the qualifying adjective—is employed to mislead the 
unwary. Of course, if shareholders in joint-stock 
companies were all business men, this jugglery 
with terms would be futile; but, unfortunately, 


H./the investing class is far from being composed 


wholly of those with a knowledge of commercial 
affairs or balance-sheet procedure. Directors and 
others at general meetings frequently talk as if to 
write off for depreciation were an act of special 
grace, a sacrifice of material interest to some exalted 
code of ethics; and shareholders, who gene mf 
judge prosperity by the size of the year’s dividen 
are quite willing to accept this view. ‘‘ It is always 
— to sell out when shares begin to go down,” 

at is often the view of the average stockholder, 
but the marvel is that those whose interests are 
bound up in an undertaking—such as managing 
directors, secretaries, and others with permanent 
itions—should acquiesce in these views ; although 
one knows how hard it is to avoid the demand to 
‘* divide up to the hilt.” 

Yet a third paper on the subject of depreciation 
has been lately read, this time before the Institution 
of Electrical Engineers, by Mr. Robert Hammond, 
whose interest in the financial side of electricity 
undertakings is well known. Mr. Hammond gives 
it as his opinion that no electricity supply under- 
taking can be regarded as in a pled sound 
position unless some provision has been made in 
the direction of an antiquation fund. At the same 
time he considers this provision not of equal im- 

rtance with a depreciation fund, but a ‘‘ nest-egg 
or the future” put by out of current profits. This 
is perhaps not a happy analogy, since nest- are 
simply a delusion to the ———- of the nest ; 
and, if ever genuine, their final state is best not 
investigated. However, the reasonableness for pro- 
viding against antiquation in electrical plant, at any 
rate, is best seen by examining the average life of 
such plant. Mr. Hammond estimates the life of 
engines in an electric-light station at twenty-five 
years. There is hardly a station in the country 
that has been working this length of time ; but in 
how many of the older stations is there any of the 
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latter, and that in the one aspect of depreciation of 





original plant left, or, if. it exists, would it not 
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most willingly be scrapped if it could be afforded ? 
Where are the rope-driven sets of the ’nineties now ? 
And we have not come to stable conditions yet by 
a long way. Doesanyone imagine the reciprocating 
engines of the London County Council station at 
Greenwich, for example, will be running twenty- 
four years hence. There is no reflection cast on the 
builders in giving them a shorter life under the 
conditions than their intrinsic merit would entitle 
them to; but one cannot shut one’s eyes to the 
extreme probability of their being supplanted long 
before they are worn out. At Coventry we believe 
the system of supply even has been changed since 
the station was started, and the movement in favour 
of standardising voltages and frequencies forecasts 
much premature antiquation in future. 

What an important factor plant depreciation 
actually is appears from certain figures which have 
been published by the Economist. The last two years 
are dealt with and the amount of capital taken 
under the English law for the purchase of produc- 
tive perishable plant is given. In 1905 the total 
was 63,289,0001., whilst in 1906 it was 50,993, 2001. ; 
and these were two lean years. A very large pro- 
portion of this must have been for engineering 
work. Railways (British and foreign) afford the 
largest item in the total in 1905, the amount being 
roughly about 42 millions ; last year it was about 
294 millions. Breweries and distilleries average 
for the two years about a million ; manufacturing, 
about 2} millions; iron, coal, steel, and engineer- 
ing works, about 34 milligns; electric lighting, 
power, telegraphs, &c., 2,837,7001. in 1905, and 
5,316,400/. in 1906; tramways and omnibuses in 
1905, 5,595,5001., and 2,669,1002. in 1906. ; motor 
traction and manufacturing, 4,143,500/. in 1906 
alone ; gas and water averaged about a million for 
the two years ; and docks, harbours, and shipping, 
4,371,5901. in 1995, and 1,212,890). in 1906, 
These sums are exclusive of money lent for muni- 
cipal trading purposes. 

No doubt here the word ‘‘ plant” is used in its 
widest sense, and comprises, to use Mr. Leake’s 
definition, ‘‘all perishable material property owned 
by an undertaking, other than that primarily in- 
tended for re-sale,” and would therefore include 
buildings, permanent way, bridges, and, in fact, 
nearly everything except land. From this point 
of view it will be seen how important a matter in 
accounts depreciation of plant should be ; though, 
of course, the rate would be small in many instances. 
It is beyond argument that due provision should be 
made for depreciation of plant (although many 
manufacturing companies do not act up to the 
»rinciple), but the question, how and at what period 
unds for the purpose should be set aside, may well 
be a matter of opinion. That depreciation is as 
direct a charge on the working of a business as 
wages or insurance can hardly be denied, but there 
is this difference : that the payment for deprecia- 
tion may be delayed, and under some conditions 
such delay may be oe or excusable, though 
not sound finance. It is sometimes held that so long 
as plant does not showsignsof deteriorationallowance 
need not be made for depreciation ; for instance, a 
steam-engine may work better at the end of the first 
year of its life than at the beginning. This may be 
true ; but unless one supposes the engine to be in- 
destructible, it is, at the end of the year, twelve 
months nearer its end. If due provision be made 
for that other charge for plant—maintenance— 
an engine may be approximately indestructible ; 
but even then there is that modern bugbear of the 
finance department, ‘‘ obsolescence.” It is a most 
objectionable word, but mechanical engineers should 
remember that improvement of machinery is the 
aim of their profession, and antiquation of type is 
the necessary reverse to the shield. 

Taking these points into consideration, it will be 
apparent that sound business principles demand an 
annual sum be set apart, before profits are esti- 
mated, for depreciation of plant, and Mr. Leake 
holds that this should be a “fairly regular annual 
sum, which will amount, over a series of years, to 
no more than is now taken out of the gross revenue 
of any sound enterprise at irregular intervals to 
pay for renewals of productive plant at or about 
the time the cost of these is actually incurred.” 
The contention no doubt is sound from an actuarial 

oint of view, but, as a matter of practice, it may 
Toad to inconvenience and hardship, especially 
with young undertakings. Unfortunately, trade 
does not flow in a steady stream; there are 
droughts and spates, booms and slumps, and it 
is when work is slack that there is the best 





opportunity of renewing plant. No one wants 
to pull outa lathe or a steam-engine when 
it is running day and night, and the prudent 
works manager will renew his plant when it can 
most easily be spared for a time, so as to be pre- 
pared for the next period of heavy demand. This 
naturally has the effect of increasing the charge for 
depreciation at a time when profits are low, and it 
is permissible to make allowances on this score. It 
may be said, of course, that such discrepancies 
between incomings and outgoings should be met by 
a reserve ; but with joint-stock companies a reserve 
fund is even more an act of grace than a depreciation 
fund; and shareholders must be considered, or direc- 
tors cease to direct. It is true, as Mr. Leake points out 
in support of his contention for regular annual pay- 
ments—a contention sound in itself—that holders 
of deferred ordinary shares and lower preference 
shares (with non-cumulative dividends) have cause 
to complain if renewals are charged at irregular 
intervals—at the time the cost is actually incurred ; 
but they may also suffer if a sum is charged to 
depreciation in slack times which is dispropor- 
tionate to the earnings of the business. 

Accountants have various methods of dealing 
with plant depreciation. Thesimplest, and perhaps 
more general, is to divide the cost of the unit by 
the number of years it is estimated to last, and to 
charge the result arrived at to revenue each year 
of the series. Another method is to write off 
a percentage of the reducing annual balance of 
cost. Mr. Leake points out that this method, 
which is often followed by surveyors of taxes in 
assessing income tax, is apt to be illusory. Thus 
it may be understood that 10 per cent. is written 
off reducing balance, and would lead to the belief 
that the cost will be written off in ten years. A 
little reflection of a mathematical kind would, of 
course, expose the fallacy, and Mr. Leake puts it| 
very plainly by means of a table. Thus, supposing | 
a plant to cost 6000/., and be estimated to last | 
ten years, then if 10 per cent. were written off| 
the first year, this would leave 54001. to stand 
for the next year. Ten per cent. on the latter 
sum would leave 4860. for the third year, and so 
on, until at the tenth year there would remain 
23251. to write off, and after the plant was worn 
out there would still be 20931. to find for renewal. 
As a matter of fact, it would need about 33} per 
cent. to be written off annually if the reducing 
balance system were followed ; and one can imagine 
the dissentient shareholders’ views on such a figure 
as this. 

The remaining ways of providing for depreciation 
are the annuity method and the sinking-fund 
method. In the former ‘‘revenue is charged in 
equal annual sums, sufficient to provide, at the ex- 
piration of the estimated life of the productive 

lant, an amount equal to the original cost, plus 
interest on the capita for the time being remaining 
invested therein.” With this system interest is 
credited to ‘profit and loss” in diminishing 
amounts, a process for which it is difficult to account 
logically. The burden for each year is ever in- 
creasing through the series. Why interest should 
be debited to revenue for money spent on plant, 
any more than for raw material, we fail to see. 

The sinking-fund method is more logical. With 
this a certain sum, according to the value of the 
plant and its assumed duration, is put aside each 

ear for depreciation ; the money thus provided 

eing put out at interest, so that the whole when 
accumulated at the end of the period will suffice to 
replace the worn-out plant. The interest from 
investment, which is a real asset, will thus increase 
year by year, and the sum provided from revenue 
may be equal for all years of the series, and thus 
equalise dividends, supposing, of course, profits to 
be equal. This method has the great advantage 
of simplifying accounts ; but it involves, to carry it 
out in its entirety, a number of outside investments 
that may be troublesome to make. It is possible, 
however, that the works manager might arrange 
for the money put aside to be used in the esta- 
blishment. 

Neither of these systems meets with the approval 
of Mr. Leake. He states that ‘‘ the best method 
of measuring expired outlay on productive plant is 
to base this upon the estimated efficient economic | 
life of each class of the productive plant ; and in | 
order to enable this to be done, the first require- | 
ment is to secure the systematic record, under | 
suitable heads, of all outlay on productive plant, | 
showing the year of purchase and the original cost.” | 
This leads up to Mr. Leake’s suggestion for ‘a | 











statutory register of plant.” ‘‘ Every joint-stock 
or municipal undertaking,” he says, ‘‘should be 
required by statute to keep a register of plant, in 
which the year of purchase and cost of each of the 


| various classes of productive plant in which capital 


is invested should be recorded.” This register of 
plant should, Mr. Leake continues, be open to tho 
inspection of shareholders in joint-stock companies, 
and ratepayers in regard to municipal under. 
takings. 

We have given so much space already to this 
question that we do not now propose adding any- 
thing in or to municipal undertakings, and we 
are obliged, therefore, for the present to neglect 
Professor Dicksee’s instructive paper in a way it 
by no means deserves. So far as joint-stock 
companies are concerned, however, we quite dis- 
agree with either the desirability of Mr. Leake’s 
proposed statutory register of plant, or its useful- 
ness if made. One may recognise the need for 
fullest publicity of detail possible in the formation 
of a company, because this makes more difficult 
the operations of the predatory members of finance 
—the unscrupulous company promoter. But once 
manufacturing operations have been started, it is 
needful that the average shareholder should put 
confidence in those elected to carry on operations. 
Of course, such confidence is sometimes abused ; 
but that is an inevitable risk one must run 
in a business not under one’s own eye. To 
have a register of plant open to all share- 
holders, which would be equivalent to all the 
world, would give away methods of working and 
the extent of operations, that might be invalu- 
able to trade rivals. It is, however, unnecessary 
to further discuss this aspect of the question, as 
the whole question of depreciation is so much a 
matter of opinion that, within very wide limits, a 
works manager could hardly be called to book 
whatever margin of life he gave to various items 
of plant. 








ELECTROLYTIC VALVE-CELLS. 


In spite of all that has been written on electro- 
lytic valve-cells, which are also styled ‘‘ electrolytic 
condensers” or ‘‘ rectifiers,’ though the terms are 
not identical, it is not easy to picture to oneself 
the way in which these cells act. An electrolytic 
valve-cell consists of two electrodes immersed in 
an electrolyte, the combinations being such that 
through the chemical reactions the one electrode— 
generally the anode—becomes covered with a skin 
of some compound, which prevents the current from 
flowing in that direction. If we place such a cell 
on an alternating circuit, the pulses in one direction 
will be stopped, but those in the other will be able 


to _. 

he anode consists, as a rule, of aluminium ; the 
metals of the rare earths, and those with which the 
search for new lamp materials have acquainted us, 
tantalum and niobium, further antimony, bismuth, 
cobalt, and, in certain solutions, copper, will also 
answer. The cathode is made of carbon, lead, 
iron, &c. The electrolyte may be an acid, alkali, or 
a salt solution ; many electrolytes have been tried 
with varying degrees of success, sulphuric acid and 
sodium phosphate perhaps most frequently. The 
aluminium covers itself, as anode during the forma- 
tion period by direct currents, with a thin skin of 
oxide, hydrate, basic sulphate, phosphate, <c. ; 
the skins are exceedingly thin, and their chemistry 
is not well established. Under special conditions 
thick skins can be produced; whether the thick 
coatings of bluish-grey basic sulphate, which Franz 
Fischer produced on cooled tubular electrodes, 
are analogous to the minute skins of electro- 
lytic rectifiers is uncertain. The skin weakens 
or throttles the positive current, without com- 
pletely stopping it, as a rule, and there is a 
certain maximum, or critical, voltage depend- 
ing upon the electrolyte, the surface condition of 
the electrode, and also on the temperature, which 
the aluminium will be able to stop. The critical 
voltage ranges, according to McCheyne Gordon, 
from 30 volts for sulphuric acid to 500 volts for 
citric acid; most organic acids are too easily 
destroyed to be suitable for technical application. 
Zimmermann has succeeded in stopping 1250 volts. 
If the critical voltage is exceeded, sparks are 
seen, and the valve breaks down. When we place 
several valve cells on an alternating circuit, and 
provide two paths for the current, so that one way, 
and only one way, will remain open at any moment, 
we convert the alternating-current waves into uni- 
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directional wave pulses. These pulses are more 
or less equalised with the aid of a condenser, so 
that continuous currents of fairly steady voltage 
result, and it has been customary, since Bottone 
and Graetz first used electrolytic valve-cells, about 
1891, to employ an electrolytic condenser for this 
purpose. ‘This condenser forms a shunt across 
the two parallel valve-cell circuits, and is itself 
an electrolytic cell, whose two aluminium elec- 
trodes give a large leading current. Both the 
electrodes are coated with oxide skins, and the 
skins are supposed to be capable of holding 
positive charges only on the side next to the metal, 
and negative charges only on the side next to the 
electrolyte. How are we to understand this, and 
why can the current pass only in the one direction, 
and not in the other? 

The stoppage of the positive current is not com- 
plete, as we mentioned already. If we raise the 
voltage step by step, as has been done by S. B. 
Charters, Holtz, and others, there is always a leakage 
current which grows stronger at each step, until the 
skin breaks down. If we reverse the current before 
we approach the critical voltage, the current flows 
unimpeded. If it were the oxide skin which stopped 
the positive current, that oxide would have to be 
reduced by the hydrogen generated on the electrode, 
which becomes the anode on reversal, and this view 
has often been advanced. In that case we should 
expect that the reversed current would set in with 
the feeble intensity of the former leakage current 
and would gradually attain its full intensity, as the 
reduction proceeded. But pressure and intensity 
change instantaneously on reversal. In considera- 
tion of these facts, some investigators have con- 
tented themselves with explaining the phenomena 
as effects of polarisation, or counter-electromotive 
force, Mitkiewicz and F. Jacobs have pointed to 
the analogy between the valve-cell and the Wehnelt 
cell. W. W. Taylor and H. Inglis have suggested 
that the oxide skin—which is generally regarded 
as an insulator—is permeable to hydrogen ions— 
that is, to carriers of negative charges, but imper- 
meable to SO, ions. Giinther Schulze, of the 
Reichsanstalt, has quite recently gone a step 
further, and has enlisted the services of the elec- 
trons. Now, although to many of us phenomena 
do not become much clearer by having the elec- 
tron label put upon them, the suggestion is cer- 
tainly interesting, and Schulze has, moreover, de- 
monstrated that some important features have so 
far been overlooked. 

Experimenting with aluminium rods, introduced 
from below into the funnel-shaped cell under special 
ake ype ee and with many electrolytes, sulphuric, 

oric, phosphoric, chromic, arsenic acids, and their 
alkali salts—especially with the ammonium borate 
(NH,),HBO,—further with aqueous solutions of 
alkali carbonate, manganate, antimonate, generally 
at low temperatures, Schulze observed that higher 
temperatures are not so fatal to the valve effect as 
has been assumed. But the chief conclusion drawn 
from the experiments, and from capacity tests con- 
ducted on the Maxwell-Thomson and on a modified 
Nernst-Gordon method, is that the skin consists 
only partly of oxide. Next to the aluminium is 
formed a gaseous film, and outside this the thicker 
oxide skin which adheres to the aluminium anode 
through holes in the gas film. That gases played 
& part in the phenomena was suggested by Guthe 
in 1903, and Gordon has quite recently stated that 
the skin consists of two layers; but he did not 
recognise the presence of a gas film. According 
to Schulze, the oxide skin remains—at first, at any 
rate—unchanged when the current is reversed, 
while the gas film at once begins to diffuse. The 
loss of voltage, or the valve effect, is approximately 
proportional to the thickness of the gas film, and 
this ratio is the same for all the electrolytes 
examined, while the current curves differ very much 
from one another. This is a strong argument in 
favour of a gas film. The gas is oxygen. 

The film cannot be an ordinary gas film, how- 
ever. The oxygen must be in the highly condensed 
state in which charcoal binds gases. This follows 
from the capacity tests and from estimates of the 
film thickness, in which the dielectric constant of 
the gas was first assumed to be about 1. For if 
the gas were in the ordinary condition, a diminu- 
tion of the pressure from 400 volts to 4 volts, corre- 
sponding to a diminution of the electrostatic pres- 
sure from 2100 atmospheres to 0.21 atmosphere, 
should result in an enormous expansion of the gas- 
films, of which capacity tests give no indication 


constant 1.4, the potential gradient must be very 
great—i.ec., in the thinnest films, 8200 volts per p, 
and in films of 100, » thickness still 4500 volts per » 
(» = 0.001 millimetre ; pp = »?). The gas-film forms 
on the anode with positive currents. On reversing 


only 105 volts per ». Nowthis latter value agrees with 
the spark potentials which R. Earhart, P. E. Shaw, 
and G. M. Hobbs observed independently when 
measuring the sparking-range for metallic ‘elec- 
trodes at very small distance, up to 500up. This 
range was found to be independent of the gas 
through which the sparks pass, independent also 
of the gas pressure, but dependent upon the nature 
of the electrode; and Schulze interprets these 
experiments by assuming that the discharge is 
effected by the negative electrons which leave 
the electrode metal. The assumption of electrons 
which from one metal through a gas into 
another metal close to it, is perhaps bold. But some- 
thing of the kind has to be presumed for the pheno- 
mena of contact electricity ; for the actual contact 
between pieces of, say, copper and zinc will be 
confined to very few spots. 

What, then, is the argument? When the alumi- 
nium becomes cathode, it will, in the first moment, 
still be covered with the oxygen gas film; but the 
negative electrons emitted by the aluminium will 

ss through the film, and carry the current. 

ydrogen will be evolved on the cathode ; but the 
nature of the gas is immaterial, as all bodies contain 
the negative electrons. When the aluminium 
becames anode it cannot send out negative electrons. 
Electrons might reach the film from the other side 
—the electrolyte side. But electrolytes are not 
supposed to contain free electrons; why they 
should not, we do not know; but if they did, 
they should conduct the electric currents like metals, 
and they do not conduct metallically. Yet, when 
the aluminium is anode, a certain leakage current 
. This current is carried by the negative 
ions of the electrolyte, which can, however, per- 
meate through the gas film only at very much 
higher potentials than the electrons. Schulze 
describes two experiments, or, rather, two modi- 
fications of an experiment, in support of this 
view. If a piece of platinum, or other metal—a 
proof-plane is sufficient—is held in the electrolyte 
near the oxide skin, sparks pass, and the potential 
difference goes down to afew volts. The platinum, 
Schulze argues, can emit negative electrons, so that 
the current passes. As the metal disturbs the 
equilibrium, the experiment is further arranged in 
a different way. Mercury is poured into the 
electrolytic cell so as to replace the electrolyte, 
while the current is cut off. Assoon as the current 
is turned on, sparks pass at a potential which lies 
considerably below the formation potential, and 
the potential drops to zero. 

Electrolytic valve-cells are still regarded with 
a certain amount of distrust. They require judi- 
cious treatment, like accumulators, and may turn 
out as reliable and useful as batteries. In Germany 
they have successfully been applied in connection 
with train-lighting, and Dr. ©. ©. Garrard, of 
Messrs. Ferranti, Limited, proved their utility 
several years ago for preventing the arcs which 
occur when continuous-current circuits possessing 
inductance are interrupted. Dr. Garrard inserted 
a series of electrolytic cells across the break ; the 
extra current passes through the cells and breaks 
down their resistance, which quickly restores itself. 
The critical voltage of the series should lie a little 
above the line voltage. When the electrolytic cells 
are better understood, they will find wider appli- 
cation. 





STUDIES IN MAGNETISM. 


In the third and last of his series of discourses, 
delivered at the Royal Institution on Saturday last, 
April 27, Dr. 8. P. Thompson dealt with the perman- 
ence of magnetism. It had long been known, the 
lecturer stated, that the harder and the thinner the 
piece of steel, the more permanent would be the 
magnetism it could acquire. The advice which 
Barlow gave in his ‘‘ Magnetic Advertisements,” of 
1613, as to the tempering and magnetising of short 
compass needles, was remarkably clear and correct, 
but it applied only to short needles. The Arctic ex- 
plorer Scoresby and others had conducted careful 
researches on the proper shape and the ratio of the 
dimensions of magnets in the past century. As re- 
gards horseshoe magnets, text-books warned us 





whatever. In this condensed gas-film of dielectric 





against pulling the keeper offsuddenly, As a matter 


the current the potential gradient in the gas-film is | 


of fact, Dr. Thompson had shown that puliing the 
keeper off abruptly sti ened the magnet, but 
slamming the keeper on had decidedly a demagnetis- 
ing effect. The demagnetising cocftficient depended 
in cylindrical magnets upon the ratio of length to 
diameter. What the demagnetising signified was 
shown by the following experiment. Several short 
bar-magnets were placed end to end so as to form a 
compound bar on a table of non-magnetic material, 
and one of the little magnets near the middle was 
then taken out and suspended above the compound 
bar ; the demagnetising effect then made this little 
magnet swing round as if its poles were reversed. 
When the ratio of length to diameter of a magnet 
was 5, the demagnetising coefficient was 3 ; for the 
ratio 10 the coefficient was 0.2, for ratio 20 the coeffi- 
cient was 0.078, and if the magnet were 1000 times 
as long as thick, the coefficient would only be 
0.0005. 

Professor Thompson then demonstrated that iron 
lost its magnetism at red heat, cobalt at white 
heat, and nickel below red heat, and that this loss 
of magnetism was, in the case of iron, connected 
with the temperatures at which recalescence 
occurred. In mild steel we had three recalescence 
points, in medium carbon steel also three points, 
and in high carbon steel only one— at 690 deg. Cent. ; 
and to obtain strong permanent magnets we should 
heat the material a little above the middle one of 
the three recalescence points—that is to say, up to 
750 deg. or 730 deg. Cent. Barlow knew the 
influence of temper and its characteristic colour ; 
short magnetic needles should be yellow (tem- 
pering temperature, 240 deg. Cent.); long com- 
ee needles, blue (tempe at 300 deg. Cent.). 

he interesting relation between the proper tem- 

ring temperature and the relative dimensions 
Fratio of length to diameter) had been studied by 
Strouhal and Barus in Austria. Wher this ratio 
was 10, a glass-hard steel would retain, ¢.9., 
45 units of magnetism, a straw-coloured steel 26, 
a blue steel 20, and an annealed steel 4 units ; for a 
magnet of ratio 50 the blue temper would give the 
maximum of magnetism (87), and a very soft 
steel magnet should be very long. These results 
had been confirmed about ten years ago by Holborn 
in Berlin ; the maturing of magnets by prolonged 
heating to the temperature of boiling water had 
also been studied by these investigators. Mme. 
Curie, so well known for her later work on radio- 
activity, had recommended that 60 deg. Cent. 
should not be exceeded in the maturing procees, 
which should not be effected in steam. 

Passing to the constitution of steels, Dr. Thomp- 
son pointed out that we wanted austenite and 
martensite in good magnets, and the quenching 
should be so effected as to produce ene con- 
stituents. These problems had been most thoroughly 
studied by Mme. Curie, as Dr. Thompson explained 
with the aid of many hysteresis curves taken from 
this lady’s monograph. The lecturer showed how 
these curves gave us direct measures for coercive 
and residual magnetism. The latter was easily 
overcome in soft steel; less easily in hard steel. 
Ascoli, of Rome, had shown how the demagnetising 
coefficient could be allowed for, and why it made 
its influence so strongly felt in short magnets. 
Mme. Curie had perfected her curves, and we were 
now able to guarantee a practical es 
era magnetism to within 1 in 1000. 2 

alter Hibbert had, fifteen years ago, constructed 
standard magnets which had practically not changed 
since 1892, as could be shown with the aid of a 
flux-meter; but the Hibbert standard magnet 
itself served as a flux-meter. It consisted of a 
magnet-bar, placed vertically, south pole upward, 
attached to a horizontal disc of steel, the whole 
being fitted into a hemispherical cup of cast iron. 
A brass cylinder, on which a fine coil was wound, 
could be dropped into a ring-slot, so that the coil 
came into the strong magnetic field within the cup. 
The total field strength of the standard magnet-cup 
exhibited was 31,400 lines, the average density 
780 lines per square centimetre. 

Professor Thompson finally returned to the 
influence of structure. Iron Slings, which always 
indicated a slight magnetism, would give relatively 
strong magnets if magnetised while suspended in 
molten paraffin, as long as their structural arrange- 
ment remained undisturbed. Now basaltic rocks 
and bricks were, as a rule, magnetic, and we had 
reason to believe that they preserved the magnetic 
conditions prevailing at the time when they were 
magnetised. We knew that the magnetic dip of the 





needle changed in the course of centuries. Fol- 
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gheraiter had examined many Etruscan vases, some 
dating back to 800 8.c. He found that their clay 
was magnetic, not in the horizontal nor in the 
vertical plane, but in some inclined plane, and that 
plane varied with the period to which, for other 
reasons, we could assign the respective vase. From 
this evidence Folgheraiter had concluded that 
about 600 B.c. the dip needle must have been 
horizontal in Tuscany ; at 800 B.c. the dip seemed 
to have been a few degrees to the south—that is 
to say, Italy was then south of the magnetic 
equator ; by 400 b.c. the dip was to the north, as 
at ees but only by 20 deg. ; and in the age 
of Pompey, 60 8.c., the northerly dip had already 
increased to 60 deg. 

These, the lecturer said, might be bold specula- 
tions to be based on antiquarian researches. But 
the influence of structure on magnetism was mani- 
fest, and was again confirmed by the recent dis- 
covery of Heusler’s magnetic alloys, which con- 
tained manganese, copper, and tin, but not any 
metals considered magnetic in the ordinary sense. 
Scientists were not agreed as to what constituted 
the constant element in permanent magnets. Dr. 
Thompson himself thought it was the structure. 





ROYAL COMMISSION ON CANALS AND 
WATERWAYS.—No. VI. 

We have seen (page 166 ante) that the Grand 
Junction Canal Company now own the route 
between London and Leicester, and that the 
Grand Junction locks from Norton to London are 
14 ft. 5in. wide. Mr. Thomas, the engineer to the 
canal, further tells us that he has spent a large sum 
of money on improvements between NortonJunction 
and Leicester, of which 39,0001. went to pay for the 
Foxton Incline. This was constructed to replace ten 
locks, and overcomes a difference in level of 75 ft. 
At present it is capable of serving narrow-boat traffic 
only, but Mr. Thomas states that a small expendi- 
ture would make it available for the wider Grand 
Junction boats. These are still barred from going 
northward, owing to a group of narrow locks at 
Watford, close to Norton Junction, at the south 
end of the Leicestershire and Northamptonshire 
Union Canal. Why these have not been widened 
is a mystery. At present they form a barrier, and 
prevent a wider boat passing from the Thames to 
the Humber. North of Foxton the waterways can 
all accommodate the wider boats, as they do south 
of Norton Junction. There are no locks between 
Watford and Foxton. The extraordinary thing is 
that recently these obstructive locks have been 
repaired at great cost, whereas the opportunity 
might have been utilised to reconstruct them on 
the lines of the Grand Junction locks proper. 
When before the Royal Commission, Mr. Thomas 
was pressed as to the continuance of this break of 
gauge, and gave the answer ‘“‘that through traffic 
comes along much cheaper in a narrow boat than it 
would in a wide boat.” If the narrow boat carrying 
40 tons is the ‘‘ beau ideal” of inland navigation, 
we may as well give up the thought of enlarging 
our waterways. 

The witness, however, advocated before the same 
Commission the reconstruction of many hundred 
miles of canals, including the Grand Junction and 
the canals connecting therewith, to Langley Mills, 
Fradley, and Birmingham, to enable them to accom- 
modate barges carrying 80 tons to 100 tons, drawing 
5 ft. 2in. In his opinion there is every prospect 
of a large increase of traffic if improvements are 
carried out which would allow a big reduction to 
be made in freights. 

The essence of this reduction lies in larger 
cargoes being carried. As the reduction in freight 
should be big, the increase of cargo must be 
proportionately large, for he further mentions 
that the toll on this canal is now so low that 
no lessening of the schedule can be looked for. 
From Nottinghamshire collieries to the cit 
basin of the ent’s Canal the authorised toll 
is 7s. 7d. per ton, but competition lowers this, and 
the charge works out at 0.183d. per ton-mile over 
the whole distance. The Regent’s Canal take 1.26d. 
per ton-mile, and the Grand Junction have to con- 
tent themselves with 0.13d. It is therefore neces- 
sary to look for economy in cheaper working—i.e., 
in traction by mechanical power, and in saving time 
on the journey. These requirements demand more 
water, and in addition there must be provided 
facilities for locking in train. The coal freight 
to-day is the same whether it is conveyed by canal 
or railway. 








The reconstruction proposed by Mr. Thomas 
would involve certain alterations of route which 
would somewhat shorten the distance, and the 
interposition of numerous inclines, after the pattern 
of Foxton, in lieu of flights of locks. An alterna- 
tive route to Birmingham is referred to. This 
would traverse the Worcester and Birmingham 
Canal from King’s Norton Junction to Worcester 
Wharf on the high level, and involves leaving the 
independent canal route of the Warwick and Bir- 
mingham Canal at Kingswood Junction, and utilis- 
ing about 9 miles of the Stratford-on-Avon Canal, 
the i. = of the Great Western Railway Com- 
pany. e reduced distance along this route, ac- 
cording to Mr. Thomas, would be 1304 miles, on 
which there are 167 locks, and the proposal is to 
reduce this number to 25, by the introduction of 
17 inclines. The Birmingham traffic now traverses 
the independent canals to Digbeth Wharf, and the 
shortened distance by this route would measure 
129 miles. The 160 locks would become 31, and 
16 inclines would be provided. A 

Mr. Thomas has no apprehension on the ques- 
tion of water, as he now supplements the supply 


from the Grand Junction reservoirs by pumping. 


from the lower green sand into the summit level 
near Tring. He therefore knows by experience 
what can be done in this direction, and the cost to 
his company, and is prepared to face the con- 
sequences of additional pumping. The Grand 
Junction Company have not lacked enterprise in 
several directions. When the railway competition 
first pressed heavily upon them, they endeavoured 
to stem the tide by becoming carriers, having pre- 
viously been merely toll-takers. They spent 
93,7001. in 1847 on this venture, and lost it all 
before relinquishing the effort in 1876. Through 
traffic in 1838 reached 202,000 tons, and produced 
in revenue 93,6971. In the succeeding seven years 
this tonnage reached 294,000 tons, but brought in 
only 48,695/.—virtually 50 per cent. less, owing 
to reduction of tolls to meet the railway competi- 
tion. In 1846 the railways took possession of the 
Cromford, Nottingham, Ashby-de-la-Zouch, Trent 
and Mersey, Stratford-on-Avon, and Birmingham 
Canals. Then the traffic fell to 229,000 tons, and 
the revenue to 36,000/. Even now 300,000 tons of 
coal are brought to London and its environs from 
the Midlands by canal, out of a total traffic of all 
kinds amounting to upwards of 1} million tons. 
At one time the toll on merchandise from London 
along the system was 16s. 33d. over 107 miles; 
for coal, 9s. ld. per ton. The average toll to- 
day is 0.25d. per ton per mile. A disastrous 
explosion of gunpowder on the Regent’s Canal 

dled the company with a loss of 80,0001. In 
former days the Grand Junction Company spent 
600,000. in improving their property out of 
revenue, and of late have entered into guarantees 
to adjoining canals with a view to promote 
traffic on the waterway. The company have also 
lately made the Slough branch at a cost of 21,0001. 
a mile. Given his proposed canal, providing for 
craft drawing 6 ft. 6 in., Mr. Thomas contemplates 
the railway companies becoming carriers by it, and 
that they will utilise the waterway for the convey- 
ance of coal among other items. This seems a very 
unlikely proceeding ; the reduction in freight ob- 
tainable trebling the boat-load to 80 tons, or 
100 tons, will not be sufficient to draw traffic away 
from the railway lines if once the coal passes into 
the hands of the companies. Mr. Thomas goes 
elaborately into figures of cost of improvements. 
He anticipates a traftic of 4,000,000 tons per annum, 
over a distance of 140 miles, with a local traffic of 

ual amount, and that the expenditure would earn 
a handsome interest for investors. 

The present revenue of the Grand Junction 
system is 101,0001.; of this 60007. is due to the toll 
received on 180,000 tons of goods, produce, and 
manure carried for agricultural purposes. The 
Grand Junction joins the Thames at Brentford, 
and craft move thence on the river to the docks and 
wharves. There is also an arm to Paddington, 
where a junction is made with the Regent’s Canal. 
This canal passes through Regent’s Park to Lime- 
house Basin on the Thames, and has two branches 
—one to St. Pancras, the other to Islington. It 
communicates with the Lee Navigation by the 
Hertford Union Canal. The locks are of the 
same description as the Grand Junction, and 
the barges carry up to 100 tons. The waterway is 
important, from its position. It exchanges traffic 
to the extent of 200,000 tons per annum with the 
Grand Junction Canal, and in 1898 received from 








tolls 44,9211. on a total tonnage of 1,041,000 tons, 
This is a drop from the 1,672,000 tons returned in 
1888. Mr. Glass, the manager, was examined, 
and puts the total tonnage lately dealt with as 
1,800,000 tons per annum. Of this the canal 
tonnage is 1,045,000 tons; the balance is dealt 
with at their docks, on the quays of which are 
extensive warehouses. 

Although the Regent’s Canal accommodates 
100-ton es, which is the maximum asked for 
by those who are now limited to less than this 
capacity, Mr. Glass spoke strongly in favour of a 
waterway which can be navigated by barges carrying 
400 tons. He finds that barges too large for the 
canal carry goods along the Thames to West- 
minster, whence the cargoes are distributed in 
carts to the district served by the Regent's 
Canal. The water supply to this canal from 
reservoirs is supplemented by an elaborate system 
of pumping water from the Thames by five lifts, 
in pipes 36 in. in diameter, to the Paddington 
level, a distance of 7 miles and total lift of 90 ft. 
The company tow through the 84 miles of canal, 
on which there are twelve locks, for 3d. a ton. 
This, added to the toll of 9d., makes the charge 
for passing through 1s. ton. 

In considering the evidence before the Royal Com- 
mission, we have followed the line of inland naviga- 
tion from the Humber to the Thames, and now pro- 
pose to wend our way from the Humber, or, as it is 
usually termed, Hull to Birmingham. This is one 
of the main routes that should be improved, in the 
opinion of certain advocates of an enlarged system 
of inland navigation. These ask for freedom of 
communication to all four of the most frequented 
seaports, and to join the Humber, Thames, Severn, 
and Mersey by canals passing through the centre 
of England. In our opinion they are seeking too 
much to commence with. We are quite in accord 
with those persons who wish that traffic on inland 
waterways should have a fair trial, but we think 
that ‘‘ Festina lente” is a good motto. 

Instead of attacking the problem on all sides, 
let it be attacked on one side, to begin with ; and 
having decided on the line on which an improved 
canal would best serve the general trade of the 
country, let this be surveyed, and the whole ques- 
tion of traffic, dimensions, estimated cost, &c., be 
carefully studied, with a view to making a com- 
munication by water capable of accommodating 
trade as conducted in these days, forecasting with 
a view to utility in the future. It is useless to 
expect that merchants and manufacturers can keep 

with their competitors who are utilising modern 
methods, if they are unable to obtain better service 
than was provided half a century ago. The world 
has moved faster, and changed its methods more 
extensively during the last fifty or sixty years, than 
it did in several centuries aforetime, while our 
canals have stood still or gone back. 

The voyage from Hull follows the route to 
London by way of the Trent, as far as Wilden 
Ferry, and thence the course is over the Trent 
and Mersey Canal to Fradley, the junction with a 
disconnected length of the Coventry Canal measur- 
ing only 54 miles. This is traversed for 44 miles 
to Huddlesford Junction, where the Birmingham 
Canal system is entered upon, and thence affords 
alternative routes to Birmingham, the one diverg- 
ing to the east along the Birmingham and Fazeley 
Canal, past Tamworth and Cudworth, the other 
to the west passing south of Litchfield by the 
Wyrley and Essington, Daw End, and Rushall 
Canals, entering the Tame Valley Canal, and meet- 
ing the eastern route at Salford Bridge in Aston, 
a suburb to the north-east of Birmingham. After 
leaving the Trent there are only 10 miles of this 
te ons with locks for barges; the remaining 
engths of 40 or 43 miles, dependent on the route 
traversed, accommodate narrow boats of small capa- 
city. 

To the east of the Grand Junction route from the 
Thames to the Humber there are many miles of 
river which are navigable after a fashion. 

Mr. John Johnson appeared before the Royal 
Commissioners, and described the works on the 
Great Ouse from Bedford through St. Ives to 
King’s Lynn. The persistency of a few traders 
has kept the way open, and they receive goods by 
water in short boats, 48 ft. by 10 ft., drawing 
3 ft. 6 in., and carrying 20 tons of cargo at this 
draught. The boats are worked in trains (locally 
gangs) of three, by two men and a boy ; when going 
up stream two horses are employed ; down stream, 
only one horse. The loading is all up stream, some 
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of the chief items carried are grain, sugar, and 
paper. The witness stated that the freights are 
173 to 50 per cent. below the railway freights, and 
that on 700 tons of sugar carried in 1903 there was 
a saving on the railway charges of 1151. 

The multiplication of authorities renders all 
attempts at improvements a very difficult under- 
taking. Three miles below Lynn the channel is 
under the control of the Norfolk Estate Company ; 
the length through Lynn of the Lynn Harbour 
Authority ; the Eau Brink cut and banks and the 
free bridge are maintained by the Ouse Outfall 
Board. From the top of the Eau Brink cut to 
Denver is under the control of the Denver Sluice 
Commissioners. So far there are no locks. The 
banks of this latter length are maintained by the 
Ouse Bank Commission, only the channel being 
under the Sluice Commissioners. Above Denver, 
along the ‘‘Hundred Foot” (the New Bedford), 
and the Old Bedford River, the Bedford Level 
Corporation are in charge. Above the Hermitage 
Sluice the channel is under the control and manage- 
ment of the Bedford Level Corporation, the east 
bank being maintained by them, and the west 
bank by the Middle Level Commissioners. Above 
Hermitage Sluice, near Earith, there seems to be 
no one attending to the channel in any way what- 
ever, and the river is grown up with weeds to such 
an extent that it is almost impassable. The navi- 
gation for 2 miles below and through St. Ives 
belongs to a private individual, a Mr. Simpson, 
who purchased the equity of the redemption of the 
rights in 1890, and, including the money spent in 
a on the navigation, he is understood 
to have laid out 30,0001. Toll is taken by all the 
various bodies, but is paid at Lynn to one collector, 
excepting the bank tolls. Separate receipts are 
issued from each authority, the total amounting to 
7d. per ton on a 20-ton cargo. From Lynn to 
St. Ives the toll would amount to 17s. 10d. for 
wheat, but 9s. 6d. for sugar, in boat-loads of 20 
tons. 

In this district of ‘‘the Fens” the question of land- 
drainage is of far greater importance than naviga- 
tion. The land is liable to flooding. In 1903 there 
were seven floods causing delay to navigation; the 
rainfall draining from 1000 square miles passes along 
the neglected channel near Earith ; between Earith 
and Brandon, in Suffolk, 25,000 acres are liable to 
flooding. Seeing the wide expanse of country 
drained by the Great Ouse—3000 square miles — 
extending from Oxford, Bucks, Hertford, through 
Northampton, and other counties, to the Wash, 
there is an ample supply of water for a deep navi- 
gation. If this were constructed with due regard 
to the ordinary drainage, and the discharge of flood 
water, the land would greatly benefit. The diffi- 
culty has always been to adjust'a tax between low- 
lands and uplands. At present certain lowlands are 
heavily taxed ; in some cases as much as 15s. per 
acre is levied for drainage purposes. 

Again, the district is sparsely populated, and 
therefore a great weight of traffic is not in sight. 
Roads in the Fens are few and rly made, so 
that farm produce is often moved along drains in 
very light boats. cargoes are discharged at 
wharves in connection with railways, and thence 
conveyed to London, Birmingham, and other centres 
of population. A carrying company cwns a steamer 
and barges plying between Lynn and Cambridge. 
On this route there is 4 ft. 6 in. of navigable 
depth, and cargoes of 35 tons are possible. Some 
years ago an abortive attempt was made to resusci- 
tate trade on the River Lark to Bury St. Edmunds. 
It was an ill-considered attempt, and failed egre- 
giously. Reliance was placed on the old-time 
system of staunches for flushing boats over a 
shallow. By this method the flow is stopped at 
certain places with boards, and the water is thus 
ponded up stream, and a reservoir is formed. 
These boards being quickly removed, a volume of 
water rushes down the river channel, and the 
oats are hauled over shallow places while the flush 
is on. Before the days of locks, staunches were 
common on many of tho smaller rivers which were 
raade navigable, but are absolutely foreign to our 
methods of dealing with traffic since the intro- 
duction of steam, and the demand for cheapness 
10 transportation of all commodities in general use. 

The traffic on the River Nene is far larger than 
on the Ouse, but, as on all the rivers which are 
navigable in the Eastern Counties, it is small in 
amount, and of comparatively little importance. 

The River Lea, which joins the Thames near the 
Regent’s Canal Dock at Blackwall, has a very con- 





siderable traffic. The tonnage carried was nearly 
615,000 tons in 1898, an increase of 100,000 tons 
in ten years. It isan ancient navigation, and the 
early Acts, dating from Henry VI., are written 
in Norman-French. The present Conservancy 
Board was constituted in 1900. 

Mr. Gardner, chairman of a lighterage company 
owning two hundred canal and fifty river barges, 
who is also a conservator of the Lea, gave evidence. 
He expressed himself as satisfied with the condition 
of the Lea, but complained of the miserable state 
of the tributary Stort Navigation, which was pur- 
chased by Sir Walter Gilbey for a nominal sum a 
few years ago, and is now owned by a limited 
liability company. In Mr. Gardner's view the 
County Councils should come to the assistance of 
navigation. He advocates 6 ft. draught and 100- 
ton barges ; butsaid, further, seeing that the cost of 
lighterage is reduced proportionately to the size of 
the craft employed, he would be glad to have canals 
made to take 300-ton barges. 





THE LABOUR PROBLEM OF THE 
PANAMA CANAL. 


By A. Bresy THompson, A.M. Inst. C.E., F.G.8. 


Durine the last three years I have twice annually 
visited Panama and Colon, and had an opportunity 
of witnessing the progress of the canal operations. 
Three years ago Colon, the Isthmian town at the 
Atlantic side of the canal, was little more than a 
filthy swamp. A large portion of the town was 
below the sea-level, and there was neither a water 
supply nor a drainage system of any kind. Pools 
of bad-smelling stagnant filth accosted one at every 
turn, and in these neglected cesspools mosquitoes of 
a malignant character bred in myriads unchecked. 
An eight-months rainy season, and a circle of man- 
grove swamps fringing the town, which is actually 
built upon the Island of Manzanillo, did not im- 
prove matters, whilst the insanitary habits of the 
inhabitants only served to vate conditions. 
Streets there were none, whilst periodical conflagra- 
tions reduced to ashes in a few hours the wooden 
structures constituting the town. 

Panama, the city at the Pacific entrance of the 
canal, could boast of little better conditions. There 
were certainly streets paved with cobbles, although 
so irregularly laid that one doubted their value ; 
but sanitation there was little. One had only to 
walk into a side street to find all house refuse 
thrown outside the doors of the dwellings, and to 
observe heaps of foul-smelling refuse which the 
vultures (corbeaux) only removed. At sunset 
mosquitoes rendered life unbearable, and the pests 
served to convey diseases from house to house. As 
in Colon, there were no hotels worthy of that name, 
and passengers crossing the isthmus dreaded the 
few enforced days they were often compelled to 
stay on the isthmus awaiting a steamer. 

As a consequence of such conditions of insanita- 
tion, malaria and yellow fever were always rampant, 
whilst at intervals epidemics of plague and small- 
pox ravaged the towns. The old French Canal 
Company did not regard sufficiently seriously the 
health problem ; but it must not be overlooked that 
conveyance of fevers and diseases by mosquitoes 
and flies was not then known, and they looked upon 
malaria as the natural consequence of tropical life. 
The Americans, on undertaking the canal works, 
realised that the health problem was the most 
important of all, and that the success of the enter- 
prise depended largely upon the health of the 
employés. Neither white, yellow, nor black are 
immune, and constant fever saps the energy of the 
body, and reduces the effective value of the man im- 
mensely. The first duties of the Americans at Colon 
were to drain the surface water from the so-called 
streets, fumigate the whole of the dwellings, freely 
distribute petroleum over wet areas, to prevent the 
breeding of mosquitoes, and arrange for house- 
refuse to be conveyed outside the precincts of 
the town. The change was immediate, and the 
general health improved; but whilst enforcing 
these temporary provisions, they set to work laying 
out wide streets in all directions, preparing a 
drainage system, and providing the town with a 
good water supply. The construction of these 
works necessitated the raising of the town several 
feet, but this was undertaken with the same deter- 
mination and promptitude that has characterised 
their works, and the depressed swampy streets were 
steadily raised by excavated material above the 
sea-level. Many acres of mangrove swamps behind 





the town were, at the same time, reclaimed by 
means of centrifugal pumps, sand from adjoining 
inlets of the sea being distributed by the cen- 
trifugals over the swampy area. For a distance 
round the town all vegetation was cut down and 
burnt, thus removing one of the chief retreats of 
the mosquitoes during the daytime. For the first 
time a traveller can now visit Colon in comfort and 
safety. Mosquitoes are few, bad odours are rare, 
and the well-paved and drained streets are a 
revelation to one who saw Colon six months ago. 
In both Panama and Colon the Americans have 
adopted roads made of vitrified bricks laid in cement, 
and these appear to form a road well-suited to the 
local light traffic they have to support. In every 
case the municipal improvements have been hastened 
by railway tracks along the streets, their removal 
being only undertaken on the completion of the 
drainage and raising operations just prior to paving. 
The natural consequence of the improved condi- 
tions at Colon is an influx of American tradesmen, 
who have created a demand for better dwellings 
and stores, 

The American residential and official quarters 
of Colon are erected at Cristobal, near the site of 
the old residence and offices of Mr, Ferdinand de 
Lesseps. Mr. de Lesseps’ house has been put in 
order, and several streets of detached single-storied 
bungalows erected on the strip of land which juts 
into the sea between the port and the canal entrance. 
This location derives the benefit of strong, cool, 
breezes, and is protected from the sun by rows of 
large cocoa-nut palms, originally planted by the 
French. The canal materials are landed in the 
channel dredged by the old French company, where 
excellent wharves and cranes exist for the rapid 
discharge of cargoes. 

With the exception of the towns of Colon and 
Panama the Americans have full jurisdiction over 
the 10-mile-wide strip forming the canal zone ; but 
by agreement with the Panama Government the 
Americans have undertaken the sanitation of the 
towns of Panama and Colon, the cost of which will 
be refunded by taxation spread over many years. 
Two years ago the bulk of the old French canal 
works across the isthmus was concealed by a dense 
overgrowth of vegetation ; to-day all has been 
cleared for a distance on each side of the railway, 
and large tracts of land have been brushed and 
burnt preparatory -for settlements. Wherever 
works of any proportions are projected, or are in 
course of execution, large camps have been made. 
Bungalows of wood have been erected, each one 
raised on concrete pillars and separated from 
another by sufficient distance to assure a free circu- 
lation of air. The bungalows are standardised, and 
all are provided with spacious balconies protected 
by fine copper gauze, which prevents the admission 
of flies and mosquitoes. Swing gauze-covered doors 
are also furnished, thereby offering a minimum of 
risk from mosquito attacks. Means are provided 
for the removal of house refuse, special provision 
is made for the prevention of accumulation of water, 
and good water is supplied in pipes to all settle- 
ments across the zone, The water reservoirs on 
the isthmus are preserved from pollution, and the 
vegetation kept down all round the edges. In all 
cases the growth of vegetation around the camps 
is checked by frequent brushing and firing, an 
operation that necessitates the constant employ- 
ment of a large staff of men and sanitary officers. 

The whole of the sanitary works are under the 
supervision of Colonel Gorgas, who did so much good 
in the Philippines during the American-Spanish 
War, and that officer is responsible for most of the 
energetic methods adopted for the eradication of 
fever from the isthmus. If he has not entirely suc- 
ceeded yet, it can be safely said that the number 
of fever patients has been reduced to a fraction of 
the original quantity, and there is a steady 
diminution of sickness, which will continue as the 
works pro Many of the Barbadoes and 
Jamaica natives who first went to the canal either 
died or returned to the West Indies fever-ridden, 
and for a time there was a decreased rush of West 
Indians to the canal. 

The largest canal-zone towns have been built 
about 11 or 12 miles from Panama at Empire, and 
Culebra in the neighbourhood of the deep cutting 
which will extend for about 8 or 9 miles in that 
district. The location is high and very healthy, 
whilst the clearing and drainage has been so 
thoroughly conducted that there are few mosquitoes. 
Nevertheless, at great expense, all the houses, from 
those of staff officers to those of the labourers, are 
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protected by fine-mesh wire gauze. Some jarge 
three-storied hotels have been built, where employ 


are provided with good food and excellent quarters 
at a cost of about 27 dols. a month. 

Across the isthmus are twenty-three towns, each 
of which is the centre of activity. Most of those 
towns north of the isthmus will be submerged when 
the great dam that stretches across from hull to hill 
at Gatun is completed; but those southward are 
all far above the canal level. 

The housing problem having been practically 
solved, the feeding of the 25,000 canal employés 
called for consideration. The American Commis- 
sioners came to the conclusion that it was just as 
necessary that the men should be properly fed, in 
a climate like that of Panama, as it was they should 
be well housed, so commissariat stores were set up 
where healthy provisions could be cheaply pur- 
chased. Books of tickets are issued to employés, 
each ticket having a cash value varying from 1 cent 
to a dollar, and these are tendered at the Govern- 
ment stores in payment for purchases made. Cash 
is not demanded for the books, but the value is 
deducted from the employés’ wages on psy day. 
Government messes are also established along the 
canal zone, where good meals can be taken at 
30 cents (1s. 3d.) a meal, and here, as in the stores, 
no cash is accepted, but books of tickets are issued 
to employés, to check the administration of the 
establishments and tty outsiders from taking 
advantage of the Canal employés’ terms. The 
Canal Commissioners, during their investigations, 
discovered that although labourers were paid high 
rates, there was an inclination towards ——s 
food in order to save money, and they convince 
themselves that in this way sickness was encouraged, 
and the men were physically unable to perform 
their duties properly. A system is, therefore, being 
introduced by which workmen receive a smaller 
rate of pay, but are fed at Government messes free 
of charge. The sum deducted, about Is. 3d. per 
day, is very small, whilst it assures the proper 
feeding of the employés. It is interesting to note 
that a clause is inserted in contracts with imported 
labourers that they must partake of at least one 
bath daily, a detail which is rigidly enforced by 
overseers —— to overlook the quarters. 
Excellent shower- baths are provided gratis at 
every settlement on the canal zone, and long 
rows of bath-rooms are provided with each set of 
barracks. 

The energetic action of the Canal Commissioners 
has led to the solution of the housing, feeding, and 
health problems of the employés, aided by excellent 
me arrangements. he great hospitals at 
Ankon, on the outskirts of Panama City, are models 
of their kind for hospital use. Erected on con- 
crete standards, upon elevated ground swept by 
cool sea breezes from the Pacific, and rendered 
absolutely mosquito-proof by gauze netting, they 
form an ideal site for total isolation from inocula- 
tion, and rapid recovery from sickness. Skilled 
doctors, assisted by experienced nurses, render all 
the aid that modern surgery, medicine, and nursin 
can devise, and special hospital cars, under qualified 
attendants, attached to the Isthmian trains, daily 
convey to Panama all the more serious cases from 
the canal settlements. Convalescent patients re- 
covering from severe illnesses are sent to the small 
island of Tobago, about 10 miles from Panama, in 
the Pacific, where an old hospital of the French 
Canal Company has been restored, and rendered 
suitable as a sanatorium. 

The most difficult problem the Canal Com- 
missioners have to face is the supply of labour for 
the canal operations. At first black labour from 
the West Indies was actively recruited in the 
islands of Jamaica and Barbadoes, and, to a less 
extent, in other islands, but it has not given the 
satisfaction that was antisipated. In Jamaica 
some resentment was felt by the local government 
at the withdrawal of so much labour from the 
island by promises of high pay, and ultimately cer- 
tain guarantees were extracted from the American 
authorities before recruiting was allowed to pro- 
ceed. Each Royal Mail steamer to Colon has for 
two years conveyed from 400 to 600 labourers from 
Barbadoes, but in this case the authorities doubtless 
felt some relief at the departure of some of the 
100,000 people who crowded the few square miles 
of land. The early West Indians had to do all 


the pioneering on the isthmus, and the death-rate 
and sickness were very excessive ; but the improved 
conditions have extirpated yellow fever and reduced 
the rate down to normal tropical proportions, thus 





restoring confidence that the conditions of labour 
will not be inimical to health. 

The failure of the West Indians I attribute 
largely to the American character. It is really 
jo Boglishmen that can manage coloured labour 
with any degree of success, and, whilst humouring 
them, extract that respect without which no 
authority can be maintained. The American fore- 
men and overseers quite fail to understand the 
West Indian character, and are under the falla- 
cious impression that showers of abuse, or acts of 
violence, will command obedience and stimulate 
the energy of their gang. They quite fail to under- 
stand that under two centuries of British rule the 
West Indian negro has been subjected to kindness 
and strict justice, under protection of unbiassed 
law courts. After experience with coloured labour 
in the West Indies one is forced to admit that the 
men are capable of as good work as any labourer in 
a tropical climate, but they must be humoured like 
children. When bullied they become as stubborn 
as mules, and will do everything to annoy an over- 
seer ; but by kindness, tempered with a little wit 
or sarcasm, obedience and respect are alike secured 
without any loss of discipline. It is the natural 
instinct of the West Indian negro to complain, and 
unless he has his say he feels miserable all day ; 
but having obtained a hearing and expressed his 
views, he works contentedly until another oppor- 
tunity arises. He is naturally lazy, but, given task- 
work, it is surprising what he can do. 

More recently the Canal Commissioners have 
been importing Spanish contracted labour from 
Spain, the main supplies being see from Vigo 
on three-year contracts. The rate of wages is some- 
what higher than that of West Indians, but it is 
maintained that themen are infinitely better workers. 
The coloured men receive 90 cents (3s. 94.) a day, 
with free quarters, compared with 40 cents (Ls. 8d.) 
to 50 cents (2s. 1d). they can earn in the West 
Indies, whilst the Spaniards receive 1 dol. (4s. 2d.) 
and get free quarters and board. ' The Spaniard is 
certainly the more intelligent and better worker, 
but time will show whether he can as well stand 
the tropical heat and damp trying climate of the 
isthmus. The American Commissioners pay the 
— of all labourers taken on the canal works, 

ut they are kept busily engaged in watching both 
Atlantic and Pacific boats for men who work but a 
few weeks, or months, and then go on to other 

laces. No less than six were ejected by the police 
rom the Pacific boat upon which this is being 
written. 

The extraction, removal, and dumping of 20,000 
cubic yards of earth daily, which quantity has only 
recently been reached, with the anticipation of a 
30,000 cubic yards output, necessitates, with all the 
subsidiary works, an enormous army of workmen ; 
and unless task-work is imposed the expense will 
work out at a very high figure. So far no contract 
work has been given out, and all labour is paid by 
the day, a policy dictated in the case of white 
employés by trade unions of great strength. The 
unskilled labour problem of the canal may be 
eventually solved by the importation of Chinese 
coolies ; but this is only likely to be a last resort 
in the event of other sources failing, and its intro- 
duction is sure to meet with much opposition in 
the United States. 

Some 5000 to 6000 men constitute the present 
strength of the white employés on the Isthmian 
works. Under the direction of the chief engineer, 
Mr. John F. Stevens, are a number of resident 
engineers, to whom are allocated different sections 
along the canal, and a large body of assistant engi- 
neers are attached to each section. With the ex- 
ception of the higher officials, the salaries paid to 
the engineers are small, ranging from 2501. to 5001. 
a year, with free quarters in all cases. The un- 
skilled labour is very highly paid, on account of 
the powerful labour organisations operating in con- 
junction with their unions at home. Mechanics, 
engine-drivers, excavator operators, and such-like 
skilled men receive from 301. to 401. a month, whilst 
specially capable men earn much more than the 
above-named sums. The white employés on the canal 
are almost exclusively American, although there are 
a few English, German, and other European em- 
ployés in the service of the Canal Commissioners. 

The day-work system of working naturally calls 
for extraordinary supervision of labour, and certain 
officials are delegated with power to constantly 
inspect the works in disguise, and report fully upon 
any employé not attending to his duties. These 
inspectors are dubbed “‘ spotters” on the canal; and 








whilst the system is one that would be very 
repugnant to Englishmen, it is doubtless rendered 
necessary on the canal to prevent loafing. Em- 
ployés dismissed are given no notice nor granted 
any compensation. 

The hours on the Isthmian works appear to be 
too long for a tropical climate—from 6 or 6.30 a.m. 
to 6.30 or 6 p.m., with one hour for lunch at mid- 
day. There is at present an agitation on foot for 
shorter hours, sol as the men are supported by 
their unions in their request for shorter hours, 
their demands will doubtless be agreed to. Sunday 
is a day of rest on the Isthmus, and there is a 
general suspension of work on Washington’s birth- 
day and Independence Day. The white employés 
are allowed six weeks’ leave of absence on full pay 
after eight months’ service on the Isthmus, but no 
accumulated leave is permitted. Specially low- 
priced return-tickets to the United States are 
allowed by the Panama Railroad Company’s steam- 
ships to the canal officials. 

Whatever the defects of the Americans, one 
cannot but admire their energy and optimistic 
spirit. Every man seems animated with the idea 
that he is doing a necessary part of the canal, anda 
feeling of pride prevails everywhere. Without coat, 
and with shirt-sleeves turned up to the elbow, the 
majority of the men are full of energy from day- 
light till sunset, after which there is nothing to do 
but have dinner and go to bed ; consequently the 
life on the canal zone is far from an enviable one. 








Pie 1n Betcium.—The imports of pig into Belgium in 
the first three months of this year amounted to 178,000 
tons, as compared with 219,000 tons in the first quarter of 
1906 and 110,000 tons in the first quarter of 1905. The 
increase observable in the imports was due to larger 
receipts from France and the United Kingdom, France 
having delivered 57,000 tons in the first quarter of this 
year, as compared with 31,000 tons and 33,000 tons 
respectively ; and the United Kingdom 53,500 tons, as 
compared with 36,000 tons and 11,000 tons respectively. 





THELATE Mr. Georce Hopson.—T ae death isannounced 
of Mr. George Hodson, senior partner in the firm of Messrs. 
George at. W. Hodson, consulting engineers, Lough- 
borough. Mr. Hodson was born in 1844, and received 
his education at Wolverhampton Grammar School. He 
was subsequently articled to a firm of civil and mining 
engineers. Shortly after the completion of his articles he 
established himself in practice in Loughborough, was 
appointed surveyor to the local board, and to several 
turnpike trusts. He was afterwards appointed water 
works manager, and hydraulic and sanitary engineering 
became the most important part of his practice. It is 
stated that Mr. Hodson designed and constructed water 
works, or sewage works, for more than sixty towns, in- 
cluding Mansfield, Ilkeston, Ashby-de-la-Zouch, Epsom, 
Uppingham, Horsham, Pontefract, &c., and took a pro- 
minent part in the development of the Blackbrook scheme 
for Loughborough. He was often connected with the 

romotion of, or opposition to, similar schemes in Par- 
iament. He was a member of the Institution of Civil 
Engineers, and a Fellow of the Surveyors’ Institution, 
Sanitary Institute, Geological Society, and other bodies. 
Death occurred on the 25th ult., after a fortnight’s ill- 
ness. 


Tae Late Gengrat (U.S.) Evcrne Gairrin.—We 
regret to have to record the death, on April 10, of 
Brigadier-General Eugene Griffin, an American well- 
known in this country. Eugene Griffin was born on 
October 13, 1855, at Ellsworth, Maine, U.S.A., and, after 
& preparatory education, was sent to West Point, where 
he graduated with high honours in 1875. On leaving the 
academy, he entered the Engineering Corps of the United 
States Army, and served as second lieutenant, first lieu- 
tenant, and later as captain. From the year 1883 to 
1885 he was Professor of Civil and Military Engineering 
and the Art of War at the West Point Academy. He 
was subsequently aide-de-camp on the staff of Major- 
General Winfield Scott Hancock, and until the close of 
the year 1888 Captain Griffin was chief of the Engi- 
neering Division of the Atlantic and the Department 
of the East. In 1889 Captain Griffin resigned from 
the army, and, taking up electrical engineering work, 
became associated with the Thomson-Houston Elec- 
tric Company as second vice-president. On the con- 
solidation of this company and the General Electric 


Company in 1891, he was elected first vice-president of 
the eral Electric Company. In 1893 he became 
resident of the i mn oll International Electric 


mpany, and was also a director of the British and 
French Thomeve Houston Companies. On the outbreak 
of the Spanish-American War Captain Griffin volunteered 
for service, and organised the first regiment of United 
States volunteer engineers, of which he became colonel. 
poco gay 4 he was promoted to the rank of brigadier- 

neral. He was elected a member of the Institution of 

ivil Engineers in 1896, and was also a member of several 
American institutions. His death occurred very suddenly 
from apoplexy at Schenectady, N.Y., whither he had 

ne to take part in a little social event organised by « 
— club. The obsequies were carried out at West Point 
with full military honours, there being present a large 
number of prominent men who had known and appre- 
ciated the friendship of the late general. 
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NOTES. 

THe Coottnc Errect or CyLinpER WALLS. 

In a paper recently read before the Royal 
Society, Professor Bertram Hopkinson, of Cam- 
bridge, has described a series of experiments in 
which he has measured the rate at which the walls 
of an explosion vessel abstract heat from the charge 
after its ignition. The explosion vessel used was 
a cylinder 1 ft. in diameter by 1 ft. long, which 
was lined in the first place with a thin layer of 
wood, inside of which was coiled a strip of copper 
} in. wide by J; in. thick, a space sy in. wide 
being left between successive convolutions. The 
cylinder ends were protected in a somewhat similar 
manner, the whole of the copper on the body and the 
ends of the cylinder being connected up to form a 
single metallic circuit through which a constant 
current was sed from a set of storage bat- 
teries. A galvanometer with suitable resistances 
was arranged as a shunt to the copper strip. A 
second battery, with resistances, was coupled to the 
galvanometer circuit, its electromotive force being 
opposed to that from the primary circuit, and matters 
were adjusted so that, before firing the charge, the 
galvanometer mirror stood at zero. Onigniting the 
charge, which consisted of a mixture of coal-gas 
and air, the resistance of the copper strip rose on 
the absorption of heat from the gases, throwing the 
galvanometer circuit out of balance. The corres- 
ponding deflection of the galvanometer was re- 
corded photographically simultaneously with the 
pressure. The latter was taken by an optical 
indicator, and recorded on the same film as the 
galvanometer deflection. The experiment showed 
that at first the copper absorbed heat with extreme 
rapidity, and at the moment the maximum pressure 
was obtained this absorption of heat took place at 
the rate of 10 calories per square centimetre per 
second, equivalent to 132.700 B. Th. U. per square 
foot per hour. As the interior of the metal 
heated up, however, this rate of absorption 
rapidly diminished, being at the end of one-fifth 
second only about one third the above amount. 


THE Proposep New Royat DockyaRD AT 
StTocKHOLM. 


A complete plan has now been worked out for 
the new dockyard at Stockholm, and the calculated 
items of expenditure are as under :— 


Cost of naval station at Elfvik Kr. 
(Lidingé), in accordance with the 
smaller plan of November, 1906 ... 29,091,870 
Additional barracks oa A 788,900 
Houses ... a me = 6,318,375 
Accommodation for storage of ammu- 
nition ... on ae ive om. 200,000 
36,399,145 
To be deducted (calculated cost of 
railway to Liding®) ... ee : 1,789,000 
34,610,145 
This sum constitutes the actual cost 
of the naval station, to which, how- 
ever, must be added the cost of 
requisite land ... = os a 3,500,000 
38,110,145 


(or about 2,117,0007.) 


It is pointed out that the present naval station in 
Stockholm does not by a long way satisfy the 
existing requirements, neither as regards the ordi- 
nary work of a dockyard nor, still more, the modern 
contingencies of mobilisation. Extensions of the 
present dockyard would entail a very considerable 
expenditure without proving efficient, and in any 
case extensions of the present dockyard were sub- 
ject to narrow limitations. Under these circum- 
stances a removal to a convenient place is deemed 
absolutely necessary both from a military and an 
economic standpoint. Special attention has been 
given to the question of finding houses not only 
for officials and officers, but also for the men, the 
more so as, even with the present comparatively 
central position of the dockyard, there had been 
trouble with the men on account of the distance 
between the yard and their homes. The cost of 
constructing the railway communication has been 
deducted, imasmuch as private enterprise was 
disposed to build a railway between Stockholm 
and Lidings. It has not been found expedient | 
as yet to draw up a detailed plan for the carrying | 
out of the various works, as this might prove 
ditlicult, not to say impossible, at this early date. 
It is proposed to accompany the annual demand 


financial side of the question, the sale of the pre- 
sent area of the dockyard, the Skeppsholmen, the 
Kastellsholmen, and the Galérvarfolt, will have to 
be fully considered, and a plan in due course laid 
before the Legislature. 


STeeLt-MakKING IN JAPAN. 


We recently gave an account (see page 455 ante) 
of the Japanese Government Steel Works, near 
Wakamatsu, in the south of Japan, and of the 
nature and amount of their output. According 
to the latest journals received from Tokio, an 
agreement has been concluded between two im- 
portant English firms on the one hand, and 
the Tanko Steamship and Coal Company on the 
other, with reference to the establishment of a 
steel foundry at Muroran, in the Hokkaido or 
Northern Island (formerly called Yezo). The 
capital is stated to be 10 million yen, taken up in 
equal portions by the English companies and the 
Japanese, and it is arranged that each shall be duly 
represented on the board of management. Ore is 
to be obtained from the iron sand found in the 
north, but, of course, if that source prove insuffi- 
cient, there are other means of obtaining a supply. 
It is stated that great efforts were made to induce 
the two English firms to establish a foundry 
at Kowloon (Hong Kong), where a valuable iron- 
mine has been discovered ; but as the proximity 
of coal is a prime desideratum, such a proposition 
could not be entertained. It is stated that the new 
foundry has received assurances of Government 
support, pending the completion of the present 
naval programme, at all events. This will open 
up some very interesting problems, for the same 
journals from which we have been quoting state 
that although the Government Steel Works at Waka- 
matsu have turned out a considerable amount of 
steel, the operations have been carried on at a con- 
siderable loss, notwithstanding the fact that the 
various departments of Government took the steel 
at prices which were higher than those at which it 
could have been imported. It is stated that the 
loss last year was over 4 million yen, but it is 
not quite clear whether that was entirely on the 
production of the year, or whether part of it was 
capital expenditure. There seems to be little 
doubt, however, that the expenditure on the works 
has been very much greater than was ever anti- 
cipated, and that the working expenses are very 
high, arising in great part, no doubt, from the in- 
experience of the workmen. It is admitted. that 
during the war with Russia the steel works rendered 
very efficient service to the country in supplying a 
good deal of the material which was required in 
that emergency ; but from the figures which are 
now published it is evident that the success which 
was spoken of at the time referred only to the 
capacity of the works for the production of steel, 
and did not in any way relate to finance. If 
another works is started in Japan, largely under 
foreign control, it will give the means of estimat- 
ing the efficiency of the Wakamatsu establishment 
from a financial point of view, and probably this is 
one of the objects of the Government in giving the 
project its support. Even a government cannot 
afford to buy steel that is too dear. 


New ILLUMINANTS. 


On Friday last, Mr. James Swinburne, F.R.S., 
delivered an experimental discourse on ‘‘ New 
Illuminants” at the Royal Institution. The lec- 
turer stated in his opening remarks that he would 
have to confine himself to certain features of glow- 
lamps, though neither the electric incandescence 
lamp nor the incandescence mantle were more than 
twenty-five years old. The fabric of the mantle con- 
sisted of cotton or of ramie, the latter being dis- 
tinguished by long and very fine fibres. Mr. Swin- 
burne exhibited a photograph of a machine, worked 
by two girls, on which the endless stocking of tex- 
ture is run through the solution of the nitrates of 
the rare earths and cut into mantles, which are 
calcined over a series of gas-burners, dipped 
into collodion, and finished to correct length. 
Artificial silk—sometimes objected to because it 
would neither wash nor rustle—had recently been 
utilised for mantles ; these mantles took longer to 

low up when used the first time, but seemed to 
be satisfactory otherwise. Welsbach had also con- 
structed special mantles for petroleum lamps, and for 
the hydro-carbon gas. Mr. Swinburne then spoke 
on the theory of the light emission of the mantle, 
as to which we should refer our readers to the 





for grants with reports of the 3 of the work 
during the previous year. ith regard to the 





discussion opened by Mr. Swinburne at the York 


Meeting of the British Association.* Mr. Swin- 
burne demonstrated, with the assistance of Mr. 
Claypole, that mantles of pure thoria, or of 
pure ceria, gave a rather poor light, but that a 
thoria mantle, dipped into an alcoholic ceria 
solution, brightened up considerably. He then re- 
peated the experiments of Rubens: the beam of an 
arc lamp was directed on the mantle of a gas- 
burner, reflected into a mirror, and sent through a 
lens and a blue filter on to a screen. The blue 
spot became distinctly more dull after a pure 
ceria burner had been lighted, when we should 
expect the light to increase; there was a slight 
diminution of light also when the thoria mantle 
began to glow, and hardly any change with a 
mantle consisting of zirconia. This latter ex- 
periment proved that ‘‘ catalytic action ” had little 
to do with the light emission of the mantle; for 
zirconia would re-light a gas- jet like spong 

platinum. As regards erbia, there had been muc 

disputing about the discontinuous spectrum of 
this oxide, which Huggins had ascribed to its 
volatility; possibly the erbia was not pure. Turn- 
ing to the use of by-passes for lighting the burner, 
Mr. Swinburne considered this feature objection- 
able because the constant flame generated carbon 
monoxide, particularly in the economical inverted 
burners. Recently a valve had been added to 
the burner, such that at full gas pressure only 
the flame would burn, and at low pressure only 
the by-pass. Yet one flame was always kept 
burning. The use of Welsbach’s alloy of cerium 
and iron, which sparked under friction, was, 
perhaps, preferable ; in turning on the burner, the 
alloy was scratched, and the escaping caught 
fire. As regards Nernst lamps, Mr. winburne 
showed that the pieces of a broken filament 
would weld together again when heated, so to 
speak, by the current, and that the originally 
solid Nernst rod gradually turned into a tube 
owing to a peculiar shrinkage in the course 
of time. Coming to new metallic filaments, which 
have.recently been discussed in the Institution of 
Electrical Engineers, the lecturer, assisted by Mr. 
Story, demonstrated how experiments were con- 
ducted on filaments in bulbs, and how minutely 
divided metallic ticles could be obtained, on 
Bredig’s method, by letting the arc-discharge pass 
between gold electrodes under water. Mr. Swin- 
burne had himself observed, fifteen years ago, that 
copper electrodes would become surrounded by a 
cloud of vapour in sulphuric acid when currents of 
very great density were applied. Characteristic 
photographs were exhibited of tantalum filaments, 
which seemed to be changed into a row of little rods 
very poorly jointed together. We should in this con- 
nection draw our readers’ attention tothe observation 
of Boltont on the spreading of the glow during the 
preparation of niobium filaments. r. Swinburne 
also showed that metallic calcium, now made elec- 
trolytically, absorbed all the gases of the air except 
argon and helium, and was thus useful for producing 
a vacuum, and that the acetylene-oxygen blow-pipe 
would easily melt iron. 








Tue LATE Mr. Lansritz M. Bopmn.—The death oc- 
curred a few days ago of Mr. L. M. Bodin, who for 
many years has known on the North-Kast Coast 
from his connection with the Det Norske Veritas. A 
native of Norway, Mr. Bodin served part of his engineer- 
ing career in ow, and after serving as sea-going 
engineer, &c., became engineer surveyor to the Det 
Norske Veritas in 1886. In 1898 he was appointed 
monegee and chief surveyor for this concern in Great 

ritain. 





PERSONAL.—We are informed that the business of 
Messrs. J. Halden and Co. has now been formed into a 
+ ema limited liability company, the former — 

essrs. J. Halden, G. F. Pringle, and J. R. Ball, be- 
coming governing directors of the new firm.—We are 
informed that Messrs. C. R. Heap and E. F. Iohnson 
have entered into nership, and under the style of 
Messrs. Heap and Iohnson, of 28, Hatton Garden, E.C. 
will carry on a business in electrical and mechanical 
appliances; and, among other things, will represent 

essrs. Hodgson, Wright, and Wood, of Halifax, and 
also the National Carbon Company.—Mesers, Umney 
and Beckett, of 46, King William-street, E.C., have been 
a mdon re tatives of Messrs. R. J. 

icholson and Co., of Macdonald’s-lane, Corporation- 
street, Manchester, who make a speciality, among other 
things, of the *‘ Ideal fa electrio-lighting sets.—Mr. 

. ©. Kelly, Assoc. Inst. C has recently been 
appointed traction engineer to the British Westinghouse 
Electric and Manufacturing Company, Limited. 








* See ENGINEERING, vol. lxxxii., page 217. 





+ Ibid., page 527 ante. 
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WINGS VERSUS AEROPLANES. 
To THE Eprror or ENGINgERING. 

Sir,— Your ee “Student,” like a number 
of others, wonders how the difficulties and d rs of 
landing an ec when travelling at 35 miles per 
hour can be avoided. 

With my patented system this is rendered a “simple 
matter on anything like smooth ground, preferably hard. 
The weight of the engine, aviator, &c., are not en on 
the aeroplane, but on a separate: framework ; this latter 
is fitted with a kind of spring “‘skies,” having wheels 
protruding their tyres just below these skies, so that they 
will run along more freely when landing ; consequently 
there is no need to break up the machine or aviator when 
— if this is constructed properly. 

he Weybridge track will make an excellent training- 
ground for aeroplanes; the dangers of experimenting 
should be very small if the aviator is careful, as there is 
no need to skim more than a few feet above the ground. 
As machines become more perfect, no doubt they will be 
able to start from and land on a comparatively small 
piece of ground by travelling in a spiral form ; but first 
of all let us learn to fly, for experientia docet. 


Yours or) 
West-bill, Wandsworth. A. V. Ros. 








“THE EFFICIENCY OF BOILER PLANT.” 
To THE EpiTor or ENGINEERING. 

S1r,—I had the pleasure of addressing a letter to you 
on January 7 last regarding the Wilkinson type of live- 
steam feed-water heater. The question then at issue was 
the possibility of supplying water at actual steam tem- 
perature, which was questioned by one of your corre- 
spondents. 

My object now in writing is to confirm the statement 
I then made—that by Mr. Wilkinson’s method feed- 
water can be delivered at the highest available tempera- 
ture, and the water space of the boiler be used ‘‘ solecy for 
evaporation,” and not for the dual purpose of heating and 
steam-raising. 

Messrs. Rowntree, of York, have since my last letter 
made independent and exhaustive tests of the Wilkinson 
heater which they have in one of their Lancashire boilers, 
and from copies of tests before me I find steam tempera- 
tures are given as 335 deg. Fahr. and 338 deg. Fahr., and 
the feed-water thermometers recorded the same tempera- 
tures. To ascertain there was no error, the thermometers 
were “| = about ; the results were the same. 

Rate of feed was 9000 lb. per hour. 

m : “umemead temperature of feed-water was 210 deg. 
abr. 

Similar results were obtained when feed-water was 
2 from hot-well, the temperature of which was 115 deg. 

‘ahr. 

I send you these particulars as I think you, and also 
many of. your readers, will be interested in them. These 
results are, however, not confined to one boiler, but are 
now the common practice in many instances where these 
feed-water heaters are in use. do not think any of 
your readers will longer doubt the fact that water can be 
delivered at the temperature of steam. 

There was another point raised by your correspondent 
which I should like to mention, and that is, the objection 
to the Wilkinson type of heater on account of the creation 
of a cold zone around it in the steam s , and the 
liability, therefore, of wet steam being delivered to the 
steam-pipe. But I think it is only necessary to consider 
the temperature of the water delivered to see that such a 
cold zone is a practical impossibility, and certainly not so 
great as the difference created in boilers by the delivery 
of water at hot-well temperatures, or even with water at 
250 deg. Fahr., which is an average temperature obtained 
from economisers. To ascertain approximately the ex- 
tent of this cold zone, I requested that a test should 
be made to obtain the temperatures of the boiler shell 
around the heater when cold water, 60 deg. Fahr., was 
being supplied. : 

Distances of 3 in., 9in., 18in., and 72 in. were taken 
along the boiler, measured from the centre of the heater. 
an greatest difference in temperature was only 3 deg. 

‘abr. 

This slight difference in temperature with cold feed 
water is not to be compared to the disparity between 
steam and water from economisers, which is usually about 
100 deg. Fahr. below steam temperature. 

Such comparatively cold feed undoubtedly causes a 
lowering of this temperature, particularly in water-tube 
boilers, which is altogether prevented by delivery of 
water at the highest available temperature. The surface 
of the water is then constantly maintained at steam 
temperature, and, consequently, drier steam is obtained 
by the use of live-steam heaters designed by Mr. 


Wilkinson. 
Yours faithfully, 
: Joun I, HAL. 
1, Durlston-road, Kingston-on-Thames, May 1, 1907. 





Tron AND Sree. Instirvre. AutuMN Mgetine.— The 
Council has aceepted an invitation to hold the Autumn 
Meeting of .the Institute in Vienna on September 23, 24, 
and 25. After the kage s | there will be alternative 
a 4 Daren Nae meee a < the 

rague Tron ustry pany and t ustrian i 
Mining Company res: ively. An invitation hoe ales 
been recei from Witkowitz Mining and Iron- 
Works Company to visit their works. Remembering the 
great benefits derived from the highly successful meeti 
in the Austrian capital twenty-five years ago, the Counci 
look forward with confidence to a renewal of past experi- 
ence. d 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS, 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
Makcu, 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 lb. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Rin plates are per box of I.C. sokes. 
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Conrracts.—We understand that the Paterson —_ | Rerorn or Vessers Toratty Lost, ConpEMNeD, &c. 
neering a Limited, Amberley House, Norfolk-|—lLloyd’s Return, showing the losses of the various 
street, S , W.C., have received orders for a water- merchant fleets during the quarter ending December 
softener and quartz-sand filter of 6000 gallons per hour indicates that 194 ships, of 183,584 tons, were lost 
capacity for the City and South London Railway, a grease- | through misadventure, including 70 steamers, of 103,899 
eliminator of 6000 gallons per hour capacity for the Sydney | Some, and 124 sailing ships, of 79,685 tons. This is 
Electricity Works, Australia, and other plants, such as| rather fewer than usual. More than half the losses 
a &c., for the ae ae Woolwich, |are due to wrecks, and the other causes include the 
the London and North-Western 7 my ag, &c.— | loss of 15 vessels by collision, 14 small ships by foun- 
Among recent contracts with Messrs. Ed. Bennis | dering, 8 by fire, and 19 by abandonment at sea. 
and Co., Little Hulton, Bolton, is one for eight chain- | Britain again takes a very favourable position in re- 
grate stokers for Melbourne; while another, for sixteen | spect of the percentage of tonnage lost to the tonnage 
stokers and self-cleaning compressed-air furnaces with | owned, with 0.44 cent. The other fleets range from 
conveyor, comes from Amsterdam, and is for the Gemeente | 1.50 per cent. in do eae of Norway to 0.20 per cent. i@ 
Electriciteitswerken. : the case of Spain. 
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CONCRETE-MIXER 
BY MESSRS. RANSOMES 


CONSTRUCTED 








Fic. 1 

WE illustrate on this page a concrete-mixer which 
has been very largely used in the United States for 
some years past, and is now being introduced into this 
country by the Ransome-verMehr Machinery Com- 
pany, of Caxton House, Westminster, and is being 
manufactured by Messrs. Ransomes and Rapier, 
Limited, of Ipswich. The general arrangement of 
the mixer is well shown in Fig. 1. It consists, it will 
be seen, of a sheet-steel drum mounted on rollers, 
and fitted round the rim internally with a series of 
blades. This drum is rotated by spur-gearing at 
the rate of fifteen turns per minute. The cement 
aggregate and water are fed in at the hopper shown 
protruding through the opening in the drum in 
Fig. 1; and, after mixing, the concrete is delivered 
through a similar opening at the other side, with- 
out necessitating the tilting or the stoppage of the 
machine. This convenient method of operation is 
made possible by the use of a tilting scoop, repre- 
sented on the right hand of the drum in Fig. 2. One 
end of this scoop protrudes through an opening in the 
drum end, similar to that through which the machine 
is charged. During the operation of mixing the scoop 
occupies the position indicated by the dotted lines in 
the figure, so that the concrete which is carried up by 
the rotation of the drum, in falling away from the 
a ae slides to the bottom of the drum again. 
When the mixing of the concrete is finished, the scoop 
is simply tilted to the position shown by the full lines, 
and the rotation of the drum is continued. The con- 
crete, which now falls from the top of the drum on to 
the inner end of the scoop, will then obviously be de- 
livered into a barrow or skip placed to receive it at the 
lower end of the scoop. A Ly turns of the drum will 
deliver in this manner the whole of its contents. The 
arrangement of the blades fixed round the rim of the 
drum, and which cut up and turn over the materials 
being mixed, is represented in Figs. 3,4, and 5. There 
are two sets of these blades, which cross each other at 
the centre, as indicated in Figs. 3 and 4. These carry 
up the materials with them as the drum rotates, untila 
point near the vertical through the axis of the machine 
is reached, when the mass falls away, and on reaching 
the bottom of the drum is sliced up by the blades 
there. This process of turning over and slicing the 
materials is claimed to yield a thoroughly well-mixed 
concrete. To clean the machine after use, a few 
shovelsful of stones and gravel, and a little water, 
are thrown into the mixer as it continues to revolve. 
After a few turns these are discharged, leaving the 
interior quite clean. 
_ A special feature of the machine, which is valuable 
in certain circumstances, is that it can be ui as a 
sand-washer where the available supply of sand is 
too dirty to be suitable in its original condition for 
concrete-making. In such cases the sand is filled into 
the machine, and the water supply being turned on, 
the mixer is set in rotation. The sand is thoroughly 
well shaken up with the water, which carries away 
with it in suspension the dirt, escaping through the 
Opening on the right of the machine and leaving the 
clean sand behind. Owing to the peculiar arrange- 
ment by which the mixer is discharged it is unneces- 


sary to set it at any considerable elevation above the 
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ground-level, and it will further be observed that there 
is but a very small difference in the levels of the charg- 
ing and discharge points. The gearing used for rotating 
the drum is of the simple = type, the pinion bein 
a steel casting; heavy steel belts are riveted roun 
the shell, and take the wear of the supporting rollers. 
The blading inside the drum has been aed to stand 
two years’ continuous hard wear before requiring re- 
placement, the shell itself being still in sound condition. 
When the concrete is to be used in lofty buildings 
and the like, the makers recommend the use of the hoist 
or elevator shown in Fig. 6. The framework of this 
is constructed of hewn wd mag mw by the contractor 
himself, to plans furnished by the makers of the con- 
crete plant. A winch, shown in position, is driven 





@933.C.) 


through a friction clutch by the same engine that 
drives the mixer. The latter, it will be seen, is fixed 
in front of the hoist at ground-level, and discharges 
its contents into an automatic dumping-bucket, re- 

resented in the figure at the bottom of its travel. 

his bucket is suspended in such fashion that it tends 
to tip forward into the position shown by the dotted 
lines just above the concrete bin. This tipping for- 
ward is prevented, however, till the point of discharge 
is reached by a series of lengths of planking spiked to 
the framework of the tower, against which the nose of 
the bucket rests, as indica in the figure. At the 
point where the bucket is to be tipped this planking 
is removed, and the nose, being no longer supported, 
drops, and dumps the load of the bucket into a concrete 
bin, as indicated. 








INDUSTRIAL NOTES. 

Tue thirty-first quarterly report of the General 
Federation of Trade Unions again shows considerable 
progress. In its review attention is drawn to the 
‘*unusual development of trade unionism by the 
formation of two trade-unions, and the prominence of 
a third which had only been in existence about twelve 
months, the members of which may be said to follow 
the arts and letters rather than the crafts and trades.” 
The latter refers to the ‘‘ National Union of Teachers, 
a trade union in every sense of the word.” The other 
two new trade unions are the Journalists’ and the 
Actors’ Unions. These are, indeed, three notable de- 
velopments, quite outside of the ordinary ‘‘ working 
classes”’—that is, those more particularly who are 
called ‘‘ wage-earners.” The reorganisation of the 
Labourers’ Unions, and the formation of a general 
council, is dealt with, the idea being to form a bod 
like a federation, with a central council. The methods 
of organising Governmental and municipal employés 
hitherto are deprecated as ‘‘disastrous.” The action 
of those who administer the twenty-five labour ex- 
changes in London is also deprecated, as they appear to 
object to, or ignore, that part of their constitution which 
insists upon the trade-union rates of wages. The 
report states that members of the unions of skilled 
trades have little to fear, ‘‘as no skilled workman 
worth his salt is likely to register at these exchanges ;” 
but with unskilled labour it is different. The unem- 
ployed are largely made up of men who want short 
jobs, and quick payment, rather than permanent work, 
to which they are, as a rule, unused. The casual man, 
the street-loafer, and the unskilled mostly compose 
the contingents of the unorganised unemployed. 

The record of labour disputes in the past quarter is 
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not a long one, but some disputes are noted in the engi- 
neering and kindred trades, especially those at Liver- 
pool and Hull, the object being to obtain higher rates of 
wages in consequence of a better state of trade. ‘‘ The 
most serious dispute is that in the Potteries, where the 
annual adjustment of prices was not successfully accom- 

lished, some 600 men having ceased work at the 
Feginning of the month”—that is, in March. The 
management committee of the federation deputed two 
of its members to end3avour to effect a settlement, and 
they, the report states, ‘‘are in hopes that the result 
will be satisfactory.” It is pointed out that the chief 
cause of the state of things complained of, and conse- 
quently the cause of the disputes, is the defective 
labour organisation in the Potteries trades. There are 
too many unions and there is too little real unity. This 
may well be, for the Potteries trades are broken up into 
sections, each of which seeks to protect itself, regard- 
less of the results to others. This is as bad for em- 
ployers as for workmen. In respect of membership 
an finance the report says :—‘‘ Our financial position 
continues to make gratifying progress. The income 
for the quarter amounted to 8630/. 17s. 6d. The ex- 
penditure was 3259/. 8s, 3d., leaving a balance of 
53711. 83. 9d.” The aggregate reserve fund was, at 
date, 152,141, 12s. 5d. This large balance is direct 
evidence of the infrequency of strikes, especially of 
those of a serious character. ‘This is a fact over which 
all may rejoice. The numerical strength of the Federa- 
tion also continues to expand, the total affiliated bodies 
being 115, three being added in the quarter. Such a 
body, with such a ‘‘ war-chest,” was never before known 
in the trade-union world, and so far it cannot be 
charged with having initiated aggressive strikes. 
Therein lies its strength. The special articles in this 
thirty-first report are upon ‘‘A Just Policy in Ele- 
mentary Education,” ‘‘ General Labourers’ National 
Council,” ‘‘How Labourers Should be Organised,” 
‘*Currency and Social Progress,” and a review. As 
a whole, it is a contemporaneous record of certain 
phases in the labour movement of to-day, with a keen 
eye to labour disputes as they affect the finances of the 
General Federation of Labour. 





The last report of the Boiler-Makers and Iron-Ship- 
builders is not such as to give great satisfaction, for 
there are still large numbers out ofemployment. In 
this report 3523 come under the three heads, as against 
3510 in the previous month. There was a decline in 
the number on home donation benefit, but an increase 
under the other two heads. There was a decrease on 
the sick list, but an increase of 13 on superannuation 
benefit. The aggregate on the funds was 7329; in 
previous report, 7455—decrease, 126. This does not 
indicate any large expansion of trade in this branch of 
industry. There was a net increase of 190 in mem- 
bership, after allowing for 375 run out of limits, and 
deceased. The expenses for the month were large— 
14,5587, 12s. 2d.—but the month covered five weeks’ 
branch nights, so that the total was about normal. 
The reported retirement of an official on the executive 
council through ill-health has led to a general desire 
to help him to earn a living in another sphere, and 
for this purpose a general levy of all members is pro- 

sed, the amount ranging from ld. to 3d. per mem- 
ces. The council agreed to take a vote on the ques- 
tion: 1d., 2d,, or no levy at all. Nominations and 
elections are on for delegates to the Trades Union 
Congress, the General Federation of Trades, members 
for vacant places on the executive council, and other 
delegates. These elections keep alive the interest in 
the work of the union, for there are always plenty of 
candidates for vacant posts. The candidates are allowed 
to issue their addresses in the reports, but only one 
such in any case. 





The report of the Ironfounders’ Society must be 
most encouraging reading for its members, for there 
was an all-round decrease on the funds of 301, of 
whom 94 were on donation benefit, and 138 on dispute 
benefit. There was a decrease also of 73 on sick 
benefit, and of six on superannuation. The cost of 
benefits weekly was 10007. 15s. 8d., or about 1s, 14d. 
per member per week—a high scale, after all. The 
membership was 19,295, showing an increase of 87 in 
the month. The cash balance on the month was 
1343/, 83. 2d. ; the aggregate at date was 92,847/. 11s. 
It is noted also that at the close of the quarter rent 
of rooms and salaries have to be paid, the total, 
roughly, being 600/. 





The report of the Associated Blacksmiths of Scot- 
land bears the signature of the temporary general 
secretary, owing to the retirement of Mr. John Inglis 
through age and ill-health, after a long period of official 
life as the trusted chief officer of the union. The voting 
for the permanent post will be recorded in the next 
report. As regards the state of trade, the posi- 
tion is not so good as it had been; it had declined 
in the Clyde districts, more especially in the lower 
reaches, there being an increase of unemployed in 
Greenock, Dumbarton, and Port Glasgow, also in the 
Tyne district and at Middlesbrough. It is stated that 
the enhanced prices of material have checked the flow 
of orders for new vessels, and the freights do not afford 
much encouragement to building. Still, it is said, 
‘* the tonnage on hand will carry us well through this 
year, and there is always the prospect of a turn in the 
tide.” So far the situation is favourable, and trade 
generally has not yet begun tosee the ebb tide. These 
remarks apply to the shipbuilding districts ; in the 
inland districts trade is reported to be steady and 
fair, more especially in the great engineering centres. 
There was an increase in membership, though small, 
and a balance of income over expenditure in the month. 
The capital account shows a balance to the good of 
24,8207 10s. 9d. The Glasgow Corporation has re- 
newed, or rather extended the period of, the loan of 
ae at 35 per cent. interest, and for a further loan 
of 20007. 





The Trades Union Congress Parliamentary Com- 
mittee have issued, in circular form, copies of the con- 
gress resolution at Liverpool on unemployment and 
overtime, and the three resolutions of the Caxton Hall 
Conference of March 27, signed by all the members of 
the committee. It is ho that by conferences with 
employers some mutual arrangement may be made 
waned overtime shall be limited. In the long run 
such an arrangement will generally benefit employers 
and employed ; but circumstances may arise to render 
overtime advantageous. 





The quarterly circular of the Labour Party is a 
record of proceedings, and is indicative of work in 
the near future. It gives the names and positions 
of the new executive officers, elected at the Belfast 
Conference and of those elected to represent the 
party on the joint board. Two additional candidates, 
nominated by the Boiler-Makers’ and Iron-Ship- 
builders’ Society, have received the endorsement of 
the executive committee of the party. It is noted 
that the party was doing its best for the return of 
the Labour candidate for Belfast ; but they failed to 
secure his election. Notice is given that the con- 
tributions of affiliated societies to the Parliamentary 
Fund is now raised to 2d. per member per year, and 
all such societies are reminded that early payment is 
desirable. Local conferences are being held and orga- 
nised in various constituencies to strengthen the 
Labour Party and to prepare the ground for an ex- 
tended campaign in the event of a general or local 
election. It is intimated that obstacles are being 
placed in the way of the administration of the Provi- 
sion of Meals Act, and local branches are requested to 
report all such cases to the executive. Notification is 
given of the approaching time for annual registration 
purposes, and the branches are urged to increased 
activity. Information and help are to be given as 
required. Branches are reminded that Labour mem- 
bers are required to be in their places in the House of 
Commons, and cannot, therefore, be at all times avail- 
able as speakers at public meetings. But it is stated 
they will do all they can in this respect. The Parlia- 
mentary report is an ample record of the work done in 
Parliament. Four Bills were especially allotted to be 
balloted for, and the name of the member responsible 
for the Bill is _ There is also a record of the 
introduction and progress of these and other measures ; 
also of the action taken in other matters. To this is 
added a Parliamentary diary of proceedings. The 
financial statement is full and clear = the first quarter 
of the present year. The balance in hand was 
5761. 1s, 3d.; of the Parliamentary Fund, 4905/. 7s. 





lt was a vag he to see the march of the unem- 
or from resford Square, Woolwich, to St. 
eorge’s Circus, as a demonstration against the dis- 


charges at the Woolwich Arsenal. But it must not 


/be imagined that all the men who took part in that 


'march were discharged Arsenal workers. 
The position and prospects | chance for the organisers of the unemployed, and also, 


It was a 


as regards trade are considered good ; there are no it is said, for an organisation of another character, 


signs of a decline. The advance-in-w movement 


| 


altogether political in complexion and design. But, 


continues to proceed slowly. In the Metropolis the ,in any case, the demonstration in itself was sad and 
Associated Employers have conceded an advance suggestive. The questions at issue are not new. At 


of ls. per week, and the men were negotiating with 
the non-associated employers for a similar advance. 
At Carlisle the concession of ls. per week was made 
without friction. In Liverpool and Birkenhead several 
res conceded the advance, and others were inclined 
to do so. 


At Wakefield 1s, per week was conceded, | discharges are usual. 


eriods during the last forty years there have been 
emonstrations and complaints as to discharges. Few 
have exceeded in virulence those in 1869, whea Mr. 
Childers was attacked for the discharges at Deptford 
Dockyard, as well as the Arsenal. After a war such 
In the fever of war time the 


and at Gloucester, Grantham, and Retford negotia-| works are in full swing; the war ceases, and then 
tions were going on for a like advance. 


there come reductions. As the several groups of 








Labourites in this country, as in France and Germany, 
denounce war, they must also denounce war expendi- 
ture, both before and after, a3 well as during such 
war. The procession halted at St. George’s Circus to 
avoid a breach of the Act of Parliament regarding 
processions to Parliament while sitting. But the 
Premier received a deputation sympathetically, and 
all passed off quietly. The men wanted the Govern- 
ment te manufacture other articles needed by the 
State, so as to give the engineers and other artizans 
a chance of continuance of work. The best solution 
possible was arrived at subsequently ; that is, to put 
the whole of the men on shorter tim>—five days per 
week —and thus save the situation as far as possible. 
Also, that further discharges should be in smaller 
batches. As regards shorter time, there will be no 
increase of expense, as the staff will probably 
remain the same in the event of further discharges, 
and all the establishment charges will be about the 
same. If there is to be a reduction of public expendi- 
ture, and the taxpayer needs it, economy must be 
applied somewhere. 





The position of the iron and steel trades indicates 
improvement, though the business done at last week’s 
Midland market was not great, as producers could not 
meet consumers’ wishes in the matter of prices. 
Indeed, there was a hardening tenlency, both in pig 
and finished iron. There are no stocks of the former, 
the consumption being equal to the total output. Some 
new furnaces are, it is reported, to be put in blast to 
meet the demands in the Midland districts. Matters 
were similar on the Manchester Change, representing 
the Lancashire iron trade. 





At a meeting of the Northumberland coal-owners, 
held in Newcastle on Saturday, the 27th ult, an 
advance of 3d. per day was granted to deputies, col- 
liery engine-men, and mechanics in that county’s coal- 
fields, and 4 per cent. advance to the firemen, The 
deputies and mechanics accepted the coal-owners’ offer, 
while the other bodies’ representatives agreed to report 
the offer to their constituents. 





The Miners’ Eight Hours Bill was reported to the 
House of Commons without amendment, as the Home 
Secretary contended in committee that as an inquiry 
was being held, the report of which could not be 
presented before Whitsuntide, it was better to await 
the evidence given and the Committee’s report before 
further stages in the House. He also stated that the 
Government would bring in a measure on the subject. 
On a division the proposal was only carried by 19 to 
15 votes. 





There are very few.indications of May-day demon- 
strations in the British Isles or on the Continent this 
year, if we except Paris. There it is thought that 
demonstrations will be on a large scale, and possibly 
riotous. It is said that they are being promoted by 
political bodies for political purposes, =A that indus- 
trial economics have little todo with the recent strikes 
of bakers, waiters, and others. It is difficult to find 
out the truth in these matters, as the promoters in 
such cases keep in the background. It is reported 
that 2000 Paris cooks and kitchen assistants held a 
meeting on Saturday afternoon last, at which it was 
decided to go on strike. Either the condition of the 
persons involved must be very bad, or the outbreaks 
of strikes are promoted for other causes or for other 
reasons than those stated. It is said also that indus- 
trial strife has been stirred up in Egypt in a similar 
manner. If it be so, it is a matter to be regretted and 
deplored. If labour unions are so used, they will find 
_— means will be found to control them or subdue 
them. 





A new (second) edition of ‘‘Trade-Union Law and 
Cases” is just published by Mr. Herman Cohen, in 
which the law and cases are brought up to date, This 
was rendered necessary by the Trades Disputes Act of 
last year, and by cases decided since 1900 in the higher 
courts. 





Bg.aian Biast-Furnaces.—The number of furnaces in 
blast in Belgium at the commencement of April was 
thirty-eight, as compared with thirty-six at the com- 
mencement of April, 1906. The number of furnaces out 
of blast at the commencement of April was four, as com- 
pared with five at the commencement of April, 1906. The 
total of thirty-eight, representing the number of furnaces 
in blast at the commencement of April this year, was made 
up as follows:—Charleroi group, 15; Liéze, seventeen ; 
Luxembourg, six. The production of pig in Belgium in 
March was 123,320 tons, as compared with 118,490 tons 
in March, 1906. The aggregate output for the three 
months ending March 31 this year was 350,110 tons, as 
—— with 345,280 tons in the corresponding period 
of 1 The total of 350,110 tons, representing the pro- 
duction of pig in Belgium in the first three months of 
this year, was made up as follows:—Puddling pis, 
57,200 tons; casting pig, 24,990 tons; and steel pig, 
267,920 tons. 
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| only locomotive superintendent to use that system of 
picking up water. That practice has now been copied, 
and Mr. Ramsbottom’s arrangement has been in some 
Address by the President, T. Hurry Ricuss.* eee upon by the engineers of several of 

I DesrRre first to thank you for the honour you have| The requirements of the public and competition com- 
conferred upon me by electiog me as your President. | bined have rendered it imperative that coaches of much 
When I remember that this chair has been occupied by | larger dimensions and of more luxuriant fitting and com- 
mauy of the greatest engineers who have adorned our! fort should be provided, at least upon the leading rail- 
profession, I feel impressed with the responsibility of | ways; but these great carriages, some of 35 tons weight 
endeavouring to maintain the dignity of the position. pe upwards, have enormously added to the weight per 

It is probably expected that I, as a railway man, nger to be hauled. These extrademands have made 
should have something to say upon that side of mecha- it absolutely necessary that the locomotives should be 
nical engineering, and more particularly with reference more powerful. This desideratum, however, owing to the 
to the rolling-stock and machinery used. I will touch | limited load and structure gauge on British railways, has 
only lightly upon t history. On previous occasions, | been difficult to accomplish. The limit of width and 
when the late Mr. Joseph Tomlinson and Mr. Samuel W. | height has so circumscribed the area within which every- 
Johnson were respectively presidents, they then gave | thing must be placed that the British engineer has much 
you railway practice to date, and it would therefore be| more difficulty in producing the great locomotive and 
going over ground unnecessarily if I attempted to deal | carriage of to-day than has his foreign or American 
in detail with what might now be termed, more or less, | contemporary. For this reason one sometimes regrets 
ancient history. I therefore only call attention in passing | that the 4-ft. 84-in. gauge was the one that ultimately 
to the considerable strides that have been made in the | triumphed in the battle of the gauges; but whilst saying 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


size of locomotive engines and vehicles. As all of you | 
know, the original rolling-stock of the Liverpool and 
Manchester and the Stockton and Darlington Railways, 
if existent to-day, would be looked upon as toys compared 





with our modern engines and vehicles. 
To put it briefly, the dimens‘ons of both locomotives 

















this, it must be realised that the old broad gauge was not 
an ideal one, and we are led to wish that the 5-ft. 6-in. 
gauge had been thatadopted. It would have given room, 
not only for cylinders and motion work, but would also 
have enabled journals to be lengthened without crippling 
other dimensions. 


Comparison of Old and New Locamolives. 


(Drawn to the same scale.) 


gradually tapering down to a smaller dimension at the 
leading end. This practice has been growing now for 
many years. 
_ Next there is the Belpaire fire-box, which has been 
introduced into the British locomotive now for some 
years, with more or less success, although, doubtless, this 
class of boiler requires greater care in construction, and 
somewhat greater care in management and repairs, to 
maintain and work it as economically and for as longa 
time as was the case with the older class of boiler. 
Next there is the plan of Mr. Drummond, where he uses 
cross tubes in the fire-box, and where I understand he 
succeeded in getting a considerably improved eva- 
porative duty in consequence. It must not for- 
otten, however, that many years ago some of our pre- 
ecessors used water mid-feathers and transverse tubes. 
It is true that these were of large diameter, but whether 
from the lack of experience or from the lower quality of 
material that had to be used, all those old echemes have 
passed away as being too costly to maintain and too diffi- 
cult with which to keep stock running constantly. In 
these days of high pressures, not only in the sense of 
steam pressure, but also of heavy and continuous work 
by the locomotive, it is essential that the boiler should 
be well and, as far as possible, simply made, so that its 
maintenance and treatment may be easy and economical, 
because the larger fire-grates and heating surfaces, 
together with the more rapid generation of steam at 
much higher pressure, have put upon the modern loco- 





Modern Tank Engines. 
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and rolling-stock have grown out of all comparison with 
those of the past, and the speed of trains has been enor- 
mously increased. The relative size and capacity of 
ancient and modern locomotives is well shown by the 
diagrams of the ‘‘ Rocket” and one of the latest express 
locomotives, also two recent goods locomotives, Figs. 1 to 4, 
above. The respective tractive effort of each and the rela- 
tive heating surface are given; and in the remaining 
views,} illustrating the locomotives and rolling-stock of 
the railways of Great Britain (which have teen reproduced 
from photographs, &c., kindly supplied me by my friends, 
the locomotive, carriage, and wagon superintendents), I 
am enabled to show to-day’s practice in this country. It 
will be observed from these illustrations that modern 
requirements are gradually bringing the locomotives on 
the railways generally more and more into accord with 
one another, where the work to be done is similar. 

It must be noticed that within the last few yeara alone 
the speed of trains has materially increased, the necessity 
for more rapid transport of both passenger and goods 
traffic has become much more urgent, and this tendency 
towards higher speed will without doubt be still further 
developed in the future. | 

The long-distance express traffic—namely, that of trains 
travelling for over 100 miles without a stop, has also 
during recent years considerably increased, and it might 





here be noticed that one result of these long runs, such as 
between Plymouth and London, Carlisle and London, 
York and London, Carlisle and Edinburgh, &c., has been | 
to develop the necessity of using the late Mr. John Rams- | 
bottom’s water-trough method. He, I believed, first | 
introduced that appliance, and was for a long time the | 


ee a Ln eee a aie 





* Delivered on Thursday, April 25, 1907. 
_ | We regret that want of space prevents us reproduc- | 
ing the seventy-six illustrations here referred to. | 
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A word of regret I must express—that the fine old 
single-driving-wheeled locomotive has to be ae 
The excellent engines of this type on the Great Western, 
Great Northern, London and North Western, Midland, 
and other railways in the country, did admirable work so 
long as the trains they were required to haul did not 
exceed their tractive capacity, but the day seems to have 
arrived when sufficient adhesion cannot be obtained on 
one pair of wheels to utilise the increased tractive capacity 
of the modern Iccomotive, with the result that two or 
more pairs of wheels have now to be coupled to utilise 
the power produced. There is one other feature of the 
modern locomotive—namely, instead of using the large 
wheels, which were favourites in practice of thirty years 
ago, a smaller wheel is more frequently used, and greater 
care taken in balancing to avoid undue oscillation. 

As the result of the ever-increasing demands made upon 
the locomotive, and owing to the limited dimensions 
within which enlargement may be made, the design of 
the boiler has been brought very prominently under con- 
sideration. With the increased steam pressure used 
to day, it follows that a much larger fire-box and much 
greater heating surface are imperative. In connection 
therewith numbers of devices and experiments have been 
tried with more or less success. I do not, however, pro- 
pose here to criticise the work of avy designer, but 
merely to mention the fact that these devices bave been 
brought into existence. This ome of the subject has been 
so fully dealt with in Mr. Churchward’s paper* that I 
could not in the space I have available attempt to do 

ual justice to it. ; ; 

‘irst, there is the cone boiler, with the large fire- 
box, having a large space round the box and above the 


| crown, so as to give plenty of steam space, the barrel 





* See ENGINEERING, vol. lxxxi., page 258, 


| motive boiler much extra stress compared with the older 


type. 

"Whilst upon the question of boilers, what is forced upon 
the attention is the necessity for a purer supply of water. 
Many railways have adopted some plan for the softening 
of the water used in their locomotives; this, no doubt, 
has assisted to prolong the life of the boiler, and to make 
some economy in the consumption of fuel; but there is 
still a good deal to be done in goemees a better result, 
particularly in reducing the cost of purifying the water. 

Before leaving the subject of the locomotive, I should 
like to touch lightly upon the compound type. As is 
well known, many efforts have been made, with more 
or leas success, to introduce compounding, but there 
does seem one requirement that has not been fully accom- 
plished—namely, to get full effect out of the steam. It 
would appear that this might be improved if some method 
|of condensation could be applied, and I cannot help 
thinking that with the facilities now existing on many 
| railways for picking up water, it might be possible to 
| apply a condenser, and so assist in front of the piston by 
obtatain at least a partial vacuum, and then pumping 
the condensed steam back into the boiler at high tem- 
perature. : 

To mention some of the small improvements placed 
upon locomotives of later years, the cab is now almost 
universally used. All gauge-glasses are covered and pro- 
tected from causing injury to the men, and water-gauges 
are placed u tenders or other tanks to save the men 
from risks, which used to exist in their having to leave 
the foot-plate, when the locomotive was running, to 
ascertain the condition of their water-supply. Power- 
brakes are now almost universal upon locomotives, and 
| therefore the men have much better contro] of their 
| engines and trains, : 

will now refer to the carriage stock. There are 
ill remember the intro- 





| 
| some of us, at any rate, who w 
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duction of the Pullman cars; it took a long time for the 
British public to accept them, but since those days, an 
more particularly in recent years, a large number of the 
railways have built coaches more or less upon the line of 
the Pullman, and in some cases have improved upon it. _ 

One cannot help feeling struck at the great increase in 
the space allow r passenger to-day when compared 
with that allowed in the early years of railways. Not 
only is this true of the first and second-class carriages, 
but it is also equally true of the third-class ; indeed, the 
accommodation now provided for the latter is quite equal 
to the first-class of years ago, besides which, in more 
recent years, the dining and sleeping cars, also lavatory, 
lighting, and heating conveniences, have materially con- 
tributed to increase the weight of the train ; although it 
cannot be denied that these improvements add greatly to 
comfort, 

I — already referred » oe ie - the amount 
hauled per r carried ; that weight has increased 
from a little over 2.3 cwt. to as much, in some cases, as 
30 cwt. per passenger; but not om Ry the seating 
accommodation allowed per passenger been increased, but 
the seating accommodation provided per train has also 
énormously inc compared with the number of 
passengers actually carried. There is no doubt that great 
waste is being constantly incurred in the hauling of 
vehicles, a large percentage of the seats of which are 
empty for a considerable portion of the journey. I do 
not blame the managers in all cases, because the public 
are continually demanding more room and better accom- 
modation, forgetting, or otherwise ignoring the fact, that 
to let one passenger have a compartment to himself or 
herself, as the case may be, is most unreasonable, as in 
many cases only a single mger is carried where at 
least six ought to occupy the compartment. This fact is 
one of serious import to the dividend-earning of the rail- 
ways, and if it could be remedied, so that the carri 
hauled were better filled in proportion to their seating 
accommodation, it would be an enormous advantage to 
the railway companies, and, I cannot help thinking, no 
serious loss to the public. 

Very much of what I have said in reference to pas- 
senger stock is equally true in reference to stock for 
goods traffic. Although a large percentage of the goods 
wagons of the railway companies are built to carry 8 and 
10 tons, the average weight carried by these vehicles 
rarely exceeds 2 tons, and therefore if it were possible to 
put the load of a train into the wagons capable of 
carrying the weight, the load to be hauled would be 
reduced by at least 50 per cent. through the saving in tare 
weight. This is a matter that, in the interests of the 
country at large, should surely have better attention. It 
is often urged that still larger wagons should be used in 
England, and that the practice on the British railways 
should be brought more closely into line with that of the 
American, It must not be forgotten, however, that a 
large Epaeentine of the traffic over the latter railways is 
carried for much longer distances than is the case in this 
country, and, further, that the load per vehicleis very much 
higher than is the case here. It is, moreover, also a fact 
that quite recently a strong effort has been initiated by 
those in charge of the American lines to stop what the 
realise as the enormous waste of vehicles compared with 
the loads carried, and I understand this matter is now 
receiving, and will receive, much better attention by them 
than has been the case in = years. 

As to the use of the larger wagon in this country, 
there are practically few classes of traffic they are at 
all suitable for; those they may be useful in dealing 
with may be summed up in five or six items: coal, 
iron ore, rails, stone, and some few other heavy com- 
modities of the kind. But it must still be remembered 
that even with the coal a large amount of the traffic of 
this country is required in comparatively small lots of 
10 tons and below, because the wants of the purchasers 
do not exceed these quantities, and to send a 30 or 40- 
ton wagon carrying 10 tons or less is too wasteful. Even 
for shipment traffic, a large number of ships, particularly 
in the coasting trade, take small cargoes, and to be un- 
able to divide 50 or 60 tons into smaller lots for complet- 
ing a cargo would be highly inconvenient, particularly 
so when coal is sent from the colliery and not consigned 
to a particular ship. Where the traffic, however, is re- 
= in large quantities and the points of loading and 

ischarging are nearly constant, the large wagons are 
desirable, and are certainly being used in this country 
wherever a suitable place can be found for them. 

In wagon stock some efforts have been made to intro- 
duce into this country automatic couplings, but not, so 
far, with much success. Kither-side brakes have also been 
devised with more or less success, and roller bearings are 
being tried to a limited extent on some wagons. Specifi- 
cations have been agreed to and by the railway 
companies for wagons of 10, 12, 15, 20, 30, 40, and 56 tons 
capacity. 

There is only one other matter which perhaps calls 
for any remarks from me as to railway traffic, and that 
is the development of railway steam motor-cars, A 
pees deal of controversy has arisen over this type, and 

ving had some experience of it, I say that for sparsely- 
peed districts, and, indeed, for close traffic on short 

istances, I look upon these self-contained cars as 
eminently successful; but when they are used to take 
trailer-cars, and are, in fact, converted into ‘‘ mixed” 
trains, then I think their advantages very soon dis- 
appear. Under such circumstances the method which 


is being adopted on the London and South-Western 


and London, Brighton, and South Coast, and some of 
the other railways, including the Taff Vale, of fitting 
carriages that can be attached to an o loco- 


motive, and by which arrangement that locomotive can 
be driven from the leading end of the carriage when it 
is being pushed in front, is the better method of dealing 





with mixed traffic. I make these very few remarks 


d | about motors, as recently I had the pleasure, conjointly 


with another member, of submitting a paper* upon this 
subject to the Institution, and therefore I think it is 
probably not necessary to elaborate what was then said. 

It would not be right if I were to dismiss the subject 
of railway traction without at least touching lightly 
upon the question of electrical traction. Here similar 
questions arise 4s in the case of steam-cars; electricity 
may be in the same way abused if not used properly. In 
the case of passenger traffic there can be no doubt that 
for frequent trains, for not too long distances, and for 
frequent stops and high speeds, electricity is extremely 
woeful and ds Ce lity of electrical for good 

As the utility of electrical traction for 8 
and mineral traffic, I cannot help believing that those of 
our members dealing with this problem wil] find it worth 
consideration in the highest degree to solve the question 
of regenerative control. There are, for instance, in South 
Wales, and many of the mining districts, cases where the 
loaded wagons come down hill and the empties have to 
be taken up. If it were possible to use the gravity and 
momentum of the down train to generate current for the 
up traffic, and that at a reasonable cost, then it ought to 
make an enormous difference in the ibilities of electric 
traction for such pur Why should not the slowing 
and stopping of trains be done by retardation of the 
electric motor instead of by brake-blocks, and this force 
returned electrically to the generating station for other 
use? When I have spoken of this to electrical engineers 
I have been met by the reply that they can use electric 
brakes. But where is there a safe one, and where is the 
saving unless the retardation creates current that can be 
ahah absorbed elsewhere ? 

As having a good deal to do with dock working, I feel 
I must have a few words to say on that branch of 
mechanical engineering. I am here, again, a little 
reluctant to go into many details, because at the last 
Cardiff meeting I had the gee conjointly with 
another member, of ae = e aoe one _ 
of a group of papers ing with coal-shipping appli- 
aaeen ate the decks of the Bristol Channel. Touunaed 
to the consideration of engineers, more particularly those 
engaged on hydraulic work, the necessity of providing 
for greater speed in future in the movements of machinery 
of all kinds. I have learnt by experience that one of the 
troubles of the older installations is due to the fact that 
when the high-pressure and return mains were put down, 
quite sufficient consideration was not given to the neces- 
sity for making the area of the mains large enough to 
keep down the speed of the water passing through them, 
and by this means bringing the high-pressure water 
as freely as possible to the point of use. In exactly the 
same way, where return mains are necessary, they should 
always be provided of ample size. The reply is, of course 
—cost. That is true, but the free flow of water to where 
it is wanted, and the free return to where it has to be re- 
pumped, will make a material difference in the cost of 
pumping-engines and the wear and tear of the plant gene- 
rally, and more particularly the speed and satisfaction 
with which such plant can be used. 

It has often been said, and truly, that for certain work, 
such as cranes, where the load is not constant, electricity 
is best suited. I agree, but for tips where the load is 
very closely a regular quantity, and where steady and 
reliable working, and no failures, are essential, then hy- 
draulic power appears to me to be the most reliable, and 
therefore the most desirable. It is also more safely 
managed by the ordinary workman, who should, wher- 
ever ible, be relieved from the charge of anything 
like delicate machinery, as that wants more care than 
he will give unless specially educated to thé work. As 
time goes on, so it becomes more and more necessary to 
economise it and to do everything faster ; therefore larger 
loads at much greater speeds must be dealt with by those 
who desire to keep in the front rank, and this fact must 
be for ever before them. 

We should not forget what is due to the engineers who 
have done so much to develop road motors. These 
vehicles have no doubt come to stay, but I believe 
there are two weaknesses which require amendment— 
namely, the method of carrying them on their springs, 
and the question of side-slip. The former, I conceive, 
will not be satisfactorily dealt with until more satisfac- 
tory tyres and = ge are used. Such improvements 
should materially uce the cost of repairs and save 
many accidents. These remarks equally apply to the 
passenger as well as the merchandise vehicle ; and when 
these have been still further perfected, as I believe they 
rapidly will, both the internal-combustion and steam 
engines will make these cars dangerous rivals to the 
present street tramways, and I think within twenty years 
will have superseded them. 

The efforts of the Railway Clearing House Committee 
have been directed for a long time towards improving the 
rolling-stock of this country in the interests of public 
safety, and the Engineering Standards Committee is also 
doing a most useful work (which I submit should be to 
the benefit of every section of engineering) in arranging 
standard sections and dimensions over a large field of the 
ane of the members of our profession and the 
public generally, and every assistance should, I think, be 

iven by us to make their labours useful to the fullest 


ft would not be right to forget the services of the engi- 
neers who have designed the modern workshop tools and 
appliances, hydraulic, pneumatic, and electrical, which 
have so largely assisted in making the manufacture of all 
—* our workshops so mueh more easy and econo- 
mical. To mechanical engineers, of course, is due the 





* See ENGINEERING, vol. lxxxii., page 264. 
+ Ibid., vol. lxxxii., page 152. 














credit for improved facilities of transit by land and sea, as 
well as the cheapening of production of almost all the 
commodities which we use. 

I should not be satisfied to close this address without 
saying something on the question of the technical educa- 
tion of engineers. Having been closely connected with 
technical education for a long period of years, I am 
always anxious to impress upon our young friends parti- 
cularly the necessity of combining a thorough and sound 
theoretical knowle: with an equally sound practical 
training asa mechanic. I hold that noamount of purely 
theoretical knowledge can make a thoroughly satisfactory 
engineer unless he has a sound knowledge of the tech- 
nical details of work in the workshops; and I advise 
every young engineer, if he intends to > an ‘‘ engineer ” 
at all, and a “mechanical engineer” in particular, to 
acquire a thorough workshop training, coupled with 
study ia theoretical work, and after his mechanical work 
is finished to take a thorough course of theoretical instruc- 
tion in one of the technical coli Diligent and sound 
work in these two branches should make any man-with 
reasonable ability a useful member of the profession, and 
one who could certainly make himself useful to any em- 
ployer. Under such circumstances, intelligence and dili- 
gence in his work must ensure success. It is the half- 
educated man in either one section or the other who finds 
a difficulty of progress. There is an old saying, which is 
a very true one, and nowhere more true than in the pro- 
fession of a mechanical engineer, ‘‘There is plenty of room 
on the top.” Education, ability, and practical training 
and industry will ensure success, and I advise the younger 
members of our profession to read with care the presi- 
dential address* of our Past-President, Mr. William H. 
Maw. I believe that those who give zealous attention to 
what he has said need not fear for their future, and no 
man with the attributes I have named will ever regret 
having entered the profession to which we are all proud 
to belong. 








DESIGN AND ARRANGEMENT OF 
STEAM-TURBINES.t+ 
By Ernest N. JANsEN, Member. 
Tue Curtis System. 


Apart from the turbines and their action, machinery 
installations with Curtis steam-turbines for propelling 
purposes differ from Parsons principally in the division of 
the total power transmitted to the propellers. As now 
constructed, turbine arrangements of the Parsons type 
consist generally of three units, often of four, but rarely 
of two, this latter arrangement having been used in only 
one instance, so far as is known—namely, in that of the 
Narcissus, a steam-yacht of small power. With the Curtis 
type the prevailing practice comprises the regular twin- 
screw system, with two turbines and two shafts (see Figs. 
1 and 2, page 597). Where the power needed is small, as in 
steam launches, a single shaft driven by one turbine is most 
suitable. Arrangements of three or four shafts with an 
equal number of turbines have not as yet been proposed, 
the reason for which may be attributed to certain inherent 
features in this type of turbine, rendering a twin arrange- 
ment more desirable. Enhanced cost and excess in weight, 
as well as in space over the present system, would perhaps 
also follow. Each turbine being entirely self-contained, 
or, in other words, having within a single casing the parts 
corresponding to the high-pressure and low-pressure tur- 
bines, as well as reversing turbines of the Parsons system, 
would, with a multiple-shaft arrangement, properly 
require independent condensers, air-pumps, and circu- 
lating pumps for each unit, and therefore considerably 
add to the number of auxiliaries. In very large installa- 
tions, however, such as in the Mauretania and Lusitania, 
where the auxiliary units, on account of the extraordinary 

wer, in any event have to be divided up, it is not pro- 
Pable any great difference between the two systems as to 
auxiliaries would appear, other things being equal. 

Principal exterior dimensionsof the turbineare primarily 
influenced by the speed of revolutions partly determined 
by the propeller, therefore indirectly by horse-power and 
8 addi Initial steam pressure and the pressure at 
the condenser do, in a measure, determine the length, 
but are of greater moment with respect to internal dimen- 
sions. 

The following dimensions will explain the saving in 
space effected by the adoption of the turbine :— 


TURBINE. 

120 In., 7-Stage. 350 Revolutions per Minute. 
Length over all, casing ... .. 16 ft. 22 in. 
Width over all, casing ... ee 
Height over all... we 12 ,, 6 a 
C to C, main bearings ... 18 ,, ae 
Weight ‘ Ja bea 102 tons 

ENGINE. 
32}-In. by 53-In. by 61-In. by 61-In. by 48-In. Stroke. 
120 Revolutions per Minute. 

Length over all, cylinders . 33 ft. 64 in. 
Width over all, cylinders 7 
} . , oe a 21,9 
C to C, end bearings [re 
Weight... ve 153 tons 


The usual pressure empluyed at the turbine inlet is 
about 265 lb. absolute, but may be almost any reasonable 
quantity within practicable limits of boiler and steam- 
pipe constructions. It must be remembered that with 
this type of turbine the pressures are confined initially 
within small nozzles, and that the casing receives the 





* See ENGINEERING, vol. Ixxi., pages 557 and 587. | 
+ Abstracted from the Journal of the American 
Society of Naval Architects. 
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steam after it has been expanded. The vacuum should 
be as high as possible—28 in. to 29 in. being aimed at, 
and the former, at least, is readily obtained. In this 
connection it is interesting to point out that a vacuum as 
high as 28 in. is obtained in marine turbine arrangements 
with an air-pump capacity less than that réquired for 
reciprocating engines running with 27 in., and this with- 
out additional apparatus either in form of ‘‘augmentors” 
or dry-vacuum pumps. The reason is plainly to be found 
in the steam-packed glands in the turbine, therefore fewer 
air-leaks. Condensers of large surface, together with a 
considerable amount of cooling water, are invariably 
required to adequately condense the steam. As an 
instance may be cited, a large ocean-going turbine steamer 
now running equipped with both dry and wet air-pumps, 
maintaining a steady vacuum of 28} in., with the latter 
alone in operation, the dry pump baving no function 
except its presence. The condensers, however, are large, 
having about 1.6 square feet of cooling surface per equi- 
valent indicated horse-power. 


THE TURBINE. 

Description.—The Curtis marine turbine was developed 
from the stationary type of turbine, and contains all the 
essential features of that type. The first marine turbine 
built of the Curtis typé was for the yacht Revolution, of 
about 2000 horse-power, distributed on two shafts, each 
with one propeller. Each turbine had then only two 
ahead stages and one reversing stage arranged on the 
outer rim of the low-pressure rotor. The present marine 
turbine consists of seven ahead stages and two for back- 
ing, the rotors for each being all independently attached 





stage at L, the exhaust-nozzle for both being at M. Of 
the nozzles, those in the first stage, both ahead and back- 
ing, are expanding; all the others are parallel. The rotor- 
shaft rests in the bearings N, and revolves in oil under 
ny Steam leakage outward through the stuffing- 
xes (or air leakage inwards) is brought toa minimum by 
connecting the annular spaces, between the carbon pack- 
ing rings of the gland, to some intermediary stage where 
the = is only slightly above the atmosphere. 
The steam velocities through the nozzles in the various 
are so arranged as to allot one-quarter of the total 
energy in the steam to the first stage and one-eighth to 
each of the other six. This is done to obviate an unde- 
sirably high shell pressure in the first stage, in which 
otherwise both the bursting and distorting stress would 
act detrimentally on the large shell area. Losses on 
account of the high frictional resistance, which occurs 
when a fast rotating disc revolves in dense steam, are also 
thereby materially lessened. To illustrate the workin 
conditions of a turbine of this kind, the data in Table I. 


are given, which are supposed to answer to a turbine 
dev —. about 1200 horse-power. The pressures put 
down in the third column, which are the stage pressures, 


convey clearly the situation. For any other turbine of dif- 
ferent power, but working under similar conditions, the 
corresponding pressures will, of course, be nearly the same. 
The first-stage nozzles have each a separately-operated 
disc valve for shutting off or opening to steam. All of 
the other stages are furnished with slide valves, by means 
| of which a certain number of their nozzles can be closed. 
| The steam flow through the turbine — accordingly be 
' regulated to correspond with an amount of steam required 
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on the spindle or main shaft. The general construction, 
as well as principal details, may be unders' by the 
description following, and by reference to Figs. 3 and 4, 
representing a marine turbine of about 3500 brake horse- 
power running at 475 revolutions per minute. 

The term ‘“‘stage” implies the space within two dia- 
phragms, containing rotating and stationary vanes and a 
set of nozzles. The casing (A), made of cast iron, is built 
up of several sections of semi-cylinders bolted together, 
the upper half being secured to the lower by longitudinal 
flanges. Dished heads (B), in one casting, are bol to 
the ends of the cylinder and contain the shaft stuffing- 
boxes (C). The packing in these stuffing-boxes consists 
of double sectional rings of pure carbon, the space be- 
tween being ciamsanaed. The main shaft (D) is of 
wrought steel and hollow, necessarily of a large diameter 
to secure rigidity. The rotors (E) are built up of cast 
hubs, forged rims, and boiler-plate sides riveted and 
screwed. The diaphragms (F) consist of cast or dished 
plates riveted to steel rings, the inner of which has a 
composition boss, within which the rotor hub revolves, 
the outer one, a dovetailed extension, fitting a groove in 
the casing, which holds each diaphragm in position. They 
are made in one piece, as there exists no need for removal; 
the upper casing, however, can be lifted up by disconnect- 
ing the flanges. The blading for each stage is made up 
of stationary vanes (G) and rotating vanes(H), the former 
in grooves of sectional attachments screwed to the inside 
of the casing, the latter in grooves of the rotor rim. The 
vanes are not, as in most other turbines, inserted and 
fastened independently or individually, but are made up 
in blade segments from 10 in. to 12 in. long. consisting of 
& foundation-ring, the vanes, and a shroud band, all cast 
together (see Fig. 5). When the vanes are short they 
may be milled out of the solid, but are usually built up as 
described, the vane itself being extruded from blooms of 
& special composition. The bodies (I) containing the 
nozzles are secured to the casing at each stage, and con- 
sist of a casting with apertures separated by properly 
formed nickel-steel plates cast in the body. The steam 
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for any desired horse-power, and the functions of these 
valves thus bear the same relation to an economical varia- 
tion of the power as do cruising turbines with the Parsons 
system. Regulating valves as described are necessary on 
turbines for naval ships cruising the greater part of 
their time at low power. For ordinary service the regu- 
lation may be accomplished by the throttle, and tho:e 
valves are, therefore, limited on mercantile turbines. 
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Besides the independently-operated stage valves, pres- 
sure-gauges are loca’ on the shell to ascertain the 
pressure within each stage. A drain-valve connects each 
stage in such a way as to lead the drain from a preceding 
stage direct into the next following and successively into 
the exhaust cavity, at which point a connection is made 
with the condenser. 

olay gan Be apenas eo with Curtis 
turbines for propelling purposes of large power, as men- 
tioned before, are arranged for two shafts in the ordinary 
way (see Figs. 1 and 2). The disposition of the auxiliary 
machinery is, in general, also similar to that of arrangements 
with reciprocating engines. Two separate steam inlets 





inlet for the ahead stage is at K, and for the backing 


are, however, required, one for ahead the other for back- 


ing, the pipes of which, with their throttle valves, con. 
nect to the nozzle bowls of the first stage. As there exists 
only slight end thrust on the rotor from uneven steam 
balance on the vanes within the cylinder, nearly all of 
the propeller thrust must be provided for in the usual 
manner, in form of a thrust-block, which is placed either 
forward or aft. The vane clearances being comparatively 
liberal all round, and there being an absence of dummy 
pistons with their close settings, renders micrometer ad- 
justments in the thrust-block entirely unnecessary. 
Gauges are, however, provided at the front and back of 
the turbine to enable the precise location of the rotor, 
with reference to the stationary parts, being determined. 

The real difficulty when ape | out in designing a 
steam-turbine centres around the ability to determine the 
efficiency, or, in other words, to closely approximate the 
pounds of steam needed per horse-power for given con- 
ditions of pressure at entrance and exhaust and defined 
stipulations as to the quality of the steam. To do this in 
any turbine, and especially in turbines of the impulse 
type, like the Curtis or the De Laval, it is necessary to 
base one’s assumptions on data secured in tests or by 
actual experiments. Such tests have been performed most 
carefully with the present seven-stage Curtis marine type. 
An average result of such tests justifies us in assuming a 
steam consumption of 14 1b. per brake horse-power, using 
dry saturated steam at an initial pressure of Ib. abso- 
lute and a vacuum of 28 in., the rotor vane speed at the 
same time to be approximately between 180 ft. and 
190 ft. per second, and the allotment of power, as pre- 
viously stated, among the seven stages. 

With the use of superheated steam, for which this type 
of turbine is particularly well adapted, the consumption 
will undoubtedly be considerably lowered, down to 
13 1b. or better, which has been amply verified in various 
stationary turbine plants. 

Action.—The Curtis marine turbine is of the compound- 
impulse type. The steam expands in seven sets of 
nozzles or pressure stages successively from the initial 
pressure to that of the exhaust. The first pressure stage, 
as has been mentioned, develops one-fourth the total 
energy, the other six each one-eighth. The jet energy is 
transformed into work by impulse on the moving dircs, 
which, according to the jet velocity used, are arranged 
in from three to four velocity stages. etficiency 
demands that certain proportions of steam and bucket 
velocity be observed throughout the turbine. 

The steam action is essentially as follows :—After ex- 
pansion in the nozzles of the first stage, the steam 
issues in solid jets against the first row of moving buckets, 
which absorb a yw! of the jet energy, and, after passing 
through the said buckets, meets the first row of stationary 
vanes. The purpose of these vanes is to guide the steam 
into the second row of moving buckets, which in their 
turn take up another portion of the kinetic energy still 
possessed by the fast-flowing steam, at the same time 
diverting it into the second row of stationary buckets, 
which deflect the steam on the third row of moving 
buckets, where, again, more of the energy is taken up. 
In the first stage, where the initial nozzle velocity is con- 
siderably higher than in any subsequent stage, this opera- 
tion is again repeated in a third stationary row and a 
fourth cate | row, the remaining energy after that 
being too small to warrant additional buckets. The pres- 
sure at the outlet end of the nozzles is brought down to 
the pressure within each stage by slight expansion in the 
various rows of buckets, the volume of the steam corre- 
sponding to successive pressures. However, due to the 
fact that the velocity of the steam is gradually diminished 
by the continuous absorption of energy, the passages 
traversed by the steam must be enlarged. This is pro- 
vided for by lengthening the buckets as well as by in- 
creasing the vane angles in each succeeding row. 

After leaving the last row of moving buckets in each 
stage, the steam attains partial rest before it enters the 
nozzles of the next stage, in a manner similar to that 
which occurs between each “expansion” of a Parsons 
turbine. On entering the nozzles of the second stage the 
steam again expands, whereby new velocity is given, and 
now acts in the various rows of buckets of that st»ge 
exactly as it did in the first stage, and so on right through 
all of the seven stages of the turbine. There is this dif- 
ference, however—that owing to the nozzle velocity being 
very much less in the stages succeeding the first, three 
moving and two stationary rows will suffice there, instead 
of respectigely four and three of the first stage. The 
number and size of the nozzles in the different stages 
must obviously conform to the velocity and the volume 
of the steam as aresult of expansion through the turbine. 
Due to this fact we find the nozzles circumscribing only a 
small are in the first stage, gradually increasing in the 
following, until, in the last stage, the entire circle is com- 
pletely filled with nozzles. This‘latter condition, how- 
ever, is governed wholly by the power in comparison 
with the rotor diameter. 

Since in a revolving wheel of an impulse turbine the 
steam velocity is reduced by an amount equal to twice 
the wheel velocity for maximum efficiency, a single wheel 
per stage must revolve at one-half the steam velocity, 
two wheels per stage at one-quarter steam velocity, &c. 
The use of several wheels per stage, therefore, is a more 
effective means of reducing the rotor speed—or inversely, 
at given rotor speed, reducing the total number of re- 
volving wheels—than the use of several ex jon steps. 
A two-wheel stage can take care of twice the steam velo- 
city—that is, four times the steam energy—of a single- 
wheel stage, and therefore replaces four single-wheel 
stages; or, in other words, the speed reduction of the 
rotor is proportional to the number of wheela per stage— 
that is, the number of velocity steps; on the other hand, 
it is proportional to the square root of the number of 
stages—that is, number of oe steps. ; 
he simultaneous use of pressure steps, or expansion 
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THE CURTIS MARINE STEAM-TURBINE. 
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stages, and velocity steps, or number of wheels per stage, 
therefore leads to a construction requiring a compara- 
tively small total number of wheels, as carried out in the 
Curtis type of turbine. 

Actual experiments with turbines of this type (with, 
however, only three —— rings of buckets in the 
firat stage, and developing only about 1200 horse-power) 
— demonstrated that 141b, are needed per horse- power 
nour. 

Referring to Table I., 1t will be noticed that the nozzle 
end pressure is higher than the shell pressure. In 
traversing the vane path a drop of pressure must there- 
fore occur. The expansion taking place between the rows 
will in all likelihood somewhat mitigate the effect of 
friction and slightly increase the velocities. A difference 
of pressure on each side of the vanes over an arc covered 
by the stationary buckets does set in at the same time, 
whereby a slight end —— on the rotor, opposite in 
direction to the propeller thrust, is exerted. 

Application.—Up to date no actual trials have been 
performed with the multiple-stage marine turbine of the 
modern Curtis type. A numer of such turbines, how- 


ever, are now under construction, both for mercantile and 
| do not exist in the impulse marine turbine, and a source | 


naval purposes, most of which are now in a state of com- 
pletion, such that early trials are anticipated. Among 
those alluded to the following are of particular interest :— 

United States scout cruiser Salem, of 16,000 horse- 
power, to make 24 knots with the propellers revolving at 
350 turns per minute. 

The Southern Pacific mail steamer Creole, of 17 knots 
and 8000 horse-power, and a propeller speed of 235 revolu- 
tions. 

Two sets of two units, each of about 25,000 horse-power 
combined, for the Japanese Navy. 

A naval launch of about 250 horse-power. 

All of the foregoing are being built by the Fore River 
Shipbuilding Company, of Quincy, Mass. ‘ 

The Hamburg-American liner Kaiser, equipped with 
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| Curtis turbines of a type acopted by the Allgemeine 
Electricitiits Gesellschaft, of Berlin, has been in com- 
mission for some time, and is giving, it is believed, 
general satisfaction. Her turbines consist, in the high- 
pressure zone, of five pressure stages, each with about 
three moving rows of buckets, while in the low-pressure 
zone there are some twenty pressure stages, each with a 
velocity stage or moving row. The reversing end of the 
turbine, figured for 50 per cent. of the full power, contains 
two pressure stages, each of which has three rows of 
moving buckets. 

The following items are especially interesting with 
respect to the impulse type of turbine in comparison with 
the compound reaction type :— 

1. For a given bucket speed and pressure range the 
number of vane rows is considerably less in the former 
than in the latter. 

2. The steam expansion being executed in nozzles 
renders possible the use of high initial pressures, as wel] 
as superheat, without affecting detrimentally the turbine- 
cylinder from excessive stress, or the vane system from 
distortion incidental to superheat. 

3. Apart from throttle-valve regulation, the steam 
supply may be varied to suit any degree of power to be 
developed by the turbine, by shut-off valves on the 
nozzles, eliminating thereby the necessity for separate 
cruising turbines as now usually arranged for in warships. 

4. Large clearances are u in the Curtis marine tur- 





bine at both side and end of blades, thus minimising the 





danger of fouling of buckets from displacement of shaft | 
or vibratory influences. 


| 
5. Balance or dummy-pistons, to equalise end pressure, | _ 


| of loss, as well as the necessity for delicate adjustment, | 
is eliminated. 
| 6. For the same total power propeller diameters are 
larger in twin-screw ships fitted with Curtis turbines than 
|} in vessels of triple or quadruple screws with Parsons 
| turbines. The capasitg ter manceuvring is increased by 
using larger propellers, and by making available all of 
| the blade area, against the two-thirds to one-half provided 
| for in turbine ships of latter screw arrangement. Backing 
| turbines are, however, fitted on each shaft in quadruple- 
| screw arrangements of naval ships. 
| It is needless to say that the trials of the Curtis 
marine turbine will be watched with keen interest, and, 
if the performance may be prejudged, success is predicted. 





5. 


Economy, natural advantage in application, and saving 
of weight and space should render this type of turbine 
especially serviceable. 








SPITzBERGEN Coat.—Northumberland collieries have 
now to face the competition of the coal-fields of Spitz- 
bergen, as two companies have opened out mines at 
Advent Bay. The two companies intend to compete for 
Archangel and North Norway trade. The quality of the 
Spitzbergen coal is said to be good, and similar to the 
best Northumberland. The thickness of the seams ranges 
from 5 ft. to7 ft. ; and as the coal is found only a few 
feet under the surface, the working expenses are com- 
paratively low. 





CoTLERY.—The exports of cutlery from the United 
Kingdom have shown very little variation this year ; — 
were valued in March at 57,787/.. as compared with 
56,1397. in March, 1906, and 57,4597. in March, 1905; 
while in the three months ending March 31, this year, 
they attained an aggregate of 164,757/., as compared with 
159, 3947. and 159,388/. in the corresponding periods of 1906 
and 1905 respectively. The colonial demand for British 
cutlery accounts for nearly half the whole exports, as will 
be seen from the following statement illustrating the ship- 
ments to British South Africa, British India, Australia, 
New Zealand, and Canada in the first three months of the 
last three years :— 





Colonial Group. 1907. 1906. 19065. 

£ £ £ 
British South Africa 10,361 12,260 10,324 
British India ws 12,659 17,336 20,394 
Australia 28,336 28,644 25,613 
New Zealand 6,250 6,403 5,810 
Canada = 19,002 15,939 21,061 


So far as cutlery is concerned, trade has, accordingly, 
certainly followed the flag. There is still, however, 4 
certain demand for British cutlery in the United States, 
the shipments to that quarter to March 31, this year, 
having n valued at 22,512/., as compared with 19,4827. 
and 19,8147. Brazil also took British cutlery in the first 
quarter of this vear to the value of 13,314/., as compared 
with 8613/. and 8937/, 
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BOILER EXPLOSION AT CRAVEN ARMS. 


A FORMAL investigation has been conducted by the 
Board of Trade, under the Boiler Explosions Acts, with 
regard to the cause and circumstances of a boiler explo- 
sion which occurred on October 10 last, at Broome Farm, 
Aston-on-Clun, near Craven Arms, Salop, in the occupa- 
tion of Mrs. M. E. Edwards. . 

The Commissioners were Mr. A. P. Longstaffe, barrister- 
at-law, and Mr. G. Fullerton Bell, consulting engineer. 
Mr. G. C. Vaux appeared for the Board of Trade, and 
Mr. F. L. Green, solicitor, appeared for Mra. Edwards 
and other parties concerned. : 

In opening the proceedings Mr. Vaux stated that since 
1902, when Mr. Edwards died, the farm had been 
managed by Messrs. D. E. and J. Edwards, who were 
brothers-in-law of Mrs. Edwards. The boiler which 
formed the subject of that inquiry ap’ to have been 
made by Messrs. Wagman, of Guildford, a firm which 
were no longer in existence. It was of the vertical type, 
made of iron, and measured 5 ft. 11 in. high by 2 ft. 9 in. 
in diameter, fitted with the usual mountings, including a 
safety valve graduated to 70 lb. pressure. The boiler ap- 
peared to have been purchased in 1883 by Mr. Bright, 
who was the owner at that time of the farm. It was set 
up in a shed, and appeared to have been worked from the 
time he owned it down to the year 1890. In that year 
Mr. Bright died, and was succeeded by his brother, Mr. 
Edward Bright, who continued to use it down to 1897. 
Mr. Bright then purchased a portable locomotive engine, 
which he used instead of the boiler made by Messrs. “g- 
man. From that time up to 1901, when Mr. A. J. 
Edwards took the farm, the boiler was idle; but in that 
year, as he intended to work it, Messrs. Griffiths and 
Son, engineers and machinists, at Brimfield, were em- 
ployed to clean it out. It did not appear that the boiler 
was at that time inspected or tested in any way, because 
Messrs. Griffiths — | Son’s account was for ‘‘ cleaning the 
boiler” only. This was the only evidence given of any 
care or attention having been paid to the condition of the 
boiler down to that time. 

When the late Mr. Edwards took over the farm, he 
employed his shepherd, David Davies, to work the engine 
and boiler, and he cleaned it out once a year with the aid 
of a blacksmith. No repairs appeared to have been made 

rior to June, 1905. Towards the end of that year it was 
tase that one of the tubes was leaking, and Mr. Edwards 
instructed the Acetylene Company, Limited, Craven 
Arms, who now no longer existed, to overhaul the engine 
and boiler. This firm instructed their foreman engineer, 
William McLeod, to look at the boiler, which he did at 
the farm, and it was afterwards removed to the works 
and fitted with new tubes under McLeod’s directions. 
Mr. McLeod inspected the boiler at this time. and 
appeared to have come to the conclusion that, with good 
treatment, it was good enough for ten years’ work. It 
was therefore returned to the farm, and was used as 
previously. 

The explosion occurred in the afternoon of October 10, 
The attendant Davies had lighted the fire about 2.30, and 
soon afterwards left the boiler to attend to the driving belt, 
the pressure being 40 lb. to 45 lb., with the usual quantity 
of water in the boiler. The fire-box having colla , the 
explosion was of considerable force, for it lifted the boiler 
off its seat, through a large beam in the roof of the shed, 
right out into the yard of the farm, some 15 ft. away from 
its original position. The attendant and another man 
were badly scalded. The boiler had been examined after 
the explosion by Mr. Butterworth, engineer-surveyor 
to the Board of Trade, Cardiff, who found that the ex- 
plosion was due to the fire-box being very severely 
corroded. 

After Mr. Vaux’s opening statement, various witnesses 
were examined, including Mr. D. E. Edwards, who stated 
that the builer and engine were only insured against fire ; 
personally, he knew nothing about boilers or their work- 
ing, but produced bills as repairs to the boiler in 
1901 and 1905. In the latter year, when the boiler was 
returned to the farm by the Acetylene Company, he took 
it for granted that it was in proper working order. 

Mr. William McLeod stated that he was engaged by 
the Acetylene Company six or seven years ago as a fitter, 
and had assisted to put up new boilers for that firm and 
others. He denied having made the statement to any- 
one that the boiler, with fair treatment, was good for ten 
pete work after the new tubes had been fitted. Pressed 

vy Mr. Vaux, however, witness stated that probably he 
might have said that to the Board of Trade Surveyor 
after the explosion had occurred, but certainly not before 
it. Beyond inspecting the boiler at the farm, and report- 
ing the tubes as being rotten, he had practically nothing 
whatever to do with the repairs, as a man named Morris 
did the work. 

David Davies, shepherd at Broome Farm, who attended 
to the boiler, and was complimented by the Commis- 
sioners on the way he gave his evidence, testified to 
certain facts with regard to the boiler and the explosion, 
which had been narrated by Mr. Vaux in his opening 
Statement. 

Mr. F. J. Morris, Leominster, a fitter, formerly em- 
ployed by the Acetylene Company, said that he put the 
new tubes into the boiler in 1905, and tested it up to a 
pressure of 70 lb., the ordinary working pressure being 
about 45 lb. He was confident that the boiler was all 
right as far as his work was concerned. He used a 
hammer to. knock off the rust round the rivets of the fire- 
box, but did not sound the plates. 

Mr. Commissioner Longstaffe remarked that all he 
could say was that this was a most unintelligent way of 
going about the work. 

The last witness was Mr. Butterworth, engineer-sur- 
veyor to the Board of Trade at Cardiff, who presented a 
report on the explosion. He attributed the explosion to 








the fact that the fire-box was wasted, and was completely 
worn out by external corrosion. 

By Mr. Commissioner Bell: Witness considered that 
boilers used for ae purposes ought to be ex- 
amined every twelve months; but if new, perhaps a 
longer peri a be allowed. In the present case the 
firedoor was s' , 80 that no one could get inside to see 
the internal condition of the boiler. To do this it would 
have been necessary to lift it off its seat and turn it over. 
Anyone not experienced with boilers would not have 
been able to ascertain that anything was wrong, looking 
at the boiler outside. 

This concluded the evidence, and the Commissioners 
then proceeded to the farm to make an inspection of the 
exploded boiler, 

n the following day the enquiry was resumed, and 
after Mr. Green and Mr. Vaux had addressed the Court 
at considerable length, Mr. Vaux submitted the followin; 

uestions, on which he said the Board of Trade me | 
the judgment of the Commissioners :— 

1. When and by whom was the boiler made? 
was it set up at Broome Farm? 

2. Under what circumstances was the boiler worked at 
the farm from the time it was new until the death of the 
late tenant, Mr. Arthur James Edwards, in June, 1902? 

3. Who was responsible for the safe working of the 
boiler thereafter ? 

4. Was the management of the boiler entrusted to a 
competent person ? 

5. Were any measures taken to determine the pressure 
at which the boiler could be safely worked ? 

6. Was the boiler periodically examined by a competent 
person ? 

7. Were proper measures taken to ensure that the 
boiler was being worked under safe conditions ? 

8. Was the boiler fit for a working pressure of 45 Ib. 

r square inch after being re-tubed in the early part of 
June, 1905? 

9. What was the cause of the explosion ? 

10. Are Mrs. M. E. Edwards, of Broome Farm, her 
son, Mr. John Edwards, Mr. William McLeod, foreman 
engineer, Mr. D. E. Edwards, and Mr. John Edwards, 
Senior, or is any, and which of them, to blame for the 
explosion? Ifso, should any, and which of them, bear 
any, and what, part of the costs of this formal investi- 
gation? 

Mr. Commissioner Longstaffe then delivered a lengthy 
judgment, and dealt with the questions submitted by Mr. 
Vaux. He reviewed the evidence which had been given 
with regard to the purchase and use of the boiler, and 
said that there was no evidence to show that any steps 
had been taken to keep the boiler ina proper and efficient 
state, The attendant, Davis, appeared to be a straight- 
forward, truthful, and intelligent man, and had been pre- 
pared to give the Court the fullest information with regard 
to the boiler, and his method of working it. The pres- 
sure at which the boiler was worked was 40 Ib. to 45 lb. 
on the square inch, but he varied this from time to 
time. When he wanted a greater pressure he screwed 
down the nut of the spring-balance of the safety- 
valve until, as he said, he “‘ put it, in fact, quite 
solid.” He cleaned the boiler out annually, but from 
the time he worked it, with the exception of the clean- 
ing out to which it was subjected by Messrs. Griffiths 
in 1901, and again in 1904, nothing whatever appeared to 
have been done to the boiler until about June, 1905. In 
the opinion of the Commissioners, Davies was a com- 
petent person to fire and stoke, but they could not say, 
or believe, that he was competent to decide at what pres- 
sure the boiler was to be worked, or whether it ought to have 
been worked or not. No measures whatever were taken 
to ascertain or determine the pressure at which the boiler 
could be safely worked—at any rate, not until it was sent 
to the Acetylene Company for repairs. They thought 
that the instructions given by Mr. D. E. Edwards, and 
his nephew, to that company to “ venenen ~ A overhaul 
the boiler, and put it into safe-working condition ” would 
include instructions to the company to inform Mrs. 
Edwards, or her son, that the boiler was one that could 
be safely worked, and to report as to the safe-working pres- 
sure. The boiler, however, was not inspected, as the &om- 
missioners understood the word “‘ inspect,” even when it 
was under repair at the works of the Acetylene Company, 
and no proper measures had been taken to ensure that 
it was being worked under safe conditions. They con- 
sidered that neither Mrs. Edwards nor Mr. D. E. Edwards 
took any steps until June, 1905, to ascertain the fitness of 
the boiler for the conditions under which it was worked. 
The Commissioners found that the boiler was not fit for 
a working pressure of 45 lb. to the square inch after being 
retubed in June, 1905. It was, moreover, dangerous to 
work it at that pressure, or even to work it at all. 
The Commissioners an opportunity of in- 
specting the fragments of the boiler, and their inspec- 
tion had satisfiéd them beyond all ble doubt 
that for a long time previous to the explosion the boiler 
must have been a most dangerous machine, the use of which 
was likely to cause considerable danger, not only to those 
working it, but to persons working in and about the farm- 
yard, and, having regard to the proximity of the yard to 
the highway adjoining, likely also to cause serious injury 
to persons lawfully using that highway. The cause of 
the explosion was the corrosion of the fire-box on the fire 
side of the oe which had been brought about by the 
leakage of the tubes, the result being that the plates were 
reduced to zy ip. in thickness. ‘‘In our opinion,” Mr. 
Commissioner Longstaffe said, ‘‘it cannot be too widely 
known that it is incumbent upon persons using these 
labour-saving machines (which are highly dangerous 
unless proper care is taken to anyone who happens to 
be in their neighbourhood) to take the utmost precautions 
against any injury or damage being caused by their use, 
Periodical examinations and tests (which should, in our 


When 





judgment, include the removal of the boiler from its seat), 
are absolutely necessary. Insurance, while it may not 
under some circumstances completely absolve the owner 
of a boiler from all consequences of the explosion, will 
certainly be a factor to be favourably considered by any 
court formed under the Boiler Explosions Acts when 
called upon to distribute blame in respect of any such 
explosion. No insurance company will issue or keep alive 
any policy without inspecting a boiler, and the risk of an 
explosion should be materially reduced by the inspections 
which insurance companies insist upon.” 

With regard to the last question put by Mr. Vaux as 
to who was to blame, and who should bear part of the 
expenses of that investigation, the Commissioners, after 
paying due regard to the circumstances, thought that this 
was a case where they could absolve not only Mr. D. E. 
Edwards and Mr. John Edwards, sen., but also Mrs. 
Edwards, from such penalty in the way of costs as could 
be imposed under the Boiler Explosions Acts. Mr. 
McLeod was the only other person involved in the ques- 
tion, and he was in a different position. He was working 
as foreman to the Acetylene ompany, who held them- 
selves to be perfectly competent, if not to make, at any 
rate to repair, boilers. From his own evidence, however, 
the Commissioners were satisfied that so far from his 
having any such knowledge, he was unfitted altogether to 
do any work of a serious nature to or upon a boiler. He 
had neither the experience nor the knowledge which 
would enable him to make even an intelligent report 
upon a boiler, or a report that could be relied upon either 
by the person in whose employ he was, or by the owner of 
the boiler, who desired his employers to report upon or 
repair it. Under these circumstances, while the Com- 
missioners did not think that Mr. McLeod’s position was 
such as to call upon them to order him to pay a part of 
the cost of the inquiry, they felt bound to express their 
opinion that had he shown more intelligence in the 
matter and examined the boiler with more care, it was 
clear that the explosion ought never to have happened. 
The Acetylene Company had gone into liquidation, 
otherwise they would endeubtedly lave been made parties 
to that inquiry ; and while, of course, in their absence it 
was impossible to determine what the findings of the 
Court with regard to them might have been as at present 
advised, there was evidence of their having been guilty 
of a very gross want of care in carrying out the wor 
which they held themselves out to Mrs. Edwards to be 
competent to perform. After carefully considering, 
therefore, all the circumstances of the case, the Commis- 
sioners decided to make no order of costs against any of 
the parties concerned. 

In concluding his judgment, the Commissioner referred 
in severe terms to the evidence of the witness Morris. 
He was sent with the repaired boiler to the farm, and 
with a foolhardiness which they considered most startling, 
he put ona steam pressure of 60 lb. to 701b. Fortu- 
nately for him, the boiler stood the pressure and no acci- 
dent happened. Having done that, he informed the 
attendant and Mrs. Edwards that the work wasall right, 
and the boiler was therefore used until the date of the 
explosion. He had made no attempt to examine the 
fire-box or the boiler generally in order to ascertain the 
condition of the plates and the fitness of the boiler for 
=? all he had done seemed to be simply to fit the new 
tubes. 

The inquiry, which had been of a very lengthy and 
detailed character, then terminated. 








University or Ittiwors, U.S.A.—The State Univer- 
sity of Illinois, U.S.A., offers perhaps as great, if not 
greater, facilities than any other in America for courses 
of study connected with the several branches of railway 
engineering and administration. The railway courses 
now provided in this special department are four in 
number—namely, civil engineering, electrical engineering, 
mechanical engineering, and administration. In addition 
to the purely engineering aspect of affairs, considerable 
attention is given to economics, with the object of giving 
students a wider understanding of the principles under- 
lying successful railway operation. In a most practical 
way the University is allied with various railroads in its 
district. The electrical engineering section owns an 
electrical test. car of the inter-urban type, which is worked 
over the lines of the Illinois Traction System. A dynamo- 
meter car is also owned jointly by the University and 
the Illinois Central Railroad, and has done useful and 

ractical work in establishing tonnage rating on the 
filinois Centra], the New Jersey Central, the Baltimore 
and Ohio, and other railroads, during which experiments 
the car was worked by students of the University. 





ELECTRICAL DEVELOPMENT IN SOUTHERN CALIFORNIA. 
—The development of Southern California, so far as 
electrical enterprises are concerned, has been extremely 
rapid. Change is continually taking place in existing 

lant owing to the extending demand for electrical light- 
ing for power or transportation. Thestreet-car systems, 
worked by the Huntington Street Railway and Inter- 
urban System, cover the city and the neighbouring dis- 
tricts, and their lines are being constantly extended. 
Among recent alterations necessitated by this continued 
growth is the reconstruction of some of the substations, 
for which three 1000-kilowatt Allis-Chalmers induction- 
motor generator sets have been ordered to replace the 
smaller sets now in use. Power for these roads is taken from 
eight separate generator-stations, some water-driven and 
some steam-driven, those furthest apart being separated 
by a distance of nearly 200 miles. The Kern River Com- 
pany, whose plant at Caliente includes five 3000-kilowatt 
water-wheel type Allis-Chalmers generators, transmits its 
power over a distance of about 120 miles to Los Angeles, 
where a large proportion of the output is supplied to the 
Huntington roads. 
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CALLIPERS WITH DIAL READING. 


WE illustrate on this page a form of callipers with 
dial reading, which instrument is being introduced 
into this country by Messrs. Drake and Gorham, 
Limited, 66, Victoria-street, Westminster, 8S.W. As 
will be seen by our engraving, there are two dials, the 
right-hand one registering inches, and the other one 
centimetres. The piece which carries these dials slides 
along a bar which is graduated in inches and in centi- 
metres, the former being marked along the upper edge, 
and the latter along the lower. One revolution of the 
pointer on the right-hand dial represents 1 in. on the 
graduated bar, and consequently the same amount of 
opening between the calliper jaws. The sliding-piece 
may be fixed at any point by means of the screw at 
the top. The rod which is seen projecting beyond the 
right-hand end of the ua bar is fixed to the 
sliding-piece carrying the dial, and moves with it. It 
is intended for measuring the depth of holes. 

The pointers derive their motion from a finely-cut 
rack, which is placed in a groove along the lower edge 
of the graduated bar, the rack gearing with small 
pinions on the spindles which carry the pointers. As 
the rack is slightly below the edge of the graduated 
bar, it is protected from ~% a 

The advantages claimed for this instrument are, 
that equivalent French and English measurements 
may be obtained by direct reading from the dials. 
The callipers can, if desired, be made with only one 
dial to read either French or English measurements, 
and not with two, as shown in our illustration. 








VICTORIA AND ALBERT een — Sais the year 1905 
the science collections at the Victoria and Albert Museum, 
South Kensington, were increased by the addition of 
fifty-five a or models, and nearly as many prints 


or diagrams. ‘The report for the year in question, which 
has ae lately been issued, mentions, as among the more 
interestin ditions three models of locomotives, elec- 


trical machinery, a “ Titan” crane, cultivator, corrugating 
mill, the Viaur three-hinged arch viaduct, and other 
objects of interest. The number of models now worked 
by compressed air amounts to 204. Several models have 
been made in the workshop attached to the galleries 
during the year. In the Naval and Marine Engineering 
Division the collection has had added to it some thirty- 
three models and several prints. The models include one 
of the turbine s.s. Queen Alexandra, a suction-pump 
dredger, a subaqueous rock-cutter, &c. The attendance 
of visitors at the Museum shows a considerable increase 
over any previous year, especially on students’ days, on 
which there were nearly more visitors in 1905 than 
in 1904. This report also includes an account of the 
ear’s work of the Royal College of Science and School of 
ines. The students under instruction numbered 316, of 
which 183 were Government and 133 fee-paying students. 
The number of science teachers who received instruction 
during July, 1905, amounted to 143. In connection with 
the metallurgy classes a three weeks’ tour was arran 
under the direction of Professor W. Gowland, when 
twenty-seven works of various kinds were visited. 





THUNDERBOLT AT Brpston, BIRKENHEAD.—It is not 
usual in these days to hear of the effects of lightning 
described as ‘‘thunderbolts,” still less to find the term 
used to imply that something tangible or substantial has 
accompanied a lightning flash. But in newspaper descrip- 
tions of the slight damage recently occasioned at Bidston, 
Birkenhead, this meaning has been erroneously attached 
to the word. The term “thunderbolt” is a figurative 
expression rather than a descriptive one, and apparently 
is intended to apply simply to the suddenness of the 
occurrence. With more reason and accuracy it has 
been suggested that the circumstances attending this 
psrticular flash are not inconsistent with those which 
accompany the rare phenomenon known as “ ball 
lightning.” Instances of this particular type are so 
rare that doubts have been expressed whether this 
form of electric discharge was possible, and whether the 

uoted cases might not be explained as due to optical 
illusions. But observers of undoubted — have 
attested a sufficient number of cases to remove all doubt 
on this point. The phenomenon of “ball lightning” 
manifests itself as a luminous globe, generally 8 in. or 
10 in. in diameter, floating leisurely through the atmo- 


sphere at an altitude of a few feet above the und, 
and exploding at the end of its journey with some 
noise, but occasioning little damage. here is no 


satisfactory explanation of the cause of this curious 
appearance, but it is suggested that it is due to 
a species of natural Leyden jar very highly charged, 
which no lightning-rod can destroy. In the recent 
instance at Bidston, the horizontal motion and the 
slight damage are not inconsistent with the appearance 
of ball lightning, but a distinct view of the ball or 
globe, and the characteristic slow motion, have not been 
noticed. It is not usual for lightning to strike smooth 
plane surfaces where there is little irregularity, and in 
this case there was very slight elevation ; consequently 
the removal of the soil from a hole about 10 ft. in diameter 
and 18 in. deep is peculiar. It is a little difficult to 
explain why the gorse, some 20 yards away from the 
hole, caught fire, because this seems to have been simul- 
taneous with the excavation; and though there were 
some pieces of fencing broken up and scattered, these 
fragments had not had time to be set in a blaze. This 
firing of the gorse is one of the features that recalls the 
action of ball lightning, which is usually playful, rather 
than dangerous, in its demonstration. 
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CATALOGUES. 


From the Carron Company, Carron, Stirlingshire, we 
have received a list of castings for a large variety of pur- 
The list is priced, and contains illustrations and 
information relating to such things as furnace-doors, 
troughs, manholes, gratings, &c. 

Messrs. Johnson and Phillips, Limited, Charlton, 8.O., 
Kent, send us a list (priced) of their dead-beat moving 
iron ammeters and voltmeters for continuous and alter- 
nate currents. These are made in circular or sector form 
iron cases. Particulars are also given of spring-controlled 
portable patterns in polished walnut cases. 


A pamphlet has reached us from the Diesel Engine 
Company, Limited, 179, Queen Victoria-street, E.C. 
This gives illustrations of installations of engines of this 
now well-known type up to 400 brake horse-power each, 
together with details of working, and advantages of this 
type over engines on the Otto cycle. The Diesel cycle 
is explained, and its claims for economy set out. 


A list of boiler-mountings reaches us from Messrs. 
W. H. Bailey and Co., Salford. This list is priced and 
fully illustrated. Fittings described therein include all 
manner of cocks and valves, dead-weight safety-valve and 
low-water alarm, emergency stop-valves, check-valves, 
fusible plugs, blow-off cocks, water-gauges, protector- 
glasses and shields, steam-gauges, &c. 


Messrs, Alfred R. Tattersall and Co., Limited, 19 and 
20. London-street, E.C., have sent us particulars of the 
**Valoric” internal feed-heater and purifier for boilers, 
for which very good results are claimed. The apparatus 
consists of a pyramidal series of cast-iron trays suspended 
in the steam-space, and over which the feed-water flows 
on entering the boiler. 


Messrs. R. D. Wood and Co., 400, Chestnut-street, 
er Pa., have sent us a catalogue chiefly de- 
voted to high-pressure water service for fire purposes. In 
this the high-pressure systems in use in several American 
towns and works are described ; the pumps are of the 
multi-stage centrifugal type, the power employed being 
either electrical or suction-gas. Illustrations of plant, 
hose at work, ‘‘ water battery,” &c., are also given. 


We have received from the Royal Insurance Company, 
1, North John-street, Liverpool, a handy little booklet on 
‘*Sports.” The information given consists of a compila- 
tion, from official sources, of all the sports results, not 
including horse-racing. Only published recently, we 
think it might well have included the result of this 
year’s boat-race. Terms of insurance under the new 
Compensation Act are inserted. 


Section 110 of the list issued by the British Steam 
Specialities, Limited, Fleet-street, Leicester, is devoted 
to a description of a large number of steam appliances, 
such as steam-traps, feed-water heaters, feed-pumps, con- 
densing apparatus, vacuum-pumps, reducing-valve, &c. 
This list is fully illustrated. and a large amount of infor- 
mation is given in connection with the various fittings 
and appliances. Prices are also given. 


The New Arrol-Johnston Car Company, Limited, 
Underwood, Paisley, have issued a catalogue dealing 
with commercial and public-service motor vehicles. In 
this catalogue brief particulars, sketches, and _illustra- 
tions are given of delivery-vans, lorries, wagonettes, tip- 
ping-wagons, char-a-bancs, &c. An illustration is given 
of standard chassis, and sectional drawings of the engines 
and other parts of the mechanism are also shown. 


A circular from the Gripper Company, Limited, 2, 
Bream’s-buildings, Chancery-lane, E.C., describes the 
Gripper lock-washer. This consists of two parts, the first 
a washer having a D-shaped hole, through which the bolt 
passes, and a series of upright lugs around its outer edge. 
The second piece has‘a hexagonal hole in the centre, and 
a series of notches on the outside edge, so that when 
slipped over the nut the lugs on the lower piece engage in 
the notches of the upper plate. 


From the Browning Engineering Company, Cleveland, 
Ohio, U.S.A., we have received a number of pamphlets. 
One of these refers to grab-buckets of the square, two-rope 
type, suitable for working in sand, ashes, coke, gravel, 
&c., illustrations being given of such uses. Another 
pamphlet is devoted to locomotive cranes, and gives illus- 





| trations showing several types at work under all sorts of 


conditions. A third is devoted to the use of cranes in 
the lumber industry ; while a fourth is descriptive of the 
standard electric bucket-trolleys built by this firm. 


Messrs. Mather and Platt, Limited, Manchester, have 
sent us a small pamphlet descriptive of two-cycle gas- 
engines. The engines therein described are those of the 
Korting type, for which this firm are licensees. Descrip- 
tions and illustrations are given of engines up to 1000 
horse-power, one illustration showing two single-cylinder 
500-horse-power engines and one twin-cylinder engine of 
1000 horse-power. [Illustrations also show engines of 
750 horse-puwer coupled to 500-kilowatt dynamos, and 
others, almost as large, put to other purposes. 


Messrs. Princeps and Co., Princep Works, Sheffield, 
send us a pamphlet dealing with their products, which 
include, as is well known, metallic packing, steam-traps, 
adjustable and other piston-rings, steam dryers, springs, 
&c. In their steel department, among other things, this 
firm turns out high-speed and other tool-steels, and 
qualities for various other purposes, and sections of 
various shapes. Steel forgings are produced of all kinds, 
while the firm make a speciality of files, saws, hammers, 
and such-like tools. 


The American Locomotive Company, 26, Victoria- 
street, S.W., and of New York, U.S.A., have sent us a 
pamphlet describing heavy ten-wheel locomotives, The 
lighter engines of this class were described in a previous 
pamphlet, those dealt with in this list being all heavier 
than 150,000lb. Thirty different designs are illustrated, 
the heaviest being engines for the Delaware, Lacka- 
wanna, and Western Railroad, and weighing 201,000 lb. 
Some of the engines shown have narrow fire-boxes, some 
the moderately wide box, and some the wide box of an 
inside width of 108 in. or so. 


Messrs. Crompton and Co., Limited, Salisbury House, 
London Wall, E.C., have sent us two price-lists. One 
of these is concerned with a description of reflecting 
galvanometers, resistance-boxes, and other testing-room 
appliances. The second list gives particulars and illustra- 
tions of electrical instruments for alternating-current 
circuits. The first appliances described are series trans- 
formers used with amperemeters, and potential trans- 
formers used in connection with voltmeters for the higher 
voltages. The voltmeters and amperemeters described 
are of the circular, or quadrant, or edgewise pattern. 


Mr. Carl Flohr, 734, Queen Victoria-street, E.C., sends 
us a circular relating to two machines for use in connec- 
tion with structural ironwork, wagon-building, &c. One 
of these is an electric drilling-machine, self-contained, 
and mounted on a gap frame made of plates and channels, 
&c. The whole frame carries the motor, drilling-head, 
&c., while the lower limb gives the necessary support for 
drilling. The maximum lift of drill is 8 in., the greatest 
reach 4 ft. The other machine is an electric riveting- 
machine, the motor working a screwed spindle along which 
travels a nut, closing or opening the jaws of the machine. 








Lieut Ratways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Orders made 
by the Light Railway Commissioners:—1. Brackenhill 
Light Railway (Extension of Time) Order, 1997, amend- 
ing the Brackenhill Light Railway Orders of 1901 and of 
1904. 2. Leicester and District Light Railways (Exten- 
sion of Time) Order, 1907, amending the Leicester and 
District Light Railways Order, 1904. 





THERMIT WELDING Procrss.—Judgment was given on 
Saturday, the 27th ult., in the case of Thermit, Limited, 
v. Weldite, Limited. The action was due to the fact 
that the defendants were using an alumino-thermic weld- 
ing process which plaintiffs claimed was covered by 
letters patent. It was admitted that the process was 
substantially the same as that used by Thermit, Limited, 
the only difference being the addition of silicon to the 
compound. For the defence it was contended that there 
was nothing new or patentable in the , and that 
the patent was bad for want of subject-matter. Mr. 
Justice Warrington, in giving judgment, found that the 
defence failed, and that the plaintiffs were entitled to an 
injunction with regard to Patents Nos. 16,685 of 1896, 
10,859 of 1901, and 24 and 439 of 1902. 
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Compitep sy W. LLOYD WISE | 


ELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

bay of Specifications may be obtained at the Patent Office, Sale 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 

ification is, in each case, given after the abstract, wnless the | 
‘atent has been sealed, when the date of sealing is given. 

An ‘son may, at any time within two months from the date oj | 
the advertisement of the nee of a Complete Specification, | 
give notice at the Patent O, of opposition to the grant of a | 
Patent on any of the grounds mentioned in the Acts. 


| 
ELECTRICAL APPARATUS. 


21,719. H. W. Van Raden, C. B. Robinson, and M. 
Metz, Coventry. Accumulators. [5 Figs.) October 2, | 
1906.—This invention has reference to secondary batteries, the | 
plates of which are formed with loops projecting outwardly from | 
each side to support the active material. The main object of the 
invention is to provide plates which will not buckle when the 
accumulator is in use. The grid is formed from a blank of soft 
sheet-lead, the length of which is greater than that of the required 
grid, but the width may be the same. The blank, after having | 
passed through the first process of its manufacture into a grid, 

presents the appearance shown in Fig. 1, where it will be seen 

that rows of openings have been stamped out, leaving an alter- | 
nating series of stri 8and tangs4. The strips 3 incline alter- | 
nately in — irections, a tang 4 being left between their | 
diverging ends in each case. The adjacent rows of strips 3 and 

tangs 4 are separated from each other by integral bars 5, which | 
serve as conductors, and are preferably perforated. The blank, 
as shown in Fig. 1, is next through a set of dies. In 
operation the blank is fed between the dies, one row at a time, and 
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the action of the dies is to bend the strips 3 alternately in opposite 
directions, so that a series of loops is formed on each side of the 
plate (Fig. 2). As the rows of strips are bent outwardly the 
original length of the blank is shortened, until, by the time the 
last row of strips has been pressed out, the blank has assumed 
the length of the required grid, into which it has now been 
formed. The next step consists in casting round the grid a frame 
of hard lead. In order to establish a perfect electrical and 
mechanical connection between the frame and id, the latter 
is arranged in the mould so that the molten hard lead when run 
round the grid may find its way through the perforations in the 
top and bottom bars 5, and in the ends of the intermediate bars. 
The plate is now ready for filling, and is completely filled in with 
paste and set aside to dry. It will be seen that the active 
material is very securely held in position by the grid itself, being 
supported internally by the tangs 4, and externally on both sides 
of the plate hy the looped strips 3. Finally the plate as a whole 
is placed horizontally between two flat surfaces and slightly com- 
pressed until the looped strips are slightly flattened. (Accepted 
February 13, 1907.) 


9693. Crompton and Co., Limited, and C. F. 
Tubbs, Chelmsford. Arc-Lamps. (3 Figs.) April 25, 
1906.—This invention relates to horizontal electric arc-lamps. In 
carrying out the invention ts are so arranged that the weight 
of one carbon complete with its holder and carriage is balanced 
against the weight of the other carbon, together with its holder 
and carriage, at whatever angle the lamp may be inclined to the 
horizontal plane. To attain this object use is made of an endless 


chain, cord, or band, as shown in Fig. 1, or an arrangement of 
. —e / 
Fig.iczy~~* 2 
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levers, as shown in Fig. 2. With the endless-chain arrangement | 
shown in Fig. 1, one of the carriages A is driven directly by the | 
screw S, and is connected on to one side of the chain C, which 
runs over pulleys D, E. The other B is attached to the 
opposite side of the chain, and no driving screw is required for it. 
With this arrangement it is evident that as one carbon, &c., 
moves downwards, the other must move the same amount 
upwards. Some means of adjusting the length and tightness of 
the chain is necessary, and one method, consisting of a screw and | 
two nuts, isshown at F. (Accepted February 18, 1907.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


19,242. Smith and Coven Limited, and W. D. 
Ford-Smith, Salford. Variable. S ’ 
{4 Figs.) August 28, 1906.—This abt ge Be 
and other machine-tools, and has for its object to provide a| 
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| wheels i, j, an 








y Pp and convenience. In the ye 4 shown, 
the power is obtained from an electric motor a and is trans- 
mitted to the tool - shaft or spindle b gearing. The 
pinion c on the motor is in constant engagement with the gear 
wheel d mounted on, and arranged in, clutch connection with 
the shaft or spindle e. In rotatable connection with the ——> eé, 
but adapted to slide thereon, is a group of pinions f, g, h which 
respectively en ge, but at different times, with a arality of 

1 on the spindle 2. The wheels i, j,k also re- 
spectively engage, at different times, the up of pinions m, n, 
and o in rotatable connection with the spindle p, but adapted to 
slide thereon. The spindle p carries, in fixed and constant con- 
nection therewith, the wheels ¢ and r respectively engaging the 
wheels sand t which are mounted freely on the tool spindle b, 
but are adapted to be put into rotative or driving connection 
therewith by the sliding-clutch member u. In combination 
with each of the wheel ups f,g, hk, and m, n, o, there are 
arranged means for sliding the same along the spindles. As 

















illustrated, the pinion g is ia gear with the wheel j, and the 
latter is also in engagement with the wheel n. Without move- 
ment or alteration of the aforesaid gears, the two sets of gears 
q, 8, and r, t provide for two speeds of the tool spindle b. The 
group m, , 0 can, however, be so used that the wheel n is dis- 
engaged from), and the wheels m and o alternately put into 
engagement with the wheels i and k respectively, and with each 
of such engagements other two speeds of the tool spindle are 
provided for. It will be seen that without disturbing the engage- 
ment of the pinion g with the wheel j six speeds or speed ratios of 
the tool spindle ) can be obtained with the one constant speed of 
the motor a@ and the shaft or spindle e. And in like manner, on 
the disengagement of the pinion g from the wheel j, a set of six 
other speeds can be obtained when the pinion / is put in engage- 
ment with the wheel i, and a further set of six speeds when the 
pinion A engages the wheel k. Thus, by the arrangement and 
combination of gears as described and illustrated, there is ob- 
tained by the employment of but thirteen wheels in all, eighteen 
speeds or speed ratios of the tool spindle b with the one constant 
speed of the primary shaft or spindle e. (Accepted February 13, 


1907. 
, MOTOR ROAD VEHICLES. 


14,535. Rochet and Schneider, Limited, Lyons, 
France. Gaanges Mechanism. [3 Figs.) June 26, 
1906.—This invention relates to improvements in the construction 
and in the mounting of direct-acting change-s mechanism, and 
has for its object to minimise the wear to which certain parts are 
subject, to ensure absolute parallelism between the shafts and 
perfect engagement between the gear teeth. In change-speed 
mechanism embodying the present improvements the motor-shaft 
a, which carries the intermediate gearing ), is prolonged into the 
interior of the shaft c, on which the gear wheels are mounted 
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with capability of lateral movement. The shaft a is supported at 
its extremities upon ball-races d and ¢; and the distance between 
these points of support, being of necessity considerable, ensures 
the absolute rigidity of this shaft. The shaft c is hollow, and 
about its forward extremity is arranged a ball-race g which fits 
into the intermediate gearing } of the shaft a, its rear extremity, 
which carries the bevel gearing h, bearing upon a ball-race j. 
Here, again, the points of —— g, j are at a sufficient distance 
apart to ensure accurate alignment and to maintain the true 
running of the shaft c. (Accepted February 13, 1907.) 


3011. F. C. Ihlee, Peterborough. Motor Road 
Vehicles. (8 Figs.| February 7, 1906.—This invention relates 
to improvements in the arrangement of the motor and the power- 
transmitting mechanism on motor-propelled road vehicles, and 
has for object to minimise the transmission of shocks, caused by 
travelling over uneven roads, from the road wheels to the motor 
and power-transmitting mechanism, and the transmission of 
vibration from the motor and power-transmitting mechanism, 
when at work, to the car body. According thereto, the motor 
and power-transmitting mechanism are arran on or in a 
framework or casing (herein called a ‘‘carrier”) that is 
mounted at its rear end on the rear axle, which is at the same 
time the driving axle of the vehicle, and is suspended at a point 4 
between its centre of gravity and its front end, but nearer to the 
former than to the latter, from the spring-su chassis 5, 
which thus carries by far the larger portion of the weight of the 
carrier, the motor, and other parts supported thereby. The 
carrier 1 is suspended from the chassis 6 by means of a trans- 
versely arranged laminated spring 8, the end portions of which 
are movably connected to the longitudinal side members 14 of 
the chassis in such a manner as to prevent tilting or other motion 
of the chassis from affecting or injuring the ing. The blades 
of the laminated spring s are held together by a block or strap 
arranged at the centre of the spring. The spring s preferabl 
comprises a single strong central —_ -blade, adapted at its ends 
to be connected to the longitudi members of the chassis, 


| the latter by a bolt 16 
| carrier through bolt-holes provided in t 


thereon, and a lower set of spring blades for checking the upward 
movement of the carrier when jerked. The ends of the central 
member of the laminated may be made of cylindrical 
shape, and mounted to turn about a normally horizontal axis in 
bearings that are jointed, as by spherical surfaces or ball joints, 
or by tr ions, to brackets or bearings fixed to the longitudinal 
side members of the chassis, the connections forming in effect 
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universal joints. The upper part of the carrier 1 is provided with 
a pair of lugs or cheeks 15, forming a fork for receiving the strap 
or block connected to the laminated spring, and is connected to 
ng ina aE App direction of the 

lugs or cheeks 15 of the 
carrier and the strap or block of the laminated spring, the whole 
arrangement being such as to support the carrier from the spring, 
and to admit of these parts turning round the bolt as a centre 
when the motions of the wheels, or of the chassis, require 
this to be done. (Accepted February 18, 1907.) 


PRINTING AND ALLIED MACHINERY. 


10,775. C. Payne, Otley. Printing Machines. 
(5 Figs.) May 8, 1906.—This invention has reference to the 
mounting of the inking and yen rollers. These rollers, 
as is well known, rest in what may be called fork bearings, which 
it is often desirable to move both vertically and horizontally to 
bring the rollers into accurate adjustment. The means hitherto 
employed for supporting the bearings adjustably involve boring 
the frame of the machine in two directions—a toilsome and ex- 
pensive operation. According to this invention, separate or de- 
tachable sockets, which are provided with transverse bolts and 
nuts, are employod. The heads of these bolts are square, and are 
made so as to slide in a horizontal guide in the foot of the spread- 
ing roll-bracket. The sockets comprise vertical holes, threaded 
internally, into which screw hollow sieeves. These sleeves and 
also the sockets are cut to make them yielding in a lateral direc- 





tion. The stem of the fork bearing drops into the hollow sleeve 
which is screwed up or down to adjust the roller to the proper 
height. ais the machine framing; ¢ is a longitudinal 7 
slot in the spreading roller bracket L ; d is the bearing support, 
having a central-threaded hole for the split sleeve /, a vertical 
cut, and horizontal bolt-holes for the square-headed bolts i, i, 
which eee 2 the wee d to the T-shaped slot c. j is the 
forked bearing for the roller, the stem of which bearing dro: 
easily into the split sleeve f. To adjust the roller, the nuts of the 
bolts i, i are slackened, the sleeve / is screwed to the proper height 
and the square-headed bolts i, i are slidden along the groove ¢ in 
the direction required. By tightening up the nuts of the bolts i 
the support d@ is comp on to the sleeve /, which in turn is 
pinched tightly on to the stem of the bearing j, at the same time 
the support is clamped by the bolts to the bracket }, and all is 
made rigidly secure. (Accepted February 18, 1907.) 
25,164. G. W. Masco Barnes. Printing-Press 
ders. (1 Fig.) December 4, 1905.—This invention has 
for its object to provide a covering for the cylinders of printing 
presses. itherto it has been usual to vide the impression 
cylinders of printing presses with a thick blanket covering and 
with a layer of india-rubber beneath the blanket, by which a 
resilient bed is formed, upon which the impression can take place. 
The invention has for its object to produce a covering to over- 
come the disadvantages which pertain to the arrangements in 
common use, and whereby the preparation of the covering for 
particular work, or “ make ay may be minimised or wholly 
avoided, and whereby a covering is produced that shall not lose its 
resilience, and in which the rubber shall not be impaired in its 
elasticity whilst in use, and in which, moreover, the k of the 
rubber layer may be poatectes against the lubricating oil; which 
usually works through from the ends of the cylinder. According 
to this invention, a covering for the rubber layer is provided of a 
grease-proof character, which shall also be elastic, and which 





RAR 





shall not readily be indented or permanently impressed in use. In 
cone the invention into effect, in the provision of a coverin 

for an impression cylinder, the cylinder is provided first. of a 

with a covering of leather cloth a, in which the face is 
preferably next the cylinder; secondly, with a rubber layer b, 
covered with a fine woollen blanket c. Over the blanket ¢ is 
arranged another layer of leather cloth a!, with the pared face 
next the blanket. Over the topmost layer of leather cloth a layer 
of cotton fabric d, having a on the interior face, is placed. 
The ink is readily absorbed by the cotton fabric d, and the cotton 
fabric presents a soft ungrained face for the imp: ion. Sach 
cotton fabric it will be understood is relatively inexpensive 
material, and may be readily renewed, while the lower layers 
constitute a more or less perfect covering to the cylinder, which it 
is unnecessary to renew, except after — of use. It will 
be understood that where overlays are , these may be ied 





upon the first layer of leather cloth next the —- cylinder, 
the: same forming a foundation upon which overlays may be 
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roperly secured for working, and afterwards readily removed, 
Put it will be understood that an important feature and advantage 
of the invention consists in avoiding the use of, and making ready, 
overlays. (Accepteil February 13, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


4729. R. M. Deeley, Derby. Locomotive 8 
heaters. (3 Figs.) February 27, 1906.—This invention saeaes 
to a method of superheating the steam from the boiler of a loco- 
motive engine by the heat liberated by the combustion of the 
small particles of fuel which are drawn by the blast through the 
boiler tubes. At the bottom of the locomotive smoke-box a fire- 
grate is formed, upon which the carbonaceous particles fall, and 
are burned by a current of air admitted to the smoke-box for 
the purpose. To regulate the admission of air, a damper or 
valve may be used. The steam from the boiler on its way 
to the — is superheated by being passed through a number 
of small tubes supported above the fire on the smoke-box grate. 
To prevent the escape particles from the smoke- 
box up the chi any ‘k-arrester may 5 
After the steam leaves the regulator it passes down the main 
smoke-box steam-pipes a and a! into the castings b and v1. As 
shown in the illustration, the castings b and b! are in duplicate ; 
each ogg | is divided by a mid-feather, thus forming two 
chambers. The upper chamber communicates with the steam- 
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pipe, and the lower chamber with the inlet to the cylinder steam- 
chest in each case. The front of each casting is covered by 
a door, and this door is fitted with a nest of tubes f which are 
preferably bent as shown, and connect the upper chamber with 
the lower chamber of the casting. The bottom and lower part 
of the sides, front and back of the smoke-box are covered with 
fire-bricks and fire-clay, so as to form a hearth under the tubes /, 
upon which the particles of aye erg ma coal brought 
through the boiler tubes by the action of the exhaust steam, 
and retained in the smoke-box, for example, by means of any 
suitable spark-arrester, can be burned, the heat evolved being 
taken up by the steam as it passes through the tubes /. To supply 
the necessary air for combustion, a cross-tube g is fitted. The 

rt of this tube inside the smoke-box is — and covered 

y fire-clay, which is also perforated in such a way as to allow air 
to enter the smoke-box and complete the combustion of the par- 


tially-consumed particles of coal that fall upon the fire-grate 
formed on the bottom of the smoke-box. The quantity of air 
admitted is regulated by a suitable valve, which may con- 


trolled from the foot-plate. (Sealed April 18, 1907.) 


19,803. C. Fremont, Paris, France. Steam-Gene- 
rators. [3 Figs.) September 5, 1906.—This invention of im- 
a oy in steam-generators relates more pee to 
ocomotive boilers, and has for its object to provide an improved 
flexible connection between the tube-plates and the shell of 
steam-generators, 80 as to compensate for the unequal expansion 
between the tube-plates and the shell. According to this inven- 
tion, the tube-plate is connected to the cylindrical shell by means 
of a flexible angle-iron having two or more folds or undulations. 
This flexible angle-iron yields under the effect of the expansion 
of the tubes, and the lengthening of these is compensated for 
by the angle-iron, which relieves the front plate of the boiler of 
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all unnecessary strains. The flexible angle-iron may be of varied 
thickness in ite different am so as to approximate as nearly 
as possible to the form of the solid of equal resistance to the 
flexible action, thus a the maximum effective flexible 
resistance to be imparted to it. The back tube-plate of a boiler 
is mounted flexibly on the cylindrical shell a means of a 
flexible angle-iron 2, having in the case illustra two folds or 
corrugations 3. The angle-iron is easily accessible, so that in 
case it should become cracked or damaged owing to the alter- 
nating action imparted to it bythe expanding and contracting 
tubes, it can be immediately ascer ained and the angle-iron re- 
placed. (Sealed April 18, 1907.) 


15,788. R.J. Cracknell, Streatham. Steam-Traps. 
{3 Figs.] July 12, 1906.—This invention relates to steam-traps of 








the bucket type, in which a bucket is pivoted to the box or rm | 


easing. According to this invention, the bucket has a gu 


bucket is free to rise and fall vertically, a stop or fulcrum being 
provided at the valve end to prevent the bucket at that end 
rising too far, the other end being free to tilt upwards. In carry- 
ing out the invention, a box or outer casing has an inlet at one 
end and an outlet at the other end. Connected to the outlet D is 
an outlet pipe E," which pfojects downwards in the box, and 
which has a valve-guide and seat G fitted in its lower end, and a 
projecting piece F forming a fulcrum. The bucket’ H surrounds 
this pipe, and has a valve K pivotally connected to it near one end, 
arran; to slide freely, vertically, in the valve-guide G. Con- 
de water enters the box A, fills the s surrounding the 
bucket, which floats upwards, carrying with it the valve K, until 
the bottom of the bucket comes in contact with the fulcrum F, 
when the other end of the bucket tilts — ards until the valve is 
closed. When the water overflows and fills the bucket, the weight 
of the bucket, acting at a leverage, pulls the valve off its seat 
against the steam pressure, when the bucket is free to drop clear 
away, opening the valve full. When some of the water is dis- 
charged, the bucket floats up as before described, and c!oses the 
valve. (Sealed April 18, 1907.) 


3144. J. T. Marshall, Leeds. Valve Gear. [7 Figs.) 
February 8, 1906.—In the specification of Letters Patent No. 3761, 
of 1901, there is described valve gear wherein a slotted link that 
is connected to and oa the valve is oscillated about a pivot 
by one of two eccen , and is also moved to and fro by the 
other eccentric, the angular positions of the two eccentrics being 
such that the valve is suddenly opened and closed by the forward 
and backward oscillations of the slotted link, supplemented by 
its forward and backward bodily movements, and the valve is 
caused to dwell or remain stationary betwecn its opening and 
closing movements by the backward and forward oscillations of 
the slotted link being respectively neutralised by its forward and 
backward bodily movements. Now the present invention has 
reference to improvements in valve gear of the kind referred to. 
According thereto, the slotted link a is pee from one side 
only by a pin that is carried by one end of a rocking-arm e pro- 
vided with a rearwardly-extending lug or extension of much less 
thickness than such end, and to which one (m2) of the two eccen- 
tric-rods is connected, and the other end of which is mounted to 





turn about a stationary pin or shaft / suitably supported above or 
below the link, the first-mentioned pin being connected to and 
extending laterally from a bracket g that is attached to one side 
only of the link, and has a rearwardly-extending arm that is bent 
to one side and has its free end located partly behind the link, 
but is of much less thickness than the combined thickness of the 
bracket and link, and is connected by a pair of links r to one arm 
p' of a bell-crank lever that is located abové or below the link, 
and so as to turn about the pin or shaft /, and the other arm p 
of which extends downwardly or upwardly between the link a 
and rocking-arm e, and is connec to the other eccentric-rod 
n2, The arrangement is such as to enable the valve gear to be 
made of comparatively small width, so as to better adapt it for 
application to the inside-cylinder locomotive engines commonly 
in use in this country, and especially to those engines wherein 
the cylinders are arranged close together, and even to engines of 
narrow gauge, the object being to provide = room between 
the valve gear and the engine connecting- without neces- 
sarily altering the design of the engines other than substituting 
the new valve gear for the old. (Accepted February 13, 1907.) 


12,615. P. M. Pritchard and the United Alkali 
Company, Limited, Liverpool. Determining Dry- 
ness of Steam. [2 Figs.) May 30, 1906.—Apparatus for 
determining the percentage dryness of steam as hitherto used, 
operate by condensing, throttling. or separating, or by a combi- 
nation of two or all of these. Those operating by throttling 
or se ting have the disadvantage that only a very small 
quantity of steam can be dealt with in apparatus of a convenient 
size, and consequently small errors of observation or manipula- 
tion make the results of no value, whilst those operating by con- 
densing, as usually employed, are very bulky and involve the 
exposure of water at a high temperature to the air, with loss of 
heat by radiation, and consequentinaccuracy. The object of this 
invention is to provide apparatus which will condense large 
quantities of steam in as small a space as possible and not require 
the handling of hot water. According to this invention, a surface 
condenser is arranged in such a way that the outward surfaces 
are ata ew low temperature owing to the condensing 
water being between the surfaces in contact with the steam and 





(419 
the external surfaces, whereby radiation losses are reduced to a 


minimum. The condensing water is ca to pass in adirection 
opposite to that in which the steam and condensed water pass, so 
that the maximum amount of cooling per unit of cooling surface 
is obtained. The condenser consists of two different sized heli- 
eally-coiled pipes, one pipe being inside the other pipe. The 
steam passes through the inner pipe in one direction, and the 
condensing water passes through the outer pipe in a direction 
opposite to that of the steam. Means are provided at each end of 
the coil to keep the steam and condensing water separate, and 
in the p ges are kets 3 with covers, carrying receptacles 
4, 5, 6, 7, and 8 for thermometers so situated that the thermo- 
meters in the ptacles 4 and 5 indicate the temperature of the 
incoming steam at the points where it enters and where its pas- 
sage through the inner pipe is throttled ; the thermometer in the 

le 6 indicates the temperature of the outgoing condensed 
steam, the thermometer in the receptacle 7 indicates the tem- 











valve pivotally connected or hinged to it near one end, and the 





ture of the se condensing water, and the thermometer 
nm the receptacle 8 indicates the temperature of the outgoing 


condensing water; and from these temperatures the weight of 
the condensed steam and of the condensing water, and tables 
giving the total heat in a given weight of dry steam, the water 
contained in the steam can be calculated. (Accepted February 


13, 1906.) i 

J. Cgwan, Edinbur; and A. J. Fuller, 
London. Steam: lant. 43 Figs.) February 
13, 1906.--This invention relates to plant used in the generation of 
yore superheated steam, and the object is to obtain a 
still greater economy from thermal storage vessels. The inven- 
tion consists, broadly, in using superheated steam in the thermal 
storage vessels ; or, in other words, in combining a superheater 
with a thermal storage plant. According to the particular form 
shown, thermal storage vessels a are arranged above the boiler or 
boilers b, which are of the ordinary Stirling type. The superheater 
may be of any type, but is shown as consisting of twodrums cand d 
connec tu é, as indicated in dotted lines. The upper 
drum ¢ is divided into two compartments by a partition in the 
form of a butterfly valve. Intoone compartment tubes lead from 
the boiler steam space in the middle steam and water-drum, while 
the second compartment is provided with an opening through 
the stand-pipe k. By providing a butterfly valve in this way the 
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temperature of: the superheat may be regulated by by-passing 
some of the saturated steam from the one compartment to the 
other compartment. On the stand-pipe & there is fixed a T-piece, 
one branch of which is connected by a pipe n to the thermal 
storage vessels a, while the other branch p is connected by a pipe 
q, provided with a valve, with the main steam-pipes. Feed-water 
is introduced into the thermal storage vessels through the pipe 2, 
while the hot water to the boilers is drawn off through the pipes 
z. The course of the steam is as follows :—Saturated steam from 
the boiler enters the first compartment of the superheater. This 
steam issues through the stand-pipe & as superheated steam. The 
greater proportion of the superheated steam passes by the branch 
p and pipe q to the main steam-pipe s. The steam may be mixed 
with saturated boiler steam, and for this purpose any convenient 
form of steam-mixer may be employed. A portion of the steam, 
greater or less, according as the load on the engines is less or 

ter, 3es to the thermal storage vessels through the pipe n. 
 eemener February 13, 1907.) 


MISCELLANEOUS. 
26,085. Aktiebolaget Separator, Stockholm, 
Sweden. Centrifugal Separator Bowls. [1 Fi.) 


November 17, 1906.—The present invention relates to an improve- 
ment in centrifugal separator bowls, and has for its object to 
avoid the inconvenience of the central feed-tube being rough and 
unworked on its inner surface, and make it possible to work said 
surface. On account ot the said roughness it has hitherto been 
almost impossible to cleanse the central feed-tube well enough, as 
a part of the impurities and the fat have adhered to the rough 
surface. The invention further has for its object to make it pos 
sible to work the inner surfaces of the slots in the wings, project- 
ing from the central feed tube, when the bowl is provided with 
such wings for the feeding of the milk to the liner. These slots 
have also been nearly impossible to cleanse on account of their 
being very narrow and having rough surfaces. The invention 
consists therein, that the part of the bottom of the bowl which 
surrounds the spindle, and wherein it is fastened, forms aseparate 
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shell, which may be loosened from the bottom of the bowl Wher 
the spindle is removed and the shell loosened, the central feed- 
tube may be bored up and the slots in the wings worked by means 
of cutting files, so that the surfaces will be smooth. a is the 
bowl, } the bottom thereof, ¢ the plates (only the ~ and bottom 
plates are shown), @ the upper plates, e the central feed-tube, / 
the slotted wings projecting therefrom, and g the spindle. The 
spindle is surrounded by a s‘xell 4, which fits into a corresponding 
boring in the bottom b. When the spindle g and the shell h are 
taken away, the ionersurface of the central feed-tube may be worked 
by means of a suitable tool, and besides, the slots in the wings / 
may be worked, for instance, by means of a cutting file, so that the 
surfaces will become smooth. The dotted line i encloses the part of 
the wing f which may be worked by means of a cutting file. 
When in manufacturing the bow! the feed-tube and the slots have 
been smorthed, the shell A is put in its place and secured to the 
bottom b in any suitable way, and then the spindle g is placed in 





the shell A and secured thereto. (Sezled April 18, 1907.) 
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THE ENTRANCE TO THE MERSEY. 
(Concluded from page 334.) 

Tue Mersey Bar was a notable bar of its type. 
It was formed wholly of sand, and while the depth 
of the navigated channel over it varied from 7 ft. 
to 17 ft., the soundings on the sea side were 40 ft., 
and on the inner side as much as 50 ft. at dead low 
water of spring tides. We give in Fig. 3 longitu- 
dinal sections of the low-water channels as shown 
by Mr. Russel Aitken in 1882, and from a chart of a 
latter-day survey. The channel through the ridge 
of sand has for the last 24 years been kept as deep as 
other parts of the Crosby Channel nearer Liverpool, 
so that during that time the bar has been removed 
as an obstacle to navigation. In plan the bar has 
always assumed a horse-shoe form, curved towards 
the sea, and its position has varied somewhat, 
having been pushed seawards near about 1200 yards 
in the last half-century. 

In 1881 Mr. Russel Aitken, M. Inst.C.E, 
advised that the bar should be removed by dredging. 
He laid his proposal before Mr. Alfred Holt, a 
member of the Mersey Dock and Harbour Buard, 
and so brought the matter to the notice of the 
authorities in a series of letters written from 1881 
to 1883; but nothing was done in the matter until 
1890. 

Suction dredging was a novelty at the earlier 
date, and had only been tried for a few years pre- 
viously in Holland, while in this country a start 


tion of plant, at less than 1d. per cubic yard. The 
depreciation written off is 10,0001. per annum, and 
raises the cost to a little less than 1}d. per cubic 
yard, which makes the outlay on this particular 
service 36,000. per annum. These figures show 
how difficult it is to forecast the result of great 
undertakings, and to measure aright what the 
future has in store when dealing with a waste of 
sand and strong currents. If the cost of dredging 
had remained at 8d. per cubic yard, the removal of 
sand alone would have entailed an expenditure of 
nearly 250,000/. per annum. 

Still, in principle Mr. Russel Aitken was right ; 
the bar of the Mersey has been reduced by dredg- 
ing, and the cost of the work has not been too much 
for the resources of the Mersey Dock and Harbour 
Board, while a most valuable ym has been 
secured to the navigation of Liverpool, ‘‘ the cit 
of ships.” Before the bar was removed Liverpool, 
with its enormous shipping traffic, was a tidal port 
for all vessels. Even coasters to Ireland and the 
Isle of Man were dependent on the tide for passing 
in and out during springs, so that their time-tables 
were of necessity regulated by the phases of the 
moon. This has for years given place to sailings at 
fixed hours, and train time-tables can be adhered 
to from day to day. The sea-going tonnage enteri 
and leaving the Mersey has risen from 10,949, 
tons in 1890 to 16,900,000 tons in 1905, 

In the latter year we find that there was, in 
addition, 50 per cent. of tonnage coastwise. This 
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was made at Lowestoft about 1880. The apparatus 
employed underwent various improvements in the 
succeeding ten years, and meanwhile the cost of 
dealing with sand was materially reduced. 

Mr. Aitken supplied an estimate as well as the 
longitudinal section. Thus, after the lapse of a 
quarter of a century, we are able to note that his 
bold project was right in principle, although in 
detail it was beside the mark in various ways. The 
estimate runs thus. For making and maintain- 
ing a channel which was to be 300 yards wide, 
30 ft. deep at low water of spring tides, from the 
sea to Liverpool :— 


£ 
9,000,000 cubic yards dredging, including 
first cost of plant, &c., at 8d. per 
cubic yard, is 320,000/., which at 4 per 
cent. perannum ... seine cae = 12,800 
500,000 cubic yards dredging per annum, 
including repairs and depreciation of 
plant, &c., at 6d. a cubie yard... 12,500 
25,300 


Say 25,0007. per annum. 


This 30-ft. channel has not yet been made, 
although the work has been in hand continuously 
from September, 1890, to the present time ; and in 
the interval, to the end of 1905, which is the latest 
return published, the total quantity of dredging on 
the sea-channel and reached upwards of 
70,000,000 cubic yards ; and in that particular year, 
although 7,500,000 cubic yards were dredged, this 
vast quantity failed to maintain the channel. 
Seeing that the quantity of dredging required is 
largely in excess of the estimate, it is well to find 
compensation, due to a reduction in the cost, in 
somewhat similar proportion ; for instead of the 
expenditure being . per cubic yard, the large 
dredgers are said to raise from the bar and deposit 
outside at about jd., and the Harbour Board 
accounts for a year debit the dredging in the sea- 
channels, including all expenses except deprecia- 





traffic was not recorded in 1890, and brings the ton- 
nage using the port to upwards of 25,000,000 tons; 
so that x Need ore the meantime port charges have 
been reduced under various heads, there should be 
no lack of additional revenue to meet the genuine 
requirements of navigation. 

The forces to be reckoned with in making an 
attempt to regulate the channel are unusually great. 
The range of a spring tide is 31 ft. The volume of 
tide passing in and out of the estuary is 700,000,000 
cubic yards on a high spring tide, and the move- 
ment of sand under these conditions is propor- 
tionately vast. With the sea rising outside and the 
empty estuary waiting to be filled, the tide rushes 
in on the flood, and returns on the ebb with great 
rapidity. In the narrows opposite Liverpool the 
speed of the flood tide reaches, at times, 7 miles 
an hour, and at the bar from 3 to 4 miles. The 
momentum imparted to the water is so great that 
high-water mark at Warrington is 3 ft. above high- 
water mark at George’s Pier, Liverpool. 

Along with the tide a vast quantity of sand is 
carried in suspension, and under the influence of 
gales of wind and the attendant waves, the amount 
is greatly increased. As much as 300 ins of 
sand has been measured in each gallon of tide-water 
flowing past New Brighton. 

The estuary above Live 1 has an area of about 
25,000 acres, and is crowded with sandbanks. So 
is Liverpool Bay. There is a constant interchange 
of sand going on between these two areas of banks, 
and deposition takes place when and wherever the 
speed of the current slackens. In the upper 
estuary the sinking of a barge has been known to 
alter the direction of the navigable channel, and the 
deep water found at one period on the Cheshire 
side has changed to the Lancashire side and back 
again, from time to time. Below Liverpool the 
line of channel has been more stable than above, 
and the training of the waters on both sides of the 
Mersey, due to the dock-walls, has helped to keep 





the deep-water channel frum wandering as freely as 
of yore. For nearly half-a-century the Queen’s 
Channel has been the main of the port, and 
it would appear that the F code of the sea- 
approach by dredging must have had some disturb- 
ing effect upon the tidal current, and led to the 
alterations in the channels which have recently 
caused great anxiety in the counsels of the Mersey 
Dock aud Harbour Board. 

In our previous article we dealt with the changes 
which have taken place in the Crosby Channel and 
with the necessity which has arisen to prevent 
further erosion of the Taylor bank (see Fig. 2, 
page 333 ante), and we now give in ig. 4 a section 
of the revetment which is to be deposited. The inten- 
tion is to deposit along the southern face of Taylor's 
Bank, below low-water level and well outside the 
channel, a layer of small lumps of hard stone, in 
such a manner as to revet or clothe its slope, and 
so protect the underlying sand from erosion by the 
current. The total length will be about 24 miles. 

Harbour work is proverbially full of surprises, 
but the decision to undertake this work was not 
arrived at until the very best advice had been 
obtained. The original plan—the design of Mr. 
Anthony C. Lyster, the engineer-in-chief of the 
Mersey Dock and Harbour Board—was submitted 
to the following eminent engineers for their report, 
viz., Sir John Wolfe Barry, K.C.B., Sir Benjamin 
Baker, K.C.B., Sir Douglas Fox, Mr. L. F. Vernon 
Harcourt, M.A., Mr. P. Walter Meik, and Mr. A. 
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Average Hg vy Water Level, 














(ageT.a) 


F. Fowler. These gentlemen not only consulted 
together, but also visited the spot, and then unani- 
mously confirmed Mr. Lyster’s proposal. The 
Lords of the Admiralty and the Mersey Conser- 
vancy—advised by Vice-Admiral Sir G. 8S. Nares, 
K.C.B., acting Conservator; and Sir William 
Matthews, K.C.M.G.—have sanctioned the projectr 








SMALLHEATH BRIDGE, 
BIRMINGHAM. 

Tue bridge at Smallheath, of which we publish 
illustrations this week, is situated about a mile to 
the south-east of the centre of Birmingham, and 
forms of a scheme to connect by a thorough- 
fare the districts of Smallheath with Sparkbrook, 
and the southern part of the City of Birmingham. 
Previous to the carrying out of this scheme these 
districts were separated for a distance of seven- 
eighths of a mile, by the Great Western Railway 
Company’smain lineand sidings. Thisnew thorough- 
fare divides this obstruction near the middle. It is 
due to the enterprise of the Corporation of the City 
of Birmingham, and consists of a road 50 ft. in width 
between Cooksey-road and Bolton-road, a distance 
of 225ft.; the continuation of the same on the 
opposite side of Bolton-road to the abutment of 
the bridge (which includes the eastern approach), 
a distance of 93 ft.; a 42-ft. wide steel bridge over 
the Great Western Railway Company’s siding and 
main lines, to the Warwick and Birmingham Canal, 
567 ft. 34 in.; a 55-ft. span brick arch over that 
canal and the western approach, terminating in 
Kendal-road, a distance of 389 ft. The total length 
of bridge and approaches is 949 ft. 34 in. ; and 
with the addition of the roads, 1176 ft. 

The history of the scheme is a long one. The 
extension of the city in the direction of Small- 
heath and Sparkbrook has been rapid, the popula- 
tion having increased from 40,000 in 1891 to 54,000 
in 1901—an increase of 35 per cent. in ten years. 
This rapid increase led, many years ago, to the 
proposition being put forward to carry out this 


scheme, which proposition has since then been raised 
from time to time, but has been shelved owing to 
the great cost and the necessity of other more press- 








It was not until 


ing improvements in the city. 
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1899 that an agreement was entered into with the 
Great Western Railway Company for the necessary 
easement to cross their railway, the way being thus 
cleared for carrying out the scheme. Considering 
that the new thoroughfare connects two points 
317 yards distant, between which a detour of 
nearly one mile was previously necessary, and also 
the large number of inhabitants convenienced by it, 
the necessity of carrying out such a scheme was 
evident to all. The annual sum required for in- 
terest, sinking fund, and maintenance is about 
31001., which, excepting Sundays, equals 9/. 183. 1d. 
per day. Now assuming the average saving of 
time to persons using this bridge as against the old 
circuitous route to be 15 minutes each, the average 
value of the time saved to be 4d. per hour per 
individual, and, taking the saving in vehicular traffic 
at 91. per vehicle, it would require daily :— 





£ s. d. 
80 vehicles at 81. .. 213 4 
1737 people at 1d. ... ae ee 
918 1 


or 2377 people, without counting vehicles, to pay 
the interest, sinking fund, and maintenance. And 
though such a toll cannot, of course, be levied, the 
general public benefit to this extent. By the 
appearance of the traffic on the bridge, these 
numbers are, it is believed, exceeded already ; and 
as, no doubt, the traffic will increase in the 
future, the wisdom of the Corporation in carrying 
out this scheme is evident. 

The bridge, which is shown in Fig. 1, page 
606, was opened to the public on October 10, 
1904, on which occasion a medal was struck in com- 
memoration. The ceremony was performed by 
Alderman Sir Hallewell Rogers, J.P., the then 
Lord Mayor, supported by Alderman Sir James 
Smith, J.P., chairman of the Public Works Com- 
mittee, and members of the City Council. 

Owing to the great amount of traffic on the 
railway, the conditions required to be complied 
with were very severe. The centres of piers and 
skews of the spans were required to suit the rails 
in the sidings, and not only the existing rails, but 
future alterations contemplated by the company. 
As every temporary support for erection involved 
blocking a siding, it was imperative that the stage 
should be in large spans; thus only one temporary 
pier was allowed for each of the spans over the 
existing sidings, and even that involved a consider- 
able amount of track work, in laying down cross- 
overs, &c. Inaddition to this, the soffit of the stage 
girders was required to agree with the structure 
gauge of the railway company, to allowthe work on 
the siding to continue; also a number of other 
rules had to be complied with. Alterations to the 
signwling and the deviation of telegraph-wires from 
overhead to underground had to be carried out. 

The arrangement of all these matters was the 
work of the Great Western Railway Company’s 
engineers, and was a complicated business, involving 
many preconsiderations. All alterations to the rail- 
way company’s property were carried out by their 
enployés. They consisted of the diversion of a 
siding and two cross-overs near pier A, Figs. 2 
aud 3; blocking a siding near pier B, and slewing 
the main line for a considerable distance on each 
side of the site; all necessary alterations to the 
signalling arrangements ; the diversion of a water- 
pip? on the site of pier B; and the diversion into 
uaderground pipes of the telegraph-wires, which 
cros3ed the site of the bridge. Also a siding was 
diverted, and a cross-over road provided tem- 
porarily for the stage near the middle of span B. 

The sidings, including the main line, consist of 
twenty-eight tracks, and extend under spans A, B, 
and ©. The sidings are worked continuously night 
and day and for a short time on Sunday, on which 
day all work interfering with them had to be done. 

Proceeding from Bolton-road end (see Figs. 2 
and 3) the stcel-work portion of the bridge is 
divided into span A, 64 ft.; B, 144 ft. 9in.; C, 
120 ft. 3 in.; D, 100 ft.; E, 69 ft. 8in.; and F, 
68 ft. 74 in.; and immediately beyond, but not 
shown in these figures, is the 55-ft. brick arch over 
the canal. 

The main girders to the right hand, proceeding 
ia the same direction, are marked B (Birmingham 
side), and those to the left hand L (London side). 
The marking for the piers also proceeds from the 
Bolton-road end. Pier Ax being under the main 
girders AB and Bs; and pier AL being under 
iain girders AL and B x. 

Tae bridge has a clear roadway width of 42 ft., 








divided into two 8-ft. “ty and a 26-f{t. carriage- 
way, which allows for two lines of traffic and one 
tramway track, should it be desired at some 
future date to carry the tramway system over the 
bridge. 

The main girders are placed outside the foot- 
paths, leaving the whole of the roadway clear for 
traffic, thereby avoiding the very great objection of 
having the main girders projecting above the road 
surface, as is the case where the footways are car- 
ried on cantilevers. 

Provision is made for building an approach roid 
from the railway siding on to the bridge at span E. 
This necessitated the main girder on the one side 
of span E being no deeper than the cross-girders, and 
also another support (pier F') being provided (see 
Fiz. 3). The gap left in the parapet for this pur- 
pose is closed with a wooden one of a design in 
keeping with that of the steel parapet. 

The centre lines of the piers are inclined to the 


centre line of the bridge at different angles, thus 


making the skew of each span different at one end 
from the other, and, consequently, the main girders 
of different lengths. 

The bridge is designed to carry the heavy traffic 
of the district, also the estimated future traffic. 
Although at the present time traction engines with 
one or two trucks attached are occasionally seen 
passing along the streets, in years to come this 
form of haulage may become more common ; more 
powerful engines and heavier trains may be in 
vogue. To cover this condition, a live load of a 
train of four 10-ton trucks, hauled by a 15-ton 
engine, and covering an area of 67 ft. by 6 ft. 7 in., 
is provided for. As an alternative to a train-load, 

rovision is made for a 40-ton trolley with a wheel- 

ase of 14 ft. 3in. by G6 ft. 7 in. Trolleys of this 
sort, loaded with heavy machinery or boilers, are 
not unfrequently seen in the streets of Birming- 
ham. A crowd-load of 120 lb. per foot super is 
provided for, and taken as covering all parts of the 
bridge not covered by the train or trolley. 

In fixing the sections additional metal is pro- 
vided to allow for corrosion. Onthe bottom booms 
of the main girders and the floor girders ,', in., 
and on all other parts ', in., is provided over the 
whole exposed surface. This addition to the weight 
of metal in the bridge is considerable ; but as the 
air of manufacturing towns (especially Birmingham) 
carries a large amount of corrosive matter, and 
seeing also that the bridge is over a railway siding, 
where there is a great deal of smoke and steam 
from the locomotives, the expenditure thereby 
incurred will eventually prove economic. 

The distances between the centres of cross girders 
are made as uniform as possible, in view of the 
different lengths of the main girders. They vary 
between 11 ft. for span B and 10 ft. 3} in. for span 
D; and as the maximum difference is only 8} in., 
the same sections can be used uniformly through 
the bridge for flooring girders, bearers, {c. 

The steel piers are of the cellular type, built up 
of plates, chynnels, and angles. The maximum 
allowable width was fixed at 3 ft. 6 in. for piers A 
and C; 2 ft. 8 in. for piers B, D, and E; and 
2 ft. 14 in. for the remainder. Piers A and B, 
with their anchorages, which are typical of the 
remainder, are illustrated in Figs. 16 to 28, page 
607. Pier A is 14 ft. O} in. long, and is built up 
of g-in. and }-in. plates, and 3}-in. by 34-in. by 
§-in. angles in the form shown in the figures. The 
piers are also shown in Figs. 31 and 32 on our two- 
page engraving, Plate XX XVIII. 

The piers being too far apart to brace together, 
the wind pressure produces an uneven stress on 
their bearing surfaces. Also the same result, 
whatever care is taken to protect the expansion 
bearings, is produced by the expansion and con- 
traction of the bridge. The brackets at the base 
are therefore made very strong and as large as 
allowable. This also necessitates a strong anchorage 
and hard bedstone. After erection the piers were 
tilled with concrete, for which purpose, and for 
access to internal riveting, holes were provided in 
the top and bottom plates. The steel piers are 
-_ “$y a layer of oT" ‘ 

n the case of piers B the anchorage is composed 
of eight leltinadoan bolts, 2} im in diameter 
and about 11 ft. in length, built, with the anchor 
frames, into the cement foundation. In the smaller 
columns only six bolts are provided, as shown. 
The anchor-frames are of stcel joists 8 in. by 
4in. by 261b., one on each side of the holding- 
down bo!ts, with cast-iron packings between them. 
The inner joists are connected together at the 








corners where they meet, forming a frame which 
was very convenient in erection. One of the ex- 
pansion-bearings on the top of the pier is shown in 
Figs. 21, 29 and 30, page 607. 

The bedstones are of Cornish granite, 8 f{t. hy 
9 ft. by 2 ft. 6 in., for Piers A, B, and C, and 
smaller for the other piers. They, being too large 
to handle conveniently whole, were supplied in two 
parts and dowelled together. The bedstones arc 
laid on 2 ft. 2 in. of brindle brickwork in cement 
—— of the proportion of 1 of cement to 2 of 
sand. 

The first 2 ft. of concrete in the foundations is 
of the proportion of 1 of cement to 6 of sand and 
broken stone. From that point to the bottom it 
is composed of 1 of cement to 7 of sand and broken 
stone. Figs. 31 and 32 on our two-page engraving 
are elevations of Piers B and E respectively, and 
are — of the remainder. 

Preliminary trial borings were made, four in all, 
distributed along the length of the bridge and near 
the position of the piers. They revealed a thick 
bed of loamy sand, with occasional layers of coarse 
gravel, and only in the borehole next to the canal 
was the bed penetrated. In that borehole the 
marl bed, which extends over the whole district 
and is of great depth, was reached at 38 ft. A 
timbered excavation was also made about 8 ft. by 
4 ft. by 14 ft. deep, which proved the soil to be 
fairly pervious, although it slowly filled up with 
water to near the surface. 

The railway embankment only extends from 
Bolton-road end to pier C, the remainder being 
the natural ground-level, about 10 ft. lower, and 
swampy. This was drained into a small brook that 
flows across the site, which also conveyed away the 
water pumped from the contiguous excavations. 
The work was started at piers A; open excava- 
tions were made, and timbered with grooved and 
tongued sheet-piling. Wells, which on completion 
were filled with the excavated material, were 
formed outside the foundation, the sheeting being 
carried round them. Where springs occurred at 
the bottom of the foundation a layer of slag was 
placed, forming a drain to the well, and the con- 
crete laid on the top and well rammed. The water 
in the excavation for piers A and B, on being 
pumped to the surface, was conveyed in wooden 
troughs under the rails to an existing sewer. 

In pier AL running sand gave considerable 
trouble ; small springs occurred in some of the 
others, but no serious difficulty was encountered. 
Good sand foundations were obtained at the levels 
shown on the general plan, Fig. 3. As the rail- 
way embankment will in the future be extended 
over the whole site, the piers in the low ground are 
built of brick up to the future level, the concrete 
terminating at the water-level, which is near the 
surface of the ground. 

In planning a skew bridge one difficulty generally 
arises where the main girders are not plate girders— 
which is, that the end bays of the main girders work 
out to different lengths, and are different from the 
ordinary length of bay. This difficulty occurs in 
nearly all the spans ; and although unable entirely 
to overcome this objection, it has been diminished 
in some cases by putting the posts next to the end 
posts to one side or other of the cross-girder, thus 
lengthening or shortening the bay as required. 

By this means the objection can be rectified to 
the extent of half the width of the post, and 
although only a small amount, it is very apparent 
in the finished girder. It not only narrows or 
widens the end bay, but it graduates the bays as 
the second bay is narrowed, or widened, at the same 
time. This is illustrated in Fig. 33, also in Fig. 34, 
where the three ond bays of the girder are 11 ft. Lin., 
11 ft. 2g in., and 10 ft. 88 in. In span A a case 
occurs which is illustrated in Figs. 33 to 40, show- 
ing the method of connecting the cross - girders. 
The N type of truss was considered mcst suitable 
in view of the great weight on the cross-girders, 
and the absence of overhead bracing. As overhead 
bracing is not available, the necessary stiffaess of the 
main girders is obtained by making a rigid connec- 
tion between the posts and the cross-girder ends. 
Assistance in this direction is also obtained through 
the curvature of the top boom shortening the posts 
towards the ends of the girders. In view also of 
this requirement, the main girders are made as 
shallow as possible, consistent with economy. 

One difficulty in this mode of construction—that 
of stiffening the main girders from the cross-gird«rs 
—is that the greater deflection of one cross-girder 
than of those on either side of it, due to heavy cva- 
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centrated loads, causes the posts that are attached 
to its ends ‘to incline inwards, and thus bend the 
top boom at that point, and be a source of weakness 
in that member. 

To obviate this as much as possible, two rows of 
lattice longitudinals are placed down the centre of 
the bridge, thereby distributing the load, and thus 
making the cross-girders on cach side of the 
loaded one deflect with it. The boom, in con- 
sequence, will have the lateral deflection dis- 
tributed over at least three points; and as the 
cross-girders are fairly stiff, this local distortion is 
very small and of little account. 

The main girders of the three large spans B, C, 
and D are similar in detail. They have curved top 
booms, whereas the smaller spans A, E, and F, 
which are also similar in detail, ee parallel booms. 
A description of one of each type will therefore apply 
to the whole of the main girders in the bridge. 

The main girders of span B are of different 
lengths, owing to the skews of the pins, as pre- 
viously described, the effective length of girder BB 
being 143 ft. 9§ in., and Bu 149 ft. 7}in. The 
effective depth is 17 ft. 9 in. at the centre, which 
gives a proportion of depth to span of about 1 
to 8. Details of the girders are shown in Figs. 
41 to 68 on our two-page engraving. 

The whole of the diagonals, except the counter- 
braces, are braced with lattice-bars to hold them 
straight while riveting up, and thus obtain the same 
initial tension in the two members of each diagonal 
as far as possible. For this purpose, also, the dia- 
phragms in the top boom of the two end-bays are 
inclined in the same direction as the diagonals. 
The first three diagonals have outside plates 1 ft. by 
8 in, and they, being in the same plane as the ver- 
tical plates of the booms, are connected to them 
with outside covers, the edge angles of the same 
being joggled over them. 

The first three posts from the end are built up of 
angles and plates, the remaining ones are of channel 
sections. As it is necessary to hold the top boom 
as rigidly as possible, the posts towards the centre 
of the girder are made much stronger than the 
stress diagram indicates. The fins to which the 
lattice-bars are attached are turned inwards, giving 
a stronger member for stiffening the top boom. 

The booms are 2 ft. 10 in. wide, one plate only 
of the bottom boom being of the full width ; the 
cther plates are 1 ft. 1 in. wide, and are grouped 
under the vertical plates. This principle, which 
gives greater lateral strength than when the section 
is distributed over the whole width of the boom, 
is also applied to the top boom where possible ; 
also, whére drip holes are placed in the bottom boom, 
less metal is cut away, one plate only being reduced 
in section. The bottoms of the booms are coated 
with asphalte, having a fall towards the drip-pipes, 
one of which is placed in each bay. 

In span A the main girders are both of the same 
length, the effective length being 64 ft. 5 in. 
(Figs. 35 to 49). These girders having an even 
number of bays, with the loading adopted, very 
little counter-bracing was found to be necessary. 
The diagonals of the two centre bays were there- 
fore provided with lacing-bars, and regarded as 
struts. But in the other girders of this type, 
being longer, an extra bay is required, giving a 
centre bay, which is provided with two diagonals. 
The same type of diagonal is used as described 
for the large spans ; but as the girders are narrower, 
lacing-bars are used for the web members, instead 
of lattice-bars, as in the larger girders. The dimen- 
sions are clearly indicated in the illustrations, and 
will be more easily followed than any description. 

The three larger spans, B, ©, and D, are provided 
with rockers and expansion-rollers, shown in 
Fig. 29, page 607, but the smaller spans, A, E, 
and F, have gun-metal sliding-plates fastened to 
the bearing-plates of the main girders. The ex- 
pwnsion-bearings fur spans A and B are on pier A ; 
for span C on pier C ; and for span D on piers D 
and E, there being no room for two sets of rollers 
on one pier ; for span E on piers D and E; and for 
span F on the abutment. Thus there are only three 
expansion-gaps in the flooring, no such provision 
being made for the small span F. 

The expansion bearing-plates, and also the rollers, 
are of cast steel, but the rocker-pins are of wrought 
steel. The rollers are 54 in. in diameter, and are 
of the rocking type, this type being used to reduce 
the length of the bearing to the smallest size pos- 
sible, as the area available on the tops of the piers 
is limited. 
in view of the exposed position of the bridge, 





and the rapid corrosion that would, no doubt, take 
place on the machined surfaces of the roller-bearin 

it became imperative that some method should 
used to protect them. The necessity of such a 
provision becomes accentuated in those cases, as in 
this one, where the bearings are on columns, for, in 
the event of the bearings ‘‘ rusting up,” the con- 
traction and expansion of the bridge is liable to 
cause the columns to rock, no movement taking 
place between them and the girders. 

To obtain the protection Ward's patent expansion 
bearing-protection is applied. This arrangement 
(for which Messrs. Marley Brothers, Aston, Bir- 
minzhar, are th» agents) consists essentially of a 
tank formed round the bearing, this tank being filled 
with a specially non-evaporative oil. The details 
as applied to the bridge may be seen in Figs. 29 
and 30. The tank sides, which extend above 
the underside of the travelling-plate, enable the 
level of the oil in the tank to be maintained at 
a higher level than that surface. By this means 
not only are the rollers and bottom bearing-plate 
surface protected from rusting, but also the lower 
surface of the travelling-plate. This is a point of 
importance, as when the travelling-plate is not 
protected, the rust which forms falls on the lower 
bearing-plate, and is liable to interfere with the 
motion of the rollers. The flange at the edge of 
the travelling plate forms a weathering, and the 
distance between the edge of the side-plate and 
the travelling-plate is oaly about ,, in., thus very 
little dust or moisture can get into the tank. This 
arrangement has proved up to the present effectual, 
it has received no special attention in the main- 
tenance, and, although the bearings have been in 
use now for three years, they are apparently as 
sensitive to changes of temperature as when first 
erected. 

Details of the main girder stools for span A are 
shown in Figs. 47 and 48. They are of cast iron, 
and are tap-bolted to the steel bed-plate on the 
pier. Fig. 29 shows one in position. Similar 
stools occur on some of the other piers. 

Lead pads are placed between the rocker-plates 
and bearing-plates of the girders, and also between 
the bed-plates and steel piers. 


(To be continued.) 
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Text-Book on Geodesy and Last Squares, Prepared for 
the Use of Civil Engineering Students. By CHARLES 
L. Cranpatt. New York: John Wiley and Sons; 
London : Chapman and Hall, Limited. [Price 12s. 6d. | 

The Adjustment of Observations by the Method of Least 
Squares, with Applications to Geoditic Work. By 
Tuomas Watiace Wricut, M.A., C.E., with the 
co-operation of JoHN Fittmore Hayrorp, C.E. 
London: Arch. Constable and Co., Limited. [Price 
12s. 6d. net. ] 

Or recent years university authorities have given 

increased attention to practical engineering, with 

the result that problems connected with surveying 
and the determination of an observer’s position on 
the earth’s surface, have been brought prominently 
before the student. As a necessary consequence 
of this new departure, a new class of text-books 
has made its appearance. Both lines of develop- 
ment are welcome and satisfactory. Hitherto the 
employment of measuring instruments, their 
methods of use, their adjustment and corrections, 
have been confined to the investigation of astro- 
nomical problems. This science gives some oppor- 
tunity for the application of formule which the 
student has acquired from books ; but except the 
inquiry is of the simplest kind, it is usually neces- 
sary to have recourse to observations taken by 
other observers, and at different times. A student’s 
own work, conducted with one instrument, has 
seldom sufficient materials to solve a problem in 

its entirety. But to derive the latitude of a 

station by various methods, or to arrange for the 

determination of difference of longitude of two 
stations near to each other, are limited and finite 

a in which the student is left mainly t 
is own resources, and on that ground possess 

considerable educational value. If we add to 

such problems those that arise from field prac- 
tice in geodesy, hydrography, and topographic 
surveying, the applications fur practical work are 
still further widened. A greater variety of in- 
struments is brought under examination, greater 
accuracy, both in construction and in use, is pro- 
moted, and the effect is beneficial on both the 

















manufacturer and the observer. It may be urged 


in the same way that accuracy of reduction and the 
ee of the greatest refinement are equally 
desirable, and that the student should be early 
taught to get thé most out of his observations. But 
the two books whose titles we have just quoted are 
calculated to make one ask whether this principle 
cannot be carried too far. It may be admitted 
readily enough that, as observations are multi- 
plied, and more data are furnished than are neces- 
sary for the solution of the problem, some method 
must be devised fot the selection of the most 
appropriate quantities. But the book, as a text- 

k for students, may be overweighted with 
detail. This remark applies more particularly to 
the first-mentioned work. Messrs. Wright and 
Hayford's book is not necessarily addressed, to 
students, and this work is excellent for the expert, 
since all the difficulties arising from the triangula- 
tion of large areas are considered and overcome. 
But to the novice such a book might prove fur- 
bidding. A student who wants exact information 
on levelling or railroad surveying, but only an 
intelligent insight into the processes involved in 
triangulation of large districts, might look askance 
at Professor Crandall’s work. Doubtless there are 
merits in making a treatise thorough and complete, 
but by attempting to cover too much ground’ tho 
work miay be,rendered unattractive. Further, 
within a moderate compass it it difficult to pre- 
cerve the same exhaustiveness, and an unevennors 
of treatment becomes apparent. 

The first chapters of Professor Crandall's book 
are excellent. He has kept distinctly in view the 
requirements of those for whom he is writing. 
Assisted by his practical knowledge and experience, 
he proves a very competent guide to pupils in sur- 
veying and measurement. In the larger problems 
of geodesy and of the figure of the earth—subjects 
the value of whose introduction into a book of this 
character is questionable—his competency is not 
so apparent, but while he is treating of instruments, 
and of the principles to be observed in all triangu- 
lation, whether conducted over large or small areas, 
he may be followed with advantage. Perhaps some 
of the directions, drawn as they are from the 
rules adopted by the Coast Survey, are more 
applicable to work on a large scale; but he wisely 
insists on many points which should not be over- 
looked in ordinary measurement. In describing 
the errors of instruments, and their corrections, 
the methods given are generally sufficient for 
students. We would willingly have dispensed with 
some other matters if the author had entered with 
more completeness into the theory of the instru- 
ments. n our experience of surveying work, 
there is too great tendency to trust to mechanical 
rather than arithmetical corrections. Both for 
collimation and level errors the author trusts to 
mechanical adjustment. In the treatment of the 
‘*runs” of a micrometer, though the method of 
correction is properly shown, he remarks ‘* that 
many good observers regard it (the correction for 
‘runs ’) as an unnecessary refinement if the micro- 
scopes are kept in proper adjustment.” Here and 
there are scattered a few historical remarks, and 
these might have been increased, since they add to 
the interest ; but up to the end of Chapter V., 
which treats of trigonometrical and precise levelling, 
little exception can be taken either to the facts or 
to the arrangement. 

Up to this point we feel that we are in the hands 
of a master relying upon his own knowledge and 
practical acquaintance with the subject. In the 
next three chapters, treating of the figure of the 
earth and the determination of the dimensions of 
the ellipsoid, the author is not so satisfactory. 
But, as we have hinted, these chapters might 
very well have been omitted. They scarcely con- 
cern civil engineers. Physicists and astronomers 
who are interested in such questions would require 
a more thorough treatment, and would go to the 
original authorities, to whom the author refers. 

The second part of Professor Crandall’s book is 
occupied mainly with the discussion of observa- 


: tions by the method of least squares. Here there 


is little opportunity for the display of originality, 
nor is the subject one which can be made very 
attractive. In the general principles and arrange- 
ment the author has followed Chauvenet, though, 
if we remember rightly, that authority has made 
the theory of probability precede the application of 
the method to the solution of equations of con- 
dition. 

In his final chapter the author treats of the appli- 





cation of the method to conditioned problems, such 
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as the adjustment of the measured angles of a 
triangulation net, in which the observed quantities 
are not independent, but are subject to a prelimi- 
nary condition. This again is a matter that will 
rarely concern a civil engineer, at least outside an 
examination room ; and if it should be a subject of 
which he requires information, he would be wise to 
consult the second work mentioned, since the 
method is treated much more fully by Messrs. 
Wright and WHayford, from whom Professor 
Crandall has repeatedly quoted. 

In this second work the authors are not limited 
by the requirements of students. They are experts 
writing for experts. They may be regarded as the 
guardians of the matured experience collected in 
the office of the United States Coast Survey during 
the last seventy years. Consequently, the object of 
the book is not to show how a set of difficult and 
involved problems might be solved according to the 
methods beaten out by pure mathematicians, regard- 
less of the limitations of the computer, but to indi- 
cate how the work is actually done under the pres- 
sure of practical and economical conditions. The 
book may be said to have grown rather than to have 
been written. Notes have been made from time 
to time of the various difficult and uncommon 
points that have arisen in actual practice, and of 
the solutions that have been found satisfactory. 
With the view of securing uniformity in reduction, 
these notes have been collected, expanded, syste- 
matised, till the working code preserved in this 
volume is the result. For this reason the record 
is most valuable as a practical guide, though it 
appeals but to a small and specialised audience. 

or the sake of completeness the general theory 
of the law of error is discussed in an introductory 
chapter, but a knowledge of the principles involved 
might have been assumed on the part of the reader. 
‘hen the authors pass to the adjustment of direct 
observations of one unknown. Though the remarks 
on the ‘‘ weighting” of observations and the re- 
jection of discordant results are of the utmost 
importance, we may not enter into details here. 
There are, however, some weighty words intended 
to correct what may be called ‘* popular errors,” 
or fallacies, which may interest those who are less 
familiar with the subject. For instance, a tyro 
may, and does, imagine that there is some inherent 
virtue in least squares, by which good results can 
be derived from a poor set of observations, or that 
an increase in the number of observations is necas- 
sarily attended by an increase in accuracy. Again, 
an impression prevails that the limit of accuracy 
for a given instrument is the smallest magnitude 
that can be seen with it. ‘*‘What cannot be seen 
cannot be measured” is sometimes quoted as au 
axiom, but underneath these assertions, and many 
others, lurk dangerous and unsuspected fallacies. 
In connection with this last fallacy the authors 
give an interesting illustration. In the precise 
level net: of the United States the largest correction 
expressed in millimetres per kilometre, arising 
from the necessity of closing all circuits—the most 
severe test of accuracy which can be applied—is only 
one-fourteenth millimetre per kilometre. To any 
one who has not had experience in this class of 
work such a statement is startling. 

A chapter is devoted to the adjustment of in- 
direct observations, where the quantity measured 
is not the unknown required, but is a linear func- 
tion of one or more unknowns whose values are to 
be found. Here we are still on tolerably familiar 
ground. It is not till we attack the adjustment of 
conditioned observations that we approach the 
peculiar character of the problems most frequently 
presented in geodetic work. In many classes of 
measures the observations are subject to no condi- 
tions save those fixed by the observations them- 
selves, but it may happen that the observations 
must satisfy exactly certain relations that exist, 
a priori, entirely separate from any relations 
demanded by observation. In such cases the 
observations are conditioned. For instance, if 
three angles of a triangle be measured, it is neces- 
sary that the angle-sum should be equal to 180 deg. 
plus the spherical excess of the triangle. Or that 
the length of any side of a triangle as computed 
from the base should be the same whatever the 
direction of the route chosen. The number of the 
conditions to be satisfied will depend upon the mea- 
sures made. Each condition can be stated in the 
form of an equation, in which the most probable 
values of the measured quantities are the un- 
knowns. The number of equations being less 
than the number of unknowns, an infinite number 





of solutions is possible, and the problem to be 
solved is to select the most probable value from 
that infinite number. This question is very ably 
considered from a practical point of view, and two 
chapters are added, showing the application, with 
numerical examples, to the adjustment of a trian- 
gulation net, both with regard to the method of 
angles and of directions. 

The last chapter, to whieh only the briefest pos- 
sible reference can be made, is very interesting and 
valuable. Its object is to show how the theory of 

robability may be applied to suggest improvements 
in the method of observing, so as to increase the 
accuracy, or to economise time and labour. Im- 
Oat ype pes may be effected in various ways. The 
imit of accuracy is usually decided by the con- 
stant and systematic errors, and if these can 
be separated from accidental errors, or transformed 
into that class of error with which alone theory 
is concerned, some improvement is likely to result. 
The principle can best be illustrated by an example. 
Suppose the problem consisted in determining the 
latitude of a station by the observation of a pair of 
stars on either side of the zenith. Whether would 
it be more desirable to observe 20 pairs of stars on 
each of five nights—100 in all—or 100 pairs once 
only. Perhaps this question could be answered 
offhand without any evidence to support the de- 
cision, but, as a matter of fact, probability 
shows that there is a very substantial advantage 
in observing 100 pairs once only; the probable 
errors in the two cases are as 47 : 34; or, to put 
it another way, if only 54 pairs be observed 
once, the accuracy would be the same as repeating 
the observations of 20 pairs five times. Obviously, 
the error in the star’s declination, which would 
operate as a constant error in the group of five 
psn ig is transformed into an accidental 
error in the case of a single observation. Many 
other cases, not so simple as this example, show 
how the proper selection of observations can be 
assisted by the application of theory ; but, to do 
justice to this question, we are in a still more un- 
favourable position than the authors, who admit 
the inadequacy of a single chapter to deal with an 
interesting and important set of problems. 





The Energy Chart. By Captain H. Riatt SAnKEy, 
R.E. (retired), M. Inst. C.E, M.I. Mech. E. Rugby: 
Albert Frost and Sons. [Price 103. 6d. neb.] 

Tae general properties of the theta-phi diagram 
are now pretty generally understood. Its inventor 
was Willard Gibbs, that remarkable genius who had 
the extraordinary and very inconvenient habit of 
burying his most suggestive and illuminating con- 
ceptions in the transactions of a fifth-rate scientific 
academy. To Mr. Macfarlane Gray, therefore, 
belongs the credit of being the pioneer in the work 
of popularising amongst engineers the very con- 
venient plan of using the temperature entropy 
diagram as an aid to the thermodynamic analysis of 
the different forms of heat engine. This procedure, 
being based on graphical processes, has the great 
advantage of making it possible to actually visualise 
the difference between the efficiencies theoretically 
possible and those actually obtained in practice. 

As ordinarily used, however, many of the quan- 
tities involved cannot be read directly from the 
diagram, but must be obtained by computation 
for which a reference to steam-tables is necessary. 
Captain Sankey has, however, had the happy idea 
of plotting down a series of curves on top of the 
ordinary diagram, making it possible to read im- 
mediately from it, the volume, pressure, and dry- 
ness fraction of steam corresponding to any tem- 
perature and entropy, thus rendering reference 
to a set of tables to a large extent unnecessary. 
To still further obviate the reference to tables, 
scales showing the internal energy of 1 lb. of steam 
and scales of sensible heat and total heat in the same 
unit are plotted alongside the chart, thus making it 
feasible to determine very readily the corresponding 
quantities for steam at any pressure and dryness 
fraction. The temperature entropy diagram ampli- 
fied in this fashion has been called by its inventor an 
‘energy chart.” All thermodynamic investigations 
in connection with reciprocating engines can be 
carried out by the aid of this chart alone, without 
necessitating reference to steam-tables, the accuracy 
obtainable being ample for all the requirements of 
practice. 

For steam-turbine work, of course, graphical 
methods are less well adapted, since the error, in 
reading a quantity off a curve, being constant, 
becomes proportionately greater as this quantity 





becomes less. It follows, therefore, that an erro; 
which is negligible in the case of a triple-expansion 
engine, where the energy accounted per stage is in 
the neighbourhood of 100 B.Th.U. or more, be. 
comes serious in the case of a compound reaction 
steam-turbine, for instance, where the available 
heat expended per stage is sometimes only th: 
fraction of a thermal unit. Captain Sankey’s 
volume, accordingly, is devoted solely to the uses of 
the chart as applied to the analysis and propor- 
tioning of reciprocating engines. It opens with avery 
simply-written discussion of elementary principles, 
showing, in the first place, how it is possible to 
plot a theta-phi diagram. In the second chapter 
we find a capital discussion of the relations between 
this diagram and the corresponding indicator card, 
the subject being dealt with most clearly and most 
fully. A particularly excellent feature of this 
chapter, and, indeed, of the whole of the book, is 
the number of illustrations used to elucidate the 
text. Instead of making, as is too commonly done, 
a single figure serve for the discussion of three 
or four separate points, with the probability of 
confusing the inexpert reader by a multiplicity of 
letters and lines, each fresh subject of discussion 
has appropriated to it its own special diagrams. 

Having explained in the first four chapters of 
his volume the method of drawing, and the pro- 
perties of his energy chart, the author, in 
Chapter V., commences the application of it to 
locating the various sources of loss in the ordinary 
reciprocating engine. This he compares with an 
ideal engine giving the maximum efficiency theo- 
retically possible. The etfect on the temperature 
entropy diagram of each departure from ideal con- 
ditions is discussed in turn, and the result shown 
on it, of initial condensation, clearance, re-evapora- 
tion during expansion, and leaky valves. It is 
also pointed out how large a slice is cut from 
the diagram for the ideal engine by the practical 
impossibility in actual engine work of carrying 
down the expansion to the exhaust pressure. The 
net result in the case of a particular simple engine 
discussed in detail is, that out of a nice fat diagram 
with an area of 118.4 B.Th.U. for the ideal engine, 
the different corners lopped off by the various causes 
of loss in the actual engine leave a mere beggarly 
654 units. 

Practical experience has demonstrated again and 
again that in the case of locomotives a free exhaust 
is of much greater importance than the sharp cut- 
off at one time so desiderated by inventors of 
fancy valve-gears. The thermodynamic reason for 
this is given by Captain Sankey in a discussion of 
the diagrams given by a French locomotive. 

A very remarkable discussion of the thermo- 
dynamics of the compound engine is given in 
Chapter VIII., in which the author appears to have 
set himself to show, regardless of labour, how every 
conceivable source of loss can be represented, and 
its significance estimated by means of his chart. 
Perhaps, however, the most important part of the 
work is that in the succeeding chapters; in which. 
having in the previous portion of the volume shown 
in all amplitude how the chart may be applied to 
the analysis of the performance of actual engines, 
of which the consumption is known, he now 
attempts to solve the inverse problem, and to use 
the chart as a means of proportioning simple, com- 
pound, and triple-expansion engines, so as to have a 
specified steam economy. Here, of course, it is neces- 
sary to supplement the data given by the chart by 
those derived from experience with actual engines. 
He shows, however, that, independently of this, it 
is very easy by the chart to settle in a few minutes 
the cylinder proportions of compound, triple, and 
even quadruple-expansion engines, so that approx!- 
mately the same power may be developed in each 
cylinder. This becomes possible, because relatively 
large changes in the efficiency of the engine have but 
a small effect on the cylinder proportions requisite 
to secure an equality of load on the crank-pins. So 
far as we are aware, this portion of the volume con- 
stitutes a new departure, and is: a highly valuable 
extension of previous@pplications of the particular 
method under review; which, so far as reciprocating 
engine-work at any rate is concerned, has hitherto 
merely been employed in the somewhat limited 
field of analysis. ; 

For a first edition of a book containing so much 
original matter, the text is remarkably free from 
errors, but we note one or two arithmetical slip* 
on pages 26 and 27, where 689 x 0.488 = 336 should 
read 689 x 0.618 = 425.5, and this error 1s con- 
tinued over into the next page. We also think 
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that there is a slip at the foot of page 29, and that 
the sentence commencing ‘‘ It follows that the work 
area on the chart,” &c., should read: ‘‘ It follows 
that the work area on the chart included between 
the constant volume line through P, the transfor- 
mation line P Q, and the constant volume line Q, 
is directly proportional to the dryness fraction :” the 
words in italics being the alteration suggested. 
Currents : A Text-Book for Students of Engi- 
By C. G. Lams, M.A., B.Sc., Clare Coll 

Cambridge; Assoc. M. Inst. E E. London: Edw 

Arnold. [Price 10s. 6d. net. ] 

Tue author of this work is engaged in the teachk- 
ing of Cambridge students working in the engi- 
neering laboratories there, and preparing for 
examination in the Mechanical Sciences Tripos. 
The book has been prepared primarily for the use 
of such students who, as the author says, cannot 
afford the time for the complete study of the large 
and detailed treatises available on the subject, 
while the small books do not cover sufficient ground 
for their needs. This explanation will give an ides 
of the scope of the contents of the volume. It is, 
in the author’s own words, ‘‘a compilation of the 
more important points.” An examination of the 
volume shows that the author has kept clearly in 
view, in selecting the points for discussion, the 
needs of students of engineering ; and the outcome 
of his labour is that he has provided a very com- 
prehensive course of study, yet not burdened with 
detail. The important matter for the student is to 
grasp firmly the fundamental principles underlying 
the different machines which he may have to use 
in practice, and to understand the application of 
these principles in each machine. s is fitting 
in a Cambridge text-book, clear explanations of 
these principles are here given,.and their operation 
in dynamo electric machines, alternators, trans- 
formers, single-phase and polyphase motors is fully 
discussed. 

A word may be said as to the author’s method of 
treatment. His system of analysis is that of using 
vectors, which has the advantage, when once pro- 
perly mastered, of giving frequently a clearer 
insight into the actions taking place in a machine 
than is given by mathematical analysis, while at 
the same time it is available for many who are not 
capable of dealing with intricate mathematics. 
Along with this vector analysis the author, of 
course, uses mathematics to some extent, and he 
assumes—as he may properly do in the case of 
Cambridge ee Boren his reader knows at least 
the elements of the differential and integral calculus, 
including definite integrals of simple cases of the 
circular functions. There are many students out- 
side Cambridge who have also this knowledge, and 
these will find useful instruction in Mr. Lamb’s 
work. The discussion of power measurement is 
good and clear, and the important subject of 
armature reaction is dealt with at considerable 
length. These are but two points selected for 
mention, as one does not always find them 
adequately discussed in text-books, but each of the 
twenty-four chapters in this volume will repay 
attention and study. 

The text and diagrams are alike excellent. As 
the author invites correction of errors, we may 
point out a misprint on page 166, in the third line 
below the diagram, where ‘‘C = B sin (pt + 
120 deg.)” should be ‘‘b = B sin (pt + 120 deg.).” 


Alternating 
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Casscll’s Engineers’ Hand. Book. By Professor HEnry 
ADAMS, Inst. C.E., M.I. Mech. E. London, Paris, 
New York, and Melbourne. Cassell and Co., Limited. 
[Price 7s. 6d. net. } 

The Value of Pure Water. By Grorce C. WHIPPLE. 
New York: John Wiley and Sons. don ; Chap- 
man and Hall, Limited. [Price 4s. 6d. net } 

The Practical Timber -Measurer and Timber - Buycr’s 
Tables, 1907-8. London: Alfred Haworth and Co, 
Limited, the Timber News Offices. [Price 1s.] 

The Manufacture and Properties of Ironand Steel. By 
Harry Hose Camppeut, Metallurgical Engineer for 
the Vennsylvania Steel Company, Maryland Steel 
Company, and the Spanish-American Iron yomeeny. 
Fourth Edition. New York and London: Hill Pu 
lishing Company. [Price 5 dols. } 

Etude sur le Métropolitain de Paris; ses Installations 
Intériewres, ce qu’elles sont—ce qu'elles devraient étre. 
Par J. B. Turerry. Paris: Ch. Beranger. [Price 
7.50 — 

Taschenbuch fur Seemaschinisien. Von Ing. E. Lupwia 
und Ing. E. Linper. Mit einem Beitrag iiber Nuiitik 
Von Professor P. Vocrt. Munich and Berlin: R 
Oldenbourg. [Price 480 marks. } : 

United States Geological Survey. Cuarces D. Watcort, 
Director. Professional Papers. No. 46.—@cology and 
Underground Water Resources of Northern Loutsiana 
and Southern Arkansas. By A. OC. Veatcu. No. 51.— 
Geology of the Bighorn Mountains. By N. H. Darton. 
No. 52.—Geology and Undergrow Waters of the 
Arkansas Valley in Eastern Colorado. By N. H. 
Darton. No. 54.—G@cology and Gold Deposits of the 
Cripple Creek District, Colorado. By WALDEMAR LIND- 
GREN and FREDERICK LEsLiz RANsomE. Washington: 
Government Printing Office. 

United States G ical Survey. Cuaries D. WaLcotT, 
Director. Bulletin No. 295.—The Yukon-Tanana 
Region, Alaska ; Description of Circle Quadrangle. By 
L. M. Prinpte. Bulletin No. 299.—Geographic Dic- 
tionary of Alaska. By Marcus Baker. Second Edi- 
tion. Prepared by James McCormick. Bulletin No. 
302.—The Areas of the United States and the Territories. 
By Henry Gannett. Washington: Government 
Printing Office. 

United States Geological Survey. CHuaries D. WaAtcort, 
Director. Water Supply and Irrigation Papers :— 
No. 161.—Quality of Water in the Upper Ohio River 
Basin and at Erie, Pa. By Samurt James Lewis, 
No. 184.—The Underflow of the South Platte Valley. By 
Cuakxzs 8, SiicuTer and Henry OC. Woirr. No. 185,— 
Investigations on the Purification of Boston Sewage. By 
C. E. A. Winstow and Eare B. Puxtps. ashing- 
ton: Government Printing Office. 

Twenty-Seventh Annual Report of the Director of the 
United States Geological Survey to the Secretary of the 
Interior, 1905-6. Washington: Government Printing 


Office. 
The Steam-Engine and other Heat Motors. By W. &. P. 
Creicnton, U.S.N. (Retired). New York: John 
Wileyand Sons ; London: Chapman and Hall, Limited. 
[Price 21s. net. ] 
A F. 
Hovenpen. Glasgow: James Munroand Co. [Prive 
2s. 6d. net.) 
nst. E.E., Assoc. M. Inst. C.E. London and New 
York: Harper and Brothers. iy 9a. net. ] 


Practical Mathematics for Young Engineers. 
my | in Mining. By Sypnry F. Waker, M. 
Album Illustré des Flottes de Combat. Par Commandant 


De Batiincourt. Paris: Berger-Levrault. [Price 
7.50 francs. | 
¥ | The City of London Directory for 1907. London: W. 


H. and L. Collingridge. [Price 12s. 6d.] 

A Handy Book on the Law of Bills, Cheques, Notes, and 
7.0.U.’s. By James Water Smiru, LL.D. (Lond.). 
Sixty-ninth thousand. a gg revised. London: 
Effingham Wilson. [Price 1s. 6d. net. ] 

Surveying, including Land and House-Surveying, Valua- 
tions, Dilapidations, &c. Edited by Hucu B, Paicrorr. 
London : John Dick’s Press, Limited. [Price 6d. 

Minutes of Proceedings of the Engineering Association of 
New South Wales ; also Act of Incorporation, Rules and 
By-Laws, and List of Members. Vol. XXI. Edited by 
Hensay V. Anrpecker, M.I. Mech. E. Sydney : 
Published by the Association. 





‘* ARTILLERISTISCHE MONATSHEFTE.”—Thisnew monthly, 
edited by Lieutenant-General H. Rohne (of the Reserve), 
and published by Mr. A. Bath, Berlin, was started in 
January last, and gives interesting technical illustrated 
articles on artillery = also reviews and notices 
on military patents. The April issue contains articles on 
the theory of field-gun construction, on the German and 
French field artillery, and on the development of quick- 
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CONSTRUCTED BY THE JOHN COCKERILL COMPANY, SERAING, BELGIUM. 
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Tue defensive tactics which formed a feature of the 
late war, and which created much interest among 
military men, have rendered corresponding modifica- 
tions in the methods of attack necessary. Owing to 
the high range and efficiency of modern weapons, 
the firing of which often takes place on both sides, 
behind entrenchments, plunging fire will have to be 
resorted to in the future to a greater extent than 
in the past, and field howitzers of high mobility 
will probably occupy henceforth a more prominent 

lace in the armament of nations, the calibre being 
Fimited to one alone, as is the case with field-guns 
roper, in order to facilitate rapid ammunition supply. 
n the case of field-guns, which, as a rule, fire at only 
slight ee of elevation, there is no special necessity 
to control the length of recoil of the gun according to 
variations in the angle of firing; with howitzers, how- 
ever, room has to be allowed for the recoil of the piece 
inside the carriage trail, and when the desideratum of 
a low height of centre above ground-level has been ful- 
filled, means have to be taken to decrease the length of 
recoil when firing at high angles, with a view to pre- 
vent the breech end from striking the ground on recoil- 
ing. An ingenious device for controlling automatically 
the length of recoil, by which recoil is the shorter the 
reater the angle of elevation, was designed by Messrs. 
Ternstrim and Nordenfelt in 1902. The British patents 
covering this device, taken out in the same year, have, 
we believe, priority over all other patents for devices 
of a similar nature, and are now owned by the John 
Cockerill Company, of Seraing. The howitzers we 
illustrate in Figs. 1 to 20 on this page and on page 611, 
embody the Ternstriim device in question, and have been 
built by the said company. Their principal dimensions 
and main features are given in the table on page 612. 

Both howitzers are of nickel steel and consist of 
an inner tube jacketed over its whole length. The 
jacket is made with three guide-clips, which guide the 
howitzer, during recoil and return, on the gun-carriage 
slide. The breech-piece consists of an eccentric screw- 
block, the hand-lever of which is above the breech 
end when the breech-piece is closed. The latter 
arrangement facilitates the opening of the breech, the 
loading of the howitzer, and the closing of the breech 
at any angle of elevation. The laniard is to the left 
of the breech. The howitzer is loaded with rounds of 
fixed ammunition, but the projectile can easily be 
separated from the loaded cartridge-case when it is 
required to modify the charge. The fired cartridge- 
cases are ejected on opening out the breech by the 
action of a powerful hook extractor. 

The principal features of the carriage for both 
howitzers are the following :—It allows a long recoil 
of the piece with comparatively short slides. The 
length of recoil varies automatically, the longest recoil 
taking place when the howitzer fires point blank, and 
decreasing in extent the greater the angle of eleva- 
tion ; by this means the breeca end never strikes the 
ground on recoil when firing takes place at the highest 
angle. Return in battery is ensured by springs 
mounted in telescopic tubes; these springs allow a 
long recoil under a short compression. turn to 
firing position is effected practically at a constant 
8 , whatever be the angle of elevation, The 
elevating-screw is provided with a compensatin 
spring to equalise the load on the gear at all angles o 
elevation. The three guide-clips fit on a movable 
slide provided with brass lining ; the slide is movable 
on the brake cylinder, and the howitzer on recoiling 
draws it to the rear over a short distance, by which 
means the slide acts as a support to the piece on com- 
pletion of recoil, when its centre of gravity is well in 




















Fic. 3. 














Fia. 4. 


the rear of the cradle. The latter consists of the 
brake cylinder, and is fitted with two horizontal 
trunnions which rest in a fork-pivot. Figs. 1 and 2 
illustrate a 105-millimetre howitzer in elevation and 
rear view. A 120-millimetre howitzer is illustrated in 
Fig. 3; the view, Fig. 4, showing the breech closed, 


and the position of the regulating cock and recoil 
springs. ; ; 
During recoil a part of the liquid contained in the 
brake cylinder flows from one side to the other of the 
piston through grooves. hut the greater part flows 
through the right-hand trunnion, which is made 
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ollow, and through a valve contained in the said 
‘runnion, whence it flows to the front s of the 
‘ ylinder through the passage underneath the cylinder. 
‘hen the howitzer is horizontal, the openings in 
‘he trunnion and the ports of the valve are exactly 
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opposite each other. In this position the flow of the 
I'quid is more free, and recoil is over a greater length. 
But according as the howitzer is given a ual] 

greater elevation, the openings correspond less wit 

each other, thus rendering the flow of the liquid more 
difficult; the result obtained automatically being, 
therefore, a greater resistance and a diminished length 
of recoil. ‘3 this means, when the howitzer is hori- 
zontal, | is over a length of 1150 millimetres 
(45.27 in.) in the case of the 120-millimetre howitzer, 
and 960 millimetres (37.80 in.) in that of the 105- 
millimetre howitzer ; it is 500 millimetres (19.68 in.) 
only for both when firing takes place at an angle of 








Fie. 7. 























The working of the recoil - controlling device is 
illustrated in Figs. 5 to 16, annexed. Fig. 5 is a 
vertical section showing the brake cylinder and re- 
ceiver ; Fig. 6is a horizontal section through the brake 
cylinder, in which the communication ports are shown 
forclearners at the side of the cylinder, instead of under- 
neath, as they really are. When the gun recoils, the 
brake piston marked b drives the liquid in the direction 
of the arrows marked R, R ; the liquid flows through 
the openings of the port i, compresses the springs of 
the valve g, causing the latter to open, by which jit 
finds a passage in the channel ¢ and in the cylinder d 
in front of the piston b. The quantity of liquid in 
question does not suffice completely to fill the space in 
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PerncipaAL DIMENSIONS AND FEeatuREs OF 105-MILLIMETRE AND 120-MILLIMETRE Howi!TzERs. 








Howitzer. 
Length of bore, 13 calibres.. og 

Totallength .. 

Number of grooves 
Width of grooves 
Depth of grooves 
Pitch of grooves, 


in rifling 


breech end - ed ws ée re onl 
as muzzle end oa } 
Length of rifling on uniform pitch oe 
Weight of howitzer with breech-piece .. 


Carria, 
Height of centre of howitzer above 
¢ sighting line oe _ ae os = 
Diameter of wheels . - ea oo = eg we ot 
Width of rims.. - as te a a ee od oul 
Weight of each wheel = 
Distance between rim centre 
Elevation <a < ie ja ~ 
Traversing for lateral aiming i ae » 
Weight of carriage complete, without shields 
shields .. o6 es os Pe 
piece, with carriage without shields 
e er 


Fore-Limber. 


ge. 
ground level 


Diameter of wheels .. 
Width of rims .. o. re 
Weight of each wheel o 
fore-limber, empty - ¥ Be od % > 
an accessories and spare parts .. * a re | 
Number of rounds carried .. ae * ms me ie —~ 
Weight of fore-limber, loaded 
Aimmunition. 
Weight of shrapnel with combination fu 
” high explosive shell .. 
Muzzle velocity of both 





Gun and Limber. 

Total weight without ammunition a2 

with ammunition (24 rounds) 

(i2 yy ?) 

Ce <s ee oe oa | 


” ” ” 


” ” ” 


105-Millimetre (4.133-In.) 
Howitzer. 


120-Millimetre (4.724-In.) 
Howitzer. 





1.365 m. (4 ft. 5} in.) 1.560 m (5 ft. 1§ in.) 


| 
- 
| 


” (3 ” Oy. ” ) 1.750 ” (5 ” 83 ” ) 
2 36 
7.5 mm. (0.295 in.) 8 mm. (0.315 in.) 
1 ,, (0.039 ,,) 1 ,, (0.039 ,, ) 


724.4 mm: (28.520 in.) 


10 ” 
544 mm. (21.417 in.) 
446 kg. (983 Ib.) 


325 kg. (716.3 Ib.) 


995 mm. (39) in.) 1.024 m. (40,5, in.) 


1,055 m. (414,, ) 1.078 ,, (42,’5 ., ) 
1.320 ,, (4 ft. 4 in.) 1.320 ,, (4 ft. 4 in.) 
70 mm. (2} in.) 80 mm. 33 in. 
63 kg. (138.8 Ib.) 69 kg. (152 Ib.) 
1,500 m, (4 ft, 11 in ) 1.500 m. (4 ft. 11 in.) 
From — 5 to + 43 deg. From - 5 to + 40 deg. 
o. ~Se+ 8 . o. ~te+ 3. 
721 kg. (1589 Ib.) 781 kg. (1721 Ib.) 
71 kg. (156 Ib.) 73 kg. (172 Ib.) 
1046 kg. (2305.3 Ib.) 1227 kg. (2704 Ib.) 
1117 ,, (2461.3 ,, ) 1305 ,, (2876 ,, ) 


1.320 m. (4 ft. 4 in.) 
70 mm. (23 in.) 
63 kg. (138.8 Ib.) 


1.320 m. (4 ft. 4 in.) 
70 mm. (2 in.) 
63 kg. (138.8 Ib.) 

425 ky. (936.7 lb.)* 
25 kg. og Ib.) 

4 


12 12 | 16 
825 kg. (1818 Ib.) 692 kg. | 780 kg. | 15251b. | 17191b. 


14 kg. (80.8 Ib.) 20 kg. (44 Ib) - 
14,, (30.8 ,, 20,, (44,, ) 
300 m.s. (984 ft.s.) 300 m.s. (984 ft.s.) 


1735 kg. (3823.6 Ib.) 


1997 kg. (4401 Ib.) 
2085 ,, (4595 ,, ) 


1567 kg. (3453 Ib.) 
1942 ,, (4279.3,,) 





* This is the weight of the first fore-limber built; in the type 


front of the piston. In order completely to fill the 
space available, the cylinder d is placed in communi- 
cation with a receiver marked o. This contains a 
diaphragm shown at x, Fig. 5, which is maintained in 
contact with the liquid by a spring marked p, 
and also by atmospheric pressure when a vacuum is 
produced in the brake cylinder. The vacuum is thus 
destroyed by the liquid from the receiver flowing 
through the port & and valve / to the brake cylinder 
through the channel /. When the gun returns to firin 
position the valves g and h remain closed. The liqui 
flows to the rear of the piston through ports cut in the 
latter, and through the annular space round it and the 
cylinder ; it returns in part to the receiver o through 
the port &, following the arrows B. The ports i and & 
do not alter their position during the elevation or de- 
pression of the gun, but are surrounded by perforated 
casings, which follow the elevation or depression, and 
by so doing cover more or less the openings of the ports. 
This forms one of the main features of the device 
owned by the Cockerill Company, a variation of which 
consists in causing the passage through the port &, for 
running up the gun, to increase in section with the angle 
of elevation, while that through the port i decreases in 
accordance. The diaphragm x is fitted to a threaded 
spindle q provided with a nut r which is turned round 
to the end of the spindle during firing ; for road travel- 
ling it is screwed down against the receiver cover s in 
order to ease the diaphragm of the pressure due to the 
spring p. A make-up receiver ¢ is above the diaphragm 
receiver 0, communication being established between 
the two bya valve uw. In order to ascertain whether 
the latter receiver is sufficiently full, it suffices to un- 
tighten the nut 7; if the diaphragm and its spindle 
enter the receiver, the nut is screwed down tight, and 
liquid is allowed to enter through the valve w. 

The return to firing position in the case of the 
10.5-centimetre (4.133-in.) howitzer is by a counter- 
rod and an adjusting. bar operated by an arm fitted to 
the fork-pivot. This device is self-adjusting, and the 
resistance on the return action is less the greater the 
angle of elevation. In the case of the 12-centimetre 
(4.724-in.) howitzer, return to firing position is 
governed by a valve ia the right trunnion, which 
establishes communication between the brake-cylinder 
and receiver. The receiver-piston, actuated by a 
spring, drives back, during the recoil of the plunger 
inside the cylinder, a volume of liquid equal to the 
vacuum produced by the travel of the piston-rod out- 
side its cylinder. On the return of the gun to the 
firing position, the liquid returns to the receiver, 
passing through the right-hand valve, the openings in | 
which vary automatically with the angle of firing. The | 
device, as with the 10,5-centimetre howitzer, is self- | 
adjusting, and the return of the gun is the easier the | 
greater the angle of elevation. Fig. 7 is a view of 
the fixed plug and sleeve detached; Figs. 8 to 10 
show the relative position of the openings when the 
howitzer is horizontal ; Figs. 11 to 14 illustrate the re- | 
gulating-plug, Fig. 11 showing the position of the port 





of more recent construction the weight is 20 kg. (44 lb.) less. 


The ports on a larger scale are shown in Figs. 15 
and 16. 

The counter-recoil springs are in two sets, protected 
by steel tubes, and are mounted on each side of the 
brake cylinder. The tubes are held to the brake 
cylinder, but are easily detachable. Ineach set there 
are two springs. A spindle fixed to the breech com- 
presses the inside spring on the recoil of the gun, the 
tube surrounding the spring draws the movable slide 
to the rear, the slide in its turn compresses the outside 
spring, which has its bearing on the outer tube fitted 
to the carriage. The sum of the compressions of both 
springs is constant in relation to the length of recoil 
of the howitzer, the arrangement of a movable slide 
combined with the springs having the advantage, above 
stated, of allowing a long recoil on a comparatively short 
cradle. 

In order to facilitate loading at all angles of eleva- 
tion, the trunnions have been brought as near as 
possible to the breech end; the travel of the latter 
vertically for elevation is therefore reduced to a mini- 
mum, which greatly facilitates loading. The elevating 
screw above referred to is in front of the trunnions ; 
the tension of its compensating spring is adjusted, the 
spring rendering the resistance on the elevating hand- 
wheel low and constant.- The fixed nut is fitted to 
the fork-pivot ; the hand-wheel is on the left-hand 
side, together with that for lateral aiming. The 
latter hand-wheel works a screw which causes the 
fork-pivot to turn round, and with it the brake 
cylinder and the gun. The trail sides in the im- 
mediate vicinity of the trunnions are divergent 
in order to give the breech end sufficient space 
to recoil when the howitzer is at its limits of 
lateral training; they then converge to the trail. 
The brackets are connected at the top by a horizontal 
plate forming a bearing for the pivot-fork, and by a 
stay-piece in the rear of the plate. Another stay- 
piece is fitted near the front of the trail, and one at 
the trailend. The trail-spade has been pe a great 
width ; it pivots round the trail end, and consists of a 

late riveted to two thick stiffening pieces ending in a 
Cacienel steel point. It is locked for the firing posi- 
tion and for the road. 

The road-brake consists of two wheel-shoes jointed 
to the ends of two standards fitted round the axle on 
each side. The two standards are connected together 
at the top to a hollow transverse spindle by a system of 
bell-cranks worked by a screw provided with two 
hand-wheels ; one of the latter is in front of the shield 
and is operated on the road, the other being in the 
rear, within reach of the gunner at the breech. The 
shield is fitted to the two standards and to the car- 
riage brackets. A second shield for protecting the 
elevating-screw is fitted to the brake-cylinder ; this 
second shield takes the locking-pin, by which the 
brake cylinder is firmly held to the carriage when the 
gun is travelling. The left-hand bracket is provided 


in rear view, in elevation, and in plan. The references 

are the following! :— 

H. Slide carrying the sighting device. 

B. Outside sector, marked with range scale, which follows the 
elevation of the howitzer. 

A. Inside sector, fixed, with reference to the carriage, lon 
tudinall 


8. Ledideniocs. 

L. Hand-wheel for correcting lateral inclination. 

P. Panoramic sight. 

C. Collimator. 

M. Mill-head screw for angle of elevation. 

t. Support tube of the sight. 

1. Level for lateral inclination. 

8. Level for angle of elevation. 

b. Axis of sector B (parallel with the gun axis). 

D. Socket carrying the sight, keyed to the left-hand trunnion, 

T. Left-hand trunnion. : 

F. Lower support, fixed to the pivot-fork. 

From the illustrations it will be seen that the 
sighting device is carried by a socket fitted to the left- 
hand trunnion of the cradle, and is also carried by a 
oer fixed to the carriage pivot-fork. The non- 
graduated right-hand sector A is connected to the 
carriage body, and consequently independent of the 
gun; the left-hand sector B is connected to the left- 
hand trunnion, and follows the elevation of the gun. 
The slide H is between both sectors; it carries the 
index for the range scale, and is made with an arm at 
right angles, provided with a sleeve, for taking the 
sighting device. The locking device S serves to main- 
tain the slide against either one sector or the other. 
The level / serves to correct for the incline of the 
axle ; it is at the bottom of the slide, and acts in con- 
junction with the hand-wheel L at the left of the 
ower support. The other level s, near the former, 
comes into play for the rapid re-setting of the gun, 
and also serves for measuring the angle of sight. The 
whole of the device, including the sectors, is made to 
—_ sideways, to correct for loss of aim due to the 
ateral declivity of the firing-ground. By means of 
the locking lever the whole of the sighting device can 
follow, or be independent of, the elevation of the gun, 
according as the slide is held against the right-hand 
sector or the left-hand one. The panoramic sight can 
be raised above the wheels and the shield, to obtain 
a better view of the horizon. Sight-setting is further 
facilitated and much accelerated by the fact that the 
angle of sight is always automatically added to the 
angle of elevation. 

As will be seen, the sector B is the gun sector, and 
that marked A the carriage sector. For the road the 
sights have to be locked against the former sector. 

hen the carriage is unhooked from the fore-limber 
and made ready for firing, the following is the manner 
of proceeding with regard to the sighting device :—The 
required position is first given, roughly, by means of 
the trail-lever; lateral incline is corrected by the hand- 
wheel L; then the howitzer is elevated until the 
target is sighted. The locking-lever S is then given a 
half turn to the front, thus removing the sight from 
the gun sector to the carriage sector, and the gun is 
given the required elevation corresponding to the dis- 
tance to the target, when the lever S is brought back 
ahalf-turn, and the bubble of the level s is righted by 
means of the mill-head screw M. As above stated, 
by these combined operations the sighting angle has 
been added to the firing angle. During firing, the 

unner operates the elevation-screw hand-wheel for the 
urther righting of the bubble of the level s. 


yi 








KILROY’S SYSTEM OF DANGER SIGNALS 
FOR WARSHIP-TURRETS. 

In modern warships, having numerous large guns 
with wide angles of training, there is always the 
possibility that any gun may so trained that it 
could not be fired without danger either to the turret 
or the muzzle of one of the neighbouring guns. To 
limit the travel of its turret, by stops or otherwise, 
20 that such a condition could never occur, might be 
feasible when practising in times_of peace; but in 
warfare this would so seriously limit the gun-power 
that might be brought to bear in any direction that it 
would be out of the question. The safe training of a 
gun depends not only upon the position of the gun 
itself, but upon the training of others relatively to it. 
A fixed stop, therefore, which would confine its sweep 
to an angle within which its use was at all times safe, 
would prevent its being employed outside this angle 
at times when the neighbouring guns were co trained 
that it might safely be fired there. 

To provide a means of giving warning to the man 
in charge of a gun whenever his gun is £0 trained 
that by firing it he might injure any other gun, Mr. 
W. D. Kilroy has devised a system of automatic 
danger signals which has been adcpted in our own 
navy. The first ship fitted with this system was 
H.M.S. Dreadnought, and the installation was com- 
pleted in time to be used for the first time on her 
official gun trials. Plans for this system are complete: 
for H.M. ships Lord Nelson and Agamemnon, whilst 
this work is a 'y in progress for the three ships of 





with a seat for the gunner. 


the Iuvincible class, as well as the future Dread- 
noughte. The nature of the problem for a certain 








20, in transverse section through the trunnion centre, | arrangement of guns will be best understood from « 


The tangent sliding-scale is illustrated in Figs. 17 to 
in the brake-cylinder when the howitzer is horizontal. | 
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KILROY’S ELECTRIC SYSTEM OF SIGNALS FOR WARSHIP TURRETS. 
CONSTRUCTED BY MESSRS. EVERSHED AND VIGNOLES, ENGINEERS, LONDON. 
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CAM MOVING SWITCH 
TO POSITION 2. 


Fig 4. 
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consideration of Fig. 1. Here it will be seen that travel of the end turrets were limited sufficiently to | sidered as well as the muzzles of the guns, for it is 
with the guns B trained as indicated there would keep the bowand stern guns at all times out of danger, clear that it would not be safe to fire the guns C right 
be danger of blowing off the muzzles of those in the these guns could never be used at all for broadside forward—that is, within the 5b deg. of the extreme 
forw: turret A, should these muzzles happen to be fire, whereas restriction of the motion of the other training —with the turret Ain the position shown. 

situated as shown, or indeed anywhere near that turrets would render the guns of the latter useless when Again, it would seriously cripple the utility of the 
degree of starboard training. The guns F, again, are | chasing, or running away from, the enemy. The ends | ship were any gun to be ebarred from firing at all 
in obvious danger from these of the stern turret. If the of the turrets, or gun-shields, have also to be con- | times when beth itself and its neighbour were in the 
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danger angle. If one is only slightly encroaching upon 
this angle, the other might be safely given almost its 
complete training; the safe distance either might go 
into the danger angle being inversely proportional to 
the entrance of the other. In practice, for a battleship 
with an arrangement of guns and training, as shown 
in this figure, it is found sufficient to subdivide the 
complete danger angle at each end of the travel of 
every turret into three approximately equal angles, 
and to arrange matters so that, as long as any gun 
keeps within the first danger division | its ‘* endan- 
gering angle,” its neighbour is allowed to travel up 
to the second danger division of its corresponding 
‘endangered angle” without causing the danger 
trumpet in the endangering turret to be operated, and 
so on. Of course, if one pair of guns is hard over 
into the ‘‘ endangered” space, or trained near the 
position of maximum danger, the neighbouring pair 
must be forbidden to fire while trained within any part 
of their total ‘‘ endangering angle.” 

To follow out the details of the Kilroy system we 
will confine our attention to the possibilities of injury 
to either the gun muzzles or the back of the forward 
turret A in Fig. 1. It will be seen that there are four 
conditions of danger: the muzzles may be in danger 
from the fire of either B or C, and the turret backs, or 
shields, may be in danger from the same guns. Thus 
four independent circumstances must each be notified 
by a warning signal, and this is done electrically, as 
will afterwards be explained, by four switches operated 
by cams fixed round the turret below the lower deck. 
One of these switches, with the cams that operate it, 
is shown in Fig. 3, Fig. 2 indicating its position under- 
neath the deck. Fig. 3 is a view looking upwards from 
underneath. Comparing Figs. 1 and 3, it will be seen 
that with the guns pointing right forward there is no 
danger, and the switch_roller is out of contact with the 
cam. Training the guns 1(}deg. to port, however, brings 
the muzzles to their limit of safety ; for if the turret C 
is trained to its extreme forward position, the muzzles 
of the larger guns come within 18 in. of the line of fire 
of the guns C. Fig. 3 shows that at this position the 
switch is operated by the first step of the cam. The 
switch is moved on to another stop by a further 144 deg. 
motion of the turret, this being the extremity of safety 
if the guns C are 54 deg. short of their full training, 
and so on. If the turret A is trained to starboard, the 
danger from the ne B, of course, is exactly similar, and 
is taken care of by a similar cam. However, when the 
travel of A amounts to 33 deg. on the starboard side, 
the back of its turret may be in danger from C, and 
the long cam, covering 101 deg. of travel (shown in 
Fig. 3), then operates the switch, and, provided the 
danger exists, gives the warning signal ‘‘ Danger 
Rig t” in C turret. 

he appearance of one of the danger-switches is 
shown in Figs. 4 and 5, which need little further 
explanation. The switch is fixed to the ship, and the 
cams to the movable turret trunk. The cam-roller is 





held to the edge of the cam by a helical spring, and, | 
when moved by the cam, changes the position of the | 
switch-arm to another contact inside the box. The| 
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switch has four positions, corresponding to the three 
a of the cam, and “ off.” 

ig. 6 shows diagrammatically the wiring arrange- 
ments for Kilroy’s system, multiple-core cables being 
indicated by single lines for greater clearness. The 
details will be better understood from Fig. 7, where 
the complete wiring of a pair of turrets is shown. 


Power for the system is taken, in the first place, from | yija, 


the electric-lighting mains of the ship, not more than 
+ horse-power being required. The direct-current 
supply, after passing through fuses and a motor- 
starting switch, drives a motor generator, giving alter- 
nating current at 50 volts and 140 cycles. The 
supply, as will be seen from Fig. 6, is in duplicate, 
either motor-alternator set being put on to the system 
by means of a change over switch. The alternating 
current passes through fuses, and is then led to two 
wires of an eight-core ring main, connecting the whole 
of the turrets. The two wires, which act as bus-bars, 
are indicated by the si + and — in Fig. 7. By 
assuming one of the triple-contact switches in Fig. 7 
to be closed on any contact, and the corresponding 
switch on the other turret to be closed, it will be seen 
that alternating current from the bus-bars will flow 
through either the devices indicated R, or those indi- 
cated L, in one of the turrets. These devices are 
electric trumpets in the turrets, each pair being respec- 
tively close to the right and left ear of the man work- 
ing the gun, at whichever sight he is stationed. If 
the trumpet at his left ear sounds, he is warned that 
his gun is endangering some other gun on that side, 
and vice versd, and he must, therefore, not fire. He 
need not consider or remember anything else than 
that he must not fire when a trumpet is sound- 
ing. It is not even incumbent on him to move his gun 
into safety, though he will be glad to do so to sto 
the noise. For the noise is of a very imperative 
nature, 

One of the trumpets is illustrated in Figs. 8 to 11. 
It is quite a small affair, and besides making a very 
loud noise, gives a visual signal like a domestic indi- 
cator. The internal arrangements are shown in Fig. 11, 
from which it will be seen that the alternating field 
from a small laminated electro-magnet causes the 
vibration of a metallic diaphragm. The operation of 
these watertight trumpets without platinum contacts, 
or other delicate moving parts, is the chief reason 
why alternating current is used for the system. 

The apparatus is patented, and is made and fitted 
on board ship by Messrs. Evershed and Vignoles, of 
Acton-Jane Works, Chiswick, under the supervision of 
Mr. Kilroy, the manager of their naval department. 








GERMAN CoaL-MinINc.—The production of coal in 
Prussia in the first quarter of this year was 33,156,071 
tons, as compared with 33,012,899 tons in the correspond- 
ing iod of 1906; in Bavaria, 364,956 tons, as com- 
eae wih 361,372 tons; and in Saxony, 1,334,792 tons, 
as compared with 1,342,394 tons. Including the produc- 


tion of other minor German States, the aggregate output | EzyP 


o' an coal for the first three months of this year was 
35,410,498 tons, as compared with 35,240,546 tons. The 
production of lignites in Germany in the first quarter of 
this year was 14,904,190 tons, as compared with 14,542,212 
tons; of coke, 5,237,732 tons, as compared with 4,818,132 
tons ; and of ee 3,777, 140 tons, as compared with 
3,705,463 tons. It will be observed that the output of 
coal remained practically stationary in the first quarter 





of this year, 








Gernoa.—The tonnage movement of the port of Genoa 
last year was 6,192,747 tons. This total is expected to be 
carried to 10,000,000 tons per annum in another fifteen or 
twenty years, if improved access to the port is provided. 
At present accumulations of 8 occur occasionally 
upon both the St. Gothard and the Simplon Railways, 
and an influential committee has applied to the Italian 
Government for a concession of a line to unite Genoa and 

ilan. The line, if carried out, will follow the valley of 
the Polcevera, crossing the Apennines by a tunnel 114 
miles in length. The pro line would terminate at 
Milan, to the south-west of the present Simplon Station, 
and site facilities admitting of the development of a 
terminus of the first order have been obtained. The 
— of the new line would be 77} miles, and its 
gradients would be generally easy. It is proposed to 
work the traffic by electricity with small trains following 
each other at frequent intervals. The journey from Genoa 
to Milan would be made in 1 hour 25 minutes by express 
trains, and in 2 hours 5 minutes by omnibustrains. From 
Milan to Genoa these times would be slightly reduced. 
The cost of the proposed line is estimated at 9,440,000/. 





Our Coat AsroaD.—The exports of coal from the 
United Kingdom in March were 4,705,417 tons, as com- 
pared with 4,632,766 tons in March, 1906, and 3,789,996 
tons in March, 1905. These totals were increased by the 
addition of coke and patent fuel to 4,911,353 tons, 
4,812,256 tons, and 3,927,228 tons respectively. The 
movement of British coal to France continues large, 
having amounted in March to 985,993 tons, as compared 
with 860,858 tons and 562,561 tons. Germany also took 
652,578 tons of our coal in March, as compared with 
583,719 tonsand 711,322 tons ; and Italy, 561,752 tons, as 
compared with 796,954 tons and 643,659 tons. In the 
three months ending March 31, this year, coal was ex- 
ported to the aggregate extent of 13,731,487 tons, as 
compared with 12,552,914 tons in the first quarter of 1906, 
and 11,041,534 tons in the first quarter of 1905, these totals 


P being increased by the addition of coke and patent fuel to 


14,314,264 tons, 13,084,796 tons, and 11,460,386 tons re- 
spectively. Account should also be taken of 4,424,009 
tons shipped to March 31, this year, for the use of steamers 
engaged in foreign trade. the corresponding shipments in 
the first quarter of 1906 having been 4,544,419 tons, and 
in the first quarter of 1905, 4,145,653 tons. Altogether, 
18,738,273 tons of coal left the United Kingdom in the 
first quarter of this year, as compared with 17,629,215 
tons and 15,606.039 tons, showing an export movement 
at the rate of 74,953,092 tons per annum this year, as 
compared with 71,716,860 tons per annum in 1906, and 
62,424,156 tons per annum in 1905. The following coun- 
tries imported more than 500,000 tons of British coal in 
the first quarter of this year, the imports comparing as 
under with those effected in the first quarter of 1906 and 
1905 :— 





Country. 1907. 1906. 1905. 

_ 
| tons | tons boy 
weden ~y & .-| 572,070 494,527 31,82 
eee ..| 629,258 594,595 518,498 
Germany 1,670,260 1,536,466 1,884,382 
Holland... M3 ..| 873,058 456, 843,846 
France a a ..| 2.756,142 | 2,115.428 | 1,658,648 
Italy ..  .. +» ~— «| --1, 988,684 | 2,171,137 | 1,654,592 
"pt ie eee 55,860 679,012 506,255 
Argentina 576,512 580,522 399,238 
Spain ee 690, 255 726,207 567,478 


The great increase in the deliveries of British coal to 
France is the most striking feature of the current coal 
year. The valueof thecoal, coke and patent fuel exported 
in the first three months of this year was 8,489.846/., as 
compared with 7.081.198/. and 6,139,481/. in the corre- 
sponding periods of 1906 and 1909. 
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Fic. 4. ConsTRUCTING THE CAISsONs. 




















Fic. 5. Lirrtinc THE Catssons. 




















Fic. 6. Lowerine Caisson rnto Pace. 


In Fig. 1, above, we show a bridge recently erected 
by Messrs. Robert McAlpine and Sons, of 25, Vic- 
toria-street, S.W., to carry over the River Foyle the 
new Strabane and Letterkenny Railway, for which 
they are the contractors, whilst Mr. James Barton, 
M. Inst. C.E., is the engineer. The bridge in question 
is, it will be seen, of the ordinary lattice-girder type, 
and the steel work calls for no special comment ; but in 
the construction of the piers Messrs. McAlpine and 
Sons have taken a new departure. The piers have 
been sunk to foundation level by caissons, but in place 
of using brick-work constructed on the top of a heavy 
iron curb, or the other common alternative of usinga 
metal caisson throughout, the caissons have in this 
case been constructed entirely out of ferro-concrete on 
a plan patented by Mr. T. Malcolm McAlpine. The 
entire caisson consists of a number of superimposed 
sections, the bottom, which alone has a cutting 
edge, being represented in Figs, 2 and 3. These 
sections were made in moulds on the shore, as shown 
in Fig. 4, and after being allowed to harden for at 
least four weeks, were lifted bodily by a crane, as 
represented in Figs. 5 and 6, and lowered into place. 
Each successive section was guided into place on the 
one below by means of the vertical rods, best seen in 
Figs. 4 and 6. These extended from the lowest section 
up to above the surface of the water, and a new section 
when being placed in position was simply slung over 
these bars, which ensured its resting fairly in line 
| with the next one below. The weight of the sections 
| varied from 7 to 8 tons. The concrete used consisted 
| of four parts of gravel to one of cement, and the 
reinforcement consisted of §-in. round bars, arranged as 
|shown in Fig. 2. To ensure a good joint between 
| successive sections, a small groove was provided on 
| the upper surface of each, whilst the bottom of each 
section was furnished with a small wedge-shaped pro- 
|jection. To make the joint, a sausage of cement 
mortar, enclosed in linen, was placed in the ve 
stated, and on the pn section being lowered into 
position, its wedge-shaped projection dug into the 
soft cement mortar, and made a joint which proved 
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quite water-tight. No staging, piling, or hydraulic 
jacks were used in constructing these foundations, and 
the cost of the ferro-concrete caissons proved to be 
only half the amount that would have been necessitated 
for metal caissons. 





PASSENGER STEAMERS FOR THE 
CUYABA RIVER, BRAZIL. 

On page 618 we give illustrations of one of two 
river steamers built by Messrs. Yarrow and 
Limited, of Poplar, London, to the order of the 
Lloyd Brazileiro, for service on the Cuyaba River, in 
Brazil. Each vessel is 97 ft. in — by 28 ft. beam, 
and is designed for the exceptionally shallow draught 
of 18 in. with steam up and bunkers half full (Figs. 
1 to 4). The method of propulsion adopted is the 
twin-screw raised propeller system, with the pro- 
pellers working in tunnels built inside the hull, 
and fitted with Yarrow's patent hinged flap, an 
arrangement which we have previously illustrated, 
and which is designed to secure the maximum 
efficiency of propulsion under all conditions of draught. 
The speed of these boats will be 12 miles per hour, a 
result which Messrs. Yarrow considered that no other 
system of propulsion at present known would secure, 
having in view the proportion of length to beam, and 
the limit of 18 in. draught. 

It will be seen by our illustrations (Fig. 5) that the 
flaps in the tunnels are hinged at the forward end, 
and that the after end can be raised or lowered by 
means of suitable gear to any height that may be 
desired. When starting the vessel from rest, the flap 
is lowered, so that the atter edge is about 2 in. below 
the water-level, in order that the air contained in 
the part of the tunnel above water cannot return 
when once driven out. The engines are then started 
at a fair speed, and the air in the tunnel is quickly 
expelled by the propeller, and its place taken by solid 
water. As soon as it is seen that a solid stream of 
water is being discharged, and that the boat has got 
well started, the flap is raised to its highest position, 
so as to admit a free pe of water from the pro- 
peller, and it is left in this position until the engines are 
stopped. The flap is again lowered when a fresh 
start is required. When frequent stopping and 
starting is being done, the flap would be left down, 
so that the water would not drop out of the tunnel 
at each stop; and for going astern it would also be 
left down, so that no more air could enter to take 
the place of that discharged by the mp mary It is 
foul that when the flap is raised the speed of the 
vessel is usually cae about 1 to 1} knots. This 
method of propulsion has proved very successful in 
practice, and has been adopted by the Brazilian and 
Japanese Governments, and very largely by the British 
Government. Vessels fitted in this way have been 
proved to be far superior to those with stern-wheels 
or side paddle-wheels, 

There are two sets of triple-expansion engines, with 
independent condenser, and steam is supplied by a 
Yarrow water-tube boiler working with forced draught 
on the closed stokehold system. 

There is a steam capstan forward, arranged for 
working the anchors, and another steam-capstan aft 
for warping. Steam steering-gear is provided, also an 
emergency hand-tiller in case of the steam gear not 
being available, 

The cabin arrangement is very complete for so small 
a vessel, and consists of ten two-berth cabins for first- 
class passengers on the promenade deck, fitted with 
berths, lavatorics, &c.; ladies’ and gentlemen’s bath- 
rooms, cabin for purser, mail-room and post-office. 
On the main deck is the dining-saloon, elaborately 
decorated in white oak, captain’s cabin, and linen- 
store; also a four-berth cabin for second-class pas- 
sengers, and accommodation for two engineers. Pro- 
vision is also made for carrying soldiers or thirt; 
third-class passengers on the main deck aft, wit 
necessary lavatory accommodation for them and for 
the officers. There are independent galleys for the 
first and third class passengers, aud a try for the 
first-class. The crew’s quarters are valor the raised 
forecastle, and afford accommodation for eight men. 

There is a complete water service throughout the 
ship in connection with an independent sanitary pump 
for supplying the baths, pantry, &c. The vessel is 
lighted throughout by electricity, and a small search- 
light projector is fitted forward above the wheel- 
house to facilitate navigation at night. All the living 
spaces are completely closed in by awnings and side 
curtains, these latter being specially required to 
prevent the heavy tropical rains from driving across 
the deck. 

A novel and ingenious feature in the design is the 
plan for keeping cool the sun-awning over the first- 
class passengers’ cabins and promenade-deck. This 
arrangement consists of two centrifugal sprinklers 
similar to those used for watering lawns, and these are 
supplied continuously with water from the sanitary 
pump. Oa the top of the awning-deck a loose canvas 
cover is laid, the sprinklers keeping this wet. The 
heat from the sun is therefore absorbed in evaporating 


the water from this canvas, instead of being trans- 
mitted into the cabins, thereby considerably reducing 
the temperature, which is of the utmost importance in 
a hot climate. 
The vessels will be dismounted for shipment in 

peers with a view to their being riveted up on the 

anks of the river which they are destined to navi- 

‘ate. 
: These two steamers were constructed to the order of 
the Cia Lloyd Brazileiro, of Rio de Janeiro, whose repre- 
sentative in this country is Doutor Carlos Buarque de 
Macedo, the controller of the technical details nee 
Captain A. Rosauro de Almeida, late of the Arsenal o 
Marine, Rio; during their construction the vessels 
have been under the supervision of Mr. Walter Mansell, 
M. Inst. C.E., acting as inspecting engineer. The 
names of the vessels are Apa and Xingti—both Indian 
words, being the names of the rivers these two vessels 
are to navigate in the interior of Brazil. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 1. 
DurinG the month of April contracts for 50,000 
tons of steel were placed for bridge-building yp meoe 
It is expected that the month of May will develop 
much more activity in steel orders for that purpose. 
Quite a number of inquiries are now before the struc- 
tural makers, and as the projected work is to be 
done, it is believed the intending buyers will lose no 
time in placing orders. An immense amount of equip- 
ment is now being contracted for in the way of ties, 
frogs, and rails, to say nothing of locomotives, coach 
and combination cars, dump-cars, and freight-car trucks 
larger than for ordinary i em cag of these orders 
are comparatively for small quantities, but in the aggre- 
gate they represent an immense business, These orders 
are coming on railroads located in every section of 
the country, and they indicate that railway officials are 
preparing to deal with the anticipated volume of 
tratlic in an energetic manner. The last few days 
have developed some countermanding of orders placed 
some time ago, and a slowing-up of activity in the 
rosecution of many large enterprises. It is not to 
believed that this slowing up is the beginning of a 
general restriction of activity, but the fact deserves to 
be chronicled that the rush for material is not so 
urgent at this time as a month ago. The rail-mills 
have their books open for 1908 deliveries, but there 
appears to be some little delay on the part of railway 
managers in the placing of orders. The Pennsylvania 
Railroad requirements for 1908 are estimated at 
153,000 tons, but this is believed to not represent the 
entire quantity that will be wanted. Several of the 
Western roads are delaying the placing of orders, 
for reasons which are not assigned or known to 
the public. The demand for semi-finished steel is 
extremely urgent at present. Machine builders and 
engineering-plant managers, as well as hardware 
manufacturers, have been buying their steel supplies 
in a very cautious manner, and are now aking 
for quotations for larger quantities, covering deli- 
veries extending far into summer. Billets are sold up 
closely, and the capacity will, no doubt, be thoroughly 
taxed for the remainder of the year. The entire iron 
industry is in a most vigorous condition, and no 
matter which way large consumers may be determined 
to act with regard to 1908 deliveries, prices will re- 
main firm. Expansions are not sized up properly, 
although made the subject of newspaper comment. 
The busy steel-consumers do not know exactly how 
fast capacity is being increased, and they are rather 
loath to purchase for delivery a year hence until 
they can ses their way a little more clearly. The 
demand for refined iron and steel bars is somewhat 
heavier at this date, owing to the fact that spring 
has arrived, and a great many activities are possible, 
which were more or less checked by reason of the 
winter weather. The nail mills, barb-wire mills, 
agricultural plants, and the greater foundries through- 
out the West are booking orders in a satisfactory 
manner, and are therefore in the market for necessary 
supplies of naw material. 





Lavunxcu or Steam Herrtxo-Drivrers.—There have 
recently been launched frum the yard of Messrs. Cochrane 
and Sons, Selby, eight steam drifters for herring-fishing, 
for the London and Peterhead Steam Fishing Company, 
Limited, of Peterhead. It will be remembered that in 
our issue of April 26 we gave drawings of a steam trawler 
built by Messrs. Cochrane and Son. The boats recently 
launched, however, were of slightly smaller dimensions 


than those illustrated in that issue, and are 84 ft. long, | 


18 ft. 3 in. breadth, and 9 ft. 3in. depth, moulded. The 
boats will be fitted with compound engines, having cylin- 
ders 11 in. and 24 in. by 16 in., and boilers 9 ft. 6 in. by 
9 ft. In five cases these will be supplied by the Vauxhall 
and West Hydraulic Engineering 
Luton ; while the other three sets will be by Messrs. 
Crabtree and Co., Limited, of Great Yarmouth. Al 
these eight vessels have been launched within about three 
months of the date of receiving the order, and during 
building were under the superintendence of Mr. J. 





Richardson, of Hull. 


mpany, Limited, of | 


L. | tons gros 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday morning tho 
ye market opened with a strong tone and about 

3,000 tons of Cleveland warrants were put through at 
59s. 3d., 593. 3hd., and 593. 24d. cash, 59s. 6d., 593. 74d., 
and 59s. 84d. one month, 59s. 114d. two months, and 
593. 10d. and 60s. three months. At the close prices were 
firm at 59s. 54d. cash and 592. 9d. one month eellers, 
Hematite—1500 tons—changed hands at 76s. 104d. eight 
days, with ag buyers over at that price for cash, and 
sellers at 77s. 14d. cash. The improvement continued in 
the afternoon, and 7000 tons of Cleveland warrants were 
done at 59s. 4d., 593. 8d., and 59s. 7d. cash, 59s. 8hd, 
five days, 593. 74d., 593. 1ld., and 593, 10d. one month, 
and 593. 1ld. three months, and — sellers quoted 
59s. 7d. cash and 593. 104d. one month, There were 
buyers of hematite at 77s. 6d. one month, but no sellers. 
On Friday morning the market was a little easier, and 
the turnover was confined to 7000 tons of Cleveland 
warrants at 593. 54d. seven days, 593. 7d. twenty-one and 
twenty-eight days, 593. 74d., 59s. 8d., and 59s. 74d. one 
month, and the closing quotations were 59s. 5d. cash and 
59a. Bg one month sellers. Hematite was steady at 
77s. 6d. onc month buyers. In the afternoon the market 
was stronger, and Cleveland warrants—15,000 tons—were 
dealt in at from 593. 3d. to 59s. 64d. cash, at 593, 34d. 
and 593. 3d. seven days, from 5%3. 74d., 593. 7d., to 
59s. 9d. one month, and at 60s. three months. The close 
was firm at 59s. 64d. cash and 593. 10d. one month sellers, 
One lot of hematite changed hands at 77s. 6d. fourteen 
days, and sellers’ closing quotations were 783. cash and 
78s. 6d. one month. Asis customary on the first Monday 
in May, the market was closed all day; but when 
business was resumed on Tuesday morning there was 
quite a boom, and at times some excitement. Cleveland 
warrants were done at from 60s. 11d. to 60s, 10d. to 61s. 
cash, from 6ls. to 6ls. 4d. to 6ls. 34d. one month, at 
61s. 5d. two months, and from 61s. 4d. to 61s. 6d. three 
months. The turnover was about 30,000 tons, and closing 
sellers quoted 61s. cash and 61s. 4d. one month. Hema- 
tite, which is rather scarce, was very strong, and 1500 
tons chan hands at 80s. and 803. 3d. one month, and 
closed with buyers over at the latter figure, and sellers at 
81s. In the afternoon the high level was not maintained, 
and Cleveland warrants were dealt in at 603s. 84d. and 
60s. 6d. cash, from 61s. to 61s. 1d. to 60s. 9d. one month, and 
at 61s.3d.twomonths. At theclose, sellers quoted 60s. 6d. 
cash, and 60s. 9d. one month, and the turnover of about 
10,000 tons included some hematite at 80s. one month, with 
sellers over at that figure. When the market opened to- 
day (Wednesday), Cleveland warrants were firm, and 
changed hands at 60s. 84d. cash, 61s. and 60s. 10d. nine- 
teen days, and at 61s. 1d. and 6ls. one month. The close 
was a little easier, with sellers at 60s. 8d. cash and 
60s. 1ld. one month. Hematite was stronger at 80s. 3d. 
one month, and closing sellers quoted 80s. 6d. one 
month. The total turnover was about 11,000 tons. In 
the afternoon the tone was again strong; there were 
no dealings in Cleveland warrants for cash, but 7000 
tons were done at 60s. 10}d. and 61s. 1d. one month, 
with buyers over at the latter figure, and sellers at 60s. 11d. 
cash and 61s. 2d. one month. Hematite was untouched, 
but was quoted 3d. up at 80s. 9d. one month sellers. The 
following are the market quotations for makers’ (No. 1) 
iron:— Clyde and Gartsherrie, 77s.; Calder, 79s. ; 
Summerlee, 80s. 6d. ; Langloan, 80s. ; and Coltness, 89s. 
(all shipped at Glasgow) ; Glengarnock (shipped at Ard- 
rossan), 79s.; Shotts (chipped at Leith), 79s. ; and Carron 
(shipped at Grangemouth), 80s. 

Sulphate of Ammonia.—The sulphate of ammonia 
market remains dull and featureless, and although busi- 
ness has been done at 11/. 12s. 6d. per ton, the price 
quoted by sellers to-day is 11/. 15s. per ton for prompt 
business, Glasgow or Leith. Last week the amount 
shipped from Leith Harbour was 697 tons. 


Scotch Steel Trade.—A strong tone has ruled in Scotch 
steel trade circles during the past few days, and buying 
of some considerable note is reported. ‘he advance in 
the price of pig iron this week has no doubt caused con- 
sumers of steel who were not fully covered to see that 
an early all-round advance in material was not im- 
probable. Quotations have hardened up, and some 
expect the official minimum prices to be raised within 
the next few days. This improvement in home buying 
is very gratifying, as the demand for steel for shipment 
has again been very good. Firm inquiries have reached 
this market, and a considerable amount of business has 
been fixed up at remunerative prices. The mills are all 
running full time, and steady employment is assured for 
several months. 


Scotch Pig Iron Advanced in Price.—It was officially 
intimated at the end of last week, by Messrs. William 
Baird and Co., Limited, that they had made an all-round 
advance of 1s, per ton in the price of their brands of pig 
‘iron. Other makers have also raised their prices by 1s. 
| to 23. per ton. The demand on foreign account is again 
| reported as good, and some lots have been sold for ship- 

ment. 

Malleable Iron Trade.—The malleable iron trade in 
|this district is, if anything, rather better this week. 
| Business for the home market has improved, and the 
— are said to be a shade better, while shipment orders 





ave been fairly good. 
Shipbuilding.—The Pacific Steam Navigation Com- 
laced an order with Messrs. William 


| pany have just J 
1 f oP and >. Dalmuir, for a twin-screw steamer 


| for their South American trade. This vessel will be the 
| largest of the Pacific Line’s fleet, and will be of 11,500 
s. The dimensions are :—Length, 530 ft.; beam, 
62 ft.; depth, 40 ft. 6 in.; and the fittings are to include 
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all the latest improvements, with cabines de luxe on the 
bridge and upper decks. The passen accommodation 
will be for 250 first-class, 250 second- and 700 in the 
steerage. —Messrs. Fleming and Ferguson, Paisley, have 
contracted to build, for the Great Yarmouth Port and 
Haven Commissioners, a bucket-dredger and four hopper- 
barges, to be employed on improvements being carried 
out on the harbour there. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Railway Rates for Coal Carriage.—At a meeting of the 
Sheffield Chamber of Commerce this week a complaint 
was received from the Sheffield Gas Company, calling 
attention to the very much cheaper rates for which the 
railway company carry coal from the South Yorkshire 
collieries to Hull and Grimsby for export, compared with 
the rates charged for carrying it to those places for home 
consumption. The company also presented particulars 
for comparative figures, and it was decided to send the 
statement to Sir Howard Vincent, M.P. 


Colonial Ministers’ Visit.—Sir William Lyne, Minister 
of Trade and Customs of the Australian Commonwealth, 
visited Sheffield on Monday last, and spent some time at 
the East Hecla Works of the Hadfield Steel Foundry 
Company. He subsequently addressed an influential 
meeting of manufacturers on topics connected with the 
development of commerce.and industry within the British 
Empire. 

Iron and Steel.—The reported revival of activity in the 
iron and steel trades of the district is well maintained, 
although speculation is to some extent still ae 
with legitimate trade.. A firmer tone, however, exists al 
round. Lincolnshire ironmasters have not, so far, ad- 
vanced quotations, which still stand at the figure quoted 
last week. Derbyshire brands, however, have settled 
down about 1s. dearer, the latest quotations for Sheffield 
delivery being—forge, 583., and foundry, 593, An advance 
has also been made in hematites, East Coast being quoted 
at 85s. per ton, and West at 863. 6d. per ton. Extensive 
orders continue to be placed for railway and tramway 
material, one large Japanese contract for special tram- 
rails being to the extent of 7000/. No settlement has yet 
been arrived at in the strike of pattern-makers, which is 
beginning to seriously disorganise some of the heavy 
trades. 


South Yorkshire Coal Trade.—A heavy traffic continues 
to be done in all classes of hards, but there is a consider- 
able amount of grumbling at the want of dispatch on the 
part of the railway companies, who are still very inade- 
quately tackling the large amount of fuel moving from 
South Yorkshire collieries. Some anxiety is ex 
as to the condition of affairs which will obtain when the 
export season gets into full — Owners continue to 
find a full demand for all classes of steam fuel, and prices 
are very firm ; best Barnsley being quoted 123. per ton at 
the pits, with secondary qualities selling well at a slightly 
lower figure. House is keeping up a fair level for 
the period of the year, the colder weather of the past few 

es. 


weeks having stimula 








Tue GerMaAN Union or Brass Works.—The first 
move of the new Union of German Brass Works, recently 
formed at Cologne, has been to put up the price for brass 
considerably, a fact which is being somewhat keenly felt 
in several German industries, more especially, perhaps, 
in the electrotechnical industry. Opinions are divided as 
to whether the union has not gone too far; some hold 
that the union’s action was fully justified, and that the 
present state of the market will make the rise in prices 
less keenly felt; whilst others take a more serious view, 
the more so as the union comprises nearly all the 
more important works. Fear has therefore been expressed 
that the quality will suffer if the supplies have to be 
bought from the union ; and not a few consumers contem- 
plate buying from abroad, more especially from Austria 
and France, which countries, so far at least, quote prices 
which will stand freight and duty. Others, fearing that 
the foreign works soon will follow the example set by 
their German colleagues and raise their prices, have sug- 
gested the erection of a co-operative brass works, whic’ 
plan, however, is hardly likely to be realised. 





THe LATE Frieprics Uprensorn.—Friedrich Uppen- 
born, who died at Munich a few weeks ago after a short 
illness, only co Bie ye years of age, may be counted 
among the pioneers of electrotechnics. Born at Hanover 
in 1859, he tried in 1878 to light some of the streets and 
buildings of his native town by means of a kind of search- 
light arc-lamps, fed by primary batteries. Having stayed 
in Paris for some time, he became, in 1881, editor of 
an electrical journal which afterwards developed into 
the Centralblatt der Elektrotechnik. When this journal 
amalgamated with the Elektrotechnische Zeitschrift in 
1889, Uppenborn moved from Munich, to Berlin, where 
he remained until he resigned the editorship of the joint 
journals in 1894. He returned to Munich, and took so 


prominent a part in the public works of that town, and | p 


especially in the hydro-electric plant which the munici- 
pality of Munich erected at Moosburg, nearly 40 miles 
north of Munich, for the utilisation of the water-power of 
the River Isar, that this plant is to bear his name. 
Uppenborn also had a share in the projects for the two 
additional water works of the capital of Bavaria, and the 


establishment of the laboratory of the Munich Electricity 
Supply Works is mainly due to him; this laboratory 
tests electricity meters. Of the books of Uppenborn, his 
; pee me fiie Elektrotechniker,” first published in 1884, 
8 best known, 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroucH, Wednesday. 

The Cleveland Iron Trade.—The market is strong, and 
has been ~~ exciting of late, There have been advances 
in all kinds of iron, and alsoin the prices of the materials 
for producing iron. Buyers are by no means scarce, but 
the unfortunate parb is that they are all anxious for 
prompt delivery, and under the existing circumstances 
this is practically impossible, and Connal’s stock continues 
to be drawn upon to some purpose, as this is the only way 
to meet the extraordinary demand which is ruling at the 
present time. Owing to the famine of iron in the land 
makers are able to keep up their prices, and although 
foreign customers are pre to give any prica for 
prompt delivery, their wishes cannot be complied with. 
Some consumers are of opinion that advances are rather 
too rapid, and these are somewhat disposed to wait a 
while in the hope of a reaction. No. 3 g.m.b. Cleveland 
pig iron has this week sold at 61s. 6d. for f.o.b. delivery, 
and the latest quotation is 6ls. 3d. No. 1 is 5s. above the 
re while No. 4 foundry and No. 4 forge are 
60s. 9d. and 60s. 3d. respectively. After remaining at 
a standstill at 77s. for some considerable time, hematite 
pig-iron has once more commenced to fluctuate. It has 
mounted up rapidly during the past week, and producers 
will not now entertain anything below 80s. for early 
delivery of mixed numbers. Rubio ore is 2ls. 9d. to 
223. 3d. ex-ship Tees. 


Manufacturcd Iron and Steel.—There is little alteration 
in the routine business of the finished iron and steel 
industries, and prices remain practically unchanged. 
Plenty of work on hand is the report of producers, and 
they are hopeful of a bright future. The market rates 
are as follow:—Common iron bars are 8J. to 8/. 2s. 6d.; 
best bars, 8/. 10s. to 8/. 12s. 6d.; best best bars, 9/. to 
91. 2s. 6d.; packing-iron, 6/. 10s. to 6/. 12s. 6d.; iron ship- 
— 7l. 15s.; iron girder-plates, 8/.; iron boiler-plates, 

. 153.; steel bars, 72. 103.; steel ship-plates, 7/. 10s.; steel 
boiler-plates, 82. 10s.; steel hoops, 77. 15s.; steel strip, 
7. 5s.; and steel joists, 62. 17s. 6d.—all less the customary 
24 per cent.; whilst iron rails are 7/. 7s. 6d. to 7/. 15s.; 
heavy steel rails, 6/. 15s.; and steel railway sleepers, 
7/. 103.—all cash at works. The price of both iron and 
steel galvanised corrugated sheets, 24 gauge, in bundles, 
es at 132. 15s. to 14/.—less the usual 4 per cent. 

iscount. 


Coal and Coke.—Business is very good in the coal and 
coke trade. Prices in coal have risen a great deal of late, 
and coke is now put at 20s. 6d. to 21s. per ton. Gas 
qualities are also in great demand at, firsts, 133. and, 
seconds, 12s. 64. f.o.b. 








PanamM..—Coal-beds or veins are to be found in many 
of the Republic of Panama. In the province of 
del Toro a good description of bituminous coal was 

discovered, but it was so far back in the interior that it 
was not a paying investment. In the Isthmian Canal 
zone veins were found by the French during their occupa- 
tion of that territory. This statement seems to be 
snes , & Se ning < an old ror? 3 the 

egrito. mples of this coal appeared to be of lignite 
formation. Recently two other places on the same 
Property, but at a lower level, were bored, and it is 
reported that a coal stratum 3 ft. thick was discovered, 
According to semi-official reports, b2ds of gold, silver, 
copper, lead, and cinnabar exist in the districts of Cocles, 
Veraguas, Chiriqui, and Panama, 





Coxe 1n Domestic Frres.—In a paper read by Mr, Paul 
Schlicht before the Society of Arts on Wednesday 
evening, the 8th inst., the author pleaded hard for the use 
of coke in domestic fires, and ticularly for coke made 
in by-product ovens, by which certain quantities of in- 
flammable gas are left in the fuel, rendering it more flaming 
than that turned out in the ordinary way. Hisimaginary 

ictures of smokeless London were particularly attractive. 
The use of bituminous coal in domestic fires was con- 
demned as being very wasteful, for about fourteen times the 
air necessary to burn the was generally sent out of 
the chimney. This was im ted with steam and 
sulphuric acid, as well as with particles of carbon, which 
produced fog. In addition to this, in the consumption 
of every ton of coal 100 Ib. of coal tar were, he said, 
destroyed ; also many valuable constituents useful in the 
arts and in medicine, besides oils useful for lighting and 
motor purposes, together with solids that might be em- 
ployed in road-making. If in place of such form of combus- 
tion the coal were treated in the modern by-product oven, 
there would be, in addition to the products named, about 
14 ewt. of coke, suitable for domestic and metallurgical 
pu According to the author, flaming coke can be 
made in these by product-ovens in from four to five hours 
_ my than the low volatile coke nurs Se —. 
urgical purposes, a certain percentage of hydrogen an 
hy mood om being allowed to re my thecoke. It was 
pointed out how excellent this coke would be for cooking 
urposes, for which it is well suited. This is, of course, 
admirable ; but it seems to us that, in his enthusiasm, Mr. 
Schlicht may not sufficiently have kept before his mind’s 
eye that humble but very necessary factor in the calcula- 
tion—the domestic cook. This factor often looms —_ 
when kitchen fuel is discussed. However, Mr. Schlicht 
appeared quite hopeful on the subject, and illustrated 
several forms of stoves suitable for burning coke, to the 
t advantage of the users, and to the community at 
coon, It was stated that in one of these the fire burned 
brightly for 26 hours, and effected an economy of 5) per 
cent. over ordinary methods of combustion. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The best Admiralty steam coal has ranged 
between 17s. 6d. and 18s. per ton, while secondary quali- 
ties have brought 16s. to 17s. 3d. per ton. The house- 
voal trade has shown little change; the best ordinary 
qo have been quoted at 17s. to 17s. 6d. per ton ; 

o. 3 Rhondda large bas brought 19s. 6d. to 20s. per ton ; 
foundry coke has made 26s. to 27s. per 
ditto 203. to 22s. per ton. As 
has been quoted at 20s. 6d. to 2ls. per ton, and Almeria 
at 20s. 6d. to 20s. 9d. per ton, u a basis of 50 per cent. 
of iron, and charges, including freight, insurance, &c., to 
Cardiff or Newport. 

The Crumlin Viaduct.—The death is announced of Mr. 
E. Dodd (formerly of Crumlin) at Erith, near London, 
Mr. Dodd was a brother of Mr. Thomas Dodd, Naviga- 
tion Hotel, Crumlin. The two brothers were associated 
with Mr. T. W. Kennard in building the Crumlin Via- 
duct in 1853. 


Light Railways in the West.—Preliminary arrange- 
ments have been completed for the construction of a light 
ong | between Martock and Crewkerne. The line will 

ss through some of the richest agricultural land in 

ersetshire, and the promoters have satisfied them- 
selves that sufficient trade will be forthcoming to ensure 
the success of the undertaking. The line will connect 
with the London and South-Western Railway at Crew- 
kerne, and the Great Western Railway at Martock. 


Dowlais.—The Goat Mill has turned out a substantial 
quantity of rails during the last few days for home and 
foreign railways, while the Big Mill has been engaged 
upon light weights and short lengths; the demand for 
steel sleepers has continued good, an even shown 
some improvement. A large contract for fish-plates for 
Indian State railways is receiving attention. 


Tools at Keyham.—The pneumatic tools at Keyham 
factory are being worked by compressed-air supplies 
from the Keybam extension works. Stand-pipes ee 
been fitted, from which flexible tubes are led to the sho 
in which there are pneumatic tools. The pressure of the 
air is 100 Ib. = square inch. The two air-engines 
formerly used have been transferred to the constructive 
manager’s department at the south yard, 


ton, and furnace 
iron ore, Rubio 


Water Supply of Cowbridge.—In view of complaints 
which have aw made as to the present water supply of 
Cowbridge, the Glamorgan County Council has retained 
the services of Messrs. Kirby, Son, and Brown, water 
engineers, of Newport and Westminster, for the prepara- 
tion of a new scheme. 


The Swansea Valley.—The general trade of this dis- 
trict has been satisfactory. The spelter works at Upper 
Bank, Llansamlet, and Morriston have been well em- 
ployed. Heavy orders for weldless tubes have been in 
course of completion at Landore upon both home and 
foreign account. The tin-plate onde bas continued brisk. 


The ‘‘ Boadicea.”—A contract for the turbine engines 
and boiler installation of the cruiser Boadicea, about to 
be laid down at Pembroke, has been placed with Messrs. 
John Brown and Co., of Clydebank. The engines are to 
be of 18,000 indicated horse-power, and are to give the 
veseel & speed of 25 knots. There are to be four 
shafts, each with one propeller and a turbine. There are 
to be separate small turbines for cruising, and also astern 
turbines. The main turbines will make 500 revolutions 
per minute at full speed, and with steam at 170 lb. pres- 
sure. Twelve small-tube Yarrow boilers will have 46,000 
square feet of heating surface, and will work at 235 lb. 
pressure. 





Tae Swepish State AND THE Lapitanpy Tron-Orr 
Deposits.—The details of the project about the Swedish 
State becoming directly interested in the large North 
Swedish iron-ore deposits have already been published in 
ENGINEERING. The plan was sanctioned by the Swedish 
Parliament on May 2, by substantial majorities in 
both Chambers (in the Up House the vote was 112 
for and 10 against ; in the Lower House 134 for and 80 
against). The scheme had an able spokesman in the 
Premier, Mr. Lindman, who, it is interesting to note, 
was himself at one tine manager of the Kiruna iron-ore 
deposits. The decision is likely to prove of great import- 
ance to the Swedish iron industry. 





Parrot Enoing Usine Suction-Gas.—A few days ago 
8 40.brake-horse-power suction-gas engine in the power 
station of the New Arrol-Johnston Car Company, Limited, 
at Paisley was totally disabled by the breaking of a con- 
necting-rod end-bolt. The works are extremely busy, 
and the power urgently uired. The difficulty was 
amply met by placing one of the new type Arrol-John- 
ston 38-45 horse-power vertical four-cylinder petrol- 
engines, bolted to a testing-bed, in a convenient position 
near the suction- plant. A sheet-iron pipe was led 
therefrom to the throttle inlet of the petrol-engine, the 
carburettor being removed. The engine shaft was 
coupled direct to a Siemens direct-current compound 
generator. The engine, with electro-magneto low-ten- 
sion ignition, runs well on the suction-gas from anthracite 
nuts, giving at 900 revolutions per minute about 40 brake 
horse-power. The dynamo, with output of about 27 
kilowatts, runs in parallel with a 95-kilowatt dynamo, 
driven by belt from a large single-cylinder gas- 
engine. The installation was completed in a few 
hours, and the running of the engine is highly satisfac. 
tory, and most interesting, as showing the facility of 
operating small hi Reed internal-combustion engines 
with such a cheap fuel as generator-gas. 
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PASSENGER STEAMER FOR THE CUYABA RIVER, BRAZIL. 


CONSTRUCTED BY MESSRS. YARROW AND CO., LIMITED, ENGINEERS, LONDON. 
(For Description, see Page 616.) 





PROMENADE DECK 









































Fig. 3. 


MAIN DECK 
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THE PRINCIPLES OF SIMILITUDE. 
Some thirty years ago, or more, the late Professor 
James Thomson—who, in his own line, was as 
original and profound a thinker as his more famous, 
but younger, brother, Lord Kelvin—contributed to 
the Proceedings of the Institution of Engineers 
and Shipbuilders of Scotland a paper on the 
‘*Comparison of Similar Structures as to Elasti- 
city, Strength, and Stability.” In this paper a 
number of very simple, but important, relations 
were established between the relative security of 
two structures differing from each other only in the 
matter of scale. Some eight = ago (see ENGINEER- 
ING, vol. lxviii., page 475) Professor Barr discussed 
the same subject with considerable wealth of 
illustration, and finally, in a paper read lately 
before the Institution of Automobile Engineers, 
1, Albemarle-street, W., Mr. F. W. Lanchester, 
whose originality and success as a builder of motor- 
cars of the highest class is well established, ~ 
n 
all these papers it has been shown that a model if 
made of the same material as its prototype will 


25 | carry with the same factor of safety an equal load per 
626 | square foot, if similarly distributed. At the same 


time the weight of the model varies obviously as 
the cube of the ratio of the scales, so that, so far as 
the stresses in it arise from the weight of its con- 
stituent , it is much less severely stressed. It 
is, therefore, quite safe to build a bridge or a roof 
by scaling down from a larger one designed to carry 
the same load per square foot. The stresses arising 





from the travelling load, or from wind pressure, 
will be identical in the reduced model, whilst the 
dead-load stresses will be less. Where, however, 
questions of stability rather than of strength are 
concerned, this process of scaling down is not free 
from danger, since the stability of a chimney, for 
instance, against overturning from a given wind- 

ressure per square foot is double that of another 
Built to half scale. Hence, if Nature worked on 
strictly mathematical lines, a little woman should 
have disproportionately big feet as compared with 
her taller sisters. 

The same theory of similitude shows that in a model 
engine the stresses which arise from a given steam- 
pressure are exactly the same as in the larger original; 
and, further, that, so far as the inertia stresses are 
concerned, these will be the same in the two, 
if the piston speeds are the same. It follows, there- 
fore, that the model can be run safely at a higher 
rate of revolution than the larger engine. The horse- 
power developed is obviously proportional to the 
volume of steam passed per minute; that is to say, to 
nd? . s, where n denotes the number of revolutions 
per minute, d the diameter of cylinder, and s the 
stroke. Using the small letters for the model, and 
large ones for the full-sized engine, we have, if 
the piston speed is the same, ns= NS, so that 
the horse-power of the model varies as NS. d?, 
whilst its weight will vary as d*. Hence the 
horse-power per unit of weight will, in the case 


of the model, be proportional to BS , whilst that 
NS 


of the larger engine will vary as - ;and as D 


is greater than d, much more power could obviously 
be obtained from a given weight of metal by using it 
to build a number of small motors than to construct 
one large one. In fact, the weight of the smaller en- 
gine per horse-power developed should vary directly 
as the scale of reduction. No doubt it is to this 
fact that a portion of the enormous saving in weight 
shown in Mr. McKechnie’s recent paper before the 
Institute of Naval Architects, to follow on the sub- 
stitution of gas for steam in the propulsion of war 
vessels, is to be attributed. He proposed, it will 
be remembered, the construction of a cruiser, in 
which the 16,000 horse-power required to drive 
her were developed by gas-engines, with forty 
cylinders in all, driving four shafts. With steam 
this power would be developed by, say, two four- 
cylinder engines driving two shafts; and were the 
gas-engines arranged in similar fashion, the prin- 
ciple of similitude shows that their weight would be 


increased in the ratio a/ . , or be more than 


doubled. The weight of the producers would not, 
of course, be affected, but the modification here 
suggested would undoubtedly go far to cancel a 
large proportion of the great gain in weight claimed. 
This conclusion from the principle of similitude 
may of course be challenged on the perfectly correct 
contention that in practice the law in question is 
more commonly violated than confirmed, and it is 
no doubt for this reason that engineers have made 
so little use of it. The late Mr. Normand was, 
however, a firm believer in both its validity and its 
utility, and on several occasions constructed marine 
engines of different sizes from the same set of 
drawings, merely using a different scale. In one 
instance (see ENGINEERING, vol. lx., page 58) the 
ratio of the scales of the two engines was as much 
as 1to1.9. If, however, comparison is made of 
the weights and outputs of motors of different kinds 
made in a large range of standard sizes by good 
firms, not the slightest sign of any agreement 
between the horse-power actually developed per 
unit of weight in the different sizes and that 
theoretically due is in general visible. Thus, from 
the catalogue of a firm making a popular type of 
high-speed engines in sizes ranging from 250 up 
to about 1700 horse-power, the ratio of dimensions 
and the weights per horse-power corrected to the 
same piston att god as follow :— 
Ratio of cylinder 
diameters - 


r : 0.42 0.54 0.66 
Total weight r 
BHP. ... fp. 


0.80 1 
65 66 64 62 57 

Again, from the catalogue of a large turbine- 
maker we get the following figures :— 


Ratio of inlet dia- 
meters... ae . 0.092 0.202 0.356 0.536 0.735 1 
Weight in pounds per ; 
BHP. at l16ft.head 52 315 36.2 42 38.152.9 


So that in both cases the weights per brake- 
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horse-power hour, instead of being less in the 
smaller sizes in the ratio of the corresponding 
dimensions, as theory indicates they should be, are 
actually more or less constant. Quite similar re- 
sults would be obtained on making a similar com- 
parison for a series of gas-engines of the same type 
made by a single firm. 

The reasons for this extraordinary discrepancy 
between theory and actual fact appear to be mainly 
that a firm’s standard practice as to the minimum 
thicknesses of castings and the like is based upon 
their heaviest and most important work. In get- 
ting out a set of standard proportions for a series 
of engines the basis is the largest engine of the 
group; but whilst, as has been shown, the smaller 
sizes would be amply strong enough if simply 
scaled down from the Boast drawings, this is prac- 
tically never done, but the minimum scantlings used 
are not vastly different throughout the whole range. 

It follows, therefore, thata small engine designed 
bya draughtsman accustomed to heavy workisunduly 
massive, though it generally proves reliable and satis- 
factory in working. The saving of a few pounds of 
cheap metal ina small engine is not felt to be worth 
the trouble of training the foundry to produce 
light castings, or the mental worry of departing 
from established practice in minimum dimensions. 
The difficulty a draughtsman of this kind has in 
‘*scaling down” is best exhibited perhaps when he 
is set to tackle instrument design. The earliest of 
the cyclometers put on the market, for example, 
was designed by a capable mechanical draughts- 
man, who made a thoroughly ‘‘ substantial en- 
gineering job” of it, with the result that the 
weight of the instrument ran into pounds, and its 
cost was something between a guinea and thirty 
shillings. The mame Bs cyclometers, on the other 
hand, are the product of experience in instru- 
ment work. They are quite reliable, though 
their weight is a mere ounce or so, and their 
cost in pence much the same as that of their 

redecessor was when expressed in shillings. 
bf course, the scaling-down process advocated by 
Mr. Normand requires to be applied with discre- 
tion. Sound castings cannot be obtained below 
certain minimum thicknesses, and if scaling-down 
leads to less scantlings than these, the design must 
be correspondingly modified. Moreover, all struc- 
tures and machines have to be capable of with- 
standing, in addition to their intended stresses, the 
effect of accidental shocks and blows. These, in 
the case of large engines, may be insignificant com- 
pared with the regular working loads ; whilst in a 
much reduced model they may give rise to stresses 
and strains much in excess of those legitimately 
obtaining. 

Owing to the unconscious bias of the designer to 
base his minimum dimensions on the heaviest class 
of work with which he has experience, the figures 
tabulated above cannot be considered as proof 
that the principles of similitude are inapplicable in 
practice. As already stated, Mr. Normand utilised 
them boldly, and if instead of comparing together 
the different sized productions of one firm, those 
of different firms, one of which specialises in heavy 
work and the other in smaller engines, are con- 
trasted, there appears to be a very fair agreement 
between the theory and actual practice. From the 
paper on ‘‘ Recent Trials of Machinery of War- 
ships,” contributed to the Proceedings of the 
Institution of Civil Engineers by Sir A. J. Durston, 
K.C.B., and Mr. J. Oram, we take the followin 
particulars as to the engines of the Powerfu 
(cruiser) and the Bullfinch (torpedo-boat destroyer) : 


Diameter | Steam 














of Low- | Piston Pressure Sytene Weight 
_- Pressure Speed. at P eo H.-P. 
Oylinder. | Engines. Wee, 
in. ft. per ib. 
minute 
Powerful .. 76 996 207 25,900 93 
Bullfinch .. 34 1200 2'0 5,800 22 


| 


Reduced to the same piston speed, the weight of 
the Powerful’s engines would be 77.5 lb. per horse- 
power, so that the ratio between the specific 
weights is 3.15 ; whilst if the materials and design 
were the same in the two cases, this ratio should 
by the theory be that of the low-pressure cylinders, 
or 2.24. In this case, therefore, part of the large 
reduction in the specific weight is undoubtedly due 
to the difference in the design and the materials. 

Similarly, if, instead of comparing the specific 
weights of a range of gas-engines constructed by 
one maker, the specific weight of his largest, and 





presumably most carefully proportioned, engine is 
comp3red with a motor-car engine, the difference 
is extraordinary. Here again the matter is com- 
plicated by differences in design and in the 
nature of the materials used; but the economy 
of weight shown is far more than can thus be 
accounted for. The effect of an improvement in 
the quality of materials in augmenting the horse- 
power obtainable from a cylinder of given capa- 
city was discussed by Mr. Lanchester in his paper 
already referred to. He showed, for example, that 
a 10 per cent. increase in the tensile strength of 
the metal used for the reciprocating parts of a given 
engine would allow of an increase of 15 per cent. in 
the power developed. He also generalised the usual 
statement that the horse-power of similar engines 
running at the same piston speed should vary as the 
square of the linear dimensions by showing that a 
more complete statement of the facts of the case is 
that it should vary as D" S?-", where D is the dia- 
meter of the cylinder, andS the stroke. By then in- 
vestigating the relation of the reciprocating stresses 
to the diameter and stroke of the cylinder, he 
arrived at the conclusion that n = 1.5, and there- 
fore proposed that in rating petrol-engines in hill- 
climbing contests and the like, the power should 
betaken as equalto 0.4.D!°S°, With this formula, 
hecontended, extravagant freak designs, built merely 
to **beat the rating,” will be eliminated. The 
laws of similitude, as set forth above, are incom- 
plete in the regard that no allowance has been 
made for the fact that, in general, a large engine is 
somewhat more efficient than a small one. In the 
case of a steam-engine, for instance, the initial 
condensation is increased the larger the proportion 
of the surface exposed to the volume of the clear- 
ances ; and, consequently, to obtain the same mean 
pressure in a model as in a larger engine, a greater 
quantity of steam must be passed into the cylinders, 
so that if the port area bears the same proportion 
to cylinder area in the small as in the large sizes, 
there will be a greater loss from wire-drawing, and 
to obtain the same mean pressure a little later cut- 
off will be required. In the case of internal-com- 
bustion engines the loss to the ‘walls is similarly 
proportionately greater in small than in large 
engines, since the ratio of surface to volume in- 
creases as the scale of the machine is diminished. 
The mean effective pressure in such engines is 
therefore somewhat less in small than in large gas- 
engines, though a certain compensation is possible 
by the adoption of higher compressions and rela- 
tively longer strokes in the smaller sizes. The 
Crossley engine at the suction-gas trials at Derby, 
for instance, had a cylinder 84 in. in diameter and 
a 21-in. stroke, with a compression of 210 lb. per 
squareinch. Large engines are not built with any- 
thing like this ratio of stroke to diameter, nor to 
work with such a high compression ; about 140 lb. 
being the maximum with which these large engines 
can be worked on a commercial basis with producer- 
gas, though the attempt has frequently been made 
to increase this figure. These considerations there- 
fore place a limit to the increase in the efficiency of 
a gas engine with increase in size. Most makers 
agree that a 60-horse-power gas-engine will be prac- 
tically as economical of fuel as a larger one. A 
complete theory of similitude should take into 
account the whoie of these factors, but the requisite 
data for effecting this in a thoroughly rational 
manner are as yet wanting. 





THE EIGHT-HOUR DAY IN FRENCH 
GOVERNMENT WORKS. 

In several European countries a movement is on 
foot in favour of State intervention for shortening 
the working day in all establishments. In a former 
article (see page 488 ante) we pointed out the situa- 
tion in France as regards coal-mining ; in Belgium 
the question is causing discussions and difficulties. 
When once the movement is fairly started in favour 
of one class of men, State intervention will have to 
follow naturally in all other trades, and the hard- 
and-fast limitations decreed by law, without any 
regard for industrial needs, will have most serious 
consequences in reference t» production. Frenc 
statesmen are endeavouring to demonstrate that the 
shortening of the working day cannot but be favour- 
able to industrial undertakings, the productivity of 
each man remaining as high as formerly. The work- 
— day of almost every trade in Government estab- 
lishments has been reduced, with a view to please 
the mass of electors thus favoured, and to give the 
men employed in private firms an excuse for clajm- 





ing similar treatment. The Government and public 
authorities hoped also thereby to demonstrate by 
facts that an increase in the cost of output was 
not an inevitable consequence of a reduction in the 
number of working hours. 

The consequences of the measure in those French 
Government factories in which it has been applied 
are absolutely deplorable. Certain departments had 
foreseen this, and the directors had asked for 
higher grants, in order to meet the higher expendi- 
ture which the reduction in the working hours was 
likely to entail. The fact is further confirmed by 
the Labour Bureau—an annexe of the Labour 
Ministry, whose tendencies are distinctly favour- 
able to all Socialistic measures. This bureau has 
recently published a series of reports on the eight- 
hour and nine-hour days in State works and arsenals, 
reproducing those issued by the chiefs of the 
said establishments ; the reports in question give 
expression to the bare fact that decrease in the 
number of working hours has led toa decrease in 
output, and an increase in outlay. 

The Paris Municipal Council forestalled the 
State in dealing with the matter of labour. This 
council has a large budget, equal to that of a small 
State ; it employs a large number of men of all 
crafts, everyone of whom is an elector, and it has 
regularly increased wages and reduced working 
hours. Since 1888 it has compelled contractors to 
abide by a maximum working day and a minimum 
wage, both forming the subject of a special clause 
in the forms of tender, and among the most vehe- 
ment at first in claiming social reforms, at the tax- 
payers’ expense, was a député, M. Pierre Baudin, 
who has since become one of the leading financiers 
in the Paris Metropolitan Railway, and, as such, 
has to bear, with satisfaction no doubt, a portion of 
the cost of the enactments he formerly advocated. 
No one among the tax-payers appears to raise any 
overt complaint against the squandering of public 
funds. 

Quite recently it has been stated that the con- 
cessionnaires who are to take over the working of 
the Paris tramways and omnibuses will be required 
to limit the working day of their personnel to a 
maximum of six hours only. Recently also a 
député, M. Vaillant, has put forward a motion to 
limit to eight hours the working day in all Govern- 
ment factories and in all works carrying out work 
for the State; the motion provides also one day 
and a half rest per week, fifteen days’ holiday in 
the year, and a minimum wage corresponding to 
seven working days per week. 

The eight-hour day was introduced in the French 
naval arsenals in 1902, by a former Minister of 
Marine, who is held largely responsible for the 
present unsatisfactory state of the French Navy. 
Without awaiting the results of the measure, he 
extended it to all the arsenals from the commence- 
ment of 1903. He certified that the first results 
were most satisfactory. In 1899 the eight-hour 
day was tried at the postage-stamp works ; at first, 
as might be expected, the men increased in zeal in 
order that the measure should not be repealed, and, 
so far as the actual cost of working can be arrived 
at in a Government factory, where there is no com- 
mercial organisation, it was found that during the 
first three months conditions under the eight-hour 
régime were approximately equal to those under the 
former ten-hour régime. But the effort on the part of 
the men was not maintained ; an official report states 
the fact that the output decreased. Moreover, the 
authorities had done away with piece- work to please 
the men, and very soon after an increase in wages had 
to be paid to obtain the same output as formerly. 
But this did not prevent the authorities from ex- 
tending the ‘‘ reform,” which now applies to all the 
postal and telegraph craftsmen throughout the 
country. Another official report establishes the fact 
that for an equal amount paid in wages (the men 
have as much for eight hours as they had for ten) 
the output has decreased by one-tenth, and in some 
cases by two-tenths ; and this, notwithstanding 
higher speed machines and a number of mechanical 
improvements. The men lay claim to producing 
‘‘better work,” because they have not to hurry as 


h | they did when on piece-work ; but all persons who 


are able to visit the State factories know what to 
believe of this assertion. The authorities who have 
signed the official reports in question have con- 
cluded them by stating that ‘‘ it was hardly pos- 
sible to expect better results.” And it is to such 
‘* satisfactory ” results that the Socialists appeal 
with a view to generalise the measure. 

In the Nationa] Printing Works the consequences 
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have been similar. It was decided in 1905 to re- 
duce the hours from 10 to 9 in the match and 
tobacco factories, the latter figure corresponding to 
eight effective working hours, and immediately 
afterwards it was necessary to open a supple- 
mentary credit of 2 million francs (80,0001 ) to 
meet the effects of the reduction. It has been 
officially recognised that the decrease in output 
would be exactly in proportion to the decrease in 
the working hours, and a proof of this is the cir- 
cumstance that to enable the men employed on 
piece-work to earn as much as formerly, and without 
more labour, the basis price of their remuneration 
has been increased. The measure has led the State 
to incur heavy outlay in other directions; it has 
been necessary, among other things, to increase the 
shops and factories for taking on new hands in 
order that the available output should keep up with 
the demand. In the Mint the working day has 
been reduced also; the men would not consent to 
earn less—on the contrary, the wage nd hour 
has been increased by 10 per cent. The men 
promised to produce as much in nine hours as in 
ten ; this was the case for three months only, as in 
the above example, and the number of hands had 
to be increased afterwards. 

The most insignificant work in the naval arsenals 
costs fabulous prices. At the commencement of the 
‘‘reform ” in these establishments the men showed 
zeal, but they soon slacked off, and found en- 
couragement from the former Minister of Marine, 
who was then disorganising the French Navy 
by conferring fresh favours; it is not astonish- 
ing, therefore, to find it reported that at Lorient 
Arsenal the cost of the output has increased by 
15 per cent., fullowing the decrease in the work- 
ing hours. The Director of Cherbourg has stated 
that work did not exceed 7 hours 40 minutes ; it 
had been reduced by 13 to 14 per cent., the reduc- 
tion in output being no doubt proportional for the 
greater part of the personnel. e added also :— 
‘*Tf it was hoped that the men, being less burdened 
with work, would compensate for the reduction 
in the working hours by good-will and eagerness for 
work, there has certainly been a mistake.” The 
eight-hour day became rapidly an accomplished 
fact, it was taken as a right, and the zeal of the 
early days completely disappeared. The most one 
notices is that there is, perhaps, less slacking 
off on the part of the men towards the end of 
the working day in the summer months. At 
Rochefort attempts have been made to tabu- 
late the consequences of the “‘reform” in the 
construction of torpedo-boats, and it has been 
found that the time for building these vessels has 
increased by 1.4 per cent. at least, and the cost by 
7.5 per cent. The Ports authority who gave these 
figures has added in his report—and in this he is 
in contradiction with his colleagues in the other 
ports—that he has found an increase of activity on 
the part of the men, which he puts down at 14 per 
cent. One may ask in what manner he can recon- 
cile this statement with the fact that work takes 
now more time, and is much more costly? Mr. 
Laubeuf, a well-known French naval architect, 
but who is not a persona grata with the Naval 
Bureau, has stated, on the other hand, that the loss 
of output due to the measure is 19 per cent., and 
that the effective working-day now only amounts 
to 7 hours 10 minutes. He also had noticed at 
first an appearance of zeal on the part of the men, 
from which one might have hoped that, loyally 
worked to, the new measure would have given good 
results; but he was promptly disillusioned. At 
Toulon, in repair and maintenance work, the new 
régime entails a 24 per cent. increase in direct, aad 
33 per cent. in total, expenditure. Here, as in the 
other arsenals, piece-work was done away with. 
The increase in expenditure of one-third at Toulon 
alone influences a total of 6 million francs (240,0001.) 
paid in wages. 

With regard to the establishments which are 
within the jurisdiction of the War Ministry, the 
nine-hour day was tried in a few instances and 
was then applied generally. The eight-hour day 
has been tried in one of these, an engineering 


works employing about 1500 men, but the experi- | 


ment was abandoned, and this would lead to the 
belief that the results were not favourable, not- 


withstanding the eagerness of the men who wanted | 


the measure to become permanent. The fact is 


that in the works in question the eight-hour day led | 


to a considerable increase in outlay. The conclusion 
arrived at in this case was that reductions in the 
number of working hours could, at best, only take 


place gradually, following improvements in machi- 
nery and in processes of manufacture ; and this is 
exactly what will take place in private works 
when they are left alone to carry out their trans- 
formations, and are not pestered by ignorant legis- 
lators, whose chief object in life is, after all, the 
security of their seats. Such a movement has, in 
fact, taken place gradually from the commencement 
of last century. 

State establishments in every country are as 
badly placed as can be for carrying out experiments 
in this matter ; none of their work is carried out on 
sound commercial or industrial lines. The experi- 
ments made in the French State establishments, 
and briefly outlined above, have, at all events, 
ow one point—that a reduction in the hours of 

bour corresponds immediately to a reduction in 
output and to a large increase in cost. 








THE ROYAL SOCIETY SOIREE. 

Tue first of the two annual soirées of the Royal 
Society was held on Wednesday last. Apparently 
less crowded with exhibits than they have fre- 
quently been, the rooms of the Royal Society were 
nevertheless well stocked with instructive novelties, 
and the numerous Fellows and guests who attended 
the reception by Lord Rayleigh, President of the 
Royal Society, found ample material to interest 
them. Biology was, as usual, strongly represented. 
We confine ourselves to the apparatus and instru- 
ments of interest to the engineer and physicist. 

The records of recent large earthquakes, which 
Professor John Milne, F.R.S., showed in the office, 
were intended to elucidate special hypotheses. The 
Jamaica earthquake originated along fault-lines 
running east and west, and motion might therefore 
be expected to be propagated rather north and 
south than east and west; that would explain the 
smallness of the records obtained in Europe. In 
the San Francisco earthquake the fault-lines ran 
approximately north and south, and the European 
seismograms were large, as was to be expected ; 
in fact, in several stations the needles of the instru- 
ments were thrown oft their scale. The Valparaiso 
seismogram displays a peculiar, though not un- 
common, duality, which is ascribed to two shocks, 
A and B. Shock A seems to have originated in 
the Northern Pacific, and 30 minutes later its first 
large waves (P,, not the preliminary P, waves) 
would have reached Valparaiso, which was devas- 
tated by shock B 36 minutes after A. The ques- 
tions are: Did A give rise to B, and was the B 
shock a dynamical counterbalance for a mass dis- 
placement in the Northern Pacific? Is the time 
relationship between A and B a mere coincidence ? 
Oddone has quite recently pointed out, with regard 
to the Balkan cota, that the waves re- 
flected from the antipode of the epicentre seem 
to produce the secondary shocks; and Professor 
Milne asks whether earthquakes occur in groups, 
as the result of some general influence. The Rev. 
R. Ashington Bullen exhibited on behalf of Lieu- 
tenant Rupert Jones, R.N.R., the ends of a 
cable which the Jamaica earthquake of January 14, 
1907, had broken. The cable had been lying for 
twenty years in the muddy bottom between Colon 
(on the Isthmus of Panama) and Kingston, and 
the fracture, which looks like a rupture under great 
tensile streas, occurred about 17 miles south of 
Kingston in a depth of 700 fathoms, probably at a 
spot where a geological fault was crossed. The 
cable has the thickness of a thumb, and is insu- 
lated with hemp and gutta-percha, and sheathed 
with spiral iron wires. 

There were no further earthquake exhibits, but 
Mr. C. Carus-Wilson, F.R.S.E., showed, in the 
officers’ room, a peculiar fault in a Cornish granite. 
A gate-post had been made of this granite, when 
it was found that the granite, which was on 
the whole of the ordinary crystalline structure, 
had been transformed—probably around the walls 
of a cavity—into a firm conglomerate of crystals 
of feldspar, mica, quartz, and also turmaline of 
extraordinary sizes, some of the dimensions ap- 

roaching 2 in. Mr. Carus- Wilson also exhi- 
bited a piece of flint, 21 in. long, that might be 
| likened to a bone in appearance ; this flint, which 
was found near Faversham in the chalk, is re- 
markably homogeneous, and emits a fine metallic 
sound when struck. 

The relay for long submarine cables which Mr. 
S. G. Brown, of London, showed in action em- 
bodies inventions which he has made since 1899, 
‘and which are applied by several companies. A 








full duplicate station, comprising transmitter with 
perforated tape and receiver, was shown. The 
essential feature of the relay is the suspended coil, 
whose long pointer—a fine glass tube—is gently 
pressed (the pressure can be adjusted) against the 
rim of a rotating brass drum ; a belt of silver is 
let into this drum, and the silver belt is divided 
into two halves by a narrow insulating band of 
mica. The arriving current has only to deflect 
the pointer to the right or left. 

A new instrument for photographically recording 
rapid changes in the air-pressure, such as are pro- 
duced by explosion waves, was exhibited by Mr. 
H. R. A. Mallock, F.R.S., of Woolwich. Mr. 
Mallock has been using the instrument for deter- 
mining the air-pressure in the neighbourhood of a 
discharged gun, and he has found that within 0.015 
second after the firing the normal air-pressure is 
restored, though the air-pressure near the muzzle 
may rise to 500 Ib. per square inch. The curve 
ascends very rapidly, and falls off slowly. The 
principle of the instrument is the comparison of 
the optical length of the paths of two beams, pro- 
ceeding from a common course; the one beam 
passes through a reference cylinder containing air 
under a constant pressure—adjustable for calibrat- 
ing the instrument ; the other beam through the 
outer disturbed air. The light of an arc-lamp 
— through a slitanda collimator ; the two half- 

eams just mentioned are recombined by a bi- prism, 
and the interference bands produced changed into 
a series of dots (with the aid of a cylindrical lens) 
which fall on the photographic film of a rotating 
drum. The firing-key releases the detent of the 
drum, which starts revolving; as soon as it has 
reached constant speed, the tuning-fork which marks 

the time is enaiaod. 
per mirrors shown by Dr. F. D. Chatta- 


he 7 
way, F.R.S., are interesting, because coherent .. 


copper deposits, suitable for the production of 
metallic mirrors, had not been obtained so far, while 
excellent chemically-prepared silver mirrors have 
— been in use. Dr. Chattaway reduces cupric 
oxide from aqueous solutions of phenyl-hydrazine 
in the presence of caustic potash, which accelerates 
the reduction to a remarkable extent. The mirrors 
exhibited were test-tubes and flasks, coppered on 
their inner walls; the mirrors are described as 
equalling in brilliancy and uniformity the silver 
mirrors. 

Professor John Perry, F.R.S., Treasurer of the 
British Association, showed two copies of the 
album commemorating the visit of the British 
Association to South Africa in 1905. Professor 
Perry charged himself with the general arrange- 
ments and the selection of the photographs, taken 
by members, until matters were ready for the 
preparation of the album by Mr. Eustace Calland. 

he Director of the Meteorological Office this 
ear only sent one exhibit—a model of the neigh- 
Sceihooll of the winter quarters of ths National 
Antarctic Expedition steamer Discovery, 1902-4. 
The model has been very carefully made in relief, 
the horizontal scale being one inch to six nautical 
miles, and the vertical scale, exaggerated eight-fold, 
one inch to 4560 ft. Longitudes and latitudes and 
the compass deviations are marked, and vanes 
indicate the prevailing winds and the drift of the 
clouds and of the smoke of the volcano Erebus. 
The winds are peculiar. About 30 miles from the 
Erebus, for instance, the winds blow from the east 
near the sea-coast; higher up their directions 
vary, and at the height of the Erebus westerly 
winds predominate. 

Dr. J. Lockyer showed some fine results of his 
photographic cloud studies, secured with the aid of 
a hand camera, a 5 by 4 Zeiss anastigmat (f /112 
mm.), a yellow Kodak S 8 screen, Wellington 
ortho-process plates, speed No. H and D 80, and 
rma hydroquinone as developer. Both heavy 
cumulus and very elevated cirrus come out in good 
detail. 

Passing to the Principal Library, we noticed some 
new stellar spectrograms, exhibited by the Solar 
Physics Observatory at South Kensington. These 
were taken with the 6-in. Henry prismatic camera 
(two prisms of 45 deg.) and an object glass of 6-in. 
aperture and 7.5 ft. focal length ; the distance be- 
tween H 8 and He on the original negative is 3.6 in, 
Noteworthy is the identification, for the first time, 
of sulphur lines in the spectrum of Rigel (in the 
Orion). Two series of spectro-heliograms eluci- 
dated the development of the large sun-spots of 
March 5 to 17, 1907; a photograph, also taken in 
K-light on the Wednesday morning of the soirée, 
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marked one prominent spot in low latitude. The 
negatives of these photographs on ‘ Imperial 


ordinary” plates, developed with hydroquinone, 
have a diameter of 2.2 in. 

The helio-chronometer of Mr. G. J. Gibbs, shown 
by the makers, Messrs. Pilkington and Gibbs, 
Limited, of Preston, is a very interesting novelty. 
The instrument gives Greenwich mean time—cor- 
rect to within about 10 seconds—by a simple direct 
solar observation. The observation can be made at 
any time of the day when the sun is shining, and 
no calculations of any kind are needed. We intend 
next week to illustrate this instrument and to de- 
scribe it fully. 

Sir James Dewar brought a number of Crookes 
radiometer mills, fitted with aluminium blades at 
various angles, in order to prove experimentally 
that the mill ceases to turn when the vacuum 
has been perfected by the aid of charcoal cooled 
in liquid air or hydrogen, even though the mill 
be exposed to the intense radiation of an electric 
lamp. The vacuum of a radiometer filled with 
helium was not affected by charcoal cooled by liquid 
air; but when the charcoal tube was dipped in 
liquid hydrogen, the vacuum was improved by the 
absorption of helium at this extremely low tem- 
perature. 

Mr. W. Duddell, F.R.S., 
further developments of his researches on persistent 
electric oscillations. As to the general plan of 
these experiments, we should refer our readers 
to our account of Mr. Poulsen’s display in radio- 
telegraphy.* Mr. Poulsen makes use of Mr. 
Daddell’s musical arcs, and Mr. Duddell is himself 
aiming at improvement in radiotelegraphy. A 
direct-current arc was shunted with a circuit con- 
sisting of a condenser in series to a self-induction, 
the latter being formed by a glass cylinder wound 
with 1000 yards of No. 40 copper wire. The arc 
itself was placed in a cylindrical box, charged with 
coal-gas (not hydrogen, as in Poulsen’s arrange- 
ment), and a magnetic tield was not used to blow 
the arc out; the lead coil surrounding the box 
served for cooling the flame. Frequencies of 
100,000 were produced, and the effects shown on 
vacuum bulbs charged with air or nitrogen, which 
began to glow when approached to the copper- wire 
cylinder. In another series of experiments two 
coils were placed some distance apart. The primary 
contained the arc, burning in air; the secondary 
comprised a small glow-lamp and a condenser. 
With ordinary adjustment the little lamp lighted 
up when the secondary was about 4 in. from the 
primary. But when a loose paper condenser (whose 
paper throbbed when the circuit was excited) was 
inserted in the primary circuit, the sound improved, 
and the lamp lighted up at a distance of more than 
2 ft.—only, however, when the circuit was accurately 
tuned with the aid of Mr. Duddell’s little piano. 
Thus the receiver would only respond to waves of 
one frequency ; but the whole apparatus could 
easily be adjusted to work with a different fre- 
quency. 

Mr. Douglas Rudge, of Cambridge, brought the 
apparatus, slides, &c., by means of which he 
has proved that the action of radium on gelatin 
has nothing in common with spontaneous genera- 
tion, about which the daily papers had so much to 
say some time ago, and that this action is not con- 
fined tv radium, but is equally produced by the salts 
of barium, strontium, and lead, and, in fact, is 
merely due to the formation of a precipitate of an 
insoluble sulphate from the traces of sulphuric acid, 
generally found in gelatin. Owing to the forma- 
tion of this precipitate of sulphate of Ba, Sr, or 
Pb, cellular spots appear in the gelatin ; but these 
cells are not alive, they do not change in fifteen 
days, and when the gelatin is most carefully purified 
of any traces of sulphuric acid, radium salts do not 
produce cellular growth in it any more than do 
other salts; if the gelatin is then contaminated 
with sulphuric acid or sulphates, the cells will turn 
up. Barium sulphate has, moreover, been found in 
the alleged radium cells. Radium, it will be re- 
membered, accompanies barium, and its salts are 
rarely free of barium. 

Messrs. J. and R. Beck, Limited, exhibited two 
novel apparatus. The first was a diffraction wave- 
length spectroscope, comprising a Thorpe replica 
diffraction grating with collimator and slit, and 
cylindrical drum for direct reading. The observing 
telescope swings on an axis, which Seago through 
the grating parallel with the lines. The instrument 


demonstrated some 





* See ENGINEERING, vol. Ixxxii., page 734. 





may continually be corrected until it is sufficiently 
accurate to take independent measurements. The 
other novelty—the isostigmar lens—represents an 
important invention of Messrs. Beck. It has hitherto 
been considered essential that a flat-field anastigmat 
lens should fulfil the condition of Petzval, who was 
born in Hungary just a hundred years ago: 
2 (1/p F) = 0. This new lens does not approxi- 
mately fulfil that condition, and yet it is remark- 
ably free from astigmatism. This claim was de- 
monstrated on a Beck optical bench. At the end 
of the collimator a grating was fixed as object, 
and illuminated from behind. When the slide was 
moved so that the illumination became oblique 
instead of normal, the bars of the grating remained 
uite free of distortion and as clear as before. 
ut when the isostigmar was replaced by other 
lenses, either the vertical lines or the hori- 
zontal lines of the grating became invisible until 
the telescope had been strongly focussed down. 
The isostigmar lens consists of five lenses a—bicon- 
cave lens between two pairs of meniscuses. 

Next to Messrs. Beck, Mr. A. Kershaw, of Leeds, 
demonstrated his new visual method of measuring 
the speeds of photographic shutters. A disc, 
provided with ten radial slits, is turned by an elec- 
tric motor and a speed gearing in front of a sta- 
tionary illuminated horizontal slit. When sight- 
ing through a moving shutter, the observer will see 
a bright band (the horizontal slit) crossed by a 
vertical black band ; when the disc is speeded up, 
the black band vanishes at the moment when the 
shutter-speed is the same as the disc-speed which 
is read off. In practice the shutter is simply held 
in front of the little camera. The gearing deserves 
notice. The various revolving parts run in ball- 
bearings, the ends of the shaft being turned off 
sharp conically and resting in cups; a cup } in. 
“6 diameter, for instance, contains five small steel 

alls. 

Mr. Ulrich Behn, at present research student of 
the Victoria University at Manchester, exhibited 
several apparatus which he has devised, partly in 
conjunction with Mr. Kiebitz and Mr. Heuse. The 
flame-tube is a tube, about 5 cm. in diameter, with 
two holes on the upper surface, about 0.5 cm. or 
lcm. in width. The tube is joined by flexible 
tubing to a gas-pipe, so that little flames issue from 
the two holes; if one end of the flame-tube is 
raised by a few millimetres, the flame at the higher 
eud will burn higher, The instrument is merely a 
sensitive indicator; it cannot measure. If the 
tube is suspended by two threads and made to 
swing as a pendulum, it is seen that the flames 
change in size, not when the pendulum is turning 
back, but when it is nearly at rest, because then the 
accelerationchanges sign. This is utilised for detect- 
ing recoils. In order to determine the temperature 
of liquid air, a set of glass floats are dropped into 
the liquid. The nitrogen evaporates more rapidly 
than the oxygen, and the liquid thus becomes 
denser as the temperature rises, the oxygen being 
denser than nitrogen ; the density rises from 0.8 
at —196 deg. Cent. to 1.1 at —182 deg. Cent. 
The short glycerin barometer resembles an air 
thermometer of the old Italian type. A glycerin 
tube, open above, ends below in a bulb, which is 
surrounded by ice placed in a Dewar jacket, in 
which the ice will keep for weeks ; the pressure of 
the air in the closed bulb remains, therefore, con- 
stant, as its temperature does not change. Mr. 
Behn further demonstrated Abbe’s theory of micro- 
scopic vision : when certain portions of the light 
were cut off by stops, the number of lines of a 
transparent grating was apparently multiplied twice, 
and even five times. 

The experiments of Dr. J. T. Bottomley, F.R.S., 
and Mr. F. A. King, of Glasgow, on mechanical 
temperature effects in rarefied gases are very diffi- 
cult to explain clearly, because everything depends 
upon details. That electroscope leaves will behave 
differently in vacua of different perfection, when 
exposed to different radiations, we know from the 
experiments of Professor J. J. Thomson and 
others. Dr. Bottomley does not appear to con- 
sider radiations, but speaks simply of mechanical 
effects, possibly akin to the mechanical light-pres- 
sure demonstrated by Lebedeff and by Nichols and 
Hull. The electroscope leaves, of gold or alu- 
minium, are suspended in very perfect vacua ; they | 
diverge under any kind of illumination—day-light, 
electric lamp, Nernst lamp, spirit lamp, &c. One 
electroscope shown consisted of two fine foils of 
aluminium, separated by a thicker sheet of alu- 
minium, which was blackened on the one side. | 





When a burning wax taper was approached to the 
foil next to the sooted side, this foil was attracted 
to the light ; the other foil was repelled. By suit- 
ably manipulating some flames, the gold leaves 
could be twisted. These electroscopes, it must be 
understood, are not electrically charged at all. In 
other experiments, Messrs. Bottomley and King 
give the gold leaves the shape of a loop, which 
contracts or expands under electrification; the 
pointed lower end of the loop is seen through the 
telescope, over a graduated scale, and this form of 
apparatus certainly looks convenient for measure- 
ments. 

The Hon. C. A. Parsons, F.R.S., exhibited some 
een ag of microscopic diamonds obtained by 

eating pure iron electrically in a carbon crucible, 
and cooling rapidly. 

The self-contained Féry radiation pyrometer of 
the Cambridge Scientific Instrument Company, ex- 
hibited in the Committee Room on the ground floor, 
marks a very noteworthy advance in Féry pyro- 
meters. The instrument, which resembles in outer 
appearance the Féry pyrometer, which we described 
in our notice of the work of the National Physical 
Laboratory,* permits of direct reading without the 
aid of any galvanometer. The total radiation of a 
furnace is focussed by a concave gilt mirror (the 
gold baked into the glass) on a Breguet spiral— 
a little spiral, 1.5 millimetre in diameter, built 
up of three metals, gold between platinum and 
silver. As the temperature rises the spiral un- 
coils, and the pointer of the spiral travels over 
the dial next to the eye-piece of the short tele- 
scope tube, which contains the whole apparatus. 
The furnace used was a Féry electric furnace, 
consisting of a tube of Marquardt porcelain, sur- 
rounded by a helix of carbon. When the hand 
was held between the hole of the furnace and the 
pyrometer, the pointer at once receded. As the 
whole pyrometer is heated by the radiation from 
the furnace, the instrument would record too high 
temperatures ; the pyrometer case can therefore be 
closed by a double shutter, when the pointer will 
go back to zero. 

The other apparatus shown by the Cambridge 
Scientific Instrument Company was a universal port- 
able electrometer designed by Mr. C. T. R. Wilson, 
F.R.S., of Cambridge, for measuring atmospheric 
electricity, radioactivity, &c. The instrument re- 
sembles a microscope. The gold leaves are sus- 
pended in a brass cylinder, which communicates 
with a quartz condenser silvered inside ; the elec- 
troscope may be charged, e.g., positively, and the 
condenser negatively, so as to obtain compensation. 
In order to avoid the troublesome operation of 
bringing the instrument to zero when rates of 
leakage are to be observed, the wire of the electro- 
scope is connected with a rod, over which a 
condenser-tube may be pushed at will. The in- 
strument should be convenient for working in 
stormy weather. 

The vibration experiments of Mr. Joseph Goold 
have been mentioned on former occasions. Several 
steel bars were tuned to 400, 500, 504, 600, 700, 
800, and other vibrations per second respectively, 
and the transformations, conflicts, and resolutions 
of compound nodes by the alternate domination of 
different systems of vibrations, tuned to nearly the 
same pitch, were demonstrated with the aid of 
quartz sand and other powders strewn on the bars. 

The apparatus of malleable iridium and rhodium 
dishes, tubes, and crucibles, exhibited by Messrs. 
Johnson, Matthey, and Co., of Hatton Garden, 
excited a good deal of interest, as did also their 
vessels, test-tubes, flasks, dishes, and beakers, of 
transparent fused silica. All these objects are very 
expensive. A quartz test-tube costs nearly 10s., 
iridium is 141. an ounce, and rhodium 301. an ounce, 
and the exhibit, although not large, represented a 
value of several hundreds of pounds. The metal 
tubes were rolled ; the silica vessels were not quite 
free from blisters, but very uniform in appearance. 

We can only mention the rocks from Nigeria, 
tin-stone from the same locality, new minerals from 
Ceylon, and new vegetable products, exhibited by 
the Director of the Imperial Institute ; further, the 
fossil plant remains in British peat mosses, exhi- 
bited by Mr. F. J. Lewis, of Liverpool ; the 
marine algee, exhibited by the Marine Biological 
Association of the United Kingdom ; and the meta- 
morphosis of the eel, and other exhibits of the 
British Museum. Professor W. b. Bottomley, of 
King’s College, had some rather convincing speci- 


* See ENGINEERING, page 439 ante. 
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mens on view, showing that the fixation of nitrogen 
by leguminous plants, when sprayed with a pre- 
paration of maltose, potassium phosphate, magne- 
sium sulphate, and a culture of bacteria, can be 
quite a success at very small cost. a 

A compass and complete binnacle were exhibited 
by Commander Chetwynd, R.N. This is an im- 
proved form of the liquid compass, which has been 
in use for some time, and which has the advantage 
over the old form of dry compass, in that the vibra- 
tions due to high-speed reciprocating machinery, 
or other disturbing causes, do not affect the card. 
In Commander Chetwynd’s improved form the card 
used is considerably smaller than the bowl which 
contains the liquid. This arrangement has two 
advantages. In the first place, the disturbance of 
the liquid, which is a maximum at the outer edge 
of the bowl, and gradually diminishes towards the 
centre, has, of course, a smaller influence on the 
card of small diameter; in the second or the edge 
of the card is removed from the fluid which is 
carried round with the bowl on alteration of the 
ship’s course, or the turning of the bowl. The card 
is, therefore, free from the turning influence 
exerted by this portion of the fluid. Since the card 
is some distance from the edge of the bowl, the 
place of the lubber’s line is taken by a very fine 
pointer projecting from the bowl to the edge of the 
card. This pointer causes no disturbance of the 
fluid, and obviates all possibility of error of parallax 
in reading the course. Since the diameter of the 
card is small, reading is rendered slightly more 
difficult; but to overcome this a magnifying 
prism is provided, which just shows that portion 
of the card near the pointer. The prism is 
arranged with a small light, but in the binnacle 
a glass - bottomed bowl] is used, lighted from 
underneath. The binnacle, it may be remarked, 
shows also an improved arrangement for adjust- 
ment of the compass, the magnets working in a 
slide, being arranged on an endless chain, so that 
the operator, can make his adjustments without 
taking his eye off the card. This type of compass 
has been adopted by the Admiralty on account of its 
freedom from disturbance from vibration, shock of 
gun-fire, &c. 

An example was shown by Mr. H. Cunynghame, 
C.B., of a new and very simple form of detached 
gravity escapement devised by him. It would be 
impossible to describe the arrangement clearly 
without the aid of a sketch, and this we hope to give 
in a future issue. The arrangement provides that 
the impulse given to and taken from the pendulum 
is exactly at the zero of the pendulum, or centre of 
the swing. An application of this principle was 
shown in Mr. Hope-Jones’s automatic switch for 
operating circuits of electrical impulse dials. In 
this apparatus the impulse is given every 30 seconds, 
the release of the gravity arm being made at the 
thirtieth semi-vibration by means of a wheel of 
fifteen teeth, rotated by the swing of the pendulum, 








giving the necessary impulse to the pendulum at 
the zero position. The arrangement of gravity arm, 
magnet, and armature is that known as the syn- 
chronome switch. 

Professor W. E. Dalby exhibited two models 
illustrating the balancing of reciprocating engines. 
One of these was a model of a large gas-engine 
with two cylinders and of the vis-d-vis type, but 
with two crank-shafts. Large toothed wheels on 
the ends of these shafts gear with a third on a shaft 
suitably connected with the machines, &c., to be 
driven. The cranks are placed so that one is at 
the highest and the other at the lowest point of 
the crank circle at the same time. This model is 
run by a small electric motor, the engine shaft 
being driven by means of friction discs. The loco- 
motive model has been fully described before, and 
demonstrates that a two-cylinder locomotive cannot 
be balanced both vertically and horizontally. 

A very convenient lecture-table testing-machine 
was shown by Professor A. G. Ashcroft. This 
machine, which is in use at the Central Technical 
College, was illustrated and described by us on 
page 247 of our last volume. 

A measuring-machine was exhibited by Colonel R. 
E. Crompton, R.E., which combines accuracy with 
extreme rapidity of working. It has been specially 
designed for observing length differences due to heat 
treatment of specimens of steel, and takes objects 
of from 1 in. to 6in. long. Such measurements may 
be performed at the rate of 1 per minute, provided 
the specimens do not vary in length more than 
} in., and the accuracy obtainable is stated to be 
1 in 200,000. The machine is formed of two 
strong verticals connecting cross-yokes. In one of 
these is a blunt centre controlled by a spring and 
arranged with electric contact. The other centre 
or gauge-point is mounted on a nut 4 in. long, and 
threaded with a fine abutment thread of 100 to the 
inch. In order that the lathe error in cutting the 
thread (which happens to be rather less than the 
100 per inch) may be reduced as much as possible, 
the nut is made in eight pieces, and the remaining 
error of the gauge-point due to the screw is cor- 
rected by a spiral profile device. A dry cell and 
galvanometer are in circuit, and the reading taken 
as soon as the upper gauge-point is pressed up to 
make sufficiently firm contact to, produce a given 
throw of the galvanometer, the galvanometer being 
watched for this purpose. A scale is provided, 
while the smallest readings are taken from the 
perimeter of the hand-wheel working the lower 
gauge-point. 

Dr. J. R. Milne showed a special camera for 
the purpose of automatically recording the read- 
ings of the scale and vernier of any instrument. 
By this means unim hable evidence is re- 
corded, quite independent of the observer. The 
camera is arranged with a dark slide containing 
the plate in a movable frame, capable of both 
horizontal and vertical movement, The exposure 





is made bya shutter which takes the form of a 
revolving plate or disc with suitable apertures in 
it. Pressure on the bulb allows this plate to 
revolve, exposing the plate and setting in motion 
a train of mechanism which moves the dark slide 
along one stage. At the last stage of a row the 
slide is reset for the first of the next row, and at 
the same time it is dropped one stage into position 
for a fresh line of images. On a 4-in. by 5-in. 
plate ten rows of images, with seven images to a 
row, may be recorded. Two weights, pulleys, and 
five strings are employed to give the necessary 
motion. 

On the ground floor working models of the 
Schlick gyroscope were exhibi As this appa- 
ratus has been so recently described in this journal 
(see page 448 ante), it is unn here to go 
into much detail. Suffice it to say that the models 
included a tank containing a floating vessel fitted 
with a gyroscope ; a section of a larger vessel also 
so fitted ; a model showing the gyrostatic influence 
of paddle-wheels on a vessel ; and two gyrosco 
mounted on pendulums. The influence on a nate 
of the gyroscope, when the frame is locked, is 
nil ; but when free, the influence it exerts is very 
marked, and the amount of force required to heel 
the model over was shown to be very greatly 
increased ; in fact a sudden change of motion, or 
jerk, appeared to be impossible. The two pendu- 
ums showed the different effects of the locked and 
free gyroscopes; when free the motion is much 
slower than when the frame is locked. The be- 
haviour of the paddle-wheel model when loaded 
unevenly was extremely interesting, for a weight 
placed on one side of the vessel caused it to 
rotate about a vertical axis, and if shifted to the 
other side, the vessel moved off in the reverse 
direction. 

Another and equally interesting application of 
the controlling action of gyroscopes was the exhibit 
by Mr. Louis ena, the inventor of the Brennan 
torpedo. This exhibit was a model of a mono- 
railway. The car or locomotive is wholly above 
the rail-level, and yet evinces no inclination to 
overturn. This result is obtained by the use of 
two gyroscopes with horizontal axes mounted in 
the car and rotated at high velocities in opposite 
directions. When these are running at the required 
speed, their influence is such that the car remains 
upright, either when at a standstill or when moving 
along its rail, notwithstanding the fact that its 
centre of gravity is high above the latter, The 
gyroscope wheels are mounted in special bearings, 
and are rotated, by means of electric motors, in a 
vacuum, so that both the bearing and air friction are 
very small. The energy stored up in the fly-wheels 
is sufficient to keep them revolving at the velocity 
necessary to impart stability to the vehicle for a 
considerable time after the current is cut off. The 
model exhibited, which measures about 6 ft. long, 
is supported on four small wheels, all power- 
driven, arranged in two groups, one at each end 
of the vehicle. Each group is a mono-rail bogie 
— both vertically and horizontally, the car 

ing thus able to take very small curves, and to 
travel over uneven ground without fear of derail- 
ment. The motive power in the model is derived 
from accumulators carried by the vehicle itself, 
current also being drawn from these to keep 
the gyroscope wheels rotating while the vehicle is 
standing. We are enabled to give herewith a 
photograph of this vehicle crossing a 50-ft. span 
several feet above the ground; . while loaded, 
and with a man on board, this model has been 
put to many other tests. It is calculated that the 
weight of the gyroscope wheels should be 5 per 
cent. of the total weight of the loaded vehicle. 
The model which Mr. Brennan showed in motion 
is large enough to carry a man, but was sent 
round the meeting-room at Burlington House 
unattended. It was made to travel at considerable 
speed on a track about 8 ft. from the ground, 
and negotiated sharp curves with the greatest ease. 
It was also run on to a tight wire rope fixed toa 
stout timber frame, and the whole frame was 
turned down through 90 deg. from the vertical to 
the horizontal position. During this performance 
the vehicle, unaided, remained upright on the rope, 
and maintained its upright position till the gyro- 
scope frames were locked, when legs were put out 
to support it. A wire rope was also coiled about 
on the platform, and the machine ran over this, 
taking sharp curves without difficulty. This model 
and demonstration were altogether of a most in- 
teresting character. 
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THE IRON AND STEEL INSTITUTE. 


Tue Thirty-Eighth Annual General Meeting of 
the Iron and Steel Institute commenced yester- 
day, May 9, and is continued to-day. The meet- 
ing opened at half past ten yesterday morning, 
Sir James Kitson, in the absence of Mr. R. A. 
Hadfield, the retiring President, occupying the 
chair. Sir James opened the proceedings by ex- 

laining that Mr. Hadfield was at present in the 

nited States attending the dedication of the 
Carnegie Institute, to which, in a communication to 
the Iron and Steel Institute, Mr. Hadfield had 
referred in terms of high praise, characterising the 
building as ‘‘ superb.” 


Report or tHe Councin. 


The report of the Council for the past year was 
read by the secretary, Mr. Bennett H. Brough, 
and commenced by congratulating the Institute 
on the exceptional industrial activity of the past 
year. Reference was next made to the honour 
conferred on the society by His Majesty’s gracious 
acceptance of the Bessemer Gold Medal last July, 
and to the special facilities granted by him to the 
Institute and their guests when visiting Windsor 
Castle. The roll of the Institute, it was stated, 
numbered 2052 names on December 31 last. The 
roll of honorary members, it proceeded, had been 
increased by the name of Professor Josef von 
Ehrenwerth, the distinguished Austrian metal- 
lurgist. The report next dealt with the hono- 
rary distinctions conferred on different members 
of the Institute during the past twelye months. 
Amongst them we note that Mr. Hadfield was 
made an honorary member of the American 
Institute of Mining Engineers, and Mr. Andrew 
Carnegie has received degrees from the McGill 
University and the University of Western Penn- 
sylvania, whilst Sir Hugh Bell, the new Pre- 
sident, has been appointed Lord-Lieutenant of 
the North Riding of Yorkshire, a member of the 
Royal Commission on Shipping Rings, and a mem- 
ber of the Consultative Committee on the Adminis- 
tration of the Army. The death-roll of the Institu- 
tion, it was stated, had been exceptionally heavy, in- 
cluded amongst the list of deceased members being 
the names of Sir Lowthian Bell, Sir David Dale, 
Sir Charles Tennant, Sir E. J. Reed, John Ellis, 
G. J. Snelus, F. W. Webb, and Professor Ledebur. 
Sir David Dale, the report continued, was one of 
the founders of the Institute, and for long acted 
as its honorary treasurer. Mr. Snelus was also 
one of the original members, and had contributed 
no less than fourteen papers to the Society’s pro- 
ceedings. Dealing next with the financial position of 
the Institution, the Council were able to congratu- 
late the members on a very flourishing condition of 
affairs. The receipts amounted to 6610I., and the 
expenditure to 5915/. Included in the latter figure 
was a grant of 10001. to the National Physical 
Laboratory and a grant of 40/. to the International 
Testing Congress at Brussels. 

Reviewing the two meetings held last year, special 
mention was made of the meeting in July, which 
was held jointly with the American Institute of 
Mining ey srt ra In receiving their American 
visitors the Institute was anxious, the report pro- 
ceeded, to return in some measure the magnificent 
hospitality experienced at the meetings in the 
United States in 1890 and 1904, Reception com- 
mittees were formed in London, Middlesbrough, 
Newcastle-on-Tyne, Glasgow, and Edinburgh, and 
visits were also arranged to South Wales and Ger- 
many. The Council further expressed their obliga- 
tions in connection with this visit to the Institution 
of Mechanical Engineers and the Society of German 
Iron-Masters. Twenty-eight papers were contri- 
buted to the Society’s proceedings during the year. 
The Society’s publications in the past year, the 
report continued, consisted of four volumes instead 
of two, amounting in the aggregate to 2102 pages 
of letterpress and 126 plates. In addition to the 
papers read before the Institution, these volumes 
contained abstracts of 2465 papers relating to the 
manufacture of steel and iron, published elsewhere. 
The Bessemer Gold Medal for 1905, it was stated, 
was awarded to Mr. F. Osmond in recognition of 
his conspicuous services in advancing our know- 
ledge of the metallurgy of iron and steel, and the 
Andrew Carnegie Gold Medal to Dr. L. Guillet, 
Paris, a special silver medal being also awarded 
to Mr. Walter Rosenhain. 

During the year the Institute was represented by 
its President on the General Committee administer- 





ing the Government grant in aid of scientific in- 
vestigations. Mr. R. A. Hadfield and Mr. E. P. 
Martin further acted as the society’s representatives 
on the governing body of the National Physical 
Laboratory, whilst Mr. A. Cooper and Mr. 
Ainsworth performed a similar service on the 
Engineering Standards Committee. Thesecretary, 
Mr. Bennett H. Brough, attended, moreover, in 
his official capacity the Sixth International Congress 
for Applied Chemistry, whilst the society’s repre- 
sentative at the International Testing Congress 
was Mr. J. E. Stead. 


Vote oF THANKS TO THE PRESIDENT AND 
CouncIiL. 


Mr. Turner proposed a vote of thanks to the 
President and Council, and added thereto the name 
of the Secretary, Mr. Bennett Brough. 

Sir James Kitson, in acknowledging the vote, 
took occasion to refer to the excellent service 
rendered by Mr. Hadfield as President, and to 
comment on the splendid reception of the Institute 
at Sheffield, under the auspices of the retiring 
President. 

THe New PRESIDENT. 

Sir James Kitson next proceeded to induct the 
new President of the Institute, Sir Hugh Bell, into 
oftice, referring as he did so to the great interests 
represented in the person of Sir Hugh Bell, and 
to the high scientific attainments which he possessed. 
Sir Hugh Bell suitably replied. 


Bessemer Gotp MEDAL. 


The first business which fell to the new President 
was the presentation of the Bessemer Gold Medal 
to Mr. J. A. Brinell, of Stockholm. In doing so he 
briefly indicated the distinguished career of the 
recipient, and commented on the peculiar appro- 
priateness of this presentation to a native of Sweden, 
a country which was among the earliest to assist in 
the development of the iron industry. A fellow 
countrymen of Mr. Brinell, Professor Akerman, had 
been presented with the Bessemer Medal in 1885. 
Few metallurgists, he said, had done so much as Mr. 
—" for the advancement of the metallurgy of 
steel. 

Mr. Brinell, in accepting the Medal at the hands 
of the President, remarked that he looked upon 
the honour as among the highest that a aie. 
gist could receive, and the possession of the Medal 
would be an incentive to further research. 


THE PRESIDENTIAL ADDRESS. 


The next item on the programme was the Presi- 
dent’s address. Sir Hugh Bell, in his opening 
remarks, said that he intended to review the pro- 
gress made during the past hundred years in the 
manufacture of iron and steel. The eighteenth cen- 
tury, he pointed out, had closed in a clash of arms ; 
but whilst Europe was one vast battlefield the in- 
ventor had simultaneously been at work. Two cen- 
turies earlier a beginning had been made in the ap- 
plication of steam to the supply of power ; but the 

pular judgment was, he held, substantially right 
in identifying the practical development of thesteam- 
engine with the name of James Watt, who died 
in 1819, when the steam-boat was in its earliest 
infancy, and steam traction on land was hardly 
begun. Of all the existing aids to industrial enter- 
prise, Sir Hugh continued, this application of steam 
to water and land transport was the most important. 
No improvement had been made in facility of trans- 
port by land from the time of the Romans up till 
the advent of the steam locomotive. The Emperors 
Caracella and Geta, hurrying from York to Rome, 
took no more time over the journey than Sir Robert 
Peel in making the journey from Rome to London 
in the early portion of the nineteenth century. 
Till the power of bringing together in great masses 
the mineral resources of the world was attained, 
the output of iron was limited to those districts 
where the ore and fuel chanced to lie in juxta- 
position. The early prosperity of Dowlais, he pro- 
ceeded, was due to the fact that iron ore and coal 
could be extracted from the same pit, whilst now 
it was dependent on the accessibility of Cardiff to 
the Basque provinces of Spain. The present enor- 
mous development of the American iron trade was 
similarly solely due to the cheapness of steam 
transport by water and land, and to the develop- 
ment of electrical p capable of handling enor- 
mous quantities of ore and fuel. The vast dis- 
tances which, so lately as 1890, caused the late 
Sir Lowthian Bell to doubt the possibility of 
utilising the great ore deposits of the Western 
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States, had, the speaker continued, been reduced to 
insignificance, so that the coalfields of Pennsylvania 
were now, commercially speaking, alongside the 
iron deposits of Lake Superior, by which they 
ted in actual distance by 800 miles of 
land and water. It was the fact that distances in 
Great Britain were small, which led to the first 
attempts to annihilate them by mechanical means, 
and to this must be attributed the rapid growth of 
the iron trade here in the earlier portion of the last 
century. When the latter opened, the output of 
Great Britain did not exceed 250,000 tons, and 
even thirty years later it was less than three-quarter 
million tons, though about half the total production 
of the world. By 1830.the improvements due to 
mechanical means of transport had begun to tell, 
and progress in the mechanical arts had placed 
better implements in the hands of the ironmasters. 
The next twenty years raised the British output to 
2} million tons, and in 1870 British works supplied 
5; million tons out of a total of 10} million tons 
for the world. The extension of transport facilities 
to other countries had, however, by this time 
begun to show its effect, so that in 1890 the first 
place was taken by America, and in 1903 Germany 
took second place. In 1905, which was the last 
year for which complete statistics are available, 
the output of the United States was 23,360,258 
tons; that of Germany, 10,875,061 tons ; and that 
of Great Britain, 9,608,086 tons; the world’s out- 
put being 54,610,269 tons. 

The pioneers in the enormous advance made in 
the steel and iron industries were, Sir Hugh 
— out, in general ‘‘ self-made” men, owing 
ittle to colleges or schools ; but the first barriers 
being broken down by them, carefully trained minds 
were now needed to make straight the path; and if 
this country was to maintain its. place in the world 
of industry, it would be necessary for us to fall in 
with the changed conditions under which the work 
had now to be conducted. As an interesting and 
instructive appendix to his paper, Sir Hugh Bell 
gave a chronological table of some of the more 
important events connected with iron and steel 
during the past 100 years. 

A vote of thanks to the President for his address 
was moved by Sir W. H. White, and seconded in 
excellent English by Mr. Schneider, of Creusot. 


Evectric Power 1n Iron AnD STEEL Works. 


In accordance with a new regulation, the paper 
on the above subject, by Mr. Selby Bigge, was 
taken as read, and the discussion opened after a 
few explanatory remarks by the author. The 
paper is printed on page 627 of this issue, and in 
our next number we shall include a report of the 
discussion which took place on it. We shall also 
dea] with the further proceedings. 








NOTES. 
Bruces Harsour AaNp CANAL. 

AttTHouGH the Zeebrugge harbour works are not 
yet quite completed, traffic is regularly increasing, 
as shown by the following figures. From October 1 
to December 31, 1906, there entered 161 ships, 
measuring 88,948 tons, and carrying 106,113 tons ; 
while 156 ships left, carrying 15,486 tons., Of 
these ships, 139 were British, 7 Dutch, 6 Nor- 
wegian, 3 French, 2 Belgian, and 1 each Swedish, 
Italian, Danish, and German. From January 1 to 
March 31, of the present year, there entered 146 
ships, measuring 68,561 tons, carrying 72,994 tons ; 
and there left 148 ships, carrying 14,570 tons. Of 
these, 113 were British, 13 Dutch, 11 Norwegian, 
5 German, 2 Belgian, 1 Russian, and 1 Swedish. 
These figures compare favourably with those we 

ve on page 187 ante for the nine months to 

eptember 30, 1906. The pier-head caisson was 
successfully floated to its place, and sunk on 
October 31 of last year. This caisson is three 

uarter round, 8 metres (26 ft. 3 in.) in diameter, 
the fourth quarter of the circle being replaced by a 
square, 26 ft. 3 in. side, which fits against the last 
longitudinal caisson. The pier-head caisson is 
9 metres (29 ft. 6in.) high; filled with concrete, 
it weighs about 4500 tons. On this are laid three 
courses of 55-ton concrete blocks, 2 metres (6 ft. 6 in.) 
high, a shelter wall and breastwork. A lighthouse 
of armoured concrete is in course of completion in 
the centre. There is thus a circular passage-way 
between the shelter wall and the base of the light- 
house, covered by an arch, and on a level with the 
platform of the pier. The Titan crane, built at 
Zeebrugge by the harbour and canal coatractors, 
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Messrs. L. Coiseau and J. Cousin, an illustration 
of which we gave in our description of the harbour 
works (see ENGINEERING, vol. lxxix., page 674), is 
to be dismantled. This crane has been used 
throughout the operations for filling in the cais- 
sons and placing the upper courses of heavy 
concrete blocks, mostly on the side towards the 
open sea. It has successfully withstood the heaviest 
gales. The 55-ton floating crane, which has been 
used for similar work for the construction of the 
pier on the harbour side, will remain the property 
of the Compagnie des Installations Maritimes de 
Bruges, for service in the harbour. 


Tue German Steet Union. 


The union of German steel works was on April 30 
renewed for five years, thirty-two steel works join- 
ing the union. This question has naturally evoked 
much interest in Germany, and the result has 
been received with general satisfaction, inasmuch 
as the discontinuance of the union would have 
caused disturbance to many existing institutions. 
The natural sequel to the dissolution of the union 
would have been competition all round. The most 
important move in connection with the renewal of 
the union is the fact that the Upper Silesian works 
have now joined—viz., the Vereinigte Kénigs und 
Laurahiitte, die Oberschlesische Eisenindustrie 
Aktien Gesellschaft, the Oberschlesische Eisenbahn- 
bedarfs Gesellschaft, and the Kattowitzer Gesell- 
schaft fiir Bergbau und Hiittenbetrieb. One of 
the most important differences between the old and 
the new union lies in the arrangement that the 
main board of the steel-work owners will replace 
the previous auxiliary council. The distribution of 
certain goods in Class B has also been altered, 
distinct quantities of steel in tons having been 
allotted each individual works as the basis for the 
proportionate distribution of the total sale. The 
differences of these figures will henceforward 
appear in per cents., and not in tons. If any 
member delivers less than 95 per cent. of his 
allotted quantity of the total of Class A ina year, 
his quantity will in the future be reduced in a 
similar proportion. Some alterations have also been 
made in classifying certain goods as regards freight, 
and the goods in question (railway-station struc- 
tures, section iron, &c.) come now under Class A 
rates, free at works. This means that distinct ad- 
vantages or disadvantages in rates, both at home 
and abroad, have been fixed for every member. 
The new compact can be terminated by a majority 
of 75 per cent. of the recorded votes, when the 
output of new competing concerns exceeds by 
2 per cent. the total production of the raw steel 
works belonging to the union, and by a simple 
majority when the capacity of the new competing 
concerns exceeds that of the Steel Union by more 
than 4 per cent. The total figure for all the 
works of the union is now 12,000,000 tons, the 
figure on January 1, 1907, being 11,079,084 tons. 
The three South-West German works—the Ge- 
briider Stumm, the Dillinger, and the Rombacher- 
Hiittenwerke — have carried their demands for 
higher allotments. Up to the beginning of the 
present year these three works had an Te- 
gate allotment of 1,153,964 tons, of which 389,503 
tons was for Gebriider Stumm, 509,014 tons for 
the Rombacher Hiittenwerke, and 255,447 tons for 
the Dillinger Hiittenwerke. Director Schalten- 
brand, whose contract with the Steel Union expires 
on July 1, has consented to give his services to 
the union in the future, as chairman of the board. 
The new union remains in force until June 30, 1912. 
It may be of interest to note in this connection 
that the formation of the Belgian Steel Union may 
be looked upon as settled, a fact which is expected 
further to advance this—of late years especially— 
flourishing industry. At the time of writing parti- 
culars in some respects have not been settled, but 
they are not likely to affect the final result. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
In SCOTLAND. 


No more appropriate method of celebrating the 
jubilee of a technical institution can be conceived 
than the construction of suitable buildings for the 
carrying on of the technical and social work of the 
organisation. This is the method adopted by the 
Institution of Engineers and Shipbuilders in Scot- 
land, and all will offer them felicitations on their 
record and enterprise. The building is most con- 
veniently located near to Charing Cross, in one of 
the east and west thoroughfares of the city of 
Glasgow, and is admirably planned, having on the 





top floor a lecture hall, 72 ft. by 40 ft., with seat- 
ing accommodation for between and % 
lesser hall, 40 ft. by 22 ft., on the first floor ; 
while on the ground level there is a library, reading- 
room, smoking-room, and coffee-room ; the two 
latter are very commendable features in such a 
building, since social intercourse is an important 
factor in the success of such an institution. The 
council-room, secretary’s office, &c., are also on 
the ground floor, and in the basement there will be 
storage for books and documents as well as s 

for the heating and lighting plant. The building, 
for which competitive designs were invited, will 
form a very handsome structure, being conceived 
in the later English Renaissance style, and, as the 
Duke of Argyll remarked in laying the memorial 
stone on Friday of last week, will be worth 
of the great Clyde industries of shipbuilding 
and engineering. The Institution, which by 
this interesting function celebrated its jubilee, 
had its origin from the first summer meeting 
of the Institution of Mechanical Engineers in 
May, 1857. The meeting was held in Glasgow, 
and largely through the enthusiasm of Macquorn- 
Rankine, who was first President, there was 
organised an Institution of Engineers in Scotland, 
which later, in 1865, amalgamated with the Scottish 
Shipbuilders’ Association, instituted in 1860. The 
organisation in 1870 adopted the title of the 
Institution of Engineers and Shipbuilders in Scot- 
land, and has continued to serve a most useful part 
in the development of engineering in all its phases. 
The earlier meetings were held in the Andersonian 
College, and next in the Corporation Galleries. 
But in 1878, in association with the Philosophical 
Society of Glasgow, a building was erected in 
Bath-street, which, however, became too small for 
the meetings, and some time ago the Philosophical 
Society, by mutual agreement, became the sole 
possessor, through purchase, of the shares held 
by the Institution of Engineers and Shipbuilders. 
A special building committee of the later organisa- 
tion was appointed at the same time, with Mr. 
C. P. Hogg, M. Inst. C.E., as chairman. The 
work of this committee has progressed most 
satisfactorily, and in due time the 1500 odd mem- 
bers of the Institution will find comfort and enjoy- 
ment in the handsome buildings of which Mr. 3 
B. Wilson, A.R.I.B.A., of Glasgow, is the archi- 
tect. A commendable feature of the undertaking 
is that a considerable part of the 30,0001. required 
for the building has been subscribed by members 
of the Institution. 





TRANS-SIBERIAN RatLtway.—The Russian Government 
has decided to proceed with the duplication of the great 
Trans-Siberian Railway. .This step has been taken be- 
cause Russian public men have arrived at the conclusion 
that if the Trans-Siberian Railway had a second 
line of rails during the war with Japan, the issue of the 
conflict would have been different, as Russian troops and 
munitions of war could have been despatched to Man- 
churia much more rapidly. 





Dericit oF A GERMAN ExHIBiTION.—The balance-sheet 
of the Jubilee Exhibition at Niirnberg last year shows a 
sum of about 1,000,000 marks to the bad, the receipts 
amounting to 4,075,000 marks, and the expenditure to 
5,066,000 marks. The guarantee fund amounted to 
2,400,000 marks, of which the guarantors must now pay 
991,000 marks. This result is partly attributed to the 
unsatisfactory location of the Exhibition, which caused the 
number of visitors, enee ay considerable, not to come 
up to what might have been the case under more favour- 
able circumstances. In addition to this, several of the 
Exhibition buildings turned out to be more expensive 
than was estimated, and a ‘‘ring” line in connection with 
the Exhibition did not operate altogether eer 
On the other hand, the Exhibition is expected materially 
to benefit the industry of Bavaria, so there is no occasion 
to regret the loss it entailed. 





Tue Royat “Navy List anp Nava RecorpER,.”— 
The April issue of this ‘Navy List,” published by 
Messra. Witherby and Co., 326, High Holborn, London, 
E C., has just been published, and in addition to the usual 
corrections of the various lists, and in the stations and 
staffs of the various warships, there is given a review of 
the current history of the Navy, which is interesting. In 
this review reference is made to the re-distribution of the 
Fleet, and it is found that the more this is investigated the 
greater the satisfaction entertained for the reforms dic- 
tated by Sir John Fisher and the other members of the 
Boai The constitution of the Home Fleet, it is now 
realised, is a most effective addition to our naval defence, 
especially now that it is recognised that the six battle- 
ships and six new armoured cruisers attached to the Nore 
Division are to be fully manned, and that theseven battle- 
ships in the Portsmouth and Devonport Division are to 
have three-fifths crewa, and to engage in frequent and 
prolonged exercises at sea. 


Y | Tod 


.| vessel built for the Canadian Government. 





THE LATE MR. ANDREW BROWN, OF 
RENFREW. 


A recorD of sixty-eight years of active work in 
engineering mitigates regret at the passing away, in 
the eighty-second year of his age, of such an active 
worker as Mr. po Brown, the chief of the firm 
of Messrs. Simons and Co., Limited, Renfrew, who, 
under his shrewd and practical guidance, have taken 
a@ prominent place in shipbuilding, and especially in 
the construction of dredging plant. Born in Glasgow 
in October, 1825, Mr. Brown became an apprentice 
engineer at the age of fourteen years, at the Oakbank 
Foundry, Glasgow, of Mr. John Neilson, and, after 
five years’ apprenticeship, became pattern-maker to 
Messrs. William Craig and Co., marine engineers, at a 
time when the drawings were made on the board for 
the patterns. Two years later he went to Messrs. 
and McGregor, of Glasgow, and was there for 
two years, when several early P. and O. steamers 
were being completed. For a year he was with 
Mr. Sinclair, at the Locomotive Works of the Cale- 
donian apes. In 1850 his future was affected 
considerably when, in his twenty-fifth year, he 
came under the influence of the late John Inglis, 
who, with his brother Anthony, founded the firm 
of Messrs. A. and J. Inglis, of Whitehall Foundry, 
Glasgow. Mr. John Inglis was what may be termed 
a ‘* masterful” man, with great fertility as an engi- 
peer, and the ten years spent by Mr. een at the 
Whitehall Foundry afforded splendid opportunities 
for acquiring wide experience, which, comtiaed with 
Mr, Brown’s sound practical mind and great energy, 
proved most valuable in his future work. 

In 1860 Mr. Brown joined the late Mr. William 
Simons in partnership in his business of shipbuildin 
and engineering established fifty years before, an 
been carried on at Greenock and Whiteinch. At 
the works at Renfrew several developments were 
made, perhaps the most important being in connec- 
tion with dredging plant. Mr. Brown had been 
engaged on dredging ye at Messrs. Inglis’s 
works, including plant to work at 37 ft. draught, 
which at that time was “prodigious.” He was, as 
a consequence, influenced to make this practically a 
speciality of the Renfrew works. There is no need 
to-day to write in ENGINEERING of the extent and 
variety, and, we might add, success, of the work done 
by Messrs. Simons and Co. at Renfrew. Several im- 
provements were made. First, the combination of 
hopper and dredger was introduced about 1872 in a 
Later, 

rincipally to meet the demands of the Mersey Dock 
Board the suction system was evolved. The firm also 
completed many ferry beats. Mr. Brown was identi- 
fied with the introduction of the floating-bridge type 
of ferry, of the double-ended twin-screw steamer— 
having built the Oxton for the Liverpool and Birken- 
head service—and with the elevating deck ferry for 
cross-river traffic in Glasgow, where the platform for 
vehicles is lifted on four vertical screws. In ordinary 
steamship work they have not done so much in recent 
years, but in the early days built some notable Clyde 
steamers, while the first Anchor liner with four- 
cylinder compound condensing engines was built by 
the firm in 1867. 

The subject of our memoir continued his active life 
in the works and for the benefit of the community of 
Renfrew almost up to the end. For thirty-five years 
he was a member of the Town Council of the ancient 
and royal burgh, and during fifteen years was Provost. 
A few weeks ago, a propos of the work he had done in 
connection with the Renfrew Dock scheme, recently 
authorised, the Town Council agreed to confer upon 
him the freedom of the burgh ‘in recognition of the 
distinguished position he had taken in the engineering 
and shipbuilding world, of his long and faithful ser- 
vices to the Town Council, and as a mark of their 
appreciation of his high personal qualities and the 
many kindnesses the community had received at his 
hands.” Mr. Brown, however, was not destined for- 
mally to receive this honour, as his health for the past 
few weeks had been very indifferent, and he quietly 
passed away at his residence, Castle Hill, Renfrew, 
on the 6th inst., leaving a widow, to whom he was 
married fifty-eight years ago, four sons, all in the 
business, and four daughters. 





Tur Norwecian Rattways.—Owing to the rapid in- 
crease in the goods traffic on the Norwegian State Rail- 
ways the Government has proposed that the rolling stock 
should be increased by 395 gocds carriages and two loco- 
motives. 

Licut Rattways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Orders 
made by the Light Railway Commissioners :—1. Llanelly 
and District Light Railways Order, 1907, authorising the 
construction of light railways in the Urban District of 
Llanelly and in the Rural District of Llanelly, in the 
county of Carmarthen. 2. Ackworth Light Lailway 
Order, 1907, authorising the construction of light railways 
in the West Riding of the county of York, from Ackworth 
to Kirk Smeaton. 
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INDUSTRIAL NOTES. 


Tue fifty-sixth annual report of the Amalgamated 
Society of Engineers is a volume of 446 pages, of which 
80 are devoted to the Council’s report, statistical 
tables, &c., and the remainder to branch reports and 
such general information as will be useful to all officers 
and members. The secretary says that in ‘‘ the figures 
pertaining to the society’s affairs here given for the 
year 1906 it will be found that the record is a good 
one.” It is stated that the representatives of the 
union met those of the Employers’ Federation in local 
or central conferences on many occasions, when wages, 
hours of labour, and conditions of employment were 
discussed, ‘‘as a result of which the position as regards 
wages was somewhat improved, while other things 
remained pretty much the same.” A list of towns is 
given where wages were advanced Is., 1s. 6d., and 2s. 
per week respectively, to the advantage of 55,000 
members. This is not a bad record in itself. Atten- 
tion is drawn to the fact that the Labour Party in the 
House of Commons was strengthened by the addition 
of twenty-five members, making the total twenty-nine. 
The other Labour groups are not included. 

During 1906 the aggregate membership of the society 
increased to a total of 104,871. The losses by death were 
1293, and 631 old members were placed on the super- 
annuation list. The admissions in the year showed 
that there was a great revival in this section of the 
trade-union world. 

The year 1906 started with an aggregate sum of 
641,459/. 8s. 7d. to its credit; it cl with 729,074J. 
17s. 9d.—an increase in the year of 87,615/. 9s. 7d. 
The superannuation fund increased in the year from 
255,921/. 98. 10d. to 284,958/. 6s. 5d.; the general fund 
increased from 385,5371. 19s. 3d. to 444,116/. 11s. 3d. 
These figures show a healthy financial condition, due 
mainly to the fact that strikes were few ; conciliation 
and negotiation have averted them. 

The total income for the year was 400,699/. 17s. 3d., 
as compared with 379,375/. 11s. 3d. in 1905, show- 
ing an increase of 21,324/. 6s. The increase was 
mainly due to the increase of paying members, contri- 
butions, fines, and levies, amounting to 370,170/. 
19s. 8d., as compared with 352,372/. 3s. 2d. in 1905. 
Nomination and -entrance fees increased by 2042/. 
19s, 2d. over the year previous, and interest by 
18581. 15s. 1d., the total for the year being 20,485/. 
16s. 10d. There was a loss of 30/. 12s. 6d. on the 
monthly journal, and the delegate meeting is to con- 
sider whether it shall continue as a publication. The 
loss on the Journa/ in 1905 was 187/. 9s. 5d., and in 1906 
it was 4751. lls. 9d. It is noted that there is a large 
increase from investments, a large portion of which 
goes to the superannuation fund. The total interest 
in 1906 amounted to 10,812/. 8s. 5d. This, after all, 
is far better than could be obtained from the Post 
Office Savings Bank or from Consols. Friendly 
societies will in this respect have to be released from 
some of the provisions in the Friendly Societies Acts. 

The total expenditure for the year 1906 amounted 
to 313,084/. 8s. 8d. The chief items were as follow :— 
Unemployed, fares to situations, and contingent 
benefit, 62,262/. 1s. 8d.—this includes strike pay— 
superannuation benefit, 120,926/. 1s. 9d.; sick benefit, 
57,615/. 16s. 5d.; accidents and loss of tools by fire, 
&c., 2089/. 17s. 4d.; funerals, 15,152/. 10s.; benevolent 
grants, 8258/7. 1s 6d.; grants to own and other trades, 
Parliamentary Fund, Trades Councils, and Labour 
Committees, 8020/. 13s. 3d. The fees to the General 
Federation of Trades in 1906 amounted to 3927/. 19s., 
as against 2245/. 6s. 4d. in 1905. But the union 
members on strike get a portion back in strike-pay. 
The Parliamentary Fund was drawn upon to the 
extent of 4487/. 13s. 2d., but that included election 
expenses of the society's five candidates, and the 
wen Party repaid the society 413/. 3s. 6d. The 
organisers’ salaries anc! expenses amounted to 
2158/. 17s. 9d., as compared with 1917/7. 11s. 7d. in 
1905. The yearly expenditure is thus far greater than 
it used to be in the olden days; but, then, the 
aspirations of the men are higher, and their advantages 

reater; they require more, and have to pay more 
for organisation. 

During the last fifty-six years the society has ex- 
pended in benefits alone 7,360,436/.; a stupendous 
sum, mostly spent in relief. The aggregate cost of 
unemployed was 3,178,636/.; sick benefit, 1,458,381/. ; 
superannuation, 1,789,696/.; accident benefit, 90,6827. ; 
funerals, 433,939/.; benevolent grants, 128,493J, ; 
grants to other trades, 326,619/. 


The Ironworkers’ Journal for May contains reports of 
two meetings of the Standing Committee of the Board 
of Conciliation and Arbitration for the Manufactured 
Iron and Steel Trade in the North of England. Both 
meetings were mainly concerned with a dispute at the 
Consett Iron Company’s works. Certain sections of 
the men employed at Nos. 1 and 3 plate-mills expressed 
dissatisfaction with the conditions under which they 
worked, and they held a meeting, at which it was re- 
solved to hand in a fortnight’s notice to terminate 


their engagements, being ‘ dissatisfied with their 





present ton rates.” Upon receiving such notices 
the Consett Company complained of the men’s action 
to the Conciliation , and a special meeting of 


the committee was thereupon convened. At that meet- 
ing an early adjournment took place, in order that 
the Operative members should consult with the repre- 
sentatives of the dissatisfied members ; but the latter 
could not be induced to withdraw their notices. The 
Standing Committee thereupon resolved that the men 
had put themselves outside the pale of the board by their 
illegal conduct. The poster announcing such decision 
was withheld for a week, to see what could be done at 
an adjourned meeting. At that meeting the men still 
adhered to their ae not to withdraw their notices. 
The men’s conduct is in violation of the constitution of 
the board, and con to its actions and decisions. The 
Midland Wages appears to be going on smooth] 
under the new conditions. Several matters were dealt 
with at the last meeting in an amicable spirit. The 
big of puddlers were advanced to 9s. 3d. per ton, 
with 24 per cent. advance to all other forge and mill 
wages. There has also been an advance to the same 
extent in the wages of the North of England iron and 
steel-workers. 





In the Durham Miners’ Monthly Circular Mr. 
John Wilson, M.P., the general secretary of the 
association, gives a brief review of the proceedings in 
the House of Commons in regard to the Mines Eight- 
Hours Bill. 
tious opponent of the measure in Parliament, and he 


“represented the views not only of his constituents, but 


of the members of his association. There has been 
some change in the attitude of the men, but his views 
and attitude remain the same in so far as his own 
private connections are concerned. He speaks in 
complimentary terms of the two miners’ representa- 
tives in the House who moved and seconded the second 
reading of the BiJl—Mr. Walsh, from Lancashire, and 
Mr. Edwards, from the Midlands ; but he regards the 
action of the Government as most illogical. The 
Government assented to the second reading and also 
to the Bill being sent to the Grand Committee on 
Trade. This was done because the report and evi- 
dence before the Select Committee are not, or were 
not, available for the discussion. The Compensation 
Committee for dealing with all cases of accident 
had a long agenda at the last meeting ; there were 
forty-three cases—fourteen for medical referee deci- 
sions, fifteen fatal cases, and fourteen non-fatal injuries. 
It is notable that in several of the fatal cases the 
committee gave larger compensation than the union 
claimed, or the owners offered. This shows no desire 
to cut down the amount. In several cases of the 
medical referees the claims were disallowed. In the 
non-fatal cases liberal views were taken, but some of 
the claims were disallowed. 





May-Day labour demonstrations in Britain have, as 
a rule, fizzled out. Some sixteen or seventeen years 
ago, when the Labour May-Day was instituted, it was 
predicted that it would soon become not merely a day 
of demonstration, but a festival in celebration of an 
eight-hour day, old-age pensions, and the realisation 
of the social democratic revolution. William Morris 
wrote songs about it, and Burne Jones designed and 
painted its emblem. May-Day in 1907 saw a small 
gathering in Hyde Park, which the daily newspapers 
_—. the longest account in one being a mention of 
the fact, and that fraternal greetings were to be con- 
veyed to foreign workers on that day assembled. It 
was not thought worth while to report a single speech, 
or to name chairmen or speakers. 

In Germany May-Day celebrations passed off quietly. 
Some — meetings were held, at which resolutions 
were carried in favour of an eight-hour day, and 36 
hours’ rest per week; for the prohibition of child 
labour under 14 years of age ; and the equality of male 
and female workers. The threat of a lock-out till 
Monday did not deter the workers. 

In Austria, Belgium, and Russia there was quietude 
generally. In Spain there were noisy demonstrations, 
especially at Barcelona, but no bloodshed ending in 
death. In Italy all was quiet, except in Rome, where 
75 Socialists were arrested. 

In France there was more excitement, especially in 
Paris, where the crowds had to be dispersed by the 

lice, 700 arrests being reported. The ugliest feature 
in the affair was the firing of five chambers of a pistol 
by a madman, or would-be assassin. This led to 
the mobs being charged with drawn swords and 
dispersed. Inasmuch as there had been recently 
serious strikes of bakers and waiters, many of whom 
were still on strike on May-Day, the wonder is that 
all ended as quietly as it did. The more thoughtful 
of the iatter day Labour leaders are finding out that 
the evolution of industry cannot be much hastened 
by noisy demonstrations and threats. 





In Parliament last week there were two Labour 
measures before the House of Commons, and in both 
cases the Labour Members scored. One was the Early 
Closing of Shops Act, complaints being made as to its 


Mr. Wilson has always been a conscien- | P 





comparative failure. The Home Secretary admitted 
this, and complimented Mr. Shackleton and My. 
Seddon u their moderation in the speeches deli- 
vered. e said that a case had been made out for an 
amending Bill, but could not promise a Government 
measure at present, as the programme of this and next 
session was mapped out. The Labour Members’ de- 
mand was for a measure on the lines of Sir Charles 
Dilke’s Bill, which not only provided for uniform com- 
pulsory closing, but for the limitation of hours to 60 
per week, inclusive of the time for meals. 
The other measure was a Bill to provide for the com. 
pulsory weighing and measurement of the material 
in the process of manufacture and production 
in all iron and steel works, cement works, lime 
works, and chalk quarries, on the lines of the Coal 
Mines Regulation Acts for Miners. The Labour 
Members who proposed, seconded, and supported the 
Bill made a very good impression upon the House, and 
the Home Secretary cordially supported the second 
reading on the understanding that the Government 
did not commit itself to the clauses of the Bill as it 
stood. The Bill was thereupon read a second time 
and formally committed to a Committee of the whole 
House. Further progress.is not to be attempted until 
the Departmental Committee has inquired and reported 
to the Home Office. 





The position of the iron and steel trades has im- 
roved. There was a firmer tone and more buoyancy 
in the Midlands market last week, and consumers were 
more ready to book forward than producers. All indi- 
cations point to an upward tendency in prices. Makers 
of finished iron and steel are well employed, and there 
are fair inquiries for railway material. Best iron is 
more in demand than common iron, and steel is in 
good request. On Manchester Change the position 
was similar as regards finished iron and steel. 





The railway employés are agitating and organising 
for the principal items in the programme which has 
been adopted at their conferences ; but it is hoped 
that some arrangement will be made to avert a strike, 
and its consequences—the dislocation of trade. The 
larger the concerns involved in a labour dispute, the 
more serious are the results if a strike ensues. That 
is a strong reason in favour of fair and friendly con- 
ciliation, and arbitration if needed. There is to be a 
great Hyde Park demonstration on Sunday next. 





PrrsonaL.—We understand that Mr. Horace Boot, 
who for several years has been consulting and resident 
engineer to the Tunbridge Wells Corporation, has resigned, 
and, while being retained by the Corporation as consult- 
ing electrical engineer, Mr. Boot will practise as a con- 
sulting engineer on electricity undertakings, with offices 
in London.—We are informed that Messrs. Watts and 
Robertson, Queen Anne’s Chambers, 8.W., have been 
appointed London representatives of Messrs. Robert 
Stephenson and Co., Limited, of Hebburn-on-Tyne, and 
are changing their address to 23, Leadenhall-street, E.C. 
—Messrs. Bruce Peebles and Co., Limited, state that 
the address of their Newcastle office has been changed to 
Pilgrim House, Pilgrim-street. 


THE ‘“ VaLoric” INTERNAL Frep-WarTeR HEATER.— 
This is a simple device for taking advan of the now 
well-known fact that by using live steam to heat the feed- 
water the output and efficiency of a boiler plant can be 
considerably increased. The heater in question consists 
of a series of cast-iron trays threaded on a central pipe 
suspended vertically in the steam space by means of a 
couple of studs. The feed-water passes up the central 
a and runs down over the successive trays, absorbing 

eat from the surrounding steam before joining the other 
water in the boiler. Much of it is evaporated in the 
trays, and ae the scale and other impurities 
are largely deposited there, the boiler-plates being thus 
protected from incrustation. The trays can be an | 
cleaned out when necessary. The een, which 
—— simple and efficient, can be applied to any Lan- 
cashire or Cornish boiler at small expense. It is sup- 

lied by Messrs. Alfred R. Tattersall and Co., 19 and 20, 

mdon-street, E.C. 








Great Eastern Rainway WHITSUNTIDE ARRANGE- 
MENTS.—Return tickets at reduced fares, available for 
eight days, will be issued to Brussels. May 15 to 18 and 
20, vid Harwich and Antwerp. Passengers leaving 
London in the evening reach Brussels next morning after 
a comfortable night’s rest on board the steamer. For 
visiting The Hague, Scheveningen, and Amsterdam for 
the old-world cities of the-Zuyder Zee and the Inter- 
national Exhibition at Mannheim, special facilities are 
offered vid the Great Eastern Railway Company’s British 
Royal Mail Harwich-Hook of Holland route. A corridor 
train with vestibuled carriages, dining and breakfast cars, 
is run on the Hook of Holland service between London 
and Harwich. From the Hook of Holland through 
carriages and restaurant-cars are run in the North and 
South German express trains to vow = Basle, and Berlin, 
reaching Cologne at noon, Basle and Berlin in the evening. 
The Danish Royal Mail steamers of the Forenede Line, 
of Copenhagen, will leave Harwich for Esbjerg (on the 
West Coast of Denmark) on May 16 and 18, returning 
May 21 and 22. The General Steam Navigation Com- 

any’s steamers will leave Harwich on May 15 and 18 for 
Senbess, returning May 19 and 22. 
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THE GRIP 








We: illustrate above a chuck designed for the instan- 
taneous and automatic gripping of drills with parallel 
shanks. The chuck takes Ril s from } in. to 4 in. in 
diameter. No key is employed to tighten or loosen 
the jaws, and there are no internal gears or screws in 
its construction. The milled cap covering the jaws 
has three radial slots in its inner face, which engage 
with pins on the respective jaws. The jaws terminate 
in cylindrical portions, about which they rock when 
the cap is rotated. Inside the cap are springs, which, 
acting between stops on the body of the chuck and 
other stops fixed to the cap, tend to cause the rotation 
of the latter, and so to close the jaws. 
serrated on their working faces, and these faces are 
so curved that the torque of drilling tightens up the 
drill and increases the tightness wit which it is held. 
It is claimed that the grip is so efficient that high- 
speed drills may be driven with their full cuttin 
efficiency, and in actual tests 4-in. drills of hebapent 
steel have failed under the work before the shanks 
have — in the chuck. 

The chuck in question is British made, and asmaller 
size, taking all drills up to ,', in., will shortly be on the 
market. The sole agents are Messrs. Ludw. Loewe 
and Co., Limited, Farringdon-road, London, E.C. 








PeRvUVIAN Rattways.—The Peruvian Government has 
contracted with United States capitalists, represented by 
Mr. Alfred MacCune, for the construction of a railway 
to the Ucayali, which is one of two la confiuents of 
the Amazon. An existing Peruvian line from Lima runs 
eastward to Oroya, about 125 miles. A subvention of 
2,000,0007. is proposed to be granted to assist the con- 
struction of the proposed extension. 





Miiitary Camp Water Suppiy.—On account of the 
unsatisfactory supply of water from local wells at the 
military camp at Bovington, near Wool, Dorset, the War 
Department has recently tried boring down to chalk in 
order to obtain an improved water supply. The site 
selected is at an elevation of 170 ft. above ordnance 
datum, and the work was put in the hands of Messrs. 
Le Grand and Sutcliffe, of 125, Bunhill-row, London, 
E.C. The work was of some interest owing to the un- 
certainty as to the depth at which chalk would be struck, 
there being no deep wells in the district by which esti- 
mates could be made. Beds of drift and hot sands 
were encountered of a thickness of 60 ft., and chalk was 
encountered at a depth of 280 ft. After further boring to 
the extent of 446 ft. through upper chalk and flints, at a 
total depth of 726 ft., a copious supply of water was ob- 
tained, which rose in the bore to within 93 ft. of the sur- 
face. To complete the work a deep-well pump, reaching 
144 ft. down the 7}-in. bore-pipe, of a capacity of 3000 
gallons per hour, has been installed by Messrs. Le Grand 
and Sutcliffe. 





““NOTES ON THE WORKMEN'S COMPENSATION AcrT, 1906.” 
—A little pamphlet of handy notes for employers on the 
Workmen’s Compensation Act, 1906, should prove welcome 
to a large section of the public. Such a pamphlet has 
been written by Mr. A. F. O. Walbrook, and published b: 
the Law, Car and General Insurance Corporation, Limited, 
4, St. Paul’s Churchyard, E.C. This pamphlet is not 
intended to be an exhaustive discussion of the Act, but it 
is meant to give employers some idea of the ground 
covered by the new Act, and its far-reaching effects. The 
title ‘‘workman” has, under the new Act, so wide an 
application that it is advisable for everyone to have some 
knowledge of the intention of the new law. In these 
notes the classes entitled to compensation are named, and 
the exceptions are discussed ; the questions of compensa- 
tien in case of accident, in case of industrial diseases, the 
matter of claims, amount payable, questions of sub- 
contracting, and other points raised in the Act, are all 
condensed into useful form. The little book should, in 
fact, prove useful to all who cannot spend time enough, 
or are not sufficiently familiar with the language of Acts 
of Parliament, to unravel the full intent of this far-reach- 


ing piece of legislation. 
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ELECTRIC POWER IN IRON AND STEEL 
WORKS, 


Development of Electricity in the Iron and Steel Indus- 
tries, with Special Reference to its Latest Application to 

Reversing Rolling-Miils of High Power.* 

By D. Sretsy Biacr, Newcastle-on-Tyne. 
_ Tue remarkable and rapid development of electricity 
in its many branches has, during the past d ie, been 
apparent to all, the ‘‘man in the street” as well as the 
engineer being brought face to face with electricity in one 
form or another at almost every hour of the day, so that, 
in a sense, the novelty and experimental stage of the 
mysterious power have ceased to exist, and the public, as 
well as the engineer, are prepared to accept or investi- 
gate, without the doubts and misgivings of earlier years, 
any fresh conquest which electricity may claim to have 
effected. This increased confidence in the power of 
electricity as an absolute solution to many engineering 
difficulties is one of the main stepping-stones to progress, 
and a distinct encouragement to inventive genius. 

Few industries have provided a greater scope for new 
applications of electric power than the iron and steel 
trades, and it will be the author's endeavour in the 
course of this paper to deal with such matters as may 
prove of direct interest to those en; in these trades, 
which are so largely represented in the membership of 
this Institute. 

It was the author’s privilege, in two papers read before 
this Institute in 1894, and another in 1902, to draw the 
members’ attention to ‘‘ The Applications of Electricity in 
the Iron and Steel Industries ;” but in the year 1894 the 
subject was a novel one, and the steel-works generating 
station developed but a few hundreds of horse-power at 
the most, with modest and tentative applications of elec- 
tricity about the works, whereas to-day most iron an 
steel works have their own generating stations developing 
several thousands of horse-power, and almost all the 
auxiliary items and outlying machines are electrified. 

Although great economies have been effected in the 
electrical driving of the auxiliary plant about a steel- 
works, large ranges of boilers have still been retained 
for supplying steam to the main rolling-mill engines 
driving the ing-mills, roughing-mills, plate-mills, 
baf-mills, rail-mills, &c. It is, of course, well appre- 
ciated by all steel-works engineers that the bulk of the 
boiler power is required for supplying steam to these main 
engines. Until, therefore, it was found possible to deal 
in a practical manner with these main units, the realisa- 
tion of a complete electrification scheme was a matter of 
impossibility. It is true that in a number of cases on the 
Continent and in Great Britain continuous rotation mills 
of the three-high type, rod-mills, and others have been 
operated electrically in a successful manner; but until 
about nine months ago the problem of the successful em- 
ployment of large reversing electrical rolling-mill engines 
was still unsolved. 

In the paper which the author read before the Insti- 
tute in the year 1894 he drew the members’ attention to 
the possibility and advantages of driving large reversing 
rolling-mills electrically, and gave data and diagrams of 
the turning moments of reversing-mill engines. He was 
somewhat twitted at the time of that meeting for having 
put forward such advanced ideas on the subject, and it is 
now a somewhat curious coincidence that it should have 
fallen to his lot, thirteen years latter, to be the one to 
chronicle in the Proceedings of this Institute, as an 
accomplished fact, the definite solution of the problem. 
The rolling-mills of this country, in view of complete 
electrification schemes, may be divided into two classes :— 


* Paper ‘read before the Iron and Steel Institute, 
May 9, 1907. 
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1. Those which have blast-furnaces adjacent. 
2. Those which have not. 
The cost of power production, or, alternatively, the 


saree at which one can purchase current, is a dominant 
actor in the determination of the savings to be realised 
by the electrification of rolling-mill plants. Owing to the 
great advance which has been made in the construction 
of gas blowing-engines during the last three years many 
blast-furnace owners have adopted this method in place 
of steam blowing-engines, thus utilising from the blast- 
furnaces a large amount of waste gas available for the 
production of electric power by means of gas-engines, or, 
alternatively, if the supply of waste gas is — by 
means of high-pressure sates steam-turbines receiv- 
ing their steam from boilers fired by the waste gases from 
the blast-furnaces. 

In such cases as the above the cost of power uction 
will be found to be very low, and should in no case 
exceed 0.25d. a unit, while in certain cases, with modern 
plant and under favourable conditions, the cost of pro- 
nanan has been brought down considerably below this 

gure. 
In the second category of rolling - mills—i.e., those 
which have no blast-furnaces attached, or those which for 
certain reasons are unable to avail themselves to a suffi- 
cient extent of their waste gases for power production 
purposes—it becomes either to produce their 
own electricity in the most economical form, from coal, 
or else to purchase it from the power on ym 

In powers of, say, 1500 kilowatts and upwards, it is 
possible with the most modern plant to produce electri- 
city at rates from 0.32d. a unit and upwards, veering pro- 

rtionately with local conditions and the a of coal, 

ut in no case should the cost exceed 0.45d. per unit. 
Owing to the excellent day and night load, and steady de- 


d | mand upon the mains (as the author will presently demon- 


strate by the diagrams in his paper), power companies 
should be in a position to give a supply of current at a low 
rate and upon favourable terms, and thus save the works 
owner the capital outlay which would be involved in 
laying down a eee station of his own. 

Having briefly touched upon the cost of production and 
purchase of current, the author will endeavour to explain 
as clearly as possible the main advantages and points of 
special interest in connection with ——— electric 
rolling-mill equipments, reserving for the latter portion 
of his paper the detailed and technical description of the 
first large electric reversing mill at the Hildegarde Works, 
near Teschen, in Austrian Silesia, which he has closely 
investigated ; and will finally deal with the commercial 
and financial aspect of the case, showing what immense 
possibilities are now opened out to the steel-works engi- 
neer. 

The first questions which the author has invariably 
been asked naturally refer to what may be the financial 
gains and advantages to be derived from such electric 
rolling - mill equipments and complete electrification 
schemes. 

These he will tabulate as follow :— 

1. For rolling-mills in Class I.—i.¢., with blast-furnaces 
attached. The possibility, now that the electric reversing- 
mill problem has been solved, of entirely dispensing wit 
all coal-fired boilers and their attendant charges for fire- 
men, conveyance of coal, removal of ashes, repairs, and 
insurance costs, &c., the electric power for operating the 
complete rolling-mill plant and auxiliaries being primarily 
derived from the waste gases of the blast-furnaces. 

2. For rolling-mills under Class II., with no blast-fur- 
naces attached. The entire removal of boiler plant, as 
above, in the case of a cheap outside power supply, or the 
great reduction in the number of boilers required for 
working the mills, and the generation of the power in any 
convenient spot within reasonable distance of the works, 
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with high-tension mains to the rolling-mill balancer con- 
verters. 

3. Increased output, the rolling-mill motors being 
made to run at any desired speed direct coupled to the 
rolls ; the speed of rolling being controlled only by 
considerations such as the rapid handling of the material 
and the mechanical strength of rolls and housi 

4. Extreme simplicity of the direct-coupled electric 
reversing-mill, the whole operations of rolling, reversing, 
and speed regulation being controlled by one lever. 

5. Decreased cost of upkeep, as owing to the use of 
electric motors, with their continuous rotary action and 
regular torque, the breakages of coupling: boxes, standards, 
pinions, and necks are reduced to a minimum. 

6. Absolute control over rolling-mill costs and power 
absorbed at any stage of all rolling operations, by the 
use of electric recording and automatic instruments, such 
exact control having been impossible in the case of 
steam 

7. Gain in space formerly occupied by ranges of boilers, 
coal-bunkers, railway sidings, &c., which in some over- 
crowded works, or where land is of high value, is an item 
of considerable importance. 

8. The great reduction in power used in connection 
with reversing rolling-mills, owing to the method of 
utilising a balancing converter upon the Ilgner principle, 
the energy absorbed by the converter, which is derived 
direct from the central generating-station or mains, being 
about one-tenth of the maximum value or torque upon 
the mill, even when the load fluctuates on the mill between 
0 and 10,000 horse-power. 

9. In the event of new mills being laid down, the 
ease with which the rolling-mill motors can be applied 
direct to the rolls without the necessity of large and 
costly foundations, as is the case at present with heavy 
reciprocating steam rolling-mill engines. 

10. The very large reduction in the majority of cases 
of the power cost per ton of steel rolled, owing to the 
foregoing considerations. Less than twenty kilowatt- 
hours are used per ton of blooms rolled, whicb, in the 
case of mills having blast-furnaces adjacent, or waste 
gases available, and producing electricity at 0.25d. per 
unit, works out at under 5d. a ton. 

The foregoing are the main advantages which present 
themselves to the author; but to steel-works engineers 
several subsidiary advantages may become apparent, and 
it is to their intimate knowledge and pees experience 
of rolling-mill conditions that the author looks for further 
suggestions or criticisms, which he trusts will be fully 
brought out in a discussion upon this paper. 

It is only quite recently that British stecl-works engi- 
neers have given serious attention to the full utilisation 
of their waste gases from the blast-furnaces, and to obtain- 
ing the maximum of power and value which can be 
derived from this most important source. With few 
exceptions, far one attention has been given to this 
subject on the Continent than in this country, and it is 
undoubtedly high time that we, in Great Britain, fully 
realised this fact, and, having studied the subject more 
closely, acted upon the result of our investigations. 

Taking the case of a steel works which, in addition to 
having a range of blast-furnaces, has also its own col- 
lieries within a radius of five or six miles (or even more) 
of the works, it is possible, by taking full advantage of 
the power which can be obtained from the blast-furnace 
waste gases, to supply from this source alone the whole 
of the electric current uisite in the working of the 
collieries, as well as all the power applications which 
have to be dealt with in the steel works and rolling-mills 
themselves. What this means in the saving of separate 
ranges of boilers and firemen, every engineer can readily 


grasp. | , ‘ : ‘ 

The intermittency of working of the various items 
embraced in the scheme at steel works rolling-mills, and 
collieries will come into full play, and the maximum 
load which will have to be provided for in the central 
station will be only a fractional part of the total horse- 
power of the motors involved. It is, however, in con- 
nection with the high-powered reversing-mill engines 
that the greatest saving. of all, will be effected. Even 
the best steam rolling-mill engine, owing to its inter- 
mittency of working and rapid reversals, as exemplified in 
the case of cogging-mill engines, is necessarily a heavy con- 
sumer of steam. In some cases the exhaust steam from 
these wasteful engines has been utilised in low-pressure 
turbines, upon the regenerative principle, this until now 
being the best solution of a bad job. Since the success- 
ful application of electricity to reversing mills, this can 
only now be considered as but a half measure, and one 
that does not touch the root of the evil—viz., the rolling- 
mill engines and their attendant ranges of boilers, &c. 

Having touched upon the salient points to be borne in 
mind in connection with complete electrification schemes 
for steel works and rolling-mills, the actual methods by 
means of which these results are arrived at will now be 
dealt with, and this cannot be better done than by taking 
as an example the actual case of \he Hildegardehiitte at 
Trzynietz, in Austrian Silesia. This reversing mill was 
started on July 27 last, and has been running ever since. 

The following is a detailed description of this most 
interesting installation, representing the first large electric 
reversing rolling-mill in the world. 

Having had the privilege of discussing details of con- 
struction, both mechanical and electrical, with the engi- 
neers who were responsible for the design of the electrical 
equipment, the author thinks that the following notes 
will be of interest to members of the Iron and Steel In- 
stitute who are desirous of making themselves acquainted 
with the latest and most up-to-date practice in rolling- 
mill design. 

The Hildegarde Works were formerly owned by the 
Archduke Frederic of Austria, and within the last few 
years were purchased by a company. On assuming 





possession the new owners naturally set themselves to 
reconstruct the works in the best possible manner, and 
electricity was chosen as a means of bringing the plant 
up to a state of modern efficiency. Apart from the re- 
——e and continuous rotation rolling-mills, there were, 
as is the case in all other steel works, a large number of 
auxiliary steam-engines of moderate powers, and these 
alone, while presenting no great difficulties in the way of 
adaptation to the new and improved conditions, showed 
very considerable returns on the necessary capital ex- 
penditure. The company, however, looked further than 
this, and wished to consider the driving of the rolling- 
mills, keeping in mind the possibility of concentrating 
the whole of the power required for the works in one 
large central power-station. 

As the author has mentioned, there had been many 
cases of successful driving of continuous rotation mills, 
but the aa of a reversing mill presented the diffi- 
culty. That this has been overcome by careful considera- 
tion is proved in the successful and. highly economical 
running of the reversing-mill plant to-day. After the 
decision to adopt electric driving had been arrived at, 
the question of the primary motive power had to be con- 
sidered. At the works there are blast-furnaces, and, 
therefore, the choice lay between generators driven by 
gas-engines and generators driven by steam-engines or 
steam-turbines. In this particular instance very careful 
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Three hundred motors, varying from 5 to 70horse-power. 

In addition to the above must be included the electric 
lighting of the works. 

Further extensions are about to be made—viz, two 
continuous rotation rolling-mills, each of 750 horse-power 
normal capacity, together with sundry pumping plants 
and other auxiliary plant about the works. When these 
are completed the whole of the power items, with the 
exception of the blowing-engines, will derive their power 
from the one electric power-generating station. 

In the station are installed the following plants :— 

One Parsons type three-phase turbo-generating plant, 
the turbine being constructed by the Ersten Brunner 
Company, and the alternator by Messrs. Brown, Boveri. 
and Co., having an output as follows :—3000-kilo-volt- 
amperes, 50 cycles, 3000 volts, 3600 horee-power, running 
at 1500 revolutions per minute, or giving, with a power 
factor of 0.8, an output of 2500 kilowatts. 

On the opposite side of the house are placed in line 
two turbo-alternators by the Allgemeine Elektricitiits 
Gesellschaft of Berlin, each having a capacity of 1250 
kilo-volt-amperes, or 1000 kilowatts on a power factor 
of 0.8, 3000 volts, 50 cycles, running at a speed of 3000 
revolutions per minute. 

In the station there are also two motor-generators for 
electric-lighting purposes, each set consisting of a three- 
phase high tension motor coupled to a continucus-current 
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consideration was given to the two alternatives, and in 
many ways it was found that the advantages lay with 
gas-engines as the power-producers. It was Sonali, how- 
ever, that two years would have been required to equip 
and set to work a gas-driven generating-station of some 
5000 kilowatts capacity, and this was one reason against 
the instalment of gas-engines. Another reason was that 
the area was restricted, and room could not have been 
readily found in a suitable position for the large gas- 
driven station. It was guaranteed that a steam-turbine 
station of the capecley mentioned could be installed and 
set to work within fifteen months from date of placing 
the order. The steam-turbine plant was decided upon, 
the orders placed, and the station in its full capacity was 
actually running in twelve months; the consequent re- 
duction in works costs dating from this time. Another 
factor which induced the directors to decide upon steam 
as a motive power was the presence of a well-preserved 
battery of boilers. Originally fifty-four boilers were 
required to raise steam for the whole works, and since 
the conversion of the works to electric driving up to the 
resent time this figure has been reduced to seventeen 
ilers. It must be borne in mind, however, that some 
of these remaining boilers are required to provide steam 
for the steam-engines still in use, and it is expected that 
this number will be considerably reduced when these 
engines are dispensed with. Eight boilera are actually 
required, to steam the electric power-station, all fired 
with gases from the blast-furnaces, and thus the whole 
of the power production is obtained on highly economical 
modern lines. 
At the present time the plant driven is as follows :— 
One reversing rolling-mill, 10,350 horse-power maximum ; 
Qne non-reversing mill, 750 horse-power normal ; and 


multipolar generator giving 220 to 230 volts on the con- 
tinuous-current side. 

A main switchboard below a gallery at one end of the 
house controls the whole of the power produced on both 
high and medium tension three-phase. The medium 
tension three-phase is obtained by static transformers, 
and is used for motors up to about 40 horse-power through- 
out the works. ; ‘ 

The condensing plants for the turbines are situated in 
the basement, immediately below. The air and circu- 
lating pumps are electrically driven. In the basement 
are also placed three electrically-driven pumping plants 
for circulating the water from the blast-furnace tuyeres. 

The whole of the arrangements of the station are very 
simple and carefully thought out. The building is well 
constructed and quite plain, and, taken altogether, is a 
model of an up-to-date power-producing station. The 
steam consumption of the two smaller units was found on 
test to be 15.75 lb. per kilowatt-hour at the switchboard. 
The plants are supplied with a steam pressure of 8 atmo- 
spheres (120 Ib.), and, at the stop-valve, with a steam 
temperature of 300 deg. Cent., an average vacuum of 
95 per cent. is obtained in the exbaust-pipe. — ’ ' 

A passing mention of the continuous rotation mill will 
not, the author thinks, be out of place in this paper. 
This mill is three-high, and calls for a normal of 750 
horse-power. ? 

The present mill installed is regarded as a roughing- 
mill. A second mill is now being equipped on the same 
lines, and will be of the same size. This will be the 
middle mill, and a further rod-rolling mill is being 
installed of the same capacity. The existing non-reversing 
mill is rope-driven by three-phase motors (Figs. 2 and 3). 
On account of the different classes of its worx it was 
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deemed necessary to have two speeds on the mill, and | is no doubt that three-phase motors coupled by a rope 


these are obtained in an unusual manner—viz., by having | 
two motors, one running at a speed of 210 revolutions | 
per minute, and one running at a speed of 160 revolutions 
per minute, both coupled together, and driving the mill | 
from one end by means of ropes. The idea of having 
two motors was to obtain economical conditions of run- 


ning on both the fixed speeds. Intermittent speeds are 


or belt on to a non-reversing mill form a satisfactory 
method of driving. The yy He of the finishing and 
intermediate mills is shown in ‘ig. 4. 

ing to the item which constitutes the main 
interest of this paper—viz., the reversing mill, it will be 
as well to describe the mill and its duties, and the actual 
plant as examined by the author. The mill consists of 
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also arranged for. The motors are three-phase, and are 
run direct off the 3000-volt high-tension circuit. a 
one of the motors is used at a time, a change-over switc 
transferring the load to one or the other, depending on | 
the speed required. The rope-pulley on the mill itself is 
of a heavy Sy-wheel pattern, of cast iron. The reflected 
load of this mill, of course, makes itself shown in the 
rising and falling of the current demanded at the time 
of the entrance of the blooms or billets. However, the 
heavy fly-wheel on the mill damps this down, and there | 










|one train of rolls, with four sets of housings, the roll 


centres being 2 ft. 6 in. apart normally. Onginally this 
mill was driven by a direct-coupled steam-engine of the 
twin-cylinder horizontal type, having cylinders 48 in. in 
diameter, with a stroke of 50 in., running at a maximum 
speed of approximately 100 revolutions per minute. The 
steam pressure was 6 atmospheres at the stop-valve. 

The duty of the mill is to roll ingots of a maximum 
weight of 2 tons, having dimensions 16} in. square plus 
18 in. square, by approximately 5 ft. 6 in. in length; 





cogging these ingots down to suitable billets for rails, 
girders, &c., and, proceeding further, to roll them into 
girders and rails. ‘he maximum size of H-girder rolled 
in the mill is 18 in. deep by 7 in. wide, and the usual 
a —— of —_ are also rolled. ” ppure 

e mill thus combines cogging, roughing, and finishing 
in one operation, and the time allowed for the complete 
rolling of the largest girder section from ingots is from 
54 to 6 minutes. On the conversion of the mill to electric 
drive, the engine crank-shaft was taken out and replaced by 
alength of straight shafting, the shafting being continued 
through into an adjoining house built to accommodate the 
electrical plant an yer Tt was decided to increase 
the speed of the mill up to 120 revolutions per minute 
maximum, with a certain margin; and, as a matter of 
fact, it is possible to accelerate the mill up to as high a 
speed as 140 revolutions per minute, which comes in very 
handy in the final of long work. 

Fig. 1 will explain the general arrangement of the 
existing driving plant. This is reproduced from an 
actual plan, and shows, more or less in detail, the arrange- 
mert. It will be seen that the mill-shaft above referred 
to is extended through into the house, and coupled to it, 
upon one shaft, are three continuous-current motors. 
These three driving-motors are each of the following 
capacity :—330 volts, 120 revolutions normal, 1200 normal 
to 3000 brake horse-power maximum, to which must be 
added an extra over-load capacity, bringing the total 
capacity to a maximum of 10, brake horse-power. For 
convenience of manufacture the shaft carrying the arma- 
tures of the three motors is divided into three, with rigid 
couplings fixed between the motors. 

In the background will be noticed a flywheel-balancing 
plant, consisting of one three-phase motor, coupled 
through two fly-wheels to two continuous-current gene- 
rators, one generator being on each hand. This balancer 
is on the Ilgner system, and is the crux of the whole 
situation, forming the medium whereby the excessive 
peaks caused by rolling and reversing are reduced to a 
mean, straight, and comparatively low load-line demand 
from the power-station. 

In passing, some figures of the capacity of this balancing 
plant will be of interest. The three-phase motor in the 
centre derives its energy from the 3000-volt circuit. The 
capacity is 393 ~<— 3000 volts, 56 cycles, running at 
a speed of 370 to 310 revolutions. 

In relation to the electrical connection of the various 
parts of the apparatus, it may be mentioned that the 
armatures of the two continuous-current dynamos on the 
balancing set are connected in series with each other, and 
directly in series with the three armatures of the rolling- 
mill motors. Thus there is no interruption or break what- 
ever in that portion of the circuit carrying the large main 
currents, aj 

The two fly-wheels forming the intermediate buffers be- 
tween the motor of the I)gner set and the two continuous- 
current generators are each 13 ft. in diameter, and weigh 
26 tons each. Water-cooled brakes are provided on the 
fly-wheel peripheries for stopping the set, when required, 
in a short time, 

In the machine-room of the rolling-mill there is a 
maa consisting of three machines coupled together, 

orming the starting and excitation machines. The centre 
machine is a three-phase motor which receives its energy 
from the high-tension circuit at 3000 volts. The maxi- 
mum capacity of this machine is 150 horse-power when 
running at a 8 of 585 revolutions per minute. The 
topmost machine consists of the continuous-current dy- 
namo for exciting the shunt of both the mill motors and 
Ilgner generators, while the lower machine provides cur- 
rent for the excitation of a special compound winding 
upon the three rolling-mill motors. On the extreme left is 
situated the controlling switchboard, whilst in the back- 
ground are the automatic liquid rheostats which insert re- 
sistance into the rotor of the three-phase motor driving the 
balancing set, thereby dropping the speed of the set and 
permitting thetwo heavy fly-wheels to give off their energy. 

Having described the general arrangement of the equip- 
ment, it will be as well to mention the difficulties which 
beset the designers in the first instance, It must be 
understood that, no reversing-mill of any magnitude 
having been driven electrically previous to the conception 
of this one, there were absolutely no trustworthy data upon 
which to the necessary calculations. A number of 
experiments had to be made, and a certain amount of 
compromise had to be effected. The first data in regard 
to the problem were provided by the steam-engine which 
had been used up to that time for driving the mill. These 
data gave an absolutely trustworthy figure for the maxi- 
mum torque which it would be necessary for the motor 
or motors to develop. This figure, however, was by no 
means a sufficient guide for the design of the motors. It 
was far more important to know the crank effort at any 
instant during the whole cycle of operations. Indicator 
diagrams were taken continuously at both ends of the 
cylinders, and the change in direction of the stroke 
noted ; and, at the same time, speed curves were taken 
in order to arrive at the torque developed by the engine 
at any instant. The speed-indicator used was of special 
construction, consisting of a small magneto - electric 
machine, which recorded the changing pressure upon the 
terminals of the machine corresponding to the change in 
speed of the crank-shaft. This change in pressure was 
recorded on a voltmeter by means of a spark-indicator. 
A spark-indicator was chosen to avoid frictional losses 
of the direct pencil-indicator. By this indicator it was 
possible, therefore, to combine the two instruments for 
piston and speed in one apparatus. 

The coeel ¢ curves (Figs. 5 and 6, page 630) taken from 
the twin engine show very interesting points, which would 
never have been noticed without this correct means of 
recording them. One can quite clearly see how the 
driver, in expectation of his billet or bloom, lets the 
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steam-engine run empty at a speed of about 20 revolu- 
tions per minute. One notices, also, the fluctuations in 
8 resulting from the uneven turning movement of 
the engine on the rising and falling curve, and recognises 
how, in the moment of gripping the ingot or billet, the 
engine comes to rest until the crank effort becomes suffi- 
cient, by the admission of more steam to the engine, to 
draw the ingot through the rolls. After the ingot has 
passed the rolls one can see how the unloaded steam- 
engine rapidly increases in speed, and races. 

he author would here emphasise the fact that, in the 
case of the electric drive, even when the attendant 
leaves the full current on his motors, the increase in 
speed is practically negligible at the moment when the 
billet leaves the rolls. This is on account of the fact 


that the motors are provided with a compound winding, 
t variation in 





which has the effect of preventing any 
the speed between no load and full load. 





5. 
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Fig.6. 


If the motor-driver pulls out his controlling lever when 
the ingot is still in the rolls, as he should do, the mill 
then comes to rest immediately the ingot leaves the rolls. 
If he delays to do this, he has the means of braking 
the motor in an instant by reversing th 
=. 
eatures of the electric driving of reversing rolling-mills, 
inasmuch as the act of braking returns the energy deve- 
loped in braking to the network, and so assists the gene- 
rating station. This advantage may appear to be a small 
one; but, as a matter of fact, a large amount of energy 
is actually returned to the system in everyday practice. 

Reverting to the speed curves taken, it will be seen | 
that the combination of speed diagrams and indicator | 
diagrams gave the torque developed by the steam-engine | 
throughout the cycle of operations. This varying torque | 
reaches very high values, the figures at full speed often 
representing as much as 8000 horse-power. As motors | 
have been constructed capable of dealing with similar | 
overloads, the designers were not disturbed by the magni- 
tude of these figures. A more troublesome problem was 
the rapid acceleration of the masses and their quick re- 
versal, The rotating masses in a reversible steam-engine | 
are small. In an electric motor of similar output, the 
necessity of putting a certain amount of iron or copper 
into the armature meant a large diameter and weight. 
Another feature was that the inertia of magnetism in the 
motors alone set a certain limit to the speed with which 
reversal can take place. It seemed doubtful that it would 
be possible to accelerate the masses in a motor in the 
same short period as a steam-engine could be reversed. | 
Eventually a compromise was made, and it was decided 
that, in the case of the electric drive, four seconds should | 
be allowed for bringing the motor from rest up to its full | 


speed. 
In order to reduce the fly-wheel effect in the rotating | 5 


armature, it was decided to distribute the drive over three | 
motors, thus also reducing the size of the motor. 

Taking the figures given for acceleration, and allowing | 
for liberal dimension masses in the armature, a torque dia- | 
gram for the electric drive was drawn, adding a certain | 


margin to the torque ordinates taken from the diagram | - 


of the steam-engine, and in this way a suitable design for 
the driving motors was obtained. 

Figs. 7 to 10 give the actual diagrams taken on the elec- | 
tric drive w rolling bars. From Figs. 8 and 9 can | 
readily be worked out the actual horse-power developed | 
by the mill motors at any instant during operation, and | 
i 


demanded is of a very varying quantity—from zero to as 
much as 8000 horse-power in the space of a few seconds, 
rising and falling continually during the operations. 
The supply of current for driving mill-motors of this | 
description directly from the network of a central station, 


or from a power-supply source, would have very undesir- | Leonard system of control used by the Ilgner system has namos is known to _ 
on account of the enormous fluctuations in | been known for some time, and has found many practical output, never exceeding about 3 per cent., 
t would be necessary to have a reserve, vary-| and successful applications. The special feature of this | fore follows that when control is introduced | “ 
is that the motor is fed from what is | of the circuit the quantity of energy used is very small. 


able effec 
the load. e 
ing according to the nature of the mill, from 8000 to | 
10,000 horse-power in the central station, and, moreover, | 


© operating lever | 
This braking, incidentally, is one of the main | \ 







these are worked out, it will be seen that the load | 7 


method of contro t - 
termed a starting dynamo, and its speed can be varied | Moreover, the controllit 
the cables and the controlling apparatus would have to | from 0 upto the maximum by varying the voltage applied | structed for dealing wit 


be dimensioned to meet the corresponding output. A 
method of keeping the load from exceeding a predeter- 
mined maximum is absolutely essential. It would have 
been impossible also, with the methods known, to have 
conn an installation of this description directly on 
to anetwork where constant voltage has to be maintained; 
and even if controlling apparatus was available, it would 
hardly be possible to handle it in the exact manner neces- 
sary in the rolling-mills. Finally, it was of great im- 

rtance to select a means of regulating the speed of the 
jw oe motors, which would obviate the losses involved 
in reducing the applied voltage. 

All these conditions were complied with by the system 
which has become known as the Ilgner, consisting of an 
arrangement of fly-wheel converters. The details of this 
system will be well enough known to members by what 
has already been published in to its application to 
electric driving of colliery winding-engines. The W: 





SPEED DIAGRAM OF STEAM ENGINE WHEN ROLLING RAILS 


x 
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to the brushes, which is dependent on the excitation of 
the fly-wheel generators. As before mentioned, the com- 
mutators of the motors and the dynamos are connected 
electrically in a closed circuit without any break what- 
ever. The dynamos of the Ilgner set driven by their 
motor run unexcited, and, therefore, without load as long 
as the mill motors are not required to run. When it is 
desired to start up the motors, it is only necessary to excite 
the fly-wheel set dynamos from an outside source. The 
magnetic field thus created induces an electromotive force 
in the armature of the fly-wheel dynamos, and the current 
flowing into the armatures of the motors brings them 
into motion. The pressure at the terminals of the motors 
and their corresponding speed vary with the value of the 
excitation of the Ilgner dynamos, and, by reversing the 
direction of the excitation in the dynamos, the direction 
of rotation of the mill motors can also be reversed. 


ard!The amount of energy required for exciting the dy- 





SPEED DIAGRAM OF ROLLING MILL MOTORS WHEN RUNNING LIGHT 





DIAGRAMS TAKEN WHEN ROLLING BARS 


Fig.7. SPEED 
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_VOLTAGE DIAGRAM OF THE ROLLING MILL MOTORS 
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be only a small proportion of its 
and it there- 
into this part 


apparatus has only to be con- 
small currents, and is conse- 
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uently very easy to manipulate. It also follows that by 
Srting and regulating between rest and full there 
is no loss in the energy, as only that amount of pressure 
and corresponding energy necessary for the excitation of 
the Ilgner dynamos is generated. 

As a matter of fact, the most remarkable of the 
installation is the simplicity of control, and the small 
dimensions of the controlling apparatus ; one man with a 
simple controller, having a single lever, performs the 
operations of running, reversing, and controlling the mill. 
the whole apparatus is contained in a case having dimen- 
sions not age 4 3 ft. 6in. long by 3ft. wide by 
3 ft. 6 in. high. whole operation is carried out by a 
simple to-and-fro motion of a single lever. The maximum 
controlling current would certainly not exceed 150 am- 
peres, | one can readily understand that this can be 
far more easily dealt with than such currents as 8000 to 
10,000 amperes, as would be required if the main currents 
had to be controlled. : 

Referring to the construction of the fly-wheels, these 
are of cast steel, carefully machined all over, balanced and 
polished, and have a peripheral velocity of 260 ft. per 
second, commengeneans to a motor speed of 375 revolutions 
per minute. The purpose of the fly-wheels is, of course, 
well known : if large rotating masses are used which have 
to give up energy at certain periods, it is a condition 


the electrodes are raised, increasing the resistance in 
the rotor circuit, and therefore the slip of the motor 
of the converter. The fly-wheel consequently gives 
up energy until the balance of the three turning moments 
is once more restored. By altering the counterweight on 
the balancing arm it is ge = to regulate the required 
mean energy to be taken from the mains. This slip 
regulation is extremely simple, absolutely automatic, 
and, of course, contains no relays or intermediate appa- 
ratus which might cause trouble. The result obtained by 
this constant current control of the fly-wheel 
that, although the rolls may take momentarily as much 
as 10,000 horse-power, the energy taken from the mains is 
only one-tenth of this amount—viz., 1000 brake horse- 
power. It might be thought that the time required for 
starting up the fiy-wheel balancer would be considerable. 


eight minutes from start to full speed. 

he energy absorbed by the three-phase motor driving 
the balancing set varies from 5 to kilowatts during 
the starting up of the set. The time can, of course, be 
reduced by a —— ing increase in energy taken. 
re 7a energy of the fly-wheel converter is 120 kilo- 
wa 





In referring to the charts which the author has had 
prepared, it may be mentioned that these have been 


merator 1s | 





| ling the 
The author has seen for himself that this did not exceed | 


_ Referring to Figs. 7 to 10, taken when rolling a 2-ton 
ingot, while waiting for the bloom, the driver keeps the 
mill running light at 10, 15, or 20 revolutions, correspond- 
- Ay the maximum peripheral velocity of the rolls with 
which the material can be gripped by them and carried 
through the first pass. The velocity shows that at this 
moment there is a fall in speed, according to intention, 
for the motors are heavily compounded, and the large 
current taken causes the speed to fall, although the motor 
does not come to rest. Here lies the difference between 
the steam and the electric drive. At the same moment 
the driver admits more current, the torque increases 
rapidly, and the bloom is drawn through the first pass. 
The portions of the velocity curve which indicate light 
load a length according to the time taker in hand- 

oom between the various passes. During one 
pass the curve shows a fluctuation in the velocity which 
results from a momentary slip of the block as it passes be- 
tween the rolls. The curve shows the total number of 
passes in one rolling operation, For example, from Figs. 
7 to 10 it will be seen that fifteen passes were made in 
producing the finished product from the rough bloom, 
and Figs. 11 to 14, taken during the operations of 
rolling an 18-in. girder, show as many as twenty five 
passes. A second curve, diagram, Fig. 8, is a record of 
the terminal voltage of the converter dynamo, and corre- 


DIAGRAMS TAKEN WHEN ROLLING 18 INCH GIRDERS 


Fig. M1. 
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that the motor which is to be helped by fly-wheel effect 
shall drop in speed as the load on the driving machine 
rises. A shunt-wound direct-current motor running at a 
constant speed would never share its load with a fly-wheel 
coupled to it. The same applies to a three-phase motor 
with a short-circuited rotor where the slip between no 
load and full load is only 24 per cent. It is therefore 
necessary to cause the motor driving the fly-wheels and 
dynamos to drop in speed. 

For the ok control of this plant liquid resistances 
(as already referred to in the description of the plant) 
ure used, consisting of metal —_— suspended in a tank of 
slightly acidulated water. e depth of the plates in the 
liquid, and the corresponding value of the resistance, is not 
altered by hand, but by means of a small motor, the arma- 
ture of which can rotate for a certain number of degrees 
in either direction corresponding to the movement which 
1s necessary for the resistance plates. The armature of 
the small motor carries for this purpose an arm, on one 
end of which the ends of the resistance-plates are con- 
nected, and to the other end of which is a balancing 
counterweight. This small motor, which we will call the 
*slip-motor,” is fed with current from the stator of the 
ilgner motor. In this manner there are three moments 
scting on the axis of the rotor—viz., the one due to the 
weight of the electrodes, another to the counterweight, 
and a third to the torque of the main motor itself. At the 
mean current necessary for rolling, these three moments 
are in balance. If there is a rise in the current taken by 
*he rolling-mill motors, the turning moment of the small 
‘\1p-motor increases as the square of this change, and dis- 





turbs the balance of the three turning moments, whereby 


— Ss. 


VOLTAGE DIAGRAM OF THE ROLLING MILL MOTOR. 


CURRENT DIAGRAM OF THE 


taken most accurately when dealing with the work 
stated on the charts, and comparison of these will be 
interesting. 
Reference has been made earlier in the paper to the 
compromise arrived at with the Hildegardehiitte in re- 
to the time taken for the acceleration of the rolls 
rom rest to full speed. It was agreed that 4 seconds 
should be allowed. Tests subsequently proved that the 
given conditions had been fully met. A speed of 110 
revolutions was obtained without difficulty, and with the 
current estimated upon, and it was found possible to 
accomplish the acceleration from 0 to 110 revolutions in 
2 to seconds. The record in Fig. 6, page 630, 
shows the result of a number of velocity measurements 
which were taken with the mill running light in order to 
determine the minimum time for acceleration. The 
rulings of the paper represent 6 seconds. Following the 
curve from 0 line up to ordinate representing 110 revolu- 
tions, it will be seen at many points that the acceleration 
was completed in 2 to 24 seconds. It will be further 
remarked in following the curve back over the 0 line 
that the mill has not stopped for any appreciable 
time when changing the direction of rotation. jis was 
confirmed by many later curves taken during rolling 
operations. This results from the fact that the driver 
throws over the operating lever from the position of full 
8 in one direction into the opposite direction, whereby 
the motors receive a braking current. This quick reversal 
and acceleration has been taken advan of according 
to the work handled; and with but little practice the 
operator soon comes to know how to handle the mill so as 
to get the most out of the improved method of driving. 





SPEED DIAGRAM OF THE DIRECT COUPLED ROLLING MILL MOTORS 


mds almost exactly with the velocity curve of the 
riving-motors. 

Referring to diagram, Fig, 9, in which the current 
consumption of the rolling-mill motors is recorded, the 
rapidly rising curve, taken before the first shows 
the current used in overcoming the frictional resistance 
of the mill from rest and in erating the motor masses. 
The curve then sinks to a steady value, corresponding to 
the light load of the mill, remaining there until the com- 
mencement of the first pass, the light-load current varying 
from 500 to 600 amperes, the motor terminal any at 
the time being volts. The energy absor' by the 
rolls is therefore 100 to 120 kilowatts at light load. : 

It might be mentioned that there is no loss of energy in 
running at this voltage, as the Ilgner dynamos at the 
time are only excited to give the corresponding 200 volts. 
The upward kick which the pen of the recording instru- 
ment shows afterwards is due to the extra current when 
taking the bite, and then in ting the motor from 
its no-load s to 110 revolutions per minute. The 
sudden drop in the curve shows how the current falls off 
to nothing when the driver throws his lever into the off - 

ition. In drawing the lever back the mill is heavily 
Praked, the motors operating at this moment as dynamos 
and returning energy to the converter. The value of the 
energy given back to the converter in braking can be 
seen on the curve. The bottom curve, Fig. 10, shows 


clearly the effect of the flywheel converter in - 
ing the energy taken out of the network. In order 
to note the fluctuation more accurately, a scale 


was selected for the vertical ordinates when taking 
the wattmeter records, which, to avoid error, should be 
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taken note of in comparing the curves. The bottomcurve 
on this chart shows exactly tho kilowatts taken from the 

* power-station. 

’ The travel of the pen shows current fluctuations 

hetween 0 and 5500 amperes (see Fig. 9) when rolling 
billets corresponding to an beogy: = fluctuation between 
0 and 4000 horse-power upon the mill motors. The 
three-phase converter-motor, on the other hand, only 
’ shows a fluctuation of 50 kilowatts +, which is praciically 
of no moment for a central station of from 4090 to 5000 
kilowatts, this merely reprasenting an energy fluctuation 
of 2 per cent. Anexceptional fluctu ition of 100 kilowatts, 
amounting only to 4 percent. of the output of the station, 
is shown 1n another place. This was due to an incidental 
pause by having to lift a billet over, a roll train not being 
used. The maximum energy taken from the power- 
station when rolling billets was 559 kilowatts. The slip, 
or coastant current regulation, is for this figure, and this 
amount of energy is, under no circumstance, exceeded for 
this particular rolling programme. 

Figs. 11 to 14 give a set of curves taken when rolling 
18.in. H-girders. Looking at ths bottom curve on the 
thart, it will be seen that, commencing at the right hand, 
the mean value rises slowly, showing that the load in- 
creases with the length of the billet. As the billet 
approaches the finishing-rolla, the mean energy taken 
from the station becomes more constant, and, apart from 
one or two dips, due to handling pauses, the curve 
approaches a horizontal line representing the maximum 
demand energy for which the slip-regulator is set. 

Although in rolling these 18 in. girders the current 
impulses frequently reach 7000 amperes, the energy taken 
from the converter amounts to 4500 kilowatts maximum ; 
the biggest fluctuations observed in the central station 
are only 200 to 250 kilowatts. Practice confirms the cal- 
culations that balance is better obtained the quicker the 
work is carried out; that is to say, the fewer the pauses 
there are in rolling. It will be admitted that the balance 
of energy secured by these flywheel converters is nearly 
perfect, apart from the advantage that for any particular 
rolling programme the maximum energy taken from the 
pepe will not exceed a certain predctermined 
vaiue, 

It will be seen from these curves and figures that such 
an electrically-driven mill as the one described consti- 
tutes an excellent load to have connected to any station, 
especially as the rotating masses of the fly-wheel act to a 
large extent as a balancer for the whole system. Further 
figures, taken by the author when the mill was rolling 
a thick bar section, 320 millimetres wide by 9 to 10 
millimetres in thickness, may be of interest. The average 
time taken in the complete rolling of one of these bars 
from the ingot was from 5 to 54 minutes. During one 
particularly quick period, when the bars followed quickl 
one after the other, the reflected load rose to 1150, whic 
was the maximum we saw reflected on the wattmeter ; but 
this gradually fell away, and for some time afterwards 


750 was the average reflected kilowatts. During these} M 


periods the maximum current that had passed through 
from the Ilgner dynamos to the rolling-mill motors was 
8000 amperes on each side of the reversal, and the maxi- 
mum vo!tage reached a these figures was 1000. It 
is interesting to see how the current passing from the 
Iigner dynamos to the mill-motora, the voltage of the 
era dynamos, and the speed of the mill-motors rise and 
fall together, while the current taken by the Ilgner motor 
and the kilowatts reflected on the generating plant remain 
almost constant, excepting when the pauses between the 
actual rolling are longer, at which time the current on 
the Ilgner motor and the watts reflected gradually fall off. 

It should be mentioned that at the Hildegarde Works 
the live rolls and skid gear are electrically operated. Seven 
40-horse-power three-phase motors are provided for this 
purpose, the controllers being arran conveniently on 
either side of the mill and operated by two drivers. The 
mill-driver’s platform is raised up above the shaft be- 
tween the motors and the mills. He has thus the motors 
in view behind him, and the mill in full view before him. 

The whole of the rolling-mill and central-station equip- 
ment just described represents one of the most carefully- 
thought-out and practical schemes it has ever been the 
author’s privilege to inspect; with nothing before them 
in the way of precedent to guide them, the designers 
have successfully accompiished a feat of which they may 
justly be proud ; and the author cannot let this opportu- 
nity pass without firstly thanking the designers and 
experts—Mr. Geyer and Mr. Riecke, of Berlin—for the 
help they have rendered him in the preparation of this 
paper, but must also congratulate them upon the suc- 
cessful outcome of their work. 

The author is indebted to the directors of the Hilde- 
garde Works for the facilities given him in the necessary 
study and inspection of their rolling-mills, and also to 
Stahi und Eisen for the reproduction of engravings, &c. 

The actual installation of the electric rolling-mills and 
central station has been carried out by the Allgemeine 
Elektricitiits Gesellschaft of Berlin. 

Having dealt with the practical details and technical 
aspect of the case, it now only remains for the author to 
draw from the whole of the f ing certain conclusions. 

In order to make himself familiar with the many vary- 
ing conditions which obtains at different works, a has, 
during the past few months, visited a large number of the 
ve steel works in this country as well as on the 

tinent. In many cases the reductions in working 
costs which can be effected are enormous, and would in 
themselves represent a dividend, by no means negligible, 
upon the total capital of the firms in question. 

If steel-makers in this country are to maintain their 
position when prevailing prices are at a low rate, they 
cannot afford t> let matters of such moment piss un 
noticed, and the author would urge upon them the most 
minute consideration of this important subject. 





The first reversing rolling-mill just described has only 
been in operation about nine montbs, and already the 
Continental steel-works owners and engineers have lost 
no time in availing themselves of this innovation. 

Two electric reversing rolling-mills, of 10,000 horse- 
power each, have been started up at the Resiczs Iron 
Works in Hungary, while another electric reversing-mill 
of 15,000 horse-power is being erected at the Rombacher 
Iron Works, near Metz, and yet another is to be installed 
at the Hiistener Works, Hiisten. 

It will therefore be apparent, from the rapidity with 
which the matter has been taken up on the Continent, 
what very great importance is attached to the subject. 
Indeed, in the author’s opinion, the day of the electric 
rolling-mill has come, and it has come to stay. The pre- 
liminary electric rolling-mill equipments to which he has 
alluded are but the first stepping-stones to a complete 
revolution in the methods of rolling iron and steel. 





Tae British Fire-Prevention ComMitTex’s TEsTs. 
-—The tests undertaken by the committee during the past 
week have been in connection with fire-preventive appli- 
ances as distinct from constructional work. These 
comprised tests with fire-extinguishers and with safet 
devices to petrol tanks. The tests were attended, as usual, 
by representatives of various Government departments, 
municipalities, and incorporated bodies interested in fire 
protection, and Sir Boverton Redwood represented the 
council of the committee for the tests. The tests with 
petrol safety devices, which were a new departure in the 
committee’s work, were considered by the executive to be 
investigations of the utmost importance at the moment, 
having regard to the rapidly increasing hazards of petrol 
storage in large cities, since the advent of the motor-car 
for commercial sy pen The reports of the tests will be 
issued shortly, but it can here be mentioned that those 
with the petrol tanks were of a comparative character— 
i.e., tanks not fitted with safety devices being exploded 
for the purpose of comparing them with those fitted with 
safety devices. 





Tue INSTITUTION OF Civi, ENGINEERS.— At the annual 
a yee meeting of the Institution of Civil Engineers, 
eld on Tuesday evening, April 30, the result of the 
ballot for the election of officers was declared as follows :— 
President: Sir William Matthews, K.C.M.G. Vice- 
Presidents : Mr. W. R. Galbraith, Sir E. Leader Williams, 
Mr. J.C. i og Mr. G. H. Hill. Other Members 
r. J. 


of Council : A. F. Agee (Liverpool), Mr. J. 
Benton, C.I.E. (India), Mr. B. H. Blyth (Edinburgb), 
Mr. C. A. Brereton, Mr. R. Elliott-Cooper, Colonel 


R. E. B. Crompton, C.B., Mr. J. ag Ag ag , N.S. W.), 
Dr. G. F. Deacon, Dr. F. Elgar, Mr. M. Fitzmaurice, 
C.M.G., Mr. R. A. Hadfield —_ > Dr. C. A. Harri- 
son (Newcastle-on-Tyne), . J. Hobson (Montreal, 
Canada), Mr. W. Hunter, Mr. G. R. Jebb (Birmingham), 

r. J. H. Johns (Johannesburg, Transvaal), Sir William 
Thomas Lewis, Bart. (Aberdare), Sir George T. Livesey, 
Mr. A. G. Lyster (Liverpool), Mr. A. Ross, Mr. J. H 
Ryan (Dublin), Mr. A. Siemens, Mr. J. Strain (Glasgow), 
Professor W. C. Unwin, Mr. W. B. Worthington (Derby), 
and Mr. A. F. Yarrow. This Council will take office on 
the first Tuesday in November, 1997. The Council have 
made the following awards for papers read and discussed 
before the Institution during the past session :—A Tel- 
ford Gold Medal to Mr. Dugald Clerk, a Watt Gold 
Medal to Mr. James Tayler Milton, a George Stephenson 
Gold Medal to Mr. George Andrew Hobson; Telford 
Premiums to Messrs. Charles Frewen Jenkin, William 
Archer Porter Tait (Edinburgh), Alexander Pelham 
Trotter, and Moses Kellow (Penrhyndeudraeth). 





THER ViIgILLE MontaGne.—In the course of last year 
the Vieille Montagne Zinc Mines and Foundries Com- 
pany produced 86,880 tons of rough zinc and 9809 tons of 
special and other zinc. The company’s rolling-mills 
turned out 67,253 tons of rolled sheets, and the other 
works produced 9422 tons of zinc white. The sales of 
zinc of all kinds effected by the company last year were 
109,044 tons, The company’s Baclen and Viviez works 
produced ae poe 71,525 tons of sulphuric acid. The 
segregate production of zinc in Europe in 1906 is esti- 
ma by the company at 491,045 tons, cp ta og in- 
crease of 23,685 tons upon the production for 1905. To 
this increase of 23,685 tons Belgium contributed 6760 
tons; Silesia, 6285 tons; France and Spain, 3365 tons; 
Rhenish Prussia, 1430 tons; Great Britain, 1635 tons; 
Holland, 870 tons; and Austria, Italy, and Poland, 3340 
tons. The United States of America increased their zinc 
production by 18,550 tons last year, the output having been 
198,910 tons in 1906 and 180,360 tons in 1905. Of the 
198,910 tons of zinc produced in the United States last 
year, 4250 tons were exported to Europe. To return to the 
operations of the company, it may be added that the net 

rofit realised last year was the highest recorded since 1837. 
Chis favourable result was due not only to a happy com- 
bination of circumstances, but also to the extension given 
to the company’s operations of late years. The council of 
administration anticipa’ however, that the additional 
cost of coal, and the higher remuneration accorded to 
labour, will reduce the company’s future profits. In- 
cluding 50887. brought forward from 1905, the profit 
realised by the Vieille Montagne in 1906 was 420,678/., of 
which 202,500/. was distributed in dividends. The share 
capital of the company stood at the close of last year at 

60,0007., and the statutory reserve had been carried to a 
similar amount. The capital raised by the company by 
obligations stood, at the close of 1906, at 320,000. 
contingency fund amounting to 66,8997. had been formed 
at the same date, and a savings bank, organised for the 
benefit of the company’s employé:, had accumulated 
deposits to the amount of 204,671/. 
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CATALOGUES. 


‘‘ Hints TO INVENTORS” is the title of a pamphlet 
issued by the Model Manufacturing Company, 5:2, 
Addison-road North, Holland Park, W. The hints consist 
of advice to inventors to have models made of their in- 
ventions. Illustrations of some neat models are given. 


The Machine-Tool Company, Limited, London-road, 
Nottingham, send us their April list of new and second- 
hand machine-tools, &c., for sale and on view at their 
works at Nottingham. This list includes, in addition to 
machine-tools, such appliances as cranes, pumps, boilera, 
blowers, &c. Makers’ names are given in most cases, in 
addition to chief particulars, price, and condi:zion. 


Messrs. Dick, Kerr, and Co., Limited, Abchurch-yard, 
Cannon-street, E.C., have issued a new edition of their 
catalogue relating to direct-current stationary moz‘ors. 
This 13. illustrated, and notes, dimensions, and other 
particulars are = of their standard sizes of protected 
type motors, both of open, enclosed, and \entilated 
patterns. 


Mr. J. T. Godfcey, High-street, Loughborough, has 
sent us a list of chain-blocks and overhead travelling 
apparatus. These are worm or spur geared, and are 
made in sizes up to 5 tons capacity; while travelling 
crabs are also made up to 50 tons capacity. The blocks 
are known by the names of ‘“‘ Maxim” and “‘ Victoria.” 
Illustrations are given in this list, and prices are quoted 
in many cases, 


Messrs. Applebys, Limited, 56, Victoria-street, London, 
S.W., and Leicester, have sent us a catalogue (Section B) 
relating to overhead cranes. This section deals with 
overhead travelling cranes of all types and sizes, canti- 
lever cranes, goliaths, &c. Cranes driven by electricity, 
steam, or rope-power are included in the examples given, 
as well as hand-power cranes, goliaths, &c. The catalogue 
is fully illustrated with half-tone blocks. 


A catalogue of ‘‘Chucks” has reached us from Mr. 
Charles Taylor, Bartholomew-street, Birmingham. The 
most important form of chuck noticed in this is the 
patent spiral self-centering chuck, of which Mr. Taylor 
makes a speciality. This chuck is an improvement on the 
American scroll type of chuck, and is so designed that 
the thrust on the jaws is taken up in a much more efficient 
manner than in the ordinary scroll design. It is said 
to stand up well to the requirements of modern high- 
speed steel. 

Messrs. Loveridge, Limited, Docks, Cardiff, have issued 
a circular and list of testimonials relating to the beneficial 
effects of oil on rough seas. The apparatus described is 
known as the ‘‘Couves” machine, and consists of a 
vertical cylinder containing a heavy piston, by means of 
which oil in the cylinder is forced through pipes and out 
of nozzles placed in the vessel’s bows, at a suitable height 
above the water-line. When necessary, a small stream of 
heavy oil is thus directed on to the water just ahead of 
the vessel. The machine is simple, and practically auto- 


- | matic. 


Messrs. John Ruscoe and Co., Limited, Albion Works, 
= Manchester, have sent us a circular relating to the 
‘** Triumph” Cable-Drum Carriage. These carriages are 
built entirely of steel, and are so designed that they may 

drawn by one horse and loaded by one man. The 
wheels are 56 in. in diameter. Weight can be shifted for- 
ward or backward for easier working on gradients. Effi- 
cient brakes are provided and also back steel drop shoes 
to rest on the ground during unloading. The carriage 
takes drums 7 ft. 4in. in diameter and 3 ft. 11 in. wide. 


From the American Locomotive Company, of New 
York, and 26, Victoria-street, Westminster, 8. W., comes 
another pamphlet descriptive of the locomotives built at 
their many works in recent years. This pamphlet is 
devoted to a description of engines of the ‘‘ Mogul ” type. 
While this type does not seem to have met with such 
approval of late years as it did formerly, it is still a 
useful form of machine under certain conditions, such as 
fairly level roads, and where the maximum hauling 
capacity, or minimum wheel-load, are not essentials. 
Examples are — of various locomotives, some weighing 
up to 187,000 Ib. 


A brochure from Pintsch’s Patent Lighting Company, 
Limited, 38, Leadenhall-street, E.C., is devoted to a 
description and instructions on the working of Pintsch’s 
patent incandescent gas-lamps for railway carriages. It 
is pointed out therein that by the use of these mantles the 
lighting wer of the burners is inc ( r cent., 
a 25-candle-power mantle consuming 0.6 cubic foot of gas 
per hour, whereas a flat-flame burner gives 8 candle-power 
with a consumption of 1 cubic foot per hour. Very little 
alteration is necessary in converting from the old pattern 
and system to the new. Instructions as to lighting, 
upkeep, &c., are given in detail, while a number of dia- 
grams of lamps are given at the end of the pamphlet. 


The British Insulated and Helsby Cables, Limited, 
Prescot, have sent us a number of illustrated circulars 
relating to house fuse-boxes. These are designed for con- 
centric cables entering vertically or horizontally, or for 
single cables. They are of several patterns, all exceed- 
ingly neat in appearance. Patterns for buildings contain- 
ing a number of offices or flats are designed on similar 
lines and are supplied with any number of ways up to ten. 
Patterns with separate fuse-chambers are made for use 
with nen hegromee cables. Separate fuse-chambers are 
also used with sealing-chambers for twin, triple-concentric, 
and other cables. The Prescot switch cut-out, for use 
when a supply of both motive power and lighting is de- 
sired, consists of a double-pole quick-break switch, two 
single-pole replacement-fuses and a sealing-chamber, 
enclosed in a neat cast-iron box. 














May 17, 1907. ] ENGINEERING. 633 
which there is usually some y iron, the remainder | it. uently the empirical, costly, and laborious 
AN ANALYSIS OF THE EVOLUTION | consisting of an almost stru ess ial, | method of making ‘‘ ela cutting-speed tests 


OF MODERN TOOL-STEEL. 
By Professor H. C. H. Carreyrer, M.A., Pa.D. 
(Concluded from page 571.) 

Recent researches have fartiler shown that the 
effect of the high-heat treatment described in (a) 
is to. cause the mutual solution of the two struc- 
tural, constituents, with the result that a homoge- 
neous and almost structureless material is formed. 
Fig. 7 is a typical structure. White and somewhat 
pitted polyhedral grains occupy the entire field. 
Here and there traces of undissolved light con- 
stituents are seen. This represents material which 
has not, or has only very slightly, undergone 
the Ar2 change, fur it is only feebly attracted by 
a magnet, and there can be no doubt but that the 
bulk of the iron is still either in the 8 or y condi- 
tion ; probably the latter. The temperature of the 
‘“‘low” heat treatment which follows is . about 
620 deg..Cent. Experiments made by the writer* 
have shown that under these conditions the poly- 
hedeal structure is either ially or entirely 
replaced by an almost structureless material, which, 
however, etches brown, and which indicates the 
partial or complete conversion of the y iron into 
either the 8 or the a form, more probably the 
latter, as the tool is more magnetic after this 
treatment (Fig. 8). Thus there is little doubt 
that, at any rate, some tools when they are put 
to work contain some y iron; and this explains 








Fie. 7. Typical high-speed steel after high-heat 


treatment. xX 150. 


why they are relatively soft, as emphasised by Mr. 
‘Taylor. 
forward by Mr. L. Guillett that tools containing y 
iron are too soft for cutting purposes; a view, how- 
ever, which is on the incorrect assumption 
that such tools must possess une grande dureté. 
The writer does not contend that a tool containing 
only y iron can be used as a high-speed tool, but 
merely that in such tools some y iron can be present 
after the high and low-heat treatment. 

Mr. Taylor’s results leave no doubt that this 
radical departure from long-established methods of 
tool-steel hardening has been rendered possible by 
the presence of chromium. It is primarily due to 
this element that the tools su ully undergo the 
high-heat treatment without exhibiting red-short- 
ness, and the reason appears to be that a complete 
solution of the constituents is brought about. 

It seems probable from the evidence adduced by 
Mr. Taylor that the structure of high-s steels 
is of the type deduced above, and that it does not 
alter sensibly during the life of the tool. The file 
test quoted above (d, page 571 ante), shows conclu- 
sively that even after successful running at a red 
heat, his tool, No. 27, was relatively soft. This 
fact is extremely important, because it proves that 
the tool is not changed into a harder modification 
during the greater part of the test. Nevertheless, 
it is worth pointing out that before the tool breaks 
down it may through a harder state in the 
last: stages—viz., if the y iron through the 
hard martensitic modification before it is finally 
softened. In this respect it may be different from 
‘ pure carbon or self-hardening tool, which can 

nly become softer on use. 

The conclusion appears permissible that the 
inodern high-speed tool consists of a mixture in 
‘ * Jowrnal of the Iron and Steel Institute, No. IIL., 
1 06, to 396. 

+ Revue de Metallurgie, 1907, page 19. 











Fic. 8. Typical high-speed steel after high and 44 


This view conflicts with that recently put | 





which is probably of an extremely fine but hard 
martensitic type. This latter is known to be less 
hard than that of pure carbon steels; hence the 
tool’s capability of being filed with a carbon-steel 
file. The tool thus represents material which has 
been pushed a stage further back than the carbon 
and self-hardening steels which contain no y iron. 

Paragraph 1080 of Mr. Taylor’s paper indicates, 
however, that there is a limit beyond which this 
stage cannot be pushed without detriment to the 
cutting properties of the tool. He has found that 
with higher pers of tungsten and chromium 
than those contained in his latest tool—No, 1— 
red-hardness diminishes, and the metal close to the 
cutting edge becomes deformed. This is due to the 
presence of more y iron than is desirable, and it 
would seem to show that the maintenance of the 
perfect cutting edge during the greater of the 
test, which is so characteristic of the best high-speed 
tools, is to be ascribed to the mixture of hard and 
soft constituents described above, in which rigidity 
is given by the former, and toughness by the latter. 
(Vide “f” on page 571 ante). 

It ‘ap possible to analyse to some extent 
the function or functions of chromium and tungsten 
in their effect upon red-hardness, ne function, 
at any rate, of chromium has already beep described 


—viz., its capacity of bringing about a condition | 


with carefully standardised tools upon standardised 
forgings” has still to be employed. . 
As microscopy, the writer is in entire 
agreement with the above conclusion, chiefly for 
the reason that high-speed steels are principally 
characterised by an absence of well-defined struc- 
ture. This is + itself a sufficient objection to 
ar developing into .a simple practical 
method of testing. But even if the structure were 
sufficiently characteristic, it iy in itself no guide as 
to the temperature at which the too] will break 
down:in work, which is the essential réquirement. 
The case of pyrometry is, however, somewhat 
different. Mr. Taylor has found that tools i 
to lose their red-hardness at about 670 deg, Centi., 
and that at 730 deg. Cent. it is entirely destroyed. 
The writer would like to draw attention to two 
heating curves of these steels, which were ‘| men- 
tioned in a former paper* dealing with this subject. 
These are shown in Fig. 9. It will be observed 
that the curves do not exhibit any marked change 
of slope below 625 deg. Cent., but that between 
| 650 deg. and 730 deg. ‘Cont. there is in both-cases 
a sweep to the right, indicating, under the experi- 
mental conditions chosen, an evolution of heat, 
as shown by the portions of the curve marked with 
a stippled shading. ' 
Attention is also drawn to the abrupt swee 





of complete solution of the constituents. This from right to left between about 812 deg.. and 


appears to be its most important property in this 





rature, Degrees Centigrade. 


low-heat treatment. x 150 


connection. - Various researches 
have shown that tungsten acts as a 
drag in hindering under ordinary 
conditions, and in altogether pre- 
venting under suitably chosen ones, 
changes in tool-steel which would 
have for their result the softening 
of the material and its consequent 
unfitness for tool-steel use. (These 
changes are, of course, these designated by the 
terms Ar 3, Ar2, and: Arl in Section I.) And 
it seems most probable that this is the . prin- 
cipal contribution of the present. high tungsten per- 
centages to the quality of red-hardness. Whether 
or no chromium assists in this is still a matter of 
dispute. The writer’s experiments,* however, 
showing that chromium—at any rate, to the extent 
to which it occurs in high-speed steel, viz., up to 
about 5.5 per cent.—does not retard the transfor- 
mations of pure carbon steel, are borne out by 
M. L. Dumas’t results, and, although challenged, 
have not, so far as he is aware, been disproved, 
It.is a fact of the very greatest interest that 
red - hardness is independent of carbon per- 


Carborn........0-85per cent. 
Chromium..30 . . 
tery..12-5 . ° 
osc) (The Steels were previously heated to 00°C.) 
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833 deg. Cent., indicating an absorption of heat. 


HEATING CURVES OF HIGH STEELS. 





Carbor..___ ..0-55 per cent 
Chromium.....3-§ . ° 
Ti tery...13-§ 


These curves are in remarkable harmony with the 
facts adduced by Mr. Taylor, both as regards the 
heat treatment of the tools and the temperatures at 
which they break down. They show why it is 
perfectly safe to give tools the ‘‘ low heat treat- 
ment ” at 620 deg. Cent. (after being cooled from 
1200 deg. Cent. )—viz., because there is no evidence 
of the heat evolution associated with softening at 
this temperature. They show further that in the 
danger zone found by him between 670 deg. and 
730 deg. Cent. there is a strong heat liberation, 
which is evidently that caused by the softening of 
the tool, coincident with the disappearance of red- 
hardness. They show, finally, why he found that 
above 940 deg. Cent. heat treatment of the tools 





centages between the limits 0.32 and 1.28, for it | was beneficial—viz., because it is known that the 


follows that, at any rate, in high-speed steel, carbon 
cannot be considered to exercise a more important 
function than either chromium or tungsten. It 
certainly does not play the important part in “* red- 
hardness ”’ that it does in ‘‘ hardness.” 

As a result of his studies, Mr. Taylor has con- 
cluded that both metallurgical microscopy and 
accurate pyrometry, in connection with the deter- 
mination of critical ranges, have hitherto been in- 
effective as ‘‘ indices” of the essential quality of 
high-speed steels—red-hardness, and that at the 
present time there is no simple scientific index to 


~ * Journal of the Iron and Steel Institute, 1905; No. 1, 





472. 
PP bid. No. 2, pages 265 and 266. 





absorption of heat between 812 deg and 833 deg. 
Cent. corresponds to the solution of the softened 
constituents in one another, and the formation of 
harder varieties of the material. 
Accordingly it would appear that heating (and 
cooling) curves do afford .usefal information as to 
- hardness, and there seems no reason why 
the method should not be introduced, because a 
tho ly practical og for carrying it 
out—that devised by Mr. Saladint—is on the 
market.. The apparatus is very little trouble to 


“* Journal of the Iron and Steel Institute, vol. i., 1905; 


433 to 473. 
‘ Assoc. Internationale des Methodes d’£esais des 
Materieux de Construction, February 28, 1903. 
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use, for it records autographically, and is especially 
adapted for works practice. It may even be found 
that this method will be capable of giving the 
‘*simple and reliable index” to the red-hardness of 
tools which is so much desired by Mr. Taylor. 
Of course, it may be urged that in actual’ practice 
red - hardness is destroyed by the combined 
effect of high temperature and mechanical stress, 
whereas in the test suggested temperature alone is 
operative ; but this objection seems to be met’ by 
the harmony between Mr. Taylor’s and the writer's 
results that has been already emphasised. ‘i. 


Section IV.—Posstste Future DeveLoPmENts. 


Mr. Taylor has stated his opinion that as regards 
tungsten-chromium steels the limit ‘has probably 
been reached, and that for the future economic 
development of high-speed steel ‘‘it is high] 
desirable that a mixture should be found . . . whic 
shall be much more economical than any of the 
mixtures now used.” With tools run under present 
conditions the scientific reason for this limit has 
been already given—viz., that further additions 
of tungsten and chromium only have the effect of 
increasing the proportion of soft y iron, and thus 
causing a diminution both of hardness and red- 
hardness. It is possible, however, that although 
something approaching to finality in regard to com- 
position may have been reached, yet it may be still 
possible so to vary the working conditions that the 
present best tools may be made even more efficient ; 
and the writer ventures to ~~ forward the following 
suggestion as worth a trial. 

Referring to the curves of Fig. 9, it will be 
observed that the heat absorptions and liberations 
fulfil themselves between about 650 and 850 deg. 
Cent. (Their physical interpretation has just been 
discussed.) If a tool could be kept permanently 
above 900 deg. Cent., it would be above the tem- 
perature range in which softening occurs; and the 
question arises, Would it cut ? and, if so, would it 
be more efficient than under previously realised 
conditions? So far as the writer is aware, the 
mechanical strength and hardness of these alloy 
tools have not been tested at such temperatures ; 
but if it is argued that these will in all probability 
be less than at 600 deg., it must equally be 
admitted that the work, which will be cut at a 
correspondingly higher temperature, will probably 
also be igenes-ag heypenn and softer, so that this 
objection cannot considered as putting the 
suggestion entirely out of court. 

It would not be an easy test to carry out ; but it 
should be possible to arrange a device of heating a 
tool—probably electrically—to 900 to 950deg. Cent., 
and maintaining it there by suitable heat insulation. 
A cutting test carried out under these conditions 
might give interesting results. 

In a paper on the ** Development of High-Speed 
Steel in Germany,”* Mr. Thallner affirms that the 
quality of ferro chrome and ferro-tungsten used in 
its manufacture could be considerably improved. 
and that the tools would benefit accordingly. He 
bewails the fact that the only available ferro- 
chrome and ferro-tungsten have to be obtained 
either from Switzerland or France, and that it has 
hitherto been impossible to persuade the firms 
engaged in this industry to improve their products. 
He has found that pure chromium is unsuitable, 
and that it must be applied in the form of an 
electrically prepared ferro-chrome poor in carbon, 
of which the following isa typical analysis :— 

Carbon, 0.6; manganese, 0.14; silicon ; 0.04; 
chromium, 64.8 per cent. 

Blast-furnace ferro-chromes appear to be quite 
unsuitable. 

Much the same holds as regards ferro tungsten, 
with the further reservation that manganese and 
silicon should be as low as they can possibly be 
made, and that on no account must the carbon 
exceed 0.8 per cent. The vroduct should be pre- 
pred at a very high temperature, as a result of 
which it is well shrunk and compact ; otherwise it 
is porous, contains slag, and gives unsatisfactory 
results. 

Mr. Thalluer claims that in melting the high- 
speod steel mixture, the best products are obtained 
with as high a working temperature, and as short a 
time, as possible, and that the casting temperature 
is better high than low. 

There can be little doubt but that tools of the 
present composition can be made more efficient if 


* Zeitschrift. des Vereines Deutscher Ingenieure. 1906. 
Band 50, pages 1690 1697, 








the methods of subjecting them to the high-heat 
treatment are improved. This applies particularly 
to specially formed tools of high-speed steel, such 
as milling and gear cutters, twist-drills, &c., in 
which the problem consists in heating them evenly 
to the desired temperature without oxidation and 
fusing of the cutting edges. Great progress is being 
made in this direction. K6rting Brothers, Berlin, 
have recently produced an electrically-heated fur- 
nace, in which a bath of fused salt, or salts, can be 
prepared. For the highest temperatures barium 
chloride is used, for lower temperatures a mixture 
of barium and potassium chlorides, giving a work- 
ing range from about 650 to 1300 deg. Cent. In 
such baths tools can be rapidly heated to any 
desired temperature with complete air exclusion, 
and without risk of over-heating. Provided that 
the chlorides are without action on the tools, the 
method appears of great promise. 

‘ With regard to the likelihood of cheaper mix- 
tures replacing those now used in high-speed steel 
manufacture, it does not appear possible to make 
any forecast. At one time molybdenum seemed 
likely to prove a satisfactory substitute for tung- 
sten—its action being about twice as powerful 
weight for weight— but it has been rejected, 
because tools containing it require very accurate 
heat treatment, otherwise they are irregular in 
their properties and liable to crack. Further, it is 
still an expensive element. Vanadium does not 
a r to have been tried to any great extent, but 
although it is per se expensive, it has already been 
shown to produce such remarkably good mecha- 
nical results in steel, even when present in only a 
few fractions of 1 per cent., that it might still 
prove to be an economical ingredient. But what- 
ever changes are made, it does not appear to the 
writer that any clement is as yet known which will 
displace chromium from being an essential consti- 
tuent of high-speed steel. 

The photographs, Figs. 3, 4, 5, 6,7, and 8, and the 
curves in Fig. 9, are reproduced by the courteous 

rmission of the Council of the Iron and Steel 
nstitute, from the writer’s publications already 
referred to. 








THE IRON AND, STEEL INSTITUTE. 

THE opening proceedings of the meeting of the 
Iron and Steel Institute, which was held at the 
Institution of Civil Engineers on Thursday and 
Friday last, the 9th and 10th inst., were described 
in our last issue (see page 624 ante). The only 
vd taken on the first day was that of Mr. Selby 

sigge, dealing with the application of electric power 
to the driving of a reversing rolling-mill. This 
paper we published in full last week. The Council 
have decided that, in order to give more time for 
the discussions, papers are in future to be taken 
as read, a plan to which there are few objections, 
in view of the fact that copies are always available 
a considerable time before the date of the meeting. 
The author, instead of reading his paper, is asked, 
therefore, to give, within a limit of ten minutes, a 
succinct description of its salient features, and 
then to make way for. his critics, friendly or other- 
wise. 

EvectricaLty-Driven Roiiine- MIs. 

Mr. Selby Bigge, in his opening remarks, said 
that as his paper was the first to come under this 
ten-minute rule, he must take special care not to 
be the first delinquent. Referring to the diagrams, 
Figs. 7 to 10, published on page 630 of our last 
issue, he explained that Fig. 7 showed the varia- 
tions in the speed of the roils when operating on 
bars. The right-hand side of these diagrams cor- 
responded, he said, to the commencement of the 
operation of rolling. The speed, it would be seen, in- 
creased up to 120 revolutions per minute during the 
finishing passes. Fig. 8 represented the changes 
in the voltage, which, it would be seen, reproduced 
very accurately the variations in the speed curve. In 
Fig. 9 the fluctuations in the current taken by the 
rolling-mill motors were represented, and it would 
be evident that the amount taken at each pause 
between successive passes was very small. In 
each there was a dip in the current curve, 
which corresponded te a return of energy into the 
mains. This curve was very irregular, but on 
coming to Fig. 10, representing the curve of the 
current supplied by the generator, it would be seen 
that the peaks shown in the curve of motor current 
had all been levelled, giving an almost straight line 
for the current curve, the maximum expenditure of 
energy being at the rate of but 550 kilowatts, which 








was not more than one-ninth to one-tenth of the 
power exerted at the rolls during the period of 
maximum torque. In other words, a mean load of 
1000 kilowatts at the generating station would fur. 
— for a limited time, 10,000 horse-power at the 
rolls. 

Similar diagrams, showing the state of affairs when 
the mill was engaged on the work of rolling 18 in. 
by 7-in. girders, were represented in Figs. 11 to 14, 
page 631 ante. Again it would be seen how com- 
pletely the variations in current through the roll- 
motors were smoothed out at the generating station. 
The output of the latter at the commencement of 
the operation was at the rate of 400 kilowatts, rising 
to 900 kilowatts during the finishing passes. The 
general arrangement of the balancing gear by which 
this result was obtained consisted of a three-phase 
motor, driving two continuous-current generators 
fitted with 26-ton fly-wheels, and designed to run 
ata maximum speed of 360 revolutions per minute. 
The roll-motors took the current from these con- 
tinuous-current dynamos. The excess current 
required during a certain brief period of each pass 
was drawn from the accumulated energy stored in the 
fly-wheels. To render this available, it was necessary 
that they should be allowed to slow down, hence 
the slip of the rotor of the three-phase motor had 
to be increased. This was done automatically by a 
device described in the paper, by which, when 
the current in the roll-motors exceeded a certain 
limit, the resistance of the rotor circuit was in- 
creased by means of a water rheostat. The reversal 
of the motor, it would be seen from the diagrams, 
was very quick, taking but two or three seconds, 
and there was no tendency to race when the metal 
got clear of the rolls. Energy, moreover, was sent 
back into the mains during the process of stopping 
the rolls. In conclusion, speaking on behalf of the 
directorate of the Trzynietz Works, he invited the 
members to visit the plant on the occasion of their 
forthcoming visit to Vienna. 

The discussion was opened by Mr. J. M. Gled- 
hill, who was glad, he said, for the opportunity of 
saying a word on this very important subject ; he 
had been much interested in the very original and 
novel method of driving a rolling-mill described. 
He was, indeed, somewhat depressed at the pro- 
spect, as his firm had some four or five years ago 
laid down a three-cylinder engine of 10,000 horse- 
power to drive an armour-plate mill, which, from 
the paper, was apparently now quite obsolete, and 
should be disposed of to the highest bidder. How- 
ever, after all, the matter was essentially a com- 
mercial one ; and it was rather difficult to believe 
that all the intermediate matter, in the shape of 
generators, motors, controllers, and switch gear, 
would not cost very much more than a direct-driven 
mill. Hence it was not obvious where the economy 
of the process came in, though the curves set 
before them seemed to show that there was some 
economy. ' 

The next speaker was Mr. Kurt Kerlen, who 
said that the author had given a good description 
of the plant at Trzynietz, which had, however, 
already been pretty fully described in Stahl wnd 
Eisen and in the Iron Age. Unfortunately, how- 
ever, the paper contained but few data for an esti- 
mate as to the productiveness of the works. Never- 
theless, it appeared from the author’s statements 
that 20 kilowatt-hours were needed per ton of 
blooms rolled, the elongation in the rolls being, he 
understood, ten to twelvefold. Taking the kilo- 
watt-hour at }d. only, the cost of rolling per ton 
would be 5d. The author had, moreover, claimed 
that the reversing-roll steam-engine was a heavy con- 
sumer of fuel; yetone of the earliest of the compound 
type would do the same amount of rolling with an 
expenditure of only 286 lb. of steam, which, with 
coal at 6s. per ton, would not cost more than 1}d., 
or adding an allowance for wages, depreciation, and 
sinking fund, say 2d. to 24d., as against 5d. by the 
electrical system. Hence, in rolling ingots it would 
appear that the latter could not compete against 
steam, neither could it do so in rolling rails. He 
understood that 18-ton ingots were rolled down at 
these works into rails weighing 31 lb. per foot in one 
hour, the elongation being 26.4 tol. The power 
taken was 1000 kilowatt-hours, as measured at the 
dynamo of the balancing gear, corresponding to 1110 
kilowatt-hours at the generating station. The work 
required was therefore 65 kilowatts-hours per ton. 
The generating plant was economical ; but, even so, 
it would seem that 1080 lb. of steam were required 
for each ton of railsrolled. An early tandem revers- 
ing engine, on the other hand, rolling rails of 16.1 lb. 
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per foot, corresponding to a forty-fold elongation of 
the ingot, took 1224 lb. of steam, and on rails 
weighing 31 lb. per foot would take but 935 lb. 
With more modern engines still better results were 
obtained. In these calculations the cost of plant 
had been left out of account. That at Trzynietz 
cost, he believed, 20,0001., exclusive of the turbo- 
generator. The latter would of itself cost as much 
as a reversing rolling-mill steam-engine, so that the 
latter had further an economy of 20,000/. in first 
cost. It followed, therefore, that, making due 
allowance for interest and depreciation, the elec- 
trical plant, to show a saving, should not only do 
the work of rolling, but , instead of taking 
steam, should —— generate 313 lb. of it for 
each ton of rails rolled. 

Mr. A. Cooper, who spoke next, said that 
there were two kinds of rolling-mill in general 
use—viz., the three-high and the reversing mill. 
The former was undoubtedly the more economical 
of fuel, whilst the reversing mill was most extrava- 
gant in this regard, but was, nevertheless, generally 
preferred for its simplicity and reliability, as it 
would run, week in week out, from Monday to 
Saturday without ever giving trouble.. If the 
question as to economy could be satisfactorily 
answered, the plant described by Mr. Bigge would 
deserve favourable consideration, as it appeared to 
combine the advantages of the three-high and the 
reversing rolls, the balancing gear acting as a sort 
of elastic coupling between the generator and the 
rolls. 

Mr. Walter Dixon, of Glasgow, followed, remark- 
ing that he had only received a copy ofthe paper 
that morning. He had, however, had the balancing 
system described at work for some time, though 
not in a rolling-mill. For some time past there had 
been a marked tendency in steel-work practice to sub- 
stitute continuous processes for intermittent ones, 
and he considered the apparatus described by Mr. 
Bigge to be a step in the same direction. With the 
usual system of intermittent working a large storage 
of power was required, which was provided by a 
large battery of boilers. The question was, therefore, 
Could this system be turned into one in which the 
boiler and engine plant worked continuously instead 
of intermittently ? In other words, 10,000 horse- 
power being required intermittently at the mill, could 
this be supplied by 2500 horse-power, say, running 
pret en ? From his own experience, he thought 
the answer was in the affirmative, and that a mill 
taking 20,000 horse-power could be operated from 
generating plant yielding 4000 to 5000 horse-power 
at most. Hence, instead of twenty boilers, say, 
three would be needed, but these would be working 
at their full output the whole time. Everything Mr. 
Bigge had said as to the easy control of the plant he 
could confirm. It was, in fact, as simple to control 
the 10,000 horse-power as it was 50 horse-power on a 
tramway. Onthe principle that the only thing worse 
than a flute solo was a flute duet, he thought that 
the many motors required might be a drawback 
from the steel-works point of view. All knew the 
troubles which might arise from one motor, and, 
with the plant described, the case was complicated by 
the presence of six. He did not think, therefore, 
that the system was suited to all works, and in this 
country we had our own methods, and it might be 
better for us to keep on using an unwise thing 
wisely, than to adopt unwisely a wise thing. 

Mr. Robert Hammond followed, saying that, as 
an electrical engineer, he had been much interested 
in the paper, and felt convinced that if, as indi- 
cated, the boiler-power could be reduced in the 
ratio of 20 to 3, the inventors of the system had 
accomplished a very great feat. Several of the 
previous speakers, he thought, had overlooked the 
fundamental features of the scheme. Surely if a 
1000-horse-power plant could provide an occasional 
10,000 horse-power, there must be economy ? Elec- 
trical engineers had long discovered the importance 
of the load factor; and that if they could run con- 
stantly at full load, their costs were greatly reduced. 
The whole question turned on whether, in the case 
under consideration, the fuel economy was over- 
balanced by the additional capital expenditure. 
When he first heard of the system, and that a load of 
10.000 horse-power was taken with but 1000 horse- 
power at the generator, he had received the state- 
ment with som incredulity, but the fact was that 
this high load was only wanted for a very short 
time. The peak, in fact, could never last for more 
than one-tenth the whole period of the cycle of 
operations. He did not like some of the mecha- 
nical features of the plant, such as the liquid 





rheostat, and thought it would have been better to 
transform from the three-phase current direct into 
continuous current by a machine specially built for 
the work to be done. 

Mr. J. H. Harrison was the next speaker, and 
confessed that he had not read the paper, but he 
supposed that the writer really had in mind the fact 
that with this system the rolls could be driven by 
the power provided by blast-furnace gases. If with 
steam-driven generator plant the cost of the system 
of driving the rolls electrically was anywhere near 
that of doing so direct, then with blast-furnace- 

-driven | gs a saving must be assured. He 
ad, indeed, seen another plant running on a 
different system, in which the whole of the power 
for driving the rolls was obtained from electric 
generators thus driven. The essential feature of 
the paper was therefore, he considered, that by the 
system advocated the fuel cost was nil, the high 
peak of the rolling-mill no longer presenting any 
difficulty. 

Mr. Arthur W. Richards spoke next, and expressed 
his desire to pay a tribute to the designers of the 
—_ who, as pioneers in this matter of the electric 

iving of reversing rolls, might justly be proud of 
their work. A satisfactory solution of this pro- 
blem had long seemed almost beyond hope. There 
were, however, a few features open to criticism. 
He had been struck, for instance, at the slowness 
with which the cogging-mill worked, though, on 
the other hand, the finishing-mill ran very fast. In 
the present case the slowness of the cogging-mill 
was not a serious matter, as the output required 
was only 150 tons per shift, but in works finishing 
four times this quantity it would be a great draw- 
back. He had been told that the cogging-mill could 
be driven faster, and had asked to see it done; but 
his wish had not been gratified. Another point that 
struck him was the great space occupied by the fly- 
wheel motors. He had paced the distance, and 
found the length from end to end to be 55 ft., 
without any allowance for a passage at each end, 
so that a total length of 60 ft. would be needed. 
This great length might not be a serious matter in 
new works, but in old ones, where the existing 
engines only took up half the length, there would 
be a difficulty in adopting the system proposed. An 
economy in cost was claimed, but evidently an 
immense capital expenditure had been incurred. 
It was said that by the adoption of the system the 
number of boilers in the works had been cut down 
from fifty-four to seventeen, but he had not been 
allowed to see these boilers. After all, the total 

lant comprised only two blast-furnaces, a Bessemer 

ouse, and the mills, and the number of boilers 
stated was very large for so small a plant. With a 
view to getting some more definite information, he 
would ask the author to say how much less coal 
was now used as compared with the previous 
conditions. 

Mr. A. T. Tannett Walker, the next speaker, re- 
marked that there were two kinds of steel works— 
one having blast-furnaces, and the other without. 
He believed Mr. Gledhill’s works to be in the latter 
position, and would advise him, accordingly, to stick 
to his three-cylinder engine. He had been much 
struck by the enormous cut made in the boiler 
power, it being stated that only eight boilers were re- 
quired for the whole electrical plant. Even if these 
were rated at the exceptional figure of 500 horse- 

wer apiece, this would only give a total of 4000 

orse-power, yet the load at times amounted to 
10,000 horse-power. It was obvious, therefore, as 
Mr. Hammond had pointed out, that this extreme 
demand ould only last a very short time. 

Mr. F. W. Paul, who followed, said that he felt 
that they would not be driving in the right direction 
if they discussed this paper solely from the point of 
view of the pounds of steam required per ton of 
steel rolled. Stoppages were inherent in the kind 
of work done by the'rolls, and one knew very well 
that steel-works power ows were not constantly 
working at full load, and their boilers were therefore 
idle. The whole question as to the advisability of 
the system turned, therefore, on the point as to 
whether it would not be possible by grouping and 
systematising the work to greatly improve the load- 
factor of a works. 

The next speaker was Mr. M. A. Lamberton, who 
said that he felt a difficulty in following so many prior 
speakers, but all agreed that the final question was 
a purely commercial one. He himself did not think 
that steel-makers would entertain a transformation 
which would apparently involve them in a rolling 
cost double that at which they could now do the 


work. The paper was deficient in data as to the 
expenditure involved, but he understood that the 
plant had cost 30,000/., exclusive of the mill itself, 
and this was quite double the cost of a double re- 
versing steam-engine of the best type. Mr. Biggo 
had, at the end of his paper, claimed a number of 
advantages for the system ; amongst others, an in- 
creased output; but the diagrams given seemed to 
show a more rapid reversal of the rolls with steam 
than with electric driving. He further claimed a 
lessened cost of output, owing to the more regular 
torque ; but as — to reversing-mills this claim 
seemed unfounded. In the next place, a claim was 
made for absolute control over the power and cost. 
which was impossible with steam; but the woid 
‘‘control” should really be ‘‘record.” Again, a reduc- 
tion in power was claimed, but this, again, could not 
be admitted. However the rolls were driven, the 
total power remained the same, and it was this that 
touched the pocket. A previous speaker, Mr. 
Kurt Kerlen, had given 286 lb. of steam as the 
amount needed to roll a ton of steel, and he himself 
made it 316 lb. ; but even so, the cost of rolling 
ceeds | steam was one-half that. required by the 
electrical system described . by Mr.. Bigge. Ho 
admired the bounding hopefulness with which the 
author had oneal the view that. steel-works 
managers would discover other advantages of the 
system besides those enumerated in his paper ; but 
that discussion would have shown him that there 
was another side to the question, and that the 
method had also its disadvantages. Again, when 
he spoke of a rolling cost of 5d. per ton, this 
appeared to be a mere estimate, yet the plant had 
been running nine months, and actual figures 
should now be available. 

Mr. Chas. H. Merz, in continuing the discussion, 
said he had seen the plant in question, and considered 
that a thorough mechanical job had been made of it, 
and that the repair bill of the plant would be very 
moderate. It should further be remembered that 
ve was in general more adaptable than 
steam. In railway work accelerations were thus 
obtained which were im ible with steam, the 
power with that agent being limited by the size of 
the cylinder. It had been rightly stated that the 
system under consideration did not alter the total 
power taken, but merely levelled the peaks, and 
thus improved the load-factor. The blowing-engines 
of a blast-furnace provided almost the only case of a 
load-factor of 100 per cent., whilst at selling. mills 
it did not seem possible that better than 60 per 
cent. was obtainable. It had been suggested that 
the economy of the system would be found in using 
blast-furnace gas to supply the power ; but even so, 
the 60 per cent. load-factor would make it necessary 
to increase the capital expenditure in the ratio of 10 
to 6 as compared with what would be possible with 
a 100 per cent. factor. In the North of England 
they were working with a view to improving this 
load-factor by supplying power to different works, 
and thus equalising matters, and even now a large 
amount of energy was pumped into the mains at 
100 per cent. load-factor. 

Mr. Selby Bigge, in reply, remarked that, as the 
time was so advanced, he would deal with the discue- 
sion fully in writing. He had been unable to give 
the actual costs of operation asked for, as these 
had been reserved for the approaching meeting of 
the German Society of Engineers, and he was not 
permitted to anticipate the publication there. He 
would, however, prepare a supplementary note for 
reading at the Vienna meeting which would contain 
convincing and conclusive figures derived from 
actual practice. 


Tae Meetine on Faipay, May 10. 


The proceedings on Friday last were commenced 
by the reading of the report of the Committee to 
whom the award of the Carnegie scholarships had 
been entrusted. The report stated that the re- 
searches made had been carefully investigated, but 
that the Committee were unable to recommend the 
award this year of a gold medal. Nevertheless, 
they had decided to give silver commemorative 
medals to Mr. E. F. Law, Assoc. R.S.M., and Dr. 
O. Stutzer, Ph.D., Professor of Geology at Frei- 
berg. The papers by Messrs. P. Breuil (Paris), 
Dr. Guillet (Paris), and W. H. Hatfield (Sheffield) 
were also considered of sufficient merit to justify 
the publication of them in full. Scholarships of 


a value of 1001. each had, moreover, been awarded 
to the following gentlemen :—Mr. ©, A. Edwards 
(Horwich), Mr. J. A. M. Friend (Germany), Mr. D. 





M. Levy (Bradford), Mr. A. M. Portevin (France), 
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and others of 501. each to Messrs. A. K. F. Hiort, Norway, 
and B. Saklatwalla, India and Germany. 
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At the conclusion of this report the President, Sir Hugh 
Bell, called on Mr. Arthur 
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description of his paper on ‘‘Steel-Making from High 
Silicon Phosphoric Piz Iron by the Basic Bessemer Pro- 
cess.” In Mr. Richards’s paper a process is described by 
which ordinary grey Cleveland pig can be converted direct 
into steel by the basic mer process without the 
addition of any foreign ores. The converter receives first 
a charge of iron oxide, with or without a small proportion 
of lime ; on to this is then poured molten Cleveland grey 
iron, containing little sulphur, but from 1.5 to 3 per cent. 
of silica. The metal is blown until all the silica is oxidised, 
and the very. fluid siliceous slag then in the converter 1s 
immediately poured away and the blow continued. This 
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. Richards to give a short | pouring off of the siliceous slag, as soon as it is fluid 
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in question a better yield of iron was obtained from 
the ore than by the customary method of working, 
whilst the cost was lowered, and the resulting steel 
was absolutely uniform in character. 

The discussion was opened by Professor Thomas 
Turner, who stated that he could not speak on the 
matter with special knowledge, as he had not seen the 
process in operation, but it appeared to be a matter 
of great interest, and had apparently solved a stand- 
ing difficulty in the way of the basic process. The 
fact that no addition of manganese to the pig was 
eee and ol it was yeoman , indeed, to 
produce a 8 asic pig, appeared very impor- 
tant. The addition of the iron oxide to the con- 
verter was very interesting, and accounted for the 
increased yield, since in the ordinary system of 
Bessemer operation there was a considerable loss 
of iron from the fact that the oxide n for 
the purpose of purification had to be aa from the 
metal itself. The diminution of waste thus effected 
by the new method appeared to him a very impor- 
tant point. He might add that a somewhat similar 
process had been tried with some success in South 
Staffordshire some time ago, but the experiments 
were only of a tentative character, and did not 
extend over any considerable length of time. 

Mr. A.’ Cooper, who spoke next, said that he 
had seen the process in operation at the works of 
Messrs. Bolckow, Vaughan, and Co., and, in 
consequence, had tried it at the North-Eastern 
Steel Works, but regretted to say that this trial 
had not led him to the same conclusions as the 
author. This was perhaps due, in the first place, 
to the fact that Messrs. Bolckow, Vaughan, and 
Co. had a large field of Cleveland ironstone at 
their back-door, so to speak, whilst his company 
had to buy ore, and, moreover, their converting 
plant was much less extensive, and consequently 
the delays which arose in carrying out the process 
were a more serious matter tou them. As a result, 
they found that whilst they could produce a fairly 
good steel on the system of working described, 
they got better results, and at a cheaper rate, by 
using a regular basic pig containing manganese. 
IIe quite agrecd with Mr. A. W. Richards, 
that it was possible to keep the phosphorus 
in the pig at 14 per cent. within a limit of + 0.05 
nd cent. This was a most important matter, 

ecause it was impossible to make good steel 
if the phosphorus was one minute 14 per cent. 
and the next 3 per cent.; but it was quite as 
easy to keep the phosphorus constant within the 
limit stated, even if the total amount was 2 per 
cent. or 3 per cent. in place of 14 percent. Mr. 
A. W. Richards further suggested that the lower 
the phosphorus content the easier the process was 
to conduct ; but on this point he was at issue with 
him, it being, in his opinion, quite as easy to work 
with 24 per cent. phosphorus as with 1} per cent. 

The discussion was continued by Mr. Vaughan 
Hughes, who hoped that the author would give in 
the Journal details of the analyses and tests of the 
finished steel. 

Mr. P. C. Gilchrist, who followed, said he 
had no doubt as to the frequent pouring of the 
slag being the correct thing, but there were some 
difficulties in carrying this out. He was himself 
of opinion that in the future basic steel would be 
made by the open-hearth process rather than in the 
Bessemer converter, in which case it was easier to 
get rid of the slag. . 

Mr. E. H. Saniter spoke next, remarking that 
he was glad to have confirmed by the author the 
opinion which he had held for many years, that 
manganese was unnecessary in the manufacture of 
basic steel. He had found no improvement from 
the use of it in making open-hearth steel, and he 
was glad to learn from the author’s paper that it 
was also possible to do without it in the basic 
Bessemer process. This fact had a special im- 
portance in that it rende-ed it possible to make 
good basic steel from British ores. 

The next speaker, Mr. Edward Riley, remarked | 
that numerous experiments had shown that with | 
pure ores and pure fuel it was unnecessary to add 
manganese to the charge ; but the metal in ques- 
tion was a kind of physic which made it possible to 
make good steel out of impure raw materials. He 
had had some experience with a Swedish iron 
intended for nail-makirg. which was free from 
manganese, but, being made from a very pure ore 


it would be unsafe to conclude without further evi- 
dence that a satisfactory structural steel could be 
made in the same manner. In the ordinary basic 
Bessemer process the absence of manganese at the 
end of the blow did certainly often lead to the 
production of a brittle metal. 

Mr. T. Twynam, who followed, said that from the 
analysis given the slag contained about 51 per cent. 
of lime, which apparently came from the lining of 
the converter, and, if so, the loss would be very 
considerable. 

The next speaker was Mr. J. Adamson, who 
thought that the author's claim of less oxidation in 
the process was badly phrased, and that the real 
point was that there was a larger yield. - He also 
questioned whether the claim was justified that the 
small wear of the linings was due to the low tem- 
perature, and thought it more likely to be attribut- 
able to the very small percentage of iron in the slag, 
as he had found that the linings were cut even at 
low temperatures, if the slag contained much iron. 

Mr. Greville Jones, who spoke next, remarked 
that a valuable feature of the process was that the 
pig made was suitable either for working up into 
steel or for the market, being a grey iron. hen 
ordinary basic pig was produced, the make at each 
week end had to go to the beds and be remelted, 
at a cost of 5s. per ton, whereas the pig made by 
the process described could be sold for foundry 
purposes. 

In reply, Mr. Arthur W. Richards stated that 
he would deal fully in writing with the various 

ints raised. In the meantime he would say that 

r. Cooper’s experience, that the process was more 
costly than the ordinary process, did not agree 
with his own, as there was actually an enormous 
economy in making a grey iron high in silica and 
low in phosphorus and manganese. The high 
contents of manganese and phosphorus in ordinary 
basic pig were expensive to put in, and expensive 
to take out again. At one time he was in- 
clined to agree with Mr. Gilchrist that the future 
of the basic process lay with the open hearth, but 
with his experience of the process described he had 
come to the conclusion that the basic Bessemer 
ee had still a long life before it. Mr. Jones 

ad pointed out that the pig made was equally 
suitable for the steel works or for the market, and, as 
a matter of fact, the whole of their week-end make 
was marketed, whereas on the old system they 
had 1000 or 1500 tons to melt down every week in 
cupolas, which were now abandoned. 


Sreez-Makrixc From Pic Containinc CHROMIUM, 
Cosatt, AND NICKEL. 


Mr. Arthur W. Richards next introduced his 
second paper, on ‘‘A Method of Producing High- 
Class Steel from Pig Iron Containing Chromium, 
Nickel, and Cobalt.” We shall publish this paper 
in an early issue. The ore used in the process 
described by Mr. Richards contained 45.69 per 
cent. of iron, 2.35 per cent. of chromium, and 0.9 
per cent. of cobalt and nickel combined. The pi 
produced from it contained 1.75 per cent. of nickel 
and cobalt combined, 4 per cent. of chromium, 
and 0.4 per cent. of silicon. The difficulty of 
converting this into steel arose from the pre- 
sence of the chromium. It was, however, suc- 
cessfully accomplished on a basic hearth provided 
with notches, through which the slags containing 
the chromium were raked out as they formed, the 
slag being thus removed in four successive opera- 
tions. e steel finally produced contained about 
1.75 per cent. of nickel, 0.25 per cent. of cobalt, 
and 0.3 per cent. of chromium, whilst the carbon 
might range from 0.50 to 0.70 per cent. It has 
remarkable physical propeities. It was not, Mr. 
Richards said, easy to put down in writing exactly 


‘what tests the steels withstood, and he had there- 


fore brought to the room some samples showing the 
materials after test. The piece he had on the 
table was part of a tramway rail 7 in high, with a 
flange 7 in. wide. It had withstood twenty-five 
blows from a tup 1 ton in weight, falling 25 ft. 
The first crack did not appear till the thirteenth 
blow, and the rail was not completely broken up 
at the twenty-fifth blow. 

The discussion was opened by Mr. E. H. Saniter, 
who expressed himself pleased at the author having 
adopted the speaker’s method of desulphurisation. 
He thought that the frequent removal of the slag, 





free from phosphorus, worked perfectly. 

Mr. F. W. Paul, who continued the discussion, 
said that he rather gathered from the 
the steel was used for rail-making, an 


per that| overcome these. 
therefore | tive tests tabulated, the elastic limits and ultimate 


described as necessary, pon difficulties, but 
perhaps the adoption of a tilting furnace would 
With respect to the compara- 


strengths of the three steels were not given. In 
all probability these were higher for the nickel- 
chrome steel than for the others ; and unless the 
stresses to which the specimens were subjected 
were made proportional to these properties, those 
with low elastic limits would naturally fail first. 

The next speaker was Mr. Vaughan Hughes, who 
said that some years ago it had been his lot to con- 
duct many experiments on armour-piercing shells, 
and one of the compositions used was very similar 
to that described in the author's paper as giving 
such excellent results; the principal difference 
being that the carbon was 1 per cent. in place of 
0.5 per cent. 

r. J. Henderson, of Thornaby, followed, saying 
that during the past year hematite-makers had been 
offered a Greek ore containing 2 per cent. of 
chromium, and he would be glad to know whether 
a pig containing, say, 5 per cent. of this metal 
could be worked in the open acid hearth fairly 
easily, as, if this were possible, large quantities of 
ore in Greece now unused would become available 
for steel-making. 

Mr. E. P. Gilchrist, the next speaker, hoped 
that the author would provide a sketch of the 
furnace, showing how it was possible to draw off 
the slag four or five times. Many had tried to do 
this, including himself, and had failed. The author, 
he continued, seemed to have produced a very 
beautiful material, very suitable for use where large 
masses were required. For small work, however, 
such as a bicycle axle, steel was, he thought, a bad 
thing, an axle of this metal having broken under 
him. He had had this replaced by one of Low- 
Moor iron, and would ask if it was not a fact that 
the builders of large steam-engines did not use 
this iron in preference to steel for axles and shafts. 

The discussion was continued by Mr. A. Cooper, 
who said that from an experience of his own thirty 
years ago he could confirm much of what Mr. Arthur 
W. Richards had stated in his paper. At the 
period named some pig from Tasmania, containing 
6.2 per cent. of chromium, was brought to Sheffield, 
and the task of working it up came on the speaker's 
shoulders. He made up a charge accordingly, con- 
sisting of one-quarter of this pig, and got a steel 
with 0.24 per cent. carbon, 0.87 per cent. chromium, 
and 1.2 per cent. manganese, which was rolled into 
rails. It had been confidently predicted that these 
would prove brittle, but, on the contrary, they 
gave such extraordinary results that the remainder 
of the pig was kept as a stand-by for use on special 
work, and he had been enab!ed on many occasions 
to meet the tests called for by merely adding a 
little of this Tasmanian pig to the charge. 

Mr. Edward Riley followed, saying tbat he could 
give some further information as to this Tasmanian 
pig. About 2000 tons of it were brought to this 
country in 1877, and he himself had tried to use it 
in the puddling furnace, but the oxide of chromium 
stayed in the iron, and was rolled out with it into 
the bar, producing flaws. He had, therefore, brought 
it to Mr. Cooper, who bought the whole, he be- 
lieved, at a very low price. The metal in question 
was a white iron, containing about 0.2 per cent. of 
sulphur. 

The next speaker was Mr. C. E. Stromeyer, who 
said that he had tested one sample of chromium. steel 
which, when first rolled, withstood excellent tests, 
but twelve weeks later proved very brittle, being 
then, indeed, one of the most brittle specimens he 
had met with. It would seem, therefore, that in 
some cases chromium steel deteriorated with time. 

Mr. I. Lester said that he could give some 
further particulars as to the Tasmanian pig referred 
to, as his father had got some to experiment with. 
This stood in the stock record year after year. It 
proved so hard at the pig-breaker that it was 
known as the ‘‘ Tasmanian devil,” and it could not 
Le puddled. A few years later a little was tried 
for stecl-making on the basic process, but the 
reactions involved were at that time little under- 
stood, and the results were not satisfactory. Mr. 
Arthur W. Richards appeared, however, to have 
introduced a most valuable process for working up 
such ores, but improvement was still desirable 
so as to get rid of the present necessity of 
raking out the slag with rabbles. It was note- 
worthy that the chromium, cobalt, and nickel were 
not added to the metal at some stage or other 
of the process, but were contained in the ore. 
It seemed that rolls of this metal had proved 
superior to the ordinary kind ; but he presumed 
the latter did not come from Staffordshire, which 





would account for the superiority of the steel roll. 























May 17, 1907. | 


ENGINEERING. 





639 








Mr. Jamés Daffield rose next, and stated that he 
could confirm the superior results obtainable with 
chromium. He had made some 8 million tons of 
Bessemer steel, and some of the very best contained 
from 2 to 24 per cent. of this metal. 

In reply, Mr. Richards said that it was most 
important to remove the slag quickly. If this were 
not done at once, it could not be done at all. He was 
surprised at Mr. Saniter’s claim that his process 
was used for the removal of the sulphur, since he 
had understood that that gentleman used chloride 
of calcium, and not the fluoride. He would be 
pleased to give in the Journal a sketch. of the fur- 
nace, as requested by Mr. Gilchrist. Two slag 
notches were used, which were stopped up with 
loose dolomite, and on removing these stoppers the 
slag was ete out by the workmen with hooks. 
As regarded the reliability of the material, he had 
been much troubled with the breakage of axles on 
transfer-cars ; but on substituting the metal: de- 
scribed there had not been a single failure. With 
respect to Mr. Stromeyer’s remarks as toa possible 
deterioration of the metal with age, he could say 
that some which had™been two years in stock 
proved as good as ever when re-tested. Coming 
to the question of the steel rolls, a pair of these 
had already outlasted ten pairs of ordinary rolls, 
some of which had come from Staffordshire. 5: 


Tue Visit TO VIENNA. 


At the conclusion of. the discussion on Mr. 
Arthur Windsor Richards’s second paper, Sir Hugh 
Bell called upon Mr. Kestranek, the chairmaa of 
the executive committee of Austrian Ironmasters, 
who are arranging the programme for the approach- 
ing visit of the Institute to Vienna. With a 
diffidence as to his English which he immediately 
showed to be totally unnecessary, Mr. Kestranek 
asked that the particulars of the provisional pro- 
gramme might be read out by Mr. Bennett H. 
Brough, which was accordingly done. 

The executive Reception Committee consists of 
Herr Zentraldirektor Kestranek as president, with 
Max Ritter von Guttmann as vice-president, and 
the committee comprises,’ in addition to these 
gentlemen, Herr R, von Schoeller, Baron Giiptner 
von Jonstorff, Anton Ritter von Kerpely, Herren 
Schuster, and Hugo von Noot, whilst-Dr. Eugen 
Herz is acting as secretary. So far as at present 
arranged there will be business meetings on the 
mornings of September 23 and 24, the afternoons 
being occupied by visits to places of interest’ in 
the neighbourhood of Vienna. On one evening 
there will be a gala performance at the opera, on 
the next a féte in the Wallenstein Gardens, and on 
a third evening a banquet. At the conclusion of 
the meeting visits will be arranged to Bohemia, 
Styria, Wilkowitz, and possibly to Techen. 


Tae Use or Steam 1n._Gas-Propucers. 


Professor W. A. Bone then,gave a short summary 
of the paper on ‘*The Use of Steam in Gas-Producer 
Practice,” prepared by himsélf in conjunction with 
Mr. R. V. Wheeler. This paper we print in full 
in our present issue. Professor Bone, in his open- 
ing remarks, explained that this paper was to be 
considered a preliminary one, being the first of 
series which they hoped to prepare on the pro- 
duction and working of gas for industrial purposes. 
The conclusions stated were, he believed, valid for 
the particular conditions of working investigated, 
but might not apply in other cases without modifi 
cation. There was, he knew, a divergence of opinion 
as to the use of steam in producers with respect 
to its effect on the efficiency, and he hoped the 
ensuing discussion would throw further light on 
this matter; whilst later he trusted, from further 
experiments, to be able to Jay down definite con- 
clusions. Each of the trials dealt with in the 
paper lasted over a week, and the gas was used 
for the regular work of the establishment. Though 
a Mond producer was used in the experiments, the 
authors disclaimed any suggestion that they were 
inquiring into the efficiency of the Mond system, 
as many of the tests they had carried out were 
not made in normal conditions of working. As to 
the term ‘‘ efficiency,” this was often used somewhat 
i but as employed by them it meant the 
ratio 

_2vailable energy of gas 
original energy in the coal’ 

With ouening saturation of the blast, the 
average quality of the gas supplied by the pro- 
ducer fell off, the proportion of CO diminishing, 
and that of H increasing ; but this was partly com- 


*--| the usefulness of the gas for furnace purposes with- 


ponsated for by an increased yield. The net 
calorific value of the carbon monoxide was 86 
kilogramme centigrade units per cubic foot, and of 
the hydrogen 73 units, the former having an advan- 
tage on this head of 18 per cent. It was not, however, 
enough to compare calorific values in this fashion, 
as in actual fact the lower value of h en was 
accentuated by its mode of combustion, which was 
greatly affected by the presence of hot surfaces. 

The first speaker was Mr. R. Armitage, who 
stated that he had put up a Mond plant some 
years ago, and had now run it for six or seven years. 
He thought that the authors’ interpretation of their 
results was not always obvious from their paper. 
By adding steam to the blast a more continuous 
working of the producer ‘was possible, owing to the 
consequent absence of clinker;. but with coal of ex- 
ceptional quality, small and clean, steam was not 
necessary. Under the conditions of the authors’ 
experiments the producer was very lightly loaded, 
the average over the whole twenty-four hours 
not being more than half: the : full load,’ whilst 
the coal was washed nuts : containing only 3.8 
per cent. of ash. : These conditions were far from 
normal, and hence the observations made were 
no guarantee that the plant. could be success- 
fully run with the same small steam supply on an 
average of a three-fourths of the: full ed -con- 
tinued over the whole: twenty-four.hours. Le 
noted that as much*clinker as: ashes were drawn 
during the trials, and the fact that the pressure in- 
creased towards the end of the latter rather indicated 
the producer was being clinkered.up.. With any 
of the slacks used at Farnley, where the ‘average 
load was 75 per cent., he was certain, if the 
steam supply was reduced to correspond with air 
saturated at 60 deg. Cent., that the plant would 
quickly be shut down by the formation of clinker. 
In any particular case the best saturation tempera- 
ture to work at must be determined by actual trial. 
The matter of superheat was a very important one, 
and it should not be used unless the heat was to be 
regenerated on the Mond system. With the regene- 
rator in use, air saturated at 85 deg. Cent. was the 
best for use in the producer; but if no regeneration 
was attempted, as in the authors’ case, a lower 
saturation temperature would be more economical. 
The efficiency given in the paper was therefore that 
of the producer, and not ofthe plant. The towers 
used were designed for dealing with.the gases 
derived from a consumption of 150 tons of coal per 
day, whilst less than this output was obtained in-a 
week in the experiments described in the paper, so 
that the radiation losses were disproportionately 
high. In the same way the washer was capable of 
doing very much more: work than it was called 
on to do.. The most surprising feature of the 
paper, however, was: the attempt made to gauge 


out first coolitig it. * 1t was claimed that. in furnace 
work this omission was‘ adyantageous, since the 
tarry vapours then remaining in the gas made the 
flame luminous. But surely in such conditions the 
gas would also carry with it so large a quantity of 
steam as to make valid comparisons impossible. As 
the saturation temperature of the blast rose, greater 
and greater quantities of steam got through to the 
furnace unchanged. The authors’ figures showed 
that with increasing quantities of steam the tem- 
perature of the gas mains rose from 65 deg. to 
120 deg., with the natural result that in the latter 
condition the furnace was flooded with undecom- 
posed steam. The presence of the tar was itself 
an indication that steam was present in quantity, as 
a very little washing would remove both. At 
82 deg. Cent. gas saturated with steam consisted 
practically of half steam and half gas, so that where 
the authors stated that the gas contained 42 per cent. 
of combustible constituents there were really only 





about 21 per cent. of ‘these present. As a matter 
of fact, Mond gas rich in hydrogen was excellent 
for furnace purposes, but it must be cooled before 
use. “Again, the authors had suggested that. am- 
monia recovery was the main object of the Mond 
plant, but nowadays the ammonia was a by-product, 
and the gas the first consideration. 

The next speaker, Mr. Axel Sahlin, said that, as 
a builder of gas-producers, the paper had a special 
interest for him.~ Bit by bit the producer had been 
improved, steam was added to prevent the formation 
of clinker, and carefully adjusted in due proportion 
to the air, whilst thermometers and pyrometers and 
other instruments were provided with which to con- 
trol the working of the apparatus. Withal, however, 


working still remained dependent on the personal 
equation. During the past twelve months he had 
put down producers at the raté of one a day, and in 

eneral he must say they were well looked after ; 

ut there were still instances of the old practice of 
letting them look after themselves, and then un- 
satisfactory results were obtained. He thought, 
therefore, that papers such as that under discussion 
were most valuable, as they showed how dependent 
good results were on provision of proper attention. 

The discussion was continued by Mr. B. H. 
Thwaite, who said he could thoroughly endorse the 
remarks of the last speaker, and he agreed with him 
in considering the paper of great practical value, 
and he trusted other professors would follow up a 
similar line of investigation, . For power purposcs 
he thought the gas should contain 30 to 32 per cent. 
of CO, and not more than 7. per cent. of hydrogen, 
the ideal gas for this purpose being blast-furnace 
gas. He considered the authors’ method of esti- 
mating the efficiency as quite correct, but would be 
glad to have figures as to the cost of the plant 
reckoned on the basis of its gas capacity, and also 
whether the engines worked well when the pro- 
portion of H.was reduced.. For a weekly coal con- 
sumption of less than 150 tons he considered that 
a by-product plant was out of place. . 

Mr. A. H. Lymn, who followed, said that the last 
speaker had asserted that an ideal gas for power 
purposes shouid not contain more than 7 per cent. 
of hydrogen. With this he could by no means 
agree, as there were many engines running most 
satisfactorily on Mond gas containing from 25 to 28 
per cent. of hydrogen, and in one—no doubt not a 
very large engine, since it was rated at 150 brake 
horse-power—the compression was over 200 lb. per 

uare inch, and there had, even so, been no trouble 
with pre-ignition. Moreover, coke-oven gas had 
been ae y used for driving gas-engines. Messrs. 
Ehrhardt and Sehmer had engines of 600 and 1200 
horse-power running on this, and were now putting 
down two rated at 3000 brake horse power each, 
to run on coke-oven gas containing 54 per cent. of 
hydrogen. The only objection to hydrogen was 
the difference between its gross and its net calorifio 
value. In speaking of .Mond gas, the authors 
were apparently thinking entirely of the plant 

rovided when the ammonia was to be recovered ; 
ut Mond plant was also supplied without these 
accessories, and was .then worked with much 
less steam. Dr. Mond had, however, never made 
the statement (attributed to him by the authors) 
that io his plant the quality of the gas was of 
secon importance, and from the outset the gas 
made had been used for furnace purposes. Tarry 
luminosity was quite unnecessary in furnace prac- 
tice, as the men soon learned to. judge the flame 
without this aid; and consequently, if much steam 
was used in the producer, there should be no great 
differentiation between gas for power and for heat- 
ing furnaces, the only difference being that in the 
former.the last traces of tar should be removed. 
Taking the series.of experiments in the paper from 
1 to 5, it would be seen that in the first experiment 
0.06 lb. of steam was into the producer for 
évery 1-lb.-of coal gasified, whilst in No. 5 the 
quantity was 0.93 lb. of steam per pound of coal. 
Obviously the whole of this, under the conditions 
of the experiment, would pass into the furnace, 
and. hence no wonder poor results were obtained 
with the larger quantities of steam. It had long 
been known that when much steam was passed into 
the producer, this must be removed before it reached 
the furnace, and it was difficult to understand 
why the authors worked the plant in such an 
abnormal. fashion as they had done. He noted 
that 6 per cent. of the carbon of the fuel was found 
in the tar; this was quite double the percentage 
usual in Mond practice. As to the conclusion that 
the best compromise between yield of ammonia 
and the quality of gas was obtained by using air 
saturated with steam at 65 deg. to 70 deg., practice 
proved the contrary, and, indeed, it would not be 
worth while to putin a recovery plant if but 30 per 
cent. of the nitrogen was to be recovered, as in the 
conditions advocated by the authors. 
The next speaker was Mr. Victor Stobie, who sug- 
gested that large amounts of steam led to oxidation 
in the furnace. He had recently erected a set of 
open-grate producers for use with a furnace for heat- 
ing crucible-steel bars, and with this plant there was 
no oxidation whatever of the bars in the furnace. 
Indeed, they came out with rather a better surface 
than they had when they went in, the surface rust 








the producer could not think, and its successful 





being reduced. On the other hand, it had been 
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found that even in the presence of carbon monoxide 
superheated steam would split up in the presence 
6f hot iron and oxidise the latter. After all, water 
could never be made a fuel, and hence the addi- 
tion of it to a producer must occasion a loss of 
efficiency. 

Mr. Walter Dixon, in continuing the discussion, | 
asked what was the object of the paper. Towards 
the end of it the authors used the phrase ‘‘if the 
plant is put down mainly for the recovery of the 
ammonia.” Now no steel-maker did such a thing. 
From a theoretical standpoint, however, he was 
inclined to agree that if good gas was required, the 
yield of ammonia must be raduced, and vice versd; 
yet in practice, with a recovery of 80 lb. of 
ammonia per ton, a gas was obtained which was | 
not only suitable for power production and for use | 
in reheating furnaces, but with which it was pos- | 
sible to actually melt steel in quantity. 

Mr. H. Bauerman, the next speaker, asked 
whether, at the lowest steam admission dealt with | 
in the paper, the ratio of water to air was not 
13'per cent. With the ordinary type of producer 
not more than 5 to 7 per cent. of water could be 
added -without an. undue. production of carbon | 
dioxide. 

In reply, Professor Bone said he would deal in 
detail in writing with the criticism of Mr. Armitage, 
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but would, in the meantime, entera pa. against 
much of it on the ground that he and Mr. Wheeler 
had in their paper distinctly disclaimed any inten- 
tion of making a criticism of the Mond system. 
Mr. Armitage, moreover, made the astounding 
statement that it would be impossible under 
normal conditions to work the plant with air 
saturated at 65 deg.; but actually this had been 
done for months, and he knew of a plant in Ger- 
many which had been running for a full year using 
air saturated at 45 deg. Cent. Further, 
Mr. Wheeler, who was in cha:ge of the 
rec discussed in the paper, had also 
ately found it advantageous to reduce 
the saturation temperature to this latter 
figure. 


THe Quatiry or Steet as AFFECTED 
BY Irs Mope oF PREPARATION. 
The paper by Mr. Harbord on the above subject 

was taken next. This paper we shall publish in 

an early issue. The author, in a few introductory 
words, drew attention to the principal points which 
seemed to be established by the diagrams he 
had plotted. He pointed out that a 30-ton basic 

Bessemer steel contained 0.28 per cent. of carbon, 

whilst an open-hearth acid steel of the same 

strength contained 0,13 per cent. only, and the same 
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kind of relation held throughout with all kinds c{!tion with age. A steel bar thus heated tended to 


steel, from the mildest to the strongest. In con- 
firmation of his results, he noted that a rail made by 
the basic Bessemer process to the same specification 
as an acid steel rail would be much softer, and, in 
consequence, basic rails were in practice always 
made with a higher percentage of carbon. This 
increase of carbun, it should moreover be noted, 
did not occasion brittleness, as the rails stood the 
drop test quite satisfactorily. 

The first speaker was Mr. Gilchrist, who asked 
Mr. Harbord to add, if possible, to his figures a 
table giving the proportion of iron oxide in each 
of the steels used in his experiments. This he 
considered important, as he believed that the differ- 
ences noted were mainly occasioned -by a larger 
proportion of this impurity in the basic steels. 

Professor Turner spoke next, and remarked that 
the author had suggested no explanation of his 
results. There must be some reason for the greater 
hardness of the acid steels, and he would ask if it 
was due to differences in the amount of gas dis- 
solved in the metal, or to differences in the pro- 
portion of iron oxide present. 

Mr. Harbord, in reply, said he was not quite 
sure whether he could do what Mr. Gilchrist had 
suggested; but he would, if possible, add the 
information asked for. As to Professor Turner’s 
remarks, he thought that the important point was 
first to establish the facts, after which a theory 
might follow. In any case, however, it was much 
safer to keep to the facts, rather than speculate 
with theories. 


Tue AGEING OF IRON AND STEEL. 


Mr. C. E. Stromeyer next gave a short outline 
of his paper on the above subject, which we shall 
publish in full in'an early issue. He remarked 
that soon after completing his experiments on the 
effect of working steel at a blue heat he - had 
evidence of the fact that certain steels seemed to 
deterivrate with age. He had, therefore, a plate 
rolled, and specimens sheared from it, some of 
which were tested immediately, and bent double 
without fracture. Others were tested three weeks 
later and broke, and soine, tested five months after 
rolling, were still more brittle. The remainder of 
the specimens were kept and tested fifteen years 
later; when it was found that they would not even 
stand bending to a right angle. In the course of 
some years he had collected specimens from eight 
boilers which had failed through brittleness some 
time afcer manufacture. Some of these specimens 
were from a Russian boiler, which burst under the 
hydraulic test six years after being set to work, and 
a fellow to this failed twelve months later in the 
same way. A similar case had also happened in 
England, the failure in this case taking place 
four years after manufacture. This latter boiler 
was used for caustic soda manufacture, but 
he believed that this fact was in no way re- 
sponsible for the occurrence. In ‘view of these 
failures he had tried to devise a test which should 
differentiate the steels most liable to this deteriora- 
tion. The plan finally adopted was to plane the 
edges of the specimens and then nick them across 
these edges with a chisel so designed that the nick 
was always of the same depth. The specimens 
were then tested by bending, some at once and the 
renainder twelve weeks later. Recently Professor 
Ewing had called his attention to some observa- 
tions of Mr. Muir, which indicated that overstrained 
steel recovered quickly if boiled for a short time, 
and he accordingly tried whether this boiling 
would have the same effect as time, and as a re- 
sult was now able to dispense with the twelve 
weeks’ wait. The plan now followed was to test 
some of the specimens immediately after nicking, 
and the remainder after having been boiled for 
15 minutes, and then left for 24 or 48 hours before 
testing. In conclusion, he disclaimed any inten- 
tion of frightening ~ le as to the safety of their 
bridges, roofs, and ilere, all of which had been 
originally constructed with so large a factor of 
safety as to allow for a deterioration in the quality 
of the metiul even down to 30 per cent. of its 
original value. 

The first speaker was Mr. E. H. Saniter, who 
stated that he considered the paper of great import- 
ance, but suggested that the effects observed were 
really due to initial stresses arising in the process of 
removing the buckling produced in the plate during 
the operation of rolling. Again, the boiler failure 
might have been due to the effects of repeated 
heating and cooling rather than to a deteriora- 


shorten and thicken. He had known a bar 4 ft. 
long shorten 6 in. under these conditions, and in 
the process it had drawn a cylinder to which its 
ends were attached into an egg shape. Neverthe- 
less, he had himself met with an instance of a pre- 
judicial effect due to ageing. He did not know 
whether he should be justitied in calling the speci- 
men in question steel, as it was merely a sample 
drawn from the basic open hearth for the purpose 
of analysis. It was rapidly hammered down to 
} in. thick, and tested immediately afterwards, when 
it broke with a good fracture after three or four 
bends. Two or three days later the halves on bending 
broke like zinc. On the other hand, he was quite 
certain that some steels improved with age. Those 
most liable to deterioration contained, he thought, 
oxide of iron. -He had known a tube cold drawn 
from such material split from end to end. The 
carbon was 0.1 per cent., and the sulphur and 
manganese normal. A sample taken from it, 
however, showed an elastic limit equal to 95 
per cent. of the ultimate tensile strength, and on 
attempting to bend it one of the ends snapped off. 

The next speaker was Mr. G. Ainsworth, who 
confessed that at first blush Mr. Stromeyer’s paper 
had a perturbing effect. Still, it should be re- 
membered that hundreds of thousands of tons of 
steel were being turned out annually, and there 
were many instances of ships bumping themselves 
on rocks at the other side of the world years after 
they were built, and yet, with bulged plates, making 
their way home safely for repairs ; and in view of 
this he thought that Mr. Stromeyer’s specimens 
must be considered as quite exceptional. 

The discussion was continued by Mr. Walter 
Rosenhain, who considered the paper of extreme 
importance, but suspected that some of the results 
were due to severe localised stresses caused by 
shearing or punching. The effects of such extremely 
localised stresses were very different from those 
which arose in the bulges caused by bumping on 
rocks or the like. He suggested, further, that a 
systematic investigation of the whole matter might 
be taken up and a large stock of carefully stan- 
dardised steel laid down, from which our descen- 
dants could then, on retesting, draw definite con- 
clusions, 

Mr. James Duffield, who followed, suggested that 
some of the results noted had arisen from an attempt 
to make a very soft plate without the addition of 
manganese. In that case the ingots were liable to 
be honeycombed, and he noted, on some of Mr. 
Stromeyer’s samples, marks which strongly sug- 
gested that they had been sheared through blow- 
holes. If a soft ingot were cast, and left to itself, 
& pipe was formed in it, down which one could 
almost get one’s arm ; and if the ingot were rolled 
into plates, the pipe would often give rise to a 
great flaw. His own view was against the use of 
extraordinarily soft steel, which he considered was 
not so likely to be tough as if it contained more 
carbon and a little manganese. 

The next speaker was Mr. David Colville, who re- 
marked that the author had gone to almost endless 
trouble, but had hardly, he thought, proved his 
point, the speaker’s view being that the results 
obtained were due to strains set up in the rolling- 
mill. If thick plates were being rolled and were 
finished at the wrong temperatures, these strains 
would remain locked up in the plate, and, on 
shearing the latter, would get a chance to develop 
their pernicious effects. It was here he thought 
that the cause of the deterioration observed was to 
be found. 

Mr. F. W. Paul, who followed, said that the 
author had referred to the deterioration with age of 
Low Moor iron, and would therefore, no doubt, be 
interested to have a case on the opposite side. This 
was provided by the wires of the Niagara suspension 
bridge, which, on re-testing 30 to 40 years after the 
erection of the bridge, gave results in tensile and 
torsional tests within 5 per cent. of those originally 
obtained. 

The discussion was concluded by Mr. Vaughan 
Hughes, who said that in the case of the steels used 
| for sporting guns and rifles he was inclined to think 
| that any deterioration observed was due to locked- 
up strains and internal stresses rather than to an 
ageing effect. 

In reply, Mr. Stromeyer said he must express his 
thanks four many interesting suggestions. All the 
nicked specimens he had dealt with had previously 

| been thoroughly annealed, the whole batch to- 
j gether, in a boiler-maker’s annealing-oven, so he 








thought the variations observed could not be due 
to locked-up stresses, as had been suggested, 
though these might have existed in the case of 
the sheared specimens. He was inclined to be- 
lieve that excessive bearing pressures under the 
heads of rivets did in some cases give rise to in- 
jurious local strains, and caulking had a similar 
effect. For these reasons he disagreed with the re- 
quirements of many Continental Governments which 
—— an annual hydraulic test of all boilers. 

is bending test of the nicked bars, being a new 
one, was, perhaps, still open to improvement in 
details ; and he now thought it would have been 
better to have measured the angle of the bend at 
the radius where the crack took place rather than 
at the inner radius, as he had actually done. In 
view of the results obtained by boiling the speci- 
mens, he hardly thought that there was any neces- 
sity for laying in a stock of material to be tested in 
the distant future, as suggested by Mr. Rosenhain. 
He had hoped that some Sheffield representative 
would have taken part in the discussion, as it was 
a common belief in that city that steel improved 
with age, and that ingots rolled years after casting 
gave the best results. Toa certain extent he could 
confirm this, as some samples re-rolled for him after 
fifteen years gave improved results. Guns and 
crank-shafts, he continued, were subjected to 
different strains—a point which was of importance, 
in that material which fatigued easily apparently 
did not suffer from ageing, and vice versd. 


On Inpucep Dravcut with Hort-Arr 
EcoNnoMISERS FOR Borers. 


Mr. A. J. Capron next gave a short synopsis of 
his paper on the above subject (which we shall 
publish in an early issue), describing a method 
which, though it has been used at sea for twelve 
years, has only been applied to Jand boilers dur- 
ing the past five years. The system is based on 
the principle of passing the waste gases from the 
furnace through an interchanger, in which they 
yield up their heat to the air about to enter the 
furnace. Mr. Capron directed, in his remarks, 
special attention to the large output it was thus 
possible to obtain from a small boiler, and without 
any marked reduction in fuel economy. Thus a 9-ft. 
boiler at the works of Messrs. Vickers yielded 
16,000 lb. of steam per hour, 9.9 1b. of water being 
evaporated per pound of coal burnt. The steam, 
moreover, was nearly perfectly dry, containing but 
0.65 per cent. of water in suspension. Generally, 
if a boiler was forced, there was, he said, a great 
loss of efficiency. In the tests of a Stirling boiler, 
described in his paper, there was, he pointed out, 
relatively little decrease in efficiency at the higher 
rates of evaporation. When blast-furnace gas was 
used for steam-raising, he continued, the results 
were usually disappuinting, the evaporative efti- 
ciency being low. With the system described in 
his paper, however, excellent results were obtained, 
the boiler efficiency being raised from 48 per cent. 
up to 75 per cent., or nearly doubled. 


ConcLUDING PROCEEDINGS. 


At the conclusion of Mr. Capron’s remarks the 
President, Sir Hugh Bell, said that time was lack- 
ing for discussion of this paper at the meeting, and 
invited members to contribute their remarks to the 
Journal. The paper by Mr. H. Brearley and 
Mr. F. Colin Morwood on ‘‘ ‘ Sentinel ’ Pyrometers 
and their Application to the Heat Treatment of 
Tool-Steel,” was therefore taken as read, as was 
that by Mr. Joseph Henderson, on ‘*The Distri- 
bution of Sulphur in Metal [ngot Moulds.” 

The President then moved a vote of thanks to 
the Institution of Civil Engineers for the loan of 
their meeting-room, which was carried by acclama- 
tion. Mr. Hawkesley next proposed a vote of 
thanks to the President for his able conduct in the 
chair, which was seconded by Mr. Saladin, of 
Le Creuzot, and enthusiastically received. 








Sream aT Hicnh PressunkgS AND TEMPERATURES : 
Exrata.—Mr. E. P. Young, of the turbine research 
department of the General Electric Company, Schenec- 
tady, has called our attention to some misprints in the 
article published under the above heading in our issue of 
January 4 last. The pressure in kilogrammes per centi- 
metre opposite the temperature of 370 deg. Cent. 
column 3, page 1, should be ‘*200” in place of **220, 
as printed, and the temperature given as “597.2” in the 
table below should read ‘‘ 507.2,” whilst the pressure 
opposite the temperature of ‘*530 deg. Fahr.,” in : able I. 
on the next page should be ‘‘ 880.1,” in place of ** 889.1 
Ib. per square inch, 
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PUMPING MACHINERY FOR THE NEW 
GRAVING-DOCK, COLOMBO, CEYLON. 


Ix our present issue we illustrate by engravings on 
pages 636 and 637 the pumping machinery which has 
een installed for the new graving-dock at Colombo, 
Ceylon. 

‘he plant was designed and constructed by Messrs. 
\W. H. Allen, Son, and Co., Limited, of Queen’s En- 
gineering Works, Bedford, and the general arrange- 
ment is well shown in the plans and sections. Colom 
Harbour, for which Messrs. Coode, Son, and Matthews, 
of London, were the engineers, was fully described 
by us on page 750 of our last volume. 

“The general arrangement of the machinery in the 
engine-room may be seen in Fig. 1, page 636, and in 
plan in Fig. 2. 

To keep the dock clear of leakage water two sets of 
drainage pumping-engines have been installed, each 
consisting of three single-acting lift-pumps, having a 
diameter of 16 in., and a stroke of 30in., each set being 
worked from a three-throw crank-shaft, with cranks set 
at equal angles, as shown in Figs. 3 and 4, page 637. 
The three barrels are made of gun-metal fitted with 
brass valves, and have cast-iron suction and discharge 
boxesin common. The barrels and boxesare provided 
with large doors to give access to the valves and 
buckets. The lower pump-rods are of solid naval 
brass, whilst the intermediate rods are made of steel 
tubes with solid ends, thus combining lightness with 
stiffness. These rods work in adjustable guides lined 
with white metal. Easy access to all rods is ensured 
by a suitable arrangement of ladders and platforms. 

The driving engines for these drainage pumps con- 
sist of two vertical open compound condensing engines, 
having cylinders 10 in. and 17 in. in diameter by 10 in. 
stroke. The cylinders are steam-jacketed and fitted 
with steel covers and pistons. The engines are con- 
nected to the pumps through spur-gearing, the latter 
being mounted on a stiff box-sectioa frame over the 
top of the drainage pump well. Each drainage pump 
is capable of delivering 670 tons of water per hour 
against a lift of 52 ft. when the engine is running at 
160 revolutions per minute, the speed of the engine | 
being reduced in the ratio of 4 to 1 by the gearing, the 
pumps thus making forty double strokes per minute. | 

The main section of the plant consists of two vertical 
spindle centrifugal pumps arranged so that the impeller, 
which is 8 ft. in diameter, revolves at the bottom of 
a well, and is connected by a vertical spindle carried 
to the main driving engines by suitable bearings placed 
at intervals down the well. The engines, which are 
of the two-cylinder compound horizontal type, have 
cylinders 16 in. and 32 in. in diameter, with a 24-in. 
stroke. The two cylinders of each engine are arranged 
at right angles to each other, and are connected to the 
same crank, an arrangement which produces a very 
even turning moment, and obviates the necessity of a 
fly-wheel. The weight of the long shaft and impeller 
is carried by a carefully-designed and well-lubricated 
thrust-block at the top of the well. 

The cross-head guides are circular, and the slippers 
are lined with white metal and made adjustable. 
Special arrangements have been made to take the 
weight of the connecting-rod and cross-head. The 
high-pressure cylinder is fitted with a piston-valve, 
and the low-pressure cylinder with a flat double-ported 
valve, provided with a relief frame at the back ; 
the piston and valve-rods are packed with metallic 
packing, and have adjustable gear. The difficulties 
arising from the necessity of bringing the crank-shaft 
to revolve over the centre of the well necessitated the 
employment of a special design of framing. For this 
purpose a heavy cast-iron box-girder, which may be 
clearly seen in Fig. 5, is thrown across the top of the 
well and grouted solid into the concrete. The section 
of the framing containing the main bearings and crank- 
chamber is bolted to this, while the cylinders of the 
engines are supported from the floor of the engine- 
room, and are connected to the crank-chamber casting 
by the trunk section, which carries the cross-head 
guides, the whole arrangement being very rigid. The 
thrust-block previously mentioned, for carrying the 
weight of the vertical revolving parts, is supported on 
heavy steel girders in the well, and is designed to 
allow the thrust-shaft to work in oil, and is also pro- 
vided with water jackets. It is lined with white metal 





| square feet. 


The whole of the steam discharged from the main 
and drainage pumping-engines is conveyed to one large 
surface-condenser, having a cooling surface of 3000 
The condenser is supplied with circu- 
lating water by means of one of Messrs. Allen’s well- 
known steam-driven ‘‘ Conqueror” centrifugal pumps, 
having suction and discharge branches 10in. in diameter. 
The air-pamps are of the twin Allen-Edwards type, 
having pump-barrels 16 in. in diameter by 8-in. stroke, 
and are driven by a vertical compound-engine, having 
its cylinders in line with the air-pump barrels, the 
steam cylinders being 9 in. and 14 in. indiameter. The 
condenser tubes are of solid-drawn brass, § in. outside 
diameter, and tinned to withstand the action of salt 
water. The tube-plates are of rolled brass 14 in. in 
thickness. In case of emergency, an atmospheric 
exhaust-pipe is fitted, into which the steam can be 
diverted by means of a valve placed immediately above 
the condenser. 

Steam is provided by four Lancashire boilers, each 
7 ft. 6 in. in diameter and 30 ft. in length, capable of 
carrying steam at a pressure of 150 1b. ~ square inch, 
and arranged so that each may be used independently 
of the others. 

For electric lighting purposes a small steam dynamo 
has also been constructed by Messrs. Allen, the engine 
rah wg a single cylinder 6 in. in diameter by 5 in. 
stroke. 








RACK LOCOMOTIVE FOR THE TRANS- 
ANDINE RAILWAY. 

In spite of the improvements made in means of 
communication in recent years, the West Coast of the 
South American continent remains comparatively in- 
accessible. A journey from Europe to any of the 
important cities on this coast still involves incon. 
veniences or delays now overcome in most long-distance 
travel throughout the world. Although the traveller 
from Europe has even at — the choice of three 
routes (see Fig. 1, annexed), all of these have disad- 
vantages of one kind or another. 

The all-sea route, in which the traveller sails from 
Europe to Buenos Ayres, and thence round the Horn 
or through the Straits of Magellan, involves not only 
a trip through seas which most people are anxious to 
avoid, but adds many days to the length of the journey. 
In fact, though Buenos Ayres and Valparaiso are within 
one or two degrees of the same latitude, and are only 
about 800 miles a as the crow flies, the sea voyage 
from one city to the other is something like 3000 miles 
in length. 

A second route is that vid Panama, in which the 
traveller is subject to unavoidable inconveniences of 
another kind, which remark applies equally to the 
lately completed Tehuantepec route. 

The remaining route, and that which obviously would 
appear to be the most reasonable, is the one in which 
the traveller goes by sea to Buenos Ayres, and thence 
overland to Valparaiso. This route, however, has to 
crors the Andes, and as yet the railway joining up 
the systems in Argentina and Chili is incomplete. In 
the meantim,e through communication is carried on 
over this route during the summer only, by means of 
coaches and mules across the frontier section, between 
the last station, Las Cuevas, on the Argentine side, 
and Juncal, on the Chilian side of the mountain chain. 
The length of railway still unopened is about 10 
miles, and on completion of this it will be possible to 
make the whole journey by rail, not only from Buenos 
Ayres to Valparaiso, but also between many other im- 
portant towns on the Argentine and Chilian systems. 

The Transandine Railway proper extends from 
Mendoza, in Argentina, to Santa Rosa, in Chili, a 
distance of 150 miles. In Fig. 2 we give a profile of 
the route between these two towns. From this it will 
be evident that in places heavy gradients are en- 
countered, the worst being 1 in12.5. Theline crosses 
the mountain chain not far from Aconcagua, a mountain 
of a height of 22,860 ft. The actual elevation of the 
summit of the pass which the coach and mule route 
follows is 12,900 ft., but the railway, by means of 
tunnelling, &c., reaches only an elevation of 10,466 ft. 
Owing to the heavy gradients, portions of the line are 
provided with rack-rails, this system, in fact, being 
utilised for portions of the system, amounting in all 
to a length of about 65 miles. The portions on which 





™~ has ample bearing surface toensure smooth running. 
steel girders at intervals down the well. They are 
adjustable and lined with lignum vitie, while the 
spindle itself, which has a diameter of 7?in., is cased | 
With gun-metal at the journals. 
in a cast-iron casing shaped to facilitate the flow of | 
watcr when leaving the impeller. The well is fitted | 
up with ladders ~ platforms to give easy access toall 
bearings. These two pumps, when working together, 
are capable of emptying the dock in four hours, the | 


quantity of water discharged during this time being | 
~,4°0,000 cubic feet against a maximum head of 37 ft. 
The speed, when the machinery is delivering this 


an intity of water, will not exceed 140 revolutions per 
inute, 


} 


pump-spindle guide-brackets are bolted to| 


The impeller works 


adhesion only is used have gradients of 1 in 40, 
or less. To work this line, which, besides being of 
steep gradient, has curves of about 5 chains radius, 
some rack -locomotives have been constructed by 
Messrs. A. Borsig, of Tegel, the gauge of the road 
being 1 metre. Of these engines we give general 
views in Figs. 3 and 4, page 640. The engine No. 6, 
shown by Fig. 3, is a development of the earlier 
design, altered in several features in accordance with 
experience of the working of the earlier engines of the 
‘** No. 1”' type, shown by Fig. 4. 

The weight of the engines of the type illustrated in 
Fig. 4 is, in working order, 48 tons. Four cylinders are 
provided, two outside for driving the adhesion wheels, of 
15} in. in diameter and 193 in. stroke, and two inside, for 
driving the rack wheels, 15} in. in diameter and 17} in. 








stroke. The later engines are heavier—namely, 56 tons 
in working order. These engines are intended to 
handle trains, weighing 110 tons behind the engine, up 
grades of 1 in 12.5 at a speed of 6 miles per hour, and 
up grades of 1 in 40 at 18 miles an hour. 

In our two-page engraving (Plate No. XXXIX.), 
published with this issue, we give, in Figs. 6 to 10, 
sectional elevation, Sg elevation, plan, and cross- 
sections of engine No. 6. On page 640, Fig. 5 is a 
view of the rack wheels and frames, and in Figs. 11 
to 17, page 641, are given details of the trailing and 
leading trucks. 

The engines, it will be seen, have six-coupled ad- 
hesion driving wheels, a leading two-wheeled truck, 
and a trailing four-wheeled truck. The cylinders for 
the engines are of the same diamecer and stroke as those 
given above for the ‘‘ No.1” class. The chief particulars 
of the.‘‘ No. 6” class will be found tabulated on the 
two-page plate. The outside cylinders drive on to the 
middle pair of the six-coupled wheele. The valve 
motion adopted is a modification of the Joy gear, 
employing a vertical floating lever, the lower end of 
which is connected to a link worked by an eccentric- 
rod driven by a small crank, as will be seen in Fig. 7. 
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The rack-rail is of the three-bar Abt type, and the 
gear for this is carried in cast-steel frames slung on 
the first and second coupled axles (see Figs. 5, 6, 
and 8). Two sets of three pinions each are carried in 
this frame, coupling-rods transmitting the driving 
power from the main set to the second The cylinders 
driving these pinions are also provided with a valve- 
gear, which is also of the modified Joy type (see Fig. 6). 
The links of all four motions are coupled together, and 
are worked by one screw reversing-gear. Owing to the 
restricted amount of room available for the driving-gear 
of the rack-pinions, the coupling-rods are placed close 
up to the cranks, and their ends project outwards 
along the crank-pin ; the connecting-rods drive on to 
these projecting ends 

The two-wheel truck at the leading end is of the 
swing-link type, and is fitted with radius-rods (see 
Figs. 15, 16, and 17), the length of the radius being 1.300 
metres (4 ft. 3in.). This truck is fitted with spiral 
supporting springs. Provision is made for the attach- 
ment of snow flangers for use after light falls of snow. 
Snow in larger quantities has frequently to be handled, 
and under such conditions a larger plough is attached 
to the front of the engine, or rotary snow-ploughs are 
made use of, 

The rear end of the locomotive is supported on a 
four-wheeled truck, illustrated in Figs. 11 to 14. This 
is of the light-bar-frame type, provided with two 
inverted laminated springs. The lateral movement of 
the centre is controlled by means of long spiral springs, 
seen in Figs. 12 and 13, which allow a side swing of 
the centre of 5} in. 

The boiler is inclined at 1 in 25 tothe horizontal. It 
is fitted with a Belpair fire-box and broad grate extend- 
ing over the frames (see Fig. 9), giving a grate area of 
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AUTOMATIC SLUICE IN THE 





Fic. 5. 


27 square feet. The maximum working pressure is 
212 lb. per square inch, but on the sections of the road 
on which the rack system is not in use a pressure of 
145 lb. per square inch is sufficient. In order to ensure 
the use of the lower pressure when driving with the 
adhesion cylinders only, the regulator supplying steam 
to these isarranged with smaller openings than the rack- 
cylinder regulator, so that the steam is wire-drawn by 
the desired amount. On the longer sections on which 
the rack system is not in use the boiler pressure is 
allowed to drop to the 1451b. limit. The boiler is fitted 
with 218 tubes, of a length of 14 ft. 5in., between the 
tube-plates. The ashpan is provided with doors through 
which ashes may be dumped while running ; while the 
smoke-box is provided with a clearing device in the 
form of a suction-pipe, the lower end of which is placed 
near the bottom of the smoke-box, and its upper end 
within the petticoat-pipe of the chimney. The chimney 
is fitted with a liner, the annular space being used 
for the escape of the compressed air and steam from 
Riggenbach brake, the cap of the chimney being per- 
forated. The engine is fitted with a Westinghouse brake 
for the train and for the adhesion driving-wheels. Rack- 

inion band-brakes are fitted, as will be seen in 
Figs. 6 and8 and in the view given in Fig. 5. These 
are arranged so as to be operated by either the driver or 
fireman. Other brakes of the Riggenbach type are 
provided for both the adhesion and the rack-driving 

ar. The front central buffer is arranged with a short 
a By but the rear buffer has a longer draw-bar 
provided with side play. 

The weight of the locomotive, empty, is 41 tons, 
and in working order 56 tons, of which 33} tons are 
on the driving wheels. In working order the engine 
carries 3 tons of coal and 1600 gallons of water. The 
total wheel-base of the engine is 26 ft. 3 in., the 
wheel-base of the adhesion driving-wheels is 9 ft. 
104 in., and that of the rack-wheels 3 ft. 1 in. 





AUTOMATIC SLUICE IN THE BONDMAN 
WEIR ACROSS THE AIRE AT LEEDS. 

Pursvant to the powers of the Leeds Corporation 
Act of 1901, the Corporation have stopped up and dis- 
continued the flow of water along the series of goits or 
mill-races known by the name of the Mill Goit, which 
had their intake in the River Aire at the Bondman 
Weir, under the north side of the Midland Railway 
Station, and their outfall at various places down the 
river. No less than four mills were driven by the 
water-power yielded by these works. These mills, 
and all the head and tail goits, were situated in the 
very centre of the city ; and when it is considered that 
the river—owing chiefly to the sewage of Bradford, 
the foulest in England, still practically untreated, and 
amounting to 12 million gallons per day—is at its 
entrance into Leeds no better than a common sewer 
of gigantic size, the extreme — of this great 
sanitary work will be appreciated. 

The works set forth in the Act to remedy the 
nuisance were completed by the close of 1904, when it 
became evident that an important link in the chain 
of improvement had been omitted, the provision. of 
which necessitated that feature of special interest 
which is the subject of this notice, and is illustrated 
above. 

Precisely at the Bondman Weir intake the Aire 
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describes a perfect right angle, the flow being abruptly 
changed from east to south. Before the stoppage of 
the intake by a solid wall, the channel of the Mill 
Goit, at ordinary level, carried practically the whole 
dry-weather flow in the normal direction of the river 
—namely, east ; and the mills being worked 24 hours 
daily, any special tendency to slack water and de- 
= was avoided for six days a week. After the 

rrier was built, this advantage at that point was 
lost, and increased deposit began to show itself in the 
slack water thereby caused (see Fig. 1). The Corpora- 
tion’s attention was called to this state of things in 
the centre of the city, between its chief railway 
stations and the city square, by Ellis’s Trustees, the 
owners of the Aire Street Estate—a large block of 
warehouse property, almost co-extensive with, and 
opposite to, the Bondman Weir, on the north bank of 
the river. Friendly negotiation resulted in an agree- 
ment, the essential conditions of which were as 
follow :— 

The Corporation were to provide and maintain an 
automatic sluice, with inlet and outlet channels at the 









eastern (the lower) extremity of the Bondman Weir, 
which should give a continuous discharge equal to the 
minimum dry-weather flow of the River Aire at that 
point, the capacity of the sluice being calculated from 
the head due to the mean water level at the present 
timber sill of the weir, such siil not being quite level ; | 
and the sluice to be designed so as to close when such | 
mean water-level should sink below the sill, and to 
open when it should rise above the sill; and the 
bottom of such sluice was to be 4 ft. below the mean 





water-level, 
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The Corporation were also to construct a curved 
training wall from the north bank to the south bank, 
with proper inverted approaches in the river bed con- 
verging to the sluice. They were also to dredge from 
the river bed all deposit due to their building of the 
stop-wall or dam across the old intake of the Mill 
xoit. All the works were to be executed to the 
reasonable satisfaction of the engineer of the trustees ; 
any disputes arising to be settled by the engineer to be 
appointed as umpire by the President for the time 
being of the Institution of Civil Engineers. 

The works were to be completed by January 1, 1906. 
They were carried out by the Corporation from the 
joint — of Mr. Malcolm Paterson, M. Inst. C.E., 
engineer for the trustees, and Mr. Thomas Hewson, 
jun., A.M. Inst.C.E., deputy-engineer of the Leeds 
Corporation. 

The river length required for the works was about 
56 ft. This was enclosed by a coffer-dam of three lines 
of double wrought-iron bars driven intothe gravel bed of 
the river, with horizontal planks slipped between them, 
and clay puddle between the lines; the whole held 
together by wrought-iron stays. On pumping out the 
water from the dammed-off enclosure, a shallow trench 
was made in the gravel for the training-wall founda- 
tion; but on the probing-bar being driven it was 
found that the boulder-bed was little more than | ft. 
to 3 ft. thick below the proposed foundations, resting 
on a foundation of fine sandy silt, into which the bar 
could be driven 6 in. at a single blow of a sledge- 
hammer. On this discovery it was decided at once to 
float the wall on a platform of 4 in. planking, spiked 


| down to three longitudinal sills, 12 in. by 6 in., bolted 


to single cross-piles 7 in. in diameter and 3 ft. apart, 
centres, driven 8 ft. or 9ft. Asa protection against 
scour at the bage of the concrete wall, close sheeting, 
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HORIZONTAL MILLING MACHINE. 


CONSTRUCTED BY 


MESSRS. G. WILKINSON AND 
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4 in. thick, was driven the same depth as the piles. 
The wall is of cement in concrete, faced with the best 
Leeds red bricks, In excavating the foundation, the 
footings of the warehouses, or more probably those of 
buildings still more ancient, were exposed, rising 4 ft. 
above the timber platform supporting the new wall. 
Here, at the junction of the new and the old walls, 
slip-joints of expanded metal were inserted, one on 
each ag of the platform, extending from base to 
summit. 

he estimated volume of minimum flow of the river 
provided by the agreement demanded much con- 
sideration, owing to the disturbance of the natural 
flow by town drainage and water works, the Leeds 
and Liverpool Canal, and the importation of large 
volumes of water into Bradford from sources outside 
the Aire basin. All these factors were duly con- 
sidered, with the result that provision was made for 
& cry weather flow of 40 million gallons daily. 

o ensure this flow, the simplest form of self-acting 
sluice was chosen, & prime factor in the problem bein 
possible disturbance from the numberless sources o 
flotsam and jetsam on so crowded a stream. The appa- 
ratus consists of a cylindrical float of galvanised iron, 
moving in a circular well of strong masonry, built in 


the centre of the weir, which balances and controls 
a sluice of cast iron with gun-metal faces, fixed 





in the aperture at the extremity of the weir, with 
The well is 5 ft. in diameter 


& vertical motion, 


"a 









allowing a clearance of 6 in. for the float. The well- 
coping is of stone, the up-stream moiety of which is 
cut to a bevelled edge, so as to form a semi-circular 
weir, admitting the water which raises the float, and 
with it the sluice. At the bottom of the well on the 
down-stream side is the outlet aperture, 12-in. square, 
by which the incoming water constantly escapes. This 
escape is governed by a screw-down sluice, so adjusted 
in practice, by the method of trial and error, as to dis- 
charge all the water overflowing the well-weir when 
the river falls so that less than about #in. depth 
of water flows over it, from which depth the float 
sinks and the sluice closes. Rising above and in front of 
the sluice and well is a strong screen of cast iron, dip- 
ping 12 in. below ordinary level. This is a solid plate, 
the entanglements of a grated screen being avoided— 
an arrangement found to work well in flood-time. 

Fig. 1 is a key plan showing the position. 

Fig. 2 is a plan of the sluice and float-well. 

Fig. 3 is a section of the sluice and float-well. 

Fig. 4 is a plan. 

Fig. 5 is a view of the float-well and the inverted 
channel in the river. 

Fig. 6 is a view of the screen, &c. 

The works were commenced in the middle of Sept- 


ember, 1905, and were satisfactorily completed by abvut | feed. 
| interlocked, so that no two gears can be put in af the 


January 1, 1906, as specified in the agreement, without 
any material hitch or accident, under the charge of 








Mr. Hewson, The experience gained during the past 
year from observation of the action of the training- 
wall and sluice, both in time of flood and of drought, 
has satisfied the engineers that the works will prove 
& permanent solution for accomplishing the purpose of 
the agreement for the self-acting discharge of the 
stipulated 40 million gallons minimum flow of the 
River Aire ; a volume which, it is thought, is among 
the greatest, if not the greatest, discharged under 
similar conditions in these islands. 





HORIZONTAL MILLING-MACHINE, 

Tux illustration above represents a very powerful 
type of horizontal or slab milling-machine constructed 
by Messrs. G. Wilkinson and Sons, of the Bradford 
Road Tool Works, Keighley, Yorkshire, The bed is 
of box-section, 1 ft. 8 in. wide, 8 ft. long, and 10 in. 
deep, with square scraped slides, 2 ft. across. The 
table is 5 ft. 9 in. long by 3 ft. wide, having a water- 
trough all round, and six T-slote for bolting down the 
work. It has a travel of 5 {t., and can be tei forward 
by means of worm gear at arate varying from ,’5 ia. 
to7in. per minute. Its return motion is obtained by 
mitre gear, and takes place at thirty times uhe rate of 
The levers for working the reversing clutches are 


same time. The cutter spindle is 4 in. in diameter, 


Mr, Petrie Yewdall, A.M. Inst. C.E., assistant to | and runs in gun-metal conical bushes, An axial ad- 
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justment of 14 in. is provided for, and friction washers 
are fitted to take up end-thrust in either direction. 
The saddle is balanced, and can be raised or lowered 
through a distance of 3 ft. by means of screw gear. 
The standard which carries the saddle is of box-section 
and is registered and bolted to the bed. At the opposite 
side of the bed is another standard which can slide to 
and from the table. This carries the outer bearin 
for the mandrel, which bearing is raised and lowere 
by the same gear as, and simultaneously with, the inner 
bearing, whatever relative positions the two standards 
occupy. There is also a stay fitted to the saddle to 
carry an outer support for short mandrels, which may 
be removed, when not required, without disturbing 
any other portion of the machine. A force pump is 
provided for the supply of lubricant to the cutters. 
The machine, which is suitable for a large variety of 
work, weighs 7 tons complete. 








BODDAM’S HYDRO-ELECTRIC LIFT. 

Tue relative efficiency of the ordinary hydraulic 
lift, whether direct-acting or otherwise, and of the 
electric lift, and their adaptability to varying con- 
ditions, is a matter on which there has been much 
difference of opinion, some engineers advocating one 
form, while some favour the other, It is not our in- 
teution now to discuss the particular merits or demerits 
of these two well-known types, both of which are now 
very extensively used, but to describe one which we 
may, perhaps, class as a combination of the two, and 
for which it is claimed that it is more efficient an 
satisfactory than either. This is the electrically- 
driven hydraulic lift of Colonel Boddam, which we 
illustrate in Figs. ] to 5, page 648. The principle of 
this arrangement is that the distinctive advantages of 
both the hydraulic lift and the electrically-driven lift 
are combined; and, in fact, ordinary hydraulic lifts, 
whether of the direct-ram pattern or those driven 
by a jigger, may be used with little alteration, by 
timply having an electric motor and an extra 
hydraulic ram added to them. This additional 
drive consists of a motor coupled direct to a shaft, 
on the end of which there is a screw which forces a 
nut along a guide. To this nut is attached the piston 
of an hydraulic cylinder, the water from which is 
forced through a pipe connected with the lift cylinder. 
The whole arrangement may be placed either horizon- 
tally in a space near the lift hole, or vertically in the 
lift hole itself, the actual position depending on cir- 
cumstances, 

Ou reference to our illustration on page 648, it will 
be seen that Figs 1 and 2 represent two arrangements 
where the auxiliary ram is in a horizontal position, the 
lift-ram in Fig. 1 being of the direct type, Fig. 2 
being a plan of an auxiliary ram with jigger. In 
Fig. 3 the vertical arrangement is shown, the lift-ram 
being of the jigger type. 

A clearer couception of the actual construction of 
the auxiliary ram and its connection with the motor 
may be gathered from Figs. 4 and 5, which are respec- 
tively a part sectional elevation anda plan. In these 
A is the motor which is bolted to the bed B, and C 
is the hydraulic cylinder. The shaft D is coupled 
direct to the armature of the motor, the spindle 
having a screw thread cut on it, which gears with 
the nut E within the ram F, The thrust of the screw- 
shaft is taken by the block G, which is provided 
with a special roller-bearing, and the nut also travels 
on rollers, and the screw runs in a bathof oil. When the 
ram is forced into the cylinder, the water travels from 
the pipe H to the hydraulic lift-cylinder, as shown in 
Figs. 1 and 3. Aa equalising cylinder is shown at 
J, Fig. 4. The control being hydraulic, it is claimed 
that the stoppage of the car is quick, but without 
shock, and gradual acceleration is always obtained at 
starting. The valve between the two cylinders is 
mechanically interlocked with the switch which 
operates the motor, and by a special arrangement 
the piston in the cylnder 5 forms, as soon as the 
valve is closed, an automatic brake, which stops the 
motor without shock, The valve is simple, and 
requires no exhaust ports, and the creeping of the 
car is dune away with, as there is no pressure except 
when the motor is moving. The speed of lift is prac- 
tically uniform at all loads, and high speed can be 
obiained with safety. 

Tt is also claimed that the >alancing of these electri- 
cally-driven hydraulic lifts is mach simplified, parti- 
cularly in the case of the direct-acting lift shown in 
Fig. 1. They do not require to b> under-balanced, 
and the losses due to under-balancing are therefore 
not incurred. 

As electric power can now be obtained in most towns 
at reasonable rates, this type of lift can be adopted 
almost everywhere, and the advantages that belong to 
hydraulic power be made use of ; and this form of 
drive can bea fixed to most existing hydraulic lifts 


without much expense of alteration to the building, 
for it can be placed vertically or horizontally, close 
to or at sume distance from the hydraulic cylinder, 
aud at any angle to it. 

Push-button control is well suited to these electric- 


ally-driven hydraulic lifts, especially in private resi- 
dences, for no failure of switches or relays can lead to 
the overwinding of the car or balance-weights, and the 
occupant is not imprisoned by the sudden blowing of 
the fuse. Thesystem has the following characteristics : 
—(a) The lift is brought to any required floor by simply 
pressing a button, and, when pressed, the button is auto- 
matically held in and automatically released. (b) An 
indication is made on all floors as soon as a button is 
pressed, showing that the lift is engaged. (c) The 
actual interlocking of each apparatus is so arranged 
that the circuit to all buttons, except the one pressed, 
is automatically broken, as well as the circuits 
of all the interlocking magnets, so that absolute 
safety is obtained. (d) A special switch in the car 
provides for stopping the cage between floors, or 
at any time while running, if necessary. (e) The 
door apparatus automatically opens the door when 
the lift actually stops opposite to it; but in moving 
past the doors they are not opened. (/) When the 
lift is movee away from a floor by pressing a button in 
the lift, or by the landing switch provided, the door 
automatically closes. (yg) The opening of the door 
automatically breaks the main circuit, and this renders 
the buttons inoperative ; the indicators also being 
held at ‘‘ engaged” while the doors are open. These 
lifts are supplied by Electrically-Driven Hydraulic 
Lifts, 129, Salisbury House, London, E.C. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 8. 

Last week an order was placed at Pittsburg for 
50,000 tons of steel rails, 
Savannah, Augusta, and Northern Railroad. Other 
small orders taken last week make a total of 50,000 
tons. Some of these rails are to be delivered this 
year, but the greater portion will be delivered next 
year. There is a turning to open-hearth steel rails 
by a good many railroad managers, and the managers 
of the above company endeavoured to secure rails of 
this composition, but the makers decline to promise, as 
the plant for making them may not be in readiness in 
time. An unexpected advance took place in pig iron 
during the week, amounting to 1 dol. perton. The de- 
livery is for the third quarter of the year. This amounts 
to an advance of 2 dols. per ton within four weeks. Sur- 
face indications point to a general climbing of prices, but 
the larger consumers look upon these statements or 
rumours as sensational. The fact is apparent that 
there isan increasing inquiry for pig iron for delivery 
just as soon as it can be had, as far ahead as twelve 
months. There is an alarming scarcity of Bessemer, 
basic, and malleable irons for delivery within the next 
sixty days. In fact, capacity is almostsold up. Dur- 
ing the month of April pig iron sales in the Pittsburg 
district amounted to 230,000 tons. The market is in 
the control of the makers, and they estimate that the 
market requirements for the next few months call for 
at least 500,000 tons for summer and autumn deliveries. 
Crude steel is getting very scarce. Some makers have 
withdrawn entirely from the market, The latest large 
sale last week was for 75,000 tons of billets, sheet 
and tin bars for delivery during the autumn months. 
Under this influence prices have been advanced. For the 
ast two or three weeks the orders for stractural steel 
ave been made up largely of small lots, but the larger 
buyers are now in the market. The American Bridge 
Company last week took orders for 50,000 tons in large 
blocks. Ths new open hearth plant at Youngstown, 
Ohio, which is to be built at once, calls for 4500 tons. 
Large orders are now coming from San Francisco for 
the construction of buildings. There are now 225 tin- 
plate mills out of 248 mills owned by the American 
Sheet and Tin-Plate Company in operation. The re- 
maining thirteen would be rnnning if material could 
be had. Itis not probable that the full supply of steel 
to operate all the mills will be had for some weeks, if 
at all. Considerable business has been done in tram- 
way rails for delivery next year. A great deal of 
tramway work is now under way, and new enterprises 
are se to lifeevery few days. The car-shortage 
still interferes with the prompt delivery of iron and 
steel products, as well as merchandise in general. 
The wire-nail mills are booking a great deal of busi- 
ness under the promise to furnish nails just as soon as 
they find it possible. At present they are about three 
months behind. Customers are clamouring for de- 
liveries, and are unable to keep sufficient supplies. 





Cut nails are also very active, and there is an excellent 
business in barb wire and smooth wire. The coke 
| market is very active, and prices range from 3.50 dols. 
| to 3.75 dols. for toundry coke for early shipment. 
| Lower prices prevail for late shipment. Iron-ore 
shipments are about setting in, and the capacity is 
ample for all the furnace requirements. 








, Seamam Harzpovr.—At the New Dawdon Colliery, 

Seaham Harbour, the main coal seam has been reached 

at a depth of 1321 ft. The ground through which the 

shafts were sunk had, owing to the presence of great 

— of water, to be frozen solid to a depth of nearly 
t. 








to be delivered to the|¢ 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a firm tone, and Cleveland 
warrants were done at 61s. 3d. and 61s. 2d. cash, 61s. 6d. 
and 61s. 54d. one month, and 61s. 8d. and 61s. 74d. two 
months. Closing sellers quoted 61s. 3d. cash and 61s. 6d. 
one month, and the turnover was 17,000tons. Hematite— 
1000 tons—changed hands at 80s. 6d. cash, and closed at 
803. 5d. cash and 803. 9d. one month sellers. In the 
afternoon the opening was easier, but prices improved, 
and 8000 tons of Cleveland warrants were dealt in at 
61s. and 61s. 3d. cash, 61s. 44d., 61s. 3d., and 61s. 6d. one 
month, and 61s. 44d. two months. The close was firm, 
with sellers quoting 61s. 3d. cash and 61s. 64d. one month. 
On Friday morning the market was very strong, and Cleve- 
land warrants bounded up to 61s. 9d. cash and seven days, 
62s., Gls. 104d., and 62s. 1d. one month, and 623. 14d. 
July 26. The business amounted to 10,000 tons, and 
closing sellers quoted 61s. 10d. cash and 62s. 1d. one 
month. Hematite was firm, and 1000 tons were done at 
803. 9d. seventeen days, and 81s. one month, with buyers 
over at the latter figure. At the afternoon session the 
improvement continued, and about 7000 tons of Cleve- 
land warrants were dealt in at 61s. 94d. and 62s. cash, 
62s. and 62s. 3d. one month, 623. 3d. and 62s. 44d. three 
months, and closing sellers quoted 61s. 114d. cash, 
62a. 24d. one month, and 62s. 6d. three months. Hematite 
was again up in price, and 1000 tons changed hands 
at 81s. 6d. one month, with buyers over. On Mon. 
day morning Cleveland warrants opened stronger, 
but eased off a little towards the close of the market. A 
large business of 25,000 tons was put through at 62s. 14d., 
62s. 3d.. and 62s. 1d. cash ; 623. 44d., 62s. 64d., 623. 3d., 
and 62s. 34d. one month ; 623. 2d. and 62s. 1d. eighteen 
days, and at 62s. 6d., 623. 5d , and 62s. 6d. three months. 
losing quotations were 62s. 1d. cash and 62s. 4d. one 
month sellers. Hematite was quoted 82s. sellers and 
81s. 9d. buyers one month. The upward movement 
again made progress in the afternoon, when about 12,000 
tons of Cleveland warrants were done at 62s. 3d. and 
623. 4d. cash, 62s. 6d. twenty-one days, 623. 6d. and 
62s. 64d. one month, and 62s. 9d. two months. At 
the close sellers quoted 62s. 3d. cash and 62s. 64d. 
one month. Hematite was not quoted. The market 
opened strong on Tuesday morning and Cleveland 
warrants advanced still further. The dealings consisted 
of 16,000 tons at 623. 5d. and 62s. 84d. cash, 62s. 94d. 
three days, 623. 94d., 633, and 62s. 11d. one month, 
62s. 6d. and 62s. 10$d. fourteen days, and 63s. and 
633. 3d. three months. The close was a shade below the 
best, at 62s. 74d. cash and 62s. 114d. one month sellers ; 
hematite was quoted 3d. dearer at 82s. 3d. cash sellers. 
In the afternoon a strong tone prevailed, and about 8500) 
tons of Cleveland warrants changed hands at 62s. 84d., 
62s. 74d., and 62s. 9d. cash, 63s. and 633. O}d. one 
month, and at 63s. 3d. three months, closing at 62s. 9d. 
cash, 63s. 04d. one month, and 63s. 3d. three months 
sellers. hen the market opened to-day (Wednes- 
day) the tone was much weaker, and Cleveland warrants 
dropped from 62s. 7d. to 62s. 1d. cash, from 62s. 94d. to 
623. 54d. one month, and from 62s. 104d. to 62s, 8d. three 
months. The turnover of 17,000 tons was confined to 
Cleveland iron, and the closing quogations were 62s. 14d. 
cash, and 62s. 5d. one monthsellers. In theafternoon the 
tone of the market was irregular, and about 15,000 tons of 
Cleveland warrants were done at 61s. 104., 61s. 4d., and 
61s. 10d. cash, 623. 2d., 61s. 74d., 62s, 2d., and 623. 1d. 
one month, and 61s. 11d. three months. Closing sellers 
quoted 61s. 10d. cash and 62s. 1d. one month. Hematite 
was weaker, and about 5000 tons were dealt in at 80s. 7d., 
80a. 6d., and 80s. 9d. cash, and 89s. 6d. and 803. 9d. twelve 
days, and closing sellers quoted 80s. 74d. cash. The 
following are the market quotations for makers’ (No. 1) 
iron: — Clyde 793. 6d.; Calder and Gartsherrie, 80s. ; 
Langloan, 80s. 6d. ; Summerlee, 81s. ; and Coltness, 90s. 
(all shipped at G w); Glengarnock (shipped at Ard- 
rossan), 79s. 6d.; Shotts (shipped at Leith), 80s.; and 
Carron (shipped at Grangemouth), 82s. 


Sulphate of Ammonia.—A slight improvement has taken 
place in the sulphate of ammonia market, and a fair 
amount of business has been passed through during the 
past week. The current quotations are 11/. 17s. 6d. per 
ton for prompt delivery, and 12/. per ton for forward 
parcels. Shipments last week from Leith Harbour 
amounted to 1671 tons. 


Scotch Steel Trade.—The rapid and continued advance 
in the price of pig iron has had the effect of forcing up 
the price of steel, and at a meeting of the Scotch Steel 
Makers’ Association held in Glasgow, on Thursday of 
last week, an all-round advance of 5s. per ton was agreed 
upon. The minimum selling prices, delivered on the 
Clyde, are now as follow :—Ship-plates, 7/. 17s. 6d. per 
ton; angles, 7/. 10s. per ton ; and boiler-plates, 87. 12s. 6d. 
per ton—all less the usual 5 per cent. discount. These in- 
creases have caused, it is stated, a temporary check in the 
flow of fresh orders, but just previous to the rise in quota- 
tions producers booked a somewhat large amount of new 
business in anticipation of the advance. Their order- 
books are again fairly well filled, so that steady running 
of the mills is assured for a further period. Foreign 
orders have been good, and specifications against exist- 
ing contracts are coming to hand steadily. 

Malleable Iron Trade.—During the past week the 
demand for malleable iron was fairly good, but this has 
not been maintained, and makers ate again waiting their 
turn of improved business. 

Pig-Iron Trade.—It is satisfactory to be able to report 
| that there seems to be no falling off in the demand for pig 

iron. America and Germany continue to buy freely 
| wherever they can get supplies, and the amount pur- 
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chased for these countries during last month was far in 
excess of the amount for the corresponding period of last 
year. Only the other day a lot of 4000 tons of Scotch 
foundry pig iron was fixed up for shipment to America in 
August, and within the past two days some large quanti- 
ties of Cleveland iron have been sold for shipment to 
America and Germany. 


Shipbuilding.—An order has just been placed with the 
Grangemouth and Greenock Dockyard Company, Gree- 
nock, by Messrs. James Rankine and Son, Glasgow, 
Grangemouth, and Rotterdam, for a first-class passenger 
and cargo-steamer, to steam 15 knots, loaded. This vessel, 


which is to have engines supplied by Messrs. Dunsmuir | 


and Jackson, Limited, Govan, is to be 280 ft. by 37 ft. 


by 19 ft. 3in.—Messrs. Fergus Brothers, Port Glasgow, | 
have received a contract from the Crown Agents for the | 


Colonies to build a twin-screw shallow-draught steamer 
for service in Nigeria. The steamer will be built under 
the supervision of Messrs, Byles, Gray, and Co., London. 
—Messrs. William Chalmers and Co., Rutherglen, have 
received orders for two new vessels. One of them is for 
a 90-ton steel ocean-cruising . to be built under 
special survey and to Lloyd’s highest class. The other 
order is for a steel twin-screw cargo launch, 90 ft. in 
length, for the River Amazon.—Messrs, Murdoch and 
Murray, Port Glasgow, have contracted to build a twin- 
screw passenger steamer for service on the River Amazon. 
The machinery for this vessel is to be supplied by Messrs. 
toss and Duncan. 








NOTES FROM SOUTH YORKSHIRE. 

SHEFFIELD, Wednesday. 
Hull Coal Trade.—The return of the Hull coal traffic, as 
compared with the corresponding munth of last year, 
which was itself a record April, shows an increase of no 
less than 30 per cent., an extraordinary rate of expansion. 
Last month’s tonnage reached a tutal of 493,904 tons, 
which, compared with 377,695 tons in April Jast year, 
shows an advance of no less than 116 208 tons. Ten year~ 
ago, in the same month, the tonnage dealt with at the 
port was only 188,368 tons. The total dealt with during 
the four months of this year is 1,714,320 tons, compared 
with 1,406,128 tons last year, an increase of 308,192 tons. 

More than half the month’s total went away on export. 


The Late Mr. George Turton.—The death occurred on 
Monday of Mr. George Turton, founder of the firm of 
George Turton Platts and Co., buffer and spring 
manufacturers, of Sheffield. Mr. Turton invented the 
well-known Turton buffer, used extensively on the rolling- 
stock of many British and foreign railway companies. 
This earned for him honours at several exhibitions, includ- 
ing a gold medal at Melbourne and asilver medal at Earl’s 
Court. His other inventions included a patent back- 
wheel cycling brake, which also proved very successful. 


Tron and Steel.—All branches of the iron and steel 
trades of the district are busy. Books are well filled with 
ordera, and new inquiries are coming tv hand freely. 
Considerable difficulty is experienced in securing prompt 
delivery, and several cases have occurred where substantial 
contracts have had to be declined owing to inability to 
comply with conditions in this respect. One large con- 
tract for springs, for an Indian railway, has had to be 
divided among several houses, no single firm being able 
to promise delivery in the time specified. Foreign orders 
are coming freely to hand. [ron prices for Lincolnshire 
brands have again been advanced 1s. per ton, being now 
lls. per ton higher than the rates prevailing a year ago. 
Derbyshire irons are also firmer. Bessemer billets, Shef- 
field made, are realising 8/. 153. per ton, and Siemens- | 
Martin of ordinary temper, 9/. 5s. per ton. 


South Yorkshire Coal Trade.--All branches of the coal 
trade are brisk, and sales of hards are almost phenomenal 
for the season of the year. Big tonnages are going to the 
Humber, and already there is considerable congestion on 
the lines leading to the ports. The railway comp mies 
have recently been pressing for deliveries in anticipation 





of the holiday traffic, and local manufacturers have ex- 
perienced some difficulty in obtaining prompt supplies. 
Higher prices are being paid for contracts, the advance, 
when compared with last year’s rates, being wa! 33. per 
ton. The tonnage now drawn from South Yorkshire pits 
far exceeds any previous record, but a ready sale is found 
for every ton put on the market. Values are very firm. 
Gas companies are purchasing freely, and are paying on 
un average 2s, 6d. per ton advance on last year’s rates. 








PossIBLE STRIKE ON THE SwevisH State Raliways. 
~—Whilst some of the most important of the Swedish 
private railways .have successfully completed their re- 
arrangement as to wages, &c., with their employés, 
negotiations are still proceeding as far as the State rail- 
ways are concerned, and there are, so far, difficulties 
of such importance in the way of arriving at a definite 





settlement that the possibility of a strike is openly dis- 
cussed. It is not exactly the question of pay which is | 
causing the trouble, but the clause prohibiting strikes 
and obstruction. The new regulations also stipulate for | 


NOTES FROM CLEVELAND AND THE 

NORTHERN COUNTIES. 
MrIppDLesBRouGH, Wednesday. 
_ The Cleveland Iron Trade.—The iron market at present 
is in a more excitable condition than it has been for 
some time past, and prices in all classes have rapidly 
advanced during the t week. Some days ago some 
consumers were inclined to hang back a little in the 
event of a reaction, but they are now eager to purchase 
at the present prices, as it is probable that they will still 
further increase, not only in pig iron, but other qualities as 
well. There has been a tremendous reduction in C.onnal’s 
store, as much as 12,893 tons being removed last Tuesday, 
which is the largest decrease ever known in one day. This 
reduction bad a very favourable influence on the market 
and prices quickly rose. There has not been quite so 
much buying from the Continent of late, but large deli- 
veries are still to be made to Germany, and there is every 
prospect of further orders from America. Iron is scarce, 
in fact there is practically a famine in the land, hence the 
high prices that are ruling. No. 3 g.m b. Cleveland pig 
iron has been up as far as 63s. for early f.o.b. delivery, 
and business has been done at that figure. There has 
been a slight lull, however, and at the time of writing 
623. 3d. would be accepted. No. 1 was 67s. 3d.; No. 4 
foundry, 61s. 9d.; and No. 4 forge, 61s. 3d. Middles- 
brough warrants are easier than they were, and the most 
recent quotation available is 6ls. 7d. cash buyers, with 
sellers asking ld. more. 


Manufactured Iron and Steel.—Busine:s in the manu- 
factured iron and steel industries is very much brisker 
than it has been fur some time. Those in the same line 
across the Borders have raised their prices in some case- 
53. per ton, and it is thought that North Country firm: 
will not be long in following the example of their Scotch 
colleagues. As far as can be ascertained there are nv 
alterations here, however, and prices still stand as 
follow :—Common iron bars, 8/. to 8. 2s. 6d. ; best bars, 
81. 19s. to 8/. 12s. 6d.; best best bara, 9/. to 9/. 2s. 6d ; 
packing-iron, 6/. 103. to 62. 12s. 6d.; iron ship-plates, 
71. 15s.; iron girder-plates, 8/.; iron boiler-plates. 8/. 15:.; 
steel bars, 7/. 103.; steel ship-plates, 7/. 10s.; steel boiler. 
plates, 8/. 10s.; steel hoops, 7/. 15s.; steel strip, 7/. 5s.; 
and steel joists, 6/. 17s. 6d.—all less the customary 24 per 
cent.; whilst iron rails are 7/. 7s. 6d. to 7/. 153.; heavy 
rails, 62. 15s.; and steel railway sleepers, 77. 103.—all cash 
at works. The price of both iron and steel, galva- 
nised corrugated sheets, 24 gauge in bundles remains at 
13/. 15s, to 142 —less the usual 4 per cent discount. 


Coal and Coke.—The coal business continues good, but 
bunker c:al is hardly as firm as it has been. Household 
coal continues firm, and blast-furnace coke is put at 
21s. 6d. to 22s. per ton. 








Danish Torrepo-Boat Triats.—The journal Kiében- 
havn gives a few particulars on the tests carried out with 
the torpedo boat Ormen, built in Denmark on the plans 
of Messrs. Augustin Normand and Co., Havre. The 
boat has a displacement of 109 tons, and is fitted with 
2900 horse-power engines. The armament consists of 
three 45.centimetre (17.7-in.) torpedo-launching tubes, 
and two 37-millimetre (1.45-in ) quick-firing guns. Her 
speed is 26 knots. 





Our Rats Asroap.—The exports of rails from the 
United Kingdom in April were 43,003 tons, as compured 
with 32 841 tons in April, 1906, and 37,190 tons in April, 
1905. The colonial demand moved on as follows in the 
month under review :— 


Colonial Group. April, 1907. | April, 1906. April, 1905. 





tons tons tons 
British South Africa 8849 3489 509 
British India oe 7116 8144 9126 
Australasia .. 6978 252 1544 
Canada 251 3 6012 


It is satisfactory to observe that there is at lust some 
improvement in the demand for rails in South Africa, 
although the increase is not very marked. The shipments 
of British rails to Argentina in April were 4191 tons, as 
compared with 7446 tons in April, 1906, and 7444 tons in 
April, 1905. The ag; te exports of rails from the 
United Kingdom to April 30 this year were 141,562 tons, 
as compared with 133,760 tons in the first four months of 
1906, and 170,766 tons in the first four months of 19v5. 
In these totals the exports to the principal groups of 
colonies figured as follow :— 








Colonial Group. 1907, 1906. 1905. 

tons tons tons 

British South Africa 9,739 6,560 | 4,880 
British India ~ 36,300 32,423 | 66,641 
Australasia .. nas 16,051 4,501 5,157 
Canada - BA a 570 8 6,025 





Argentina took 20,765 tons of British rails to April 30 





the men in regular employ of the State railways ‘‘serving | this year, as compared with 51,675 tons in the first four 
when and wherever ordered to do so, and to carry out the | months of 1906, and 24,587 tons in the first four months of 
work, of whatever kind it may be, which he is ordered to | 1905. The most interesting point in connection with this 
co, evenif such work, on account of existing circumstances, | comparison is that the Argentine demand for British rails 

mprises doing the work of another employé.” A move- appears to be rather giving out, while the inquiry on 


ment is on foot amongst the men to ascertain the general South African account is slightly improving. 
will take as to the | traction in the general demand this year was, however, 
It is, however, to| due to the serious falling-off in the shipments made 


ecling and the position the 
juestion of strike or obstruction. 


° 


‘ 


» hoped that any rupture may be avoided, more to British India. 


he con- 


The value of the rails exported in 


pecially as the employés of the Swedish State rail-| the first four months of this year was 869.591/ , as com- 
ay > in almost every respect serve as a pattern to other | 
runtries, 


red with 722,218/. in the ficst four months of 1906, and 
16,3652. in the first four months of 1905. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Numerous ‘inquiries have come to hand for 
best and second-class large steam coal ; the best qualities 
have made 17s. 9d. to 183. 3d. per ton, while secondary 
descriptions have brought 16s. to 17s. 3d. per ton. There 
has been a moderate demand for house coal ; the best 
ordinary qualities have made 17s, to.17s. 6d. per ton, 
while No. 3 Rhondda large has brought 19s. 64. to 20s. per 
ton. Coke has exhibited a firm tone; foundry qualities 
have been quoted at 2fs. to 27s. per ton, and furnace 
ditto at 20s. to 228. per ton. As regards iron ore. Rubio 
has brought 20s. 6d. to 21s. per ton, and Almeria 20s. fd. 
to 20s. 9d_ per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 

The Swansea Vallcy —The steel works of the district have 
shown continual activity, there having been a good demand 
for tin-bars. The tin-plate trade has also been active. 


Bristol Fire-Brigade.—Proposals with regard to new 
plant include a new 50 to 60 horse power combination 
60-gallon chemical engine, to carry 1600 ft. of hose, for 
the head-quarters, a smaller engine, of the same class, 
for Bedminster, and a new steam-engine, cqual. to de- 
livering 400 gallons per minute. 


Welsh Coal Exports —The exports of coal trom the six 
principal Welsh ports—Cardiff, Newport, Swansea, Port 
Lalbot, Neath, and Llanelly—in the four months ending 
April 30, this year, were as follow :—Cardiff—foreign, 
5,879,535 tons; coastwis+, 821,808 tons; total, 6,701,343 
tons The corresponding export~ in the firat four months 
of 1906 were :—Foreign. 5,340,536 tons; coastwire. 841,988 
tons ; total, 6,182,524 tons, Newport—Foreizn, 1.217 906 
tons; Coastwise, 243,766 tons; total, 1,491,672 tons. The 
corresponding exports mn the first four months of 1906 
were :—Foreign, 1,156,631 tons; cortwi-e, 229,321 toms ; 
total, 1 365,952 tonsa. Swansea - Foreign, 882 305 toms; 
coastwise, 96,257 tonsa; total, 978,562 tons. the corre- 
sponding exports in the first four months of 1906 were :— 
Foreign, 773,526 tons; voastwise, 90 308 tons; total, 
863.834 tons. Port Taibot—Forrign, 386,456 tons; coast. 
wise, 132,211 tons; total, 518,667 tons. The corres; onding 
»xports in the first four months of 1996 were :— Foreign, 
395,317 tons ; coastwise, 120,020 tons; total, 425,337 tons, 
Neath—Foreign, 46,238 tons; coastwise, 83,615 tons; 
total, 129,853 tons. The corresponding exports in the 
first four months of 1906 were:—Foreign, 37,667 tons; 
coastwise, 79,961 tons; total, 117,628 tons. Llanelly— 
Foreign, 90,905 tons; couastwise, 14,197 tons; total, 
105,102 tons. The corresponding exp orts in the first four 
months of 1906 were :—Foreign, 80,923 tons ; coastwise, 
34,421 tons; total, 115,344 tons. 


Dowlais.—The Goat Mill has had a good output of 
steel rails, principally upon hom» account, the Great 
Western Ruilway Company having taken large quantities. 
The production of steel sleepers h+s also been large. The 
Big Mill has been well employed upon light rails and 
other light goods. The collieries have been well empleyed. 


Port Talbot.—Negotiations have been completed for 
the establishment of large workshops at Port Talbot 
Docks, the site being adjacent to the Crown Fuel Works. 
This new business will be opened by Messrs. Proud and 
Sons, coppersmiths. &c , who for 25 yeara past have been 
established at Cardiff Docks. The whole of the machi- 
nery at the new works will be driven by electric and 
bydraulic power. 





MEMORIAL TO THE LATE M. Aucustin Normanp.—A 
representative committee, with the Minister of Marine 
as Hon. President, has been formed in France for the 
purpose of raising a suitxble memorial to the late M. 
Augustin Normand, of Havre. As it has been felt that 
many engineers and others in this country may cesire to 
record their high esteem for the late M. Normand, at 
the request of the French committee and some of M, 
Normand’s most intimate friends in this country, Mr, 
Leslie 8S. Robertaon, M. Inst. C.E., 28, Victoria-street, 
Westminster, S.W., has consented to receive subscrip- 
tions towards this object from the British section of the 
profession. It is proposed to limit subscriptions to 5é. 
The movement has received the support of the Hon. C. 
A. Parson«, C.B., Sir John I Thornycroft, Sir William 
White, K.C.B., Mr. A. F. Yarrow, Sir A. J. Darston, 
K.C.B., and others. 





“Locomotive Data.”—Since ita early days the little 
peter te entitled ‘‘ Locomotive Data,” blished 

vy the Baldwin Locomotive Works, of Philadelphia, 
U.S.A., has undergone considerable alteration. Of 
approximately the same thickness, so that it is no leas 
convenient in the pocket, this lit le compilation contains 
roughly twice the number of pages it once used to, and 
we may add, is greatly improved by the additional 
matter. Originally it contained diagrams relating to 
locomotive problems of a somewhat restricted nature. 
The information and charts are supplemented in the 
later edition by others of an equally useful and interest- 
ing character, while the letterpress is in places expanded. 
The matter on curves is considerably improved ; the 
traction-power curves are drawn toa larger scale, and 
are carried to higher pressures than in former +ditions, 
as is natural from the general trend in American loco- 
motive practice. A chart of mean effective pressures at 
various speeds is added. while the section relating to 
horse-power is amplified. The matter on compounds 
is in a far more useful shape than formerly; a lirge 
number of metric conversion and other tables, lb. garithma, 
as well as miscellaneous information on cml, tubes &e., 
also find place in this little hook, the usefulness of which 
has certainly been increased in late years, 
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BODDAMS HYDRO-ELECTRIC LIFT. 


(For Description, see Page 646.) 
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FOR THE TRANSANDINE 
A. Borge, ENGINEER, TEGEL, BERLIN. 


r Description, see Page 643. ) 
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STANDARDISATION IN THE 
DRAWING-OFFICE. 


No one will be found to dispute the benefits of 
standardisation, and particularly of standardisation 
of details, though in many firms even yet the prin- 
ciple is not applied to nearly the extent it might 
be. Enough, however, has been said about 
standardisation in general to make the word almost 
wearisome, so we propose to deal with the question 
from a little-considered point of view—namely, 
that of the ordinary draughtsman. The first, and 
most obvious, aspect of the matter, as the draughts- 
man sees it, is that standardisation must mean less 
work in the drawing-office, as a set of drawings 
once made will be used for subsequent orders. 
This will not trouble him much, for there is no 
ey against labour-saving among his class. 

hat he will dislike, however, is the fact that the 
existence of standard designs, which must be used 
on every occasion ible, must lessen the scope 
of his work by taking away just that part which 
adds interest and variety to the daily routine. The 
ordinary draughtsman is young and not without 
ambition, and to such a man sheer routine, bounded 
by standards and precedents, is utterly distasteful. 
The sense of responsibility arising from the power 
to determine details, even if not to decide upon 
larger matters, is a very real gratification ; and 
one to be encouraged as long as it is not incompatible 
with the efficient management of the office. To 
turn a man into a mere copyist is the surest way to 
dull any originality he may and may likely 
enough result in the loss of many valuable improve- 


654 | ments in design. 


So far, it would seem that the draughtsman has 
nothing to gain by standardisation, and it is useless 
to deny that he stands to lose much of the most 
pleasant part of his work. We believe, however, 
that by a proper application of the principle he 
may diminish his routine work to at least an equal 
extent, and thus discover some sort of goodness in 
things evil. The tedious process of drawing and 
dimensioning screw-threads, for example, has long 
been eliminated by the adoption of the Whitworth 


9|standard. The draughtsman merely makes some 


conventional lines, indicating what part is screwed, 
and gives the diameter of the bolt. No more is 
needed, for the existence of standard threads auto- 





matically settles all questions as to pitch, angle, 
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depth, or form of thread to be cut on a bolt of 
given diameter. Similarly, the proportions of a 
hexagon nut are neither consid nor stated on a 
drawing, standardisation having made the time 
and trouble unnecessary. It is obvious that, by 
an extension of this principle to every detail of 
common use, much work might be saved. Now 
that pipe-flanges have been standardised, the 
draughtsman may, and should, spare himself the 
trouble of ever drawing a flange in front elevation, 
except when it appears thus as a feature of some 
larger part, and even then there is no need to 
give any dimension but that of the pipe-bore and 
the pressure to be carried. In fact, as the bore of 
the pipe fixes all the dimensions of the flange as 
well as the number and pitch of the bolt-holes, to 
further specify these is a waste of time. 

It may fairly be supposed that, as far as pipe- 
flanges are concerned, the course we have suggested 
is ———— followed ; but every firm will have a 
great deal of work for which no recognised standards 
exist. Engine-builders, for example, might stan- 
dardise their glands, cotters, piston-rings, and, in 
fact, anything which is made in large enough quan- 
tities to make it worth while for the ookens to 
have to refer to special drawings for their dimen- 
sions. Millwrights might do the same for pedestals, 
couplings, collars, braekets, &c. For the draughts- 
man to take full advantage of the time-saving 
possibilities of standardisation he should have 
always at his hand copies of the standard drawings. 
In most offices these drawings are on separate large 
sheets, often not even kept in the same place, and 
there are rarely more than one or two copies 
available. Now a full-sized drawing, or blue print, 
is a particularly unhandy thing to refer to for a 
few minutes. It covers up the drawing-board, 
so that it has to be removed when anything is 
being copied from it; and if the draughtsman 
has a reference table at his side, and puts it 
there, it hides other; drawings which he wants 
to refer to simultaneously. Further, he loses 
his pencils and instruments beneath it, and 
what with finding and fetching it in the first 
place, and returning it when he has done with it, 
the net time saved by its use, as far as the draw- 
ing-office is concerned, may be a minus quantity. 
Of course, the workshops reap the benefit of the 
mere ead detail being made standard ; but that is 

ide the present question. 

The standard drawings—or, rather, blue prints— 
for the draughtsman’s use should not exceed the 
size of foolscap paper, and a complete set should 
be furnished to every draughtsman. Stitched 
together with metal fasteners, they will form a 
sort of reference-book of standard practice, to 
which further matter may be added as desired. It 
goes without saying that each drawing should be 
absolutely complete, giving full dimensions of 
every part shown, and having the leading dimen- 
sions arranged so as to strike the eye at a glance. 
Pattern numbers should also be given, and weights 
might well be added for such things as pedestals, 
couplings, pulleys, and castingsin general. Another 
important piece of information, often lacking on a 
standard drawing, is the amount of clearance needed 
round certain things. For instance, if a pedestal 
is to be put in a confined place, there must be 
room above it to get the cap off and take it away. 
A conveyor must be able to clear all obstructions 
when fully loaded ; a certain minimum clearance is 
necessary at the side of a long chain-drive, to allow 
for the sway of the chain, and many similar allow- 
ances will at once occur to anyone familiar with 
machinery. All such information should be given 
on the standard ean or drawings concerned, as 
it not only saves the draughtsman from puzzling 
about how much to allow in a given case, but pre- 
vents the possibility of him overlooking the neces- 
sity of allowing any clearance at all. 

e mechanical details, which the standard books 
of drawings should contain, will, of course, depend 
upon the class of work on which the firm is en- 
gaged. We have already indicated a great many, 
and, as a general principle, it may be laid down 
that the more the better. Knuckle-joints and over- 
hung pin-joints for valve-gear, cottered connections, 
box-nut couplings, levers and handles for specific 
purposes, and similar details should all find their 
place in the book. They not only save brainwork 
on the part of the draughtsman, and ensure con- 
sistency of design, but as a single dimension or 
reference number then specifies them completely, 
the crowd of minor dimensions may be omitted 
from the drawing. Every dimension omitted means 
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a clearer and more rapidly-finished drawing, besides 
one less chance fora blunder. A further advantage 
in the standardisation of details is that imme- 
diately a rush order is received many of the minor 
pieces may be put in hand, without waiting until 
the complete drawings are ready. Knuckle-joints, 
for instance, may be forged, machined, and com- 
pletely fitted up, in readiness to be shut on to their 
respective rods when the drawings are ready. It 
would hardly pay to keep these sort of things in 
stock until wanted ; although if work was ever short 
in the shops, the existence of standard details pro- 
vides a means of keeping a few men and machines 
temporarily employed. Although we have dealt 
almost entirely with details, the principle of saving 
work in the drawing-office, and getting work quickly 
into the shops by the use of standard drawings, 
applies to things which can hardly be classed as 
details. Coal-conveyors and other long structures 
have to be built up of separate lengths, all similar 
to each other, except the end ones. By having a 
standard drawing, say, of a length, when an order 
is received for a conveyor, all the intermediate 
lengths of the conveyor can immediately be put in 
hand, and the work thus be going on in the shops 
while the draughtsman is deciding on the arrange- 
ment and dimensions of the end lengths. The 
saving of time is obvious, and it is equally obvious 
that all that need be shown on the working or 
erecting drawings is the merest outline of the 
aggregate length of the standard sections. 

In structural work, such matters as the comnec- 
tions between all sizes of joists, &c., the feet of 
columns and similar details should be standardised, 
and particulars of them should form part of the 
draughtsman’s reference-book. If this is done, the 
shop drawings need show neither cover-plates nor 
rivet-holes, not to speak of the dimensions, when- 
ever a standard joint is to be made between two 
girders. The platers would be furnished with blue 
prints of standard details, from which they would 
get all information, a reference letter or number, 
perhaps, on the main drawing indicating the 
standard sheet which they must consult. This 
system is, we believe, in force in many works, but 
it is rarely carried out to its fullest extent, and in 
other works it is unknown. In certain offices 
there is a foolish fear of entrusting matter to 
draughtsmen which they might copy out for 
ulterior purposes, and this might cause hesitation 
in supplying them with handy and portable books 
of standards. We believe this fear hen very slight 
foundation. If a draughtsman means to make 
notes of the firm’s practice, there is no way of 
preventing him in any. case, and there is very 
little harm if he does. On the other hand, the 
saving of time by having everything standard- 
ised that can be, and by having the standard 
drawings in the easiest possible form for refer- 
ence, is anything but negligible. 








THE UTILISATION OF PEAT. 

So many reputations of engineers have been 
wrecked over the peat utilisation problem that it 
requires some courage to re-open the discussion. A 
reference to lignite may justify the boldness. Lignite 
is almost as little valued over here as peatis. It 
was not held in much higher esteem in Germany 
fifty years ago, until certain lignites were found to 
yield paraftins, In 1865 Prussia produced 18.6 
million tons of coal, valued at 5 million pounds, and 
5 million tons of lignite, estimated at 0.7 million 
pounds. By 1905 we find 113 million tons of coal, 
worth nearly 50 million pounds, and 44 million 
tons of lignite, worth 5 million pounds. One of 
the neatest municipal electricity supply stations, 
that of Dresden, burns only Bohemian lignite. 
Everybody knows of Westphalian coal, from the 
Ruhr basin, on the right ‘bank of the Rhine. 
Few people in this country may have heard of the 
splendid lignite quarries, open-work mines mostly, 
situated not far from that basin on the left bank of 
the Rhine, in what is known as the Ville range of 
hills. There the lignite, mined with most modern 
machinery, is put directly under steam boilers to 
generate electricity; or is pressed into briquettes, 
which fetch a good price. 

There is, undoubtedly, a great step from lignite, 
which, though it may be earthy, is mostly dry and 
compact, down to the wet and bulky peat, and that is 
the reason why peat consumption has diminished of 
late. It is the merit of Professor Adolph Frank, 
of Charlottenburg, to have established that t 
should be coked, like coal, in order to yield a 





powee-ape and a coke, and that this process should | over, brings busy times for the engineer. The peat 


e combined with a recovery of its ammonia and 
its tar. The researches which Dr. Frank has con- | 
ducted in conjunction with Dr. N. Caro, and the 
most recent experiments which Dr. Ludwig Mond | 
has enabled Dr. Caro to make at Winnington, are | 
so promising that a discussion of the problems can 
no longer be objected to as premature. A large | 
peat omg plant is rising at the Mt. Cenis | 
Colliery, near Herne, situated on the borders of | 
the Ruhr basin and close to the Dortmund-Ems 
Canal. 

Moorlands abound in the North-West as well as 
in the East and South of Germany, and Dr. Frank 
has for years been one of the most prominent 
scientists interested in the amelioration of the moor 
districts. When calcium carbide and acetylene 
seemed to start on a triumphant career, Dr. Frank, 
in conjunction with Dr. Caro and some members 
of the staff uf engineers of Messrs. Siemens and 
Halske, attempted to make carbide from or with 
peat. The over-production of carbide left little 
chance for these attempts. But the experimenters 
did succeed in working out one solution of the 
nitrogen fixation problem, by preparing from cal- 
cium carbide nitrogen-lime or calcium cyanamide, 
which is now being made on a large scale in Italy, 
and which providesa good fertiliser. Messrs. Loewe 
and Co., of Berlin, have also observed that calcium 
cyanamide furnishes an excellent substitute for 
yellow prussiate of potash in steel tempering, and 
this nitrogen compound is, for this particular pur- 
pose, introduced under the name of ‘‘ ferrodur.” 

The method adopted in the experiments at Win- 
nington was Dr. Caro’s process for the gasification 
of inferior fuels by means of air and superheated 
steam. The experiments were made in the Mond 
gas plant, and the resulting gas utilised in the gas- 
engines ; the superintending engineer was not in- 
formed that he was burning a special mixture, and 
he did not notice any difference. The peat came 
from Italy, the special machinery having been con- 
structed for that country. Altogether 650 tons of 
this peat were gasified. The peat contained about 
40 per cent. of water—the percentage varied—and 
in the dry state 15.2 per cent. of ashes; volatile 
substances, 43.8 per cent.; nitrogen, 1.6 per cent.; 
and 34 per cent. of carbon. A ton of dry peat 
yielded 1780 cubic metres of gas of 1560 large 
calories (about 150 B.Th.U. per cubic foot), and 
55 kilogrammes (118 lb.) of ammonium sulphate ; 
this amount of ammonia was really obtained, and not 
only calculated. The gas generated was partly uti- 
lised for raising the steam required for the process 
and also for evaporating the ammonium sulphate, 
and it gave, in addition, 480 horse-power hours in 
the internal-combustion engine ; that is to say, the 
ton of dry peat yielded 480 horse-power hours, in 
addition to 66 per cent. of its contents of nitrogen 
as ammonium sulphate. An estimate of the cost 
shows that under such conditions peat producer- 
gas has a good prospect of being financially suc- 
cessful. Not reckoning the value of the ammonium 
sulphate, the horse-power hour cost less than 0.5 
pfennig (0.06d.). 

Similar results have been obtained at Stockton 
with Irish peat, and the above-mentioned nitrogen 
percentage of the peat is by no means exceptional. 
According to Kane and Sullivan, Irish peat contains 
in its upper, more recent, layers up to 3 per cent. 
of nitrogen, and in the lower strata, where the 
percentage of ashes may rise to 8 per cent., still 
0.8 per cent. of nitrogen. This means that 2 tons 
of wet peat could yield on an average nearly as 
much ammonia as 1 ton of coal. This point will 
impress chemists more than engineers. But en- 
gineers are aware that recovery coke ovens, which 





utilise the gas, ammonia, and tar of the coking | pa 


process, are spreading, and must gain ground. 
Now peat furnaces yield a good firm coke. That 
has been proved by Ziegler, another pioneer in peat 
utilisation, who has built peat coke works at 
Beuerberg, in Upper Bavaria. It will be an im- 
portant gain if we find in peat coke a substitute 
for charcoal. 

One-seventh of the area of Ireland is covered 
by peat bogs which, so far, are of little value. 
Lecturing recently on the utilisation of peat in 
the ‘“‘ Verein zur Forderung der Moorkultur 
im Deutschen Reich,” Professor A. Frank calcu- 
lated that these stores of peat were equivalent 
to 2500 million tons of coal. The peat moors 





of Scotland and England are not so rich. But 
there are other countries which a brisk peat in- | 


furnaces will, to save cost for transport, be built 
near the moors. The machinery and furnaces wil] 
have to be designed and constructed elsewhere, and 
it is not desirable that England once more should 
allow herself to be overtaken by the Continent. 








THE PATENTS BILL IN COMMITTEE 

Havine regard to the new rules of the House 
of Commons, which have had the effect of relegating 
much of the detailed discussion of important Bills 
to committees, it is necessary for those who are in- 
terested in any particular measure to watch the 
proceedings in committee. In view of the fact 
that the Patents Bill is of considerable importance 
to the engineering world, we propose to draw atten- 
tion to some of the principal amendments which 
have been made. Clause 1 provides for the interest 
which persons who are joint grantees of a patent 
are to be deemed to have in the patent. The clause 
in its amended form provides that joint grantees 
shall be joint tenants in the legal sense, but that 
(subject to any agreement to the contrary) each of 
such persons shall be entitled to use the invention 
for his own profit without accounting to the others, 
but shall not be entitled to grant a licence without 
their consent ; and if any such person dies, his 
beneficial interest in the patent shall devolve as 
part of his personal estate. Clause 2 in its amended 
form provides that where the invention in respect 
of which an application is made is a chemical inven- 
tion, such typical samples and specimens as may 
be prescribed shall, if required by the Comptroller, 
be furnished before the acceptance of the complete 
specification. The object of this provision is to 
ensure that where the owner of a chemical patent 
alleges that it is infringed, the alleged infringer 
may call for the production of the deposited sample 
with a view to proving that there has, in fact, been 
no infringement. Clause 3, which relates to 
patents of addition, provides (inter alia) that a 
patentee may add to his patent and obtain a grant 
in respect of the addition which shall run the period 
of the original patent. To this clause there has been 
added a new sub-clause, which provides that the 
grant of a patent of addition shall be conclusive 
evidence that the invention is a proper subject for 
a patent of addition, and the validity of the patent 
shall not be questioned on the ground that the in- 
vention ought to have been the subject of an inde- 
pendent patent. 

One of the most important clauses in the Bill 
(Clause 6), which materially alters the grounds upon 
which, under existing law, the grant of a patent 
may be opposed, has also formed the subject of 
amendment. The clause provides that it is to be 
a ground of opposition to the grant of a patent 
that the invention in question has been described 
or claimed in any complete specification for a British 
patent, or that the invention has been published 
in this country prior to the date which the patent 
would bear if granted. It is proposed to define the 
the word ‘‘ published ” to mean published in print 
in the English language, or published in a printed 
specification of a foreign patent. 

Clause 9, which gives the Comptroller power to 
revoke a patent for reasons similar to those which 
empower him to refuse a grant on the ground of 
opposition, has also been amended. Originally it 
was proposed that any person interested might 
apply for revocation at any time. The clause as 
amended provides that the application can only be 
made by any person who would have been entitled 
to oppose the grant, or who is the successor in 
interest of that person, and that the application 
must be made within four years of the date of the 


tent. 
Clause 10, which relates to the revocation of 
patents worked outside the United Kingdom, in- 
volves a question which has excited very consider- 
able interest both within and without the House 
of Commons. The first paragraph of the clause 
originally provided that ‘‘ at any time not less than 
three years after the grant of a patent any person 
interested may apply to the Comptroller for the 
revocation of the patent on the ground that the 
patented article is manufactured exclusively 0 
mainly outside the United Kingdom.” ; 
The words italicised have been considered in 
committee, and the sub-clause now reads :—‘* At 
any time not less than four years after the date of 
a patent any person may apply to the Comptrolle: 
for the revocation of the patent on the ground that 


dustry might help to prosperity. Industry, more-|the patented article or process is manufactured o: 
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carried on exclusively or mainly outside the United 
Kingdom.” It will be noticed that two important 
changes have been made. In the first place, the 
period of three years has been extended to four ; 
while instead of limiting the right to apply for 
revocation to persons interested, the right is open 
to everyone. 

Although numerous amendments were proposed 
to be made to the rest of this important clause, 
they were all resisted by the President of the 
Board of Trade. Sub-clause (2) provides that the 
Comptroller shall consider the application, and if, 
after inquiry, he is satisfied that the allegations 
contained therein are correct, then, subject to the 
provisions of the section, and unless the patentee 
proves that the patented article is manufactured 
to an adequate extent in the United Kingdom, or 
gives satisfactory reasons why the article is not so 
manufactured, he may either revoke the patent 
at once, or after a reasonable time, to be specified 
in the order, unless during that time it is shown 
to his satisfaction that the patented article is 
manufactured in the United Kingdom to an 
adequate extent. ‘The time limited by the order 
may, however, be extended if the patentee gives 
satisfactory reasons for non-manufacture. Clauses 
11 to 15 of the Bill have not been amended in com- 
mittee. Of these, the most important is Clause 11, 
which relates to compulsory licences. At the pre- 
sent time the Board of Trade has power, in certain 
cases, to order a patentee to grant licences compul- 
sorily. By Clause 11 this jurisdiction is to be trans- 
ferred tothe Court, and for the purposesof thesection 
the reasonable requirements of the public shall not 
be deemed to have been satisfied («) if by reason of 
the default of the patentee to manufacture the 
patented article to an adequate extent, or to grant 
licences on reasonable terms, any existing industry, 
or the establishment of any new industry, in the 
United Kingdom is unfairly prejudiced, or the 
demand for the patented article is not reason- 
ably met; or (6) if any trade or industry in the 
United Kingdom is unfairly prejudiced by the con- 
ditions attached by the patentee to the purchase, 
hire, or use of the patented article. The discussion 
of the remaining clauses of the Bill was adjourned 
for a fortnight as from May 14. 








THE LAUNDRY ENGINEERS AND 
ALLIED TRADES’ EXHIBITION. 

It is now five years since the last Exhibition of 
Laundry Machinery was held in the Royal Agri- 
cultural Hall at Islington, and although during 
that time improvements have been made, both in 
design and workmanship of machines, it cannot be 
said that many striking changes have taken place. 
The Exhibition now on view indicates more that 
laundry engineers are becoming alive to the import- 
ance of making machine-washing as little damaging 
to the articles treated as possible than that they 
see any need for radical alterations in the distinc- 
tive processes. This, of course, is a decided step 
in the right direction. 

The Exhibition now open (it will close to-morrow), 
though not a large one, is very representative, and 
contains much that is well worth a visit. Messrs. W. 
Summerscales and Sons, Limited, Phoenix Foundry, 
Keighley, who recently fitted up the laundry at the 
King’s Sanatorium at Midhurst, Sussex, have a 
very fine show. In the fitting up of this sana- 
torlum the conditions were much more exacting 
than is the case in ordinary laundries, on account 
of the necessity for very thorough disinfection, &c. 
Among the machines exhibited by this firm is a 
No. 2 **Challenge Renown” washing, boiling, 
rinsing, and blueing-machine, a ‘‘ Practical” wash- 
ing, boiling, rinsing, and disinfecting-machine, and 
« 108-in. ‘* Majestic” ironing and finishing-ma- 
chine, There is also a machine for pressing, 
steaming, and blocking collars and cuffs, which is 
capable of turning out 400 collars per hour. ‘These 
inachines are made in four sizes, from 26 in. by 24 in. 
(the one on view) up to 40 in. by 36 in. A great 
iuany different forms are to be seen among the 
washing-machines, the usual type of which consists 
cl @ perforated brass cylinder, which has a revolvy- 
‘1g motion backwards and forwards within a casing, 
the clothes being placed in the cylinder through a 
door. Messrs. Isaac Braithwaite and Son, of Kendal, 
lave several of these on show, which are fitted with 
the firm's well-known outside bearings, the recipro- 
«Ung motion being given to the cylinder by means 
“! open and crossed belts, which are thrown on 





and off a fixed pulley automatically. They also 
exhibit a machine in which the reciprocating motion 
is obtained by means of a rack which gears with a 
pinion on the end of the cylinder spindle. The 
rack is pivoted at one end to a revolving wheel, 
which, as it turns, gives a to-and-fro motion to the 
rack, and so turns the cylinder in opposite direc- 
tions alternately. This motion is forsome purposes 
preferred to that obtained by belts. At this stand 
may also be seen an all-wood rotary washing-machine, 
with machine-cut gearing and a cylinder 54 in. by 
34 in., which is rather a departure from the ordi- 
nary type. The firm have given special attention 
to producing machinery which will wear the linen 
treated as little as possible, and among these 
machines is a pair of steam-heated cuff-presses, 
with specially shaped steam-heads. There is also 
a skirt and body ironer which contains several new 
improvements. At the same stand may also be 
seen one of the firm’s popular cabinet dry-rooms 
on view, complete with an agitating fan and steam- 
coils. 

The well-known firm of Messrs. Thomas Brad- 
ford and Co., of London, Manchester, and Liver- 
pool, have, among their numerous exhibits, a 
‘*Sugar” washing-machine, in which the cylinder 
has an eccentric motion, for which it is claimed 
that it will wash more clothes than any other ma- 
chine of a similar size. The cylinder, which is fixed 
eccentrically on its bearing, rises and falls with 
each revolution and forces the whole of the washing- 
suds or rinsing-water, as the case may be, through 
the clothes at each revolution. The clothes are 
also lifted by a mid-feather and dropped into the full 
quantity of water at each revolution, which action 
opens out the articles and prevents entanglement. 
All machines exhibited by this firm are automati- 
cally guarded. 

Messrs. Hill and Herbert, Limited, Great Cen- 
tral-street, Leicester, have at their stand a com- | 
plete dry-cleaning installation for laundries, dye- 
works, &c., and also a washing-machine which is a 
departure from the usual form. This is one made 
to open at the end, and not at the side, as is 
customary. It is, owing to this, very convenient 
to work, for it has large doors which extend almost 
the entire diameter of the cylinder. The outer 
shell is of steel boiler-plate, and the inner drum 
entirely of gun-metal. The firm also have on view 
a machine for cleaning dirty waste. 

Tt would be impossible in the space we have at 
our disposal to refer to all the machines that are 
really worthy of notice ; and, indeed, if we take only 
one type—that of the Decoudun ironing-machine 
—there are so many of them as to be almost 
bewildering. Among these, however, there is one 
that is a very good example, which is a 108-in. 
machine, with roller 24 in. in diameter, at the 
stand of the Liddell Engineering Company, Limited, 
63, Queen Victoria-street, E.C. A recent addition 
to this machine is the automatic finger-guard. The 
bar of this guard is studded on the upper side 
with small brass rods, in order to prevent the work 
being fed over the bar. There are so many good 
machines of this class at the Show, however, that, 
although we may particularly refer to one, there 








are others to be seen equally worthy of attention ; | 
and this remark does not apply alone to ironing- | 
machines. Messrs. Liddell and Co. also exhibit | 
a new form of gas-compressor for use in laun- 
dries, for which they claim that its use results | 
in great economy of gas. Messrs. D. and T. | 
Tullis, Limited, Kilbowie Iron Works, Clydebank, 
N.B., exhibit large ironing-machines, one of which | 
isa 108-in. by 18-in. Decoudun, fitted with safety | 
stop and latest improvements. The machine is | 
shown in operation. There is also on view a bed 
for one of these machines, which is under an | 
hydraulic pressure of 200 lb. per square inch. 
For those visitors who are particularly interested 
in hydro-extractors the Exhibition supplies a great 
number of these machines, which, although they 
have now been pretty well standardised, will be 
found well worth examination, perhaps not so much 
on account of their special design, as for the good 
sound workmanship that is generally noticeable. 
The well-known firm of Messrs. Watson, Laidlaw, 
and Co., Limited, 98, Dundas-street South, Glas- 
gow, appear to have taken special pains to place a 
good collection of these machines before the public ; 
several of them have been arranged so as to illus- 


water, by electricity, by belt, or by hand. The belt- 
driven machines can also be driven by an engine | 
placed on the sole-plate, and the belt dispensed | 


with. One of these extractors has the framing built 
entirely of steel, and is motor-driven. The spindles 
of these machines are carried on ball-bearings and 
are specially balanced. Messrs. Glover and Hobson, 
Limited, engineers, London and Chelmsford, include 
in their excellent exhibit several hydro-extractors, 
but those and many other machines to which we 
should have liked to refer must be left. Among 
other stands worthy of notice we may mention 
those of Mr. R. G. Whitaker, Academy Works, 
Fanshaw-street, Hoxton, N.; Mr. J. Appleyard, 
Harris-street, Bradford ; Messrs. Ashwell and 
Nesbit, Limited, Barkly-lanc, Leicester ; Messrs. 
Charles Townend and Uo., Limited, 252, Goswell- 
road, London, E.C.; and others. 

Of small machines for all sorts of laundry pur- 
poses, many of them excellent in their way, there 
are, as is usual at such shows, a great number. 
Water-softeners are, of course, in evidence, as they 
now play a very important part in many laundries, 
and all kinds of soaps and washing compounds are 
to be found at every turn. Before closing this 
notice, however, we should like to call attention 
to an excellent piece of work, exhibited by Messrs. 
Armitage and Crosland, Limited, Westwood, 
Works, Millwall, E. This is a 108-in. steel-bed 
calender, which is made out of 4-in. boiler-plates 
riveted together, and has, we understand, been 
tested to over 300 lb. per square inch. It is in- 
tended to replace the ordinary cast-iron calender, 
which is at all times more or less dangerous under 
high pressures. The firm exhibiting it are, we 
understand, associated with Messrs. Joseph West- 
wood and Co., Limited, the well-known bridge- 
builders at Millwall, a relationship which no doubt 
has had its effect on the workmanship displayed 
in this calender. 





THE LATE MR. G. R. DUNELL. 

A LARGE number of our readers will learn with 
great regret of the unexpected death of Mr. George 
Robert Dunell, who for nearly twenty-four years 
has been closely associated with this journal. Few 
men were better known in the engineering world, 
for during the greater portion of the period named 
Mr. Dunell attended practically every meeting of 
the Institution of Mechanical Engineers, the Insti- 
tution of Naval Architects, the Iron and Steel Insti- 
tute, andthe British Association for the Advance- 
ment of Science. Not only did he continually meet 
with those who habitually attend technical meetings 
in London, but also the members who gather locally 
when meetings are held in the provinces, and those 
who join in the more distant visits paid to the 
Continent and to America. His duties brought 
him in contact particularly with those who read 
papers, and with those who discuss them—that is, 
with those who are most prominent in our profes- 
sion; and he made not only acquaintances, but 
friends. 

It is difficult for us to write freely of our late 
colleague ; there is so much we should liko to say 
that would seem to come more befittingly from the 
pen of some one less intimately associated with 
him. Fortunately, there is really no need to say 
much, for he was of such an open and frank 
disposition that those who met him soon came 
to know him well. He was one who made friends 
readily and kept them long. Time laid its hand 
very lightly upon him, and left him the buoyanc 
and elasticity of youth up to an age at which 
many men become reserved, and some even for- 
bidding. 

The subject of our memoir was born in 1847, and 
was the eldest son of Mr. R. G. Dunell, who had a 
large business as a chemical manufacturer in London. 
He had a liberal education—one befitting the son 
of a man in prosperous circumstances—and when 


‘he left school he seems to have been uncertain for 
'a time whether he should adopt a profession, or 


follow in his father’s business. However, finding 


neither law nor medicine to his taste, he entered 
a large chemical works at Manchester, and from 
there he finally went to his father’s works, de- 


voting himself more particularly to the engineering 
aspect of it. In those days chemical manufacturers 
were very shy of admitting engineers to road go 
mises, fearful lest their trade. secrets should be 
discovered, and hence it followed that the me- 


|chanics’ shop in the works was on a very con- 
trate different methods of driving : for instance, by | siderable scale, and was ca 
jobs of some magnitude. y 
apprenticeship under very favourable conditions, 


ble of undertaking 
ere Dunell served an 


for many new problems had to be solved without 
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external assistance. Unfortunately, Mr. Dunell,| began to write in ENGINEERING, although some | authorities without giving rise to irritation, and at 
senior, died at a comparatively early age, before his | years before—namely, in January, 1879—he had | the same time kept the subject before the public, 
son was capable of taking charge of the highly | sent us an account of the Herreshoff boiler and and supplied arguments to public men who were 


technical business in which he found himself, and 
so it had to be dis of. 


|what it would do. His first articles were in con- 


| nection with the Fisheries Exhibition at South 


| without knowledge of the subject themselves. An- 
| other matter that engaged his pen for a considerable 


Naturally this change dislocated the plans of the | Kensington, and described and compared the time was the great engineering strike of 1897. He 
subject of our memoir, and he had to look around typical fishing-boats of all parts of the world. | was never tired of urging the employers to fight 


for a fresh opening. Fortunately, he was not 
pressed for means, and could wait for an oppor- 
tunity. 
and in America, and for a time was the London 
representative of a firm of chemical manufacturers. 
But his natural bent was towards engineering, 


| Soon he commenced to report for us the meetings 
| of technical societies, a subject in which he ex- 


seeking to compress the utterances of speakers into 
| the fewest words which would adequately express 
| their ideas. As we have already stated, he attended 


| shoulder to shoulder. While admitting to the ful! 
the right of the men to combine, and also to get 


He travelled both on the Continent |celled. Here he kept a tight hold on his pen, | the best terms for themselves that they could, he 


| pointed out that it was sheer insanity for employers 
| to allow their jealousies to divide them while they 
| were being beaten in detail. Week after week in 


and he entered the office of Mr. James Pollock, | the meetings of the principal societies (omitting the the autumn of 1897 articles from his pen appeared 


M.I. Mech. E., with the view of completing his | Institution of Civil Engineers) for some twenty-four in our columns, and we believe that they were influ- 


training. Mr. Pollock’s 
connection lay mostly with 
marine engineering, a sub- 
ject which appealed to Mr. 

unell, who was an en- 
thusiastic yachtsman, and 
loved everything con- 
nected with the sea. 
When Messrs. Herreshoff 
brought out their well- 
known water-tube boiler, 
the prototype of a long 
series which, by a slow 
progression, has culmi- 
nated in the express 
boilers of to-day, Mr. 
Dunell became their re- 
presentative here. He 
spent a time at the 
American works studying 
the manufacture of the 
boiler and also of the 
special engines and vessels 
constructed by the same 
firm, and then he returned 
to Europe to push the 
sale of the boiler and also 
the sale of the torpedo- 
boats made by the Herres- 
hoffs. Boats were acquired 
by our own Government, 
and also by the Russian 
Admiralty, and for a time 
it looked as if a new 
steam-generator had been 
found for marine pur- 
poses. Mr. Dunell was 
invited to St. Petersburg 
by the Russian Govern- 
ment, to instruct the naval 
engineers in the art of 
running torpedo - boats, 
and he spent some months 
in that city. Unfortu- 
nately, the Herreshoff 
boiler had defects as well 
as merits, and gradually 
it fell out of favour, and 
its use was abandoned. 
When Mr. Dunell re- 
turned to this country he 
became engineer to the 
Castle Steel and Iron 
Works, of Milford Haven, 
designing for them the 
boilers and engines for 
steamers of small size. 
This connection lasted 
until the works were 
closed in 1884. 

The subject of our me- 
moir really found his voca- 
tion when he became a 
journalist. Although he 
was a capable engineer, ard had had considerable 
experience, yet it was in siterary matters that he 
excelled. He had an easy fluent style, with great 
facility of expression and an abundance of ideas, 
80 that writing was no task-work for him. Although 
his articles were absolutely free from **padding,” yet 
it was always a difficulty to him to keep within the 
limits of space available when dealing with subjects 
that lent themselves to argument and illustration. 
He would write again and again on the same sub- 
ject, and yet every article was quite different from 
its predecessor, being fresh and natural and show- 
ing no trace of effort. His early journalistic 
essays appeared in the Field, to which he contri- 
buted articles on yachting and on steam engineer- 
ing for yachtsmen. It was in 1883 that he first 





Grorce R. DuNeELL. 


years, and it was in that respect that he was best 
known. In the intervals, however, he did much 
more important work ; but as it was not signed, the 
authorship was not generally known. One subject 
in which Mr. Dunell was greatly interested was 
the status of the engineer officers on board His 
Majesty's ships. In his demonstrations of the 
Herreshoff torpedo-boats, he had early become 
acquainted with many naval engineers, and he 
never tired in his advocacy of their claim to better 
treatment. There is no doubt that in the success 
of the agitation, which was carried on for many 
| years, he had a very considerable share. The tem- 
perate, but yet forcible, way in which he set forth 
_the disabilities and responsibilities of the engineer 
| officers was one that attracted the attention of the 


ential in keeping the 
weaker firms in the Fede- 
ration until the fight was 
over. Probably the unions 
have since come to see the 
advantage of being able to 
negotiate with the em- 
ployers as a whole instead 
of having to deal with 
them individually. These 
articles were reprinted, 
and widely circulated. 
Mr. Dunell’s work was 
by no means confined to 
our own columns. For a 
long time he was an engi- 
neering contributor to the 
Times, and in the autumn 
of 1899 he went to America 
for that journal to write a 
long series of articles on 
the United States iron and 
steel industries. It was 
just about that time that 
the general public here 
were beginning to realise 
| that our long - cherished 
supremacy in iron manu- 
sal facture had slipped away, 
and that, instead of being 
| at the head of the indus- 
try, we had declined suc- 
| cessively into the second 
and the third places. 
They naturally wanted to 
know the cause of the 
decay, and whether it was 
likely to proceed further. 
It was the object of 
Mr. Dunell’s mission to 
find an answer to these 
questions, and in doing 
so he travelled over the 
greater part of those States 
in which manufactures 
flourish. On his return the 
articles were published 
over several months, and 
were read not only by 
the public, but also by all 
connected with the iron 
and steel manufactures. 
Later the articles were 
republished in book form. 
This was only one of 
several visits paid by Mr. 
Dunell to the States, where 
he had many friends. As 
already stated, he went 
there both for business 
and pleasure in his early 
days, and he also went 
several times for us, in- 
cluding twice during the 
year in which the St. Louis Exposition was held. — 
For many years he was a contributor to “‘ Brassey's 
Annual,” writing a chapter for each volume, dealing 
with the engineering questions in the Navy. During 
the period that he was doing this work the contro- 
versy was raging round the Belleville water-tube 
boiler, and the wise and temperate views expressed 
by Mr. Dunell must have been an_ encouragement 
to the engineering authorities in Whitehall in re- 
sisting the clamour that was raised by politicians, 
and even by engineers, who did not realise the 
difference between naval and ordinary marine 
work. 
Mr. Dunell’s love of the sea naturally attracted 
him to the Institution of Naval Architects, and 
when Mr. (now Sir) George V. Holmes resigned the 
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secretaryship, Mr. Dunell undertook the duties 
temporarily while a successor was being appointed. 
He continued to be associated with the secretariat 
in a consultative capacity until his death. 

Our late colleague enjoyed excellent health. On 
the principle that a man is only as old as he feels, 
he was still young. A few weeks ago, however, he 
began to suffer from a local trouble which gave him 
considerable pain, and interfered with his ability 
to work. e was advised that he could be 
entirely cured by an operation of no great serious- 
ness, and he therefore went into a nursing 
home, where the operation took place on the 
30th ult. It was hoped that the result would be 
quite successful, and for ten-days, in spite of con- 
siderable pain, it was expected that he would make 
a satisfactory recovery. Unfortunately, complica- 
tions arose towards the end of last week, and 
on Sunday afternoon the end came, to the great 
grief—indeed, to the consternation—of all his 
friends. 

Mr. Dunell leaves a widow, a daughter, and 
three sons to mourn his loss, and they have the 
sympathy of his very wide circle of friends. He 
was a singularly lovable man, full of human kind- 
ness, and peculiarly modest. When he sat down 
to write, he could bring out of his store of know- 
ledge an abundance of facts, and could argue from 
them to conclusions that were not to be contro- 
verted. But in conversation he was always 
ready —even eager—to disclaim the possession 
of any special ability or experience, and would 
defer most readily to others who had far less 
claim to speak with authority than himself. His 
industry was great, and he possessed in a large 
degree the ability, which marks the successful bar- 
rister, of rapidly learning an unfamiliar subject, 
and getting a mastery of its facts and theories. On 
many occasions his assistance was sought by experts 
in science and industry to put their original ideas 
in literary form ready for presentation to the world. 
He aided largely in the diffusion of knowledge, 
and bore an active part in nearly every great move- 
ment that has taken place in the engineering world 
during the last twenty years, none the less powerful 
because his hand was seldom to be recognised by 
outsiders. He only wrote what he believed ; he 
was no hireling scribe, who could be engaged to 
bolster up a bad cause; but when he was convinced 
of the justice of a movement he threw himself into 
it body and soul, and it was seldom that the cause 
advocated did not prevail sooner or later. 








NOTES. 

MerTeriInc Power-Gas By THE Prror Tung. 

Tue introduction of power-gas brought a de- 
mand for some reasonably economical and accurate 
method of measuring the volume supplied. In the 
early days, following the introduction of natural 
gas at Pittsburg, we believe it was not uncommon 
to dispense with any direct measurement of the 
quantity of gas supplied; a consumer rented a 
certain sized pipe connected to the gas-well, and 
was entitled to al] he could draw through it. Later 
on the proportional meters were largely introduced. 
In these a shunt was arranged to the gas-main, 
and in this shunt was interpolated a meter of the 
ordinary positive pattern. An automatic system of 
correction was supplied, by which the resistance of 
the shunt was kept the same proportion of the 
resistance of the main, whatever might be the rate 
at which the meter was working. Of late years, 
however, vast improvements have been made in 
the reliability of inferential meters, even of the 
largest size, and these have. accordingly, been very 
extensively adopted. The Pitot tube has also been 
applied, particularly by Professor Threlfall, to the 
metering of large quantities of gas. The Pitot 
tube, it will be remembered, consists essentially 
of « tube having its open end placed normal to the 
stream-lines of the moving fluid, the velocity of 
which is to be measured, whilst its other end is 
counected to an accurate manometer. The velocity 
of the fluid is then proportional to the square root 
of the pressure recorded by this latter instrument. 
A difficulty met with in applying this device to 
the measurement of the velocity of gas flowing 
through mains, was the small difference of pressure 
to be measured, which is of the order of sj in. to 
. in. of water, A micromanometer, with which accu- 
rate readings are ubtained even with these low 
d ff-rences of pressure, is described by Professor 
Chrelfall in a paper published in a recent issue of 


the Journal of the Society of Chemica} Industry j 








and he has also, he states, been able to devise 
recording instruments which, when connected up 
to a Pitot tube, show in plain figures the actual 
rate of flow. An advantage claimed for the Pitot 
tube type is the smallness of the temperature 
error, which is only one-half that inherent in most 
other types of meter, the indications of which are 
generally directly proportional to the volume passed, 


and hence vary in direct epee to the change | testing 


in the density. The ing of the Pitot gauge, 
however, depends on the square root of the density 
of the gas; and hence, for such small changes in 
temperature as arise in practice, the error due to 
change of temperature is halved. 


TravE Prospects IN CHINA. 


China has for a long time been a land of 
promise for British trade, but notwithstanding all 
that has been done, those directly interested still 
profess themselves to have been disappointed. We 
are not by any means convinced that this feeling is 
justified, or, indeed, that from their point of view 
they should be too anxious to develop the immense 
resources of China. Every one who has looked at 
this question, not simply from the point of view 
of the interests of the merchants and manufacturers 
of to-day, but in those of the general interests of 
the foreign trade of the not very remote future, has 
no doubt that when the Chinese fully awaken to 
the possibilities of their country in trade and in- 
dustry, the functions of the foreign merchants will 
practically disappear. Fortunately, the Chinese are 
slow to move, and in a recent interview with 
Reuter’s representative, Mr. Archibald Little, 
whose long experience in China enables him to 
express views of the highest interest regarding 
the general condition of the empire, states that, 
notwithstanding all that has been said on the 
subject, little real progress has been made, or 
is likely to be made for some years. Finance 
is the weak spot in the Chinese system of 
government. The country is enormously rich, 
but its resources are misapplied in enriching 
a corrupt mandarinate. The number of genuine 
reformers is too small to effect any change. No 
doubt the many returned students from Japan, 
from Britain, and from the United States will 
ultimately be able to exercise great influence, but 
under present conditions their foreign training is 
very likely to be used chiefly in enriching them- 
selves, and not in the best interests of the country. 
In one department, however, great progress has 
been made since 1900, and it is significant that it 
is in military reform. Foreign, mainly Japanese, 
instructors have been hard at work forming an 
army on the European model, and a respectable 
army of some 60,000 men has been got together 
by the Viceroy of Chili. Other viceroys are form- 
ing provincial armies on similar lines, and the 
whole are now, according to a recent decree, to be 
united in a single force ; there seems to be a 
martial spirit abroad, and a determination to be 
freed, assoon as possible, from foreign dictation, such 
as is implied in extra-territoriality. Any attempt 
to force this prematurely may lead to very serious 
results, With regard to naval reforms, China 
at present possesses no navy whatever. A Board 
of Admiralty is, however, being formed, to which 
is attached, as Foreign Adviser, Mr. Tyler, of the 
Imperial Maritime Customs, and late Harbour 
Master at Shanghai. It is reported that new iron- 
clads are to be ordered from Europe, but so far 
nothing definite has become known. Progress is 
being made with railways and the great Yangtse 
port of Hankow, 600 miles above Shanghai, is the 
terminus of the now completed Peking-Hankow 
Railway, a line which has not only developed a 
great through traffic from the capital to the south, 
but has opened up a rich country lying between 
Hankow and the Yellow River. This has resulted 
in a large increase in the number of steamship lines 
connecting Hankow with Shanghai. There are to- 
day two Japanese companies, two German, one 
French, three British, and one Chinese company, 
with an aggregate fleet of thirty or more big 
steamers. As to the actual trade, the export of 
native produce is mainly in the hands of foreign 
firms, but the import business remains almost 
exclusively in the hands of Chinese merchants, 
who, so far as foreign goods are concerned, draw 
their supplies from the Shanghai market. As 
regards foreign prospects of trade and employment 
in the Celestial Empire, Mr. Little says that the 
country is so rich in natural resources—a second 


United States—and in the persevering indystry of 


her poenin, that when China reaps the wealth which. 
the future concurrence of these two factors imply, 
the people will be so enriched that the interchange 
of products with the outside world is likely then to 
be tenfold what it is to-day. 


Coat-Testine In DENMARK. 


For some considerable time past the subject of 
ing the coal used in the locomotives on the 
Danish State Railways has occupied the attention of 
the authorities at Copenhagen, and the matter has 
been carefully studied by A. Jacobson, their chief 
chemist. When the mee was taken in hand it was 
naturally felt that before any useful steps could be 
taken towards ascertaining the value of any coal, 
it was necessary to know for what purpose the 
coal was to be used; for it had been found in 
several instances that coals for locomotive pur- 
poses, which had been tested in the laboratory 
connected with the Danish State Railways, and 
which were deemed fit for use in locomotives in 
actual service, afterwards turned out to be of less 
value than had been anticipated. The reason for 
this was, of course, that the conditions were not 
the same. In actual practice several things, 
which were absent in the laboratory tests, affected 
the result. In the laboratory the heating value 
of the coals was ascertained by the aid of the 
calorimeter, but this method was found not to 
be a sufficiently reliable indication as to the 
heating power of the same coals when used in 

ractice. Of course, if the coals showed a low 

urning value in the laboratory, they would natur- 
ally have a low burning value in a locomotive fire- 
box. It was, however, found that it did not 
necessarily follow that a coal having a high calorific 
value in the laboratory would also show up well 
when used in a locomotive. In the calorimeter 
every particle capable uf being consumed could be 
burned, while in the locomotive more or less coal is 
always left unburned, and a certain amount of heat 
(depending on circumstances) is carried off with the 
varying amount of air which itis found necessary to 
supply for purposes of combustion. It was ascer- 
tained that the amount of these losses varied greatly 
with different kinds of coal, and the laboratory 
value of the coal was not a safe basis on which to 
depend when deciding what coal to adopt for actual 
use. In order, therefore, to test the coal under 
conditions as nearly as possible to those of every- 
day practice, Mr. Busse, the chief mechanical 
engineer of the railways, had an old locomotive 
installed in the round-house in the Copenhagen 
goods yard, where a number of tests were 
carried out. The cylinders and all the moving 
parts of the engine were removed, and the steam 
generated was either direct from the boiler 
through a pipe into the chimney, or a part of the 
steam was led through pipes to the sea-shore, 
which was close by. The amount of coal consumed 
and the water evaporated during each test were care- 
fully measured. The water used was that com- 
monly supplied to the locomotives, and was softened 
so as to remove its scale-forming properties. The 
boiler pressure during the trials was about 114 Ib. 
per square inch, and the steam at this pressure, 
being led into the chimney, caused a draught of 
nearly § in. of water, in some cases as much as 
{ in. of water being obtained. Arrangements were 
made whereby the dust carried into the smoke- 
box and up the chimney under varying draughts 
and with different coals could measured. 
Samples of these dusts were afterwards analysed 
and their calorific values obtained, The amount of 
ash left on the grate at the end of the trial was also 
weighed, and it was noted how much clinkerthere was 
on the fire-bars, and to what extent this clinker had 
burned into the bars. By means of this apparatus 
some very useful information has been obtained with 
regard to different kinds of coal, which information 
would not have been forthcoming had laboratory 
tests only been relied on. A complete record of 
these tests, with the results obtained, may, how- 
ever, be studied in JIngenidren for August 25, 
1906, should any of our readers be desirous of 
further particulars. The paper is published at 


33, Noérregade, Copenhagen. 


A New Rariway.—A new line from Avonmouth to 
Patchway was commenced on Monday. The contractors 
are Messrs. Lovatt, Limited, of Wolverhampton. 
line is to be a double track, 74 miles long, with one loop 
going to Patchway and another to Filton. The line runs 
through Henbury. Not much will be done until after 
Whitsuntide. The works are to be completed in twenty: 











two months, 
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TEST OF A 3500-KILOWATT TURBO UNIT. 


We have received from Messrs. C. A. Parsons and 
Co., of the Heaton Works, Newcastle-on-Tyne, parti- 
culars of a test of a turbo unit rated at 3500 kilo- 
watts, recently made at the Carville Power-Station 
of the Newcastle.on-Tyne Electric Supply Company, 
Limited. At the time of the test the unit had 
been at work for over six months, and, as will be 
seen from the figures tabulated below, a consumption 
of 13.189 lb. per kilowatt-hour was recorded with a 
moderate superheat and a vacuum of just over 29 in. 
of mercury. The makers assert that this is equiva- 
lent to a steam oneangions of 7.85 lb. per indicated 
horse-power hour, which would point to the generator 
being greatly overloaded, as this latter figure would 
make the combined electrical and mechanical efficiency 
of the plant only 80 per cent., which seems extra- 
ordinarily low. It is well known that the total elec- 
trical and mechanical losses in large turbo-generators 
at full load should not exceed 5 per cent., and the 
bearing, windage friction, and dummy losses of the tur- 
bine should together certainly not be not more than 
8 per cent. to 4 per cent. Every care was taken to 
secure accuracy in the measurements, The condensed 
steam was passed into a tank resting on a weigh- 
bridge specially calibrated for the occasion. The 
vacuum was measured at the turbine outlet by means 
of a mercury column, whilst the steam temperatures 
and pressures were taken above the turbine stop-valve. 
All the electrical measuring instruments had been care- 
fully standardised just prior to thetests. The turbine 
was fitted with by-pass valves, enabling it to take a load 
of 7000 kilowatts, which was carried for half-an-hour, 
the consumption with this load being but 13.7 lb. per 
hour, with a superheat of 118.5 deg. Fahr. and a 
vacuum of 28.9in. The figures obtained at the 5000- 
kilowatt load were checked by a subsequent trial a 
few days later, the run made being of three-hours 
duration, when the results given in line eight of the 
table below were obtained. 

Excellent as are the results recorded, the test does 
not give evidence of any marked improvement in the 





thermodynamic efficiency, as compared even with the 
results obtained at Elberfeld with the first of the 
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THE British ASSOCIATION. 


SECTION. PRESIDENT. Vick-PRESIDENTS. SECRETARIES, 
A. Mathematical and Professor A. E. H. Love, Principal E. H. Griffiths, M.A., D.Sc., Professor A. W. Porter, B.Sc. (Recorder) 
Physical Science. M.A., D.Sc., F.R.S. F.R.S.; the Right Hon. the Earl of Mr. L. N. G. Filon, M.A., D.Se. ; p; 
Berkeley, F.G.S. J. A. Harker; Mr. A. R. Hinks, M,A. - 

Mr. John Blakeman, B.A. 
B. Chemistry .. Professor A. Smithells, Protessor Wyndham Dunstan, M.A.,/Professor A. W. Crossley, D.Sc., Ph.D. 
B.Sc., F.R.S. y) » F.R.S. ; Professor W. J. Pope,| (Recorder); Mr. E. F. Armstrong, 
, D.Sc. ; Mr. F. M. Perkin, Ph.D.; Mr 

J. H. Hawthorn, M.A. 

C. Geology .. Professor J. W. Gregory, Mr. G. W. Lamplugh, F.R.S.; Mr. C. Mr. J. Lomas, F.G.S, (Recorder); Rey, 
.Se., F.R.S. Fox Strangways, F.G.S8. W. Lower Carter, M.A; Professor 
Theodore Groom, D.Sc. ; Mr. F. W. 


Bennett, M.D. 


D. Zoology .. Mr. William E. Hoyle, Mr. J, J. Lister, M.A., F.R.S.; Professor Mr. H. W. Marett Tims, MA., M.p 
M.A., D.Sc. G. C,. Bourne, M.A., D.Sc. | (Recorder); Mr. J. H. Ashworth, D.Sv.- 
Mr. L. Doncaster, M.A.; Mr. Montagu 

Browne, F.G.S. 
E. Geography Mr. George G. Chisholm, Major C. F. Close, R.E., C.M.G.; Mr.|Mr. E. Heawood, M.A. (Recorder): 
M.A., B.Sc., F.R.G.S. H. R. Mill, D.Sc., LL D., F.R.S.E. Mr. E. A. Reeves; Mr. O. J. R 


F. Economic Science and Professor W. J. Ashley, Mr. 
Statistics. M.A. y 


G. Engineering .. .. Professor Silvanus 
eee, Colonel H. C. 


F.R.S. 
H. Anthropology Mr. D. G. Hogarth, M.A. Mr. E. Sidney 


fessor W. Ridgeway, M.A. 


. Mr. A. D. 


I. Physiology r. A. 
' . F.R.S. 


K. Botany 


James Bonar, LL.D. 
Edgeworth, M.A, D.O.L. 


P. Professor Hele-Shaw, 


Howarth ; Mr. Theodore Walker. 
; Professor F. Y. Professor 8. J. Chapman, M.A. (ite- 
corder); Mr. II. O. Meredith: Mr. 
D. H. Macgregor, M.A.; Mr. Thomas 
Smithies Taylor. 

F.R.S. ; Mr. W. A. Price, M.A. (Recorder); Mr. 
H. E. Wimperis, B.A. ; Professor E.G, 
Coker, D.Sc. ; Mr. Alex. C. Harris, M.A. 

Pro Mr. E. N, Fallaize, M.A. (Recorder) ; Mr. 
Hi. 8S. Kingsford, M.A.; Mr. F. C 
Shrubsall, M.A., M.D. ; Mr. Charles J. 
Billson, M.A. 


LL.D., 
L. Holden, R.A. 


Hartland, F.S.A. ; 


Waller, M.D., Professor Francis Gotch, M.A, D.Sc., Mr. J. Barcroft, M.A., B.Sc. (Recorder) ; 
‘.R.S. ; Dr. C. J. Bond. 


Dr. M. A. Alcock ; Professor J. 8. Mac- 
Saee, B.A.; Mr. Allan Warner, M.D. 


.. Professor J. B. Farmer, Professor F. W. Oliver, D.Sc., F.R.S.; Professor A. G. Tansley, M A. (Recorder); 
A., F.R.S. Mr. D. H. Scott, M.A., Ph.D., F.R.S. 


Mr. R. P. Gregory ; Professor R. H. 


Yapp, M.A.; Mr. William Bell. 


L. Educational Science Sir Philip Magnus, B.Sc., Professor M. E. Sadler, LL.D.; Mr. W. M. Professor R. A. Gregory (Recorder) ; Mr. 
M.P. 


Heller, B.Sc. 


Conference of Delegates of Corresponding Societies. 


Chairman :—Mr, H. J. Mackinder, M.A. 


W. D. Eggar; Mr. Hugh Richardson, 
M.A.; Mr. L. Saville Laver, B.A. 


Vice Chairman :—Rev. 


J. 0, Bevan, M.A. Secretary :—Mr. F. W. Rudler, 1.8.0. The delegates will meet on Thursday, August 1, and Tuesday, 


August 6, at 3 p.m. 


ings. On Friday, August 2, a discourse on ‘‘ The Arc 
and Spark in Radio-Telegraphy” will be delivered by 
Mr. W. Duddell ; and on Monday, August 5, a discourse 
on ‘‘ Recent Developments in the Theory of Mimicry” 
will be delivered by Dr. F. A. Dixey. The conclud- 


Test on No. 5 Turso, Carvitte Power-StaTion, Frprvuary 17, 1907. 























| 
STEAM. At Turno Exuavst. | WATER. 
Speed. | 
Test Dura- | cuiibrated Revolutions nee 
No. tion. Load. P Temperature | Super- Per Minute. Vacuum at TotalCon-| Pounds Pounds per 
soneere. | at Tor heat. 30 In. Brm. | densed. per Hour. K.W. Hour. 
hrs. k.w. Ib. deg F. deg. F. 1b. 
1 4 No load, 180 | 460 80 1200 28.875 1,835 3,670 
not excited 
2 4 =6| No load, 211 453.8 61 1200 28.95 2,603 5,206 
| excited 
3 1 2192.87 202.4 492.1 103 1200 29.036 31,836 31,836 | 14.517 
qd 14 |) 4045.14 197.4 495 108 1200 29.066 83,972 55,981.38 | 13.839 
5 1h 5901 195.8 603.2 117 1200 28.95 119,182 79,454.6 | 13.464 
6 4 6921.8 193.4 505.5 118.5 1200 28 765 47,390 94,780 13.692 
7 1 6164.07 199.9 508.5 120.5 1200 29.039 68,180 68,180 13.189 
8 3 5059.38 194.5 477.9 92 1200 29.195 203,559 67,853 13.411 


| | 


large units built. The steam pressure in the table is, 
as stated, that above the stop-valve, and we do not 
know to what extent the steam was wire-drawn | 
through this valve. Neglecting this wire-drawing, a 
thermo-dynamically perfect turbo unit, working under 
the conditions stated, should require 8.36 lb. of steam 
per kilowatt-hour, or, allowing 8 per cent. for electric 
and mechanical losses, say 9.07 lb. per kilowatt-hour. 
Hence the thermodynamic efficiency of the turbine 
9.07 


13.189 

Of course, if the makers are correct in assuming 
that under the conditions of the test the electrical and 
mechanical losses were 20 per cent., and not 8 per 
cent., this figure will be correspondingly increased, 
being then 79.3 per cent. Some further information 
on this head would be of great interest. 


proper would appear to be = 68.7 per cent. 








BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 

Tuer seventy-seventh annual meeting of the Associa- 
tion will in on Wednesday, July 31, 1907, at Leices- 
ter, under the presidency of Sir David Gill, K.C.B., 
LL.D., D.Se., F.R.S., Hon, F.R.S.E., formerly His 
Majesty’s Astronomer at the Cape of Good Hope. Tickets | 
for the meeting may obtained, on and after June 1 
until July 23, at the office of the Association, Burlington 
House, London, W. After July 24, when the office will 
be closed, members, and persons desirous of becoming 
members or associates, or of obtaining ladies’ tickets, are 

uested to make application in the reception room, 
Leicester. Tickets | be obtained also from the local 
officers at Leicester. The inaugural meeting will be held 
on Wednesday, July 31, at 8.30 p.m., when Sir David, 
Gill, K.C.B., LL.D., D.Se., F.R.S., President-Elect, 
will assume the presidency and deliver an address. On 
Thursday, August 1, the —— of Leicester (Alderman 
Sir Edward Wood, J.P.) will hold a reception at a féte 
to be given by him in the Abbey Park ; and on Tuesday, 
August 6, there will be a soirés in the Museum Build- 


| Mr. Aspinall ara practically the only men of influence in | 


ing meeting will be held on Wednesday, August 7, at 
2.30 p.m. Excursions will be made on Saturday, 
August 3, to places of interest in the district, such as 
Chatsworth, Haddon Hall, Belvoir Castle, Warwick, 
Kenilworth, Stamford, and Peterborough. A special ex- 
cursion will be made to the Charnwood Forest. 








REGENERATIVE CONTROL. 
To THE EpiToR OF ENGINEERING. 

S1r,—It is quite refreshing to read the remarks by the 
President of the Institution of Mechanical Engineers on 
the subject of ‘‘ regenerative control,” given on page 596 
of your issue of the 3rd inst. 

t is a wonderful thing what an exceedingly long time | 
it takes for inventions to percolate a little way along the | 
various strata of engineering practices. | 

Here we have a system of traction the principle of | 
which has been the dream of engineers ever since there | 
has been any engineering practice—the recovery of energy 
of a moving vehicle in braking—and Mr. Riches and | 
the engineering or electrical engineering profession who 
have had the courage of their convictions to speak in its | 
favour since its introduction on a practical basis. It is, | 
of course, nothing fresh to read of Mr. Aspinall’s recom- | 
mendation of the system. 

Now this is a subject which, I contend, should be | 
considered as above private and vested interests. In 
regenerative control we have at the disposal of traction 
engineers the most perfect and most powerful braking 
appliance yet invented either for railway or tramway 
purposes ; and yet the large and influential companies, 
who have practically the control of this business, will not 
even take the trouble to design a suitable shunt-traction 
motor. 

The subject is one of wide range, and is not confined to 
any particular method, as most electrical engineers can 
design a system of control to suit their own methods of 
dealing with the subject. 

The advantages of the system are so much superior to 
any other method of traction that what astonishes me is 
that electrical engineers have not been tumbling over 





| each other to bring out improvements. Will you allow 
|me to briefly enumerate the special advantages, which 
j are as follow :— 

| a. Inaccelerating and running it has all the advantages 
possessed by series motors. 

| 6. The driver knows at what speed he is running 
through a wide range of speeds. 

| ¢, He cannot exceed the maximum speed the car or 
| train is designed to run. 


| 


d. It provides the ordinary braking method. 

e. It provides the necessary emergency braking in a far 
better manner than by any mechanical brake, and more 
powerful in its action. 

f. The functions of braking are performed by the 
recovery of the kinetic energy of the car or train, and not 

| by the dissipation of that energy. 
g. It is the only system that is possessed of the valuable 
‘asset of “‘economy in braking.” 

And now, Sir, I ask traction engineers if they have 
any system, or know of any, possessing those qualities 

| I have enumerated above. 

The system can be used on railways by the adoption 
of accumulators, and it cannot very well be used without 
them ; but by their use on a properly designed system 
the greater amount of energy absorbed in accelerating 

| to full speed can be recovered in braking, and fully 90 per 
| cent. of the cost of mechanical braking apparatus can 
| be saved. 

I trust that engineers will really begin to give atten- 

| tion to the principle within their reach, the realisation 
of which has been the dream of many of the foremost 
men of the profession in the past, and will try to bring 
it to that perfection necessary to commend itself for use 
by railway engineers. 
Tam, yours faithfally, 
Jno. I, HAL. 
1, Durlston-road, Kingston-on-Thames, May 14, 1907. 








“THE EFFICIENCY OF BOILER PLANT.” 
To THE Eprror oF ENGINEERING. 

Srr,—In your issue of the 3rd inst. I note that Mr. 
John I. Hall again addresses you on the subject of live- 
steam feed-water heating and its economic effects. 

I have before me an illustration of the internal arrange- 
ment of the heater to which Mr. Wilkinson, of Harrogate, 
attaches his name. The principles of de-aeration which 
are made use of in this arrangement recall those employed 
by Messrs. Dales and Braithwaite, and which are essential 
(as proved in published experiments) to the attainment of a 
relatively very high temperature with feed-water, as com- 
pared with that of the steam used for this purpose, in any 
closed vessel. Messrs. Braithwaite and Co. ought to be 
much obliged to Mr. Hall for so assiduously publishing 
the merits of those principles. Reports as to tests of 
scientific apparatus, however, should have some claim to 
scientific accuracy, as the abstract scientific aspects of 
such are their only claim to gratuitous publication. 

No mention is made of the fact that the external parts 
of thermometers, which stand in a colder medium than 
that of which the temperature is required, cause the read- 
ings to be lower than the temperature of the tested fluid. 
The obvious reason for this is, of course, radiation and 
conduction from the material of the instrument. _ 

In the Harrogate trials, which were made with the 
Dales and Braithwaite heater, the thermometer readings 
stood at 11 deg. or 12 deg, Fahr. lower than the table 
temperatures for the pressures ; so that it is evident that, 
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if the temperatures given are not corrected, they are not 
the actual temperatures. In the illustration referred to 
I nutice that the tube, in which the thermometer stem 
passes to the water, is exposed to the steam temperature 
at full pressure, and which, therefore, must have a close 
approximation to that temperature. These surroundings 
of heated metal and gas, or steam at full temperature and 
pressure, must have the effect of raising the readings of 
the thermometer above the actual temperature of that of 
the water in which the bulb is inserted, and so make it, 
in the opinion of the writer, a fictitious reading in a 
similar, but opposite, manner to that of a reading of an 
outside thermometer. With these points in view, I do 
not feel that it has been demonstrated that the water fed 
is of the temperature stated, and I fail to see how any 
practical scientist can do £0. : 

With regard to the arrangement shown creating no cold 
zone in the boiler, what of the 20 ft. or so of the cold- 
water pipe which conveys the water from the ordinary 
feed inlet to the heating chamber, and also of the whole 
mass of the heater itself ? 

Yours faithfully, 
J. H. Daves. 
C. C. Braithwaite and Co., Limited, 
Finsbury-pavement House, London, E.C., May 13, 1907. 








BALL LIGHTNING. 
To THE Epiror or ENGINEERING. 

Srr,—In the notice of the thunderbolt at Bidston which 
appears in your issue of May 3, reference is made to ball 
lightning, and it is stated that instances of its occurrence 
‘‘are so rare that doubts have been expressed whether 
this form of electric discharge was possible, and whether 
the quoted cases might not be explained as due to optical 
illusions.” Instances of its occurrence certainly are rare, 
but I have no doubt whatever of the possibility, and, 
indeed, of the actuality, of the phenomenon, having 
myself both witnessed one of these singular electrical dis- 
charges, and experienced wend its effects. It may, 
therefore, be interesting if I give you my experience, 
which I think was somewhat unique. 

One hot, sultry summer afternoon in, as nearly as I 
can remember, the year 1850, I was passing down the 
western side of the Buckingham Palace-road, Pimlico, 
on my way to Chelsea, when a sharp thunderstorm sud- 
denly came on, accompanied by heavy rain. Not having 
an umbrella with me, I took shelter in the porch of the 
Pimlico Dispensary, which building is situate at the 
corner of Eccleston-street, and which is still in existence. 
At this point are two cross-roads. The rain having 
abated somewhat, I looked round to my right from 
the porch—which is in ecidianatenthe tana Eccles- 
ton Bridge to see if the storm was clearing off, when 
I saw a ball of fire descending earthwards at an approxi- 
mate angle of 45 deg. This ball, in appearance, exactly 
resembled a brilliant full moon, except that it showed 
itself to be distinctly spherical, its apparent diameter 
being at first about 6 in. It travelled rapidly down 
towards the house at the left-hand corner of Eccleston 
Bridge, the position of the house being diagonal with 
myself. ‘Chis house has now been removed in connection 
with the Brighton Railway extension. The ball struck 
the house near the top, there bursting and ——- 
about 15 ft. or 20 ft. of a heavy moulded cornice, whic 
fell with a crash into the area below. 

At the moment of impact the apparent diameter of the 
ball was about 18 in., and it burst into vivid fan-like rays, 
radiating downwards at an angle of about 45 deg., the 
angles of incidence and refraction thus apparently coin- 
ciding. At the moment of bursting there was a sound as 
of an explosion, not a very violent one, so I am inclined 
to think it was due more to the smashing of the solid 
compo cornice than to the bursting of the ball. It may, 
however, have n a combination of both the bursting 
and the smashing, which would occur simultaneously. 

So far the effect of the burst on the house ; now for its 
action on myself. I take it that the vivid fan-like rays 
were simply flashes of lightning, suddenly released from 
an enveloping medium, and radiating earthwards from a 
central bursting point. These rays, which were momen- 
tarily blinding, came straight across my chest, not with 
a sharp concussive action, as might have been expected, 
but simply with a painless but very heavy momentary 
pressure, causing a sensation of sickness and fainting, 
and, for a few seconds, loss of breath. I attribute this to 
the lightning—for such it doubtless was—creating a 
vacuum around me, and thus partially exhausting my 
lungs of air. The only audible manifestation on my part 
Was the involuntary utterance of a sound corresponding 
to thit usually emitted by a pavior when driving home a 
refractory granite sett with his rammer. 

I cannot remember whether the flight of the ball was 
accompanied by thunder, for on receiving the shock I felt 
momentarily dazed. The uliarity of the flash, and 
the crash of the falling cornice, brought to the window of 
the dispensary a lady—the matron, I presume—who, 
82eing me holding on to the porch, very kindly came to 
the door, helped me in, placed me on acouch, and gave me 
& medicinal restorative, nor would she allow me to leave 
until I had fairly recovered from a somewhat smart shock. 

_ Such, then, is the history of my experience with ball 
lightning, which, I think, should set at rest any doubts 
as to whether this special form of electric discharge is 
possible. It isan experience, moreover, which does not 
fall within the category of quoted cases which might ‘‘be 
explained as due to optical illusions.” As, however, the 
Incident occurred more than fifty years ago, it may be 
thought that, being apparently a mere youth at the time, 
my powers of observation were hardly to be trusted to 
form correct conclusions considering my then surround- 
ings. But in 1850 I was in my twentieth year, and I had 
then been five years in the office of an engineer in West- 





minster—the late John Addison—besides which I was not 
unfamiliar with physical science. 

Your notice of the Bidston thunderbolt concludes with 
the observation that the action of ball lightning ‘‘is 
usually playful, rather than dangerous.” The brief inter- 
view with my sample left the impression on my mind that 
its action was dangerous rather than playful, an impres- 
sion which still vividly exists. 

Yours faithfully, 
: Perry F, Nursery. 

17, Victoria-street, Westminster, May 6, 1907. 





‘““THE ENTRANCE TO THE MERSEY.” 
To THe Epitor or ENGINEERING. 

Str,—In your article ‘‘The Entrance to the Mersey,” 
‘Fig. 4, section of proposed revetment,” the bottom of 
the entrance channel is shown as being only 14 ft. below 
‘‘old dock sill, Liverpool,” whereas on the longitudinal 
section you show the depth of the same channel below the 
same datum line as being 37 ft. 

It must be clear to anyone that a design and estimate 
for a revetment that might be sufficient for an entrance 
channel having a depth of only 8 ft. at “average low 
water” would, to say the least of it, be ludicrously insuf- 
— for an entrance channel having four times the 

epth. 

our remarks notwithstanding, my estimate for dredg- 
ing an entrance channel having a navigable depth of 30 ft. 
at low-water of spring tides (nearly 36 ft. to allow for 
silting up and wave motion of ships) was ample if the 
dredging had been done in an intelligent manner. 

Some of the dredging on the Amsterdam Sea Canal, 
to which you refer, was done much more cheaply than at 
the entrance to the Mersey; but, then, the circumstances 
were so different that I could not quote these prices, 
although, having been in the office of the late Sir John 
Hawkshaw, the engineer of the sea canal, I knew all 
about them. 

Yours obediently, 
RvussEL AITKEN. 


[The engravings were copied from the deposited plans, 
The longitudinal section was probably on the centre line 


x 


of the channel.—Ep. E.] 








LOCOMOTIVE IMPROVEMENT. 
To THE EpiTor OF ENGINEERING. 

Srr,—In considering the question as to the possibility 
of improving the pertormances of locomotives from the 
economic standpoint, the claims of superheating ought 
not to be overlooked. If there is one feature that will 
Five increased etticiency, that feature is superheating. 

ncontestably it represents the highest stage of develop- 
ment of the steam locomotive in its present form, 

Superheating was applied some years ago to a Lanca- 
shire and Yorkshire Railway express engine of the 
**1400” class, with what result Ido not know ; but the 
remark may be made, en passant, that superheating is 
nothing if itis not thorough. Half measures are of no 
use. At the present time the clever and enterprising 
Mr. Hughes, locomotive superintendent of the line just 
mentioned, is giving it a trial on a couple of engines, the 
operenine being that invented by Mr. Wilhelm Schmidt, 
the well-known German expert in this branch of engi- 
neering. Barely two decades ago superheating was 
virtually a dead letter, partly because no one had hit 
upon the right sort of apparatus, and partly because the 
lubricants then in use were unsuitable. This is no longer 
the case, however. It is no exaggeration to say that Mr. 
Schmidt has solved the problem, aided by the improve- 
ment which has taken place in the manufacture of lubri- 
cating oils. With a full sense of the immense advantages 
that would accrue from superheating, Mr. Schmidt first 
took up the subject in connection with stationary engines, 
and ten years later turned his attention to applying 
superheating to locomotives. It isnow a matter of history 
that, in stationary and locomotive practice alike, Mr. 
Schmidt’s efforts have been pre-eminently successful. 
Unlike Hirn, Mr. Schmidt from the outset employed a 
high degree of superheat, so that absolutely all losses due 
to cylinder condensation were avoided. In the case of 
locomotives, a superheat of 650 deg. Fahr, has been found 
by experience to give the best all-round results. This 
steam temperature effects a large decrease in the con- 
sumption of coal and water, while the haulage power of 
the engine is at the same time very appreciably increased. 
The saving in coal is relative, of course. It varies with 
the size of the superheater, with the engine, and with 
the work done. From figures based on actual running 
tests, and published in various technical papers, an 
economy in fuel of from 25 to 30 per cent. is obtained 
in the case of superheated-steam simple locomotives as 
compared with saturated-steam simple engines, and an 
economy of from 15 to 20 per cent. in favour of the former 
in comparison with saturated-steam compounds. For 
economic reasons, the latter locomotives have been re- 
peatedly recommended in lieu of simples, but numerous 
tests show that such locomotives are ‘‘ not in it ” where 
superheater non-compounds are concerned. It may be 

inted out that the real value of compounding lies in the 
act that it reduces the temperature range in the cy- 
linders, and thereby effects some diminution in cylinder 
condensation. In that connection, compounding covers 
only part of the ground, whereas superheating covers 
the whole of it. Since Mr. Schmidt has proved to 
the world that superheating is both mechanically and 
commercially practicable, I myself have failed to see 
that there is, in the majority of cases and circum- 
stances, any agg x advantage in purauing the com- 
pound principle further, having regard to the fact 
that it can never more than partially solve a problem 





heating. Even where compounding and superheating in 
conjunction have been tried, the saving attributable to 
st been very small, while against that 
saving must be placed the complications due to combining 
the two features, the engines being in every res more 
costly to build and maintain than two-cylinder super- 
heated-steam locomotives. As to four-cylinder non-com- 
pounds, these may be considered advisable under certain 
circumstances, in order, for instance, to avoid the necessity 
for excessively large cylinders, and for the purpose of dis- 
tributing more uniformly the erormous steam stresses. 

If space permitted, innumerable data could be cited in 
ne of the benefits arising from the use of superheating. 

t must not be forgotten that one of the more important 
advantages of highly superheated steam is that a reversion 
to relatively low boiler pressures—150 lb, to 170 lb.—is 
possible, by which a considerable saving in boiler con- 
struction and repairs can be effected. 

Recently, Mr. Schmidt has introduced a new type of 
smoke-tube or ‘* boiler” superheater, in which the super- 
heating pipes are formed in double loops instead of in 
single loops, so that the steam makes an extra course 
to and fro before being passed to the cylinders. Another 
new and important feature is that each set of super- 
heating pipes—there being one set in each smoke.tube— 
can be examined or removed by means of a single central 
bolt without in any way interfering with the other sets. 
The accessibility of the whole apparatus is therefore 
obvious. 

All things considered, superheating is the most essen- 
tial of all features connected with modern locomotive 
development, and the rapidity with which Mr. Schmidt’s 
system is growing in popularity on the Continent speaks 
for itself. One railway, at any rate, has decided to 
order no more saturated-steam locomotives of any sort. 
It is pretty certain that the limit of efficiency with satu- 
rated steam has been reached, and hence there is every 
reason for having recourse to the use of highly super- 
heated steam, which alone can effect the desired im- 
provement in the performances of locomotives, both in a 
thermal and in a mechanical sense. Mr. Schmidt is to 
be congratulated, not only for having brought this valu- 
able feature to the front, but also for having devised 
apparatus which has established it on a thoroughly prac. 
tical and commercial basis, and I, for my part, venture to 
hope, therefore, that British locomotive designers and 
builders generally will give it the extended trial to which 
its great economic advantages unquestionably entitle it. 

I am, Sir, yours ew 
F. W. Brewer. 


20, Westbury-road, Bowes Park, New Southgate, 
London, N., May 6, 1907. 








INFLUENCE OF A SIDE-WIND ON THE 
VELOCITY OF RAILWAY TRAINS. 
To THe Eprror or ENGINEERING. 
Srr,—May I once more trespass on your space to point 
out that Iam guilty of an error in the formula given in 
my letter in your issue of April 26? 
Tt should read 
» . AvV(V—v cos @)sin 
g.P.= . . 
70,000 
I am, Sir, yours “sa. 
Turf Club, Cairo, May 8, 1907. C. E. Wotrr., 





CENTENARY OF THE DeraTH OF JOHN CHARNOCK.— 
Yesterday was the hundredth anniversary of the death of 
John Charnock, the compiler of the formerly well-known 
‘*History of Marine Architecture.” Charnock was 
educated at Winchester and Merton College, Oxford, 
and afterwards turned his attention to naval affaire, 
serving for some time in the Navy as a volunteer. His 
‘** History of Marine Architecture, including the nautical 
regulations and naval history of all nations, especially 
of Great Britain,” was published in London in 1801-2, in 
three volumes. Charnock ended his days in pw, and 
dying at the age of fifty, was buried in the old churchyard 
at 


. 





PrTERBOROUGH.—TheGreat Northern Railway Company 
contemplates an extensive enlargement of its Peterborough 
station. It is proposed to carry a bridge over the line, so 
that the troublesome level-crossing ~ 4 be dispensed with. 
The present station will be practically pulled down and 
rebuilt, and will be so widened that the Great Northern 
Railway Hotel will abut upon the platform. Additional 
sets of metals will also be laid down to enable Scotch 
express trains to run through Peterborough without 
stopping ; these expresses will not improbably run alto- 
gether outside the station. The improvements will have 
the effect of reducing the time occupied in journeys be- 
tween King’s Cross and Edinburgh by at least 20 minutes. 





Pucret Sounp.—Tenders will shortly be invited by the 
American Government for the construction of a dry dock 
at Puget Sound. The plans and specifications have been 
submitted to the civil engineer on duty at that place for 
his inspection, and they have been returned to Washing- 
ton without change. The dimensions of the new dock 
will be as follows :—Length on centre line at coping-level 
from outside at head to end of apron, 727 ft.; length on 
floor from head to outer sill, 653 ft.; length on floor from 
head to abutment, 608 ft.; width in body of dock at 


| coping (least), 135 ft.; width between faces of altars at 
sil 


level (least), 95 ft.; width between faces of lowest 
altars (least), 82 ft.; width of entrance at coping level, 
115 ft. 6 in.; depth on centre-line coping to floor of dock 
(greatest), 47 ft. 7 in.; depth of centre-line coping to floor 
of dock (least), 46 ft. 7 in.; depth of coping level to sill 


which is wholly, and at one bound, solved by super- : of dock, 45 ft, 
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MISCELLANEA. 


AccorD1nc to the Bulletin of the American Association 
of Commerce and Trade, while the Pennsylvania Railroad 
is only 4.86 per cent. of the te railway mil 
of the country, that system receives 11.93 per cent. of the 
total gross earnings, 11.77 per cent. of the freight earn- 
ings, and 10.71 per cent. of the net earnings of the rail- 
roads of the entire country. The company pays 15 per 
cent. of all the dividends, and 11 per cent. of all the 
taxes of the country’s total railway system. 


On behalf of the Prussian Ministry for Agriculture and 
Forest Culture, Hornberger and Sellheim have conducted 
comparative tests on the liability of oak and beec 
timber to catch fire, and on their behaviour during fires, 
It would not appear that a general preference can be 
given to one of the two timbers. As regards stairways 
and their oie in cases of fire, heavy, tough oak 
timbers are certainly og to beech ; but light oak 
timber ie aot, and as oak timber is on the whole less 
uniform than h, it would not be wise to insist upon 
oak stairways unless the timber can be carefully selected. 


La Ingenieria, Buenos Ayres, recently gave a descrip- 
tion of an accumulator locomotive, in use on a short 
railway in Argentina. This line is 75 kilometres long, 
and has been constructed along the coast for strategic 
reasons, for use by coast-artillery. The locomotive, which 
can draw about 30 tons at 25 kilometres per hour, is fitted 
with two 36 horse-power motors. The battery consists of 
160 cells, of 324 ampere-hours’ capacity. Considerations 
leading to the use of such a locomotive include absence of 
smoke or steam which would be visible from the sea, 
absence of sparking from the rails, readiness for imme- 
diate use, safety from fire to surrounding fields, &c. The 
power plant for charging includes two 50 horse-power 
suction gas-producers, engines, generators, &c. 


Every township and county highway official through- 
out the State of Illinois has, according to the New York 
Engineering Record, been furnished by the State High- 
way Commission with advice regarding bridges and 
roads. For highway spans of 50 ft. or less it is recom- 
mended that reinforced concrete be generally used, a 
standard form of such bridges up to 18 ft. span bein 
supplied by the Commission. In the type of reinforced- 
concrete bridge recommended for spans of 25 ft. to 50 ft., 
and even for longer spans where a good support for the 
necessary falsework is found, the floor is reinfo most 
heavily in a direction parallel to the flow of the stream, 
and the load is transmitted to the abutments by rein- 
forced girders, which also serve as guard-rails. 


The production of steel in the United States in 1906 
amounted to 23,246,251 tons, according to statistics of the 
American Iron and Steel Association. In the previous year 
under 20 million tons had been produced. Of last year’s 
amount the United States turned out 12,275,253 tons of 
acid Bessemer, and 1,321,613 tons of acid open-hearth 
steel—altogether 13,596,866 tons of acid steel against 
9,645,385 tons of basic steel. During the same period 
Germany turned out 715,952 tons of acid and 10,419,133 
tons of basic steel, while Great Britain produced 4,685,840 
tons of acid and 1,776,434 tons of basic steel. The com- 
bined totals for these three countries show an output of 
18,998,658 tons of acid and 21,844,952 tons of basic steel. 
In the previovs year these three countries together pro- 
duced 17,191,585 tons of acid steel and 18,479,239 tons of 
basic steel ; so that it will be seen that while the produc- 
tion of acid steel has increased by about 1,800,000 tons, 
the quantity of basic steel turned out has been increased 
by nearly 3,400,000 tons, 


The hydro-electric t at Brusio, in Graubiinden (the 
Grisons), Switzerland, which was opened on arch 10, 
will, according to the Schweizerische Bauzeitung of 
March 16, when completed as now designed, be the 
largest water-power plant in Europe. The initiative was 
taken, in 1904, by the Elektricitiits A.-G. Alioth, of 
Basle, which worked in conjunction with the Kraftwerk 

. Brusio A.-G. and the Societa Lombarda, of Milan. 
Building operations were commenced in January, 1905, 
and up to the time of the opening, four months before 
the stipulated period, there had not been any serious 
accident. The water of the Poschiavo Lake in is 

. taken through a tunnel to a reservoir, situated 420 metres 
above the power-station, to which five conduits lead 
down over precipitous rocks. Six turbo-generators, 
each of 3000 horse-power, have been erected, four more 
are to be completed this year, and by 1908, 36,000 horse. 

wer are to be available. Part of this energy is utilised 
‘or the Bernina Railway and in the Poschiavino Valley ; 
16,000 kilowatts bave been secured by the Milan Com- 

any, and will be distributed in the district north of 
Mian, - ing the i oe * gee a 

igh-tension line, o ilometres length, passes 
through the Veltlin Valley to the Lake of Como and 
along its shores. The triphase current of 47,000 volts 
is, at Castellana and Lomazzo, transformed down to 
11,000 volts for the secondary distribution. The electric 
machinerv has been supplied hy Messrs. Alioth ; Messrs. 
Escher Wyss and Co., of Ziirich, have supplied the 
hydraulic conduits and some of the turbines, and 
Messrs. Piccard, Pictet, and Co., of Geneva, the others. 


For over twenty-six years the Missouri River has been 
causing considerable trouble at a point near Glasgow, in 
the State of Missouri, U.S.A. The river at this point 
changes its course from almost east and west to due north 
and south. It has now worked down to rock on the 
eastern side beyond the bend, but the south bank of the 
east-and-west reach is of soft alluvial soil, and is u- 
ally being worn away, and the use of an expensive idge 

‘at Glasgow. threatens to be interfered with. As the 
Chicago and Alton Railroad runs qlong this bank, pro- 





tective works of considerable magnitude have been 
carried out at this place. The first work took the form 
of bank protection, in 1880, at Harmony, of over'a mile in 
length. In 1881 revetment works were carried out, 
about 24 miles up the stream, but the river could not 
be controlled, and the bank at one place was, after 
twenty years, half.a mile further south than it was in 
1881. The Government has done but little. successful 
work in controlling the river, and at times the situation 
for the railroad company became so threatening that they 
took the matter up themselves. The work thus. accom- 
plished comprises some 2? miles of revetment built in 
1889, 1901, and 1906, together with a series of six groynes 
or pile-dikes at the lower point of trouble, run out into 


h | the stream at an angle, to turn the current over the other 


shore. The revetment, with willow mattress, is more 
expensive in laying down than pile-driven dikes filled with 
rock ; but the mattress system, if properly done, requires 
no upkeep, while the dikes constantly call for attention. 
The rate of erosion has at times been as great as 500 ft. 
in a single year, and much valuable land has disappeared, 
due to the erratic behaviour of the stream. 








Tue Institution or Civi, Encingers.—The fifteenth 
‘* James Forrest” Lecture will be delivered by Dr. 
Francis Elgar, F.R.S., on the evening of Tuesday, 
June 18, his subject being ‘‘ Unsolved Problems in the 

ign and Propulsion of Ships.” The Fourth Engineer- 
ing Conference will be held on June 19, 20, and 21, com- 
mencing each day at 10 a.m., and the annual conversazione 
oa the evening of June 20 at the Royal Albert Hall. 


PxRSONAL.—We are asked to state that Messrs. R. W. 
Hunt and Co.’s New York office has been moved from 
66, Broadway to West Street-building, 90, West-street, 
New York.—The Stolzenberg Patent File Company, 
50-53, Bishopsgate-street Without, E.C., inform us that 
they have opened a new branch at Trevelyan Buildin 
52, Corporation-street, Manchester, with Mr. J. J. g 
Armitage, hitherto their agent in that city, as manager. 
Mr. Armitage will still, however, carry on his printing 
business at 66, Swan-street. 








THe INSTITUTION O¥ MECHANICAL ENGINEERS.—The 
annual conversazione of the Institution of Mechanical 
Engineers was held at the home of the Institution, 
Storey’s-gate, Westminster, on Wednesday, the 15th inst. 
The guests and members, of whom a large number 
attended, were received by the President, Mr. T. Hurry 
Riches, and Mrs. Riches. During the course of the 
evening Professor Hele-Shaw, F.R.S.. gave a thoroughly 
armen popular lecture on ‘‘ Flying Machines,” 
illustrated both by experiments with models and by 
cinematograph representations of actual attempts at 
artificial flight. 

ASSOCIATION OF TEACHERS IN TECHNICAL INSTITOTES. 
—The first annual conference of the Association of 
Teachers in Technical Institutes will be held in Leeds 
on May 23, 24, and 25. The ovening meeting will be at 
7 p.m. on May 23, at the Leeds Institute. The programme 
for the 24th includes a morning meeting at 10 a.m., at 
which an address of welcome will be presented on behalf 
of the Leeds Education Committee. On Friday, the 25th, 
at10a.m. a meeting will be held for the reading and 
discussion of papers, while the afternooon will be taken 
with visits to works and schools in the district. 


u 

arious social functions are included in the programme 
for the three days, and further particulars may b obtained 
from the hon. secretary of the Conference Committee, Mr. 


J. G. Edwards, 21, Sefton-avenue, Beeston Hill, Leeds. 


New Inpvsraigs ror DunsTaBLe.—Some time ago we 
ablished a short article on the suitability of Dunstable 
or factories, and we are glad to hear that a new industry 
is about to be instituted. Messrs. Bagshawe and Co., 
the well-known malleable iron engineers, who have at 

resent a very large factory in America, and one in 

rance, have purchased 17 acres of land alongside the 
Great Northern Railway at Dunstable, where the work of 
erecting extensive factories is to be commenced at once. 
The effect will undoubtedly be to advance the prosperity 
of Dunstable. In their general pro nda work, and 
especially in their negotiations with Messrs. Bagshawe, 
the New Industries Committee of the Dunstable Borough 
Council are to be congratulated. Mr. James Field, who 
is the chairman of this committee, is especially to be 
felicitated. 


DINNER OF Past AND Present Crewe Men.—On the 
evening of the 14th inst. the twenty-third annual dinner 
of Past and Present Crewe Men took place at the Grand 
Hotel, Charing Cross. The gathering was not quite so 
large as sometimes, but the event was one which will be 
specially remembered by present with feelings of 
great —- the chair being occupied by the hon. secre- 
tary, Mr. A. H. Hernu, for the first time since the 
annual dinners were commenced. It is well known 
among Crewe men that Mr. Hernu has, ever since the 
dinner was instituted, been the leading spirit in all the 
necessary arrangements connected therewith, and his 
presence in the new réle as chairman was particularly 
gratifying. After dinner the usual toasts were drunk, 
that of ‘‘ Present Crewe Men” being proposed by Mr. 
H. A. Ivatt, and responded to by Mr. William Dawson. 
The toast of ‘* Past Crewe Men” was proposed by Mr. 
C. J. B. Cooke, and responded to by Mr. G. Hughes. 
The health of “* The Chairman” was proposed by Mr. 
Wilson Worsdell, and was drunk with musical honours. 
It was proposed that the chairman for next year shall be 
Mr. G. Hughes, chief mechanical engineer, Lancashire 
and Yorkshire Railway, 








ROYAL METEOROLOGICAL SOCIETY. 


Tue first of the afternoon meetings for the present 
session was held on Wednesday, the 15th inst., at the 
Society’s rooms, 70, Victoria-street, Westminster, Dr. H. 
R. Mill, president, in the chair. 

Dr. Mill read a paper on “‘ The Standard Rain-Gauye, 
with Notes on Other Forms.” -When the late Mr. Synions 
founded the British Rainfall Organisation, forty-seven 
years ago, such observations as were being carried on 
were made with rain-gauges of the most varied patterns, 
set: up at any height from the ground that suggested 
itself to the observer, and read irregularly at almost any 
hour of the day or night. Since that time there has been 
a steady approximation to uniformity, and now the 
greater number of rain-gauges in use are of a few definite 
patterns, set, for the most part, at nearly the same height 
above the ground. Dr. Mill strongly recommends the 
Snowdon pattern rain-gauge, which is 5 in. in diameter, 
has.a vertical rim to the funnel of 4 in., an inner 
can, and also a bottle. He does not recommend rain- 
gauges with shallow funnels, nor the Howard and Glaisher 


terns. 

Colonel J. E. Capper gave an account of a captive 
balloon being struck by lightning at Farnborough during 
a thunderstorm on April 11. The lightning-flash appeared 
to travel along the wire until it reached the wagon, then 
a sudden bright light appr, and ran right up the wire 
into the clouds in which the balloon was hidden. The 
wire was fused, being burnt entirely away where it first 
touched the iron pulleys which guide the wire when 
running out. One side of the balloon and net was burnt, 
probably owing to the hydrogen catching fire, but the 
other side was uninjured. 

Professor A. Herschel gave an account of a remarkable 
excavation made by lightning in peat earth on August 2 
or 3, 1906, in a moorland district of Northumberland. 

Mr. J. W. Lovibond exhibited and described his appa- 
ratus for measuring fog densities. 





ConTracts.— We are informed that M. Niclausse, Paris, 
has received an order for the boilers of the armoured 
cruiser Waldeck Rousseau. Forty-eight Niclausse boilers, 
each to evaporate 6250 kilogrammes, and fitted with 
mechanical stokers, are also being supplied to the Cie. 
Ouest-Lumiere, Station de Puteaux. 





TenpDERS InvireD.—Tenders are invited, according to 
the Board of Trade Journal, by the Directorate General 
of the Roumanian State Railways at Bucharest, for (1) 
sixty locomotives, with spare parts; (2) 30,000 tons of 
Cardiff coal; (3) for beech sleepers for standard gauge 
lines. Tenders for (1) and (2) will be received up to 
June 1, and for (3) up to June 5. 





THE ASSOCIATION OF WATER ENGINEERS.—The twelfth 
annual general meeting of the Association will be held at 
Windsor, on Thursday, Friday, and Saturday, June 6, 
7, and 8, under the presidency of Mr. Christopher Sainty, 
M.I. Mech. E., water engineer to the corporation. The 
following papers have been promised for reading and dis- 
eussion—viz. :—1l. ‘‘The Detection of Pollution in Un- 
derground Waters, and Methods of Tracing the Source 
thereof,” by Mr. J. C. Thresh, D.Sc., M.D., County 
Medical Officer, Essex C.C. 2. ‘‘ High-Pressure Centri- 
fugal Pumps,” by Mr. Robert C. J. Dicken, M.I. Mech. E. 
3. ‘*New Water Works at Milton-next-Sittingbourne,” 
by Mr. William Gore and Mr. Martin Deacon. Assoc. 
M.M. Inst. C.E. 4. ‘‘The Scunthorpe Water Works,” 
4 Mr. Alexander M. Cobban, Water Engineer. On 

ursday afternoon, June 6, a visit will be paid to the 
Staines reservoirs. On Friday afternoon a visit will be 
paid to Windsor Castle, Eton College. and the Corpora- 
tion Water Works, Tangier Island. On Saturday after- 
noon arrangements will be made for a drive to the Royal 
Gardens at Frogmore. The twelfth annual dinner of the 
Association will be held at the Guildhall on Thursday 
evening, at 7 o'clock. A visit to Paris is to be made on 
June 9 to 15. On Monday, June 10, the party will be 
driven to the Suresnes pumping-station of the Compagnie 
des Eaux de la Banlieue de Paris, to the reservoirs and 
Puech sand-filters on Mont Valerien. In the evening 
there will be a reception by the President and council of 
the Société des Ingénieurs Civils at the society’s head- 
uarters in the Rue Blanche, followed by a conversazione. 
on Tuesday, June 11, there will be visits to sewers and 
pipe subways, and to the filtering and pumping-stations 
of the Compagnie Generale des Eaux (Anderson revolving 
purifiers dealing with 20 million gallons per day, being one 
of three works, which together supply 40 million gallons 
per day of river water to 131 communes around Paris: 
population supplied, 900,000). On Wednesday, June 12, 
a visit to the aqueduct of Marly and La Machine (ancient 
pumping plant, erected 1685, also modern plant supply- 
ing 54 million gallons per day of river-water to a reser- 
voir 500 ft. above the river level for the town of Versailles). 
On Thursday, June 13, a visit to the Montsouris reservoir 
(capacity 45 million gallons, in two stories), and the arcades 
of Arcueil (ancient aqueducts with modern aqueduct of 
the Vanne superposed). On Friday, June 14, a visit to 
the Montmartre reservoir (constructed in three stories, 
storing spring and river-water in different compart- 
ments). The drive will be continued past the Bassin de 
'la Villette (terminus of Ourcq Canal, conveying 30 mil- 
| lion gallons per day of unfiltered water to low-lying dis- 
tricts), the Oureq pumping-station, and to the pumping- 
stations and filter Mer Saint _— pee — 
supplying 23 million ions per day of unfiltered water, 
and 5 million gallons per day of filtered water from the 
River Marne, water-wheel and turbine-pumps of 850 
horse-power, steam-pumping plant of 980 horse-power, alsa 
exhibition of filter-plants ysing ozone, ferrochlore, Xc- ) 
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THE GIBBS HELIO-CHRONOMETER. 


CONSTRUCTED BY MESSRS. PILKINGTON AND GIBBS, LIMITED, PRESTON. 
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Iv our article last week on the Royal Society’s Soirée 
we mentioned amongst the exhibits the helio-chrono- 
meter, and we now propose to give a further descrip- 
tion of this interesting instrument. The helio-chrono- 
meter, a modern representative of the ancient sun-dial, 
is the invention of Mr. G. J. Gibbs, an amateur 
astronomer, and it is being introduced by Messrs. 
Pilkington and Gibbs, Limited, of Preston. Sun- 
dials, in their day, furnished the best available means 
of finding the time, and before the advent of rail- 
ways were sufficient for most ordinary local purposes. 
The sun-dial on its pedestal in the churchyard, or 
affixed to the church-wall, formed a combination with 
the sand-glasses in the pulpit and the kitchen, which 
enabled the church service and the cooking to kee 
reasonable pace together. Later on mail-coaches, and, 
still later, railways and trains, timed to the minute, 
put an end to this ful state, and the sun-dial- 
sand-glass combination had to give way to pocket time- 
pieces and “‘ grandfather ” avd. 

Again the conditions have changed. The modern 
man of business in his week-end retreat, as well as the 
owner of a country estate, with his motor-cars, wants 
to know the right time with some greater certainty 
than the ordinary clocks and watches can give it. 
Hundreds of modern reproductions of the various 
forms of old sun-dials have been set up partly for use 
and partly for ornament, but their usefulness is mate- 
rially reduced by the difficulty of setting such dials 
with sufficient accuracy, and by the cumbrous arith- 
a figuring entailed before Greenwich time is 
ound, 

The helio-chronometer recently exhibited at the 
Royal Society’s Soirée overcomes these difficulties. A 
simple operation of levelling sets the instrument, 
which indicates Greenwich time with a direct sim- 
plicity only approached by a perfectly-regulated clock. 

The instrument, of which we give general views in 
Figs. land 2, above, consists of three chief parts: a 
universal stand, an hour-circle, and a year-circle. The 
universal stand, by which the instrument is fixed in 
place forms a simple and solid ball-and-socket device, 





LOWER SCREEN 





by meaus of which the makers effect the necessary ad- 
justments in latitude ‘and level. 

The hour-circle or disc can slide round on the upper 
part of the stand, to follow the apparent motion of the 
sun, which casts a spot of light through a small hole 
in the upper of two sereens on to a centre line scribed 
on a lower screen. When the spot of light is on the 
line, Greenwich meafi time is indicated. 

The third portion of the instrument consists of the 
gun-metal disc or year-circle, on which are engraved 
the months. When this is turned to indicate the 
current ‘day and month, a cam or curved plate formed 
on its under side automatically applies the n 
corrections for making the instrument show Green- 
wich mean time. : 

The details of the year-circle cam and its connections 
are shown in Fig. 3, which explains how the cam 
applies the corrections for the equation of time. The 
upper and lower screens already referred to are carried 
on a lever A, which is pivoted at B, and carries a 
projection C bearing against the cam edge. Near the 
pivot B is the fixed screen. Supported by and moving 
with the other end of the lever is the upper or movable 
screen. When the year-circle is turned to indicate 
any date, the cam displaces the lever from its mean 
position by an angle which represents the advance- 
ment or retardation of the apparent sun from the 
imaginary mean sun. The cam form is particularl 
suitable for this purpose, because it enables eac 
instrument to be very fully tested and adjusted during 
manufacture. 

The use of a spot of light bisected by a fine black 
line permits of the time being indicated with very 
considerable refinement. It is found that a very few 
seconds are quite sufficient to show the movement of 
the spot. To avoid the necessity of pny long 
upper screen the latter is provided with two holes at 
different heights, the spot of light being formed by the 
sun shining through the upper hole when the sun is 
at a high altitude, and through the lower hole when at 
a low altitude. The whole arrangement is-very simple 
| and efficient. 








The instrument is constructed entirely of gun-metal, 
and is, as will be seen, most simple in use, while it is 
practically everlasting. The idea is that the helio- 
chronometer shall serve as a standard of reference for 
correcting clocks and watches at.convenient intervals 
—say, once or twice a week—and the experience of 
the last two years proves that when ‘once the clocks 
and watches have had their regulators set in accord- 
ance with the: helio-chronometer observations, : theiy 
indications of time may be relied on for the few 
days which may sometimes elapse between the obser- 
vations. 





INDUSTRIAL NOTES. F 

THE employment of Chinese labour in the Rand 
mines has caused more heart-burning.than any other 
qredice in connection with the South African War. 

he question is still, with us, but its.end as a pro- 
blem is not far off. The matter is left by the home 
Government to the new self-governing colony, the 
Government of which has appointed a Commission 
to inquire :—‘‘ (1) In what direction, and how far, can 
the use of mechanical appliances be extended in the 
mines ; what would be the effect of the extended use 
of such appliances on the employment of whites, on the 
cost of production, on the demand for natives, and on 
the industry generally. (2) As to the means most 
calculated to increase the employment of whites, to 
secure the most efficient use of native labour, and 
generally to secure economy and efficiency without 
addition to the personnel of the mines.” is com- 
mission was announced on April 8 and gazetted in 
Pretoria on May 3. So far the Government has gone 
officially, and Mr. Smuts has given point to the inquiry 
by his remarks upon the subject and the attitude of 
the Government if the Rand magnates carry out the 
policy of closing down the mines. 

It is supremely desirable that this question of the 
employment of the Chinese, and of their repatriation, 
should be settled, and removed from the sphere of 
party politics, for it has had injurious effects upon 

uth Africa. But as the matter is now in the hands 
of the new Transvaal Government, we must await the 
issue, in the belief that the best will be done to solve 
the problem in the justest way possible. The way in 
which General Botha has been received and /éted 
by all parties and sections, inclusive of the repre- 
sentatives of the Rand magnates in London, shows that 
some amicable solution of the problem is not only 
possible, but probable. His own attitude and conduct, 
as shown by his 8 hes, replies, and answers to 
| ar ray indicate dispassionate consideration, and a 

esire to do the best, not merely for the mineowners 
and the workpeople in the Transvaal, who are primarily 
concertied, but for the whole of South Africa, inclusive 
of the older Colonies. 





A memorable event in the history of the cotton 
trade was recalled last week by a presentation in the 
Lord Mayor’s private roum at the Manchester Town 
Hall. In August, 1905, there was a serious dispute in 
the cotton trade, and a strike on a large scale appeared 
to be imminent. All negotiations had failed, and all 
hope of a peaceful settlement seemed to have vanished, 
when the then Lord Mayor invited the representatives 
of the employers and employed to meet him and dis- 
cuss their differences in the Town Hall. Happily they 
did so; the meeting lasted two days, and ended in a 
settlement. It was a memorable event, and the Fede- 
ration of Master Cotton-Spinners’ Associations and of 
the Operatives’ Spinners and Weavers’ Associations 
unitedly agreed to present to Sir J. Thornhill Shand 
a photographed group of all those who took part in 
that memorable conference. This was done under the 
presidency of the present Lord Mayor at the Man- 
chester Town Hall. Sir T. Shand asked the Lord 
Mayor to accept the memento on behalf of the Corpo- 
ration, which was done, and it was hung in the Town 
Hall. The speeches made on the occasion show that 
the hopes expressed at the previous gathering have 
had good effect, and the fulfilment is expected in the 
near future by the adoption of an automatic scheme 
for the regulation of w in both sections of the 
cotton trades. It is notable also that the dispute in 
the weaving branch, which only a few days previously 
to the presentation looked ominous, has now. been 
settled for the present, the operatives having with- 
drawn their demands. Another dispute, which even- 
tuated in a strike, has also been settled by a compro- 
mise. The prosperity in the spinning branch is not to 
the same extent shared in the weaving branch, and 
even the high percentages of profits quoted in the 
Press are said to be exaggerated in most, if not all, 
cases, 





The Amalgamated Engineers’ Monthly Journal.of 
this month makes no mention of the ee agree- 
ment between the representatives of the engineering 
trades and their rn tng probably for the reason 
that the matter was before the members to be voted 
upon. The. editorial notes are confined tothe Budget 
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a mers and to the discharge of Woolwich Arsenal 
workmen. As regards the Budget the editor is not 
satisfied with the proposals as to old-age pensions. 
With the three main proposals in the Budget he agrees, 
but thinks that Mr. Asquith has shown more love for 
income-tax payers than for old workmen of pension 
age. He says:—‘‘ After all that can be said in its 
favour, the Budget stands as a distinct failure and 
disappointment from a Labour and democratic point 
of view.” In reply to Mr. George N. Barnes, the | 
Secretary of State for War states that any men on | 
short time who may apply for discharge, if such dis- | 
charge can be granted, shall be paid any bonus due. 
The membersbip of the union at date was 106,563—an 
increase of 535 in the past month. A total of 10,684 
were in receipt of benefit : 2751 on donation benefit, 
2723 on sick benefit, and 5210 on superannuation 
benefit, The aggregate is a small army of. workers. 
There was a slight increase of unemployed, the chart 
line nearly touching the level of the same month a 
year ago. In 1905 the proportion was about 5.4 per 
cent., whilst in 1906 it fell to 2.6 per cent., about 
which point it stood at date. The series of articles 
on ‘Political Economy, and Technical Subjects,” are 
continued, 

The report of the Ironfounders for the current month 
shows very little change in the situation, but what 
there is is in favour of the union. There was an all- 
round decrease of 72 on ths several benefits, but of 
these 58 were on sick benefit. As regards the state 
of trade the report states that ‘“‘the most hopeful 
sign is the rapid decrease in the stocks of pig iron.” 
The demands in the various branches of the iron and 
steel industries are showing indications of improve- 
ment, and the early future is generally re ed as 
more encouraging. It is further said that ‘‘ business 
is on a more stable basis than for some time t. 
Prices are very firm all round. There is savteléle ue 
prospect of a downward movement ; on the contrary, 
aeoaate are in favour of an advance in prices.” 
Trade on the whole, it is said, is fairly brisk. In 
the Gloucester district the men’s wages have been ad- 
vanced Is. per week, with one hour’s reduction in 


time, The strikes in Liverpool and Birkenhead con- 
tinue. At Retford an advance of 23. per week has 
been made. In Sheffield, the men having been on 


strike for 26 weeks, the executive committee have 
granted an extension of benefit, as they have the 
power to do. The total number on the funds was 
2674; decrease, 72. There was a decrease of three on 
donation benefit, of 58 on sick benefit, and of 13 on dis- 
pute benefit, but there was an increase of eight on 
superannuation, allowance. The total membership was, 
at date, 19,220; last year, same date, 18,678. The 
total cost of benefits was 956/. 3s. 2d. per week, or 
1s, Ofd. per member per week. The total cash balance 
was 93,647/. 12s. 2d.; increase, 800/. 1s. 2d. In various 
places the shops are closed to members; 32 towns are 
mentioned in which one or more firms are denied union 
mea. The state of trade, as shown by the branch 
returns, has varied but little in any of the places 
where branches exist. Those marked ‘‘ very good ” and 
**good” are 52 and 42 respectively, both months; 
** moderate,” 21—last month, 20 ; ‘‘ improving,” three 
—last month, nil. Last month there was one marked 
** bad ;” this month there is no such entry. 


The report of the Iron-Moulders of Scotland shows 
that employment continues about the same as in the 
previous report. There was a slight increase of un- 
employed, but, it is said, ‘‘ our trade keeps well up in 
all jobbing districts,” and there is an increase in ship- 
ping ton on hand of 139,000 tons, as compared with 
the close of 1906. There was a further increase in mem- 
bership of 23, after allowing for deaths and members 
in arrears and ont of benefit. During the month an 
appeal was issued by the executive to apprentices 
over 16 years of age to “consider the question of 
affiliating with the Society,” and thus make provision 
for a future day. It appears that it was at once re- 
— to in some districts, as there was an increase 
of 26 members. The net income for the month was 
2159/. 18s, 2d.; the expenditure was 1843/. 17s., show- 
ing a balance of 316/. 1s. 2c. |The aggregate balance 
was at date 88,162/. 93. 8d. On the expenditure side 
were 750/. 17s. 6d. for superannuation benefit, and 
400/. for funerals, or 100/. weekly, the heaviest under 
this head since January 21, 1905. The return of 
votes on the question of labour representation shows 
1369 in favour, and 1075 against. Provision will now 
have to be made for the selection of a candidate or 
candidates. The election of president and two 
members for the executive council is in progress this 
month. A big strike of moulders has been on at Mil- 


waukie, Wis., U.S.A., since May last, and is still on. | reg 


Members are notified of this lest they should emigrate 
to that district. A telegram is also published _ 
Toronto, Canada, asking ‘‘moulders to stay away 
from Canada,” as there are labour troubles on. The 
report publishes notices in this country asking 





moulders to go to Winnipeg. Copies of all such 


notices have been sent to Canada by the general secre- 
tary of the union. 





The Post Office Budget bas not previously been 
noticed in ‘‘ Industrial Notes,” for the reason that in 
no former year did labour come specifically within its 

urview, whereas on the present occasion labour 
oomed conspicuously. in the statement of the Post- 
master-General and in the debate. The Post Office is 
a trading concern—the best of its kind, perhaps, in 
the world. * It is a profit-earning department, whereas 
most other departments of State are spending depart- 
ments only. Even’ the Inland Revenue and the 
Customs. do not, rightly speaking, earn _ profits ; 
although called revenue departments, they intercept 

t of earned profits for the purposes of State. e 

‘ost Office is a vast organisation, with many sides, 
carried on with hired labour, from highly-paid officials 
to the humble carrier, office-boy, or messenger boy. 
The part of the establishment here refe: to, or, 
rather, dealt with, is what are called postal employés, 
of whom there are many grades. For many years past 
these have complained of inadequate pay and promo. 
tion and other matters. For a long period they were 
denied the right of combination until the late Pro- 
fessor Fawcett conceded it’ when he was Postmaster- 
General. Great discontent prevailed after that until, 
in 1892, there was an ill-advised strike, and many. 
men were sus 
organise, and they ‘‘ lobbied” the Members to such an 
extent that they, too, complained. _ The present Post- 
master-General has conceded much more than Professor 
Fawcett did, and during his short term of office has 
done much to improve the employés’ position, with 
increase of pay. In his speech he indicated further 
advantages to be given, while not forgetting the tax- 
paying public. 

The terrible charges made against some of the 
officials of the Miners’ Union and others in the United 
States are such as to fill the minds of men with horror. 
The men are on their trial, and it is undesirable to com- 
ment upon the allegations while the matter is sub 
iudice. It is to be ho that the men charged 
will be able to prove themselves innocent, for the 
crimes alleged are such that the union implicated will 
be regarded with feelings of horror. In some of the 
earlier mining localities in our own colonies and in 
America the miuers had to take and hold their own 
by force until some kind of tribunal, however rough, 
could deal with criminal cases. In the United 
States, as here, the right of combination exists for 
all peaceful purposes, but not for the destruction of 
life or property. 





It was reported that the recent strikes in Egypt 
were promoted by political factions, but, fortunately, 
the extent and nature of the strikes, and of the influ- 
ences which originated them, appear to have been 
greatly exaggerated. Nothing could be more deplor- 
able than for strikes to be used by political partizans 
for devious purposes. In Spain, and to some extent 
in Italy, they have been so fostered and used, with 
often direful results. In Russia the revolt was both 
political and industrial, owing to the deplorable state 
of the empire and to the conditions of labour in 
European Russia. 


The strikes of dockers in New York caused a 
deal of dislocation in the shipping trade, many vessels 
being detained. In this case the dispute is altogether 
industrial, and affects directly only the men engaged 
at the docks. 








Labour scored another victory in the House of 
Commons on Friday last, when Mr. H. Lever’s 
Bill for Old-Age Pensions was carried by 232 votes 
to 19, and referred to a committee of the whole House. 
The Government accepted the second reading of the 
measure, but could not accept its provisions. It was, 
however, an acceptance of the principle of the Bill, 
and an accentuation of the Government’s attitude. 
Mr. Burns was put up to reply on behalf of the 
Chancellor of the Exchequer, who was absent. He 
gave an estimate of the cost at 65 years of age, men 
and women, as 29,000,000/. ; excluding criminals, 
vagrants, paupers, and lunatics, as 10,780,000/. ; also 
the cost at 70 and 75 years of age; but 65 is the 
demand of the Labour men. But these figures are 
illusive ; they are based upon census and population 
returns, and calculated on the basis of universal 
pensions for all, rich and poor alike. 

In the North Wales coal-fields there is considerable 
unrest, and at the present juncture the outlook is 
arded as a crisis in the dispute. The men demand 
a price-list and a minimum rate of es, which, so 
far, have not been conceded. The officials of the 
Miners’ Association took a ballot of the men at the 
various collieries as to whether they would hand in 
their notices to cease work unless a settlement was 
arrived at. The men, by an overwhelming majority, 


mded. The employés continued to} 





decided in favour of ceasing work if the coalowners 
did not come to terms. The miners’ representatives 
will now ask the Fe og to meet and discuss the 
matters in dispute ; then, if no satisfactory agreement 
is arrived at, to hand in notices. 

The Durham Miners’ Conciliation Council, at their 
meeting in Newcastle on Saturday last, granted a 
further advance of 3} per cent. on the men’s wages. 
This, added to previous advances, makes the wages 
40 percent. above the basis of 1879, which is the 
standard by which the rice or fall in wages is governed 
in the Durham coalfield. 





There is every indication of a material improvement 
in the iron and steel trades, though it was more appa- 
rent in pig iron than in finished iron in last week's 
market in the Midlands and on Manchester ’Chanye. 
The upward tendency in the price of pig iron was so 
strong that corsumers held back, as the prices of 
finished material did not warrant heavy deals. Sellers 
were more cautious as regards bargains, not knowing 
the extent of the probable, nay, inevitable advance. 
Best iron is in most request, but there is aleo improve- 
ment in other grades. Steel is ‘in good request, ard 
prices are tending in an upward direction. 


The Welsh tinplate trade is very flourishing, and 
prices are advancing. Mills throughout the trade are 
working at the highest pressure, and the contracts in 
hand cover the whole of the production for three 
months to come. 





Serious disorders have taken place in Belfast in con- 
nection with the dockers’ strike, and the importation 
of ‘‘strike-breakers” by the Shipping Federation. 
Free tights and mob attacks upon the non-union men 
imported led to baton charges by the police, many 
persons being injured. 





An important step towards conciliation has been 
taken on the North-East Ccast:by the decision last 
week to establish a Conciliation Board for the regula- 
tion of wages and the settlement of trade disputes, 
and with arbitration should the parties fail to agree. 





The dispute in the pottery trade at Hanley was ulti- 
mately settled by the intervention of the Rector of 
Stoke, who brovght the parties together. 








Beician Coat Exponts.—The exports of coal from 
Belgium in March, this year, amounted to 390,853 tons, as 
compared with 417,371 tons: in Match, 1906... The aggre- 
gate exports for the first three months of this year were 
1,076,302 tons, as compared with 1,108,070 tons in the 
first quarter of 1906. The exports to France figured in 
these totals for 822,820 tous and 812,763 tons respectively ; 
those to Holland for 80,850 tons ard 95,145 tons reepec- 
tively ; and those to Germany for 71,376 tons and 79,984 
tons respectively. 

Nrw ZEALAND Kavri.—The extinction of New Zea- 
land kauri is alleged to be imminent. Some autho- 
rities say that it will Jast 10 years, and then all will 
be cut out; others make a more contervative estimate, 
and say that in seven sag the kauri timber industry 
will be at an end. The Hon. E. Mitchelson, in the course 
of an interview, stated that he strongly urged many years 


good | ago that the Colonial Government. should take some 


steps to preserve kauri by prohibiting its export, but it 
was now too late to take any effective action in this direc- 
tion. He agreed that the effect of settlement was fatal 
to kauri forests, and he added that most of the large re- 
maining bushes were now being affected in this way, 
with the exception, perhaps, of the Hokianga district, 
where he believed there was an area containing some 
60,000,000 ft. of timber, so far secure against the risk of 
the deadly fire which followed in the train of civilisation. 





Exectric Power in New Zeatanp.—The extensive 
works in connection with the production of electric energy 
at Waipori, New Zealand, together with the power-house, 
pens, &c., are in a forward state. The converter-station, 
which adjoins the power-house, was built in 1903, and 
until the ony _ nae it ——e > 2 mae se 
necessary for working the steam plant, an o a battery 
booster. The quiedieent for the last three and a half 
years was 24 ft. long, and this, with one machine—a 
‘*booster”—was all the building contained. During the 

t few months there has been installed an extra switch 
onady 34 ft. long, making the switchboard in all 58 ft. in 
length. This extra switchboard is for the purpose of 
controlling the synchronous motors, the transmission 
lines, and the distribution. There are also panels for 
contiolling the synchronous motors—one panel for the 
exciter, and two panels for the transmission lines coming 
in from Waipori, and four panels for low-tension distri- 
bution in the city. These panels are provided with hand- 
regulators. There are four panels for the high-tension 
distributing mains, and they are provided with hand- 
regulators. In all there are eighty-six instruments on the 
board, not including an ammeter, volt meters, and watt- 
meters. In addition to the works already referred to, 
three large tor units have been installed in con- 
venient proximity to the switchboard. 
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STEAM IN GAS-PRODUCER PRACTICE. 
An Investigation on the Use of Steam in Gas-Producer 
Practice.* 

By Witu1am Artuur Bons, D.Sc., Ph.D., F.R.S., Pro- 
‘fessor of Applied Chemistry (Fuel and Metallurgy), 
Leeds University ; and RichHarpD VERNON WHEELER, 

M.Sc., late Dalton Scholar and Research Fellow of 
Manchester ig ree | 
Ha!!, and Co., Limited, Warrington. 

THE experiments recorded in this paper were carried ou 
during May and June of last year, with a gas-producer 
plant at the iron and steel works of Messrs. Monks, Hall, 
and Co , Limited, Warrington, with a view to determine 
the influence of variation in the proportions of air and 
steam in the blast upon the composition of the gas, its 
suitability for furnace operations, and upon the general 
and thermal efficiencies of the producers. The investiga- 
tion comprised a series of five trials, each extending over 
a full working week, with the plant supplying washed gas 
both for gas-engines and for re-heating and puddling fur- 
naces, all working under normal conditions. The only 
difference between the conditions from week to week was 
in the relative proportions of steam and air used in the 
blast for the producers, which were varied by raising the 
steam saturation temperature of the blast, in five equal 
stages, from 60 deg. to 80 deg. Cent. As will be ex- 
plained later, arrangements were mado for the accurate 
determination of every possible factor in the results which 
would be influenced by the variations in the working con- 
ditions at the producer. The results as a whole may, we 
think, be considered as establishing reliable data, not only 
as to what a gas-producer is capable of doing under scien- 
tific supervision and control, but also with respect to the 
maximum of advantage and efficiency derivable from the 
use of steam between the above-named limits. 

The objects of the experiments will be, perhaps, better 
understood if we preface an account of them by a brief 
consideration of the chemical and thermal changes involved 
in ordinary gas-producer practice, where a bituminous 
coal is primarily decomposed and the resulting coke sub- 
jected to the combined action of air and steam at high 
temperatures. 

When a charge of coal is dropped into the producer, it 
first of all undergoes a process of destructive distillation 
similar to that carried out in the manufacture of -gas. 
The products of distillation are, chiefly, hydrogen, 
methane, tarry hydrocarbons and carbonic oxide, ther 
with small quantities of ammonia, compounds of sulphur, 
and a large residue of coke. A ton of good gas-coal, when 
distilled in a retort, yields approximately 10,000 cubic 
feet of gas, comprising 5000 cubic feet of hydrogen, 3500 
cubic feet of methane, 700 to 800 cubic feet of carbon 
monoxide, and some 500 cubic feet of ethylene and heavy 
hydrocarbons, as well as about 1 cwt. of tar and 6.8 lb. 
of ammonia (= 22.5 lb. of ammonium sulphate). Under 
the conditions of ordinary producer practice the relative 
yields of these ‘‘distillates” are probably much the same 
as in the gas-retort, except that ethylene and other 
olefines are decomposed in the producer, and do not, as 
a rule, appear in thegas. Moreover, the addition of steam 
to the air-blast is probably without material influence on 
the distillation, except in so far as it may, under suitable 
conditions, produce a marked increate in the yield of 
ammonia. . 

The incandescent coke, arising from the primary distil- 
lation, is in turn gasified by the combined action of 
oxygen (air) and steam in what is sometimes termed “the 
zone of partial combustion.” The blast is usually pre- 
heated during its e through the layer of hot ashes 
upon which the unburnt fuel rests. The efficient manage- 
ment of the producer mainly depends on a proper under- 
standing of the chemical aspects of this part of the pro- 
cess. It is necessary, then, to consider :— 

1. The Action of Oxygen (Air) upon Incandcscent 
Carlon.—There is still considerable difference of opinion 
amongst chemists as to the mode of combustion of solid 
carbon. The commonly accepted view is that carbon 
burns directly to carbon dioxide, which, in contact with 
an ex°ess of incandescent carbon, is immediately reduced 
to carbon monoxide, thus :— 


(a) C + O, = CO,, and 
(b) CO, + C = 2C0, 

This view is, however, unsupported by any conclusive 
evidence, and is difficult to reconcile with . H. B. 
Baker's classical experiments on the combustion of solid 
carbon.| Moreover, the work of Professor H. B. Dixon 
and his pupils on the rates of explosion of mixtures of 
ag and oxygen, corresponding to C,N. +O. and 

2N: + 20, respectively, leaves no room for doubt 
that gaseous carbon burns in two well-defined stages— 
viz. (1), directly to carbon monoxide, C2N, + O2 = 2 CO 
+N,, and (2) with a sufficient supply of oxygen the 
carbon monoxide is subsequently burnt to carbon dioxide, 
2CO + 0. =2C0,.t 

_ Taking the whole of the known facts into considera- 
tion, we are of the opinion that the balance of evidence is 
in favour of the view that solid carbon, like cyanogen, 
burns directly to carbon monoxide— 


(c) 2C + O, =2C0, 
and that carbon dioxide is only formed by the secondary 





“Paper reid kefore the Iron and Steel Institute, 
May 10, 1907. 

+ Journal of the Chemical Society, 1885, vol. xlv., page 
349 ; also ye Transactions of the Royal 
Society, 1888, vol. clxxix., A., page 571. 

_+ Journal of the Chemical Society (Transactions), 1896, 
ped » pages 759, 774; also ibid., 1899, vol. Ixxv., 


; Chemist to Messrs. Monks, | 


combustion of the monoxide, 

(d) 2CO + O, = 200, 

It is, perhaps, hardly necessary to say that, whichever 

of the above views of the rand of feubelion of carbon 

question would not be affected. When solid carbon is 

burnt. to carbon monoxide, as nearly as possible 30 per 

cent. of its total heat of combustion is generated: Thus 
| we may write :— 

2C +0O,=2CU =2 x 29) 

and 2CO + O, = 200, =2 x 68f 


The large amount of heat so 
of the carbon to carbon monoxide would, if not in part 
absorbed in decomposing steam, give rise to inconveni- 
ently high temperaturesin the producer, with consequent 


kilogramme C. units. 


of steam in the blast, however, allows of part of this heat 
being at once utilised in doing chemical work in the pro- 
ducer, and thereby raising the potential ——, of the 
resulting gas at the expense of some of its sensible heat. 
This brings us at once to the consideration of :— 

2. The Action of Steam upon Incandescent Carbon.—The 
composition of the gas obtained when steam reacts with 
solid carbon depends mainly upon the temperature. At 
comparatively low temperatures (about 500 deg. to 600 deg. 
Cent.) the chief products are carbon dioxide and hydrogen, 
in accordance with the equation :— 


(e) C + 2H,0 = CO, + 2 He, — 19 kilogramme C. units ; 
steam, 


whereas at temperatures of 1000 deg. Cent. and upwards 
the main reaction involves the production of equal volumes 
of carbon monoxide and hydrogen (water-gas), in accord 
ance with the equation :— 


(f) C + H,O = CO + Ha, — 29 kilogramme C. units. 
steam ; 


At temperatures between 600 deg. and 1000 deg. the 
products correspond to a simultaneous occurrence of ¢ 
and f, the second reaction gradually asserting itself as 
the temperature rises, until at 1000 deg. it entirely super- 
sedes the first. 

Both reactions are, however, endothermic, the first 
named representing the disappearance of 19, and the 
second of 29.2 kilogramme C. units of heat, and conse- 
quently both operate in reducing the temperature in the 
producer and in raising the thermal efficiency of the 
system. Itis clear, also, that, ceteris paribus, the second 
reaction will be more effective in this respect than the first. 

It may here be remarked that when an excessive amount 
of steam is employed—for example, in the Mond system, 
where ammonia recovery is one of the chief aims of the 
process—the temperature in the producer is low enough 
to allow of a considerable occurrence of reaction e. This 
probably accounts for the relatively high percentage of 
carbon dioxide in Mond gas. But where ammonia re- 
covery is not aimed at, the maximum practical efficiency 
is attained when this reaction is as far as ible excludeu. 

It seems useless to discuss what would be the maximum 
theoretical efficiency obtainable with an ideal producer, 
consisting of a self-contained system, in which the whole 
of the heat developed by the burning of the carbon to 
carbon monoxide by atmospheric oxygen is utilised for 
raising the steam. and effecting its decomposition entirely 
in accordance with the equation C + H,O = CO + Ha, 
including the maintenance of the requisite high tempera- 
ture in the bed of fuel. Such conditions would be entirely 
hypothetical, and have no relation to actual practice. 

oreover, the calculation would involve certain arbitra’ 
assumptions, which need not here be specified. It will 
be more profitable to consider, in the light of the results 
recorded in this paper, how far the undoubted advantage 
involved in the use of steam can be pushed in practice. 

3. Influence of the Reversible Reaction CO + O Hy, <— 
CO, + H, —This survey of the chemistry of gas produc- 
tion would be incomplete without a reference to the inter- 
actions between the oxides of car' hydrogen, and 
steam in the producer. At all temperatures above 
500 deg. Cent., or thereabouts, steam reacts with carbon 
monoxide, and hydrogen with carbon dioxide, the two 
reactions constituting a reversible system. 


co + OH: <— co, + Hi. 


2 


each direction in the unit of time (or, in other words, the 
velocity of the change in each direction) depends on the 
relative masses (concentrations) of the reacting gases, in 
accordance with the law of ‘‘mass action.” Ultimately 
a condition of ‘“‘dynamic equilibrium” is set up, when 
the velocity in one direction is exactly balanced by 
the velocity in the reverse direction. This condition 
of equilibrium depends also on the temperature, but for 
any given temperature may be defined in terms of the 
** active masses” (i.¢e., concentrations) of the gases con- 
cerned. Thus, at each particular temperature the product 
of the concentrations of the carbon monoxide and steam 
expressed in percentage volumes)—i.c., CO x OH,— 

rs a constant ratio to the product of the concentra- 
tions of the carbon dioxide and hydrogen—i.e., CU. x He 
—when equilibrium is established. Oscar Hahn* has 
| recently determined the equilibrium ratios for a series of 
Saoennee between 786 deg. and 1405 deg. Cent., as 
| follows :— 





|Temp. CO x OH: _ x | Temp. OO x OH; _ x 
| deg. ©O;x Hp "| deg. 0, x H, ; 
| 786 0.81 1086... =. 
| 886 1.19 1205 2.10 

1.54 1405 2.49 





* Zeitschrift fiir Physikalische Chemic, 1903, vol. xliii., 
page 705; vol. xliv., page 513. 





clinker troubles and other practical ditficulties. The use| 


monoxide be adupted, the thermo-chemical aspect of the | 


erated in the burning | 


At any given temperature, the amount of change in| go 





whilst H. B. Dixon, who was one of the first accurately 
to investigate the question, found the value of K to 
be 4.0 for the much higher temperatures of explosion 


flames.* 

These data enab!o us to lepers both the direction in 
which change (if any) will take place in a system contain- 
ing oxides of carbon, hydrogen, and steam, and also the 
final state of equilibrium at any given temperature, pro- 
vided their relative concentrations are known. More- 
over, it is obvious (1) that in the case of a given mixture 
which is in equilibrium at a low temperature (say 800 deg. ), 
change will take place in the direction CO. + Hy = CO 
+OH, as the temperature is raised, and vice verrd, and 
(2) that the addition of steam at any temperature will 
tend to cause change in the opposite direction. Finally, 
it may be remarked that the change in the direction CO, 
+ Hz = CO + OH, involves an = of heat, whilst 
change in the opposite direction involves a corresponding 
evolution of heat. 

4. Influence of the Reversible Reaction C+ CO, 2Co0. 
—The relative proportions of carbon monoxide and dioxide 
in the resulting gas are also, to some extent at least, in- 
fluenced by the reversible change, 


(8) C+CO, £=5 2C0. 
According to O. Boudouard} the following mixtures of 
carbon monoxide and dioxide are in equilibrium with solid 
carbon, under atmospheric pressure, at temperatures of 
650 deg., 800 deg., and 925 deg. Cent. respectively. 


rs 


Temperature. Percentages of 
deg. co 2 
650 39 61 
800 93 7 
925 96 4 


At higher temperatures than 1000 deg., the percenta 
of carbon dioxide remaining when equilibrium is estab- 
lished is probably extremely small. Clearly, therefore, 
this pair of reversible actions, like those discussed in the 
preceding pa: phs, tends to increase the percentage of 
carbon dioxide in the resulting gas when the temupepenase 
of the zone of reaction in the producer is lowered by the 
use of steam in the blast, viee vere’. But to what 
relative extent each of the various reactions under dis- 
cussion is operative in this respect in actual practice can 
only be determined by further investigation, which, in 
view of the importance of the subject, is urgently needed. 
From the feeageing pesgrane it is clear that both the 
efficiency of the producer and the composition of the 
resulting gas will, ceteris paribus, be largely determined 
by the relative proportions of steam and air in the blast, 
not only because of the operation of the principle of mass 
action, tut also on account of the fact that the tempera- 
ture of the bed of fuel—i.e., the — ye at which 
the various reactions proceed—depends on the amount 
of steam ——- Obviously the use of steam is limited 
by the consideration that a certain fairly high tempera- 
ture must be maintained in order that the gasification 
of the fuel may proceed at all; but this limit is rarely 
approached in practice, and need not be considered here. 
But the employment of steam is not solely determined 
by considerations of “efficiency” or on other chemical 
grounds. A certain proportion of steam is used to reduce 
clinkering troubles to a minimum. The amount eo re- 
quired depends principally upon the character, and, to 
some extent also, on the amount of the ash in the coal 
used. Our experience of Lancashire coala, for instance, 
leads us to believe that the Ly ae a of lime in the ash, 
ceteris paribus, has a marked influence upon its —" 
and hence on the liability to clinker in the producer. It 
may be of interest if we reproduce here the analyses of 
the ashes of five Lancashire bituminous coals in order of 
their fusibilities, commencing with the most fusible, 


Analyses of the Ashes of Lancashire Bituminous Coals. 

















1. 2 8. 4. 6. 
Name of 
Seam. ney Florida. Arley. wy bs 
r cent. rcent. percent. percent. per cent. 
SiO, 31.40 ” 30.02 26.40 33.80 39.40 
Al,O3 21.15 19.14 28.00 21.75 28.49 
903 22.85 22.14 82.42 29.30 22.85 
MnO 0.55 . 0.65 Nil Nil 0.40 
CaO 16.25 1110 7.00 3. 4.30 
MgO 0.10 3.65 2.88 8.24 1.08 
3 7.00 13.29 2.74 8.58 3.26 
P.O5 0.11 0.15 0.28 0.15 0.17 


The most fusible ash was that of No. 1, coal from the 
Wigan 4 ft. seam, which, it will be observed, contained 
the highest percentage of lime. The fusibilities decrease 
from left to right of the table, the No. 5 coal (Trencher- 
bone) containing by far the least fusible ash. 


DESCRIPTION OF THE PLANT USED FOR THE TRIALS. 


The two producers selected for these trials were of the 
well-known Mond type. They were erected in 1903 as 
the first instalment of the gas plant at the works of 
Messrs. Monks, Hall, and Co., Limited, Warrington, for 
the supply of washed gas to their re-heating and puddling 
furnaces and gas-engines. The Mond producer was 
admirably adapted to the purposes of our investigation, 
for two reasons—viz. (1) the superheating of the blast not 
only renders the use of a large proportion of steam pos- 
sible, but (2) it also ensures the perfect admixture of steam 
and air, in easily regulated er before the blast 
reaches the incandescent fu It must be clearly under- 
stood, however, that the object of our investigation was 





* Philosophical Transactions of the Royal Society, 


1884, vol. clxxv., page 617. : a2 
+ Annales de Chimie et de Physique, 1901, Series vii, 


vol. xxiv., pages 28 to 34. 
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not the testing of the efficiency of the Mond system as 
such, but ‘rather to determine how steam may be used to 
the best advantage in a producer, having to 
the quality and composition of the gas, and its suit- 
ability for furnace purposes. Indeed, as will be shown 
later, the» working conditions in the plant during | 


under which a Mond plant is usually operated, and in | 
only one of the five trials did the steam saturation | 


temperature of the blast approximate to the Mond 
practice. Another consideration which must be borne in 
mind is that no ammonia recovery was attempted, al h 
careful estimations were made from day to day of t 
ammonia actually present in the gas during the trials. 
Indeed, the rate of gasification (74 to 93 tons of dry coal 
per week) did not allow of ammonia recovery bei 
aw undertaken. The general design of the pro- 
ucers and Lame of the washing plant will be 
readily und from the figures above and on 


page 661. 





level ay 25 


Fig. 1 shows the vertical section through the middle of | and also assisted, to a certain extent, in the 
the producer, | dry distillation of the coal. 


Figs. 2 and 3 show the front and end elevations respec- 
tively of the plant. 
Fig. 4 shows the general plan of the plant. 


Fig. 5 shows the direction of the gases through the | 
the trials differed in important respects from those | pla 


nt. 
Figs. 9, 10, and 11, page 664, show the general arrange- | 
ment of the plant from various positions. 


The two 








2 poeta were of the water-bottom type, and 
consisted of an inner shell (the producer proper), con- 
structed of mild-steel plates lined with fire-brick, and 
encased, — ae a, a air = steam 
composing the blast passed throug e ann space 
(5in.) A ig. 1) between these two shells before enter- | 
ing the ucer below the fire-bars G. The lower part | 
of the producer was conical in shape, and extended | 
downwards into the water-lute. 

The cast-iron bell B maintained a constant fuel 
producer of about 14} ft. above the fire-bars, 


liminary 
The products of this disti!- 
lation had, moreover,. to ~ out at the bottom of the 
bell and through the hot fuel in the body of the producer 
before reaching the gas exit into the superheaters out- 
side. It is generally supposed that this arrangement 
brings about the decomposition of a portion of the tarry 
products of the distillation, but, in our opinion, its value 
in this respect is somewhat doubtful. 


Air Mave 


On leaving the producers, the hot gas through 
the superheaters ( 2 and 3), round which the air and 
steam forming the blast travelled, in the reverse direc- 
tion, through the annular space between the inner gas- 
main and an outer jacket. In this way part of the 
sensible heat of the gas was transferred to the blast, the 
temperature of the gas leaving the superheaters during 
the day-shift ranging from about 180 deg. to 260 deg. 
Cent. as the steam saturation temperature of the blast 
was raised from 60 deg. to 80deg. Cent. From the 
superheaters the gas passed through the rectangular iron 
washers (Fig. 4), where it met with a fine spray of water 
thrown up by revolving dashers.* The gas was here 

ly freed from tar vapours, and further cooled to 
tween 94 deg. and 100 deg. Cent., according to the 
steam saturation temperature maintained during the 
trial. The fact that the gas was required both for 
furnaces and for engines rendered it desirable to differen- 
tiate between the su uent treatment of each supply. 
Since the presence of a certain amount of tarry vapours 
in a furnace gas is rather an advantage than otherwise— 
not so much, perhaps, because of the increased caloritic 


| value (since this is véry small) as on account of the fact 


that the tar vapours render thé’ flame luminous in the 
furnace—the furnace supply was’ #f0t washed or cooled, 
but sent direct to the furnace distributing mains. The 
engine supply was, however, further cooled to almost 
atmospheric en ey | being passed up the gas- 
cooling tower, and was finally f from tarry vapours 
by passage through sawdust scrubbers. The general 
direction of the gases through the plant is indicated in 


Fig. 5. 

A notable departure was made from the usual Mond 
practice during these trials in that no recuperation was 
attempted in the air-heating towers (Fig. 4). In the 
Mond practice the gas leaving the washers above referred 
to is passed up the gas-cooling tower (containing earthen- 
ware tiles), where it meets with a downward stream of 
water. An exchange of heat between the hot gas and 
the cold water is thus effected, and the hot water leaving 
the bottom of the tower is pumped up to the top of the 
air-heating tower, down which it is allowed to fall. 
During its descent it meets the ascending air-blast forced 
in at the bottom of the blower, whereby another heat 
exchange is effected, and the blast both heated and 
cha: with steam. In the trials referred to in this 
paper no water was pumped through either of these towers, 
since it was found that the temperature of the gas leaving 
the washers was not sufficiently high to er further 
heat recuperation valuable ; in fact, the ee of 
steam for driving the pumps would have outweighed any 
small advantage derived from the heat recuperation. 

The steam used for saturating the air-blast during the 
trials was partly exhaust steam (in the trials at 60 deg. 
and 65 deg. wholly so) and partly live steam. The various 
sources of exhaust steam were connected together so as 
to form acommon exhaust-steam main, which entered the 
blast main at its exit from the air-heating tower. Any 
live steam required was obtained by connecting a live- 
steam pipe to the exhaust-steam main at a distance of 
about 30 ft. before its entrance to the blast-main. The 
two supplies were thus thoroughly mixed with the air- 


* These were purposely worked more slowly than in 
the usual Mond shestien ; Yedeed, the gas destined for the 
furnaces was simply allowed to skim the surface of the 
water. 
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blast during its passage through the superheaters and| 5: One 250-horse-power: gas-engine generating elec- 
round the shell of the producer. . ‘ tricity. 
The gas was utilised for the following purposes—viz.:— | The rated capacity of the gad pony corresponded 
1. Two reheating furnaces in a 10-in. bar mill. | to a gasification of 32 owt. of per hour (16 cwt. per 
mansetuadingtoy TOI dur 
Fig.4 ‘ bn ofr nd, a\ er , 
; ‘cana cae : ’ 
qo “ q Spare Washer 
Pumps leat = Valve 

_—. Washer i 
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Fig.6. AVERAGE PRESSURE BENEATH FIREBAR GRATE OF PRODUCER 
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Fig. 8. AVERAGE TEMPERATURE OF GASES IN FURNACE MAIN 
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Temperature Degrees 


w 
Ss 


© 
¥ 
re 
100 
3 | ng but since the 
° emands for gas durin 
3S 50 the day - shift, when 
> the above furnaces and 
: engines were working at 
6 ae ee ones — 
: ° ta a cation 0! 
— =e. — vara woe “ more than’ 24 cwt. per 
seas.) hour, it will be seen 
that the plant was not 
2. = 650-horse-power gas-engine driving the rolls in| worked beyond about three-quarters of its rated capa- 
iis mall, | cil 


3. One swarfe furnace, with an output of 34 tons per 
shift s — hours. 

4. One dling furn with an output of 34 tons per 
Bhift_of twelve hours, es mene ™ 


ty. 

The actual rates. of gasification during the trials natu- 
rally varied according to the requirements of the furnaces 
and engines concerned. The rate during the day-shift 
was always about twice that of the corresponding night- 


shift. The following statement shows the maximum 
demands of the various consuming units, in terms of 
weights of coal gasitfied in the producer per shift of 
twelve hours :— 








Day-Shift. Night-Shift. 
tons cwt. tons cwt. 
1. Two reheating furnaces .. a) HHA | 2 10 
2. One 650-horse-power gas-engine 
inmill .. oe - em Nil 
3. One swarfe furnace . 1 0 1 0 
4. One puddling furnace ae eo “ee 1 wW 
5. One 250-horse-power gas-engine.. 2 10 1 1 
Totals... os o@ is “u («OO 6 10 
Rate of gasification per hour . W.3ewt. 10.8 owt. 
ee 
Mean rate of fication per hour 
throughout the twenty-four hours } _ 17 owt. 


The charging hopper of each producer had a capacity 
of 10 cwt. of coal, and, under normal working conditions, 
a charge was added, to each producer alternately, once 
every half-hour oes. the day-shift, and once every 
hour pny Ome night-shift. 

We may here incidentally remark that the type of pro- 
ducer used for these trials was, as is well known, origi- 
nally designed some years ago by Dr. Ludwig Mond, 
F.R.S., with special reference to ammonia recovery, 
quality of the gas produced being of secondary import- 
ance.* To obtain the maximum yield of ammonia, consis- 
tent with the economic working of the process, he found it 
necessary to ‘‘ work the sapaneer as cool as was com- 
patible with a good combustion of the fuel,” and he ob- 
tained ‘‘ the best practical results b introducing about 
2 tons of steam for every ton of consumed.” This 
would mean an air-blast saturated with steam at about 
85 deg. Cent. But ammonia recovery can only be profit- 
ably undertaken when the fuel consumption exceeds 
some 150 tons or thereabouts per week. Sforeover, the 
excessive use of steam under such conditions involves the 
production of a gas relatively rich in hydrogen and carbon 
dioxide, but poor in carbon monoxide. Thus Mr. A. 

llasont has given the following figures relative to the 
composition of Mond gas from a ange plant working with 
ammonia ore at the works of Messrs. Brunner, Mond, 
and Co., Limited, Winnington, Cheshire :— 


Carbon dioxide . 
. a monoxide 
ydrogen 
Methane .. = 
Nitrogen .. = 42 


Such a gas, on account of its relatively high content of 
hyd mn and poverty in carbonic oxide, is not specially 
well adapted for furnace purposes. The reason of this is 
probably connected with the remarkable influence of hot 
surfaces upon the combustion of hydrogen, recently in- 
vestigated by us,} and we hope, on some future occasion, 
to lay before the Institute the results of further investiga- 
tions on the relative efficiencies of hydrogen and carbonic 
oxide as furnace fuels. For steel-making purposes, where 
ammonia recovery must always be of secondary import- 
ance relatively to the production of steel, a much lower 
steam saturation temperature than that demanded by Dr. 
Mond at the producer would seem desirable. It was this 
consideration which led us to carry out the present experi- 
ments. 


GENERAL ARRANGEMENTS FOR THE TRIALS. 


The trials were conducted under our personal super- 
vision, with the assistance of a foreman and a staf of 
four workmen, to each of whom certain definite duties 
_—. Each trial extended over a full working 


were ass ; ‘ 
week, and nothing was done, or attempted, to interfere 


ll 
29 -Total combustibles = 42. 
2 









Monday Tuesday Wednesday Thursday Friday Saturday 


AVERAGE TEMPERATURE LEAVING SUPERHEATER OF PRODUCER 


with the regular supply of gas to the various furnaces 
and engines, which were worked throughout each week 
under perfectly normal conditions. It may, therefore, 
be taken for granted that the conditions prevailing 
throughout the whole period covered by the trials were 
such as are ordinarily met with in works practice. : 
The only condition which was pu y varied during 


* Vide Dr. Mond’s Presidential Address to the Society 
of Chemical Industry in 1889. ee 

+ *‘Mond Gas: Its Production and Applications,” a 
paper read at the re ae West of tland Tech- 
nical College Scientific Society in 1901. ate 

+ Philosophical Transactions of the Royal Society, 
1906, Series A, vol. cviii., pages 1 to 67, 
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the trials was the steam saturation temperature of the 
air-blast ab the producer. Beginning with a “‘ saturation 
ea rol of 60 deg. Cent., it was raised, week b 
, in stages of 5 deg. up to 80 deg. Cent, whi 
represents the ordinary Mond practice where ammonia 
recovery is not attempted. Suitable arrangements were 
made for (1) the weighing of the whole of the coal charged 
into the producer, as well as of that burned under the 
boiler, throughout each trial ; (2) the continuous sampling 
of the gas over a period of eight hours during each day- 
shift, each sample therefore representing the mean com- 
position of the gas generated in one day ; (3) the daily 
estimation of ammonia, tar vapour, and sulphur com- 
pounds in the gas ; (4) the weekly collection and weighin 
of the tar deposited throughout the plant during eac 
trial; (5) the weighing of the dried ashes, clinker, and 
coke withdrawn from the water-troughs at the bottom of 
each producer; and (6) the estimation of the amount of 
soot and fine ash carried over by the gas and deposited in 
the mains during each trial. 

The samples of coal, tar, ashes, soot, gas, &c., were 
afterwards submitted tocareful analysis. The gas analyses 
were all carried out over mercury in the special apparatus 
designed for research purposes,* and erected in the 
chemical laboratories at the Owens College, Manchester. 
The calorific values of the producer coal, boiler fuel, and 
tar were all determined in a Berthelot-Mahler bomb 

! calorimeter. 

From the analytical data were calculated :— a 

1. The total carbon in a ton of dry coal charged into 
the producer. ; ; 

2. The proportion of this carbon lost in the tar, ashes, 
and soot. ; 

3. The proportion of the carbon actually gasified. 

4. The weight of carbon in a cubic foot of the gas. 

5. The yield of gas = ton of coal gasified. —_ 

6. The calorific value of the gas per cubic foot at 
0 deg. Cent. and 760 millimetres. 

Determination of iency.—There is, as yet, no general 
agreement among chemists and gas engineers as to the 

ise definition of ‘‘efficiency ” as applied to producer 
plants. In catalogues and descriptions published by, or 
in the interests of, the makers of gas planta, the ratio 
between the gross calorific values of the coal actually 
ified in the producer and of the gas obtained therefrom 
is often quoted as the efficiency of the plant. Such state- 
ments are, of course, quite misleading. In our opinion, 
the efficiency of a gas-producing plant should have refer- 
ence to the gas as delivered to the furnace main or the 
engines, and should be based on the net calorific values 
of the coal and gas respectively. It should include the 
coal burnt under the boiler for raising steam for the blast, 
lus that required for the blower-engine ; and also, where 
it is n to cool and wash the gas for engines, it 
should include the coal equivalent of the mechanical work 
required for the washing. The efficiency would then 
represent the ratio of the available ag A of the gas, as 
supplied to the furnace or engine, to the energy of the 
required to produce it. - , 

In the case of the trials under discussion, the gas was 
both washed and cooled before delivery to either engines 
or furnaces, although the engine supply was more 
thoroughly cooled and scrubbed than the furnace supply. 
Moreover, in the case of } = as with steam — 
tion temperatures of 60 deg. an eg. respectively, it 
was found possible to work the producers with exhaust 
steam entirely, but in the other trials it was necessary 
to add live steam to the blast. 

The boiler used for supplying steam for the gas plant 
evaporated 8 lb. of water, from and at 100 deg. Cent., for 
every 1 lb. of dry coal, of net calorific value 3368 kilo 
gramme C. units, burnt under it. This corresponds to 
a boiler efficiency of 58 per cent. only. As it would ob- 
viously be unfair to saddle the producer plant with the 
shortcomings of the boiler, we have, in calculating the 
various efficiency ratios, assumed a boiler efficiency of 
70 per cent. In other words, the figures quoted in the 
tables for fuel consumed at the boiler are, in each case, 
the actual consumptions multiplied by $} = 0.83. 

The steam required for mechanical work on the plant 
corresponded to an average coal consumption at the 
boiler of as nearly as possible 2 cwt. per hour during the 
trials, caloulated on the basis of a 70 per cent. boiler effi- 
ciency. Of this, 0.5 cwt. was required to eg steam 
for the blowing engine, the remaining 1.5 cwt. repre- 
sented the coal equivalent to the work done during the 
washing of the gas. : 

In the case of each of the five trials we have calculated 
three different sets of efficiency ratios, all for the cold and 
completely washed gas, as delivered to the engines, and 
all based on the net calorific valuesof both gas and coal, 
as tollows :— 


2, = Thermal efficiency of the plant, under the actual 
conditions of the respective trials, the higher 
value including the steam required for the 
blower engine, the lower value including the 
steam required bosh for the blower engine 
and the washing Tm 

A similar pair of values, but calculated on the 
assumption that the whole of the steam 
added to the blast was live steam from a 
boiler with a 70 tod cent. efficiency. 

A third pair of values, but calculated on the 
assumption that the whole of the steam 
added to the blast was exhaust steam. 


3 = 


We have also been able to deduce from our results what 
ions of the oxy present in the gas, as oxides 
of carbon, were derived from the steam and air respeo- 


* W.A Bone, Proeecdings of the Chemical Society, 
1898, vol. xiv., page 154 





tively, in the blast, and also what proportion of the steam 
was actually decomposed in the producer throughout each 
trial. All these figures, together with other information 
as to the quantities of ammonia and sulphur compounds 
present in the gas, will be included in the results of each 
trial, which will now be considered in detail. 


ANALYsIS AND CALorIFIC VALUE OF THE CoAL USED 
DURING THE TRIALS. 

The coal used during the trials was ‘Collins’ n 
washed nuts” from the Floridaseam of the Collins’ Green 
and Bold Collieries, near Earlestown, Lancashire. It was 
screened over a 1-in. mesh, and as delivered to the pro- 
ducer it contained from 3 to 6 per cent. of moisture. 

The following table shows the results of analyses of 
composite samples of the coal (dried at 105 deg. Cent.) 
taes Susteg each of the five weeks over which the trials 
exten . 


Week ending May 19. May 26. June 2. June 16.'\June 23, Mean. 











per cent per cent per cent per cent per cent p. c. 
78.63 72. 78.06 78. 77. 





Carbon 78. 80 90 73.41 
Hydrogen 5.18 5.37 6.22 6.50 5.30 5.51 
Nitrogen 1.37 1.39 1.37 1.40 1.40 1.39* 
Sulphur 0.84 , 0.82 0.86 0.83 0.80 0.83 
Oxygen (ly 

difference)..| 10.98 10.77 10.39 8.72 9.30 10.03 
Ash .. <e 3.00 3.00 4.10 3.76 5.30 3.33 
Per cent. vola- 

tile matter 36.4 35.9 36.1 37.6 55.1 36.2 


-— \ — 


* This nitrogen, if wholly recovered as ammonia, would corre- 
spond to a yield of 147 lb. of ammonium sulphate per ton of coal. 
The mean calorific value of the dry coal was 


Gross value = 3498 kilog. cent. units ( = 13,880 B.T.U.) per Ib. 
Net value = 3362 a ~ ( =13,340 ) 


Triat No. 1.—Steam Saturation Temperature = 
60 deg. Cent. 


Monday, May 14, 9.10 p.m., to Saturday, May 19, 1906, 
12.45 p m. 
= 754 millimetres. 
=7.5 centimetres (day shift) and 2.3 
centimetres (night shift) water zauge. 
H20 = 150 mm. 
Partial pressures in blast.) O. = 128 ,, 


No = 482 ,, 
Total dry coal charged into producer = 92 tons 1 cwt. = 162,1001b. 
of carbon. 
= 16.51 cwt. per hour. 
= 2.0 cwt. per hour (0.5 cwt. 
for blower engine ; 1.5 
cwt. for washers). 


Average barometer 
Average blast pressure 


Average rate of gasification 
Consumption cf c:al at the boiler 


The steam in the blast was wholly exhaust steam throughout 


the trial. 


Estimation of Carbon Losses during the Trial. 
Total carbon charged into producer. . 162,100 Ib. 





Per Equivalent 
Cwt. Qr. Lb. Cent. to Lb. 
Carbon. Carbon. 
Ashes drawn ~ 0 © ®@ 23.0 286 
Clinkerdrawn ..1L 1 13 0.08 1 
Coke drawn owe 70.55 1590 
Sootinmains .. 1 2 14 85.0 155 
Anhydrous tar re- 
moved bywashing 44 1 17\ 
Anhydrous tar re- + 83.1 7390 
maining ingas .. 35 0 oJ 
— 9,422 Ib. 
f 152,678 Ib, 
Total carbon gasified \ =94.3 percent. 


Total ammonia in Bes was equivalent to 39 lb. ammonium 
— per ton of coal gasified. 
‘otal Seg? in the gas = 0.00185 gramme per litre=808 grains 
per 1000 cubic feet (chiefly as reo hydrogen). 
The percentage composition of the gas obtained during each 
day of the trial was as follows :— 


Week ending May15. May16. May 17. | May 18 May19. Mean. 























Carbon di- per cent per cent per cent per cent per cent) p.c. 

oxide ‘ 5.0 5.1 5.9 5.25 5. 25 
Carbon mon | 

oxide 27.6 27.8 26.45 27.20 27.50 | 27.30 
Hydrogen 16.2 17.0 16.8 16.85 16.10 1660 
Methane 3.7 3.0 8.15 2.70 4.25 | 3.35 
Nitrogen 47.5 47.1 47.7 48 0 47.10 | 47.50 
Total combus- 

tibles 47.5 47.8 46.4 46.75 47.85 | 47.25 


Yield of gas = 138,250 cubic feet, at 0 deg. Cent. and 760 milli- 
ewes, pat ton of dry coal gasified in the producer. 


Mean calorific value_ { 46.77 kilog. cent. units per cubic 
of the gas ~ (43.60 net foot at 0 deg. C. and 760 mm. 
Steam used in blast = 0.455 lb. per pound of gasified 


Ps 5 > 9 36.95 cubic feet, at Odeg. Cent. and 760 
millimetres, per pound of coal gasified. 
Percentage of steam decomposed in the producer = §7.4. 
Ratio of oxygen in gas derived from the steam _ 95 
oxygen in gas derived from the air. 
Efficiency Ratios. 
Including Steam Including Steam 


for for Blower Engine 
Blower Engine. and Washers. 
2 re 0.778 _ 0.715 
a ‘x; 0.744 0.687 
We iss 0.77: 0.715 


Triax No. 2.—Sicam —_ Temperature = 65 deg. 
t. 


Monday, June 18, 9 p.m., to Saturday, June 23, 1906, 1 p.m. 


Average barometer = 767 mm. 
(day-shift) and 


Average blast pressure = 99cm. 
83cm. (night-shift) water 


gauge. 








: H,O = 187 mm. 
Partial pressures in blast QO. =1 


No = 465 ” 
Total dry coal charged into producer = 79 tons 17 cwt. = 139,300 Ib. 


of carbon. 
Average rate of gasification = 14.26 cwt. per hour. 
Consumption of coal at the boiler = 1.80 cwt. per hour (0.45 


cwt. for blower engine ; 

1.35 cwt. for washers) 
Po! in the blast was wholly exhaust steam throughout 
e trial. 


Estimation of Carbon L-sses During the Trial 


Total carbon charged into producer. as -- 139,300 Ib, 
Per Equivalent 
Cwt. Qr. Lb. Cent. to Lb. 
Carbon. Carbon. 
Ashes drawn ss Jf 14.25 432 
Clinkerdrawn ..27 0 25 0.25 8 
Coke drawn 9 8 38 95.4 1035 
Sootinmains .. 1 1 4 86 122 
po 
moved by washing 36 191 : 
Anhydrous tar re- 83.1 9200 
remaining ingas 63 0 0 J 
— 10,797 Ib. 
128,508 Ib. 
Total carbon gasified .. % { =92,2per cent. 


Total ammonia in gas 
sulphate per ton of coal 

Total sulphur in gas = 0.00193 gramme per litre = 843 grains 
per 1000 cubic feet. 

The percentage composition of the gas obtained during each 
day of the trial was as follows :— 


was equivalent to 44.7 1b. ammonium 
ified. 





.. June 19. June 20. June 21.| Mean. 


Week ending .. 








per cent per cent! per cent per cent 
, 7.05 6.35 | 7.4 6.9 





Carbon dioxide .. 

» monoxide 25.85 25.90 244 25.4 
Hydrogen 1865 18.05 | 182 18.3 
Methane wa 3.10 8.55 8.5 3.4 
Nitrogen .. 45.35 , 46.15 46.5 |- 46 

Total combustibles 47.6 47.5 46.1 47.1 


Yield of gas = 134,400 cubic feet, at 0 deg. Cent. and 760 milli- 
metres, per ton of dry coal gasified in the producer. 

Mean calorific 46.74 gross {*ilogramme cent. units per 
value of the += + 49 32 & cubic foot at 0 deg. Cent. and 
gas ad 760 millimetres. 

Steam used in blast = 0.544 lb. per pound of coal gasified. 

Air used in blast = 34.9 cubic feet, at 0 deg. Cent. and 760 
millimetres, per pound of coal gasified. 

Percentage of steam decomposed in the producer = 80. 
¢ oxygen in gas derived from the steam _ 0.62 


ox) gen in gas derived from the air 
Efficiency Ratios. 
Including Steam Including Steam for 


Ratio o 


for Blower- Blower. Engine 

Engine. and Washers. 
2 0 750 0.687 
Bes vata fre 0.711 0.655 
23 : rs 0.750 0.687 


TriAt No. 3.—Steam Saturation Temperature = 70 deg. 
Cent., Sunday, May 20, 10.40 p.m, to Saturday, 
May 26, 1906, 12.50 p.m. 

Average barometer 


ee = 757 millimetres. 
» blast pressure .. ie a 


10 centimetres (day- 
shift) and 3 centi- 
metres (night-shifi) 
water gauge. 

H20 =233 millimetres. 
Partial pressures in blast.. Og =111 a 


No =420 ” 
Total dry coal charged into producer.. = 93 tons = 163,850 lb. of 


carbon. 
Average rate of gasification “ .. = 13.88 cwt. per hour. 
Consumption of coal at the boiler -. = 2.38 cwt. per hour 


(0.50 ewt. for blower- 
engine ; 1.50 cwt. for 
washers; 0.38 cwt. 
for blast steam). 
Pg 68 per cent: of the steam used for the blast was exhaust 
steam. 


Estimation of Carbon Losses During the Trial. 





Total carbon charged into producer .. * -- 163,860 Ib. 
Per Equivalent 
Cwt. Qr. Lb. Cent. to Lb. 
Carbon. Carbon. 
Ashes drawn -10 2 16 46.5 555 
Clinker drawn 4 2 2 0.3 5 
Coke drawn 2 #61 «19 91.2 2,085 
Sootinmains .. 2 2 18 80 238 
ser Fon 68 0 ) 
mov y Ww n, 0 - 
Anhydrous tar ~4 «= 88.1 10,470 
maining ingas ..44 2 0 J 13,353 Ib. 
Total carton gasified $y { aataaens. 


Total ammonia in gas was equivalent to 51. 42 lb. of ammonium 
sulphate per ton of coal gasified 


‘otal sulphur in gas = 0.00178 gramme per litre = 777 grains 
per 1000 cubic feet at 0 deg. Cent. and 760 millimetres. 
The percentage compentien of the gas obtained during each 


day of the trial was as follows :— 
































a May May May May May May 

Week ending {| "3" ‘27 os) ce 26) og Mean. 

p.c.  p.c. .c pc. pc pc. pe. 
Carbon dioxide ..' 9.35 10.0 9.00 &80 870 9.15 9.15 
Carbon monoxide | 21.15 | 20.1 21.75 22.75 22.05 22.10 21.70 
Hydrogen .. 30} 19.0 19.15 19.50 19.40 20.56 19.65 
Methane .. - | 2.76 37 385 325 360 325 3.40 
Nitrogen .. .| 46.10 47.2 46.25 45.70 46.25 4500 46.10 
Totalcombustibles! 44.55 42.8 44.75 45.5 45.05 45.85 44.75 


Yield of gas = 141,450 cubic fe, at 0 deg. Gent. and 700 mili. 
res, per ton of dry coal gasified in the producer. 
a nd f kilog. cent. units per cubic 
Mean calorific value of | 44.74 gross foot at 0 deg. Cent. and 
the gas 3 = f 41.14 net \ 760 millimetres. 
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Steam used in blast = 0.81 Ib. per pound of coal gasified. 

Air used in blast = 36.8 cubic feet, at 0 deg. Cent. and 760 
millimetres, per pound of coal gasified. 

Percentage of steam decomposed in producer = 61.4. 

¢ oxygen in gas derived from the steam 





C — ™ — 0.644” 
— oxygen in gas derived from the air 
Efficiency Ratios. 
Including Including Steam 
Steam for for Blower-Engine 
Blower-Engine. and Washers. 
2 0.727 0.660 
29 0.690 0.63 
Za 0.746 0.677 


Trrat No 4.—Steam a Temperature = 75 Deg. 
‘ent. 
Monday, May 28, 8.45 p ry to Saturday, June 2, 1906, 
p.m, 
. = 755 millimetres. 
. = 11.8 centimetres (day-shift) and 3.5 
centimetres (night-shift) water 


gauge. 
‘0 
Partial pressures in blast .. Oa = 
2 => 
Total dry coal charged into producer = 80 tons 4cwt. = 140,000 Ib. 
of carbon. 


Average barometer. . 
Average blast pressure 


= 288 millimetres. 
= 9 


” 


Average rate of 


gasification .. = 14.32 owt. per hour. 
Consumption of coal at the boiler 


= 2.87 cwt. r hour (0.50 
ewt. for wer engine : 
1.50 cwt. for ers ; 
0.87 cwt. for blast steam). 

About 54 per cent. of the steam used for the blast was 

exhaust steam. 


Estimation of Carbon Losses during the Trial. 


Total carbon charged into producer... * .. 140,300 Ib. 
Per. Equivalent 
Cwt. Qr. Lb. Cent. to Lb. 
Carbon. Carbon. 

Ashes drawn ww 8. 8 20.1 400 
Clinkerdrawn .. 19 2 9 0.7 14 
Coke drawn -33 8 it 91.1 1310 
Sootinmains .. 2 1 2 80.0 205 
Anhydrous tar re- ' 
moved by washing 40 2 o\ 
Anhydrous tar re- 83.1 8230 
maining ingas ..48 0 of ci 10,159 Ib. 








Total carbon gasified { = 02.7 percent, 
Total ammonia in gas was equivalent to 65.25 Ib. of ammonium 
sulphate per ton of coal fied. 
The percentage composition of the gas obtained during each 
day of the trial was as follows :— 


Week ending . May 29. | May 30. May 31. Junel.| Mean. 





per cent per cent per cent per cent per cent 
11.95 1l. 11.65 





Carbon dioxide 11.65 11.45 60 1 
Carbon monoxide ... 18.25 18.40 18.15 18.60 18.35 
Ilydrogen 20.60 21.75 21.80 230 | 21.80 
Methane 3.20 3.65 360 290 3.35 
Nitrogen 46.30 44.75 44.50 43.90 | 44.85 
Total combustibles 43.80 | 43.55 44.5 43.5 


42.05 





Yield of gas = 145,600 cubic feet, at 0 deg. Cent. and 760 milli- 
metres, per ton of dry coal gasified in the producer. 


Mean calorific _ 43.57 gross ) kilog. cent. units per cub. ft. at 
value of the gas | ~ 39.65 net 0 deg. C. and 760 millimetres. 
Steam used in blast = 1.12 Ib. per pound of coal ied 


Air used in blast = 36.9 cubic feet, at 0 deg. Cent. and 760 milli- 
metres, per pound of coal gasified. 
Percentage of steam decomposed in the producer = 52. 
Ratio of Oxygen in gas derived from the steam 
oxygen in gas derived from the air 
Efficiency Ratios. 
Including 
Steam for 
Blower-Engine. 
, 0.701 





= 0.75. 


nates Steam 
or Biower- 
bey r-Engine 
0.640 
0.611 
ee * ‘ 0.742 0.673 
TriaL No. 5.—Steam Saturation Temperature = 
deg. Cent. 
Monday, June 11, 9 30 p m., to Saturday, June 16, 
12.50 p.m. 


z 


nN A 
oe 


Average barometer 


< 766 millimetres. 
Average blast pressure .. 


= 18.9 centimetres (day-shift) 
and 5.5 centimetres (night- 

shift) water. gauge. 

HO = 355 millimetres. 

Og 

Ny =833 - 

74 tons = 130,650 Ib. of 

carbon. 

= 13.21 cwt. per hour. 

= 3.35 cwt. per hour (0.50 
cwt. for blower en; 
1.50 cwt. for 5 
1.35 cwt. for blast 


steam.) 
ont 88 per cent. of the steam uscd for the blast was exhaust 
steam, 


Estimation of Carbon Losses during the Trial. 


Partial pressure in blast 
Total dry coal ged into p 


Average rate of gasification iad 
Consumption of coal at the boiler. . 


hh a >A 





Tota! carbon charged into producer.. es -._ 130,650 Ib, 
Equivalent 
Cwt. Qr. Lb. Cent. to Lb. 
Cai Carbon. 

Ashes drawn 2 0 0 1235 387 
Clinker drawn 2. 1 16 0.65 18 
Coke drawn 7: 0 5& 83.6 660 
Soot in mains 3 10 85.0 365 
Anh) drous tar re 
moved bywashing 42 1 18 
Anh) drous tar re- } 83.1 9530 
Mainirgingas .. 60 0 0 

a 10,960 Ib. 


Total carbon gasified { _ 110,600 Ib. 


| =91.6 per cent. 
Total ammonia in gas was cquivalent to 71.80 Ib. of ammonium 
Sulphate per ton of coal gasified in the producer. 





Total vy 


1000 cubic 


eet. 


ur in gas = 0.00199 gramme per litre = 869 grains per 


The percentage composition of the gas obtained during each day 


of the trial was as foll 


ows : 








. June 13. June 14, June 15., Mean. 





Week ending 
\per cent per cent per cent per cent 
Carbon dioxide. . Pis.05 Pers.20 Pes 45 | 18.25 
Carbon monoxid 16.20 16.15 | 15.85 | 16,10 
Hydrogen ia 22.95 22.50 22.55 | 22.65 
Methane .. 3.40 3.50 8.69 | 38.60 
Nitrogen .. 44.40 44.65 44.55 44.50 
Total combustibles 42.55 42.15 42.00 42.25 | 





Yield of gas = 147,500 cubic feet, 
metres, per ton of dry coal gasified 


Mean calorific 
value of the | - { a2.73 = { 
gas 


Steam used in blast = 1.57 Ib. 


, ato 
in the 


deg. Cent. and 760 milli- 

producer. 

kilogramme cent. units per 
cubic foot at 0 deg. Cent. and 
760 millimetre?. 

per pound of coal gasified. 


Air used in blast = 37.1 cubic feet, at 0 deg. Cent. and 760 milli- 
metres, per pound of coal gasified. 


Percentage of steam decomposed in the producer = 40, 


Ratio of °*7ee2 in gas derived from the steam _ 0.80. 
oxygen in gas derived from the air 


71 
22 
3 


Efficiency Ratios. 
Including Steam Including Steam for 
for Biower- Blower-Engine 
Engine. and Washers. 
0.665 0,604 
0.633 0.578 
0.732 0.660 


GENERAL SuMMARY OF RESULTS AND CONCLUSIONS. 


The principal results of the five trials may be sum- 
marised in one table, thus :— 


Steam saturation 


70 Deg. | 75 Deg. 80 Deg. 
! 





























temperature _,| 00 Dex. — 
Coal consumption at | 
producer | 
ewts. perhow: 16.51 14.26 18.88 14.32 | 13.21 
Coal consumption a! 
boiler, cwtsper hous 2.0 18 2.38 287 | 3.385 
Coal consumption for } 
blaststeam.. .. Nil Nil oss | 0.87 | 1.35 
Total carbon losses | 
percent. . 63 7.3 8.1 7.1 &4 
o3 Carbon di } 
3~ oxide .. 5.25 €.95 9.15 | 11.65 | 13.25 
= 5,; | Carbon Mon 
3 e® oxide --| 247.80 25.40 21.70 18.35 16.05 
25-Hydrogen - 16.60 1830 1965 21.80 | 22.65 
= | Methane 3.35 3.40 340 3.35 3.50 
gee Nitrogen |.| 47.50 4590 | 46.10 | 44.83 | 44.55 
Total com 
cal 5 bustibles 47.25 47.10 44.75 | 43.50 | 4220 
Calorific value fj gross 4677 46.74 | 44.74 | 43.37 | 42.73 
if gas {het .| 43.60 43.32 | 41.14 89.65 | 38.69 
(Kilog. cent. units per, 
cub. ft. at 0 deg. C 
and 760 mm.) | 
Yield of gas, cub. ft. | “ 
per ton = ..| 188,2E0 134,400 | 141,450 | 145,800 | 147,500 
of —, in| 
last per nd oi) | 
coal gusified oe 0.55 | 0.80 1.10 1.56 
Percentage of stean | } 
decom ..| 87.4 80.0 61.4 62.0 40.0 
Cubic feet of air, at 
Odeg. OC. and 7H 
mm., in blast pe) 
pound of  coa) ¥ 
gasified + .| 3695 34.9 36.8 36.9 87.1 
Ratio of | 
oxygen from steam | 959 0.62| 0.65; 0.75 | 0.80 
oxygen from air | 
Ammonia in gas, a 
pounds of ammo 
nium sulphate pe: 
ton of coal =. --| 89.0 44.7 51.4 65.25 71.8 
Efficiency ratios in 
actual — 
1. Including steam fon | 
blower-engine .. 0.778 «0.750; 0.727) 0.701 0. 665 
2. Including steam foi | | 
blower-engine anc 
washers .. . 0.715 0.687) 0.660) 0.640) 0.604 


and the tem 


hea 
shifts t' 


m 
that the 
steadily 


65 deg. the average percentage 


the gas ex: 


ughout the trials, 


GENERAL CONCLUSIONS. 
the Gas.—A glance at 


1. Quality and Composition o : l 
summarised results in the foregoing table will show 


— why: gas obtained, though always good, 





The average pressures under the grate of the producers, 
ratures of the. gas (1) as it left the super- 
and (2) in the furnace main, for both day and night 
are shown in Figs. 6,7, and 8. 


as the steam saturation tem ture 
was raised beyond 65 deg. Thus, whereas at 60 


. and 


of total combustibles in 


ceeded what must be considered the high figure 


of 47 per cent., it steadily dropped to about 42 per cent. 
as the steam saturation temperature was raised to 80 deg. 
This falling off in quality was, it is true. partly counter- 
balanced by an increase moenaty produced per ton of 


coal gasified; but, as 


when the composition of t 


a oe, fom immediately, the 
«ral efficiency of the process as more steam was 
ser But the advantages gained 

lower steam saturation tem become more marked 


by working at the 


It will be seen that as the steam saturation tem 
was raised the gas became richer in hydrogen 
dioxide, but much pcorer in carbon monoxide, and that 


gas is taken into account. 


ture 
carbon 


the gain in hydrogen was more than counterbalanced by 
the loss in carbonic oxide. This circumstance is, of course, 
due to the influence of the steam in lowering the reaction 
temperatures in the zome of combustion, whereby the 
reaction C + 20H, = CO, + 2H, comes into play at the 
expense of the reaction C + OH, = CO + Hyg, and the 
equilibrium CO + OH, ~— CO, + He shifts towards 
the right band, This influence naturally increases as the 
steam saturation temperature is raised, with the result 
that the quality and oon of the gas alters as 
shown by our results, With a steam eaturation tempera- 
ture of 60 deg., the resulting gas contained no less than 
27.3 per cent. of carbon monoxide, together with 16 6 per 
cent. of hydrogen, 3.35 per cent. of methane, and only 
5.25 per cent, of carbon dioxide. But with a saturation 
tem ture of 80 deg. the percentage of carbonic 
oxide had fallen to 16.05, whilst the hyd 1 had 
increased to 22.65 per cent. and the carbon dioxide to 
13.25 per cent., the methane remaining tically con- 
stant throughout the trials. The net calorific value of 
the gas ually fell from 43.60 to 38.69 kilogramme C. 
units per cubic foot, at 0 deg. Cent. and 760 millimetres, 
as the steam saturation temperature was raised. 

Now, as we have already pointed out, the ‘‘ furnace 
efficiency ” of carbon monoxide is much higher than that 
of erage, and that co uently the furnace efficiency 
of a producer-gas rich in carbon monoxide is higher than 
that of a gas of equal calorific value, but in which carbon 
monoxide is tly replaced by hydrogen. The reasons 
for this we do not propose to discuss in detail in this 
paper, as it is sufficient for our present purpose to draw 
attention to the fact itself. Hence we were not 8 i 
to find that the value of the gas obtained with steam 
saturation temperatures of 60 deg. and 65 deg., from the 
point of view of its combustion in the furnacer, was 
greater than that of the gas obtained in any of the other 
trials to an extent altogether out of proportion to its 
actual superiority as measured in a calorimeter... In other 
words, the difference between the two net calorific values 
43.60 deg. and 38.69 deg. per cubic foot, for the gases 
obtained with steam saturation temperatures of 60 deg. 
and 80 deg. respectively, are magnified when their “‘fur- 
nace efficiencies” are taken into consideration. 

2. The iencies of the Plant.—If now the thermal 
efficiencies of the Ep: be considered, it will be seen at 
once that the use of steam beyond that required to satu- 
rate the air-blast at 60 deg. was not attended by any 
increased economy of working, but rather the reverse. 
If, in calculating the thermal efficiencies in the various 
trials, account be taken of the steam added to the blast, 
and the work expended in driving the blower and the 
washers, the following values are obtained—namely, 2, 
under the actual conditions of the trial, z. on the assump- 
tion that the blast steam was wholly live steam from a 
boiler with a 70 per cent. efficiency, and 7; on the 
assumption that the whole of the blast steam was exhaust 
steam :— 





Steam Saturation » 
Saocemee } 00 Deg. @5 Deg. 70 Deg. | 75 Deg. | 80 Deg. 
2 0.715 0.687 0.660 | 0.640 0.€04 
22 C.€87 0.655 0 630 0:611 0.678 
23 0.715 0.687 0.677 0.073 0.60 


\ 


Under the conditions of the trial, therefore, the 
thermal! efficiency of the plant fell from 71.5 to 60.4 per 
cent. as the steam saturation temperature was raised 
from 60 deg. to 80 deg. If, however, live steam only had 
been used for the blast, the corresponding fall would have 
been from 68 7 to 57.8 per cent. ' And even if it had been 
possible to saturate the air-blast with exhaust steam 
entirely throughout the trials, the efficiency would have 
fallen from 71.5 to 66 per cent.’ Hence it is clearly 
proved that the use of steam over and above that required 
to saturate the blast at 60 deg. does not lead to higher 
thermal efficiencies. 

The question may be asked, Would the efficiency have 
been raised above 71.5 per cent. if the steam saturation 
temperature had been lowered beyond 60deg.? Possibly, 
and, indeed, probably, it would have been; but we were 
precluded from making the trial for fear of clinkering 
troubles arising with so deep a bed of fuel. It is our 
intention, however, to make a series of trials with steam 
saturation temperatures lower than 60 deg., but with a 
much shallower fuel-bed than was used in the above trials. 
Ia our opinion, the maximum of advantege derivable from 
the use of steam depends to some extent on the thickness 
of the fuel-bed; but under such working conditions as 
were muintained in the above trials, this maximum is 
—— attained with a steam saturation temperature 

tween 60 deg. and 65 deg., taking all the factors into 
consideration. 

3. Amounts of Steam Used and Decomposcd in the Trials. 
—The amounts of steam used and decompo-ed in the 
producer during the trials, in terms of pounds per pound 
of dry coal gasified, are recorded Lelow :— 


Steam saturation 





« i 
temperature { 60 deg. 65. deg. 70 deg. 75 deg. §&0 deg. 
Steam used .. Ib. 0.45 0.55 0.80 1.10 1.55 
Steam decomposed ,, 0.39 0.44 | 0.49 0.57 0.62 
Per cent. steam de- 
composcd .. 87.4 £0 | OL4 62 42 


| | ! 


4. Yields of Ammonia.—If a gas producer be regarded 
primarily as an apparatus for ammonia recovery, then 
undoubtedly it should. be worked with the highest steam 
saturation temperature consistent with the production 
of combustible gas. The ammonium sulphate equivalent 
of the ammonia in the gas during the trials increaced 





from 39 lb. to about 72 Ib. per ton of dry coal gasified, as 
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the steam saturation temperature of the blast was raised 
from 60 deg. to 80 deg. Now the nitrogen in the original 
coal corresponded to an average of 147 lb. of ammonium | 
sulphate per ton, so that with a steam saturation tem- | 
perature of 80 deg. nearly 50 per cent. of the nitrogen 

in the coal is accounted for as ammonia in the gas, and 

even with a saturation temperature of 60 deg. as much as | 
27 per cent. of the ammonia can be recovered. Probably 

the best steam saturation temperature, if ammonia re- 

covery be considered in conjunction with the suitability 

of the gas for furnace purposes and the thermal efficiency | 
of the process, is somewhere in the neighbourhood of | 
65 deg., or possibly between 65 deg. and 70 deg. At! 
65 deg. over 30 per cent. of the nitrogen in the coal can | 
be recovered as ammonia, or nearly double the amount | 
usually recovered in by-product coking processes, in con- 

junction with a very suitable gas for furnace purposes. 

5. Tar Production and Carbon Losses Generally.— | 
Altogether 419. tons of coal, containing 736,200 lb. of 
carbon, were charged into the peace d during the course 
of the trials. The amount of anhydrous tar obtained, 
including both that removed in the washing of the gas 
and that carried forward to the furnaces, amounted to | 
24.1 tons, or 5.75 per cent. of the weight of the coal | 
charged.* The carbon is this tar amounted to 44,920 Ib., | 
or 6.1.per cent. of the total carbon charged into the pro. | 
ducer. The carbon lost in the ashes, and aa soot deposited | 
in the gas-mains, amounted altogether to 9666 Ib., or 1.3 
»er cent. of the total carbon charged into the producer. 
Thus the average amount of the carbon originally charged 
into the producer, which appeared as permanent gas, was 
as nearly as possible 92.6 per cent. 

6. Sulphur in the Cas.—The a originally in the | 
coal amounted to as nearly as possible 19 lb. per ton. Of 
this, we calculate that as nearly as possible 16.5 Ib., or 
about 87 per cent., apasesed in the gas, chiefly in the 
form of hydrogen sulphide. The amount of hydrogen | 
sulphide in the gas was of the order of 0.1 per cent. by 
volume. 

Tn conclusion, we desire to express our best thanks to 
Messrs. Monks, Hall, and Co. for their kindness in 
placing the plant at our disposal for the purposes of the 
trials, and for permission to publish the results. 














| 
Sourn Arrican CoaL.—The output of coal in the five | 
South African colonies last year was 4,756,895 tons, as | 
compared with 4,162,149 tons in 1905. The production | 
of 1906 was made up as follows :—Tranavaal, 2,892,404 | 
tons; Natal, 1,238,713 tons; Orange River Colony, 
379,118 tons ; Cape Colony, 142,877 tons; and Rhodesia, 
103.783 tons. The corresponding totals for 1905 were :— 
Transvaal, 2,606,799 tons ; Natal, 1,129,407 tons; Orange 
River Colony, 164,640 tons; Cape Colony, 164,112 tons ; 
and Rhodesia, 97,191 tons. 


* The net calorific value of this tar was 2890 kilo- 
gramme C. units per pound; the actual heat lost in the 
tar was as nearly as possible 5 per cent. of the net calorific 
value of the coal, 
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Comprtep By W. LLOYD WISE. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 


Specification Drawings is stated 
tioned, the Specification is not 


fa 


The number of views given in the 
in each case ; where none are 
illustrated. ‘ 

Where inventions are communicated from abroad, the Names, 

7 iven in italics. 

Specifications may be obtained at the Patent Office, Sale 
nch, 25, oa Buildings, Chancery-lane, W.C., at 
the uniform pe 0 

The suse of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oJ 
the advertisement of the ts of a Complet ‘ion, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 








19, Siemens Brothers’ Dynamo Works, 
Limited, inster. (Siemens - Schuckert - Werke, 
G.m.b.H., Berlin) Con Motors. [1 Fig.) Sept- 


c trolling 

ember 3, 1906,—This invention. relates to the control of the spe 
or working of motors, and is designed to provide a system which 
shall enable the same to be regulated according to predeter- 
mined conditions, either . hand or automatically, and, if desired, 
from a distance. According to this invention, the control is 
effected through the medium of a regulating motor arranged 
in a differential circuit fed from two opposing sources The 
potential of one source depends on the speed of the machine to 
be controlled, whilst the potential of the other can be adjus 

as desired, and’ it is the differential action of the preponderance 
of the one or other potential that actuates the regulating motor 
and its associated apparatus to effect the control. a is the 
machine to be controlled, ) is the regulating motor which 
actuates mechanism, such as a worm and worm-wheel ¢, for 
operating the regulator d to control the motor a. ¢and / are 
the two opposing dynamos for giving the differential action on 
the motor b. The dynamo e is coupled with the machine a, so 
that its potential depends on the speed of the latter, whilst the 
dynamo / is driven at a constant speed by any suitable means, 














eter 





19533) 


such as a motor g, and acts as a standard or controlling generator, 
its potential being adjusted by regulating its field. As will be 
seen, the armature circuit of these two dynamos includes also 
the armature of the motor b, and forms a differential circuit 1, 
wherein the current flows one way or the other, the direction 
depending on which of the dynamos is pe the higher poten- 
tial. his the lever or handle by which the field of the dynamo /, 
and therefore the action of the system, is adjus This lever 
operates a group of resistances in the field circuit of the dynamo 
7, varying the potential of the latter, and so altering the condi- 
tions in the differential circuit 1, thereby bringing about either 
the required change in the = of the machine a, or the adjust- 
ment of the system for a different speed. As the currents are 
only weak, it will be seen that the conductors of the regulating 
system need only be of small cross-section. If the machine a 
running properly at the predetermined speed, the opposing 
potentials of eand f neutralise each other, and the regulating 
motor b remains inoperative; but if its varies, or if the lever 
h be moved, then one potential will me higher than the 
other, and under the differential action the motor bd turns in the 
corresponding direction, and operates the rheostat d to effect the 
necessary regulation. (Accepted February 20, 1907.) 


14,433. C. H. Iles and W. Armistead, 
hamp tion of Continuous - 
Motors. [3 Figs.] June 23, 1906.—Variations of epeed of con- 
tinuous-current electric-motors are attributable to two causes 
other than variation in the energy supplied—namely, variation 
of load and the heating of the magnet coils. Variation of load 
may be compensated automatically in several known ways ; but 
the change of speed due to the variation of resistance, and there- 
fore of current, in the field coils can only be obviated by main- 
taining the total resistance of the field circuit constant, or by 
varying the terminal electromotive force so as to maintain the 
field current constant. The —— invention relates to a method 
ot regulation to counteract the effect of varying field current due 
to heating, according to which a whole series of separate and 
independent motors are controlled at the same time by connecting 
their shunt-windings in series;with each other in a separate circuit 
across the supply mains or other suitable source of current, and 
in conjunction with this arrangement providing a suitable device, 
which may be operated by hand or controlled by the speed of the 
motor or by the field current, so as to maintain a constant exciting 


Wolver- 
t 


current. This device may consist of a rheostat in series with the 
a we of the motors, as shown in Fig. 1, in which the 
shunt-coils al, bl, cl of the motors a, b, c are connected in series 


with a rheostat d in a separate exciting circuit. Or instead of 
varying the resistance in the separate fie'd-coil circuit, the 
terminal voltage may be varied, so as to maintain the field current 


ment shown in Fig. 2, in which any proportion of the total fall 
of potential along the resistance e may be applied to the terminals 
of the set of shunt-coils ; or by including in the shunt-coil circuit 
a small booster driven at constant anc having its field con- 
trolled so as to vary the terminal voltage of the motor fields in 
the manner stated ; for example, as shown in . 8, in which 
a booster / connected in series with the shunt-windings is driven 
at constant speed, as by the motor g, and the current in its field 
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dad 
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coil f1 regulated by any known device, so as to vary the booster 
volts, and consequently the terminal voltage of the shunt wind- 
ings al, bl, cl in such manner that a constant current is main- 
tained in theee windings. In the arrangement illustrated, the 
booster field is in series with a rheostat A, the resistance of which 
is automatically adjusted by means of a small motor i. Instead 
of regulating the booster field automatically it may be regulated 
manually. (Accepted February 20, 1907.) 


21,050. Verit Limited, Londen, and D. E. 
Rogers, Birmingham. Brush-Holders. [4 Figs.) 
September 22, 1906.—This invention relates to brush-holders of 


the cartridge type. The brush of the brush-holder is made slide- 
able within a stationary case or tube, and is also fed to the 
commutator by an elastic or resilient means; but this elastic 
or resilient means is, according to the invention, carried out 
in. a special manner, giving a more evenly maintained pres- 
sure from start to finish of the wear of the brush, with a 

ter scope for determining the pressure, and causing the 
eed to be smooth. The insulating bush a@ of the brush- 
holder forms a carrier for the case or tube c, in which the brush 
slides, and is fitted to a sleeve part ofa bracket d. Between the 
case cand the brush ¢ an elastic piece, in the form of a coiled 





spring f, is provided, so that longitudinally of the case it is 
returned after passing around a small pulley or abutment g 
carried by the case. In this way a spring of long length can be 
used on a comparatively short-length case, which means that 
pressure of the brush e upon the commutator can be more evenly 
maintained from start to finish in the wear of the said brush, 
with a certainty that there is sufficient pressure upon the brush 
to the last. The spring is represented in extension, and returned 
upon the case once, so that it has a pull on the brush in a 
straight line with the brush’s feed. It is connected at one end 
to a fixed peg c? on the case, and at the other end to a fixed peg 
h2 on a socket, into which the brush ¢ is fitted, and which is 
adapted to slide within the case c, a slot c? being provided in the 
case for the peg h2 to work through. (Aczepted February 20, 
1907.) 


5465. Vickers Sons and Maxim, Limited, and 
G. H. Lin , Sheffield. Brush-Holders. [14 Figs.) 
March 6, 1906.—This invention relates to brush-holders for dy- 


namo-electric machines, the chief object being to construct 
holders in a simple and a manner, by forming them 
from metallic stampings or blanks suitably bent to the required 
shape, the body portion being formed from a single stamping or 
blank. The blank A, from which the body portion of the brush- 
holder is to be constructed, is in the form of a rectangular strip of 
metal, having a pair of — a, @ preferably situa’ 80 
that the strip of metal A! is somewhat longer than the corres- 
ing strip A2. The strip A? is also provided with a pair of 
ugsa},al, In order to bend the blank to the required , the 
strips Al, A2 may be = ia, or pyaar each 0 c 
ints adjacent to the win ions so as to enclose an approxi- 
nel a renat A space, their extremities being brought together 
and suitably bolted or otherwise secured. The extra length of 
the strip Al may be employed to form a ae fd U-shaped portion 
B, as shown in Fig. 2, which may be util as a clamping device 
for attachment to a brush spindle, a suitable tigh device 
being provided to securely fit the clamping portion to the brush 
= le. The lower side of the approx ly rec’ frame 
us constructed is that which is comprised of the strip A?, and 
the ! a, a! are turned up eS. to the surface of the 
strip, for the purpose of providing bearings for a small spindle C, 
on which is ted the fi D the « E for 








constant, as, for exampie, by means of the potentiometer arrange- 


nger 
controlling the same. One end of the spring E is adapted to bear 


= the pressure finger D, the other end of ae being 
pted to engage with the notched edge of a curved or segmen- 
tally formed portion a? with which the strip Al is formed. The said 
end of the spring terminates in a handle ¢? for enabling the end 
to be moved so as to engage with the necessary notches to afford 


Fig. t; 








the desired pressure on the pressure finger D. The box or holder 
proper for the brush is formed from the winged portions a, a, 
which are bent forwardly, and are each formed with right-angled 
bends, so as to enclose said brush, the free ends of the wings being 
riveted together, or to an intervening block of metal f. (Ac- 
cepted February 20, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


25,383. J. W. H. Dew and the New 5 well 
Motor Company, Limited, London. Silencers. (5 Figs | 
November 10, 1906.—This invention refers to silencers for explo- 
sion engines. According to this invention, the silencer is pro- 
vided with an opening 11 at one end, ugh which the exhaust 

enter, and an opening 2 at the other end, by which they 
eave, and is also provided with a tube 4 extending practically 
throughout its entire length, the tube being open at the outlet 
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end, and at its opposite end having tubular branch connections 
7 extending through the wall of the silencer to the Outer air, 
while a jet of exhaust gases is admitted to that end of the tube in 
such manner as to cause an induced current of air to enter by the 
branch tubular connections from the outer wae ge oy and to 
travel through the air-tube, while the main body of the exhaust 
gases passes externally around the walls of the air-tube, and is 
thereby cooled. (Sealed April 25, 1907.) 


GUNS AND EXPLOSIVES. 


13,684. Sir W. G. Armstrong, Whitworth, and Co., 
and W. H. Sodeau, Newcastle-on-' e. 
Percussion Fuses. (1 Fig.) June 14, 1906.—This invention 
relates to improvements in ‘safety devices for holding back the 
percussion pellets of fuses for ordnance, to prevent mature 
action. ais the —- pellet which is held back by blade- 
springs b, the heads of which are formed with inclines b! engaging 

e head of the pellet, which is made of a Ta- 
midal form, and is therefore prevented from moving forw: by 
the heads of the springs so long as they are prevented from mov- 
ing forward by the guard-ring c surrounding them. This ring is 
kept in position during transport by a safety pin d, which is 
withdrawn before use, when the is suppoi by the springs 
alone, which may be slightly bulged for that purpose just beneath 
the ring. By this arrangement the necessity of employing 
shearing wires for su ing the ring as descri in Specifica- 
tion No. 7041, of 1906, is obviated. Surrounding the feet of the 





a 4 and holding them in place a fixed ring ¢ is preferably 
provided, with its inner surface slightly tapered, so that its 
internal diameter at the lower end is less than the diameter of 
the guard-ring, whilst that of the upper end is greater. A creep- 
vag faa 5 - cea t tas cect when desired. 

ong as the -ring is in ion the ngs are prevented 
from spreading, and the fuse cannot, therefore, be fired by 
dropping with its nose downwards. Blows in other directions 
do not tend to drive the pellet towards the needle, although 
they may cause the rd-ring to be . On the shock of 
discharge the -ring sets back over the bulged portion of 
the springs and becomes jammed inside the fixed ring ¢, so that 
it cannot be driven forward by the inversion of the shell or by 
its normal retardation in flight. On amen or impact the percus- 
sion pellet passes forward, expan ng the blade-springs and 
compressing the creep-spring, and so bringing the detonator a! 
in contact with the needleg. (Accepted February 20, 1907.) 


PRINTING AND ALLIED MACHINERY. 


5640. J. J. Clause, Chicago, U.S.A. Fudge-Boxes. 
(4 Fige.] March 8, 1906.—In gor tal printing it is the practice 
to leave a vacant space when 1 ng-up the printing formes, so 
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that news arriving late may still find a place. In this connection 
it is usual to employ a fudge-box, in which linotype slugs may be 





fitted at any time after the printing formes have been stereotyped. 
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The fitting and securing of these linotype slugs is a matter of 
some difficulty, and it is to provide a better means to that end 
that this invention is directed. It is customary when the linot 
slugs have been set in the fudge-box to fill up the remainder of the 
space, if any, with blank slugs, and to wedge the whole tightly in 
position by ordinary wedges. According to this invention the 
cheeks 6,7 of the fudge-box, one of which—viz., 7—is movable, 
are provided on the inside with a series of Sarge Neen 
bearings for the trunnions of an eccentric roller 15. e type 
having been set for the late news, the eccentric roller 15 is placed 
in the bearings which are nearest the point where the type ends. 
When in position. the eccentrically-mounted roller is rotated by 
means of a tommy or other convenient tool, so as to bring the 
increasingly long radius of the roller to bear against the slugs, 
and thereby cam up and compress together the type as closely as 
possible. e roller may be held against rotation in a backward 
direction by aes the cheeks of the fudge-box against the 
roller ends, after the camming-up has been comes. The type, 
whether lino or separate, thus held is little likely to rock while 
making the —— on. In this way fixing-up the late-news fudge- 
box is greatly facilitated. (Accepted February 20, 1907.) 


RAILWAYS AND TRAMWAYS. 


12,477. W. Fairweather, London. (Electrical Devices 
Company, Keokuk, Iowa, U.S.A.) Tramear Controller 
tors. [4 Figs.) May 29, 1906.—This invention relates 

to that class of controller regulators such as are adapted for use 
in connection with tramcar controllers to prevent the operator 
from moving the controller too rapidly.to cut out resistance in 
the motor circuit. In constructing the device, the upper surface 
of a plate has formed therein a zig-zag slot or channel 6, in 
which the portions 7 form inclined cam surfaces, over which a 
retarding dog 18 is adapted toslide. The outer edge of the zig-zag 
slot forms stop or ratchet portions 9. A head 14 is adapted to fit 
over the plate 1. This head 14 is provided with a pair of upwardly- 


extending lugs 16, between which the handle 5 of the controller 
is adapted to fit, whereby the head will be rotated with the con- 
troller. The head 14 is also provided with an upwardly-extending 


rojection 17, upon which is mounted the dog 18, an opening 19 
veing formed in the head to permit the dog to project through the 
same and into the slot 6. The dog 18 is of peculiar construction 
and has a laterally-extending arm 20 provided with a ball 21 
adapted to fit in a socket formed in the projection 17 and be held 
in position by a cover having a portion pted to fit over the 
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ball and being held in position upon the projection 17. By thus 
providing a ball-and-socket joint for the dog 18 the same is per- 
mitted to move in two directions, but is prevented from moving 
in a third direction by engagement with the projection or exten- 
sion 17. A casing 25 is provided to cover the dog and its mount- 
ing. In operation, asthe handle 5is turned in the direction of the 
arrow, the dog 18, held by gravity against the inclined face 7, is 
thrust outwardly thereby and into engagement with the stop 9, 
checking the movement of the handle. The movement thus 
being checked and the pressure of the handle being slightly 
relaxed, the dog swings inward by gravity against the next cam 
surface, whereby it will be in position to be moved outwardly 
against the next stop. Due to the fact that the pivotal axis of 
the dog is notin a vertical line with the end thereof, the tendency 
of the dog will always be to drop against the cam surfaces. When 
it is desired to reverse the movement of the handle, the same can 
be thrown back to its initial position without check or retardation, 
as the dog, being mounted in a ball-and-socket joint, is free to 
swing rearwardly and will ride over the stops and cams without 
any with the movement of the head. (Accepted February 
20, 1907. 


16,848. W. Barnes, Ashbourne. Slipper-Brakes. 
{5 Figs.] July 26, 1906.—These improvements relate to slipper- 
brakes for use with rail vehicles, and adapted to come into contact 
with the rail surface. A, A! indicate two brake-levers on opposite 
sides of the vehicle, each formed at its lower end with a suitable 
shoe to come into contact with the rail when suitable 
angular motion is imparted to the levers. In the positions 
illustrated the levers are in their out-of-action itions. They 
are mounted upon separate pivots or bearings C, which may be 
upon the ends cf a shaft extending across the vehicle, or may 












































each be upon a separate block. Each of the bearings C is capable 
of moving away from the rail along a slide D in the bracket E 
attached to the vehicle. This movement can only be accomplished 
against the action of strong springs F. The upper ends of the 
levers A, A! are preferably connected together, so that movement 
imparted to one toapply or release the brakes is communicated to 
the other, and this connection may be conveniently effected by 
means of the transverse rod or shaft G, upon the ends of which 
the upper ends of the levers A, A! are mounted, preferably in 
such a manner that the ends of the levers are capable of in- 
dependent rotary or angular motion thereon, so that move- 





ment of one brake-lever, owing to rail inequalities, when 
applied, will not affect the other lever. Attached to the cross-rod 
G is a chain H, which extends around suitable pulleys J, and 
s to the brake-handle K at the driver’s seat. So that the 
— may also be applied from the rear of the vehicle, a second 
chain H! extends from the rod G to a brake-handle K! on the rear 
platform. Both chains are connected to a sliding-piece which 
through the rod G, to which it communicates any pull 
[pasted to it through the strong spring M. When it is desired 
to apply the brakes, one or other of the chains H or H! is pulled, 
and an motion is imparted to the levers A and A!, so aa to 
bring their shoes B into contact with the rail. The spring M is 
of such strength that the ordinary application of the brake does 
not compress it to its fullest extent, and any requisite amount of 
elasticity is left in it to permit movement of the applied brake 
levers. (Accepted February 20, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


5832. W. J. Parkyn, T. Bradley, and J. Gresty, 
eld. Steam-Generators. % Figs.) March 10, 
1906.—This invention relates to improvements in steam-generators 
of the type described with reference to Figs. 1 to 8 of the drawings 
forming part of the specification to Letters Patent No. 16,154, 
1904. The present invention consists in a construction and com- 
rts whereby the top headers are placed with their 

axes at right angles to the axis of the steam-and-water drum, 
and inclined from the horizontal so as to be comparatively free 
from water ; the said head are ted on their top sides 
to the steam e of the steam-and-water drum, and on their 
under sides to the water space of the said drum in such manner 
that the end of each top header nearest the drum acts asa 
baffie-plate to compel a preliminary separation in the header of 
the steam from the water prior to the usual separation effected 
in the steam-and-waterdrum. cdesignates the steam-drum, / the 

















Z P é 
=~) P 
Yj 
tp 
YZ 
Z r 
Z ZY 
4 g 
Y 
A ™ 
x Ly rm P a 
a 92) es ica 


steam-generating tubes, 0 the top header of a section forming a 
steam-and-water-separating vessel, 0! the bottom header of a 
section, p and p! the top and bottom headers of the feed-water- 
heating sections, r the feed-water-heating tubes, s fire or gas 
bafties, and t superheater tubes located in the rear of the generatin 

sections. The top headers o are placed as shown and described, 
with their axes ut right angles to the axis of the main steam- 
drum c, and are inclined from the horizontal so as to be com- 
seg free from water. The said headers o being connected 
rom the steam space on their 'e sides to the steam pa ay cf the 
main steam-drum ¢,and from the water space on their under 


sides to the water space of the said drum, it follows that the blank ; 


end of each top header nearest the drum c acts as a baffle-plate to 
compel a preliminary separation in the top header of the steam 
from the water prior to the usual separation effected in the steam- 
and-water drum c. (Accepted February 13, 1907.) 


17,191. H. B. Watson and T. C. Billetop, 
castle-on-Tyne. Feed-Water Filters. (8 Figs.) July 
31, 1906.—This invention relates to that class of feed-water filter in 
which filtering material is contained within the perforated walls of 
a removable filtering cartridge, and the object of the invention is 
to provide a cheap, efficient, and compact form of filter in which 
filtering medium is contained within perforated frames so arranged 
as to give a large filtering area relatively to the size of the casing, 
and to be easily removable for the purpose of renewing the filter- 








ing medium. The casing 1 is, in the main, cylindrical, and is 
provided with an inlet branch 2, which leads to the interior of the 
casing and, through the by-pass valve seating 3, to the outlet 
branch 4. The valve 8a is adapted to close one or other of two 
seatings 2a or 3, as may be desired, so that the filter may be either 
disconnected from the inlet branch and the by-pass valve be 

ned, or be connected to the inlet branch and the by-pass valve 
closed. _ The casing isalso provided with an outlet valve 4a. The 
filtering medium is contained between parallel, or approximately 


lel, perforated grids, which are so located in the casing as to 
interposed across the water-way, so that the water in passing 
from the inlet to the outlet passes transversely through the perfo 
rated grids and the filtering medium contained between them. 
The grids are compoéed of flat perforated plates 5 united together 
in pairs, with the filtering medium held in place between them: 
each pair of grids thus form a filtering unit or cartridge. In the 
construction illustrated, there are two cartridges, each composed 
of a pair of plates; each cartridge is adapted to slide into grooves 
formed at the one side of the body of the casing 1, and at the 
other side in a vertical partition-piece 7. When the cartridges 
are in position, water entering by the inlet 2a can only pass to the 
outlet 4b by passing transversely across the cartridges, as shown 
by the arrows in Fig. 2. The cartridges are inclined to each 
other in the plan view, and may be further supported by a stay- 
piece. The diaphragm 9, on which the cartridges rest, is perfo- 
rated by an outlet opening 10 conforming in shape with the 
bottom of the V-shaped space between the cartridges, and 
through this opening the filtered water passes on its way to the 
outlet. (Accepted February 13, 1907.) 


3175. J. C. Bourne and G. H. Rees, London. 
Steam-Traps. (6 Figs.) February 9, 1906.—This invention 
relates to improvements in steam-traps of the type wherein 
a ball-valve is provided with the ball situated in a cage carried 
by the trap-head, which the water is designed to blow 
out, and ite principal object is to guide more perfectly the bali- 
valve on to its seating by means of an improved form of 
cage. As shown in the drawings, wherein a trap of the Geipe! 
type is illustrated, the valve-seating a is formed in an open- 
topped cage or casing ), furnished with vertical slots b1, shown 
in Figs. 2 and 3. This cage or casing is screwed into the trap- 
head at c. The valve-seating a is normally closed by a free 
ball d within the cage b, the sides of which form guides therefor, 
while the lower extremity of the usual valve-depressing spindle ¢ 
bears upon the ball under the action of the pivoted spring- 
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controlled arm f. A disc el is carried by the lower extremity of 
the spindle e, and fits loosely between the sides of the cage /), 
which thus also serve as additional guides for the spindle ¢. The 
construction of this type of trap is well known, and needs no 
description to enable this invention to be understood. In 
practice, when the pipe g becomes filled with condensed water and 
contracts, the pressure upon the spindle e is released in the usual! 
manner, which allows the water to lift the ball d from its seating 
and pass through the slots )) in the cage b, and out through the 
pipe h, imparting whilst so doing a turning movement to the 

1 d, which, upon returning to its seating a, will thus present 
a fresh surface thereto, as is usual with ball-valves. In this 
manner no undue amount of wear takes place upon any one or 
more parts of the ball, which, furthermore, will always find its own 
seating, sufficient “‘play” in the cage being allowed for this. 
(Accepted February 13, 1907.) 


11,953. P. Hulburd, London. Sight-Feed Lubri- 
cators. (2 Figs.) May 22, 1906.—This invention relates to sight- 
feed lubricators of the kind wherein what is termed a cartridge — 
that is to say, a sight-glass fixed in a protecting tube or holder of 
metal—is employed, which cartridge, in case the glass breaks, is 
adapted to be removed bodily and replaced by another containing 
a glass tube packed within it, so that it is only necessary to make 
a joint between the metal holder and the other parts of the 
fitting. According to this invention, the use of packing-rings 
usually employed js dispensed with, and the juinting of metal to 
metal is provided for, so that, in case of the glass breaking, it 
is only necessary to loozen the retaining parte, take out the 
cartridge, the tube of which is broken, insert a new cartridge, 
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| and again tighten up the parte. a indicates the cartridge having 
the glass tube b packed within it, and c,d are the branches or 
| parts of the fitting between which the cartridge is fixed. In the 
arrangement shown, the cartridge a is held between two coned 
plugs e, f onthe branches c, d respectively, the plugs being pro 
| vided with conical ends adapted to enter correspondingly coned 
| apertures in the ends of the cartridge. Above the plug ¢ is 
arranged a tubular shank ¢, which is screwed in the lubricator 
fitting and pone through a stuffing-box g, the outer end being 
made so that it may be turned by meansof a spanner. With 
ment it will be understood that when the cartridge 


this arran e 
is placed between the plugs ¢, f, and the shank e2 is screwed 
down, metal-to-metal joints will be formed at the two ends of the 


cartridge. (Accepted February 20, 1907.) 
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By CHartes Prewini, C.E. 


Tue Pennsytvanta Rartroap TUNNELS, 
York. 

Ir is evident that the Directors of the Pennsyl- 
vania Railroad have no intention of adding very 
materially to the monumental beauty of the 
even of greatly in- 


New 


American Metropolis, or 


the curves, straightening the lines, doing away with 
grade-crossings, and increasing the number of their 
freight-yards. Many of these were made on the 
trunk lines between New York and Washington, 
and also between Philadelphia and Pittsburg, so as 
to allow trains to be run ata high rate of speed. 
Trains from Hartford, Boston, Providence, and 
other cities of New England enter New York to- 
day on the metals of the New York Central Rail- 
road ; but trains going south are conveyed at 
present on specially constructed boats from a 














. My BAY 
















































Jersey. An independent road-bed, 200 ft. wide, 
will run across the Jersey swamps, over to the 
western slopes of the famous Palisades at North 
Bergen. Passing under the Palisades, this line 
will continue through an inland tunnel on a 
descending grade to the tunnel proper under the 
Hudson, entering Manhattan Island at 33rd-street, 
and proceeding thence to the station now in course 
of erection at Ninth-avenue. This station will be 
mostly underground, extending from Ninth over to 
Seventh-avenue. From this point the road will 
continue underground to the Kast River, where it 
will enter the tunnel, which is now being rapidly 
pushed forward ; and, on coming up to the surface, 
it will continue on the metals of the Long Island 
Railroad. Figs. 2and 3 indicate the plan and longi- 
tudinal profile of the part of the road constructed 
in tunnel. The line will then diverge to the north 
towards Lawrence Point, where it will join the New 
Haven Railroad with the largest draw — in the 
world, built over Long Island Sound. e total 
length of the proposed line will be 114 miles, of 
which 5} miles will be exclusively in tunnels of 
different types. We shall not refer any further 
to this t of the work, but will confine our 
remarks to the tunnels under the Hudson and 
under the East River. 

The portal of the former will -be located at 
North Bergen, in the State of New Jersey, from 
which the new road will pass under Bergen Hill in 
two parallel single-track tunnels, the length of the 
line being 6290 ft., reckoning up to the shield- 
chamber on the Jersey side. The descent will bo 
on a 1.30 per cent. grade, the tunnels being 37 ft. 
apart from centre to centre. They are being con- 
structed with vertical concrete skewbacks, which 
support the semicircular brick arches forming the 
roof of the tunnel. The amount of rock to be 
excavated is very great, on account of the large 
dimensions which have been adopted, the width 




































































THUS acme - ps 
being 23 ft..10 in., and the height to the crown 
NEWARK ware se te x 21 ft. 7 in. ; whilst one foot all around has been 
allowed the contractor, as it would be impossible 
ee | to cut the hard trap-rock of the Palisades formation 
| to a true mathematical line. 
=. Se ae +i a : WEEHAWKEN ‘. | The cross-section of the tunnel, Fig. 4, page 670, 
tad 3 = i Fig - is 
cx ES Eg A Re s 8 : ~ g 3 
on 3S a $s 33 35 “ae, 
we] 38 Ree » & gist’, é 
wig a = > > 2 = > > re 
x * 3 © HUDSON RIVER é By g. << SS 356 g 
S50 “gig » Rob § Fs Sk & Sf case wiver iy 
soo} fC) EMALIR RDedeum | ab | Mmw., 20.0. —J 2 Water Si 
al | ORZOGING LW. —— = _—— 7) 
1 | ad ik. 
150.14 iy : H 
33000; 32 3 ur " 
e~ MEROEN ike. TUNNELS -------o [.----susaquaou runnes th abl Pa R as ale Do 1 500 feat below Mean High Water erat patie. le 














PENNSYLVANIA, NEW JERSEY & NEW YORK R.R. 


creasing existing transportation facilities, their 
main object being to systematise their trunk line 
between the Northern and Southern States along 
the Atlantic seaboard. New York will not be a 
grand terminal, but only a way-station on the line 
to Montauk Point, for it is practically decided to 
make that port at the eastern extremity of Long 
Island the American shipping port of the future. 
But in the meantime the station in New York 
will serve as a connecting point for trains between 
New England and the South. People are still 
wondering at the facility with which the company 
negotiated a loan of 50 million dollars with the 
French market ; but we have to bear in mind that 
it is not out of love for Americans that French 
financiers made such a public demonstration of 
their impetuous generosity, but merely because 
they were assured by competent men, whom they 
Sent across the seas, both as to the financial 
soundness of the company and the undoubted 
Saneness of their gigantic scheme. 









The improvements made by the Pennsylvania 
Railroad in its system consist chiefly in reducing 


PENNSYLVANIA, NEW YORK & LONG ISLAND R.R 


station at 13lst street in the Bronx over to the 
Jersey shores of the Hudson River. It is in 
Jersey City that the Pennsylvania Railroad has 
its present terminal station. The inconvenience 
to passengers and the difficulty of handling freight 
in such a location have long been felt; but it is | 
only recently that opposition to their entering 
New York City was overcome, and authorisation 
finally obtained to tunnel under the Hudson and 
build a station in the heart of the metropolis. 
Accordingly, the main line of the Pennsylvania 
road will deviate, as shown in Fig. 1, from 
Harrison, on the outskirts of Newark, New 








shows a clearance of 11 ft. 8 in. for the width and 
16 ft. for the height, reckoning from the invert. 
The side-walls will be in concrete 2 ft. thick, whilst 
the thickness of the brick arch has been fixed at 


20 in. One of the special features of this tunnel 
will be the manner in which it is made water-tight 
—viz., by using layers of water-proofing close to 
the outside of the walls and to the extrados of the 
arch. The water-proofing will be effected by layers 
of hot asphalte, with alternate layers of felt. On 
each side there will be a walking-platform, erected 


| at a distance of 5 ft 10 in. from the axis of the tunnel, 


aud having a width of 3 ft. 8 in. Under these 
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platforms conduits will be laid to carry none 

and telephone lines. Provision is made for 
regularly-recurring mauholes for the inspection 
and repairs of the electrical conductors. Side 
galleries will also be constructed at distances of 
300 ft. apart to affurd communication between the 
parallel tunnels, as shown in Fig. 5. 

The tunnel under Bergen Hill is driven simul- 
taneously. from both ends—viz., from the portal at 
North Bergen and from the shaft at Weehauken. 
This is a permanent shaft, 130 ft. long and 50 ft. 
deep, which is used both for the inland tunnel and 
also for the tunnel under the Hudson River. The 
tunnel under Bergen Hill is being constructed by 
Mr. William Bradley, who built two sections of 
the New York Subway. 

The permanent shaft at Weehauken is built on 
a square plan 130 ft. side, lined with concrete 
masonry, and provided with inclined walls of the 
shape of an inverted frustum of a square pyramid, 
with five openings. Four of these will be used by 
trains which will run in the open at the bottom of 
the shaft; the fifth one will lead to the power-house 
near by. Only one-third of this. shaft is needed 
for work on the inland tunnel, the remaining two- 
thirds being devoted to the construction of the 
tunnel under the Hudson River. The working 
shaft on Manhattan Island is situated at Eleventh- 
avenue, and is a side-shaft of rectangular plan, 
30 ft. by 22 ft., the tunnel proper being connecte 
by two drifts 10 ft. by 10 ft. each. = 

The shield-rooms are situated on both sides of 
the river, just in front of the shaft ; they are 23 ft. 
long, and are lined with cast-iron rings, larger in 
diameter than the rings lining the tunnel. Within 
these rooms the shields were erected, and pushed 
forward in the usual manner. The length of the 
tunnel between these shield-rooms is 5947 ft., and 
the contractors were the O'Rourke Construction 

. Company of New York. 

The four shields of the North River tunnels 
were erected simultaneously ; those on the Man- 
hattan side were begun on April 18, 1904, whilst 
those on the Jersey side were delayed until 
oe pees of the same year. No serious diffi- 
culty was encountered in driving this tunnel, the 
soil being quite similar to that of the old Hudson 
River Tunnel, so that both engineers and men 
knew exactly how to deal with the problem that 
confronted them. 

The work was carried on with remarkable ease 
and regularity ; and when the two shields met, on 
September 12, 1906, Mr. Charles M. Jacobs, M. Inst. 
C.E., passed through the bore, followed by a number 
of prominent men. Mr. Jacobs walked from shore 
to shore under the Hudson; and, before parting 
with his distinguished company, ho thanked the 
Almighty that no accident had occurred to mar the 
construction of such a mighty undertaking. But 
it must be said that Mr. Jacobs deserved all the 
credit and recognition given him for the magnificent 
and unprecedented success which crowned a work 
of admitted difficulty, novelty, and danger. ‘he 
completion of the south tube followed closely on 
that of the north tube, the shields meeting a few 
days after the completion of the first. 

The tubes are circular in cross-section, 23 ft. 
inside diameter, and are placed at a distance of 
37 ft. from centre to centre. The lining consists 
of heavy cast-iron rings made up of segments 14 in. 
thick, and provided with radial and circumferential 
flanges 11 in. deep. Each ring is 30 in. long, and 
formed by twelve body segments, together with a 
small one acting as key or crown-segment to close 
the ring, all being bolted together, and also bolted 
to the adjacent rings. The circumferential flanges 
are reinforced at the angles by triangular brackets 
2 in. thick, and the bolts used are 14 in. in diameter. 
To avoid the continuity of the joints the segments 
are placed in position with broken joints, so that 
the closing-piece is found alternately at the right 
and the left of the axis of the tunnel in successive 
rings. 

Each segment has a hole near the centre, closed 
with a screw-plug. Through this hole the grout is 
forced in by a machine at a pressure of 60 Ib. to 
the square inch in excess of the external water- 
pressure. The grout fills all the voids, and forms 
a shell 3 in. thick around the outside of the tube. 
When the grouting is completéd, the hole is closed 
with the screw-plug. Just within the iron lining 
there will be a —— of concrete 224 in. thick, 
extending 6 in. below the horizontal diameter of the 
tube ; on both sides there are walking-platforms, 
3 ft. 8 in. wide each, leaving in the middle a pit 


| of 11 ft. 8 in. for the trains. Within the concrete 
lining of the invert there will be a drain ; the top 
of the rail will be 2 ft. 2 in. above the invert. The 
cross-section (see Fig. 6, page 670) has been so 
designed as to leave a clearance of 12 in. between 
the top of the cars and the roof of the tunnel. The 
electrical conduits for telegraph and telephone 
purposes run below the platforms, as in the case 
of the inland tunnel under Bergen Hill. 

In addition to the heavy lining just mentioned, 
there are several other important innovations and 
improvements, due to Mr. Charles M. Jacobs, the 
designer and engineer-in-charge of the entire work. 
In our description of the Hudson River Tunnel 
we remarked that one of the reasons why that 
tunnel was abandoned for so many years was 
because it had been designed for the railroad traffic 
of a period in the progress of the country when 
light material only was used ; and in consequence 
of the rapid and momentous development that 
occurred in transportation, the tunnel was abso- 
lutely useless for the heavy traffic of succeeding 
years. The original tubes were laid in loose soil 
for the most part. In the new tubes Mr. Jacobs 
had sought to transfer the pressure of the traffic 
directly to the rock below the floor of the tunnel. 
For this purpose he adopted two different cross- 
sections for the Pennsylvania Tunnel, as shown in 
Figs. 6 and 7: one for the tube when resting on 
bed-rock, and the other when resting on loose 
soil. Though these cross-sections resemble each 
other in general outline, they differ in this impor- 
tant respect—that, in the latter, at distances of 
15 ft., measured along the axis of the tunnel, a steel 
screw-pile is inserted 27 in. in diameter. In this 
way even the tunnel that is driven through loose soil 
will rest on bed-rock by means of a row of pillars, 
each of which is formed of a large single screw-pile. 

In order to insert these screw-piles the body seg- 
ments of every two consecutive rings placed on the 
tunnel floor differ from other segments themselves, 
both in quality and shape (see Fig. 7). 

As the piles were given an outer diameter of 
27 in., they were provided with a helix of only one 
turn, having a pitch of 2lin. As the pile was to 
be sunk within the tunnel, the shaft of the pile was 
made of successive sections 7 ft. in length. Special 
care was taken in connecting the various sections 
together to relieve the torsional strain, this being 
effected by means of dowels and mortises drilled 
in the flanges, while other parts of the flanges 
carried the bolts, which made the shaft continuous. 

When the pile was well embedded in the rock, 
the shaft was filled with well-rammed concrete to a 
depth of 12 ft., thus forming a solid pillar resting 
directly on the rock. The pile was covered with a 
heavy cast-steel cap, upon which an iron girder was 
placed transversely to the tunnel line. Between 
two consecutive girders resting on piles two longi- 
tudinal girders were placed to carry the ties and 
the rails just as in ordinary bridge-work. In this 
way Mr. Jacobs has succeeded in making a bridge 
within the tunnel itself, so that this method is 
rightly called a ‘‘ bridged” tunnel. It is clear that 
pressures due to the heavy traflic of the trains 
will be taken away from the lining of the tunnels, 
and also from the surrounding loose soil, to be 
transferred directly to the rock formation itself, 
This marks an important improvement of the first 
magnitude in subaqueous tunnelling, and one which 
shows the resourcefulness of Mr. Jacobs in over- 
coming the difficulties attendant on works of this 
character. 

As a test of the bearing power of the piles at the 
pier in Jersey City, one of the pipes used in the 
tunnel was sunk to rock-bed ; it was then found 
that the dimensions adopted for these piles were 
more than sufficient to carry very safely the present 
and prospective traffic of the Pennsylvania Rail- 
road, The tubes are at present excavated through- 
out ; and owing to the consistency of the soil, the 
board of engineers are just now considering 
whether or not they should save the expense of sink- 
ing the piles. No conclusion has yet been reached, 
and opinion seems to be evenly divided. But whether 
the piles will be sunk or not, Mr. Jacobs’s invention 
will remain as a substantial improvement in the 
art of constructing subaqueous tunnels. 

A further improvement was also intrqduced by 
the same engineer on the Pennsylvania Tunnel— 
viz., the use of expansion joints in the iron lining. 
With a heavy tube a mile in length resting on 
loose soil, a certain amount of settling was to be 
expected, to meet which these expansion joints 
were inserted at the two ends of the tube. They 








consist of a few cast-iron rings of special construc- 
tion, overlapping the rings which form the tunne] 
lining. They have a solid circumferential flange 
close to the one which was bolted to the preceding 
ring ; and beyond the solid flanges there is also an 
extension of the shell which overlaps the followings 
ring. A considerable space is thus left between 
the two flanges. Heavy cast-iron blocks are in- 
serted between the flanges of the overlapping rings 
in order to afford a strong support for the hydraulic 
jacks when advancing the shield. But when the 
shields meet, and the iron lining is completed, the 
blocks will be removed and the tube allowed to 
settle. This will cause some displacement at the 
expansion joints, for which sufficient time will be 
allowed before proceeding to fill in the space be- 
tween the flanges of the two rings with concrete and 
covering it with the concrete lining of thetube. One 
of the expansion joints is shown in Fig. 9, page 670. 

To provide for the safety of the workmen, the 
tunnel proper was divided into various sections hy 
concrete bulkheads. The sections did not exceed 
1000 ft. in length, and two bulkheads, with their 
air-locks, were in constant operation. It was abso- 
lutely forbidden to tear down a bulkhead until a 
successor to it was erected. It was also prescribed 
that the distance between the face of the excava- 
tion and the nearest bulkhead should, under no 
circumstance, be greater than 1000 ft. Each bulk- 
head had three air-locks, two mud-locks near the 
floor of the tunnel, 6 ft. high and 20 ft. long, made 
up of boiler plates, and having gate-valves at the 
ends. These gate-valves were to be used for the 
traffic of the material required for the construction, 
and also for the discharge of the débris. An emer- 
gency lock was located above the other two, and 
was large enough to contain all the men working at 
the front. 

A safety screen extended from the roof down 
into the tunnel, and was suspended within 100 ft. 
of each working face. As it was in line with the 
emergency lock filled with compressed air, it offered 
a ready means of escape in case of flooding, which 
might take place as the result of a blow-out. 
Happily these contrivances were never required, as 
the excavation of the two separate tunnels went on 
without accident. 

On reaching Manhattan Island the tubes come 
close together, and continue to ascend under and 
along Thirty-third-street. The cross-section changes 
in this portion of the tunnel, first to the semi- 
circular, as in Fig. 10, page 670, and then to rect- 
angular ; and for a length of 1696 ft. it runs asa 
triple tunnel with four tracks. The central part is 
made up of steel bents, with columns 27 ft. 6 in. 
apart, together with a transverse plate-girder, 6 ft. 
deep, supporting a concrete roof. This central 
tunnel is used for the main-line tracks, while the 
smaller parallel tunnels on each side are provided 
with single tracks for stalling the cars. The level 
of the lateral tunnels is higher than the plan of the 
main-line tunnel, as shown in Fig. 11. 

The three tunnels come up to the same level 
near and under Tenth-avenue, where the metals 
run side by side ina single four-track arched tunnel 
until they reach the central station at Ninth- 
avenue. This tunnel (Fig. 12) is 52 ft. wide, with 
a clearance of 16 ft. 3 in. above rails. The lining 
is concrete, supported by steel bents spaced 5 ft. 
apart, and composed of two side columns and an 
arched roof truss, the bents being braced longi- 
tudinally, In between the lower flanges of the top 
chords of two consecutive bents angle-irons are 
placed longitudinally, keying the concrete of the 
arch, so that when the tunnel is completed it will 
appear to be formed with side walls and a poly- 
centric arched roof, all lined with concrete. 

The Pennsylvania Railroad Company bought four 
entire blocks in the heart of the city for its metro- 
politan station and track-yard, the property ex- 
tending from Ninth to Seventh-avenue, between 
Thirty-first and Thirty-third-streets. Plans for the 
new station were prepared by Messrs. McKim, Mead, 
and White, the fashionable architects of New York. 
It will be a huge granite structure, 430 ft. long on 
the avenues, and 780 ft. on the streets, with rows 
of Doric columns. It will be 60 ft. high, except 
the centre, which will rise to a height of 150 ft. — 

The main entrance will be on Seventh-avenue, in 
the middle of the structure. It has been decide: 
to have an arcade, with stores on both sides, leadin,, 
to the waiting-room, which will be 320 ft. lony, 


(110 ft. wide, and 150 ft. high. Such magpificent 


dimensions will make this the largest waiting-room 
in the world. On the side opposite the Arcade tle 
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waiting-room will be in direct communication with 
the concourse—the space between the waiting-room 
and platform—110 ft. wide, and extending from 
street to street. Numerous stairways will lead 
from the concourse to the various platforms for 
outgoing trains. A second concourse, 60 ft. wide, 
will be used exclusively for the exit of passengers. 
A covered carriage-way will enter from Thirty-first- 
street, and gradually descend to the tracks, after 
which it will reascend to an outlet at Thirty-third- 
street. 

This mammoth station will be constructed with 
three different levels. The first, flush with the 
street, will be for the Arcade; the second level 
will contain the waiting-room and concourse ; and 
the lowest will carry the tracks, with their island 
platforms. As the tracks will be 60 ft. below the 
surface, it was found necessary to excavate the 
whole extent of the ground to that depth. The 
work being carried on in the open air, offers the 
novel spectacle of a deep and oxtensive excavation 
in the centre of a busy city by blasting and steam- 
shovel, the materials being removed by dummy- 
engines and small cars. 

On leaving the central station, the main line 
will run under and along Thirty-second-street and 
Thirty-third-street with a single wide-arched tunnel, 
carrying three tracks under exch street, six in all. 
The tunnels will be 48 ft. wide and 29 ft. high. 
On reaching Fifth-avenue, each of the tunnels will 
divide into a double-track tunnel, and will continue 
in this way to the shaft situated on the eastern 
side of First-avenue, a distance of 3575 ft. This 
part of the work is constructed by means of shafts 
sunk at the extreme ends of the section with an 
intermediate one near Fourth avenue. Good, solid 
rock was encountered all along the line, with a few 
exceptions, of disintegrated rock an1 pockets of 
loose soil. Just here trouble was met with, which 
gave newspaper men something to write about. 
Especially did they emphasise the ‘‘ thrilling” 
episode of the subsidence of the pavement in the 
neighbourhood of the fashionable Hotel Astor, 
disclosing a view of the yawning depth below, with 
the bed of the old Kolck Creek, buried there for 
over a hundred years. The creek had cut a great 
conical hole, which gradually filled up with slime, 
more dangerous even than quicksand. When the 
work reached th's danger-point, the base of the 
opening was above the roof of the tunnel, so that 
the opening had to be tapped and the slimy material 
run off through pipes; but this remedy for the 
evil was not sufficient, as the subsidence extended 
to the top heading and also to one of the drifts. 
This was mainly responsible for the settling of the 
street and the formation of a large cavity, which 
had to be filled in with rock and well-rammed 
eaith. 

These tunnels are remarkable for their unusual 
width, and also for passing under streets lined on 
both sides with the mansions of the wealthy folk 
and the fashionable hotels of our great metro- 
politan city. These tunnels are 47 ft. wide and 
29 ft. high, with flat arched roof, lined with con- 
crete or with brick, according to the requirements 
of the soil. When needed, the lining of the roof 
will be reinforced by iron trusses, as shown in 
Fig. 12. Each tunnel is constructed by means of 
a central heading and two side-drifts ; the upper 
section is then enlarged so as to build the ial on 
the continuation of the skewbacks erected within 
the drifts. The central nucleus is the last to be 
removed. Itis evident that this system of con- 
struction is nothing more than a modification of the 
well-known German method. 

From a point in Fifth-avenue each of these 
tunnels will continue to run in a twin, single-track 
tunnel covered with a semicircular arch, lined 
with masonry and separated only by masonry 
pillars, having arches for inter-communication, as 
shown in Fig. 14, page 671. 

All the construction work of the Pennsylvania 
Railroad across Manhattan Island is being done by 
two firms—viz., the New York Contracting and 
Trucking Company and the United Engineer- 
ing Construction Compiny. Each of the two 
twin-tunnels is continued under the East River by 
& tunnel of circular section, so that four tubes pass 
under this river, known as A, B, ©, and D re- 
spectively. The tubes A and B continue the twin 
tunnel under Thirty-third-street, whilst C and D do 
the same for the Thirty-second-street tunnel. The 
tubes A and B, as well as C and D, run 14 ft. apart 
from each other, whilst C is 150 ft. south of B. 
Eich pair of tunnels is driven by two shafts, 


located one on Manhattan Island, and the other on 
the shores of Long Island. 

In these tunnels the same safety devices for the 
workmen were provided as described in the first 
section of the work, bulkheads being erected 
1000 ft. from the front, and safety-screens sus- 
pended from the roof, as shown in Fig. 15. 

The shafts, 40 ft. by 74 ft., and 160 ft. and 180 ft. 
deep, are sunk in loose ground. It was decided to 
construct them by means of steel caissons, the 
better to resist the lateral pressure of the heavy 
soil, the caissons being formed with double steel 
walls, the intervening space filled in with rammed 
concrete. When rock was encountered, the caissons 
were stopped, and then continued down to the 
required depth. As the shafts on the Manhattan 
side were used for the land and also for the river 
sections, they were divided transversely by ¢. fire- 
proof bulkhead ; and it was arranged at the same 
time that the contractor for the river section should 
excavate the shaft, which will be maintained by the 
contractor for the land section. 

The contract for the construction of the four 
tubes was awarded to Messrs. Pearson and Son, of 
London, with Mr. Ernest W. Moir, vice-president 
of the company, in charge of the work. From the 
old Hudson River Tunnel, in which Mr. Moir had 
his first experience in subaqueous tunnelling, up 
to the completion of the Blackwall Tunnel, Mr. 
Moir has always been connected with works of this 
kind, and is now considered one of the ablest 
experts on such difficult constructions. When he 
assumed the contract for excavating the four tubes 
under the East River, each of which was of the 
same size as the Blackwall Tunnel, he was well 
aware of the difficulties ahead, remembering, as he 
must, the history of the East River Gas Tunnel. 
But nothing daunted, he undertook the work and 
bore with equanimity the unjust criticisms with 
which the daily Press favoured him from time to 
time. Work was begun on the four tubes, but was 
pushed forward only on tubes B and D. When 
these are completed, the experience acquired will 
help to accelerate the progress of tubes A and C, 
The first tubes have already reached midway across, 
the monthly advance being about 150 ft. 

The soil through which each tunnel is driven is 
variable, consisting of about one-third rock, one- 
third rock and loose soil, and the remaining third 
very loose soil, chiefly sand. The longitudinal profile 
given in Fig. 2 shows the greatest depth of the 
river to lie close to the shores of Manhattan Island, 
where it reaches a depth of 120 ft., the roof of the 
tunnel passing within 12 ft. from the river-bed. 
The soil is entirely of rock, with a gorge 165 ft. 
deep, filled with sand, at which weak point the 
compressed air escaped through the loose stratum 
of sand, giving rise toa ‘‘blow-out,” with conse- 
quent flooding of the tunnel. To provide for the 
workmen at the front, Messrs. Pearson and Son 
used a shield of their own design, in which the 
diaphragm consists of two partition walls far apart, 
the intervening space being used as an air-lock. 
By this means, the pressure at the front could be 
increased without filling the tunnel ; and in case of 
accident the pressure could be limited to a small 

rtion of the tunnel and confined to the front. 

his device proved of great value in the accidents 
that occurred on this very difficult part of the work, 
though, in a few cases, the men were not all able to 
reach the safety-chamber in time. 

The repair of a ‘‘ blow-out” has been effected 
by forming a new river-bed, consisting of stiff 
clay dumped from scows. Permission was obtained 
from the United States Government to dump clay 
into the river when necessary, always leaving a 
clear depth of 27 ft. for navigation purposes. 

As seen in the longitudinal profile, the tunnel- 
floor is 183 ft. below mean high-water mark, so that 
the air-pressure in the tunnel had to be kept at 
35 lb. per square inch above that of the atmosphere. 
Such high pressure has proved injurious to many 
of the workmen, in spite of all the precautions 
taken against their being affected by the caisson 
disease, or ‘* bends,” as it is popularly called. The 
compressed air is continuously analysed to avoid 
the admission of impure air, the foul air bein 
removed by a special device. The men are subjec 
to careful medical inspection both on entering 
and on leaving the tunnel. Strict rules are 
enforced by the lock-tender in admitting the men 
into compressed air and also in ‘‘ decompressing ” 
them before they return to the open air. For the 
benefit of those who show symptoms of caisson 





disease, there is a hospital close by, where they 





receive immediate and careful attention from a 
physician and a trained nurse. The medical staff 
of the hospital consists of an eminent physician 
and four attending doctors, who take charge by 
turns. Despite all these precautions, this dreaded 
disease has made no inconsiderable havoc among 
the men. 

Returning to the tunnel, the main-line will con- 
tinue from the Long Island side of the river, with 
an ascending grade, until it comes up to the sur- 
face at Thompson-avenue, nearly half a mile from 
the shafts. A very large yard will be here con- 
structed, which will include 500 miles of tracks. 
This will also be the site of the terminals of the 
New York, New Haven, and Hartford Railroad, as 
well as of the Long Island Railroad. To build this 
yard it was necessary to close up fifty-two streets, 
half of which, however, were only projected ; but 
authorisation was easily obtained, and even on 
favourable conditions. This yard will be con- 
structed at two levels, the lower being reserved for 
trains passing through the tunnel, and the upper 
one for the trains of the Long Island Railroad. 

The directors of the Pennsylvania Railroad 
Company evidently do not intend to remain inac- 
tive after the completion of their present extensive 
improvements, inasmuch as they have undertaken 
experiments on a new manner of excavating tunnels 
through loose soil by a method patented by Mr. 
Charles Sooysmith. This method is based on the 
principle of the Poetsch system for sinking difficult 
shafts by freezing the ground, a process which was 
employed with good results at lron Mountain, in 
the State of Michigan. When the construction of 
so many tunnels around New York was decided 
upon, Mr. Sooysmith offered to drive them by his 
process, but met with no encouragement, owing, no 
doubt, to the novelty of the method and the un- 
willingness of contractors to experiment on a large 
scale with an entirely new system of working. 
Quite recently, however, ex-Commissioner Linden- 
thal, who was formerly consulting engineer for 
the Pennsylvania Railroad, joined Mr. Sooysmith, 
and together they have succeeded in interesting the 
company to the extent of giving the method a fair 
trial. The main principle involved is the freezing 
of the ground by means of pipes running close 
together embedded in the soil, the pipes carrying a 
freezing mixture of brine. A central circular head- 
ing is excavated, from which the pipes are laid 
transversely to the axis of the projected tunnel. 
The ground freezes to a compact mass, having 
the resistance of sandstone, and is then removed 
either by small blasts, or else is chipped off by 
ordinary pick-axes. Fora practical test, a freezing- 
plant was erected at the foot of Thirty-fifth-street, 
a shaft sunk, and a heading driven parallel to the 
other tubes, and at the same depth. Thus far a 
heading, 7 ft. in diameter, has been driven, the 
freezing effect being felt at a distance of 9 ft. from 
the tunnel; but it has also been observed that 
the strong currents and tides of the East River 
tend to thaw out the ground. Already a sum of 
150,000 dols. has been spent on .the work, and 
we must await the publication of results before 
passing judgment on the efficiency of this method 
of tunnel excavation. So far as one can learn 
from fragments of information, the method may be 
found useful and convenient in constructing tunnels 
through very loose or through muddy soil. 

In full charge of the East River section of the 
Pennsylvania Company is Mr. Alfred Noble, 
member of the American Society of Civil Engi- 
neers, whose advice has often been sought by the 
Federal Government, by separate States, and pri- 
vate corporations. His son, Mr. Frederic Noble, 
as already remarked, is in charge of the Brooklyn 
Tunnel under the East River, being employed 
a different corporation from that which claims the 
services of his father. It is to Mr. Alfred Noble 
that we are indebted for much of our information, 
as well as for drawings and photographs used in 
illustrating part of these descriptive articles. 

It is a matter of deep and general regret that 
Mr. A. J. Cassatt, who was so long at the head 
of the Pennsylvania interests, did not live to see 
the completion of the great enterprise which his 
master mind had planned. As a wise adminis- 
trator of the Pennsylvania system, he had the 
habit of advising with other competent men, so 
that the programme which he had so carefully 
outlined will be carried out as originally laid down, 
a plan which will make the Pennsylvania road of 
the immediate future the best equipped and best 
managed in the country. 








670 








ENGINEERING. 





[May 24, 1907. 











DETAILS OF PENNSYLVANIA RAILROAD 
(For Deseri 


F Aull 


4 












\\' 


aan Y. 
Y 















































«Figs. = 
) ey A\K 






























TUNNELS; NEW YORK. 


», iim Lig Zo, 
Fig. 10. m/l ZUG 


A 


9 le CLT 
re ii 





4 



























ee essetss sees se ecsssss see s 








Se 























eescessses sss eee esses tes + 











Ce 9 OO EES OE ee 















































eee) CETTE). KEE. CERES. CARRE EYIL 














































































































} rt : % seis 
' 4 << (P— i 
' ip Eames) ne 
: KAS 
\ Top of Rail i “ep 
+ ——— } BRED 
) i h, 
Pe 5: eae | 7 
é RS sn a a me: Y 
q 4 a 
i) 4 , =z SBS oy = 
3 Figs? 5 jcahitiede ee 
i “4 _ Dar R : SS 
; 2 a 
Y a : ll ' 2 aa =WS 
ge BS espa 3 4 ! Lappe ~~ 
A ge Ae OS n 2 8X) 
a i) ee > 1) ae > 00 
Bp 3 : Ul 4 \ \ Bay 
Bin ee A a i 
Pe ees 4 so et Nie 
So | ' Mae 
r 3 iy =all : ' rf 
Sse, rat ore Eagle) ; | i)! 
rns é see <53 Ph 4: a) yy Oncrete ' 4 : 
5 et 2 ; : 
Sy ate ( Ny eres : | Hie 
Asgeell . - : - ! . “ 
7 ® ~ - id bb | 
2 t——---—----------—-54 0 Clearance ———-—--—_-_——"] aa 
5 43 bn ' ———- (69 CoCr 4: Ip 
4 H 1 fiw r 
M{ | . \ | : | Nin. 
W (Foot Stone + Top of | Ral. = 4! jb 
= oy 
N _ ae 
my. sc, 5T STE PRAIA NES PEL a 7 ee: E 
Y 6 att : t 5 g=Z5 
oonK) . eee T Se Fr Se oe =\ Te i Maas Eo ny 
Bee 7 
a sos 4 
wr =. 














ExxctricaL Inpustry IN Turkey.—In view of the | ing electric traction for the tramways ; and British engi- 
neering establishments are recommended to place them- 
ASE, oe Ape ls 
jonorary D work whi i ort ing su 

British Chamber of Commerce of Turkey, drawing atten- | sequently as a result of the new conditions. Attenton is 
dA, wag hy Seong Le no dynamo, 

Lrc | te! can im into Turkey without a 
the capital and other cities with electricity, and employ- | special permit, and failure to conform to all Govwantent 


| 


probable extension in the near future of the ure of elec- 
tricity in Turkey, a statement has just 


et ee issued by | selves in a 


of the | required, 
tion to the likelihood of openings for British trade. It is | directed to the 
pointed out that the Government contemplate lighting \for i 


regulations will undoubtedly result in exasperating delays, 
for which the Turkish Government are so well known. 
be The statement ey poe that on agus a 
be appointed, capable of formulating schemes estime| 

ing it possible, on the spot, as do the Belgian, German 

and other firms, instead of having to refer the matter \ 
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Introduction to the Theory of Fourier’s Series and Integ- 
rals, and the Mathematical Theory of the Conduction of 
Heat. By H.S. Carsiaw, Professor of Mathematics 
in the University of Sydney. London: Macmillan and 
Co. [Price 14s. net. ] 

We are able to measure in some degree the scien- 

tific activity of the Colonial Universities by the 

character of the treatises that are issued by the 
professors attached to these institutions. A short 
time ago we noticed an admirable digest of the 
literature of determinants, by Professor Moir, of 

South Africa. In the present instance we can 

offer as warm a welcome to the work of Professor 

Carslaw, of the Sydney University. In neither of 

these cases could the work have been satisfactorily 

performed without the aid of a well-stocked library. 

It may well be a matter of congratulation that 

those who are responsible for the conduct of 

Colonial Universities have recognised to the full the 

importance of such provision. Professor Carslaw 

himself remarks that it will be a surprise to those 
ny) are ignorant of the equipment of many 

Colonial Universities that the library of the Uni- 

versity provided him with almost all the papers to 

which he found it necessary to make reference. 

There is, too, another point which should not be 

overlooked, This book is written for students— 
olonial students ; and we may congratulate the 





author on having to lecture to students who have | connection with an infinite series. The integration 


attained a proficiency in mathematics that makes 
such a book desirable and necessary. No one can 
describe this volume as suitable for a beginner, 
though some portions are introductory. A certain 
ripeness of mathematical judgment—that particular 
quality in which a beginner is deficient—is neces- 
sary before a student can read such a treatise with 
pleasure or profit. 

The scope of the book will best be appreciated 
by giving a short account of its contents. It is 
divided into two distinct parts, the first treating of 
the theory of Fourier’s series and integrals, the 
second the mathematical theory of the conduction 
of heat in solids. The author prefaces his work 
with a short historical introduction, tracing the 
early treatment of the expansion of an arbitrary 
function of a variable in trigonometrical series, and 
the discussion of the same problem subsequent to 
the appearance of Fourier’s paper. Here it is 
shown how nearly Lagrange anticipated Fourier’s 
results, quoting Burkhardt to the effect that 
Lagrange’s process affords an instructive example 
of the ease with which an author omits to draw 
an almost obvious conclusion, when his investiga- 
tion has been made with a particular end in view. 
The first part begins with a chapter on rational 
and irrational members, followed by others dealing 
with infinite sequences and infinite series, in 
which we get the idea of a limit, the conception 
| of continuity, and the definition of convergence in 
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of an infinite integral in Chapter IV., with the 
remarks on the convergence of definite integrals, 
lead up to the usual form of Fourier series. Here 
we are glad to see that the author deals openly with 
his pupil. Where a result is obtained in such a 
subject as the expansion of arbitrarily given func- 
tions in series of circular functions, it is most 
desirable that it should be pointed out when the 
result falls short of a rigorous demonstration, and 
the nature of the assumptions made should be indi- 
cated. Here it is admitted that the ibility of 
the expansion has been assumed, and that the series 
has been integrated term by term. Points such as 
these are very apt to be overlooked, because the 
student does not read the book in a critical spirit ; 
he trusts entirely to the guidance of the author. 
The application of Dirichlet integrals, however, is 
apparently quite satisfactory. The service which 
Professor Carslaw has rendered here, and in the 
subsequent chapters leading up to Fourier’s inte- 
grals, is that he has focussed and brought to bear 
in a consecutive and ordered manner the results 
which are to be found scattered through many 
mathematical papers. It is the arrangement more 
than the matter which is original, and, taken in 
connection with the bibliography, should prove a 
time-saving device. 

The second part of the work brings before us all 
the theorems which Fourier examined, and some 
others to which mathematical treatment can be 
satisfactorily applied. It is no small merit in this 
treatise that the development of the argument is 
preceded by an introductory statement and empha- 
sised by a formal array of numbered paragraphs, 
giving precision to what is to be, or has been, 
clearly demonstrated. This arrangement leaves no 
doubt of the author’s plan, and ensures the atten- 
tion of the reader to the definite point under dis- 
cussion. The final result is to present a very clear 
exposition of a complete, but by no means simple, 
theory, but which possesses the advantage of being 
not based upon an hypothesis, but upon assump- 
tions which can be proved by experiment. Perhaps 
the experimental side might have been insisted 
upon with more force. 

After discussing the equation of conduction in 
Fourier’sring, the author examines the different one- 
dimensional problems, where the isothermic surfaces 
are planes parallel to the plane x = 0, and the flow 
of heat is linear, the lines of flow being parallel to 
the axis of x. The solid may be infinite or may 
extend to infinity in the direction of x positive, or 
the solid may be bounded by the plane x 0, 
« =a. Advantage is taken of the discussion of 
the case of an infinite solid, of which the boundary 
« = 0 is subject toa periodic change of temperature, 
to examine the problem of terrestrial temperature 
and of the secular cooling of the earth, problems 
which have been raised from time to time by 
Fourier, Kelvin, and others. It is known that the 
diurnal variations of underground temperature do 
not extend to more than 3 ft. or 4 ft., while the 
annual changes may be traced toa depth of 60 ft. or 
70 ft., and that when uniform temperature is reached 
there is an increase of temperature with the depth. 
Such observations do supply a value for the earth’s 
conductivity, though the amount of variations is 
not the same for all stations, but an increase is 
everywhere observed, and is generally roughly 
expressed by assuming a gradient of 1 deg. Fahr. 
for each 50 ft. of descent within the range to which 











672 


ENGINEERING. 


[May 24, 1907. 








observations have extended. One result of the 
discussion is to show that mathematical theory does 
not require an increase of temperature uniformly 
with the depth. If we suppose a gradient of 1 dos. 
Fahr. for 50 ft. to hold for 100,000 ft. below the 
surface, then in the next 300,000 ft. the gradient 
would be only 1 deg. in 400ft, and 1 deg. in 
2559 ft up to 800,000 ft. from the surface. This 
theory is therefore c'early against the assumption, 
which has been sometimes made by those who are 
little versed in mathematics, that the interior of 
the earth is a mass of mo}ten rock, an assumption 
which other physical phenomena render absolu‘ely 
untenable. ‘The age of the earth is a problem 
which cin scarcely be discussed by means of 
theorems which apply to homogeneous isotropic 
solids ; but with reservations and assumptions 
as to the temperature of molten rock, it is pos- 
sible to assign limits beyond which the observed 
rate of increase in temperature cannot be satisfac- 
torily explained. The lowest limit, due to Mr. 
Clarence King, would not extend the earth’s age 
beyond 24 million years, while Lord Kelvin, on a 
more liberal spirit, and anxious to meet the views 
of those who need abundant time for geological de- 
velopment, would give a period between 96 and 200 
million years. It is an interesting application of 
the theory, but, unfortunately, fettered by too great 
uncertainty concerning the constants of conduc- 
tivity and of specific heat of the material of which 
the earth is composed. 

In the remaining chapters are discussed many 
interesting points, such as the determination of the 
relations between the thermal and electric constants 
when a metal rod is heated by an electrical current. 
With the same thoroughness that has characterised 
the earlier part of the work, the author treats of 
the cases in which the flow of heat takes place in 
serge planes, or two-dimensional problems. The 
ast two chapters are devoted to the discussion of 
the synthetical method, and we have applications to 
various general problems, in which the use of 
Green’s functions in the solution of equations of 
conduction is exhibited. Everywhere the student 
will find himself in the hands of a master whose 
methods he may study, and whose attitude of mind 
he will do well to cultivate. 





The Steam Turbine as Applied to Marine Purposes. By 
Professor J. H. Bites, LL.D. London: Charles Griffin 
and Co., Limited. [Price 63. net.] 

Proressor Bixks’s little volume is in the main a 
reprint of the highly interesting series of lectures 
he delivered last winter before the Scottish Society 
of Arts. His audience being a mixed one, the 
subject was naturally treated in a somewhat popular 
manner. 

In the opening chapter of the volume we get 
an explanation of what a turbine is, a description 
being given of the old Barker’s mill, which is 
followed by views of an axial-flow water turbine, 
from which, it is stated, the Parsons turbine has 
been developed. By an oversight, however, the 
axial-flow turbine illustrated is of the impulse 
pattern, instead of the reaction type, which 
is that with which the Parsons turbine claims 
kindred. Following this comes an historical sum- 
mary of the gradual development of the steam- 
turbine during the past century. Here it is of 
interest to note that the system of compartment 
compounding, which has been so skilfully developed 
by Professor Rateau in recent years, was patented 
by Gilman in 1837, whilst the use of the converging- 
diverging nozzle, since so widely adopted in several 
notable types of turbine, was patented by Heath in 
the following year. In the course of this historical 
sketch Professor Biles states that he suggested the 
——— to ship propulsion of his steam-turbine 
to Parsons in 1888, though it was not till nine years 
later that the Turbinia beat all existing speed 
records, and definitely cemonstrated the singular 
suitability of the turbine for the propulsion of 
high-speed craft. The magnitude of the work 
accomplished in those nine years can only be fully 
appreciated by those who realise the extraordinary 
complexity of the conditions in which the steam 
works in a Parsons turbine, in spite of the mecha- 
nical simplicity of the machine, as well as the diffi- 
culty of determining with the data then available 
some arrangement of propellers which would de- 
— a thrust bearin 4 some reasonable proportion 
to the power they absorbed. It will be remem- 
bered that the first set of turbines and propellers 
fitted to the Turbinia proved a complete failure ; 
but, undaunted by this, Mr. Parsons proceeded 





with his experiments, attaining at length the 
gratifying results already referred to. 

Th: second chapter of Professor Biles’s work is 
devot:d to a somewhat minute description of the 
Parsons marine turbine as actually made, and here 
will be found particulars as to many practical 
details about which little is known outside the 
shops of the builders. Sectional views showing 
clearly the construction and make-up of both high 
and low- pressure turbines are here represented, full 
details of the blading being given. The power to 
be developed and the speed of rotation in service 
are not, however, noted, though these figures 
would be of great interest. In the next chapter 
the author gives a series of capital illustrations 
showing turbines at different stages of their con- 
struction, with some elementary notes indicating 
the lines along which it is possible to develop a 
theory for the proportioning of turbines to suit any 
prescribed conditions. 

In Chapter IV. Professor Biles discusses the 
screw-propeller, as applied to turbine vessels, in a 
most able and comprehensive manner. If the 
volume contained nothing else but this chapter, it 
would still be well worth its published price. In 
it Professor Biles has summarised, by means of 
curves, the results of the very elaborate experi- 
ments recently concluded at the Washington Navy 
Yard. These investigations included experiments 
on no less than thirty different patterns of three- 
blade propellers, as well as others on four-bladed, 
two-bladed, and even six-bladed propellers. The 
results, as stated, have been plotted as curves, and 
by means of these Professor Biles shows that it is not 
difficult to determine the propeller proportions 
best suited to even the relatively high speeds of 
rotation common with turbine-engined craft. We 
have noted one or two slight misprints here which, 
however, should hardly confuse the competent 
reader. Thus the figure ‘‘117,” near the top of 
p3ge 76, should, we think, read 137, whilst 


rT) Ss = 6.18 T D2 i fs 
pn(l—s) 
at the bottom of page 78, should read 
6.18 T 
pn(l —s) D2? Vv? 
Such misprints are exceedingly difficult to avoid on 
the first impression of works dealing with difficult 
subjects, and detract but little from the value of 
the letterpress, which in this case forms by far the 
best exposition of the propeller problem which we 
have yet met. 

In the next and concluding chapter Professor 
Biles has collected together all the data as yet 
available concerning the dimensions, equipment, 
and performance of turbine craft. He also dis- 
cusses the reasons for the relatively inferior show- 
ing made on service by some turbine vessels in 
comparison with their trial-trip records. In the 
latter they have invariably beaten the reciprocating 
engines easily in the matter of fuel economy, whilst 
in service they have in some instances proved dis- 
tinctly inferior in this regard ; and where they have 
still maintained an advantage, this has not been 
as great as it was on trial. This falling-off Pro- 
fessor Biles attributes to an increase in the resist- 
ances to be overcome in service as compared with 
trial-trip conditions. In the latter the propellers 


fitted to reciprocating engines develop but moderate 
pressures per square inch of blade area, whilst 
those fitted to turbine ships are commonly loaded 


up to near the limit at which cavitation may be 
expected. If, then, service conditions demand the 
development of a greater thrust than on trial, the 
limit of freedom from cavitation may be exceeded, 
in which case the efficiency of the propeller will 
rapidly diminish. 





Relazione sugli studi e lavori eseguiti dal 1897 al 1905 
(con un album di 74 tavole). Societa Italiana per le 
Strade Ferrate del Mediterraneo. Servizio delle cos- 
truzioni, 1906. Rome: D. Squarci. 

Tue lively interest shown throughout Europe in the 

construction of the Simplon Tunnel, from the com- 

mencement of operations in August, 1898; the 
almost constant recurrence during the work of 
natural difficulties which at first appeared insuper- 
able, and the ready resource of the contractors, 

Messrs. Brandt, Brandau, and Co., in overcoming 

these difficulties ; the discussions which are still 

going on concerning the most suitable lines of ap- 
proach to the Simplon Tunnel on this side of the 

Alps, none of which is decided upon so far, apart 

from the Loetschberg ; rumours of other possible 





tunnelling work under Mont Blanc, the St. 
Bernard, and the Spliigen ; all these combined have 
cast a shade on the most interesting work which 
has been carried out, sans tambours ni trompettes, 
by the Italian railways on their side of the Alps 
with a view to render the line through the Simplon 
as perfect a line for rapid inter-continental com- 
munication as possible. Previous to the construc- 
tion of the Simplon Tunnel, the railway system of 
North-West Italy terminated at Domodossola, the 
latter town being in communication with Milan and 
Turin vid Novara. In order to join up this system 
with the Simplon and the Swiss lines it might 
have sufficed to construct a line 12 miles in length 
from Domodossola to Iselle, the south terminus of 
the Simplon Tunnel. It was found, however, that 
the existing means of communication, extended 
up to Iselle, would not result in a system efficient 
enough to cope with international traffic, and a com- 
mittee appointed by the Government in January, 
1901, decided in favour of a scheme put forward by 
the Strade Ferrate del Mediterraneo, and authorised 
the construction of a new line from Iselle to Domo- 
dossola and Arona, at which latter place it join; 
the existing line, Arona-Sesto Callende-Gallarate- 
Milan ; while Turin is now served from Arona by the 
new and shorter line, vid Borgomanero-Romagnano- 
Santhia. These new lines, the difficulties which 
surrounded their construction, and the success with 
which these difficulties were met, form the subj :ct 
of the book the title of which is given above. 

The new line from Iselle to Arona is 46 miles in 
length, and that from Arona to Santhid over 40 
miles—a total, therefore, of barely 90 miles, which, 
as an extension pure and simple to an existing 
railway system, would piss almost without notice, 
and would require none, were it not for the civil 
engineering problems of a varying nature which 
had to be solved. The construction of tunnels 
alone formed a difficult task. Those on the line 
Iselle-Domodossola are nine in number, of a total 
developed length of 6615 metres (4.1 miles) 
equal to a third of the length of line between 
these two places, and including a_helicoidal 
tunnel to make up for the difference of level be- 
tween the stations of Iselle and Varzo. From 
Domodossola to Arona there are twelve tunnels, 
of a total developed length of 6056 metres (3.75 
miles), equal to one-ninth the length of the line. 
These twenty-one tunnels are laid with double 
track. On the line Arony-Borgomanero-Santhia, 
which forms the new approach to Turin, there are 
six tunnels, the total developed length of which 
is 5670 metres (3.5 miles); these are laid with 
single track. The latter include the Gattico 
Tunnel, 3309 metres (over 2 miles) in length, 
cut through shifting, water-bearing sands, and in 
the construction of which compressed air had to 
be resorted to. The twenty-seven tunnels in ques- 
tion have, therefore, a total length of 11.35 miles ; 
they were built simultaneously, but on a number 
of different methods, according to the geological 
strata cut through. These, in the case of the 
Iselle-Domodossola extension, were practically the 
same as the strata met in the Simplon Tunnel, 
and included hard granitic gneiss, micaschist, and 
calcareous stone ; but many a smaller tunnel closer 
to Lake Maggiore, and cut through alluvial forma- 
tions, gave more trouble comparatively than the 
longer ones nearer the main ranges of the Alps 

The bridges are numerous, and mostly of 
masonry ; these include a single 40-metre (130-ft.) 
span bridge over the Diveria, and one of six 20- 
metre (82 ft.) spans over the River Toce, near 
Beura. The largest steel bridge is that over the 
River Sesia, a through-bridge, the central span of 
which is 72 metres (236 ft.), and the two side ones, 
60 metres (197 ft.) each. P 

Such are, very briefly, the main data concerning 
the Italian approaches to the Simplon Tunnel. 
These lines were quite ready when the Simplon was 
opened to traffic—before, in fact—and were in full 
activity during the late exhibition at Milan. We 
have travelled on that from Iselle to Arona and 
Milan, and can vouch for the perfection of the 
work from an engineering point of view. As re- 
gards the scenery, this, at different parts, as many 
of our readers well know, is past description. 
But both the technical and picturesque aspects 
are fully dealt with in the book in question. 
This is admirably got up; it measures 154 in. 
by 11} in., contains over 400 pages of subject- 
matter, maps, diagrams, and sixty views repro- 
duced from photographs. It is completed by 4 
volume, of equal bulk, giving large-scale drawings 
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of line sections, tunnelling and bridge work, and 
permanent-way illustrations. ; 

As its title implies, the publication deals with 
{he work carried out by the Mediterranean Rail- 
way Company of Italy from 1897 to 1905, and 
besides the Jines which have been built to connect 
ihe Italian railway system directly with the Simplon 
line, other improvements have becn effected in 
order to facilitate traffic; these include the lines 
3alsorano-Avezzano, and Capezzano-Mercato-San 
Severino; a direct connection between the port 
of Genoa and the two Giovi lines, and a wagon 
dépét at Campasso. The book gives i lustrated 
descriptions of these also. 

The publication was on view at the Transport 
Section of the Milan Exhibition. 





Technical Electricity. By H. T. Daviner, B.S.e., 
M.I.E.E., Professor of Engineering at the Ordnance 
College, Woolwich, and R. W. Hutcarxson, B.Sc., 
A.M.LE.E, F.R.G.S., Head of the Department of 
Physica, Municipal Technical Schools, Hull. London : 
W. B. Clive, University Tutorial Press, Limited. 
| Price 4s. 6d. ] 

Tue University Tutorial Series of Text-Books is 

now well known, and we have had occasion ere 

now to remark upon the high standard of excellence 

which they generally show. When, therefore, a 

new addition to the series appears, it must be 

judged by this high standard, and it is a pleasure 
to find that the present volume bears the test well. 

The object of the authors has been to write a text- 

book in which the technical applications of elec- 

tricity should be made prominent, but which should 
be devoted to an exposition of the scientific prin- 
ciples underlying these practical applications rather 
than to detailed descriptions of the apparatus used. 
This is undoubtedly a good scheme, for elemen- 
tary text-books are often either too purely theo- 
retical or too purely practical. In the latter case 
the reader may fail to grasp princip!es at all, while 
in the former his studies are so divorced from prac- 
tice that he finds himself at a loss when he is 
taken away from his theory to deal with actual 
instruments or machines. In the present volume 
a happy medium is struck between these two 
extremes. The course is elementary, but it is 
thorough. No previous knowledge of the subject 
is assumed in the reader, who is instructed in the 
fundamental privciples of electrostatics, magnetism, 
current electricity, and electro-magnetism, and is 
shown clearly and concisely how these principles 
come into operation in different forms of modern 
apparatus. We are glad to note that the authors 
begin with electrostatics. Not many years ago the 
custom arose among some writers of elementary 
text-books to deal first with current electricity, and 
to give electrostatics the second place ; but we are 
strongly of opinion that this is wrong. Beginning 
with electrostatics, the student may be made to 
grasp the all-important principle that the seat 
of electrical energy is to be looked for not in 
conductors, but in the surrounding ether ; but he 
will find it very difficult to get a grip of this prin- 
ciple if his first notions of electricity are associated 

with currents ‘‘ flowing” in wires. First im- 

pressions are hard to remove, and therefore we are 

glad to find the authors of the present volume 
directing the attention of their readers at the out- 
set to the medium surrounding the conductors. 

Another feature of the volume which demands 
high praise is the care and attention given to units 
of measurement. Everyone who has studied the 
subject knows that confusion may easily arise 
owing to the different systems of units employed. 
The authors have taken pains to prevent such con- 
fusion in the minds of their readers ; the relation- 
ships between the absolute units and the practical 
units are clearly explained, and the absolute electro- 
static and electromagnetic values and the practical 
values are always given together. 

We have not space to deal with the contents of 
the volume in detail, but we should like to mention 
the extremely practical character of the discussion 
in the closing chapters on dynamos, motors, and 
electric-lighting installations. The test questions 
are also very practical, and show the reader how 
his theoretical knowledge is applied. 
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Russian PetroteumM.—The Russian petroleum trade 
rg ae to have recovered somewhat from the disasters of 
the last few months. The aggregate deliveries made from 
the Baku region last year were 446,100,000 poods, as com- 
pared with 414,700,000 s in 1905, 614,600,000 poods in 
1904, 596,600,000 poods in 1903, and 635,500,000 poods in 
1902. In Janusry, last year, the deliveries were 34,200,000 
poods, and in July they were only returned at 28,700,000 
poods. In December, however, they rallied to 45,600,000 
poods. 


CaNaDIAN MrvxEracs.—The mineral output of Canada 
is rapidly increasing. The only items of importance 
which do not show an increase are gold and petroleum. 
The effect of cobalt mines on the production of silver is 
noticeable, the output for 1906 having increased by 58 
per cent. A report of the Canadian Geological Survey, 
which has just n issued, shows that the total value 
of the mineral production of Canada in 1906 was 
80,000,048 dols., as compared with 69,525,170 dols. in 
1905, an increase of 10,474,878 dols., or over 15 per cent. 
The decrease in the yield of gold is due to a continued 
falling off in the output in the Yukon placers, which 
reached their maximum production in 1900, while the de- 
creased output of petroleum probably indicates a ten- 
dency towards the working out of some of the older 
fields. Large increases are shown in the output of silver, 
nickel, copper, and Portland cement. The silver output 
increased 2,105,322 dols.; nickel, 1,398,308 dols.; copper. 
3,496,435 dols.; Portland cement, 1,251,067 dols.; coal, 
2,105,322 dols. The output of gold from the Yukon 
decreased 2,727,200 dols., and petroleum fell off 





94,268 dols. 


SMALLHEATH BRIDGE, 
BIRMINGHAM. 
(Concluded from page 605.) 

Tue flooring is of buckled plates g in. thick (see 
Figs. 70and 73, page 674), varying about 3 ft. 10 in. 
by 3 ft. 24 in. for the roadway, and 3 ft. 2} in. by 
6 ft. for the footways ; the plates are riveted to the 
longitudinal girders and channel floor- bearers. . A 
section of the roadway is shown in Fig. 73. 

At the ends cf the spans, where square or 
rectangular plates capnot be applied, owing to the 
skews of the bridge, flat floor-plates are used, with 
extra stiffening angles riveted tothem. To obtain 
the requisite stiffuess under a 40-ton trolley, the 
usual practice of using a T-section floor-bearer was 
found inadequate. The section requires a tension 
flange, and this is obtained by using a channel 
section, Fig. 81. The section of these channels is 
5 in. by 24 in. by 12 lb., and to provide a connec- 
tion fur both floor-plates the ,’,-in. packing on the 
top is made bin. wide, the whole forming a very 
strong floor-bearer. They are connected to the 
longitudinal girder.stiffeners with rivets passing 
through the web of the channels, and also rest on 
cleats on the stiffeners. 

The longitudinal girders are about 10 ft. 8 in. 
long, and are 4 ft. 1? in. apart. The six ordinary 
ones (see Fig. 83) are 1 ft. 6 in. deep, and are com- 
posed of j-in. webs, 4-in. by 3-in. by 4-in. bottom 
angles and 4 in. by 3-in. by ,%j-in. top angles. 
The two central longitudinal girders, Fig. 82, 
are of the same depth as the cross-girders, and are 
composed of a double system of diagonal bracing of 
3$-in. by 3-in. by g-in. angles, one bottom angle 
3$-in. by 3}-in. by $-in., and a top member similar 
to that of an ordinary longitudinal. 

Parapet girders, Fig. 84, support buth the floor- 
plates and parapets, and also form ballast-plates. 
They are 1 ft. 2 in. deep, extend the whole length 
of each span, and connect to the ballast-plates at 
the expansion gaps in the flooring. They are com- 
posed of two 3-in. by 3-in. by §-in. top angles, a 

5,-in. web, and a bottom flange of one 3-in. by 3 in. 
by fin., and one 3}-in. by 3$-in. by g-in. angle. 

The ordinary cross-girders, Figs. 73 and 74, are 
43 ft. long and 3 ft. 9 in. deep, the proportion 
of depth tospan being 1 to 11.5. The bottom flange 
is composed of two main angles 4in. by 4 in. by 
; in., two plates 1 ft. 5 in. by 4 in., and ono 

ft. 5in. by in. The top flange is composed of 
two main angles 4in. by 4in. by # in., one plate 
1 ft. 3in. by , in., and one 1 ft. 9in. by ,% in. The 
web is $in. thick throughout, jointed at the contre 
of the girder. Ringed manholes are provided in 
the centre through the web for convenience in paint- 
ing, inspection, &c. End cross-girders, Fig. 69, 
which stiffen the ends of the main girders, are pro- 
vided toeachspan. They are similar to the ordinary 
cross-girders, but of a lighter section. The top 
flange-plate is extended to join the ballast-plate. 

At the ends of the spans, where expansion bear- 
ings occur, expansion gaps are provided in the 
flooring, Figs. 71 and 72; these gaps are formed 
by carrying ballast plates across the bridge, which 
plates are shaped to the contour of the road surface. 
The ballast plates are well bracketed to the end cross- 
girders to resist the wedging action of the traffic, and 
are provided with stiffening-bars on the top edge. 
A cover is formed to the gap by a large T section, 
Figs. 71 and 72, the top of which is studded to 
form a foot-hold for the horses. This T rests on 
the top edge of the ballast-plates, and is held down 
with nutless bolts passing through both ballast- 

lates, and the fin of the The T is kept central 
tween the ballast-plates with springs. 

Underneath the expansion gap a 5-in. half-round 
gutter is suspended to catch any water that may 
run through. This method of dealing with the 
expansion of the bridge, although but an experi-° 
ment, has proved effective, and is thought to com- 
pare favourably with other methods used for the 
same purpose. Fig. 85 shows an enlarged view of 
the expansion joint for drainage. 

Street gullies are provided to catch the water 
before it reaches the gaps, and these gulleys de- 
liver, in the case of span A, into pipes passing 
through the webs of the cross-girders into a drain 
behind the abutment. But inspans C and D the 
water passes into down-pipes on the face of the 
stanchions, and is delivered into a water.course 
near piers D and E. 

The parapets (see Figs. 86, 87, and 88, page 675), 
of which there is 1078 ft. run, are 7 ft. high. They 





are built up of ordinary market sections, and cast- 
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iron cornices, pilaster caps, and plinths. They are 
divided by the pilasters into 11-ft. bays, each bay 
containing three panels of chequered plates, which 
plates have a buckle and reverse buckle in the 
centre. The buckling of the plates takes away the 
flatness of such a parapet, while the chequers form a 
pleasing diaper pattern, and make any unevenness 
of surface undetectable by reflected light. The 
parapets are of »%-in. and }-in. steel plates, riveted 
together with §-in. snap-headed rivets. A mould 
is formed round the panels by asection § in. thick, 
being riveted between the plates. The parapets 
are very light, and the cost very small compared 
with cast-iron ones. 

The main girders of span A, being only 67 ft. 
long, were erected whole with a derrick. This work 
was carried out on a Sunday previous to the work on 
the sidings, which it spans, commencing, thereby 
avoiding the difficulties in maintaining a clear 
way for traffic. A properly-built stage was, how- 
ever, unavoidable for spans B and C, complying 
with all the requirements respecting the traffic. A 





ROAD 


Fig. 89, below, shows the method of erection of 
span B. 

Crosswise of these girders 14-in square timbers 
were placed, on which was laid a close board floor. 
The soffit of the main girders is near the allowable 
clearance required to pass the traffic, and as the 
stage was required to comply with the same con- 
dition, it became necessary to build the span higher 
than the finished level, to provide room for the 
stage-girders. This dimension was considerable, 
being about 7 ft. 2 in., and represented nearly the 
distance necessary to lower the span on to its 
bearing. 

On the completion of the span a hard timber 
packing was built on each pier to the under side of 
the bearing-plate of the main girder ; the wedges 
under the main girders were then loosened, and the 
span lowered on to the packings. The stage and the 
stage girders were then removed and the work of 
lowering commenced. The weight to be dealt 
with was about 360 tons for span B, which equals 





90 tons at each bearing. 
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timber trestle was built in the middle of span B, 
dividing it into two spans of about 70 ft., over 
which the stage was carried on four specially- 
made steel lattice-girders. One stage-girder was 
placed on each side of the main girders, and sup- 
ported at the pier-ends by a stage cross-girder. 
This cross-girder rested on the bed-plates Siesiey 
erected on the piers, and extended beyond the 
piers sufficiently to support the outside main 
Stage-girders. As the stage-girders were required 
to be used for spans of different lengths, they were 
jointed in two places near the centre, 13 ft. 4 in. 
apart, so that they could be shortened when re- 
qured. They were lattice-girders, varying from 
4 ft. ll in. deep at the centre to 2 ft. 5 in. at the 
euls. The flanges were composed of one 1-ft. 8-in. 
by 4-in. plate and two 6-in. by 3-in. by @-in. L’s, 
and the web-bracing consisted of two 7-in. by }-in. 
to two 6-in. by g-in. diagonals, and vertical posts of 


IL 








two angles 6in. by 3in. by gin. Where the girders 
were reduced in depth, the bracing was replaced 
with two $-in. web- plates. The perspective view, 


ae 





89. 


Hydraulic jacks were placed alternately under 
the ends of the girders, and the weight taken off the 
packing, which was then gradually removed, a piece 
at a time, until the span was at its proper level. 
The rollers, travelling-plates, and bearing-plates 
were then drawn in under the ends of the girders 
and set, the jacks released, allowing the girder to 
rest on the bearings, and the work completed. 
The steel piers, which weigh from 6 to 10 tons, and 
stage girders were lifted into position by a travel- 
ling-crane running on the rails. 

he inclination of the approaches is fixed by 
the levels of the cross-roads where they begin and 
by the head-room on the railway ; and, although 
every means were taken to reduce the inclination, 
the least obtainable was 1 in 21, which, for an 
important thoroughfare, is steeper than desirable. 
The approach from Bolton-road begins at 50 ft. wide, 
and closes in at the abutment to 42 ft. On the Mont- 
gomery-street approach (Figs. 4 and 5, page 606 
ante) store-rooms are provided for the roadmen, also 


' an inclined way toasmall wharf onthe canal. These 








|were put ona spare piece of ground between the 
approach and adjoining property. The chief feature 
| of this t of the scheme is the brick arch over 
ithe canal. It is 55-ft. span, and is slightly on the 
skew. The arch is truly elliptical in form, and 
consists of nine rings of brickwork faced with 
blue Forest of Dean stone voussoirs. Every 6 ft, 
of the arch a course of headers was put in, ex- 
tending the full width of the bridge, and forming 
a bond between the rings of brickwork, thus 
avoiding any ibility of failure in the hori- 
zontal joints of the arch. The parapets are faced 
on the road side with the best red bricks of 
Messrs. Hamblet and Son, of West Bromwich ; 
brindle bricks, of the same firm, in red and blue 
courses alternately, being used for all other external 
facing. The internal work is of common Black 
Country bricks. The work is laid in lias lime 
mortar of the proportion of 1 of lime to 2 of sand, 
and pointed in cement. The copings of the parapet 
wall are of blue Forest of Dean stone. 

During erection the traffic on the canal, which is 
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considerable, could not be interfered with, but the 
canal could be narrowed to the width of alock. At 
this point the canal is banked up on the railway 
side, and so, to prevent anything of the nature of a 
‘* wash-out ” occurring, every precaution was taken 
in excavating the foundations. 

Firstly, a row of H-iron piles were driven into 
the bottom of the canal, at a distance of 6 ft. from 
the tow-path, 9-in. by 3-in. planks were slid down 
between the flanges of the H irons, and the en- 
closed s between them and the canal-side filled 
with clay-puddle. The angle formed between the 
bottom of the canal and the piling and sheeting 
was also filled with puddle, the whole making a very 
efficient dam. A similar dam was formed on the 
opposite side of the canal. 

n the top of the dam on the tow-path side a 
temporary tow-path was formed, and the centering 
built on the original tow-path wall. On the opposite 
side of the canal the centering was supported — 
on the boatguard wall and partly on the piles of 
the dam. The top of the steel-work was covered 
with an asphalte damp-course ; also the brick arch, 
made to the contour of the road with concrete, and 
paved with wood blocks, a good clay expansion- 
joint being provided at the kerb. The ootways 
are paved with ‘‘non-slip” York flags on a bed of 
cinders, and the roadway with hard wood. 

The contract for the foundations of the piers, 
which included erecting the steel columns and Billing 
them with concrete, was let to Messrs. Pattinson 
and Son, of Westminster ; and in view of the great 
interference to the sidings that the carrying out of 
this contract involved, the supervision of it was 
ag over to the railway companies’ engineers. 

r. Fenwick, of Birmingham, secured the contract 
for the approaches, which included the canal arch ; 
and the ziel Bridge and Roof-Building Com- 
pany, of Motherwell, that for the steel-work ; 
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EXTRA-HIGH-TENSION SWITCH-GEAR AT THE NORTH METROPOLITAN STATION. 


CONSTRUCTED BY MESSRS. FERRANTI, 





Fig. 57. 
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Messrs. Bell Brothers, of Liverpool, being sub- 
contractors for the erection of the steel-work. The 
alterations of the signalling, sidings, telegraph wires, 
&c., were done by the Great Western Railway Com- 
pany, and the road-making, pier-guards, draining, 
and lighting were done departmentally by the Bir- 
mingham Corporation. 

This bridge, which, by the courtesy of Mr. 
H. E. Stilgoe, M. Inst. C.E., City Surveyor of 
Birmingham, we are able to describe in our 
journal, was designed under the direction of his 
Ng me the late Mr. John Price, M. Inst. C.E. 

r. Godfrey Ward, Assoc. M. Inst. C.E., was 
specially engaged for the designing and supervision 
of the construction of the steel-work portion of the 
structure and the pier foundations, and the inspec- 
tion and testing of the steel was done by Mr. E. G. 
Carey, Assoc. M. Inst. C.E., of Uddingstone, near 
Glasgow. The work done by the Great Western 
Railway was carried out under the supervision of 
Mr. W. D. Robotham, the then divisional superin- 
tendent, and his assistant, Mr. H. K. Woodward, 
Assoc. M. Inst. C.E. 

The total weight of the steel and iron-work is 
1483 tons. 

The materials were requived to comply with the 
following tests :— 

Plates, Angles, Tees and Channels, and Ordinary 
Steel Bolts.—26 to 30 tons tensile per square inch, 
20 per cent. elongation on 8 in., and 45 per cent. 
contraction of original area. 

Rivets.—25 to 28 tons per square inch, 25 per 
cent. elongation, and 50 per cent. contraction. 

Holding-Down Bolts.—30 to 35 tons per square 
inch, 20 per cent. elongation, and 45 per cent. con- 
traction. 

Wrought-Iron Bolts.—24 tons per square inch, 


15 per cent. elongation, and 20 per cent. contraction. 


SET NST 


linch, and an elongation of 20 per cent. on 2 in. 
| after annealing. 

Also the usual hot and cold bending tests. Port- 
| land cement, 350 lb. per square inch, seven days 
| old, and to pass through a sieve of 5776 meshes per 
square inch, with 15 per cent. residue by weight. 

The cost of the whole scheme was as follows :— 


S.« @, 
Foundations of piers ita -. 319318 0 
Approaches and arch over the 
ate thi se -- 10,416 1 9 
Steel-work in piers and super- 
structure a we .. 22280 0 0 
Alterations to signals, rails, &c., 
the Great Western Railway 
mpany ... ees e8 es 396 5 9 
Road-work, &c., done depart- 
mentally by the Corporation ... 4,478 1 4 
Easements, pulling down and 
altering house property ... 4,408 7 0 
Lighting, drainage, &c. 1,908 6 2 
Total ... 7,010 0 0 











| EXTRA-HIGH-TENSION SWITCH-GEAR. 
(Concluded from page 578.) 

| A FURTHER example of extra-high-tension switch- 
| gear is illustrated in Figs. 57 to 65, which repre- 
/sent the gear recently constructed by Messrs. 
| Ferranti, Limited, for the Willesden generating 
| station of the North Metropolitan Electric Power 
| Supply Company, Limited. The apparatus in ques- 
| tion is for the control of two transformers stepping 
lu the current from the generators from 3000 to 

10,000 volts, and also of two 10,000-volt feeders 
| which connect Willesden with various sub-stations 
|in the north of London, and allow the station to 
| supply in parallel with the Brimsdown power-house 





|of the same company. The transformers are rated 
| at 500 kilowatts, and each of the feeders is designed 


ast Steel.—26 to 3O tons tensile per square | to transmit 1000 kilowatts at full load. The com-| 
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plete connections of one transformer panel and one 
feeder panel are shown in Fig. 57. The trans- 
former current passes first through series trans- 
formers on two phases, which supply a reduced 
pressure for the time-limit automatic relay, and the 
low-pressure ammeter, and then through the main 
switch and isolating switch to the bus-bars. The 
solenoid and trip-coil of the main automatic oil- 
switch are operated by direct current at 250 volts, 
the direct-current circuits being shown by dotted 
lines in the diagram of connections. Three single- 
phase transformers, star-connected, step-down the 
bus-bar pressure in the ratio of 100 to 1 for the 
earth voltmeters, which are arranged on a small 
panel by themselves at the side of the control-board. 
The feeder-panels contain very similar equipment 
to that of the transformer-panels, except that each 
feeder-panel contains ammeters in two of the phases, 
and an idle current ammeter which shows the amount 
of wattless current in the circuit, and whether it 
leads or lags. There are further a couple of inte- 
grating wattmeters on each of the feeder-panels. 
The low-tension operating panels are arranged 
with the feeder-control equipments immediately 
above the apparatus for controlling the transformer 
circuits, as shown in Figs. 58 and 59. As the 
instruments have already been referred to, and are 
enumerated on the drawing, they need no further 
description. The Ferranti overload time-limit 
relays, seen at the top and bottom of the board, 
were described in connection with another instal- 
lation (page 513 ante). The main switches are of the 
Ferranti-Field type, and similar, broadly speaking, 
to those installed at Glasgow, and dealt with fully 
on page 447 ante. It will be remembered that 
they are closed by first turning a hand-wheel, and 
then pressing a button at the instant of syn- 
chronism. Another push-button on the panel 
excites the tripping solenoid which opens them. 
The motion of the contacts is obtained dire:>tly, 
and without the intervention of levers, from a long- 
pull solenoid. In the switches at Willesden this 
solenoid is contained in an iron cylinder mounted 
directly on the bridge, as shown in Figs. 60 to 
62, page 678. The toggle arrangement, which, 
by its collapse, when tripped, allows the contacts 
to separate, forms the topmost portion of the 
switch. This position necessitates the least pos 
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sible head-room, and, moreover, allows of a saving | 
in weight. 

Figs. 63 to 65, page 678, show the general arrange- 
ment of the high-tension apparatus at Willesden. 
The bus-bars, oil-switches, and current - trans- 
formers are arranged in cells closed in the front 
by iron doors, as shown in Figs. 63 and 64. These 
cells are on the outside of the wall of a small brick- 
work chamber constructed in the corner of the 
boiler-house, as being the most convenient place 
under the conditions existing. In fact, only by 
the use of electrically-controlled switches could 
the high-tension gear have been so placed, with 
the control-board situated where it is. Within 
the high-tension chamber, along the inside of the 
wall carrying the bus-bars, are vertical divisions sepa- 
rating the copper rods which form the connections 
between the bus-bars and the isolating switches, 
as shown in Fig. 64. Fig. 65 is a plan of the 
chamber, showing the vertical divisions just men- 
tioned at the left-hand side, and cubicles containing 
the high-tension fuses and the potential-trans- 
formers against the opposite wall. The chamber 
is closed by an iron door. 

With this description we conclude our account of 
three modern examples of extra - high - tension 
switch-gear, typical of the practice of a firm which 
has been identified with the manufacture of switch- 
gear since the beginning of the industry. Safety 
to the operator and simplicity of manipulation have 
always been characteristic of English switch-gear, 
and the lead in the attainment of thesé qualities 
has been due in very great measure to Messrs. 
Ferranti, Limited. Continental and American in- 


fluence have undoubtedly left their mark on English | P’ 


gear, particularly in the development of distance 
control; but the two features now regarded as 
essential in high-tension work—namely, oil-break 
switches and cellular division—were first due to 
Mr. Ferranti. Whatever problems may arise in 
the design of switch-gear, in view either of the 
development in pressures, in the sizes of individual 
units, or peculiarity of local conditions, there is no 
doubt that the manufacturers in this country are, 
to say the least, fully as competent to cope with 
them as are those of any country in the world. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 15. 

Tue favourable conditions in the steel industry con- 
tinue in every branch. Reports from all steel centres 
are of the same nature as for weeks past. A mere 
eaumeration of large transactions would be mono- 
tonous, but it anh emphasise the fact that new 
demands are constantly arising, and many of them 
from unexpected quarters. A very promising source 
of good business is in the engineering field and in 
general construction. As an instance of this kind it 
may be mentioned that in one State in the South 
(Alabama) thirty cotton warehouses have been built 
os past year, and forty-five are projected and 
will built. Much building of a commercial 
character, as well as for purely railroad purposes, is 
decided upon, and the work will be done during the 
last half of the year, provided there be no failure in 
delivering material. A peculiar feature of demand 
this month is the urgent calls for piping, merchant 
and cast, for the transportation of various fluids and 
gas. The pipe foundries are far oversold. Crude 
iron has still farther advanced in price, and the 
struggle to get it isan unfavourable commentary on 
the foresight of large manufacturers. More or less 
apprehension has recently arisen as to the sufficiency 
of the supply of Bessemer basic and foundry irons. 
The speculative turn prices have taken has caused 
uneasiness among many manufacturers who are taking 
orders for all kinds of work. 

The rail situation has not changed. The Harriman 
order is the latest large order, for about 150,000 tons, 


which has gone to the Tennessee Coal and Iron 
Compan - Open-hearth steel will be very generally 
specified hereafter in ordering steel rails. The fact 


has recently been establit hed that there is a good deal of 
projected mileage for which rails have not been ordered. 

The structural mills are facing a mass of business. 
The only escape —— to be in more mills, notwith- 
standing there has been much enlargement of works. 
Rail oad work continues to lead, notwithstanding the 
dropping of a number of projected improvements. 
There is no diminution of traffic or earnings, and hence 
the opinion prevails, especially in financial circles, 
that improvements ia railroads will be continued as 
projected early in the year. Crop conditions are all 
favourable. The steel-mill workers have met and 
adjourned, to meet the manufacturers, without any 
serious demands as to wages. The coming midsummer 
shut-lown will be a little longer than usual in many 
mills owing to the urgency of essential repairs. 


THE MANCHESTER STEAM-USERS’ 
ASSOCIATION. 


_ At the annual meeting of the members of this Associa- 
tion, held on May 14, Mr. Adam Dugdale, the President, 
in the chair, the report for the year 1906 was presented, 
from which it appeared that steady p had been 
made, inasmuch as the total num of boilers under 
inspection on December 31 last, as well as the revenue 
for the year, were the highest on record. The number of 
members was 2180, owning 4252 works and 8436 boilers. 
The revenue was 18,201/. 10s. 9d., and the net surplus 


over expenditure, 2342/7. The reserve fund amounted to | 


35,5937. 

Tn the years 1903, 1904, and 1905 ts to the total 
amount of 350/. were made to the National Physical 
Laboratory to assist in experimental research, and a 
further grant of 100/. had made during the past 
year. Particulars of the various experiments will, it is 
stated, be duly published for the benefit of the members. 

In reviewing the work of the year, the report makes 
the following remarks :— 

“The high total of 8586 ‘internal,’ ‘flue,’ and 
‘entire’ examinations of boilers was reached during the 
year, which, it will be seen, averaged more than one such 
examination for each boiler enrolled. Careful inspection 
for the prevention of explosions is the Association’s 
guiding principle, and no boiler has ever yet been 

uaranteed that has not in the first instance been 
thoroughly examined and found to be safe. No explo- 
sion has occurred during the year from any boiler under 
guarantee ; and, further, the Committee are glad to be 
able to report, at the end of the fifty-second year of the 
Association’s working, that no po boiler has ever 
ex and that not a single life has been lost from any 
cause Which the Association could have prevented. 

** Outside its ranks the Association has recorded during 
the year the occurrence of 32 explosions, killing 12 persons 
and injuring 33 others. Of these, 11, killing 6 persons 
and injuring 23 others, may be termed ‘boiler explosions 
roper,’ while the remaining 21, killing 6 persons and 
injuring 10 others, may be termed ‘mi eous explo- 
sions ’—i.¢., those arising from steam-pipes, stop-valves, 
kiers, drying-cylinders, &c. In addition to the above, 
three explosions arose from the bursting of hot-water or 
kitchen boilers, by which three persons were killed.” 

The report refers to explosions of steam-pipes due to 
‘*water-hammer” action, and advises that steam-pipes 
should be placed under inspection. It also refers to the 
indication and inspection of engines, in order to promote 
efficiency and economy in their working, as well as to the 
growing demand by the members and others for advice 
when changes are contemplated in boiler and engine 
arrangements. 

In moving the adoption of the report, the president 
remarked that although boilers were its chief care, yet it 
was dealing more and more with steam-pipes, kiers, &c., 
which in some respects were even more d us than 
boilers, Bad design resulted not only in excessive bending 
of pipes, due to expansion and contraction, but arrange- 
ments for keeping the pipes free from water were often 
either absent or utterly inefficient. The recommendation 
of the Association’s chief vy mm that new high-pressure 
boilers should have a short length of their flues made of 
corrugated tubes, was being ane A adopted in modern 
Lancashire boilers, and was E y the simplest way 
of combating the grooving difficult, h 
care with which innovations were embarked upon, he said 
he might mention that the arrangement of corrugated 
flues was first adopted in his (the speaker’s) own works, 
as an ype about eight — ago; but it was not 
until it had proved a success during six or seven years’ 
working that the system had been recommended to the 
members generally. ; 

The chief engineer had recently commenced a series of 
experiments on steel, from which important results were 
expected. Eight plates taken from exploded boilers, 
together with eighteen plates from recognised steel 
makers, were being subjected to a variety of tests in 
order to find a test which would discriminate between 
reliable and unreliable material. 

It would thus be seen’ that the Association had been, and 
still was, very active in inquiries dealing with the safety 
and efficiency of boilers. The increasing income showed 
that the inspection of boilers was making steady 
while the satisfactory finances indicated that the work 
was being done on economical lines. Further, the small- 
ness of the claims during the past year, amounting only to 
an average of about 5d. per boiler, was asure sign that the 
—— were being carried out in a reliable manner. 

n conclusion, the president said that there was no 
finality, and they had not yet got the ect boiler, but 
a would go on trying to find out what was a perfect 

iler. 

In seconding the adoption of the report, Mr. Charles 
Haton (Bolton), the vice-president, said that the report 
for the past year was one of the best the committee ha 
ever the pleasure and privilege of submitting to their 
clients, It was a report, not only financially, but 
because there had been absolute immunity from explosion 
of any boiler under inspection. No life had ever been lost 
since the institution of the Associat: in epee a . ibly 
whic 


have been saved. Looking at the explosions 
occurred during the ps the Association, it would 
appear that the day gone by when such things should 


occur, when the funeral ex of those persons whose 
lives had been sacrificed might, if rightly employed, have 
prevented those so-called accidents. In the face of 
or th - et ,, every eo ought A opm his 

thoroughly inspected. It was increasingly impor- 
tant also that steam-pipes should be looked to to see that 
there was a suitab!e arrangement for preventing 


hammer” aetion, The investigations with regard to steel 








. As showing the |i 


had | the best- 


the | trade relations with our neighbour on t 


were important, and showed that some steel weakened 
very considerably by age, while other steel did not, and 
how to get at the facts was the question. ‘ 

The resolution having been put to the meeting and 
carried, the committee were reappointed, and the presi- 
dent was heartily thanked for his services. F 

Mr. Dugdale thanked the meeting for the kind words 
conveyed in the resolution of th and said he had 
received very able support from the members of the com- 
mittee, and also from the office staff. The meeting then 
terminated. 

Many of the members present mpeneeaty witnessed 
some very interesting experiments by the chief engineer 
showing the water-hammer action, and also examined 
—- potas in the museum illustrating the ageing 
of steel, 





TEST OF REINFORCED - CONCRETE 
FLOORING : KAHN SYSTEM. 

In connection with the building of a new warehouse 
about to be constructed by the Bank of England, a 
test of a concrete floor reinforced with Kahn trussed bars 
was carried out on Tuesday, the 14th inst. The test 
was made in the presence of Mr. Arthur Bloomfield, 
F.R.I.B.A. The accompanying figure gives a section of 
the floor tested, from which it will be seen that it was 
made up of reinforced concrete 5 in. deep, strengthened at 
intervals of 6 ft. clear with beams of a total depth to 
upper side of floor of 20 in. by 12 in. width, these Secon 
being reinforced with 1}-in. by 3f-in. Kahn trussed bars. 
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The flooring was reinforced with 4-in. by 14-in. bars 
placed at 12-in. centres. A clear span of 15 ft. 9 in. was 
provided. The centre beam was tested with the full 
working load of 300 lb. per foot super, under which 
conditions there was practically no deflection. Under 
a load of 612 lb. per foot super over the entire tested 
area, or a total | of 125,290 lb., a deflection of 4 in. was 
recorded for the centre beam, or ;;;, of the span. The 
cement used was the ‘‘ferro-concrete ” brand of the Asso- 
ciated Portland Cement Manufacturers, Limited. The 
mixture was one to five, and the matrix consi of two 
— crushed Thames ballast and one part sand. The 
ms were tested after 67 days. 








LitiGaTION CONCERNING PneruMATIC Toots. — On 
May 28 of last year it will be remembered that Mr. 
Justice Warrington delivered judgment in three actions 
brought by the Consolidated Pneumatic Tool Company, 
Limited, against (1) Clark, erg and the Philadelphia 
Pneumatic Tool Company, of mdon ; (2) Sir W. G. 
Armstrong, Whitworth, and Co, Limited, and the Globe 
Pneumatic Engineering Company, Limited ; (8) the 
a Drill Company and another, alleging 
infringement of certain patents—namely, 7672 of 1895, 
and 24,165 of 1896, having reference to the construction of 

eumatic hammers. Judgment was given for the 

efendants, with costs. The plaintiffs appealed, and at 
the conclusion of the arguments, which occupied several 
days, the Court reserved ay pes until May 17 last, 
when it was decided to allow the ap so far as related 
to the 1896 patent, the Master of the Rolls dissenting. 
The defendants were Ld pay = the costs of the first action, 
in so far as they related to the 1895 patent, and one-fourth 
the cost of the appeals. 





Franco-British Exnrpition. 1908.—Over the signa- 
ture of the Duke of Argyll, K.T., as Hon. President, 
the Earl of Derby, K.G., as President, and of Viscount 
Selby as President of the executive committee, we have 
received a letter relating to the forthcoming Franco- 
British Exhibition. This letter, which we regret lack of 
8 prevents us from pais in full, points out that 
the projected Exhibition has the cordial approval of His 
Majesty the King. Letters expressing eos of the 
undertaking have been received from His a 
Secretary of State for Foreign Affairs, Secretary of State 
for the Colonies, and tary of State for the Home 
Department. In France, both the Government and the 
people have taken the scheme up in a most enthusiastic 
manner, the interests of that nation being watched 
over by the Comité Francais des Expositions a 
PEtranger. The site is, as is now well known. at Shep- 
herd’s Bush, and the Exhibition promises to be one of 

organised and well-supported of any during 

recent years. The Olympic Games of 1908 will be 
celebrated in the Exhibition grounds, and will no doubt 
constitute a great attraction. The French Committee 
has already taken up 270,000 ft. of exhibition space, while 
their plans for the laying out of their portion of the 
pont and for the decoration of their buildings are 
nearly complete. The British Committee now appeals to 
all interested to assist in making this Exhibition a repre- 
sentative one, not only of Great Britain, but also of the 
Colonies, and in thus doing to assist in food feeling and 
other side of 

the Channel. The secretary may be addressed at the 
Exhibition offices, 56, Victoria-street, Westminster, 8. W., 


and intending exhibitors will at once be put into com- 
munication with the committees of their respective 





groups. 
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EXTRA-HIGH-TENSION SWITCH-GEAR AT THE NORTH METROPOLITAN STATION. 


CONSTRUCTED BY MESSRS. FERRANTI, 




















(For Description, see Page 676.) 





Fig.61.| | | 












































Fig. 63. 
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Tuer Late Epovarp Hosprraurer.—The sudden death | manograph, which gives pressure-curves for internal- 


of Professor E. Hospitalier, 
weeks ago, removed one of the most widely-known ular 
electricians. Fifty-four years of age, he belonged to the 
older generation, which put applied electricity on its feet, 
and gave it a legal status at the electrical co 

at which he was a familiar figure, held at Paris in 1881 
and 1886, Frankfort in 1891, Chicago in 1893, Geneva 
in 1896, and again at Paris in 1900, where Hospitalier, 
who had re ted France at Chicago, was ee 
general. is own work on electrical units and their 
nomenclature entitled him to this position. Trained at 


the Ecole Centrale des Arts, Hospitalier joined the staff 
of La Lumiere Electrique, then the leading French elec- 


trical journal, in 1877, and established in 1883 L’ Elec- | 
he further | 
remained 


tricien, which he edited until 1890. In 1892 
founded L’Industrie Electrique, of which 
editor-in-chief till his death. He was also Professor at 
the Ecolede Physique et de Chimie Industrielles in Paris. 
Of his books, ‘‘ Formulaire Pratique des Electriciens,” 
which has been published in twenty editions, is best 
known ; of his inventions, the ondograph, a simple ap- 
paratus for registering alternating currents, and 


which took place in Parisa few | combustion motors, deserve mention. 





| 





Hospitalier was 
a clear speaker and writer, and had been honoured on 
many occasions ; he was an honorary member of our 
Institution of Electrical Engineers, and his jovial ways 
made him a general favourite. 





Txsts oF A Prerrou-Etecrric Omnisus.—In our issue 
of March 15 last (see ENGINEERING, 351 ante) we 
illustrated and described the petrol-electric system de- 
veloped by the British Thomson - Houston Company, 
Limited, of Rugby. It will be remembered that the 
ordinary petrol-motor is used to drive a dynamo, furnish- 
ing current to two inde ent motors which drive the 
hind wheels. Thus all c’ -speed and differential 
gear are done away with, and control is entirely 
electrical. A motor-bus —— on the British Thomson- 
Houston ge entered the recent hill-climbing trials at 
Frome’s Hill, organised by the Hereford Automobile Club. 


The run from Rugby to Hereford, to the scene of the 
@ occasion of fuel consumption tests 
his | over country roads. The bus, with its passengers, weighed 


trials, was made 
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6 tons. The 26 miles to Stratford-on-A von were covered 
at an average of 15.15 miles per hour, with a petrol 
consumption of 8.08 miles per gallon. The temperature 
rise of the motor commutators at the end of this run was 
19.5 deg. Cent. From Stratford to Malvern Wells there 
are several severe hills and a long rising gradient into 
Malvern. The average speed over this section of 35 miles 
was 13.1 miles per hour, and the consumption 7.2 miles 
gallon. From here the ’bus climbed over the Malvern 
Frills via the Wych Cutting, which is 1.3 miles long, with 
an average gradient of lin 11. The temperature rise of 
the motors at the summit was 30 deg. Cent. The ’bus was 
g-w for the night at Ledbury. The 12 miles from 
ereford to the foot of the hill where the competition 
took place were covered at 14.5 miles per hour, with 
28 on Frome’s Hil is 1289 yards long, 
with an av gradient of 1 in 11.22, and a maximum 
gradient of 1 in 6.37. The bus, weighing close on 5} tons, 
mounted the hill without the slightest trouble at av 
average speed of 4.5 miles per hour. This climb and th: 
journey previously made demonstrate that the Britis! 
Phomese Ehensten equipment is capable of meeting an 





conditions likely to be met with in country duty. 
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OIL-FUEL TUBBINE-DRIVEN TORPEDO- 
BOATS. 


WE publish on our two-page plate this week several 
illustrations of the 26-knot torpedo-boats built by 
Messrs. J. Samuel White and Co., Limited, of East 
Cowes, Isle of Wight, for the British Navy, while on 
this page there is reproduced a plan of the machinery- 
room and another view of the high-pressure turbine. 
These represent a new series of boats, of which twenty- 
four have been laid down since the first were ordered 
under the naval programme of 1905-6. Up to that 
time the torpedo-boats had ranged in speed up to 25 
knots, the largest being of 205 tons displacement, with 


this type of propulsive machinery was adopted. At | tion of the first five vessels. All the boats were delivered 


the same time the Committee appointed to investigate | before the contract date, the first antici 

the advantages of oil-fuel had solved the difficulties of | by a month, and the fifth, which was 

s the best means of | the 8th of this month, by nearly three months. 

completely oe em a first five vessels built by Messrs. White were 
jl 


the system, not onl 
vaporising the fuel, 
it, and the new boats were therefore designed wit 
boilers to use only liquid fuel. 


Sun eee of 


ting the time 
ded over on 


5 ft. long, 17 ft. 6 in. beam, and 10 ft. 9 in. in depth, 


As we have said, | the displacement at 5 ft. 8 in. draught being 245 tons. 


twelve boats were ordered, the design being left to | The vessels, as shown in Fig. 1 (two-page plate), are 


the three firms with whom the contracts were placed. 


Messrs. J. Samuel White and Co., Limited, of East | bridge carrying 


fitted with a high whale-backed forecastle, with a 
a 12-pounder gun, while the three 


Cowes, secured the order for five, which was not sur- | torpedo-launching tubes are mounted at intervals on 
age to those cognisant of the work done by the | the middle line; there is another 12-pounder gun aft. 
sle of Wight firm, not only in connection with torpedo, | The feature of the ships, however, is the steam-genera- 


craft, but with high-speed light-draught vessels. 


The ting plant and turbine machinery. 
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a length of 165 ft., 17 ft. 6 in. beam, and 5 ft. 6 in. 





| which the fuel was 
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steady development of the tor- 
A — the advent of the 
ightning about thirty years ago, 
had foroed upon the alate a 
tacticians the necessity for a vessel 
of the same type and of greater 
power to act as catcher or de- 
stroyer, and Messrs. J. Samuel 


the first to produce such a catcher, 
one vessel — the Swift — passing 
through successful trials in 1885, 
while another, two years later, of 
the same type but of larger dimen- 
sions, proved equally successful, 
and was purchased by the then 
firm of Sir W. G. Armstrong, 
Mitchell, and Co., and subse- 
seenity added to the Chinese 

avy. Since then the firm have 
kept pace with the requirements 
of the naval strategist, and proof 
of, their success is found in the 
fact that out of thirty-two of the 
modern torpedo craft with oil-fuel 
and Parsons turbines, ranging from 
26 to 36 knots speed, now under 
order, eleven are being built by 
the Isle of Wight firm. 

When the order for the vessel 
illustrated was placed, the firm 
were in an advantageous position 
for carrying out the undertaking. 
They held a licence from Messrs. 
Parsons for turbine construction, 
but although no such engines had 
been made, new machine-tools were 
rapidly installed’ fyr the purpose. 
This, however, was a matter of 
comparative simplicity. What 
was of more consequence was the 
necessity of securing the minimum 
scantlings for the hulls with abso- 
lute oil-tightness in those parts in 
to be stored. A complete series 


draught; the horse-power of the reciprocating machi- | of experiments were entered upon, culminating in the 


nery being 3000. Those vessels were completed three or 
four years ago. Later it was considered that a superior 
type of boat was necessary for even the tactical work 
undertaken by purely torpedo craft, in contradistinc- 
a. to the over-sea offensive work of destroyers. The 
new type, which were at first classed as ‘‘ coastal tor- 
pedo- boat destroyers,” but this has since been changed 
to torpedo-boats. 


ard of Admiralty therefore decided to introduce a | 


In view of the great suitability | 
of the Parsons turbine, as ascertained in exhaustive | 
Wials with successive destroyers—notably the Eden — | 


construction of a short length of vessel, of the full 


‘section, in order to practically test the system of 


riveting proposed. This enabled the constructional 
details to be settled, and it is interesting to note that 
other firms followed the same lines, and a paper on 
the subject was read at the Institution of Naval Archi- 
tects last year dealing with experiments of the same 
description as those previously carried out at Messrs, 
White’s works (see ENGINEERING, vol. Ixxxi., pages 
511 and 802). The details of scantling thus having been 
determined; rapid progress was made with the construc- 





White and Co., of Cowes, were’ 


The boilers adopted by the firm are of the well- 
known White-Forster type. Two illustrations show- 
ing the distinctive characteristics of this boiler are 
given on the two-page pe (Figs. 6 and 7), one of 
which shows the work of putting in the tubes, which 
are of l-in. and ]4-in. diameter, while the other shows 
the completed boiler with all its fittings and with the 
liquid-fuel nozzles. The details of the oil-fuel instal- 
lation—the result of costly experiments by the Admi- 
ralty—are very properly kept secret. The relation of 

ate surface to heating surface in the White-Forster 

ilers in these vessels is 1 to 60 square feet, and 
the practice in liquid-fuel installations is to provide 
2 square feet of heating surface for the equivalent of 
l indicated horse-power. The boilers have proved very 
satisfactory in these vessels, to which fact testimony 
is borne by the boiler being bracketed as an alterna- 
tive type with the Yarrow boiler in the specification 
for the new high-speed cruiser Boadicea, which is 
being built at Pembroke as a mother-boat for torpedo 
craft. There are two boilers in each torpedo-boat, 
and these are accommodated in one stokehold, the fans 
for which are, as will be seen in Fig. 8, driven by 
engines in the engine-room under the immediate ob- 
servation of the engineer. The shaft passes through 
a stuffing-box inthe buikhead. 

The general plan above shows the engine arrange- 
ment, and on the two-page plate and on this page there 
are several views of the turbine in course of con- 
struction. On the centre shaft there is a cruising tur- 
bine and a low-pressure ahead and an astern turbine, 
the latter two within one casing. On the port-wing 
shaft there is a high-pressure ahead turbine, and ou 
the starboard side an _intermediate-pressure. ahead- 
turbine. All four ahead turbines are in use for speeds 
up te 16 knots, steam from the boiler being passed to 
the cruising turbine, thence to the high-pressure 
turbine on the port shaft, to the intermediate-pressure 
turbine on the starboard shaft, to the low-pressure 
turbine on the centre shaft, and, finally, to the con- 
denser, which is placed on the port side of the ship. 
This arrangement of four compound turbines gives a 

reat range of expansion, and has resulted in satis- 
actory economy even at low powers. For speeds above 
16 knots the steam is shut off from the cruising tur- 
bine—which then works in vacuo—and passes direct to 
the high-pressure turbine, thence to the intermediate, 
the low pressure, and finally to the condenser. The, 
turbines, which were constructed by Messrs. J, Samuel 
White and Co., are bladed on the Parsons system, 
and the details correspond with those generally 
adopted in torpedo craft. Fig. 2 shows the cruising 
turbine, with the low-pressure ahead and astern 
turbines to the rear. Fig. 3 illustrates the rotor of the 
cruising turbine, from which it will be seen that there 
are three stages, Fig: 4 shows the high-pressure 





and intermediate turbines, which are considerably 
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shorter than the cruising turbine. On this view there 
is seen the valve for the passage of steam from the 
boiler direct to the high-pressure turbine. Fig. 5 
is specially interesting, as it shows the rotor of the 
low-pressure and astern turbines in place, with the 
upper part of the casing raised, and the thrust-shaft 
oo vertical supports for lifting the upper part of the 
casing. Fig. 9 on the preceding page illustrates the 
high-pressure turbine complete, with its steam-valves. 

he contract called for the maintenance of a speed 
of 26 knots during an eight hours’ run, with 21 tons of 
oil fuel on board, and all five vessels easily maintained 
this condition. The mean results of the five boats 
wera as follows :— 


Spent on measured mile (Stokes 


ay) we — ae 27.107 knots 
Mean speed for eight hours 26.36 es 
Consumption of oil for eight 
hours 20.758 tons 


Distance run per ton of fuel at a 
speed of 12.147 knots ... 37.90 naut. miles 
It should be noted that as the depth of water at 
Stokes Bay is not quite adequate for such high speeds 
the vessel will, in deep water, exceed the 27.107 knots 
attained on the measured mile. The consumption of 
oil averaged just under 2.6 tons*per hour for 26.36 
knots. On the earlier torpedo-boats of 25 knots speed, 
of which Messrs. J. Samuel White and Co. built 
several, the consumption was also 2 6 tons per hour, 
but the speed was lower (1 mile per hour), and the 
displacement was 30 tons less than the new oil-fuel 
turbine-driven boats, so that the result must be pro- 
nounced very satisfactory. It will be noted also that 
at 12 knots the vessels steamed 37.99 nautical miles 
for each ton of fucl consumed, whereas the guarantee 
under the contract was 32 nautical miles, so that here, 
as in the matter of speed, there was a considerable 
margin over the stipulated condition. 


Messrs. J. 8S. White and Co. are building four more | 


veasels of this type; the dimensions have been slightly 
increased—the length by 7 ft., the beam by 6 in., and 
the displacement by 10 tons—so that the new vessels 
are 182 ft. long, 18 ft. beam, and at 5 ft. 10 in. draught 
they will disp 256 tons. The estimated power to 
give them 26 knots is 4000 horse-power. Two 33-knot 
destroyers are also in course of construction. These 
are 272 ft. in length, have a beam of 26 ft., and at 
8 ft. 8 in, draught the displacement is expected to be 
about 900 tons. It is anticipated that the 33 knots will 
be realised with a power equivalent to 15,500 indi- 
cated horse-power. Five other vessels of this class are 
being built, in addition to a 36-knot destroyer by other 
firms, and the performances of these various vessels 
- trial will be looked forward to with considerable 
nterest. 





HORIZONTAL DRILLING AND TAPPING- 
MACHINE. 

Tue illustrations on page 682 are reproduced from 
photographs of a large horizontal drilling and tapping- 
machine, recently designed and built for high-s 
work by Messrs, William Asquith, Limited, of High- 
road, Halifax. The standard of the machine is, as will 
be seen, mounted on a strong bed, along which it can 
be traversed by power for a distance of 10 ft. At 
right angles to this bed is bolted another, which carries 
the work-table. The latter is 8 ft. square, with the 
corners taken off, and is ey with planed T-slots 
for bolting down the work. It has a power traverse 
of 4 ft. to and from the standard, and can also bs 
rotated by power. When the table is at its maximum 
distance from the standard, work up to 16 ft. in dia- 
meter bolted centrally upon it may be dealt with, and 
there is no overhang of the carriage at its extreme 
position, a provision which ensures the greatest 
rigidity. Stops for the table are provided at ever 
9) deg , and its fine adjustment may be made by hand. 

To addition to the power traverse of the standard 
along the bed for purposes of adjustment, the standard 
is provided with three rates of self-acting feed, and 
with a fine hand traverse. The vertical slide on the 
stsndard works on rectangular guides, and is balanced 
by means of weights sliding on rods. It has power 
traverse for rw. three changes of self-acting mill- 
iag feed, and fine hand adjustment. The feed-change 
gear is controlled by levers projecting from the gear- 

ox at the end of the bed; but the feed, of course, 
can be instantly stopped and started from the operator's 
platform. This platform riser and falls with the slide 
on the standard, so that the man always has the working 
parts under control. The milling feeds for the spindle 
are at the rates of 2 in., 5 in,, and 10 in. per minute, 
and are independent of the revolutions of the spindle. 

The spindle itself is 34 in. in diameter at the driving 
part, but much larger in the sleeve in which it revolves. 

t passes centrally through the standard, so that 
there is no side-strain or twist on the latter. It hasa 
traverse of 20 in., and four changes of self-acting feed, 
obtained through vr under immediate control. A 
friction drive permits the feed to be started, stopped, 
and reversed instantaneously, and the spindle to be 
withdrawn at high speed with almost the facility of a 





sensitive drill. A safety-stop and automatic trip motion 
are provided for ms spindle feed. The drive yon 
a -box giving altogether sixteen » of revolu- 
tien of the spindle. e The spur and bevel gearing 
throughout the machine is, of course, machine cut, 
and steel wheels are used in all cases where hard wear 
is to be met. When at its lowest position the spindle 
is 6 in. above the surface of the work-table, and can 
rise to a height of 8 ft. 6 in. from the table. 

The range of the machine is, as will be seen, very 
large, the spindle being capable of being brought to 
any point over an area of 10 ft. by 8 ft., in addition to 
the range of its own axial traverse. Drilling, tapping, 
facing, and milling operations can be carried out suc- 
cessively on four sides of work of very large size with 
but one setting of the work on the table. The machine 
has been built to meet the requirements of a well- 
known firm of marine engineers, and is similar to one 
that Messrs. Asquith had previously built for the 
same firm, although larger in size. The weight of the 
machine illustrated is about 22 tons, its over-all length 
31 ft., height 16 ft., and depth from front to back 
about 19 ft. 








Heatta Resorts Development AssociaTion.—We 
have received several booklets descriptive of British 
health resorts, published for the different corporations 
by this association. These can be obtained free, as for- 
merly, by application to the town clerks. These booklets 
are now well known. They contain interesting illus- 
trated descriptions of the sights, antiquities, &c., at the 
various places ; indications as to the facilities afforded the 
visitors ; particulars with regard to schools; and local 
commercial directory. 





Ovr Locomotive Exrorts.—The present promises to 
be a good year in connection with our locomotive exports, 
the value of the shipments in April having been 250,503/., 
as compared with 225,977/. in April, 1906, and 149,9807. in 
April, 1905. The favourable result indicated was wholly 
ue to an exceptionally good demand for British loco- 
motives upon South American account, the value of the 
exports in that direction having been 201,389/. in April, 
as compared with 96,8772. and 19,874/. in the correspond- 
ing months of 1906. and 1905 respectively. The value of 
the engines exported to — 30 this year was 1,133,9622., 
as compared with 863,903/. in the first four months of 
1906, and 751,099/. in the first four months of 1905. A 
falling-off would, however, have been observable this year, 
but for the unusually large demand for British loco- 
motives in South America, South American countries 
having taken engines to the value of 839,842/. to April 30, 
as compared with 357,480/. and 73,859/. in the corres- 
ponding periods of 1906 and 1905 respectively. The 
colonial demand for British locomotives was as follows in 











the first four months of the last three years :— 
Colonial Group. | 1907. 1906. 1905. 
vee Ri £ £ 
British South Africa 7,774 16,454 49,418 
British India 179,385 307,185 478,477 
Australasia .. 12,542 4,833 14,340 





These figures leave a great deal t> be desired. The 
course taken by the Indian demand for British locomo- 
tives during the last two years has been especially dis- 


couraging. 


_ Gotp.—The imports of gold into the United Kingdom 
in April showed a considerable increase, but this increase 
only placed the ate receipts for the first four 
months of this year on a level with those of the corre- 
a ag | period of 1906. The value of the gold which 
came to hand in April from all quarters was 3,652,441/., 
as compared with 2,793,230/..in April, 1906, and 2,418,672. 
in April, 1905. The reeeipts from South Africa, British 
India, and Australasia figured in these totals for the 
following amounts :— 

















Colonial Group. April, 1907. April, 1906 April, 1905. 
£ £ £ 
British South Africa 1,988,154 1,667,606 1,300,470 
British India = 183,336 200,919 622,513 
Australasia .. 415,633 503,999 293,841 


The aggregate imports for the first four months of this 
year were valued at 16,353,862/., as compared with 
16,102,931. in the first four months of 1906, and 13,819, 4897. 
in the first four months of 1905. The imports from 
British South Africa, British India, and Australasia 
rr, as usual, very largely, the imports coming out as 
follow in the first four months of the last three years :— 


ci l 
1907, | 


Colonial Group. 1906. 1905. 
£ £ 
British South Africa 8,728,383 7,507,341 6,264,104 
British India * 793,017 1,831,842 | 2,721,882 
Australasia .. 1,812,362 3,833,856 1,586,738 





Among the Jarge movements of gold to adjust commercial 
balances may be mentioned 1,680,082/. in the first four 
months of this year from France, and 1,802,000/. in the 
same period from Egypt. The corresponding receipts 
from the same eneiens in the corresponding ental of 
1906 were 69,1 and 266,141/. respectively. On the 
other hand, Germany only sent us gold to the value of 
610,1912. to April 30, this year, as compared with 
1,241,285/. in the corresponding period of 1906. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgew Pig-Iron Market.—Last Thursday morning t}:: 
ig-iron market opened weak, and about 22,000 tons o: 
leveland warrants changed hands at 6l1s., 603. 104d., 
and 6ls. cash, 61s. 44d., 6ls. 2hd., 61s. 44d., Gls. 3d., anc 
61s. 34d. one month, 61s. eighteen days, 61s. 1d. twenty. 
two days, 61s. 5d. two months, and 61s. 6d. and 61s. 5: 
three months. At the close sellers quoted 61s. 04d. cas}; 
and 61s. 6d. one month. Hematite was also down and 
1000 tons were done at 793. 6d. cash. In the afternoon the 
tone improved, and 15,000 tons of Cleveland warrants were 
dealt in at 61s. 1d. and 61s. 3d. cash, 61s. 5d., Gls. 44d., 
and 61s. 74d. one month, and closed with sellersat 61s. 4d. 
cash, and 61s. 7d. one month. Hematite was quoted at 
80s. buyers, and 80s. 6d. sellers one month. On Friday 
morning there was another slight recovery in Cleveland 
warrants, which were done at 61s. 7d., 61s. 74d., and 
61s. 6d. cash and at 62s. 2d. and 61s. 10}d. one month. 
The business only amounted to about 9000 tons, and 
closing sellers quoted 61s. 64d. cash and 61s. 84d. one 
month. Hematite was steady, and 1000 tons changed 
hands at 803. 1d. cash, and 803. 6d. one month. At the 
afternoon session the market was very quiet, but steady, 
and the dealings consisted of 4000 tons of Cleveland war- 
rants at 61s. 6d. cash and seven days, and 61s. 9d. one month. 
Closing quotations were 61s. 64d. cash, and 61s. 94d. one 
month sellers. The market was closed on Whit Monday, 
but a strong tone marked the opening on Tuesday morn- 
ing. Cleveland warrants were done at 61s. 10d. cash and 
62s. 04d. one month, and afterwards reacted to 61s. 5d. 
cash and 61s. 84d. one month, closing at 61s. 54d. cash 
and 61s. 9d. one month sellers. The turnover was 10,000 
tons. Hematite was quoted 80s. cash buyers, and 80s. 44d. 
cash sellers. In the afternoon the market was weak and 
very quiet, and the business only amounted to about 3000 
tons of Cleveland warrants at 6ls. 2d. and 61s. 14d cash. 
At the close there were sellers at 61s. 2d. cash and 
61s. 54d. one month, and buyers at 4d. less in each case, 
Hematite was quoted 3d. easier than in the morning. 
When the market opened to-day (Wednesday) the weak- 
ness was pronounced, and Cleveland warrants were about 
1s. down at 60s. Hy cash. The other dealings were at 
60s. 54d. and 603. 5d. cash, and from 61s. 2d. to 60s. 5d. 
to 60s. 84d. one month, and closing sellers quoted 60s. 54d. 
cash and 603. 84d. one month. The dealings totslled 
15,000 tons, and there was also a fair business in options, 
estimated at 12,000 tons. In the afternoon the market 
was quiet but steady, and about 7000 tons of Cleveland 
warrants were done at 60s. 4d., 603. 5d., and 603. 4d. cash, 
603. 4d. seven days, and 60s. 6d. and 60s. 7d. one month. 
The session cl with prices 1d. under the forenoon clo:e 
at 60s. 44d. cash and 603. 74d. one month sellers. Ileni- 
tite was not dealt in, but was quoted weaker at 79:. 61. 
sellers. The following are the market quotations 
for makers’ (No. 1) iron:— Clyde and Calder, 79s. ; 
Gartsherrie, 79s. .; Summeriee, 8ls.; Langloan, 
80s. 6d.; and Coltness, 90s. (all vr: ~ at Glasgow) ; 
Gl ock (at Ardrossan), 79s.; Shotts (at Leith), 
793. 6d. ; and (at Grangemouth), 82s. 


Sulphate of Ammonia.—There has b2en a fairly good 
demand for sulphate of ammonia during the past week, 
and prices are firming up. The quotations to-day are 
firm at 11. 17s. 6d. to 12/. per ton for prompt business, 
Glasgow or Leith. Sev inquiries are in the market 
for forward delivery. The amount shipped from Leith 
Harbour last week was only 26 tons. 


Scotch Steel Trade.—A strong tone pervades the Scotch 
steel trade at the present time, and some gocd inquiries 
are again in the market. These inquiries cover a con- 
siderable quantity of material both for home requirements 
and for shipment abroad. A fair amount of new business 
has been put through since the advance in prices referred 
to last week, and as the conditions governing quotations 
remain unaltered, prices continue very firm. Steady 
employment is the rule and works are running full time. 
Specifications are arriving fairly regularly. 

Malleable Iron Trade.—An improvemént has recently 
been noticeable in the malleable iron trade of the West 
of Scotland, and f orders have been rather more 
numerous. Specifications are also reported to be better, 
and with the position of the industry generally becoming 
firmer, an advance of 53. per ton has been made in prices. 
This advance was to at a meeting of the tch 
Malleable Iron Trade Association, held in Glasgow this 
week, and is principally due to the high price of pig iron. 
The basis price for crown bars is now 8/. 2s. 6d. per ton, 
less 5 per cent. 


Pig-Iron Position.—No alteration falls to be reported 
in regard to the position of Scotch pig iron. Makers are 
all very busy. and a practically all the material 
for anything like early delivery has been sold, good in- 

uiries continue to arrive. The demand is mainly from 

anada and the United States of America, where large 

uantities are in urgent request. The output of some of 
the works up till the end of July, and well into August 
in some cases, is said all to be sold. This is certainly a 
strong position to be in, and firm prices are not to be 
wondered at. 








Ruston, Procror, aNp Co., Limrrep.—The directors 
of Ruston, Proctor, and Co., Limited, of Lincoln, recom- 
mend a dividend at the rate of 8 per cent. per annum for 
the year endin nme y 1907, after providing nc nae a 
depreciation, ing 10,6007. to an equipment and renewa 
of plant and a ohineey fund, and carrying forward 6615/. 
The dividend for 1905-6 was at the rate of 7} per cent. per 
annum, and 13,5002. was reserved, 67861. being carri 
over. The dividend for 1904 5 and 1903-4 was at the rate 
of 6 per cent. per annum, 10,0007. and 13,000/. being added 
to the reserves and 5799/, and 5865/. being carried forward 








May 24, 1907. | 


ENGINEERING. 





681 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Parkgate Iron and Steel Company.—The report of this 
company has just been issued, and states that the works 
have been fully employed during the year, and the pro- 
duction of steel has exceeded that of any previous year. 
Two new blast-furnaces are in full operation, and are 
working with good results. A mixer at the steel fur- 
naces is now at work, so that liquid iron can now 
taken from the blast-furnaces as it is made, and liquid 
metal delivered therefrom to the melting furnaces as re- 
quired. The plate and bar-mills of the company are 
undergoing reconstruction, and to meet these and other 
improvements the directors have decided to make a call 
equal to a bonus of 1s. 8d. per share, which they are 
paying out of the profits. The gross profit for the year 
is 73,183., and this is disposed of by paying a dividend 
at the rate of 10.91 per cent., giving the honus above re- 
ferred to, which amounts to 25,000/., and carrying for- 
ward a sum of 53272. 


Tron and Steel.—So marked have been the advances in 
all classes of iron that a boom has undoubtedly set in. 
Hematites delivered in Sheffield have reached such a 
price that local manufacturers decline to buy more than 
are necessary for their immediate consumption, hoping 
that this cessation will to some extent steady the market. 
Lincolnshire ironmasters within the past two weeks have 
advanced their rates 2s. per ton, and these are now higher 
than they have been for some years. The latest quota- 
tions are :—Lincolnshire No. 3 foundry, 64s. 6d. per ton ; 
No. 4 foundry, 62s. 6d. ; forge No. 4, 61s. 6d. per ton. 
Derbyshire makers maintain the prices which they quoted 
last week, but there is little buying Iccally. A stron 
demand exists for all classes of steel, an high-speed 
qualities, both on home and foreign account, are ex- 
periencing a bigger call than ever before. 


The Whitsuntide Holidays.—No better indication of the 

rosperous state of the iron and steel trades of South 
Forkshire could be obtained than the enforced curtail- 
ment of the Whitsuntide holidays. For the first time for 
many years the big engineering works have failed to take 
a full week at this period. e and repairs have 
generally been put off till August, and most of the works 
reopened on Wednesday, and the plant was in full opera- 
tion the same night. Order-books are full, and on foreign 
and Colonial account there is a bigger business doing 
than ever before. 


South Yorkshire Coal.—The difficulty already referred 
to in connection with railway transit continues to be 
severely felt throughont the whole of South Yorkshire, 
and grave fears are expressed as to the immediate future. 
Already some collieries have had to curtail their output 
owing to the difficulty of getting rid of their production, 
and what the condition of affairs will be when the “— 
season gets in full swing it is impossible to forecast. The 
demand for all classes of fuel is heavy. House coal, 
owing largely to the cold weather, is remarkably strong, 
and values are well maintained. Steam fuel is in suc 
demand that many pits have booked orders in advance up 
to every ton of their production for months to come. 
Heavy contracts have recently been made for ae at 
prices full 3s. ton over last year’s rates; but while 
there is no shortage of supplies, deliveries are much 
behindhand. 








Tue Frenco Navy.—The naval expenditure of France 
for 1908 is officially proposed by the Minister of Marine 
at 12,876,911. he amount actually voted by the 
Chamber of Deputies for 1907 was 12,486,792/., so that 
the outlay pro: by the Minister of Marine for 1908 
shows an increase of 390,119/. The vote of credit pro- 
_ for 1908 is, however, subject to reduction by the 

rench Legislature. The amount proposed to be ex- 
pended upon the construction of new ships in French 
arsenals in 1908 is 1,628,000/., to which should be added 
1,652,000/. proposed to be expended upon ships of war to 
be built by private firms. 





New Maps or Arrica.—We have received from Mr, 
E. Stanford, 12 to 14, Long Acre, W.C., a specimen of 
the three following maps of portions of the African Con- 
tinent, each to scale of 1 in 1,000,000 :—Sheet 119, Wal- 
fisch Bay, 20 deg. to 24 deg. south latitude, and 12 deg. 
to 18 deg. longitude east of Greenwich. Price 2s.—Parts 
of sheets 127 and 128, Orange River, 28 deg. to 30 deg. 
south latitude, and 16 deg. to 24 deg. longitude east of 


Greenwich. Price 1s. 6d.—Map of a portion of Somali- 
land, 11 deg. to 5 deg. latitude north, and 44 deg. to 
50 deg. longitude east of Greenwich. Price 33.—These 


maps have m printed at the Ordnance Survey Office, 
Southampton, for the Topographical Section, General 





SourH Arrican Raruways.—The current history of 
South African railways reflects the depression prevailing 


in that quarter of the world. The Cape Government 


railways earned last year 3,772,7701., as com with 
4,047,065. in 1905. The expenditure was pa cate from 
3,076,920. in 1905 to 2,901, . in 1906. The len of 
line worked last year was 3074 miles, as com with 

8 miles in 1905.. The Central South African railways 
earned last year 4,782,049/., as compared with 5,364,919. 
in 1905. The working expenses 
2,878,713/., as compared with 2,917,928/. in 1905. The 
Natal “rovernment railways earned jast year 1,873,522/., 
88 compared with 2,052,487/. in 1905. The working ex- 
om were 
wit. 


’ reduced last year to 1,273,217/., as com 

1,507,0102, in 1905. “The falling off observable in the 

revenue of the lines was almost entirely attributable $8 
e 


diminished : : 
ep fairly woo movement, goods traffic having 


were reduced last year to | bein 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—As usual, the Whitsuntide 
holidays have considerably interfered with business. To- 
day the market was reopened, but very few people indeed 
put in an appearance, and there was but little business 
passing. At the same time, however, the situation is 
very satisfactory, and there is an enormous volume of 
trade going on. Shipments of pig iron this month are on 
a huge e, averaging over 6000 tons per working a 
and they would be still heavier if better shipping facili- 
ties were afforded. As it is, quite a number of veasels 
are waiting their turns in the river. Quotations for 
Cleveland iron have eased since our last report. No. 3 
g.m.b. is now put at 61s. f.o.b. That, however, is 
& nominal quotation. Any offer to buy would at once 
elicit a higher quotation. Producers, as a rule, do not 
name below 62s. for No. 3. 
is 66s.; No. 4 foundry, 603. 6d.; and No. 4 forge, 60s. 
East Coast hematite pig continues in good request, 
and is very dear when compared with the rates ruling for 
Cleveland pig. Under normal conditions the difference 
between No. 3 Cleveland and mixed numbers of hematite 
is 8s. to 10s., but at present it is quite double that amount. 
Producers of hematite are not hampered by any stocks, 
and buyers are bound to go to makers for their supplies. 
Mixed numbers stand 82s., and No. 1 is 82s. 6d. Spanish 
ore is strong, the mine-owners in Spain taking a ie 
firm stand. Rubio, of 50 per cent. quality, is 22s. 6d. 
ex-ship Tees, and dealers are not particularly pressing 
sales. Freights, Bilbao to Middlesbrough, are fixed at 5s. 


Manufactured Iron and Steel.—Very satisfactory ac- 
counts continue to be given of the manufactured iron 
and steel industries. All branches are characterised by 
considerable activity, and the outlook for the future must 
be described as bright. Many producers have contracts 
made which will keep them busily occupied for some 
months, and inquiries concerning turther work are re- 
ported to be on a fairly good scale. Quotations show a 
marked upward tendency, but they are not actually 
Sones. Gooneens considering that to make any sub- 
stantial advance just at present would hamper the ship- 
building industry. Common iron bars are 81. ; bars, 
81. 10s. ; best best bars, 9/.; packing-iron, 6/. 10s.'; iron 
oe 77. 158.; iron ship-angles, 7/. 2s. 6d.; iron 
girder-plates, 8/.; iron boiler-plates, 8/. 153. ; steel bars, 
7l. 10s, ; steel ship-plates, 7/. 10s. ; steel ‘ship-angles, 
6l. 17s. 6d. to7l. ; 4 wy 8. 10s.; steel hoops, 
71. 15s. to 8/.; steel strip, 7/. 5s. to 7/. 7s. 6d.; and steel 
joists, 62. 17s. 6d. to 7/.—all less the customary 24 per cent. 
discount. Light iron rails are 7/. 7s. 6d. to 7/. 15s.; 
cast-iron chairs, 4/, 2s, 6d. to 4/. 5s.; cast-iron columns, 


sleepers, 77. 103.—all net cash at works. Galvanised cor- 
rugated sheets, 24 gauge in bundles, are 137. 15s. to 14/.— 
less 4 per cent. 


Coal and Coke.—Quotations for all descriptions of fuel 
are firm, and business in almost every branch is brisk. 
Good orders for Durham coal have recently come from 
Germany, and further substantial sales to that country 
are looked for. Best Durham gas-coal is realising 14s., and 
seconds 12s. 9d. to 13s. f.o.b. Bunker coal is in excellent 
demand, but requirements are readily met by the very 
apps supply, and unscreened Durhams are 12s. 9d. to 

33. f.0.b. king coal is strong at 13s. to 13s. 6d., and 
coke is very firm, demand both for home consumption and 
for shipment being heavy. From 24s. to 25s. f.o.b. is 

uoted for foundry coke. Average qualities of blast- 
urnace coke stand at 21s. to 21s. 6d. delivered here. 





PEersonaL.—Mr. W. Warburton Davidson, A.M.I. 
Mech. E., of Dublin, has been appointed works muameger 
to Messrs. Taylor, Smith, and Co., Engineers, in- 
burgh —Messrs. F. M. Russel and Co., 16, St. Helen’s- 
place, E.C., inform us that after the close of this week 
their head office will be removed to their Junction Works, 
Willesden, N. W., and that new show-rooms will be opened 
by them at Capel House, 54, New Broad-street, E.C.— 

r. ©. S. Mallett, 7, Queen’s-gardens, Tetherdown, 
Muswell Hill, N., has been appointed by Messrs. Royce, 
Limited, of Trafford Park, as their representative for 
London and the south-eastern counties. 





Premizk Diamond Mines Water Sorrry.—On the 
occasion of @ visit of the members of the Transvaal 
Institute of Mechanical Engineers to the Wilge River 
Pumping Station, Mr. D. Gerrand, Assoc. M. Inst. C.E., 
gave some interesting particulars of the working of the 
water-supply scheme. The scheme includes a weir across 
the Wilge River, by means of which 1100 milli ons 
of water are impounded, a pumping-station, and a pipe- 
line to the mines 22? miles long. It will be remembered 


that the triple-ex ion pum - constructed 
by Messrs. Glenfield and Kennedy, Limited, Kilmarnock, 
and the station, were described on 283, and 
286 of the last volume of ENGINEERING. On the occasion 


of the visit above referred to, Mr. Gerrand, who is 
responsible for the design of the scheme, stated that at 
the present time 2,000,000 gallons of water day are 
ing pumped, at a cost of about 14d. per 1 aiken, 
while when 3,000,000 gallons are pumped, the cost, in- 
cluding 7 cent. interest on cost of construction of the 
works, will be op 1000 gallons, and with 4,000,000 
gallons it will be 4d. per 1000 — The ure is 
one of 750 ft., and it is believed that these figures will 
compare very favourably with any other undertaking for 








the pomping of water through a pipe-line of similar 
length. 


The price of No. 1 be 


71. to 71. 5s.; heavy steel rails, 6/. 15s.; and steel railway | Mr. L. T 


NOTES FROM THE SOUTH-WEST. 

Cardif.—Business has, of course, been interrupted by 
the Whitsun holidays, but vious prices have been 
maintained for steam coal. best steam coal 
has made 18s. to 18s. 6d. per ton, while secondary quali- 
ties have ranged from 16s. 3d. to 17s. 9d. ton. The 
best ordinary household coal has brought 17s. to 17s. 6d. 
per ton. No.3 Rhondda large has been quoted at 19s. 6d. 
to 20s. ton. Foundry coke has made 26s. to 27s, per 
furnace ditto 203. to 22s. per ton. As regards 
iron ore, Rubio has been quoted at 21s. to 2ls. 6d. per 
ton, and Almeria at 20s. 9d. to 2ls. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Great Western Railway.—A_ new line, almost straight 
and level, is being constructed between Avonmouth and 
Filton, where it 1s to join the Badminton line and the 
South Wales branch. The line, 64 miles in length, will 
a double one, and there is to be a fully-equipped 
station at Henbury for the convenience of that district. 
By means of the new link, trains Sonveuses passengers 
between Avonmouth and London will bly be able to 
cover the distance in two hours. The new line is ex- 

ted to be opened when the Royal Edward dock is 
ready for the accommodation of shipping. 


Dowlais.—Steel sleepers have been in steady demand, 
and a substantially large production of heavy section rails 
has been attained by the Goat Mill, while the Big Mill 
has nm also well employed upon rails of a_ lighter 
character. Steel sleepers have been in steady and con- 
tinuous demand. 


Messrs. Cammell, Laird, and Co., Limited.—Messrs. 
Cammell, Laird, and Co., Limited, are increasing the 
output of their Clyne Valley “a my Two cross- 
measure drifts are to be carried to the Four-foot seam, 
so as to increase the output from 250 tons to 400 tons 
per day. 

The Swansea Valicy.—The steel and tin-plate works 
have been well employed. The coal trade has also con- 
tinued good, although business has been much interrupted 
by the Whitsun holidays. 





HorizontaL Miuiurse-Macuine: Erratom.—We re- 
gret that on page 645 of our last issue, in a description of 
a horizontal muilling-machine constructed by Messrs. G. 
Wilkinson and Engi Keighley, we stated in 
error that the bed of this machine was 10 in. deep. This 
should read ‘‘1 ft. 10 in. deep.” 





Tue Ovusk.—An option for the purchase of properties 
and rights in the Ouse Navigation has been obtained from 
. T. Simpson by the St. Ives Transport Company, 
Limited ; and it is the intention of the company to invite 
the co-operation of all interested in the river im forming 
& company with a view to the reopening of the navigation 
and the equipment of an efficient and regular service of 
ut-gowel barges between King’s Lynn and Bedford. 


Our Coat Asroap.—Our coal exports continue to 
w, amounting as they did in April, this year, to 
, 127,731 tons, as compared with 4,381,336 tons in April, 
1906, and 3,690,257 tons in April, 1905, or, including coke 
and patent fuel, 5,282,322 tons, 4,541 329 tons, and 
3,817,056 tons respectively. The shipments of coal for 
the use of steamers engaged in foreign trade in April 
were 1,523,385 tons, 1,388,098 tons, and 1,250,516 tons 
respectively. France, Germany, and Italy ranked first, 
second, and third, Lamy es in April, among countries 
importing British , France having taken 846,755 tons; 
Germany, 826,397 tons; and Italy, 708,979 tons. We 
sent very little coal to Russia, the shipments to that 
country in April having been only 102,863 tons; this is 
explained by the fact that Russia is making great efforts 
to work her own black diamonds. Our aggregate exports 
of coal to on 30, this are, amounted to 18,859,218 tons, 
as compared with 16,934,250 tons in the corresponding 
period of 1906, and 14,731,791 tons in the correspondi 
riod of 1905. In these totals countries which ~~ 
750, gured 





000 tons and upwards to April 30, this year, 
as follows : 





Country. 1907. 1906. | 1906. 
| 

tons tons tons 
Sweden .. ..  ..| 867,624 787,042 568,839 
Denmark... + est 876,109 811,824 | 708,905 
Germany ..| 2,406,457 2,185,150 | 2,621,426 
Holland .. $09,820 675,231 | 926,661 
France | 8,652,017 | 8,054,952 | 2,157,005 
Spain .. oo. est, ae 924,365 | 773,742 
Italy .. .. 1.  .., 967,613 | 2,728,739 | 2,198,062 
Egypt Ger mere 826,786 | 703,898 


When account is taken of coke and patent fuel, the \- 
gate exports are carried for the first three months of 
this year to 19,596,586 tone, as compared with 17,626,125 
tons and 15,277,442 tons. was also shipped for the 
use of steamers en in foreign trade to the extent of 
5,947,394 tons to April 30 this year, as com with 
5,932,517 tons in the corresponding period of 1906, and 
5,396,169 tons in the corresponding period of 1905. Coal, 
accordingly, left our shores in the first four months of 
this year to the extent of 25,543,980 tons, as compared 
with 23,558,642 tons in the corresponding period of 1906, 
and 20,673,611 tons in the corresponding period of 1905. 
Coal has thus been going abroad this year at the rate of 
about 76,000,000 tons per annum, while the correspondin, 
rate in the first four months of 1906 was about 70,000, 
tons per annum, and in the first four months of 1905 
about 62,000,000 tons per anntim. 
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HORIZONTAL DRILLING AND TAPPING-MACHINE. 
CONSTRUCTED BY MESSRS. WILLIAM ASQUITH, LIMITED, ENGINEERS, HALIFAX. 
(For Description, see Page 680.) 
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FRENCH LABOUR LEGISLATION. 

FreNcH industrial undertakings at the present 
time are in a state of complete insecurity by reason 
of the deplorable readiness with which the trade- 
union leaders choose to strike work when, in nine 
cases out of ten, there is absolutely no valid reason 
for their doing so. The responsibility for this 
situation, and for the troubles it causes every class 
of the community—the working classes being, of 
course, the first to suffer—rests with a number of 
members of the French Parliament, and with most 
of the Ministers who have succeeded each other in 
power for the last few years. The latter have so 
managed that the trade unions are now practi- 
cally under no legislative restriction whatever, 
but under a régime of exception which absolves 
their leaders from all responsibility. Bills have 
been put forward which would still further increase 
the immunity of the trade unions, and would 
facilitate still more their forcing a strike upon 
independent trades or works, and their encroaching 
upon the liberty of employers and of non-union 
men. Compulsory arbitration in strikes, and the 
payment of a minimum wage, are also among the 
blessings which it is proposed to establish by law. 

This superabundance of legislation in labour 
matters is a very great evil. Formerly the situa- 
tion was different—even quite the reverse—and all 
impartial students of the labour problem are 
forced to acknowledge that the earlier legislation 


6s1/in France dealing with the labour question was 


distinctly oppressive to the working classes, and 


ess | placed them in an evident state of inferiority. In 
688 |1791—at a time, therefore, when “liberty” was 


one of the pass-words on everyone’s lips, and when 


690 | liberty of working was being proclaimed—a law 


was passed forbidding the formation of any asso- 
ciation whatever by men of the same craft, the 
object being to prevent the renewal of the old 
corporations, or guilds, which had given rise to 
such a number of grievances. This law forbade 
also all meetings and federations where the men 
might defend their cause. The men of one works, 
and, still more, those of different works, were 
not allowed to agree together to advocate an 








increase in wages, or a decrease in the hours of 
labour, or to decide to strike work. This was 
an injustice. Had associations been permitted, 
it would have sufficed to see that the men did 
not misuse their rights by encroaching upon 
the liberty of individuals. The employefs were 
under restrictions of a similar nature, but they 
did not feel the weight of these in the same 
degree, an employer having generally. more staying 
power and—indireetly, if not directly—more Tati 
tude than an operative, considered individually. 
Notwithstanding these restrictions, the employers 
were able to ther comparatively easily. 
When the French Penal Code was drawn up, in 
1810, three clauses, numbered 414 to 416, were 
inserted, dealing with labour problems. The first 
clause, No. 414, referred to those employers who 
oe eames an injustice with a view to secure a 
ecrease in es; the penalties, however, were 
comparatively light. On the other hand, the 
nalties were severe when men combined together 
to strike work, to prevent outsiders from working, 
or to render labour more costly. This meant a com- 
plete interdiction of strikes. Serious penalties were 
also incurred by the men when acting in any way 
against employers; these formed the object of 
Clause No. 416, which covered what is now known 
as ‘“ black-listing,” while No. 415 dealt with 
the action of certain men inst outsiders, and 
condemned “picketing.” he men were not pre- 
vented from appointing delegates to place their 
claims before an employer, but this means was not 
a very satisfactory one for influencing the decision 
of the latter. A slight modification was introduced 
in labour legislation in 1849, the object of which 
was to place on the same level both employers and 
men in the matter of attempts to form ‘‘coali- 
tions.”” This equalisation of the two classes before 
the law improved the situation, but an injustice 


-| remained—that of preventing meetings for the 


—_ pe of the interests of a trade, and 
or obtaining modifications in agreements dealing 
with labour, wages, working hours, and so forth. 
The only commendable point in the earlier legisla- 
tion was the interdiction of black-listing and 
picketing. 

At about the same time, in the late ‘forties, it 
was acknowledged ‘‘ that the men should be allowed 
to associate together with a view to enjoy the 
benefits accruing from their work.” Mutual aid 
societies, which had been prohibited until then, 
were allowed also. But many years were to elapse 
before these associations and societies met with 
complete sanction. For a long time they were 
simply tolerated, and they were occasionally arbi- 
trarily dissolved by the public authorities. It was 
only in 1868 that the right of holding a meeting 
without first obtaining the sanction of the police 
authorities was granted. There was, however, a 
limitation to this right, and the meetings in ques- 
tiou, and, in fact, every other kind of public meet- 
ing, religious or not, had not.to number more than 
twenty persons ; otherwise they came under police 
jurisdiction, and could be dissolved at a few hours’ 
notice, with the imposition of a fine more often 
than not. This situation lasted well into the 
‘seventies. 

In 1864 French labour legislation underwent a 
transformation, and the laws then passed are 
practically those in force at the present day in the 
matter of strikes. Coalitions ceased to be punish- 
able by law. Those persons were punishable who 
‘*by violence, threats, or fraudulent manceuvres, 
caused, or tried to effect, a suspension of work with 
a view to raise or to reduce wi or with a 
view to impair the free exercise of industrial work 
or professions.” This clause, as will be seen, 
covers violence in labour questions in every form, 
and whoever be the perpetrator ; it also covers 
picketing. It is still in force, and forms of 
the penal code, as also does one which provides for 
an increase in the penalty if the threats or violence 
are the result of concerted action. The law of 
1864 contained also a clause which held liable those 
persons who, by concerted action, prevented, or tried 
to prevent, the free carrying out of work ; this 
clause covered the black-listing of employers of 
labour. But black-listing has greatly increased of 
late years, since 1884, when the clause in question 
was cancelled by a law on trade unionism. The 
cancellation of this clause was found to be a dan- 
gerous proceeding, notwithstanding the fact that 
damage caused by black-listing may be still punish- 
able under the civil code. 

The law on trade unionism is dated March 21, 
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1884; it is a law of liberty, but it applies to the 
trade unions alone, and allows these to be formed 
without any public authorisation whatever. This 
in itself is an excellent condition so far as it goes, 
and one may wonder why the granting of such a 
facility should have taken so long. But the law is 
unfair, inasmuch as the liberty of action which it 
grants does not extend beyond the trade unions. 
Subsidiary extensions, which have sprung from it 
and from political tendencies, have in its 
effect in favour of one single class. It annulled 
immediately all the former legislation which con- 
demned black-listing and picketing. These prac- 
tices can no longer be prohibited under the penal 
code, but it is a propos to remark here that the civil 
code, which rules in a general way all social life in 
France, contains a clause which states that ‘all 
acts whatsoever on the part of man that result in 
prejudice to another entail the obligation to make 
good the prejudice so caused.” Should, therefore, 
strikers or trade unions so act that they cause damage 
to an employer, or to a workman, the damage being 
duly ascertained, they may be compelled to in- 
demnify the plaintiff. But this civil responsibility, 
based upon the interpretation of courts of justice 
whose duty it is to establish whether there has been 
a normal or an improper use of a right, and to give a 
verdict thereupon, creates a situation which is far 
different from that derived from the former legis- 
lation which dealt with penal repression. Such 
as it is, however, it acts.as a safeguard for the 
employers and non-union men, to the very evident 
dissatisfaction of the trade unions and the socialistic 
members of the French Parliament. It is fre- 
quently a very difficult task for the courts of justice 
to decide whether in a given case a trade union 
exercised a lawful right, whatever may have been 
its results. The Socialist députés, whose wish is to 
please the Labour Party, are indignant every time 
a case is decided by the courts against a union. 

The ‘‘Cour de Cassation,” the French Court of 
Appeal, has established that ‘‘ threats to strike were 
not allowable when their object was to exact from 
an employer the dismissal of a man who had refused 
to form part of a trade union or who had resigned 
his ented” on the basis of the fact that the 
law on trade unions specifies that every member can 
resign at any time. It has decided also that threats 
to strike constitute an offence when they are in- 
spired by a spirit of malevolence, as, for example, 
when a works is left to continue black-listed after 
the settlement of a strike, with a view, among other 
ends, to obtain the dismissal of a foreman. It 
has decided further that a trade union oversteps 
its powers when it threatens non-members. The 
Court of Appeal, however, has made it permissible 
to advertise black-listing through the Press or by 
placards, provided the statements therein contained 
do not include allegations liable to prejudice the 
honour or consideration of the persons mentioned 
in the statements so made. 

Appeals to the courts do not take place as often 
as they should, through fear of the trade unions and 
their tyranny. The trade unions exercise no mean 
power, backed as they are openly by some members 
of Parliament, and tacitly by others. Two facts 
will illustrate the point. A weaver was black- 
listed for having abandoned his union, and no 
employers dared to give him work owing to the 
threats made by the various unions. He, at last, 
had the courage to put his case before the courts of 
justice, but these dismissed him without aid or 
compensation. Finally the Court of — decided 
in his favour, finding that the action of his union had 
been unlawful, seeing that the law on trade unions 
allows any member to resign of his own free will. 
This finding of the Court of Appeal was severely criti- 
cised in Parliament, among others by a senator, a 
former workman, who posed as a defender of liberty ! 
A brassfounder and his son were persecuted during 
ten years by their union ; they could find work no- 
where, and fell into the deepest misery. They at last 
obtained from the Court an indemnity of 2001. to be 
paid them by their union. They received nothing, 
and will never obtain a farthing; their union dis- 
solved immediately after the finding of the Court, 
and re-formed afterwards with the same members, 
but under a different name. The French trade 
unions have no revenue apart from the members’ 
subscriptions, and the amount of these is low. 
They have no reserve funds, or, if they have any, 
these are secret funds; the law does not allow 
them to possess anything openly, apart from the 
buildings in which they hold their meetings. 

The law on trade unions, therefore, requires 





to be modified with a view to prevent such mis- 
iages of justice as those above alluded to. 
French members of Parliament are at the present 
time dealing with modifications to labour legisla- 
tion, but not in the direction of equity to the 
individual. They are endeavouring, as stated 
above, to obtain for the men the right to cease 
working generally on the occasion of a strike, the 
employer to keep their situations open for them ; 
they are trying also to obtain the fixing of wages 
by law and to render abitration compulsory, and 
are working moreover, for an extension of the 
already extravagant trade-union laws. They want 
the trade unions to be exonerated from all responsi- 
bility whatsoever, and picketing in its violent form 
to be regarded as legal. Simple equity would not 
only demand that all sign of violence be prohibited, 
but that absolute freedom be allowed any man who 
wishes to work. Unfortunately, the Ministers who 
are driving the char de l’Etat are not of this 
opinion ; they wish, as will have been seen from 
the foregoing, to measures in favour of the 
men, and decidedly against employers, many of 
which measures are now in course of preparation. 
In the meantime a number of trade unions have 
advised their members to commence sabotage. The 
nearest British equivalent to this is scamping, but 
an article which is saboté is far worse than scamped, 
and would be greatly honoured by being thrown 
on the scrap-heap. Can anything be more suicidal 
than such a proceeding? The celebrity who, in his 
wisdom, killed the hen that laid golden eggs was 
bad enough ; were he alive now he would claim 
relationship with the leaders of the Paris electric 
trade union, with the members of the ‘* Confédéra- 
tion du Travail,” who announce that steps are 
going to be taken in order to stop ata day’s notice 
the postal and telegraph services, the Paris Metro- 
politan Railway, and all railway traffic throughout 
the country. The Socialists, therefore, in their 
endeavours to kill, under the cover of legislation, 
all capital owned outside their class, bid fair to sap 
the very foundations of society, ruining in the 
process millions of workers who are quite as de- 
serving, to say the least, as the members of the 
so-called Labour Party. 





GERMAN NAVAL POLICY AND THE 
NORTH SEA CANAL. 

A SCHEME necessary for the realisation of the 
ambitious naval scheme of the German Government 
is the widening of the North Sea-Baltic Canal, 
which will invoive a very heavy expenditure. The 
canal at present is of such dimensions as to limit 
the size, and particularly the width and draught, 
of battleships, and the advent of the Dreadnought 
made it imperative on the part of Germany, if her 
warships were to equal the newer types, to prac- 
tically reconstruct the Canal. To this extent the 
Government will be handicapped in their effort to 
provide the funds for the building of ships. The 
extent of their expenditure on works will be appre- 
ciated by a description of the Canal scheme now 
before Parliament. 

The section of the new canal, prepared in con- 
nection with the Government Bill before the 
German Parliament, shows a depth of 11 metres 
(about 36 ft.) below average canal water-level, and 
at this depth the breadth is to be 44 metres (about 
144 ft.) ; whilst the present depth is 2 metres less, 
and the breadth only half the proposed breadth. 
The breadth at the surface of the water will be 
about 340 ft., against 223 ft. as at present, and the 
water-carrying section is increased from 413 square 
metres to 825 square metres. This profile should 
answer all requirements, as far as these can at 
present be foreseen. 

These dimensions will allow of the bridges at 
Griinenthal and Levensau remaining, in spite of 
their comparatively small foundation depth. 
Should, at any time, a further enlargement of the 
canal section be required, the depth can, without 
difficulty, and without a very material increase in 
cost, be increased to 13.5 or 14 metres. Under such 
circumstances the two high-level bridges already 
referred to would, however, have to be rebuilt. 
In order to avoid this contingency for the new high- 
level bridges, the foundations of the latter will be 
carried to a — depth. So as not to increase 
too materially the cost of the extension, the present 
line of canal will, on the whole, be adhered to. 

In two places, the Obereidersee section and that 





These alterations in the direction are looked upon 
as indispensable. The former section (the Ober- 
eidersee) has yoy unsatisfactory ever since the 
construction of the canal. The high banks at the 
curves interfere with navigation by blocking the 
view and the sight of approaching steamers, so that 
it is difficult to ascertain their speed. The section 
between the Levensau Bridge and the Holtenau 
Lock is equally awkward, inasmuch as the sharp- 
ness of the curve places obstacles in the way of 
the passage of the large steamers, and proper re- 
gard to safe transit makes the doing away of 
these curves essential. The smallest permissible 
curve should be 1800 metres radius, whilst the 
one on the Levensau-Holtenau section is only 
1200 metres. The canal line must be straight on 
either side of the Levensau Bridge, as the section 
of the bridge for large steamers is only 38 metres 
broad. It is also essential that vessels coming 
from the west should have an open view of the 
Holtenau inner harbour and locks. Similar con- 
siderations make it also desirable that the canal 
should be made distinctly broader at other sharp 
curves. 

For the purpose of increasing the efficiency of 
the canal the distance between the passing-places 
will in the future be only a little more than 6 miles 
(10 kilometres). The experience gathered from 
the canal traffic in the past shows that this is the 
shortest distance there should be, and even that 
is considerably more than at several other canals : 
at the Suez Canal the distance is only about 
3 miles, Four of the passing-places will be so con- 
structed as to allow of turning, an arrangement 
which will allow a fleet passing through the canal 
to turn in comparatively short time. For the 
ordinary passing- places the bottom breadth is 
about 445 ft., and the breadth at surface of water 
635 ft. At those intended for turning-places the 
length is 3670 ft., the breadth at bottom 550 ft., 
and at surface of water 730 ft., with a turning circle 
of 1000 ft. in diameter at the bottom. 

The locks at Brunsbiittel and Holtenau will be 
1100 ft. long between the gates, 150 ft. broad, 
and 46 ft. deep, with ordinary canal water-level 
—that is, Baltic water-level. The locks will con- 
sequently, even with comparatively low water- 
level, still have a depth of 40 ft. _ The locks of 
the new Kaiser Harbour at Bremen are 735 ft. 
long, 93 ft. broad, and 35 ft. deep at ordinary 
high water. The proposed depth of the canal 
locks will, as far as can be seen, be sufficient for 
the largest war and merchant ships. These dimen- 
sions are all the more important at the Brunsbiittel 
lock, on account of its vicinity to the mouth of 
the Elbe, where damaged, deep-draught ships can 
be quickly conveyed to the interior harbour for re- 
pairs. In fixing the breadth due consideration has 
been given to the fact that the breadth is likely to 
increase in the shipbuilding of the future. Although 
the lock dimensions, perhaps, may be a little ample 
for the present time, the margin is looked upon as 
unavoidable, as a possible later enlargement of the 
locks would mean complete rebuilding. These 
large locks may also, it is claimed, prove a boon 
to the shipyards on the Baltic, as they will allow 
of the large steamers built there going through to 
the North Sea. 





SPECTROSCOPIC PHENOMENA IN 
STARS, 

In two lectures delivered at the Royal Institution 
on two Thursday afternoons, the 9th and 16th inst., 
Mr. H. F. Newall, M.A., F.R.S., President of the 
Royal Astronomical Society, gave an interesting 
review of the state of our knowledge of stellar 
spectroscopy. In the first of the lectures Mr. N ewall 
dealt particularly with the chemical aspect of the 
phenomena; in the second he dwelt on the multiple 
nature of the stars and on their motions, as revealed 
by spectroscopic evidence. Introducing his subject, 
he pointed out that the salt vapour, glowing in a 
Bunsen burner, showed us the sodium lines, but 
gave no clue as to the presence of the chlorine in 
the vapour. While the dark gaps or lines in the 
star spectra told us, if sufficiently identified, of the 

resence of certain elements, the absence of other 
Rode did not, therefore, prove the absence of those 
elements. We knew the spectrum of oxygen from 
the laboratory experiments of Schuster and others, 
who observed bands and bright lines in series 0! 
triplets. Some of these groups of bands—e.g., the 


between Holtenau and Levensau, a new line will} B group—were seen in the solar spectrum. But 
be cut, so as to avoid some undesirable curves.| we had reason to believe that the B group wa: 
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due to the terrestrial atmosphere, through which 
we looked at the sun and stars, and the presence 
of oxygen in the sun had been doubted (although 
oxygen had been found in certain stars), until 
Runge and Paschen brought evidence of solar 
oxygen. The confirmation of this observation by 
Runge and Paschen was connected with recent 
researches on titanium oxide. The spectra of 
Antarian stars—that is, of stars having spectra 
similar to that of Antares—were marked by certain 
flutings of lines on the violet’ side, and A. Fowler 
had noticed these flutings in the arc spectrum of 
titanium oxide, while Duner had discovered the 
same flutings in the solar spectrum, and Hale had 
identified some bands in the red portion of the 
titanium arc spectrum with bands in sun-spots. 
Within the last two months the same bands had 
been found at Cambridge in a Orionis. 

Astronomy, Mr. Newall continued, had indeed 
given assistance to chemistry and physics in return 
for what these sciences had done for astronomy. 
In the ‘sixties Angstrom had measured series of 
hydrogen lines in star spectra. Balmer had 
studied the numerical relations of those lines, and 
in 1888 deduced the formula for the wave-length A 
of any hydrogen line: A = 3645.6 2. m?/(m*—4), 
where m was any integer. But those relations had 
struck Huggins long before that date, and he had 
predicted, and found, hydrogen lines corresponding 
to values of m up to 31; this investigation had 
afterwards been developed by Alexander Herschel, 
Deslandres, Rydberg, and Kayser and Runge. 

The lecturer then turned to the more contro- 
versial question as to what stellar evidence could 
teach us concerning chemical affinity. The problem 
was related to the classification of stars. We dis- 
tinguished four chief groups of stars—blue stars, 
solar stars, and banded spectrum stars of two 
types, and intermediate groups, and the number of 
bright stars belonging to these groups had been 
carefully counted in both hemispheres. In the first 
group the presence of helium, which was generally 
associated with oxygen, silicon, calcium, and mag- 
nesium, was an important criterion for a sub- 
division. Lockyer broadly distinguished between 
stars of rising temperature and stars of falling tem- 
perature, basing the distinction on the relative 
intensities of the lines of certain elements. But if 
we arranged the helium stars as to the definiteness 
of their lines, then the magnesium lines gave one 
order, and the silicon lines gave another ; the mag- 
a lines became brighter as the helium lines 
aded. 

The photosphere might largely be a temperature 
effect ; but to account for the relative intensities 
of different lines in different spectra, we wanted 
something more selective in its action than tem- 
perature. That cause might be found in electrical 
forces. Referring to the emission of negative cor- 
puscles (as studied by Richardson and Wilson) by 
hot platinum—an emission which, as Wehnelt had 
shown, was increased to an extraordinary degree by 
the presence of calcium or calcium oxide—and to 
the attempt of Stark to localise the radiation of 
bright lines on corpuscular views, Mr. Newall 
pointed out that the sodium vapour was in different 
states in different parts of a spirit or gas-flame. We 
could separate the flame-cone from the sheath and 
the intermediate zone ; and if we looked at a gas- 
flame in which salt was evaporated through a spirit- 
flame, then the outer region of the spirit-flame 
would absorb the sodium light. Gravity and elec- 
trical forces might, to a certain extent, oppose one 
another in star vapours, and complicate the phe- 
nomena. 

The narrowness of the stellar lines was, Mr. Newall 
considered, difficult to account for. The atimos- 
pheres of the sun and stars must be in an indescrib- 
able turmoil; and under such conditions, with 
Strong convection currents we obtained broad, in- 
stead of narrow, lines in the laboratory. We could 
not explain these features. Yet there must be a 
Significance in the co-existence of the lines of 
helium with silicon, oxygen, calcium, and magne- 
sium ; and the chemist who so far regarded helium 
4s an inert element might look for affinities with 
these elements. 

_In his second lecture Mr. Newall started from 
the Doppler principle, which was enunciated by 
Doppler at Prague in 1842, with special regard to 
the coloured light of double stars. According to 
this principle, the length of any waves, of sound or 
light, should apparently be shortened if the source 
of the waves approached the observer. Thus, if 
& star moving towards us sent out sodium light, 





the light would appear to us to be of shorter 
wave-length than ordinary sodium light, and the 
sodium lines would thus be displaced towards 
the violet end of the spectrum, while the lines 
would be displaced towards the red if the star 
receded from us. That this principle was correct 
for acoustical waves was proved by Buys Ballot 
at Utrecht in 1845; and we all knew that the 
itch of the whistle of a locomotive seemed to 

come higher as the engine came up to the 
station where we were standing, and lower again 
when the engine passed away from us. In the 
years 1866 to 1868 Huggins had directed his refined 
researches towards the discovery of such displace- 
ments in stellar spectroscopy, and thusa new school 
of stellar spectroscopy had been opened. While up 
to that time we had been anxious to identify the 
position of the stellar lines with the lines of the 
elements as fixed in our laboratory, we had since 
then chiefly been looking for the slight displace- 
ments which told us whether the star was moving 
up to us or away from us. These observations only 
gave us information as to any movement in the line 
of sight, of course, and would not disclose move- 
ments across the field. - If \ was the wave-length 
under observation, d the apparent displace aent, 
v the velocity component of the star in the line of 
sight, and L the velocity of light, then dA/A = v/L. 
Now L was 300,000 kilometres per second, and we 
could in this manner determine a value of v equal 
to 0.6 kilometre ; 300 kilometres per second would 
be the velocity in the line of sight which would give 
a displacement equal to the space between the two 
D lines of sodium. 

Mr. Newall explained how researches in stellar 
spectroscopy were conducted at Cambridge—with 
the telescope which Mr. Newall’s father presented 
to the observatory. The spectroscope, which was 
attached to the lower end of the telescope, consisted 
of a train of four prisms, together of 14in. base length. 
A comparison photograph of a spectrum was first 
taken, the spark of a Rhumkorff coil being made to 
e.g., between two electrodes of iron or titanium. 

hen the star spectrum was photographed on the 
same plate, with an exposure ranging from 5 minutes 
to an hour or more ; immediately afterwards the 
iron spectrum was again taken, sometimes twice, 
so that the star spectrum was produced between 
two (or three) iron spectra. The stellar lines would 
then appear in direct alignment with the iron lines, 
or a little to the left or right of them ; the imme- 
diate neighbourhood of other lines—for instance, 
of scandium or titanium—often made the identifica- 
tion difficult, as Mr. Newall pointed out on his 
photographs. After the photography came the 
drudgery of reduction. The first » no Ber of diffi- 
culty was that the earth itself moved, so that 
apparent deviations varying from - 32 (meanin 
that the star seemed to approach us at the rate o' 
32 kilometres per second) to + 24 (star receding) 
finally came down to deviations lying between 
— 8.2 and — 6.4, showing that the star referred to 
as an example — namely, a Bootis—- was really 
approaching us at the rate of 6 or 8 kilometres 
per second in the half year, February to July, 
1904, over which this series of observations ex- 
tended. Only the most reliable observations had 
been taken into consideration in this calculation ; 
if all the observations of this series had been 
considered, the fluctuations in the rate would lie 
between 4 and 8 kilometres per second. 

This work had been proceeding, Mr. Newall 
stated, in Germany, the United States, Russia, and 
later at Cambridge, for some time when, in 1895, 
a check had come from Rowland’s laboratory in 
Baltimore, where it was observed that displace- 
ments could also be produced by variations in the 
gaseous pressure of the source of light. Subse- 
quent investigations had, however, established that 
the displacements due to the pressure variation 
could only be very small. We could make that 
assertion, because the conclusions as to stellar move- 
ments, based upon the measurement of displace- 
ments, were in agreement with other determina- 
tions. Thus those displacements yielded us in- 
directly the value 8.84 seconds for the solar 

rallax, while the Eros observations, conducted at 

reenwich, yielded 8.80 seconds. The orbital 
velocities of Venus and Mars also checked the dis- 
placements. 

The Doppler principle had further been oe 
to the study of the rotation of the sun and of the 
planets about their axes. In this case the lines 
appeared inclined, because the equatorial regions 
would seem to approach us, while the polar regions 





remained stationary. By ingenious measurements 
of this kind Keeler had finally proved that the 
rings of Saturn could not be solid, but must consist 
of meteorites, for the inner particles rotated at a 
higher velocity than the outer particles. The sun’s 
day had also been fixed in this manner by Vogel 
and others. Mr. Newall threw on the screen the 
solar photographs taken at Cambridge. In these, 
some of the oxygen lines were displaced, others 
were not displaced, and these latter were of terres- 
trial origin, as we might conclude also from observa- 
tions made on high mountains where the terrestrial 
lines become dim. 

In considering the question of stellar motions, 
however, we must, as Mr. Newall pointed out, bear 
in mind that the greater part of the apparent move- 
ment of the stars might be due, as William Herschel 
had recognised, to the movement of our solar system 
in some particular direction ; and, further, we needed 
many determinations for each star to ascertain 
whether its movement was not variable. Pickering 
had first discovered spectroscopic binaries in 1889. 
He noticed that a calcium line of a star was some- 
times simple, sometimes distinctly double, and that 
these variations repeated themselves in a definite 
rhythm. If one of the two stars of a binary was 
moving about the other, we should observe more or 
less regular variations of approach and recession ; a 
Aurigae, for instance, gave an almost perfect sine 
curve, indicating that the bright star described an 
almost circular orbit about its fellow. Campbell 
had been amazed to find that the velocities of 11 

r cent. of all the stars studied were variable. 

ith the aid of diagrams Mr. Newall explained 
how these variations and vagaries would present 
themselves to us, under different aspects, according 
to the point of view of the observer. . 

There were, moreover, higher systems—ternary 
and quaternary stars—Mr. Newall stated in con- 
cluding his lectures, and this complexity was both 
pleasing and distressing. For in our search for 
reliable data we sought for constant velocities of 
single stars, but we generally learned that we were 
dealing with systems whose constituents had move- 
ments relative to one another, while the whole 
system had a movement of its own. The account 
of these complexities certainly impressed upon the 
audience the drudgery attendant upon certain 

rts of an astronomer’s work, a fact to which Mr. 

Newall had not made more than a passing allusion. 








THE LATE SIR BENJAMIN BAKER. 

By the sudden and unexpected death of Sir 
Benjamin Baker, which occurred at his residence, 
Bowden Green, Pangbourne, on Sunday last, the 
roll of British engineers has been deprived of one 
of its most illustrious members. Like Lord Kelvin, 
Sir Benjamin Baker took his origin from the British 
settlers in Ireland, who, during the last 150 years, 
have contributed so large a proportion of the 
names famous in science, industry, and statesman- 
ship, his father being Mr. Benjamin Baker, of 
Carlow. His birth took place at Tondu, Glamorgan- 
shire, on March 31, 1840, so that at his death, 
which occurred from heart failure, he was but 
sixty-seven years old. At the age of sixteen he 
was apprenticed to Messrs. Price and Fox, of the 
Neath Abbey Iron Works, South Wales, with 
whom he remained till 1860, gaining that practical 
acquaintanceship with the properties of steel and 
iron which is often lacking in engineers trained 
solely in the so-called civil branch of the profession. 
This knowledge undoubtedly served him in good 
stead in later years, and it was in part attributable 
to this experience that, though few practising engi- 
neers paid more attention to theoretical considera- 
tions than Sir Benjamin, he was always the master 
of his theories, and not their servant, and well knew 
how to discard a computation as inadequately based 
if it led to results at variance with practical ex- 

rience. On leaving the Neath Abbey Works, 

r. Baker, as he then was, spent two years 
as assistant to Mr. W. Wilson, then engaged on the 
erection of the Victoria Station and the Grosvenor- 
road railway bridge. In 1862 he began the associa- 
tion with the late Sir John Fowler which endured 
under a varying relationship till the death of the 
latter in 1898. 

At this time Sir John Fowler was engaged in the 
construction of the first of the urban railways—viz., 
the St. John’s Wood and Metropolitan lines. The 

roposal to construct an underground railway to the 
eart of the City had, when first mooted, aroused 
the most violent opposition in Parliament and 
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the Press, to overcome which required all the 
remarkable pertinacity and persuasive powers of 
that famous engineer. Mr. Baker spent the seven 
years from 1862-69 in Mr. Fowler’s office, his 
leisure time being employed in a most careful 
study of theoretical mechanics, which bore fruit in 
two remarkable series of articles on ‘‘ Long-Span 
Bridges” and on ‘‘ The Strength of Beams,” contri- 
buted to our columns. The parting of the ways 
between the old empirical methods of proportioning 
structures and the newer analytical methods had 
been reached at this date, and Mr. Baker was pecu- 
liarly fitted by intellect and temperament to bridge 
the gulf between the two. His analytical cast of 
mind enabled him to rapidly grasp the advan- 
tages and possibilities of the new methods, whilst 
his strong common-sense and keen powers of ob- 
servation prevented him from pushing these neces- 
sarily imperfect theories to logical extremes, 
falsitied by the results of existing actual practice. 

The series of articles on ‘*‘ Long-Span Bridges ” 
commenced in our issue of March 15, 1867, and 
extended over nine succeeding issues. Though at 
the outset unsigned, their originality and merit were 
quickly recognised, and as a consequence they 
were republished in book form in England, America, 
Germany, and Austria. In these was first made 
evident Mr. Baker’s gooting faculty of realising 
the essentials of a problem and of discarding those 
minor considerations which, at the most, can only 
affect the general result by a small percentage, 
whilst they more than double the complication of 
the general proposition. In these articles the possi- 
bilities of the cantilever type of bridge with a central 
supported girder, so happily worked out in after 
years in the case of the Forth Bridge, first received 
adequate recognition. Moreover, due attention 
was drawn to the fact, not infrequently overlooked 
in the years immediately following the publication 
of the Forth Bridge plans, that the cantilever 
system was not in all cases necessarily more eco- 
nomical than the simple girder, since the extra 
weight of metal required in the anchor spans 
might well offset the saving possible in the main 
span when the latter was of but moderate dimen- 
sions. 

The series of articles on ‘‘The Strength of Beams” 
were published in the following year, and proved 
even more popular with the engineering profession. 
The fact that solid metallic beams a greater 
ultimate strength than corresponded to their 
tensile strength, as determined by a longitudinal 
pull, had long been known, and Mr. Baker in these 
articles made an elaborate comparison between the 
results of actual experiment on different forms of 
beams and those calculated from the ordinary 
theory. He obtained in this way a series of co- 
efficients by which the actual transverse strength 
of a beam of any proportions could be predicted 
with considerable accuracy. He was thus able, for 
instance, to account for the fact that a hollow tube 
is, so far as its ultimate strength is concerned, less 
strong than might be anticipated from the results 
obtained with solid bars of the same material. 

At the time of publication of these articles 
the discrepancy between the results obtained by 
the ordinary theory of transverse strength and 
by actual experiment was attributed to a mys- 
terious lateral adhesion of the fibres of the bar, this 
theory having been originated by Mr. Peter Barlow. 
It is now known, of course, that the plasticity of 
the material is the factor responsible. But though 
Mr. Baker adopted Barlow’s theory, his method of 
determining the coefficients involved, from the re- 
sults of experiments on actual beams of different 
materials and shapes, precluded the possibility of 
any serious error in his practical deductions. In 
after years he himself showed in a very clear manner 
the falsity of the Barlow hypothesis, by setting a 
loaded beam in rotation, and showing that it would 
then break in a few turns with,a load which it would 
otherwise carry indefinitely. This experiment indi- 
cated very clearly that the plasticity of the material 
was the source of the peculiar resistance of solid 
beams to cross-breaking. 

Cast-iron beams occupied a prominent position in 
the articles to which we are referring. Such beams 
are, of course, penny unused nowadays, save in 
the case of machine-beds and frames, which have, for 
other reasons, to be made so stiff and massive that 
questions of strength hardly arise. Iron and steel 
beams were, however, discussed at almost equal 
length, the matter being of peculiar importance 
in view of the controversy then raging as to 
the comparative merits of steel and iron rails. 





Much of the steel then referred to by Mr. Baker 
would now be considered inadmissible in struc- 
tural engineering, some of the plates mentioned 
having a tensile strength of 46 tons per square 
inch. It is, however, interesting to note that the 
use of a relatively hard and strong steel for crank- 
shafts is no modern innovation, due to the influence 
of the high-speed engine, as is sometimes sup- 
xosed. Particulars, for instance, are given by Mr. 

ker of the Krupp steel used for the crank-shaft 
of the Jeddo, which had .a tensile strength of 
424 tons per square inch. For rails, on the other 
hand, harder steels are now used than were then 
considered permissible. The 84-lb. rail adopted by 
Mr. Fowler for the Metropolitan Railway is said to 
have had an ultimate tensile strength of 35 tons per 
square inch. This rail was of the flange type, and 
was very fully analysed by Mr. Baker, using the 
graphical method of determining its moment of 
resistance, now to be found in every text-book of 
applied mechanics. 

On another point Mr. Baker here anticipated 
modern conclusions. He observed that when a 
locomotive passed over a Jength of rail the per- 
manent way settled as a whole, recovering its 
initial position as the wheels passed off. He points 
out accordingly that it was erroneous to liken a rail 
to an ordinary continuous girder carried on rigid 
supports, a theory which, nevertheless, is con- 
tinually being resuscitated. The enormous damage 
done by punching fairly hard steel plates was also 
clearly shown in these articles, which had a marked 
influence on subsequent engineering practice. 

Of the other numerous contributions to our 
columns we need only mention here Mr. Baker’s 
articles on the ‘‘Strength of Brickwork,” pub- 
lished in the second half of 1872, and those on 
‘* Urban Railways,” which appeared in the earlier 
half of 1874. The former were in the main a 
protest against the proposal of certain writers in 
applied mechanics to the effect that the tensile 
strength of the cement should be neglected in all 
computations as to the strength of brickwork. It 
was clearly shown that on this hypothesis many 
structures which had withstood the ravages of cen- 
turies had been unsafe from the day the centerings 
were removed from them, and that a full acceptance 
of the principle advocated would necessitate an 
enormous augmentation in scantlings sanctioned by 
many years of successful practice. 

The articles on ‘‘ Urban Railways” were a most 
remarkable production for their time, and antici- 
pated almost completely the whole of the investi- 
gations made of recent years into the advantages 
of high accelerations and rapid decelerations in the 
handling of suburban traffic. The now well-known 
‘*time and speed curves” were here drawn out 
for the first time. The saving of power which could 
be obtained by using a high acceleration and coast- 
ing was clearly set forth, and the mechanical im- 
possibility of maintaining a high schedule speed 
with stations so closely spaced incontrovertibly 
established. Here also we find demonstrated the 
practical advantages to be obtained in fixing all 
stations on a metropolitan railway at the summit of 
gradients, a method whi Mr. Baker had the satis- 
faction of adopting in after years, when, as the col- 
league with Sir John Fowler and Mr. Greathead, 
he was responsible for the engineering features of 
the City and South London Railway, the first of the 
now popular tube lines. All these articles are also 
notable for the evidence they afford of the wide 
culture and literary taste which were later on so 
eey exemplified in his presidential address to 
the Institution of Civil Engineers in 1895. 

In 1869 Mr. Baker was entrusted by Mr. Fowler 
with the construction of the District line from West- 
minster to the City, a particularly difficult and ex- 
oe piece of work. At the conclusion of this 

e went again, for Mr. Fowler, to Egypt, when 
the Khedive was contemplating the construction 
of a combined irrigation and ship canal between 
Alexandria and Cairo. Complete preliminary 
plans were prepared for this gigantic project, 
the magnitude of which greatly exceeded that 
of the Suez Canal. The idea was to maintain 
Alexandria as the principal port for Egypt. A 
peculiarly difficult problem was presented in this 
connection by the necessity of crossing, at Cairo, the 
River Nile, the level of which varies enormously 
with the time of the year. A complete solution of 
this problem was evolved, but as steamers specially 
designed for the transit of the Suez Canal were then 
beginning to be built in quantity, the new scheme 
was not proceeded with. The connection with the 





public works of Egypt thus commenced was main- 
—— by Sir Benjamin Baker to the day of his 
eath. 

Though his great abilities were widely recognised 
amongst engineers at home and abroad (Captain 
Eads, for instance, corresponded with him in con- 
nection with the famousSt. Louis Bridge), Mr. Baker's 
name first became faiiiliar to the general public on 
the transport of Cleopatra’s Needle to this country 
in 1878. The contractor for the transport of the 
obelisk was Mr. John Dixon, who, some years 
before the requisite funds were provided by the 
generosity of Sir Erasmus Wilson, had suggested the 
plan of conveying it to this country, which was 
ultimately adopted. This was to enclose the obelisk 
in a cylindrical iron vessel, and then roll the 
whole into the sea and tow it to London by means 
of tugs. The vessel in question was built at the 
Thames Iron Works, and measured 92 ft. in length 
by 13 ft. in diameter, its design being prepared by 
Mr. Dixon in conjunction with Mr. Baker. Several 
accidents were experienced in connection with the 
undertaking. In the first place, the skin of the 
vessel was pierced by a stone as it was rolled with 
its contents into the water; and when this was 
made good, and the Mediterranean safely traversed, 
a storm of exceptional severity led to its abandon- 
ment in the Bay of Biscay. Salved and carried 
into Ferrol, it ultimately reached the Thames, and 
the obelisk was then successfully placed on its 
pedestal. All the details of this operation were 
devised by Mr. Baker. The plan followed was 
to slide the obelisk to shore along a timber bed. 
Here it was fitted with an iron jacket 20ft. long. 
This jacket was provided with knife-edges, which 
were designed to rest on two box girders supported 
by a heavy timber framework. The column, main- 
tained throughout in a horizontal position, was 
jacked up step by step till its centre of gravity 
was above its permanent level. It was then allowed 
to swing on the knife-edges into the vertical, and 
lowered on to its pedestal, and the jacket removed. 
The whole operation was accomplished without a 
hitch, mainly owing to the careful manner in which 
its details had been elaborated. 

The inauguration of the great Forth Bridge 
undertaking in 1881 brought Mr. Baker still more 
prominently into the public eye. Designs for this 
structure had originally been got out by Sir Thomas 
Bouch ; but on the disastrous failure of the Tay 
Bridge, for which he was the responsible engineer, 
it was decided to call for fresh plans, and as a 
result the now familiar design was adopted. It is 

enerally recognised that this originated with Mr. 
Sin who had thus, after a delay of fourteen 
years, an opportunity of embodying in actual metal 
the conclusions he had arrived at, in 1867, as to the 
great advantages possessed by the type in question 
for the construction of long spans. The Act was 
applied for in 1881, and the carrying out of the 
work entrusted to Mr. Fowler and Mr. Baker, who 
were now in partnership. . 

For the next few years Mr. Baker practically 
lived on the works, and began in connection with 
them a series of most interesting experiments on 
the mechanical properties of structural steel, the 
results of which were partially embodied in the 
notable address he delivered as President of the 
Mechanical Science Section of the British Associa- 
tion in 1885. This address may almost be said to 
have worked a revolution in the methods common 
amongst British engineers in the matter of propor- 
tioning structural steel-work. The importance of 
‘‘ fatigue” had, of course, been known in a general 
way for years; but owing in part to the con- 
servatism of the Board of Trade, and in part 
to the fact that shallow and consequently re- 
latively heavy girders were the established fashion 
here, practice had been relatively little in- 
fluen by the experiments of Fairbairn and 
Wohler on the effects of repeated stresses. In 
America, on the other hand, and in Germany 
larger rivers had necessitated larger spans, and the 
difficulties of transport and exigencies of cost had 
made it necessary to save metal by the adoption of 
deep trusses, relatively light in comparison with 
the loads to be carried. As a consequence, the 
necessity of using a lower unit stress on bars 
subject to alternating strains had been early im- 
pressed on American engineers. — + ™. 

In the address in question, Sir Benjamin Baker 

inted out that a bridge which, at that date, would 
be by the British Board of Trade as safe 
would need to be strengthened in some parts no 
less than 60 per cent. to secure the approval of the 
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German Government or the leading American 
bridge engineers. 


Order of St. Michael and St. George at the opening 
of the Forth Bridge, his colleague, Sir John Fowler, 
being at the same time created a baronet. Sub- 
sequently to the successful completion of this 
gigantic and original work there were few im- 
portant undertakings, either here or in America, on 
which the opinion of the 
firm was not sought. 
Amongst these may be 
noted the Chignecto Ship 
Railway, for which com- 
plete plans were prepared, 
and the whole equipment 
(save the cars) designed 
and bought, when the 
failure of the contractor 
putan end to the project. 
All the earlier tube rail- 
ways had the benefit of 
their services. Sir Ben- 
jamin’s connection with 
the pioneer line has al- 
ready been noted, and he 
was joint engineer with 
Sir John Fowler for the 
Central London Railway, 
where the plan of locating 
stations on the summit of 
an incline, of which he 
had so early appreciated 
the advantages, was car- 
ried out still more tho- 
roughly than in the case 
of the City and South 
London Railway, with 
the result that a reason- 
ably high speed was for 
the first time secured on 
a Metropolitan line. He 
was also consulting engi- 
neer for the Baker-Street 
and Waterloo Railway. 
The exceedingly suc- 
cessful results obtained 
with the shield system of 
tunnel - driving through 
doubtful strata, as ex- 
emplified in the earlier 
tubes, led to its very 
general adoption, and 
when Messrs. Pearson 
undertook the contract 
for completing the Hud- 
son River Tunnel, Sir 
Benjamin Baker devised 
for this service a special 
form of shield fitted with 
diaphragms, dividing the 
whole up into compart- 
ments, each of which could 
at need be used in the 
same way as a diving-bell. 
In 1895 Sir Benjamin 
Baker was elected to the 
presidency of the Institu- 
tion of Civil Engineers, 
and delivered one of the 
best among the many 
excellent inaugural ad- 
dresses which have ap- 
peared in the Minutes of 
the Proceedings of that 
world-famed Society. His 
address touched on, in a 
most illuminating fashion, 
a vast variety of topics. 
Not the least interesting 
were the instances he 
brought forward of the 
fallacious forecasts made 
as to future events even 
by eminent engineers and 
Statesmen, Watt, for 


example, he noted, rested his claims to immortality | doubtedly the Assouan Dam. The proposal to erect 


on his parallel motion, now almost obsolete. Smea- 
ton condemned the crank and fly-wheel as inefficient 
and clumsy. Lord Brougham advocated a law re- 
s\ricting railway speeds to a maximum of 30 miles 
®: hour, arguing, like certain opponents of the 
motor-cars in the present day, that ‘‘ rapid motion 


must be dangerous,” apart from the conditions in | 
In another portion of his. 


Which it is effected, 


address he effectively turned the tables on the 


| superior person whose artistic tastes are offended | 
Sir Benjamin Baker was made a Knight of the 


by the work of the engineer, pointing out that in 
most cases the criticism has been based mainly on 
ignorance, and warning his hearers to refrain from 
the attempt to conciliate such critics by departing 
from the lines of simple and logical construction. 
The greatest work with which Sir Benjamin 


Baker has been associated in recent years is un- 





From a Photograph by Thomas Fall, reproduced, by permission, from 
the Proceedings of the Institution of Civil Engineers, 


relatively recent Temples of Phile. The Egyptian 
Government accordingly sought the advice and 
assistance of an International Commission, consist- 
ing of a French, an Italian, and an English engi- 
neer. Sir Benjamin Baker was the English repre- 
sentative on this Commission, and he and his 
Italian ae agreed substantially with the sug- 
gestions of Mr. Willcocks, but the French repre- 


sentative expressed himself strongly op to 
the scheme. or its 
safety and _ efficiency, 


however, Sir Benjamin 
Baker took the complete 


responsibility, and with 
full success —a success 
which was ised by 
his being created a K.0.B. 


on the completion of the 
structure. He was also 
honoured by the Khedive 
on that occasion. 

Almost the last work of 
his busy life had reference 
to a further extension 
of the usefulness of this 
great undertaking, and 
after much study, whilst 
maintaining the present 
reputation of the struc- 
ture as the strongest 
mae dam in the world, 

ir Benjamin Baker de- 
veloped a system of rein- 
forcements and additions 
which will practically 
enable the capacity of the 
reservoir to be doubled. 
This design has been 
adopted by the Egyptian 
Government. 

In the wish to avoid, if 
possible, the further sub- 
mersion of the Philz 
Temples by the raising of 
the dam, Sir Benjamin 
personally examined the 
whole valley of the Nile 
between Assouan and 
Khartoum, but in vain. 
The Soudan authorities, 
however, took advantage 
of his presence on the 
Upper Nile to consult 
him in connection with 
the proposed construction 
of a bridge to carry the 
existing railway across 
the Blue Nile into Khar- 
toum. The Egyptian 
Public Works Depart- 
ment also discussed with 
him the construction of a 
bridge across the Nile at 
Boulac(the port of Cairo). 
The river here is 900 ft. 
wide and very deep. At 
high Nile the depth of 
the main channel is about 
80 ft., and the river-bed 
consists of an unknown 
thickness of fine sand 
gradually merging into 
gravel. The matter is 
further complicated by 
the fact that the position 
of this channel is con- 
stantly varying. Almost 
the last act of Sir Ben- 











a dam at this site, which originated in the sound 


judgment of Mr. (now Sir William) Willcocks, met 
The plan proposed 
of running the whole discharge of the river, during 
low Nile, through under-sluices, was new ; whilst 
archeologists, with some reason, and tourists with 
none, save self-gratification, were alarmed at the in- 


with the strongest opposition. 


jamin Baker was to sign 
the preliminary plans for 


this important under- 
taking. Deep founda- 
tions were, indeed, a 


speciality with him, and 

his services were often 

sought, not only here, but 
abroad, when it was necessary to put in foundations 
at unusual depths. : 

Sir Benjamin was joint engineer with Sir John 
Wolfe Barry for the Avonmouth Docks, and 
he was engineer for the Walney Bridge of the 
Barrow-in-Furness Railway, which is 1100 ft. 
between abutments, and has an electrically-ope- 
rated opening span on the Scherzer principle. 


jury which the structure propused would occasion the When Sir William Shelford died he was appointed 
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by the Crown Agents consulting engineer, in con- 
junction with Mr. Frederick Shelford, for the West 
African Railways. He was also consulting engi- 
neer to the Public Works Department of Cape 
Colony, and had for many years been responsible 
for all the metallic bridges erected in that colony. 

Sir Benjamin Baker was not a man to ask others 
to accept risks which he did not care to take him- 
self, and when called in on the disastrous collapse 
of the Charing Cross Station roof he personally 
examined the structure, though there was a possi- 
bility that a further fall might occur at any moment. 
It was on his advice that the railway company 
decided to replace the entire roof with the one 
designed on different lines, which is now nearly 
completed. 

In conjunction with Mr. F. Stileman, ho was, at 
the time of his death, engaged on the very difficult 
operation of widening from 80 ft. to 100 ft. the 
Buccleugh Dock entrance at Barrow, including the 
replacement of the existing swing-bridge with one 
on the roller-lift principle. The physical obstacles 
in this case are enhanced by the necessity of 
avoiding all interference with the road, rail, and 
dock traffic, but it was just problems of this nature 
that Sir Benjamin was peculiarly fitted to solve. 
With Mr. James Otway as his colleague, he was 
engineer to the Rosslare and Waterford Railway, 
opening up the new route to the South of Ireland. 
Included in his section were two extensive viaducts 
over the Suirand the Barrow, in the latter of which 
the foundations had to be carried 100 ft. below low 
water. 

Throughout his career Sir Benjamin Baker took 
a keen interest in the scientific societies associated 
with his profession. He was elected an Associate 
of the Institution of Civil Engineers in December, 
1867, and was transferred to the class of members 
in May, 1877. In 1882 he was elected a Member 
of Council, and became Vice-President in 1891 
and President in 1895. In 1890 he was elected 
a Fellow of the Royal Society, and at the time 
of his death was a Vice-President of that body. 
In 1890, also, he became a member of the Insti- 
tution of Mechanical Engineers, and served for 
many years as a Member of Council, being 
still in office at the time of his decease. He 
also took, up to the last, a very active interest 
in the affairs of the Royal Institution. Of the 
American Society of Civil Engineers, the American 
Society of Mechanical Engineers, and the Canadian 
Society of Engineers he was, in each case, elected 
an honorary member, and honorary degrees were 
conferred upon him by the Universities of Cam- 
bridge and Edinburgh. 

We have already alluded to his presidential 
addresses to the Mechanical Science Section of 
the British Association and to the Institution of 
Civil Engineers. To the Proceedings of the latter 
body he contributed an important paper on the 
River Nile, shortly after his first visit to Egypt. 
He particularly shone, however, in his too in- 
frequent contributions to the discussions of that 
Institution. He never spoke without making a 
valuable and illuminating contribution to the sub- 
ject of debate, and never wasted the time and 
exhausted the patience of the members when the 
subject under discussion was one of the few on 
which he did not possess special knowledge. 

He was appointed to succeed Mr. Barlow on the 
Ordnance Committee, and at the time of his death 
was the senior civil member of this body. He was 
an early advocate of the adoption of standard speci- 
fications for articles in common requirement, calling 
attention to the matter in his presidential address 
already referred to. It was natural, therefore, that 
he should be an original member of the Engineer- 
ing Standards Committee when that body was 
formed. He was not only a member of the Main 
Committee, but also of the Finance Committee ; 
nnd was chairman of the Sectional Committee on 
Bridges and Building Constiuction. The valuable 
specification for structural steel ultimately issued 
by the last-named Committee owed much directly 
to him. 

Sir Benjamin Baker’s abilities were in constant 
request by the authorities, both municipal and 
national. As an arbitrator, he had to deal with a 
great number of most important and difficult ques- 
tions, and the thoroughness with which he investi- 
gated details, his conspicuous fairness, and his 
sound common-sense caused his decisions to be 
received with respect, even by those who’ were not 
benefited by his awards.. He formed one of the 


eommittee appointed to inquire into the question 


of vibration on the route of the Central London 
line. Again, he was a member of the committee 
which reported on the injury to the Greenwich 
Observatory arising from the ill-considered County 
Council tramway generating station, and his influ- 
ence is clearly shown in the straightforward and 
businesslike recommendations of that committee. 
The Bridge House Committee of the City of London 
Corporation sought his advice on the widening of 
the Blackfriars Bridge, and had asked him shortly 
before his death to act as their engineer in report- 
ing on the proposal for the improvement of the 
Southwark Bridge. In much of his work during 
recent years he had as his partner Mr. Arthur C. 
Hurtzig, who is the nephew of the late Mr. 
J. D. Baldry, who became a partner of Sir John 
Fowler at the same time as Sir Benjamin Baker. 
In connection with the City and South London 
Railway, the widening of Blackfriars Bridge, and 
some other projects, Sir Benjamin had as _ his 
partners Mr. Basil Mott and Mr. David Hay. 

Sir Benjamin Baker professed himself as a dis- 
believer in the ‘‘great” man theory, and held 
strongly that progress in engineering was in the 
main due to a general advancement of knowledge, 
and owed relatively little to the individual. He 
himself constituted, however, a standing argument 
to the contrary, and his loss leaves a gap that will 
not be readily filled in the ranks of the great 
engineers to whom civilisation is so deeply in- 
debted. By those who knew him intimately he 
will always be remembered as a true friend, and as 
a large-hearted man delighting to do kind actions 
in the most unostentatious way. 

Sir Benjamin never married, but lived with his 
sister, Mrs. Kemp, and her daughter, to both of 
whom he was devotedly attached, at his residence, 
Bowden Green, Pangbourne, where—an ardent 
admirer of the beauties of Nature—he delighted to 
retire to the quiet of the country. 

Sir Benjamin Baker's funeral took place on Wed- 
nesday last, the 22nd inst., when he was buried at 
Idbury, asmall village in the Cotswolds, memorial 
services—which were largely attended by leading 
members of the profession—being held on the same 
day at St. Margaret’s, Westminster, and at the 
parish church, Pangbourne. 








NOTES. 
Tae Iron Ore Deposits at KtRUNAVAARA AND 
LUOSSAVAARA. 

Dovsts have from time to time been expressed 
as to the accuracy of the existing calculations as 
to the aggregate quantities of iron ore at the 
Kirunavaara and Luossavaara deposits, some un- 
certainty prevailing as to extent, slopes, and depth. 
In view of the purchase of the deposits by the 
Swedish Government, now decided upon, the 
Government commissioned an able and unbiassed 
expert to draw up a report on the subject. 
This report contains a separate estimate of the 
ore deposits within the areas which are the ex- 
clusive property of the company, and where the 
State, consequently, has no ground right, and it 
also deals with the effect of the sloping of the 
ore deposits upon the ownership. Doubts had on 
a previous occasion arisen as to the claims of the 
company covering the ore deposits at a greater 
depth, with the result that certain rights of the 
company have been questioned in some quarters. 
A previous Government proposal was based upon 
the calculation that the Kiruna deposits above the 
level of the Luossajiirvi (Luossa Lake) should 
amount to 265,000,000 tons, and under the level of 
the lake to 1000 ft. depth to 510,000,000 tons, 


making an aggregate of 775,000,000 tons. The | 


Luossavaara deposits were calculated to contain 
18,000,000 tons of iron ore. This calculation was 
criticised with a view of materially reducing the 
quantity. The Government report states that, 
leaving out of consideration the findings covered 
with earth north and south of the ore mountain, 


the absolutely known ore area on the surface of | remembered 
‘organic salts, the oxalate, ¢.g., is not free from 
carbon, and, further, that Coehn 
ago thought he had 
pass into solution and form ions. 


Kirunavaara amounts to about 286,000 square 
metres, to which must be added a large area 
partly examined through diamond-boring. Within 
the proper deposits there is no granite; it is all 
ore. 
gravity of the ore at 4.5, would mean a quantity 
of 1,287,000 tons, which quantity somewhat de- 





very metre depth, taking the specific | firmation of those ex 
not been given. 
point in this connection. 


as can be observed in their upper portion, the 
quantity of ore within the area, which really 
belongs to the company, may be put at some 
480,000,000 tons, of which about 200,000,000 tons 
are above the water-level of the Luossajiirvi. The 
bottom of the ore within this area is on an average 
200 metres beneath the water-level of this lake, 
and in only three instances it has been calculated 
to extend to a depth of more than 300 metres. 
There is, however, reason to believe, from various 
causes, that the ore extends to a very considerable 
depth, and that large quantities of ore may be 
found beneath the levels just mentioned. It has 
not been found possible to calculate the quantities 
of such deep deposits until the mining has been 
carried to a greater depth. The visible Luossa- 
vaara ore deposits above the level of Luossajirvi 
Lake are estimated at 22,000,000 tons. 


VisisLtE MIGRATION OF PARTICLES BETWEEN 
ELECTRODES. 


The observation that small solid or liquid par- 
ticles suspended in electrolytes will move towards 
the cathode or anode—that is, with or against the 
current—under the influence of an external electro- 
motive force is, of course, not new. These move- 
ments have been much studied of late in connection 
with colloidal phenomena. Yet Mr. Carl Hering 
pointed to some novel features when presenting his 
observations on the visible migration of particles 
between electrodes to the American Electrochemical 
Society at theic winter meeting in New York. 
Together with Dr. E. Northrop, Mr. Hering has 
been studying the Brownian movements—the per- 
sistent apparently perpetual movements of any 
small suspended particles. He placed such suspen- 
sions between two gold electrodes, put a cover glass 
over the little cell, and watched the phenomena 
under the microscope. Most of the small bodies 
will travel with the current, some against it; in 
milk a double convection in the two opposite 
directions is noticed. As soon as the current 
is reversed the movement is also reversed, as 
if the particles had no inertia, or as if the 
impelling forces were, at any rate, much more 
powerful than their inertia. The speeds increased 
with the potential difference applied, and some- 
times the particles almost raced across the field. 
In certain cases the movements were so regular 
that*they might be utilised for sensitive electric 
measurements. Similar particles repel one another 
in these migrations ; they do not coalesce when 
coming close to one another, but they bend off as if 
they were surrounded by some invisible elastic 
envelope, or as if they obeyed some repellent force. 
Yet the particles clustered together, some around 
the anode, the others round the cathode, and 
all marched off together, like soldiers, when the 
current was reversed. Mr. Hering does not give 
particulars as to his materials. He observed these 
movements in insulators as well as in electrolytes, 
and he considers for this reason that the pheno- 
mena cannot be explained as electrolytic osmosis. 
But Quincke has shown, years ago, that this explana- 
tion generally meets the conditions, and the attrac- 
tions and repulsions between electrically-charged 
particles would sufficiently account for some of the 
phenomena. Mr. Hering further points out, how- 
ever, that these movements may explain certain 
impurities of electrolytic deposits. For instance, 
electrolytic iron is not free from carbon when the 
steel anode contains carbon, although we do not 
assume that the carbon is dissolved at the anode 
and deposited at the cathode. What takes place, 
Mr. Hering suggests, is that the suspended particles 
of carbon, liberated when the anode is dissolved, 
find their way to the cathode. That sounds 
feasible. Oxidations at the cathode need not, how- 
ever, be due to such causes as he proposes, but 
may equally well, at least, be the result of local 


/action ; caustic potash, for instance, is produced 
|at the cathode by the interaction between potas- 
sium and _ water. 


As regards iron, it will be 
that the iron deposited from 
some years 
roved that carbon can 
Further con- 
riments of Coehn’s has 
But there is another interesting 
It is well known that 


creases downwards, so that, at the level of the certain colloids—gum, gelatin, &c.—improve the 
sea, it might be put at 1,170,000 tons. Provided | appearance of galvanic deposits. So far as electro- 


the deposits, which there is every reason to be-| lytic ery is concerned, E. Miiller and Bahntje 





lieve, extend downwards with the same slope | proved 





t year that the gelatin actually travelled 
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and was deposited with the copper. Recently a 
German patent has been granted which suggests 
the addition of colloids to electrolytic baths, not 
only for the improvement of the deposits on the 
generally accepted views, but with the definite 
stipulation that the particles must travel to the 
cathode. Ifa crystal or wart should form on the 
cathode and threaten to make the surface uneven, 
the minute colloid particles would cluster round 
that excrescence, forming a diaphragm round it, 
which would increase the resistance so that the cur- 
rent intensity is diminished at that spot, and the 
danger of the unevenness becoming more accen- 
tuated thus averted. Thus an old, often-proposed 
improvement appears under a new garb. 








INDUSTRIAL NOTES. 

Tue Labour Department’s memorandum on the state 
of the labour market is now based on more extensive 
figures than formerly, as shown in the following :— 

In addition to the 2704 employment returns from 
trade unions used for the chart, 3880 were received 
from employers relating to 1,124,511 workpeople 
employed in coal and iron mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6584 statistical 
returns, a large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources. 

According to these returns, employment on the whole 
continued good. There was a general improvement 
in the metal, engineering, shipbuilding, and textile 
trades, and a seasonal improvement in the building 
and clothing trades, In the printing and bookbinding 
trades there was a slight decline. As compared with 
a year ago, most of the principal industries showed an 
improvement. The changes in rates of wages reported 
in April resulted in a net weekly rise of over 12,0001. 

The 273 trade unions making returns had an aggre- 
gate membership of 619,591, of whom 20,310, or 3.3 
per cent., were reported as en as compared 
with 3.6 per cent. at the end of March and 3.7 per 
cent. at the end of April, 1906. The chart-line of 
uaemployment was at a lower level than last year, or 
the last ten years, at date. 





Employment in the building trades, though still 
dull, showed a seasonal improvement, and was better 
than a year ago. Returns from firms employing 
59,148 workpeople showed an increase in the number 
employed of 2.4 per cent. as compared with the pre- 
vious month. 

In the coal-mining industry es remained 
very good. The average number of days worked per 
week at the pits during the four weeks was 5.17, 
compared with 5.08 a year ago. These averages are 
affected by holidays. 

Employment in iron-mining was good, and showed 
little change generally compared with a month ago 
and a year ago. 

The pig-iron industry continued very good. Re- 
turns relating to the works of 108 iron-masters, em- 
ploying over 25,000 workpeople, showed 349 furnaces 
in blast at the end of the month, as compared with 
350 in March, and 341 a year ago. 

Rengtennose at iron and steel works continued 
very brisk, and was better than a month ago and a 
year ago. The volume of employment (i.e., numbers 
employed multiplied by the number of shifts worked) 
at the 201 works from which returns were received, 
was (0.7 per cent. greater than a month ago, and 5.5 
per cent. greater than a year ago. 

In tin-plate and steel sheet manufacture employ- 
ment continued good, and was much better than a 
year ago. The number of sheet-mills showed a decline 
as compared with March, due to a stoppage caused by 
adispute. At the works covered by the returns 437 
tin-plate and sheet mills were working, as compared 
with 443 a month ago and 394 a year ago. 

_ The engineering trades continued good and showed 
little change as compared with either a month ago or a 
year ago. In several districts it was reported that 
overtime was being worked. The percentage of trade- 
union members unemployed was 2.8, as compared with 
29a month ago and 2.7 a year ago. 

In the shipbuilding trades employment was fair, 
an better than in March, but was not so asa 
year ago. Trade unions with 58,609 members had 
6.6 per cent. unemployed, as compared with 7.1 per 
cent. in March, and 5.1 per cent. in April, 1906. 





Employment in the cotton trade continued very 
good, and was better than a year Returns from 
firms employing 135,161 workpeople showed am in- 
crease of 13 per cent. in the amount of wages paid 
compared with a month ago, and of 4.9 per cent. com- 
pared with a year ago. 

The woollen trades were busy—better than a month 
ago and a year ago. Returns from firms employing 
%,170 workpeople showed an increase of 1.2 per cent. 





in the amount of wages paid compared with a month 
ago, and of 3.4 per cent. compared with a year ago. 

In the worsted trade employment was good—better 
than a month ago and a year ago. Returns from firms 
employing 47,074 workpeople showed an increase of 
1.8 per cent. in the amount of wages paid compared 
with a month ago, and of 6.4 per cent. compared with 
a year ago. 

Employment in the flax (linen) trade was good— 
better than a month ago and a year ago. Returns 
from firms employing 46,116 workpeople showed an 
increase of 0.5 per cent. in the amount of wages com- 
pared with a month ago, and of 8 per cent. compared 
with a year ago. The comparison with a year ago is 
affected to some extent by a recent advance in the 
rates of wages. 

In the jute trade employment continued good, and 
was better than a month and a = ago. Returns 
from firms employing 18,096 workpeople showed an 
increase of 1.6 per cent. in the amount of wages paid 
compared with a month ago, and of 5.2 per cent. com- 
pared with a year ago. The comparison with a year 
ago is affected to some extent by a recent advance in 
the rates of wages. 

The silk trade was good on the whole, and showed an 
improvement as compared with both a month ago and 


a yearago. Returns from firms employing 10,074 work- 
people showed an increase of 2.5 per cent. in the amount 
of wages paid as compared with March, and an increase 


of 7.3 per cent. as compared with a year ago. 





Farm labourers were generally in regular employ- 
ment, but in most districts day labourers lost a little 
time on account of rain. 

In dock and riverside labour employment was, on the 
whole, moderate, but rather worse than a month ago. 
It was about the same as in April, 1906. The average 
daily number of labourers employed at the docks and 
principal wharves in London was 12,971—a decrease 
of 1.1 per cent. compared with a month ago, but an 
increase of 1.8 per cent. compared with a year ago. 





Thirty-nine new labour disputes began in the month, 
as compared with 32 in March, and 30 ia April, 1906. 
The total number of workpeople affected by disputes 
which began or were in progress during the month 
was 15,586, or 3409 more than in March, 1907, and 
2874 more than in April, 1906. The aggregate dura- 
tion of all the disputes of the month, new and old, 
amounted to 148,500 working days, or 43,100 more 
than in March, 1907, and 20,000 more than in 
April, 1906. Definite results were reported in the 
cage of 32 disputes, new and old, directly affectin 
3874 persons. Of these 32 disputes, 12 were decid 
in favour of the workpeople, nine in favour of the em- 
ployers, and 11 were compromised. 





The changes in rates of wages reported affected 
221,800 workpeople, of whom 211,700 received ad- 
vances, and 10,100 sustained decreases. The number 
whose wages were increased included 150,500 coal- 
miners in England and Scotland, 7500 ironstone 
miners in Cleveland, 11,000 blast-furnacemen in various 
parts of England, and 23,000 engineers in Liverpool, 
Manchester, and Birmingham. The total computed 
effect of all the ae reported was an advance of 
over 12,000/. per week. 





The May number of the American Federationist is 
largely devoted to the question of international peace. 
It is called a ‘‘ symposium by trade union officials ” in 
the shape of replies on the questions before them, of 
seventeen leading unionists inthe United States. The 
question of employers’ liability is dealt with in an 
editmial article, in which the Act of last Congress is 
commended. 





The report of the Amalgamated Society of Car- 
penters and Joiners shows that the membership stood 
at 67,123. Of these, 2496 were on unemployed benefit, 
1577 on sick benefit, and 1753 on superannuation 
benefit. This makes a total of 5826 on the funds. 
Two disputes were recorded in the month—one in Lan- 
cashire and one in Scotland ; these were satisfactorily 
settled in favour of the men by mutual negotiation. 
There are, however, twelve places in which disputes 
exist in one or more shops ; nine of these are in Eng- 
land and three in Wales. There was a decrease in the 
balance in hand on the last quarter of 8701/. 4s. 3d., 
but this is explained by the fact that the first quarter 
of the year is the heaviest in expenditure, as a variety 
of payments fall due which do not come into account 
in the other three quarters of the year. An account 
of the candidature of Mr. W. Walker, at Belfast, is 
given, with the facts relating to his two previous 
candidatures in the same constituency in a period of 
about three years. As he is the society’s nominee, 
part of the expenses falls upon the union. The last 
contest was the most discouraging of all, for the 
majority against him increased from 291 in 1906 to 
1827 in 1907. The position seems to be hopeless for 
a Labour candidate, certainly for Mr. Walker. Trouble 
seems to be brewing over this question of Labour 





representation, to judge by the resolutions of some 
of the London branches. The proposal is to strike 
out the name of a London Labour candidate selected 
from the list, as he is all to have ‘‘run with a 
Progréssive-Capitalist candidate at the London County 
Council election.” 


The report of the Operative Cotton-Spinners indi- 
cates continued prosperity in this branch of the cotton 
trades. The united 1 membership of the association 
was, at date, 16,466, being a decrease of 22 in the 

revious month, but an increase of 105 on the b 

is refers to all grades. The full membership at 
date was 7842, showing an increase of 22 on the 
month, and of 604 on the year. These figures are 
exclusive of 36 hono' members, 11 of whom pay for 
deferred benefits only. The decrease in the aggregate 
membership was in the piecers’ grade. The secretary 
"sages out that less than one-half of those employed 

yy members are not members of the Piecers’ Associa- 
tion. Attention is called to this, as the matter is of 
importance to the whole trade, from the union’s point 
of view. The weekly average number of unemployed 
full members on the funds was 2.05 per cent.—about 
the same as last month. Those on the funds through 
accidents or temporary stoppages brought the propor- 
tion up to 4.61 per cent.; in the previous month, 4 83 
per cent., and in the same month a year ago, 4.58 per 
cent. These figures show continuous prosperity in 
Lancashire. The officials of the association had to deal 
with 33 dispute cases in the month ; in the previous 
morth, 27; in the same month a year ago, 30. 
These were settled without stoppage of work. There 
were 39 accident cases in the month, 47 in the 

revious month, and 57 a year ago. Two cases only 

ad to be sent to the specialist of the association to 
be dealt with. There were 29 compensation claims 
sent to the employers; in the previous month, 32; a 
year ago, 21. The total claims sent to employers since 
the Act came in force were 1724, being at the rate of 
10.4 per cent. of the united membership of the associa- 
tion. Nearly all these cases were settled without 
litigation—by mutual agreement. The financial opera- 
tions of the union in the month left a balance to the 
good of 812. 14s, 2d. to be added to the general fund. 


The report of the Boilermakers and Iron Ship- 
builders is not an unfavourable one on the whole, but it 
does not indicate any great activity, taking the aggre- 
gate membership. There was a net increase of 199 in 
the month, after allowing for deaths and exclusions. 
The total number on the funds was 6807, previous month 
7329—decrease, 522. There was a reduction in the 
number of members on home donation from 2931 to 
2588; of sick members, from 2257 to 2055; and on 
superannuation, from 1549 to 1510. There was also a 
slight reduction of other unemployed members. The 
total membership of the society at the end of the 
quarter was 52,123. The total balance to the good 
was 305,401/. 9s. 7d.; at the end of the December 

uarter it was 318,964/. 1ls. 1d.—decrease in the first 
three months of this year, 11,5027. lls. 6d. A ver 
large proportion of the general fund of 243,612/. 4s. 2d. 
is invested in good solid stock—trustee securities— 
and the sum of 61,789/. 5s. 5d. is similarly invested for 
the superannuation fund purposes, Notice is given 
that the question of the finances of the union is to be 
overhauled, A pamphlet on the subject is being pre- 
pared to be submitted to the delegate assembly, and, 
if they agree, to the whole of the members. The com- 
plaint is made in the report that ‘‘ work is fairly good, 
yet the funds go or constantly decreasing, and the 
position now to be considered is, either to cut down 
expenses by a decrease of benefits, &c. , or to increase our 
income by greater contributions.” There is no hint 
in the report as to the voting upon the engineer- 
ing agreement. Notice is given that information has 
been lodged of ‘‘ men being induced to leave home for 
Australia, the object, no doubt, being to flood the 
labour market with out-of-works, and thus bring about 
a reduction in labour conditions.”’ 





The biggest cloud upon labour’s horizon at the 
present time is the dispute between the Amalga- 
mated Society of Railway Servauts and the great 
railway companies. For a long time there has been 
a manifesto in the hands of the officials of the 
companies, in which are set forth the proposals of 
the union in the shape of demands as to wages, hours 
of labour, overtime, and other conditions of labour 
which the council of the Society adopted. These were 
approved by a conference of delegates, and recently by 
a@ monster meeting in Hyde Park and numerous —_ 
meetings in the provinces. The programme of the 
union is an extensive one, involving, it is said, a 
very large increase of expenditure, direct and in- 
direct. The men’s representatives deny that the 
increase will be go large as estimated, but hold that 
the conditions expressed in the programme ought 
to be conceded to the men. It is a grave issue not 
only for the two parties to the diszute, but to the 
whole traffic of the kingdom, passenger and goods, 
and, if it should result in a stoppege, will be grave 
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for the whole nation. The union’s chief official denies 
that there is a danger of a strike; but if it is to be 
averted, great concessions will have to be made on 
both sides. It is fortunate for all that negotiations 
have not ended. The decisions of the men have been 
given in reply to those of the companies, and then 
will come, at least so it is hoped, further negotiations 
before any a ive action is taken by the men to 
enforce their » ahem ata 





The National Federation of Miners and the two 
Miners’ Associations of Durham and Northumberland 
have found a common basis of action, after negotia- 
tions and conferences, in an attempt to rearrange 
the dates which form the basis of wages regulation at 

resent in force. The Federation scale is based on 

888, that of the two Northern counties on 1897, in 

both of which years the rates of wages ruled low. It 
is now pro that a general scale shall be fixed, 
which will be 30 per cent. above those dates, which 
scale shall be the minimum rate in force for a time. 
The change, for the present, will only affect the two 
Northern counties, as the Federation has a time- 
limit. 





There is every indication of increasing activity in 
the iron and steel trades. Pig iron is scarce and 
dearer, and the prices of finished iron and steel are 
tending upwards, constant supplies are needed in the 
iron and steel-using industries at home, besides those 
— for over-sea purposes, and competition is not 

een. 





Seven brass-moulders at Barrow were summoned for 
breach of contract. The case arose out of the recent 
strike against the bonus system. It was stated that 
the men had signed an orn for three years’ work 
at a stipulated wage of 39s. 6d. per week on the bonus 
basis. All except one, who had returned to work, 
were fined 2/. and costs. As the men agreed to return 
to work, the firm agreed not to enforce penalties, 





Licut Rartways Act, 1896.—The Board of Trade 
have recently confirmed the under-mentioned Orders 
made by the Light Railway Commissioners :—(1) Kirkby 

lzeard Light Railway Order, 1907, authorising the 
construction of a light railway in the West Riding of the 
county of bly ® from Sharrow to Kirkby Malzeard. 
(2) Dudley and District Light Railways (Amendment) 
Order, 1907, amending the Dudley and District Light 
Railways Order, 1898, and the Dudley and District Light 
Railways (Extensions) Order, 1900. 





Breician Coat Imports.—The imports of coal into 
Belgium in March were 479,709 tons, as compared with 
402,897 tons in March, 1906. The aggregate imports for the 
first three months of this year were 1,296, 488 tons, as com- 
pared with 1,300,225 tons in the first quarter of 1906. In 
these totals the imports of German coal figured for 678,569 
tons and 674,518 tons respectively ; the imports of French 
coal for 160,237 tons and 250,645 tons respectively ; and 
the imports of British coal for 443,280 tons and 351,400 
tons respectively. 





LINCOLNSHIRE METALLURGICAL INDUSTRY —Some 50 
years have now elapsed since iron ore began to be worked 
in North Lincolnshire. The progress made with the 
utilisation of the great mineral wealth of the district ha3, 
upon the whole, been slow, but it appears now to be 
greatly accelerated. Three new ironstone fields are now 
being worked—the first by the Yorkshire Coal and Iron 
Company, the second by the Midland Iron Company, 
and the third by Lysacht’s. The last-named company 
has leased the Bagmoor field. The development of the 
district will be materially assisted by a new railway, 
which been constructed under the style and title of 
the North Lindsey i Railway. The line extends 
from Frodingham to Winteringham Haven, on the south 
shore of the Humber, and some six miles to the easd of 
Trent Falls, The line traverses the whole of the iron- 
stone deposits now being worked to the north of Frod- 
ingham, and as there is reason to believe that these de- 
posits extend right up to the warp lands, which mark the 
old bed of the Humber, it is difficult to fully estimate 
the services which will ultimately be rendered by the 
new link. The line is now completed to Winteringham ; 
it will be opened in a few days, and it will be worked by 
the Great Central Railway, into which it is not improbable 
it will ultimately be m . The length of the line is 
only 9} miles; but this does not affect its commercial 
value, which arises from the mineral richness of the 
country through which it runs. It commences with a 
junction of the Great Central system at Frodingham, and 
from that place it through the ironstone fields by 
wey of Bagmoor, Thealby, Winterton, and West Halton 
to Winteringham. From Winteringham the line is to be 


carried east and west to South Ferriby and Barton, as| Materials has 


well as to Whitton, some three miles further inland. The 
last-named extension has been first undertaken; there 
aré no serious engineering difficulties, and the extension 
is expected to be completed in the autumn. The extension 
to Barton, which will connect the new undertaking with 
the existing Great Central line to New Hol and 


Grimaby, will be proceeded with in the closing months of 
this year, 








“THE EFFICIENCY OF STEAM-BOILER 
PLANT.” 


To THe Eprror or ENGINEERING. 


Sir,—Like Mr. Dales, in your current issue, I must 
thank him for giving me an opportunity of removing a 
wrong impression he unfortunately, again entertained 
of the Wilkinson feed-water heater, and I wish, for the 
benefit of your readers, to say that the characteristics I 
have claimed for it, and which he questions, have been 
established in practice beyond the possibility of doubt. 

Steam Temperature Feed-Water.—Mr. Dales questions 
the accuracy of my statement that steam temperature 
feed-water is obtained, and writes about scientific accu- 
racy and corrections of thermometers necessary to ascer- 
tain the correct temperatures recorded. It is quite the 
correct thing to do so when necessary. Inthe Wilkinson 
heater, however, the method of registration is indisput- 
able, and corrections to establish scientific accuracy are 
unnecessary. For example, I take a thermometer and pass 
it down to the temperature-testing tank of the Wilkin- 
son heater in a boiler, the steam-pressure of which is 160 Ib. 
The mercury rises, and when it has attained its {maxi- 
mum I put a fine red line across the glass. Thus the red 
line is an index of the temperature of the steam in the 
boiler, as there is no water passing through the heater, 
and the bulb and column of mercury are subject only to 
the influence of the steam. The temperature, I find, is 

istered as 363 deg. Fahr. 
now open the feed-water valve, and supply water 
through the heater at the rate of, say, 20,000 Ib. per 
hour, if it is of the standard size and pattern for this duty. 
Water is now flowing into the testing-tank of the heater, 
and the bulb of the thermometer inaiagianshy surrounded 
by the feed-water, and no steam can get near it. 

What is the result? The column of mercury is 
unaffected, and the same temperature still recorded—i.e., 
the red line temperature. 

I now increase the feed-water to 30,000 lb. per hour, 
10,000 lb. in excess of the capacity of the heater; the 
result is a lowering of the registered temperature by about 
10 deg. Fabr. I — the feed, and again the mercury 
runs up to the red line—363 deg. Fahr. steam tempera- 
ture. Again I feed at the rate of 20,000 lb. per hour, and 
the red-line temperature is again maintained, and the 
mae of mercury is not affected, except by excessive 

ing. 

Now, what is that temperature which is being regis- 
tered when supplying at normal feed ? 

It is, undouodtedly, the temperature of the feed water, and 
the claim that water is being delivered to the boilers at 
temperature of steam is established. 

If necessary, I could make good this claim in other ways, 
by recording the elaborate and special experiments which 
have been carried out to prove this point. 

Cold Zones.—I think Mr. Dales, by his silence, con- 
cedes the claim made good in my last letter—viz., that 
the cold zone which he imagined around the heater does 
not exist; but he now falls k on the pipe connection. 
All that I can say on this point is, that the cooling effect 
of a 2-in. or 2.5-in. pipe a few feet long, charged with 
cold water, at the front end of a boiler, where the heater 
is generally fixed, is not much to found an objection 
upon, and is not likely to disturb the efficiency of the 
system, even if water at 43 deg. Fahr. is being supplied ; 
and as I pointed out in my previous letter, whatever the 
effect may be on the steam in juxtaposition thereto, it is 
absolutely nothing compared to the deleterious effect 
caused by delivery of cold water to the boiler, or even 
water at 100 deg. Fahr. below steam temperature. 

Characteristics. —The characteristics of Wilkinson’s 
system are indisputable, and some of them I may sum- 
marise as follows :— 

(a) Water is delivered actually at steam temperature. 

(b) There is no cold zone around the heater. 

(c) The whole heating surface of the boiler is brought 
up to ebullition temperature, and it follows that 

(d) The efficiency of the boiler in evaporation is at a 
maximum, use 

(e) At ebullition temperature water will absorb twice 
the number of heat units than at temperatures below 
that point, as shown by the experiments of the late Sir 
W. Anderson. 

(f) Boilers fitted with these heaters will therefore 
evaporate far more water, under equal conditions, than 
by any other heater on the market. 

(g) The above advantages show that the best place for 
a feed-water heater is inside the boiler. 

These are claims I am able to establish against all 
comers, justas I am establishing its high qualities and 
efficiency commercially. 

I think I have already trespassed too much on your 
valuable space, but I, of course, cannot allow any dis- 
putants unchallenged to question the merits of Wilkin- 
son’s feed-water heater. 

I am, yours faithfully, 
Jno. I. HALL. 

1, Durlston-road, Kingston-on-Thames, May 22, 1907. 





anes —_ . ye FOR cag Aig ag or 
- official report of the ings of the fourt' 
congress of the Se ocialicas aati for Testing 

a now been published. This Congress was 
held last year at Brussels, the meetings being held in the 
Palais des Académies, from September 3 to 8. It is not 
necessary here to review the work of this Congreas, as it 
was fully reported in our last volume (see ENGINEERING, 
vol. Ixxxii , pages 565, 637, and 654). Among the matters 
to which the devoted most attention were, 
perhaps, the question of impact tests for notched bars, 
welds and welding, Brinel] tests for hardness, &c, 








MISCELLANEA. 


Tue Zeitschrift fiir die Gesamte Wasserwirtschaft, which 
is now in its second year, deals with water in all its 
economical and technical aspects, and discusses, of 
course, legal questions as well. We thus find articles on 

und-water, the water supply of Swakopmund, the 
uture of mill-races, canalisation, and inland shipping, 
the protection of fishing in water-power plants, turbines 
in Lombardy, big reservoirs, irrigation in Mesopotamia, 
shipping dues, water rights, &c. The journal, it will be 
seen, does not confine itself to Germany and German 
interests, but tries to follow up the progress made all over 
the globe in water supply and water utilisation. The 
editor is Dr. Georg Adam, of Diisseldorf; the publisher, 
Wilhelm Knapp, of Halle-on-the-Saale. The journal 
appears twice every month, in small quarto size. 


The Technikum, at Ilmenau, in Thuringia, is de- 
scribed by its director, Georg Schmidt, in the Zeitschrift 
des Vercins Deutscher Ingenieure, of 30, as one of 
the few technical schools that are conducted in direct 
connection with commercial works. The director is also 
head of the firm of G. Schmidt and Co., engineering and 
electrical works, and the students are, at all times, when not 
occupied by their regular lectures and laboratory practice, 
admitted into the works, in which advanced pupils can 
receive furt! training. The combination seems to 
answer. Ilmenau is the centre of the Thuringian glass 
industry, and the testing department for thermometers 
and some other apparatus is a branch of the Reichsan- 
stalt. Most of the engines and machines of the Technikum 
are of standard types and adapted for instruction, 


According tu the New York Engineering News, water- 
wheel units of 12,000 horse-power each will be used to 
drive electric generators in a power-transmission plant 
at Vallecito, on the Stanislaus River, in California. The 
ye cpary bay is 1400 ft., which is equivalent to a {< 
sure of lb. per square inch, and the power will be 
transmitted to San Francisco, and will be tapped for use 
on the Southern Mines, and in the upper San Joaquim 
Valley. The present equipment uires three 6700- 
kilowatt generators, each of which will be driven by a 
Pelton wheel of 12,000 horse-power capacity. Each of 
the wheels proper consists of a cast steel annealed disc 
centre to which buckets are attached, also made of cast 
steel. These will be secured to the centre by means of 
turned-steel bolts pressed by hydraulic power into reamed 
holes. The shaft will be 20 in. in diameter in the centre, 
where the rotor is attached, and 164 in. at the water- 
wheel journals. It will be a hollow nickel-steel forging, 
and will be 28 ft. long. The pipe nozzles will be made of 
cast steel, and will be of the needle-deflecting type. The 
gate valves will have roller bearings to relieve the thrust 
on the stems, and will be actuated through gearing by 
small Pelton wheels. The valves will be of the single- 
disc type, made of cast steel, with phosphor-bronze seats. 


A tank engine weighing 112 tons, of the 2-8-2 class, 
has, according to the New York Engineering News, re- 
cently been built for the Nevada Northern Railway, for 
use in the traffic between the mines and the smelting 
plant of the Nevada Consolidated Copper Company. The 
tanks extend on each side of the boiler, from the cab to 
the smoke-box, and have inside plates curved to the out- 
line of the boiler in order to increase the width and capa- 
city. The coal-bunker is behind the cab. All the driv- 
ing-wheels are flanged, and the third pair are the main 
drivers. The springs are so arranged as to form two 
groups, each group including two driving-axles and one 
truck. The centre of the boiler is very high above the 
frames, but the tanks keep the centre of gravity mode- 
rately low. The engine was built by the American Loco- 
—— Company, and its principal dimensions are as 
ollow :— 





Driving-wheels .. 4 ft. in diam. 
Truck-wheels_ .. a 1 ft. 5 in. in diam. 
Journals—driving axles 8} in. by 12 in. 
Wheel-base—driving 15 ft. 
Wheel-base—total i 84 »» 
Weight on driving-wheels 172,000 Ib. 
Weight—total .. ca 225,000 ,, 
Cylinders .. = 19 in. in diam. by 
26 in. stroke 
Boiler Pn - ¥ 5 ft. 64 in. in diam. 
Boiler—rail to centre line 9 ft. 5 in. 
Working pressure = ie oF 200 Ib. 
Fire-box .. Re ad e $8 ft. 11} in. by 
5 ft. 24 in. 
Tubes—304 ; 2 in. in diam. 
Tubes—length .. sf 16 ft. 8 in. 
Heating surface—tubes 2478 sq. ft. 
Fire-box .. rw a 166, 
Total .. 2644 sq. ft. 
Height—rail to top of smoke-stack 15 ft. 2 in. 
Capacity of tanks oa j oa 2500 gals. 
Capacity of bunker 5 tons 
Tractive effort .. 33,240 Ib. 








BENGAL AND THE NorTH-WEsTERN RatLtway.—The 
ratio of the working expenses to the traffic receipts upon 
this system in the second half of last year was 48.81 per 
cent., as compared with 46.16 per cent. in the corres 
ponding period of 1905. There was an augmented ex- 

nditure in ali departments, the increase being especially 

eavy in maintenance of way and works. This was due 
to dam occasjoned by floods upon the Bengal anc 
North-Western section, while upon the Ganges, Gogra, 
and Doab section 934 miles were renewed with 50-Ib. rails. 
There was also a considerable outlay upon the Tirhat 
section, in making good damages occasioned by flood 
and in rearranging lines at Monghyr Ghat. There was 
further an increased expenditure in connection with loo - 
motive power and carriage and wagon repairs, 1Q C0! 
sequedge of the increase in the traffic carried, 
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INDUCED DRAUGHT WITH HOT-AIR 
ECONOMISERS. 
Induced ht, with Hot-Air Economisers, for Steel 
Works and Blast-Furnace Boilers.* 
By A. J. Capron, Sheffield. 

THE subject of economy in steam consumption in 
engines and turbines has certainly received a great deal 
of attention, and has been followed up in such a thorough 
manner that the excellent results obtained seem to leave 





comparatively little room for further improvement. The 
same can hardly be said as to the economy of fuel ~~ 
rally obtained in steam-raising, and for this reason I have | 
ventured to bring forward a subject which, though not | 
laying claim to any scientific novelty, may. I hope, prove ' 
of some practical interest. Ido not wish for a moment 


| marine 
| to land 


urposes for about ten years; but its application 
i has only been okenn up for five years, and 
has been coming into much more extensive use ring the 
last year or two. Briefly, the system consists of induced 
draught in combination with hot-air economisers, which 
utilise the waste heat from the boiler in heating the air 
required for combustion. A fan is placed at the base of 
the chimney, and draws the gases, as they come from 
the boiler, through a series of tubes which form a heat- 
ing-box or hot-air economiser ; the fan, working at about 
2 in. voter guna. draws in the air required for combus- 
tion through a: ures in the heating-box ; the air, circu- 
lating round the tubes through which the hot gases are 
ing, is raised to a temperature of about 300 deg. 
ahr. This arrangement is of material assistance to the 
working of the fan, as the heat abstracted from the gases 
in the air-economiser reduces the volume the fan has to 


Fig.2. 
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to minimise the very useful work that has been done in 
economising fuel by such means as feed-water economisers 
and superheaters, forced and induced draught, and 
mechanical stokers; but I hope that the system to be 
described, and the results that are being realised by its use, 
may be considered worth recording. 
_ In steam-raising the most obvious source of waste is 
incomplete combustion, accompanied by the nuisance of 
much smoke, and though many means have been devi 
for obviating this nuisance, few are really effective under 
all conditions of working. An excess of air lowers the 
temperature of combustion, and a good draught can only 
obtained by the loss of much heat, unless it be pro- 

duced by such means as induced or forced draught. 

The system to be described, under Messrs. Ellis and 
Eaves and John Brown and Co.’s patents, has been used for 





* Paper read before the Iron and Steel Institute, 
May 10, 1907. 


deal with, and also reduces the temperature so much that 
the fan is not liable to injury through heat. 

The speed of the fan can, of course, be regulated to the 
demand for steam. This isa great convenience in elec- 
tric light and power plants, as any sudden demand for 

ditional power can be promptly met; and in many 
such cases, where there is much variation in the power 
required, the economy of working with the smaller num- 
ber of boilers that this system permits effects a very 
great saving. The application of the system to the 
various types of boilers on which it has already been used 
is illustrated as follows :— 

The model and Figs. 1, 2, and 3, above Marine boilers. 

Figs. 4 to 7, page 692... <7 .. Lancashire boilers. 

Figs. 8 to 16, pages 693 and 694 .. Water-tube boilers of 
the Sterling and Bab- 
cock and Wilcox types 
respectively. 

In marine boilers the arrangement is very compact, 
the heater being formed in the smoke-box, and the fan, 








either fixed on se we “ ¢ wy Ry as in pony pete, or 
on a stage, as in Figs. an raws the ho’ 
through the tubes of the heater, and delivers them direct 
into the uptake. The air drawn in vo induced 
draught, and heated.as it passes round tubes, is de- 
livered through apertures round the furnace front, the 
greater part underneath the fire-bars, and a portion above, 
the proportion being regulated by means of dampers to 
= the —, . 008, sh 2 ? 

igs. 4, 5, 6, and 7, page show a range of five 
Lancashire boilers. The fan is placed at the back, being 
the most convenient = for drawing the gases from 
the side-fiues as they leave the boilers through the heater, 
and discharging them into the main flue or chimney. 
In this case the hot air is conveyed through two pipes 
running over the top of each boiler, and drawn in through 
the furnace: fronts as above. 








closed when 
under 


ow 


Figs. 8 to 12, 
system on a Sterling water-tube boiler, and Figs. 13 to 16, 
page 694, show the arrangement on three Babcock and 

ilcox boilers. 

In all cases dampers are 
oom, so that the boilers can work on natural draught, 


693, show the arrangement of the 


as indicated in the 


without the gases passing through the fan, for getting up 
steam at starting, or in case of the fan temporarily 
disabled. No inconvenience is ongeteaess with choking 
in the air-heating tubes, as the draught keeps them so 
clear that it is never necessary to c them, unless the 
boilers are worked on_natural draught only, for a con- 
siderable period. It is, of course, desirable that the 
brickwork settings of the boilers should be in good order, 
as a considerable | allowing much cold air to be 
drawn in, would spoil the results; but in practice no in- 
convenience is caused by this, as, being under partial 
vacuum, there can be no escape of noxious gas, and an 
appreciable leakage is very easily detected and rectified. 
With marine boilers, everything being enclosed in a steel 
casing, there can, of course, be no | e, and the average 
results with marine boilers have been slightly higher pro- 
bably on this account. 

The following forms of fuel have been used—namely, 
coal fired by hand and by mechanical stokers, blast-fur- 
nace gas, producer gas, and oil. 

So far coal has been used the most extensively. Various 
forms of epehactins acne hate been used in ——- 
tion with the system, an ve given very good results; 
but as the results obtained by hand-firing have on the 
whole been somewhat the best, the heated air alone en- 
suring complete combustion without any assistance from 
mechanical stoking, it would serve no useful purpose to 
discuss the various forms of stokers that have 5 
and the results given in the various tests of coal-fired 
— are in all cases with band-firing, unless otherwise 
stated. 

The principal ad vantages obtained are twofold—namely, 
a ~ increase in the steaming capacity of the boilers 
and economy in fuel. The heated air, delivered mostly 
underneath the fire, causes rapid and complete combus- 
tion at a high temperature, as shown by the whiteness 
of the flame and no smoke being formed. The high 
temperature is not, however, found to be detrimental 
to the boiler, owing to its not being concentrated on any 
small but being very uniformly distributed. 

With a hand-fired boiler the actual evaporation oguas. 
rally increased as much as 40 cent., and with of a 
calorific value of 13,000 British thermal units an evapora- 
tion of 10 lb. of steam per pound of coal has been obtained. 

With marine boilers the system has been very exten- 
sively used both in the British and American mercantile 
marine ; but as I wish to confine myself to boilers for 
land purposes, I will only give tests on marine boilers 
that are used, for this purpose, and I may say that there 
are many such installations in use, the great steaming 
capacity of marine boilers with induced draught making 
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ELLIS AND EAVES’ INDUCED DRAUGHT APPLIED TO LANCASHIRE BOILERS. 
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this combination very advantageous where space is 
limited. 
Test No. 1.—Marine Boiler, 12 Ft. in Diameter by Fig. 6. 
11 Ft. Long. CHIMNEY BASE AND 
FAN CONNECTION 
Date of test o» a ‘ Pes .. August 23, 1906 
Duration of test .. is os “ ee 6 hours 
Grate area.. e0 oe eo os ee 45 sq. ft. 
Fuel used .. a vs - be .. Rotherham Main 
coal 
Vacuum atfan .. $* 2 in. 
Tewperature of gases entering fan . oe 450 deg. 
a air entering heater. . Se a « 
¥ air entering fires .. - 832 ,, 
on feed-water ‘ + 3 
Steam pressure .. 148 Ib. 
Coal burnt per equare foot of grate per hour 30 ,, 
perhour .. 1360 ,, 
P ercentage of refuse .. ae 6.69 ,, 
Water evaporated per boiler per hour al 12,400 Ib, 
” ” rom 
and at 212 deg. 14,664 ,, 
Water evaporated per pound ‘of coal, ‘actual 9.18 ,, 
” ” from 
and at 213° deg. 3 ri $3 om 10.85 ,, 
The following tests give the comparative results of an 
ordinary Lancashire boiler, and of the same boiler fitted 
with the induced draught, but using a somewhat inferior 
quality of coal. 
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Test No. 2.—Lancashire Boiler, 8 Ft. in Diameter 
by 28 Fe. Long. 


Natural With Ellis and 
Draught. Eaves’ System. 
7 hours 6 hours 


Duration cf test.. 
Grate area. . ° 


39 eq ft. » Fi 
Fuel used .. 


: 36 sq. ft. 
.. Washed hard Rother Vale washed 
nuts, very nuts of average 


clean; Swallow quality 
Wood seam 

Temperature of feed-water 47 deg. 142 deg. 
Steam pressure .. a he 93 Ib. 84 Ib. 
Coal burnt per square foot of 

grate per hour . -» , 25.81b. 30 ,, 
Percentage of refuse .. re 7.08 6.2 
Calorific value of coal, B.T.U. 14,000 13,000 
Water evaporated per hour, 

actual .. “ = am 6724 Ib. 10,180 Ib. 
Water evaporated per pound 

of coal, actual . . re aus 6.68 ,, 9.42 Ib. 
Water evaporated per pound 
_of coal from and at 212 deg. _—8.07 ,, 10.45 ,, 
Efficiency .. ve Pe .. 55.6 percent. 77 per cent. 


The pgm given in the first column are the mean 
results of five tests in a prize stoking competition for the 
avoidance of smoke that was conducted by Mr. R. 
Heber Radford, and therefore represent very careful 
stoking. It will, however, be seen that the induced 
draught system, though generating approximately 50 per 
cent. more steam, is at the same time effecting a saving 
in coal of over 25 per cent.. after making full allowance 
for the power u in driving the fan. 

Test No. 3.—The following tests were taken on four 
%-ft. by 30-ft. Lancashire boilera at the South Durham 


Seel and Iron Company’s West Hartlepool works :— 
Date of test as we June 29, 1906 
Duration of test .. Aa Six hours 
Grate area .. 44.8q. ft. per boiler 
Fuel used .. . Messrs. Bolckow, 


Vaughan, and Co.s 
Newfield coal 


Vacuum atfan .. ie ia 23 in 
Temperature of air entering fires 304 deg 
” of feed-water 140 ~,, 
Steam pressure . es s a eet 61 Ib. 
Coal burnt per square foot of grate per hou 25.1 Ib 
” per boiler per hour mt so 1106 Ib. 





Percentage of refuse ’ - 
Calorific value of coal .. aie os én 
Water evaporated per boiler per hour, 

actual .. * - - - oe 9,750 Ib. 
Water evaporated per boiler per hour from 

and at 212 deg. ¥e * ie 10,779 ,, 
Water evaporated per pound of coal, actual 8.8 ,, 
Water evaporated per pound of coal from 

and at 212 deg. ‘ os - 
Efficiency .. ns 


9.2 
13,000 B.T.U. 


9.74,, 
72 per cent. 


This test was taken under ordinary working conditions, 
one fire being cleaned every three-quarters of an hour. 
The result of comparative tests on similar boilers at these 
works, burning the same class of fuel under natural 
draught, shows that an increased efficiency of 24.4 per 
cent. was obtained on the induced-draught boilers, after 
deducting the actual power taken for driving the fans. 

Test No. 4.—The following test of a 9 ft. by 30-ft. 
Lancashire boiler has been kindly furnished by Messrs. 
Vickers Sons and Maxim, Limited. This test was made 
by their staff on March 6, 1907, on one of several boilers 
fitted with the system at their Sheffield works. Coal 
used, Eckington cobbles. The satisfactory percentage of 
carbon dioxide will be noticed, and also the dryness of 
the steam. 

A test made by Messrs. Vickers on February 26 last, to 
ascertain the maximum evaporation obtainable from this 
boiler, gave 19,616 lb. of water from and at 212 deg. 
Fahr. in one hour, and an average of 18,642 lb. over six 
hours; at the same time the percentage of moisture in 
the steam was as low as 0.6 per cent., and did not exceed 
this figure even during the period of maximum evapora- 
tion. 

Another test the firm made on this boiler on August 21, 
1906, gave an average evaporation of 16,567 Ib. of water | 
per hour from and at 212 deg. Fahr. and 9.9 lb. of water 
per pound of coal, which may be considered an exceed- 
ingly good result at this abnormally high rate of evapo- 
ration. 

Test No. 5.—On a Sterling boiler, fitted with the 
system and chain-grate stoker, the following are the re- 
sults of four days’ tests at Messrs. John Brown and Co.’s 


(3991F. 





works. Grate area, 45 square feet. It will be noticed 
from the figures that although the highest results are | 


























Test No. 4.—Lancashire Boiler, 9 Ft. in Diameter 


Time 


Temperature of 
air entering 


fires .. deg. 
Temperature oi 
feed - water 


eg. 
Steam pressure 
Ib 


Coal consumed, 
actual Ib, 


Ciinker, weight 
ea ° 


CO, L.H. back - 
per cent. 

COegR.H. back— 
per cent. 


Total coal used | 

Total coal used, 
excluding 
dinner hour 

Calorific value 
of coal 


Total water 
evaporated . 
Total water 
evaporated, 

excluding 
dinner hour 

Average water 
evaporated 
from and at 
212deg. F. .. 

Efficiency (ex- 
cluding dinner 
hour).. 

Moisture in 
steam 





by 30 Ft. Long. 

















ist and gd ftB th | Oth 7th 
\ Hour. Hour. Hour. (Dinner) Hour. Hour. Hour. 
245 2338 273 215 238 270 285 
42 43 43 42 43 43 43 1 
144 136 140 156 148 157 112 
1280 1120 1360 960 1200 «61280 61260 
293 Ib. 
| 
13.0 | 15.3 | 130] 124. IL2 | 16.6 | 123 ; 
16.1 148 /129/ 144 143 | 161 | 136 
8460 Ib. 
" 
| 7500 Ib. 
14,008 B. Th. U.: moisture, 2.36 per cent. ; carbon, 
93.79 per cent. 
68,400 Ib. 
63,200 Ib. , 
12,896 lb. (excluding dinner hour). 


71 pe? cent.: 10.3 Ib. of water t» 1 1b. of coal, 


0.65 per cent. 
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naturally obtained with the lowest rates of combustion, 
~~ the falling-off in nea A at the higher rates of 

urning is extremely small. is is a very valuable fea- 
ture in the system, as generally any forcing of boilers 
causes great loss in economy. Firing boilers direct with 
blast-furnace gas is generally a wasteful pi giving very 
disappointing results in efficiency ; but the fol ye | com- 
parative tests on two 9 ft. by 30 ft. Lancashire boilers at 
the Cargo Fleet Iron Company’s works show such a 
marked improvement in eficiency, when the heated 
induced draught is used, as to render its application for 
steam-raising a very economical and satisfactory method 
of utilising the gas, 


-! Oct. 28. | Oct. 24. | Oct. 26. | Oct. 26. 


Date of test (1906) 
Rotherham Main washed nuts. 
8 6 6 


Fuel used 





Duration of test .. hours 6 
Vacuum at fan .. , in. 1} 24 2} 1} 
Temperature of gases enter-| | 

ing heater... deg. F. 565 606 626 | 533 
Temperature of gases entering } | 

fan - es deg. F.| 426 475 480 410 
Temperature of air entering| | 

grate .. on eg. F.) 281 | 300 308 | 271 
Temperature of feed-water) | 

deg. F.) 7 80 81 | 76 

Steam pressure.. == | 141 147 147 | 147 
Coal burnt per square foot of | 

grate per hour ow Ib. | 30 35 40 25 
Coal burnt per hour .. Ib.) 1,350 1,575 1,800 | 1,125 
Percentage of refuse .. By 8.8 8 7 | 9.5 
Calorific value of coal, B.T.U.| 14,445 14,445 | 14,340 | 14,156 
Water evaporated per hour, } : 

actual .. ae ee Ib. 12,400 15,183 | 16,833 | 11,300 
Water evaporated per pound | 

of coal, actual . Ib! 9.18 9.64 | 9.35 | 10.04 
Water evaporated per pound of | 

coal from and at 212dg. Ib.) 10.89 11.42 11.06 11.93 
Efficiency of boiler p.c.| 72.82 | 76.87 | 74.5 81.4 


Test No. 6.—Two Lancashire boilers, 9 ft. by 30 ft., at 
the Cargo Fleet Iron Company’s Works, fi by blast- 
furnace gas. 

Owing to the fluctuations in the supply and the low 
temperature of the gas a small quantity of coal was burnt ; 
but, as will be seen from the figures, the actual quantity 
of coal was quite insignificant, and was duly allowed for 
in estimating the evaporation per pound of gas and in the 
efficiency. It will be noticed that the use of the system 
has the effect of nearly doubling the actual evaporation, 
whilst at the same time increasing the efficiency from 
48 per cent. to 75 per cent. The system has also been 
applied to boilers fired with producer gas, and there is 
very little doubt that the results with this will prove 
equally as advantageous as with blast-furnace 3 but 
regret that I have not up to the present had the oppor- 
tunity of making any tests with producer gas. 

A series of tests Ben been made on a marine boiler 
with oil fuel, Texan oil being used of a calorific value of 
18,490 British thermal units. The combustion was quite 
smokeless, the evaporation of water from and at 212 deg. 
Fahr. ee! pound of oil exceeded 16 lb., and the efficiency 
of the boiler was 84 per cent. But highly satisfactory as 
these results are in efficiency, the cost of oil fuel is, of 
course, prohibitive for most purposes. 


Natural With Ellis and 
Draught. Eaves’ System. 
Date of test .-March 26,1907 March 27, 1907 
Duration of test... x - 6 hours 6 hours 
Heating surface, each boiler 1000 sq. ft. 1000 sq. ft. 
Total gas fired, in two builers. .351,540 cub. ft. 459,600 cub. ft. 
Gas fired per boiler per hour .. 58,590 __,, 76,600 ae 
Weight of gas per boiler per 
hour... - oa -» 4,687 Ib. 6,120 Ib. 
Total coal burnt, in two boilers 1,120 ,, 1,120 ,, 
Total water evaporated, in two 
boilers .. oi be -. 98,250 ,, 67,500 ,, 
Water evaporated per boiler 
— hour, actual es so SI w 5,625 ,, 
ater evaporated per boiler 
pe hour from and at 212 deg. 
ae. (oe ¥ os o. S108» 7,081 , 
Water evaporated per pound 
of gas, eliminating thecoal.. 0.67 ,, 1.04 ,, 
Efficiency of plant .. 48 per cent. 75 per cent. 
Average temperature of gas .. 66 deg. F. 68 deg. F. 
Average temperature of feed- 
water... _ an oo a oe 93 a 
Average steam pressure 183 Ib. 182 Ib. 
°° superheater tem- 
perature en “e .. 460 deg. F. 543 deg. F. 
Temperature of air entermg 
heater .. oe os we 6s 
Temperature of air entering 
fires ne w. os ne 316 Cy, 
Temperature of gases entering 
heater .. “ os os 754 Cis, 
Temperature of gases leaving 
heater .. Pa - - ws 463 —Ci«, 
Draught at chimney “< 4 in. 1} in. 
Average OO? chimney base .. 9.2 per cent. 13 per cent. 
Calorific value of gas .. .- 1337 B.T. units 1337 B.T. units 
per Ib. per Ib. 


A recent improvement that has been introduced by the 
patentees, Messrs. John Brown and Co., Limited, is the 
** balanced draught.” This improvement consists in the 
use of two fans, one of which induces the draught at the 
chimney at a water-gauge vacuum of about 1} in., 
and the other forces in the air supply through the heater 
at a pressure of about lin. The cttest of this is to balance 
the draught at the furnace front, so that when the fire- 
door is opened there is neither any inrush of cold air nor 
the inconvenience of a tendency for the flame to be blown 
out. This arrangement does not increase the cost, as the 
slight extra involved in having two fans is counter- 

anced by the somewhat smaller power that it is found 
is .requi to drive them. Also, as the vacuum is 
reduced by nearly one-half, the possible loss through any 
leakage that there may be in the boiler setting is corre- 
spondingly reduced. Comparative tests that have already 





been made with this system indicate that an even higher | boiler, and consequently fewer boilers required and leas 
pene ig ow bp Ay obtained than with < induced draught | space occupied. 
y, 


and hea‘ air. To summarise the principal| 3. Absence of smoke. 






Fig. 12. 
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advantages obtainable by the use of this system are as| 4. Easily controlled to suit variation in steam con- 


follow :— sumption. ' ; : 
1, Economy in fuel. 5. Safety and cleanliness in working, as flame cannot 


2. Great increase in the steaming capacity of each | be forced out, nor any dust or gases. 
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6. No risk of injury to the fan owing to the cooling of 
the gases in the air-economiser, 

7. No high chimney required. y 

Already there are a very considerable number of im- 
portant installations in several of the leading iron and 
steel works in the country that have been in use long 
enough to give the system a fair test, and the results that 
have so far been obtained, as well as the advantages 
enumerated above, seem to render the system worthy of 
extensive application. 





MANUFACTURE OF STEEL FROM PIG- 
IRON CONTAINING CHROMIUM, COBALT, 
AND NICKEL. 

A Method of Producing High-Class Steel from Pig Iron 

Containing Chromium, Nickel, and VCobalt.* 
By ArrHurR Winpsor RicHarps, Grangetown, 
Yorkshire. 

Srixce Mr. James Riley, Vice-President, read his in- 
valuable paper on his researches on nickel steel before 
the Iron and Steel Institute in 1889, alloys of iron and 
nickel have been adopted largely for special purposes, but 
their rather high cost has acted as a deterrent to their 
general use. American engineers, however, with their 
usual acumen, have brought nickel steel into far wider use 
than Europeans. Judging from the great amount of 
literature on the subject, it is admitted that unless a 
minimum of 3 cent. nickel is present in the steel, very 
little, if any, efit is derived, and nickel steel almost 
always contains from 3 to 44 per cent. 

At the works of Messrs. Bolckow, Vaughan, and Co., 
Limited, a process, invented by Dr. Otto Massenez, 
of Wiesbaden, has been develo for the utilisation of a 
peculiar quality of pig iron, by which a steel is produced 
containing approximately 1.5 per cent. of nickel with 
0.25 per cent. of = -— 0.30 per pte | chromium, 
whic all the g roperties of s containing 
a oe higher content of se alone, is much cheaper, 
and very trustworthy. 

The iron referred to is produced from iron ore con- 
taining nickel, cobalt, and chromium, an analysis of which 
follows :— 


Per cent. 
Iron as received . .. 45.69 
Manganese .. ve as es ne -- 0,232 
nee 1 - os aA ea - o - 
Nicke’ 
Cobalt } 0.90 
Silica, . 82 
Alumina 9.25 
Lime.. 0.550 
Magnesia 2.143 
Sulphur... oe 0.029 
Phosphorus ee 0.02 


Some of the ores are higher in nickel and iron, and lower 
in silica and alumina, than shown in the above analysis. 

As it is difficult to smelt, and very refractory owing to 
the presence of chromium, it requires a large quantity of 
coke and limestone for reduction. The pig iron produced 
contained 1.750 per cent. of nickel and cobalt, 4 per cent. 
of chromium, and 4 per cent, of silicon. The problem of 
converting an iron of such composition into steel, without 
serious trouble from the chromium, was a difficult one. 

Dr. Massenez, however, conceived the idea that if the 
iron were worked in a basic or neutral-lined open-hearth 
furnace provided with slag notches, the chromium might 
be removed b em | successive voluminous quantities 
of oxidisin > Hens and as the chromic oxide was formed, 
removing these slags through the slag notches before they 
became too thick. The process based on Dr. Massenez’s 
idea was worked out at the Cleveland Works by the 
author, and after many disappointments was finally suc- 
cessful, with the result that the greater part of the 
chromium was eliminated, but all the nickel and cobalt 
—— in the ~~ eels 

sfore adopting the open-hearth furnace, experiments 

were first made in an acld Bessemer converter to deter- 
mine whether chromium could be removed therein, but it 
was found that when only 0.4 per cent. was present in the 
metal it was im ible to convert it, owing to the ex- 
tremely thick cla produced by the chromic oxide. 
Fluorspar was added, but this formed foamy slag and 
caused waste by blowing out. No better success was 
found by blowing the iron in a basic Bessemer converter. 

Description of Working.—The following is a detailed 
description of the process as at present conducted :— 
_Into an open-hearth furnace is ch 3 tons each of 
lime and basic slag, the latter uced by melting 
hematite ig iron on a basic hearth, and over this is added 
3 tons of hematite iron ore. The mixture is heated until 
the ore becomes pasty. Two ladles, containing 10 to 11 
tons each of chrome-nickel iron, viously melted in a 
cupola, or taken direct from a blast-fu are then 
poured into the furnace. It was found that the process 
was much facilitated by using molten iron instead of cold 
pig, for the reason that the latter has a high melting- 
point, and_ boiling commences before the pigs are all 
melted. Thick and foaming slag is gradually formed, 
containing a portion of the chromium as chromic oxide, 
and this, at the end of forty-five minutes to one hour, is 
un out at the slag notches. A second slag is then formed 
from the materials remaining on the bottom of the 
furnace-hearth, which do not all melt at first, and by 
further additions of basic slag, fluorspar, and lime. This 
Slog, after melting, contains an additional quantity of 
chromic oxide, and is also removed, but owing to its 
viscous character it can only be made to pass the 
norches by mechanical assistance. This operation o 
forming slag is repeated according to the percentage of 


soypbaher rend before the Iron and Steel Institute, May 9, 


4 


chromium in the iron. When working with an iron 
containing 4 per cent. of chromium it is generally found 
necessary to make, and run out of the furnace, four 
such slags, after which practically the whole of the 
chromium is removed. When this point is reached 
the metal is worked like an ordinary open-hearth charge. 
The resulting steel contains about 0.3 per cent. of 
chromium, as it derives some of this during the decar- 
burising period in the open hearth, being reduced from the 
chromic oxide in the slag. In making high carbon steel 
it has been found desirable to run out the charge when 
the required carbon has fallen to the required point, but, 
failing this, the recarburisation is either done in the fur- 
nace or in the ladle, by the usual additions. The pig iron 
experimented upon contained 0.3 per cent. of sulphur, 
but this was easily removed by continuous feeding of the 
bath with fluorspar. 


Tram-Raiis. 924 Lp. per YARD. 




































































Analyses. 
Sallie Ml . oF 
Cast No.| C. | Mtn Si. 8. P. Ni. | Cr. Co. 
cntndanda a ee eee ea 
1 | 0,58 | 0.66 | 0.02 | 0.048 | 0.022 1.51 | 0.51 | 0.25 
2 0.53 | 0.86 | 0.02 | 0.057 | 0.082 1.45 | 0.30 | 0.23 
3 052 | 0.57 | 0.02 | 0.06 0.027 | 1.39 | 0.35 | 02 
4 0.56 | 0.96 | 0.02 | 0.06 | 0.03 | 1.50 0 30 0.26 
| ' 
Tensile Tests 
iictecnnsines cian natalia eit : 
. Elongation, | 
Cast : : Ultimate | * | Oontrac- 
Number. Yield-Point. Stress. | ny = tion of Area. 
tons per tons per | per cent. 
sq. in. | eq. in. 
1 32.10 | 57.90 13.00 | 26.50 
2 33.60 | 54.50 13.00 22.50 
3 29.50 | 57.20 12.00 20.50 
4 33.80 | 6.00 12 50 20.70 
4* 33.40 58.40 19.00 82.70 
* Reheated to 650 deg. Cent. 
Impact Tests on 5-Ft. Lengths. 
Ball Falling 25 Ft. Weight of Ball 
2240 Lb. Supports Apart, 3 Ft. 
Cast | Defi on in Laches. Remarks. 
No. | 
i ted | ji ,/68 16 
rev. rev. rev. | 
1/1) olf] Broke) "2 collapsed, 4th 
} ow. 
2/| 1h yh 18 1g | 14 |Broke; web col- 
‘ | 1 , 6th blow. 
8/1 nh 1 1 2 14 |Broke; web col- 
| | lapsed, 6th blew. 
4 4k) ly | 14 142 | 24 |Weband lip curled 
| and buckled, 6th 
| blow. 

a Rev. = reversed. Tee hie € 
Buut-Heap Rats. 91} Le. per Yarp. 
Analyses. 

Cast No.| ©. | Mn.| Si. | SP. Ni. Or. | Co. 
5 | 0.60 | 0.71 0.015 | 0.06 0.018| 1.51 0.12 | 0.26 
6 | 0.67 0.61 | 0.015 | 0.059 0.02 | 140 0.36 | 0.25 
7 | 0.65 | 0.66 0.02 | 0.059 0.02 | 1.43 0.36 | 0.95 
8 | 0.69 | 0.77 (0.01 | 0.06 0.016 | 1.44 | 0.20 | 0.26 
Tensile Tests. 
, Elongation : 
Cast rs : Ultimate Contraction 
Number, |Yield Point.’ “geress. st? of Area. 
tons per tons per 
sq. in. sq. in. per Cent. 
5 33.20 53.10 16.00 19.70 
6 33.40 53.90 15.00 21.80 
7 33.20 51.40 16.00 21.80 
8 36.10 55.30 14.00 19.80 
8* 33.80 53.30 | 25.00 38.80 
~® *Reheated to 650 deg. Cent. 
Impact Tests on 5-Ft. Lengths. 
| Ball Falling 20 Ft. Weight of Ball, 
| 2240 Lb. Supports Apart, 3 Ft. 6 in. 
Cast Deflection in Inches. Remarks, 
No. , 
1 2. 3. 4. 5 6. 
rev. Vv. 
5 23 5} lye 23 1 8} |Broke at 8th blow. 
6 | 4 3i | Broke Broke at 4th blow. 
71.21 & J | | 9 
8 | 2% | 44 | 68 | 


Ifa steel higher in chromium is 
necessary to add a sufficient quantity 
iron before tapping. _ . 

The boil commences in from nine to ten hours after the 
furnace is charged, and only lasts an hour before the steul 
is ready for tapping. 

The slags contain 
oxide. 

At the end of this 


oY it is only 
of the chromic pig 


from’ 5 to 10 per cent. of chromic 
are given mechanical tests on 








r 
the steel produced. Pithe yield-points are much higher 





Reversal of Strain Tests.* 








| 
: | Dia- Stress Revolu-| Total Re-| Com- 
Description of | meter : tions | volutions | parative 
Steel. of Test- op 2 per | Value. 
‘ons. ; 
ece. Minute. | Fracture. | Ord=1, 
mm. 
1. Carbon steel 1 20 1200 77,330 1.0000 
2. Silicon steel 1 20 1200 100,175 1.2958 
3. Nickel-cobalt-| | 
chrome steel; 1 20 | 1200 210,910 2.9566 
| ! 





* The above teste were made on the Stead-Richards machine 
described in the paper on “‘ Overheated Steel,” Journal of the Iron 
and Steel Institute, 1905, No. 2, page 91. 


Effect of Heat Treatment on No. 3. 
: : 














Total 
Stress| Revolu 
Diameter of Revolu- 
Description. ; in | tions per 
Test-Piece. Tons. } Minu — to 
ure, 
eee 1 | 20 1200 | 210,910 
Reheated to 500 deg. ©. 1 20 1200 | . 
— ae od 1 20 | 1200 | 677,390 
” 750 ~=(,, 1 20 1200 | 841,600 
o 850 =. 1 | 20 1200 206,455 
” 900 :~«C,, 1 | 20 1200 242,275 


Analyses of Steels Used for Comparison. 








| | | 
—— ©. |Mn.| Si. 8. | P. | Ni. Co. | Or. 
Carbon steel se .- 0.46 1.18 0,056 | 0,065 0.063 ae ee 
Silicon steel .. -./0.45 1.10 0.238 | Q060 | 0.050 | 
Nickel-chrome steel .. 0.47:0.93! 0.010 0.050 | 0.010 |1.41 0.25/0.32 


than those of normal carbon steels of similar carbon con- 
tent, and the steel possesses eT toughness. Tram- 
rails tested to destruction after withstanding repeated 
blows alternately on the head and foot of each rail, by a 
1-ton ball falling 25 ft., had pieces of the torn out, 
and at another blow split in the web, after which it took 
one more blow at 25 ft. to effect complete fracture. Its 
resistance to reversal of strain is very marked. In all 
cases the steel has shown great improvement by being 
reheated, after finishing, to a temperature of 650 deg. 
Cent., and cooling in air. In this heat treatment it is 
not soaked, but as soon as it attains 650 deg. evenly 
throughout the mass it is removed from the furnace. 

The steel has been put to numerous uses at the works of 
Messrs. Bolckow, Vaughan, and Co., Limited, in every 
case with great advantage. For instance, much trouble 
was found with the tram roughing cast-iron grain rolls, 
which frequently broke owing to their length between 
the housings and the deep cuts necessary to obtain wide 
am gs in the rail. The rolls, when made of this special 
steel, outlasted very many — rolls, and requi less 
frequent dressing in the lathe. Blooming-mill screws of 
this material do not seize and break, as such screws did 
when made of ordinary steel. It has been found to be 
particularly useful in shafts, axles, &c. 

In conclusion, it must be admitted that the alloys, con- 
taining about 1.50 per cent. of nickel, 0.25 per cent. of 
cobalt, and 0.3 per cent. of chromium, with carbon vary- 
ing between 0.50 to 0.70 per cent., have peculiar resisting 

rties to mechanical shocks and stresses, and should 
End a wide field of usefulness for engine parts, motor-car 
construction, &c. 

The process is, so far as is known, the only one suitable 

for the treating of chromiferous pig iron. 





Tue British CHamBer oF Commerce, Paris.—The 

ear 1906 was one of considerable activity for the British 

hamber of Commerce in Paris, and, as evidenced by its 
report just issued, its work was attended with success 
in many directions. For instance, in connection with 
the fraudulent use of British trade-marks and descriptions, 
the efforts of the Chamber resulted in His Majesty’s 
representatives at Paris, Berlin, Rome, and Brussels re- 
ceiving instructions to press this matter on the attention 
of the Government to whom they are accredited. The 
Procureur of the French Republic also had his attention 
drawn to imitations of British marks, while representa- 
tions made direct to Continental firms by the Chamber 
of Commerce have been attended with satisfactory 
results. Other matters affecting trade between the two 
countries have been satisfactorily dealt with. As usual, 
a section of this Tony report is devoted to statistics 
of French trade. From these tables it can be seen that 
im to France from Great Britain have increased 
during 1906 by million francs, while those of Ger- 
many have in by 653 million francs. The increase 
of machinery imports to France amounted to nearly 
20 million francs, and coal to over 80 million franca. 
Imports of machinery from the United Kingdom 
show an increase of over 94 million francs; cast iron, 
iron and steel, of 5 million francs ; on < nearly 5} mil- 
lion francs. French exports to the United Kingdom 
show an increase in automobiles of nearly 11 million 
francs. The total French imports from all countries 
for 1906 are stated to be 5,229,425,000 francs, of which 
678,613,000 francs’ worth was from the United Kingdom. 
German imports into France come second on the list, but 
are nearly 140,000,000 francs behind the British in value. 
Imports into France from Canada, Australia, British 
East Africa, and the Mauritius show satisfactory increases 
for the last year for which figures are available, while 
those from the West Indies, India, Cape Colony, and 
British West Africa show a slight decrease in each case, 
Ex from France to British Possessions have appre- 
ciably increased in the case of Canada and India, but have 





decreased in the case of the West Indies and Australia, 
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ARGENTINE RAILWAY AFFAIRS, 


Tue chief feature in the current history of Argen- 
tine railways—that is, their experience during the 
past half year—was the growth of working expenses 
and the less settled relations of the principal com- 
panies with the Argentine Government. The data 
which we have available relate, in the case of the 
Buenos Ayres and Rosario Railway, to the whole of 
1906, while the particulars illustrating the position of 
the Buenos Ayres Great Southern Railway and the 
Buenos Ayres Western Railway are for the second 
half of the year only. The course of affairs in each 
case was, however, much ths same, and pointed to the 
general conclusions which we have just indicated. 
The Buenos Ayres and Rosario Railway acquired last 
year a gcoss revenue of 4,530,747/., as compared with 
3,944,838/. in 1905, showing an advance of 535,909/. 
On the other hand, the working expenses increased last 
year to 2,552,755/., as compared with 2,059,762/. in 
1905, showing an expansion of 492,993/. The increase 
in the net revenus for the year was accordingly no 
more than 42,916/., the ratio of the working expenses 
to the traffic receipts having risen to 56.34 per 
cent., as compared with 51.56 per cent. in 1905. Oi 
the increase of 535,909/. established last year in the 
company’s revenue, 160,809/. was derived from pas- 
senger and special trains, 18,353/. from parcels and 
exces’ luggage, 328,507/. from goods and live-stock, 
and 28,240/. from miscellaneous sources. The number 
of passengers carried in 1906 was 11,699,348, as com- 
pared with 9,544,651; while the weight of goods 
moved was 7,449,101 tons, as compared with 6,499,580 
tons. There was a decrease of 343,372 in the number 
of animals carried, The average receipts per passenger 
declined last year to 1s. 9jd., as compared with 
ls. 10d. in 1905. Tho average recepts per ton of 
goods carried also declined to 8s. 24d., as compared 
with 83, 4$1. The average length of line worked in 
1906 was 2361 miles, as compared with 2347 miles 
in 1905. The average gross receipts p:r mile worked 
last year was, accordingly, 19190, as compared with 
1702/. The aggregate distance run by trains last year 
was 6,565,567 miles, as compared with 5,750,028 
miles. 

The increase in the area of country brought 
under cultivation year by year, and the development 
of passenger traffic, which has been considerably 
assisted in consequence, have necessitated very exten- 
sive additions to ths engine-power as well as to the 
general rolling-stock. Considerable extensions of the 
company’s workshops at Rosario, including additional 
labour-saving machinery, are in course of develop- 
ment. The relaying of the line with 85-lb. rails is 
being continued, and stone is being substituted for 
earth ballast whenever the necessary labour is avail- 
able. Improved machinery is being provided at the 
company’s quarries at Alta Gracia for a more regular 
and constant supply of stone, and further hopper 
wagons are on order. Extended shipping facilities 
are also being provided at Villa Constitucion. The 
Buenos Ayres and Rosario Railway is the outcome, 
so far as England is concerned, of an amalgamation 
effected between the Buenos Ayres and Rosario and 
the Central Argentine Railway Companies; but the 
position of the undertaking in this respect is some- 
what anomalous, since while the amalgamation has 
been definitely carried out in England, it is still not 
recognised in Argentina, all efforts to obtain an Act 
of Congress upon the subject having thus far failed. 

Notwithstanding this somewhat unsatisiactory state 
of affairs, the directors have been making considerable 
efforts to bring the system into a thoroughly satisfac- 
tory physical condition. The mole at Villa Constitu- 
cion has been renewed, and the mole and piles on the 
river frontage at Tigre have been repaired and re- 

*-newed. About 1264 miles of permanent way were 
renewed last year. Some 57,000 hardwood sleepers 
were substituted at various points for iron or steel 
sleepers, and the sleepers on 624 miles of line were 
completely renewed. In connection with the relay- 
ing works which were carried out last year a double 
track was opened between Rosario and Tortugas for a 
stretch of 70 miles. The fencing was renewed on 
95 miles last year—principally on the Central Argen- 
tine main line and on the Junin branch. The line 
between Vagues and Pergamino, a distance of 
724 miles, is being relaid with 85-lb. rails, and a 
new bridge is in course of construction over the 
Rio Segundo; the level of 1§ miles of track on the 
Lujan branch has been raised; semi-artesian wells 
have been sunk at twelve stations ; and the river-wall 
at Anchorena has been underpinned and repaired. 
Additional traffic sidings have been constructed and 
brought into use at 39 stations, and private sidings 
have been constructed at nine others. As regards 
engine-power, it may be added that 22 main line pas- 
senger engines and 13 shunting engines have been 
added to the locomotive stock, while 28 more are in 
course of construction. As many as 100 double-deck 
and 112 single-deck cattle-wagons are being added, 


and the goods-wagon stock shows a net increase of | 


62 trucks and seven brake-vans. Tho company has 





| further ordered 1000 high-sided 42-ton goods wagons, 
| while 50 hopper-wagons for ballasting have been com- 
| pleted and brought into use. Two steam-cranes for 
| the mole at Villa Constitucion have been fitted, and a 
steam travelliog-crane for Colegiales is in course of 
erection. 

In the case of the Buenos Ayres Great Southern 
Railway the increase in the gross revenue in the 
second half of last year was 150,060/ , while the work- 





ing expenses expanded in the same period to the) 
extent of 108,173/., showing an increase of 41,8871. | 
The growth of net revenue, although relatively mode- | 
|rate, was still sufficient to enable the company to| 
| maintain its interim dividend at the substantial rate | 
of 6 per cent., fres of income tax, and to carry forward 
| 205,240/. Still, there is no getting over the fact that 
| the ratio of the working expenses to the traffic receipts 
| advanced last half-year to 57.70 per cent., as compared 
| with 56.50 per cent. in the second half of 1905. The 
average length of line in work during the second half 
of last year was 2543 miles, as compared with 2481 
|milos in the corresponding period of 1905. The 
|doubling of the Buenos Ayres Great Southern Rail- 
| way between Empalmo, Grunhein, and Ingeniero 
| White (11 miles), Saavedra and Tornquist (26 miles), 
|and Temperley and Canuelas (29 miles), has been 
completed, with the exception of some _ bridges 
for the second track. The up line has also been 
laid in upon a section between kilometre 5 and 
Lanus, which it is proposed to quadruplicate. The con- 
| struction of a new steel pier at the Ingeniero White 
| moles has been making satisfactory progress. At the 
close of last year about 20 per cent. of the piles had 
been driven, and the work of erecting the deck girders 
was being closely proceeded with. Everything was 
| also ready for commencing the sinking of cylinders on 
| the first of some large grain-elevators. An improved 
| passenger service, with an additional 33 per cent. of 
| train-mileage, and an advance of 17 per cent. in their 

ay, which was conceded to enginemen in July, ren- 
dered inevitable a considerable advance in locomotive 
|running expenses ; and to these adverse factors must 
also be added a rise of 16 per cent. in the price of coal. 

The gross receipts of the Buenos Ayres Western Rail- 
| way in the second half of last year were 934,835/., as 
|compared with 804,611/. ; but, on the other hand, the 
| working expenses advanced to 554,707/., as compared 
| with 450,483/., so that the net revenue only rose to 
| 380,128/., as compared with 354,128/. The ratio of the 
| working expenses tothe traffic receipts accordingly came 
| out for the last half-year at 59.34 per cent., as compared 
| with 55.99 per cent. in the corresponding period of 
1905. During the past half-year 94 additional miles 
of line, with nine additional stations, were opened, 
|as well as four new stations on existing lines. This, 
|together with an increase of 253,310 tons in the 
| tonnage handled, accounted to a large extent for the 
| increase of 104,224/. in working expenses. The higher 
rice of coal, and the greater consumption of it, 
involved an additional charge of upwards of 40,000/. 
|A double track is being laid between Lujan and 
| Suipacha ; the earth works have been completed and 
|rail-laying is being proceeded with. Seven miles of 
| single track have been renovated with 80-lb. rails and 
|hardwood sleepers simultaneously with the laying 
| down of stone ballast between Caballito and Moron. 
| A further 7} miles of single track have been renovated 
with 80-lb. rails and steel sleepers on the Marmol 
| branch; and 24 miles of single track have been 
| renovated with 80-lb. rails and new steel sleepers up 
| to Primera Junta station. In connection with ballast, 
it may be added that three-quarters of a mile of 
| sidings have been ballasted with burnt city refuse at 
Cabalitto; 24 miles of single track on the Marmol 
branch have received similar ballast ; and 36} miles 
of single track have been re-ballasted with selected 


| earth bstween Cambaceres and Passo stations. 


_~¥ 








INTERNATIONAL AUTOMOBILE EXHIBITION. — Several 
| institutions iaterested in this industry have arranged to 
| hold a large international exhibition of automobiles and 
accessories in Copenhagen in the autumn of the present 
| year. A representative honorary board has been formed, 
| the Crown Prince of Denmark having accepted the pre- 
| sidency. 





DERWENT VALLEY WATER.—Extensive works in con- 
nection with the construction of the Ambergate covered 
reservoir and the Whatstandwell to Belper section of 
the Derwent aqueduct, the contract for which has been 
secured by Messrs. Orson, Wright, and Co., South Wig- 
ston, Leicester, are to be proceeded with almost imme- 
diately. The undertaking will comprise, in addition to 
the reservoir, a } mile of tunnel, 14 miles of cut and cover, 
24 miles of 40-in. pipe-laying, and 14 miles of 29-in. pipe- 
laying. The pipe track for the section will terminate at 
—_ level with Belper cemetery, and the reservoir 
will be the principal object of public interest. It will 
occupy an area of seven acres at the back of what is 
known as Chadwick Nick, between Ambergate and Crich, 
and it will have a holding capacity of 30,000,000 gallons. 
| The Ambergate reservoir is designed to supply Notting- 
ham on the one hand and Derby and Leicestcr on the 





other. 


CATALOGUES. 


From Messrs. Marion and Co., Limited, 22, Soho- 
equare, W., there have reached us a number of circulars 
referring to plan-copying papers, linens, &c., as well as 
large frames, stands, dishes, and other apparatus for this 
kind of work. 

A es has reached us from Messrs. R. Waygood 
and Co., describing their lifts for private houses. Among 
other forms there is described in this pamphlet the auto- 
matic push-button lift, in which, by simply pushing a 
button in the car, the lift will start and will stop auto- 
matically at that floor for which the button was pushed. 


A catalogue from the American Locomotive Company, 


| 26, Victoria-street, S.W., and New York, contains a 


description of the well-known rotary snow-plough. This 
type of plough was fully described in pages 117 and 172 
of the present volume. The pamphlet is illustrated with 
views of these ploughs at work, and a list of some thirty- 
two railroads making use of these ploughs. 


The ‘‘ Brush Budget” for April contains illustrations of 
electric cars, motor omnibuses, parts of condensing plant, 
500-kilowatt generating set supplied to the Bermondsey 
Borough Council, electric overhead cranes and turbine 
plant installed at the Bombay power station, together 
with notes on other matters of interest in connection with 
work in hand by the Brush Electrical Engineering Com- 
pany, Limited, of Loughborough. 

The India- Rubber, Gutta -Percha, and Telegraph 
Works Company, Limited, Silvertown, have sent us a 
price-list of Association electric-light cables and wires, 
These cables are manufactured in conformity with the 
rules of the Engineering Standards Committee. The list 
includes particulars and prices of wires and cables classi- 
fied under various grades, flexibles, fittings wires, flexible 
cords, &c. A list of concentric and high-tension cables, 
&c., is also issued. . 


Two pamphlets, entitled respectively ‘‘ Electricity for 
Power Purposes” and “‘ Electricity in Coal-Mines,” have 
reached us from the Electric Construction Company, 
Limited, Wolverhampton. The first of these is chiefly 
concerned with the driving, by electricity, of machine- 
tools, line shafting, air-compressors, pumps, blowers, &c.; 
while in the second various applications in the working 
of coal-mines are noticed, such as haulage engines, pumps, 
coal-cutters, &c. 


A pamphlet entitled ‘‘ Producer Gases, Generators, and 
Fuels,” by Mr. Howard Lane, has come to hand, and de- 
scribes Mr. Lane’s designs for generators for various pur- 
poses. Such producers include an improved form of 
Wilson gas-producer with air regenerative gas furnace, a 
producer for non-bituminous fuels, a ‘‘ Compacte” pro- 
ducer for marine and special service, regenerative suction- 
gas producer for bituminous fuels, and a high-grade plant 
for bituminous coal, wood, peat, lignite, &c., and other 
forms. The pamphlet is illustrated with figures printed in 
colours, and may be obtained in several foreign languages. 


From Messrs. Angus Murray and Sons, Craigton Engi- 
neering Works, Glitencenl, Glasgow, we have re- 
ceived a pamphlet describing ‘* Atholl” touring cars. The 
engine frames, &c, of these cars are made at Messrs. 
Murray’s works, and it is claimed for the car that distinc- 
tive features are, simplicity of construction and accessi- 
bility. The engine is of the four-cylinder type ; cooling 
by honeycomb radiator ; forced lubrication is provided ; 
the clutch is of the multiple-disc type with hardened steel 
and phosphor-bronze plates alternating; shaft transmis- 
sion is used. Bodies of various types are fitted. 


A well-got-up pamphlet has reached us from Messrs. 
Bruce Peebles and Co., Limited, describing the contract 
that firm executed for the North Wales Power and Trac- 
tion Company. This pamphlet is well printed and the 
reproductions of photeapaghe are well done, The scheme 
is interesting as being the first hydro-electric plant of 
any magnitude in the United Kingdom, and also for 
being the largest high-tension overhead transmission 
scheme as yet at work in this country. Water is drawn 
from Llyn Llydaw, with a fall of 1140 ft. in 1} miles, 
and is taken to the power-station in which there are four 
1500-K.V.A. three-phase alternators driven by Pelton 
wheels. 


Messrs. Crompton and Co., Limited, Salisbury House, 
London Wall, E.C., have sent us a pamphlet relating to 
electrical pyrometers. These are of the direct-reading 
type, with couples of metals dependent on the tempera- 
ture to be measured. For temperatures up to about 1000 
deg. Cent. the couples are formed of nickel and steel, for 
lower temperatures (500 deg. Cent.) constantan and copper 
are used. The leads are, if possible, of the same metals 
as are used in the couple. The indicating instrument 
should be fixed in a cool place. The scales are constructed 
to take into account all variations due to alterations of 
temperature of the indicator itself. Some of the instru- 
ments are designed as fixtures, while other patterns are 
of a portable type, the indicator being enclosed in a light 
wooden case. 








Tue Week-Enp AnD Hotipay A.B.C.—The first issue 
of this new (6d.) monthly guide, published at 119, Pal! 
Mall, S.W., has just appeared. 1t gives brief historical 
and general data on sea-side and other resorts within easy 
reach of London and provincial towns, together with a 
concise railway time-table for each town, and the rail 
way fares. Data of a similar nature are given on the 
nearer Continental holiday resorts; also information on 
week-end trips and longer holidays at sea from the 
various British seaport towns. A “pleasure calendar 
for May and June deals with races, shows, and other 
events. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECOR 


Compirep By W. LLOYD WISE 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 

The number of views given in the Specification Drawings is stated 
in each case ; where none are mentioned, the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, thampton Buildings, Chancery-lane, W.C., at 
the uniform price of 8d. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. 

Any person may, at any time within two months from the date oj 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


16,410. J. Brockie, London. Enclosed Arc-Lamps. 
(9 Figs.) July 20, 1906.—The object of this invention is to 
provide an electric arc-lamp of the enclosed type which will run 
for a very long time without requiring trimming or attention 
of any kind. According to this invention, the arc is « letely 


| 





nating-currcnt machines is the object of this invention. Ways in 
which this invention can be carried into effect are illustrated by 
the following examples :—An example, according to which the 
compensating currents generated between the brushes of the same 
polarity of a four-pole alternating-current machine are used to 
excite the machine, is shown diagrammatically in Fig. 1. Both 
the sets of brushes a, a, of the same polarity, and the sets of 
brushes b, b, of the same polarity, are respectively closed through 
windings f and g, from the middle point of which the working 
current is branched off. Fig. 2 shows diagrammatically an appli- 
cation of the invention io a four-pole alternating-current ma- 
chine, in which the compensating currents, instead of being used 
directly, are first d through a transformer and serve to com- 
pensate the machine by means of the additional brushes c. The 
two windings f and g inserted respectively between the sets of 
brushes a, a, of the same ae, and b, b, of the same polarity, 
are arranged as primary windings on an iron core common to both 
such windings, the secondary winding A supplying the potential 
required for compensation. It is obvious that the intensity of 
the working current has no influence whatever on the action of 
the windings f and g, because the working-current circuit tra- 
verees each half of these windings in opposite directions, so that 
they neutralise the actions of the working current in the windings 


| fand g, and only the pressures which generate the compensation 


currents are effectual. (Sealed May 9, 1907.) 


4819A. H. W. Ravenshaw, Hanwell, and V. G. Mid- 
dleton and W. E. Townsend, Edinburgh. Magnetic 
Clutches. [5 Figs.) February 27, 1907.—This invention relates 
to improvements connected with magnetic clutches, which im- 





enclosed in a chamber which excludes entirely the access of air 
to the arc, even during the periods when the lamp is not in 
operation, and this enclosure is effected in such manner that 
neither the movable carbons nor their holders are required to 
pass through stuffing-boxes into the arc chamber, and, con- 
sequently, the movable carbons, as well as the fixed carbons, 
although pletely losed, may be burned practically right 
down to their sockets without interference with the free move- 
ment of the carbons. The movable carbons a are held pendant 
in sockets ) of a multiple holder c, which is guided vertically in 
a tube d, which forms part of the closure of the air-tight chamber 
and is wide enough to accommodate the whole group of movable 
carbons. The holder is suspended by a flexible conducting cord, 
which passes round and is secured to a spring-drum / free] 

mounted on a fixed spindle supported by the walls of a casting 

forming the upper part of the closed chamber. The casting / is 














secured to a plate, to which the main and shunt-regulating coils 
j, karesecured. Into a central aperture in the plate is attached, 
so as toforma tight joint, the upper end of the tube d, around the 
lower part of which is tightly fitted an annular disc /7. The rim 
of this disc and of the neck portion m! of the globe and negative 
carbon-supporting frame m are closed against opposite sides of a 
ring n by means of rings of mica or other suitable material, 
which also serve to insulate the negative carbons from the lamp- 
frame. The globe support m is made in two parts, detachably 
connected, so that the lower part can be removed to give access 
to the lamp for trimming. The globe p reste on a collar of the 
negative carbon-holder q, which is urged upwardly by means of a 
spring to effect the closure of the hole in the bottom of the globe 
through which the negative carbon-holder passes, and also to press 
the edges of the upper opening of the globe against the lower rim 
of the neck portion m1 of the globe frame, the abutting surfaces 
being trued to make a tight joint with or without the interposition 
of an india-rubber liner or the like. The plungers j!, k! of the re- 
gulating magnets work in closed boxes j2, k2 secured to the lower 
ends of the magnet bobbins, cne of which may be used as the 
cylinder of a leaky piston dashpot. (Accepted February 27, 1907.) 

19,717. Felten and Guilleaume-Lahmeyerwerke 
Actien-Gesells ort-on-the- er- 
many. -Current Machines. [2 Figs.) Sept- 
ember 4, 1906.—Compensating currents are, as a rule, generated 
between the brushes of the same polarity of electric machines, and 
attempts have been made to suppress these currents as far as 


* 





pos-i\le, and for this je oye in alternating-current machines it 
has !)-<n proposed to insert choking coils between the brushes cf 


the same polarity. It has been found that these compensating 


currents can be used with advantage in alternating - current 
machines for exciting, or for varying the excitation of, or even 


prov ts embrace a method of obtaining slip or intermittent grip 
in magnetic clutches, as well as means for practising this method. 
It is well known that in many mechanical clutches a slip or inter- 
mittent grip is a very valuable feature, but it is believed that 
such slip or intermittent grip in magnetic clutches has never 
previously been obtained by purely electrical means. By means 
of the invention this slip or intermittent grip is obtained by 
employing an intermittent energising current. Theintermittence 
may be effected in any desired way—for example, by hand or by 
means of a rotating commutator or switch. Thus in Fig. 1 a suit- 
able commutator or switch for the purpose is shown, consisting 
of a cylinder 20 made up of two crowns dovetailing into one 
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another, one crown 21 heing of conducting material, and the 
other 22 of non-conducting material. A contacting brush or 
tongue 23 is adapted to slide on the bar 24, so that by moving it 
in one direction or another the desired degree of intermittence 
may be obtained. Thus it will be seen that if brush 23 is moved 
to the left, longer periods of contact are obtained with shorter 
spaces of time between them ; whereas if the brush be moved to 
the right, the periods of contact are shorter, and have longer 
intervals between them. Fig. 2 illustrates a case which differs 
from that; shown in Fig. 1 in that the brushes are fixed, the de- 
sired degree of intermittence being obtained by selecting which 
of the switches 26, 27, 28, aud 29 shall be closed. Thus it will be 
seen that when switch 26 is closed the contacts are made fora 
minimum period with maximum intervals between, whereas 
the reverse is the case when switch 29 is closed. (Accepted 
February 27, 1997.) 


MOTOR ROAD VEHICLES. 


6915. T. B. Browne, London. Change-Speed Gear. 
{4 Figs.) March 22, a to this invention, the gear- 
box of a motor road-vehicle is provided with two longitudinally 
arranged shafts having worm-wheels ng with a worm 
mounted on a transversely arranged differential shaft. The 
longitudinal shafts also carry trains of spur-wheels, whereby 
the one may be caused to rotate at a different speed to the 
other. The worm-wheels are fixed on their respective shafts, or may 
be loose and provided with clutches or their equivalents whereby 
they can be locked to their respective shafts. e spur-wheels on 
one shaft are either arranged to slide longitudinally on said shaft 
to bring them into or out of gear with the spur-wheels on the 
other shaft, or they are provided with clutches to lock them to 
said shaft. A and A! designate the two longitudinally arranged 
shafts located one above the other, the former being the driving- 
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shaft, which receives motion from the motor; B designates the dif- 
ferential axle, C the worm on the differential box, and D and 
the worm-wheels on the shafts A and A!, the former being loosely 
mounted, and the latter fixed. On the driving-shaft A are a pair 
of spur-wheels E and F adapted to slide on said shaft, but having 
no independent rotary motion thereon. On the shaft A! are 
fixed two spur-wheels G and H, with which the wheels E and F 
engage when they are slid along the shaft A. On the wheel F is 
formed or fixed one part of a dog-clutch, the other part of which 
is formed or fixed on the worm-wheel D. In this construction the 
top gear is direct, and is transmitted through the worm-wheel D, 
the shaft A! rotating idly in the opposite direction, and the first 
and second gear are indirect and are transmitted through the 
worm-wheel Dl when the worm-wheel D rotates idly. (Sealed 
May 2, 1907.) 
18,873. E. C. Horsley, Cov . Change-Speed- 
~ Uperating Mechanism. (7 Figs.) August 23. 1903. 
—This invention relates to change-speed-gear-operating mecha- 
nism, particularly of the type in which there are two gear-sleeves 
to be moved, and has for its object to provide simple means 
whereby the moving of the change-speed lever from one position 
to another will be facilitated, and in which the necessity for 
separate locking devices for the two gear-sleeves is obviated. 
Tne change-speed lever A is formed with a ball A! which engages 
a socket joint in a bracket B. This bracket is formed with a 
quadrant plate B!, which has in it two intersecting slots ©, C!. 
The bracket is formed 80 as to receive the sliding quadrants D 
and E. Each of these has a slot formed in it, and slots are 





compensating, the machine, and this utilisation of the compensat- 
Uon currents between the brushes of the same polarity of alter- 





80 that when the quadrants D and E are in their normal 
position beneath the quadrant B! these slots coincide with the 


slots OC, Cl in the quadrant plate. Each quadrant plate D or E 
is provided with an extension which is connected hy rods or other- 
wise to one of the gear-sleeves which have to be moved. The 
change-speed lever A passes through the slots in the quadrants, 
When in the central position no gear is in engagement, but by 
moving the lever longitudinally in one slot—say, C!—the lever is 
enabled to move in relation to the quadrant D without actuating 
the same, owing to the slots C! and D! being similar. The lever, 
ho wever, bears against the side of the slot E!, and as the lever is 
moved across it forces the quadrant E outwards (Fig. 2). This 
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moves the corr.spondiug shiftirg mechanism and engages the 
gear as desired. By moving the lever A in the opposite direction 
and to the opposite side of the neutral point the quadrant E is 
similarly moved to its other extreme position, as will be under- 
stood. The action is similar with the other slot C, and it will be 
seen that the movement of the speed-lever is normal to one slot, 
but abnormal to the other, and this causes relative movement of 
the quadrant, in which is formed the latter slot. Hence the 
quadrants can be always connected to the gears which they have 
to move, and it is therefore impossible to engage two gears simul- 
taneously. (Sealed May 9, 1907.) 


RAILWAYS AND TRAMWAYS. 


14,073. J. P. Durkin, Philadolphia, U.S.A. Tram- 
car Controllers, [6 Figs.) June 19, 1906.—This invention 
relates to the automatic regulation of the operations of electric 
motor - controllers, and its leading purpose is to provide, in 
mechanism for interrupting the action and preventing the ton 
rapid introduction of current, a simplified construction of 
increased durability and efficiency. As shown, the controller- 
shaft 1 has sleeved thereon the hood 4. Within the hood is the 
circular channel 7, having zig: sections, comprising the alter- 
nating and per is projections or teeth 8 and 9 
extending radially with reference to their path of rotation. In 
Figs. 1 and 2 there is shown an approximately (-sha: cam, 
formed in a member 11, which is secured to the controller-casing 
top. A ball 12 lies normally in the inner part of the cam, where its 
bifurcations intersect, and in the channel 7 in the path of the 
projections 8, both branches of the cam having an upward 





inclination in the outward direction from their intersection. 
Therefore, when the handle 6 is revolved anti-clockwise, the 
ball is carried by a projection 8 along one branch of the cam 
into the path of the succeeding projection 9, which is engaged 
by the ball, and the forward movement of the handle is —. 
Upon relieving the pressure on the handle so that the ball can 
disengage itself from the engaging projection 9, it rolls by 
gravity to its initial position into the path of the second pro- 
jection 8, which, upon further revolution of the handle, again 
throws the ball outwardly into position to be Te by the 
second projection 9. In this manner the desired interruptions 
are effected at the proper points in operating the controller to 
admit current to the motor. In revolving the handle in the 
opposite direction to throw off the current, the ball is thrown by 
the projections 8 into the second cam branch, where it reciprocates 
through the actions of the inclined faces of the projections 8, 9, 
from which it rolls, thus permitting an uninterrupted reverse 
movement. (Sealed May 2, 1907.) 


28,101. Siemens-Schuckertwerke, G.m.b.H., Ber- 

Germany. Insulating Trolley-Wires. (1 Fig.) 
December 10, 1906.—In electric railways and tramways one pole 
of the current source is usually connected to the running rails, 
and therefore to earth. In such cases, where the other pole of 
the current supply is connected to the overhead conductors, it 
easily happens that when such conductors are carried below iron 
constructions connected to earth, such as bridges or the like, that 
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asho:tcreuit is established by the current-collector itself, or by 
an arc which is started by the collector leaving the conductor 
temporarily. To prevent this short-circuiting, shields or troughs 
of insulating material have been fixed between the overhead con- 
ductor and the iron structure or bridge. This material, however, 
is either not weatherproof, and therefore requires supervision, or 
is very expensive. In accordance with the present invention, 





metal shields or troughs are used in place of the insulating 
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material, and are fixed in such a manner that they are insulated 
from earth. At the same time they offer the advantage that 
their great cooling surface assists in the extinction of an arc 
which may be formed. The arrangement of these metal shields or 
troughs is shown diagrammatically in the drawing for a single 
overhead ductor ; @ rep 8 the overhead conductor, b the 
collector of the passing vehicle, ¢ a girder or part of the iron 
structure or bridge, to which, by means of the insulators d, d 
the metal shield ¢ is suspended or fixed. (Sealed May 9, 1907.) 





SHIPS AND NAUTICAL APPLIANCES. 


10,262. R. E. Glasgow. Ships. [5 Figs.) May 2, 
1906.—This invention relates to the construction of steel and iron 
ships, and it has for its object to make the centre girder of double 
bottoms in such a manner as to allow of each length of plate, with 
its top, bottom, and vertical connections, being made from tem- 
plate, and, if desired, riveted on the ground before being put in 
place on the keel-plate. The centre girder C of double bottoms is 
constructed in such a manner as to allow of each length of plate 
b, 1, 2 forming the centre girder being made with its top, 
bottom, and vertical connections e, el, e2, f, 71, f2, and k from 
template, and riveted thereto. In order to effect this object the 
top or upper edge c of each vertically disposed girder plate, and 
also the Pottom or lower edge d, is either flanged or has a single 
angle fitted to it, or may be of rolled section. An angle is shown 
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as riveted to the top of each of the plates b, b!, b2, and another 
angle at the bottom thereof. These angles are arranged 80 as to 
overlap at g, g!, forming an efficient and strong connection. It 
will be noticed that the central plate ) has its angles ¢, fon one 
side only, whilst the other two plates b!, L2 have their angles e!, /! 
and e2, f2 on the opposite side, so that the plates and angles can 
be made to overlap at g, g! and be riveted together. If so desired, 
the plates b, b!, b2 may each have flanges on one side at both top 
and bottom, and at the other side may have angles fitted so that 
their butts are in close proximity to the butts of the plates ; that is 
to say, each plate may have flanges on the one side extending the 
full length thereof, and at the other side may have shortened 
angles fitted so as to butt with the flanges of the adjoining plates. 
(Accepted February 27, 1907.) 


12,578. H. H. MacTaggazt and R. G. Scott, Loan- 
head. Steering-Gear. [2 Figs.) May 30, 1906.—This inven- 
tion has reference to improvements in and relating to telemotor 
apparatus for ships’ steering-gear where the transmitting cylinder 
is of the vertical class, such as is described in the specifications of 
Patents No. 12,232 of 1898, and No. 23,665 of 1904. According to 
these improvements, the transmitting cylinder A, which is of the 
vertical class, is raade of greater diameter than the receiving 
cylinder, and which consequently will make such transmitting 
cylinder of less ee and shorter stroke than hitherto em- 
ployed, but still retaining the same relative volumes between the 
two cylinders, and which, besides saving head space, will enable 
the steersman to see over the ap when attending to his 
duties, and also make a more rigid structure. The steering- 








wheel transmitting gear will require to be made more powerful 
than heretofore, so as to actuate the larger piston B in the 
shorter transmitting cylinder A, and the latter may have the 
toothed rack C either below, as shown, or above the piston B or 
cylinder A. Where the by-pass is fitted in the transmitting 
eylinder A, a recess a is bored out in the cylinder wall A in way 
of piston B at the mid-stroke position, at the lower erd of the top 
part of the cyiinder or at the upper end of the lower part where 
the upper and lower parts of the cylinder are jointed and bolted 
together, to receive a vertical liner b, and an open or cir- 
cumferential slits are left at the top and bottom of recess a, 
and a is obtained bet these two slits by means of 
holes drilled lengthwise through the liner b or through the walls 
of the cylinder, or partly in the liner } and partly in the cylinder 
A, while circumferential space communicating with the drilled 








holes would also be left about the central part of the liner b con- 
ior) to the usual safety-valve passage d. (Sealed May 9, 
1907. 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
1132. J. Zhom, Cardenald. Steam-Engines. [1 Fig.) 


January 16, 1906. is invention has reference to engines of the 
kind in which a piston within a cylinder is reciprocated by steam, 
air, or the like, and the reciprocations are effected by the valve 
gear alone, that is to say, without the use ‘of cranks or flywheels. 
In engines of this kind, the ports by which the motive fluid is 
fecal: to and from the opposite ends of the cylinder open out 
into the said cylinder some distance inwards of the point which 
the piston reaches at the end of its strokes ; while a small passage, 
controlled by a valve, is employed for communicating with the 
outer ends of the cylinder, beyond which the piston does not 
move, to supply motive power fluid to the ends of the cylinder, 
to quietly start the piston at the beginning of its stroke, until it 
reaches and uncovers the main supply port. a@ represents the 
main ports for the steam, and } are the small ports or passages 
in connection with the same, which communicate between the 
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ports a and the ends of the cylinder, and in connection with each 
of these small ports or passages there is a valve designated ¢ in 
which the valve proper is a ball working on a suitable seat in its 
case. This ball allows steam from the ports a (which open out 
into the cylinder some distance inwards of the point which the 
piston reaches at the end of its stroke), when covered by the piston 
at the end of its stroke, to enter the cylinder, as it (the ball) 
opens towards the cylinder; that is, the valve enables a small 
amount of steam to pass into the cylinder, while it prevents the 
escape of steam imprisoned between the piston face and the end 
of the cylinder, when the entrance of the port @ is covered by the 
piston, in approaching the end of its stroke, and so causes it to be 
compressed ; and this compressed steam, in conjunction with the 
steam admitted by way of the port b and ball valve effect the 
starting of the pisten in its return stroke, producing thereby a 
gentle action at the beginning of the stroke. (Sealed May 2, 
7.) 


17,190. H. B. Watson and T.C. Billetop, Newcastle- 
on-' Feed-Water Filters. [2 Figs.) July 31, 1906.— 
This invention relates to that class of feed-water filter in which the 
filtering material is contained within the perforated walls of a re- 
movable filtering cart , and the object of the invention is so to 
shape the cartridges and support them within the filter casing that 
the filtering area is considerable relatively to the size of the casing ; 
a passage of gradually increasing sectional area is provided for 
the filtered fluid ; the resistance offered to the fluid in passing 
through the material is equalised by diminishing the thickness of 
the filtering material in those parts of the cartridge, where, by 
reason of its tion and the pressure to which it is subjected, it 
is more closely — and the removal of the filtering material 
is facilitated. e casing 1 is provided with an inlet branch 2 
which leads through an inlet-valve seating to the peripheral por- 
tions of the interior of the casing, and through a by-pass valve 
seating to the outlet branch 4. The valve 3a is adapted to close 
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one or other of the seatings, as may be desired, so that in the 
usual manner the filter proper may either disconnected from 
the inlet branch and the by-pass valve be opened, or be connected 
to the inlet branch and the by-pass valve closed. The casing is 
also provided with an outlet valve 4a adapted to close the outlet- 





valve seating. A diaphragm is fitted across the outlet, and 
serves to carry the filtering cartridges in such manner that the 
outlets of the tive cartridges are ted to the 

outlet 4. In of Sa neg | the cartridges of concentric per- 
— cylinders, with the filtering material in the annular space 


tween, the frames 6 and 7 are made of oval shape in cross 
sec’ » the paces ager frames 6 being of taper configura- 
tion, so as to pro @ passage 6a of ually increasing cross- 
sectional area for the filtered water as it flows to the outlet ; this 
construction has the further advan that it ——, reduces 
the thickness from top to bottom of the filtering material between 
the inner frame 6 the outer frame 7, so that the wa'er which 
flows transversely across at the lower levels, where the filtering 
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material is more consolidated, has to penetrate through less 
thickness of material than that penetrated by the water at the 
higher levels, where the material is less consolidated ; in this way 
the flow is rendered more equable ; moreover, this construction 
greatly facilitates the withdrawal of the material when it has to 
be renewed. The object in making the perforated frames 6 and 7 
of oval shape in cross-section is to enable a much larger filtering 
area for a given size of casing to be obtained than would be pos- 
sible with frames of circular cross-section. The direction of the 
water in passing through the filter is indicated by the arrows, 
which, in conjunction with the description given, clearly explain 
the action of the apparatus. (Accepted February 20, 1907.) 


13,075. R. Cockburn, Glasgow. Stop-Valves. [1 Fi.) 
June 6, 1906.—This invention relates to steam stop or like valves, 
in which the seats are formed of brass or like metal, and detach. 
ably secured by studs in a cast-iron, steel, or other metal casing, 
as described in the specification of Letters Patent No. 22,349, of 
1900; and, as shown in the drawing, the present improvement 
consists in forming the lower face of the seating A, which rests 





upon the casing B, with an annular projecting ring of Y shape in 
cross-section, which is fitted in a Y groove or channel in the 
casing B, so that a tight joint is formed while the seat is free to 
expand. The seating A is formed with a number of projecting 
snugs a! through orifices in which studs a? are and screwed 
into the casing to hold down the seat. (Sealed May 2, 1907.) 


18,527. Schaffer and Buden’ , G.m.b.H., Mag- 
deburg-Buckau, Germany. Double-Seat Valves. 
{5 Figs.) August 18, 1906.—This invention relates to a double- 
seat valve with two ports or openings situated one above the 
other in line with the axis of the spindle. Valves so formed 
are usually constructed by connecting two discs or dish-like 
bodies by means of a stem or webs, such bodies forming the 
valves and either resting on their seats by means of projecting 

es formed on their undersides, or occupying the ports if such 
valves are intended to serve as throttle-valves. Such valves 

several drawbacks. These drawbacks are avoided by the 

resent invention. This result is obtained by closing both ports 
y means of an inverted truncated cone valve, and by lifting the 
lower edge of the cone beyond the upper port or opening when 





the valve is opened, so that both ports or openings then offer 
an unobstruc'! to the fluid. The interior of the valve 
casing 1 is divided into two parts by a partition 2. This partition 
has formed in it two valve seats or two ports or openings 3 and 4, 
one above the other and concentric to the axis of the valve spindle. 
The valve 7 is formed as a cone, and may be raised so high by 
the screw-threaded spindle that it takes up, when fully opened, 
the position indicated in broken lines where its lower edge 9 has 
passed beyond the upper edge of its upper port 3 by a distance wu, 
so that in this position both ports are quite unobstructed. The 
distance z! between the higher edge of the lower port and the 
lower edge of the higher port, as well as the diameters of the two 

ts, may thus be less t has hitherto been usual. (Accepted 

‘ebruary 27, 1907.) 


11,216. D. B. Morison, Hartlepool. Preventing 
Corrosion of Condenser-Tubes. (4 Figs.) May 14, 1906. 
—This invention relates to apparatus intended to prevent or lessen 
the corrosion or pitting of the tubes in surface-condensers, and 
consists in a particular construction and attachment in a con- 
denser of an electrode formed of a material which is highly 
electro-positive, and intended to prevent or lessen the corrosion 
or pitting of the condenser tubes. a is an electrode which 
is constructed of a material which is highly electro-positive, 
and is provided with arms b radiating from a boss c, the 
arms being arranged in a plane at right angles to the axis of 
the stem d, which is screwed at e into the boss of the elec- 
trode. The stem is also threaded at f to enable it to be screwed 


Pug.t. 








into a tapped hole in the condenser tube-plate. The stem, which 
is of copper, forms a good and permanent conductor between the 
condenser tube-plate and the electrode; and the shape of th: 
electrode provides a larger surface for the passage of the electric 
current from the metal of the condenser-tubes by way of the 
electrode. Instead of constructing the stem of copper, any other 
material which is a good electric conductor, and which is mecha 
ni ; suitable for ting the electrode with the condenser 
tube-plate, be employed. The shape of the electrode may 
vary considerably from that shown, as the arms may radiate in 
multiple planes, the essential feature being that the electrode 
exposes a surface, and approximately maintains its origina! 
characteristic form when being corroded away, (Accep’' 
February 27, 1907.) 
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curves 
EQUIVALENT UNIFORM LIVE LOADS 
DERIVED FROM 
(@)MAXIMUM BENDING MOMENTS 
{0) Maximum SHEARING FORGES 
For Sparus upto 150 Feet 


; wheels of an engine is on the point of moving off 
MOVING LOADS ON RAILWAY UNDER- the span. 
BRIDGES. Analytical Method.—Let W, be the heaviest of 
Analytical versus Graphical Methods of Determining | the wheel-loads of an engine, and L the span ; then, 
the Maximum Bending Moment and Shear due 
to a Train-Load. Fig.t. S 
By H. Bamrorp, M.Sc., A.M.I1.C.E. A (2) G o B 
In preparing tables of equivalent uniform live a , aa BP. fe 
loads for a given type train, it is necessary to deter- ‘come + on © + GS 4 ------ | 
mine, for each span, the maximum bending moment | 
and maximum shear produced as the train moves WW, 
across the span. ‘These determinations may be 
effected analytically, graphically, or by a combina- 
tion of the two methods; whatever method be Fig.2 
adopted, however, the work involved will be much oF 4 W, 
facilitated by observing at the outset (vide Enat- A B 
NEERING, September 7, 1906, page 307) that :— Al = wae nke---Cle -- ls 
1. The maximum bending moment will occur| ~~ «--------£-------; * Aaa 4 ae 
under one of the heaviest wheels of an engine when | 
that wheel is at, or in the neighbourhood of, the 9844 4. Wet+W; +W, 
wet 1907 or safrzajr wir reir, or or aay 4 igi soot wirigit, gr gr JAST aT aT 
A+ tototens & ivawrasl HOHOtA © ZE 
767 Ee 11.85 WS EMS. Om Eve 6G 737 CT Coy 17 wih mle: wes ene 66 7.97 6% 7 
| 6 ig a a 65 6------- a , 1 
62 aso 65.20 ee 50 $0" 70 $0" = 0" 140" : : 
qnesecr= <i an ae me AE a Em wa = P 
! 12 
“ || : 
Fig. 3. i a, F 
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centre of the span, and when, at the same time, 
the train-load extends over the whole span. 

~. The point of maximum bending moment and 
the centre of gravity of the whole load on the span 
when maximum bending occurs are equidistant 
from the centre of the span. 

3. The maximum shear will always occur at an 
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Carve of Equiv. Loads from Moments 1~200Tons 
” ” » Shear’ 12200 Tons 
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for all spans from zero up to some particular value 
of L = L,, say, W, at the centre will give the 
w,L 


maximum bending moment, - 7 and the corres- 


ponding equivalent uniform load will be 2 W,. 
For two loads, W,and W, on the span, the 





abutment, and when the span is fully loaded ; and, 
usually, when the first of the more heavily loaded 


heavier load, W,, when this load and G, the centre 


maximum bending moment will occur under the 


of gravity of both, are equidistant from O, the 
centre of the span. Let AB, Fig. 1, represent 
the span, and let d, be the (fixed) distance between 
the loads ; then for maximum bending, 


GO=Om _Gm us Gn W, _mn hoe... ihe = 
2 2 W,; 2 Wi + Ws 
We a 
; 2(W, + W,)° 
Reaction at 
B = P, =(W, + w,) = (W, + W;) 
L 
(5 GO ) 
L 
and 





Maximum bending moment = P;. Bm 
L 
-(=-GO)(=- 
L ( ; G ) (5 Om 
~_ W, + We me a) 
= ((Wi + Ws) L— W, . d,)? (1) 
4.L.(W, + We) 
and W,, therefore, will be greater or less than that 
produced by the single load W,, according as the 


— Wi + We L ) 
(¥ ae 
L “2 2(W, + Ws)” 
The maximum bending due to the two loads W, 
expression (1) is greater or less than W, 2 


That is, according as 
((W, + Wy) L — We. d,)? — W, (W, + We) L? 
a be W. \ 
2 Wa(Ws + Wa) {La 2Lid + tw] 
is positive or negative. 
Hence, when the span is greater than d, (1 + 
ee ) : 
2), the two 1 Ww W. ] 
V aw) ® e two loads W, + W, will 
give a greater maximum bending moment than 
willthe single load W,. Again, if three loads, W,, 
W,, and W, (Fig. 2) be on the span, the distance 
of their centre of gravity G, to the left of O (the 
centre of span), when maximum bending occurs, 
will be " 
= Om = G™ -_Ws_nm— Wo. pm 
69-008 "a Oe ee 
_ Wad) - Wado , 
2(Wy+ Wet Wo) , 
the reaction at the left terminal, A, will be 


GB 
Pa= (W; + W.+ W 
A ( 1 et o AB 


%+G0 


) 


and the maximum bending moment, which occurs, 
under wheel W,, will 


P,.Am-W,.nm 
( = +G0) 


= ha Woe HOA 


(f+om) -W:.d; 


= (W, + We + Wo) 
_ (Wy + Wa + Wo)/ L , We. dy) — Wo. do\? _ 
ore ( 2 *iwswse We) We-& 
_((W; + We + Wo) L + We.d,—-Wo. dh)? _ 
aan 4.L.(W,+W2+W) Y ~ We. di (3) 
Hence three loads will give a greater or less 
maximum bending moment than will two, accord- 
ing as (3) is greater or less than (1); that is, 
according as the expression 


{(w, + W: + W,) Dt Wed, ; Wo dy -, 


(Weds - Wodo? _ wy a.) 
iL. meen OS 
L_ Wed Wd? 
+ Ww Ww. m4 a 2 ES 6. 
{( 1+ Ws) 5 2 Caw wst 
or 
L?- 2L.d — 


We (Wi + We) di do — Wo (Wy + We) do? | 
(W,+ W2)(W, + We + Wo) J 
is positive or negative. 
Hence three loads will give a greater or less 
maximum bending moment according as 
\ (4) 


(w, + Wg) dy + wed, 
A/(w, + we) (w, + Wy + Wo) 

Taking, for example, the six-wheels coupled 

engine shown in Fig. 3, W;=W,=W,=18} tons; 

and d, = d, = 7.5 ft. from equation (2), we find 

that one wheel will give a greater maximum bending 


{ W.2d,2 +2 
l 


Lis > or <{ y+ 








moment than two for spans up to 7.5 (1 + V3) = 
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12.8 ft., and two will give a greater maximum than 
ye three or one for spans ranging between 12.8 ft., 
sy (3 76) 
V6 
For spans up to 12.8 ft. 
E jvivalent uniform load = 2. W, = 36.5 tons. 


From (1), when 


7.5 + = 16.69 ft. 


L = 16.69 ft. 
Maximum bending moment = 
((18 25 + 18.25) 16.69 — 18.25 x 7.5)? 
~~ 4x 16.69 (18.25 + 18.25) 
= 92.64 foot-tons, 


and equivalent uniform load 


= 92.64 x = 44.4 tons. 


8 - 
16.69 

Proceeding as above, the limits of the spans 
between which four, five, or any given number of 
loads will give the greatest maximum bending 
moments can be found; but this mode of pro- 
cedure is not to be recommended, excepting in the 
case of very short spans, or when absolute accuracy 
is required. In practice, for any given span, the 
load system giving the greatest maximum bending 
moment may be determined very readily as follows: 
—Lay off the wheel diagram of the type train on 
any suitable scale, as shown in the diagram, Fig. 3, 
and underneath it move a strip of paper (or a svale) 
on which the span and centre line have been 
marked off, keeping the centre line in the neigh- 
bourhood of the centre of gravity of the more 
heavily loaded wheels of an engine. In this way 
the load system required for any given span can 
generally be seen at a glance ; occasionally, how- 
ever, there may be some doubt as to whether the 
load system selected in this way is the correct one 
or not ; as, for instance, when by moving the paper 
strip a little to the right or left, so as to take in an 
extra load, the new load system seems almost as 
promising as the one first selected. In such a case 
it may be necessary to determine the maximum 
bending moments for two (or even three) load 
systems, in order to get the bending moment re- 
quired. 

Having determined the load system for any given 
span, the maximum bending moment and the point 
at which it occurs may be determined, analytically, 
as shown by the following example. Let the span 
be 50 ft., and the type-train that represented in 
Fig. 3; the load system giving maximum bending 
includes the wheel (or axle) loads marked a to g, 
and, therefore, the total load on the span is 
W =9 + 9 + 18} + 18} + 18} + 139 + 13% = 100.25 tons. 

Taking moments about wheel <, and dividing by 
W, we obtain, as the distance of the centre of 
gravity of the load system to the left of d, 

aw = (18.25 x7.5+9 x 14.7549 x 21.25 — 18,25 x 7.5 - 13 75 

x 19.20 — 13.75 x 24.70) + 100.25 
= — 2.788 ft. 
The maximum bending moment usually occurs 
under that wheel which is nearest to the centre of 
gravity of the total load, and this is always the 
case if the wheelisd. If, however, the centre of 
gravity fall a little nearer c or e than d, the bend- 
ing moments under both c and d, or e andd, should 
be obtained, and the greater of the two values 
taken. In the present example, the maximum 
bending moment will occur under wheel d, when 


that wheel is at a distance of — = 1.398 ft. to 
the left of the centre of the span. 

The distance of the centre of gravity of the total 
load W, from the right terminal of the span = the 
distance of wheel d from the left terminal = 25 — 


1.394 ft. = 23.606 ft. Therefore, reaction at left 
terminal 
= aalate 606 47.33 tons, 


the algebraic sum ot the moments of forces acting 
to the left of d, about that point—that is, the 
invximum bending moment required, 
= 17.33 x 23.606 - 18.25 x 7.5 -9 x 14.75 - 9 x 21.25 
= 656.4 fout-tons. 


and the equivalent uniform load is 


w! = 656.4 x a = 105.02 tons. 


In preparing tables of equivalent live loads 
derived from the maximum bending moments, 
the work may advantageously be systematically 





















































TABLE I. 
Distance of Load) +e Moments | Total ; Distance of Load) 5"* Moments —s Total 
Wheel Load. ‘trom Wheel d, | about Wheel d,| + Moments | Wheel Load. “trom Wheel d. , Sout Wheel -ve Moments 
| | about d. | d, about d. 
ny 4 . ~) ed tons x feet tons or tons x feet tons x feet 
ec = 18. ° | .87 3. = 25 -50 7 
b = 9.00 14.760 | «= (182.75 200.68 io 18.78 19.21 284.00 400-88 
a = 9.00 21.25 191.25 460.87 yg = 13.76 24.71 339.63 740.51 
i’) = 18.75 29.79 409.61 870.48 h = 13.75 30.21 415.25 1155.76 
hl = 13.75 35.29 485.37 1355.85 i = 13.75 35.71 491.88 1647.64 
g!! = 13.75 40.79 561.00 1916.85 a’ = 9.00 44.25 398.25 2045. 89 
fil = 13.75 46.29 636.63 2553.48 Y= 9.00 50.75 456.75 2502.64 
e!! = 1¥ 25 58.00 1058.50 3611.98 ce’ = 18.25 58.00 1058.50 3561.14 
d!! = 18.25 65.50 1195.38 4807.36 d’ = 18.25 65.50 1195.38 4756.52 
e! = 18.25 73.00 1332.25 6139 61 e! = 13.25 73.00 1382.25 6083.77 
TABLE IL. 
M Satie oe 
Distance (= ) of Centreof |. ? 
: Ww Distance of Centre of Span, for Maximum 
Load System Moment (M) | Gravity of Load System to Bending, to Left of 
Span. giving of L | Total Load | Lett of 
Maximum | System about (W.) ae seagetianen: = 
| Bending. Wheel d, j 
Centre of 
| Wheel d. Wheel e. | Wheel d. Wheel e Gravity of 
Load System. 
“et tons x feet | _—ttons tt. ft. | ft. ft 
20 c e 0. 54.75 0.00 a 0.00 6 0.00 
30 i. + 182.75 63.75 +2.08 ‘ 1.04 é — 1.04 
40 im - ~ 131.25 77.50 - 1.69 " - 0.85 ‘ + 0.85 
50 Gwe - 279.64 | 100.25 -2.79 . —- 1.39 ‘ + 1.39 
60 6» 8 -1186.75 | 127.75 -9.29 -1.79 oa ~ 0.90 + 0.90 
70 Cia @ ~ 1186.75 | 127.75 -9.29 -1.79 +s 0.90 + 0.90 
80 rat - 29176 | 155.25 1.88 re - 0.94 + 0.94 
90 fs. W — 129.01 178.00 —0.73 - 0.87 + 0.37 
100 rr «a & + 507.61 191.75 | +2.65 + 1.33 - 133 
110 ry. + 60.86 200.75 | +0.25 + 0,12 012 
120 ee. € + £0.86 237.25 +-0.21 + 0,10 - 0.10 
140 i“. 4-1246.24 255.50 +4.88 + 2.44 + 2.44 
140 ec, € + 50.86 273.75 +0.19 + 0,09 - 0.09 
150 ‘go @ + 650.86 3i0 25 +0.16 + 0.08 - 0.08 
TABLE III. 
; Moment (M,) of Reaction} Load Moment (My) of Load ' 
Distance from | Ge - atl af Equivalent 
: : about Point (d ore) | System (K) System (K) ; | oo - 
Span ieuaena Popeye of Maximum Bending. | to Left of about gcc hy —_— _— 
(3). Maximum | Terminal. Point of (Mf) - Mo). 8 
Bending. Maximum j (M, —- My) -. 
d. e. Bending. | Wheel d.| Wheele. ° 
‘ >. ft. tons tons x feet tons x feet ons Xx feet censxfeet tons x feet tons 
to12.8 _ oe ae an a = oe ae 36.50 
16.69 + ies hi “se a ee 92.64 44.40 
20 lu 27.375 273.75 e 136.87 - 136.88 54.75 
30 16.04 34.087 546.79 b to e¢ 269.62 ee 277.17 73.91 
S| mu | gm | mg ori] eet foe | ae 
2 s | 7.27 Ke a c .87 ba . 05.02 
60 29.10 61.969 |. 1805.64 a, d 3 $69.63 934.01 124.53 
70 £410 62.242 | ts 2122.76 o.«= 8 “ &C9.63 1253.14 143,22 
80 39.06 75.801 2960.79 .* ap 6. 1355.€6 =e 1604 92 160.49 
90 44.64 88.283 8910.69 gw € 1916.86 os 2023.83 179.90 
| ge | mas | See jet | Bae | ie 
) .12 605 5 P a . q 217.92 
120 60.10 118.833 7142.46 ‘ o © 3612.00 3530 46 235.36 
130 67.44 132 546 8938.90 a ww @ 4807.37 4131.53 254.25 
140 7V.10 137.057 9606.74 ag’, ¢ 4807.37 4799.37 274.25 
150 75.08 155.280 11659.17 eo" « © 6139.62 55.9.55 291.38 





If., and III. In Table I. the first column gives 
the loads acting to the left of wheel d (the wheel 
under which the greater number of maximum 
bending moments occur), the second column their 
distances from that load, the third column the 
products of load x distance, and the fourth column 
the sums of these products. The fifth, sixth, 
seventh, and eighth columns respectively give 
similar values for the loads acting to the right of d. 

In the first column of Table 11. the spans are set 
down, and in the second column the corresponding 
load systems giving maximum bending moment. 
In the third column the algebraic sum of the 
moments with respect to wheel d are given; these 
being the differences of the values given in columns 
4and 8 of TableI. Thus, for a span of 50 ft. the 
load system includes the loads marked a to g ; from 
Table I. the sum of the moments about d of the 
loads a to d = 460.87 foot-tons, and the sum of the 





moments of loads d tog = — 740.51. Therefore, 
algebraic sum of moments for the load system a to 
g = — 279.64 tons x feet. 


Dividing the moments given in column 3, 
Table 1I., by the total loads given in column 4, 
we obtain the distances given in column 5, and 
are thus enabled to calculate, as shown above, | 
the abutment reactions, the maximum bending 
moments, and the equivalent uniform loads given | 
respectively in columns 3, 9, and 10 of Table LIT. | 

In the diagram, Fig. 3, the spans given in| 
column 1., Table ILI., are set off as abscissze, and | 
the corresponding equivalent uniform loads given | 
in column 10 as ordinates. Joining the lower | 
| extremities of consecutive ordinates by straight 
| lines (or drawing a fair curve through these cx- 





arranged in a tabular form, as shown in Tables I., | tremities), a diagram of ‘‘equivalent uniform live The greatcr of these values will be the maximum 
9 


loads derived from maximum bending moments” is 
obtained, the ordinate of which, for any span, will 
give the equivalent uniform load for that span. 
Maximum Shears, and Equivalent Uniform Live 
Loads Derived Therefrom.—The maximum shear 
due to any train-load will always occur at an abut- 
ment, and when the span is fully loaded. For the 
type train represented by the wheel diagram (Fig. 3) 
maximum shear will occur either at the left abut- 
ment when the first heavily-loaded wheel c’” is just 
moving off the span towards the left, or at the 
right abutment when wheel e’ is just moving off the 
span towards the right. For spans up to 37.56 ft. 
the maximum shear will occur under wheel e’ when 
the train is moving backwards (towards the right), 
and for spans greater than 37.56 ft. it will occur 
under wheel «” when the train is moving forwards. 
To determine the maximum shear and the corre- 
sponding equivalent uniform load, we may proceed 
as follows :—First, assume the train moving for- 
wards and the wheel c” just leaving the span of 
length L, say ; then, if W, be the sum of the 
wheel (or axle) loads on the span, and M, the sum 
of their moments about wheel c’, the reaction at 
left abutment will be 
W, - = 


Now assume the train moving backwards with 
wheel e’ at right abutment, then, if W, be the sum 
of the wheel-loads on the span, and M, the sum ¢! 
their moments about ¢’, the reaction at the right 
abutment will be 


(5) 


_ My 
L 


We ( 6) 
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TABLE IV.—Eaqurvatent Unirorm Live 


Loaps Dertvep rrom Maxtwum Sears. 








For Tratx-Loap Movine Thus <— 











For Train-Loap Movise THus — +» 


| Moment, about 








Moment, 
| ’ Equivalent ; uivalent 
Span Load | Total Load Barnes pa ee Uniform Load | Span | Load  TotalLoad| po23 by ~~% Uniform Load 
(L). System. |(W)on Span. span (™ ) | =2(w ‘i 1) (L). | System. (W)on Span. M =2(W - *) 
L ; 
- tons tons tons ft. tons tons tons 
0 to 7.5 ; = AS 36.50 0 to 7.5 os = 36.50 

1 e'&xd" 36.50 13.69 45.62 10 d' and e 36.50 13.69 45.62 

15 e"&d"' 36.50 9.12 54.75 15 d/ and e/ 36.50 9,12 54.75 

20 e//—e 54.75 20.53 68.44 20 e'—e! 54.75 20.53 68.44 

25 e'—e * 64.75 16.42 76.65 25 b'—e! 63.75 24 44 78.62 

30 e!'—fl' 68.50 25.93 85.14 30 a'—e' 72.75 28.99 j 87.52 

35 e'—g!! 82.25 34.88 94.74 35 a’'—e’ 72.75 24.85 | 95.80 

40 e!'—h!! 96.00 43.48 105.04 | 40 i—e! 36.59 34.58 | 103.88 

50 eli"! 109.75 | 46. 126.16 50 | g—e' 114.00 52.69 122.61 

60 c//—b 127.75 55.39 144.72 be, f—e' 127.75 56.24 143.02 

70 c!/—e 146.00 64.61 | 162.78 | 

80 c!'—d 164.25 a 182.26 | 

90 ce! —e 182.50 81. 
100 e'—g 210.00 99.32 221.37 | 100 | a—e’ 200.05 90.09 220.82 
110 e'—i 237.50 116.78 241.44 | : 
120 c''—a! 246.50 115.83 261.34 | 
130 c!'—b! 255.50 115.49 aaa | 
140 e/!—d! 292.00 142.52 | 
15 c'/—e! 310.25 150.79 318.92 150 o!'—e’ 310.25 151.33 317.84 

TABLE V. 


Eq™ivALent Uniror™ Live Loaps, IN Tons, DERIVED FROM 





Distance or ORNTRE OF SPAN, FOR 


——_—_—_- — | ataxrarone Benpine, TO Lert or WHKEL 


d ore. 











Span. Maximum Bending Moments. Maximum Shears. | 
Mr. Bovle’s Calculated Error Mr. Boyle's Calculated | Error Mr. Boyle's Calculated 
Results. Values. Per Cent. Results. Values. per Cent. | Results. Values. 

feet | ft. ft. 

20 55.00 | 54.75 0.5 68.00 68.44 0.66 | 0.00 0.00 

3) 74.20 73.91 0.4 87.00 87 52 | 0.58 + 1.09 + 1,04 

40 83.70 88.23 0.52 106.20 195.04 =| 109 | -090 — 085 

50 105.00 105.02 0.02 127.00 126 16 | 0.67 | — 1.45 - 139 

60 124.00 124.53 0.43 145.40 144,72 0.46 | — 100(@ - 090 (e) 

70 143.00 143.22 0.15 163.00 162.78 0.14 | — 1.00 (e) - 090(e) 

80 160.60 | 160.49 0.07 182.50 182.26 0.14 | - 108 — 094 

90 179.40 | 179.90 0.28 202. 202.24 0.13 | -042 — 036 
100 199.60 199.95 0.17 221.70 221.37 0.17 | + 1.17 + 132 
bb) 216.80 217.92 0.55 241.50 241.44 0.03 +012 +012 
120 234.60 235.36 0.32 262.00 261.34 0.26 + 0.17 + 0.10 
130 253.50 254.25 0.20 280 50 280.02 0.17 + 2.50 + 2.44 
140 272.50 274.25 0.64 299 50 298.96 0.01 + 0.12 + 0.09 
150 293.00 291.38 0.46 319.C0 318.92 0.03 + 0.15 + 0.08 





shear required, and will be equal to half the 
‘equivalent uniform load.” For example, let the 
span be 40 ft. ; then, for the first case, the load 
system on the span will be c” to h”, and the total 
load will be 


W, = 18} + 18} + 18} + 133 + 133 + 133 = 96 tons, 
the sum of the moments will be 


M, = 18} (7.5 + 15) + 139 (26.71 + 32.21 + 37.71) 
= 1739.29 foot-tons, 


and the reaction at the left abutment will be 
96 - 1739.29 _ 59 59 tons, 
40 


For the second case the load system will be 
i to e’ ; the total load W, = 86.5 tons, the sum of 
the moments about e’, M, = 1382.4 foot-tons, and 
the reaction at the right abutment 


1382.4 
86.5 =" 


Hence, 52.52 tons is the maximum shear required 
and 52.52 x 2 = 105.04 tons is the corresponding 
equivalent uniform load. In preparing tables of 
equivalent uniform live loads derived from maxi- 
mum shears, the work may be recorded as shown in 
Table IV., and a diagram constructed therefrom 
as shown in Fig. 3. 

{In plotting the diagram, the ordinate to be 
taken for any given span will, of course, be the 
greater of the two values given in columns 5 and 
10, Table ITV. From a diagram thus obtained, the 
equivalent uniform load for any span can be scaled 


= 51.94 tons. 


Graphical Methods.—The graphical methods de- 
vised by the author for determining the maximum 
bending moments and maximum shears required in 
the preparation of equivalent uniform loads were 
fully explained in an article which appeared in 
Escingertne, September 7, 1906.* 





* Correction. Point of greatest bending moment :—In 
Part L. (page 307, September 7, 1906) for 


“M=P, (x+0)-Ra 





= R 2°-*(¢+4a)- Ra, 
Ze 





M= P, (« + a) - R' at 


| 
| 
| 


In order to ascertain the degree of accuracy which 
could be obtained in practice by the use of these 
methods, and by the exercise of ordinary care and 
skill, a student of the author’s, Mr. Robert Boyle, 
was given a copy of the above article and set to 
work out, independently, the example illustrated 
in Fig. 4. Mr. Boyle’s results are given in Table V., 
as well as the actual values calculated by the 
author. The close agreement of these results with 
the actual values seems to show that the graphical 
methods are not only simple and expeditious, but 
fairly accurate as well 








THE MODERN DEVELOPMENT OF 
BRITISH FISHERY HARBOURS.— 
No. IV. 

By H. C. M. Austen, Assoc. M. Inst. C.E. 


Tue history of Fraserburgh Harbour without 
question affords a more striking example of sus- 
tained progressive enterprise, as illustrated by 
important engineering works, than any other fishery 
harbour in Great Britain. The extent and cost of 
each successive work of improvement is graphically 
represented on the plan, Fig. 18, on page 702. 
Fraserburgh, which is situated on the most salient 
point of the Aberdeenshire coast, is now the 
headquarters of the drift-net fishing in Scotland, 
and, excluding Shetlands, lands in the fresh state, 
and exports in the cured state, a much larger quan- 
tity of herrings than any other Scottish fishery 
harbour. 

It is therefore proposed in the present article 
to give a detailed description of the most recent 
helene improvements at Fraserburgh, seeing that 
they are not only the most important that have 
been carried out within the last twenty-five years 
exclusively for the fishing industry in Scotland, 
but also that they are fairly representative of the 
methods generally adopted at the present day for 
this class of harbour work. Moreover, the exposure 





= R 2°-*(2+a)-Rial, 
zc 


where R! is the load upon the part A D of the beam, and 
a! the distance of its centre of gravity from D. The rest 
is unaffected by the change, 


of the site to the full fury of the North Sea renders 
their successful execution particularly interesting. 
The works to be described are numbered 9 on the 
plan, and include :— 

(a) The construction of a new south breakwater, 
600 ft. long, giving complete shelter to an addi- 
tional area of 10 acres. 

(b) The deepening of the entrance channel, so 
as to provide 8 ft. at low water of spring tides, and 


| of Balaclava Harbour, so as to provide 6 ft. 6 in. of 





water at low water of spring tides. 

(c) The conversion of the inner portion of Bala- 
clava Harbour into a dry dock by the construction 
of Baillie Dickson's Jetty, and extension of Provost 
Park’s Jetty, with gates between them ; also the 
provision of additional quay space by the con- 
struction of Abernethy Jetty and extension of 
Provost Anderson’s Jetty. 

(d) The construction of a retaining-wall along the 
foreshore, east of the harbour, for reclamation pur- 


poses. 

(e) The strengthening of Balaclava breakwater, 
and other works of less importance. 

Messrs. James Abernethy and Sons, and latterly 
Mr. G. N. Abernethy, M. Inst. C.E., of 4, Delahay- 
street, Westminster, the Harbour Commissioners’ 
consulting engineer, designed the works; Mr. 
Gerald FitzGibbon M. Inst. C.E., until recently 
chief engineer of the Aire and Calder Navigation, 
acted as his resident engineer during their con- 
struction. The author is indebted to both these 
gentlemen for access to their — and papers, and 
for revising the proofs of this article. The con- 
tract was let to Messrs. Price and Wills, of West- 
minster, at the end of 1894, and the whole of the 
works were completed by December, 1897, at a 
total cost of 84,0001., with the exception of the two 
last—(d) and (e)—which have since been periodic- 
ally continued by the Commissioners themselves. 

South Breakwater.—The South Breakwater, like 
other parts of the work, was not carried out con- 
tinuously, being generally suspended during the 
winter months. The work was commenced on 
July 1, 1895, and continued until the end of Sept- 
ember, 1895. Work was resumed on January 28, 
1896, and stopped in November, 1896. The final 
effort commenced on April 6, 1897, and the work 
was completed the following July, with the excep- 
tion of the parapet, which was not finished until 
October 9, 1897. It was often necessary to sus- 
pend operations during these periods for weeks 
together owing to the violence of the seas. The 
design of the breakwater is shown by the section 
Fig. 19, page 702, and in proportion to its average 
cross-sectional area is the cheapest in Great Britain, 
its cost being rather under 181. per foot-run, whilst 
its strength and stablity have not on that account 
been in any way impaired, as upwards of ten 
years’ exposure to North Sea gales without damage 
will readily testify. 

The rough surface of the rock bottom on the line 
of the walls was first cleared of seaweed and loose 
stones ; all holes were then filled up above the low- 
water mark toa fair bed with layers of concrete, 
and in these, at intervals, boxes were built to form 
sockets for the feet of the shuttering frame-posts. 
The outer or southern wall was always kept well 
in advance of the inner wall for the sake of protec- 
tion. Below low-water mark at the landward end the 
holes and depressions on the line of the wall foun- 
dations were filled in with concrete ; the feet of the 
uprights for the shuttering were surrounded bysmall 
bags of concrete, the mass concrete between the 
frames forming the side-walls being lowered through 
the water in skips with collapsible bottoms. Later, 
in order to facilitate the progress of the work, a 
timber gantry was constructed over the site of the 
breakwater (shown in dotted lines on section, 
Fig. 19). The uprights of the staging were 10 ft. 
apart, being, in like manner, surrounded on the 
rock bottom by emall bags of concrete, and sur- 
mounted by sill-pieces, and strengthened by cross- 
bracing. The foundation layer of concrete in silu 
was surmounted by 14-yard concrete blocks, weigh- 
ing 2 tons 14 cwt. each. They were mixed in 
the proportion of 5 to 1 (5 of crushed stone and 
sand and 1 of Portland cement), though a few 
were, at the outset, made of 7 to 1 concrete, 
which, however, it was soon found, could not be 
handled and stripped quickly enough for use in 
the work. The moulds within which the blocks 
were made were eased off after 18 hours, struck at 
36 hours, and the blocks Jifted in seven days, but 
not used in the work for three weeks or a month. 
Each gang of men made about 300 blocks per 
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month. The blocks were carried up to about 3 ft. 
above low-water mark, and upon them the upper 
portion of the wall was continued within close- 
shuttered timber framing, the concrete being 7 to 1, 
with a 4 to 1 face, 9 in. thick. Before the work 
was stopped, in 1895, the extremity of the break- 
water, as then carried out, was protected by a 
cross-wall of concrete blocks 11 ft. wide, arranged 
two stretchers and one header together, the pockets 
thus left between being filled in with loose con- 
crete. After the completion of the walls forming 
the breakwater head, whilst the concrete was prac- 
tically green, a heavy storm occurred, and upon ex- 
amination three cracks from top to bottom were 
discovered. They were at once grouted up and safe- 
guarded by the addition of concrete counterforts on 
the inside dovetailed into the wall at either side 
of the cracks, and, as a further precaution, seven 
3-in. diameter tie-rods, placed at intervals round 


which deposited its load into lighters, whence it 
was again lifted by a grab, fixed on the end of the 
north pier, into wagons, and so removed for filling 
| or other purposes. The material shifted was chiefl 
| sand, loose stones, and boulders, of which the gra 
lifted about 18 cubic yards a day, and during the 
two months had thus provided an additional foot 
of water up to the entrance channel. The next 
period lasted from September 10, 1895, to July, 
1896, and towards the latter end of it nine divers 
were — and two steam Ingersoll-Sergeant 
drills. h drill bored about one hole per day, or 
1 ft. per drill per hour. By July the grab had 
removed about 7000 cubic yards since the commence- 
ment of the work in 1895. As, however, there was 
et a very large amount of work to be done, it 
me clear that more active measures would have 
to be resorted to. An arrangement was therefore 





made whereby the Commissioners took over the 
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the perimeter of the roundhead, and passing 
through the walls, with washer-plates on the out- 
side, were secured to a central block of concrete, 
15 ft. square in the middle of the head. This 
block was supported on piles driven into the fill- 
ing. From two other piles, situated some distance 
back into the hearting south-west of the break- 
water head, five stout chains were stretched as an 
additional tie, passing at tueir outer ends through 
the walls and made fast by washer-plates, The 
whole of the stone used in the concrete was rock 
excavated from the site and crushed by two Blake 
stone-crushers ; the sand was obtained from the 
beach ; and the cement was manufactured by 
Messrs. Addison and Potter, of Newcastle, and 
Messrs. McClean and Co., of Rochester. 

Deepeniny of Entrance Channel and of Balaclava 
Harbour.—These operations were subject to the 
duration of the herring fishing season. e entrance 


channel, during the first period of work—i.e., be- 
tween April 29 and July 1, 1895—was deepened by 
means of a 5-ton crane working a grab from a barge, 








drilling plant, &c., from the contractors, the latter 
continuing to provide the labour. Work was then 
resumed on these lines on November 9, 1896, with 
three drills constantly at work, and by April 17, 
1897, when they ceased work, they had bored and 
fired 179 holes, averaging 6 ft. 6 in. deep ; the maxi- 
mum weekly work done by a single drill being six 
holes 7 ft. 7 in. deep. The powerful steam-dredger 
Medlock, of Manchester, was then requisitioned to 
remove the débris; and between April 26 and 
June 26, 1897, when the work was completed, 
ap 245 hoppers, of 120 tons each, or 29,400 tons 
in all. 

For the purpose of deepening Balaclava Harbour 
a timber cofferdam was constructed across the 
entrance, as shown on the plan and section, Figs. 
20 and 21, annexed. It consisted of a single row of 
pitch-pine piles. Only about one-third of the piles 
at the steamboat quay end could be driven, the rest 
being let into a groove in the rock, cut out by divers, 
the piles being made fast with concrete put into the 
groove and rammed against them. The dam was 








Fig.19. 





built on an outward curve for the better resistance 
of the seas, and heavily backed by rows of whole 
timber walings, four deep at the centre of the dam, 
and diminishing towards each end at its junction 
with the north pier and steamboat quay walls respec- 
tively. On either side of the sluices through the 
dam large stones were deposited, to prevent damage 
arising from scouring. The dam was commenced in 
November, 1894, and completed in January, 1895 ; 
but it was not until April 25 that the sluices were 
finally closed. This was due in some measure to 
a series of heavy storms, causing leakage through 
the piles of the dam, and also to leakage through 
the steamboat quay wall; the latter effectually 
stopped by making a puddle trench at right angles 
to its inner face between high and low-water marks. 
The leaks in the wall itself were plugged by sinking 
down behind it and putting in fine 4 to 1 concrete. 
The most serious cause of delay, however, was dis- 
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covered when attempting to pump out the water 
from Balaclava Harbour. It was then found that 
the whole length of Balaclava Pier was far from being 
water-tight, and remedial measures of an extensive 
character were at once undertaken. A trench was 
opened up down the centre of the pier, and a single 
row of whole timber piles driven from end to end. 
Four pile-engines were engaged, which drove on an 
average 120 piles per week. The latter were cut 
off 5 ft. below surface level, and the trench filled 
in with puddle, 4 to 1 concrete being substituted 
for puddle on the line of the original harbour 
entrance, the site of which is now crossed by Bala- 
clava Pier. Even after the exclusion of the water 
it was found advisable for excavation purposes to 
isolate small areas of the harbour bottom by tem- 
porary banks. Four 12-in. Cherry and Wade 
pumps were used inside the dam (driven by three 
25-horse-power portables), with their foot-valves at 
levels varying from 6 in. to 2 ft. 10 in. above 
finished level of harbour bottom. No doubt they 
were not at a sufficiently low level, and would have 
been more efficient if they had worked in a sump, 
well below the new bottom, and connected to all 
parts of the harbour by grips; but as the dam had 
to be removed by July 1, it was considered advis- 
able to push on with the excavation immediately. 
Thus, when the fishing season commenced, some 
19,000 cubic yards had been removed, giving an 
additional foot of water at low water over an area 
of an acre between Provost Anderson’s Jetty and 
the north pier, and by the excavation of 4 ft. a 
simiJar depth of water had been provided in front 
of the steamboat quay. ‘The rock, before blasting, 
was here also drilled by an Ingersoll-Sergeant drill, 
which put down six holes, each 6 ft. deep, a day. 
The re-erection of the cofferdam was com- 
menced on September 10, 1895, and the sluices 
were closed on the 19th of the following month. 
On this occasion, also, actual deepening operations 
were delayed, the cause being the collapse of a 
length of 150 ft. of the inner wall of the north pier, 
which was almost as unaccountable as it was un- 
expected. During the previous winter months, 
whilst excavation was in progress and the harbour 
was dry, this pier had withstood the pressure due to 
a head of 12 ft, of water behind it, and the super- 
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imposed weight of pumps and cranes ; whereas on 
this occasion, when the wall gave way the head 
was only 10 ft., and no plant of any kind had been 
placed upon the pier. In order that no more delay 
might be occasioned by this accident than was 
possible, the damaged portion of the pier was 
isolated by opening it up at the landward ex- 
tremity and constructing a concrete cross-wall, 
founded on the rock, across the pier;and by throw- 
ing up @ double row of sand bags laid by divers, 
filled in between with clay to about half-tide 
level, and by well pointing the portion of the outer 
wall above this level with an equal mixture of 


wall. These were stopped by driving bird-mouthed 
or V-shaped sheeting in front, removing a small 
piece of the clay, and filling in the space with con- 
crete in bags wellrammed home. Between the end 
of November and the end of April, when the harbour 


moved, and the deepening of both entrance channel 
and Balaclava Harbour completed to the specified 
depth. Throughout the last three months the ex- 
cavation averaged 4000 cubic yards per week. The 
rock was loosened by two steam-drills, working off 
iron stages supplied with steam from a 5-ton crane- 
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Portland and Roman cements. The quantity of | barge ; the holes were 6 ft. apart, with an average 


sand and clay thus used was 700 cubic yards, the 
sind being contained in some 4000 bags, all of 
which were handled by the divers. In spite of this 
the dam was completed in less than three weeks. 
he water was pumped out on November 21, only 
& month after the collapse. Subsequently the north 
pier wall was rebuilt with 5 to 1 concrete, as it 
practically had to serve as a dam whilst excavation 





Was in progress. The foundations were carried down 
on to the blue clay 2 ft. below harbour bottom. 
Several small *‘ blows” occurred along’ the bottom 


during excavation for underpinning the north pier | was too weak to permit deepening close up to it. | concrete was laid in the wall from a timber gantry 
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depth of 5 ft. 2 in., being taken 1 ft. 6 in. below 
the required level for safety. Each hole received 
2 Ib. of gelignite (eight pills) as a charge. A/ 
system was instituted, in order to expedite the | 
work, whereby the men received a 10s, bonus in 
addition to their regular wages for each drill that 
put down twelve 5-ft. holes per week, and 5s. for 
each additional hole over the twelve. A portion 
of the cofferdam against the steamboat quay was 
left in, and embodied in a wharf, which also pro- 


had to be opened for the season, 65,000 cubic | 
yards of rock and soft material in all had been re- | 


The outer wharf covers the projecting pitching- 
stones of a wave-trap constructed when a portion 
_of the wall gave way during a severe storm in 1898. 
| Dry Dock and Jetties.—Although Balaclava Pier 
had been rendered water-tight, as already discribed, 
its inner wall within the dry dock was further 
protected by a new face of 5 to 1 concrete. The 
jetties (see section, Fig. 22, page 702) were com- 
menced on December 7, 1895, and completed on 
May 16, 1896. A cofferdam of 4-in. grooved and 
tongued sheeting was then thrown across the en- 
trance between the gate recesses, provided with a 
sliding panel 3 ft. wide, for the passage of the tide 
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| ingand out as required, although the levelling-up 
| culvert; through the wall was always available for 
| this purpose also. The dam was finally closed on 
| October 7, 1896, and excavation for the gate plat- 
|form and sill foundations within the dock was 
/commenced at once, the whole area being kept dry 
'in the meantime by a 12-in. centrifugal pump. The 
| depth of water on the sill at high-water of neap tides 
|is 15 ft. 6in. The work of erecting the gates, 
| excavating the rock, 24,000 cubic yards, building 
| the sump and fitting the pumps was completed on 
| February 23, 1897. The gates were made of pitch- 
pine, with American oak heel and mitre-posts and 
bottom ribs, and are worked by hand-winches and 
chains. The permanent pumping plant consisted 
of aGwynne * Invincible ” 6-in. pump worked by 
a gas-engine. Its pumping capacity was 600 gallons 
per minute, the total leakage through walis and 
gates, &c., never exceeding 300 gallons per minute. 
On trial of the pump, the gas-engine consumed 350 
cubic feet of gas per hour, working four hours, with 
a lift on the pump of 20 ft. 

Before extending Provost Anderson’s Jetty (see 
Fig. 22, page 702) and before deepening operations 
could be safely carried on alongside, the entire 
length of the old jetty had to be underpinned. 
In many places, where the walls stood on the gravel 
and sand bottom above low-water mark, the con- 
crete was rotten and was cut out, being replaced 
with a thickness of 3 ft. to 4 ft. of concrete or of 
masonry in cement, which was carried down to a 
level of 12 in. below the new harbour bottom on 
to the hard blue clay. Between this jetty and 
Abernethy Jetty a small pier of cast iron, filled 
with concrete, has been built, and booms thrown 
across the double entrance thus formed, to reduce 
wave movement within the harbour. 

Reclamation Wall.—This wall, which secures to 
the Harbour Commissioners an additional land area 
of 5 acres, was built of 7 to 1 concrete, faced with 
a 9-in. thickness of 4 to 1 concrete, and backed 
with a rubble breast wall. The space behind was 
filled with surplus material from the harbour ex- 
cavation, and a 12-in. pipe Jaid down through the 





vides landing facilities at a point where the wall 


filling and the wall for drainage purposes. The 
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consisting of 10-in. square posts, which acted as 
needles for the shuttering, .and carried cross-heads 
on which was fixed a road for small tip-wagons. 
The work was chiefly carried out during the fish- 
ing season, when the more important works were 
temporarily stopped. The newly-put-in lengths of 
wall were protected from the sea by sheeting 
weighted with large stones. A flight of steps was 
formed in the angle next the south breakwater 
to give access to the mussel-beds on the rocks below. 

Strengthening Balaclava Breakwater.—Before the 
commencement of the works it was realised that 
the whole of the foundations of Balaclava Break- 
water were in an unsafe condition owing to the dis- 
integration of the concrete in bags, which formed 
the foundation of the structure, and which had 
been deposited from a hopper-barge, as at the North 
Pier extension at Aberdecn and elsewhere. This 
system, which was first introduced by Mr. W. Dyce 
Cay, formerly harbour engineer at Aberdeen, will 
be referred to more fully in a subsequent article. 
The state of the breakwater was minutely examined, 
and it was found that in the head below low water 
large holes extended right through the work, and 
had been enlarged by the action of heavy waves 
and pent up air under compression. The Commis- 
sioners therefore decided to thoroughly strengthen 
their principal bulwark, and the method adopted 
was to construct a whale-back apron, as shown in 
Fig. 23, page 703, along the outer face of the 
breakwater, nearly up to high-water mark, by 
means of iron framework in bays 8 fc. apart, 
lewised into the rock bed and old wall, and filled 
with concrete, as shown on the detailed sec- 
tion. The holes for the facing joists were bored 
by a hand-drill, worked off a movable stage sus- 
pended by a chain from an eye at the end of 
an iron strap, which was cranked over the parapet. 
At first the levelled bed for the footing of the apron 
was formed of concrete bags, but these were not 
found to answer as well as the subsequent method, 
which was adopted for the first 99 ft. at the sea- 
ward end of the breakwater—viz., loose concrete 
placed by divers and lowered through the water 
in skips between the old work and a row of 2h-ton 
concrete blocks placed in front. Later on, where 
the water was shallower, it was found sufficient to 
foot the joists in the rock. The work was done by 
means of a derrick crane at the end of the break- 
water, fed by a 3-ton travelling crane on a timber 
gantry. The concrete was mixed over the site of 
its deposit, water-pipes being laid along the break- 
water for this purpose. These operations have 
been continued since 1897 at intervals, 806 lineal 
feet being completed up to the present time at a 
cost of 171. 7s. 3d. per foot run. 

A good idea of the method adopted is given by 
the reproduction of a photograph, Fig. 24, page 
703, which illustrates a portion of the work in 
course of construction that was entirely destroyed, 
when half complete, by a severe storm. The 
damage cost 90001. to repair, and the strengthen- 
ing of the breakwater has since been carried out by 
the help of a grant of 15,0001. from the Treasury 
and 5000/. from the Scotch Fishery Board. In 


some of the heaviest storms the 4-in. plate-glass | Pp 


in the lighthouse, 72 ft. above high-water mark, 
has been broken by waves, which at times com- 
pletely hide the breakwater from view. 

The new works have provided an additional 
620 lineal yards of quay, and there is at the present 
time available for fishing vessels at Fraserburgh 
2 miles 600 lineal yards of quay wall. A general 
view of Fraserburgh Harbour is given in Fig. 25, 
page 703. 

It is now proposed to spend upwards of 100,000. 
on further works, Parliamentary powers for which 
have already been obtained. 

It is interesting to observe how important a part 
the increased draught of fishing vessels has taken 
in the development of Friserburgh Harbour, and 
the fact that a still greater depth is now proposed 
under the new scheme of improvement shows how 
thoroughly the Commissioners appreciate the altered 
conditions of the fishing industry, brought about 
by the advent of steam amongst fishing vessels. 
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Yards and Terminals, and their Operation. By J. A. 
Drorce. London: The Railway Gazette, Queen Anne’s 
Chambers, Westminster, 8.W. [Price 13s. net. ] 

Tus is a book without a preface, and one which, 

without introductory remarks of any kind, at once 

confronts us with the importance of the subject from 
which it draws its title. Though at times there 
have appeared in the technical Press particulars of 
new undertakings of this branch of railway work, 
seldom or never has this matter been adequately 
dealt with as subject for study as a whole. No 
book to our knowledge in this country marshals 
before us in orderly array the many points, con- 
siderations, and requirements to be taken into 
account when first thinking of laying out a goods 
yard. In this volume, lest we should enter too 
light-heartedly upon the subject, we are faced, 
within the first few lines, with figures reaching 
into not only hundreds of millions, but thousands 
of millions, and, having well nigh taken away our 
breath by his abruptness in bringing us thus to 
the point, the author proceeds, in a way quite his 
own, to unravel his tale. It isan American book, 
and written to a great extent in American style, and 
largely from the American point of view. Its 
author is the Division Superintendent on the New 

York, New Haven, and Hartford Railroad, and 

not only does he give us in these pages his own 

experience and views, which are well worthy of 
consideration, but he also calls to his aid the ex- 
pressed opinions of many of the best - known 

American railway men of the present day, to say 

nothing of the reports of the American Railway 

Engineering and Maintenance-of-Way Association, 

from which he freely quotes. In fact, no less than 

some thirty-two or more pages are the words of 
others quoted by way of corroboration of the views 
or suggestions of the author. 

As we have stated above, the book is American 
in style. This is true if style there be atall. In 
abruptness it is quite remarkable ; we are switched 
off from one subject to another in the same page, 
sometimes in the same paragraph, and for the 
moment wonder why we have got off on an- 
other track ; but we come back again to the 
subject, finding that on our circuitous route 
we have picked up additional matter which it is 
necessary to deal with as we proceed. The 
peculiarities of expression are apt to strike one, 
but they detract nothing from the solid matter of 
the book. We read of ‘‘engines which require their 
ash-pans cleaned,” of ‘‘ Lord’s-Prayer-on-a-dime 
writing-experts,” of ‘‘corps spirit,” and so on. 
We are told that a man will not be considered 
‘*good timber for advancement to a higher posi- 
tion,” and we are inclined to ask why should he 
be? Our experience of timber is that, once it has 
been used in any position, it is practically useless 
for any other. If not spoilt by the carpenter or 
joiner in being fitted in the first instance, it rots, 
and becomes useless by years of mere existence, 
fulfilling perhaps a useful, but a most unintelligent, 
urpose, and we would rather see men likened to 
other things than brainless logs and baulks. 

In connection with a movement of heavy trafiic, 
we are told that somebody should have ‘‘ received 
it with guns loaded.” This probably would be a 
fairly satisfactory way of dealing with traffic if the 
only object was that of clearing the line. But, 
in order to receive it, the guns would have to 
be bgp in the direction whence the traffic came, 
and the effect would scarcely be one helpful to the 
forward movement, to say nothing of compensa- 
tion claims likely to arise afterward:. Again the 
timber idea comes in when we are told that ‘‘ there 
is a line to hew toin this as in many other things,” 
speaking of holding back freight-trains. Such 
metaphorical expressions in a technical work are 
— to the country whence this volume comes. 

e must read their meaning, oblivious to the 
expression, and get to the kernel, leaving the form 
as a shell or husk—somewhat indigestible. There 
is so much valuable matter in the book that it is, 
perhaps, somewhat ungracious to criticise the form 
of it ; it is always incisive, if it is not elegant. 

This volume is divided into twenty-one chapters, 
which fairly cover the whole subject of yard and 
terminal design and management. Of course, it 
would easily Be possible to write more than this 
number of chapters on such a subject, especially 
as in the chapter on ‘‘ The Yard-Master,” for in- 
stance, we are introduced to the writings of Emer- 








son. Once start the introduction to a book of 
this kind of what may be called foreign matter, 
and it is difficult to know where to stop. We 
would not say that Emerson is out of place among 
freight-cars and yards, icing plants, and coal-piers 
—we are glad to meet him anywhere ; but had wo 
our choice, we should prefer his company in more 
congenial surroundings. 

From the point of view of English readers, the 
work may be disappointing. ‘here has been, 
and still survives, in this country, a desire in 
certain ways to do with as little machinery as 
possible. That this view is still economically pos- 
sible within certain limits is due largely to condi- 
tions of labour in this country. Wages are not at 
present, at least, immoderate, and strikes and the 
disorganisation arising therefrom occur only at com. 
— infrequent intervals. In the United 

tates, on the other hand, labour is dear ; and if 
the cheapest labour is obtained, strikes are of 
common occurrence. The idea, therefore, in that 
country is to provide machinery to reduce the 
wages bill, and often at the same time it is found 
effective to engage a higher grade of labour for attend- 
ing to the work, as strike risks are minimised by 
this means. But in this country there still exists 
a reluctance to install labour-saving machinery if 
the present methods of work are fairly satisfactory. 

To come to examples, let us consider the matter of 
ash-tracks or coal-stages. In the handling of ashes 
British yards are, most of them, equipped as they 
were twenty or thirty years ago. Ashes are washed 
out into a pit or dumped alongside the engine. 
They have to be cleaned out of the pits by labourers, 
who throw them up on one side, and from these 
heaps they are shovelled into cars, which, when full, 
are suitably disposed of. Now, in American yards, 
when the amount of ashes handled warrants such 
a step being taken, the tracks are specially laid out 
so that the track on which the ash-cars stand is de- 
pressed, the ashes being loaded into them by means 
of chutes, or else ash-handling appliances are in- 
stalled, taking the form of conveyors, or dumping- 
tubs running on inclined ways or worked by power 
hoists, &c. When handling seventy or more engines 
a day in a yard, a suitable plant may easily pay for 
itself, saving sufficient to pay for interest on capital 
expenditure, depreciation, and all charges and work- 
ing expenses, and leaving, moreover, a balance to 
the good, over the cost of labour and time lost by 
the old method. 

The question, as a rule, comes down to one of 
what, at any particular shed, would be the mini- 
mum number of engines dealt with on which new 
plant would show a saving ; and to these points 
insufficient study is often paid over here. It may 
be that power would be objected to on the score of 
expense; but electric power, often now carried 
through yards to workshops or otherwise near at 
hand, could be used, and is an ideal form of power 
for the intermittent working of such plant as ash- 
hoists. The plant might be controlled, even by 
the men already employed on the coal-stage, since 
the working of ‘self-dumping tubs, or similar appli- 
ances, need occupy but little time and attention. In 
the matter of-coaling, again, conveyor plant and 
hoppers are employed in the United States, while 
over here, as a rule, the coaling is done by shovelling 
into barrows and tipping. ‘This is done ata cost 
uot less than that involved in some of the methods 
mentioned in this book; although with a well- 
designed stage and labour paid on piecework very 
expeditious and rig economical work 
may be done with the barrow system. 

Turntables are also considered worth working 
with power. In locomotive works, here, it has been 
no uncommon sight to see a steam-worked traverser 
with steam kept up all day for just a few trips, 
while a turntable, with electricity at hand, is not 
considered worth equipping—is, in fact, frequently 
not thought of at all, though a hundred or more 
engines have to be turned during the twenty-four 
hours. The fear that the thing may go wrong, and 
hinder rather than expedite matters, together with 
the difficulty of obtaining exact costs and figures of 
savings possible, has prevented us in England from 
adopting what in America they have been compelled 
to rs by stress of circumstances. 

It is not our intention to enter into a detailed 
discussion of the contents of this book : we would 
recommend our readers to peruse it for themselves. 
In spite of the fact that much of it refers to 
matters with which we have but little need to trouble 
ourselves in this country, it is a book from which 
great deal of useful knowledge may be gained. 
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Climatic conditions and the distances goods are 
shipped over here do not render the handling, for 
instance, of refrigerator-cars and goods a matter 
of such difficulty in this country as on the American 
continent. There is no need of so wide a range of 
adaptability in cars to enable their use as refrigera- 
tors at one time and as heated cars at another ; yet 
this is necessary in America, and cars are now 
frequently fitted with both refrigerator-tanks and 
pipes and with steam-heat-storage apparatus. 

Various chapters consider the relative merits of 
different forms of shunting and marshalling. Here 
American stock has an advantage. If the summit 
method of shunting be used, the yard being on an 
incline, much damage may be done to stock unless 
the work, and especially the braking, be intelli- 
gently done. Cases have been known in which all 
the economy expected from a new inclined mar- 
shalling-yard was practically wiped out by repairs 
to stock following on rough work. American stock 
provides brake power controlled by a man riding on 
the car itself, instead of necessitating the man 
running alongside or jumping on the brake lever, 
which is not always an easy thing to do, or else 
resorting to the crude practice of chocking. 

Several of the ideas set forth in the chapter on 
the loading of cars, as applicable to English condi- 
tions, are already in use in this country. The 
system of goods working is so different in the 
two countries that only general suggestions will 
apply to both. It is not possible, for instance, 
over here to delay goods in order to get a full truck- 
load. Fortunately, our wagons are not large, so that 
prompt despatch and carriage does not entail the 
loss to railway companies which would be bound to 
occur if traders insisted on the present quick 
delivery system with big cars in use. Goods 
transit in America is a very slow business, and 
losses of small lots are by no means rare occurrences. 
Again, whatever the economical speed of freight 
trains, according to theoretical calculations or ex- 
perimental investigations, goods have to be carried 
quickly in this country, not only in order to ensure 
prompt delivery, but in order also to keep the 
traffic moving at all, and the lines clear. It is, 
therefore, but little use, though it is without doubt 
of interest, to be informed that the economical 
speed of freight trains is about 12 miles per 
hour. In spite, however, of the fact that the 
book is based on practice which, to a large ex- 
tent, is inapplicable in this country, we would 
say that we have read it with a great deal 
of pleasure. Much may be gleaned from its 

ages which a man may overlook in every-day 
ife. Attention aroused by some even impossible 
suggestion may employ itself in turning to profit 
little matters hitherto ignured. Schemes, though 
inapplicable, may suggest possible improvements of 
an allied nature in existing appliances or arrange- 
ments, and soon. The examples given throughout 
the book are well worth consideration. They are 
the outcome in many cases of a study of altogether 
fresh ground, and in others of the question of what 
it were best to do under hampered conditions. The 
ways out of difficulties are always well worthy of 
study. The chapter on management and discipline 
we have quite enjoyed, as also that on the yard- 
master, while the book is throughout of a distinctly 
interesting character. 





Die Turbinen fiir Wasserkraftbetrieb. Ihre Theorie und 
Konstruktion. By A. Prarr. Berlin: Julius Springer. 
Two volumes, small quarto. Vol. I., 821 pages, with 
496 text figures; Vol. II., an atlas of 46 plates. 

Tuts treatise by Geh. Baurat A. Pfarr, Professor 

of Engineering at the Technical High School of 

Darmstadt, will take its place among the better 

books on water-turbines which we already possess. 

The author’s statement that the volume corresponds 

in genera] to the contents of his college lectures is 

not in itself a recommendation. The wording of 
the statement, which does not speak of an amplifi- 
cation, is, indeed, more suggestive of an academical 
than of a practical treatment of the problems, and 
the academical or theoretical exposition undoubtedly 
predominates. The acknowledgment of the assist- 
ance of Dr. Ing. Voith, the well-known constructor 
of turbines, with whom the author worked for 
more than twenty years, is, however, reassuring, 
and the engineer and designer will find, particularly 
on the excellent plates of the atlas, dimensions 
and technical details which are rarely offered in 
treatises of this type. Such problems as gearing and 
bearings, not to speak of regulation and govern- 
ment, to which the main sections are devoted, 


receive most careful treatment. Though the reader 
may possibly look for more engravings, he will not 
regret the absence of certain familiar illustrations 
and diagrams, which are replaced by original figures ; 
nor will he complain about the omission of conical 
turbines, which are seldom built now. 

The author had originally intended to include 
conduits, pipes, and weirs in this volume, but he 
has restricted himself to his special subject. Pro- 
fessor Pfarr seems rather afraid that he will tire 
the reader with his very thorough sections on the 
work done by water flowing under different condi- 
tions. Some of his formule might have been 
spared ; 280 numbered formule—these chief for- 
mule swell up to the number of 955 in the volume 
—appear, indeed, rather ample. But the funda- 
ments should be clear, and the author himself 
warns against an essentially analytical treatment 
and against the use of schedule formule, which are 
too often applied without a perfect understanding 
of the limitations and speck exniitlogs attached 
to the symbols and equations. He explains, both 
by diagrams and examples of calculations, how the 
solutions are arrived at step by step, and curves 
elucidating the results of the deductions are plenti- 
ful. Yet we think that the theoretical considera- 
tions might in come instances have been shortened. 
There is, ¢.g., a section of twenty-five pages on 
draught-pipes for turbines, based chiefly on the 
researches of Prasil, of Ziirich. General notes on 
the influence of the spiral motion of the discharged 
water in the draught-pipe, on the necessity of pro. 
viding a smooth unobstructed conduit for the 
water, and the advantage of bending the draught- 
pipe at its lower extremity, so as to avoid eddies, 
and on some other features, together with a refer- 
ence to Prasil, might have sufficed. But references 
are very scarce throughout the volume, and we 
should like to know how many terms and lectures 
Professor Pfarr devotes to his subject. 

The book is, on the whole, perhaps, too much a 
volume for study, and too little suited for reference. 
The author probably did not intend it to be a refer- 
ence book at.all. That is a pity ; for the practical 
man, who can learn a great deal from the book, will 
not have the time for its systematic study. . Prdsil’s 
name is not mentioned in the table of contents, 
which, further, contains no reference ‘to lubrica- 
tion. There is no alphabetical index, and, glancing 
through the pages, we noticed many interesting 
points which it was difficult afterwards to find 
again. Historical notes are not conspicuous. The 
“napenrcn solution of the problem of regulation, 

y means of turning guide-blades on the throttle- 
valve principle, is ascribed to Fink ; a date is not 
given, but it is stated that it was only in the 
middle of the ’seventies that J. M. Voith, of 
Heidenheim, took up this, so far, little heeded 
important suggestion. Fink’s good work is every- 
where appreciated ; the statement is a little too 
authoritative, however, and James Thomson should 
have been named. The treatment is rather German, 
on the whole. In the general remarks on the classi- 
fication of turbines we miss the names of Jonval, 
Girard, and Francis, which indicate, or used to 
indicate, types. In the splendid atlas the term 
‘*Francis turbine” occurs repeatedly. The turbines 
illustrated in their various parts in this atlas are 
recent installations, due to the firms :—J. M. 
Voith, of Heidenheim ; Briegleb, Hansen, and Co., 
of Gotha; Bell and Co., of Kriens, Switzerland ; 
Escher, Wyss, and Co., of Ziirich ; Ganz and Co., of 
Budapest ; Vereinigte Maschinenfabrik Augsburg- 
Niirnberg; Braunschweig- Hannoversche Maschinen- 
fabrik, of Alfeld ; and J. J. Riisch, of Dornbirn, 
Vorarlberg, Austria. That the productions of 
German firms, and particularly of Messrs. Voith, 
with whom the author was for many years con- 
nected, should predominate, is only natural. 
Switzerland and Austria-Hungary are well repre- 
sented too. England cannot be said to excel in the 
manufacture of water-turbines ; but characteristic 
types have been evolved in Americas, and they 
might have been noticed. 
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FIRES IN COTTON-MILLS; THEIR 
PREVENTION AND EXTINCTION. 

OuTBREAKs of fire in cotton-mills, particularly 
those engaged in spinning, as distinct from weaving 
and other processes, are throughout the year events 
of frequent occurrence. But during the darker 
seasons we have so many visitations as to make 
these conflagrations assume an epidemic form. 

Never a day passes without some outbreak in 
one or other of these hives of industry. A spark 
is generated from friction of wheels and adjacent 
parts in the head-stock of a spinning-mule. Pos- 
sibly it is a spark only, and extinguishes itself as 
rapidly as it flashed forth. If e0, it is because 
there was no loose cotton ‘‘fly” in its course to 
which it can convey its flame. In 90 per cent. of 
those instances where the spark reaches the loose 
inflammable fibre a big blaze is set up almost imme- 
diately. It is quite impossible to ensure that no 


sparking shall occur in the mule head-stock, which, 
by the by, is the most prolific source of fire in any 
cotton-spinning factory. 

This head-stock is a mechanical construction of 
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many parts, having a complicated variety of move- 
ments. There are toothed wheels, where grit in 
small particles finds‘alodgment. There are pulleys 
and drums which revolve 2000 times per minute, 
and have parts en ba each other. There 
are cotton ropes, which become frayed at their 
extremities, and are soaked with oil and grease. 





mule, or meets with the flame coming in the oppo- 
site direction. Two mules, extending from side to 


side of the spinning-room, are now in the grasp of 
the fire; every thread has been made into a sepa- 
rate carrier of fire which goes to every bobbin in 
the creel ; thus the fluffy surfaces of the bobbins 
of cotton are themselves ablaze, and the oily wooden 








Fig, 1. 
FREQUENTLY BEGIN. 


Hence it happens that headstock sparking is a| 
common occurrence, and if not well controlled by | 
the minder of the mule and his piecers, by proper | 
cleaning and lubrication, it may do irreparable | 
damage tothe whole mill. When one stands close | 
to the rim-pulley, and looks carefully at the parts | 
concerned, one is apt to wonder that holocausts | 
are not more frequent. 

Spinners de their best, doubtless, when flashes | 
burst forth, to extinguish them at once. If they | 
should fail to get the mastery within 30 seconds, | 
the results are likely to be more or less disastrous, 
and considerable loss will ensue. Valiant efforts 
must be made immediately, or they may be nuga- | 
tory. Close to tht head-stock of a mule are the 
stretched threads of cotton ,}; in. apart in a long, 
line, and numbering 500 to 600 on each side. 
The threads of yarn are dry and inflammable as | 
tinder, and may be regarded as so many points of | 
touch- powder. 

If the fire is not quenched smartly, it touches 
these threads, and with 1 yellowish-blue flame 
sweeps from the headstock to,the mule ends ina 
few seconds. There is scarcely time for the spinner 
to think what has happened. For a moment he is 
simply baftled and scarcely knows what todo. He 
stops his mule at once; but the flame sweeps 
on, and turns the corner of the mule end, and, 
being reflected by the wall, doubles round to the 
next mule. © These machines are arranged back to 


back—that is, creel to creel. Here the flame meets 
with another series of 500 threads stretched as 
before, and steals on with remarkable rapidity ; it 
reaches the head-stock of this second mule, bounds 
over it to the 500 threads on the other side, 
and; in no time, is at the far end of the 
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A few splashes of water on the creels will soon snuti 
out the fire. But if other mules become involved on 
one or both sides of the first’ pair, the most drastic 
|measures are absolutely and immediately nece: 
jsary. We will look at this point particularly in a 
moment. Whatis to bedone when a pair of mules 
only isinvolved ? How should the fire be ‘nipped 


HAW Mitt, OLDHAM, AFTER THE FIRE ON 
Fesruary 15, 1907. 
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parts of the frame and carriage next fall a prey from 
the ignited cotton. 

In this way exactly, and in nearly every instance, 
does a fire in a mule-room proceed—first the spark, 
then the flash, the threads, bobbins, creels, and 
the carriages. If now the fire can be confined to 
this pair of mules which stand with their creels 
within 2 ft. of each other and have their respec- 
tive carriages ‘‘run in” against the roller-beam, it 
is possible without much difficulty to save the mill. 


in the bud”? Here is the crux of fire-fighting. 
The mules should all be run in at once as soon as 
the cry of ‘‘fire” is raised. All boys should be 
cleared away pro tem., either by the ordinary stair- 
ways or by the outside fire-escapes. The men, of 
whom there will be twelve to twenty in each room, 
should rush for fire-buckets, each man carrying one 
bucket full of water, and they should follow one 
another as quickly as ible in tracking out the 
flame. The worst blunder which frequently happens 
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on such an occasion is that some really good men 
under ordinary circumstances then lose their nerve 
and do not direct the splashes of water to any ad- 
vantage. They are afraid. The flame must be 
tracked, followed smartly, and beaten down. Now 
with fifteen men, say, having so many buckets of 
water, immediately on the heels of one another, a 
pair of mules should be literally drenched within 
one minute. 

Where arethe buckets? This query is important 
to all master-spinners. Are there none at all? Are 
they behind a head-stock where the men cannot get 
near them if this head-stock should be on fire? 
Are they on the floor, in an out-of-the-way corner 
unknown to the spinners? Are they empty or 
half empty, owing to evaporation and want of 
renewal? Are they at one end of a large mule- 
room, and so high hooked up as to be difficult, of 
access for the men ? 

All these are vital questions, which business 
men, master-spinners, and insurance companies 
cannot regard with impunity. Disregard of these 
matters, so apparently simple in their import, has 
caused the loss of more mills by the ravages of fire 
than many other causes combined. 

Fire-buckets should be suspended from hooks, or 
deposited on shelves, in every room where cotton 
fibre is treated by machinery. The buckets should 
be placed about 5 ft. high, and be under the con- 
stant supervision of the overlooker of each room. 
They should be continually full within an inch of 
the brim. They should bé light in weight, and 
painted red or black, so as to be readily seen in 
dim or smoky light. They should not all be located 
at one place.. This mistake is frequently made, 
although it is so obvious. If all the buckets are at 
one end of the room, and a fire burst forth at the 
other end, 50 yards away, it is clear that untold 
damage may ensue before a spinner can travel twice 
the 50 yards for a fire-bucket. If there are fifteen 
to twenty men in a room, there should be’ five 
buckets at either end, and five halfway down the 
room; and all the buckets should be close to 
the wall which abuts on the wide passage at the 
mule-ends. This wall is always easy of access, and 
the men are passing along it constantly. They will 
thus have daily acquaintance with the exact posi- 
tions of the buckets. There can be no doubt that 
where splashes of cold water are carefully directed 
on the outburst of a fire the flames cannot make 
much head way. 

Uhemical extincteurs are, in some cases, preferred 
to fire-buckets, and doubtless these appliances 
would be of greater service if the workers were 
better trained in their use. It is true that very 
little technical knowledge is required. But opera- 
tive spinners should have an occasional lesson with 
practical idustration as to the meaning and effect of 
a chemical extincteur. To some men they appear 
a mere window decorations, never to be handled 
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appliances are not better understood. They need 
not displace the fire-buckets ; but they would cer- 
tainly help matters considerably just at the moment 
when every form of help is necessary. 

Now let us consider the case of fire when it is 
beyond the reach of fire-buckets and extincteurs— 
when these have played their part, but have failed ; 
and, unfortunately, there are too many instances of 
this character. Drastic steps should be taken at 
once. The nearest fire-brigades will have been 
summoned. Whether needed or not, they should be 
apprised of the fire. All boys, girls, and women 
should be cleared from the mill at all cost, even if 
they have to leave part of their clothing. Let there 
be no ‘‘ turning back.” Clear every one and let 
immediate inquiry be made as to whether anyone 
is known to be left inthe burning mill. ‘The women 
and girls will not run away, so that this fact can be 
ascertained without difficulty from the bystanders. 

The men can still do good service ; they should 
not stay in the burning room too long. Many an 
anxious spinner or overlooker has been the unwary 
victim of fire through inhaling hot air and smoke 
when flame has not even touched him. 

It is well known that spinners when at work 
wear only an under-vest, a shirt, and a thin pair of 
trousers ; no socks, slippers, or boots, no waistcoat 
or jacket, no scarf or collar, and no head-covering. 
They could not bear these impedimenta at a tempe- 
rature of 95deg. Fahr. Some men, when working, 
wear nothing but a cotton shirt ; trousers even are 
dispensed with. If, then, an outburst of fire finds 
them in these conditions of semi-nudity, it will be 
obvious that the fire may do serious- mischief to 
these men. When fighting with fire they should 
scrupulously avoid exposing the skin more than is 
necessary. Every part of the body should be 
covered except the eyes. Fashion counts for nothin 
here. A cap should be donned ; a jacket shoul 
cover the shoulders, neck, and chest ; trousers and 
socks should be slipped on ; and a loose cloth or 
handkerchief should be rinsed in a water-bucket 
and covered over the mouth and nostrils, When 
extinction by the men’s efforts becomes impossible, 
they should be withdrawn and their work confined 
to the saving of other rooms by keeping doors 
closedand preventingfreshoutbreaks. They should, 
|as quickly as possible, get at the gas-meters, turn 
| or cut off the gas, and pour volumes of water on the 
| meter to prevent it falling a prey to the fire. 

If a trained fire-brigade exists at the mill, so much 
' the better ; they can attack the fire in masterly 
fashion from outside. There ought, in fact, in 
évery large mill to be a well-equipped brigade, con- 
| sisting of men who are there employed, and they 
should have trained practice periodically. Some 
very smart and effective work has been done in 
many mills, factories, and warehouses by well- 
manned brigades on the spot. 
| When the brigade arrives from the town or 





until it is too late. It is a pity that these useful | district offices, they will do the work in their own 








well-ordered manner. 
the fire has so firm a hold before they. have been 
informed of it, or before they can reach the scene, 
that the mill is then beyond their best efforts, and 
little can be done to prevent the whole mass from 
tottering to the ground. 

What, then, can be done to save a mill from such 


But it often happens that 


terrible havoc? The answer is brief, pointed, 
well understood: put in sprinklers. -With a 
sprinkler system as we have it to-day, it is difficult 
to conceive how a fire can make any tremendous 
onslaught on a mill. The sprinkler-heads, number- 
ing from 2000 to 4000, according to the size of a mill, 
are fixed within a few feet of each other, so that if 
a fire burst forth even from spontaneous combus- 
tion during the night, it may be extinguished 
before the watchman actually reaches the seat of 
the outbreak. The damage by water is but a mere 
bagatelle compared to the utter destruction of a 
large factory, where damages may run into tens 
of thousands of pounds, and hundreds of empluyés 
be thrown out of work. 

Then, again, the principal insurance companies 
give every encouragement to miil-owners desiring 
to instal sprinklers by allowing a rebate on their 
fire premiums to the amount of 50 to 60 per cent. 
Whether a mill be of the so-called *‘ fireproof” 
type, with cement floors and water-covered roof, 
or not, there can be no question as to its being 
infinitely better protected from the ravages of fire 
by an 5 no hes sprinkler installation. 

Our illustrations on the opposite page will indi- 
cate what considerable damage is possivle when an 
outbreak of fire occurs ia a large cottun-mill. A 
mule head-stock is shown in Fig. 1; 10 1s in this 
part of the machine where ‘‘sparking” usually 
roccurs. Fig. 2 illustrates the interior of Hather- 
shaw Mill, Oldham, on the morning after the fire of 
February 15 last, when the building was completely 
gutted. This large mill, with 79,000 spindles and 
preparatory machinery, caught fire about 4 p.m., 
and was in ruins a few hours later; Fig. 3 shows 
the four gables of the mill left standing. 





SIX-COUPLED BOGIE TANK LOCOMOTIVE; 
MIDLAND RAILWAY. 

Tae use of tank locomotives has gradually been 
extending of late. Although tank locomotives were 
in early years used for main-line work, there has been a 
long period in British railway history in which they 
have been confined to strictly suburban work aad 
short-distance runs, The tendency at the>present 
time seems again to revert to the practice of building 
them of such capacity that they are able to perform 
services impossible to tank locomotives of a few years 
ago, and as a modern example of this class of locomo- 
tive we are able to give above and on our two 
engraving, Plate XLI., a general view and sectional 
elevation and plan of a six-coupled bogie tank loco- 
motive recently constructed at the Midland Railwa, 
Company’s works at Derby, to the design of Mr, R. M, 
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Deeley, M. Inst. C.E., locomotive superintendent to 
that company. 

In this design the company’s standard practice has 
been adhered to as closely as possible. The boiler is 
of the standard type, with round top fire-box shell, 
the crown of the fire-box being stayed to longitu- 
dinal gicder-bars resting on the tube and back plates 
of the fire-box, and also slung from tees riveted to the 
fire-box shell. The barrel is 10 ft. 544 in. in length 
made up of two plates. 

The frames of the engine are of l-in. plate, each side- 
frame being made up of two lengths, joined at a point 
just. op fte the cab steps. The rear lengths pass 
inside the front portions, and between the plates is a 
4-in. packing-piece, so that, while there is 4 ft. .14 in. 
between the frames at the leading end, at the trailing 
end this dimension is reduced to 3 ft. 104 in. 

The motion, with certain exceptions, is the same as 
that for thé company’s standard goods engines. The 
cylinders, which are 184 in. by 26 in. stroke, are 2ft. 4 in. 
centre to céntre. The alignment of the cylinders is 
paraliel, but the crank centres are only 2 ft. 3 in. 
apart, the difference being made up by a 4-in. set in 
the body of each connecting-rod. A ball-and-socket 
arrangement has been adopted for the little ends of 
the connecting-rods (see Fig. 3), to allow the rods to 
adapt themselves freely to the side play of the driving 
axle. - The leadiog ‘axle has a total side p!ay of 1} in., 
obtained by @ modification of the Cartazzi axle-box, so 
designed that the spring gear is placed’ below the 
journal. Spiral springs are fitted to these boxes, but the 
other springs throughout the engine are laminated 
ee springs. In order toallow for the side pley of the 
eading axle the side rods are provided with ball-and.- 
socket bushes at the pin-joint connection ahead of the 
driving-wheel crank-pin (Fig. 3). The side-rods and 
connecting- rods are of I-section. The cylinders are 
set at an inclination of 1 in 84. pe pate the valve- 
spindle and spindle-guide is a right and left-handed 
nut foradjustment. ‘he trailing end of the locomo- 
tive is carried by a four-wheel ) beers constructed of 
plate-frames, &c., and having inverted laminated 
springs. The centre is controlled by a double plate 
spring, allowing a total side play of 54in. Thus, 


although the total wheel-base of the locomotive is 29ft., | PADY 


it can take, with ease, curves of four chains radius. 

Ooe of the chief features of this engine is the water- 
pick-up arrangement, which allows the engines a 
much greater working radius than was possible with 
the older tank locomotives, The arrangement of 
this gear may be sean in Fig. 2. With large tanks, 
which extend to tle front of the smoke-box and the 
hind tank, the engine can carry 2250 gallons of water, 
while the bunker has a capacity of 34 tons of coal. 
The water pick-up is designed to work when the 
engine is running in either direction, the scoops being 
lowered by hand gear, while a flap-valve closes the 
mouth that is not in use. The water is delivered by 
a Y pipe to the hind tank, while large equilibrium 
connections giving 100 square inches clear water pas- 
sage connect the hind and side tanks. These connec- 
tions are made of flanged plates. Flanged work is 
used extensively throughout the engine, not only in 
the tank work, but also for frame-stretchers, &c. 

The engine is fitted with automatic vacuum and 
steam: brake, with hand-brake, and carriage-warming 
and steam sanding apparatus. The axle-boxes are all 
provided with sight-feed lubricators ; the slide-valves 
and cylinders with sight-feed displacement and special 
suction lubricitors respectively. The following are 
the leading particulars of the engine :— 


Cylinders: diameter 18} in.e 
fe stroke as 26 ,. 
Coupled wheels : diameter 5 ft. 7 in. 
Bogie wheels: diameter eid ws 

Boiler: 
Barrel: diamater... 4ft 94 in. 
a ength ... ‘% a ID os OEE. se 
a length between tube- 
plates... a sea * 10 ,, 10§ ,, 
Tubes (copper): number 242 
+» . external diameter 1} in. 
Fire-box shell: length ... 7 ft. 
pe » Width at bottom 4 ft. O4 in. 
Heating surface : fire-box 125 sq. ft. 
” ” tu 12 ” 
Total ... 1331 sq. ft. 
Area of fra-grate .. 21.1 sq. ft. 


.. 175 Ib. per ¢q. in. 
..-0.0593 ton per pound 
pressure of steam 


Working pressure 
Trictive power 


Adhesion: load on coupled 
wheels available ae ... 52 tons 13 cwt. 1 qr. 
Tank capacity 2250 gals. 
Coal capacit, ans 3} tons 
Total wheel- : 29 ft. 


Total length over buffers * 
Weight of engine in working 
order Pe Sn 4 ... 72 tons 8 ewt. 1 qr. 


40 ft. 44 in. 








American Locomorives For Mancuurta.—The Japa- 
nese Government has ordered locomotives in the United 
States to the value of 400,000/. 
employed upon the Southern Manchurian 


The engines are to be 
ailway. 








NOTES FROM THE UNITED STATES. 
PuILaADELPHIA, May 22. 

Turke has been a noticeable falling off recently in 
the demand for steel rails. It is intimated that the 
frequent breaking of rails, which has resulted in nume- 
rous accidents, be had something to do with this. 
Open-hearth steel facilities are being created in order 
to meet the rapidly-growing — for open-hearth 
rails, The haste with which rails are turned out is 
said to be responsible for the turning to open-hearth 
rails; but the rail-makers assert that their rails are as 

as ever. 

The extraordinary demand for pipes and tubes has 
forced an advance of four dollarsa ton. The market 
wasexpecting it. In fact for months past the premium 
prices paid for these products virtually have covered 
this advance. The largest pipe and tube manufactur- 
ing concern has been out of the market since March 8. 
Basic pig iron has been selling very rapidly. During 
the past ten days 90,000 tons have been ordered. The 

t car-building plants and other great consuming 
interests are unable to get steel fast enough to run to 
maximum capacity. There is no immediate relief in 
sight. 

There is aa increased activity in all kinds of crude 
iron. Prices have advanced within a few weeks about 
2 dols. per ton. 
18 dols., is now 23 dols. During the past two weeks 
about 175,000 tons have been contracted for. The in- 
quiries now under consideration call for upwards of 
90,000 tons. Mill irons are also selling well, and bar 
mills are all crowded with orders. Buyers of foundry 
grades are unable to contract for all they want, but 
are assured that they will be taken care of.- Quite a 
number of orders of small quantities have been placed 
for English and Scotchirons. Structural material has 
been quite active. The largest pending order is for 
6000 tons for the Manhattan approach to the new 
Blackwell Island Bridge. The Great Northern Rail- 
road Company will soon contract for 6000 tons for a 
wunter a small bridges along its line. An electric 
road to be built on the Pacific Coast has placed an 
order for 25,000 tons with the Carnegie Steel Com- 


ny. 
The entire steel and iron situation is highly satis- 
factory, and new work is looming up in all sections. 
The great evil to be guarded against is that of specu- 
lative values. The steel-manufacturing interests recog- 
nise this danger, and have so far stood resolutely 
against any upward trend in prices which would 
jeopardise existing plans for constructional enter- 
prises. Railroad enterprise is dragging a little just 
now. Legislation has been of a curbing nature. Two- 
cent passenger rates have been established in a number 
of States. Inter-State commerce control is being 
more acutely felt by railroads, and a good deal of liti- 
gation will probably result within the next few months 
to establish the rights of railroads and the limit of 
Governmental interference. 








“THE EFFICIENCY OF STEAM-BOILER 
PLANT.” 
To THE EprTor oF ENGINEERING. 

on attention has been called to a letter in your 
issue of May 3 from Mr. John I. Hall], who refers to 
some tests carried out by me on the Wilkinson feed-water 
heater at the works of Messrs. Rowntree and Co., 
Limited, York. Your correspondent states that full 
steam temperature was obtained when feeding the Wil- 
kinson heater from the economisers at a temperature of 
210 deg. Fahr. This is accurate; but his further state- 
ment to the effect that similar results were obtained when 
feed-water was taken from the hot-well, the temperature 
of which was 115 deg. Fabr., is not strictly accurate, as 
at this temperature the water leaving the Wilkinson 
heater has averaged 5 deg. Fahr. below full steam tem- 
perature ‘in all my tests, probably due to the heavy rate 
of feed which has to be maintained on the boiler—viz., 
12,000 lb. per hour, not 9090 Ib., as stated. In correct- 
ing these mistakes, which are doubtless due to the in- 
adequacy of the information as to the tests which your 
correspondent had at his dis 1, I should like to speak 
in the highest terms of the Wilkinson feed-water heater, 
which from practical tests I have oe to be head and 
shoulders above any other heater of a similar type. 

Besides the important thermal economies which are 
undoubtedly effected by this heater, there is one most 
important feature—viz., that if the boiler be properly 
worked with this heater, the scale trouble in the boiler 
can be practically done away with. At Messrs. Rown- 
tree’s works it has been necessary in the pa;t to chip the 
scale out of each boiler after six to eight weeks’ run, this 
scale being in places 4 in. thick. It may interest your 
readers to know that quite recently the boiler fitted with 
the Wilkinson heater has been taken off after running 
continuously for 1344 hours at its full steaming capacity, 
and all that was C 
swill a small quantity of mud off the inside of the shell 
with a hose-pipe, and to chip the scale off the heater itself. 

I have no special interest whatever in the Wilkinson 
feed-water heater, and must apologise for trespassin 
upon — space in order to hand on information whi 
must be of interest to many engineers. 


Yours truly, 
York, May 24, 1907. F. G. Fryer. 


Basic iron, which a year ago sold at|g 


required in the way of cleaning was to | 


THE UTILISATION OF PEAT. 
To THE Epitor or ENGINEERING. 

Sim,—I notice in your issue of May 17 (page 650) an 
interesting article on this subject containing some mis- 
leading statements, which I have no doubt you will allow 
me to correct. 

_ Anyone reading your article would be left under tho 
impression that the problem of utilising peat in a prac- 
tical way for the pestestion of gas with ammonia r: 
covery had been solved by Dr. Frank and Dr. Caro, and 
that their process had- been imported into this country 
from Germany. In this instance the contrary is the fac‘, 
as it was in England that this process was worked out, 
and it was communicated from England to Germany. 

Dr. Mond’s process for the gasification of fuels in con- 
nection with ammonia recovery, which was developed 
at the Winnington Works of Messrs. Brunner, Mond, 
and Co., Limited, and which is now being exploited by 
my company (the Power-Gas Corporation, Limited, 39, 
Victoria-street, S.W.), is too well known by your readers 
to make it necessary for me to announce this as a British 
invention. The peat experiments at Winnington referred 
to in your article were carried out, not by Dr. Caro, but 
by Messrs. Brunner, Mond, and Co.’s technical staff in 
co operation with Dr. Mond’s engineer, Mr. Cerasoli, 
in a specia Aang, Segened Soveuee and patented by him, 
and neither Dr. Caro nor Dr. Frank were present ; they 
had nothing to do with this experiment in any way, nor 
with the subsegent trials of Italian peat carried out at 
tockton, and referred to in your article; the latter 
were carried out solely by my company at its engineering 
works at Stockton-on-Tees, where the Mond plant is 
manufactured, and it is quite correct that the peat gas was 
turned into the gas-engines driving the works by ordinary 
Mond gas without the change being noticed by those in 
charge of the engines. 

In consequence of this we have now concluded a con- 
tract with the Societ’ per l’Utilizzazione dei Combustibili 

taliani, Milan, for a 2000-horse-power ammonia-recovery 
peat-gas plant for a central electrical distribution station, 
to be driven by gas-engines consuming peat-gas. This 
plant is now being constructed at our Stockton works, 
and we expect that it will be operating by the end of 
this year. 

We have also utilised successfully Swedish and other 
peats, and, generally speaking, can claim a larger expe- 
rience in this direction than anyone else. 

In making these remarks I do not desire in the least 
to detract from the credit due to Dr. Frank and Dr. Caro 
for the valuable work they are doing with reference to 
the German peat-moors; on the other hand, I am only 
too pleased to acknowledge that to these gentlemen 
belongs the credit of recognising, after lengthy investiga- 
tions, that the Mond process was the best for utilising 
peat in gas-producers for power purposes in connection 
with the recovery of sulphate of ammonia. It was partly 
in consequence of this feature that the German Mond 
Gas and By-Products Company (for which Dr. Caro is the 
consulting engineer) was formed to exploit the Mond gas 
process in Germany. 

The t-generator gas plant at the Mont Cenis Col- 
liery, Herne, Westphalia, alluded to by you, has been 
designed, constructed, and erected by my company under 
a licence granted by Dr. Mond to the German Mond Gas 
Company ; its primary object is to gasify that colliery’s 
coal and coke refuse, and recover sulphate of ammonia. 

I do not propose to criticise the figures and details given 
in the article, although some of them seem to be open to 
criticism, but I trust you will allow me to take this 
opportunity of acquainting your readers with the fact that 

gland has not in this case allowed herself to bs over- 
taken by the Continent, and that we may justly claim the 
credit due to British enterprise for having shown to the 
Continent what we believe to be the simplest and most 
economical way of gasifying peat for power and furnace 
purposes. ? 

I am, yours faithfull 
Emite S. Monn, 
Managing Director of the Puwer-Gas 
ration, Limited. 


39, Victoria-street, 8. W., y 29, 1907. 








LONDON WATER SUPPLY : THE QUESTION 
OF A UNIFORM WATER RATE. 
To THE EprTor or ENGINEERING. ao 

Sir, —The protest recently made by the City authorities 
against the proposed adoption of a uniform rate for the 
water supply of the entire Metropolis—Greater and Water 
London—affords a fitting opportunity for drawing atten- 
tion to the exceedingly unsatisfactory and unreliable 
method by means of which the late London water com- 
panies (empo under the provisions of their Acts) 
were enabled to obtain the whole of their revenue for 
the supply of water for ‘‘domestic purposes” (three- 
fourths of the whole year’s supply for the Metropolis) 
by a percentage charge on the rateable value of the 
assessments of the houses and premices in the parishes in 
the respective water companies’ districts, the amount of 
the percentage (the grounds for which no reasons are 
assigned in the Water Companies Acts) varying from 3 
|to 5 percent. of the rateable value in different ea 
| The excessive and unreliable character of rateable value 
| assessments is generally recognised as being most un- 
justifiab‘e, and the — of this arbitrary ntage 
of a discredited rateable value assessment as the basis of 
a water rate renders it all the more discreditable and un- 
justifiable, All that can be said in its favour is the great 
simplicity of its application in securing payment for the 
unknown quantity of water supplied to a house, which, at 
one time, it was impossible to ascertain by measurement, 
owing to the absence of reliable appliances, which, no 
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doubt, is primarily accountable for the statutory sanction 
riven to the percentage-of-the-rateable-value method 
which is still enforced ; the presumption being that the 
larger and more highly rated house must pecaunely 
require @ proportionately larger quantity of water, whic! 

the City authorities, in their protest, very clearly show is 
not so, strikingly instanced in the case of the numberless 
huge buildings which are the great business centres in 
the City in the day-time and almost tenantlees at night. 

There can no question, therefore, that should a 
uniform water rate for the Metropolis be adopted which 
is based upon the average of these atbitrary percentages 
of diseredited and excessive rateable value assessments, a 
uniform water rate would, under euch circumstances, be 
most unfair and excessive in the case of the City and in 
other purely business portions of the Metropolis. 

It, fortunately, happens that atthe present time anen- 
tirely new and much more satisfactory aspect has been 
given to this question of the usiform rating of the water 
supply of the Metropolis, and there is everything to indi- 
cate that the revenue to be derived from the water eup- 
plied to the Metropolis will soon cease to be obtained 
either from the percentage of rateable values, or from any 
other form of rate, as these great water-supply under- 
takings have now been acquired by the Metropolis, and 
the very importent and exceptionally responsible duties 
connected with their administration entrusted to a Water 
Board having a single and most capable executive. 


METROPOLITAN WATER BoirpD—Ex Turkp ANKUAL RePoRT AND ABSTRACT, 1905-6. 


Total quantity water yearly ..  79,572,570,244 gals | Annual 














the accompanying statement, to produce a net revenue of | 


1,467,558/.—more than enough to pay interest at the 
Water Board’s 3 per cent. scale on a capital of 48,918, 600/., 
a sum larger than the total amount now raised on the 
Metropolitan Water Stock. 

The conclusion to be drawn from this brief analysis of 
some of the figures given in this latest, most complete, 
and ably-prepared *‘ Abstract of Accounts” of the Water 

rd, unquestionably, is that there is not the slightest 
reason or justification for the revenue in respect of the 
water supplied to the Metropolis for ‘* domestic” or any 
other purposes being obtained by means of any kind of 
water-rate. hat is, in fact, needed—and to some 
extent has already been accomplished—is that all the 
water required for domestic or any other purpose should 
be charged for by measured quantity and by meter, as in 
the case of the supply of gas. 

As regards the question of ths adoption of a uniform 
rate for the whole of the Mev. polis, there is obviously 
no occasion for it. The fact alone that 80 per cent. of the 
entire water ae | of the Metropolis is obtained from 
the same sources—the Thames and Lea—and is conveyed 
to the consumer by the same channels and mechanical 
appliances, is of itself sufficient to show that both the 
cost and the reasonable charge for the supply of a given 
quantity of water of the same quality would necessarily 
be uniform and the same in any part of the Metropolis. 
Under such circumstances, the City authorities’ well- 


| 





























| | 
Average | Per Cent. |Chargeper Charge per 
Total quantity water daily 218,007,041 ,, Rateable per Cent. | be md ae of 1000 324 Gallons 
Total quantity daily per head 2.31 ,, Value. Charged. . Total. Gallons. per Head. 
£ £ | d, d. 
Class (a) Domestic purposes by rate .| 86,568,713" | 4.24 1,550,190 66.23 | 4.68 0.15 
” Extra charges + ins ie of os a 299,408 10.86 | 0.90 
ne Agreed rates a os on ; 40,279 146 CO 0.12 
¥ 1,889,877 68.55 | 5.70 0.18 
Class (2) Part domestic, part non-comestic .. 170,102 6.17 | 0.51 
= a by meter es 108,827 | 3.95 | 0.33 
Class (c) Statutory charge by metcr .. 415,939 | 15.08 1.26 
* Fixed charges .. : 162,026 | 5.83 0.49 
2,746,771 | £9.63 8.29 
Crodit ba'arce 10,117 | 0.37 0.03 
Total Revenue (Report, page :0)* 2,756,888* | 100.00 8 32 0.27 
Expenses... ee as ae 1,289,890 | 46.77 3.89 0.12 
Total net revenue .. 1,467,558 | 53.28 4.43 0.15 


* The total revenue, deducting 130,214/. for empty houses and bad debts, 2,648,493/. (abstract, paze 7). 


Total working expenditure :— 
Maintenance and renewals 
Management ee ee 


The transfer of these water competi undertakings to 
the Water Board, and the work of reorganisation of the 
administration, with a single executive and a uniform 
system of accounts, has necessarily taken some time to 
complete. This, as will be seen from the very complete 
and most interesting Third Annual Report of the Metro- 
politan Water Board, and the Annual Abstract of 
Accounts for 1905-6, just published, has now been accom- 
plished, and the opportunity is for the first time afforded 
of adequately appreciating the importance and migni- 
tude of the great work which has been so successfully 
accomplished in the acquirement of these undertaki 

which are not only cafable of making ample provision for 
the daily-water-supply requirements of a population of 
nearly seven millions of people, but with better and more 
economical administration will, for some years to come, 
be able to meet the in requirements of the future. 

Full —— are given in the appendix to the report 
of the different sources of supply per cent. of which 
are derived from-the-Thames: an ),-and also of the 
total daily and“arinual srentiy of water supplied. With 
this information and ‘thé’tomplete details furnished in 
the abstract of accounts of the amouht ‘of- révenue 
received by means of the percentage method of rateable 
value assessments, in respect of the quantity of water 
required for domestic purposes, and what is charged 
for by meter and by special charges, all of which are given 
separately, reliable means are now afforded of ascer- 
taining the actual average charge to the consumer in 
terms of per 1000 gallons, as well as for the average daily 
supply per head of 32} gallons. From the full particulars 
given of the operative and administrative expenditure, 
pea cost can also be determined in similar terms of 
juantity. 

The results are given in the table above, from which 
at will -. mo RW. - vp eee derived by 
neans of the objectionable and unreliable perctaiags of 
rateable value assessments, when measured in terms of 
Quantity supplied, is only 84d. per 1000 gallons, and a 
eens Be than jd. (0,27d.) in terms of average supply 

The percentage of the total working expenses, inclusive 
of the cost of administration, ter rm dice and renewals 
of the operating plant—viz., 47 per cent,—is some- 
what higher than the average; but this, as the items 
included in the account show, is entirely due to excep- 
tional expenses connected with the uirement of the 
rompanies’ undertakings, A more normal and remarkably 
tow average of about 41 per cent. (40.71), which, for a 
period of the last 30 years, has been a distinguishing 


feature in the London water companies’ working ex pense 

will, however, under more favourable economical condi. 
. Notwithstanding this 
a balance is left of 53 per 
suffice, 2s will be seen from 


tions, be again 
bigher percentage of expe: 
sent. net revenue, which woul 





£ Per 1000 Gallons. 
1,045,717 3.15 
243,613 0.74 
£1,289,330 3.89 


grounded objections to the adoption of a uniform rate 
would be satisfactorily disposed of by the abandonment 
of the objectionable water rate altogether. The avail- 
able water-supply resources of the Metropolis are, as 
8 in the report of a recent Royal Commission on the 
subject, of a very limited character, and the*period of 
time it will take to reach that limit, as estimated by this 
Commission, was forty years, sixteen of which have now 
elapsed ; and one of the greatest benefits that will, it is 
hoped, result from the acquirement of these water-supply 
undertakings will be the large saving it will effect in 
preventing the present shameful waste of water, indica- 
tions of which it is gratifying to find are already per- 
ceptible in the slight decrease which has occurred in last 
year’s total consumption. 2 a 


London Water Supply.—1871 to 1902 London Water Com- 


panies ; 1903 to 1905 Metropolitan Water Board. 











—_— adjustment of thech 


ment showing during that period the amounts of 
| revenue and working expenses of each of the companies, 
| separately and combined, in similar terms of the quantity 
|actually supplied. A summary of the results in this 
statement are given in the table. ! 
| This table exposes much more completely than words 
| can do the utter fallacy of the assumption that the rate- 
| able value of a house is any fair measure of the quantity 
of water it requires. 

It clearly shows that rapid as the increase of the 
| water supply has boen—just doub!ed Goring the pericd in 

question—it is as nothing compared with that of the 
revenue (mainly derived, as at present, from the imposi- 
tion of this unjustifiable rateable- value water rate), which 
has nearly trebled. 

What the effect of its continuance, even in a modified 
form, would be in the future may be judged by the fact 
that if the rate of increase is maintained, revenue 
would be doubled in the next jee years, and 
trebled in less than thirty-seven years (36 67). 

The rapid rate of increase of the water sappy. which 
agpeess to be of a more normal character, is well worthy 
° re, ey .% if it el lnceely as ~ 
quantity of the eu in ears will la y exce 
what, in the oglalen of Lord Balfour's Commission, the 
present sources of London’s water supply are capable of 
affording. 


I am, yours truly, 
R. Prick WILLIAMS. 


P.S.—Since writing this letter, the Joint Committee 
| on the Metropolitan Water Boards Bill for a modification 
of the existing rateable-value water rates has decided 
that the large rebate hitherto allowed by the New River 
| Company, in the case of the City water supplies, would be 
| obligatory in all other parts of the Metropolis similarly 
|circumstanced. This, of itself, is a sufficient condemna- 
tion on the part of the Committee of the inapplicable and 
the unjustifiable character of rateable value as affording 
| any equitable basis for the Water Board —— for water 
| Supply, more especially under the alte conditions 
| resulting from the acquirement of the water companies’ 
| underta ings. 
| Rebates of all kinds are very objectionable, and not 
always indicative, as in this case, of excessive. over- 
| charges, but just the converse, as recently instanced 
in certain notorious disclosures in the United States. 
Those sanctioned now by the committee are evidently 
intended so as to afford the Water Board time for the re- 
es for water on a sound and equit- 
| ab‘e basis; and with the aid of a most valuable asset the 
| Water Board has acquired from the water company, for 
| which no compensation was awarded them—viz, their 
claims for the present value of the ‘unearned incre- 
ment” in respect of the prospective increase of the water 
supply business, for which 4] ears’ purchase of the net 
income was awarded in the Middlesbrough Water Works 
Arbitration test case—the Water Board will soon be able 
to make good any little temporary loss of revenue result- 
ing from having been deprived of what is certainly a 
valuable asset in having acquired the water company’s 
statutory right to raise their revenue by means of a hand- 
some percentage on rateable value. 








Enxcrxgerinc Goirinc Socrety.—A number of en- 
gineers who are enthusiastic golf players have now formed 
themselves into a committee for the purpose of establish- 
|ing an engineering golfing society. It is proposed to 
| limit membership to engineers connected with the [nsti- 
| tutions of Civil, Mechanical, and Electrical Engineers. 
|Sir Alexander Kennedy has consented to me first 
| president of the society. Gentlemen wishing to become 
| members should communicate with Mr. 8. Price Williame, 
| 5, Victoria-street, S. W. 





| Personat.—We are requested to state that Mr. F. 
| Veithardt has resigned. his office of director of Mera. 





Per ¢ | Veithardt and Hall, Limited, 41, Eustcheap, E C., ahd 
000 Gallons. 2 | that — re a pee = uate the ies 
, : % | managership of Mr. A. J. Hall and Mr. Fr. Hamm, Mr. 
age | Gross wesies| Net . ¢|... @ | Hamm having now been appointed vamymd director. 
ie Revenue. penges, Revenue.| ¢/~% ¢ x» |Our attention has been directed to the fact that the above 
' § as — <£ | firm is distinct from'that of Messrs. Veithardt and 
. 22325. § (of 16, Eastcheap, E C.—We are asked to state that Mr. 
= 5=\s8 Sa = | KE. M- Sellon, M.I.E_E., has been taken into partnership 
—_— —- —|—_-— —-—.——_ |——_ | —|— —— | by Mr. Stephen Sellon, M. Inst. C.E., the title of the 
1= 1000; £ £ & a. | ¢ a. = | firm in futare being Stephen Sellon and Partners, of 36, 
1871 30,081,871 | 901,761 392,162 | 599,619 |s.00/2.41|8.63 40.08 | Victoria-street, S. W. 
1881 54,319,448 1,522,613 | 575,025| 947,588 6.73 2.54 419 37.73 
= rae ae | ba oe oe eae “ = = MERCHANT VENTURERS’ TECHNICAL Coszaes. teary 
* ~ 'y ’ ’ | 3.00) — i i ildi 
1900'77,589,206 |2,394,767 1,076,700 | 1,316,067 |7.41 3.34/4.07 45.04 an ene m4 Salis camannd ts tha Weceay of Te 
190) 78,551,358 |2,502,350 1,192,206 1,310,144 |7.65 |3 644.01) 47.64 | hant Vent : ] t ch in th “ 
1902|76,412,853 |2,571,420 |1,200,858 | 1,871,067 |8.08 |3.77 |4.31| 46.68 | Chant Venturers, involve great changes in the arrange: 
1903 76,783,967 |2'601,746 1,151,028 | 1,450,723 |8.13 3 60/4.68 44.94 ments of the building. In the basement the electrical 
1904/80,201,619 |and hydraulic laboratories will be enlarged. A portion 
1905 79,572,570 2,756,888 1,289,330 | 1,467,558 |$.32 3.89/4.43 46.77 of the yard space will be covered in to accommodate the 


Average Annual Rate of Increase. 





Initial | 

& term | p.c |per cent. per cent. | per cent. 

—> 2.13) 306 | 3.44 2.80 91 
1 J | 


As already stated, the last Report and Abstract of 
Accounts of the Water Board afford, for the first time 
since the acquirement of the water companies’ under- 
takings, the means of readily ascertaining both the actual 
cost of and the aggregate amount of revenue in terms of 
the quantity of water supplied to each consumer or house- 
hold. The result, however, of a careful analysis of the | 
published accounts of the late London water companies, | 
which, since 1871, have been furnished in a similar pre- | 
scribed form, has enabled the writer to prepare a state- | 





a engine, dynamos, &c, and the electric 
light and power plant now situated in the Rosemary- 
street branch building. A larger workshop for motor- 
car engineering will also be provided. On the ground- 
floor will be the Great Hall, offices, class rooms, &c. 
On the first floor will be the mechanical laboratory, 
drawing-office, lecture-room, refectory, &c. On the 
second floor will be situated the physical, optical, and 
photographic laboratories, lecture theatre and rooms, 
class-rooms, library, research laboratory, &c.; while on 
the new third floor will be a gymnasium, &c., chemical 
lecture theatre, laboratories, ce-room, construction- 
room, &c. The work is expected to be completed by 
September, 1908. The Governors are discontinuing some 
of the work of the college, and are concentrating their 
attention and resources on the training of civil, mecha- 
nica), electrical, and mining engiheers. : 








710 


ENGINEERING. 





[ May 31, 1907. 





ELECTRIC TRAVELLING WHARF ORANE. 


Tue annexed illustration shows one of a number 
of electric travelling wharf cranes built by Messrs 
C. and A. Musker, Limited, of Liverpool, for the 
Grimsby Docks of the Great Central Railway Com- 
pany. The crane is of the arched pedestal type, to 
allow of the of a locomotive underneath, and 
is provided with separate electric-motors for hoisting, 
derricking, slewing, and travelling. It is designed to 
raise a load of 5 tons through a height of 80 ft., hoist- 
ing at 150 ft. per minute. The hoisting arrangement 
is of Messrs. Musker’s well-known free-barrel type, 
operated by a coil clutch which is controlled elec- 
trically by the movement of the controller handle. 
The crane will travel at the rate of 150 ft. per minute, 
it will derrick at 100 ft. per minute, while the slewing 
speed at the hook is 450 ft. per minute. All gearing 
is machive-cut, spur-reduction being employed for 
hoisting ; and worm reduction, with travelling spur and 
bevel gearing, for the derricking and slewing motions. 
Both electric and mechanical brakes are provided to 
hold the load. The crane is of very substantial con- 
struction, having stability at 100 per cent. overload, 
without being clipped to the rails. 








SMITH’S SPEED-INDICATOR FACTORY, 
WATFORD. 

AmoneG what may be called the by-products of the 
motor-car industry is one which is of rapidly growin 
importance. We refer to the manufacture o ek 
indicators. It has arisen chiefly out of police regu- 
lations as to the speed of cars, which regulations 
have brought about a great number of disputes, owing 
to the widely differing estimates possible as to the 
actual speed of a car. Owners of cars also now appre- 
ciate the pleasure to be derived from some accurate 
means of telling at a glance the — at which the car 
may at any time be travelling. These influences have 
therefore created such a demand for speed-indicators 
that their manufacture has become a flourishing in- 
dustry. As these instruments contain many small and 
delicate parts, it is not unnatural that their manufac- 
ture should have been taken up by firms who have, in 
other directions, had experience in a similar class of 
work—notably in that. of clock and watch-making, 
there. being’ much that is common in the processes 
involved. 

Among the firms who have devoted themselves to 
the manufacture of these speed-indicators, Messrs. 
8. Smith and Son, Limited, 9, Strand, London, W.C., 
whose reputation as watchmakers is widely known, 
have taken a leading part, and they have, within 
the last two years, started a factory at Watford, 
which is equipped with the most ern machinery 
suitable for repetition work, for the exclusive pur- 
pose of wine speed-indicators in large quantities. 
As, through the courtesy of Messrs. 8. Smith and 
Son, we recently had the opportunity of visiting this 
factory, some account of it and of the indicator manu- 
factured there may be of interest to our readers. 

It. is now some five years ago since the firm first 
devoted theirattention to this industry, and, after carry- 
ing out aseries of experiments, which lasted about two 
years, they produced their ‘‘ Perfect” speed-indicator, 
the first of which they were fortunate enough to have 
placed on the car of his Majesty the King. Since 
that time the demand for these instruments has rapidly 
iucreased, their accuracy having become known ; and 
we understand that the output is now about 150 in- 
struments per week. Since its first pe me ger igen 
indicator has been much improved, last year it 
received from the Automobile Club of Great! ritain 
and Ireland a special gold medal for’excellence of 
design and workmanship, as well as for accuracy. 

Although now well known, particularly to motorists, 
there may be some of our ers to whom it is not so 
familiar. We may therefore briefly describe it. It is 
made in various types. The simplest form is that shown 
in Fig. 1, page 711, while, in combination with a clock, 
it may be seen in Fig. 2—an arrangement which has 
become very popular. It is made to register speeds of 
from 5 to 100 miles per hour. There is also another 
very popular form, in which a speed-indicator, a watch, 
and a communicator are combined all in one. The com- 
municator enables signals to ke given to the driver from 
inside the car by means of small electric lamps, which 
illuminate the different signals given on a dial in front 
of the driver. The driving mechanism consists of an 
aluminium riog, which is screwed to the wheel of the 
car, and of a pulley which is pressed against the ring 
bya flat spring. On the rim of the pulley there isa 
rubber band, or tyre, which serves the pu of in- 
creasing the friction between the pulley and the ring, 
and also ensures silent running. The motion of the 
pulley is transmitted to the indicator by means of a 
tlexible steel wire, which is enclosed in a flexible metal 
tube. The connection to the indicator is made at the 
spindle, which is seen projecting at the left-hand side 
in Fig. 1 on page 711. 

The mechanism of the indicator will be understood 
from Fig, 1, which is a back view of the gearing. It 





ELECTRIC TRAVELLING WHARF CRANE. 
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consists of a small centrifugal regulator or governor, 
which is placed inside the gun-metal casing of the 
instrument, and is driven through a train of toothed 
wheels. The spindle of this regulator is placed hori- 
zontally, and consists of three parts, which telescope 
into one another. The arrangement is clearly shown 
in Fig. 1. The tendency of the weights of the regu- 
lator to move out when the spindle retates is controlled 
by three springs of different strengths, which succes- 
sively come into action as the speed increases, the 
weakest spring being compressed first. After a further 
speed has been attained, the weakest spring is pre- 
vented by a stop from being compressed any more, and 
the next size of spring comes into action. In a similar 
way, as the speed of the car increases, the third and 
strongest spring is compressed. This three-sprin 

arrangement of the indicator is the special feature o 
the instrument, the advantage of which is that it 
permits of an open scale being used which is 
not cramped at one end, as would be the case if 
only one spring were used. As the centrifugal 
force opens out the regulator, the motion is trans- 
mitted to the dial hand by a grooved sleeve and 
a -™ the former acting as a rack. Any back- 
lash there may be is taken up by a spiral spring, 
which continually tends to move the hand back 
to zero. The hand is placed in the centre of the dial, 
and in the standard instrument registers all speeds 
from 10 to 60 miles per hour. In the latest form it 
is fitted with a mileage register up to 10,000 miles, 











as well as a trip-recorder, which can be set to zero 
at will. Every instrument is carefully tested at all 
speeds up to-the maximum on a special machine, and 
each dial is separately graduated to suit the indicator 
to which it belongs. A tell-tale pointer is fitted which 
registers the maximum speed attained. This has a 
fly-back action, by means of which it can be set to zero. 
The fly-back action can, however, be locked if desired. 
Standard-size pulleys and rings suitable for any 
make of car are, we understand, now supplied, the 
aluminium ring, which is fixed to the driving wheel, 
being marked in plain figures, with the distance from 
the centre at which the pulley has to be placed for 
different cars. In this way the fixing of the instru- 
ment is much simplified. It has been found that 
under ordinary conditions the small rubber tyre which 
is placed on the rim of the pulley will last from 5000 
to 10,000 car-miles run, poe it can be easily replaced 
in a few seconds. In our engraving (Fig. 1 on page 
711) the blurred places on the toothed wheel seen in 
the front are due to the vaseline which was used for 
lubrication, and which had not been wiped off before 
the photograph was taken. 
essrs. Smith and Son’s factory, where every pa't 
of these indicators may be seen in process of manufa< 
ture, is pleasantly situated on the outskirts of Wat- 
ford. It is not large, but it is equipped with some «f 
the best modern machinery for automatic work. 
Among these are tools made by Messrs. Alfred Herber', 
Limited, Coventry ; Messrs. Selig Sonnenthal and Cv., 
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London; Messrs. Burton, Griffiths, and Co., London ; 
Messrs. Hardinge Brothers, Chicago; the Hendy 
Machine Company, Torrington, Conn.; and the Ameri- 
can Tool and Machine Company, Boston, Mass. 

Two Swiss-made machines ms special interest are an 
automatic screw-making and slotting machine for the 
production of fine screws, and an automatic machine for 
making specially fine gearing. The first of these tools 
is shown in Fig, 3. The first operation performed by 
it is the turning down of stock to the desired diameter 
of screw, after which a die is fed up to the work, and 
the thread of the screw formed. During this opera- 
tion an arm is gradually approaching which holds the 
screw while it is being cut off the stock by another 
cutter. The arm then conveys the screw to the 
opposite side of the machine, where another cutter slits 
the head of the screw, which, being then complete, 
drops into a tray. The whole of these opera- 
tions are carried out with great precision, the 
time occupied for each screw being about 30 seconds. 

The other machine, shown in Fig. 4, is used for 
cutting special fine gearing, where it is required to 
have every alternate tooth partially cut away. The 
cycle of operations is as follows :—The blank is 
placed in the machine, and a cutter then forms a com- 

lete tooth in the usual manner; but while this is 

ing done, another cutter is automatically fed up to 
the work by a special cam, timed to operate on 
every alternate tooth. This arrangement econo- 
mises time to the utmost, and produces very per- 
fect work. The gear-wheels cut by this machine 
are used in the train of wheels which operate the 
little dises that record the distance in miles which 
the car has run, and they may be seen in Fig. 2. 
Every alternate tooth is cut away, so as to enable the 
train to be locked, except when each disc has in due 














course to turn in order to register tens, hundreds, &c., 
as the case may be. 

The different shops where the work is carried on 
are beautifully lighted, and everything has been done 
likely to add to the comfort of the workpeople. 

The interiors of two of the shops are shown in Figs. 
5 and 6 on page 714, the former being the finishing 
and calibrating shop, and the latter a view of the auto- 
matic machine-shop. The machinery is driven from 
shafting which receives its motion from an electric 
motor, the current for which is,obtained from the town 
supply. One noticeable feature of the arrangement 
of the drives for the small maehines is that the use of 
counter-shafting is avoided as much as possible, and 
the machines are driven direct from the line-shafting, 
the starting and stopping being effected by means of 
friction clutches. In the case of some of the lighter 
machines used for making delicate parts, the shaft 
runs along the back of the bench on which the machines 
stand, and from grooved pulleys on the shaft driving 
cords are brought to the machines, the pulleys being 
controlled by friction clutches. There are also a 
machine-shop, where small parts are made, and an 
assembling-shop, which are fully equipped with all 
necessary appliances. 

There is a tool-shop and a small forge in the base- 
ment in connection with the works. The arrangement 
of the machinery and the drive was designed and 
carried out by Mr. North, the works manager. 

In addition to the factory at Watford we understand | 
that Messrs. S. Smith and Son, Limited, have recently | 
opened a factory in the United States of America for | 
the manufacture of these indicators, large orders having | 
been obtained for them there. 

As an indication of the popularity of these instru- 
ments, we are informed that by have been supplied | 








| the latter 375 
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to many of the royal families on the Continent of 
Europe, and the makers say that since they first put 
the indicator on the market they have never been 
able to catch up to the demand. 








LocoMOTiIves FOR THE TRANSANDINE Rattway. In 
the .rim given in the issue of Encinzenine of 
May 17 of locomotives recently built by Mr. A, Borsig, 
Tegel, Berlin, we omitted to mention that these engines 
were built for the Transandine Construction Company, 
Messrs. Livesey, Son, and Henderson acting as consult- 
ing engineers. 





AmBgorn InsuULATORS.—Ambroin insulators, which were 
much talked about some years ago in connection with the 
several surface-contact electric tramways then under trial, 
are brought out again by the Ambrionwerke in conneo.- 
tion with the Vereini Isolatorenwerke of Berlin- 
Pankow. Ambroin is described as a fossil resin. The 
bell insulators resemble porcelain insulators, to which they 
are claimed to be superior, as they weigh only half as 
much, being better insulators, and use they can 
supplied for a lower price. The bells are screwed together 
out of their parts, which are pressed with their threads ; 
for very high insulation the iron bell bolts are rep! by 
ambroin bolts, which are strengthened by threaded-on 
brass sleeves. The results of tests conducted by the Reich- 
sanstalt with their transformer for 100,000 volts are very 
satisfactory. The tests were made in the dry-and: in 
artificial rains. In a comparative test, mentioned in the 
Elektrotechnische Zeitschrift of April 25, between an am- 
broin bell and a porcelain bell of the same diameter, the 
former 85 millimetres (3.4 in.), the latter 195 millimetres 
(7.7 in.) in height, and weighing, the former 2850 grammes, 
ammes, the porcelain bell appeared all 
enveloped in glow and flames when exposed to rain at 
30,000 volts, while the ambroin insulator remained dark. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday the pig- 
iron market was closed in celebration of the Victoria 
Day ‘holiday. When business was resumed on Friday 
morning a quiet tone prevailed, and about 8000 tons of 
Cleveland warrants were done at 603. 4d. and 60s. 4}d. 
cash, 603. 74d., 603. Sd., and 60s. 74d. one month. At 
the close there were buyers at 60s. 44d. cash and 60s. 74d. 
one month, but. sellers quo’ 4d. more in each case, 
In the afternoon the market was a shade stronger, 
and 8000 tons of Cleveland warrants were dealt 
in at 603. 6d. and 60s. 84d. cash and 60s, 114d. and 
61s. one month. Olosing sellers were firm at 60s. 9d. 
cash and 6!s. 04d. one month. There were buyers of 
hematite at 793. 104d. cash, but no sellers. On Mon- 
day morning Cleveland warrants opened strong, but 
closed rather easier.’ The dealings were 10,000 tons at 
61s. 3d. and 61s. 1d. cash, 61s. 6d. and 61s. 4}d. one 
month, 61s. 4d. twenty-nine days, and 61s. 6d. three 
months, and the closing quotations were 61s. 1d. cash 
and 61s. 4d. one month sellers. In the afternoon business 
opened weak, and’a further decline in Cleveland warrants 
was noted. The turnover was only about 2500 tons at 
from 60s. 74d.-to 60s. 4d. cash, with one forward lot 
at 603. 94d. twenty-eight’ days. At the close of the 
session sellers quoted 603. 5d. cash and 603. 8hd. one 
month, and buyers offered 4d. less in each case. 
On Tuesday morning the market was again weak, and 
the prices of Cleveland warrants declined sti)l further. 
The dealings amounted to 25,000 tons at 593. 84d., 
593. 9}d., and 53. 6d. cash, 60s., 593. 7d., and 593. 10d. 
one. month, and 593. 6d. three months, and at the close 
sellers quoted 59s. 74d. cash, and 593. 104d. one month. 
Some business was done in options, the estimate being 
about 10,000 tons. Hematite was easier at 78s. 3d. one 
month, with closing sellers at 78s. 6d. one month. In the 
afternoon the tone was the turn firmer, and about 6500 
tons of Cleveland warrants were done at 59s, 94d. cash, 
593. 8d. and 593. 9d. thirteen days, 603. and 60s. 14d. 
fourteen days, and 593. 1ld. and 60s. one month. 
The closing quotations were 60s. cash, and 60s. 34d. 
one month sellers, which ‘showed some improvement. 
Hematite —1500 tons—changed hands at 77s. 9d. twenty 
days, and at 78s. and 773. 104d. one month, and 
there were buyers over at 77s. 9d. one month. 
When the market he ag « to-day (Wednesday) the 
tone was fairly steady, but the close was a shade 
easier. 
603. O)d. and 59s.:11d. casb, 592. 94d. and 593. 10d. five 
days, 60s. 4d., 60s. 44d., 60s. 2d:, and 60s. 44d. one 
month,"and at 60s. 44d. and 60s, 3d. July 24. Closing 
sellers quotations were 59s. 104d. cash and 60s. 2d. one 
month. Hematite was stronger, and 1000 tons were 
dealt in at 783. cash and 783. 6d. one month. At 
the afternoon session there was a distinct improve- 
ment in the tone of the market, and the dealings, 
consisting of 10,000 tons of Cleveland warrants, were 
oa through at from 60s. 3d. to 60s. 5d. cashyand from 

. 8d. to 60s. 84d. one month. Closing sellers quoted 4d. 
above the higher values—namely, 60s. 54d. cash and 
603. 9d. one month, which show an advance of 54d. on 
the day. There were buyers of hematite at 78s. 6d. cash, 
but no sellers. » The following are the market quotations 
for makers’ (No. 1) iron:— Clyde and Calder, 79s. ; 
Gartsherrie, 79s. 6d.; Langloan, 80s.; Summerlee, 8s. ; 
and Ooltn 903. (all shipped at G m5 Gl . 
nock (at Ardrossan), 79s. ; Shotts (at Leith), 79s. 6d. ; 
and Osrron (at Grangemouth), 82s. 


Sulphate of Ammonia.—There has been a very good 
7 for sulphate of ammonia during the past few days, 
and quotations are firmer. The current price is from 
12/, to 12/. 23. 6d. per ton for prompt delivery, and about 
12/. 5s. per ton for forward delivery, Glasgow or Leith. 
a amount shipped last week from Leith Harbour was 

tons. 


Scotch Steel T'rrade.—There has been no great influx of 
fresh business in the Scotch steel trade during the past 
week, but orders for a fair amount of material have been 
put through. It is only to be expected that buyers will 
play the waiting game, and endeavour to refrain from 
purchasing anything over their bare necessities until 
actually forced to do sc. On the other hand, pro- 
ducers are not disturbed by any slowness in the buying 
movement at present, as, having lately filled up their 
order-books well ahead, they can afford to wait until 

urchasers have to come into the market. . The demand 
or material for shipment continues good. Prices are 
unaltered, and remain firm at the advance recently fixed 
by the Association. 


Malleable Iron Trade.—The malleable iron trade is, if 
anything, a shade quieter this week. Orders have been 
rather limited, but a fair trade is passing. The works are 
reported to be well employed, and prices are firm. 


Pig-Iron Trade.—The strong tone in the pig-iron trade 
continues, and there is practically no change to report. 
demand has been received from abroad, but 
makers are no better placed to meet it than of late. 
Hematite is, perha not so much sought after at the 
moment, and the price is about 85s. per ton delivered at 
the steel works Some Standard foundry iron was sold 
this week for shipment to America. 


Cleveland warrants, 11,000 tons, were done at |: ™ 





Shipbuilding.—A large steamer of 3500 tons, recently 
contracted for by the Grangemouth and Greenock Dock- 
yard Company, for English owners, is to be built at | 
Greenock. This is contrary to the original intention, 
which was to construct the vessel at Grangemouth. 

Wages in the Iron Trade.—Messrs. James C. Bisho: 
and James Gavin, joint secretaries of the Scottish | 
Manufactured Iron Trade Conciliation and Arbitration 


}and Vesta have been 


Board, have received the following intimation from Mr. 
John M. Macleod, C.A., Glasgow :—‘‘In terms of the 
remit, I have examined the employers’ books for March 
and April last, and-I certify that the average realised 
net selling price at works brought out is 7/. 1s. 4.66d. per 
ton.” This means that there will be no change made in 
the wages of the workmen. 








Merauiic PERMANENT Way.—The exports of chairs 
and metallic sleepers from the United Kingdom in April 
amounted to 11,797 tons, as compared with 4924 tons in 
April, 1906, and 6861 tons in April, 1905. The aggregate 
exports for the four months ending April 30, this year, 
were 20,318 tons, as compared with 20,141 tons in the 
corresponding period of 1906, and 22,857 tons in the cor- 
responding period of 1905. The exports to British India 
figured in these latter totals for 6520 tons, 15,3(7 tons, 
and 12,892 tons respectively. 





GreMan Navat Exrenpiturg.—The naval expendi- 
ture of Germany during the last seven years has been 
as follows :—1901, 7,792,000/.; 1902, 8,212,200/.; 1903, 
8,604,000/. ; 1904, 8,260,C007.; 1905. 9,240,0007.; 1906, 
10,072,C00/.; and 1907,.11,116,000/. Upon a comparison 
being made of 1907 with 1901, it will be observed that the 
naval expenditure of Germany has increased to the 
extent, of 3,324,000/.; notwithstanding this, a party in 
Germany is clamouring for a still further increase of the 
German Navy. 





AGRICULTURAL ENncinis.—The value of the agicultural 
engines exported from the United Kingdom in April was 
91,460/., as compared with 87,785/. in April, 1906, and 
70,663/. in April, 1905. In the four months ending April 
30, this year, agricultural engines were exported to the 
value of 280,789/., as compared with 343,326/. in the 
corresponding period of 1906, and 213,813/. in the corre- 
sponding period of 1905. The engines were exported 
principally to European countries, which took them, to 
April 30, this year, to the value of 163,460/., as compared 
with 218,191/. and 152,120/. respectively. South America 
also imported British agricultural engines in the first four 
months of this year to the value of 31,733/., as compare 
with 58,2387. and 18,3237. The colonial demand moved 
on as follows in the first four months of the last three 
years :— 


Colonial Group. 1905. 


19077. 1906. 
nis £ £ £ 
South Africa 3,050 2,175 978 
British India 12'768 2'850 2,388 
Australasia .. 14,175 23,096 12,048 


~'t 





Engines were also forwarded in the first four months of 
this ‘year to other parts of the world to the aggregate 
value of 55,579/., as compared ‘with 35,9887. and 28,656/. 





SHIPBUILDING IN SwEDEN.—Although Sweden holds 
such a prominent position in many branches of the 
engineering industry, she is not greatly to the fore as 
regards ve errs During 1906 there were only 40 
vessels built within the country, and-their seuregate 
tonnage was only a little more than 9000 tons ; 17 of these 
vessels were steamers (7668 tons), and 23 sailing vessels 
(1519 tons). The Bergsund Engineering Company de- 
livered a couple of steamers during the year, and at the 
pm pn of the new year there was in hand a mail 
and passenger steamer of about 900 tons for the Russian 
Douan Navigation in Odessa, besides two second-class 
torpedo-boats and the armoured cruiser, the Fylgia, for 
the Swedish Government. The Motala Engineering 
Company: built during the year one motor-sloop, two 
dredging-sloops, and one pontoon. At the Sidra Shipyard 
was built an elevator pontoon, and a steam ferry was in 
hand. At the Ekensberg es were built three ca: 
steamers, and two motor-boate are in hand. ne 
Kockum Engineering Company, Malmi, has delivered a 
cargo steamer of 2106 tons, and has in course of construc- 
tion a passenger steamer of 1439 tons and two torpedo- 
boat destroyers. The Gothenburg New Engineering Com- 
pany delivered a salvage steamer to Kronstadt, and has 
in course of construction there one passenger steamer, 
one curgo steamer (each of about 660 tons), a tug-boat for 
the Landscrona Harbour, a motor-boat for the Trollhattan 
Canal Company, and a cargo steamer of 550 tons. The 
Lindholmen Engineering Company delivered a cargo 
steamer of 2319 tons and another of 521 tons, and has in 
course of construction an iron-ore transport steamer, like 
the former of the two for the Griangesberg-Oxel:dsund 
Company, a river firé-float for Gothenburg, a cargo- 
steamer, and a tug-boat; in addition to these the work 
is progressing on a torpedo-boat destroyer and the iron- 
clad Oscar II. The Eriksbergs Engineering Company 
has delivered a ca and a tug-boat, and the Motala 
New Engineering Company a passenger and a motor- 
boat. The latter company has contracted for the build- 
ing of three second. torpedo-boats and a passenger 
steamer. By the Hernisand Engineering Company, the 
Séderhamn Engineering Company,the Gefle Engineering 
Company, and the Oscarshamn Engineering Company 
several smal] steamers were built; and at the Helsing- 
borg Shipyard a cargo steamer of 970 tons and smalier 
motor-boats for fishing purposes have been built in con- 


|siderable numbers. At the Karlskrona Royal Dockyard 


the four first-class torpedo-boats Castor, Pollux, Vega, 
roceeded with, two second-class 
torpedo-boats taken in hand, and two gunboats have been 
altered. At the Royal Dockyard, Stockholm, seven 


motor-boats have been completed, and three torpedo- 


| boats proceeded with, 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Motor-Omnibus Service for Shefield.—The Sheffield Cor- 
poration have obtained powers for the running of motor- 
omnibuses anywhere within the district, and it is thei: 
intention to put these vehicles on the road wherever there 
is not a sufficiently thickly egees part to justify them 
in laying tramway lines. Their purpose is to create 
neighbourhoods outside the busy parts of the city, and 
when a Po pe district has been established, tram-lines 
will be laid down. They expect the service to be run at 
a loss, but state that their main consideration will be the 
convenience of the public, and the advantages which the 
public will acquire. 

Staveley Coal and Iron Company.—The Staveley Coal 
and Iron Company have commenced to load the first fifty 
of their new Simplex by-product coke ovens, and pro- 
pose to commence operations with the second fifty in the 
course of a week. The new blast-furnaces, which will 

duce iron at a very considerable saving on the present 
ecm are in a forward state, and the first will be 
ready to be blown in in aboutsix weeks time. To accommo- 
date the increased number of work-people necessitated by 
the new ovens and furnaces, fifty additional cottages are 
being erected near the works. 


Iron and Steel.—Following the brief stoppage for the 
holidays, all the big works have again got into full swing. 
A feature of the month is the large amount of material 
which is being sent away on foreign and colonial account. 
This is particularly the case in high-speed steels, local 
houses reporting a marked increase of business during 
the present quarter. An innovation is being made by 
some firms by the use of electricity for hardening pur- 
poses. The new process is utilised in connection with 
tools in high-speed steel, and by it not only is work turned 
out much quicker than under the old system, but a greater 
uniformity of heat is obtained, and ane rong | better 
all-round results. Electricity is obtained from the cor- 
poration at 1d. per unit. The foreign trade in light edge 
tools and joiners’ tools is brisk. Travellers who have 
recently returned from Canada report —¥ favourably of 
prospects, and look forward to a material improvement 


dj| when the new mail service between England and the 


Dominion is inaugurated. 


South Yorkshire Coal Trade.—No change of note has 
taken place in the coal trade of the district during the 
week. The Whitsuntide stoppage assisted in some degree 
in clearing the congestion on the railways, and a better 
supply of wagons has been available. Hard coal continues 
brick, but there is very little to be obtained in the open 
market, except at prices considerably above the nominal 
quotations Best Barnsley is quoted at 12s. 9d. to 13s. 

rton. The tonnage forwarded from the district to the 

umber ports continues to pass all records. Coastwise 
business is steady, and heavy shipments of screened and 
small coal are going to Rotterdam for the Westphalian 
market. House is holding up well for the season, 
though prices are hardly so strong as a few weeks ago. 
Substantial gas contracts have recently been placed at 
rates about 3s. per ton above those of last year. 








BorLers IN THE CHANNEL FLExtT.—A report of the in- 
ting engineering officer on the boilers of ships in the 
bannel Fleet is of a satisfactory character. The majorit 
of the boilers are of the Belleville type, and have stood well 
the severe tests to which they have been subjected. The 
test care has been exercised in testing all water before 
it is pumped to the feed-tanks, in order to discover any 
traces of foreign matter, and the results have fully justified 
this precaution. The Yarrow straight-tube boilers fitted 
in the Swiftsure and the Triumph have exceeded ex- 
pectations. 





Inp1an Rattway AccrpgnTs.—The number of persons 
killed on Indian railways during the ten years ending 
with 1905 inclusive was as follows :— 


Year. Number. Year. Number. 
1896... +o : ae 1901.. 1114 
1897.. 1039 1902. . 1231 
1898... 819 1903. . 1144 
1899... 863 1904.. 1156 
1900.. 1265 1905. 1305 


It will be observed that Indian railway accident mor- 
tality has been gradually increasing of late years; but 
account must, of course, be taken of the fact that exten- 
sions have been opened during the same period. The 
total of 1305, representing the number of persons killed 
upon Indian railways in 1905, was made up as follows: 
—Passengers, 118; railway servants, 323; trespassers, 
suicides, &c., 864. In 1896 the corresponding totals were : 
—Passengers, 83; railway servants, 159; trespassers, 
suicides, &c., 521. Upwards of 50 persons were killed in 
1905 upon each of the following systems :—Bengal and 
Nagpur, 105; Burmah, 58; East Indian, 291; tern 

, 106; Great Indian Peninsula, 108; Madras, 73; 
Bengal and North-Western, 164; Oude and Rohilkund, 
79; and Rajputan and Malwa, 51. The number of 
persons injured upon Indian railways during the ten 
years was :— 


Year. Number. Year. N un.er 
1896.. °.:-\ an 1901.. 970 
1897.. 1902. . 1141 
1898.. B' so! 7 1908 .. 1141 
1899... st .- 896 1904 . 1089 
1900.. 1107 1906. . 1292 


The total of 1292, representing the number of persons 
injured upon Indian railways in 1905, was made up as 
follows :—Passengers, 496; railway servants, 577 ; tres- 
passers, euicides, &c., 220. The corresponding number 
in 1896 was:—Passengers, 284; railway servants, 320; 
trespassers, suicides, &c , 157. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
nd Trade. —Speoulati yr ai 

The Cleveland Iron —Speculatife o ons in 
warrants are once more interfering with legitimate trade. 
The gamble has unsettled matters, and for the time bein 
genuine buyers and sellers of makers’ iron are holding off, 
so that there is little real business passing. Such isalways 
the case when warrant prices fluctuate. The situation, 
however, must be ed as very satisfactory and en- 
couraging, for it is doubtful if ever in the history of the 
ind soey bes the statistical position better. mand 
for delivery of Cleveland iron is such that the present 
very heavy output falls considerably short of meeting re- 
quirements, with the result that the warrant stores are being 
heavily drawn upon. This month some 70,000 tons have 
been taken from the stores, and Messrs. Connal’s stock has 
now been reduced to 330,000 tons. Shipments continue 
excellent, and would be even greater if more facilities 
were afforded for loading. Clearances of pig iron by sea 
during May average something like 6000 tons per working 
day. No. 3g-m.b. Cleveland pig 
No. 1 is 65s, 9d.; No. 4 foundry, 60s. 3d.; and No. 4 
forge, 593. 9d. Several of the leading makers, however, 
are not disposed to sell at these rates, and as they have 
good order-books, they can well afford to wait. East 
Coast hematite pig is easier, but it is still very dear as 
compared with values of Cleveland iron. Producers are 
very unwilling to acknowledge any reduction, and, asa 
rule, ask 82s, for mixed numbers ; but, as a matter of fact, 
purchases can be madeat 81s. 6d. Spanish ore maintains 
its value well. Rubio, of 50 per cent. quality, stands at 
23. 6d. ex-ship Tees. 


Manufactured Iron and Steel.—Very satisfactory and 
encouraging accounts continue to be given of the various 
branches of the manufactured iron and steel industries. 
All departments are characterised by activity, and quota- 
tions, though hardly actually altered, show a decid 
upward tendency, and ma: raised at any time. 
Common pout are = , ba t hay ds 2 = aR, “% a 
bars, 92. ; ing-iron, 6/. ; iron ship-p! . $ 
iron ginko geben, 8l.; iron boiler-plates, 8. 153. ; s 
bars, 7l. 103. ; steel ship-plates, 7/. 10s. ; steel boiler- 
plates, 87. 10s. ; steel hoops, 7/. 15s. ; steel strip, 7/. 53. ; 
and steel joists, 6/. 17s. 6d.—all less the customary 24 per 
cent. Cast-iron railway chairs are 4/. 2s, 6d. to 4. 5s. ; 
cast-iron columns, 7/. to 7/. 5s. ; light iron rails, 7/. 7s. 6d. 
to 7. 15s. ; heavy steel rails, 6/. 153. ; and steel railway 
sleepers, 7/. 103.—all net cash at works. Galvanised cor- 
rugated sheets, 24 gauge in bundles, are 14/.—less the 
usual 4 per cent. 


Ironworkers’ Wages Unchanged.—According to the 
certificate of the accountant to the Board of Conciliation 
and Arbitration for the Northern Iron Trade, the average 
net selling price of iron rails, ‘ey bars, and angles for 
the two months ending April 30 last was 7/. 1s. 3.09d., 
as compared with 6/. 193. 0.46d. for the previous two 
months, and under sliding scale arrangements wages are 
unaltered. An average price of 7/, 23. 6d. would have 
given a 24 per cent. advance. Beneath is a statement 
of the different classes of iron sold, and the average net 
selling price of each :— 


Average Net 





Per- 
Description. Weight Invoiced. centage Selling Price 
of Total. per Ton. 

tons |cwt qr. | Ib. £ | 8. d, 

Rails 127/19 2/17 108 6/11 999 
Plates 1,066 18 1, 1 9.04 6 10 7.35 
Bars 9,322, 1 0| 25 78.94 / 7/ 1 5.44 
Angles 1,201} 15| 1) 6 10.94 | 7 9 6.84 
11,808 {14 1 21 100.00 7| 1 8.00 





Coal and Coke.—Fuel is very strong. Best Durham gas 
coal is 14s, to 14s. 3d. f.o.b. A full supply satisfies the 
large demand for bunker coal, the quotation for which is 
133. f.o.b. Coking is in excellent demand and strong 
in price. Foundry coke is 24s. f.o.b., and average blast- 
oe coke is 2ls, to 21s. 6d. delivered at Teesside 
works, 





COAL IN QUEENSLAND.—The output of coal in Queens- 
land last year was 606,772 tons, as compared with 529,326 
tons in 1905. The value of last year’s output was 
173,282/., as compared with 155,477/. 


INSURANCE IN GERMANY.—According to some official 
statistics there were recently in Germany 23,193 sickness 
insurance societies, with 10,710,720 snus Baa the receipts 
amounted to 246,000,000 marks ; expenditure, 234,000, 
marks; assets, 191,000,000 marks. Societies insuri 
against accidents comprised 619,449 industrial an 
4,658,892 agricultural concerns, with respectively 7,819, 120 
and 11,189,071 insured ms, besides 750,384 persons 
in the employment of the State. The number of acci- 
dents entitling the victims to compensation amounted 
to 834,815, and the sum paid to 126,000,000 marks. 
The “invalid” insurance comprised 13,756,400 persons, 
of whom 803,232 persons draw aid as ‘‘invalids,” and 
168,554 persons receive old-age pensions ; amount paid 
out, 148,300,000 marks; capital, 1,160,000,090 marks. 
The above figures show that about every fifth person 
is Insured against sickness, every third person against 
accidents, and every fourth person against disablement 
or old age. About 500,000,000 marks are paid ever 
year to sick, accidentally injured, or old people, of whic 





roundly speaking, the employers contribute 250,000,000 
marks; the employés, 205,000,000 marks ; and the State, 
45,000,000 marks. 





is 60s. 9d. f.o.b., whilst pees 


ed | —had refused 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Quotations for steam coal and Monmouth- 
shire large have been well maintained. The best la 
steam coal has made 183. 3d, to 18s. 6d. per ton, while 
secondary qualities have ranged from 16s. 3d. to 183, per 
ton. House has continued age | ; the best ordinary 
eee have made 17s. to 17s. 6d. per ton. No. 3 

hondda large has realised 19s. 6d. to 20s. per ton. 
Foundry coke has been quoted at 263. to 27s. per ton, and 
furnace ditto at 203. to 22s. per ton. As regards iron 
ore, Rubio has made 2ls. to 2ls. 6d. per ton, and 
Almeria 20s. 9d. to 2ls. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Dean Forest Coal.—The annual business meeting of the 
Free Miners of the Forest of Dean was well attended. 
Mr. S. J. Elsom was re-elected chairman for the year. 
The business had reference to six groups of gales of the 
famous deep steam coal, the area of which totals some 
5000 acres of fuel, contained in six seams, and in which 
the estimated tonnage is 110,348,000 tons of workable 
An important point before the meeting was 
whether or not in a given cise the Free Miners would 
sell their rights, on the principle of receiving a 
royalty on the coal won as against a lump sum down 
for out-and-out purchase. There were strong parties 
favouring each view, the East Dean section supporting 
the royalty system, and West Dean alump sum. It was 
pointed out that on the _—— of accepting $d. per 
ton, or one-sixth of what the Crown usually obtained, 
the quantity of coal referred to would yield 230,000/. 
Eventually the meeting was divided into two camps, the 
chairman declaring that those favouring a royalty formed 
the larger one. Next a personal question came up, it 
appearing that on the Coleford side, one of seventeen free 
miners nominated by beneficiaries to receive a valuable 
gale—the gale as to which the royalty question had arisen 
to sign a selling agreement. The meetin 
accepted the view that, according to the Mines Act o 
1904, as he had refused to act, they were competent to 
displace him in favour of another, and this was done; 
Mr. Charles Hirst, of Pillowell, being appointed in the 
face of strong opposition. 


Cammell, Laird, and Co., Limited.—A conference has 
been arranged at Swansea between Cammell, Laird, and 
Co. Limited, the Earl of Jersey, and representatives of 
the harbour trust. If some few minor details can be ad- 
justed, it is expected that a definite announcement will 
shortly be made as to the company commencing opera- 
tions at Swansea. 


Welsh Colliery Enterprise.--Speaking at the Rhymney 
Eisteddfod, Sir H. Tyler stated that coal had been 
reached in new sinkings at Pengam, Groesfaen, and Pen- 
garreg. A local company, Sir H. Tyler added, had con- 
cluded contracts for machinery and Amys of the latest 

ttern. It is hoped that work will be in full swing at 
Rao in six months, and at Pengarreg in twelve months. 
As it is, 100 tons are being raised daily from Pengam. 


Llanelly Harbour.—Intelligence has been received of 
the death of Commander Jarrad, R.N., the et Ss 
was recently called in by the Llanelly Harbour to 
report on a scheme of harbour improvement. The com- 
mander was a man of repute as an estuary engineer, and 
in that capacity he carried out important work for the 
Admiralty. Some years ago he was en by Sir 
Arthur Stepney to report on the best way to improve the 
navigatory channel of Llanelly, and recently he was re- 
quested by the harbour authority and the Bank of Eng- 
land to make another survey. e prepared an elaborate 
report, which has been adopted ; his death at this juncture 
‘is most unfortunate. 

The Ebbw Vale.—The directors of the Ebbw Vale Steel, 
Iron, and Coal Company, Limited, recommend a dividend 
of 10 per cent. for the year ending March 31. The corre- 
sponding distributions for 1905-6 and 1904-5 were at the 
rate of 5 per cent. per annum. 





Bere1an State Rartways.—The number of locomo- 
tives upon the Belgian State Railways at the close of 
1905 was 3349, as compared with 3222 at the close of 1904. 
These totals included 16 and 12 electric motors respec- 
tively. The number of passenger engines upon the 
system at the close of 1905 was 978, and the number of 
mixed engines 491 ; the balance represented goods engines 
of various types. The number of goods trucks upon the 
system at the close of 1905 was 72,220—viz., vans, 1371; 
closed trucks, 14,975 ; cotton and wool trucks, 1400; coke 
and mineral trucks, 3907; coal trucks, 43,745; platform 
trucks, 5331; and miscellaneous, 1491. The large pro- 

rtion of coal trvcks will not escape attention, as it 
indicates the importance of the coal traffic developed upon 
the system. 





Screntiric SupscareTtion Liprary.—We have recently 
received from Mr. H K. Lewis, 136, Gower-street, W.C., 
lists of a large number of recent additions to his sub- 
scription library of medical, scientific, and technical 
wor This library has existed for a number of years, 
and has lately been considerably enla It is well 
stocked with the leading technical works, and additions 
are continually being made to it. Though not as widely 
known as it might be, it supplies what is really a great 
need, subscribers having the privilege of retaining books 
as long, or changing them as frequently, as they wish. 
Rates of subscription vary according to the number of 
volumes which are required at one time. A reading-room 
is available, so that notes, extracts, &c., may be made 
from books which subscribers do not wish to take out in 
| the ordinary way. 











MISCELLANEA. 


IN a report recently presented to the General Managers’ 
Association of Chicago, it is stated that on yp me 
railroads the number of locomotives has, in the last ten 
years, in by 42.8 per cent. In the same period the 
weight of some locomotives has increased 82.8 per cent., 
and the average Ni at, aor 28 per cent. The number 
of freight-cars has nm increased by 51.5 per cent. in 
this last decade, their total capacity 95.3 per cent., and 
average capacity 30.6 per cent. 

On the subject of the average time in port in the traffic 
on the Great of the North-American Continent, 
the Marine Review ore that for one of the leading com- 
panies engaged in this trade the average time their 
vessels stayed in unloading ports in 1906 amounted to 
36 hours 15 minutes, — into account holidays and 
Sundays. This includes unloading time and time spent 
waiting to unload. At loading ports the average time 
worked out at 22 hours 23 minutes, so that 58 hours 
38 minutes represents the actual average time spent by 
vessels of this company in ae receiving and discharging 
cargoes. The record for loading was made by the s.8. 
E. J. Erling in putting aboard 9277 tons in 70 minutes, 
the vessel only remaining in port 2 hours 15 minutes. 


In the Zeitschrift des Vereins Deutscher Ingenicure, of 
March 23, Professor C. Bach, of Stuttgart, publishes 

rticulars of the tests to which he submitted specimens 
rom the dome of a cylindrical boiler which had burst 
at Vienna while under the pressure test at 135 atmo- 
spheres. The boiler was designed for a pressure of 10 
atmospheres, and a crack formed, proceeding in a vertical 
direction from the saddle on the boiler to the riveted 
cover of the dome; the crack had a length of about 
3 ft.,and a maximum width of 3 in.; the water rushing 
out hurled the attendant through ao distance of nearly 
30 ft. and killedhim. The material proved to have been 
in a strained condition. The results of the bending 
tests and of the tension tests at temperatures of 100 deg., 
200 deg., and 300 deg. Cent. were poor, and the notched 
impact tests were not satisfactory either. The micro- 
graphical examination indicated too rapid cooling. 


An efficient hydraulic compressed-air power plant has 
been at work forsome time at the Victoria mine and mill, 
Outonagon County, Michigan, U.S.A. Water is obtained 
Ae ~ am the Outonagon River by means of a dam 

ft. long and 10 ft. high. From this water is conveyed 
a canal of 350 square feet sectional area to the power 
plant. This plant consists of three circular shafts 5 ft. in 
diameter and 330 ft. deep, an underground chamber about 
25 ft. high and 57 ft. wide for a length of about 282 ft., 
where it narrows down into tunnel form 10 ft. high for a 
length of 40 ft. From the short tunnel an outlet shaft 
delivers the water again to the stream at a point one 
mile lower down, the head obtained being 71 ft. From 
the underground chamber two pipes are run to the 
surface, a 24-in. one from the roof, to carry off the 
compressed air, and a 12in. blow-off pipe, the end 
of which is suspended at a level 12 ft. below the 
chamber roof. hen water is on a level with the end 
of this blow-off pipe, the chamber has an air capacit 
of 80,264 cubic feet. The head of the down shaft 
consists of a large tube fitted with a-regulator on the 
needle principle. Eighteen hundred §-in. tubes are 
placed with their lower open ends around the water 
opening of this head-piece ; the other ends of the small 
tubes connecting with vertical pipes are carried up to air. 
By this means water flowing down the shaft draws air 
with it, which it delivers to the chamber beneath. The 
pressure of the air in the chamber is 117 lb. per square 
inch. If air is drawn off to the full capacity of the plant, 
the water rises in the chamber sufficiently to seal the mouth 
of the blow-off pipe; but should less air be taken by the 
machinery on the property than is carried down into the 
chamber, the water level is reduced, and a mixture of air 
and water is discharged in a geyser-like manner by the 
blow-off pipe to a height of 500 {t. in theair. The cost of 
the installation worked out at less than 22 dols. per horse- 
power, and the actual cost of power to the mining com- 
‘ony bneeqes J for interest —— works out at 2.25 dols. 
per horse-power year. It was designed for a capacity of 
4000 horse-power, with an efficiency of 70 per cent. It is 
stated that tests made have proved its efficiency to be 
more than 82 per cent., while the capacity of the plant 
has a range of from 1000 to 5000 horse-power. The com- 
pressed air is used for working Rand drills, pumps, hoists, 
crushers, and other plant. 





BIRMINGHAM CorPORATION TRAMWAYS.—The tramwaye 
committee of the Birmingham City Council report that 
the gross profit realised upon the corporation tramways 
for the year ending March 31 was 52,344/.; and that after 
providing for interest and sinking fund, paying part of 
the expenses of a Corporation Bill now passing through 
Parliament, and making an agreed contribution to the 
Aston Corporation towards an electric cable required for 
temporarily supplying the Steelhouse-Jane tramways with 
energy, there remainsa net profit of 26 6607, The committee 
propose to dispose of this amount by placing 14,660/. to 
the reserve fund, and carrying 12,0002. to the borough 
fund in reduction of rates. The committee have considered 
the question of providing an annual amount for ‘‘depre- 
ciation,” and for this purpose the probable life of esch c 
of assets has to be estimated separately. In some cases 
where the probable life exceeds the sinking fund period 
no provision appears eoeeaite. In several cases, how- 
ever, such as tramway track, rolling stock, machinery and 
tools, renewals must be anticipated before the original 
loan is repaid, and with respect to assets of this nature 
the committee propose to put aside an annual sum 
sufficient to provide for renewals independently of ths 
operation of the sinking fund, 
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SMITH’S SPEED-INDICATOR FACTORY AT WATFORD. 
(For Deseription, see Page 710.) 
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NOTICES ‘OF OF MEETINGS. 





Nortu-East Coast INsTITUTION OF OF ENGINEERS AND SHIPBUILDERS. 
oat 4 31, at 7.30 p.m., in the Lecture Theatre of the 

Literary and P’ hilosophical Society, , Westgate-road, Newcastle-upon- 
Tyne. Mr. A. E. Long will reply to the discuasion on ¥. Bardings 
on “Trim Curves.” The discussion on ae, w. in 
paper on “Some Experiments in the Magnetic 
Veneats ” will be resumed and closed. 

Tue Society or Encingsrs.—M , June 3, at the Royal 
United Service Institution, Whitehall, ‘at 7.8 7.30 az A 
will be read entitled “ Working E: teigs Gen. 
Engines,” by Mr. Cecil A. St. George — nq ee ‘Combe Intro- 
duction :—Types of Engines; Scavenging ; Governing ; Two 
versus Four-Cycle Engines ; The Korting Engine ; Cracking of 
Oylinders ; Wear of © ylinders ; Cam — Rods ; 
Packin ; Stratification ot Gaseous Mixtures ; Srimin of Ignition ; 
Pre-ign tion ; Utilisation of Waste Heat ; Producer 

Tue Society or CuEMicaL INDUSTRY. — Monday, June 38, at the 
Chemical Society’s Rooms, Burlington House, 
The following papers will be read and discussed :—1. 
of, and Changes Involved in, the ery en 7 Plaster 
of Paris,” by Mr. W. A. Davis. “The - a of — 
Lead,” by Mr. W. A; Davi andar. ©. A Kiso 3. “* A Calor 


© pages | eter for Volatile Liquid Fuels, y adapted for Petrol, ' 
“ Influence 


by Mr. W. Hansen Rawles. 4. 

penne on Resolution,” by Mr. W. P. Di 
B.Sc. “ The Loss of Nitre in the Cham 
by Mr. 5. K. H. Inglis. 

Tue Nort or INSTITUTE OF MINING AND MECHANICAL 
ENGINEERS.—Thu y, June 6, an excursion meeting at Wear- 
mouth Colliery, Sunderland, tor = , of inspecting the 
sinking by the freezing process. rs will leave Newcastle- 
upon-Tyne Central Railway Station at 2.53 p.m. 

Tur Roya InstirvTion oF Great Brirain.—Friday, 
9 o’clock. Professor Sir James Dewar, M.A., LL.D., 
M.R.L, on “Studies in High Vacua and Helium at Low Tem. 
peratures. ” Afternoon lectures next week at 3 o’clock :—Tues- 
day, June ‘j * ‘* Malaria, ney Sickness, Tick Fever, and 

Alli y P G. F. Nuttall, M.A., ‘M. oo D.Sc., 

F.R.S. y-> IL.)—Thursday, June * Chemical P: 
Work of Berthelot, ao and Moissan,” by Professor Sir 
James Dewar, ba, F.R.S., M.R.L, Fullerian 
Professor of Chemistry, RL ace | IIL)—Saturday, June 8. 
“The Contest between Guns and Armour,” wy Sir William H. 
White, K.C.B., D.Sc., FBS. M.R.I. (Lecture II.) 

Tux JUNIOR INSTITUTION OF ENGINEERS. —Saturday, June 8, at 
10.15 a.m., visit Une works of Messrs. Kodak, Limited, Harrow. 
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THE NAVAL ENGINEER QUESTION. 


Mr. Bonar Law addressed to the Secretary of 
the Admiralty a question of wide interest, to which 
a written reply was made on the 23rd inst. He 
ape whether it was the intention of the Admiralty 

ublish both the majority and minority reports 
of the Committee which recently been inquiring 
into certain questions concerning the én 
branch of the ‘Hees and the officers of the fon 
Marines, along with the remarks of the President 


| of the Committee and the Lords Commissioners of 


the Admiralty on the minority report. It is one of 
the paradoxes of our Parliamentary system that 
such a questioner is often as well informed as the 
member of the Government interrogated : the ques- 
tion is often only a medium of obtainin ublic 
r. Bonar 
Law’s position in the last Government, and his deep 

uestions affecting the commerce and 
protection of the country, justify the view that he 
is conversant with the subject upon which he 


79; | @ddressed the question to Mr. Edmund Robertson 


as representing the Admiralty in the House of 


22 oe For some time, indeed, it has been 


nm secret that the Committee referred to had 
faile to come to a unanimous decision as to reforms 
recommended, and the terms,of Mr. Bonar Law’s 
The suggestion of remarks 


*| the minority report is also significant, and will in- 
25 | tensify the interest in the subject. 


The great volume of opinion amongst those who 


30 | make an intelligent study of Navy questions is un- 


doubtedly in favour of a radical reform in the 





status and rank of the engineer as compared with 





- | control of existing engineer officers. 


the military officer. The arguments which have 
been brought forward time and again have estab- 
lished a case so convincing that even many of 
the officers of the military branch of the Navy 
now support the change. Sir John Fisher him- 
self, by establishing beyond question the impor- 
tance of speed and of reliable machinery, grants, 
at least inferentially, a large place to the Navy 
engineer as a mili officer concerned with the 
maintenance of the fighting efficiency of the Fleet. 
The boilers and engines m as important a part, 
from the military point of view, as the gun-train- 
ing and elevating , or the torpedo-launching 
mechanism. This ng bolt conceded in the new 
system of training, from which so much is expected. 

my Admiral = who is now, as Second Sea 
Lord, a valeable esol jutor of Sir John Fisher in 


=| maintaining the excellence of the Fleet, left no 


doubt in the minds of the public, after last year’s 
manceuvres, of his G appreciation of the engi- 
neering branch; and his signals to the engineer 
officers of his Fleet during these manceuvres were 
an absolute and spontaneous gg of the 
of/supreme value and importance of the military 
functions of naval engineers and naval engineering. 
With two such able and sympathetic officers at the 
Admiralty one might hope for a definite conclusion. 

The solution arrived at by all unbiassed opinion 
should no longer be delayed at the dictates of the 
traditional prejudice of A military branch, and 
for this reason many will regard with impatience, 
if not with a stronger feeling, the dilatoriness sug- 
gested by the reply of Mr. Edmund Robertson to 
the question by Mr. Bonar Law. The report is 
now several months’ old, and some action ought to 
have been taken upon it.. The question is one 
which has long excited public interest and official 
attention. Mr. Robertson replied that the report 
is under consideration, and that the Board of Admi- 
ralty are not yet in a position to make any state- 
ment as to the action that may be taken upon it. 
The question asked was, whether the report is 
to be published, and it will be noted that, so far as 
this is concerned, Mr. Robertson’s reply is evasive. 

It is safe to assume that the evidence stated the 
case with definiteness and clearness, both for and 
against the claims of the engineering branch, and the 
publication of this evidence, along with the majority 
and minority reports and remarks referred to by 
Mr. Bonar Law, would enable Parliamentary and 
public opinion to assist the Admiralty in overcoming 
what seems to be the only obstacle to the change. 
The change must come, and come soon. The youths 
who have entered the Service under the new system 
of training, whereby all officers are equal, specialis- 
ing only in the later years of training, will go afloat 
for the first part of their sea training next autumn, 
and many of them will thus come under the direct 
Under the 
present conditions these superior officers are denied 
that rank and status which are ‘so conducive to 
disciplinary influence—an important factor in the 
training of the young officer—notwithstanding that 
these youths hold the rank and status in embryo. 
While convinced that the ‘sound ‘and sensible 
administration of the present Sea Lords will 
trend towards a radical reform, it would, we con- 
rjtend, be well that the nation should understand 


1 | the reason for the delay in the publication of the 


evidence and the full reports of the Committee, and 
for'deferring the necessary reform to bring exist- 
ing engineering officers into a position more in line 
with the condition that will prevail in the future. 
The continuance of the existing state must ad- 
versely influence the relation of officers and cadets 
in the engine-room next autumn. 





MINERS’ EIGHT-HOUR DAY. 

In our issue of April 19 we discussed the con- 
tents of the first report and minutes of evidence 
issued by the Departmental Committee — 
by the Home Secretary to inquire into the prob- 
able economic effect of a limit of eight hours to 
the working-day of coal-miners. At that time the 
Committee had not completed the taking of evi- 
dence, so that no definite conclusions could be 
drawn, but now the final report has been published, 
and we therefore return to the subject to consider 
the final opinion of the Committee. The task 
imposed upon the Committee was a most laborious 
one, demanding for its pro - we execution great skill 
and patient investigation of evidence and of a great 
mass of statistics, and our first duty is to con- 
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in which the work has been performed. The 
report is a very valuable document, presenting 
clearly the different issues raised by legislation of 
the kind proposed, and it enables everyone to de- 
cide for himself upon the advisability or otherwise 
of limiting to eight hours the working day for 
miners. 

The terms of reference to the Committee did not 
include the general question of principle involved 
in the statutory limitation of the hours of labour. 
The Government had already decided—most un- 
wisely, it must be ssaid—that the miner’s day 
should be limited to eight hours, and only appointed 
this Committee to inquire into the probable econo- 
mic effects of such limitation upon production, 
upon the miners themselves, and upon other in- 
dustries. We have already pointed out that this is 
to put the cart before the horse, and we venture to 
think that if the Government had first of all made 
this inquiry, they would not have given the pledge 
which now binds them ; for the report confirms in 
every point the criticisms we have already made on 
the proposal ; and after a careful study of its terms 
we find our former opinion strengthened rather 
than weakened. 

The first part of the report deals with the effect 
of limitation to an eight-hour day upon production. 
The Committee find that at present the average 
time spent underground on a day of full working 
by all persons employed in mines is 9 hours 
3 minutes, the time being reckoned from the 
winding of the first cage of men down the pit to 
the winding of the first cage of men of that shift 
up to the surface. (This is the basis ee ne by 
the Committee for the reckoning of an eight-hour 
day from bank to bank.) To reduce this period of 
9 hours 3 minutes to one of 8 hours would reduce 
the aggregate hours underground, in a week of full 
working, by 10.27 per cent., assuming the customary 
short and idle days to remain as at present. On 
these customary short and idle days there is a loss 
of time within the eight-hour limit amounting to 
6.48 per cent. of the present theoretical full work- 
ing time. For a maximum eight-hour bank-to-bank 
day the Committee give the following possible 
averages :— 


1, Six days of 8 hours each ... . 48 hours. 
2. Five days of 8 hours, plus present 
short day (involving abolition 
of customary idle days, and 
also customary short days not 
falling on Saturday)... ee 
3. Present arrangement of idle and 
short days, but all full days 
reduced to 8 hours § ... 44 brs, 45 min. 


These figures are, of course, not hours of work, 
but include meal-hours and time taken to go to and 
from the place of work. 

Now a reduction of such magnitude in the 
hours of labour as is shown by No. 3 above must 
necessarily cause a great decrease in the production 
of coal, but the Committee have endeavoured to find 
out whether some time that is now lost might not 
be recovered under the new régime. They find that 
no saving of any importance is to be looked for in 
the customary total stop-days or customary short 
days of less than eight hours; but they do expect 
that a material saving can, and will, be made from 
the time that is at present lost owing to stoppages 
at the pits and to voluntary absenteeism. @ are 

re to accept completely the reasoning by 
which the Committee arrive at this latter conclu- 
sion, as factors enter into the question to which 
they do not appear to have given proper weight ; 
but for the moment it may be accepted, as even 
with such a saving of time for work as is thus made 
possible the Committee still find that some dimi- 
nution of production would follow the statutory 
reduction of hours. Other means of saVing time 
have, therefore, to be looked for, and naturally 
the Committee try to see .f these may be found 
in improvements in the mechanical equipment of 
collieries, in the possibility of sinking new shafts, 
and of using ventilation (upcast) shafts for winding, 
and in the extension of the multiple-shift sys- 
tem. Each of these possible remedies is carefully 
examined by the Committee, but the conclusions 
arrived at do not seem to us to be encouraging to the 
advocates of the rigid eight-hour day. Much of the 
increased production of coal in recent years is un- 
doubtedly due to the use of mechanical coal-cutters 
and conveyors; and still further increase is to be 
looked for from the more general use of these 
machines ; but if a rigid time-limit for working be 
imposed, the use of such machines will be checked, 


46 hra. 13 min. 





and probably made much less extensive than it now 
is; for their method of operation makes it absolutely 
essential to have an elastic shift for the men 
attending tothem. This has been made quite clear 
to the Committee, who find that in any limitation 
of the working day to eight hours the question of 
exemption for those in attendance on mechanical 
coal cutters and conveyors must be considered, as 
‘*a strict observance of a limited day in their case 
would, in our opinion, greatly interfere with the 
development of this method of mining.” -It may 
be true, as the Committee point out, that the men 
who are at present actually engaged in this kind of 
work are few in number ; but if production is not 
to be reduced, mechanical cutting must be greatly 
increased, involving a large increase in the number 
of men attending to the machines, so that in time 
the exempted class must grow to large propertions. 

We need not deal with the question of adding 
new shafts nearer the working face to save the 
time now lost in going to and from the place of 
work, as that would involve very large capital 
expenditure, and there are many pits which could 
not possibly adopt such a remedy ; but we may 
notice briefly the suggested remedy of multiple 
shifts. It is noteworthy that at present out of 
280,500 hewers in the collieries of the United 
Kingdom making returns to the Committee, no 
less than 216,536 work either in single - shift 
collieries, or in the first shift of multiple - shift 
collieries. Of the 63,964 who are engaged 
on a second or third shift, 33,182 — that is, 
more than one-half—are in Northumberland and 
Durham. Managers would undoubtedly, in many 
cases, like to adopt the multiple-shift system, but 
they are prevented from doing so by what the Com- 
mittee call ‘‘ the systematic opposition of some 
of the local trade unions to the institution of a 
double-shift on what they conceive to be grounds 
of trade policy.” And even if this opposition were 
withdrawn, where is the labour to obtained ? 
The ordinary unskilled labourer may be induced to 
take employment at a colliery as a surfaceman, or 
even ines ar but he cannot be a hewer with- 
out serving an apprenticeship, and it is the duplica- 
tion or multiplication of the class of hewers that is 
absolutely necessary if the multiple-shift system 
is to be introduced. Compare, then, the following 
two conclusions at which the Committee have 
arrived (page 33) :— 

** We are of opinion :— 

‘* 2. That for those collieries the output of which 
is limited by mechanical conditions—i.e., their 
capacity for haulage and winding—and which are 
unable to improve their mechanical equipment, 
the double shift would be a necessity. 

ia) 3. 


‘“*4, That the principal, and perhaps, at pre- 
sent, insurmountable obstacle to an immediate 
adoption of the multiple-shift system is the im- 
possibility of procuring the necessary labour.” 

From such conclusions it is abundantly clear 
that even if in the course of time a fresh supply of 
labour, either home or foreign, could be obtained 
for the mines, the sudden reduction of the hours 
of labour can only result in a very considerable re- 
duction of output. The Committee recognise 
this fact. They find that the extent of the reduction 
would vary greatly in the different colliery districts, 
and be most seriousin those districts—such as Lan- 
cashire and South Wales—in which at present the 
longest hours are worked. They add that the defi- 
ciency would be increased beyond the amount they 
have calculated unless certain relaxations of a rigid 
rule were made for certainclasses of workers, numeri- 
cally small ; that similar temporary and permanent 
relaxations might be found to be necessary in the 
interest of the safe working of the mine; and that 
in certain classes of mines, such as the house-coal 
mines of the Forest of Dean and the thick-seam 
mines of South Staffordshire, the difficulty of adapt- 
ing the work to the reduced hours would sO 
great that it might be necessary to make special 
a ang soe for such cases. Thus do we find our- 
selves forced into exceptions from the rule on every 
side; and when we, note, at the same time, how 
closely the working-day at present approximates 
to an eight-hour day, bank to bank, in many parts 
of the country, we confess ourselves unable to see 
any justification for Parliamentary interference 
with liberty of contract in this industry. 

We have yet to consider, however, the probable 
effect of the pro change upon wages. The 
Committce find themselves unable to give a definite 





conclusion on this point. But they say, ‘‘ An im- 
mediate advance of prices, wages, and demand for 
labour would appear to be the inevitable conse- 
quence of a legal limitation of hours, which in- 
volved an immediate reduction of output.” Few; 
will venture to doubt this conclusion, but the point 
deserves fuller consideration. In most other de- 
partments of labour the ordinary economic law of 
supply and demand holds good ; but, as the Com- 
mittee point out, this is not true of the mining in- 
dustry, and, consequently, in the words of the 
Committee, ‘‘any effects consequent upon legisla- 
tive regulation of an industry would be intensified 
in the case of this particular industry, both in re- 
= to prices and to employment and wages.” 

ewers are paid by piece-work on a tonnage rate, 
and the Committee think that by a re-arrange- 
ment of the time of working under the proposed 
eight-hour day it would be quite possible for 
hewers to spend the same total time in the mines 
as with the present average of 8 hours 36 minutes 
for full days, and to produce the same amount of 
coal as they do at present. The Committee, 
therefore, are of opinion that there is no valid reason 
why the introduction of such a limit to the day, 
taken by itself, should become the occasion of an 
alteration in the basis of the hewers’ wages. This, 
however, seems to overlook the fact that the ton- 
nage rate is itself based on an assumed day-rate, 
and the Committee agree that with regard to 
workers on a day-rating there would have to be 
either a retention of the present day-rate, with an 
increase of the real remuneration per hour, or a 
reduction of the day-wage in proportion to the 
reduction of hours. It is not to be expected that 
the men who demand the eight-hour day would for 
a moment accept the latter alternative ; and if the 
day-wage is increased, the hewers will also demand 
an increase in the tonnage rate. Now, what will 
happen if this takes place? It has been clearly 
shown by the evidence that these men, when once 
they have earned what they consider an adequate 
weekly wage, take an idle day or days. Anincreased 
tonnage rate will enable them to earn that sum bya 
smaller number of hours of work, and when they have 
earned it, they will take idle days, as before. Thus 
the decrease in absenteeism, which the Committee 
look for under the new régime, is not, in our 
opinion, to be expected ; and if absenteeism con- 
tinues as before, the production must be still further 
decreased, and the increased scarcity will give rise 
to a demand for a still higher wage. It is only 
when we consider the different factors together, 
and not separately, that we get a proper view of 
the situation, and the report of the Committee 
suffers somewhat in this respect. We do not, how- 
ever, blame the Committee, as they have strictly 
followed the lines laid down for them in the terms 
of reference. 

We should like to deal at length with the find- 
ings of the Committee on the probable effect of the 
statutory limitation to an eight-hour day upon the 
coal-export trade and upon other industries, but 
considerations of space prevent this from being 
done. As regards the coal-export trade, we think 
the Committee under-estimate the probable ill- 
effect of the proposed change, but they do never- 
theless arrive at the conclusion ‘‘ that for a certain 
and a considerable proportion of our export trade 
. . . foreign coal is in acute competition with 
British coal,” and ‘‘that in these markets the effect 
of any special handicap to the British export, such 
as the late coal tax, is immediately effective in 
reducing British exports.” It must be remembered 
in this connection that the only serious competition 
is in coal coming from countries—Germany and the 
United States—which have no statutory limitation 
of the working day. The Committee consider 
that in some cases the increase in the price of coal 
ship would be met by a reduction in coal 
freights (as it is to the advantage of shippers to 
take out coal, even at low freights, instead of 
ballast), and by an increased freight for goods 
brought back to England; so that British coal 
might still hold its own in the foreign markets. But 
in such a situation ‘‘the British general consumer 
would thus bear part of the loss.” In other words, 
the British consumer is to be charged extra for his 
own coal, and is also to be charged a higher price 
for other commodities imported, in order that the 
foreigner may get British coal at a cheaper price. 
Will the British consumer consent to such a state 
of affairs being imposed upon him? With regard 
to the effect upon other industries, we cannot show 
more forcibly the serious nature of the question 
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than by quoting the weighty recommendation made 
by the Committee in the following passage (page 
58) :— 

. It is quite conceivable, therefore, that a situa- 
tion might be created by an enhanced price of coal, 
following the enactment of an eight-hour day for 
miners, in which the immediate economic interest 
of employers and men engaged in the production of 
coal, alike, might be opposed to the economic in- 
terest of the country at large. With the possi- 
bility of consequences so serious to British manufac- 
turers generally, we venture to suggest that it might 
not be considered unreasonable, when it is sought 
for the first time by the workers in a particular 
industry to call for the intervention of Parliament 
to restrict and regulate the contracts for the labour 
of all the adult males engaged in the industry, that 
Parliament should take some precautions in making 
this experiment, and retain in the hands of the 
executive Government some powers of suspension, 
regulation, and exception in administering the Act, 
in the national interest. . . . It appears to us that 
. . . the retention in the hands of the Government 
of some powers of this character would have a 
valuable economic result in mitigating and minimis- 
ing any actual effects of such a law, injurious to 
British manufacturers, while the knowledge that 
such powers existed would tend to prevent such 
circumstances arising as would call for their being 
put into force.” 

The need for restrictions of this kind must be 
obvious to all who study the question; but when 
we find that the proposed change calls for so many 
restrictions, exceptions, and exemptions, and leaves 
the benefits, if any, quite problematical, may we 
not ask why the change should be made at all ? 








FERRO-CONCRETE. 

THovucH ferro-concrete was used for warehouse 
floors in London fully thirty years ago, it made its 
way but slowly into favour with British engineers 
and architects. In this circumstance we have, 
perhaps, another instance of the truth of the 
dictum of the late Sir William Siemens, who 
maintained that if a good idea was lying in the 
gutter free to all, it would pay the community to 
give a temporary monopoly of it to a good busi- 
ness firm, in the absence of which its development 
would be indefinitely postponed. In fact, much 
hard work has to be accomplished before any 
novelty can make good its footing, and this 
labour is little likely to be undertaken unless some 
individual or firm have the prospect of gaining 
a very considerable pecuniary reward. On the 
Continent the system of construction in ques- 
tion was made the subject of various patents, 
which were well backed commercially, and thus a 
structural material which proved still - born here 
rapidly surmounted the perils of its infancy abroad, 
and was then reintroduced by its foreign patentees 
into this country, where it is now steadily winning 
more and moreadherents. It has, however, always 
been felt to bea drawback that users of the material 
had to place themselves entirely in the hands of cer- 
tain specialists, though neither engineer nor archi- 
tect can thus divest himself of responsibility for 
the safety of a structure for whick he has been en- 
trusted by his clients with the design. There 
were, in fact, no means of checking the adequacy 
of the scantlings suggested ; and, moreover, the effect 
of competition in lowering prices was wanting. This 
latter circumstance has, however, had its good side, 
in that there has been no temptation to snatch a 
profit on a job by the use of bad materials and in- 
effective supervision. As a consequence we have 
so far been free in this country from the disastrous 
failures which have been recorded with the material 
in question both on the Continent and in America. 
Competition is, however, now increasing here, and 
undoubtedly a time will arrive when work, badly 
designed or executed, will be fuisted on the archi- 
tect or engineer, unless the latter make them- 
selves acquainted with the proper methods of 
proportioning and constructing edifices in ferro- 
concrete. This fact has been duly recognised by 
the Royal Institute of British Architects, a body 
which, of late years, has done much to remove the 
taunt—too often fully justified—that architects, as 
& body, were ignorant of mechanical principles. It 
is to this society that we owe by far the most com- 
plete series of experiments on the strength of 
brickwork yet published ; and in appointing a com- 
mittee to draw up what amounts almost to a 
standard specification for ferro-concrete, the Royal 





Institute of British Architects have rendered a 
service to constructional engineers, as well as to 
members of their own body. 

The Chairman of the Committee was Sir Henry 
Tanner, I.8.0., F.R.1.B.A., of His Majesty's 
Office of Works. The rest of the Committee con- 
sisted of four members representing the Royal 
Institute of British Architects, two representing 
the District Surveyors’ Association, two the Insti- 
tute of Builders, and two the Municipal and County 
Engineers’ Association. The Admiralty were also 
represented by Mr. C. H. Colson, M. Inst. C.E., 
and the War Office by Colonel Mayne and Major 
Paul. In addition to the above, Professor W. C. 
Unwin accepted the vice-chairmanship, and made 
himself responsible for the mathematical portion of 
the report, which is developed in a particularly 
clear and simple fashion. 

A fairly general agreement has now been reached 
as to the methods most appropriate for the calcula- 
tion of the strength of Seca beams and 
slabs. These differ now only in detail. It is well 
known that concrete does not act as a perfectly 
elastic material, and some writers insist that 
this circumstance should be taken into account 
in computing the position of the neutral axis of a 
ferro-concrete beam, whilst others, as Professor 
Unwin in the report under consideration, fail to 
perceive the advantage gained, by thus complicating 
the problem when, as is perfectly well known in 
practice, the difference in the strength of a beam, 
as calculated by the two methods, does not exceed 
some 3 or 4 per cent. at most, whilst the ratio of 
the coefficients of elasticity of the iron and concrete 
is doubtful to a much larger degree. In the report 
the concrete has therefore been assumed to act 
as a perfectly elastic material with a modulus of 
one-fifteenth that of steel. In calculations the 
latter is accordingly replaced by a layer of imaginary 
concrete with a cross-section fifteen times that of 
the steel-work, and having the same coeflicient of 
elasticity as actual concrete, but, unlike the latter, 
capable of carrying a considerable tensional stress. 
The strength of this imaginary beam or column is 
then calculated by the ordinary rules of statics. 

The Committee advise that in beams concrete 
should not be ex to a greater compressive 
stress than 600 lb. per square inch, whilst in 
columns this figure should reduced to 500 lb. 
The permissible shearing stress on the material is 
taken as 60 1b. per square inch, and its adhesion 
to the metal as 100 1b. per square inch, whilst steel 
having a tensile strength of 60,000 lb. per square 
inch may, they advise, be worked to a stress of 
between 15,000 lb. and 17,000 lb. per square inch. 
Young’s modulus for steel is taken as 30,000,000 Ib. 
per square inch, and for concrete at 2,000,000 Ib. 

In view of the fact that such failures as have 
occurred with ferro-concrete have been more com- 
monly due to bad workmanship than to bad design, 
a special interest attaches to the precautions recom- 
mended in the report to prevent the elaborate 
calculations of the strength of a proposed structure 
being completely upset by an ignorant and lazy 
man with a shovel. The necessity of careful 
superintendence in every detail of the work is 
most strongly enforced, The opinion is not un- 
common that the responsibility for bad workman- 
ship rests directly on the contractor, so that if the 
latter is known to be honest, little supervision is 
required. Unfortunately, however, the experience 
of another Committee of the Royal Institute of 
British Architects proved that the workmen them- 
selves are at times quite capable of doing bad work 
from sheer indifference, even when they have 
absolutely nothing to gain by it. 

In respect to the vexed question as to whether 
steel embedded in concrete can be considered as 
safe from corrosion, the Committee, after a very 
careful examination of all evidence available, main- 
tain the affirmative, provided that the steel skele- 
ton is properly coated with cement, and that the 
concrete is free from voids and made with fresh— 
not salt—water. The cement coat to the metal is 
applied by means of a whitewash brush, the cement 
being mixed into a grout. With this precaution 
the Committee report that even cinder concrete 
can be used without any fear as to the permanent 
strength of the structure. The cement adopted 
should, they say, conform to the British Standard 
specifications, each lot as received being tested for 
soundness and time of setting. The sand used 
should all pass a }-in. mesh, and at least 75 per 
cent. should pass a }-in. mesh. It should be 
clean and free from ligneous organic or earthy 





matter. Its suitability must be determined by 
actual test, as its appearance cannot be relied on as 
an adequate criterion of this. The aggregate should 
all a }-in. mesh and be retained by a }-in. mesh. 
Definite proportions are not given in the report for 
the composition of the concrete, but it is suggested 
that the mortar should in general consist of one part 
of cement to two of == a on proportion of 
cement being added where special water-tightness 
or strength is required. 

The proportion of mortar to aggregate should, they 
advise, be such as to give a surplus of 10 per cent. 
over that required to fill the voids. Hand-mixing 
should be avoided, machine- mixing being much 
more satisfactory. The concrete should be laid in 
layers not more than 3 in. thick, and thoroughly 
punned into place so as to ensure perfect contact be- 
tween it and the metallic reinforcement. Where it 
is impossible to complete the work in one opera- 
tion the hardened surface should be hacked off, 
i clean, and covered with cement grout. No 
work should be done when the temperature falls 
below 34 deg. Fahr. The centres for large- 
span arches may be removed after twenty-eight 
days ; for floor beams above 4 ft. in span after 
eight days ; and for floor slabs of lesser span than 
4 ft., after four days.. To avoid the spalling off of 
the concrete in case of fire, it is recommended that 
the outer edges of all beams and columns be 
rounded off, and a thickness of 14 in. to 2 in. of 
concrete should be provided over the metallic re- 
inforcement. 

In taking out the weights to be provided for in 
designing a ferro-concrete structure, the Committee 
advise that the weight of the material itself, inclu- 
sive of the embedded steel, may be estimated at 
150 lb. per foot. In edifices containing more than 
three floors the columns may be designed on the basis 
that the full assumed superload comes on the top 
floor, 90 per cent. of this on the floor below, 80 per 
cent. on the floor below this, and so on ; but in no 
case is the reduction for any floor to be more than 
50 per cent. No allowance appears to be made, in 
the formulse provided, for the fact that in many cases 
ferro-concrete beams are fixed at the ends, or act 
as continuous girders. In France it has been pro- 
posed to allow for this by taking the maximum 


bending moment on the beam as Lis in place of 


2 
_— where W is the load per foot run, and/ the 
spanin feet. A provision of this kind seems justifi- 
able, though many constructors have failed to make 
adequate provision for the stresses mom over 
the eupports in the case of a continuous beam of 
ferro-concrete. 

Perhaps one of the most important phs of 
the report is that in which attention is called to the 
necessity for revising the building regulations of 
almost every city and town, in order to permit of 
the free use of the material under discussion. - In 
the nature of the case, standard building regulations 
must always be more or less out of date; and 
equally inherent in them is the fault that they are 

on the use in structures of second-quality 
materials. They require the same thickness in a 
wall whether it is built of Staffordshire blue 
brindled or of the cheapest and weakest brick 
which will pass the local inspector. Parliament has 
hitherto recognised the fact that the Buildings Acts 
must, of necessity, presuppose ordinary methods of 
construction and ordinary skill in design, as well 
as the use of materials of but indifferent quality. 
As a consequence, the great railway companies, 
which employ highly-trained technical advisers to 
superintend both the design and execution of all 
structures erected by them, have been commonly 
excluded from the operations of local building ordi- 
nances, to the ill-concealed disgust of the bus ben 
on the various town and county councils. e note 
two or three misprints in the body of the report, 
which will no doubt be corrected before its definite 
issue as the official utterance of its sponsors. 





RECENT CONTRIBUTIONS TO 
ELECTRIC WAVE TELEGRAPHY. 
Tue Friday evening lecture at the Royal Insti- 

tution last week was delivered by Professor J. A. 
Fleming, F.R.S., who took as his subject the 
recent advances made in wireless telegraphy. In 
commencing his address, Professor Fleming said 
that, though hardly more than ten years old, the 
system of wireless telegraphy by electric waves 
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had ey immensely in its practical applica-| The cymometer, he continued, might also be used | obtained round the condenser circuit. 
tions. It proved extremely useful as a means | to measure the decrement or damping of the waves. | Mr. Poulsen had made a further advance by makin: 


of communication in naval warfare, and had at the 
same time been of much service to the ocean 
traveller, the nger ships of all the great trans- 
Atlantic lines being, by means of the noiseless far- 
reaching voices provided by electric waves, never 
out of touch with land, from port to port. Ships 
fitted with long-distance apparatus might, in fact, 
be simultaneously in touch with the Marconi station 
at Cape Cod and with Clieveden, in Ireland, or 


Poldhu, in Cornwall. 

Every important navy had adopted the system in 
some form or other. ith res to our own, he 
was informed by Admiral Sir Henry Jackson that 
nearly all the first and second-class battleships and 
cruisers were fitted up with wireless telegraphic 
plant, which had proved so useful that it had been 
decided to fit it to every vessel larger than a 
torpedo-boat, fairly powerful apparatus being pro- 
vided in the case of fame battleships. At the same 
time over a hundred commercial vessels had been 
fitted with the Marconi apparatus. Concurrently 
with this practical development of the method there 
had been a corresponding advance on the scientific 
side. As in other cases, a stage was reached in 
which exact measurement was necessary to indicate 
the lines along which further p was possible, 
In the case of wireless telegraphy, the things to 
be measured would be best comprehended by con- 
sidering the nature of the phenomena involved. At 
each electric wire station there was an antenna 
which, in the case of a small station, might be a 
simple vertical wire, whilst in the case of a large 
one it might consist of 20 to 30 miles of such 
wires upheld by lattice towers. At the sending 
station this antenna was the seat of electric oscilla- 
tions which gave rise to waves in the surrounding 
space. These waves fell on the antenna at the 
receiving station, and reproduced in it electrical 
oscillations which could detected by suitable 
means. The state of the antenna and the space 
around it, previous to the e of a spark, could 
be represented diagrammatically as in Fig. 1, lines 
of electric strain extending from the wire to the 
ground. When the spark passed these lines of 
strain were released; but in virtue of inertia 
the released electrons rushed to and fro along 
the wire in a series of oscillations. In so doing 
they set up a magnetic field around the wire, the 
direction of which was reversed at each oscillation. 
The point of reversal of this field spread out through 
space with the speed of light, and was accompanied 
by loops of electric strain, having their feet resting 
on the ground. The distance between the maximum 
values of successive loops was known as half a 
wave-length. The power which the waves possessed 
of passing round obstacles depended upon this 
wave-length. 

Electric wave telegraphy, he continued, formed a 
portion of the great science of radiation, which 
included optics and spectrum analysis, the funda- 
mental laws of which were the same as for wireless 
telegraphy. In all cases of wave motion the rela- 
tion V = nA held, where V denoted the speed of 

ropagation, n the frequency, and A the wave- 
ength. Hence, if the periodic. time of the vibra- 
tion could be determined, the wave-length was also 
known, as V was, in the case ander consideration, 
the velocity of light. The plan followed was, there- 
fore, to bring near the emitting circuit, which had 
both capacity and inductance, another circuit having 
a variable inductance and capacity. These were 
altered till the two circuits were in tune, and it then 
followed that the product of the inductance and 
capacity was the same for both circuits, in which 
case the periodic time was given by the relation 


om JC. L. 

5,000,000" 
where C and L were respectively the known capa- 
city and inductance of the secondary circuit. An 


instrument devised by him for the above purpose 
he had named a ‘‘ cymometer.”” The inductance was 
provided by a long wire wound spirally, and the 
capacity by two tubes separated by ebonite, one 
of which could slide over the other. As a means of 
detecting when the two circuits were in tune, he 
used a vacuum tube filled with neon, which was 
connected to the terminals of the cymometer and 
glowed brightly when resonance ‘was obtained be- 
tween the two circuits, the indication being very 
sharp. These instruments, he said, were now made 
to measure wave-lengths ranging from 200 ft. to 
20,000 ft. 





The waves emitted by an antenna fitted with a 
spark-gap died away gradually, each successive 
wave having less amplitude than its predecessor of 
the same group. The ratio of the amplitudes was 
the same for each successive pair of waves, and was 
called the ‘‘ decrement.” If this were known, the 
total effective duration of the group could be calcu- 
lated ; that was to say, the time in which the ampli- 
tude had diminished to 1 per cent. of its initial 
value. Waves might die out rapidly or slowly, and 
it was also possible to produce undamped or per- 
sistent waves. 
mine the decrement, a very sensitive ampere-meter, 
formed by a thermopile, was introduced into the 
cymometer circuit. This done, it was easy to plot 
out a curve, showing the relation between the 
natural frequency of the cymometer circuit, as its 
inductance was varied, and the strength of the 
current observed. After adding a small resistance 
to the circuit a second curve of the same kind could 
be determined, and from the two it was possible, as 
shown by Bjerknes and Drude, to determine the 
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damping factor for the primary circuit. The ampli- 
tude could also be obtained, so that by means of 
the cymometer the wave-length, the number in the 
train, and the damping factor could be found. 

Various kinds of transmitting circuits had been 
used in wireless telegraphy. In general the aerial 
was charged by inductance, and then it might be 
either ‘‘ closely” or ‘‘loosely” coupled with the 
primary, and, as a result, the oscillations emitted 
might be strongly or feebly damped. In the 
latter alternative each train consisted of many 
oscillations, and thus it was easier to get resonance 
in the case of the receiving circuit. Several methods 
had, Professor Fleming proceeded, been proposed 
for getting an undamped train of waves. Thus a 
small alternator had been used by Mr. S. G. Brown. 
This ran at 6000 revolutions per minute, and gave 
waves with a frequency of 12,000 per second. The 
total power of the machine was, however, only 50 
watts. It was, however, necessary in wireless 
telegraphy to have either a high frequency or a 
large power. With a frequency of 10,000 per 
second the waves would be 100,000 ft. in length, 
and very expensive antenn, absorbing large power, 
would be required. Tesla, Elihu Thomson, Duddell, 
and Fessenden had all experimented along this line ; 
but he believed that the highest frequency yet 
obtained from an alternatur was 50,000 per second, 
and the power put into the circuit was small. 
The next method he would consider was the elec- 
tric arc as a source of undam waves. As in 
many other cases, this application had been fore- 
shadowed by a sort of twilight before the dawn. 
Thus Elihu Thomson, in 1892, had, as represented 
in Fig. 2, shunted a spark-gap with a condenser, 
and observed that a high-frequency current was 
obtained in the condenser circuit. 

In 1899 or 1900 Duddell had shown that if an arc 
lamp was shunted by a condenser and inductance, 
as in Fig. 3, a high-frequency current was again 





In using the cymometer to deter- | s' 








the arc between a carbon and a copper rod, the 
latter being cooled by water, and the whole ar: 
surrounded by an atmosphere of hydrogen. At the 
same time a strong magnetic field was established 
across the arc, as indicated in Fig. 4. In this way 
a much higher frequency was obtained. This 
method of producing undamped trains of waves 
was highly interesting and very important. It 
had been the subject of much investigation in the 
speaker’s laboratory, where, at his (Dr. Fleming’s) 
yey Mr. Hudson, one of his research 
tudents, had determined the relation between cur- 
rent and potential for a carbon-metal arc. This 
had already been done for the carbon-carbon arc, 
and it was found that the potential fell as the cur- 
rent increased, a fact which was sometimes expressed 
by stating that the arc had a negative resistance ; 
but he himself preferred to say that it had a fall- 
ing characteristic curve. In the case of the metal- 
carbon are this droop in the characteristic was much 
ee as would be seen on reference to 
ig. 5. 
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He had, the speaker continued, a Poulsen arc on 
the table. The arc was enclosed ina brass box kept 
filled with coal-gas. The capacity in the circuit 
was small—merely ;}, microfarad, or that of a 
large Leyden jar, whilst the inductance was large. 
As antenna he would use a long wire helix which 
ee 1 
had a natural periodic time equal to 9 to 
The impulses from the arc must, he proceeded, 
be supplied at ‘exactly this rate, and when this 
was done, strong electric brushes appeared at the 
terminals of the helix, whilst all around it was an 
intense alternating magnetic field. The waves 
emitted in this case were about a mile in length. 
With this apparatus Dr. Fleming showed many 
beautiful experiments. Every kind of vacuum tube 
glowed highly when brought near the helix, specially 
fine results being obtained with those containing 
neon, which gave quite a brilliant light. It was, 
however, he said, an uneconomical method of light- 
ing, as the apparatus took about 3 horse-power to 
work it. Tubes containing rarefied air also lit up, 
and soon became very hot, as the quantity of 
electricity oscillating to and fro in them was very 
considerable. ; 

With the neon tube, he continued, several im- 
portant points could be established. In the first 
place, the great accuracy of tuning required ; as a 
change of an inch or two in the position of the 
slider constituting the variable inductance in the 
primary circuit caused the glow to vanish, and 
a similar result followed when the lecturer brought 
his open hand near the helix, and thus slightly 
increased its capacity. By mounting a neon tube 
on a rotating axis he further demonstrated that the 
Poulsen vibrations were not quite continuous, 4s 
dark bands then became visible in the glowing 
mass formed by the rotating tube, showing that 
at certain points the light vanished. He had, he 
said, been trying to find a reason for this lack of 
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continuity in the Poulsen oscillations, and it was, 
perhaps, partly due to a lack of uniformity in the 
speed with which the carbon member of the arc was 
rotated. This was done by an electromotor, and 
had to be effected with great smoothness. The 
brushes visible at the end of the helix he showed 
were actual flames, capable of lighting a piece of 
paper. 
' The question might arise, he went on, as to 
how the large currents in evidence were produced 
in the helix. This was effected in much the same 
way that a theatre manager managed to represent 
on the stage a large army by marching to and fro 
a party of fifty supers. Similarly, the large currents 
in question arose from the passage to and fro of a 
small quantity of electricity. A 50-volt lamp con- 
nected to the terminals of the helix glowed brightly. 
Placing a coil of thirty turns of copper wire near 
the helix, Professor Fleming next showed that 
the currents induced in this could be transformed 
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down. This was accomplished by bringing a coil 
consisting of.a single turn af stout copper, short- 
circuited by a piece of fine iron wire, near this 
thirty-turn coil, when. the iron first glowed red, 
and finally melted. 

As to the theory of the musical arc, it had, he 
said, been likened to that of the organ pipe, in 
which the passage of air, through the opening, set 
up and maintained a set of stationary waves in the 
rest of the pipe. In the same way, when a con- 
denser was put across an arc it first robbed the 
latter of current. This caused the potential diffe- 
rence across the arc to rise and more current to 
flow into the condenser. The latter next began 
to discharge back across the arc, and as the current 
increased across the latter the potential difference 
fell, causing a further flow from the condenser. 
When this was discharged the current fell off in the 
arc, and the cycle of operations was repeated. 
A carbon are in air appeared to require a large 
capacity, and hence there was a limit to the fre- 
quency produced. With the carbon-copper arc in 
coa!-gas, the characteristic, as shown in Fig. 5, 
was much steeper, and then much less capacity was 








needed. In the apparatus on the table the ntial 
difference across the arc was 200 volts, but 1200 
to 1500 volts were reached in the condenser, and 
some 60 to 70 per cent. of the total energy involved 
was obtained in the form of the alternating current, 
which might have a frequency of one million per 
second. 

As regarded the application of the system to 
wireless telegraphy, its announcement had been 
hailed as the death-knell of the spark-gap ; but it 
was always a risky proceeding to issue an obituary 
notice of an invention prior to its actual decease. 
The Poulsen system was not free from drawbacks. 
It was much more complicated, and involved the use 
of coal-gas, means of keeping the carbon in rota- 
tion, and of preserving its exact distance from the 
copper electrode. Skilled attention was required, 
and it was very difficult to maintain it in con- 
tinuous work for more than a quarter of an hour. 
Further, it was difficult to work it with either a 
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small or a large amount of power. An ordinary 
10-in. coil, with which spark - telegraphy could be 
effected up to a distance of 100 miles, took but one- 
fifth of a horse-power, whilst the Poulsen are could 
not be well worked with less than 14 horse-power. 
Again, 100 horse-power could be applied to the 
working of spark-telegraphy, whilst this could only 
be done on the Poulsen system by arranging a 
number of arcs in series, which presented great 
difficulties. Mr. Marconi had, however, recently 
devised a purely mechanical method by which the 
energy from a continuous-current dynamo could 
be transformed into high-frequency alternations. 
Owing to pending foreign patents, he could not, he 
regretted to say, describe the system in detail that 
evening, but he hoped that Mr. Marconi would do 
so himself ere long. 

Professor Fleming next proceeded to consider 
several types of detector for electric oscillations, 
taking first the electrolytic detector of Fessenden. 
This consisted, he stated, of a very fine platinum 
point dipping for about 1 millimetre into an 
electrolyte of weak sulphuric acid, and acting 
as one electrode of an electrolytic cell. The other 
electrode was a plate of silver, see Fig. 6, and the 
apparatus when employed as a detector was arranged 
as indicated in Fig. 7. The platinum electrode 
became polarised by means of oxygen, but if an 
electric oscillation was induced in the circuit, this 
polarisation was dispersed and the current through 
the cell momentarily increased, thus causing a sound 
in the telephone. The detector, it should be noted, 
acted not merely qualitatively, but quantitatively, 
and it had therefore been possible to apply it to 
wireless telephony. The apparatus for this was, 
he continued, represented in Fig. 8, and consisted 
of a Poulsen are coupled up with an antenna, 
the transformer of which was short-circuited by a 
microphone, as indicated. The latter, when spoken 
into, varied the strength of the waves, but not their 
length, and hence a current of varying intensity 
was passed through the electrolytic detector, 
— to the receiving antenna. Speech had 
with the apparatus been maintained over a dis- 
tance of 16 miles, and it would be quite possible 
to speak across the Channel. 

Another form of detector which also had the 
property of being a quantitative instrument had, 











Professor Fleming said, been introduced by him- 
self some years ago. - It consisted, as indicated in 
Fig. 9, of a glow-lamp, the filament of which was 
surrounded by a cylinder of nickel. When the 
filament was hot, negative electricity could pass 
from the filament to the nickel cylinder, but not 
in the reverse direction, and the instrument there- 
fore acted as an oscillation valve. When submitted 
to the action of electric waves the current between 
the filament and the cylinder was rectified; as 
all oscillations in one direction were filtered out, 
this unidirectional current would deflect a galvano- 
meter. The sensitiveness of the device had nothin 
to do with the size of the filament, and he h 
himself used in some cases 12-volt lamps and in 
others 4-volt ones. 

Hitherto the antennew used had been upright 
wires, which corresponded to Hertzian oscillators 
half buried in the ground ; but, as Fitzgerald had 
shown, a closed circuit, if the frequency were very 


: 


~ $5000- 











i 








Ge.) 





high, also acted as an oscillator. This Professor 
Fleming demonstrated by using two square coils, in 
one of which a high-frequency current was set up, 
whilst the other was connected to a galvanometer 
through one of the oscillation valves just described. 
The coils being in tune, this galvanometer showed 
a deflection which, it was stated, was not due to 
Faradaic induction, but to electric waves. Here, 
then, he continued, was a new system of wireless 
telegraphy based upon the Fitzgerald oscillator, as 
Marconi’s was on that of Hertz; and this new 
system was, he thought, capable of considerable 
development. If the oscillation valve was not 
fitted,- the galvanomeger showed no deflection, 
since it was affected by continuous currents only. 
The efficiency of this oscillation valve depended 
much on the intensity of the incandescence of the 
filament. 

The objection had been raised to wireless tele- 
graphy, he said, that there was no privacy in the 
matter, as the waves spread out in all directions, 
affecting all instruments within range. A little pro- 
gress had, however, been made lately in giving the 
waves a definite direction. About a year or so ago 
Mr. Marconi found that if the antenna was bent hori- 
zontally, as indicated in Fig. 10, the waves were 
more intense in the direction opposed to that 
of the horizontal limb, and that a receiver simi- 
larly bent was most sensitive to waves reaching 
it from the corresponding direction. Such an. an- 
tenna radiated better on one side than the other, 
but there was still a considerable radiation in every 
direction. By bending down the antenna, as 
represented in Fig. 11, the proportion of radiation 
in the one direction could be increased ; and by 
using three wires arranged so that the waves 
= interfered with each other in certain 

irections, Professor Braun, of Strassburg, had 
succeeded in keeping the radiation almost wholly 
on one side of the transmitter. Mr. ni had 
shown that these bent antennz could be used for 
the purpose of locating a ship. A number of these 
were arran round a receiver, and by coupling 
this to each in turn the direction of the ship 
would be given by the antenne, which showed 
the strongest indications on the detector. By 
means of two such stations some miles a the 
distance of the vessel could also be approximately 
determined. 

In conclusion, Professor Fleming pointed out 
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that although much work had been done, large 
districts of research were still incompletely ex- 
plored. The variable transparency of’ the ‘atmo- 
sphere to these waves was, for instance, not yet 
fully explained. Very long transmissions were de- 
pendent, not only on special skill in devising the 
apparatus used, but also on the condition of the 
atmosphere. Sunlight, for instance, had been 
found prejudicial to the transmission of these 
waves. It was now known that there were 
numerous positive and negative ions in the at- 
mosphere. These, when a wave d, were 
moved by it, absorbing energy, so that an atmo- 
sphere charged with ions corresponded to a slightly 
turbid medium. The lecture was illustrated by a 
large number of brilliant experiments, involving 
much Jabour and care in their preparation and 
exhibition to secure success in the demonstrations. 
Dr. Fleming was efficiently aided throughout his 
discourse by Mr. G. B. Dyke. 





THE IMPROVEMENT OF ROAD 
SURFACES. 

Tue condition of many of the main roads in the 
country after a few days of fine weather is such as to 
justify almost every expression that may be used to 
designate it. The surface consists either of a thick 
layer of impalpable, but otherwise only too evident, 
dust, or oF a variable mixture of sand and loose 
sharp stones, according to the locality. Every fast 
vehicle that passes, and often merely a puff of wind, 
raises the dust in clouds, blinding and choking the 
users of the road, penetrating wayside houses, and 
chastening the people like one of the plagues of 
Egypt. The more frequented highways are often 
shrouded throughout the day in a dense white pall of 
dust stirred up by the wind and the traffic, and never 
having time to settle. It is not surprising that the 
public grumbles, and demands relief in one direction 
or another. For years the main roads had never 
been called upon to bear any traffic worth speaking 
of. The transport of passengers, agricultural pro- 
duce, and merchandise had long been absorbed by 
the railways, cxcept for the minor interchange 
between neighbouring villages. With the advent 
of fast self-propelled vehicles came a sudden and 
overwhelming change in the situation. A new set 
of conditions have been placed upon the roads, 
which have hitherto failed to respond to them. 

As motor-cars undoubtedly accentuated, if they 
did not create, the dust nuisance, it is fashionable 
in some quarters to lay on them alone the blame 
for the present state of affairs. One can under- 
stand this point of view being held by the pedes- 
trian, cyclist, or horse-driver who has just been 
suffocated with dust or bombarded with stones 
after the passage of a car; but it is, neverthe- 
less, unfair. But it comes with particularly bad 
grace from a horse driver, for no motor-car ever 
fouls the road with excreta, or pounds its surface 
to pieces with 3-cwt. hammors as it goes along. 
There is, however, no need to apportion blame 
among the various road-users, for, eg d speak- 
ing, no blame attaches to them. It is the func- 
tion of a road to carry such traffic as is required 
to pass over it, and if it cannot do this without 
causing a nuisance, it is an inefficient construction. 
The blame in the first instance lies with the maker, 
or maintainer ; but in awardirig it we must bear in 
mind the drop in agricultural profits, and in the 
rateable value of farms. Up to quite recent times 
traffic was local, andthe sel were paid for locally. 
Now it promises to be national, and there is an 
out¢ry for nationally-maintained roads. 

The road-makers have been caught asleep, and 
resent being awakened to their duties. Even 
to-day in many districts it is considered sufficient 
to strew a stretch of road periodically with more 
or less broken flints to be pulverised by the 
traffic, and to employ a tew picturesque old men 
in hosing out a dangerous ditch at each side. 
The very elements of road-making seem to have 
been forgotten in many districts since the decline 
of road transport, and the revival of traffic is met 
by petulant complaints against modern vehicles, 
instead of by adequate efforts to meet the altered 
circumstances. If one travels through any county, 
one finds certain stretches of the main com- 
varatively good, and these alternate with lengths of 
Sue, shingle, and sand-covered surface. Here 
alone is a fact which should give rise to inquiry. 
If certain parts of a road can —_ in reasonably 
good condition, why should not other parts of the 
same road be kept equally well? The conditions 





of traffic, the nature of the environment, and the 
class of road-metal available are identical, so far as 
one’ can judge, and yet the same result is not 
attained. 

The complete regeneration of the roads, however, 
is not to be accomplished in a day. The time, no 
doubt, will arrive a the evils of excessive camber 
and deep side ditches will be generally recognised, 
when hedges will be cut back at corners, and the 
roads as a whole administered with some regard for 
fast vehicular traffic. Whenthat time arrives the dust 
nuisance will probably no longer exist, for a road 
surface will have been devised that will do its work 
without disintegration. While the present condi- 
tions prevail the mitigation of the dust nuisance is 
the most pressing problem. Other defects of the 
roads can be borne with a little longer, and would 
almost be overlooked in the gratitude that the ab- 
sence of dust would evoke from the general public. 
Watering the surface is out of the question, except 
in the immediate neighbourhood of towns, and 


-|even then the modern water-cart will rapidly de- 


stroy the evenness of the surface and make it 
bumpy. Salt water has been tried, on account of the 
hygroscopic properties of the salt tending to keep 
the surface damp, but it is ruinous to horses’ hoofs 
and shoe-leather, and is said to injure the roads 
even more than fresh water. 

The most satisfactory treatment for the suppres- 
sion of dust so far devised seems to consist in the 
application of a coat of tar, or of some tar-com- 
pound to the road surface. Stretches of road so 
treated are fairly common, and there can be no 
doubt that, so far as dustlessness is concerned, the 
tar makes a great improvement. Tarring has its 
defects and its limitations, but on the whole it 
appears at present the most promising solution. 
How it can be best applied is the next considera- 
tion. It seems obvious that the proper time is 
during the reconstruction of the road, when the 
surface material can be mixed with tar before being 
laid, so that every individual stone is covered. 
An alternative method, advocated by some, is to 
coat the road thoroughly before the surface material 
is laid, and then roll the latter until the tar is 
forced up into the interstices. If it be true that 
tar always finds its way upwards to the top of the 
road, there is something to be said for this method 
of using it. Usually, however, tar has to be 
applied to an existing surface, and then the treat- 
ment is necessarily less thorough. The ordinary 
procedure is to sweep the road clear of dust, and 
then to apply hot tar, brushing the latter into the 
interstices + hand labour. Sand is then laid to 
prevent the tar being picked up by the wheels of 
vehicles. A second coating is given after six 
weeks, but a single dressing only is required in 
subsequent years. 

The annual cost of maintaining the tarred sur- 
face for an 8-yard road is about 60/. per mile. 
Though this is to some extent set off by abolishing 
the water-cart, and by increasing the life of the 
road by preventing disintegration, the cost is never- 
theless high. Much of the expense is due to the 
amount of hand-labour, and if this item could be 
reduced by the use of mechanical appliances, a great 
extension of the tar treatment would be practi- 
cable. A tarring-machine should do the work 
much more rapidly than it can be done by hand, at 
the same time distributing the tar more evenly and 
efficiently, and it is claimed that the annual cost of 
machine-tarred roads does not exceed 301. per mile. 
With this idea the Roads Improvement Association, 
a body of aes whose object is sufficiently 
designated by this name, has organised a series of 
oe experiments, or really a competition 
between different tarring-machines. The Royal 
Automobile Club and the Motor Union have jointly 
defrayed the cost of the competition, which must 
have been by no means inconsiderable, and this 
voluntary action on the part of motorists should do 
much to dispel the idea that they are regardless of 
the discomfort which their cars cause on dusty 
roads. 

Seven machines entered for the trials, and six 
came to the ‘starting-post. They were tried on 
consecutive lengths of three different classes of 
roads—namely, macadam, between Hounslow and 
Staines ; flint, between Twickenham and Kempton 
Park ; and gravel, between Virginia Water and 
Reading, at Ascot. Further, there were tested a 
good many special anti-dust preparations, these 
being separately tried on a part of the first- 
mentioned road. With regard to the latter, a visit 
to the road three days after treatment made one 





rather sceptical as to the efficacy of some of the 
ey rere Sand and gravel had certainly been 
laid rather lavishly on the surface after treatment, 
and this may have neutralised the effect ; but what- 
ever explanation the competitors might give, the 
fact remains that the passage of a fast car raised 
clouds of dust. The smells, too, were more than 
suggestive of a gas-works. Certain of the sections 
were comparatively dustless, but the smell per- 
vaded the whole length of the road. 

The task of the judges must be by no means 
easy. To decide on the mechanical features of the 
machines is not a matter of great difficulty, but 
without more information than was available to the 
public, it was impossible to form an opinion as to 
which machine treated the road most effectively. 
Time alone will afford the best evidence. One 
machine in particular seemed simple in construc- 
tion, and left the road clean and practically dry ; 
but whether it did not use enough tar to do 
more than blacken the surface, or whether it suc- 
ceeded in getting the bulk of the tar into the road, 
one could not tell. 

Another machine left a thick wet coating, which 
may have been due either to an excess of tar or to 
want of penetration. Possibly, again, a thick surface 
coating is the best in the long run. To secure 
penetration some competitors sprayed the tar under 
a pressure of about 2001b. per square inch ; but it 
is questionable whether spray pressure alone would 
get very far into some types of road. Spraying, of 
course, gives very even distribution if the nozzle 
arrangement is suitable, and the road can be tarred 
by this means as fast as it could be watered by an 
ordinary water-cart. 

Whatever the results of the competition, the 
thanks of the public are due both to the com- 
petitors and to the motoring associations who found 
the money. A practical attempt has been made to 
find the best way of dealing with the dust question, 
and it is both significant and satisfactory that the 
initiative has been taken by motorists themselves. 
The road authorities who provided the opportuni- 
ties for the experiments have shown a commend- 
able readiness to assist in the solution of the 
problem, and now intelligent criticism on the part 
of the users of the road will still further aid in 
furthering the cause which every one must have at 
heart. 








N OTES. 
Tae Strasitity or Evecrrotytic HypocH.orite, 
AND SANITATION. 


E.ectrotytic bleach is an electrolysed brine 
containing four or more grammes of available 
chlorine per litre. essentially as sodium hypo- 
chlorite. The brine may profitably contain the 
chlorides of calcium and magnesium, which are 
likewise converted into hypochlorites. The prac- 
tical processes are either continuous, in which case 
the chloride is fed into the electrolysers, and the 
hypochlorite—unfortunately, together with a good 
deal of undecomposed chloride—is drawn off from 
the last of the set of cells ; or the process is inter- 
mittent, the electrolyte being circulated through 
an external cooling tank and returned to the elec- 
trolyser for concentration in hypochlorite. It has 
been observed that, especially with intermittent 
working, up to 0.4 gramme of available chlorine 
may be lost during the process of manufacture, 
some of the hypochlorite being reconverted into 
chloride. The finished hypochlorite’ solution as 
kept in bottles or tanks is much more stable than 
the hypochlorite when still in the electrolytic cells. 
This has been proved by keeping the finished 
solution in glass bottles, of light and dark amber 
colour, blue, colourless, and in tanks, for months 
and even years. The available chlorine, however, 
went down from 4.2 grammes to 1.2 grammes in 
five years. The presence of — seems to be 
harmless ; single metals, especially lead and iron, 
cause depreciation ; some galvanic couples of two 
metals are still worse. Strangely enough, couples 
of a metal and ebonite prove quite bad—possibly 
on account of the sulphur in the ebonite. The 
hypochlorite keeps fairly well in wood boiled with 
bitumen for a time; although the black coating 
turns brown on the surface, the black comes out 
again in scratched places. After a fortnight, how- 
ever, the bitumen is destroyed by the chlorine. 
In the Hermite plant which Dr. Alexander started 
at Poplar, four fame troughs were so arranged in 
step fashion ‘that the electrolyte flowed by = tem 
from a tank into the first trough, from the bottom 
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of this first into the top of the second trough, and so 
on, finally intoa carboy. Each trough contained in its 
two divisions ten cells, so that there were altogether 
forty cells, each with one positive and two negative 
electrodes. Weirs and funnels were interposed 
between the troughs. The anodes were platinum 
wires wound on slate slabs, the cathodes zinc plates ; 
the electrolyte consisted of 100 litres of sodium 
chloride, 20 litres of magnesium chloride, and water 
to bring the total up to 840 litres, or 185 gallons ; 
the forty cells in series required currents of 15 am- 
pres at 230 volts. Every day the tanks were 
emptied through four plug-holes at the bottom, and 
the electrodes wire washed with the hose ; the day’s 
run was eight hours. The liquid in the carboy was 
constantly stirred, and caustic soda was added drop 
by drop to neutralise the liquid. Thereis no doubt 
that the available chlorine can much more cheaply 
be bought ‘as chloride of lime than it can be pre- 
pared electrolytically. But Dr. Alexander supplied 
the a solution in bottles for disinfection, 
while he could not trust the people with chloride 
of lime, which they would not use properly. Much 
of what we know regarding electrolytic hypochlorite 
is due to Mr. Pollard Digby, who has made many 
researches into the subject. 


Arrican RalILways. 


An instructive and comprehensive volume on 
‘* African Railways and Colonial Railway Politics ” 
has been presented by the German Government to 
the Imperial Diet. Though the volume deals with 
railways of the German colonies in particular, the 
statistics, arguments, and conclusions are, of course, 
interesting for the whole African continent and for 
the development of colonies in general. Africa 
was the last of all the continents to participate in 
the railway era—the first — railway dates from 
1857—but in the briskness of development African 
railways are now leading. By the end of 1904 
the lengths of the railways of the chief divisions of 
the globe were, in kilometres (1 kilometre = 0.62 
mile) :—Europe, 305,407 ; America, 450,574 ; Asia, 
77,200; Australia, 27,052; and Africa, 26,074. The 
percentage increases since 1900 are represented by 
the following figures :—Europe, 7.6 ; America, 12 ; 
Asia, 28; Australia, 12.6; and Africa, 29. The 
lengths in kilometres of the African railways com- 
pleted by the beginning of 1907 are :—British 
colonies, 13,117; Egypt, 5252; French colonies, 
5657 ; German colonies, 1398 ; Portuguese co!c- 
nies, 1173 ; Italian colonies, 115; Congo State, 
642 ; making a total of 27,354 kilometres. Com- 
pared with European conditions, the length of 
railways is, of course, small, but the dispropor- 
tion is less striking because large tracts are 
almost uninhabited. We find in Egypt only 5.4 
kilometres of railway for every 10,000 inhabitants, 
in the Bhitish colonies 3.4 kilometres, and in 
the German Empire 11.1 kilometres. Apart from 
the Congo State, which can rely largely on river 
transport, the German colonies are the worst off as 
regards iailways, and they will remain so for some 
years to come. The .gauges vary considerably, 
but the standard South African gauge of 3 ft. 6 in. 
(1.067 metres) predominates by far on the long 
lines, 90 per cent. of the British African railways 
being built with that e. In the French colonies, 
however, the standard (1 435-metre) gauge is more 
in use, and the German colonies have almost all pre- 
ferred gauges of 1 metre and less, so that not more 
than 14,509 kilometres of the total of 27,354 kilo- 
metres of African railways are of the South 
African type, while 4509 kilometres are built with 
standard gauge, 4109 kilometres with the 1-metre 
gauge, and 4227 kilometres with gauges of less 
than 1 metre. The cost of construction per mile 
of railway varies very widely, of course ; Germany 
seems to have built cheapest. While sites and 
labour are inexpensive, labour is very unskilled, 
though certainly tractable and docile, and climate 
and inaccessibility create great difficulties. Onthe 
whole it has proved more advantageous to start opera- 
tions at different points of a once decided route than 
to push slowly ahead. The railways are owned by 
private companies, by the colonies, and by the 
Motherland. The colonies own and work half of 
all the lines, and this arrangement has proved the 
most advisable ; the colonies build their own lines 
or, more generally, entrust the work to contractors. 
On!y 2812 kilometres belong to the mother countries, 
and the State-supported private companies are far 


of Africa roads are still unknown; there are merely 
paths for carriers, often not even suitable for beasts 


the price per ton-kilometre rises by something like 
4s. or 6s. In the year 1903-1904, 51,000 carriers 
left the ports of set ca and Bagamoyo for 
the interior of German East Africa. . Automobiles 
are doing good service in some parts. Some of the 
lakes and the courses of rivers offer facilities for 


neglected in the British and French colonies. Ger- 
many is less fortunate in her colonies in this respect. 
Throughout the volume of 367 pages, we may say, 
the enterprise and methods an by the British 
colonies in their railway policy are approvingly 
commented upon. 





Coxtracts.—The Corporation of Govan, Electricity 
Department, have accepted the teider of the Adams 
Manufacturing Company, Limited, for ‘‘ Igranic” motor 
starters for the ensuing year.—Among recent orders, 
Messrs. Willans and Robinson, Limited, have recently 
received four for sets of condensing piant, each of a capa- 
city of 20,000 Ib. of steam hour—viz., two sets for the 
Wolverhampton ration, one for the Dublin United 
Tramways, and one for the Cheltenham Corporation. 


Uxcrtvuous Grapuitr.—E. G. Acheson, well known for 
his researches on graphite, carborundum, &c., has recent! 
succeeded in preparing a soft unctuous graphite, suitable 
for electrotyping and lubrication. The or e is 
heated with an insufficient amount of carbide-forming 
material, of which there will be enough in the ashes of 
the coal. A mixture of 65 of ground anthracite and 
of 35 parts of sand and is, for instance, heated in an 
electric furnace, 18 ft. in length, the mixture being 
packed round a core of graphite, { in. in diameter. Sur- 
rounding this active zone of 18 in. diameter is a jacket 
of 1 of coal and 2 of sand. The current, 
started at 80 volts and 75 kilowatts, is kept on fcr 15 
hours, during which the pressure is raised to 200 volts 
and the current to 800 kilowatts. About 1000 Ib. of 
unctuous graphite are obtained. When this graphite is 
ground up with water in a mortar, a black suspension 
results, the graphite floccules of which settle in the course 
of a few minutes. When, however, tannic acid and a 
few ps of ammonia are added to the water, the 
emulsion remains unchanged for weeks and un- 
changed through a filter. If, then, hydrochloric acid is 
added to the emulsion, deflocculation takes place. To 
re emulsions of the graphite in oil proved at first 
ifficult ; but unctuous graphite a prepared with 
water or with light oils, are now offe' as lubricants. 
The state of subdivision of this graphite must be ex- 
ceedingly minute. When the dried emulsion is rubbed 
on paper, the graphite shows its full lustre. 





TgLEPHONE CABLE IN THE Kinicssex.—The laying of 
a telephone cable in the Kénigssee, situated in the 
south - eastern corner of Bavaria, was described by 
O. Hintermayr in the Elektrotechnische Zeitschrift of 
April 25. The lake lies at the foot of the Watzmann, 
which, rising to a height of 2714 metres (9000 ft.), is one 
of the highest peaks of Germany proper; the higher 
Alpine peaks of the district are on Austrian territory. 
The lake stretches south to north in a length of 8 kilo- 
metres (5 miles); the width, of about 2 kilometres, varies 
considerably. The level of the lake is about 600 metres 
(2000 ft.) above sea-level, and the mountains rise too pre- 
cipitously to allow of any telephone line along the shore. 
Tele e connection was wanted for the Royal castle of 
Bartholomoi, which is situated at the narrowest ion 
of the lake, where the width is only 350 metres (1150 ft.), 
near the southern énd on the western shore, and the 
telephone line had to be taken from the nearest railway 
station at Berchtesgaden, north of the lake, vid a shooting 
lodge at Priesberg, at an elevation of 1400 metres to the 
eastern lake shore opposite the castle. This aerial line 
had to be well protected against lightning. The cable, 
made by Messrs. Felten and Guilleaume, of Miilheim- 
on-the-Rhine, consists of eight per wires, Ss 
insulated with cotton, and twisted together. core 
is surrounded by cotton tape; further, by a lead 
sheath (lead with 3 per cent. of tin) 1.3 millimetres 
in thic another lead sheath, asphalted paper 
and compound, an armature of the well-known 
file steel wire of the firm, forming a smooth flexible 
sheath, and two outer layers of compound, the cable 
diameter being 34 millimetres (1.34 in.). The 400 metres 
of cable wanted weighed nearly 2 tons. The cable was 
taken by boat to the spot. exact length required 
had previously been determined by stretching a steel 
wire across the lake, taking soundings from that wire, and 
lowering another wire, weighted with lead, at intervals 
of 2 metres, to the bottom ; the greatest depth in that 
cross-section was a metres—a third of the maximum 
depth of the lake. e laying of the cable was performed 
by the author and twelve men, with the aid of” | ere 
steel wire, 4.5 millimetres (0.18 in.) in diameter, and boats. 
= cable was slowly — a = cable bons ona 
en being supported at in y buoys 
boats), whic sileeel enough sag to make up the ful 
uired length. The western shore end was then buried 
fixed in its trench. The operations were conducted 
from a larger boat, which was afterwards taken to the 





less in favour now than they were twenty years 
ago; the State guarantee answers for the con- 
struction, but not for the working. In many parts | 





buoys in succession, to bear the cable while it was being 


of burden. For every day’s distance from the port| 5. °°) 


inland navigation, and these opportunities are not | f 


THE OAKLEY STEEL-FOUNDRY PROCESS. 


WE have lately had trong to our notice, at the Oakle 
Foundry Company, Limited, Trafford Park, Man- 
| chester, a process of producing steel ‘castings’ which 
| possesses features of some interest. The castings produced 
ng, No Cotes Se ne wey Sant te Sunes, 

n producing the castings, s scrap of the highest 
| quality only is used. The crucibles coniaien the ou 
are placed in a patent furnace, copalio of generating an 
extremely high temperature. ughly speaking, the 
furnace consists of three sections—namely, the chamber 
in which the crucibles are , an air-chamber, and the 
firing section. The fuel is crude oil, which, stored out- 
side the foundry, is delivered through a pipe into flat 
trays and there ignited. The flames from the blazing oil 
pass through the air-chamber, into which a quantity of 
air is admitted from above. The amount of air thus 
allowed to enter can be easily regulated. As we have 
stated above, the tem tare generated is very high, 
easily melting the s scrap, which, it is stated, can 
cast one day and placed in the lathe the next, without 
any annealing whatever. 

me idea of the nature of the metal uséd and the 

resultant manufactured article will be obtained from the 
result of the test given below, the test being made by 
Professor Thomson and Mr. C. Beaver, of Manchester :— 


Test 1. 
Raw Material, Manufactured Article. 
Boiler Plate. Oakley Steel. 

Combined carbon -- O88 0.22 
Graphite .. < . Nil Nil 

Silicon . 0.02 0.02 
Manganese . 058 0.35 
Sulphur... . 0.05 0.02 
Phosphorus . 0.06 0.05 
Iron oa . 99.11 99.34 


The following test was made by the Henry Souther 
Engineering Company :— 
Test made by the Henry Souther Engineering Company 
on ** Oakley” Steel. 
* Sample number : oe 21,582 
Z 0.730 in. in dia. 


Dimensions 

WR o¢ és * 0.419 sq. in. 
Reduced dimensions . . 0.684 in. in dia. 

- area .. ee 367 8q. in 
Reduction of area .. 12.41 per cent. 
Elastic limit .. “ - 20,500 Ib 
ee per square inch 48,900 ,, 

Maximum strengt : be ox 28,600 ,, 

» ” per square inch ; 68,300 ,, 
Elongation by inches. . o° - . 0,03 in, to 0.07 in, 
e in2in. .. . de - 5 per cent. 

This metal will take oil-tempering, and is especially suitable 


for gears. 


We have had the opportunity of angasting several 
castings made by this process, and also have seen cast- 
ings which have been subjected to drilling and other 
tests. In the latter case the tests were in some instances 
“ severe. ‘ 

he furnace employed is capable of heating six crucibles 
at a time, each crucible holding 100 lb. of scrap. The 
arrangement of the furnace permits it to be controlled 
easily and efficiently. 





Motor SHows 1n New York.—The next season will 
probably see a third motor show in New York, as the 
two regular shows are to be held so early as to preclude 
participation in them on the part of foreign manufac- 
turers. It is said to be practically imporsible for im- 
porters to show their next year’s models at the New York 
shows before the close of November, and these firms have 
therefore decided to hold an independent exhibition 
rather later. An Independent Importers’ Association is 
about to be formed, with the object of protecting the 
interests of inp of forei ines, and this 
—- tion will look after the independent exhibition. 
About twenty-five of the leading British and Continental 
makers are interested in this scheme. 

the State 
of ‘Colorado, in 


which it asked that the latter should be enjoined from 
diverting the waters of the Arkansas for irrigation pur- 
or permitting its citizens to so divert those waters. 
he Kansas authorities alleged that the numerous irriga- 
tion ditches in Colorado had caused such a great and 
permanent diminution of the volume of water in the 
Arkansas as to render a once navigable stream almost dry, 
to greatly diminish power for manufacturing to 
lower to the extent of about 5 ft. the surface of the under- 
flow of the stream, and to cut off the supply of water for 
irrigation in Western s, On the part of Colorado 
it was contended that the State had exclusive control 
of the waters within its borders; that diversion was per- 
mitted by irrigation law all the world over; that immense 
interests had accumulated unquestioned by Kansas; and 
that through seepage much of the irrigation water found 
its way beck into the body of the stream, the sorely 
of which Colorado refused to acknowledge. Much time 
was occupied in taking testimony bearing upon the con- 
troversy between the two States, hundreds of witnesses 
being examined, and not only were many private corpora- 
tions heard, as well as the authorities of the two States, 
but the United States were aleo represented as an inter- 
vener. The Supreme Court of the United States has 
now delivered j ent. The Bill filed by K was 
dismissed, as as the interven petition of the 
United States; but the dismissal was declared to be with- 
out prejudice to the right of Kansas to renew its petition 
whenever it could be shown that the State was suffering 





Irrication LiticaTion.—A bout six years 
Kansas filed a Bill against the State of 





—- The laying was accomplished on a September 
ay. 





substantial injury. 
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LAUNCH OF THE KING’S YACHT. 

Tue new turbine-yacht, the Alexandra, built for 
His Majesty the King, was launched on Thursday, 
the . 30th inst., by Fier Royal Highness Princess 
Louise, Duchess of Argyle. . This vessel was the sub- 
ject of competition on the part of a number of the 
principal yacht-builders in the United Kingdom, who 
were required to send designs and models to the Admi- 
ralty under conditions which precluded any possibility 
of the author of the design becoming known to the 
adjudicators: The plans were considered by a Com- 
mittee, which included Admiral Sir John Fullarton, 
Admiral Sir A. Berkeley-Milne, both-of whom had 
been Commanders of the Royal Yacht, and Sir Philip 
Watts, Director of Naval Construction, and after lon 
consideration the order for the new yacht was pl 
‘with Messrs. J. and A. Inglis, Limited, of Glasgow. 
This was regarded as well-merited recognition of the 
undoubted reputation of the firm for their excellence 
in this department of ‘naval architecture. The result 
will be looked. forward to with considerable interest. 

The new yacht is to serve as an auxiliary, rather 
than as a substitute, for the Victoria and Albert, built 
in 1899, but there can be no doubt that, owing largely 
to the more convenient size, and especially the lighter 
draught, the new vessel will be preferred for most 
purposes, The Victoria and Albert has a length of 
380 ft., a beam of 50 ft., and her designed draught was 
18 ft., equal to a displacement of 4700 tons, e new 
yacht is 275 ft. long, of 40 ft. beam, and 12 ft. 6 in. 
draught, and she is expected to displace 2050 tons. 
She has a bridge-deck 150 ft. long, which is carried 
over the full width of theship, being supported at the 
sides on stanchions, so that there is afforded a sheltered 
promenade. The pavilion covered by this deck contains 
the reception-room, dining-room, and pantry, with two 
small boudoirs arranged to afford a clear view ahead and 
astern as wellas on each broadside. Forward under the 
bridge there is the smoking-room, along with the rooms 
of the commander of the ship, and the surgeon and 
other officers. On the main deck in the after part of 
the ship is the suite of Royal rooms, with ‘rooms for 
the secretaries, equerries, ladies-in-waiting, and other 
attendants. The yacht is also most admirably arranged 
for the accommodation of guests, officers, and crew. 

A feature is the adoption of the Parsons turbines 
for the propulsion of the ship. The turbines are 
designed to develop 4500 horse-power, to give a speed 
of 18} knots. The usual three-shaft arrangement— 
one now universal in the mercantile marine—is 
adopted, with one high-pressure and two low-pres- 
sure turbines, and reversing turbines incorporated 
in the exhaust casing of each of the low-pressure 
turbines. The turbines have been designed according 
to the latest practice in the light of experience ob- 
tained. Special attention has been given to accessi- 
bility and to convenience in the overhaul of the various 
parts with a minimum of disturbance of the remainder 
of the engines. All the bearings are under forced 
lubrication, with all the latest fittings and sight-con- 
nections for the observation of free flow of oil’ through 
the bearings. - None of the bearings is water-jacketed, 
as in earlier turbines ; a special independent oil-cooler 
is provided for cooling the oil. With a view of 
maintaining a high vacuum, the Parsons patent vacuum 
—— singe. ores have been fitted in this vessel. 

he starting platform and operating valves are on a 
level with the turbines, so that the engineer has a full 
view of the whole of the engine-room and auxiliaries 
under his charge, For starting, there is only one simple 
valve, The mancuvring valves—i.e., one for the 
low-pressure ahead and the other for the astern—are 
combined, and operated by one handle. The starting 
gear is arranged so that these valves are. practically 

orizontal., 





TURBINE STEAMERS FOR THE 
MEDITERRANEAN. 

THERE was launched on Tuesday, the 28th inst. , 
from the works of the Fairfield Shipbuilding and 
Engineering Company, Limited, at Glasgow, the first 
of two hig —— turbine steamers being built for 
the Egyptian Mail Steamship Company, and intended 
to inaugurate, in the late autumn, a new express 
service between Marseilles and Alexandria, in order 
to assist the further developinent of Egypt as a health 
and twurist resort. Aleodiy many of the. East-bound 
ocean steamers take passengers to the land of the 
Pharoahs, and the P. and ©. mail express steamers 
Isis and Osiris, running between Brindisi and Egypt, 
have done much to develop this traffic. But the new 
vessels, with their speed of 21 knots, and with the 
very splendid accommodation provided, must. still 
further influence the favour with which Egypt is 
regarded as a winter resort. These new ships, named 
Heliopolis and Cairo, are of great size, equalling the 
largest of Atlantic liners of a few years ago. Their 
length over all is 545 ft.; their breadth, 60 ft. 3 in.; 
and their depth, from keel to shelter deck, 38 ft. The 
tonnage is 12,000 tons. The machinery, which is of 
fhe Parsons turbine type, will develop 18,000 horse. 





power when three turbines and three ag: are 
running at 340 revolutions per minute. 

ive the speed of 21 knots already referred to. The 
full is divided by water-tight bulkheads into ten com- 
partments, there are seven decks. As indicative 
of the provision made for passengers, it may be stated 
that the dining-saloon occupies the full width of. the 
ship, and is 77 ft. in length. The design is of the 
Georgian as and seating accommodation is to be 
provided for 266 persons, all at small tables. The 
smoking-room is 50 ft, by 40ft., and will have seats for 
107, passengers in nooks, alcoves, and corners. It is 
to be finished in oak in the Queen Anne style. The 
music-room is 45 ft.. by 20ft., and here the style 
of decoration is to be of the Louis XVI. period. The 
café is 63 ft. by 40 ft., with seating accommodation 
for eighty-five persons,.and will be in the Regency 
style. There are numerous other public rooms, and 
these, along with the-cabins-:and other conveniences, 
promise to signalise the highest excellence achieved in 
naval architecture. 








THE LAUNCH OF THE FRENCH 
BATTLESHIP “ VERITE.” 

Tue Société Anonyme des Chantiers et Ateliers de 
la Gironde, La Bastide-Bordeaux, launched in the pre- 
sence of the Minister of Marine on Tuesday last, the 
28th inst., at 6.30a.m., from their yard situated on 
the right bank of the River Garonne, the battleship 
Vérité, the principal dimensions of which are :— 


Length between perpen- ‘ 
diculars ... as -- 133.8 m. (439 ft.) 
Mainbreadth _... 24.25 ,, (79 ft. 6 in.) 

Depth amidships ... 12.55 ,, (41 ft.) 
Draught : 
Forward ... tes ed 7.98 ,, (26 ft. 2 in.) 
Amidships 8.20 ,, (26 ,,11,, ) 


Aft fst ae _ 8.42 ,, oe a 
Area of amidship section 179.75.sq. m. (1932 sq. ft.) 
Displacement... ed 14,870 tons 

The sister-ships of the Vérité are the Démocratie, 
in course of completion at Brest dockyard; the 
Justice, ordered from the Forges et Chantiers de la 
Méditerranée, La Seyne; and the Liberté, in course 
of completion with the Chantier et Ateliers de St. 
Nazaire. The four ships were included in the French 
Navy programme for 1900; they were put down in 
1902, but their construction was suspended during 
several months, under the Pelletan Ministry, with a 
view to cut down expenses, and to devote all available 
funds and all the industrial facilities of the nation to 
the construction of smaller craft and submarine boats. 
The submarine craze is, therefore, largely responsible 
for the time taken in placing the four above-men- 
tioned units on the list of ships available for active 
service. : 

The interesting feature in the operation which took 
place on Tuesday at Bordeaux is the fact that the 
Vérité was anal 90 per cent. completed, with her 
engines and boilers mounted ready, her side and deck 
armour and her turrets fitted and in place. In one 
month from now she is to be inspected by the Admi- 
ralty Commission ; she will then proceed to Brest 
under steam for her official trial-runs. Her launching 
weight is 12,500 tons ; this, we believe, is the heaviest 
weight ever launched, In this the hull and armour 
enter for about 5000 tons each, and the engines and 
boilers for about 1000 tons. The time occupied by the 
vessel while gliding down the launching ways was 
about 50 seconds. . 

Owing to the local conditions of ‘the river and to 
the absence of a dry dock in connection with their 
ante the Chantiers de Ja Gironde have invariably 

unched their ships almost completely finished. But 
the Vérité is the largest they have built and so 
launched, and will be the last they will build under 
similar conditions, They have recently laid the keel 
of the Vergniaud, one of the six 18,350-ton turbine, 
22,500 horse-power, 19-knot battleships of the 1906 
—— and have in course of construction a dry 

ock in which to complete this ship, and all others 
they will build in the fotare. The Vérité was built 
on a slipway served by two 60-ton steam travellers, 
26.6 metres (87 ft. 3 in.) high and 30.5 metres (100 ft.) 
wide, which ran over the whole length. 

Among their contributions to the larger fighting 
units of the French Navy, we may mention the 
armoured cruiser Kléber, 7700 tons ; the cruiser Protet, 
4114 tons ; the torpedo-boat-carrying cruiser Foudre, 
6090 tons ; the cruisers Infernet, Chanzy, and a. large 
number of torpedo-boats and ships for the merchant 
service. 

The engines of the Vérité, built by Messrs. Schneider 
and Co. at their Creusot Works, are vertical, three- 
cylinder compound, three in number, each driving a 
propeller. -They are mounted in three compartments, 
separated from each other by longitudinal water-tight 
bulkheads. They develop, including the accessory 
engines and feed-pumps, a total of 18,000 horse-power 
at 110 revolutions. Steam distribution is by Stephen- 
son link motion and cylindrical valves :— 


is is to} 





Diameter of high-pressure 
cylinder .: 


=f ye B ed 0.860 m. (33}% in.) 
Diameter'of intermediate 


cylinder ... jew a 1.240 ,, (49 in.) 
Diameter of low-pressure 

cylinder ... on ood 1.920 ,, (76 ,, ) 
Stroke 1.150 ;, (453° ) 


The boilers are of the Belleville type, and ars 
twenty-two in number, their principal characteristics 


being :— 
Pressure ...  ...__ ... 21 atm. (308 Ib. p. sq. in.) 
Number of stokeholds ... 5 
Total grate area ... ..-. 127 sq. m. ( 1,365 sq. ft.) 
Total wetted heating sur- 
ace at 1 * » (38,700 ,, ) 


The three propellers are four-bladed ; the central 
and starboard propellers are left-handed, and the port 
one is right-handed. ‘The central propeller is 4.8 metres 


(15 ft. 9 in.) in diameter, and the two lateral ones 
5 metres (16 ft. 5 in.). The contract speed for the 
ship is 18 knots. 


er armament is to consist of four 305-millimetre 
(12-in.) guns, mounted in two gest armoured 
turrets on the centre line of the ship, one forward and 
one aft; ten 194-millimetre (7.63-in.) guns, six of 
which are mounted in six armoured turrets for broad- 
side firing, and four in four armoured “‘ blockhaus ;” 
thirteen 65-millimetre (2.56-in.) quick-firing guns dis- 
tributed over the ’tween deck ; and ten 47-millimetre 
(1.85-in.) quick-firing guns on the bridges and in the 


fighting tops. There are, besides, two submarine tor- 
pede - launching tubes for 450-millimetre (17.71-in.) 
torpedoes. The armament will include also six auto- 


mobile and twenty automatic mechanical torpedoes, 

She is protected by belt armour formed of cemented 
steel plates 280 millimetres (11 in.) thick at the centre, 
tapering down to 180 millimetres (7 in.) at both ends 
of the ship; also by an upper armoured deck of special 
steel plates 54 millimetres (24 in.) thick, and by a 
lower armoured deck, the horizontal plates of which 
are 51 millimetres (2 in.) thick, and those on the slant 
70 millimetres (2? in.). The armour of the rotating 
turrets for the 305-millimetre (12-in.) guns is 280 milli- 
metres (11 in.) thick, formed of cemented steel plates ; 
the 194-millimetre (7.63-in.) guns are protected by 
plates of the same quality, 200 millimetres (7.87 in.) in 
thickness ; the “‘blockhaus” plates are 300 millimetres 
(11.81 in.) thick. 








German Torrepo-Boats.—A series of German tor- 
pedo-boats. G 132 to G137, is now completed. These 
torpedo-boats have a displacement of 440 tons each and 
steam at the rate of 27 knots per hour; one of them even 
exceeded 28 knots per hour on her trial trips. A new 
series of German torpedo-boats is contemplated with a 
prescribed speed of 30 knots per hour. 


Evropgan Navat Constructrion.—During the five 
years ending with 1906 inclusive Italy launched four 
ships, with an aggregate displacement of 45,300 tons ; 
Austria, five, with an aggregate displacement of 47,000 
tons; France, 10, with an aggregate displacement of 
124,854 tons; Germany, 16, with an aggregate displace- 
ment of 201,200 tons; and Great Britain 35, with an 
aggregate displacement of 466,650 tons. It will thus 
appear that during the five years Germany, Austria, 

rance, and Italy increased their fleets to the extent of 
419,294 tons, while Great Britain alone constructed in 
the same period new ships with an aggregate displace- 
ment of 466,650 tons. 





British Frre-PrRevENTION Commitrer’s TestTs.—A 
test of the fire-resisting qualities of a floor of reinforced 
concrete on the Herbst ‘‘:Armocrete” tubular system 
forms the subject of Red-Book No. 119, issued by the 
British Fire-Prevention Committee. This system of 
flooring has several points to,.commend it. It | be 
erected without centering, and is light and strong. It is 
made up of webs and of hollow moulded blocks, concrete 
being laid over the whole. The webs are {-shaped, 9} in. 
deep, and 3 in. wide on the soffit, and 14 in. thick 2 in. 
above the soffit. These are placed across the room at dis- 
tances of 11 in. centre to centre. These webs are made 
of concrete of 1 part cement, 2 parts g-in. shingle, and 
1 part sand. In the webs are embedded wrought-iron 
corrugated bars. The space between the webs 1s filled 
with tubes composed of 1 cement, 5 sand, and 7.5 coke 
breeze. A rebate on each side of these tube-blocks corres- 
ponds with those of the webs. Above thisis filled in con- 
crete toa depth of 14 in., well rammed. The soffit is 
rendered with plaster, with a setting coat of a. Such 
a floor was put up for test purposes and loaded with a 
distributed Toad of 2801b. per square foot. Gas was 
kept alight for four hours, after which water was 4)- 

lied. On lighting the gas the finishing coat of sirapite 
Feil at once; after 30 minutes the plaster was spotte 
with black spots, which, after 80 minutes, began to dis 
appear. Subsequently a small patch of plaster fell, and 
four transverse cracks gradually developed on the soffit. 
At the end of the test six small patches of rendering had 
fallen, exposing the soffit of the hollow tubes—but nowhere 
exceeded 6 in. square—and several transverse cracks. om 
the outside several transverse cracks were also visible. 
The floor was 10 ft. 3in. by 22 ft. 5 in. between supports, 
and a ent set of {, in. in the centre was recorded 
after the test. The greatest deflection measured was 0.6 in. 
at the moment the gas was turned out, while the greatest 
temperature recorded was 2080 deg. Fahr. 
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We illustrate above a form of dynamometer which | 
has been designed to supersede the unreliable and 


crude brakes of the Prony type, and at the same 
time to avoid the necessity of external appliances, and 
consequent complications of calibration associated 
with electrical and other forms of absorption brakes. 
As regards electrical testing sets, those most exten- 
sively in use require external resistances, volt and 
immeters, &c., for the proper adjustment and reading 
of the load, and all types are liable to damage and 
deterioration of armature windings, brushes, &c. Cor- 
rection also has in some cases to be made for heat 
—_ and the efficiency of the machine at various 
oads, 


In the form of brake illustrated there is no part 


liable to injury through neglect or rough usage, and the 
only external fittings required are flexible pipes for 
water supply, and as 


ing-balance. Further, all the 





work given to the 


e is definitely recorded, and no 


? 


O 


: 





wey 


losses have to be reckoued. The principle employed 
is that of skin friction between plates and moving 
water. ; ; 
The apparatus consists of a cast-iron casing carrying 
long trunnions, supported on friction discs or ball- 
bearings, about which the casing is free to rotate 
within limits. It is shown in perspective in Fig. 1, 
and in vertical section and side elevation in Figs. 2 
and 3 respectively. An arm, which is attached to the 
casing and projects to a fixed distance from the centre, 
carries a spring-balance to register the turning effurt 
of the casing. The shaft runs in bronze bushes in the 
trunnions, and carries one or more smooth discs of 
steel plate, of a diameter sufficient to occupy nearly 
the full diameter of the interior of the casing, there 
being placed between each pair of plates a rin 
similar plate fixed in the joint of the casing. The 
fixed and revolving discs are separa never 
come into contact. The brake is partially filled with 


of 

















Fig. 1. 

water, and on the discs rotating, the water is carried 
out to their extreme edges, rotating with the discs, 
but at a slower speed. 

The energy of the motor under test is entirely dissi- 
pated by the friction of the fluid against the fixed and 
moving plates. The moment of this force tends to 
rotate the casing about the trunnions, the effort being 
measured by the spring-balance fixed to the arm. It 
is evident that any friction of the water or the shaft- 
bearings is duly shown on the spring-balance, and the 
readings, therefore, always give a true record of the 
work given to the brake. 

The water is introduced at the centre of the casing, 
through a regulating cock, and drawn off at the rim. 
The quantity of water is adjusted, when the brake is 
in use, by a tube which may be set to project inwards 
to any point towards the centre of the shaft. The 
water inside this radius is discharged by centrifugal 
force, thus regulating the depth of the ring of fluid 
round the periphery of the discs. With a given quan- 
tity of water in the casing, and at all but the very 
lowest speed, the torque on the casing bears a fixed 
relation to the speed of rotation of.the shaft, so that 
by increasing or reducing the water contents any 
conditions of torque and speed can be obtained. The 
adjustments are made, while running, with ease and 
certainty, and prolonged runs at any load may be 
made without attention to the brake, a constant flow 
of water being adjusted, whereby the heat generated is 
carried off. The load is remarkably constant, and the 
brake tends to keep the speed perfectly steady, as, 
since the resistance varies rapidly with any change in 
speed, moderate variations in driving power have fit le 
effect in altering the rate of revolution. 

This brake, it will be seen, is specially suitable 
for the testing of petrol-motors and the like, but its 
uses extend to the testing of motors of all classes. 
It is self-contained and independent, and may be made 
portable and be used anywhere, provided only that a 
supply of water is available. For runs of short dura- 
tion continuous circulation of water is not required. 

One convenient size of brake is suitable for any 
speeds between 300 and 1200 revolutions per minute, 
for maximum torques representing 12 and 50 brake 
horse-power respectively. This, however, is only 
one of a large range of types, suitable for any desired 
— of speeds and loads. By changing the number 
of discs, brakes for any required power can be readily 
built up. 

The em is made by Mr. Peter Brotherhood, Belve- 
dere-road, Westminster Bridge, 8.W. 





INDUSTRIAL NOTES. 

Tue Emigrants’ Information Office was established 
to ev reliable information to work people emigrating 
to British colonies. At its institution there was a 

ter demand for labour than now, free grants of 
fand being offered as an inducement to suitable Ds 
seeking a home in the colonies. To some extent this 
has changed, and organised labour in many colonies is 
rather averse than otherwise to wholesale immigration 
into its midst. Indeed, in some colonies difficulties 
are put in the way of those who immigrate, on the 











724 








ENGINEERING. 


[May 31, 1909. 











ground that some of them may be “ undesirables.” The 
Emigrants’ Information Office is supposed to be quite 
impartial es regards labour disputes, but it does not 
knowingly encourage “‘ strike-breakers” to emigrate in 
cases of dispute, Persons had to apply to the office 

rzonally or by letter’ for the information desired. 

he Labour Gazette for this month, however, extends 
its usefulaess by giving a monthly report, compiled by 
the office, of the latest news, official and otherwise, so 
that all the labour world may obtain information about 
emigration. In this first report it is stated that there 
is a demand for thousands of men in Canada, especially 
for railway workers of all kinds, more particularly 
men who can work at railway construction. Agricul- 
tural labourers are also in demand in all parts of 
Canada. The building trades and various manufac- 
turers are very busy, In Nova Scotia the coal-miners 
are on strike. In Australia generally there is room 
for emigrants. New South Wales gives assisted pas- 
sages in certain cases, There is a good demand for 
agricultural labour ; good carpenters and bricklayers 
can find work, but no miners are wanted in Victoria. 
The latter are needed in South Australia. Free 
or assisted passages are given to Queensland and 
Western Australia, and in the latter free grants of 
land. New Zealand also can find room for various 
workers. No encouragement is given to emigrate to 
South Africa at the present time. 





The procession of Woolwich workers, discharged and 
otherwise, was, no doubt, a great success both in 
numbers and conduct. The King accepted the petition 
through the Home Secretary, and through him ex- 
pressed his sympathy with the men, and his desire to 
mitigate the severity of the discharges as far as the 
public service would permit. It is quite a new thing 
for labour to appeal personally to the Sovereign, and 
from a constitutional point of view it was a doubtful 
procedure. But extreme cases require exceptional 
treatment, and in this case it wai thought that the 
end aimed at justified the meaner. The leaders com- 
plain that while Woolwich suffers, private contractors 
are busy with Government work. What is — 
wanted is better organisation at the Arsenal], the ship- 
yards, and other Government works. Instead of a 
mad rush in emergencies, with excessive overtime, let 
the men work only 48 hours per week, which they 
clamoured for, and no more, When the outcry was 
raised in the winter of 1886-87, a return was asked for, 
and obtained, of the overtime worked at the Arsenal 
and at Enfield, and it was found that millions of hours 
overtime had been worked quite recently in those 
establishments, and yet discharges were made. The 
War Office officials at that time declared that it was 
the men who pressed to be allowed to work overtime ; 
the officials at these establishments did not want it, 
nor did the War Office. The Labour member who 
moved for that return was abused by the men for his 
interference, and yet he did it at the request of the 
officials of the trade unions whose members were 
affected. A short day, with plenty of overtime, is an 
anomaly, costly to the employer, ard of little per- 
manent value to the workers. 





The Report of the Departmental Committee ap- 
pointed by the Home Secretary ‘‘to inquire into the 
probable economic effect of a limit of eight hours to 
the working day of coalminers upon production, 
wages, employment, the export trade, and other 
British industries which might be affected, and also 
into the probable effect upon the health of the miners,” 
is a most disappointing document to. all concerned. 
It favours no measure, nor does it condemn the Bill 
before the House. The average time from bank to 
bank of underground workers is said to be 9 hours 
3 minutes. In Durham, 6 hours 49 minutes; in Mon- 
mouth, 9 hours 57 minutes. In other districts the 
hours vary between the lowest and the highest. 
Allowing for holidays, short days, and temporary 
stoppages, the average time worked is 49 hours 
53 minutes. We deal at greater length with this 
subject in a leading article. 





The Co-Operative Congress held in Preston last week 
was the largest of the whole annual series, over 1000 
delegates being present from all parts of the United 
Kingdom, an —— delegations from Germany, 
France, Austria, Belgium, Denmark, and Switzer- 
land. There were also delegations from the Parlia- 
mentary Committee representing trade unions, from 
the National Union of Teachers and other bodies. 
The great success of the movement is shown by the 
stupendous figures given in the reports. The total 
number of societies in 1906 was 1588; members, 
2,332,754 ; share capital, 30,257,809/.; sales in the 
year, 97,993,757/. ; net profits, 10,974,995/. Though 
the congress only sat three days, it got through an 
agenda of 340 pages; but, then, the congress met for 
business, not mere talk, as it was reminded by some 
of the impatient delegates. It was noticeable that the 
old idea of co-operation was emphasised by many 
speakers—the movement was not one merely for 








creating and distributing profits, but to aid the masses 
of the people in their struggle for life. ing 
upon this side of the question sweating was condemn 
by resolution, and another resolution was carried 
condemning any trading with any firm which did not 
pay the trade-union rate of wages. The employés 
of the movement are encouraged to unite, and their 
proceedings are reported in the official organ. The 
congress also resolved to fix a minimum rate of wages 
for male and female employés. 





The results of the Austrian elections come as a 
surprise. While in Germany at the late elections the 
Socialists suffered severe defeats, in Austria they have 
won largely. Already they have secured eighty seats, 
and the contests are not all over, as Galicia has yet to 
be polled. Out of six seats in Vienna the Christian 
Socialists have won two, and the Social Democrats 
two, the other two being German Radicals. Trieste, 
the only Austrian harbour town, is represented by four 
Socialists. In one case, that of Herr Schneider, a 
Christian Socialist and anti-Semite, was defeated by 
a Social Democrat. The results are significant, for it 
showe that labour movements on the Continent are 
very much alive, as well as in Britain and America. 
It is not easy to define the exact attitude on industrial 
questions re by the Austrian Socialists ; possibly it 
is after the German type; but it is not the same as in 
England—they do not want the State to do every- 
thing, they have too much State interference already. 
In these Continental contests it is interesting to 
speculate upon their ultimate effect upon British 
trade, industry, and commerce. If wages advance, 
and the hours of labour are reduced, and the con- 
ditions of employment are improved, the competition 
of foreign-made goods with those of British make 
will be less keen, as the conditions of manufacture will 
be more nearly equalised. From this point of view 
we may congratulate ourselves. Austria is far behind 
other Kuropean states as regards labour legislation and 
rates of wages; behind also, indeed, Hungary—its 
sister State. Austria proper was never a very keen 
competitor in the markets of the world; in this respect, 
also, she is behind Hungary. 





Most of the great Orders of Friendly Societies held 
their annual conferences last week in various towns 
convenient to the several lodges of each order. Prob- 
ably Whitsuntide was chosen as affording a con- 
venient time of year, with the possibility of favourable 
weather. This year, in most places, it was icily cold. 
The gatherings were too numerous for any details to 
be given here ; therefore only a few salient points can 
be dealt with. Generally the reports indicated pro- 

ress in numbers and funds, but there seems to have 
na laggardness in new admissions, owing to various 
causes. ‘The competitors were trade unions, sharing 
clubs, and societies in connection with large firms or 
companies. In complaining of these competitors in 
one large gathering, the delegates resented the allu- 
sions to trade unions, especially as regards the separa- 
tion of the friendly society benefits from trade benefits. 
As regards superannuation, or old-age pensions, there 
is little unanimity in the great orders. Some urge an 
old-age pension scheme, others oppose it. It is the 
duty of the State say some. In any case, the great 
orders are not likely to adopt provision for old age 
as one of the benefits. Some urge that the State 
should subsidise the friendly societies—why not? 
There are many millions of members who have done 
something in the way of provision for the future, why 
not help such in their old age’? State help to self-help 
isa good principle. Besides which it wou!d encourage 
thrift. 


Rand labour troubles appear to have begun in 
solemn earnest. The strike, at first on a small scale, 
has spread in all directions, until it is in a limited 
sense a general strike. It is the ‘“‘ whites” who are 
now at war with the mine magnates; it is a revolt 
against the conditions of employment. The men allege 
that the decision of the mineowners, that each man 
shall superintend three machines instead of two, is 
designed sti)l further to limit the employment of white 
labour ; extra work and greater responsibility without 
additional pay. The men seem to love some kind of 
organisation, but it is of recent growth, and with in- 
sufficient funds for such a contest. Unfortunately, 
blood has already been spilt, though there is no men- 
tion’ of loss of life. The interference with the strikers 
was due to the fact that they held meetings within the 
sean area of 300 yards of the mine buildings, 

ut the men allege that they were at the time simply 
awaiting the reply to adeputation. Of course, inquiry 
will be made into the facts of the case. It is a bad 
beginning in the Transvaal, under the new Govern- 
ment. It is to be hoped that some modus vivendi will 
be found to end the strife. 





Business generally was slack in the iron and steel 
trades during Whitsun week. Some of the works 





resumed in the middle of the week; others, where 
orders were not pressing, remained idle the whu! 
week. There are no stocks of either pig or finish. 
iron, the whole output going into consumption. Pri 
generally continued firm, especially for best finish: 
iron. Constructive engineers and wagon-builders have 
secured good contracts in the Midlands, and makers of 
finished iron expect an advance. In the engineering 
trades the proportion of unemployed in all districts of 
the United Kingdom, inall b:anches, was only 2 8 per 
cent. ; previous month, 2.9; a year ago, 2.7 per cent. 
The highest proportion was on the North-East Coast — 
4.3 percent.; Glasgow, Belfast, and Dublin, 4 per cent. 
In the Manchester, Salford, and Liverpool districts 
the proportion was 2.4 per cent.; previcus month, 
3 per cent. ; a year ago, 2% percent. Ina the Oldham, 
Bolton, Blackburn, and Burnley districts the pro- 
portion was 2.1 per cent.; previous month, 25 per 
cent ; and a year ago, 2.4 percent. In the Midland 
districts the proportion was 1.9 per cent. ; previous 
month, 1.6 per cent.; a year ago, 1.8 per cent. In the 
Hull and Lincolnshire districts the proportion was 
1.4 percent. Generally, therefore, the etate of em- 
ployment in the engineering trades was favourable ; a 
slight advance in activity would render all the en- 
gineering branches brisk. In the shipbuilding trades 
the proportion of unemployed was higher—6.6 per cent. 
—covering all the ports in the United Kingdom. In the 
Bristol Channel ports it was 19 per cent.; on the 
Mersey, 10.3 per cent. The south coast stood lowest 
with 3.1 per cent. In other districts the proportion 
varied from 3.8 per cent. on the Humber to 9.4 per 
cent. on the Thames and Medway. In the Royal 
dockyards employment was fairly good generally. On 
the Clyde it was good—better than a month ago. Iron 
and steel works generally were busy ; so also was the 
— industry, except for a labour dispute in one 
istrict. 


aa oD 


The Irish Trades-Union Congress held its meetings 
in Dablin last week, ths delegates being welcomed by 
the Lord Mayor. It was resolved to come into line 
with the British trade unions as regards labour repre- 
sentation, in which respect Ireland has always lagged 
behind. One Labour member was returned some years 
ago, but only sat through one Parliament. Oa the 
question of nationalising the railways there was dis- 
agreement, as it was urged that they should be con- 
trolled by the Irish. The other discussions showed no 
new phases, no new departure. 





The Northumberland Miners’ Council have decided, 
by forty-two votes to tifteen, to join the Miners’ Fede- 
ration of Great Britain. Durham alone stands out. 
The council of the latter decided against tendering 
notices to cease work on the question of forcing non- 
union men to toe the line of unionism. 





The three great governing bodies of trade-unionism 
have taken steps to limit the creation of new unions 
among labourers having the same objects as those in 
existence. It seems that municipal employés are multi- 
plying such bodies, and in some cases have been trying 
to induce old members of existing unions to join. Tne 
offer of smaller contributions is one bait; another is 
that the men employed by municipal and other public 
bodies, of all classes, should be banded together for all 
general ae ses. This the Parliamentary Committee 
of the Trades Congress, the General Federation of 
Trades, and the Labour Party regard as disloyalty to 
such unions as the Engineers, Boilermakers, Carpenters, 
and other bodies. Local trades councils are urged to 
refuse affiliation and recognition unless the new union 
is authorised and its establishment endorsed by the 
General Board. It is a delicate task, and one likely 
to be resented. 





British seamen are again agitating for an advance 
in wages, and reports state that at Cardiff they have 
secured an increase of 5s. per month. The officials 
of the National Seamen and Firemen’s Union say that 
shipowners have been enjoying a lengthy spell of 
prosperity, and now it is the seamen’s chance. 





There is a strike of miners in South Durham over 
the housing question. The men came out without the 
sanction of the union, and are getting no strike pay. 
The owners dispute the men’s claim, and have very 
fairly offered to refer the matter to the joint com 
mittee of the Miners’ Association and Coalowners 
Association. 





The ballot of cotton-spinnuers on the question o! 
wages will be the largest of the kind ever known. 
The area covered embraces the whole of Lancashire, 
Yorkshire, Cheshire, and Derbyshire, and is not limited 
to the area covered by the Employers’ Federation. 
The whole of the operatives in all the districts are 
involved, so that the decision will be a memorable one. 
The votes are returnable to-day, Friday, May 31. 
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TOKIO HARBOUR. 


Tuosr who have taken an interest in engineering 
affairs in Japan know that, for at least thirty-five years, 
proposals have from time to time been discussed for con- 
structing @ harbour for Tokio which would be adequate 
for the demands of modern commerce and industry. 
We have mentioned some of these proposals as they 
were made, but they never got beyond the region of 
paper and of talk. The difficulties were not only of 
an engineering but also of a financial nature. Sub- 
stantial agreement with regard to the methods of over- 
coming the former, however, now seems to have been 
arrived at, probably on account of the increased ex- 
perience of the promoters ; and the financial difficulties 
are to be met by having recourse to a aor loan, and 
plans have been devised which will provide funds for 
the payment of interest and the formation of a sufficient 
sinking fund, all of which will be guaranteed jointly 
by the central Government, the city of Tokio, and 
private capitalists. The total outlay is put at 
35,600,000 yen (1 yen is about equal to 2s.), of which 
amount 29,700,000 yen is proposed to be spent, chiefly 
on land reclamation, the sale of the reclaimed land 
being reckoned on to produce means of repaying the 
outlay. Many people in this country will therefore be 
interested in the scheme, both from an engineering and 
a financial point of view. 

A glance at a map of Japan would seem to show 
that the Bay of Tokio was an immense natural har- 
bour, but, unfortunately, a great part of it is very 
shallow, as for ages the waters of the Sumida River 
have deposited the débris of the hills along its shores, 
and therefore it can only be used for small craft. 
This, in fact, accounts for the existence of Yoko- 
hama, about 18 miles distant, which, on the advent of 
foreigners, was only a small fishing village. Up till 
now Yokohama has, for all practical purposes, been 
the port of Tokio, and the first railway constructed in 
Japan was between Yokohama and Tokio; but it has 
always been looked upon as a temporary expedient. 
Four schemes have been considered by the committee, 
which for some time has been investigating the 
subject. One contemplates pushing the foreshore 
right out beyond the Shinagawa forts, so that the 
whole of the Shibaura region would be reclaimed. 
But this is open to the shjestion that the land ob- 
tained would be comparatively small in area, and 
that the harbour would be far from the city. 

The second plan would make the centre of the 
harbour near the mouth of the Sumida River, at 
Tsukishima, the embouchure of the river being 
deflected to the east, and the Shibaura foreshore 
being reclaimed. This would necessitate the déflection 
of the Sumida being put in the forefront of the under- 
taking, and there would result a very heavy initial 
outlay without any compensating return. The third 
plan is to dredge the mouth of the Sumida and make 
the harbour there at once; but this is obviously a 
defective idea, as it does not provide sufficiently 
against the constant silting-up of the embouchure. 


The fourth plan is that proposed by Professor | q 


Furnichi, and it is the one which has been approved. 
We gather that its main feature is the construction of 
a big canal, having its mouth at a point 1200 yards to 
the north of the Hanada Lighthouse. Shibaura would 
thus be the actual site of the harbour, and vessels 
would enter through a canal 12,000 yards long, and 
having a depth of 30 ft. at low water. The harbour 
would have an area of 410,000 tsubo (342 acres), and 
a depth of 33 ft. in the deepest part at low water. 
Its circumference would be 10,040 yards, ot which 
8200 yards could be used for berthiog ships. It is 
expected that these arrangements would be sufficient 
to meet the demands of the trade of the city for many 
a day to come. 








Coat tn Germany.—-The demand for coal continues 
active and pressing in Germany. Stocks are exhausted, 
and industrials have to pay. very high prices in order to 


~<—_ the combustible indispensably required for their 
works, 





_Canapian Pipinc.—The Canadian Iron and Foundr 

Company, Limited, whose head offices are at Montrea’ 

is building a large pipe-foundry at Fort William, On- 
tario. The plant is beiog constructed on a new plan, 
which provides for a system of continuous operation, and 
which will have a capacity of from 75 to 150 tons per day, 
according to the number of hours run and the sizo of 
pipe cast. Besides the pipe works a large general foundry 
and car-wheel shop is being built, together with a ma- 
chine-shop of corresponding capacity. The plant will be 
worked by electric current obtained from ahe' 
Falls, The electric installation will include a three-phase 


69-cycle 550-volt generator, which will work the ordinary 
‘motors; the crane equipment and ial motors will be 
driven. by 220-volt direct-current from the plant sub- 


station, where two motor-generator sets will be installed. 
The pipe foundry will be supplied with two quick-travel 
Niles cranes of 10 tons ee each, while the machine- 
ry will have two 25-ton Niles 
for moderate speed and pro- 
hoists, 


shop and gray-iron fou 
cranes, 50 ft. span, 
vided with 5-ton auxiliary 


ka | by pouring it into water, and, 





THE AGEING OF MILD STEEL.* 
By C. E. Srromeyer, Manchester. 


Wuey, in 1835, I experimented on the effect which was 
produced in steel by working it at a b!ue heat, it was 
expected that this wrong treatment in the workshops 
would explain many mysterious failures; but I soon 
went through an experience which left no doubt that 
brittleness could be produced by other causes. In 1889, 
while engaged in testing steel at some German works, I 
wished to experiment on some basic steel, and, not with- 
out some trouble, the penngee finally consented to roll a 
plate out of one of their basic Bessemer ingots. Two 
strips were at once sheared from this plate ; one was bent 
cold, and the other after tempering. The results were 
satisfactory, being. in agreement with those for the other 
steels with which [ was then dealing. The plate was there- 
fore duly marked off and sheared. into strips, and a few 
days later a series of tests were commenced, which are 
detailed in Appendix II. They were to have demonstrated 
whether or not the quality was uniform and trustworthy 
under punching, bending, and other tests. To my sur- 
prise, the earlier results were reversed, and all the samples 
proved to be brittle, no matter from what part of the plate 
they were taken, or, rather, each strip now seemed to con- 
tain brittle zones extending about 4in. from the sheared 
edges, more especially No. 014. e centres of the test- 
pieces, being still tough, bent fairly well. Further samples, 
which were tested six weeks later, were quite brittle. 

The idea that steel might go through an ageing process 
was scouted by all to whom I mentioned it, but experi- 
ences accumulated which strengthened my belief in this 
possibility. Amonst these I may mention that a boiler- 
maker bought an old boiler which he had built years ago, 
and of which he knew for certain that the furnaces were 
of Low Moor iron. He hoped that this material, which 
was still in segue, might come in useful for repair jobs, 
but, very much to his disappointment, this iron bad lost 
its exce saan Geeeees it was not exactly brittle, but 
tended towards red-shortneses and cold-shortness. This 
result is confirmed by a sample (see Appendix III.) from 
an iron boiler fifty years old. This change might have 
been brought about y contact with the furnace gases, 
more particularly by the sulphurous fumes. Therefore, 
on again visiting some steel works, I tied together about 
half-a-dozen sets of samples, including both the mildest 
and hardest qualities of boiler steel, and exposed them to 
hot gases. One parcel was suspended inside a boiler, two 
others in various parts of boiler flues, two in the flues of 
a puddling furnace—one was exposed to the atmosphere, 
and one was tested at once by alternate bending. The 
others were tested in thesame way, but about two months 
later. However, there was no marked deterioration in 
any one lot. Time, therefore, and not noxious gases, 
seemed to be the determining factor. 

About this time several old wooden armour-clads were 
being dismantled in the Victoria Docks, and much to my 
surprise the iron armour-plates were being broken up like 
cast iron, or rather like stone flags under a falling weight. 
Judging by the severity of the original Admiralty tests 
on iron armour-plates, one could not help feeling that 
here, too, an ageing effect had taken place. 

My attention was also drawn to the tendency of solid- 
drawn brass tubes to grow brittle and split lengthways ; 
and recently C. Deigelt has aleo drawn attention to this 
defect, but without suggesting a cause, though this is 
generally believed to be an insufficient reduction in the 
rawing process. 

The very opposite effects have also been noticed. Man- 
ganese steel, like pitch, lowers its elastic limit after 
straining, helical springs sometimes lose their elasticity, 
and vani steel wire sometimes loses part of its 
tenacity. According to Sheffield steel-makers, whose 
traditions reach back a few generations, steel pe by 
keeping, even as regards forging qualities, while spring 
and instrument makers prefer to use steel which has been 
stocked for a long time. No reason has been assigned for 
these beneficial changes; but there does seem to be a 
possibility of a difference of behaviour between steel 
which has been allowed to cool before re-heating and 
rolling, and another lot which has been placed in a soak- 
ing-pit and has never entirely lost its casting heat. The 
molecular changes which take place during cooling and 
re-heating may certainly be expected to differ from those 
which take place during a single long-continued heat. 
Now, when speaking of theageing of a material, one may 
imagine that either an improvement or a deterioration is 
taking place; but much will depend on the int of 
view from which this statement is made. When thinking 
of structures or machinery, any tendency of a material to 
grow brittle would be classed as deterioration 
of elasticity or increased plasticity would, within limits, 
be deemed an improvement. On the other hand, when 
thinking of an elastic spring, loss of elasticity and a ten- 
dency to become plastic would be looked upon as deterio- 
ration, It may therefore be as well to view the changes 
which can be effected by time merély as an ageing process, 
without seriously qualifying its relation to the various pur- 
poses to which the material might be mp Then, 
several phenomena which occur in physics and in chemistry 
will appear to throw some light on this subject. It is, 
for instance, well known that sulphur can be made elastic 
ing to a recent ex- 
apa it can even be converted into a fluid substance 
y pouring it, when molten, into an intensely cold liquid. 
Both forms of sulphur, however, become brittle if left to 
themselves. Possibly, but this has not been established, 
brittleness has to be initiated either by the introduction 

* Paper read before the Iron. and Steel Institute, 
May 10, 1907. 

+ Ver.d Vereines zur Beforderung des Gewerbfleisses, 
Berlin, 1906, page 177. 
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of a crystal or by application of a stress, like the applica- 
tion of a shearing stress to the edges of the steel plates, 


as mentioned above. 

Related phenomena arc crystallisation of su turated 
solutions of salts, notably sulphate of soda. ‘The solution 
is a perfectly homogeneous one, but on introducing a 
crystal, and thereby relieving or initiating a strain in the 
tluid, sudden segregation of tof the salt takes place. 
The well-known sudden solidification of molten phos- 
phorus is a similar phenomena. The slow changes which 
take place in solutions of carbonate of soda are analogous 
to some eutectic phenomena in solid metals, and may help 
to an understanding of this difficult subject of ageing. 
At 10 deg. Cent. 100 grammes of water will dissolve 37 
grammes of sodium carbonate, provided it is associated 
with seven equivalents of water, and has crystallised in 
rhombohedric form. Another salt, also containing seven 
equivalents of water, but of rhombic form, will, at sf) deg. 
Cent., only dissolve at the rate of 26.3: 100 of water. A dis- 
tinct ageing effect can here be noticed, for apparently the 
former of these salts, although dissolved, slowly changes 
into the latter form; and if there is more than 26.3 per 
cent. present, slow precipitation of the surplus salt takes 
place. The seven-equivalent rhombic salt while in eolu- 
tion can also associate itself with another 3 per cent. of 
water, whereby it converts itself into a salt, of which at 
10 deg. Cent. only 126 parts can be | ssolved by 100 of 
water. Thus, slowly and without apparent cause, soda 
segregates or crystallises out of a solution which was 
certainly not supersaturated. Here we have a case in 
which time alone produces changes in the constituents 
of a fluid, which, if it were a solid, would become evident 
under the microscope as changes of structure. 

Similar solution phenomena have been detected with 
regard to bromine, calcium chloride, chromate and su!- 
phate, cadmium chloride, cerium sulphate, cobalt iodate, 
magnesium sulphate, sodium carbonate, sodium sulphate, 
nickel iodate, zinc chloride, and zinc sulphate. ‘here 
are certain substances—for instance, silicas and stannic 
oxide—which, when once precipitated, will not re dissolve 
even when the water is boiled. Such processes may pos- 
sibly lie at the root of some strange experiences that steel 
improves with age. 

_ Mild steel being now recognised asa complex solid solu- 
tion of ferrite, pearlite, and other compounds, which may 
adulterated with phosphorus, sulphur, &c., and are 
capable of undergoing slow molecular changes, should nct 
be treated, as in the past, as being absolutely stable at 
ordinary temperatures, more especially as there can be ro 
doubt that severe stresses produce continuous changes of 
shape. Thus armour-plates emit singing noises for a lon 
time after they have been fired at, and sometimes evacks 
spontaneously when left to themselves. Shells for guns 
used to crack months after they were hardened. Many 
flanged boiler-plates have cracked while lying idle ; test- 
ieces not infrequently crack long after they have been 
mt. Probably the best illustration of ageing is given 
by mild steel, which has been bent at a blue heat. This 
subject will be referred to later, but it may here be men- 
tioned that, at a blue heat, mild steel ,’; in. thick can bs 
bent about two to five times through an angle of 45 deg. 
With certain qualities of steel it was found that if the 
samples were bent through a single angle of 45 deg. and 
then allowed to rest, they soon me absolutely brittle, 
and broke with a single blow of the hammer. 

Shortly after the experience referred to above with a 
basic Bessemer steel plate, my attention was drawn to 
a shell-plate of a marine boiler which had burst under 
the maker’s hydraulic test of 180 lb. per square inch, 
though designed for a preesure of 150 Ib. by the Board of 
Trade rules. I obtained a piece, as shown in Fig. 1, and 
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PLATES FEET 4/NS BY IOKINS. BY LIN. ROLLED 
TO Ye INCH THICK. 


marked ©, C. It was 5 ft. 4 in. wide, including the rivet- 
holes in the circumferential seams, 11 in. long from the 
ge oa fracture to the newly-sheared edge, and 1 in. 
thick, It was sent to Mes-rs. John Brown and Co., 
Limited, Sheffield, and rolled down to j in. thickness, and 
would now have a length of about 27 in. It was cut in 
three, and two of these strips were each sheared into 
thirteen test-strips, as shown in Fig. 2 (table below), 
The plate was turned over with each shearing, so that 
both sheared edges of each piece were turned either up or 
own. This is indicated by the dotted lines in Fig. 2. 
All the subsequent bending was done with the fins on 
the inner curvature. 





8 9-10 11--12 


Number 1—2 38—4 5-6 7- 13 
Down or up, D—U D-U | D—U D—U D—U.§ D—U 
Date . I-I H—-Wl IV—1V I-1 Il—-lI IvV—y 
Condition... F—C U—F .--A F-CO H-F — 





Number .. 14—15) 16—17 | 18—19 20-21 28-93 94—25 
Down or up D-U D-U D-U D-U D-U 
iil t—I- 


| =<03 | m<tE 


Date -. I—I1| I-IV 1i—V_ IV—ilil 
Condition... H—F C-A ..—H H-—F O—F _ 

D = bent down. 

U= ,» up. 

C= ,, at ordinary cold temperatures. 

Ii= ,, at about 212 deg. Fahr. after exposure 

to a steam . 
F= ,, after being cooled down to ahout 10 deg. 


Fahr. in a freezing mixture of salt 
and ice. 7 


Fig. 2.—Plate CC. rolled down to § in. thickness and cut up. 
The samples H were bent at 212 deg. Fahr., with a 
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view to ascertain whether the material would be more | broke in two places. No. 10 broke with a slight curvature 
brittle under steam than when cold, and the samples F | at an angle of about 20 deg.; both had been in the 
were bent while very cold, as it had been found that, at | freezing mixture. None were bent at the ordinary tem- 
any rate, bad steel is most brittle when cold. A case | perature, and those exposed to a steam blast bent double, 
bearing on this point is mentioned in Appendix V (to be | as before. ; 

published in a subsequent issue). | IT was not able to be present, about the middle of March, 


Tasie I. TasLe III.—Bending Tests: Radii in Terms of 

















O Chrome-vanadium steel, jin. thick, 1906. Plate Thickness. 
v S07 = acid open-hearth, 1906, ordinary quality, 
n. . P | | Oute 
W North British acid open-hearth, 1006, hard quality, in. ee ee | ee | cat, | ee | eee 
. | 
X North British basic open-hearth, 1906, dead soft quality, same wre > aan r cent. 
din. thick. ae cil a ae be rs | Pi 
Y North British acid open-hearth, 1906, } in. thick. 0.1 64 | 0.8 88 2 12 
Z_ North British basic open-hearth, 1906, ordinary quality. 0.2 60 | 0.9 85 2.3 10 
BB " —_ acid open-hearth, 1907, ordinary quality, } in. ' 03 56 | 1 81 2.5 8 
CK. 2. ” 
8 English acid open-hearth, }) in. thick, intended for butt pn RR tee z He é 
straps. It ke (1905) while test-strips were being 0.6 45 | 16 18 3.1 5 


sheared at boiler works. It contained much phosphorus | | 
and strong central segregations. 


A German (I.) ic open-hearth, 1892, very mild, gin. thick. : 
B German (I.) basic open-hearth, 1892, ‘celben mild, gin. TABLE 1V.—Ageing Effects on Samples whose Planed Edges 
on best poses ‘ were Nicked. Nos. 2, 11, 14, and 23. See Table XJ. 
pean a sea a psn » 1892, 30-ton steel, § in. thick. © Improved, German basic 30-ton steel. 
D German (I.) basic open-hearth, 1892, medium mild, §in. }) [mproved. German basic steel. High phosphorus. 
3 thick. Phosphorus and se above usual average. F Improved. German basic steel. Very high phosphorus. 
E — pt de pe pm Tiss tiitceadaal came in. Improved. North British acid steel. High phosphorus. 
F German (I.) basic open-hearth, 1892, medium mild, § in. X -Improved. North erhasesn namie ated. peti sean 
: = About 0.25 per cent. phosphorus and much y Nochange. North British acid steel. Ordinary quality. 
sulphur. Z . North British acid steel. Ordinary quality. 
G German (I.) acid open-hearth, 1892, ordinary quality, gin - s Ne change ais 7a y 
thick. A Deteriorated. German basic steel. Very mild. 
H German (I.) acid Bessemer, 1892, ordinary quality, § in. & Deteriorated. German basic steel. Medium. 
thick. : G  Deteriorated. German acid steel. Ordinary quality. 
J German il.) basic open-hearth, 1892, quality not stated, K  Deteriorated. German basic steel. 
§ in. thick. ‘ L Deteriorated. German basic steel. 
K ara basic open-hearth, 1892, quality not stated, N Deteriorated. British steel. Boiler shell cracked; four 
in, thick. ears old 
L —, a basic open-hearth, 1892, quality not stated, p Deteriorated. Plate from an exploded boiler. Rochester, 
in. thick. U.S.A. 
R_ Boiler shell-plate, which cracked in 1903 while being bent @ Deteriorated. Plate from a dome which burst during test. 
in boiler-maker’s roll, before planing edges. Thickness, Austria. 
Zin. North British acid open-hearth. Accidentally a § Deteriorated. English acid steel. Broke in shears. 
truck-load of phosphoric pig had been charged into the T Deteriorated. Marine boiler shell. Burst during test. 
acid open-hearth furnace. All inspector’s tests andsub- [J Deteriorated. Russian boiler. Burst when six years old. 
sequent tests were good. Phosphorus, 0.165 per cent. BB Deteriorated. English acid steel. Ordinary quality. 
T Part of a marine boiler shell-plate, 14 in. thick, which burst ————————______ — - 
in London under the hydraulic test about 1890. Details B Much worse. German basic steel. Medium quality. 
of manufacture were not obtainable. Possibly similar H Much worse. German acid Bessemer steel. 
material to CO. J Much worse. German basic steel. 
M Butt-strap of a large water suction-pipe, of which duplicate © W Much worse. North British acid steel. Hard quality. 
burst while at work. Believed to be basic Bessemer steel Y Much worse. North British acid steel. 
made in 1892, J, in. thick, 4 in. wide. a ee ne ~ 
N_ Shell-plate of a boiler, which cracked longitudinally after O Grew brittle. Chrome-vanadium basic steel. 


four years’ work, built in 1889, failed 1893, 4 in. thick. 
Adjoining boilers also cracked, and all were discarded at 
once. 

P Plate from a boiler which exploded at Rochester, U.S.A., 


TaBLE VI.—Samples Bent after Heating to Redness, 
and Plunging in Water of 82 Deg. Fahr. 























in 1897, said to be due to an incipient crack. The plate Numt 8.* 20 32 
as received had no fractured edges ; thickness, § in. vase j ol i 
Q Plate from a boiler which burst, October 17, 1905, in Austria, | 2 
while being tested at the maker’s works. Age when | 0 0 12 
U_ Boiler shell-plate which burst, 1904, under the Russian Bent. | Weeks. 
Government inspector’s hydraulic test, after being in use | _ . 
for six years. The adjoining boiler burst in the same First Bend. | Up. Up. Up. | Ageing 
way in 1906. | Effect. 
Taste IT. Inner Outside | 
Cold bends of samples with sheared edges (Table IX., page 728) :— Radius. Stretch. No. of | No. of Nos. 32. 
2 sets bent after shearing ; Nos. 6 bent up, Nos. 7 Lent down. Plate. adeno —_——! Bends. | Bends. = 
2sets bent after waiting twelve weeks; Nos. 18 bent up, | Inch. Per Cent. Nos. 20. 
Nos. 19 bent down. | | 
2 sets await bending when six months old, Nos. 30 and 31. —_——--—} enone 
Cold bends of samples with planed edges : oO Broke short 0 0 0 1 
1 set bent down after planing, Nos. 27. eee ee 
ay alternate bends of samples with sheared edges (Table A ts > : : 2 
VIII.) :— : 32 | | | LY 
2sets bent after shearing; Nos. 4 bent up, Nos. 5 bent X | Closed | 68 | of Fp aa 
own. y | } | 16 | 2 1 0.4 
2sets bent after waiting twelve weeks; Nos. 16 bent up, Z | 4 | 2 18 Lic 1 
Nos. 17 bent down. BB tbroke | 57 3 ; 2. 1 3s 
2 sets await bending when six months old, Nos. 28 and 29. 8 |  Olosed | 68 11 |} 15 | 14 
1 set annealed for twenty-four hours before bending, Nos. 9. « \~ j 
1 set, when six weeks old placed in cold store, awaits bending, A | Closed 686 | 14 0.9 
n=) ae = S \eueieeel ‘Slum | 3 = 
Samples heated to redness and quenched in water of 82 deg. J | Broke shortt | jler. | 
Vakr. (Table VL) :— . . D | Closedt | 68 (6 | 4 0.6 
1 set bent after quenching, Nos. 8. E ” | 68 9 _ 2 - 
1 set subjected to alternate bends after quenching, Nos. 20. F ” | 68 3 short} 5 17 
1 set subjected to alternate bends after waiting twelve weeks, G | 4 57 5 cr. 2 0.4 
Nos. 32. H 4 57 5 | 2 0.4 
Blue heat, samples annealed, edges planed, and then warmed z } 
between heater till the edges turned straw colour to purple J Closed {| 68 | 9 9 1 
(Table VIL.) :— K aa 65 | 4short 5 1.2 
1 ont, subjected to alternate bends until fracture occured, L | Closed 68 7 | 10 14 
os. 3. —— 
1 set. bent through 45 deg. and bent back, after waiting R ws 65 4 4 1 
twelve weeks, Nos. 15. T Closed 68 =| 104 | 9 0.8 
Nicked samples on flat after annealing (Table X.) :— M ” 68 
1 set bent after nicking, Nos. 1. N a 65 | 64 6 0.9 
1 set bent after waiting twelve weeks, Nos. 13. P Closed* 68 
1 set awaits bending when six months old, Nos, 25. % ” 4 


Annealed, planed on edges, and nicked on edges (Table XI.) :- ” 
2 _ bent after ron og oy — 11. La 21 OO ee . ae 
1 set bent after nicking, and boiling at 212 deg. Fahr., Nos 23. * P28 substituted for PS. 
2 sets bent after waiting twelve weeks, Nos. 14 and 39. vf Base ‘le Ivi ; 
1 set awaits bending when six months old, No. 26. ae samples may have got hardened while lying on the mill 


1 bee ayo — iler awaits bending when several weeks 
0 08. 
laced in freesing ch when the samples marked IV. were bent—say, two months 
a 5. old; and leolenstioee seemed to have been misunder- 
stood, for Nos. 6 and 17 were evidently annealed, Nos. 11 


At 





, awaite b a when twelve 








Tests contemplated or in — 
ensile, i ig elastic hy is and ageing effect, Nos. 24 | and 24 appeared to have been steam-heated, and presum- 
and 387. Nos. 5and 18 were bent at the ordinary temperature, 


abl 

b= not, as intended, after freezing. No. 5 bent double, 
| but cracked on the inner radius; No. 18 bent nearly 
| double, and broke nearly through, both inside and out. 
| On account of the above-mentioned uncertainty, it is im- 
ible to say whether deterioration, as compared with 
| Nos. 2, 8, 16, and 22, had taken place, or improvement, as 
against Nos. 4 and 10. s 

28, 1891, I testéd the last four samples— 


Torsion, including elastic hysteresis and ageing effect, Nos. 38. 
Tensile drop tests, Nos. 10, 22, and 34. 

Chemical analysis, Nos. 4 or 5 (already tested). 

Microscopic slides. 


Samples marked I. were dealt with on February 19, 
1891, immediately after amet, and all bent double, 
though No. 1 (after freezing) cracked. 

Five days later—on February 24, 1891—samples marked! On Jul , 
II. were t double, but No. 15 (after freezing) broke. Nos. 12, 13, 23, and 26. They were all first placed in 
After waiting fourteen days, on h 6, 1891, samples the freezing mixture, and on ‘bending all proved quite 
marked III. were bent. No. 4 bent nearly double, and brittle. No. 26 (bent down) behaved best, bending to an 


inner radius of about gin. before cracking. No. 13 (bent 
down) bent to more than a right angle, with a radius of 
2 in., and broke short. No. 23 (bent up) bent to a little 
jess than a right angle, with a radius of ? in., and alio 
broke short; and No. 12 (bent up) broke off short after 
bending through an angle of only 20 deg. Irregularities 


TasLE VII.—Samples Annealed, Planed on Edge, Heat<d 
till Edges were Straw Colour to Purple, and Bent Hot. 








No. | 3. 15. 
First 
Bend. Down. Down. 
| | One Bend Hot 
j | and after 12 
| | — further, 
No. of Bends. 
Plate .| Colour. | pol Colour. 
| Number of 
further Bends 
| or Blows.* 
oO | Blue 3 cr. Purple to blue | 6 
Vv |. Dark straw 2 cr Purple to blue 6 
W | Straw to purple | 3 cr. | Straw to purple | 5 
x * | Ser. | Blue ww 
Y Pe | Ser. Purple 6 
Z Straw 2 a 2 
BB | je 2 Straw to purple 2 
8S | Dark straw Be Blue lu 
A Straw 5 cr. Purple 1 
B = 2 Straw 6 
Cc Light straw 2 Purple 1 
D o zt Purple to blue 2 
E ‘ 3 er. traw 10 
¥ os 3cr. | Straw to purple 0 1 
G Straw 3 cr, Straw 8 
H Dark straw 2 Purple to blue 0 1 
J Purple 3 cr. Purple to blue 10 
K | Strawtopurple| 3cr. | Straw to — 0 1 
L Purple | 8 Purple 0 1 
R Dark straw 3 cr. Straw 0 3 
y aa i 8 Purple 10 
M 
N Straw 3 Straw 4 
P | 
Q Straw | 24 Straw to purple | 0 1 


* Five blows were required for one bend. 
+ This sample may have got hardened while lying on the mill 
floor. 


TaBLE VIII.—Alternate Cold Bends through Angles of 
45 Deg. Sheared kdges. 


First | 



































Bend Up. Down. 
No. 4. 16. _ 5. 17 9 

"Paes ‘eoiex = 

| o 2 

eee £ 
Age. 0 =3 }— 0 12; — ° @ 

Pan “ 
5 ait ol tee 4 + S e 4 ‘ a 
° a) YS n s 3 S43 
$ | BoE lesl se | BSE Se) 28 | est | 33 
2/2 8\2 8) 25/3 8 5a) 88/2 8 | 6s 
lt MEE snl ee 
Oo | iihw| 3 | 027 /7 5 | 0.71 |18er. | 1.86 
— —|— | i—| ——| — 
v |8 5 | 1.67 |s3 5 | 1.67 | 9cr. 3 
w i3 5 | 1.67 | 3 6|2 11 short | 3.67 
x ie ‘5 | 0.838 | 6 | 5 | 0.88 |12 short} 2 
Y | 8er, 7 | 2.33 | 6 | 7| 1.16 |ller. | 183 
s 2 iw As 3 7 short | 2.33 
BB 3 Rs! 23 5 | 1.81 | 6her. | 2.36 
s |10 7 | 0.70 | 7 | 0.64 |13cr. | 1.18 
A |2short| 7 | 8.50 |15 2| 013 18 1.19 
B | 8short} 5 | 0.62 | Sshort| 9 | 1.12 |16 2 
C |2shortt} 3 | 1.50 |24 ,, ¢] 2 | 0.80 | Scr.~ | 1.20 
D itt 7 13 7t 5 | 0.71 \l5er. | 214 
E 7t 7 1 | 7 5 | 0.71 | 7er.$ | 1 
F (li short} 0 0 | ler. 2/2 6 | 6 
G i\7 6 | 0.71 | 7 7)1 9 cr. 1.28 
H ler. 2 2 | Ser. 2 | 0.67 2short, 0.67 
J | 7er. 7 1 10 9 | 0.90 |18cr. | 1.30 
K | 8er. 7 | 233 | 6 81) 0.50 ller. 1.83 
L 7 cr. 2 | 0.29 | Mer. 5 | 0.55 (15 cr. 1.67 
R | i} 3/2403 “7 | 233 2short {| 0.67 
eT in 10 | 0.91 | 9 10 | 1.11 131 1.44 
M /15 : 
N 8 short 3 | 087 | 7 5 | 0.71 | 6her. | 0.92 
P 17 5 | 0.88 | oe [| | O76 
0 short 2 bd 1 7 cr. * at 

Ny 0.64 vs 15 cr. L3vt 


* Uj; and are substituted for Uy and Qo. ‘ 

t Ratio of ‘Nos. 9 to 5, except for P, Q, and U, for which th: 
ratios are of Nos. 9 to 4. F . 

t These samples may have got hardened while lying on the 


mill floor. 


in the results are attributable to the difficulty of getting 
ual cold temperatures. ; 

hese results could leave no doubt that the material 
did deteriorate at ordinary temperatures, but the effect 
could be made apparent only if the samples were made 
very cold before Dating. ently this agei ves 
haben confirmed on the projecting ends of Nos. 2, 8, 16. 
and 22, which have now been bent—i.e., after sixteen 
years’ waiting—at ordinary temperatures. In each case the 
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sample cracked at both edges when the bending amounted 
to a right angle, and the inner radius was about § in. 
However, the two annealed samples, No. 6 and 17, have 
bent double, showing that the brittleness has to be started 
by such severe straining as occurs with shearing. This 
steel appears to have been made by the acid Bessemer 
process, and several other boilers made from the same 
material gave trouble in practice, and had to be replaced. 

The difficulty of demonstrating the ageing effect, 
except either by freezing the samples or by waiting 
several years, even although the material, after ing 
the surveyor’s test, deteriorated so much as to burst at an 
hydraulic test pressure of about 25 per cent. excess over 
the working pressure, decided me to postpone any further 
researches until I had collected other samples which had 
iven trouble in practice. These I pro to com 
recognised first-class steel-makers, both 
British and foreign, and I have gradually collected the 
plates enumerated in Table I., about which fuller details, 
including analysis, will be found in the Appendix. The 
date of receipt is stated, as there are indications that the 
older samples have improved. 

The desirability of commencing the tests made itself 
felt in 1904 to 1906, when the specimens U and Q were 
received, and R, 8, and another plate, No. 9, cracked in 
the boiler works. The difficulty, however, which had 
hindered inquiry in the past had not been removed, and 
no test had yet been devised which would reveal that 
brittleness in plates which seemed to cause them to fail 
when riveted up, but did not show itself in the ordinary 
testing. Over and over again tensile and cold and 
temper bending tests have given satisfactory results with 
plates which have failed as structures. It was, therefore, 


og 


with steel from 


TABLE V.—ANALYSES AND MECHANICAL TEsTING Res 


‘* Working of Steel and Iron at a Blue Heat.”* The test 
has been considerably improved on this occasion. Each 
test-piece has now had a nched into one of its ends 
(see Fig. 3), and this is fitted over a projecting stud of 
the anvil block, whose one face has a slant of 45 deg. By 


Fig.2 5 

















\ e \. 

(99998 ae 

this means one can ensure that the bending would always 
take place at one point. 

Neither of these tests, nor the tensile test, can be con- 
sidered as being capable of revealing local brittleness, for 
before the sample ruptures it will have been subjected to 
enormous deformations. Thus in tensile test-pieces a 
not unusual contraction of area of 50 per cent. is, of 
necessity, associated with a local elongation of 100 per 
cent., and any local hardness would most eons op 
kneaded into a thorough plastic condition before it could 
do harm. The same results apply to the ordinary bending 


ULTS AS SUPPLIED BY MAKERS OR OTHERWISE OBTAINED. 





























| ANALYSBEs. MECHANICAL TESTS. 
Plate. | | | | Benps. 
| a4 & Mn. mt --* i | Tenacity. Elongation. | 
| | | Temper. Cold. 
| | 
er cent|per cent per cent|per cent, per cent. r cent. | per cent. tons per cent. 

Vv iP 0.185 0.045 0.67 P.046 pe.087 Peo.014 0.032 27.7 to 28.6 81 to 31 | 
w i} 022 0.040 0-75 0.048 0.043 0.015 kin 81.7 ,, 32 27 ,, 28 | | 
x | 0.125 | 0.014 0.63 0.032 0.062 0.015 0.059 22.7 ,, 22.8 2 | | 
Y } 0.22 | oe ~ 0.041 | 0.033 0.012 0.041 34.7 ,, 34.9 24 ,, 27 | 
Z 0.18 | 0.085 0.56 0.047 | 0,043 0.020 3 27.6 ,, 28.1 9 } 
BB | 0.155 | .. ¢ 0.036 | 0.086 = ve 27.1 ,, 28 24 ,, 26 
8 0.14 2 i 0.068 | 0.033 we 27.1 ,, 27.4 27 ,, 29 Good Good 
A | 009 | 0012 | 0.89 | @027/| 0.046 0.12 22.2 30.5 - bs 
B 0.19 | 0.007 0.54 0.081 0.042 0.10 26 26 - we 
Cc | 0.85 | 0.016 0.46 0.054 0.056 0.11 33.1 18.5 52 — 138 deg. 
D | 0.18 0.016 0.41 0.064 0.035 0.11 22.9 to 24.1 16.5 to 25 G | Good 
E | 0.15 | 0.008 0.42 0.084 0.049 |; 0.18 24.9 ,, 28.1 20. —,, 24.5 = se 
F | 0.098 0.028 0.42 0.22 0.055 | 0,102 29.5 ,, 31.7 24 an * 
F 0.117 | 0.020 | 0.45 0.29 | 0.075 | 0,104 29.5 ,, 31.7 24 an i. 
G |} O22 | 0.191 0.46 0.048 | 0.044 0.112 31.4 ,, 31.9 24 to 24.5 160 deg. we 
H ‘eng, ges eA aa | Se He sak 33 lw 20 = ,, 20.5 G | a 
R 0.15 | 0.011 0.54 0.165 0.032 0.023 | 
M ~ mz, os ok on i ° 27.2 ,, 32.7 17.6 ,, 2.2 Bad 
N 0.15 | 0,082 0.68 0.039 0.03 és sig 25.3 ,, 26.8 7.1 o 2 ” a 
Q 0.126 | 0.013 0.225 0.112 0.041 0.0122 0.0175 28.2 ,, 20.2 22.5 ,, 24.6 } 
U 0.121 0.007 0.439 0.065 0.098 a ee 23 28 
U 0.116 0.007 0.435 0.070 0.103 23 28 




















The above results, being obtained by different chemists, and methods which have changea during the past seventeen years, 
cannot, of course be strictly compared with each other. 


desirable, if possible, to try to find a discriminating test, 

and it was finally decided to carry out as many tests as 

ible, and to establish a correlation, if that existed. 

ut as the feeling was already a strong one, that shearing 

stresses could produce an ageing effect, a case, No. 9, 

similar to S, which occurred in 1905, was first dealt with 
as follows. (See Figs. 18 and 19, and Appendix.) 

Narrow test-pieces were sawn out of the plate, the first 
being close to the sheared.edge, and these were tested for 
elastic limit, tenacity, and elongation. The results are 
given in Table XIII, in Appendix IV. (to be pub- 
lished in a su uent issue), from which it will be 
seen that there is practically no difference between 
the samples taken from near the edge and those further 
away from it. Yet there could be no doubt that the 
material had been injured by shearing, for not only did 
the strips which were sheared off in the boiler-shop 
prove to be brittle, but other strips sheared off at the 
steel works after the plate was returned were also brittle. 
All these strips had one old and one new 
edge. Other strips taken from further in the plate, with 
both edges newly sheared, behaved excellently. Evidently 
the shearing stress had not yet had time to create brittle- 
ness. The other plates from the same ch behaved 
oqeally well, although the test-strips had old sheared 
edges. The analysis, as will be seen, was also good. e 
only cause which can be suggested for the brittleness, 
which in the one plate gradually extended from the 
sheared edges, was that possibly this one cogged slab had 
remained for two heats in the re-heating furnace; but 
absolutely no confirmation of this view could be obtained. 

This experience confirmed previous ones, that tensile 
tests are not as good as bending tests for detecting brittle- 
ness. But bending tests of samples with sheared ed 
are also not satisfactory, for so very much depends on the 
condition of the shears. For this reason all the samples 
of the experiments, A to Z and B B, now to be described, 
were sheared at one time; but even now one could see 
that different edges were obtained, according to the 
manner in which the men held the plates; and although 
the shearing blades were new when starting, they soon 
got roughened and chip so that one cannot feel sure 
that the shearing effect is the same either in all samples 


or in different lengths of the same sample. tests 


with sheared edges were. however, decided on, as well as | - 


alternate bends of samples having sheared edges. This 


method was first adopted in my investigation on the 





test. The idea, therefore, suggested itself to localise the 
injury, and also to locally weaken the section, so as to 
start a local fracture if brittleness had been created. 
With this end in view, the uncertain effect of shearing 
set up was, in one batch of samples, entirely removed by 
annealing, and the samples were then nicked across their 
widths by a chisel, shaped as shown in Fig. 4, which pro- 


Fig.4 








ry 
\ f » 
AA Pil} 
—_— 


jected out of the flat, and could pentente the metal only 
to a certain depth. The samples were then bent, the 
nick being on the outer curvature. This proved to be 
too severe a test, more 4 EY after the brittleness due 
to the nicking pressure had had time to spread. Other 
batches had annealed and the sides planed fiat, and 
were then nicked on the edge and bent. This test was 
found to be of a fairly discriminating nature, some 








(9908) 





ges | samples bending double, while others bent through only 


a few d Four tests were made on samples cut 
from one strip, with the following inner radii :—A ], 
radius, a ins A 2, ss in.; A 3, J, in. A 4, in, The 
results obtained by this test, as recorded in Table XI., 
page 728, are also so very consistent that I feel sure it 
recommend itself, if not for general use, at least for 
special investigations. These and several other tests, 
which have been, or are being, carried out, are contained 
in Table II., page 726. 
The positions in the plates from which they are cut can 





* Minutes of Proceedings of the ‘Institution of Civil 
Engineers, 1885, vol. Ixxx., iv., page 114. 


be found by consulting Figs. 5 to 9, with regard to the 
sample numbers. See also Tables VI. to XI. (pages 726 
and 728). 
Maenetic Tests, incLupiInc CHANGES OF HYSTERESIS. 
It will thus be seen that each one of the twenty-six 
es of steel have already been subjected to sixteen 
ifferent tests, of which some are duplicated, and that 
fourteen additional tests are contemplated, or in progress. 
| When completed the correlation of the various tests can 
| be more fully inquired into, whereas the object of the 
| present research is to i 
1. hefewes = any or 
ageing qualities. 
Pee * Whether such ageing qualities are the cause of 
| failures in practice. 





all qualities of mild steel possess 


MANIPULATIONS AND TESTS. 


All the plates were rolled down to a thickness of yy in. 
on November 29, 1906, except O and P, which were 


Fig.&. See Appendix, I. 
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annealed on that day. After rolling, most of the plates 
would measure about 2 ft. by 3 ft., and were, eg J 
the usual practice, laid on the rolling-mill floor. Blac 
spots, which soon showed themselves, due to cooling con- 
tact, were noted, for it seemed possible that ening 
effects may have been produced at these points. Samples 
thus affected are noted in the tables. 


The plates were now sent by rail to works near Man- 
chester, and marked off and numbered as per sketches in 
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Appendix I. The shearing was done alternately from sixteen bends for sample A. Samples E, F, and R, 
one side of the plate and the other, so that for the ordi- | containing high percentages of phosphorus, bent through 
nary bending tests both the sheared fins could be on the | nine, three, and four angles respectively. 

inner side. The dotted lines indicate that the shearing| These Alternate Bending Tests were repeated, after 
was done from the under side (see Figs. 5 to 9). If these | waiting Twelve Weeks, on Samples Numbered 32.—No 
surfaces of the plates which were uppermost after rolling | ageing effect is noticeable, except, perhaps, that C, D, G, 
are called top, then some samples could bent down, | H, and Y have deteriorated, and F, L, 8, W improved. 
others sould ta bent up with both fins turned in. This is | There are a fair number of absolute agreements as re- 
noted in the tables as wand p. The plates were sheared gards number of bends between these tests and the pre- 
on December 6 and 7, 1906, and some were bent or other- | vious ones, and therefore these changes are not neces. 
wise treated at once. The period elapsing between the sarily without eee but when samples are tough 
shearing and bending operations is noted as ‘‘ Age,” and | enough to stand bending through five to sixteen angles of | 


TABLE IX.—Sampies SuearRep AND Bent with Bors Fins Down. No. 27 PLANED AFTER SHEARING, 
AND THEN BENT. 



































others, A, C, F, H, K, L, Q, R, broke with from one to 
three blows of the hammer, five of the latter correspond- 
ing to one bend. It is interesting to note that H and R 
meyer song steel) and F and Q are amongst the latter lot ; 
ut other steels which had failed to stand the tests are 
not there. Thus N, O, 8, 
ten, and ten extra bends. 
Alternate Cold Bends on Samples with Sheared Edyes 
(see Table VIII.).—Nos. 4 and 5 were bent at once re- 
spectively first up and then down, and Samples 16 and 17 
were bent respectively first up and then down after wait- 
ing twelve weeks. Noa. 4 and 5 are in fair agreement, 


TABLE X.—Samples Annealed and Nicked on Flat and 
Bent cither at Once or After a Rest of Twelve Weeks. 


Ts respectively four, six, 


| 













































































































































































Bent. Up.t Dowy. No. 1. 13. | 
| 
No. 6.t 18. 7.3 19. 27.4 Age. | Bent at Once. pot i Weeks | 
— ~-———- - a . —— | —- } 4 " | Mere, Ageing 
. | | aetna 
Age. 0 12 Weeks. =J Sades o tol bed 12 Weeks. Ageing Planed. 0. All Bent Down | _ All Bent Down | PR 
Plate Inner Outside | Inner | Outside | Inner | Outside | Inner | Outside | Inner Bent. pone — was|Except P, which was) Bye. 
* | Radius. | Stretch. | Radius. | Stretch. | Radius. | Stretch. | Radius. Stretch. | Radius. ent Up. Bent Up. 
| — ae | 
in. - r cent. in, r cent. | in. | per cent. in. r cent. in. | Inner | Inner . 
0 re ine ee eh oe } Pere Ps yo Plate. | Radius.| “Fracture. |padiue | Fracture. 
Ys 43 He 38 0 88 vs 49 fs 53 | 1.08 Closed | in. in. 
w 1s 43 ik 51 1.08 oe is Ys 61 0.82 Je a ee Br. | F. .. |Sh.| RFF. |Worse. 
xX | Closed 65 4 57 0.84 4 | 57 4 57 1 Closed Vv ee Br. R.F. 4 Cr. i. |Better 
Y ae 61 Ps 43 0.84 i | 86 i 57 | 1.58 we w 4 Br. R. au Tr. R. |No change. 
Z #, br. 43 x 49 1.04 is 5L 4 27 | 0.53 Ps Xx i | Te. | B Ye: Ve AE ae 
BB v 43 =f = . 4h 38 vs 49 1.29 ve Y #s Tr. F. y, «=| ‘Tr. Fr. | ” 
8 i 57 Closed 68 Li9 | Oo 68 Closed | (1 Closed Zz . |Br | BR | .. |8r| B* |Better. 
oenatinntmanieigaitiniis — Es -— BB a Br. Cc. | i Br. C. |Woree. 
A | Olosed | 68 Closed 68" 1 Closed 68 Closed 68 r g Closed 8 4 Cr. et a Cr. ..* |No change. 
B 4 57 yx br.t 51* 0.89 vs 62 gy br. 49 0.79 - A é 0. - on 3h. C. | Worse. 
o br. | 368 Broke 0 ra vs br. | 438 } br. 27 =| (0.63 i B . Be. | RF. - | ee Tw 
D | *& | S& we 53 1 ts | 62% ya 62 1 Closed © oe |  |BF| .. [Sh] Oo xs 
E | Olosed | 688 ats 65 | 0.96 w 538 a’ 53 1 ee D fe Br.  B.F. ae Br. R.F. |No change 
F | be| 5t * 43 0.84 i 57 j 16 | 0.28 . E %: | Be F. | 4h. |Te.| RFP. |Better. 
G Ps 53 } 57 1.07 be 53 os 62 1.17 4 F pi Br. R. i Br.| R. |Nochange. 
H as 43 vs br. 49 1.04 tb 61 ys br. 5L 1 4 G te Tr. R. es Br. R. e 
— —_—— | — — H . {8% | OQ] .. |Sh] OC. 
J | ve 49 Closed 63 1.89 ts 528 1 578 1.07 Closed J v's Tr. F. 1.2 | 0. -- |Better. 
K 4 | 36 dq br. 498 1.36 v's 63 4 br. 678 | 1.07 me K x3 Tr. Rn 1 Cr. o ¥ 
L Closed | 63 Closed 68 1 Closed 68 Closed 63 1 > L 0. - | BS |G -- |\Nochange. 
a —— — | —____ — —|— R Tr. | F.F. 146 O72 ..  |Better. 
Rr 4 | 57 4 57 1 is £3 us 49 | 0.92 Closed T Cr. ee 1.4 0. oe 90 
T Closed €8 Closed 63 1 a's 62 Closed 68 1.10 ° M t 0. " 1.2 + oe int 
M ht 57" a 68 1.19 ht 57* x8 } ae ad N ms Br. | R. ae Br. R. (Worse. 
N ts } 6l as 49 0.96 ve 49 us 49 | -3 a P ? 0. * 1.0 0. “* No change. 
P yat 62* Closed 63 1.10 Closed} 68* oe ae ° %” Q +. Br. | R.F vs Br. C.* |Worse. 
Q st 36" i 12 (43 Yt 3* Broke | x oe U ? 0. vg 1 0. Re No change. 
U Closedt| 68" | Closed 63 1 Closed 63 ds 65 0.95 a | 
* B18, M6, M7, P6, P7, Q6, Q7, U6 were bent with fins out. + B18, U6 were bent down instead of up. Fractures. 
t M6, P6, Q6 have changed places with M7, P7, Q7, and U33 has been substituted for U 27. Sh. =short, broke in two. Br. = broken, but not in two. 
§ These samples nay have got hardened while lying on the mill floor. Tr.=tore through half thick- Or.=just cracked at nick. 
ness, C. =crystalline fracture. 
TABLE XI.—Sampies ANNEALED, PLANED ON Epc, Nickep on Epc, asp Bent. 0. =not cracked. R.=rough fracture, neither 
oe -——— a fracture . — nor silky. 
ad ..F.=partly rough, partly *. = fibrous. 
No. 2+ > 14. | i. ~~ 23 f — fibrous fracture. F.F, =fibre like wrought iron. 
P | | R.F.F. = — rough, but much 
ge | i | Effect re. 
when 0. ~ 12 Weeks. Ageing 0. - —_— a | of * These samples may have got hardened while lying on the mill 
Bent. Effect. | | ; al Boiling. floor. 
“ a P re - a ‘ ’ except that A, and A; broke respectively at the second 
aig ik . . ~- | BIS E *. Nos. 14.| + | (5 | 33 heel om SS | ,*; |Nos. 93 — oe \ and K, a ng er at the aa 
s| 8 $5 gs 4 \2 S£ | Se inos.c. | & | BE|sf)e) eB} SE | S* |Nos 21, | and sixt md. Assuming the early breaking to ue 
se 6g e3 5a £3 3 e3 8n Es ie e3 ga EE 8 Ea Ea Es Nos. 11: | to some local defect in the shears, and if we consider 
—$ —  — caemeert — -——— | —_ —|— | | only the highest number of bends, the best results are 
in, pac. in. | pe. in. | p.c. in. | p.c. | | obtained with samples P, A, M, O, T, U, J, 8, B, L, N, 
O |*| 38 8. d (|Broke} 0 C. 0 d At Si | 8. | @ |Broke} 0 | C. | 0 D, E, G, in which ~ number of bends ranged from 
Vv - ? 43 5. ts 3 36 8. 0.83 a 7 8 a . 31 a |. seventeen to seven, in theorder given. The worst results 
w | tu ys 49 8. ne } | 16! s. | oss | a 7 | sid "| ie | sg | ny = were obtained with Q, which broke off short. F, H, and 
Xx u ii 88 s. v4 ry 51 s. 131 | d } 27 8 |d] 43 8. | 1.59 | R bent one, one; one, three ; and one, three, respectively. 
Y iw | 27 8. u 4/16/88. | 080 | @ $ | 27|]8 |d i} | 16 | S& | o9 | The two last are Bessemer steels, the first is highly phos- 
4.4% Vs 81 8. u { 7 | 8. 0.87 qd | % 43 8 | d| ys 49 | 8. | 114 | phoric; but other troublesomé steels were not detected by 
BB wu 4! 33 7 CS. " 16 8. 0.42 , a é 36 8. d 4h 38 8. 1.10 this test. : 
u ; 49 8 d ‘\ 51 8 104 | a | s 43 s d j 16 C. | 037 18 test. ‘ ie, 
BAR he PE : pe enh: Cae Ab oil Roar RS) eR MER A Tele cally lel *_| 037 | On Repeating the Tests after Twelve Weeks’ Waiting on 
A |... Close | 68 8. “es ee 61 8. 0.75 | m ra 31 a. Dal 3 16 | ©. | 0.52 | Samples 16 and 17, no very definite results as regards 
Bou Yh 51 8. u } 16 Ss. 0.31 u Yk 51 |S.br.) uw | 4 27 | 0.8. | 0.63 | ageing were obtained. This, as already explained, might 
oC | 4 2 | OS. u | 3 16 OS. | 1.388 u 1.9 Ssicds j 16 | C.S.| 2.66 | be expected with a manipulation by which the material 
DPD ou 4 27 C8$ ui | 51 6 C.3. | 1.84 » | sg 36, Sj ul ¥ 43 | S | 119 |is very severely kneaded. Conflicting results were ob- 
Sei hae. e qj) | 2 S& | OO | uw | fe | 48 | 8 | wu} Ff | 16 | C | O87 | tained with samples A, F, H, K, and, toa less extent, 
Foe J /B) ao iw | a] we) o | a] | 9 | we jos} u! § | 2 | oO | 167 | vith and C. Confirmed’ improvements btained 
G uv ss 43 8. we | ye 81 8. 0.72 u ¥ 43 Ss | wu 4 36 s. 0.83 1 n piirmed improvements were 0 
How vs 499 | GS. u ? |] 16 }oOs8. | O88 | w | aa 31 | Os. | u j 12 | 08. | oxg | With samples R, V, W, Y. Noageing occurred with J and 
aes 2B \ nec —|—.- — ——| — |- sy oe a (ea ieee —__.| T. Confirmed deterioration occurred with L, N, 0, S, 
Jd vs 49 8. d 7/16 jC O83 | w | yy | 4 | & | w! yy | 3L | OS | O63 | and X, and, toa lesser extent, with D, E,andG. It is 
K w ma 38 o.8. d Tt 38 8. 1.05 | wu 4 27 8. | u i 16 | CS. | 0.59 | therefore only for N and S that the tests confirm the 
L u Close 63 8. u ws 53 8. 078 | d et 33 8. u } 16 C. | 0.42 practical experiences. 
nie 1 10 0. a 16 8. 1.60 ey 97 8. ad % | 43 ’ F Alternate Bends aftcr Annealing for Twenty - Four 
YT bs hs 53 8. . i 338 s. v71 d H 36 | 8. |d “i | 16 . : = Hours.—This test was undertaken with a view to ascertain 
M d GQioe, 68 8.§ a a * “ oe Tey | whether long-continued heating would tend to burn any 
N | 3 36 v. u x 31 | CS. | G86 d 4 7 | 8. | a ,iai & 1 quality of stee), but a comparison of Nos. 9 (Table VIIL., 
P ¢ Cleset 63 8. u i 55 8. 0.81 @ Close} 68 | S&S /d My 55¢ 8. 0.67 ge 726) with Nos. 4 and 5 merely shows that this 
% d C4 +4 os ¢ ; 4 | on on a ii | 38 | aie! alwic | ae ong heating increased the number of bends. N, H, R, 
ig 4 ™ feo ae | ¥ -#“ | and perhaps P are the only cases in which the number 
——_—| decreased. H isa Bessemer steel, N came from a boiler 


crystalline fracture. C.S.=crystalline fracture near nick, silky beyond, especially on outer edge. 
} Bent up or down; wu, d. § These samples may have got hardened while lying on the mill floor. 


* S. silky fracture. C. 
t Pgp substituted for P),. 


is expressed in daysor week, ‘‘O” stands for being bent | 45 deg., one can hardly speak of their havin wn more 
immediately after shearing, or immediately after temper- or less brittle if these Geubes vary wat Gas or two 
ing, annealing, or nicking, &c. 

Lemper Tests.—Three samples from two plates were 
heated at one time, and Fg together into water of | planed on one edge, and warmed between two pieces of 
82 deg. Fahr. Samples Nos. were bent up at once (see | red-hot iron until the edges grew dark-straw colour to 
Table VI.). Only samples C and O broke off short. | purple. Nos. 3 were bent down and up till they broke 
Thirteen samples bent close, and the remainder bent to (see Table VII.). The maximum number of bends was 
small radii. No information about quality was, there- | five, the minimum two. Nos. 15 were bentdown through 
| one angle of 45 deg., and allowed to rest for twelve weeks, 
bent up—i.e., flattened—and alternate 

then down, &c., bends were continued till they broke. Some samples 
broke off short. C regained their — plasticity. For instance, E, G, 
highest number was J, O, 8, T; V, X, ¥ stood another six to ten bends; but 


tue-Heat Tests.—Two sets of samples were annealed, 


fore, gained by this test. 

Temper Tests : Alternate Bends.—The adjoining samples and were then 
marked No. 20 were bent, first u 
through angles of 45 d 
stood only one 


. Sample 


and V qd. 4 


which cracked after four years’ use, but U, which behaved 
in a similar manner in practice, improved from eleven to 
fifteen bends, A, C, E, andS remained unchanged. C isa 
steel which seems to behave badly in nearly all the tests, 
and E and Sare doubtful qualities, so that it would almost 
seem as ifan improvement of this rather crude differential 
test might reveal treacherous material. 

In the following tests the samples are bent only once. 
The inner radius of curvature has in all cases been 
measured, and in order to give a more definite value to 
the results, a few samples were planed and polished on 
their edge, and cross-lines scratched on these faces before 
bending. The squares were then measured before and 
after bending, and a scale constructed which correlated 
the inner radius of curvature to the stretch, at time of 
fracture, of the outer skin of the sample. There are indi- 


cations that this relation varies for different miaterials, 
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which is in agreement with my previously-expressed 
views; but in order that a definite value may attach to 
the results contained in the tables on single bends, the 
comparison scale which has been used throughout these 
tables is here given. The curvatures were measured with 
circular dises. 

Samples Planed Immediately after Shearing and Bent 
(see Table IX.).—The anal numbered 27 and were 
bent down. Z bent toasmall radius andcracked. OC, G, 
H, W, Y, BB, bent nearly close and cracked on the outer 
surfaces. F, K, O, R bent close, but F cracked inside, 
K sheared inside, and O and R cracked outside. All the 
other samples bent close. Seeing that some samples will 
have had more or less material removed from thesheared 
edges than others, these tests cannot be considered trust- 
worthy. On the other hand, none of the samples showed 
any excessive brittleness at their edges, so that this test 
may be looked upon as giving some information as to the 
condition in which the material left the rolls, were it not 
that the curvature depends on the thickness. A better 
test would have been to saw the samples before planing 
the edges. 

Samples Bent after Shearing (see Table 1X.).—Nos. 6 
and 7 were bent up and down respectively and imme- 
diately after shearing, whereas Nos. 18 and 19 were bent 
up and down respectively after waiting twelve weeks. 
Generally the results are fairly consistent, though it 
would appear that the bottom surfaces of plates C, D, 
F, H, K and V, and the top surfaces of E and R were 
somewhat more brittle than their under surfaces; but a 
comparison with Nos. 27 of the same table does not ex- 
plain why some of those samples cracked. Samples B, J, 
Q, Y, Z are either unreliable in this respect, or the ageing 
effect was different for the two sides of the plates. The 
general result of the first set of tests is more evident from 
an examination of the samples than from the tables. Ap- 

rently those plates which had given trouble in practice 

haved better under this bending test than those sup- 
plied by first-class British and German steel-makers. The 
only marked exception is Q, from the boiler which burst 
during testing in Austria. Sample C again behaved badly ; 
so did K, another German basic open-hearth steel; but 
with the exception of the North British dead-soft basic 
steel, the British samples did not bend quite so well. 

Some of the plates from German works were profes- 
sedly bad qualities, as, for instance, C, E, and F, and I 
here wish to express my very special thanks, but without 
mentioning the name of the works, for their having 
afforded me a chance of making comparisons by letting 
me have samples of steels which they knew to be bad. 
One of the North British works supplied me with very 
varied classes of steel, but they are all of first-class 
quality ; yet after treating all the samples in exactly the 
same way, rolling, shearing, and bending them simul- 
taneously, the German steels, with the exception of those 
mentioned, have bent toa smaller radius than the British 
ones. It seems highly improbable that there should be 
any real difference between these steels, and the question 
not unnaturally presents itself: Has an ageing effect 
been active in the German steels, which are all fifteen 
years old? and is the Sheffield view that time improves 
steel ingots correct? The present experiments give no 
conclusive answer to these questions, but the very superior 
behaviour of sample U, from a boiler which burst in 
Russia after six years’ work, and which plate has been 
wonderfully improved by rolling, does seem to support 
this view. Very plausible suggestions in its support can 
be adduced and are hinted at while mentioning solubilities, 
but their discussion would at present be a fruitless one. 

The Bending Tests were Repeated after Twelve Weeks on 
Nos. 18 and 19. Very marked improvements occurred 
with sample C (bent up), and Q and T (bent down); but 
the duplicate pairs gave reversed results, and these are, 
therefore, not trustworthy. Confirmed improvements 
occurred with samples G, J, K, 8, and T. No changes 
occurred with samples A, D, L, and O. onfirmed 
deterioration occurred with samples B, C, Q, and X, and 
to a less extent with F, H, N, R, and U. Now, with 
the exception of B, all these last samples might be ex- 
pected to get worse with age; but, to be consistent, S 
and T should have done so too., However, generally 
speaking, the stress set up by shearing does seem to give 
some indication as regards ageing properties. 

Samples Annealed and Nicked on Flat.—In order not to 
let the shearing effect interfere with the results, Nos. 1 
and 13 were tied up in bundles, annealed for two 
hours, allowed to cool slowly, and then nicked with a 
specially-prepared chisel (see Fig. 4) and bent down— 
Nos. 1 at once, Nos. 13 after waiting twelve weeks. The 
results are contained in Table X. Generally speaking, 
this test is an unsatisfactory one, for the samples either 
broke or did not break, and although the inner radius of 
curvature was measured, this is of no value, except for 
those samples which did not break. For this reason a 
column has been added in this table, giving results of 
personal estimates on fractured surfaces and also on the 
ageing effect. The samples which behaved best imme- 
diately after nicking are A, L. M, P, 8, T, U, which, 
with the exception of A and L, are, strangely enough, 
those steels which had previously failed. After waiting 
twelve weeks, J, K, L, M. P, R, 8S, T, U, V behaved 
best ; so that J, K, R, and V have markedly improved, 
and A seriously deteriorated. In addition, B, C, N, O,Q 
B B have grown worse. Asusual, C isin this list. Minor 
improvements seem to have occurred, in addition to the 
above, in E, M, T, Z. 

Samples Annealed, Planed on Edges, and Nicked on 
Kadges (sce Table XI.).—There are two sets of these tests. 
The first set, Nos. 2 and 14, were respectively bent im- 
mediately after nicking, and twelve weeks later. Nos. 11 
and 23 were respectively bent immediately after nicking, 
and after boiling at 212 deg. Fahr., and waiting one day. 

This second test was carried out at the suggestion of Dr. 





Boing. His opinion, which has been thoroughly con- 
firmed by these tests, being that any hardening process 
which might be ne would be very ecorem y acce- 
lerated by this short boiling. This second lot of samples 
was not annealed, planed, and nicked until twelve weeks 
after the first lot, and, unfortunately, the annealing con- 
ditions were not quite the same for the two lots. This 
will account for discrepancies as the lots Nos. 2 
and 11, which ought, in all cases, to be in close agree- 
ment ; but it is only in A, which material has all along 
behaved rather erratically, that there is any serious 
difference. 

spree geet first tests were obtained with samples 
A, L, and P. ext in order come P, E, G, J, . U. 
The worst results are C, F, R, Y. This might have been 
expected for these steels ; but only one of the eight steels 
which misbehaved themselves is smenee the last four, so 
that it is evident that the single nicking test does not 
reveal all bad qualities. 

As regards the ageing effect, it will be noticed, if the 
twelve weeks’ waiting tests and those after fifteen minutes’ 
boiling 2 eg that the results with samples A, G, 
H, O, P, R, X, Y are in close agreement. Of these, 
both R and X have improved with age. A, G, P have 
deteriorated somewhat, and H and Y very considerably. 

Rather less consistent results were obtained with the 
samples B, F, J, L, N, T, U, V, W, Z. Of these, F 
only has improved ; V and Z may be classed as not having 
changed ; T, U have deteriorated somewhat, and B, 
J, W rather much. The discrepancies with regard to 
the remaining six samples are rather large; but even in 
cases K and 8, and BB, where the effect produced by 
ageing is the reverse of that ee by boiling, one 
may safely say that there is either no effect or a deterio- 
ration. C and D have markedly improved, and E has 
distinctly deteriorated. 

These deductions and remarks about the plates are 
contained in Table IV., page 726. 

These results are fairly encouraging, in so far as that 
all those samples which were rolled from plates that had 
misbehaved themselves are among those in which the 
ageing effect is one of deterioration. The only exception 
is R, which is a plate which broke while being sheared ; 
but it will be noticed that it is in close company with two 
other steels in which, as in this case, the phosphorus is 
high. The ageing effect in these samples seems to have 
been to improve them. In practice one would hardly 
expect this result, so that although the nicking test does 
seem to single out certain defective qualities of steel, it 
should not be relied upon to detect phosphoric steels, and 
should not be used until a more extended experience 
— been gained with it at steel works and in boiler- 
shops. 

The conclusions to be drawn from these several tests 
are that certain steels do ageing qualities ; that 
some steels tend to improve with time, others to deterio- 
rate. That as yet the process which gives results which 
are most in harmony with practical experience is to plane 
the edges of two —-. to nick them with a specially- 
prepared chisel, and then to bend one sample at once and 
the other after waiting some weeks or after boiling. 

I hope, before I complete these experiments, that I 
may receive suggestions as to what I should do with a 
few odd batches of samples; but when the work is ended, 
[ at least would be the last to suggest that 800 tests, no 
matter how systematically they may have been carried 
out, should in any sense outweigh the practical experi- 
ence which engineers have gained with millions of dif- 
ferent forms and sizes of structures. Although I am 
oe pe se for the safety of over 8000 boilers, I do not 
feel alarmed by the knowledge I have gained that steel 
and iron have ageing tendencies ; for cases are brought 
to my notice every year in which structures have been 
loaded far beyond the customary limits, and yet have 
shown no signs of giving way. These are experiences 
which it is difficult to explain, except on the supposition 
that some materials improve with age ; but they naturally 
raise the question as to whether one cannot perceive 
that all materials should be of this nature, in which case 
many customary high factors of safety might be consider- 
ably reduced. The value, in my opinion, of the results 
obtained in these experiments is that they direct atten- 
tion to a subject which, if followed up, may lead to an 
improvement of the ageing properties of steel. 

n conclusion, I beg to express my sincerest thanks to 
those steel works who so kindly supplied me with material 
for making comparisons, to those friends who have occa- 
sionally sent me plates which have failed in practice, to 
the Committee of the Manchester Steam-Users’ Associa- 
tion for permitting me to carry out the experiments, tomy 
assistants, Mr. W. Lowe, Mr. P. E. Gough, and Mr. A. 
Whatmore, and to the Butterley Iron and Steel Com- 
pany for the assistance they have given me during these 


experiments. 
(To be continued.) 








THE INcoRPORATED MunicrpaL ELkcrricaL Associa- 
TION.—The twelfth annual convention of this Association 
will be held at Sheffield from June 25 to 28 next, inclu- 
sive. On the first day the members will be received by 
the Lord Mayor of Sheffield in the Town Hall, the Presi- 
dent, Mr. 8S. E. Fedden, will deliver an address, and a 

per on the “‘ Extension of E!ectricity Su ply to Out- 
ying Districts” will be read by Mr. R. L. Aden . Other 

pers to be read during the convention are :— ‘‘Cheap 

ower Su ply by eye by Mr. C. E. C. Shaw- 
field; ‘‘ The ts of, or Charges for, pay gy, ly.” 
by Mr. H. R. Burnett; ‘* Depreciation,” by Mr. C. H. 
Yeaman ; “ Alternating-Current Distribution,” by Mr. 
A. J. Cridge. The annual general meeting and annual 
dinner will be held on Thursday, June 27. Excursions 
and visits to works also form part of the programme: 





CATALOGUES. 


Messrs, SHIPHAM AND Co., LimiTep, of Hull—for 
whom Messrs. John Wilson and Co, of 49, Lime-street, 
E C., are agents—have issued leaflets relating to Green’s 

tent ‘‘ accessible” feed check-valve and Duke's com- 

ined steam and drain-valve for whistles and syrens and 
valveless whistles. Prices, sectional drawings, and parti- 
culars are given of them. 


Messrs. Veritys, Limited, have issued lists of electric 
fans for ventilating purposes. One of these lists is con- 
cerned with direct-current table fans, and patterns suit- 
able for use on desks, walls, or ceilings. The ‘‘Aston” fans 


| are of a larger type, and suited for ventilation of rooms, 


halls, works, &c., and are made up to 62 in. in diameter. 
They are designed for vertical or horizontal discharge, 
and with open or box es. Motors for continuous or 
alternating current are fitted. The ‘‘ Aston” fans arealso 
made for belt drives. Prices and full particulars are given. 


The British Thomson-Houston Company, Limited, 
issue two pamphlets, one on single-phase induction 
motors, and one relating to rheostatic controllers and 
resistances. These are well illustrated, and the former 
shows several patterns of motors and their component 
—— Starting-boxes and rheostats are also illustrated 
or the different types. The second pamphlet deals with 
controllers for crane and hoist work, for machine-tools, 
for mining locomotives, &c., for continuous-current work, 
while particulars of controllers, some patterns of which 
are oil-immersed, for alternate-current work, are also 
given. Several patterns of resistances are dealt with. 


A circular comes from the British Insulated and Helsby 
Cables, Limited, Prescot, and gives descriptions and par- 
ticulars of ‘‘ Prescot” trolley wires for overhead equipment 
of tramways, &c. These are of hard-drawn copper, and 
are circular, grooved, figure 8, or of other special sections. 
The material is capable of withstanding severe tests, 
having a breaking strain varying between about 21 to 25 
tons per square inch, with a minimum elongation on 10 in. 
of 2 per cent. Another circular gives particulars of 
ears for trolley wires. These are made of high quality 
gun-metal, of a large number of patterns, according to 
the duty they are intended for; some being suitable for 
soldering, while others are provided with grip-jaws 
attached with screws. 


From Messrs. Piercy and Co., Limited, Broad-street 
Engine Works, Birmingham, we have received a cata- 
logue of their patent pneumatic planishing hammers. 
These machines are belt-driven, and carry two cylindere, 
a large and a small, connected together by a passage on 
the standard. The rod of the small cylinder carries the 
hammer head. The movement of the piston in the 
large is obtained from an eccentric on the belt-driven 
shaft, This eccentric is adjustable, and can be made to 
te any required stroke within a certain range. The 

low by the hammer attached to the small but long 
cylinder is dependent on the stroke given to the piston 
of the large cylinder. Only one operating handle is em- 

loyed. ven sizes and are are illustrated suitable 
or a great variety of work. 


Entitled ‘‘ Steam Machinery,” a catalogue has been 
received from Messrs. T. A. Savery and Co, Newcomen 
Works, Birmingham. This is devoted to water-tube 
boilers of several forms, and to quick-running engines for 
launches and passenger steamers. The boilers include a 
p cone: men J straight-tube type with large transverse 

rum, the water tubes being grouped in headers, each 
group being provided with a blow-off cock. Another 
mage is designed for use with liquid fuel and takes the 
orm of asmaill vertical boiler with a central vertical drum, 
with coil tubes surrounding it. This boiler, it is claimed, 
will raise steam to 250 1b.in 8 minutes. A third pattern 
of boiler has curved tubes with one water and one water- 
and-steam drum, while a fourth design has one drum and 
a low-level header. The drum is vertically over the 
header, and tubes pass from one into the other all on 
one side, the header being at the back of the grate. All 
these boilers are for forced draughtand working pressures 
up to 350 lb. per square inch. The engines include com- 
pound and triple-expansion vertical types. 


Bearing the title, ‘‘ Modern Capstan Lathes,” a pam- 
phlet issued by Messrs. Alfred Herbert, Limited, Coven- 
try, describes seven of their standard types of this 
machine. In the five larger sizes the capstans are hexagonal 
in form, From two to six adjustable stops are provided. 
According to the machines, the heads are ungeared, 
friction geared, duplex friction geared, or single pulley 
heads. The smaller machines for high-speed work take, 
with the automatic chuck, bars from ,s in. to 1} in. in 
diameter. Nos. 3, 4, and 5 take bars of 2 in. through the 
spindle. An arrangement of No. 4 capstan lathe is 
shown for making locomotive fire-box stays which may be 
too long for the fixed stay-bolt machines. Lathes Nos. 5 
and 6 admit bars, through the spindle, of 2 in. and 34 in. 
in diameter respectively ; the head of these Jathes is of 
the patent single-pulley type or of friction-geared type, 
according to requirements. With the single-pulley head, 
sixteen speeds are provided in each direction. Six speeds 
of capstan feed are provided, and the same number of 
matien to longitudinal and transverse motions of saddle. 
No. 7 capstan lathe has, with duplex-geared head and 
quadruple friction-clutches, a range of 18 speeds. The 
catalogue also gives particulars of a shaving-lathe for 
finishing the second end, which it is often impossible to 
deal with in the capstan lathe or automatic screw- machine. 
A stud-making lathe is also described, both of these 
machines having interesting features, such as automatic 
chuck, ejeccor, &c. The rest of the pa is devoted 
to capstan tools, combination tools, &c., for these lathes, 


while several pages are devoted te illustrations of work 
turned out. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Comprtep sy W. LLOYD WISE. 


SELECTED ABSTRACTS OF NS 
UNDER THE ACTS OF 1883— 1909. 

The number i i in the ification Drawings is stated 

nw of views given in Specificat: wings —— 


in each case ; where none are mentioned, the 
rated. 


illust a 
Where inventions are commu: from abroad, the Names, 
&c., of the Communicators are given in italics. 


‘ained at the Patent Office, Sale 
neh, 25, Southampton Buildings, Chancery-lane, W.C., at 


person may, at any 

the advertisement of the of a Complete Specificat 

ee Se ere of opposition to the grant of a 
atent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


27,994. F’. H. Livens, Lincoln. Threshing Bachines. 
(2 Figs. December 8, 1906.—For the bruising cutting drums 
of thrashing - machines when it is n to deliver the 
**tibbin,” or cut and bruised product, in a particularly softened 
condition, or when the straw.is of such a character. as to require 
the clearance between the revolving knives of the cutting-drum 
and the fixed knives of the concave, or the revolving teeth of the 
bruising-drum and the fixed teeth of its concave to be reduced 
as much as possible, it is found that an endways adjustment of 
the drum is desirable, so that the revolving knives and teeth, as 
the case may be, may revolve exactly centrally in the space be- 
tween the coi nding fixed knives and teeth. According to 
this invention, this adjustment is accomplished in the following 
manner :—A is a shaft having a fixed collar B and an adjustable 
collar C revolving in a pedestal D fitted with a bearing This 

estal is provided with a pets piece F sliding in a groove 
n a supporting bracket H, this projection F being fitted with a 
nut J, in which works a screw K, this screw K having turned 
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thereon collars K! and K? fitting, each side, a bridge-piece L bolted 
to the bracket H. By turning the bolt K the pedestal D can be 
moved longitudinally on the drum of the shaft A, thus providing 
for the adjustment required. A bearing may wear endways be- 
tween its collars, and the brass E might so wear as to allow end 
play, which would interfere with the accuracy of the adjustment. 

provide for this, the collar C is made loose, being screwed on to 
a thread provided on the shaft A. This collar is provided at its 
outer end with notches. In the shaft isa keyway M, anda collar 
N is provided, having thereon two projections and a feather 
fastened init. This feather fits into the keyway M on the shaft, 
and the projections fit into any pair of notches in the collar O. 
When the collar C is screwed up sufficiently close to the bearing 
E to remove any end play, the collar N is pushed up to it, and by 
means of the feather and projections prevents the collar C from 
revolving. These two pieces are then jammed together by the 
nut O, which locks the whole firmly on the shaft. (Sealed 
May 16, 1907.) 


ELECTRICAL APPARATUS. 


action-Gesellachaft, Frankf 
ting single-phase 


many. Compensa 

fl Fy.| September 11, 1906.—In compensating 
alternating-current machines a perfect rotating field is obtained 
if the two fields, at right angles to each other, produced by the 
working windings and the excitation windings respectively, are of 
the same magnitude. The production of a perfect rotating field 
is advantageous, because such field does not cause any sparking 
at the brushes. Generally, the two windings cannot be so deter- 
mined that the fields which they generate are of the same magni- 
tude. In addition to the rotating field, which has the itude 
corresponding to the smaller alternating field, there also 
generated an oscillating field, the magnitude of which corresponds 
to the difference between the two alternating fields, which are at 
right angles to each other. This alternating field generates in the 


J 





rotor coils which happen to be short-circuited by the brushes, 
ld, elect tiv 


electric resistance, and this is the essential feature of the present 
invention. This high electric resistance can be obtained by the 
employment of material of high resistance, or by reducing the 
cross-section of the brushes, or by the use of double brushes 
ones by resistances, or by equivalent means. (Sealed 


each of the commutator resistances has only to carry the current 
momentarily, and hence is not liable to become overheated ; but 
should it happen that the motor does not start rly, then 
the resistances may be subject to the heating effect of the cur. 
rent for an unduly long time, and may ps or 
Now, according to this invention, the connecting 


‘ay 9, 1907.) barat out. ie ged that they will with 
resistances are so constructed and arran ey with. 
6651. ee erie A. = i, Sone stand overheating ; that is to say, they are practically indestruv- 
gen, ond 5 (3 Fige.| h 20 —. on invention Selabes tible even if undue heating should occur, there being no parts, 
‘$5 ten Sod n iy — = Maen and ts ane » | such as soldered or sweated joints, which would be liable to give 
i apese sr is te Bin vg poe which have to run at vi way under heat. C indicates ae of the ——. The 
t is known that in such motors there is liability to difl- | soction in Te 1 to phe bene... cavity tor the rad ° 

» , 
culties of commutation, and this defect may be remedied by the | biccks D is a seating ring. Each of the resistance elements 4 


use of auxiliary poles, which in motors as hitherto constructed 
have been attached to the main yoke and project radially towards 
the armature; or if they are provided with an auxiliary yoke, this 
latter has been attached to the main yoke. The object of the 
present invention is to provide a construction in which the 
auxiliary poles of a dynamo or motor are attached to an indep 

t auxiliary yoke, forming a complete —_ circuit, separate 
from the main magnetic circuit and provided with separate mag- 
netising coils, thus constituting a complete independent “ey 
field system.. Such construction may be incorporated in the 
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original design of a dynamo or motor, or may be conveniently 
added to existing ines, and is specially applicable to motors 
having a circular yoke constituting a casing and provided with 
lar extensions held together by -—— such as described in 
tters Patent No. 17,203, of 1899. 1is is the circular yoke con- 
stituting the casing provided with polar extensions 2 held to- 
gether by rings 3. To each of these rings 3 situated on either side 
of the machine is attached, by means of — bolts, a ring 5 
of magnetic metal, which constitutes an auxiliary yoke, and is 
su concentrically with the armature. These two auxiliary 
yokes 5, one on either side of the hine, are ted mag- 
netically to each other by cross-bars or rods 6. On the bars or 
rods 6 are wound or pl —_ magnetising coils 7, and 
attached to the said bars or 6 are pole-shoes 8 projecting 
towards the armature, which are disposed a wi 
respect thereto. The pole-shoes 8 are placed intermediately with 
respect to the main poles 2, and midway between them. (Sealed 


May 16, 1907.) 

W. Middleton and J. Y. Middleton 
Newcastle - on - ©. Electric Cable - Coupling. 
(4 Figs.) October 9, 1906.—This invention relates to an improved 
covering for the eo terminals of electric cables, especially 
of the class described in Specification No. 18,919, of 1904. The 
covering comprises one or two members of insulating material in 
the shape of sleeves adapted to enclose th pling or terminal. 
and provided with a nut or nuts screwed on to a bolt or threaded 
spindle of said coupling or terminal, to connect the parts together 
and make a tight joint. In the case of a pling, the b 
or members of the covering are provided with apertures for 
passage of the cable end or ends; and where two members are 
used, the adjacent ends thereof may either butt ther or over- 
lap. a indicates the electric cable ends, b the coupling, and ¢ the 
bolt of the coupling having the screwed part elongated ; d and e 
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(Fig. 1) are the two members of the covering which fit closely to 

the coupling, the adjacent ends of which abut against each other 

when p in position, said coverings having coinciding notches 

or semi-circular recesses f formed therein to produce an a 
or 


roper a, which may consist of a fiat 
strip of German silver winding to and fro in its own plane. This 

may be conveniently formed by ——_— out a flat 
oblong plate, one half thereof being made of the pe indicated 
in Fig. 1, while the other half may be of the same shape reversed, 


comprises the resistance 





the two halves thus being left and right hand. The plate so 
stam out forms a continuous fret like, zig-zag, or winding strip, 
the left and right-hand halves being connected integrally only 
by the bottom part or fold of the strip, so that they can be bent 
round and doubled over at the point b to lie side by.side, as indi- 
cated in Fig. 2. At either side of this ce is a flat copper 
te c orc! to act as a terminal plate or conductor, such plate 
ving at one corner a suitable connecting lug or projection d or 
@ (Fig. 1), the lug of one plate serving for the commutator con- 
nection, and that of the other for the armature connection. 
The copper plates are of the same external contour as the resist- 
ances, but are left plain ; that is to say, they are not stamped into 
strip form. Thin mica lamine are inserted between the copper 
plates and the resistance strip a, between the folds of the latter, 
and also outside each copper plate, so that the current has to 
travel the whole length of the folds of the resistance strip in 
passing from one copper plate to the other. Suitable corner 
ieces, also of mica, are provided between the lugs d, d}. (Sealed 

‘ay 16, 1907.) 

RAILWAYS AND TRAMWAYS. 

12,896. Brecknell, Munro, and Rogers, Limited, 
and E. M. Munro, Bristol. Bow-Trolleys. (3 Figs.) 
June 2, 1906.—This invention relates to bow-trolleys for use in 
connection with electric tramways and railways, and has for 
object to provide a bow-trolley, the tensioning means of which 
shall be such that they occupy small ay are inexpensive, and 
shall cause the trolley, when inclined to the vertical, to press 
upward against the trolley-wire with a pressure, the angles of 
inclination being alike, that shall be the same on either side of 
the vertical, and shall attain this last-mentioned object by the 
use of only one g. According to this invention, the harp 2is 
mounted, as inarily, in bearings in uprights or standards 3 
on a casting secured to the trolley-plank, and is formed with 
downward extensions 7, each of which is pivotally connected to 
a rod 21 that extends longitudinally of the vehicle and passes at 
each end through a hole formed in a projection 19 on a collar 14 
mounted so as to be capable of movement along a tube or cylin- 
der 12 carried at its ends in bearings formed on the casting. The 
tube or cylinder is surrounded by a coiled spring 13, the ends of 




















which bear against the collars or Le 9 14, and the amount of 
b 





embracing the cable ends. The number of notch 
cables to 


sion on which can be adju: y means of nuts 17, 18 





according to the number of be ted by the coupling 
Each member of the oountiog is provided with a close-topped 
nut A of insulating ma’ to be screwed on to the 
1 ted screw portions of the bolt c. In the case of the terminal 





whose axis is at right angles to the axis of the field, e 
forces which cause sparking at the corresponding brushes. Thus 
if, in the compensated single-phase alternating-current series 
machine illustrated diagrammatically, the field generated along 
the axis y,y by the stator winding s, and by the rotor winding 


or junction block j, the covering comprises one sleeve or member 
only, adapted to fit over the terminal with a nut A screwed to the 
bolt & of the terminal, said eleeve abutting against the block at 
its inner or opposite end, as shown, and said bolt being used to 





through the brushes a, a, be greater than the field g ted along 
the axis 2, 2 in the rotor winding by the excitation brushes b, the 
brushes @ lying in the axis y, y are sparkless, but there is sparking 
at the shes b,b on account of the oscillating field existing in 
the axis y, y. Conversely, there will be sparking at the brushes a 
if the field along he axis xz, 2 preponderates. It has been found 
that this sparking of the brushee, which could not hitherto be 
avoided by any available practical means, is obviated in a very 
simple manner by making the commutator brushes which are at 
right angles to the axis of the stronger of the two fields of high 





Soon) the coupling or terminal to the block. (Sealed May 16, 


21,232. Siemens Brothers’ Dynamo Works, 
Limited, and F. Lydall, London. ic 
. (5 Fige.) September 25, 1906.—This invention 

relates to alternate-current motors, such as single-phase com- 
mutator motors, the improvements being in connection with 
commutator resistances; that is to say, the connecting resistances 
which are usually inserted between the commutator aud the arma- 
ture in machines of the type indicated. Iu ordinary working, 





ed on to the tube or cylinder at each end, and situated 
between the bearing for the tube anf the collar or ring thereon. 
The rods 21 pass loosely through the holes in the projections on 
the collars or rings, and the ends of each rod are provided with 
nuts 23, so pl that when the rods are moved endwise by an 
alteration in the position or angle of the trolley, the collar or 
ring at one end is caused to travel along the tube or cylinder and 
compress the spring between the moving collar or ring and the 
collar or ring on the other end of the tube which remains sta- 
tionary. The nuts are formed with knife-edged faces, so as to 
offer as little resistance as possible to the turning movement 
when the rods on which they are mounted are in tension. The 
ends of the rods that pass through the stationary collar or ring 
move through the holes and impart no movement thereto. The 
tube or cylinder may be slit for a portion of its length at each 
end, and pins 16 on each collar or ring may engage with the +!it# 
80 as to prevent rotation of the collar or ring relatively to (he 
tube or cylinder. (Sealed May 16, 1907.) 
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GAS-ENGINE EFFICIENCIES. 
By Leonarp Barrstow, A.R.C. Se., Wh. Sch. 


In making calculations of pressure and heat- 
energy for the mixture used in a gas-engine cylinder, 
the general tendency is to assume that the specific 
heat at constant volume increases with the tempera- 
ture of the gases. Another hypothesis is possible— 
that of dissociation ; but for the purpose of actual 
practice either method is applicable without ap- 
preciable error, whilst the calculations for an 
increasing specific heat are much more simple. 
This advantage probably accounts for the more 
general adoption of the latter hypothesis. 

On account of the method of estimation the 
difference between the two hypotheses becomes 
primarily a difference in the values assigned to the 
temperature of the gases for a given pressure and 
volume, but even here the maximum possible error 
for gas-engine work is less than 5 per cent., and as 
very high temperatures are never measured—in fact, 
cannot be measured—this error is never likely to be 
of any practical importance. 

The great difficulty of the method is that of 
obtaining values for the specific heat at any tem- 
perature. Experiments by Mr. Alexander and the 
writer show that the same specific heat will hold 
good for any ordinary degree of compression. 
Experiments of this type—i.e., explosion in a closed 
vessel, initiated by Bunsen and followed by Mr. 
Clerk* and others--only afford a means of estimat- 
ing one value of the mean specific heat for any 
given mixture of coal-gas and air. If the explosion 
vessel could be kept at a temperature above the 
boiling point of water, some further information 
could be obtained ; but this has not been done up 
to the present. Other information can be obtained 
from the work of Mallard and Le Chatelier,t but 
this is indirect and not quite satisfactory. Recently, 
in a paper read before the Royal Society; { Mr. 
Dugald Clerk has given details of an ingenious 
method of determining the specific heat of the gases 
actually used in an engine-cylinder. For the same 
engine the distribution of the energy of the charge 
between the work done and the jacket and exhaust 
losses has been determined by the Gas-Engine 
Committee of the Institution of Civil Engineers.§ 
Taken together these afford a means of estimating 
approximately the specific heat at high tempera- 
tures. At low temperatures up to 800 deg. Cent. 
direct experiments on the specific heats of air, 
nitrogen, oxygen, carbon dioxide and steam have 
been made by Holborn and Austin || and Holborn 
and Henning,“| of the Reichsanstalt, in Berlin. 

The values given in columns 3 and 4 of Table I., 
annexed, have been deduced from the information 
cited, and are believed to be nearer to the correct 
values than any hitherto published. The mixture 
is that produced by the explosion of a mixture of 
one part of gas to nine parts of air, this being com- 
monly used in gas engines. The actual values 
of the specific heats are for one cubic foot of 
mixture when measured at 0 deg. Cent. and 30 in. 
of mercury. 

For variable specific heats the relation 

pvu=Rt. » ° - (1) 
is assumed to hold; and if p be the absolute pressure 
in pounds per square inch, v the volume in cubic 
feet, and ¢ the absolute temperature in d 
Centigrade, the value of R corresponding to the 
tabulated specific heats is 

R = 0.0538. 

_ In order to apply these numbers to the calcula- 
tion of ideal efficiencies on the ordinary cycle it is 
necessary to be able to calculate the adiabatic curves 
corresponding to compression and expansion. Re- 
ferring to the figure, A is the end of the suction 
stroke, B the end of compression, and C and D the 
beginning and end of expansion respectively. The 
en AB and CD are, in the ideal cycle, adiabatic 

rves. 

The efficiency of this cycle is 

Heat added from B to C — Heat lost from D to A 
Heat added from B to C. 
By means of column 5, Table I., the calculation of 
points on any adiabatic is very much simplified, as 











§ Proc. Inst. C.E., 1908, vol. clxiii. 
. Pro. Reichsanstalt, 1905. a 
| Annalen der Physik, 1905. 





the relation between the volume and X all along 
any one curve is then 
OS. Niele ee @ 
x 

where C is a constant to be determined by the con- 
ditions at any one point. The calculation of points 
on the compression curve will illustrate the use of 
the table. The known point is the end of the 
suction stroke, where the pressure is atmospheric, 
and the temperature 100 deg. Cent. (373 deg. Cent. 
absolute), or 


p = 14.7. t = 373. 
Since p v = 0.0538 t, the corresponding value of v is 
v = 1.363. 
From the table the value of X at 100 deg. Cent. is 
X = 2.23, 


and from equation 2 
ce = 1.363 x 2.23 = 3.04, 
and v = = for all points on the compression line. 


At 600 deg. Cent. (873 deg. Cent. absolute) the 
value of X is 20.6, and v is therefore 0.147, as 
given in Table II. From equation 1 the value of 
p can now be found, as both v and ¢ are known, and 
p = 318. 

It is now necessary to fix the ratio of expansion 
r. Inthe first instance take r = 4; the volume at 
the end of compression is then = or 0.341. By 
plotting the values in Table II. on squared paper 
the corresponding value of @ is 375 deg. Cent., and 
the pressure 102 lb. per square inch absolute. The 
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6 35 50 "5 
(9920) Volume Cubic Feet 
mean specific heat of the gases at 375 deg. Cent. is 
20 foot-pounds, and the energy in the gas at the 
end of compression is, therefore, 

375 x 20.0 = 7500 foot-pounds. 
The calorific value of the coal-gas in this mixture is 
45,000 foot-pounds, 


and the energy in the gases at the end of explosion 
is, therefore, 

52,500 foot-pounds. 
By trial, using Table I., column 3, this will be seen 
to correspond to a temperature of 1940 deg. Cent., 
and a mean specific heat of 27.1 foot-pounds. 

We have, therefore, v = 0.341, ¢ = 2213 as the 
starting point of the adiabatic expansionC D. The 
value of C fora temperature of 1940 deg. Cent. 
is 214* and am 


v er 


x 


from which the values in Table III. are calculated. 
When v is 1.363—i.e., at the end of expansion—the 
temperature has fallen to 1350 deg. Cent., and the 
pressure to 64 Ib. per square inch absolute, these 
values being found in a similar manner to the tem- 
perature and pressure at the end of compression. 

The whole of the items are then known for this 
cycle, when the ratio of total volume to compression 
space is 4 : 1. 

The values are 


Pounds per 

Cubic Feet. Deg. C. Square Inch 

ae , (Absolute). 
Beginning of com- 

Salen oe UH 133 8 = 100 p= 147 
End of compression v = 0.341 @ = 375 p= 102 
Beginning of expan- 

. pn v=0341 86 =1940 p= 349 


sion Tan 3 got 
End of expansion... v= 1.363 @ =1350 p= 64 
The mean specific heat at 1350 deg. Cent. is 
23.6, and the energy in the at D is therefore 
31.860 foot-pounds. At A the energy is 100 x 19.6, 
or 1960 foot-pounds, and the heat lost from D to A 


* The most accurate method of calculating this number 
is to interpolate on the logarithms of X by simple pro- 
portion. 








is 29.900 foot-pounds. The heat given from B to C 

was 45.000 foot-pounds, and the efficiency is conse- 
quently 

45.000 — 29.900 

Ta = 0.335. 


These calculations have been repeated for other 
values of r, and different values of the efficiency 
found. Table V. shows a comparison between 
these efficiencies and the’ standard air-engine. It 
will be seen that the air-engine efficiency is con- 
siderably higher, but that the percentage difference 
decreases as the ratio of the total volume to the 
compression space increases. Both these results 
would have been expected from the nature of the 
specific heat curve. 


TaBLe I.—The Quantity of Mixture aE) oy: to this 


Table is 1 Cubic Foot Measured ut 0 Deg. Cent. and 
30 In. of Mercury. 


Temperature Absolute Mean Specific! gs ecinc 



































Centigrade. Temperature.| Heat from X. 
0. t. 0 Deg. Cent. ans. 
foot-pounds | foot-pounds 
0 273 ” 19.6 
100 373 | 19.6 19.7 2.23 
200 473 19.7 19.9 | 4.14 
300 57: 19.9 20.1 | 6.62 
400 678 20.1 20.6 10 
500 773 20.2 21.2 14.6 
600 8738 20.4 22.0 20.6 
700 73 | 20.8 22.9 28.2 
800 1078 | 21.0 24.0 38 
900 1173 21.4 25.2 50.3 
1000 1273 | 21.9 26.4 65.8 
1100 1373 } 22.3 27.7 85.3 
00 =| 478 | 22.8 29.0 109.5 
1300 | 1573 23.8 30.3 140 
1400 | 1673 | 23.9 31.6 178 
1500 1773 24.5 33.0 226 
1600 1878 26.1 84.4 [286 
1700 1973 25.6 35.8 361 
1800 3 | 26.2 87.1 455 
1900 2173 26.8 88.5  |578 
2000 2973 27.5 39.1 719 
| | 
Tasix [I.—Compression Curve. 
Temperature. Volume in Cubic Pressure in Pounds 
Centigrade. Feet. per Square Inch. 
6. v. p. 
100 1.368 14.7 
200 0.734 34.6 
300 0.459 67.1 
400 | 0.304 119 
500 0.208 200 
600 0.147 318 
Tasie III.—Adiabatic Curves. 
| rey r=6. | r=6. | r= 10. 
Temperature c = 214, e¢ =1815.' ¢ = 160. | ¢ = 112.5, 
Centigrade. } 
6. ue a ae =~ ! 
v. p. no  pliwip!] &@ |p. 
vb. ft. Ib, p. sq. in | 
2000 «| ~.. oie me ieee ore kk 
1900 0.374| 318 | 0.817 |369 | 0.279 419 |0 196 | 597 
1800 | oa7i 235 | 0.400 279 | 0.352 317 | 0.247 | 460 





1700 }0.592; 179 | 0.502 |212 | 0.442 240 | 0.311 | 341 








1600 0.748| 185 0.634 |159 | 0.559 |180 | 0.3u5 | 256 
1500 0.946; 101 0.802 |119 | 0,707 |135 | 0.497 | 192 
1400 1.200} 765 1.016 | 88 | 0.897 |100 | 0.630 | 148 
1300 | 1.522) 55 1.292 | 65 | 1.140 | 74 | 0.801 | 106 
12000 | .. 2 1.656 | 48 | 1.460 54 | 1.027| 77 
1100 te CE -. | 1,820] 66 

Oh ae L7l1| 40 


| 
Taste 1V.—Zemperature Centigrade. 0. 














| At the 2 
At the End of At the End of 
ve Compression. poo ty Expansion. 
| | . 
4 875 1940 1350 
5 429 1965 } 1280 
6 472 1990 | 1230 
10 520 2060 1085 
TABLE V. 
" a 
; Efficiency. Efficiency 
r, Efficiency. Air ,ctual Working Relative to Air 
Standard. Gases. Standard. 
"aa 0.426 0.885 0.787 
5 0 475 0.384 0.809 
6 0.512 0.417 0.815 
7 0 541 0.445 0,823 
8 0.565 0.470 0.882 
q 0.85 0.490 | 6.837 
10 0.602 0.508 0.845 


In the figure a dotted curve is shown which very 
closely represents the corresponding indicator dia- 
gram of an engine. Experimental evidence shows 
that for the same value of r the actual performance 
is 85 per cent. of that shown for ideal conditions, 
notwithstanding the fact that more than 20 ad 
cent. of the heat of the charge is lost to the jacket 
during explosion and expansion. Of course, if this 
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heat were not lost, it would be profitable to decrease 
the compression space and so increase r. With 
this allowance it would appear that an ideal engine 
could probably not do more than 25 percent. better 
than existing typ2s. The small effect which this 
great jacket loss has on the efficiency explains why 
small engines compare so very favourably with 
larger ones. 
APPENDIX. 
Tue CaLcuLaTIoNn oF X. 
From general thermodynamical relations 
dH =kdt+pdv, 

where 

H is the heat added (in foot-pounds for convenience) ; 

k the — heat at constant volume in fvot- 

unds ; 
t the absolute temperature in degrees Centigrade ; 
4 p the absolute pressure in pounds per square foot ; 

an 

v tha volume in cubic feet. 


Along an adiabatic d H is zero, and therefore 
kdt= —- pdv; 
and p v = Rt, where R is now 7.75. 
Substituting for p, and rearranging terms, we get 
dv__1lkg, 
v Rt 
Integrating both sides, 
1 k 
log. v=l —= = &t; 
Be V=10Be € R f i 
or converting to common logarithms, 
log v = log c — 
and taking antilogarithms, 


v= — 
: 1 k 
til —dt. 
an Bia f pe! 


The value of X is therefore 


c 


antilog cas fa t, 


and the actual values were found by plotting ‘ , and in- 
ee | by planimeter. 
t will be noticed that if k be constant, the equation 


reduces to the form v ~~ = constant, or, remembering 
that pv = Rt to the better-known one of p vY = constant. 





THE NEW YORK SUBAQUEOUS 
TUNNELS.—No. VI. 
By Cuaries Preuint, C.E. 


In our description of the tunnelling work now 
going on im the vicinity of New York, we pur- 
pusely omitted giving a detailed account of con- 
struction common to every tunnel, limiting our 
remarks to special features that indicate some 
progress in the art of tunnelling under water. It 
may be safely said that this kind of engineering 
work has no longer the element of uncertainty 
which characterised some operations in the early 
days of tunnelling under river-beds. Engineers 
can now readily foresee the difficulties liable to 
arise, and are at the same time able to cope with 
them and master them when they occur. 

Two methods have now the full sanction of 
experience for constructing tunnels on the river- 
bed, or at shallow depth below it; one being the 
cofferdam, and the other the caisson method. 
Both are good and reliable, having stood the test 
of protracted experience. The cofferdam method, 
which was successfully employed on the tunnels 
under the Chicago River at Chicago, was largely 
commented upon at the time, so that it has now 
found its way into standard technical manuals. 
As to the caisson method, we gave a somewhat 
detailed description of the manner in which it was 
employed by Mr. McBean in the tunnel which he 
constructed for the New York Subway under the 
Harlem River. It might be appropriately noted 
here that in this difficult enterprise the caissons 
were built in two different ways. In one, the 
caisson was made wider than the section of the 
tunnel proper, which was afterwards constructed 
within the caisson. According to the second 
method employed, the side-walls of the caisson 
were built; while, at the same time, the upper 
portion of the tunnel served as a roof for the caisson 
itself. Though both methods have been used, the 
second is decidedly the more economical. It is 


this second method that has been adopted for the 
tunnel to be constructed under the Detroit River 








for the Michigan Central Railroad, in which 
operation its claims and merits will be observed 
and carefully tested. Mr. McBean, the con- 
tractor, has decided to reduce the work of the 
diver as much as possible, because it is slow and 
expensive as a rule. The profession will await 
with interest the results of the modifications which 
he has planned to introduce into the caisson 
method of constructing this subaqueous tunnel. 

Whether driven at a great depth below the 
river- bed or through compact impervious soil, 
these tunnels are excavated in the same way as land- 
tunnels: witness the tunnel under the Severn and 
the more recent one under the East River. The 
work is carried on from day to day under river- 
beds just as through mountains. Different troubles 
and perplexities arise, either from subterranean 
springs, as under the Severn, or from flooding, as in 
the Brooklyn Tunnel. Pumps in’ the one case 
— the remedy, as compressed air did in the 
other. 

In the East River Tunnel compressed air was 
introduced on the Manhattan side, where only solid 
rock was encountered, a bulkhead being erected, 
with its usual air-locks, on the completed portion 
of the tunnel. The work was carried on in com- 
pressed air precisely as under atmospheric pressure. 
A heading, half as high as the proposed tunnel, was 
first excavated, attacked, as usual, by centre cut, 
and subsequently enlarged to the whole width of 
the tunnel. The bench was excavated by the 
American method, close to the heading, and only a 
few feet behind it. Its removal was effected by 
blasting, in a single round, all the charges in the 
holes, which were drilled vertically from the floor 
of the heading and horizontally close to the floor of 
the tunnel. When timbering was needed, it was 
applied as in land work. Timbering, however, was 
employed as little as possible, owing to the diffi- 
culty of extinguishing a fire in compressed air. 
In driving subaqueous tunnels through compact 
material, or when the roof of the excavation 
requires to be supported, the roof-shield has been 
adopted mainly on account of its convenience. 

The roof-shield was first introduced in the con- 
struction of the East Boston Tunnel, under and 
across the Boston Harbour. In this method the 
side-drifts are constructed close to the floor of the 
tunnel ; and within them, the skew-back is built up 
to the springing line of the arch. Two or three 
rails are placed on the top of the skewback in order 
to facilitate the sliding of the roof-shield, which is 
semi-circular or semi-elliptical, according to the 
shape of the upper half of the tunnel ; and which 
has, as usual, a front edge, a diaphragm, and a 
rear section. There is this difference, however, 
that the diaphragm is a heavy, arched beam, 
ending with cast-steel shoes at both extremities, 
which shoes rest on the rails referred to above. 
The earth is excavated below the hood of the front 
of the shield, the arch is then built below the 
shell of the rear section, and the shield advanced 
by means of hydraulic jacks abutting against the 
shield and also against the newly-built masonry of 
the arch. To afford strong support to the jacks, 
steel rods are inserted in the masonry. As soon as 
the sides and top of the tunnel are constructed, the 
central core of earth is removed, and the inverted 
arch built. All this work is done in compressed 
air, diaphragms being erected at a certain distance 
from the front, and provided with air-locks in the 
usual way. 

Tunnels which have to run through loose, 
variable, or pervious soil are now excavated by 
means of shield and compressed air. Such im- 
provements have been made in shields that they 
may be designed to-day to meet any requirements 
that may occur, the essential parts always being the 
front, the diaphragm, and the rear. The front can 
be made with an apron projecting nearly one-third 
of the diameter, and provided with a cutting-edge 
for work in loose soil, the apron being omitted in 
the case of hard rock. In this latter case, the 
front is armed with strong steel teeth, to chip off 
the small fragments of projecting rock that would 
otherwise obstruct the advance of the shield. In 
case of variable soil, a front should be designed 
somewhat intermediate between the two just men- 
tioned. The diaphragm, which is strongly built 
with columns and plates, is the main support of 
the shield, as it has to keep the latter in shape, 
and also to bear, as in the case of loose soil, all the 
pressure of the superincumbent earth, pending 
the erection of the iron lining of the tunnel. The 
diaphragm also forms an enclosure for compressed 





air between the shield at the front and the air- 
locks of the diaphragm erected close to the shaft. 
The doors of the diaphragm allow the men two «o 
outside and attack the soil either under the stve] 
apron, or even far in advance, but always in com- 
ge air. The two faces of the diaphragm may 

close together, or even some distance apart, 
thereby providing a space between them, which 
may be used as an air-lock. The shield used in 
the Blackwall Tunnel was constructed in this way, 
as also the shield for the Pennsylvania Tunne] 
under the East River. The rear end is always 
made up of boiler-plates, forming a shell, which 
envelops the end of the lining in the section of 
the tunnel already constructed. 

Engineers have also at their disposal articulated 
shields, which advance crab-wise, consisting of two 
distinct shields telescoped together, the two parts 
advancing simultaneously or singly, according to 
the condition of the work. The space between the 
shields forms a safety-chamber for the workmen at 
the front. In it the air pressure can be imme- 
diately increased, thus avoiding, or, at least, con- 
fining to a limited space, the damage causcd by 
‘**blow-outs.” As the diaphragm of the rear part 
of the shield is made of large dimensions, it acts as 
a movable bulkhead erected close to the foot of the 
excavation, where air-locks can be inserted just as 
in any ordinary bulkhead. With this telescoped 
shield there is no tendency to rotation, the advance 
being effected by moving only one-half of the shield 
at a time, the other being meanwhile under 
pressure. Moreover, a shield in which the front 
advances independently of the rear is easily 
directed over curves and grades; so that we 
ought not to hear any more of accidents occurring 
because the contractor has lost control of his shield, 
as occurred under the East River when the shield 
was beyond control for a distance of about 2500 ft. 

We have now also examples of subaqueous 
tunnels in which the road-bed is supported en- 
tirely by piles sunk down to bed-rock, so that the 
weight of the traffic will not affect the tunnel, as it 
is transferred directly to the solid rock below. 
Furthermore, we know how to stiffen loose soil 
so that it will not yield under the great pressure of 
the heavy shield employed to-day in the con- 
struction of subaqueous tunnels. 

The use of compressed air is still regarded with 
some degree of suspicion or diffidence by tunnel 
engineers, just as it still continues to perplex and 
puzzle the medical profession in its effects on the 
workmen. Strong meninthe best of health havebeen 
stricken down, while weak and sickly-looking men 
were in no way affected by the changes of pressure. 
On the other hand, when attacked by the ‘* bends,” 
strong men may promptly recover, while the weaker 
oftener succumb. Every precaution is taken to 
safeguard the health of the workmen, and the 
laws laid down are enforced with firmness. Medical 
aid, too, is ready at hand, and every care bestowed 
on a stricken man. According to the coroner’s 
report, 68 men died of *‘bends” and accidents 
while engaged in tunnelling work around New 
York in 1906. The deaths were thus distributcd : 
forty-three in Pennsylvania work, twenty in the 
Belmont Tunnel, two in the tunnel under the 
East River for the Rapid Transit Company, and 
three in the second tunnel to Jersey City. In 
England it has been found possible to drive tunnels 
under the Thames without any fatalities whatever. 

When President Roosevelt made a flying visit to 
the Panama Canal in the autumn of 1906, he was 
so impressed with the magnitude and difficulty of 
the work that he proposed to Congress that a medal 
should be struck and awarded to the men taking 
part in this great engineering enterprise. This was 
a fine idea of our watchful and strenuous President, 
because there is hardly less merit in risking ones 
life for the benefit of one’s country while over- 
coming the forces of Nature than there is in risking 
one’s life on the battlefield. The work of the 
obscure heroes of the Canal zone will stand for 
ages as a landmark in the progress of civilisation. 

o less arduous and difficult, too, is the work done 
every day in the tunnels around New York by our 
valiant ‘‘ sand-hogs,” who carry on their work out 
of sight of their fellow-men, in an atmosphere of 
40 lb. pressure to the square inch. Not less dis- 
tinguished and not less meritorious than the genera's 
who lead our well-clad, well-fed, and well-equipped 
armies from strife to victory are our engineers, w/o 
plan with consummate strategy their successive 
campaigns against the giant forces of Nature. 
History recounts the names and deeds of warlike 
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leaders of the past, who left trail after trail of 
blood and desolation behind them ; and it is time 
for a new modern history to enshrine the names of 
our engiaeering heroes, whose peaceful achieve- 
ments have done, and are still doing, so much for 
the well-being of mankind and the material 
progress of the world, 





THE FILTRATION OF WATER AT 
BOLTON. 


By L. Mrrcuett, Assistant Engineer, Bolton 
Curporation Water Works. 

Sryce the construction of the first sand filters in 
London by James Simpson, engineer to the Chelsea 
Water Company, our knowledge of the processes 
of filtration has been greatly extended. To obtain 
a clear and limpid effluent by the removal of tur- 
bidity and colour was for long the sole object sought 
and the criterion of efficiency. Until comparatively 
recently the effect of filtration was considered ex- 
clusively from the chemical point of view. As this 
was concerned principally with the examination of 
the substances held in solution, attempts to regu- 
late the process of filtration from this standpoint, 
being made in utter misconception of the true cir- 
cumstances of the case, never produced any useful 
results. Bacteriology, on the other hand, so soon 
as Koch’s discovery provided a means of deter- 
mining the number of bacteria contained in a 
sample of water, has been of the greatest service. 
It has thus been possible to adopt a standard of 
purity based upon the number of micro-organisms 
in a given quantity, and water containing, in a 
cubic centimetre, more than 100 capable of develop- 
ment is considered as open to suspicion. Notwith- 
standing that much yet remains to be discovered 
in the science of bacteriology before implicit reliance 
can be placed upon the results obtained, it un- 
doubtedly affords the safest and most trustworthy 
criteria yet found as to the efficiency of the process 
of filtration; and it is by accepting its conclusions 
and modifying designs and methods in accordance 
therewith that the highest efficiency is attained. 

Whereas it was formerly considered that the 
upper layers of a sand filter-bed, in order to be 
effective, should be frequently changed, it is now 
recognised that clean and sterilised sand, apart 
from the straining out of suspended matter, exerts 
very little, if any, purifying action on the water, 
and that matter in solution passes through the 
filter with hardly any perceptible change. Recent 
investigations have demonstrated that where puri- 
fication is effected, the process is almost entirely 
b‘ological, and is accomplished, not by the sand, but 
by the bacteria in the slimy, or gelatinous, coating 
which forms on the surface and around the grains of 
sand, and constitutes a cultivation-bed or microbe- 
trap, on which pathogenic bacteria are mechanically 
retained under conditions which are not favour- 
able for their existence. A sand filter does not, 
therefore, attain its maximum efiiciency until this 
slimy layer has been produced, and then at least 
80 per cent. of the bacteria removed are got rid of 
in the upper inch of sand, and 55 per cent. in the 
upper quarter inch; though purification is also 
effected for an indefinite period by the action of the 
nitrifying organisms immediately below this film. 
It is then essential that this film be formed on the 
surface of the sand by deposits from the untreated 
water before a new, or recently cleaned, filter be put 
into action. The bacterial efficiency is always at a 
minimum when the filter is first put into operation, 
and rises with length of service and the increase 
in the thickness of the film. In course of time, 
however, the film becomes less and less permeable, 
and so compact that it is necessary to skim the 
surface, owing to the reduction of the yield ob- 
tained under the head permissible, the quantita- 
tive capacity of the filter being diminished as the 
qualitative is increased. 

With regard to the rate of filtration it is by no 
means the same for all classes of water; every 
water has its own best rate of filtration, which must 
be determined by actual experience. Owing to the 
variable character of water no hard and fast rale 
can be made. Waters which are normally very 
high in bacteria or in organic matter, or which 
contain a considerable amount of finely com- 
minuted clay in suspension, will require to be 
liltered at lower rates than those of another descrip- 
ton. Thus the turbid sewage - polluted water 
pumped from the Elbe for the supply of Hamburg, 
after sedimentation in settling basins for 24 hours, 





gives an excellent result with a maximum rate of 
100 millimetres, or 4 in. per hour; whilst with the 
comparatively pure waters of the Spree and Havel, 
from which Berlin is supplied, equally good results 
are got with a rate of 160 odibataion, or fully 
6? in. per hour. The rates of filtration of the 
Thames water supplied to London vary from 2} in. 
to 4.1 in., the average being 3.6 in. per hour; and 
Judging from the experience gained on the prin- 
cipal filtration works in this country and abroad, 
it seems that if the maximum rate be limited to 
about 4in. per hour, or 2,000,000 gallons per acre 

r day, a high degree of bacterial efficiency may 

© secured. 

The method of starting a filter is equivalent to 
admitting turbid water upon the sand and retainin 
it there by closing the outlet valves until the mu 
settles. The filter is then considered ready for 
action. The filtrate obtained from the water re- 
tained to form the surface film is of inferior quality, 
and is not allowed to into the pure-water 
tank ; in some cases it is discharged into another 
ripe filter, but this is only practicable when the 
basins are arranged at different levels. The ‘‘ life” 
of a filter depends upon the quality of the water 
treated, the effective size of the sand grain, the 
rate of filtration, and the maximum head available, 
and varies, therefore, from one to eight weeks. 
When the yield falls below a certain fixed limit, 
the water in the basin is drawn off, and a layer 
of from } in. to } in. is removed from the surface by 
workmen with wide sharp shovels, the quantity of 
sand requiring to be removed being equal, on an 
average, to about 14 cubic yards per million gallons 
of water filtered. The dirty sand is heaped up in piles 
as it is scraped off, and afterwards removed in wheel- 
barrows up an inclined plane of planks, or lifted by 
a movable crane into small wagons running on a 
tramline, and taken to the sand-washer, where it 
is allowed to accumulate during successive cleanings, 
the washing being done only in winter-time, when 
there is water to spare for this purpose. The sur- 
face of the sand is then carefully raked and smoothed 
to remove the inequalities and effects of the work- 
men’s boots. The replacing of the sand is gene- 
rally done once a year, although the practice of 
some engineers is to dispense with this until the 
bed of sand is reduced to a thickness of 12 in., 
when all the discoloured sand, which generally 
extends to a depth of from 4 in. to 6 in., is re- 
moved, and the remainder is loosened and furrowed 
and allowed to stand dry for several days, so as to 
aerate it and oxidise and destroy any small 
quantity of organic matter that may have been 
carried down into it, after which the sand is made 
up to its original thickness by the addition of clean 
washed sand. After the filter has been scraped, or 
fresh sand added,-it should be refilled with filtered 
water from an adjoining filter through the under- 
drains, the water passing upwards through the 
filtering medium until it stands a few inches above 
the sand. This done, the raw water is admitted 
from above, filling the basin to the standard height ; 
the filter is then allowed to rest until the sedi- 
ment layer is formed. Assuming the filters to be 
scraped to an average depth of ? in. once a month, 
ard trenched, and refilled once a year, the cost of 
scraping the sand, washing and replacing it, allow- 
ing for loss of sand in washing, amounts to about 
1801. per acre, or 5s. 6d. per million gallons filtered, 
assuming the filters to be in use for 330 days in the 
year. The actual cost incurred by eight of the 
principal water companies in this country varies 
from 4s. 6d. to 6s. 11d., with an average of 5s. 8d. 
per million gallons filtered. 

The efficiency of slow sand filters, when properly 
constructed and worked, is beyond question, and the 
only reason for seeking to dispense with them in 
favour of any new system must lie in their initial 
cost and working expenses ; whence if equally good 
results can be secured at less cost by mechanical 
filters, these are certain to supersede the older 
method. Mechanical filters are of two types: (a) 
those which depend upon straining alone, and (6) 
those which combine coagulation and subsidence 
with straining. Both types are worked either by 
gravity or by pressure. ‘They had their origin in 
the United States, and were first used in connec- 
tion with paper-mills to remove the comparatively 
large particles of matter in suspension, which would 
otherwise prejudicially affect the texture and appear- 
ance of the paper. But more recently they have 
been greatly improved, and their use has been 





extended from manufacturing operations to muni- 
cipal supplies. They are now largely in use in 





the United States, especially in districts where the 
winter temperature is so low as to necessitate the 
covering of filter basins, or where the waters are 
excessively turbid, the quantity treated by one 
type alone being equal tg that of all the slow sand 
filters in this country. In the second type a 
coagulant is introduced into the water before it 
passes through the filter. This coagulant forms an 
inorganic precipitate in the water, the presence of 
which has a physical action upon the suspended 
mineral matters and allows them to be more readily 
removed by subsidence or straining. The most 
suitable and commonly used is a basic sulphate of 
alumina, formed by mixing sulphate of alumina 
with caustic soda, the amount used being from a 
half to three-quarters of a grain per gallon of water 
filtered. Other substances, including carbonate of 
lime, chloride of alumina, and compounds of iron, 
have been tried with varying degrees of success. 
But upon the kind of coagulant used, the amount, 
the method of application, and the formation of a 
gelatinous precipitate on the surface and around 
the sand or quartz grains, depends the efficiency of 
the second type of mechanical filter, and not upon 
its arrangement, which varies much, and is based 
more on questions of convenience and esonomy of 
operation than on considerations of efficiency, as 
measured by the character of the effluent, 

In drawing its supplies from gathering grounds 
which are comparatively free from sources of serious 
pollution, Bolton is favourably situated. Lying to 
the north of the town, within a radius of a few miles, 
there are excellent collecting areas, the yield from 
which will meet the requirements of the district for 
many years to come; and the commendable policy 
pursued by the corporation of acquiring, and 
thus getting full control over, the watershed areas 
is a guarantee that within certain narrow limits the 
liability to serious pollution will be minimised. 
The exercise of reasonable precautions against pol- 
lution of the watershed, including, ¢.g., the clear- 
ing off of all human habitation, the diverting or 
stopping up, so far as is possible, of public roads 
and footpaths which intersect the catchment area, 
and the preventing of the incursion of tramps and 
others over them, and the access of cattle to the 
streams or feeders, together with the adoption of 
precautions against the admission of fl waters 
and vegetable matter to the reservoirs, constitutes 
the first line of defence, which, if perfect, should 
dispense with the need for further precautions, 

The necessity for filtering the water supply to 
Bolton has arisen, in some measure, from the fact 
that the gathering ground is not wholly uncultivated 
and uninhabited. It is recognised that water ob- 
tained from the surface of absolutely uninhabited, 
uncultivated, bare, impervious rocky gathering 
grounds and stored in large and deep reservoirs 
provided with by-wash channels to exclude flood 
discharges, seldom requires treatment by filtration, 
the removal of suspended matter by sedimentation 
or straining being generally sufficient to render 
further treatment superfluous, Unfortunately, 
however, none of the Boulton reservoirs is provided 
with a by-wash channel, and after every storm 
the whole of the water in the reservoirs is more or 
less turbid, and remains so for some time. Under 
these conditions the water drawn from the reser- 
voirs is rarely sufliciently purified by sedimentation 
to be fit for culinary use without filtration or some 
other process of purification. 

Previous to the opening of the mechanical filters 
on March 26 last, the whole of the water supply to 
Bolton, amounting to 6} million gallons per day, 
was treated by open sand filtration, and the follow- 
ing is a brief description of the filter-basins and the 
method which has been followed in working them.® 

The sand filters at Sweetloves, which treated 
85 per cent. of the whole supply, cover an area of 
about 10,000 square yards, and consist essentially 
of four water-tight basins or tanks, built of brick- 
work, with ashlar copings. These tanks are about 
9 ft. in depth, and contain a horizontal layer of 
fine sand about 3 ft. thick, supported by gravel or 
broken stones. They are fitted with under-drains, 
and have an arrangement for delivering the raw or 
untreated water above the level of the surface of 
the sand, and for drawing it off after it has been 
purified by passing downwards through the filtering 
medium. As in all the older class of filters, the 
effluent is drawn directly from the end of the main 
drains through an outlet pipe controlled by a sluice- 
valve, which discharges into a service reservoir. 
It is now, however, considered better that each 
filter should be provided with an apparatus fox 
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MECHANICAL FILTERS AT THE BOLTON WATER WORKS. 
CONSTRUCTED BY MESSRS. MATHER AND PLATT, LIMITED, ENGINEERS, MANCHESTER. 





REFERENCES. 
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Outlet pipe for re-wash water. 
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0. 
Outlet pipe for filtered water, and inlet for wash water. 
Outlet pipe for wash-out water. 
Inlet pipe for unfiltered water. 
Outlet pipe for filtered water, and inlet for wash water. 
Inlet pipe for unfiltered water. 
Outlet pipe for —— water. 
" 0. 
Outlet pipe for re-wash water. 
Inlet pipe for unfiltered water. 
Valve on outlet of filtered water. 
Valve on outlet of wash-out water. 
Valve on inlet of unfiltered water. 
. Valve on outlet of re-wash water. 


Course of Water. 
1, Filtering : 

a water enters through the pipe J, N, G, and the 
valve 3. 

Filtered water passes out; through pipe A, B, valve 1, 
pipes H and E. 

2. Washing out: 

The wash water enters by pi 
and passes out through v 
main wash-out discharge. 

8. The re-wash water enters in ‘the same way as the unfiltered 
—— but passes away through pipe ©, valve 4, pipes D 


E, H, valve 1, pipes Band A, 
ve 2, pipes F, K, and L, to the 


accurately measuring and controlling the rate of 
filtration-and loss of head. V’ithout this it is abso- 
lutely impossible to attain the highest efficiency ; 
and as in the majority of cases also there is nothing 
to indicate the loss of head or frictional resistance 
of the filtering medium, the filters must occasionally 
work at rates varying from a maximum, imme- 
diately after cleaning, down to a limit at which the 
delivery is so reduced as to fall below the actual 
demand. There is no provision at Bolton for 


screening the water before filtration, and in other 
respects the filters are devoid of modern appur- 
tenances. 

From the area of the filters and the quantity of 
water treated it will be seen that the filters have 
been considerably overworked. Under ordinary 
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conditions, and working regularly with one bed | conditions for obtaining efficiency are, however, 
generally inactive for cleaning purposes, the Sweet- | rendered still less favourable owing to the situation 
loves filters should not pass more than from 3 to | of the pure-water tank into which the filters dis- 
34 million gallons per day, whereas the quantity | charge, the levels of both being practically the 
actually treated is fully 5 million gallons. The!same. It follows, therefore, that the filters can 
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only work at their maximum during the day, when 
the water in the tank is drawn below their outlets, 
and, consequently, the rate of filtration at those 
times is such as to preclude the possibility of a 
high standard of purification being reached. 

After being treated the water is discharged into 
open reservoirs having a combined capacity of 
nearly 200 million gallons, or about 30 days’ supply, 
where it is morsel for comparatively long periods 
before passing into the distributing mains. As 
filtered surface water, like that obtained from sub- 
terranean sources, deteriorates rapidly by storage, 
it is desirable that it should be delivered to the 
consumer as soon as possible ; and the capacity of 
service reservoirs should be reduced to the mini- 
mum compatible with safety. The inequalities in 
the ordinary demand would be amply met by a 
tank containing 50 per cent. of the average daily 
draught; but in any case it would be ample to 
have a storage equal to one day’s supply. At 
Hamburg and Berlin the storage reservoirs contain 
only about 14 hours’ supply. The effluent, after 
leaving the filter-basins, should not be exposed to 
light and air until drawn for consumption, as these 
favour the growth of algse and infusoria. 

The plant recently erected by the corporation on 
Belmont-road, and formally opened as previously 
mentioned, comprises ten filters of the pressure 
type, capable of dealing with three million gallons 
of water per day under a working pressure of 
200 ft., or 87 lb. per square inch. The filters are 
arranged in two rows of five each (Figs. 1, 2, 
and 3, page 734), the rows being spaced 16 ft. 
apart from centre to centre, and the filters placed 
at 11-ft. centres. Each filter consists of a closed 
cylinder 8 ft. in diameter (Fig. 4), with sides 
slightly tapered, and with top and bottom convex 
and concave shaped respectively, the whole being 
constructed of riveted steel plates. Inside, at the 
upper part, is an annular channel, into which 
the untreated water enters from an 8-in. dia- 
meter pipe J, N, G, and over the edge of which 
it flows on to the filtering medium, consisting of 
crushed quartz in graded layers, with the coarsest 
at the bottom. The quartz rests on a dished iron 
plate, into which a large number of brass nozzles 
are screwed from the under side. Through these 
the filtered water passes into a collecting chamber, 
from whence it is drawn off by the pipe A, which 
communicates through H and E with the main 
filtration p‘pe. The nozzles ensure a uniform velocity 
of flow at all parts, and a proper distribution of 
the water used for washing out the impurities. 
Moreover, since, as above stated, they are screwed 
into the bottom of the filter from the under side, 
they can, when necessary, be replaced without any 
disturbance of the quartz bed. 

In order to facilitate the thorough cleansing of 
the surface of the filtering medium, a rake or 
agitator is fitted inside the filter, and is revolved 
when necessary by hand. When the quartz has 
become clogged, the direction of the flow is reversed, 
filtered water being admitted at the bottom at A 
and passed upwards through the quartz bed ; the 
rake is at the same time revolved, and the sediment 
s broken up and carried off through the annular 
channel, an ages F, K, L. This operation is con- 
tinued until the water issuing from the discharge- 
valve, No. 2, is seen to be clean, when the filter is 
considered to be again ready for action, and the 
process of filtration is resumed. 

As will be seen from the reproductions of photo- 
graphs given in Figs. 5 and 6 on page 735, the 
arrangement of the filters is compact, and such 
that the whole of the valves, agitating rakes, 
and other gear are worked from a central gallery 
running between the two rows of filters, and sup- 
ported by iron beams carried on brackets attached 
to the outside of the filter-cases. It is therefore 
an extremely simple matter to bring any one of the 
ten filters into, or to throw it out of, action, as well 
as to clean it by the proper manipulation of a few 
valves in correct sequence. 

The rate of filtration ranges from 100 to 150 
million gallons per acre daily, or at least fifty 
times that of a slow sand filter. So long as the 
velocity is uniform after the surface film has been 
formed, within these limits, the results are claimed 
to be equal to those obtained at much lower rates. 
In some cases the addition of chemicals will improve 
the dietetic properties of water and reduce its 
corrosive action upon the pipes or vessels in which 
it is contained. Thus a very soft water, containing 
much carbonic acid in solution and liable to cause 
plumbism, will be improved by the addition of a 


proper quantity of carbonate of lime ; in others, 
which are too hard, an improvement in quality will 
be effected by the addition of a proper quantity of 
lime, so that in the purification of water the judi- 
cious use of chemicals, either in supplying a sub- 
stance of which the water is deficient, or in freeing 
it of constituents foreign to hygienically pure water, 
is advantageous. No additions to the water as it 
passes through the filters are now made at Bolton, 
but they can be added should the character of 
the water at any time, unfortunately, necessitate 
their use. 

The filtration plant is enclosed in a plain brick 
building, measuring 80 ft. by 40 ft., the floor- 
level of which is 545 ft. above sea-level, or 235 ft. 
above that of the Town Hall. The water now being 
treated is drawn from the Entwistle Reservoir, and 
is delivered to the filters through a 24-in. diameter 
main, the quantity being measured and recorded 
by a Venturi meter fixed inside the filter-house. 
The sediment discharged from the filters during 
cleansing operations is delivered into two settling- 
tanks, having a combined capacity of 69,000 gallons, 
where it is precipitated by a solution of alumino- 
ferric, the clarified effluent being drawn off by 
floating arms and passed on to the adjacent stream. 
The total cost of the plant, filter-house, and settling- 
tanks was 55001. 

As to the efficiency of the plant, analyses made 
for the contractors show that the results are highly 
satisfactory. Independent analyses have not yet 
been made on behalf of the Corporation ; but it is 
considered beyond doubt that by careful — 
results equal to those obtained from the best san 
filters can be secured. In comparing mechanical 
with sand filters, the following important advantages 
possessed by the former may be mentioned :— 

(a) The initial and working costs are low, being 
about one-fourth those of ordinary slow sand filters ; 
and 

(6) The mechanical filters may be fixed in any 
convenient place between the reservoirs or source 
of supply and.the point of distribution without 
appreciable loss of head. 

[t only remains to be added that the works were 
designed and carried out by Mr. R. H. Swindle- 
hurst, M. Inst. C.E., the engineer of the borough 
water works, the contractors for the filters being 
Messrs. Mather and Platt, Limited, of Manchester. 








LITERATURE. 


The Electrical Nature of Matter and Radioactivity. By 
Harry C. Jonxs, Professor of Physical Chemistry in 
the Johns Hopkins University. mdon: Archibald 
Constable and Co., Limited. [Price 7s. 6d. net. ] 

Reavers of ENGINEERING do not require to be told 

that in the last ten years a quite extraordinary 

amount of most valuable work has been done in the 
domain of molecular physics, and that results have 
been obtained, and theories propounded and well- 
nigh established, which have opened up quite new 
ideas and revolutionised many old ones, Ten years 
ago the chemical atom was still fairly well estab- 
lished as the final unit in the division of matter, but 
to-day, while used by the chemist, it has lost caste 
with the physicist, and the ‘‘ electron” or ‘‘ cor- 
puscle” reigns in its stead. The change is mainly 
due to Professor J. J. Thomson, of Cambridge, 
whose brilliant investigations have called forth the 
unstinted admiration of everyone who is competent 
to understand them. Not content with discovering 
the existence of these ‘‘corpuscles,” or particles 
having only about one-thousandth of the mass 
of the hydrogen. atom, and with measuring 
the electrical charge which they carry, he next 
proceeded to inquire whether this charge must be 
attached to a material ticle—to something com- 
posed of what we ordinarily call ‘‘ matter ”—or 
whether the charge is in itself sufficient to account 
for the mass. He soon concluded that at least part 
of the mass of a charged particle which is in motion 
is of purely electrical origin, by showing that if 
the velocity of such a particle be increased, it must 
act, in virtue of its charge, as if its mass had been 
increased, and the experiments of Kaufmann veri- 
fied this conclusion. Other investigations have 
made it reasonable to suppose that all mass may be 
purely electrical, and thus we have the new theory 
that the only real thing is energy, and that matter 
is electricity in motion. While these investigations 
were being carried out there came the discovery of 
the Becquerel rays, and, later, of radium, and other 








radioactive substances ; and the examination of 





these new forms of radiation has produced new 
stores of knowledge and promises to be still more 
fruitful in the early future. 

In the course of a development of this kind the 
student has nothing to guide or instruct him in 
the early stages except the original papers pub- 
lished by investigators. These undoubtedly pro- 
vide the very best means of instruction, but to few 
are they readily available. At a later stage we 
find books appearing containing the essence of all 
the work done, and discussing it in detail. These 
are usually the work of experts, and in the present 
case are exemplified by the treatises of J. J, 
Thomson and Rutherford. The advanced student 
reads such books with avidity, but there are many 
inquirers after knowledge who have not the train- 
ing necessary to follow the sometimes intricate and 
mathematical analysis which they contain, but who 
nevertheless desire to know, and are capable of 
understanding, the practical results obtained in the 
investigations. In the present case this desire is 
perhaps more evident than usual, as the wonders 
of radium have appealed to the general public. 
We therefore next reach a stage in which books are 
prepared to meet the demands of these less ad- 
vanced students; and to this class belongs the 
volume now before us. 

Although the author says in his preface that the 
book is written ‘‘in a semi-popular style,” we 
do not think itis one which the general public 
will readily understand, for the simple reason that 
we do not believe the subject with which it deals 
really permits of popular treatment. The ideas 
involved, as well as the terms used, demand a 
scientific training in any one who proposes to study 
them intelligently. But for those—and the number 
must to-day be large—who have had some instruc- 
tion in the science of electricity, and are to some 
extent familiar with the concepts and terminology 
of physics, this volume may be recommended as 
an excellent statement of the facts and theories 
in the recent developments of this science. The 
author beyins with the work of J. J. Thomson on 
the electrical conductivity of gases, and gives an 
outline of his most important investigations which 
led to the conception of the electron theory. This 
is followed by descriptions of the nature of the 
X-rays, the Becquerel rays, and of the radiations 
from radium and other radioactive substances. The 
discussion is complete ; that is to say, the author 
deals with his subject not summarily, but in 
detail. 

The book contains practically a complete record 
of the results of all the most important facts deter- 
mined by investigation up to the date of publication, 
and a discussion of the - ane propounded, and of 
their agreement or otherwise with the facts. All 
mathematical analysis is eliminated nor is any 
attempt made to describe in detail or to illustrate the 
apparatus used in particular investigations. Where 
it is desirable, the general scheme of an experiment 
is outlined ; but the author’s main concernis with 
the result obtained. A mere record of results, of 
course, might be quite useless to the uninitiated, 
but here the author follows and makes clear a 
definite line of theoretical argument throughout, 
and no reader can fail to perceive the logical scheme 
of the work, or to be interested in the argument. 
The author tells us he has attempted to treat the 
subject with scientific accuracy, and we have found 
no failure in this respect, nor would we expect to 
find any in the work of a Professor of Physics in 
the Johns Hopkins University. In the opening 
pages there is some repetition, which slightly affects 
the style, but this is justified by the author's desire 
to instruct his reader. We recommend the book 
as the simplest account we have yet seen of the 
work done on a peculiarly fascinating subject. 





Gold-Mining Machinery ; its Selection, Arrangement, and 
Installation: A Practical Hand-Book for the Use % 
Mine Managers and Engineers, including Particulars 
for the Preparation of Specifications and Estimates. By 
W. H. Tinney, Mining Engineer. London: Crosby 
Lockwood and Son. [Price 12s. 6d. net. } 

Tue author's excuse for writing this volume is that 

in the course of his extensive experience he has 

often felt the need of a manual describing the prin- 
cipal features of the machines employed in gold- 
mining, and he has therefore been led to undertake 
the task of writing such a manual himself. After 
reading the volume we venture to think that no one 
is better qualified for this task than Mr. Tinney, 
and that it would be difficult to improve upon his 
work. In text-books of this kind the practice 1s 
too common to fill page after page with de- 
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tailed descriptions of machinery culled from the 
makers’ pons coe and to make these descrip- 
tions take the place of practical instruction 
on the working of the machines. It is not so 
with Mr. Tinney. The a descriptive part is 
kept small, and, as used here, it serves a useful 
purpose ; but much the greater part of the volume 
is devoted to an original discussion of the practical 
points which are likely to trouble the engineer or 
mine manager, or of matters regarding which he may 
at any moment want information. While the machi- 
nery discussed is largely special to the gold-mining 
industry, much of the text is equally applicable to 
other kinds of mining and engineering—as, e.g., the 
discussion of pumping and winding machinery, the 
management of motive power, engine-erecting, 
boilers, the transmission of power, transport, the 
construction of buildings, and so on; and on all 
these matters a great amount of useful and ex- 
tremely practical information is given. The author 
does not forget to point out even the idiosyncracies 
of native workmen in foreign countries, and the 
possible consequences which the engineer or manager 
may have to deal with. In fact, the care with which 
he points out little details for the prevention of such 
troubles is but an instance of the thoroughness 
which characterises the book. Where all is good 
it is unnecessary to describe the volume in detail, 
and it is sufficient to say that much of the field of 
gold-mining engineering, as well as gold-mining 
machinery, is fully discussed. 

When any engineering works have to be carried 
out at mines, the manager will require to prepare 
specifications, and he may often be in doubt, in 
such work, whether he has included all the necessary 
items or given adequate information regarding items 
actually entered. At such times he will find most 
useful the details for estimates set out by the author 
in Chapter XVIII. of this volume. These have 
been carefully prepared and are very comprehen- 
sive, covering every branch of gold-mining engi- 
neering work. We feel sure that mine managers 
will appreciate this volume very highly, and will 
recognise that Mr. Tinney has had a clear concep- 
tion of their requirements, and has succeeded in 
meeting them. “The text is written in a very clear 
and pleasant style, and the illustrations and diagrams 
are all excellently reproduced. 
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EXHIBITION IN DenmarK.—It may now be looked upon 
as settled that a large exhibition will be held in Aarhus, 
the capital of Jutland, in the year 1909. A considerable 

ocal guarantee fund has been subscribed, and the Danish 
Government 
fron the exchequer. 


is prepared to propose a substantial grant | Pp’ 





150-TON HAMMER DERRICKING-CRANE. 


Peruars one of the chief features that has marked 
the crane-building industry during the last few years 
has been the rapid progress made in cranes used for 
dockyard purposes, the increase in the size of ships, 
and consequently in their propelling machinery, not 
to mention guns and such-like appliances required for 
the armaments of battleships, having necessitated a 
great increase in the size and power of the lifting 
machinery used for dockyard work. As a result of 
the demands made on crane-builders, new forms of 
cranes have ee. among them being what is 
known as the hammer-head crane. This type pos- 
sessed many advantages over those that had preceded 
it, but improvements still continue, and now we have 
a modification of the hammer-head crane in what is 
known as the derricking hammer-head crane. 

Several large cranes of this type have recently been 
constructed by Messrs. Bechem and Keetman (Duis- 
burger Maschinenbau A.G.), Duisburg, Germany, one 
of them, capable of lifting 150 tons, having been erected 
at the pan of the Tranmere Bay Development Com- 
pany, Limited, Birkenhead. This contract was secured 
and carried out by Messrs. Bechem and Keetman’s 
British representative, Mr. August Reichwald, Fins- 
bury Pavement House, Finsbury Pavement, London, 
E.C., to whom we are indebted for the particulars 
given below. 

The crane is shown in general view in Figs. 1 to 3 
on our two-page engraving, Plate XLII., which repre- 
sent it in side elevation, end elevation, and plan respec- 
tively, on the quay of the dock at Tranmere. It is a!so 
shown in perspective in Fig. 9, page 738. This illus- 
tration is a reproduction from a photograph, and gives 


a very good general idea of its construction, as well as 
of its size when compared with surrounding objects, 
particularly with the men standing below. ore idea 


of the actual construction may, however, be obtained 
from Figs. 1, 2, and 3. The foundations are shown in 
plan in Fig. 12, page 738, and the details of the driving 
machinery in Figs. 4 to 8 on our two-page engraving. 
These details will be referred to later. 

The crane consists of two principal parts. Firstly, 
the stationary supporting framing; and, secondly, 
the revolving upper portion, which is enclosed in the 
supporting structure, and revolves therein round a 
complete circle. The ty mates Mas rests on three 
feet, which are carried by foundation-blocks, as shown 
in Figs. 1, 2, and 3, to which it is connected by means 
of four bracing-anchors in each block. The fourth 
supporting-block carries the revolving portion of the 
crane. 

The top of the supporting-frame guides the upper 
part of the revolving pillar, the lower portion of 
which (shown in Fig. 11) is of a tapering form, 
and broadens out above the pressure-ring at the top 
in order to carry in its centre part all the driving 
gear. On the right of this the counter-weight is 
carried on a short arm, and on the left the foot 
of the jib is attached. The jib may be raised and 
lowered in such a way as to command a working 
field, which is defined by two concentric circles, 
having radii of about 27 ft. 11 in. and about 88 ft. 8 in. 
The hook at the end of the jib is designed for loads 
up to 50 tons, while the hook situated lower down 
the jib will carry working loads up to 150 tons, 

In order to make use of the valuable properties of 
series-wound motors continuous-current electricity is 
used as a motive- power. The current is brought 
through contact-rings, which zoe aes close to and 
above the staging of platform fitted about half-way up 
the support-framing. The driving-gear is all placed 
in the revolving portion of the crane, as may be 
seen in the general views, and also in Figs. 4 to 8, 
which show the arrangement in detail. Itis carried on 
three stages, placed one above the other. The revolvin 
load is entirely carried by the centre foundation, an 
the suspended weight produces a tipping moment 
which is resolved into two horizontal forces, of which 
one acts at the foot of the yr and the other at the 
= ring at the top of the supporting structure. 

n order to carry the direct vertical load, a combined 
spur and bolster bearing, working constantly in oil, is 
pl ced in the centre foundation. The connection 

tween the pillar and the bearing is such that, should 
the foundation settle ina one-sided manner, no detri- 
mental consequences would follow. The bearing is 
protected against dirt or moisture by means of an 
oil-box covering. At the upper part of the supporting 
structure the tipping forces are taken by a roller- 
anchor bearing, as may be seen in the general views, 
and in Figs. 4 to 8. From these it will be seen 
that around the vertical pillar are placed six pressure 
rollers, which run on a ring-shaped rail fastened to the 
inside of the pressure ring. 

The turning gear consists of two equal driving 
gears, each driven by a separate motor ; these motors 
work on two worm gears with quick threads, which 
transmit the movement through pinion to spur- 
wheels, which act upon the driving-rack fitted to the 
ressure ring. This driving-rack is made of steel 
angle-bars, the teeth consisting of turned steel bolts, 





which, in case of wear, can, without trouble, be re- 
placed by new ones. 

The two lifting-gears are placed on the main plat- 
form, and are driven by a motor alternately, the 
50-ton lifting-gear aang placed behind theother. For 
this load six strands of steel rope are used, of which 
two are simultaneously wound on two drums of large 
diameter, placed alongside each other, as shown in 
Figs. 4 wd 5. The lifting-gear for the 150-ton load 
is placed forward, and has two rope-drums, situated 
one behind the other. Each of these drums winds up 
one rope of the 10-rope-ply pulley. The gearing 
between the drums is actuated entirely by spur- 
wheels. The coupling of the two winding-gears is 
effected by means of a hand-wheel in asimple manner. 
In order to hold the load and the driving-gear when 
uncoupled, powerful band-brakes are provided. The 
oad-hooks revolve easily on ball bearings. 

Leaving the lifting-gear, we come next to the 
derricking-gear, which is placed on the top staging. 
The luffing is performed by means of two heavy steel 
spindles, which are screwed into nuts of manganese- 
bronze, fixed to the jib in such a manner that, when 
the spindles rotate, the jib may thereby be ra‘sed or 
lowered. 

The nuts, as well as the ends of the spindles, rest on 
cross-bearings which pivot round horizontal axes. The 
two spindles are fitted with bevel wheels, which gear 
with similar ones fitted to a shaft carried at the top of 
the revolving framework. Motion from the motor is 
transmitted to this shaft by further gearing, which 
may be seen in Figs. 4,6, and 7. The screwed spindles 
which raise and lower the jib are provided with a 
counteracting turning movement, and are served by an 
electro-magnetically-worked band-brake. The control 
of the crane is effected from the driver’s cabin, which 
is placed on the forward portion of the main platform 
staging. The outreach of the jib at any time can be 
pal by the crane-man from a dial fitted with a pointer, 
which is in connection with the jib. Besides the switch 
apparatus, the driver’s cabin is also fitted with a switch- 
board, with all the necessary safety and measuring 
apparatus. The metal resistances belonging to the 
controllers are placed in a secondary cabin. 

The crane-framing is constructed in iron lattice- 
work, and all cross-sections have been so chosen that 
they are always easily accessible for painting. The 
stages are made with perforated plates. Ladders are 
provided for access to the various stageer, and every 
part of the gearing can be reached without danger or 
inconvenience. All structural parts have been made 
of mild steel. 

The toothed-wheels, as well as the pressure-rollers, 
are made of cast steel, the teeth of the wheels being 
machine-cut where they run at a high speed. Tor, 
steel was used for the small pinions, the spindles, 
shafts, &c., while the material used for the worms 
was the best tool-steel. The worm-wheels consist of 
a cast core, round which a bronze ring or collar was 
shrunk, 

The casings used for the rope-pulleys are of fine- 
grained wrought iron. 

The ropes are of the best patent cast-steel wire, the 
active portion of which has a factor of safety of at 
least 8 against breakage. The diameters of the drume 
are at least twenty-three times that of the ropes that 
run on them. 

The bearings for the first set of gearing are ring 
lubricated, and the lubrication throughout the mecha- 
nism is well provided for, grease being generally used. 
The following motors are employed :— 

Two motors for turning the crane, each 12.5 horse- 
power, running at 500 revolutions co minute. 

One motor for lifting the load, 110 horse-power, at 
480 revolutions per minute. 

One motor for luffing the jib, 57 horse-power, at 500 
revolutions per minute. 

With these motors the working speeds are as 
follow :— 


Lifting the 150-ton load on the 


large hook is ue .. 8 ft. per min, 
Lifting the unloaded hook ... 8} 
— the 50-ton load on the 

small hook a 


ie _ — 
Lifting the unloaded small hook sot a 


When revolving the crane makes one complete revo- 
lution in from 5 to 7 minutes. 

The derricking of the jib from the greatest to the 
smallest rake, with the suspended load, occupies from 
10 to 15 minutes. 

As already mentioned, the working speeds when 
lifting small loads (with a gentle wind blowing) are 
automatically adjusted to the higher speeds. 

The chief advantages claimed for this crane are the 
following :— 

1, Having the turning column of the crane placed 
quite close to the quay wall increases the effective 
outreach of the crane, which also gives an advantage 
in so far as the tipping moment is lessened thereby, 
further ar eeagy accruing therefrom being that 
anchor-bracing (foundation bracing) tensions in the 
tl ree foundations points of the supporting framing . 
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150-TON 


HAMMER-HEAD DERRICKING CRANE 


AT BIRKENHEAD. 


CONSTRUCTED BY MESSRS. BECHEM AND KEETMAN (DUISBURGER MASCHINENBAU A.-G.), ENGINEERS, DUISBURG, GERMANY. 











Fic. 9. GeneRAL View or CRANE AT THE 








YARD OF THR TRANMERE Bay DEVELOPMENT 


Company, Limtrep, BIRKENHEAD. 




















Fie. 10. Derrickinc Gear From Top PLatForM. 


are reduced to the lowest possible, which results in the 
necessity of only small foundation-blocks. 

2. The supporting-frame of the crane does not 
obstruct general traffic under the crane on account of 
its open construction, and admits of three full-gauge 
railway tracks being made underneath. 

3 The three-legged support admits of an exact 
calculation of the stresses, and particularly admits of 





the various forces acting on the foundations, and so 
avoids waste of material in the foundations. 
4. Any slight one-sided settlement in the founda- 
tions is without detrimental effect. 
5. Thedriving-gearsare all fixtureson the cranestruc- 
| ture, and are arranged in an accessible manner. Great 
| care has been taken to arrange so that a rapid exchange 


| of spare parts can be made in case of wear and tear, 

















Fic. 11. Foortster anp Revotvine Pinar. 





6. The crane is of great efficiency and utility for 


erecting work, because the jib is very narrow and 
can easily ply between the masts, funnels, &c., of 
vessels. 

7. The crane is independent of the height of the 
deck superstructures of vessels, because when the jib 
is derricked the crane revolves clear. 

8. The slightest movements can be made with ease 
and exactness, particularly when fitting machinery or 
engine parts, and vertical movements can be executed 
true to a millimetre by means of the luffing or derrick- 


~~. 

he weight of the constructional steel-work in the 
crane is 3U5 tons, and the counterweight weighs 162 
tons. 








Tuer Port or StockHotm.—During the year 1906 a 
total of 76,369 vessels, with an aggregate tonnage of 
6,374,135 tons, arrived within, left, or passed the Stock- 
holm Harbour district, against 68,533 vessels, with an 
aggregate tonnage of 5,785,203 tons, the previous year. 
Including vessels of under 10 tons, the total for last year 
was 93,807, 
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THE, “COMPRESSOL” SYSTEM OF MAKING FOUNDATIONS. 
THE SOCIETE ANONYME DE FONDATIONS PAR COMPRESSION MECANIQUE DU SOL, PARIS. 
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Ix one of our former issues, when dealing with the | the unstable nature of the subsoil, and, in many cases, | central stations, railway stations, dwelling-houses, 
preliminary work for the Paris Exhibition of 1900, we | the weight of the exhibits—and in this connection it | &c., in soils of the most varied nature. 

gave an illustrated description of the ‘‘Compressol” | is sufficient to mention the Schneider l’avilion to illus-| An improved type of the machine is illustrated in 
machine. This was largely used for making the foun- | trate the care that had to be taken—it was necessary | Fig. 1; its working is similar to that we described in 
dations of a large number of buildings and pavilions.* | that the foundations should not give rise to the least connection with the Paris Exhibition. When, by the 


These buildings, it is true, were only of a temporary | trouble or anxiety. During the last ten years the action of the conical ram, whose diameter at the base 


character, but owing to their proximity to the river, |use of the machine has been largely developed for | is generally 33 in., its weight being about 6000 Ib., a 
— carrying out foundations for a great number of dif- | hole has been made down to compact sand and gravel 


ferent installations, including warehouses, factories, | (Fig. 2), stones are thrown down the hole, followed by 





* See ENGINEERING, vol. lxiv., page 220, 
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loads of rubble, the separate layers being rammed 
down by the ogival falling weight (Fig. 3). The con- 
sistency of the foundation-pile thus obtained is evi- 
denced by the view, Fig. 4, showing a pile made on 
this process, and which has been excavated for ex- 


From the bottom of each pile start four round steel 
rods, 35 millimetres (13 in.) in diameter, which are 
intimately connected to those of the armoured con- 
crete. The construction gives a kind of foundation 
bed, the feet of which enter deep in the ground, form- 


perimental purposes. As will be seen, the process|ing at their base a kind of patten, and absolutely 


gives a monolithic block of high resistance. By reason 


|immovable. These piles have been made of concrete, 


of the violent ramming down of the rubble, the foun- | rammed down under the weight of a 2-ton ram fallin 
dation-piles are made to adhere firmly to the sides of | from a height of 10 metres (32 ft.), the whole wor 


the shaft, and their resistance to lateral stresses is 
exceedingly great. 


boring of the shafts, and the sides of the latter, being | 
uire great compact- | the view, Fig. 1, was a most unsatisfactory one for 


compressed by the operations, 
ness, It is easy to see that a foundation-pile thus 
formed and resting on a compact stratum cannot sink 
in any way, and will carry heavy loads without 
sollapsing. 

When a compact stratum, on which to rest the base 
of the foundation-piles, cannot be reached at a reason- 
able depth, these piles offer, nevertheless, an enor- 
mous resistance to vertical and lateral stresses, owing 
to their bearing at a number of points against the 
sides of the shaft. The piles, as will be seen, take 
roughly the shape of an inverted mushroom stalk, their 
base widens out to a diameter of 4 ft. to 6 ft., accord- 
~—> the density of the soil. 

he system does away with the earthwork of the 
usual kind, and necessitates no shoring up of excava- 
tions, no pumping out, and no ventilation. In founda- 
tions where wooden piles would be used, carrying a 
load of 25 tons, one ‘‘compressol” pile would suffice 
where five or six wooden ones would have to be driven. 

The operation is not nearly so simple when it is 
performed in wet earth, and particularly in earth con- 
stantly covered with water. In wet soil a perfora- 
tion is made of which the sides, compressed by the 
ram, have sufficient tightness. If, however, during the 
operation the sides are disintegrated by water, clay 
is introduced into the hole, and the sinking operation 
is started afresh. When the hole is driven to the 
required depth, stones are dropped into it as above 
stated, and are firmly set in the bottom of the hole by 
using the ogival ram ; coarse rubble is then introduced 
and rammed down, the filling-in being completed with 
materials of proper resistance firmly compressed. 
When the ground is covered by water, the process 
is as follows, the same apparatus being used :—A 
light system of sheet-piling is. built around the site 
chosen for the required foundation, and the enclosure 
thus formed is filled in with earth; this expels the 
water to such an extent that a kind of platform is ob- 
tained, upon which the machine may be erected. The 
earth is then rammed down, and by means of the per- 
forating ram a hole is driven, into which clay or heavy 
ground is thrown as perforation goes on. Tho blows 
of the ram drive the earth laterally, forming a kind of 
lining to the excavation, which is then filled up gradu- 
ally with suitable rubble rammed down to form the 
foundation. Perforation should be conducted slowl 
in order to obtain a proper settlement of the ground. 
The thickness of the lining of the hole should be 
made proportional to the pressure of the water, which 
increases with the depth. In excavations made for 
foundations in water-bearing and light soils, the work is 
effected first by means of the perforating ram, and 
then by the tamping one when hardpan is approached. 
This widens the mouth of the hole made by the per- 
forator, and prepares the base that it is desirable to 
obtain. Concrete is introduced and rammed down to 

revent the water from rising. Rough hewn stone 
locks are also thrown in and are submitted to a 
vigorous ramming down. These materials combine 
and fill up the interstices, forming at the same time 
a perfect masonry block. 

In all cases, - fees-wwall conglomerate piles are ob- 
tained that have a wide bearing surface upon the 
ground, and the diameter of which is proportional 
to the intensity of the ramming. These piles transfer 
directly to the ground the pressure which the struc- 
ture exerts upon them. The operations are repeated 
as many times as need be, in order to obtain a succes- 
sion of strong piles, It is possible, when working under 
water, to dispense with the ordinary sheet-piling 
structure by substituting for it a cylinder of concrete, 
reinforced or not. The cylinder is let into the bed 
of the river, so as to emerge above the water level, 
and the water it contains is removed by pumps 
ewe > a pontoon. Then, after the shaft has 

n sunk, it may be filled in as above described, the 
concrete cylinder being filled up afterwards. 

In the types of buildings already referred to, the 
loads on the foundations are vertical. The system, 
however, is equally well suited for the abutment foun- 
dations of bridges, and we illustrate in Figs. 5 and 6 
those of the bridge over the arm of the River Meuse 
at Liége, which gave access to the Exhibition held in 
that town in 1905. In this case the piles, 2 metres 
(6 ft. 6 in.) in diameter, carry a central 55-metre 
(180 ft.) span, and two shore spans of 10.5 metres 
(34 ft. 6 in.). The foundations for the bridge were 
driven in a completely submerged soil; the abut- 
ments are carried on a set of six ‘‘ compressol ” piles, 
joined at top by a top layer of armoured concrete. 





forming a single block, quite as resistant as a stone 


No ground is removed in the | masonry foundation would be. 


The site on which a machine is seen in operation in 


building purposes ; it consisted of made ground, formed 
—* refuse, mud, and fine clayey sand, and the 
piles had to be driven down to the layer of marl 
through about 33 ft. of loose earth. The under- 
ground water-level is comparatively near the surface, 
and perforations had to be carried out slowly and 
with great care, for notwithstanding the consolidation 
produced by the falling perforator, water occasionally 
leaked through. In this case specially heavy ramming 
was effected to ensure as wide a base as possible for 
the foundation-piles. 

The process is owned by the Société Anonyme de 
Fondations par Compression Mécanique du Sol, Paris. 








THE LEISTNER BOTTLE-MAKING 
MACHINE. 

Tue application of machinery to the manufacture 
of glass bottles is a matter of no small importance, 
both to the manufacturer and to the consumer ; to the 
manufacturer, because it enables him to make bottles 
more rapidly than by the old process of blowing, and 
in shapes hitherto very difficult, if not impossible, to 
produce; and to the consumer, because it enables him 
to obtain his bottles at a cheaper rate and in a greater 
variety of forms. 

The glass-blower is a skilled artisan who has to 
spend many years in training and in acquiring the 
experience necessary to render him proficient, and 
he is well paid for his labour ; whereas bottle-making 
by the Leistner machine can be carried out entirely by 
unskilled labourers, thus enabling a great saving to be 
effected in the labour cost per gross. Under the present 
system every blower is supplied by the employer with 
a large number of blowing pipes, which are constantly 
under repair, and this is a considerable item where 
hundreds of men are employed. Where machines are 
used these pipes are, of course, not required. The 
skilled blowers do not work more than four hours per 
day on large bottles (quart size, &c.), after which 
they change to smaller bottles, the work required for 
these being less exhausting. The larger the size of 
the bottle, when mouth-blown, the greater the dis- 
advantage of the process, but the advantage of 
machine manufacture is more pronounced with an 
increase in the size of the bottle. 

We illustrate on pages 742 and 743 a machine of the 
type to which we have referred, one of which we 
recently had the opportunity of inspecting while at 
work. It is known as the Leistner bottle-making ma- 
chine. For this machine it is claimed that it has over- 
come all the difficulties met with in endeavours to 
make bottles by machinery, particularly in the control 
of the distribution of the glass while the bottle is being 
made. By an ingenious arrangement it is possible to 
make the bottle with extra thickness in the shoulders 
and at the bottom, at the same time making strong 
walls or sides to the bottle. The importance of 
this is obvious, especially in the case of mineral- 
water bottles, which are bottled under high pres- 
sure. The difficulty of making the inside of the 
neck (screw or corking mouth) is dealt with by an 
extremely simple method, and every bottle made seems 
to be regular in this respect. The simplicity of the 
construction and working of the machine is also in its 
favour, and breakdowns, with their consequent loss 
of time, should be reduced to a minimum. Bottle- 
moulds of all kinds, and all wearing parts, are easily 
fitted when these require changing and renewing. The 
machine is worked by one ladler and one machinist. 
The ladler brings the glass from the furnace, and 
takes the place of the gatherer under the old system. 
It makes all kinds a bottles and jars, either with 
narrow necks or wide mouths, and blows them auto- 
matically of any size, from a 6-0z. bottle up to a 10-Ib. 
jar, by means of compressed air. Either screw mouths 
or common plain mouths can be made in one opera- 
tion, and a second handling is not required, either to 
make the screw part or to put the ‘‘ring” on, as is 
necessary when the bottle is made by blowers. The 
machine can be put up at existing works without any 
alteration of furnaces, and it is claimed that the 
bottles made by it are equal, if not superior, to those 
made by blowers. . 

Figs. 1 and 2 are respectively a front elevation and 
a side elevation of the machine, while Fig. 3 is a front 
elevation in which the parison mould, or the mould on 
which the bottle is cast, is in the course of being 
swung into position for blowing and finishing the 





bottle. . A bottle is also shown in this figure in course 
of being discharged. 

Referring to Figs. 1,2, and 3, A is the frame or 
standard, and on the face of the vertical part of this 
a slotted plate B is secured, on which the parison 
mould C, the neck moulds D and D', and the finishiny 
mould E are arranged. The parison is carried on a 
U-shaped bracket F (Figs. 1, 2, 3, 4, and 5), which 
bracket may be adjusted to any particular height by 
means of bolts placed in slots. On this bracket 
is a —- G, on which the carrying-arms H 
and J swing, and carry at their ends the vertically. 
divided parison mould C. The parts of the mould 
may be adjusted by means of the nuts K, shown. 
Secured to each of the arms H and J are toothed 
bevel or L and M, which engage with the bevel- 
wheel in such a way that when the wheel N is 
turned by means of the chain O which passes over the 
sprocket-wheels P, the respective parts of the parison 
mould are moved towards or away from each other. 
To a link on one side of the chain O a tension rod Q 
is attached, while at the other side there is a rod R 
connected. The former has its lower end connected 
to the pedal S, the other rod R being attached to a 
spiral spring T, which is connected to the bracket 
carrying the pedal S, and which can be adjusted by 
means of a screw at the end. It will be seen that 
when the pedal S is depressed, the left-hand side of 
the chain O (if we are looking at Fig. 1) will be 
pulled downwards, and the rotation of the chain 
wheels effects the closure of the parison mould C 
and of the finishing mould E, Figs. 1, 2, and 3, 
the finishing mould E being carried by arms H, J’, 
which are mounted on a pivot, and are moved on the 
movement of the chain O by reason of the bevel 
segments L}, M! gearing with the bevel-wheel N'. If 
desired, a suitable catch may be arranged to hold 
the lever S in-its depressed position; but this is 
not shown in our illustrations. When the pedal is 
released, the spring T draws down the right-hand side 
of the chain O, and the moulds will assume the position 
shown in Fig. 3 and in Fig. 5, which latter is an 
enlarged detail of the parison mould and gear. 

Between the moulds C and E there is a bracket U, 
Figs. 1 and 2, which is provided with bearings V, in 
which the hollow hub W lies and can rotate. The 
neck moulds D and D', Figs. 1, 2, and 3, are carried 
diametrically opposite each other at the end of the 
hub W, as shown, the axis of one mould being in line 
with that of the other, and also with the axis of the 
respective parison and finishing moulds C and E, each 
of which has a flange C' and E'", Fig. 3, which closes 
on the respective neck moulds when the parison mould 
is turned in. The neck moulds are arranged in this 
way so as to be capable of rotation on their axes, for 
which purpose the conical friction discs X and X' are 
provided. These discs are provided with sleeves, and 
have each a conical bore tapering towards the hub W, 
as shown in Figs. 6 and 9, pages 742 and 743. 

Within holes arranged in diametrical positions in 
the hub W, hollow plugs Y, Figs. 6 and 11, are 
screwed, and carry the friction discs X and X'. The 
neck moulds D and D! are secured by means of set 
screws to the respective sleeves of the conical friction 
discs X and X'. A second hollow shaft Z, Figs. 6 to 9, 
is provided within the hub W, which at its front end 
varries a conical friction disc a, which lies between the 
friction discs X and X' of the neck moulds, but normally 
does not engage with them. On the outer end of the 
shaft Z there is‘a sprocket-wheel ), which, by means 
of a chain, is set in motion by any suitable motor. The 
bearings of the shaft Z are within a casing c, which is 
carried by the trunnion bolts @, which allow the shaft 
Z to oscillate to a certain extent, as may be seen 
in Fig. 9. : 

Within the hollow shaft Z a tube e¢ is provided, in 
connection with air under pressure from any suitable 
reseryoir or compressor. The hollow hub W is pro- 
vided at one end on its horizontal axis with a slightly 
conical bore, and in the tapered bore thus formed 
there is a plug-cock /, which has a hand-lever m at its 
outerend. The hand-lever is not rigidly connected with 
the cock, but is mounted on a pin carried by the arm y, 
Fig. 9, the handle being maintained in its mid-position 
by springs. The front ends of the forked parts of the 
lever are connected to a ring by means of panonting 
rods. By this arrangement the disc i may be move 
by the hand-lever. Two rods i are fixed to the disc, 
one on each side of the centre, as shown. These rods 
are formed of a square section, where they pass through 
holes in the end of the hollow hub W, and one end cf 
each rod is eet out and formed into a fork, as shown 
in Figs. 7 and 8, pages 742 and 743. —— 

Near the forward end of the hollow shaft Z is 
mounted a ring /, having studs on its periphery, which 
engage with the forked ends of the rods k. 

The operation of the machine is as follows :—After 
the parison mould C and the finishing mould E have 
been closed by pressing down the pedal S, a certain 
quantity of molten glass is poured into the parison 
mould from above and passes into the neck mould !) 
(see Figs. 1,2, and 3), and the core a’ in the neck mould 
forms a cavity in the bottle neck, which is thereby 
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cast. As soon as the glass has filled up the neck mould, 
the operator presses the end of the hand-lever m 
towards the mould D in the direction of the arrow 
shown in Fig. 9, by which means the disci and the 
rods k are made to move outwards. This causes the 
studs on the ring / and also the front end of the shaft 
Z to be pressed upwards by means of the inclined forks 
at the ends of the rodsk; and the disc a, which pro- 
jects through a recess in the wall of the hub W, engages 
with the friction disc X of the neck mould D, and the 
parison is thus turned in the parison mould, the dis- 
tribution of glass being thereby made regular and the 
formation of ridges or waves avoided ; while at the 
same time air may be blown into the parison, as we shall 
presently describe. 

After the parison is formed in this manner the pedal 
§ is released, and the spiral spring T comes into opera- 
tion and opens the moulds C and E, and the parison 
carried on the neck mould D is at once liberated, 
and can be turned downwards by means of the hollow 
hub W through an angle of 180 deg. This operation 
is shown in Fig. 3. 

On the arm n, Figs. 2 and 3, page 742, and Figs. 13 
and 14, page 743, are carried a toothed sector o and 
a rack rod p, the sector being operated by the 
handle g. This arrangement is to adjust the bottom 
of the mould r, which can be moved against the 

arison by the attendant. The bottom mould r, 
fig. 15, is so arranged that it will lie concentric with 
the finishing mould. 

When the parison has been swung and lengthened 
out, the neck mould D is brought into its lower vertical 
position. The parison and the finishing moulds are 
then again closed, and the blowing of the parison is 
completed in the finishing mould, this being effected as 
follows :—When the “—n mould has been rotated the 
attendant turns the plug-cock /, Figs. 6, 7, 9, and 11, 
thus bringing the radial bore s, Fig. 11, into a vertical 
position, as illustrated, so that it corresponds with 
the port ¢. The air under pressure then enters the 
cylindrical space u in the plug Y, passing into this 
cylindrical space through the radial tube v. The 
piston w fits within the space uw, and has arms x on it 
which carry a boss z, Figs. 6 and 9, on which a core or 
plunger is fixed, which projects through the bore of Y 
into the bottom of the neck mould D or D'. The 
pressure on one side of the piston forces it forward 
into the position shown in Figs. 9 and 11, carrying 
with it the core or plunger a!, Figs.6and9. The 
bore b! being conical, the air can pass into the interior 
of the parison. In order to provide against damage 
being done to the parison or bottle, due to the air 
pressure being at any time too great, a safety valve is 
provided, which opens automatically as soon as the 
pressure exceeds a certain limit. 

At the top of the cylindrical space w there are pro- 
vided short axial grooves c', so that if the piston w of 
the lower neck mould is forced upwards by the pres- 
sure of air, these axial grooves afford a passage for 
the air into the port by which it can pass into the 
bore e! of the plug f under the valve /', Figs. 6 and 11. 
This valve is forced on its seat by the spring g', Fig. 6. 
Should the air have a pressure greater than the spring, 
it will escape by the bore A'. This safety valve is parti- 
cularly useful: when turned or ‘‘ twist” bottles are made, 
for the pressure of the parison against vhe walls of the 
mould must then be — from becoming excessive. 

At the time that the parison is blown in the finishing 
mould it may be turned by moving the end of the 
hand-lever m away from the moulds into the position 
shown in Fig. 9. By this means the continuous rota- 
tion of the hollow shaft Z and the conical friction disc 
a is communicated to the conical triction disc X of 
the lower neck mould. 

As the parison is being blown in the finishing 
mould in the manner just described, the parison 
mould cleses on the second neck mould—e.g., D'— 
and a fresh charge of molten glass is placed therein. 
As this neck mould is also provided with a friction 
disc X!, it may be rotated for the purpose of turning 
the parison in the parison mould by moving the hand. 
lever m in the direction shown by the arrow in Fig. 9. 
The conical friction disc a will then gear with the 
friction dise X! of the second or upper neck mould. 

In order to move back the core or plunger a! when 
the neck mould is moved into its upper position, so as 
to close the bore b' when a charge of glass is received, 
a fixed plug i, Fig. 11, is provided, which is screwed 
within the end of the tube e. This plug, besides 
having alongitudinal bore x, has a radial bore /', 
which coincides with the port m! when the hub W has 
been turned so as to bring the axis of the neck mould 
into a horizontal position, as shown in Fig. 12, so that 
the air under pressure may act on the piston w, and 
cause It to move out again. The core, or plunger a' 
will then enter the neck mould and close the bore b'. 
lt will be understood that as the radial bore /' is hori- 
zontally placed, the plunger a! will not be forced out- 
ward till the axis of the respective neck mould corre- 
sponds with that of the radial bore, as shown in Fig. 12. 
The plunger of the neck mould will thus be forced 
outward when the mould assumes the horizontal 
position, for example, on the left-hand side just before 





the vertical position is assumed, in which the parison 
closes in on the neck mould. By the time the neck 
mould is closed upon by the parison mould the plunger 
will have already been moved into position to close 
the bore b'. 

Having reached this point, we will now describe how 
the blowing is completed and the bottle finished. The 
molten glass having been placed in the parison mould, 
and when port s aligns with port ¢ and with the tube v, 
Fig. 11, of tho upper neck mould for the time being, 
air is admitted into the parison to the extent required 
effectually to form the parison. Similarly, when the 

rt s coincides with port ¢ and with the tube v of the 

ower neck mould for the time being, air is admitted 
to the parison to the extent required to blow the parison 
in the finishing mould. This is performed by the 
movement of the hand-lever m into such positions 
that the radial port s shall momentarily coincide with 
either of the radial ports ¢, as before stated; and during 
the admission of air either of the neck moulds may be 
rotated. The operating hand-lever m may have fitted 
to it a pawl-lever, by means of which the hand-lever 
and the plug may be connected to the disci, Figs. 6 
to 9. he notches are so arranged that when the 
pawl-lever is in engagement the radial port s will not 
coincide with either of the radial ports‘. The hand- 
lever, therefore, serves three purposes: first, it con- 
trols the air supply through each neck mould ; second, 
it rotates each neck mould on its axis ; and third, it 
turns the pair of neck moulds on the horizontal axis 
of the hub W. 

When the bottle is blown in the finishing mould, 
and the next parison is simultaneously formed in the 
parison mould, the pedal S is cet free and the parison 
mould C ag well as the finishing mould E are opened, 
as shown in Fig. 3, so as to deliver the finished bottle 
and permit the newly-formed parison to be swung and 
afterwards placed in the finishing mould. In order to 
deliver, the neck mould must open to set free the neck 
of the finished bottle, and for this purpose each of the 
neck-moulds is made of two semi-cylindrical parts, 
Figs. 6, 8,9, and 10. These are mounted on pins, as 
shown, and are supported by the springs m', which 
keep them in contact with each other. They have 
annular grooves x', Fig. 10, and the finishing mould E 
carries on each part catches o', of a shape correspond- 
~—> the ~y of the annular groove n', Fig. 10. 

hen the finishing mould is opened these catches 
cause the parts of the neck mould to move apart, and 
so free the head or neck of the bottle, as shown in 
Fig. 10. At this moment the lower bottom mould r, 
Fig. 3, may be lowered by depressing the handle q, and 
the finished bottle may be taken off and passed into 
the cooling or annealing oven. It is, however, prefer- 
able that the lowering of the bottom mould should be 
effected on the release of the pedal S. This is done 
by having a fixed plate p' (Fig. 15) on which a second 
late g' is pivoted, this latter having a central recess 
or the reception of the head of a pin to which the 
mould r is connected. At the bottom of the mould r 
there is a strong spiral spring 7’, which holds r firmly 
in contact with the plate q', but which allows for 
expansion or imperfect fitting of the parts. 

The machine, which is shown photographically in 
Fig. 16, may be provided with mechanism for dis- 
charging the finished bottle on to an asbestos cradle, 
whence it may be carried to the annealing oven. A 
convenient arrangement is shown in Figs. 13 and 14. 
In this case the arm 7 is capable of being turned on 
one side on the pivot, the movement of the arm being 
limited by a stop. One end of a bell-crank ¢' is con- 
nected to the rod Q, and at the other end of the bell- 
crank there is a pivoting finger-piece u', which rests 
in its doonwentlp-tantiand position by means of a 
stop, which makes contact with the arm n, and causes 
the latter to move to the left on the pivot s'. When 
the rod Q has an upward movement, the finger-piece «! 
travels in an inward direction, and eventually comes 
in contact with the arm » and forces it again over to 
the left. 

When the moulds are closed the finger-piece u' rides 
over the arm x and drops into position on the other 
side of it, ready to actuate it when the moulds are 
again opened. For the purpose of discharging the 
bottle at the end of the stroke of the arm 1, a contact- 
piece v' is provided on the front of the plate q', and 
makes contact with a fixed stop, whereby the plate v' 
is tilted into the position shown by the dotted lines 
in Figs. 13 and 14, page 743, and the bottle falls into an 
asbestos trough, from which it may be taken to the 
annealing furnace. 

It will now, we think, be readily understood from 
the foregoing description that any form may be given 
to the mouth or neck of the bottle, and a great variety 
of these are now made. 

All particulars relating to this machine may be had 
from Mr. W. L. Thompson, 23, College-hill, Cannon- 
street, London, E.C. 





Coat ror NicEer1a.—The Government of Southern 
Nigeria is asking for tenders for the supply of 14,000 
tons of best Welsh double-screened Admiralty coal, to be 
delivered in fixed quantities over next year. 





THE ELECTRIFICATION OF THE NEW 
YORK, NEW HAVEN, AND HARTFORD 
RAILWAY. 


Tue electrified section of the New York, New Haven, 
and Hartford Railway between Grand Central Ter- 
minus and Stamford presents some features of special 
interest at the present time. From New York to 
Woodlawn, a distance of 11 miles, the trains run over 
the New York Central Railway system, which is 
equipped with ordinary third-rail supply, 600 volts, 
direct current. Between Woodlawn and Stamford, a 
distance of about 22 miles, the New York, New Haven, 
and Hartford Railway use their own permanent way, 
which is equipped with overhead trolley construction 
for Saeeerneny single-phase alternating current at 25 
periods. 

The overhead line consists of a 4/0 B. and 8. grooved 
copper wire suspended centrally over each of the four 
tracks, which are spaced at 13-ft. centres. The 
trolley-wire is supported, at intervals of about 10 ft., 
from two steel suspension cables at a height of about 
22 ft. above the raile, The suspension cables are carried 
on insulators mounted on steel lattice gantries, which 
span all four tracks, and are spaced about 300 ft. apart. 

The erection of one of these tries is shown in 
Fig. 1, page 746, that particular gantry being of 
greater span than usual on account of having to b ge 
an additional track. As will be gathered from the 
illustration, the ironwork was lifted direct from the 
trucks which brought it to the site by a travelling 
crane, which placed it in position, the erection thus 
ene with great rapidity, and only two tracks 

ing necessarily closed for traffic. 

The general appearance of the line when equipped is 
well shown in Fig. 2. At intervals of 2 miles a heavy 
gantry is placed, to which the trolley construction is 
anchored on both sides, and at which the adjacent sec- 
tions of trolley are divided by section insulators 
These anchor gantries are provided with switch-gear 
to enable any individual section to be made “ dead ” 
when required. 

One of these anchor gantries is represented in Fig. 3. 
The centres of the uprights are 61 fe. 10 in, apart. The 
bases are bolted to concrete pedestals 8 ft. deep, 
4 ft. 6 in. wide, measured transversely to the track, at 
the top, and increasing by four steps to 7 ft. 2 in. at 
the base. The lower boom of the gantry girder is 
24 ft. above the rail-level, so that the conductor passes 
2 ft. beneath it. Signals for each track are suspended 
from the gantries when required. Access to the oil- 
switches is obtained by a gangway along the top of the 
girder, which is illuminated by incandescent lamps. 

The locomotives, one of which is shown in Fig. 4, 
have to work both on high-tension alternating current 
at 11,000 volts and on 600-volt direct current. There 
widely-varying conditions are met by the use of 
Westinghouse compensated series single-phase motors 
and electro-pneumatic unit switch type control, the 
high-tension alternating current being collected by 
vey ae bow trolleys from the overhead line, and 
the -volt direct-current supply being taken from 
= we wg hd collector shoes ee = the bogies. 

ig. 4 also shows the appearance of the tagraph 
bow trolleys, which rn ft. in width. Prhere a 
two to each locomotive, built up of steel bicycle- 
tubing, and each carrying a bow composed of a 
broad strip of soft copper. Springs provide the 
requisite upward pressure against the wire, but the 
bows can be lowered by means of compressed air when 
required, and retained in their lowest positions by 
catches. Owing to the high trolley yoltage employed 
no feeders are necessary, and the transmission of 
energy direct from the power-house to the locomotives 
is therefore effected with the greatest economy and 
simplicity. The electrical equipment of the line was 
carried out by the Westinghouse Electric and Manu- 
facturing Company, of Pittsburg, U.S.A. 





Personat.-—The directors of the Great Eastern Rail- 
way have appointed Mr. H. W. Firth electrical engineer 
to the omens Up to the present time, Mr. Firth has 
been responsible (under the engineer to the company) for 
the electric lighting and power works, including the 
pneene see carrying out of the new Stratford power- 
house, which has just started work. He will take over 
the telegraph department in addition to the electric- 
lighting and power installations, thus forming one com- 
prehensive electrical engineering department for this 
Tok railway.—Messrs. John May, M. Inst. C.E., 
M.LE.E., and G. W. Spencer Hawes, M.I.E.E., state 
that, by mutual consent, they have severed their connec- 
tion with Messrs. Robert Hammond and Son, and that 
henceforth they will practise under the —_ of May and 
Hawes, Caxton House, Westminster, with special refer- 
ence to electrical engineering work.—We are asked to 
state that on and after June 20 the address of the 
London office of the Engineering and Mining Journal, 
and of the Hill Publishing Company, will be 6, Bouverie- 
street, Fleet-street, E.C., instead of 20, Bucklersbury, 
E.C.—Messra. John Boulting and Son, 5 and 6, Upper 
Marylebone-street, W., inform us that they are opening 
a branch business at 51, Bishop:gate-street Within, E.C. 
with Mr. W. Good as agent: 








742 ENGINEERING. [JUNE 7, 1907. 








THE LEISTNER BOTTLE-MAKING MACHINE. 
| (For Description, see Page 740.) 
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Moror-Boat Racrs.—We have received 
from the British Motor - Boat Club a pro- 
gramme of races for 1907. The racing events 
urganised by this club started on May 21, and 
will continue till the end of the first week in 
September. Races at Dover, Cowes, Burn- 
ham. and other places are included, as well as 
long-distance races between ports, and several 
races which are to be carried out under the 
auspices of this club at different ttas 
round the coast. The prizes entail the distri- 
bution during the season of about twenty-nine 
cups, of various value, five gold medals, 
eighteen silver medals, two bronze medals, 
besides innumerable money prime. The racing 
will be under the rules of the Marine Motor 
Association. Particulars of entry fees, dates, 
starting times, &c.. may be obtained from the 
sec of the British Motor-Boat Club, 
Craven Hotel, Charing Cross, W.C. 
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New ZEALAND PeTROLEUM.—A test of the 
flow of oil from the well of the Taranaki Petro- 
leum Company at Moturoa was made recently 
by the directors, who reported that some ten 
barrels were very speedily filled ; ‘“* but owing 
to the enormous pressure of gas with the oil, 
the best results were not obtained, the time 
taken to filla pa pane cask being two minutes 
nine seconds, and two casks simultaneously off 
the one pipe taking five minutes. But it must 
be borne in mind that a long length of 1-in. 

ipe, with numerous bends and connections, 
had to be used, which naturally contracted . = Na: ‘OV 
the flow.” After running off the ten barrels : ‘2 ) D “amin We 
the pressure seemed to increase, in addition a 
to which the bore burst out through the tem- 
porary fixings, and was still running when 
the directors left. The directors further 
state that a Canadian expert is to have 
charge of the working operations, 
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THE LEISTNER BOTTLE-MAKING MACHINE. 
(For Description, see Page 740.) 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 29. 

Tux past week has developed a surprising demand 
for steel rails and structural material for 1908 delivery. 
The estimated orders now on the books of rail-mills 
amount in round figures to 1,000,000 tons. The 
Harriman system, which placed orders for 157,500 
tons with the Tennessee Company and 23,000 tons 
open-hearth rails with the Bethlehem Company, are 
in the market to-day for 30,000 tons of Bessemer rails. 
The Atchison system wants an additional lot of 50,000 
tons, and the Chesapeake and Ohio line wants 10,000 
tons, Structural material is similarly active. The 
Pennsylvania Railroad Company is in the market for 
material for two large power-houses, which will prob- 
ably take 12,000 tons. An order for 10,000 tons of 
_ will soon be placed for the Erie basin dry dock. 

hese evidences of enormous demand are influencing 
prices in an upward direction. 

Like activity, only on a smaller scale, prevails in 
most lines of builders and agricultural hardware. 
The hardware manufacturers are suffering from a 
shortage of steel, which makes deliveries per schedule 
impossible, with consequent inconvenience to jobbing 
and retail interests. Deliveries by rail are improving 
somewhat, but when the crop-moving season arrives 
old delays will again be the se 

In tin plates the demand is good, and mills experi- 
ence much difficulty in obtaining supplies from the 
steel works. Largs orders are coming in, and mill 
capacity continues to be eeverely taxed. 

Rumours are again current that there is hidden 
somewhere, unsold, capacity for several hundred 
thousand tons of pig iron, which is held in reserve 
awaiting the advance of prices to 26 dols. There 
appears to be but little foundation for such a rumour, 
but it finds believers. The struggle for pig iron for 
late delivery continues. A lot of 25,000 tons malleable 
Bessemer has just been sold for 1908 delivery at 
22 dols. at furnace. Contracts for Bessemer are now 
being taken, and makers report many inquiries. The 
Southern furnaces have sold their capacity far ahead, 
and are in some cases desirous of transferring a 
ea of their orders to Northern furnaces, but the 

orthern companies cannot help out. 

All. kinds of material for implement manufacturers 
are in good request. This activity is due to the placing 
of orders for material for 1908, Premium prices con- 
tinue to be the ruleon all such material. The anxiety 
of large implement concerns to obtain material for de- 
livery a year ahead explains the situation thoroughly. 

Car-building plants are absorbing enormous quanti- 
ties of plates. The Pressed-Steel Car Company, which 
last year turned out 40,000 cars, is now turning out 
cars at a rate of 50,000, or nearly 1000 cars every six 
days. The railroad companies are clamorous for cars, 
and are unable to deliver freight as fast as offered. 
The freight situation has, however, slightly improved. 


y 





Betaian Coat Imports.—The imports of coal into 
Belgium in the four months ending April 30, this year, 
were 1,731,346 tons, as compared with 1,711,968 tons in 
the corresponding period of 1906. In these totals German 
coal figured for 806,127 tons and 933,464 tons respectively ; 
French coal for 220,470 tons and 267,937 tons respec- 
tively ; and British coal for 595,279 tons and 483,085 tons 
respectively. 





_ Tue Iystirvtion or Nava. ArcuiTEcts.—This institu- 
tion have issued the programme of their Summer Meeting 
and International Congress in Naval Architecture, to be 
held in Bordeaux from the 25th to the 28th inst. The 
poms to be read and discussed are the following :— 

nstitution of Naval Architects:—By the Hon. C. H. 
Parsons, ‘‘ Points in the Application of the Marine Steam 
Turbine.” Mr. E. W. de Rusett, ‘‘Use of Hydraulic 
Riveting in the Construction of the Mauretania.” 
Mr. J. Foster King, ‘“‘Stractural Development in 
British Merchant Ships.” Mr. J. B. 
marine Signalling by Means of Sound.” Association 
Technique Maritime :—Professor Crémieu, ‘‘An Auto- 
matic vice for Counteracting the Rolling of Ships.” 
Mr. Laubeuf, ‘The Present and Future of Submarine 
Navigation.” Mr. de Maupeou, ‘*Etude on Impact.” 
Professor Marchis, ‘‘Two-Cyele Motors.” Mache. 
Bochet and Michel, “Etude on the Refrigeration of 
Holds.” “Mr, Simonot, ‘* Questions Concerning the 
Stiffoe:s and Strength of Ships.’' r. Van Meerten, 
‘**Oa the Russo-Japanese War.” Mr. Gaillard, 
‘‘ Steering Compass with Illumination Device.” Mr. 
Devaureix, ‘*Etude on Persistent Inductivity in the 
—— the Compass.” Mr, Lecointe, “* Propul- 
sion of .Sbips by Non-Reversing Engines.” Mr. Web- 
meyer, ** Etude on the Vibrations in Ships and their 
Causes.” United States Society of Naval Architects and 
Marine ineers :—Professor 
Battleships.’ 


Mr, J. 
Mr. W. I. Ba 


Hov 
J. Lynn, “Submarine Signals.” 
. ‘Subsurface Torpedo - Boat.” 
Mr. W. D. Forbes, ‘‘ The Skilled Mechanic.” These 
pans will be taken on the mornings of the 25th, 26th, 
and 27th ; in the afternoons visits will be arranged to the 
Chantiers Dyle et Bacalan, the Chantiers de la Gironde, 


and other places of interest in Bordeaux and the vicinity, 
June 29 will be spent on a visit to Messrs. Schneider's 
Creusot works. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market opened with a steady tone, an 
Cleveland warrants were done at from 603. 31. to 
603. 54d. cash, from 60s. 84d. to 60s. 104d. to 603. 10d. one 
month, and at 60s. 74d. three months. At the close there 
were buyers at 60s. 6d. cash and 603. 94d. one month, and 
sellers at 60s. 64d. cash and 60s. 10d. one month. The 
business amounted to about 16,000 tons, and included 500 
tons of hematite at 783. 104d. one month. Option trans- 
actions to the extent of 5000 tons were reported. In the 
afternoon the opening was strong, and 9000 tons of Cleve- 
land warrants changed hands at 61s. 14d. cash, 61s. 4d. 
and 61s. 6d. one month, and at 61s, 3d. twenty-nine days, 
and 61s. 4d. eight days. The close was firm at 61s. 3$d. 
cash and 61s. . one month sellers, and there were 
buyers of hematite at 79s. 14d. cash and sellers at 79s. 6d. 
cash. On Friday morning a strong tone again prevailed, 
and fully 8000 tons of Cleveland warrants were done at 
from 61s. 54d. to 61s. 74d. cash, from 6ls. 9d. and 
61s. 84d. to 62s. one month, at 61s. 7d. three months, 
and 61s. 9d. August 23. The closing quotations were 
6ls. 94d. cash and 62s. 1d. one month sellers, with 
buyers at 1d. less in each case. There were buyers 
of hematite at 80s. one month, and sellers at 80s. cash. 
In the afternoon the market was fairly steady, and a small 
business of about 3000 tons of Cleveland warrants was 
done at 61s. 9d. cash andseven days, 61s. 11d. and 62s. one 
month, and 61s. 9d. three months. Closing sellers quoted 
61s. 94d. cash, 62s. 1d. one month, and 62s. three months. 
One lot of hematite changed hands at 80s. cash, and there 
were buyers over at 793. 14d., and sellers at 803. 14d. 
cash. The opening was good on Monday morning, and 
about 12,000 tons of Cleveland warrants were dealt in 
at 62s. (4d. and 61s, 104d. cash, 62s. 14d. and 61s. 104d. 
four days, 623. 5d. one month, and 62s. three mont’ 
Closing prices were 613 11d. cash, 62s. 3d. one month, 
and 62s. three months sellers. Hematite buyers offered 
803s. one month. The tone was easier in the afternoon, 
and Cleveland warrants were done at (ls. 64d. and 
61s. 6d. cash, 61s. 94d. twenty-one days, 61s. 9d. twenty- 
four days, and 61s. 6d. three months, closing at 61s. 64d. 
cash and 61s. 10d. one month sellers. The turnover was 
only about 3000 tons. Hematite buyers again offered 
803. one month. On Tuesday morning the market 
opened weak, and was rather depressed throughout 
the first session. A large business, amounting to 30,000 
tons of Cleveland warrants, was done at 60s., 60s. 2d., 
593. 94d., 60s. 1d. and 593. 114d. cash, 60s. 8d. twenty- 
three days, 60s. 4d.p 60s. 5d., 60s., and 60s. 34d. one 
month, and 60s. three months, closing with sellers at 60s. 
cash and 60s. 4d. one month. In the afternoon the tone 
was slightly irregular and business less active. The turn- 
over was 9000 tons of Cleveland warrants at from 60s. 5d. 
to 60s. 04d. cash, 603. 04d. six days, 603. 44d., 60s. 4d., 
and 60s. 44d. one month, and closing sellers quoted 
603. 1d. and 603. 4d. one month. There were cash 
buyers of hematite at 78s. 9d., but sellers wanted 79s. 6d., 
and no dealing took place. When the market opened 
to-day (Wednesday) a stronger tone prevailed, and 
Cleveland warrants advanced to 60s. 9d. and 603. 104d. 
cash, and to 61s. and 61s. 1d. one month, and closed firm 
at 60s. 11d. cash and 61s. 2d. one month sellers. The 
turnover was about 11,000tons. At the afternoon session 
business was very quiet, and the total turnover was some 
2000 tons of Cleveland warrants at 60s. 74d. cash, 603. 10d. 
and 6ls. one month. When the market closed for the 
day sellers quoted 603. 9d. cash, and 61s. 04d. one 
month, and there were buyers at 1d. less in each case. 
The following are the market a for makers’ 
(No. 1) iron:—Ciyde and Calder, 79s. ; errie, 
793. 6d. ; Summerice, 81s. ; Langloan, 80s.; and Coltness, 
90s. (all wr eg at G w Lx ock (at Ardros- 
san), 79s. 6d.; Shotts (at ' 


ith), 79s. ; and Cerron (at 
Grangemouth), 82s. 


Sulphateof Ammonia.—The sulphate of ammonia market 
continues firm, and a fair amount of business is passing. 
The price is from 12/. to 12/. 2s. 6d. per ton for prompt 
business, Glasgow or Leith. The amount shipped from 
Leith Harbour last week was 501 tons. 


Scotch Steel Trade.—The conditions prevailing in the 
Scotch steel trade are practically unaltered from last 
week. New orders for the home market are still only 
for moderate quantities, but a fair amount of business has 
m put through for export, and several good lots have 
lately been fixed up. Quotations are firm, and producers 
have = of work on hand to keep the mills running 
steadily. Specifications are coming to hand very well. 


Malleable Iron Trade.—The malleable iron trade re- 
mains fairly quiet, but steady, with a moderate amount 
of inquiry for shipment. Prices are keeping firm. 


Scotch Shipbuilding.—Steady employment during the 
past month in the various shipbuilding centres of the 
country has resulted in the creation of a record, not only 
for the month of May, but also for the first five months 
of the year. The figures for the month are, sixty-three 
vessels, representing 65,236 tons, while for the five months 
the output is 229 vessels, of 261,232 tons, which is over 
28.000 tons more than the previous best, which was 
232,415 tons for the first five months of last year. 
berg fl . the output of — yards ty me 

t res represent steady progress, and mar 
another record. number of vessels launched dur- 
ing. May was forty, and the tonnage totalled 62,246 tons, 
which is iy & wg Age hg Y vf r than = boa 
tonnage o y, when the figure reac 7,287 
tons. Last year the total for the first five months was 
211,714 tons, and that was certainly looked upon as con- 
siderable ; but that record is now broken and out-distanced 





this year by over 30,000 tons, the figure for the corre. 


sponding period this year being 242,392 tons. The 
prospects in the shipbuilding trade at the present 
moment look fairly bright, as there is a good quantity 
of work on hand. The amount booked during the past 
month is estimated at about 30,000 tons, which in itself 
is not excessive, but when added to previous bookings 
brings up the total amount of work on hand to quite a 
respectable figure. If labour troubles do not intervene, 
this year is likely to be a very prosperous one in the ship- 
building industry of the country. 


Pig-Iron Trade.—The demand for Scotch pig-iron con- 
tinues, and inquiries come to hand regularly for large 
quantities for export. Foundry iron is in good request, 
and during the = few days some fairly large lots have 
been booked for shipment to the United States of 
America. Makers are being kept going at full pressure. 


Japanese Honours for Scotch Engineers. —Mr. William 
Beardmore, head of the firm of Messrs. William Beard- 
more and Co., Limited, Parkhead Forge, and Dalmuir 
Naval Construction Works, has received intimation that 
His Imperia] Majesty the Emperor of Japan has been 
graciously pleased to confer upon him the Fourth Class 
of the Order of the Rising Sun. Mr. D. Deuchars, the 
superintendent of the North British Railway Company, 
has received from His Excellency Baron Jutaro Komura, 
the Japanese Am or, an intimation to the effect 
that he had been commanded by His Imperial Highness 
Prince Fushimi to inform him that His Majesty the 
Emperor of Japan had been graciously pleased to confer 
upon Mr. Deuchars the Sixth Class of the Order of the 
Rising Sun. 








Coau-Currinc Macuines.—That the use of coal-cutting 
machines grows in favour in Great Britain is shown by 
some of the mines inspectors’ — recently issued by 
the Home Office. In the report by the inspector of the 
Newcastle district, which includes Cumberland, Durham 
(North), and Northumberland, there were 86 machines in 
use in 1906, which produced together 609,872 tons of coal, 
against 54 machines in 1905, producing 461,450 tons of 
coal. In the West of Scotland report it is stated that 129 
machines were in use in 1906, against 109 in the preceding 
year, the output of coal by machine being 1,388,255 tons, 
an increase of 316,519 tons on 1905. In the Yorkshire 
and Lincolnshire district, in 1906, the number of machines 
in use was 252, compared with 247 in the year 19U5, the 
output in 1906 being 2,849,134 tons, an increase of 436,702 
tons on the output of coal by machines in 1905. 

Mintnc IN Norway.—A measure has been introduced 
into the Norwegian Storthing containing additional regu- 
lations for future mining concessions, in addition to tho:e 
of the provisional law of June 12, 1906. It is proposed 
that the concession shall contain particulars as to how 
long the applicant has the right to carry on mining opera- 
tions, the quantity of ore he, during that period, is en- 
titled to work, and the tax or fee he is to pay annually. 
In the export of ore Norwegian vessels are to be em- 
ployed, if such are obtainable at the same rates as foreign 
vessels. The period for which a concession is given is 
not to exceed 30 years ; after the expiration of that period 
the working and handling of metals, the buildings erected, 
the plant and the mine itself can, if the State demands it, 
become the property of the State, subject toa payment 
which, as a rule, should not be larger than half of the 
fees which in past years have been paid into the Ex- 
chequer. The manner in which the valuation committee 
is to be formed is to be specified in the concession. The 
fee to the State shall, for iron ore, not be less than 30 dre 
(4d.) per ton of ore worked and removed from the mine, 
and a proportionate figure for other kinds of ore, with 
due regard to the distance between the deposits and the 
place of shipment. Should special export duties on 
metals or ore be introduced, the fee stipulated in the con- 
cession shall be deducted from mines that pay such fees. 
No fee is chargeable on ore used within the country. 

INSTITUTION OF CiviL ENoinrERs: YARROW Epuca- 
TIONAL FunD.—We have received from the Secretary of 
the Iuastitution of Civil Engineers a report on the work- 
ing of the Yarrow Educational Fund. This fund was 
founded in 1905, and has resulted, in the period that has 
elapsed since then, in scholarships being awarded to eight 
applicants. The purpose of the fund is to provide assist- 
ance to young men who desire to become engineers, and 
who have given proof of their capacity to profit by 
thorough education, but who lack sufficient means to 
obtain the necessary scientific and practical knowledge. 
The fund, which was founded through the generosity of 
Mr, A. F. Yarrow, M. Inst. C.E., admits of the appoint- 
ment annually of two or three new scholars. The grants 
vary between 50/. and 100/., at the discretion of the com- 
mittee, and cannot be held for more than three years. So 
far the awards have been distributed to students who 
were thus enabled to continue their studies in the follow- 
ing centres: — London, scientific study—three ; Man- 
chester, scientific training—one; Liverpool, ae 
training—one; Stafford, practical training—one; ‘ tlasgow, 
scientific training— one; Dublin, scientific training—one. 
Among the conditions set forth it is stated that candi- 
dates must be of British birth and not more than twenty- 
one years of age, and that successful candidates must join 
the Institution of Civil Engineers. Evidence must be 
forthcoming that each candidate cannot provide the 
means to continue his engineering education, and appli- 
cations should be accompanied by testimony as to 
character and ability from past or present schoolmaster 
oremployer. Full conditions governing the granting of 
the Yarrow scholarships, together with forms of appli- 
cation, may be obtained from the Secretary of the Insti- 
tution of Civil Engineers, Great George-street, West- 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Electric Lighting Profit.—Interesting facts as to the 
progress of electricity as a motive power are to be gleaned 
from the annual report of the Sheffield Electric Lighting 
undertaking, which for the first time shows a profit. This 
amounts to 2555/., compared with a deficit of 13741. last 
year, and of 6507. in 1905. It will be noted, says Mr. 
4. E. Fedden, the general manager, that the increase in 
the consumption of electrical energy for motive power is 
greater in proportion than the increase in the number of 
consumers. This is due to the gradual conversion of 
large works to electric driving, which is continually in 
progress. The use of electric power is becoming better 
understood, and its economy appreciated. 


Death of a Yorkshire Coalowner.—The funeral of the 
late Mr. George Shaw, of Broom Cross, Sheffield, took 
place at Ecclesall Church Cemetery on Tuesday. Mr. 
Shaw was closely identified with several manufacturin 
concerns, but was best known as chairman of the Wat 
Main Collieries. For some time he had been in failing 
health, although continuing to give attention to business. 
He died on the 30th ult. at the age of seventy. 


Derwent Valley Water Works.—The ceremony of laying 
the record stones at the Howden and Derwent Reservoir 
of the Derwent Valley Water Works will be performed 
on the 2ist inst. The Bishops of Southwell and Sheffield 
will take part in the ceremony. 


Iron and Stel Trades.—The outlook in the armour- 
plate trade is far from encouraging. The orders placed 
some time ago are far advanced, and local houses are now 
prepared to make deliveries when required. The heavy 
machinery generally engaged in armour construction is 
now being increasingly employed in the production of 
large forgings and other material used in engineering 
work, for which there has recently been a large influx of 
orders. The increased activity in the railway branches 
is well maintained. Some months ago the home railwa 
companies could not be persuaded to give out orders, 
though frequent appeals were made. uring the past 
few Soihe, Bowne, they have been pouring them in at 
a greater rate than they can be executed, and now some 
of the principal manufacturers are almost blocked with 
work. A fair amount of business is also coming on this 
account from abroad. 


South Yorkshire Coal Trade.—All branches of the coal 
trade continue to display remarkable firmness in price. 
For the first time for many years June has opened with- 
out a further reduction in house qualities, and from the 
present outlook there is little likelihood of this taking 
place before theend of the half-year. The continued wet 
and unseasonable weather, coupled with the active de- 
mand, justifies owners in maintaining present rates. In 
steam coal more is being offered on the local market, 
owners preferring to take a slightly lower price rather 
than have their wagons hung up owing to the congested 
state of the lines ape I to the ports. The general 
situation, however, is unchanged. Values are unaltered, 
and best qualities of Barnsleys are realising from 12s. 9d. 
to 13s. at the pits. New contracts which expire at the 
end of the half-year will in all probability be offered at 
not less than 123. per ton. Gas-coal contracts have, to a 
great extent, been fixed. Coke is firm and full rates 
are obtained. 








A New Harsour at Néare Sunpsy.—The town of 
Noérre Sundby, in Jutland, is about to construct a new 
harbour. The present coast-line will be filled up and 
carried further into the Limfjord, and the depth will be 
from 18 ft. to 24 ft. Some 400,000 square feet will be 
available for warehouses, &c. The railway accommoda- 
tion will be efficiently arranged. 





Luovn’s RecisTer oF British AND Forricn Satp- 
PING.—Sir John Glover has intimated his intention to 
resign the position of chairman of Lloyd’s ister of 
British and Foreign Shipping on account of advancing 
years, and his retirement will take effect at the end of 
June. The committee have received Sir John’s resigna- 
tion with much regret. He has been a member of the 
committee since 1872, and was elected chairman of the 
society in May, 1899, on the death of the late Mr. W. H. 
Tindall. During his years of office the work of Lloyd’s 
Register has increased enormously, both in quantity and 
in importance, and the distinguished success of his ad- 
ministration of the world-wide affairs of the Register is 
seen in the universal estimation in which it is held by 
the shipping community as the premier classification 
society oP the world. Indeed, his chairmanship has not 
only secured for him the highest appreciation of his 
colleagues on the committee, but miy not unfairly be ssid 
to have added fresh strength tothe society. It is a matter 
for satisfaction that Sir John Glover, while retiring from 
the office of chairman, does not intend to sever his con- 
nection with the Register, but will remain a member of 
the committee. Ata special meeting held on Thursday, 


the 30th ult., the committee unanimously elected Mr. | 


James Dixon to succeed Sir John Glover as chairman. 
Mr. Dixon has been a member of the committee for the 
past thirty years, and has long been one of the best-known 
business-men in the City, where his interests, both in 
shipping and marine insurance, have been extensive and 
varied. Until within the last five years Mr. Dixon was 
® partner of Messrs. Harris and Dixon, oi 81, Grace- 
church-street, E.C., which was established over 100 years 
ago. He isa member of Lloyd’s, and is associated with 
Some important undertakings. Mr. Dixon has for many 
years been a member of the committee of the General 
Shipowners’ Society, and has occupied the post of Presi- 
dent of the Chamber of Shipping of the United Kingdom. 
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NOTES FROM CLEVELAND AND THE | 
NORTHERN COUNTIES.. 
MIDDLESBROUGH, Wednesday. | 
The Cleveland Iron Trade,—Quotations for Cleveland 
iron are somewhat unsettled. American reports are 
largely to blame for this state of affairs, but many traders 
here are taking less and less notice of- rumours from the 
States, many of which they unhesitatingly declare are 
faked for market purposes. The statistical situation 
here is excellent, and is day by day becoming still 
better, for the enormous output of Cleveland pig is 
quite inadequate, with the result that the warrant stores 
continue to be considerably drawn upon to satisfy | 
requirements. Shipments keep on a very good le, | 
and inland deliveries are also heavy. o. 3 g.m.b. 
Cleveland pig is now 6ls. 6d. f.o.b, but this week 
transactions have been recorded at as low as 60s. 
Foundry No. 4 and grey forge may be put at 6ls and 
603. 6d. respectively, and they are reported scarce, The 
East Coast hematite branch is in a healthy state, and is 
likely to continue so, for the condition has been brought 
about by the greater activity of consumers, and values 
are not affected by fluctuations in warrants. ucers 
are very well placed, and mixed numbers are fully 82s., 
whilst one or two of the leading makers are inclined to 
fix the rate at 82s. 6d. Spanish ore maintains its value 
well. Demand is good, and under the present circum- 
stances the mine-owners in Spain naturally take a very 
firm stand. Imports are large, but consumers of ore 
barely get satisfied. Rubio of 50 per cent. quality stands 
at 22s, 6d. ex-ship Tees. 


Manufacturcd Iron and Steel.—Satisfactory and en- 
couraging accounts continue to be given of the various 
branches of manufactured iron and steel. Improvement 
in demand is noticeable, and values tend upwards. The 
only actual alteration to report, however, is a rise of 5s. 
in packing iron. Common iron bars are 8. ; best bars, 
81. 10s. ; t best bars, 9. ; king-iron, 6/. 15s. ; iron 
ship-plates, 7/. 15s.; iron girder-plates, 8/.; iron boiler- 
plates, 8/. 153. ; steel bars, 72. 103. ; steel ship-plates, 
71. 10s. ; steel boiler-plates, 82. 10s. ; steel hoops, 7/. 15s. ; 
steel strip, 7/. 53.; and steel joists, 6/. 17s. 6d.—all less 
the customary 24 per cent. discount. Cast-iron chairs 
are 4/, 2s, 6d. to 4/. 5s. ; cast-iron columns (plain), 7/. to 
71. 5s.; light iron rails, 7/. 7s. 6d. to 7. 153. ; heavy steel 
rails, 62. 15s. ; and steel railway sleepers, 77. 103.—all net 
cash at works. Galvanised corrugated sheets, 24 gauge 
in bundles, figure at 137. 15s. to 14/., less 4 per cent. 


Tron and Stcel Shipments.—Once more excellent ship- 
ments can be reported. For May clearances of pig iron 
from Middlesbrough reached 158,041 tons, to which must 
be added 13,153 tons from the adjacent little port of 
Skinningrove, making the total shipments of pig iron 
from the district 171,194 tons, or an average of 6500 tons 
per working day. Thus the clearances of pig compared 
very favourably with the best on record—viz., 177,627 
tons for April of this year. Shipments of manufactured 
iron last month amounted to 18,684 tons, and those of 
steel to 32,331 tons, giving a grand total of iron and steel 
of 222,209 tons. Of the pig iron sent from this port 
131,014 tons went to foreign ports, and 27,027 tons to 
= ene: and < the pe iron 
shi , 12,290 tons went to foreign ports, and 6394 tons 
to pn Ben customers; and of the steel cleared, 
27,274 tons went to foreign ports, and 5057 tons to coast- 
wise customers. The largest importer of pig iron was 
Germany with 35,837 tons, the United States coming 
next with 33,231 tons, and Scotland third with 20,297 
tons; whilst Italy received 18,287 tons; and Holland 
14,452 tons. Once more India was the largest importer 
of both manufactured iron and steel, taking 6249 tons of 
the former and 12,653 tons of the latter. Brazil received 
3588 tons of manufactured iron, whilst of steel Japan im- 
ported 5243 tons, and Argentina 5195 tons. 


New Works for Teesside.—In the course of a short time 
the works which for some four years were carried on at 
Haverton Hill, on the north bank of the River Tees, a 
few miles distant from Stockton, under the title of 
‘‘Hemingways, Limited,” but which firm went into 
liquidation in 1904, are to be re-opened, as the site (seven 
acres) and the ony, have quite recently been ac- 
quired - f the British Chilled Roll and Engineering Com- 
pany, of Birmingham, from Mr. Charles Hemingway, 
the well-known railway contractor of a. who 
was the trustee for the second debenture-holders. The 
works were established in 1901 by Messrs. Hemingways, 
who carried on business for about four years as bridge- 
builders and constructional iron and steel engineers, and 
the main buildings of the works are therefore of quite 
modern construction. The site is conveniently located 
for rail and river traffic, and is within very short distance 
of the main cables of the Cleveland and South Durham 
| Electric Power, Limited. It is stated to be the intention 
to establish at these works a cast-steel forge and foundry, 
and a commencement has this week been made in adapt- 
| ing the establishment for these operations. 











|. THE Assouan Dam.—Tho contract for the sluices and 
| lock-gates necessitated by the raising of the Assouan Dam 
has been placed with Messrs. mes and Rapier, who 
were responsible for this work in the present structure. 
It is stated that comparatively little work is involved in 
the case of the sluices, but on account of the re-arrange- 
| ment of the present locks, and the construction of a fifth, 
| two new gates, 72 ft. 2 in. deep, will have to be sup- 
plied. The alterations also involve moving a distance 
of over 500 ft. the present gates, the two largest of 
which are about 70 ft. high by 34 ft. wide, and weigh 


nearly 100 tons. 








NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal trade has shown no material 
change; the demand has been comparatively moderate, 
but previous prices have been well maintained. The best 
large steam coal has made 18s. 9d, to 193. per ton, while 
secondary qualities have ran from 16s. 9d. to 18s, 3d. 
per ton. ouse coal has ruled firm; the best ordinary 

ualities have made 17s. to 17s. 6d. per ton. No. 3 
hondda large has brought 20s. to 20s. 6d. per ton. 
Foundry coke has been quoted at 26s. to 27s. per ton, 
furnace ditto at 20s. to 22s. per ton. As regards 
ore, Rubio has made 2ls. to 2ls. 6d. per ton, and 
Almeria 20s. 9d. to 21s. per ton, upon a basis of 50 per 
cent. of iron, and charges, including freight, insurance, 
&c., to Cardiff or Newport. 

Tredegar.—In their thirty-fourth annual report and 
balance-sheet for the — ending March, 1907, the 
directors of the Tredegar Ironand Coal Company, Limited, 
state that there was little movement in the price of coal 
during the ow months of the past financial year; but 
an upward tendency developed -itself in the autumn, and 
the high level which was subsequently reached has been 
maintained. The company was in & ition to take 
advantage of the enhanced prices, and its trade outlook 
at the present time, as well as its crder-book, is satis- 
factory. The output of the company’s collieries last 
year was 1,604,599 tons. The old coal has been struck at 
the new shaft at M‘Laren No. 1 pit, and has been found 
to be of good section and quality. Coke prices bave 
fluctuated, but have for some months been firm, while 
the demand is strong. The production of coke from the 
company’s ovens for the year was 77,933 tons. Prolonged 
negotiations for a new coalfield have been brought toa 
close, and the Oakdale Navigation Collieries, Limited, 
has been registered with an initial share capital of 
200,0002. ; 50,0002. of this has been allotted to the Tre- 
degar Iron and Coal Company. The dividend proposed 
for 1906-7 is at the rate of 74 per cent. per annum. 


Dowlais.—The iron and steel works have exhibited 
rather a quiet tone. The rail-mills have, however, been 
working at high ure, and steel sleepers, fish- plates, 
billets, &c., have m turned out to about an ordinary 
extent. 


The Swansea Valley.—Orders for tin-plates have been 
booked by some of the leading firms for six, and even 
eight, months in advance, so that regular employment is 
es . for ae ae Se Sam Ln whe gm sees 
mills have n principally en upon sections o 
15 Ib. and 16 Ib. m foot. - i) 


The Forest of Dean.—An important transaction took 
place at the Gaveller’s Office, at Coleford, Dean Forest, 
on Friday. Under the provisions of the Dean Forest 
Mines’ Act, 1904, all the deep seams were amalgamated 
into seven areas, this being done to induce people to 
develop the properties. Of the 2000 free miners entitled 
to do so, about half their number applied for the t 
of the Southern United area, and on Friday Mr. West- 
garth Forster Brown, Cardiff, attended at Coleford and 
made the grant over to a committee of seventeen repre- 
sentative men. The area consists of 533 acres, and it is 
estimated to contain over 12,000,000 tons of good coal. 
When the proceedings were completed, Mr. F. Winter- 
botham, solicitor to the Princese Royal Colliery Company, 
waited on the trustees, and succeeded in effecting a pur- 
chase of the property. The terms are $d. per ton, which 
represents a total of 25,0002. It is stipulated that the 
coal is to be developed at once. 





Frecp Wrrecess TetecraPuy.—The chief signal officer 
of the United States army continues to receive favourable 
reports with respect to field wireless telegraph instru- 
ments, which have been under practical trial in Cuba. 
Fifteen additional sets will be distributed to various posts 
throughout the country, and will probably be y for 
use in the military encampments of this year. One of 
these portable sets has been installed on the artillery 
district boat at Fort Monroe, which is being used in com- 
munication with the station set at that place. Other 
sets are shortly to be sent to Fort Totten, Fort Wright, 
and Fort Hancock, probably in time to be used in 
exercises planned for coast artillery and militia. ’ 





Tue Late Mk. Francis Bottinc.—We have to report, 
with Soe sae, the death, in his 77th year, of Mr. 
Francis lling, senior partner in the old-established 
London firm of Bolling and Lowe. Mr, Bolling was born 
in Copenhagen, being the son of the Director in-Chief of 
the Royal Library in thatcity. Asa young man he came 
over to England, and was for some time with the wel]- 
known banking firm of Messrs. C. I. Hambro and Son. 
After an interval, passed again in Denmark, he returned 
to London, where he entered the old-established firm of 
Messrs. William Bird and Co., whose business he eventu- 
ally took over, in conjunction with the late Mr. J. EK. 
Lowe. Later on he took into partnership Mr, L. Reincke 
and Mr. Clarence Bird (nephew of the late Mr. William 
Bird), who had also been some time connected with the 
firm. Mr. Bolling was well known in the iron and steel 
trade, and his name was familiar to a very large number 
of importers throughout the world ; he was regarded with 
affection by all his su inates, and will certainly be 


kindly remembered by all who had occasion to meet him 
in business. He was for many years on the Board of the 
British Iron Trades’ Association, a member of the London 
Chamber of Commerce, and the late King Christian of 
Denmark honoured him by conferring upon him the Order 
of the Dannebrog. Mr. Bolling leaves a widow and one 
son. 
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NOTICES OF MEETINGS. 





Tus NortHu or ENGLAND INstrruTE oF MINING AND MECHANICAL 
ENGINEERS.—Saturday, June 8, in the Wood Memorial Hall, New- 
castle-upon-Tyne, at 2 p.m. The following papers will be open 
for discussion :—‘‘ Rescue Apparatus and the Experiences gained 
therewith at the Courriéres Collieries by the German Rescue 
Party,” by Mr. G. A. Meyer (Trans. Inst. M.E., vol. xxxi., € 
575). ‘*A New Apparatus for Rescue Work in Mines,” by Mr. W. 
E. Garforth (Trans. Inst. M.E., vol. xxxi., page 625). ‘‘ The 
Pneumatogen : The Self-Generating Rescue Apparatus, compared 
with Other Types,” by Mr. R. Cremer (Trans. Inst. M E., vol. xxxii., 
page 51). ‘‘ Liquid-Air and its Use in Rescue Apparatus,” by Mr. 
Otto Simonis (Trans, Inst. M.E., vol. xxxii., page 534). ‘‘ Sinking 
through Magnesian Limestone and Yellow Sand by the Freezing 
Process at Dawdon Oolliery, near Seaham “Harbour, County 
Durham,” _ Mr. E. Seymour Wood (Trans. Inst. M.E., vol. xxxii., 
page 551). The follow paper will be read, or taken as read :— 
‘Treatment of Dust in Mines, Above and Below Ground,” by Mr. 
Richard Harle. The Wolf benzine and acetylene-gas safety-lamps 
will be exhibited. 

Tus InstrruTION OF Minine ENGINEERS.—Thursday, Friday, and 
Saturday, June 13, 14, 15, at the Rooms of the Geological Society, 
Burlington House, Piccadilly, London, W.—Thursday, June 13, 
atllam. The President will deliver an Address. The following 

pers will be read, or taken as :—1._ “‘ Improvements 

uired in Inland Navigation,” by Mr. Henry Rudolph de Salis. 
2. ** By-Product Coking Plant at Clay Oross,” by Mr. W. B. M. 
Jackson. 3. “ Notes on By-Product Coke-Ovens, with Special 
Reference to the Koppers Oven,” 4 Mr. A. Victor Kochs. 
4. “* By-Product Coke-Ovens,” by Mr. Paul Schwarz. 5. ‘ Water 
Supplies by Means of Artesian-Bored Tube-Wells,” by Mr. Herbert 
F. Taedhons, 6. “‘Gypsum in Sussex,” by Messrs. W. J. Kemp 
and G. A. Lewis. 7. ‘‘ The Use of Duplicate Capel! Fans,” by the 
Rev. G. M. Capell. The following papers will be open for discus- 
sion :—(a) ‘‘ By-Product Coke and Huessener By-Product Coke- 
Ovens,” by Dr. J. A. Roelofsen (Trans. Inst. M.E., vol. xxxi., 
451). (b) ‘‘ A New Apparatus for Rescue Work in Mines,” 
y Mr. W. E. Garforth (Trans. Inst. M.E., vol. xxxi., page 625). 
(c) ** Rescue Angee and the Experiences gained therewith at 
the Courriéres Collieries by the German Rescue Party,” by Mr. 
G. A. Meyer. (Trans. Inst. M.E., vol. xxxi., e 575.) (d) 
“Gypsum, and its Occurrence in the Dove Valley,” 
Trafford Wynne. (Trans. Inst. M.E., vol. xxxii., 
** Commercial Possibilities of Electric Winding for Main Shafts 
and Auxiliary Work,” by Mr. W. ©. Mountain. (Trans. Inst. 
M.E., vol. xxxi., page 329.) (/) ‘‘ Electrically-Driven Air-Com- 
ressors, Combined with the Working of Ingersoll-Sergeant 
eading-Machines, and the Subsequent Working of the Busty 
Seam at Ouston Colliery,” by Mr. A. Thompson. (Trans. Inst. 
M.E., vol. xxxi., 356.) (g) ‘‘ Practical Problems of Machine- 
Mining,” by Mr. Sam Mavor. (Trans. Inst. M.E., vol. xxxi., 
378.) (A) ** The Capacity Current and its Effect on Leake 
Indications on Three-Phase Electrical Power Service,” by Mr. 
8S. F. Walker. (Trans. Inst. M.E., vol. xxxi., page 526.).—Friday, 
June 14, at 10.30 a.m. The following papers will be read, or 
taken as read :—8. ‘‘ The Reform of British Weights and Mea- 
sures,” by Mr. Austin Hopkinson. 9. “‘ The Thick Coal of War- 
wickshire,” by Mr. J. T. Browne. 10. ‘‘ Description of the 
Ozokerite (Mineral Wax) Mine at Boryslaw, Galicia, Austria,” by 
Mr. D. M. Chambers. 11. ‘‘ Notes on the Structural Geology of 
South Africa,” by Dr. OC. Sandberg. 12. ‘‘ The New Rand Goldfield, 
Orange River Colony,” by Mr. A. R. Sawyer. 13. ‘Cast-Iron Tub- 
ing: What is the Rational Formula?’ by Mr. H. W. G. Halbaum. 
The following papers will be upen for discussion :—(i) ‘‘ A New 
Pocket-Transit,” by Mr. W. Denham Verschoyle (Trans. Inst. 
MLE., vol. xxxii., page 165). (j) “‘ Petroleum Occurrences in the 
Orange River Colony,” by Mr. A. R. Sawyer (Trans, Inst. M.E., 
vol. xxxi., page 541.) (k) “‘ Development of Placer Gold-Minin 
in the Klondike District, Canada,” by Mr. Joseph Burr Tyrrell 
(Trans. Inst. M.E., vol. xxxi., page £56). At 3.5 p.m., excursion 
to the Park Royal Generating Station of the Great Western Rail- 
ee June 15, excursion to Cement Works, 
[) eet. 
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THE SHEARING STRENGTH OF 
CONCRETE. 

Amonc the difficulties met with by experimenters 

whose object it is to investigate the physical pro- 

perties of materials, perhaps those surrounding the 





68| determination of true shearing strength are the 


greatest. We may ascertain with comparatively 
little difficulty, and with a high degree of accuracy, 
the ultimate power of different materials to resist 
direct compressive, tensile, and bearing stresses, 
and may feel confidence in our results; but when 


54! we wish to satisfy ourselves what the ultimate 


shearing strength of any material really is, the case 
is different. e difficulties are experimental. If 
we could be sure that, when making our tests, we 
had eliminated altogether the influences due to 
compression and tension, we should then be justi- 
fied in concluding that we had obtained the true 
shearing strength of the material. It seems, 
however, almost impossible entirely to accom- 





plish this end. The results of different experi- 
menters point to this, for the widely varying 
results obtained by them on the same material by 
different methods cannot altogether be due to the 
varying characteristics of the specimens, and 
must largely result from the greater or lesser 
influence of outside disturbing forces. How best 
to eliminate these forces and obtain only a stress 
that is a true shearing one has — much 
time and attention, without any entirely satisfac- 
tory result being obtained. We know quite well 
that we may take a piece of iron and, by means 
of a machine, we may, as we say, shear it in two or 
more pieces. We know perfectly well also that the 
force required to do this does not represent the 
true shearing strength of the material. Indeed, it 
may differ from it very largely. The process, 
although it is regarded asa shearing action, is more 
or less due to a flow of the metal under pressure. 
The difference between shear and cutting action 
should be clearly kept in view, and shear should 
be distinguished from what may accompany it— 
e.g., bearing action, diagonal tension, &c. 

This question of shearing strength of materials, 
particularly of concrete, has been investigated in 
the engineering experiment station of the Univer- 
sity of Illinois, which has, since it was established, 
done good work, and published many valuable 
bulletins. A recent bulletin issued by this body is 
devoted to the shearing strength of concrete, and 
particulars are supplied by Professor A. N. Talbot 
of a series of tests made, during 1905 and 1906, 
with a view to find out, as far as possible, the true 
shearing strength of this material. It is not claimed 
by the author that the methods were entirely de- 
void of objection, but what was aimed at was to 
get as near ideal conditions as possible, and to 
approach those which exist in ordinary structures. 

t may be remembered that tests on the shearing 
strength of mortar were made by Bauschinger in 
1878, the results being considered to show that 
the shearing strength of mortar was 20 per cent. 
greater than the tensile strength, the composition, 
of course, being the same in both cases ; but it 
seems probable that these results do not repre- 
sent the resistance of Portland cement mortar 
to simple shear; while, according to Marsh, the 
French experimenter Feret places the shear- 
ing resistance of concrete at from 0.16 to 0.2 
of the compressive stress, though Taylor and 
Thompson state that the same experimenter, Feret, 
gives a much higher shearing strength than that 
given by Marsh, the range being from 46 to 97 per 
cent. of the compressive strength, or from three 
to six times the tensile strength. Again, tests 
made by Mesnager seem to show a difference of 20 
to 30 per cent. between the two resistances. 

The difficulty of knowing what is the true shear- 
ing strength of a material has been the cause of 
many assumptions being made, some of them more 
justifiable than others, but all open to objec- 
tions. In 1905 some valuable tests on the shearing 
strength of concrete were made at the Massa- 
chusetts Institute of Technology by Professor 
Spofford. Cylindrical specimens were used in this 
case, the pieces being 5 in. in diameter and 15} in. 
long, the ends being securely clamped above and 
below in cylindrical bearings. The load was applied 
over the —_ semi-cylindrical portion of the 
block for a length of 5,% in. In this way the test- 

iece was allowed to break first as a beam, and 
finally by shear; but it is probable that tensile 
stresses may have affected the results to some 
extent, and that, therefore, the figures obtained 
were really less than what would denote the true 
shearing strength. This may be quite true, but 
it does not remove the feeling of uncertainty 
there is about the subject, although it is gratify- 
ing to think that, if we take the figures ob. 
tained as sufficiently accurate for practical pur- 
poses, we shall err on the side of safety, the true 
shear being higher than that obtained from the 
tests. As the results of these tests are interesting, 
we give them in Table I. on the next page, in 
order that they may be compared with those in 
Table II., which are the results of the tests carried 
out by Professor Talbot. 

In Professor Spofford’s tests three different 
strengths of concrete were used, some of the 
specimens being allowed to mature in air and half 
of them in water. 

In the tests carried out at the University of 
Illinois two distinct methods were adopted. In 
the first of these the shear was obtained by a hole 
being punched in a concrete plate, while in the 
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other a concrete beam, which had its ends firmly 
held so as to act as if encastré was used. Plaster 
of paris coatings were spread on all bearing 
surfaces to ensure even distribution of load. In 
the former of the two methods three different 
kinds of test-blocks were used, some of them being 
plain, others recessed, and the remainder reinforced 
with hoops, or by straight bars, round the centre 
part, which was punched out. In both the recessed 
and plain blocks the shearing area was the same. 
It was thought that the recess under the part of 
the block that had to be punched out would make 
the test-piece better able to withstand the tensile 
stresses developed during the punching operation. 
The specimens were seasoned in air, water, and 
damp sand, and were tested about sixty days after 
being made. A summary of the results is given 
in Table II., below. 
Tasie 1.—Summary of Shear Tests made at 
Massachusetts Institute of T'cchnology, 
| 


Shearing Strength. | Ratio of 














Kind of — d siti _| Crushing | Shear to 
Concrete g; | Strength. | Compres- 
oring. P is - 
Maxi- Mini- Average | sion. 
mum, mum ' | 
Ib. p. Ib. p. Ib, per | Ib. per | 
sq. 4 sq. in, eq. in, fq. In, | 
1-2-4 Air 1630 960 1310 2070 «=| 0.63 
1-2.4 Water | 2090 1189| 1650 2620 | 0.63 
1-3-5 Air | 1590 890 1240 1310 0 94 
1-3-5 Water | 1380 840 1120 1360 | 0.82 
1-3-6 Air | 1450 950 1180 950 | 1,25 
1-3-6 Water | 1200 1030 1120 1270 0.88 


Tasie I1.—Summary of Shear Tests. (Professor Talbot.) 








Ratio of 
Shear to 
Strength. Compres- 
ry £ sion. 
: i 
Form of S Method of © 
Specimen 5 | Storin ; 
so. 8 e is Compression 
| ie = 5 
_ 4| 3 3 & 
| § 5 8 Cylin- 3 
ig zw Cube. dee. 518 
| Ib. p. Ib. per|tb. per 
8q.insq in. sq. in. 
1-3-6 Air 9 679} 1230! .. | 055 | — 
J 1-3-6; Water 7 729/1230| .. | 0.59 
Plain plate 1-3-6 Damp sand 4 905 | 2428 1322 0.37 0.68 
| 1-3-6 Do. 1 968 | 1721 | 1160 | 0.56 (0.83 
| 1-2-4 Do. 51193 | 8210 2430 | 0.37 0.49 
1-3-6 Air (17| 796 | 1280} .. | 065 | — 
| 1-3-6, Water 6 692* 1230 0.56 | — 
Recessed || 1-3-6 Do. 5 879; 1230! .. | 0.71 
block | 1-8-6 (Damp sand 41141 | 2428 | 1382 0.47 (0.86 
| 1-8-6 0. 1 910 | 1721 | 1160 0.53 0.78 
1-2-4 Do. 5 1257 8210 | 2480 0.39 0.52 
. | 1.3.6 Air 41051 /1930' .. 0.86 | — 
yore {| 13:6 Damp sand 41821 | 2428 | 1322 0:75 1.98 
 Slock 1-3-6 Do. 11555 | 1721 | 1160 0.90 1.39 
” | 1-2-4 Do. 5 2145 3210 | 2480 0.67 0.88 
; 1-3-6 0. 41318 | 2428 | 1322 | 0.54 | 1.00 
Revtvatnnd 4/136 Do. 11020 | 1721 | 1160 0.59 0.88 
am 1-24 Do. G1418 8210 | 2430 0.44 0.58 


| | 
* Specimens injured in removing the forms. 


It is evident that the great difficulty to be over- 
come in connection with such tests is to devise a 
form of specimen and a method of testing which 
will secure an even distribution of the shear over 
the shearing area. Whether this will ever be 
accomplished seems doubtful; but although Pro- 
fessor Talbot does not consider his methods as fully 
satisfactory, he thinks that sufficient information 
may be gathered from the tests to be useful. 

In view of the difficulties met with, Professor 
Talbot suggests that it would be worth while to 
test specimens in the form of beams, but with the 
load evenly applied over the depth of the beam, 
instead of on the top; and he seems sanguine that 
good results would be obtained. It does not appear 
very clear to us, however, how he means to accom- 
plish this, though there are, of course, ways in 
which it could be done. It is also not easy to see 
why its effect should be so very different from that 
produced by other methods. 

The conclusions to which these Illinois experi- 
ments lead are that the resistance of concrete to 
shear is dependent on the strength of the stone 
used, as well as on the strength of the mortar ; and 
in the richer mixtures the stone appears to exer- 
cise the greater influence. With hard limestone 
and 1-3-6 concrete sixty days old the shearing 
strength may be expected to reach 1100 lb. per 
square inch; and with 1-2-4 mixture 1300 lb. per 
square inch, There is reason to believe that if | 


tests can be made with the load applied evenly | 





An important point brought out by Professor 
Talbot’s investigations was the influence which 
variations in the constitution of the concrete have 
on the shearing strength. The compressive strength 
of concrete is largely affected by the strength of the 
cement, but the shearing strength is influenced more 
by the strength of the aggregate. For this reason 
it does not seem well to express the shearing 
strength in terms of the compressive strength. 
The method has the advantage, however, that an 
idea is gained of their relative action. In general 
the shearing strength of concrete seems to be at 
least 50 per cent. of the compressive strength, and 
it may exceed 75 per cent. The conclusions arrived 
at by Professor Talbot agree in a general way with 
those of Feret and others, that the shearing 
strength is as much as two-thirds the compressive 
strength. Great caution must, however, be exer- 
cised in adopting these results in practical work. 
The very able Committee appointed by the Royal 
Institute of British Architects to report on ferro- 
concrete advised that the shear-stress on concrete 
should not exceed 60 1b. per square inch, as re- 
ported by us last week. 








THE FRENCH MERCHANT MARINE 
AND PERSONNEL. 

Tur seafaring men and fishermen throughout 
France who went out on strike on Friday and 
Saturday last, the 31st ult. and 1st inst., have now 
decided to resume work ; this, so far, is satisfac- 
tory. These men, their officers and captains, are 
styled ‘‘Inscrits Maritimes.” In France, every 
man who states that his wish is to carry on the 
profession of a sailor, or to carn his livelihood on 
the sea, as a fisherman for example, has his name 
entered in the books of the ‘Inscription Mari- 
time.” This institution was founded in the 
seventeenth century by Colbert, Comptroller - 
General, and later on Prime Minister to Louis XTV. 
of France. To Colbert France is indebted for her 
Navy. The ‘‘ Inscrits,” as they are called for 
briefness, alone have the right to man the mer- 
chant ships and to exercise fishing in the sea. They 
remain at the disposal of the State from their 
eighteenth to their fiftieth year, which period 
comprises a time of active service on board a man- 
of-war, the duration of which varies with the actual 
necessities of the Navy. Up to their fiftieth year, 
therefore, they are liable to be called up to serve 
in a warship. 

In return for holding themselves thus ready 
to mana fighting unit of the navy in an emergency, 
and as an addition to the monopoly they enjoy as 
regards the sea-fishing trade and the manning of 
merchant ships, the ‘‘Inscrits” are paid a pen- 
sion on reachiog their fiftieth year, when they 
can show a minimum of twenty - five years of 
service afloat. The department which has charge 
of paying the pension in question is the ‘‘Caisse 
des Invalides de la Marine,” whose revenue, 
besides the interest on its capital, is made up 
by subventions which are reckoned in the Navy 
budget; by a percentage deducted from each 

yment made to private firms for supplies or 
work the latter make or carry out for the Navy; 
by a deduction from the wages earned by the ‘‘ In- 
scrits,” such deduction amounting at the present 
time to 3 per cent.; also by a deduction from the 
shipping subsidies paid to the shipping companies, 
which latter deduction amounted to 5 per cent. of 
the shipping subsidies that were payable to en- 
courage shipping by the French lines of steamers 
and sailing-ships under the law of April 7, 1902. 

The pension paid to an ordinary seafaring man 
amounted in 1791 to a minimum of 96 francs 
(31. 16s.) per year. This was raised in the early 
sixties of last century to 135 francs (dl. 8s.), and to 
204 francs (81. 3s, 2d.) in the early ’eighties. The 
latter figure is the minimum still ruling. A 
member of the French Parliament, M. Siegfried, 
who is at the same time President of the Parlia- 
mentary group of maritime interests, had in course 
of preparation a Biil which would raise this mini- 
mum for ordinary seafaring men to 600 francs 
(241.), the minimum for widows and orphans and 
for ships’ officers and captains to be raised in an 
ey equal proportion. To partly meet 
this increase in the pensions, the member who 
framed the Bill proposed to tax the ‘‘Inscrits” at the 
rate of 5 per cent. instead of 3 per cent., and to tax 


over the shearing section, so as to obtain the true | the shipping companies to the extent of 3 per cent. 


resistance to simple shear, the results will be|on their wages bill. 
| fighting this Bill, and decided to meet the ‘‘Inscrits ” 


found to be higher than those already obtained. 


The Government have been 





half way by another Bill, increasing the minimum 
pension paid to the ordinary seafaring man to 360 
francs (141. 8s.) per year on his reaching his fiftieth 
year, and after twenty-five years’ service on board 
merchantmen or sea-fishing boats, as stated above. 

Had the latter Bill, drafted by the Government, 
been proposed before the one drafted by M. Sieg- 
fried, the men, we believe, would have been satis. 
fied with it, and would have been grateful to the 
Ministry now in power for having improved their 
lot. As it happens, the Government Bill came late 
in the day ; the men had their hopes raised by the 
advantages contained in the private Bill, and these 
hopes were fanned by ‘‘ mediators,” the irrespon- 
sible vampires of continental strikes. 

But the strike is practically at an end, we are 
glad to say, and matters will no doubt be arranged 
satisfactorily to all parties. In the meantime the 
loss has been heavy both in wages and in the wast- 
ing of perishable food-stuffs. The damage to the 
merchant service in itself is not so large as might 
have been had the strike continued, and fortunately 
so, for the French carrying trade cannot afford losses. 
In France the merchant service has developed on 
lines which have been taken in a wrong direction; for 
while it is true on general principles that in every 
country the welfare of the country as a whole is 
the sum total of the welfare of all individual town- 
ships and districts it comprises, this does not apply 
in this particular case. In France there are seventy 
ports and harbours which have been developed at 
the expense of the State, and in only a small frac- 
tion of this number—one-seventh, in fact—do the 
receipts balance the expenditure. The Members of 
Parliament have made pro domo questions of the 
ports and harbours which are situated in their 
respective constituencies ; they have obtained the 
necessary credits ; their pet harbour works have 
developed in number; but vessels have remained 
away, simply through lack of trade. The right 
method of proceeding would evidently have been 
to encourage trade with a much smaller number of 
the more important ports distributed over the 
Atlantic and Mediterranean sea-board, by appro- 
priating all available funds for this special purpose 
to these selected ports. Among other matters, 
this will have to be done, and a deaf ear turned to 
all the, comparatively, less material, local interests, 
before France is able to occupy the situation she 
can legitimately aspire to have in the world’s sea- 
carrying trade. 








UTILISATION OF WASTE RUBBER. 

Wirt the advent of the motor-car, the question 
of how to utilise waste rubber has become more 
pressing than ever. Tyres are mechanically 
ruined, or have to be discarded at any rate, long 
before the chemical deterioration, to which all 
vulcanised rubber is subject, has set in; and as 
the tyres are a heavy item in the working expenses 
of a motor vehicle, the interest in the utilisation 
of rubber waste has spread to a wide circle. 

The problem was treated by Mr. Walter E. 
Reid, F.1.C., in a paper read lately before the 
Liverpool Section of the Society of Chemical 
Industry. The world’s rubber production of last 
year Mr. Reid estimates at 68,000 tons, 15,000 
tons more than five years ago. America—that is, 
practically Brazil—furnished two-thirds of the 
rubber, and the Para rubber remains the best 
product. A good deal had been written of late, 
Mr. Reid stated, on the Guayule rubber, obtained 
from the parthenium argentatum shrub of Mexico ; 
but last year the output of this Guayule only 
amounted to 200 tons, and if the estimates of the 
occurrence of this shrub were correct, Mexico 
would not be able to supply more than 18,00) 
tons of rubber annually. Africa came next 
after America, with an output of 23,400 tons. 
The Congo State, which put 4500 tons on the 
market, would hardly increase its production, 
owing to the methods in use; but the planta- 
tions of the German and other colonies were 
promising. Plantation rubber already constituted 
a good portion of the rubber coming from Asia and 
Polynesia, which now produced 1800 tons per 
annum ; the plantation rubber was considered ex- 
cellent, but too little was yet known about the re- 
quirements and diseases of the trees to speak 
confidently of their future. The bulk of all the 
rubber produced might be pronounced to be of 
fair quality, and if the rubber were left in that state, 
the quality of waste rubber should also be high. 
But the manufacturer added many ingredients to 
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the rubber for special purposes ; those materials 
did not improve the durability of the rubber, 
and were very difficult to remove again afterwards 
in the recovery processes. Mr. Reid himself pos- 
sessed a piece of unvulcanised rubber bought at 
Glasgow in 1842, which seemed to be practically in 
its original state. The oldest piece of vulcanised 
rubber he owned was a red stopper, dating from 
1861, which was quite brittle on the outside, though 
still soft inside. The sulphur used in vulcanisation 
was rarely free from sulphuric acid, and this acid 
was, no doubt, largely responsible for the deterio- 
ration. But sunlight was itself detrimental, and 
that action began on the tree; under water rubber 
would keep much better. 

Rubber that had turned brittle was practically 
valueless. The sulphur of the vulcanisation pro- 
cess, which was indispensable, could hardly be re- 
moved again without destroying the rubber. The 
inner pneumatic tubes of tyres could be ground up 
and mixed with fresh rubber, and commanded a 
good price; but ordinary tyre waste was only worth 
5}d. a pound, and white trimmed rubber yielded 
6d. The many filling materials resorted to—car- 
bonate of calcium and magnesium, magnesia, sul- 
phates, zinc oxide, white and red lead, French 
chalk, China clay, &c.—need not necessarily be 
removed completely, but the textile fibres of tyres 
were very troublesome in the recovery. There might 
be ten thicknesses of fabric in half an inch. Some- 
times it was sufficient to grind the waste to a coaree 
powder and submit it to a current of air; in other 


l 
| THE THEORY OF THE GYROSCOPE. 


| Te interest aroused by the exhibition of the 
| model of the Brennan mono-rail car at the recent 
|conversazione of the Royal Society renders the 
moment opportune for a few elementary notes on the 
| theory of the gyroscope. For our present purpose the 
| gyroscope may be replaced by a thin ring, such as 
represented in Fig. 1. Suppose this ring is spin- 


| ning about the axis X X in the direction shown by | 





| the arrow, and a couple P P is applied tending to! 
| turn it about the axis Y Y as 1epresented. Then | 


|the ring, if perfectly free to move, will not turn 


|about the axis Y Y, but about the axis Z Zin the| 


| direction indicated by the arrows pp. This is at 


| right angles both to the axis of spin and to the axis 
lof the acting couple. It is for this reason that 
a top rights itself and reaches the position known 
as ‘‘sleeping.” If spinning in the position indi- 
cated in Fig. 2, there will be a frictional resistance 
at KE, the point of contact with the ground, which 
will have a moment about the centre of gravity of 
the top. The latter will, therefore, on the prin- 
ciple stated, move at right angles,to this moment, 
and at right angles to its axis of spin, and thus be 
raised to the vertical position. The energy re- 
quired for effecting this work is obtained from the 
kinetic energy of the spin. 

The reason why a spinning ring, such as is 
represented in Fig. 1, moves at right angles to 


i 


Fig.t. 





cases the fibre had to b> destroyed by sulphuric 
acid or alkalies which, unfortunately, weakened the 
rubber. Superheating rendered the rubber homo- | 
geneous, but it also decomposed it, and most of the | 
solvents so far tried on vulcanised rubber had also | 
a decomposing effect, though it was possible to | 
extract some of the sulphur. 

Last year a promising process was brought out | 
by A. Tixier in France, about which Mr. Reid was 
able to say something from his own observations. | 
Tixier observed that vulcanised rubber was soluble 
in terpineol, a substance which itself boiled at 
214 deg. Cent. According to Tixier’s French patent 
No. 370,619, of October, 1906, the rubber, vul- 
canised or not, was reduced to a pulp, and digested 
with twice its weight of terpineol in a closed vessel 
at a temperature of 100 deg. or 150 deg. Cent. The 
resulting solution was agitated with four times its 
volume of benzene, when impurities would subside ; 
the clear liquid was decanted, the benzene distilled 
off, and the rubber precipitated by alcohol or 
acetone. The loss of liquid was about 5 per cent., 
and as terpineol was very volatile with steam, the 
rubber solution would not be exposed to any un- 
desirably high temperatures. The recovered rubber 
was very viscid, could be mixed with minerals and be 
vulcanised, and resembled the natural product more 
than any Mr. Reid had seen: it was chemically | 
very inert, owing probably to the circumstance | 
that the resinous substances were eliminated 
in the Tixier process. The ordinary rubber sub- 
stitutes, it must be borne in mind, cannot be vul- 
canised, and can only be worked together with 
rubber. The process was worked on a commercial, 




















the couple acting on it will readily be understood if 
we consider the motion of a particle of the rin 





and apparently paying, scale in France ; but time 
alone could, of course, decide whether this solution 
of the problem would prove a lasting success. 

_ The caution with which tho public regards such 
innovations was shared by Mr. Max Muspratt, who 
opened the discussion on Mr. Reid’s discourse. Mr. 
Muspratt was indeed doubtful as regards the high 
quality claimed for the plantation rubbers from 
Ceylon and elsewhere. Good prices had been paid 
for them, because manufacturers had been anxious 
to give the new product a fair trial. But though 
chemical analyses and tests were quite satisfactory, 
the washed and dried pieces were not equal to 
Para rubber. The plantation rubber was lacking 


in sir.ngth, and that might prove so with the re- | 


covered rubber. That the new product could be 
vulcanised was not in itself an important point. 
There were many stages of vulcanisation ; and sup- 
posing we started with a rubber containing 3 per 
cent. of sulphur, and recovered it, we should natu- 
rally expect the product to take up more sulphur, 
While f ully granting the weight of these objections, 
Wwe need not point out that the utilisation of rubber 
waste and the recovery of rubber are matters of 
the utmost importance. The problem was serious 
enough for the electrical engineer, and is now 
oubly serious; and the several new processes— 


|when it is both spinning about the axis X X an 

| rotating about the axis ZZ. At A the particle has 
'a velocity at right angles to the instant@ncous 
| plane of the ring equal to r w, say, where r is the 
mean radius and » is the angular velocity of the 
ring about the axis ZZ. By the time this = 
reaches the point B, however, its velocity relatively 
to the instantaneous plane of the ring has been 
destroyed, so that a force must have acted on it in 
the opposite direction to the velocity destroyed ; 
that is to say, in a direction at right angles to the 
plane of the ring. In passing from B to C, the 
patticle acquires velocity again, and at C is moving 
in a direction at right angles to the instantaneous 
plane of the ring with a velocity » = r , equal in 
amount, but opposite in direction, to its velocity at 
A. To generate this velocity a force must have 
acted from B to C in the direction of the acquired 
velocity ; that is to say, in the same direction 
measured relatively to the instantaneous plane of 
the ring as the force which acted from A to B. 
Similarly, in passing from C to D and from D to A, 
a force is again necessary to destroy and gene- 
rate velocity relatively to the plane of the ring, 
and this force will obviously be opposite in 
direction to that which acted on the lower half 
|of the ring; that is to say, the two constitute 





another has been worked out in the Davy-Faraday | a couple tending to turn the ring about the 


Labor itory—deserve full attention. 
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axis Y Y, whilst the actual motion takes place 





about the axis ZZ. Hence, to maintain the ring 
rotating about the axis ZZ whilst it is spinning about 
the axis X X, a couple tending to turn it about 
Y Y must be applied. It should be noted that this 
couple does no work, since no rotation takes place 
about Y Y. Ina sense it is thus analogous to the 
centripetal force developed in a string when a ball 
at the one ond of it is whirled round, and the other 
end held fast. 

A numerical relation between the speed of the 
spin, the speed of the rotation about Z Z, which is 
known as the rate of precession, and the couple 
P P is easily obtained. 

Consider the particle at F, Fig. 3; then if it 
is rotating about the axis Z Z, as well as moving 
round the centre O, its velocity of motion measured 
relatively to the plane of the ring at any moment 
is obviously given by v = r o sin 6, where ris the 
mean radius of the ring and the angular velocity 
about the axis Z Z. 


Hence 
dv. rwc:s gt? 
at at 
but is the angular velocity of the particle about 


the centre O, that is, of the spin ; so that calling 
this a we have 


ee 

dt 

If M be the total mass of the ring, and dé the 

angle subtended by the particle under considera- 

tion, the mass of the latter—m, say—is obviously 
Md? 
20° 

The force acting on a particle is equal to the mass 

multiplied by its acceleration, or 


_ ae 
jets x 


rw a cos 6, 


n= 


= M -d0 x rwacsd 


29 


=Mreoe wosode. 
2a 
The moment of this force about the axis Y Y is 
obviously f r cos 6, and the total couple—C, say— 
maintaining the rotation is 


= reent if; 
0 


— Mr?wa 
—" 

This formula may be used when the gyroscope 
takes the form of a fly-wheel, whilst if it has the 
shape of a solid disc, 

_Mpwa 
Cc 3° 
where p is the radius of gyration of the disc about 
its centre. 

As a numerical example, assume the weight of a 
ring gyroscope as 50 1b., and its radius as half a 
foot, and let it — at angular velocity of unity 
—that is to say, let it make one turn in 3.14 seconds, 
whilst its angular velocity of spin is 200 m per 
second, equivalent to 6000 turns per minute, then 


o = 0x 4 x 20087 x1 
32.2 


[t is thus evident that a relatively light gyroscope 
can balance a very considerable deflecting couple if 
it is allowed to precess even comparatively slowly. 

Suppose the rate of precession—that is to say, 
suppose in the case of the Brennan apparatus (see 
notice on page 623 ante) that the angular velocity of 
the gyroscope about the vertical axis of its support- 
ing gimbals—is increased, it can then support a 
stronger deflecting couple ; or if the latter remains 
constant, there will be an unbalanced couple tending 
to turn the gyroscope about the horizontal axis of 
its gimbal suspension, in a direction opposed to that 
of the original deflecting couple, and this will, in 
the case of the Brennan car, lift the latter till its 
centre of gravity is above the point of support. 
This acceleration of the precession is obtained by 
means of a roller on a prolongation of the gyroscope 
axis, which comes, when the gyroscope precesses, 
into contact with guides fixed to the casing in 
which the device is enclosed. The friction between 
the roller and the spindle tends to cause the former 
to rotate with the spindle, and thus to roll itself 
along the guide with which it is in contact. This 
causes the gyroscope to precess more rapidly, which, 
as pointed out above, is exactly the action required 
to cause the car to move in opposition to the original 
deflecting couple. 


27 
M r2 wa. cos? 0 dé 
24 


= 245 foot- pounds. 
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THE LATE SIR CHARLES PALMER, 
BART. 


the contemplation of the influence of their early 
efforts as was the case with Sir Charles Mark 
Palmer, Bart., whose death took place at his 
London residence, Curzon-street, Mayfair, early on 
Tuesday morning, the 4th inst. He was one of 
the pioneers of the coal industry of Northumber- 
land and Durham. He inaugurated the transport 
of coal by steamers from the North-East Coast to 
London ; he was one of the earliest of Tyne ship- 
builders. He was similarly early in the rolling 
of armour-plates for war- 
ships, and for years he 
continued at the head of 
the Palmers’ works and 
of several other under- 
takings at Tyneside, dis- 
playing an enterprise and 
initiatory energy which 
enabled him to continue 
in the vanguard of indus- 
trial progress. In recent 
years, when he had to 
relinquish active partici- 
pation in the strenuous 
life of commerce, he had 
abundant satisfaction in 
the growth of those un- 
dertakings which he had 
founded, and particularly 
in the well-being of the 
many men who were his 
protégés, 

Born at South Shields 
in November, 1822, the 
son of George Palmer, 
shipowner and merchant, 
of Newcastle, and owner 
of one of the Greenland 
whalers, Sir Charles was 
in his eighty-fifth year at 
his death, and for nearly 
three-score years he de- 
voted the best of his phy- 
sical and mental energy 
towards the development 
of those great metallur- 
gical industries which 
have so materially added 
to the prosperity of the 
North - East Coast. At 
the same time he was ever 
helpful in forwarding the 
best interests of the work- 
ing classes. After having 
been educated in the 
school of Dr. Bruce, who 
is best known as_ the 
author of a most com- 

rehensive work on the 

man Wall, and after 
spending some time in 
commercial schools in 
France, Sir Charles com- 
menced business in a tim- 
ber merchant's office, and 
later became a_ partner 
with his father in the 
colliery business in New- 
castle. In 1845 he joined 
Mr. John Bowes, M.P., 
andafterwards Sir William 
Hutt and Mr. Nicholas 
Wood, all since deceased. 
The result of this com- 
bination was a very ma- 
terial development  n 
the coal resources of the Tyne district, which at 
this time experienced keen competition by the 
Midland district, especially in the London market. 
But the collieries of the Palmers’ co-partnery so 
steadily prospered that within a short period the 
production was increased to 2} million tons per 
annum. The idea then occurred to Sir Charles 
that by reducing the cost of transport from New- 
castle to London the collieries on the North-East 
Coast would secure a larger portion of the London 
trade. The coal was then taken to the Thames in 
small brigs, and he decided to build a fleet of iron 
steam colliers. In conjunction with his brother 
George, he commenced, in 1851, a shipbuilding 


yard on a site where formerly small frigates had| taken by the construction of two large paddle | 


been constructed for the British Navy, the style of | 
| the firm being Palmer Brothers and Co. George | 
|subsequently retired, but Sir Charles steadily | 
Few men are privileged to enjoy so completely | developed the concern until it reached the immense | 


proportions of to-day, covering about 100 acres, 
and including not only a shipbuilding yard, but 
graving - docks — constructed in 1865 — slipway, 
| engine and boiler works, blast-furnaces—added in 
| 1857—and steel works and rolling-mills, built in 


1858 ; whilst ore-mines were acquired in Spain to | 
~— the local ee owned by the company. | 


| The first vessel built was an iron tug steamer, 
the Northumberland, but from an historical point 
of view the most interesting vessel was the iron 





From a Photograph by Elliott and Fry 


Str CuarLtes Mark Patmer, Bart, 


screw collier John Bowes, which inaugurated the 
steam collier service between the Tyne and London. 
This vessel, with a carrying capacity of 650 tons, 
was capable of steaming 9 miles an hour, and 
began the service in 1852. It was followed by 
other vessels of the same class, and the effect 
was to greatly increase the importation into London 
of north-country coal. When the Crimean War 
broke out, Sir Charles exercised his ingenuity to 
construct a floating battery for the attack on the 
forts at Cronstadt. This vessel, named the Terror, 
was lined with rolled plates, Sir Charles having 
devised a method of turning out - those plates 
economically. In 1859 another notable step was 


steamers—the Connaught and Leinster—for the 
Atlantic service, followed immediately afterward hy 
the first two vessels built for the North German 
Lloyd. In 1862 a frigate, named the Defence, 
fitted with armour 4} in. thick, tongued and 


| grooved at the joints, was turned out, and four 


years later the Indian troopship Jumna marked the 
advance of the company, as she was the largest 
ship constructed. Vessels of 300 ft. to 340 ft. for 
the Atlantic followed; some of these were fitted 
with the old type of water-tube boilers, although 
they were subsequently superseded by ordinary 
tank boilers. Several blockade-runners were built 
in connection with the Civil War in America. In 
1865 the concern was con- 
verted into a limited lia- 
bility company, with Sir 
Charles as chairman, a 
position he held until 
1893, by which time there 
had been completed over 
600 vessels, the produc- 
tion of some years rising 
as high as 60,000 tons. 
The list of vessels built 
includes several battle- 
ships (the latest being the 
Lord Nelson), a number of 
cruisers, and many tor- 
pedo-boat destroyers. 

Towards the close of 
the ninth decade of the 
last century, when Spain 
desired to reconstruct her 
navy, Sir Charles was ap- 
proached by one of the 
most progressive and pub- 
lic spirited of the Spanish 
noblemen — Martinez 
Rivas—with a view of co- 
operating in the organissa- 
tion of a shipbuilding yard 
at Bilbao. Sir Charles 
acquiesced in this arrange- 
ment, and the result was 
the construction of the 
Astilleros del Nervion, Mr. 
J. P. Wilson, who had for- 
merly been at the Jarrow 
works, being appointed 
shipyard manager, while 
later, on the appointment 
of Mr. James McKechnie 
as engineering manager, 
it was decided to construct 
extensive engineering and 
gun works. At these 
works three armoured 
cruisers were constructed 
in 1889-1903. Although 
the establishment had 
beén equipped with ex- 
perience and judgment, 
the vicissitudes of politics 
in Spain resulted in its 
discontinuance, but it still 
remains a valuable asset 
of the nation. 

Sir Charles was not 
only the founder of the 
Jarrow works, but may 
also be regarded as the 
founder of the town of 
Jarrow. When the works 
were organised there was 
only a small colliery vil- 
lage ; during his years 
of active life the subject 
of our memoir saw this 
developed into a modern 
town, with 40,000 inhabitants, mainly employed in 
or dependent on Palmer’s works. He encouraged 
the workmen to become the owners of their houses, 
and when Jarrow was incorporated a borough in 
1875, with Sir Charles as first Mayor, it is probable 
that it had more working men property-owners 
than any other town of its size in the United 
Kingdom. Sir Charles erected in 1870 hospital, 
as a memorial to his first wife, and it may 
mentioned here that a year or two ago 4 bronze 
statue of Sir Charles was erected in the grounds of 
this memorial hospital by the workmen, at a cost of 
over 20001., to commemorate the life and work of 
the founder of the town and company. 

In 1874 he first entered Parliament for the 
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northern division of the county of Durham, and 
after the redistribution of seats in 1885 he chose 
the Jarrow division as his constituency, and has 
since sat forthe town. He was also identified with 
the volunteer movement in the town, and con- 
tinued as honorary colonel of the 1st Newcastle and 
Durham Engineer Volunteers. He was deputy- 
lieutenant for the North Riding of Yorkshire and 
for the county of Durham, and was for many years 
president of the Newcastle Chamber of Commerce. 
Tn 1886 he was created a baronet by Queen Victoria ; 
the King of Italy conferred upon him the Com- 
mandership of the Order of St. Maurice and 
St. Lazarus of Italy. 

Sir Charles did not take much part in the pro- 
ceedings of our technical institutions. He was, 
however, one of the founders, in 1869, of the Iron 
and Steel Institute, and took an active part in the 
inaugural meeting, held in the summer of that year, 
at the Society,of Arts in London. His only con- 
tribution, so far as we have been able to gather, 
was a paper read before the Iron and Steel In- 
stitute in 1879 on ‘Iron as a Material for 
Shipbuilding, and its Influence on the Commerce 
and Armament of Nations.” This, itneed scarcely 
be said, was a strong advocacy of the use of iron 
and steel for shipbuilding purposes, his experience, 
not only with rete mec Stow but also with naval 
ships, having given him the right to urge the de- 
velopment of this system. 

In the vigour of a ripe old age, Sir Charles con- 
tinued to take an active part in public life, and at 
last year’s general election, when over eighty-three 
years of age, fought a Labour candidate with con- 
Spicuous success, his plea that he might continue 
the Parliamentary connection with the town he 
fostered appealing with strong force to the work- 
ing classes. He had one or two serious illnesses in 
recent years, and had lately been to Bath, whence 
he returned to his London residence on Wed- 
nesday of last week; but on Sunday he had 
a relapse and his condition steadily grew worse, 
until the end came early on Tuesday morn- 
ing. His funeral will take place to-day on his 
Yorkshire estate at Easington, when representa- 
tives will attend to testify to his widow, his heir— 
Mr. George Robson Palmer—and his four other 
sons and daughter the sympathy of many institu- 
ions and of numerous friends in the profession 
which he did so much to advance, 
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NOTES. 
Tue German Sree. Trust. 

THe German Steel Trust, which, as was an- 
nounced some weeks ago in ENGINEERING, has been 
renewed to the year 1912, comprises now thirty-six 
works, against twenty-eight before the prolonga- 
tion, owing to the Westphalian and Upper Silesian 
works having joined ; the annual production is 
about 12,000,000 tons. The agreement extends to 
the whole output of the works in question, and the 
production has been fixed for each works in ad- 
vance. The output, as was formerly the case, is 
divided into two classes, A and B. The former 
comprises mild-steel railway material and section 
iron, whilst class B contains bar-iron, iron wire, 
plates, pipes, and cast and wrought iron. All the A 
goods are sold through the union at prices fixed 
by the union, but the works are at liberty to 
sell the goods coming under class B direct to the 
consumers, According to the new regulations the 
members of the union are not allowed, without the 
permission of the general meeting, to sell or let 
their works to non-members, nor can the members, 
without the permission of the general meeting, 
buy directly, or through others, from works outside 
the union ; nor are the members allowed to have 
their mild-steel further handled at outside works. 
The Krupp Works are the only exception from this 
rule, and Krupp is also allowed to have wire rolled 
to the same extent as before. The new union has, 
since its formation, been very favourably com- 
mented upon in Germany ; and its beneficial effects 
to German trade are expected to be traceable out- 
side Germany, as, for instance, as regards the pro- 
longation of the international rail kartel. Other 
international arrangements may ere long follow, 
and the union, it is distinctly understood, intends 
to exercise a greater influence upon the world’s 
market than hitherto, more especially as a regulat- 
ing factor. 


Workine Experiences witH Larce 
Gas-ENGINEs. 

In a paper recently read before the Society of 
Engineers, by Mr. Cecil A. St. George Moore, 
B.A. (Camb.), will be found a fairly adequate ex- 
planation of the slowness with which large gas 
engines have made their way in this country. e 
reason, no doubt, has been the high initial cost 
of such plant, but, as the author of the paper re- 
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ferred to shows pretty definitely, a somewhat in- 
different standard of reliability has been demanded 
by Continental users, whilst here a works manager 
regards even a substantial economy in fuel as of 
much less importance than the ability of the motive 
power plant to run, week in and week out, without 
stoppages from the breakage of important parts, or 
the constant recurrence of long delays for cleaning 
tarred-up valves and pistons. In an indirect 
way evidence of this difference in Continental 
and British requirements has been available 
for some time, as firms which bave taken up 
licences for Continental designs, and built engines 
to the data and specifications provided, have in 
the course of a few months’ experience found it 
necessary to make most substantial modifications 
in every detail of the engine, in order to fit it for 
the requirements of their customers. Referring to 
one engine of this type, Mr. St. George Moore 
remarked that the cylinder head had often cracked 
in less than a year. The method of fastening 
the piston-rod to the piston adopted by the Con- 
tinental makers of this engine been found, 
he stated, to lead to cracking, whilst another 
method of fastening, adopted to avoid this trouble, 
had led to broken pistons. The whole of these 
troubles would seem, from the glowing accounts 
which have been published as to the success of 
these engines on the Continent, to be accepted 
by users there as fully counterbalanced by the 
great fuel economy resulting from the use of 
blast - furnace, coke-oven, or producer gas as a 
source of motive power in place of steam coal. 
It will therefore be readily understood that 
makers of large gas-engines here have been much 
handicapped by the higher standard of reliability 
exacted _ them by their customers. Referring 
to the use of producer-gas from bituminous fuel, 
Mr. St. George Moore remarks that the gas always 
contains a certain amount of tar vapour, even 
when the tar in suspension has been thoroughly 
removed by washing and cooling the gas. This 
vapour deposits in the gas-valve, making it neces- 
sary to clean it once a fortnight. He suggests that 
the source of this deposit is to be found in the 
sudden cooling of the gas by its expansion when 
the valve opens on the beginning of the suction 
stroke of the engine, and that it might, perhaps, be 
avoided by slightly preheating the gas on its way 





from the washer to the cylinder, He also made the 
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interesting statement that pre-ignitions are never 
entirely avoided, when engines with cylinders 
more than 2 ft. in diameter are run on pro- 
ducer-gas. 


Tue Borpeaux Maritime Exuition. 


The Bordeaux Exhibition, which has been orga- 
nised by the French Navy League, and was officially 
opened on the first of Jast month, takes up the 
whole of the Place des Quinconces, the Trafalgar 


Square of Bordeaux, in the centre of which is the | g 


monument to the Girondins, the Moderates (com- 

ratively) of the French Revolution of 1789. 
Scheuer is the chief town of the Gironde Depart- 
ment. A foot-bridge has been built over the main 
road which runs parallel with the River Garonne, to 
establish communication between the main portionof 
the Exhibition on the Place, and a section set apart 
for sport and motor-boats on part of the river quay. 
The most interesting portion of the Show is the 
main building on the Place, divided into several 
bays, and containing the displays made by a number 
of French, British, and German industrial firms, 
and those of other nations. On the occasion of a 
visit we paid to Bordeaux a week ago to witness 
the launch of the battleship Vérité, we found, how- 
ever, that, as is usually the case with exhibitions, 
the display was far from complete ; there remained 
then, in fact, quite 60 per cent. of the work to be 
done, both as regards a gece of the room for 
taking the various displays, and the putting in place 
of the latter. We were glad to find that the 
ship models exhibited by the British shipbuild- 
ing firms were in position and attracted a large 
number of admirers. Many of our models are 
works of art ; several of those illustrating battle- 
ships would even appear too highly finished, 
and with their bright nickeled guns, polished 
brass ventilation cowls, and what appears to be 
gilt railing, would give the general public an in- 
correct idea of what fighting ships really are. The 
Forges et Chantiers de la Méditerranée have a 
number of interesting models of French battleships. 
The Normand Company’s stand centains also a series 
of similar exhibits, which shows the development 
taken by their works in ship construction from 
the first attempts with steam propulsion. Messrs. 
Schneider’s stand is of a different nature; their 
establishments show a 700-horse-power Zoelly tur- 
bine coupled to a three-phase alternator, and a 
number of models and paintings illustrating their 
contracts for the harbour works of Havre, Rosario, 
and Belem Para; bridges in Tonkin and Annam ; 
lighthouses in Madagascar, and so forth. In con- 
junction with the Chantiers de la Gironde, in which 
they are largely interested, are exhibited a number 
of models of ships built by the latter Chantiers and 
engined by Messrs. Schneider. We hope to return 
to the matter of the Exhibition later on, when it is 
in a more advanced state. 











AERONAUTICAL EXPERIMENTS AT ALDERSHOT.—On the 
occasion of the recent visit of their Royal Highnesses the 
Prince and Princess of Wales to the Army Balloon Fac- 
tory, near Farnborough, a demonstration was given of 
the new fying machine, which is the result of experi- 
mental work by Mr. Cody. The inventor terms this 
machine a ‘' power-kite,” and the work 14-7 to have 
advanced so far that the claim is made for it that the 
present machine will travel a distance of 400 yards with- 
out losing its impetus. Details of the construction are 
maintained a strict secret, but it is stated that the 
machine, when loaded with two trail ropes and carrying 
two 56 lb. weights, mace several successful flights under 
cover. The machine was tethered by slipping tackle to a 
eee renaiag at an angle of 30 deg. from end to end of the 

uilding. 


Pan-AMERICAN Rarttway.—A project is now before 
the American public for establishing a complete through 
railway from Dawson City in the extreme north of 
Canada to Buenos Ayres, the capital of Argentina. The 
length of the through line would not be less than 13,750 
miles, and it would be traversed in fifteen days without 
change ofcarriage. It may be observed, by way of com- 
parison, that a Tourney from Moscow to Vadivostock, 
over the Trans-Siberian Railway, occupies eleven days, 
although the distance does not exceed 5312 miles. The 
length of absolutely new line which is required to be con- 
structed to —— the Pan-American route from 
Dawson City to Buenos Ayres is 4031} miles, but the 
engineering difficulties will be considerable, as the Cor- 
dilleras would have to be dealt with. The whole of the 
16958 miles of line from Dawson City to Vancouver have 
still to be commenced, but 508 miles are in course of con- 
struction upon a section from Mexico to the Guatemala 
frontier, 1 ; miles in Central America, 71} miles in 
Ecuador, 2184 miles in Peru, 128} miles in Bolivia, and 
136} milesin Argentina. Nothing has yet been done in 
Panama and Colombia. 





TESTS OF 2000-KILOWATT WILLANS-DICK- 
KERR TURBO-ALTERNATOR. 

On Friday last a party of visitors were invited to 
the Rugby works of Messrs. Willans and Robinson, 
Limited, to witness the tests of a 2000-kilowatt 
Willans-Dick-Kerr turbo-alternator set constructed 
for the Sydney Corporation. The construction of the 
turbine was in accordance with Messrs. Willans and 
Robinson’s standard practice, of which the outstand- 
ing feature is the method of blading. The firm, as is 
enerally known, do not caulk the blades individually 
into the rotor or stator grooves, but build up complete 
segments of blading, the blades being held in dove- 
tailed slots machined in semicircular foundation-bars. 
The blades are shrouded by a chaffnel of brase, riveted 
with flanges outward, over their tips. The segments 
of blading are thoroughly rigid and workmanlike units 
of the construction, and can be assembled and inserted 
with very great rapidity. Stripping of the blades is 
practically leupesaible, for should the shrouding come 
in contact with the casing, no great harm is done. 
Furthermore, damaged segments can be renewed 
without difficulty, for interchangeability in every 
detail of the turbine is guaranteed. Every inch of 
the blading strip is inspected before cutting, aud 
gauged for width, thickness, and form, an error of 
a very few thousandths of an inch entailing rejection 
of the length. We hope shortly to be able to deal 
fully with the blading of the Willans turbine and the 
special machinery put down for its production, so that 
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it is unnecessary to enter here into the details of its 
manufacture. Another feature of the turbine which 
attracted attention on account of its simplicity and 
efficiency for the purpose was the emergency device 
for shutting down the machine if the main governor 
failed to control the speed. It consists of a helical 
spring coiled round a shallow groove in the shaft, and 
having its ends linked together. Under the influence 
of centrifugal force the spring stretches, and, bein 

out of balance, runs eccentrically with the shaft unti 
it comes in contact with a trigger, releasing an auxiliary 
balanced valve on the steam-pipe. The main governors 
are of the Hartnell type, and much more powerful 
than the governors often adopted for turbines. 

The three-phase alternator coupled to the turbine 
was manufactured by Messrs. Dick, Kerr, and 
Co., Limited, of Preston, to give 2000 kilowatts at 
85 per cent. power factor, the voltage being 5200, 
the frequency 50 cycles per second, and the speed 
1500 revolutions per minute. As in the case of all 
modern turbo-alternators, the fields rotate. The 
field coils are wound on salient poles, contrary to 
the Continental practice, but probably admitting of 
greater efficiency being obtained. In fact, fields with 
salient =— are undoubtedly better from every 
point of view, provided they are made eufii- 
ciently strong to resist the excessive centrifugal 
stresses they have to bear, and will run without 
noise. In the machine in question they are wound 
with copper strip on edge, insulated between turns 
with — and mica. The winding of each pole is 
carried on a copper bobbin, and, after being formed and 
insulated, is compressed hydraulically by an amount 
50 per cent. greater than the centrifugal force to which 
it will be subjected. The edges of the bare copper 
winding are finally coated with an oil and water- 
proof varnish. Laminated pole-shoes are dovetailed on 
to the steel pole-cores, and end-pieces, also dovetailed 
in, retain both the pole-tips and the bobbins in posi- 
tion. Brass wedge-pieces fitted between the opposing 
sides of the adjacent field-coils prevent the coils opening 
out under the action of the circumferential component 
of the centrifugal force, for it must be remembered that 
the proportions are such that the radial forces on each 
side of a coil act at a considerable angle. The ends 
of the stator windings are securely anchored, and are 
protected by solid shields, which completely close in 
the ends of the machine—a method which greatly 
reduces noise. 

We give above test curves taken from the complete 
set, in which it will be seen that the steam consump- 
tion at full load is 15.5 1b. per kilowatt-hour. This 


isa very good result, but, of course, the pounds of 
steam consumed per kilowatt-hour convey little infor- 





mation as to the efficiency of the plant, unless the 
available heat in the steam is taken into consideration. 
In the tests in question 68 per cent. of the availale 
heat in the steam was turned into work, and this 
figure, we understand, has since been improved upon. 
This is thermodynamically as good as the result of a 
re:ent test we published, in which the steam consump. 
tion did not exceed the extraordinarily low figure of 
13.189 lb. per kilowatt-hour. 





TESTS OF FIREPROOF ELECTRIC 
CABLES. 


THE oie of efficient fireproof cables for 
electrical work for houses, public buildings, switch. 
, &c., are so obvious that many attempts have 
been made to produce such cables on a commercial 
scale. On Thursday, the 30th ult., we had the 
—- of witnessing, at the works of Messrs, 
ohnson and = Limited, at Charlton, tests on a 
type of cable now being manufactured by them. This 
cable is known as Paterson’s fire-resisting cable, and 
the demonstrations we witnessed proved its desig. 
nation to be anything but a false one. The cable is 
made up of the ordinary conductor insulated with a 
thick lap of pure Para rubber and valcanised rubber, 
and taped. This is surrounded with several layers 
of Manilla paper impregnated with a solution to 
render it non-ioflammable. Over this is a strong 
flexible woven braiding of small steel wires, which in 
its turn is covered with more of the Manilla paper, 
the whole being finished with braiding of jute, also 
impregnated to render it non-inflammable. 

n the tests comparative demonstrations were given 
of the behaviour of conductors protected with this 
covering and ordinary Association V.I.R. braided 
conductors. In one test the copper conductors were 
replaced by carbons which were broken in the centre 
to form an arc. The arc was maintained with a 
current of 60 amperes at 200 volts, and in spite of 
this severe test the flash was held, and no flame 
appeared on the outside. The rubber, of course, 
melted out, but only ran out of the ends of the piece 
of cable tested, the fumes escaping the same way. 
After this test had been omtienah for ten minutes the 
cable was not hot enough to ignite a piece of paper 
held against it opposite the point of arcing. At the 
end of twenty minutes the cable was red-hot, but no 
flame appeared on the outside. A second test was 
made with 90 amperes, instead of 60, but the behaviour 
of the cable was similar, no flame appearing while the 
test was maintained. A comparative demonstration 
with ordinary V.I.R. braided conductor with 60 
amperes and 200 volts caused an explosion in less 
than ten seconds, in which the melted rubber 
burst immediately into flames. An insulation test 
made with a length of Paterson’s cable was next 
carried out, the cable being held over a Bunsen flame. 
This pattern of cable, before heating, gave an insula- 
tion resistance of 6000 megohms. Readings taken at 
intervals during 40 minutes, the voltage being 500, 
showed that, when under the influence of the flame, 
an insulation resistance of 75 megohms was main- 
tained. This trample, subsequently tested with high 
tension, failed to break down with 3000 volts. In a 
third test a length of cable was subjected to the effect 
of a large Bunsen flame for 30 minutes, and was then 
struck with a 2-lb. hammer three times, when, although 
considerably flattened out, the insulation resistancs 
between the conductor and the steel braiding was 
75 megohms with 500 volts. At the sixth blow of 
the hammer the insulation broke down, the braiding 
and conductcr being completely flattened out. A 
length of 3/22 Paterson cable was then overloaded with 
100 amperes, and while in two minutes’ time the conduc- 
tor fused, the insulation and protection remained intact, 
the exterior showing no sign of the failure within. 
For sake of comparison a length of ordinary 3/22 
V.1.R. braided cable was subjected to the same test, 
but in a few seconds the insulation began to melt off 
the conductor, and the cable was red-hot and in flames 
in a very short time. The tests were of a very in- 
teresting nature, and proved that this fireproof cable 
fulfilled the makers’ claim that it is amply able to 
hold the first flash and prevent ignition of the melted 
rubber. In fact, though red-hot at one point, no flame 
was present, nor did any of the incandescent portion 
tend to fall away from it. 








Messrs. Ruston, Procror, anp Co., Limitep.—The 
eighteenth annual meeting of this company was held on 
Thursday, the 30th ult., at Lincoln, Mr. J. 8S, Ruston in the 
chair. A dividend at the rate of 8 per cent. per annum was 
declared upon the ordinary shares, while 10,000/. was allo- 
cated for extensions, 500/. added to the employ és’ aid fund, 
and 6615. carried forward. The chairman said the com- 

’s business was steadily growing; its output was 
souble what it was ten years ago, and wages had increased 
correspondingly. The allocation for depreciation of plant 
and machinery had been increased from 74 per cent. to 
10 per cent. "The stock in trade at Lincoln and abroad 
(372, 3851. ) showed an increase of 21,448/. The amount 
owing to sundry creditors was 37,875/., as compared with 





119,076/. ; the reduction was explained by the raising of 
new preference capital. 
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DISPOSAL OF HOUSE REFUSE. 


Tue troublesome question of how best to dis of 
house refuse has for a long time lacked a satisfactory 
answer. There appears now, however, to be some 
prospect that, even if the puzzle is not completely 
solved, at any rate a very important step has been 
taken towards that end, for a method has for the 
last nine months been in operation at the South- 
wark Borough Council Station, Walworth-road, S.E., 
which is full of promise. It consists in a system 
of complete disintegration and mixing. This is 
brought about by a machine which the inventor 
calls a ** Lightning Dust-Manipulator,” a demonstra- 
tion of the working of which we had the opportunity 
of witnessing on the 31st ult. This machine is really 
a high-speed centrifugal disintegrator, pulveriser, and 
mixer in one, is comparatively inexpensive to make, 
and occupies but little space. The essential parts of 
the machine are two revolving discs, on which are 
pivoted four cast-steel beaters or hammers, each 
weighing 50 lb., which fly out as the dises rotate. The 
discs and the beaters revolve inside a strong metal 
casing, the top of which can be raised fer inspection, 
if necessary, as shown in Fig. 1, page 751. Fig. 2 
shows the machine closed up. 

At one side of the casing there is a hopper, measur- 
ing about 14 in. by 14in., into which the refuse is put. 
The material falls on the top of the beaters as they 
revolve. Below the beaters there is an outlet for the re- 
fuse after it has been disintegrated. Between this out- 
let and the beaters there is a grid which prevents the 
refuse passing through until it has been knocked into 
sufficiently small pieces. Underneath the outlet from 
the machine there is a conveyor which discharges into 
a cart or truck. These details will be more clearly 
understood on reference to our engravings. 

The effect of this treatment on the rubbish is cer- 
tainly remarkable, for material which, before entering 
the machine, was an extremely offensive mass of filth, 
rags, paper, vegetable refuse, cinders, glass pots and 
bottles, sardine and other tins, putrid meat and other 
offal, passes out of the manipulator a few seconds 
after its entrance entirely changed in appearance, and 
looking like dark grey mould, the particles of which 
have been so intimately mixed as to torm, it is said, a 
highly fertilising manure, ready for immediate use, and 
for which, we are informed, there is a ready sale. 

An ingenious contrivance is fitted to the machine, 
by means of which pieces of steel, wrought iron, or 
any material lonnaile of being pulverised, which may 
happen to get into the hopper, are automatically 
thrown out without stopping the machine. A very 
noticeable feature of the process is that, although the 
odour of the refuse before treatment may be rankly 
offensive, when thrown out this smell no longer exists. 
This is said to be due to the deodorising effect of the 
ashes contained in the refuse. It is also claimed that 
the refuse is no longer in any way injurious to public 
health. Each of these machines will treat from 4 to 
6 tons per hour, and requires 20 horse-power to drive 
it at 1250 revolutions per minute. The two machines 
now in use by the Southwark Borough Council treat 
together 80 tons per day of ten hours, and it is claimed 
that the cost of treatment is much less than by any 
other method. 

As to the cost of this method of treating house 
refuse, it, of course, varies according to circumstances. 
If, however, we take a plant like the one installed at 
the Southwark Borough Council’s dépét, some idea of 
the cost may be obtained. In this case there are two 
dust-manipulators, two 40 brake-horse-power electric 
motors, two flexible insulating couplings, two metallic 
automatic conveyors, and all the necessary shafting, 
pulleys, belting, &c., as well as the concrete and 
masonry foundations, the feeding-platform, the walls, 
roofing, &c. ; this plant will turn out from 70 to 80 
tons per day of ten hours. We are informed that 
the cost of the installation wes between 2590/. and 
30007 , and that under no circumstances should it cost 
more than 3000/.; but, of course, this would be exclusive 
of the cost of a railway siding, should such be necessary. 
The area required for such a plant measures 40 ft. b 
59 {t., with the addition of two recesses, cach 10 ft. by 
10 ft., for the two motors. 

fhe cost of working at the Southwark Porough 
Council’s dépét is said to be as follows :-— 





Per Ton. 
. , s. d. 
Electric power 0 8 
Labour nl ie ee ie iss 07 
Wear and tear a en ae we) Se 
Ect Seales Se 0 af 
, a Oe 1 5 
Railway carriage to the country ... 1 8 
Grand total... fs ie 
Less cost realised by sale of manure 2 3 
Net cost of manipulation... ... ... 010 


The cost of labour is calculated on a basis of tl ree 
men per machine, but by special arrangement of the 
feeding platform it is thought that two men would be 


Y | first e, and not in Germany. 
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sufficient, and the cost per ton be brought down to 
Is. 1d., or to 2s. 9d. including the railway carriage, 
which, after deducting the price secured for the 
manure when sold, leaves the cost of treatment at 6d. 
per ton. 

In many cases, of course, the railway carriage would 
not be so high as here stated, and the price secured for 
the manure might be more. We understand, however, 
that the Council have no difficulty at present in dis- 
posing, at 2s, 3d. per ton, of all the manure they can 
make. On the whole, therefore, it looks as though the 
process has a good prospect of proving a benefit to the 
community at large. 

The machines are made by the Patent my nd 
Crusher Company, Southwark Engineering Works, 
Boundary-lane, Walworth, S.E, 





“THE EFFICIENCY OF STEAM-BOILER 
PLANT.” 
To THE Eprror oF ENGINEERING. 
Sir,—Perhaps you will allow me to thank Mr. Fryer, 
of Messrs. Rowntree and Co., Limited, York, for his 
letter in your issue of the 3l1st ult., and for the gratuitous 
and independent evidence put forward by him, that, by 
the Wilkinson system of heating, full steam temperature of 
feed-water is actually obtained. That was the essential 
int at issue between Mr. Dales and myself, and is, 
think, settled by Mr. Fryer’s and other evidence which 
I give below. 
ow in the test I referred to the water was drawn from 
the hot-well at 115 deg. Fahr., and with economiser 
feed-water temperature at 210 deg. Fahr., and with a duty 
of 9000 lb. evaporation per hour, full steam tempera- 
ture obtained. With hot-well temperature of 115 deg. 
Fahr. the evaporation was raised to 12,000 lb. per hour, 
equal to 25 per cent. increase, and the feed- water delivered 
by the heater was only 5 deg. Fahr. from full steam 


temperature. 

Under these conditions of dropping the initial tempera- 
ture from 210 deg. to 115 deg. Fahr.—a decrease of 
95 deg. Fahr., and increase in volume of the feed-water 
by 25 per cent.—I founded on that a general statement 
that similar results were obtained, which, I think, is 
sufficiently within the border-lines of accuracy to be 
designated as correct. : 

However, to put the matter beyond controversy, I will 
leave the general, and deal with the particular, lest any 
of your readers should think steam-temperature water 
cannot be obtained on colder initial feed-water tempera- 
ture than 210 deg. Fahr. It does not matter whether 
the initial temperature is temperate or cold, as the 
following tests amply demonstrate. 


No. 1 Test, Taken on a Lancashire Boiler. 


Initial temperature of feed-water ... 53 deg. F. 
Water evaporated per hour ... ons 9683 Ib. 


Steam temperature... oe ... 359 deg. F. 
Final temperature of feed-water as 
deliver a eo! : oe a 


No. 2 Test.—The following is from the report by the 
Boiler Insurance Company’s inspector, after testing the 
heater at the Harrogate Electric Works :— 

‘** Before starting the donkey-pump, the mercurial 
thermometer showed 358 deg. Fahr. 

‘* The donkey-pump was set going, delivering water at 
47 deg. Fahr. direct into the boiler. 

** At 20,000 lb. feed-water per hour the thermometer 
still showed 358 deg. Fahr.” 

Now, Sir, by the figures in Test No. 1 above, by the 
unbiassed testimony of Mr. Fryer in your last issue, and 
by the extract from the report of the inspector, also 
tte above, I think I may sony claim to have estab- 
ished, beyond the shadow of doubt, that by the Wilkin- 
son system full steam temperature feed-water is obtained. 

I am, Sir, yours faithfully, 
Joun I. Hatt. 

1, Durlston-road, Kingston-on-Thames, June 4, 1907. 








THE UTILISATION OF PEAT. 
To THE EpitoR oF ENGINEERING. 

Sr1r,—I was much interested to read your article on this 
subject in your issue of May 17, and have since read the 
letter of Mr. Emile S. Mond in your last issue. 

There is no doubt that the problem of the successful 
utilisation of peat in a practical way for the production of 

as with ammonia recovery was solved in England in the 
hether, however, this 
one for the first tome by the Power Gas Corporation, 
or by my own firm, Messrs. Gosacher Brothers, Limited, is 
not so clear. It would seem from the letter of Mr. Mond 
that they were the pioneers of this business, but for the 
last four or five years we have conducted experiments at 
Openshaw with peat, especially that obtained from 
Ireland, and have been aware for some years that there 
was a very valuable asset in peat-bogs, owing to the large 
amount of nitrogen contained in this fuel. Some Irish peat 
we have had showed as much as 2 per cent, of nitrogen in 
a sample which had been air-dried to such an extent that 
it contained 30 - cent. of moisture. Other samples 
contained somewhat less, but, as an average in a sample 
containing 30 per cent. of moisture, something like 1.6 
per cent. of nitrogen can be relied upon. 

In a paper I read about fifteen months ago before the 
Engineering and Scientific Association of Ireland, in 
Dublin, these results were published for the first time; 
and I then took the view that it would pay to treat the 
peat for the recovery of by-products alone, without taking 
account of the very considerable quantities of producer- 
gas available. It seemed to me then, as it does now, 





that a producer-gas distribution scheme on these lines 
would have a tar better chance of success than with coal, 
taking into account the low cost of the fuel and the very 
large me yy of nitrogen present in it. 

Although it is not a matter of great moment who was 
the pioneer of the introduction, it may be of interest to 
your readers, as it certainly is to me, to have independent 
general confirmation of our own results. aa 

I notice in your article that 66 per cent. of the original 
nitrogen was recovered as sulphate of ammonia, but from 
our experience at Openshaw, with our own process of 
ammonia recovery, I should expect at least 75 per cent. of 
the original nitrogen to be recovered. 

Owing to the large proportions of volatile hydro-carbons 
contained in peat, the gas Jrodoned will have a calorific 
value of something like 170 B,Th.U. per cubic foot; a 
very important point, indeed, if the gas is to be distri- 
buted or is to be used in gas-engines, 

ours truly, 
Tromas Rigsy. 

Openshaw, Manchester, June 4, 1907. 








RalLway MATERIAL IN ARGENTINA.—The imports of 
rails into Argentina in 1905 were 161,363 tons, as com- 
pared with 117,667 tons in 1904. Metallic sleepers were 
imported to the extent of 35,144 tons, as com with 
728 tons, and fish-plates to the amount of 10,675 tons, as 
compared with 8079 tons. Of the rails imported into 
Argentina in 1905, 66,878 tons came from the United 
Kingdom, as compared with 67,896 tons in 1904; 60,394 
tons from the United States, as compared with 6680 tons ; 
and 9169 tons from Germany, as compared with 3791 
tons. Of the metallic sleepers imported into Argentina 
in 1905, 4828 tons came from the United Kingdom, as 
compared with 92 tons in 1904. No metallic sleepers 
were imported into Argentina in 1905 from the United 
States, but 20,067 tons were received from Germany, as 
compared with 26 tons. Of the fish-plates imported into 
Argentina in 1905, 5224 tons came from the United King- 
dom, as compared with 5749 tons in 1904; 3460 tons 
from the United States, as compared with 374 tons; and 
534 tons from Germany, as com with 120 tons. The 
competition of American and German railway material 
with which we have to contend in Argentina was ac- 
cordingly more serious last year than is probably 
supposed. Belgium also sent 14,915 tons of rails to 
Argentina in 1905, as compared with 38,018 tons in 1904 ; 
6009 tons of metallic sleepers, as compared with 595 
tons, and 885 tons of fish-plates, as compared with 
1799 tons. The number of locomotives and auto- 
mobiles imported into Argentina in 1905 was 170, as com- 
pared with 100 in 1904. In these totals locomotives and 
automobiles of British manufacture figured for 91 and 
64 respectively; German locomotives and automobiles 
for 46, as compared with 24; and American for 16, as com- 
pared with eight. Railway carriages and trucks were 
imported into Argentina in 1905 to the number of 3831, 
as compared with 1156 in 1904. In these totals British 
carriages and trucks figured for 1473 and 855 tons re- 
spectively ; Belgian, for 630 and 275 respectively ; Ger- 
man, for 60 and 26 respectively ; and American, for 
and nil respectively. 





Tue [Ron AND Street InstitruTeE: Vienna Megrtine,— 
Arrangements have now been completed for the summer 
meeting of the Iron and Steel Institute, to be held this 
year in Vienna, on September 23, 24, and 25. An in- 
fluential reception committee has been formed, with Mr. 
W. Kestranek, central director of the ‘‘ Prager Eisen 
Industrie Gesellschaft,” as chairman of the executive. A 
~~ programme has m drawn up as follows :— 

n Monday, September 23, the President, Council, and 
members will be welcomed by the reception committee, 
the Government, the civic authorities, and by the Presi- 
dent of the Society of Engineers and Architects, at 
whose headquarters the meeting will be held. Papers 
will be subsequently read and discussed. The mornin 
of Tuesday, the 24th, will be devoted to the reading an 
discussion of papers. The other plans include arrange- 
ments for sight-seeing in the neighbourh of Vienna, 
visits to the opera, when members and ladies will be 
the guests of the Austrian iron trade, a banquet at 
the hall of the Musical Society, and on Thursday, 
the 26th, visits to various works of interest. Mem- 
bers will have the choice of three excursions for the 
Thursday and Friday, the 26thand 27th. Excursion 1 :— 
Prager Kisen Industrie Gesellschaft and Bimische Mon- 
tangesellschaft, for which the party will travel to Prague 
on the 26th and visit works at Kinigshof that day, and 
at Kladno on the Friday. Excursion 2:—Alpine Mon- 
tangesellschaft, for which the party will leave Vienna on 
the 26th and visit the Donawitz Works and the Erzberg 
Iron Ore Mine and Works on the 27th. Excursion 3: 
—Leaving Vienna on the 26th for Witkowitz, where on 
the following day they will visit the Witkowitzer Gewerk- 
schaft, and in the afternoon the Oesterreichische Bergund 
Hiitten-Gesellschaft at Trzynitz. ie iter arrange- 
ments have been placed in the hands of the Tourist 
Agency of the Great Northern Railway (2, Charing Cross, 
London, 8.W.), from whom all such particulars may be 
obtained, and reduced rates will be allowed to all who 
travel together on the outward journey; the return 
journey, to be completed within 25 days, may be made 
independently. The itinerary of the tour starts with the 
departure from London on September 16. The route will 
be Calais, Laon, Basle, Zurich, and Innsbruck, time 
being allowed at some of the intermediate places for 
sight-seeing. The return is planned to reach London on 
October 2. Further particulars may be obtained from Mr. 
B. H. Brough, Secretary of the Institute, 23, Victoria- 
street, 8. W. 
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NAVAL ENGINEERS AND ADMIRALTY 
POLICY. 


At the closing meeting of the North-East Coast Institu- 
tion, held at Newcastle on Friday last, May 31, the 
President, Mr. W. H. Dugdale, in reviewing the work 
of the session, referred to the naval engineer question, 
and explained that the reason why further consideration 
of the subject had not been given during the session was 

a Bervieo Committee had been appointed by the 
Admiralty early in the year to report on the matter; 
it therefore had been resolved that a general discussion 
would be inadvisable until the —_ of the Committee 
had been submitted, and it would be noted that in reply 
to Mr. Bonar Law, M.P., last week, the Parliamentary 
Secretary to the Admiralty stated in the House of Com- 
mons that the matter was still being considered by the 
Board of Admiralty. 

This Committee, Mr. Dugdale said, was composed of 
officers from the executive, engineer, and marine branches, 
and presumably every care had been taken that those 
selected should be thoroughly representative of their 
respective branches, and yet be free from that traditional 
animus which, unfortunately for naval efficiency, still 
prevailed between the deck and engineer officers, but the 
existence of which had been so yo gp * denied officially 
in Parliament and elsewhere. The public estimation of 
the position proved, however, to only too true, as 
not only did the selected executive officers on the Com- 
mittee take a consistently hostile attitude throughout 
the proceedings, but subsequent to the signing of the 
majority report, which was in the nature of an un- 
satisfactory compromise, they submitted an independent 
report, which, in its studied insults to engineers and 
engineering, he hoped was without parallel in the 
British or any other Navy in the world, and demon- 
strated beyond question that even selected officers in high 
command cannot, when engineer officers were concerned, 
divest themselves of that intense and bitter prejudice 
which was so seriously affecting naval efficiency, and 
which must inevitably wreck the success of the new 
scheme with regard to the engineer branch of the service. 
The engineer branch was stil by far the most unpopular 
in the Navy; the work was hard, dirty, and disagreeable 
compared with the other branches, the incessant strain 
was great, and the official yeore got eh yor er nil. As 
a consequence there was a very natural reluctance on the 
part of the new cadets to become engineer officers, and as 
it was the obvious intention of the executive branch to 
persist in a policy of repression, the fear of the boys and 
their parents appeared to be 7 justified. This 
was all the more lamentable by reason of the depletion in 
the numbers of the highly skilled artificers and the conver- 
sion of firemen into engine-room watch-keepers; in fact, 
the inevitable developments would be so seriovs that it 
was the bounden duty of the professional marine engineers 
of this country to give expression to their views on a ques- 
tion which was so truly national in its importance. 

What had been repeatedly advocated was that engineer 
officers should be placed in military control over their 
own men, with power to deal with minor offences com- 
mitted in their department, such as were now dealt with 
by the senior deck officer, to whom the necessary autho- 
rity was delegated by the captain of the ship, and also 
that there should be complete identity between the exist- 
ing engineer officers and those of the new creation with 
regard to uniform, title, pay, promotion, seats on courts- 
martial, retirement, pension, &c. ; in fact, in everything 
except succession in the line of command of ships. 

With regard to the executive curl, the executive officers 
on the Committee advised that it should be worn upside 
down by the engineer officers, and requested their Lord- 
ships to inform them what they had done that they should 
be expected to wear the same uniform as the engineer 
officers. One of these officers desi to know 
whether the commanding officer of the ship should be on 
the same footing as the man who drives the engines. 
Without enlarging on the intentional slur conveyed by 
this question, the obvious reply was that the primary 
object of the new scheme was that the officers of equal 
rank in each of the military branches should be on an 
absolute equality, as is the case in the United States and 
Japanese navies, and until this was achieved the position 
must become increasingly grave. 

The President said that he had referred at length to 
this question because of the great interest taken in the 
subject by engineers throughout the Kingdom, and par- 
ticularly by the members of the various institutions which 
took part in the general consideration of the subject in 
1900-2, and intimated that the matter will be again dealt 
with early in the coming session. 





New Yor«.—The shipping trade of New York was in 
a perous condition in 1906. During the year 4224 
vessels, of 11,101,087 tons, antered the Boe inst 
9,833,369 tons in 1905. Of the above, 1 i of 
4,723,041 tons, were owned in the United Kingdom and 
British Colonies. The most serious competitor of Great 
Britain was Germany, with 576 vessels, of 2,403,373 tons. 
A few years ago large quantities of both wheat and lin- 
seed were shipped from New York. Of late, owing to 
short crops and the diversion of a large amount of trade 
to Southern ports, these shipments fell off ; but last year 
there was an increase, and it would appear that New 
York is recovering some of her lost trade. The exports 
from New York to the United Kingdom reached a total 
value of 32,963,0002. in 1906, the increase being about 
9 per cent. ; and the imports from the United Kingdom 
amounted to 28,776,000/., or an increase of 224 per cent. 
on the figures for 1905. Various new lines of steamers 
were established between New York and European ports 
Jast year, 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
Marcu. 


APRIL. May. 
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$5 39 # 1% 17 


(a) “MARCN. APRIL. 
In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 80 Ib. The netal 
prices are per ton. Heavy steel rails are to Middlesbrough quetstions. Tin plates are per box of I.0. cokes. 
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ELECTRICALLY-DRIVEN CAPSTAN AT KEYHAM DOCKS. 


CONSTRUCTED BY MESSRS, CLARKE, CHAPMAN, & CO., LTD., GATESHEAD-ON-TYNE. 


Fig. e. 
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THE sectional drawings given above represent the 
air-driven capstans and engines constructed by Messrs. 
Clarke, Chapman, and Co., Limited, of Gateshead-on- 
Tyne, for the Naval Docks at Keyham, which were 
fully described in the earlier issues of this volume, 
pages 197 and 367 ante. Of these capstans, forty-one 
were supplied by the firm, and each was driven by its 
own compressed-air engine. 

The air-engines are of the horizontal two-cylinder 
type, and drive the warping capstan through spur and 
bevel gearing, as shown. The gearing is so arranged 
that the capstan can be driven at two speeds ; with the 
quick speed the strain exerted on the rope is 4 tons at 
a speed of 120 ft. per minute, and at the slow —_ a 
strain of 16 tons is exerted at a speed of 30 ft. per 
minute. All the gearing is of cast steel, having 
machine-cut teeth. The engine cylinders are of gun- 
metal, and are eavth 12 in. in diameter by 12-in. 
stroke, and are arranged to deal with the loads 
mentioned with an air-pressure of 50 lb. per square 
inch. The piston, piston-rings, slide- valves, and 
rods are all of gun-metal. The crank-shaft and all 
working parts are of wrought steel made to the Admi- 
ralty tests and requirements. The bed-plates and 
capstan barrel are of cast iron, the barrel being fitted 
with portable wrought-steel whelps. The barrel runs 
loose on the spindle, and is driven by a large cast- 
steel bevel-wheel, which is keyed to the boss of the 
barrel. The engine and gearing are sunk into a pit, 
which is covered by rolled girders and chequered 
plates. The engine is fitted with the Stephenson link- 
motion reversing gear ; the reversing lever is brought 
up through the flooring-plate, so that the engine can 
be worked from the top. All the spindles for working 
gearing-clutch, drain-cocks, and stop-valves are also 
brought up to the top of this flooring-plate. The 
flooring-plates are made removable, to allow of easy 
access to all working parts, 





SLENDER TURNING. 


WE have received from Mr. Henry Lea, of 38, 
Bennett’s Hill, Birmingham, an exceedingly interest- 
ing specimen of slender turning which he has pro- 
du in his private workshop. The specimen is 
0.062 in. in diameter and 26 in. long, and was turned 
down from a mild-steel rod ,*; in. in diameter, in a 
5}-in. screw-cutting lathe. Of course, such turning as 
this cannot possibly be done without a ‘‘s - 
travelling with the turning tool, and upon the kind 
of steady used depends in a large measure the success 
of the operation. The steady used by Mr. Lea was 
designed and made for him by Mr. James Tangye, in 
his charming private workshop near Redruth, and is 
shown in the accompanying illustration. The bracket 
A, Fig. 1, is bolted to the lathe saddle. It carries a 
vertical slider B, which again carries the horizontal 
slider or steady plate C, which is hardened, and has 
notches in the four corners of sizes to suit the rod to 
be turned. The bolt D locks the two plates to the 
bracket. FE is a lever turning upon a pin F and pro- 
vided with a coiled spring G, the effect of which is to 
press the nose H against the under side of the revolving 
rod in a slightly inclined direction, as shown by the 
arrow, thus keeping the revolving rod in close contact 
with the two sides of the notch in the plate C. 

One end of the ,,-in. rod from which the specimen 
was produced was held in a chuck ; the other end was 
supported by the back centre. A portion of the rod 
next the chuck was turned true, and the steady was 
adjusted to it. The turning tool (Fig. 2) is a very 
keen side-tool, facing away from the chuck, and its 
cutting edge was normal to the axis of the rod, so that 
the tool had no tendency either to force the rod in- 
wards or to draw it outwards. The point of the tool 
was set about 0.02 in. in advance of the steady-plate. 
The speeds were about 250 revolutions per minute and 


180 turns per inch of travel. Oil was kept dropping 
on the point of the tool. The first few cuts were 
— 0.002 in. deep; the final.cuts were 0.0005 in. 
each. 

It is most important in work of this kind that 
the cut should be taken in a direction away from the 
chuck, and that the pressure of the back centre be so 
light as not to bend the rod by end compression. As 
the work proceeds the rod becomes so slender that the 
steadying effect of the back centre is practically 
nil, and two loose wooden supports standing on the 
lathe-bed were used instead, having Y notches for the 
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rod to revolve in. As the saddle receded from the 
chuck, one, and then both, of the supports were trans- 
ferred to the left-hand side of the saddle, so as to 
support the portion already turned. The time re- 
quired for each cut was 124 minutes. 

The first one or two cuts removing the skin left the 
rod rather crooked, but it @ more and more 
straight after each succeeding cut, and the last cut 
left it practically straight. Mr. Lea informs us that 
it has not been straightened since the tool left it. 

One might think that the torsion in so slender a 
piece of work would be irregular, and would make the 
process an impossible one; but under the conditions 
adopted as above described there was little difficulty. 
The tool marks can be seen to be very regular ; in fact, 
Mr. Lea is convinced that he has not nearly reached 
the smallest practicable diameter for the length he 
has treated; but even at ;y in. diameter by 26 in. 
long he thinks the work may be regarded as somewhat 
of a curiosity in turning. In this we thoroughly agree 
with him, and we congratulate him on the result he 
has achieved. 








INDUSTRIAL NOTES. 

Tue forty-seventh annual report of the Amalgamated 
Carpenters and Joiners is not altogether of so satisfac- 
tory a character as the officials of the society could 
desire. The cash balance to the good on the year’s trans- 
actions amounted to 28,043/. 14s. 2d., the first balance 
to the good since 1900; but there was a further decrease 
in membership for the third year in succession. The 
surplus was obtained in the last six months of 1906, 
during which period the payments were 75 per cent. 
above the normal amount. At the commencement of 
1906 the society had 891 branches : 755 in the United 
Kingdom, 61 in the United States, 16 in Canada, 14 
in New Zealand, 28 in Australia, and 17 in South 
Africa. 1n 1906 there were 32 additional ones estab- 
lished and 17 closed, the net gain being 15. The in- 
creases were in Canada, in the United Beotes, and in 
New Zealand. In the United Kingdom there was a 
decrease. In Australia and South Africa there were 
no changes in the number of branches. The total 
membership at the close of 1906 was 66,362; the 
number of new members admitted was 8589; the 
number of exclusions and deaths amounted to 9123, 
The decline was chiefly in the United Kingdom. In 
the United States and Canada there was an increase ; 
the new members were chiefly in San Francisco, the 
rebuilding of which has made the building trades 
extremely active of late. 

The total income for the year was 241,114/. 8s. 10d., 
being an excess over that of the previous year of 
21,4971. lls. 5d. This was chiefly due to a levy of 9d. 
r week for twenty-six weeks for all ordinary mem- 
rs, and of 3d. per week for the trade section only, 
For the remainder of the year the levy was 6d. and 
and 2d. per week respectively. This extra levy was 
for the leg of bringing the balance up to the level 
required by the rules. The call upon the out-of-work 
fund was severe, but less severe than in the previous 


year. 
The total expenditure in 1906 was 213,070/. 14s. 7d., 
or 22,254/. 11s. 4d. less than in 1905. Butin this case 





the levies were deducted from the payments in al] 
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instances. Unemployed benefit in 1906 amounted to 
77,305/. 16s. 6d., or 15,083/. 3s. 7d. less than in the 
roe previous. This shows an improvement in trade, 

uit not to the extent the figures seem to indicate, for 
in February, 1906, there were 5622 on such benefit, but 
this number fell to 2808 in September, the average for 
the year being 3489—a large number for this union to 
support. There were some also who had run the 
allotted time on the funds, so that the uumbers given 
do not quite represent the total of unemployed. Sick 
benefit amounted to 43,453/. 19s. 7d., or 964/. 8s. 1d. 
less than in 1905. Superannuation rose to 40,212/. 
16s. 10d., being 6617. 1s. 2d. more than in the year 
previous. Accident benefit cost 5390/., or 2305/. more 
than in the previous year ; grants from the contingent 
fund amounted to 2694/. 10s. 9d., or 15137. 10s. 4d. less; | 
funerals cost 70531. 15s. 6d., or 515/. 18s. 7d. less. 
Trade disputes cost in the year 2211/. 13s. 6d., being 
11,9817. 4s. less than in 1905. The total disbursements 
under the above heads as benefits amounted to 
182,290/. 16s. 7d., as compared with 201,122/. Os. 10d. in 
the previous year, showing a redaction of 18,901/. 4s. 3d. 
in the year. It is notified that more than one-half of 
this reduction was due to fewer labour disputes. It is 
said that the credit for this is shared by the employers 
as well as the members, as negotiations took the place 
of strikes and stoppages of work. In 1901 no less 
than 34,151/. was spent in resistance to reductions in 
wages, and 25,509/. in 1903. There is in the report an 
appreciation of the attitude of the National Federa- 
tion of Master Builders in England and Wales, which 
has brought about closer and more friendly relations 
between the two parties than has hitherto existed. 

The general secretary points out that frequent re- 
vision of the rules and changes in the constitution of 
the society have led to increased expenditure without 
any greater efficiency. The changed system of audits, 
cost of revision and printing of rules have entailed 
heavy expense, while the membership has decreased 
by 5000 at the close of 1903, leaving fewer members 
to bear the brunt of larger expenditure. He pleads with 
the members to revert to the older and less costly 
methods obtaining in the three first decades of the 
society’s history. The saving effected by fewer strikes 
is more than squandered by the fads of recent years. 
He points out, too, that the monthly report’s open 
column is responsible for increased cost, while at the 
same time 500 fewer copies are sold monthly. 

The aggregate sums paid in benefits during the past 
forty-seven years are as follow :— 

Proportion per 





Member. 
£ £ a d. 
Unemployed benefit 1,008,660 37 11 6 
Loss of tools by fire or 
theft... ea ie 73,459 214 8 
Sick benefit . 777,164 2819 0 
Funeral benefit .. 138,203 § 211 
Accident benefit ats 75,640 216 4 
Superannuation benefit 331,157 12 6 8 
Trade privileges... 322,059 1119 11 
Benevolent grants . 53,249 119 8 
Grants to other trades... 36,209 1 6115 
Aggregate amounts ... 2,815,800 104 17 10} 


In spite of all defections and the extra heavy expendi- 
ture in the last few years, the total cash balance on 
January | of this year was 122,323/. 3s. 7d. At the 
end of 1900 the cash balance was 204,089/. 7s. 9d. Since 
then stress and strain have effected a reduction. 





The report of the Associated Blacksmiths’ Society 
contains the returns of the ba for the new general 
secretary, the successful candidate being Mr. John 
Thompson, of the Belfast branch. Mr. John Inglis, so 
long the chief officer, retires from active service 
through age and failing health, but he is retained as 
adviser in case his services are found to be necessary. 
The state of trade has remained about the same, with 
an increase of one member on unemployed benefit. The 
report expresses regret at the result of the Barrow 
strike, which is called ‘‘ unfortunate.” It was costly 
too, and necessitated a call upon the funds, the ex- 
penditure for the quarter being 33/. in excess of income; 
60/. was voted to assist the members still idle in 
consequence of that dispute. The trade returns give 
indication of improvement, but it appears to be slow. 
There was a reduction of ag we i ge members in the 
lower reaches of the Clyde and in Dundee, while at 
Govan and Partick the oatlook was brighter, as a 
considerable number of shipping orders were placed 
last month. The members are reminded of the vote 
for affiliation with the Labour Representation Com- 
mittee, and are told that a new rule has been sub- 
mitted for their approval as <i financial support. 
An examination of the trade returns show that 
employment generally was from ‘‘ good” to ‘ fair” 
or ** steady ;” only in four places was it described as 
*«dull,” and in one place, Barrow, as “‘ unsettled.” With 
the brighter outlook on the Clyde, and the cessation of 
the Barrow dispute, the summer months may see a 
brisk trade in this branch of industry. 





The June report of the Associated Iron-Moulder 


of Scotland is very favourable, for it records an 
increase in membership of fully 100 in eight weeks, 
and a decrease of 46 unemployed in the month covered 
by the report. The reduction would have been greater 
but for a breakdown of machinery at one important 
works, There was a net gain of 290/. 10s. 9d. in 
income over expenditure, though the superannuation 
benefit alone was costing the union 277/. 83. 1ld. per 
week. Funerals were numerous, costing 105/. per week ; 
and idle benefit, 596/. 103. 4d. for the month.. The 
net balance in favour of the society was 88,452/. 19s. 6d. 
Reference is made to the improvement in trade in the 
several engineering and shipbuilding branches to which 
the moulders are allied. The motion for affiliation 
to the Labour Party was carried by a majority of only 
294, but the executive deemed this sufficient, and 
resolved to proceed to raise a parliamentary fund by 
special levy, to carry out the decision of the majority 
of the members. The vote on this question is to be 
whether the levy shall be Is. or 2s. per year. It is 
a out that a ls. levy is equal to jd. per week. 

he fund thus to be raised will be administered by the 
executive of the union. The correspondence of the 
general secretary of the union and the secretary of the 
Employers’ Federation is given in reference to an ad- 
vance of 3d. per hour. The employers refused to con- 
cede the advance, but a conference was agreed to of 
both parties, to discuss the question. A curious ques- 
tion arose between the executive and one of the dis- 
tricts respecting the vote of the union to join the 
National Federation of Trades. The matter mainly 
affected Glasgow and that part of the Clyde. It was 
referred to arbitration, and the arbitrator gave his 
decision in favour of the action of the executive upon 
the votes recorded. The voting was acquiesced in by 
the branches involved. 





The miners of South Wales and Monmouthshire can 
boast of a record advance in wages, and that, too, 
without a day’s stoppage of work. Some time ago 
they submitted a claim for an advance, and the sub- 
ject was discussed at a conference of the representa- 
tives of the mine-owners and of the Miners’ Federation. 
At that conference they failed to agree, and the 
matter was referred to the iniigentons chairman. 
The arbitrator attended a meeting of the Conciliation 
Board at Cardiff last week, when both sides placed 
their case before him. By a very singular rule the 
chairman has no power to vary the demand made—he 
must either grant it or reject it. The miners de- 
manded 11} per cent., the mine-owners offered 74 per 
cent.; Lord gt. Aldwyn had, therefore, no choice Pat 
to grant or reject the amount demanded. In a similar 
case Lord Peel referred the matter back for the 
parties to come to terms ; in the present case the chair- 
man gave his award for the men for the full amount 
claimed—1]} percent. This brings the wages up to 524 
per cent. above the standard rate of 1879, and to 
within 74 per cent. of the maximum fixed in 1905. 
But it must be remembered that the rates in 1879 
were very low ; had the rates been fixed upon the basis 
of prices in 1873 the result would have been in the 
men’s favour. The increase of 11} per cent. seems 
large, but the advance upon a ton of coal is very 
little indeed, and very different from an advance upon 
the selling price of coal. In giving his decision Lord 
St. Aldwyn said that there had been a substantial 
increase in the price of large coal, and what was im- 
portant was that there had been an increase of 114d. 
per ton in the price of small coal, while the average 
price of large coal was 13s. 10.93d., or nearly 13s. 11d. 
= ton. On these and other grounds the arbitrator 

eld that the men had made out their case, and he 
made his award accordingly. 





The annual meeting of the Federation of Engineer- 
ing and Shipbuilding Trades was held in Dublin last 
week, at the Mansion House, the members being 
welcomed by the Lord Mayor. The Federation re- 
presents twenty-five societies, with a membership of 
380,000 skilled artizans in those industries. . 
Jackson, of Glasgow, President of the Associated 
Iron-Moulders, occupied the chair. Various altera- 
tions were pro and carried in the rules of 
the Federation. The chief other subjects were the 

uestion of weekly payments of wages instead of 
ortnightly throughout the whole of Scotland. This 
is conceded by Clyde employers; the men claim 
that it should be universal, The second was the 
premium-bonus system, which the Federation strongly 
oppose. A third question is systematic overtime, a 

ractice condemned by the Amalgamated Engineers in 

851, which led to the lock-out at that period. In the 
present case it is hoped that employers and workmen 
will be able to agree upon terms. 





There is considerable unrest in Lancashire by reason 
of the demand of the cotton-spinners for an advance 
of 5 per cent., to date on and from June 13. The 
subject is largely dealt with in the quarterly report 
issued last week, but not in any violent spirit. It 
points out that cotton-spinning has been prosperous ; 
employers have enjoyed large profits, al good divi- 








dends are paid by the companies, besides bonuses. 
The officials of the Amalgamated Association of Opera- 
tive Cotton-Spingers say that they ‘‘do not object to 
employers reaping big profits whilst they have the 
opportunity.” But ‘‘ others have claims to considera- 
tion as well as employers. It is only fair to ask that 
some portion, at any rate, of the proceeds of this profit- 
able business should find its way into the pockets of 
those who do the actual work.” It is not thought 
probable that there will be a stoppage of the mills. 
The joint committee have worked very well together 
for some years now, and it is most likely that they 
will avert an actual dispute. 





The reports from San Francisco describe the state of 
things there as intolerable, by reason of the action of 
the workmen in the several industries. Probably thera 
is some exaggeration, but it seems certain that the 
workmen have nese a system of intimidation to 
an extent never before reached. The disclosures of the 
corruption on the part of public officials appears to 
have given to the men a power not before possessed, 
so that even the police cease to act. 





The Rand Labour Commission will doubtless help to 
solve the problem of white versus yellow and black 
labour in the Transvaal. The strike has at least 
partially failed, the engine-men having decided not to 
join the strikers. The latter, however, decided to 
continue the strike notwithstanding. It is high time 
that these disputes were ended. The new colonies are 
suffering sadly, and the whole of South Africa feels 
the retardation of industry and progressive develop 
ment. 





The accountants’ return of the net selling price of 
iron, got out for the regulation of ironworkers’ wages 
under the Midland Wages Board, was issued at the end 
of last week, but not in time, however, for the Midland 
market on Thursday, or some changes in quotations 
might have followed. The average net selling price 
for the two months was 7/. 7s. 0.75d., as compared 
with 7/. 23. 9d. in the two previous months. This 
shows an increase of 4s. 1.75d. per ton, but the scale 
of wages remains the same—namely, 9s. 3d. per ton; 
mill and forge-workers in proportion. The position of 
the iron and steel trades may be regarded as fairly 
good, with an upward tendency in prices. Corrugated 
sheets advanced 2s. 6d. per ton. 





The Home Secretary stated in the House of Communs, 
in reply to Mr. Shackleton, ‘‘ that four local autho- 
rities had now agreed to allow the police to assist in 
checking time-cribbing—namely, Oldham, Accrington, 
Rochdale, and Hyde.” He was in hopes, he said, 
that one or two others would give their consent. In 
a case at Oldham a local spinning company pleaded 
guilty, and a p owy | was inflicted. In reply to a 
question, the Chief Constable stated that the case 
might have arisen through a report sent by him to the 
factory inspector. He further said that the action of 
the police was productive of good, not only in detect- 
ing, but as a deterrent. 





Very riotous scenes have occurred in Belfast in 
connection with the Dockers’ strike. The imported 
labourers from England were badly treated ere assist- 
ance could be procured sufficient to defend them. The 
imported men seem to have invited attack, for they 
came ashore in the dinner-hour. 





A strike of seamen on the Clyde began on Thursday 
in last week, the men demanding an increase of 10s. 
per month. One firm, it is said, offered to compromise 
at 5s. advance, but the offer was afterwards with- 
drawn. The owners generally refused to grant an 
advance, hence the strike. 





The boiler-makers and iron-shipbuilders on the 
North-East Coast have renewed their demand for an 
advance of 1s. 6d. per week on time wages, and 5 per 
cent. on piecework rates. i 

All sections of the Sunderland Corporation em- 
ployés in connection with the trams—motormen, con- 
ductors, car-washers, trackmen, and point-layers— 
have applied for an advance of 4d. per hour; the in- 
spectors also ask for an advance, 





A joint conference of employers and workmen in 
the South Wales tinplate trade was held last week, 
when it was decided to renew the wi agreement 
now in force for another year, dating from July 1, 
1907, with a few minor alterations. 





Beicran Coat Exports.—The exports of coal from 
Belgium in the four months ending April 30, this year, 
were 1,446,325 tons, as compared with 1,656,535 tons in 
the corresponding — of 1906. In these totals the 
exports to France figured as 1,108,299 tons and 1,280,124 
tons respectively ; those to Germany as 95,963 tons and 
108,264 tons respectively ; and those to Holland, 107,501 
tons and 115,853 tons respectively. 
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THE AGEING OF MILD STEEL.* 
By C. E. Stromeyrer, Manchester. 
(Concluded from page 729.) 
APPENDICES. 

I 


Arter having reduced the samp'es mentioned in this Top 
report by rolling to ,% in. (except O and P, which were 
originally less than this thickness), they were sheared, as 
e dark lines indi- 
cate where the plates were sheared down, and the dotted 
lines where the plates were sheared up. Both fins of some 


shown in Figs. 5 to 9, page 727 ante. 


| 


TaBLe XII. 
el ee er ee r aes 
Position 'Limit of ' 
in No. Fibre. | Elasti- Tenacity. long Prac: 
| Ingot city. . P 
tons | tons p.c. 
. O14x Length- a ae 24 
ways 
»  -+- 0110 Crossways 16 25.8 5 Crystal. ! 
line. 
so. oof CU o 16.2 29.5 20.5 
| Bottom | 060 x Length- 168 | 264 23 
| ways | 
9 066 o 18.3 28.5 19 
pa O72 Crossways 17.7 284 23 


samples would thus be either up or down. epee were 
ile the | 


sawn off most of the plates before rolling, and w 








plates were lying on the rolling-mill floor those points on! _ 


PLATE,8 FEET GINCHES BY 
MKINCH THICK. 





NV? 064. 





Fig M1. See Appendix i. 
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Fig. 10. See Appendia IT 
which thoy were resting, which rapidly grew dark, were 
carefully noted; and in the various tables the samples 


which have been subjected to this rapid cooling effect 
have been noted. 
II. 


The sample of basic Bessemer steel referred to on page 

725 ante was rolled from an ingot measuring 27 in. by 9in. 
by 9in., and then measured 102 in. by 40 in. by 4 in., as 
shown in Fig. 10, above. 
_ Preliminary temper and cold bending tests were made 
in my presence by the makers immediately after rolling, 
in order to ascertain whether the quality was similar to 
that of other plates made in the open-hearth furnaces. 
These tests were satisfactory. The plate was then cut up 
as shown in Fig. 10, and some samples were tempered, 
others annealed. Five days after rolling, on May 7, 1889, 
Oe folowing one bending tests were made :— 

No. 064, Lengthways, from bottom end of ingot, bent 
toaright angle, as per Fig. 11, but cracked as shown, 
two 4-in. cracks on one side, one of 14 in. on other side. 

No. 019. Lengthways, from top end, bent as per Fig. 
12. but cracked slightly, similarly to the above. 

No. 069. Crossways, from bottom end, bent slightly, as 
per Fig. 13, and cracked in five places. 

No. 0112. Lengthways, top of plate, bent slightly, as 
per Fig. 14, and cracked in two places. 

... edges of these plates were evidently already quite 
e. 

Some time in June, alout six weeks after shearing, 
No. 015 lengthways, from top end, broke without bend- 
ing, and No. 0014, crossways, from top end, cracked 1 in. 
deep from euch edge, as shown in Fig. 15, but the 
central portion bent fairly well. 

Subsequently, No. 016, lengthways, from top end, broke 
without bending; so did Nos. 047, 050, crossways, and 
No. 0219 lengthways, into which holes had been punched. 

The tests were made on May 10, 1889 (see Table XII.). 

The following tensile tests were made on May 21 on 
two samples having holes drilled in their centre. The 
edges were planed :— 





“--——~—-—-- 


End. | No. Width. Hole. Tenacity. Fracture, 


! 











_— | in. in. tons 
wid le 0218 3.05 0.81 29.0 ee Fig. 16 
Jottom .. 055 8.05 081 30.2 oo oo &7 





The fracture shown in Fig. 16 may be due to a local 


* Paper read 
May 10, 1907, 


before the Iron and Steel Institute, 





Fig.12. See Appendix II. 


Fig. 13. See Appendvc: LH. 


N°069. 


III. 
Sample taken from an iron boiler fifty-one years old. 
|The material was known to be good when put into the 
boiler. On testing it, when the boiler was cut up, the 
following results were obtained :— 


Tenacity, 18.15 tons. 
Elongation, 3.1 per cent. in 8 in. 
IV. 


Results of tensile tests of samples cut from the plate, 
No. 9, illustrated in Figs. 18 and 19. No. 1 sample was 
taken from near the sheared edge, barely ,; in. of metal 
being removed. The distances from centre of strip to 
strip were 1 in. 


Fig. 14. See Appendra HI. 
N°0172. 
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Fig.15. See Appendia Z. 
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Fig. 16. See Appendiac L1. 
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Fig. 18. See Appendiva IV. 








____ —Fig.19. See Appendix lV 
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stress set up by shearing, or by straightening when the 
sample was being prepared for the test. 


this steel is as follows :— 





Fig. 17. See Appendix L. 


N° 055. 


$$ 


i 


The analysis of | 





Sample. Carbon. Phosphorus. Manganese. 
per cent. per cent. per cent. 
014 0.147 0.77 ) 
0210 0.149 0.93 1 0.c0 
0110 0.142 tee 
060 0.145 0.57 








|seopic examination, but nothing 


| 


| 








Tasie XIII. 


Mill Scale 




















Elastic Yield ».. | Elongation in 
No. Limit. | Fell Off. | Point, | Teacity. n. 
tons tons tons | ton per cent. 

1/121to163! 169 22 - = 22. 

2 14.1 é0 24.6 28 24 

3 12.5 13 21.7 274 26 5 

4 10.7 15.2 i a 

5 11.4 o< 22.6 28.2 | 24.5 

6 10.6 a 22.1 | 8 23 

7 12.2 19.4 22.5 27.9 | 24.5 

8 11.9 19.4 28.3 27.5 

The analysis of this steel was as follows :— 

© | si. Mn. | Pz 8. Ae. | On. | Sa. 
p.c. p.c. pc. | pe p.c. p.c. p.c. 
0.175 | 0.011 | 6.56 0.059 0.030 0039 0.068 trace 


This plate, cut in two, was to have been cut up into 
butt-straps for a Lancashire boiler, but the test-strips 
broke in the shears at the boilermakers’ works. The shear- 
ing blades seemed to be quite new, and were in good order. 
The first fracture occurred at f; then e broke while 
straightening the strip ; d also broke while straightening. 
The piece beyond d was planed parallel for testing, but 
broke at c while in the clips, and on re-testing tore at b at 
a stress of 27.94 tons, with 7.6 per cent. elongation in 6 in. 
A was analysed with the above result. Its sheared edges 
had been ground off, and in this condition the sample bent 
to an inner radius of 4 in. without fracture. The piece 
beyond } was planed down and tested, tearing at a under 
a stress of 31.1 tons per square inch, with an elongation of 
26 per cent. in 2 in. 

The strip adjoining B (No. 98) broke, as already stated, 
in the shears at f, and while being straightened broke at 
e, h, andl. Holding the remaining length between the 
steam-hammer and anvil, and striking the projecting end, 
so as to increase the curvature imparted by shearing, it 
broke at g at an angle of 30deg. B had accidentally been 


| annealed, but a strip was planed off Cand tested. It tore 
at i at a stress of 27.73 tons, and with an elongation of 
27 per cent. C was detached by Soins, an was 


boratory for micro- 
culiar was noticed. 
lates had now been returned to the steel works, 
and F were sheared off. These samples bent to 


sent to the National Physical 


The 
and 


a small radius and started to tear at the drilled edge. 
Strips G and H were now cut off; they were only 
slightly curved by theshearing process. Their one edge 
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had been sheared weeks before. G was bent very care- 
fully ina Y-block with a 6-in. round bar until a depres- 
sion of 1-in. and 12-in. span was reached; it was then 
turned over and bent to the same curvature in the reverse 
direction, but did not break. H was then straightened 
and bent in the usual manner, like E and F, but it broke 
off short. This seemed to convince the steel-makers that 
their own shearing had had some after-effect, but only 
on this particular plate. C has been retained, but is not 
inated ta the experiments detailed in this paper. 
 - 

While testing nine charges of acid open-hearth steel, 
Nos. 13, 23, 33, 22, 73, 115, 60, 103, and 114, the cold 
bends with shea: ges cracked when the inner 
radius was about twice the thickness of the plates, which 
were all 4 in. full. The second lot bent to a small radius 
before cracking, and the three last bent double. As the 
makers blamed the cold weather for the brittleness of the 
first three samples, the duplicates were put into a freezing 
mixture of salt and snow, which was plentiful at the time, 
and the bending was repeated. Nos. 60, 103, and 114 
bent close, as before ; No. 22 bent to a radius of about 
one plate thickness; and Nos. 73 and 115 bent to right 
angles. Nos. 13, 23, and 33, which had not behaved well 
at the ordinary winter temperature, were now quite 
brittle, breaking off short with very slight curvatures at 





angles of about 30 deg. The manganese was said to 
average 0.45 per cent. in these steels; the percentage of 


Fg.20. See Appendva VI. 
Plate M. 
3FT. 81N. BY 2% 1N. BY %s IN. THICK. € 


a 


Bends 
6 


strap cracked easily at each of the eight holes. No. 2 
also cracked, but was decidedly tougher. No. 3 did not 
crack. Some samples were cut from across the butt- 
straps, some by sawing, some by punching, and then 
planing. They all bent to an inner radius of § in. Short 
samples were also subjected to a tension stress across the 
fibre. The results are given in Table XV. 

Half a spare strip was found, and was tested as follows : 
—Twelve holes were punched into it, as shown in Fig. 20, 
below, and three pieces, A, B, C, were then sheared off. 
C was bent across the fibre, and broke, as shown, at an 
angle of 90 deg. with a large curvature. B was bent in the 
same way, and cracked as shown, with a slight bend. A 
was heated to redness at one end only, and allowed to cool 
slowly ; on bending, the unheated end broke, as shown. 
The other end of the strap has now, after fifteen years, 

re-heated and tested. It is referred to in this paper 
as sample M. . 

After carefully inquiring into this matter there could 
be little doubt that these butt-straps were made of basic 
Bessemer steel, but the rolling-mills did not know for 
what purpose the bars were intended, and the boiler- 
maker did not know the nature of the material. 

One pipe appears to have been tested after the accident, 
and burst through the solid metal of the butt-strap at a 
pressure of 400 1b. This is, in a way, a very good result, 
for as there was only one butt-strap, the stress would be 
seven times greater than with two, and one might have 
expected rupture at about 200 1b, It is, however, sur- 
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Fig. 21. See Appendia Vil. 
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for which reason these ends very often receive a pre- 
liminary bend with heavy sledge-hammers. This bend. 
ing, as boiler-makers know, is greatly facilitated by 
laying a heavy red-hot plate across the line of bend; but 
this, unfortunately, introduces the risk of carrying out 
the bending action when a narrow zone is blue hot. Now 
the five injured plates have all cracked just beyond the 
inner row of rivet-holes. Had the injury been caused hy 
the soda, the cracks should have occurred anywhere under 
water, but certainly not as happened in one or perhaps 
two cases in the steam space. 

_The boiler works in question also had a cogging 
riveter, which did its work with lightning rapidity. This 
resulted not only in the laps becoming very hot, but also 
in the rivet-head flying. off at odd times, even after the 
boilers were in use. This was a general experience, and 
not confined to the nine boilers in question. 

The boilers were built in 1888; the plates were open- 
hearth acid steel by four of the best makers, designated 
7 A, B,C, D. Boilers 1, 3, 4, 5, 6 were made of A steel, 

o. 2 of Bateel, No. 7 of C steel, and Nos. 8 and 9 either 
both or at least one was made of D steel. The rivets for 
the furnaces were steel; for the shells they were iron. 
The boilers were 7 ft. in diameter, 30 ft. long, and in- 
tended for a working pressure of 801b. The shell-plates 
were 4in. thick, with lap-joints double-riveted. The 
boilers were put to work in 1888, and on August 25, 
1891, No. 8 boiler was filled with caustic soda liquor (con- 
taining about 12 per cent. soda). On September 30 the 





Fig. 23. See Appendva VI 
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carbon is shown in the following table, together with the 
mechanical tests. The sulphur and phosphorus were not 


determined. 
Taste XIV. 


Mechanical Tests. 
Sampl | Carbo | | 

—_ — Tenacity. |Elonga- 
tion. | Winter 
| Cold. 


Bends. 











Freezing 
Mixture. 
—— ‘ 
per cent 
23 
23 
22 
24 
3 








r cent. deg. 
| art l-in. radius 30 
23 0.15 L-in, o 30 
0.22 
0.18 
0.27 
0.18 
0,22 
0.25 


0.17 


1-in. ” 30 
Small radius }-in. radius 
90 


} 
| 


22 





115 
60 Close 

108 

114 





Vi. 

Plate M.—Some delivery-pipes of a water-pumping 
station, 26 in. in diameter, were made, in 1892, of mild 
steel ; of these, four 10-ft. lengths burst their butt-stra 
while working. The head of pressure was under 70 lb. 
In one case the bursting pressure was about 40 lb. at the 
time of the accident. The pumps were working smoothly 
and without shock. One of these lengths is in the museum 
of the Manchester Steam-Users’ Association. The butt- 
straps which failed were rolled longitudinally, 44 in. wide, 
,, in. thick. These bars were curved by means of an hy- 
draulic press. The holes were punched, and the bars 
were said to have been heated foot by foot in a smith’s 
fire with the double object of annealing them and straight- 
ening them. It is doubtful whether either object could 
be attained by this process of heating. The riveting was 
done by hydraulic pressure. 














Taber XV. 
Number of | ».. \Elongation i 
‘une. | Tenacity. |“ 3 — Remarks. 
tons per cent. 
la 32.1 17.5 
1B $2. 18.7 
lr 32.7 17.5 
lr 27.8 20 
2n 27.9 } 21.2 
2c 27.2 | 10 Broke through punch. 
2e 72 |. @ ore 


Ten of the intact pipes were returned to the makers, 
where the rivet-heads were cut off and the butt-stra 
removed. Only two of these straps cracked. Of the 
remaining eight, three were tes y inserting a drift 





successively into eight holes and hammering it, No, 1 


49.22. See Appendrx VII. 
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e989 4. 
pas that the fracture did not pass through the rivet- 
oles. 
VII. 


Plate N.—This sample is from a shell-plate in the 
steam space of a boiler (No. 7) which cracked in use when 
about four years old, having during the last six months 
been fed with caustic soda. 

Considerable mm surrounds this case, for it was at 
the time believed that the brittleness was due to the 
caustic soda, yet, as far as can be gathered, none of the 
uninjured plates was tested to ascertain whether they 
were brittle. The possibility that the fractures were due 
to straining the plates at a blue heat does not appear to 
have presented itself at the time; butseeing that only five 
out of the 180 shell-plates of the boilers fractured, and 
only one furnace ring grooved in the usual way, this 
possibility should not be overlooked. 

At the time that these boilers were built the boiler- 
works had horizontal shell-bending rolls, 


known, these rolls leave flats on the ends of the plates, 





and, as is well | 


© 00 Ofo 





boiler was again examined, both internally and externally, 
and found good. In March, 1892, boilers Nos. 1 to 8 
| were fed with liquor containing about 5 per cent. of 
caustic soda, which was drawn off when the concentration 
had reached 12 per cent. The boiling temperature of 
such a liquor is 221 deg. Fahr., so that there can be no 
question of overheating, especially not of the steel plates. 
No. 8 was re-examined on April 2, having been fed with 
soda liquor fer eleven weeks. On May 25 notice was 
received that eight rivet-heads had occasionally come off 
various boilers, and this trouble seems to have continued 
until the boilers were discarded. The furnace-rings also 
commenced to leak, but only when steam was down. 
Several other boilers were successively examined. On 
August 9 the following summary was made :—Nos. 2, 4, 
5, and 6 furnaces and shells leaking. In No. 2 there 
were slack and headless rivets in shell, and No. 6 had 
grooved furnaces and a few headless rivets. The density 
of the liquor was now reduced from 28 deg. to 23 deg. 
Twaddell. On November 2, No. 2 boiler was removed 
from its seat, and its furnaces drawn, and notice sent that 
there were hair cracks from the rivet-holes of one of the 
longitudinal seams. On November 21, Nos.1 and 2 boilers 
were examined by an inspector of the Manchester Steam- 
Users’ Association, when it was discovered that one shell 
plate in each boiler was cracked nearly through under the 
lap, close to the line of inner rivets. These and subse- 
quently discovered cracks were all on the outside of the 
inner Jap, where the severest local bending would occur 
in manufacture (see Fig. 23). The defects were cut out 
and the boilers set to work again. On November 24 a 
similar crack was discovered in one of the shell-plates of 
No. 7 boiler, but in the steam space, and on December 3 
a steam-space shell-plate in boiler No. 8 was found 
cracked. It was then decided to put all the boilers out of 
use. Subsequently, on December 21, No. 2 was tested by 
hydraulic pressure, when another longitudinal seam was 
found cracked. All the rivets were now knocked out of 
its longitudinal seam, but no other cracks were dis- 
covered, nor did the plates prove brittle. 

It thus appears that No. 1, made of A steel ; No. 2, 
made of B steel; No. 7, made of C steel; and No. 8, 
made of D steel, cracked one plate each, whereas Nos. 3, 
4, 5, and 6, made of A steel, did not give trouble. 
The two plates forming the lap joint of No. 1 boiler 
were cut up, as shown in Fig. 22, and analyses were 
made by the makers, A and C. The results are as 
follow :— 














| Analysis. 
Plate. Analyst. ictal 
| @ Si. | Mn. P. s 
pc.  p.c. .C. | p.c. Ce 
Cracked plate .. A 0.15 0.028 | 0.68 | 0.039 0.05" 
| -| Cc 0.15 0.08 0.65 0053 U.05- 
oC 0.15 0.0107 0.638 0.050 0.Ul: 


Adjoining plate .. 
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~The following test results were obtained :— 
Taste XVI. 





Test-Piece. | Authority. | Fibre. Tenacity. | Sain 
8 tons per cent. 
1 M.S.U.A. x 25.4 71 
la 2” | x 26.4 18.4 
2 c 2 27.6 17 
BA M8.U.A | L 26.8 25 
7 Cc |} 27.2 31 
0.4 | M.S.U.A. x 25.5 23.2 
0.5 ” ee 25.3 25 


The four samples sent to A were evidently sawn in two, 
and received new numbers. It is therefore not certain 
which an have been tested with the fibre, and which 
across it. 

4 and 5 from another. 


Tasie XVII. 











bably 1, 2, and 3 are from one piece, and 





inch. It was evidently an externally-fired smoke-tube 
boiler with a dome; but no detaila, only sketches, were 
available. The rupture occu close to the inner 
edge of the inner row of rivets of the double-riveted 
lap-joint (see Fig. 23, page 758). This is similar to the 
fractures mentioned under plates N and U. 
. The line A B seems to have followed the edge of the 
lome 
The boiler was tested to 160 lb. per square inch, and 
was, at the time of the accident, working at a pressure 
of 90 Ib. per square inch. The report on this explosion, 
unfortunately, deals more fully with the prompt settle- 


Fg.24. See Appendix. XT. 























were subsequently carried out by Professor C. Bach, of 
Stuttgart. 
Chemical Analysis. 


c. | s. jum Pp. | & | Aw | Ou | Or | M 


a 











p.c. pc. | p.c. | p.c p.c. p.c. p-c. | p.c. | p.c. 
setaeed behene 0.225 0.112 0.0415 0.0122 | 0.0175 | 0.005 | 0.008 
As will be seen, the phosphorus is very high and the 
manganese rather low, which, combined with a fairly 
high percentage of carbon, may explain why the temper 
test of Professor Bach was not quite satisfactory. Ac- 
cording to his sketch, the inner radii of his two samples 
are about jin. and4in. This result is less satisfactory 
than my own after the plate had been rolled down to 
vs in. The cold bend was satisfactory. Six samples 
were grooved on the flat by planing and bent by a falling 
weight. The remaining section was:—Height, about 
0.58 in.; width, being original thickness, about 0.43 in. 
The work expended during the fracturing process was 
18.5 and 26 foot-pounds per square inch of section for the 
unannealed and the annealed samples pape. 
Professor C. Bach’s tensile test results were as follow :— 











Test- w; P Elongation 
Width. Tenacity. | in 6 In Remarks. 
= wed Tavie XVIII. 
in. tons er cent. ees - — — 
an as as sessived. | Elastic Elongation OrossCon- 
2 0.38 26.5 | 24.1 ——_ P ee Cannes “a Limit. Tenacity. in 8 In. traction. 
3 | 0.38 27.4 | 21.6 Turned 0.38 in. diameter. ag = ot beara ghee "| - % 
4 | 0.61 26.6 19.1 Planed ,, in. off outside. tons p. sq. in'tons p.6q.in| percent. | per cent. 
5 | 0.72 27.8 26 Planed ,', in. off water-side Unannealed L 21.5 29.8 | 20.1 55.7 
Unannealed X| 20.9 22.8 | 15.7 50.2 
- on eT Unannealed X| 22.8 30.1 | 121 51.8 
The conclusion was drawn from Nos. 4 and 5 that the Annealed LL. 21.6 30.1 27 about 62.2 
caustic liquor had damaged the inner surface ; but if that | am 
fig. 25. See Appendix X71. 
ssi _ A B Fig. 27. See ppenvolsen KIT Plate U 10. over’ 
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Fig. 26. See Appendia XI. 
Plate U. 
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was so, then No. 1 ought to have had a lower elongation 
than 24.1; it ought certainly to have had less than No. 3. 
However, seeing that samples Nos. 1, 14, and 2 had 
elongations varying from 7.1 to 18.4 per cent. in 10 in., no 
importance can be attached to these results. 

Several tests were made with wires which had been 
placed in boiling caustic soda. The tensile results are 
uncertain, and the twisting test, which is known to be 
Supersensitive, is no guide. Interesting experiments 
omeee by these experiences were e by Mr. W. 

homson (Manchester Association of Engineers, Novem- 
ber 25, 1893), from which it would appear that pure 
boiling water is far more injurious than either hot or cold 
solutions of caustic soda. According to other experiments, 
dilute hydrochloric acid has a far greater effect than 
Caustic soda, 

As no definite cause can be assigned for these failures, 
part of the cracked plate from boiler No. 7 has been 
included in these tests, and is referred to as sample N. 


VIIt. 


_ Plate P.—This sample was cut from the shell-plate of a 
boiler which exploded on November 22, 1897, in the city 
of Rochester, New York. Unfortunately, the sample 
received had no fractured edge ; it is therefore difficult 





‘o say whether it was cut from near the point of fracture. 
The boiler was one of a pair, and had been built in 1893 






























































ment of claims for exploded boilers than with details 
which —_ help one to arrive at an explanation of the 
cause of the failure. = 


Plate Q.—Fracture of a boiler dome, burst under the 
hydraulic test, in Austria, on October 17, 1905.* 

A part of the plate of this dome was received by the 
Manchester Steam-Users’ Association, and is referred to 
in the tables by the letter Q. _ ‘ 3 

The dome was 393 in. in diameter, 393 in. high, and 
the thickness of its shell which burst was 12.2 milli- 
metres (0.48 in.). It was double-riveted to the shell and 
to the dished end, the thicknesses being respectively 
0.63 in. and 0.55 in. The boiler was intended for a pres- 
sure of 150 Ib. square inch, but the dome burst 
through the solid plate while being caulked, when the 
pressure had reached 202 Ib. (see Fig. 24). The circum- 
ferential stress in the dome shell would be 8300 lb. per 
square inch. According to tests made on strips cut from 
close to the fracture, the tenacity was 28.2 to 29.2 tons 
per square inch, with elongations of 24.6 and 22.5 per 
cent. in 8 in. Stress at the bursting pressure was there- 
fore only 0.13 of ultimatetenacity, = 

Experiments, of which the following is a summary, 











* Zeitschrift der ‘~~ lunt hungs und Ver- 
sicherungs Gesellschaft, Vienna, 1904, vol. xxx., page 153, 


by a first-class boiler-maker, of steel having a tenacity of | and Zeitschrift des Vereines Deutscher Ingenieure, Berlin, 
0», 000 Ib. to 60,000 Ib., or 24.5 to 26 to 28 tons per square | 1907, vol. li., page 465. 














Professor Bach compares the elongation of one annealed 
sample with three samples as cut from the plate, and 
draws the conclusion that the workshop treatment of the 
material has been bad. Attention should, however, be 
drawn to the fact that the material has been subjected to 
a stress which caused a part to split in two, that two of 
the unannealed samples were torn across the fibre, and 
that the sample cut lengthways had to be straightened 
before it could be tested. x 

PiaTe K.—This plate was made in North Britain. It 
was intended for a shell plate of a Lancashire boiler, but 
cracked while being bent in the boiler-maker’s rolls before 
the edges were sheared. The cracks were situated about 
3 ft. from the two ends of the plate and on opposite 


sides. 
The results of the original tests, and those taken after 
the mishap, are given in the following table :— 





TaBLE XIX. 
| | aes ee: 
Cold Bend 
— Tenacity. 2 oe with Ground 
tons per cent. 
Original test 80 22 Good Good 
» ” 28.1 23 ” ” 
Final test .. 31.9 25 a be 
2 


ee «te | v ie 


A careful inquiry was now made at the steel works, 
and it was ascertained that one of a row of open-hearth 
furnaces had a basic lining and was used for phosphoric 
pig. There could, finally, be little doubt that a quan- 
tity of phosphoric pig had got charged into the acid 
furnaces from which the particular charge was run. All 
the plates from this charge were rejected, and one piece 
of the fractured plate was rolled down to ,; in. for these 
experiments, and is referred to as plate R. 


XI. 

Plate S.—This plate was intended to be cut up into 
sixteen butt-straps for a Lancashire boilor, and arrived 
- So see works cut in two pieces, A and B, as per 

ig. 25. 

It was made by the acid open-hearth process, and the 
maker’s analysis was as follows :— 

Carbon, 0.14 ; phosphorus, 0.069 ; sulphur, 0.033 
per cent. 
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The original tests were :— 


Tenacity, 27.5 and 17.9 tons per square inch. 
Elongation in 8 in., 25 and 24.5 per cent. 


When, in accordance with the practice of the Man- 
chester S:eam-Users’ Association, our inspector had the 
ends sheared off, a strip off A, marked a, broke ‘while 
being straightened under the steam-hammer ; the adjoin- 
ing part, as far as b, had the sheared edges ground away 
and bent all right. The strips extending to ¢, d, e, and 
f were then straightened, when d and e cracked across ; 
d and f were planed on their edges and bent, but f frac- 
tured when nearly close; h and g were sheared off, ground 
on their edges, and bent without being first strengthened ; 
g behaved satisfactorily ; h broke with an ianer radius 
of § in. 

Butt-strap B 3 was retained by the Manchester Steam- 
Users’ Association, and is the plate referred to in the 
tables as S. All the other butt-straps were returned to 
the steel works, as well as all other plates from the same 
charge. The steel works experimented with butt-straps 
Al, A6, B4, B10, ani obtained the following results : — 


TapL_e XX. 
| Cold Bends. 


+... | Elongation Temper 
—— | Tenacity. | “ins In. Bend. | Planed Edge. 
tons per cent. 

Al 27.3 29 Good, Good 

A6 27.1 29 ” ” 

Bt 27.4 27 ” ” 

B1) 27.2 27 es at 

XII. 


Plate U.—Boiler shell-plate which burst under the 
hydraulic test after being in use for six years.* The 
boiler, of the water-tube type, was built in Germany in 
1898, for a pressura of 175 lb. It was of a peculiar design, 
and was installed in the town of Kowo, in Russia, and 
worked satisfactorily, being occasionally tested 4 = 
draulic pressure by the Government inspector. hile 
being re-tested in its sixth year the — drum burst, 
before the working pressure of 175 lb. was reached. 
Within six months of the last accident the adjoining 
boiler, built at the same time, also burst under the 
hydraulic test. Samples from both boilers were sent to 
the Manchester Steam-Users’ Association, and are shown 
in Figs. 26 and 27, page 759. The one marked U (Fig. 26) 
has been rolled down to a thickness of 7; in., and has been 
utilised in the present series of experiments. It probably 
formed part of the second boiler. 

The upper drums of these boilers were 71 in. in dia- 
meter, the plates { in. thick, lap-jointed, treble-riveted, 
as per Fig. 28, the pitch being 4 in. and the rivet 
diameters jg in. 

When examined, the rent in the first boiler was gapin 
23 in. (see Fig. 29); it extended from one lap of the thi 
belt through the solid plate of the second belt, along the 
lap of the front belt, and along the circumferential seam 
to the attachment for the header of the water-tubes, which 
was also damaged. An examination of the fracture re- 
vealed that both longitudinal seams contained ancient 
cracks, as shown in section in Fig. 28, extending on an 
average to within 4 in. of the inner surface of the plate, 
but there were several lengths of quite 3 in. in which the 
original fracture seems to have extended right through 
the plate. 

A piece of plate was cut out of the firat belt and sawn 
into test-pieces, as shown in Fig. 30. 

The results of the tensile tests were as follow :— 

TaBLe XXI. 





Sample. Fibre. Tenacity. | wee 5 = 
tons } per cent. 
1 L 23.5 | 26.8 
2 L 23.4 27 
3 L 22.8 29.8 
5 xX 22.6 238.8 
6 XxX 22.5 27.5 





Samples 7 and 8 were bent double; they had been 
sawn out of the plate; but No. 4, intended for a tensile 
test, broke while being straightened cold. 

The chemical analyses of the shavings from Nos. 1 and 
2 were as follow :— 














Sample. Carbon. Silicon, Manganese. ‘Phosphorus. Sulphur. 








percent per cent’ per cent. percent. per cent. 
1 0.121 0.007 0.439 0 065 0.093 
2 0.116 | 0.435 0 070 0.103 


0.009 | 
An Englisk analysis of some smill bits of steel which 
have come from belt 1 or 3 was as follows :— 


Mn. P. 8 








Cc. Si. As. Cu. 
per cent per cen! per cen! er cent per cent per cent 
0.07 trace 0.457 0.063 | 0.072 0.037 0.032 


The fractures in these cases are very similar to those of 
case N, and Mr. Rolin, of the Koenigsberg Boiler In- 
spection Association, who investigated the case, suspected 


injury due to bending at a blue heat, and on trying | pear 


to bend two samples at that temperature they broke at an 
angle of 40 deg. Insufficient material prevented this 


test being repeated here. 


* Zeitschrift fiir Dampfkessel und Maschinenbetrieb, 
Berlin, 1904, vol. xxvii., page 188. 


CATALOGUES. 


Mer. F. Watts Stopnart, Bristol, has sent us @ 
pamphlet dealing with the Stoddart continuous sewage 
tilter. This consists of illustrations of typical installations 
in all parts of Great Britain, and depicts both open-type, 
partially-enclosed, or totally-concealed plants. 


Messrs. David Rowell and Co., 31 and 33, Old Green- 
street, Westminster, S.W., have recently issued a new 
list of iron and wire fencing, timber-framed buildings, 
wire-rope suspension bridges, staircases, &c. Particulars 
and prices are given in most instances. 

We have received from Mr. R. Weatherburn, agent, 
Finsbury Pavement House, E.C., a pamphlet issued by 
Mr. A. Borsig, Tegel, describing rack-rail locomotives built 
by that firm. This pamphlet gives, in English and 
Spanish, descriptions of a number of rack-rail engines 
built for railways in various parts of the world, including 
the Prussian State Railways, the Transandine Railway, 
the Villa Nova de Gaya Railway, Oporto, &c. 

“*The ‘White’ High-Speed Engine and Ship-Lighting 
Sets” forms the subject of a list sent to us by Messrs. 
Thomas White and Sons, Paisley. This engine is of the 
vertical open t with solid forged piston-rod and cross- 
head. Either White’s improved throttle shaft-governor 
or a belt-driven Pickering governor is fitted. In the case 
of the lighting sets the sole-plate is extended to take the 
dynamo. 


We have received from Messrs. Heenan and Froude, 
Limited, Worcester, a list, in Spanish, of mining machi- 
nery. This list notices all sorts of ‘ae and plant 
employed in mining, and the matter includes particulars 
of conveyors, washing gear, skips, barrows, trucks, cap- 
stans, winding gear, aggre | or steam driven, electric 
locomotives, and also buildings, bridges, fans, de- 
structors, &c. 


Messrs. A. Ransome and Co., Limited, Newark-on- 
Trent, have recently issued a neatly got-up pamphlet 
dealing with horizontal band-saws. This contains illus- 
trations and particulars of log band-saws and notes on 
different methods of driving, saw-sharpening, brazing, 
setting, &c. The pamphlet contains a great deal of 
interesting information, some of it relating to working 
results obtained with the saws described. 


Mr. H. J. Livingston, Baltimore, Md., U.S.A., has 
sent us circulars concerning a cement bond for use with 
concrete work. The trouble of bad adhesion between 
fresh and old concrete is, it is claimed, overcome by the 
use of this bonding material, which, when prepared with 
Portland cement, is spread over the old or dry work to a 
thickness of 4 in. or } in., on the top of which is put the 
new concrete. 


Messrs. Gent and Co., Limited, Faraday Works, 
Leicester, have sent us a catalogue of telephone instru- 
ments and appliances, including the Parsons-Sloper secret 
telephones. ‘This price-list notices all manner of re- 
ceivers and transmitters, house telephones, central battery 
system telephones and instruments, wall and table instru- 
ments, &c., of all patterns, junction-boxes, annunciators, 
portable and mining telephones, magneto-generators, 
bells, switches, insulatora, batteries, &c. " 


Messrs. Bullivant and Co., Limited, Millwall, E , have 
sent us a well-illustrated pamphlet descriptive of recent 
ropeways erected by them. These include one at St. 
Osyth, Clacton-on-Sea, for conveying sand and gravel ; 
an installation at Simon’s Bay, Capetown, for the British 
Admiralty, for conveying passengers and material ; one at 
Preston, for the corporation of that town, for conveying 
clay; and a ropeway used in the erection of the new 
i gay Bridge over the Richmond River at Lismore, 


aN. 


A catalogue of steam and electric jib cranes has been 
received from Messrs. Applebys, Limited, 56, Victoria- 
street, 8.W. To give a full list of the contents of this 
catalogue here is impossible, but it may be stated that a 
large variety of power-driven cranes are illustrated and 
described, from machines of comparatively small capacity 
up to 150-ton derrick cranes, giant cranes of 90 ft. radius, 
block-setting titans, 60-ton steam titan cranes wit 
traversing cantilever, floating cranes, locomotive cranes, 
and fixed cranes for all purposes. Grabs are also noticed. 
Prices are given in the case of many of the patterns. 


The Collins testing brake is described in a circular 
issued by Messrs. Johnson and — Limited, Charlton, 
8.0., Kent. This brake is suitable for testing electric 
motors. It is mounted in a rectangular iron frame, which 
is bolted to the foundation casting, or rail, of the motor. 
The brake is fitted with two spring-balances, one at 
each end of the rope, and with a tension screw worked 
by a band-wheel. All operations can be controlled and 
observations taken by one person, and, by means of a 
chart, brake horse-power may be arriv at without 
further calculations. Prices of this apparatus are given 
in the circular. 


We have received a circular relating to ‘‘ Silvo,” a new 
alloy. This is — by the Birmingham Foundry 
Company, 34, Old-street, London, E.C., and is a white 
metal, suitable for solid-drawn or brazed tubes, rods, 
sheets, or castin A “Silvo” manganese bronze is also 
made, suitable for pump-rods, piston-rods, &c., having a 
tensile strength of about 40.2 tons per square inch, with 
an elongation of 41 per cent. on 2in. Anti-friction and 
ng metal brands are also made, while ‘‘Silvo” 
bronze is also put to use for rollers, boiler-stays, &c. ; and 
used with copper, this alloy also produces clean and 
sound copper castings. 


The White-Forster water-tube boilers are described in 
a pamphlet issued by Messrs. J. Samuel White and Co., 











Limited, East Cowes. The chief features of design of 
this boiler are two bottom water-drums and one large 
top steam-and-water drum, the water-tubes in the legs 
being curved in a longitudinal, instead of a transver: « 
direction—an arrangement which allows of the tule. 
being drawn through the top drum. The boiler is of 
simple design throughout. It is arranged for coal cr 
liquid fuel. An automatic-feed device is also described, 
while the pamphlet is illustrated with excellent views and 
sketches of boilers and vessels fitted. 


From the Vacuum Brake Company, Limited, 32, Qucen 
Victoria-street, E C., we have received a pamphlet on 
brake fittings. This is devoted to a description of the 
standard rapid-acting valve and the rapid-action valve for 
= applications. The rapid-acting valve is placed 

tween the —- and the train-pipe, and its action is 
governed by the former. For an emergency application, 
the valve thus admits air to the train-pipe near each 
cylinder all down thetrain. Graduated applications may 
still be obtained with brakes so fitted ; sy should the 
valve leak, by locking a clappet valve the brake is mere!y 
converted from rapid-acting to ‘‘ ordinary,” and its action 
is not otherwise interfered with. 


The British Electric Plant Company, Limited, Allva, 
Scotland, have sent us a pamphlet entitled “ Standard 
Four-Pole Motors and Dynamos.” These motors are 
enclosed or open protected patterns; they are provided 
with compensating poles; and sparkless running and large 
speed variations are assured. Open-type motors are stan- 
dardised oe ee between 2 and 125 horse- 
power ; standard protected-type motors are of capacities, 
according to size and voltage, of from 2} to 79 horse- 
power. Motors specially designed for intermittent load- 
Ing, such as crane-work, &c., are standardised for capacities 
ranging between 34 and 145 horse-power. The standard 
B.E.P. dynamos range, according to pattern and voltage, 
between machines of 2} and 70 eubeuees. Prices are 
given in this list, which is well illustrated. 


From Messrs. Veritys, Limited, we have received circu- 
lars dealing with Peard’s patent fuse and non-explodable 
steel-cased tubular fuses. The former publication describes 
a fuse of the switchboard type, which consists of a pair 
of contact and fuse terminals on a skeleton frame, the 
foundation of which is vulcanite. The fuse is weakened 
at one point, and at this spot is a shutter or screen which, 
on the fuse burning, is forced outwards by a spring, 
between the ends of the fuse, quickly severing the arc. In 
the other circular a description is given of an enclosed 
fuse, suitable for use on board ship, collieries, theatres, or 
large buildings, underground mains, &c. he fuse is 
of ordinary copper wire, and can be easily renewed in a 
few minutes. ‘There is no danger of fire, neither can 
molten metal be scattered. 


Messrs. Saml. Denison and Son, Limited, Hunslet 
Foundry, Leeds, have sent us a pamphlet on their Blake- 
Denison continuous weigher. This machine is designed 
for use with conveyors of all types, and records automati- 
cally the weight of material being passed over the con- 
veyor. The principle employed involves the suspension 
of a length of the conveyor, a system of levers and a 
steelyard in connection with this suspension gear, and 
mechanism which will at regular intervals record, by 
means of the movement of the steelyard, the weight 
of material handled. It is claimed that it will weigh 
within 0.5 per cent. and is adaptable to bucket, scraper, 
belt, or other conveyors. It is in use in connection 
with coal-handling, sugar factories, gold-mines, &c., and 
has been fitted to coaling-barges for recording the weight 
of coal delivered to ships. 


Messra. J. Archdale and Co., Ledsam-street, Birming- 
ham, have recently issued a catalogue of high-speed 
drilling-machines. The machines herein illustrated range 
from large tools of 6 ft. 6 in. radius to sensitive drills of 
comparatively small size. The largest machines have 
radial arms of box-section, gear-driven feed motion, pro- 
vided with six speeds; the column carries a rotating 
sleeve, on which the radial arm is adjusted. In addition 
to the base-plate a box table is provided, which, when not 
needed, can be swung clear of the base. Machines of 


h | 3-ft. 6-in. and 2-ft. 6-in. radius are something similar in 


design, but have a special change-speed arrangement, 
giving nine changes of speed, or, with double gear, 
eighteen, all obtainable by simple lever movements ; the 
top driving shaft is driven by a silent chain and gear. 
Other patterns of machines are shown, such as a combined 
sensitive and radial drill of 2-ft. 6-in. radius, and fixed 
sensitive drills. Instances are given of work performed 
on these machines. 








TENDERS FOR SOUTH AusSTRALIA.—TheSouth Australian 
Government Gazette announces that tenders will be re- 
ceived at the Railway Commissioner’s Office, Adelaide, 
up to3 p.m. of Tuesda: , August 13, 1907, for the con- 
struction of five class ‘‘ Rx” 5-ft. 3-in. gauge locomotive 
engines and bogie tenders, and for the construction of 
five class ‘‘ F” 5-ft. 3-in. gauge locomotive tank.engines. 
The general drawings and specifications may be seen, and 
forms of tender obtained, at the office of the Chief 
Mechanical Engineer, Islington, South Australia, for the 
sum of 10/. for each set. Tenders will be received at the 
Supply and Tender Board Office, Adelaide, up to 3 p.m. 
of Wednesday, July 31, 1907, for the supply of steel and 
copper plates, iron bars, copper pipes, boiler fittings, 
wheels and axles and i Specifications may be seen 
at the office of the Chief Mechanical Engineer, Islington, 
South Australia, and at the office of the Agent-General 
for South Australia, 28, Bishopsgate-street Without, 
London, E.C. Neither the lowest nor any tender wil! be 
necessarily accepted. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


CompiteD By W. LLOYD WISE 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883-1902. 
y her of views given in the Specification Drawings is stated 
Sa A A where none are mentioned, the Specification is not 
illust 
Where inventions are communicated from abroad, the Names, 
&e., of the Communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sale 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform 


ice of 8d. 
he date advertisement of the acceptance of a Complete 
Tis ttetion is, in each case, given after the abstract, unless the 
Patent has been sealed, when the date of sealing is given. | 
Any person may, at any time within two months from the date «f 
the advertisement of the nce of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. | 

16,568. The Jandus Arc-Lamp and Electric Com- 
pany, Limited, and A. D. Jones, on. Arc-Lamps. 
\2 Kiys.) July 23, 1903.—This invention relates to an improved | 
method of securing the globes of enclosed arc-lamps. According to | 
this invention, there is formed round the neck of the globe two | 

segments ofa double-threaded screw, there being a small space 
between each segment. These segments engage upon two lugs or | 
bosses, which may conveniently be formed on the inside of a ring | 
loosely encircling the neck of the globe. The screw-threads upon | 
the globe and the ring are so arranged that upon rotation of the | 

globe the screw-threads engage upon the aforesaid lugs or bosses, 
forcing the ring downwards. The ring has springs so arranged | 




















that they tend to force the ring upwards, and quently when 
the globe engages with the ring it is held by the springs tightly 
against the globe cap, forming a good and efficient closure. 
The globe a has formed upon it two segments of screws 5, b. 
These engage on the bosses c, c formed upon the ring d. The 
ring d is forced upwards by the springs ¢, e, stops preventing the | 
ring from rising too far to engage with the screw-threads on the 
neck of the globe when the globe is first inserted. It will be 
noticed that the ends of the threads b, b have slight shoulders g, | 
g formed at their end to prevent overturning of the globe. The 
cap h, upon which the globe seats, and which guides the springs, 
can be of any convenient design. (Sealed May 16, 1907.) 

4849. H. W. Ravenshaw, Hanwell, V. G. Middle- 
ton and . E. Townsend, Edinburgh. Magnetic 
Clutches. (3 Figs.) February 27, 1906.—This invention relates 
to magnetic clutches. In a common type of magnetic clutch the | 
electro-magnetic element consists of an annular trough mounted | 
upon a spider, the trough holding an energising coil. The keeper 
consists of a flat ring mounted upon a spider, and when the 
keeper is in contact with the electro-magnetic element of the 
clutch the coil is completely enclosed in magnetic material. 
The magnetic circuit is now completed through the three sides 
of the trough and the ring of the keeper, there being two breaks 
or gaps in the magnetic circuit—namely, at the points where the 
two outer sides of the trough come in contact with the keeper. 
According to this invention, not only is the number of breaks 
or gaps Bann § but the extra gap or gaps is, or are, placed | 
elsewhere than at the rubbing surfaces, and one of them at 
least at one of the corners or bends of the (J-shaped part formed 
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by the three sides of the trough. 1 is the annular trough | 
mounted upon the spider 2, and 3 is the energising coil lying 
within the trough. 4 is the flat ring constituting the keeper 
mounted upon the spider 5. It will be seen that when the keeper | 
is in contact with the electro-magnetic element of the clutch, the 
coil is completely encloged in etic material. It will also be 
seen that om are the two us gaps in the magnetic circuit ; | 
but, in addition to having the two gaps already mentioned, a 
third gap 9 is provided at one of the corners or bends of the 
U-shaped part, and it has been found that this extra gap pre- | 
Sents a great advantage in the avoidance of sticking. In the case 
illustrated, this gap 9 is provided by making the limb 10 of the | 
magnetic circuit integral with the spider 2, and affixing the part | 
11 of the netic circuit to the part 10 by means of bolts. It 
will be seen that the magnetic circuit in this cage is made up of a 
U-shaped portion (parts 10 and 11 combined), and a flat portion | 
4 consisting of the keeper. (Sealed May 23, 1907.) | 


2067. A. F. Berry, Ealing. Electro - ets. 
(16 Figs.) January 26, 1606.—This “invention has reference to | 


improvements in the construction of electro-magnets of the pot | 


type, designed for use with alternating electric current, and it has a line joining the pivot of the link / with the Fe passes through 
n 
| 


for object, inter alia, to enable the core of such magnets to be 


energy therein, and so as to render the magnet very sensitive and 


slot, wherein engages a pin on an arm keyed to the shaft a of the 
switch 


the axis of the shaft a, as indicated in dotted 
leminated in a very efficient manner, so as to avoid waste of electric | lid of the box becomes locked when the switch is completely 


quick in action. According thereto, the core of a pot electro- | towards the open position. (Sealed May 16, 1907.) 


magnet comprising inner and outer parts arranged concentrically 
one within the other, so as to leave an annular space between them 
for the reception of the winding of the electro-magnet, and 
magnetically connected together at one part, is, according to this 
invention, ae of a number of sector-shaped iron plates that 
are firmly secu around a central support, the inner and outer 


parts of each plate being connected ther at one end so as to 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


4712. J. G. W. Aldridge, Westminster, and R. ©. 
Gibson, Liverpool. Charging Gas-Retorts. (5 /’igs.) 
February 26, 1906.—This invention for improvements in or relat- 
ing to charging retorts, coke-ovens, and the like, relates to 
apparatus in which a charging-machinecarrying a receiver hopper 


toge 
form a single approximately “]-shaped plate designed to receive a | istraversed underneath a fixed ot supply hopper or bunker from 
eli 


single winding for a single-acting electro-magnet, or they may be | 
connected together at an intermediate part of their length so as | 4 oo = > 


to form an approximately I-shaped plate designed to receive two 
windings to form a double-acting pot electro-magnet like the 
double-acting electro-magnetic devices described, for example, in 

the Specifications of Letters Patent Nos. 2096 and 11,363, of 1904. | 
The armature, or each armature, for an electro-magnet, having a 
laminated core such as above described, may also built up of 
sector-shaped iron plates that are Ormly secured to a disc or holder. 
a and are the inner and outer parts of the laminated pot-shaped 
magnet core arranged concentrically one within the other and 
connected ther at c, so as to form the annular spaces for the 
magnet windings f and /1, the core being formed of a number of 
iron plates that are sector shaped, as seen in plan, and are secured 
arouod a central tubular support g. In this construction of 
double-acting electro-magnet each compound sector-shaped plate 
a, b, ¢ for the magnet core is composed of five stampings. 
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Suples No. 1, which is widest, comprises inner and outer 
longitudinal members a and b joined by cag by an intermediate 
transverse member c; Stamping No. 2 (Fig. 3) is of similar shape 
to No. 1, but the inner member a is of less radial width than that 
of No. 1; No. 3 (Fig. 4) comprises the outer longitudinal member 
b with the transverse member c only ; No. 4 (Fig. 5) is similar to 
No. 3, but the transverse member c is of lees radial width than 
that of No. 3; and No. 5 (Fig. 6) consists of a single outer 
longitudinal member b. Each of the stampings Nos. 2, 3, 4, and 
5 may be cut down from a stamping corresponding to No. 1. The 
inner edges of all the No. 1 stampings may be suitably formed, as, 
for example, with notches A, or it may be with projections, to 
admit of their — correspondingly formed collars, or it may 
be annular recesses, in the central supporting tube g, which may 
be of bras, around which the compound plates are built up. The 
outer edges of all the stampings may be notched, as shown at k, to 
receive suitable binding means to hold the sompeens plates firmly 
in position around the central support g. The binding means may 
conveniently consist of a wire wound round, but insulated from, 
the compound plates, and having its convolutions afterwards 
soldered together. The ends of the longitudinal members a and 
b of the plates may advantageously, as shown, be of truncated 
wedge-shape, so as to form oppositely bevelled faces o and p on 
the Teer and outer portions a and b of the core at each end 
thereof. (Accepted March 6, 1907.) 


25,229. Elektrizitats Aktiengeselischaft, vormals 
Schuckert and Co., Nurnberg, Bavaria. Switch- 
been ~ f Boxes. [2 Figs.) November 8, 1906.—When an 
electric switch is contained in a box provided for enclosing the 

rts which conduct current, the switch may be connected to the 
id of the box in such a manner that the switch cannot be closed 
when the lid is open, and that the lid cannot be opened when the 
switch is closed. In one form of apparatus of this kind, the lid of 
the box is locked when the switch is closed, so that it cannot be 
oo unless the switch is first won gene A opened to unlock 

e locking device ; on the other hand, when the lid of the box is 
open, it must be completely closed before the switch can be moved 
from its open position. This rigorous interpretation of the 
requirement that it should not be possible to have access to the 
interior of the box unless the current is cut off, renders necessary 
somewhat elaborate interlocking arrangements on the shaft of the 
switch and on the inside of the box. The present invention 
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relates to a construction in which the connection between the 

itch and the lid is such that the act of opening the lid opens 
the switch, while the act of closing the switch determines the 
closing of the lid. By a slight v jon in the relative propor- 
tions of the parts, it may be that the box shall be locked 
when the switch is in the closed position. On the inside of the 
hinged lid are lugs v, to which are pivoted links /; each link hasa 


i n and slot connection allows the switch to be 
operated while the box is closed ; as soon, however, as the lid is 
raised, the shaft a is turned, thereby opening the switch. 
versely, when the box is open, the closing of the switch closes the 
lid. By so proportioning the parts that when the switch is closed 


es in Fig. 1, the 
iosed, and cannot be opened until the switch has been turned 


ve to the charging- 
= receiver hopper. Hitherto the charging 
apparatus has nm supplied from a hopper having a single door 
that is opened by the pro ty as it passes into position under 
the hopper, and is closed again by the apparatus as it passes back 
again to the retorts; or the supply hopper has been provided 
underneath, at the places where it is desired to supply the 
movable receiver hopper, with slide-doors that have to be opened 
and shut by hand, either by a single handle mounted on the tra- 
versing apparatus, and automatically engaging with shutters, and 
operated by hand to open or shut, or by separate levers fixed on 
or near to the supply hopper or bunker operated by hand. Now, 
according to this invention, the shutters or doors in the fixed or 
supply hoppers are operated entirely automatically, in such manner 
that as the charging apparatus is traversed to its different positions 
it automatically engages with, and operates, the shutters or doors 
to open and close the same. The supply hopper ais provided with 





slide-doors b adapted to close the openings through which coal is 
delivered to the receiving-hopper d of the charging apparatus. 
The openiogs are arranged mid-way between the retorts, so that 
the charge of coal is delivered to the hopper d as the charging- 
machine travels from one retort to the next. On the under side 
of each door a pin or stud e is fixed, and engages in the slotted 
end of the operating lever f. The lever / is adjustably pivoted on 
a bolt g. The lever / is capable of operating the doors to open 
and close them whilst the charging-machine is travelling in either 
direction. For this purpose, the lever is provided with open-ended 
slots j, j} at opposite ends, which engage with the pins or rollers 
k,k!, supported on suitable brackets on the hopper d of the charging 
apparatus. It will be seen that the inner ends of the levers / are 
each divided horizontally into two branches or arms of unequal 
length, in which the respective slots {1 and j! are formed. As the 
charging machine is traversed along the rails in front of the 
retorts the pin or roller k engages the slot j, and turns the lever / 
about its pivot until the end /!, a upon the pin ¢, has com- 
pletely opened the door 6. At this point the pin or roller k leaves 
the slot j, and when the charging machine has travelled a pre- 
determined dist , which d ds upon the position of the 
roller kl in relation to the roller k, the closing pin or roller k! 
commences to act in the slot j! on the opposite end of the lever /. 
(Sealed May 16, 1907.) 


MOTOR ROAD VEHICLES. 


9104. A. Greenwood and W. D. 8. Brown, Leeds. 
Power-Propelled Vehicles. {3 Figs.) April 17, 1906.— 
This invention has reference to power-propelled vehicles in which 
the rotating members of the motor are duplicated, and in which 
worm-geating is used for rotating the driving axle of the vehicles, 
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so that they are free to revolve independently of one another, 
with the object of dispensing with differential gear. The present 
improvements have ref: toa thod of sup; the 
motors in such vehicles whereby they are free to exercise their 














full power without being prejudicially affected by the shocks or 
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jars to which the motors of vehicles are particularly liable. In 
order to prevent the motor a from receiving the shocks and 
movements to which the axle his subjected, asin cases. where 
motor and axle closely adjoin, and at the same time to prevent 
the loss of power occasioned by mounting the motor on 
the spring-borne frame of the vehicle, employing a ver- 
sally-jointed shaft to allow relative movement between motor 
axle, the motor is suspended from the spring-borne frame i of the 
vehicle by a system of pivots or trunnions rf as near as possible to 
its centre of gravity, and is connected rigi ly with the axle casing 
d by a distance-piece k of considerable length, so that the rotary 
parts are coaxial with the worm-shafte ¢. Thus the movement 
of the axle relatively to the spring-borne frame is restricted to 
the form of an arc described about the axis of the pivot system 
referred to, the radius of the said arc being large in ate 
to ite chord, owing to the distance between motor and axle. As 
a result of this arrangement, the weight of the motor is entirely 
carried by the spring-borne frame t, and the movement trans- 
mitted to the motor by the axle is reduced to a minimum, being 
merely a slight oscillation of the motor about its own centre of 
gravity, at the same time a constant alignment is secured between 
the axes of the rotary parts and worm-shafts. The trunnions j 
are carried by a yoke-shaped carrier provided at its centre with a 
bearing j*, in which the distance-piece k is free to turn. The 
motor @ is, however, rigidly fixed to the distance-piece k, as is 
also the hollow axle h. By this arrangement the motor and its 
connections can oscillate freely about an axis drawn at right 
angles to the axle c, and ng h the centre thereof, 
so that, without any part being strained, the horizontal plane 
of the motor may be inclined to that of the frame owing to the 
inequalities of road surface. (Accepted March 27, 1907.) 


MINING, METALLURGY, AND METAL- 
WORKING 


15,130. W. Crooke, Junr., Middlesbrough, and 
Cargo Fieet Iron 7m . Limited, Stockton- 
on-Tees. Sheet-Metal . duly 3, 
forms of sheet-metal piling have heretofore been = d, among 
which may be mentioned channel sections with which engagement 
between two adjoining sheets is secured by reversing one sheet. 
Another form consists of a flat plate terminating at one edge 
with a bulb or headed section adapted to be received in a corre- 
sponding recess in the sheet next in order, while still further 
forms are adapted to be secured by bolting and riveting. Accord- 
ing to the present invention, it is pro to form sheet-metal 
piling preferably by rolling the metal in such a form that a top- 
plan view would show a corrugation somewhat similar to that 
commonly employed in boiler flues of the Fox type, but with a 
much larger span between the crowns of the arch, from which 
point the ends of the sheet turn downwardly and inwardly so as 
to form a species of hook, one or both faces of which may be 
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rounded. To secure the adjacent ends of two such sheets a con- 
necting or locking piece is employed, the internal configuration 
and ends of which roughly correspond with the hooked ends of 
the sheets which they embrace. Such a construction of sheet 
piling can be readily rolled or cast, producing a light and strong 
piling, and one which without alteration of design enables curves 
and corners to be negotiated owing to the capability of the hooked 
ends for taking varying itions in the locking-piece. In the 
drawing is shown a plan view of sheet piling made im accordance 
with this invention, which, for ordinary purposes, would be made 
from rolled metal, having an eventual thickness of about 4 in. for 
a sheet, say, 20 in. long, with a depth of curvature of a little over 
2) in. between outside surfaces, although these sizes can be varied 
within wide limits, depending upon the stress the piling is 
intended to resist, and the weight per square foot of surface it is 
desired to give the finished sheet A and the locking-pieces B. 
(Accepted March 27, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
1924. C. E. Jeffcock and W. H. Yardley, Sheffield. 
P . [4 Figs.] January 25, 1907.—This invention relates 
to improved packing for piston-rod or the like stuffing-boxes, the 
packing being designed to be usable with the ordinary type of 
gland and neck-ring, and being less expensive, more sensitive to 
sideway movement of the piston-rod, and more resilient than the 
forms of metallic posking usually employed, and withal er J 
aque of withstanding high steam or other fluid pressure wit! 
only a moderate forcing in of the gland. The improved packing 
is characterised by the combination of a ring or rings of anti-friction 
metal of less diameter than the stuffing-box, and a co-acting elastic 
ring or rings made of india-rubber treated, in known manner, so 
as to be unaffectable by heat or steam (hereinafter called ‘‘ compo- 
rings”) and fitting the stuffing-box. All such rings fit the piston- 
rod, and are located so that each anti-friction ring is supported in 





an independent floating manner oy a compo-ring, and each anti- 
friction ring having a coned seating ada to act against a coned 
seating of a gland neck-ring or otuer ring fitting the stuffing-box, 
but not fitting the piston-rod. c represents the anti-friction rings, 
each of which has a coned face v! and a square face c2, and is 
turned to the piston-rod diameter, but so as to leave a e 
between its outer Lor mg and the stuffing-box, and is made in 
separate sectoral ons, a8 shown in Fig. 2, to facilitate its 
application and removal, and to enable it to accommodate itself 
to the piston-rod as wear takes place. d represents the compo- 
rings, each of which has square faces d!, and is made to fit the 
piston-rod, and. is cut angularly, as shown at d2, Fig. 3. 
metal ring, preferably of brass or the like, which is turned to fit 
the stuffing-box, but so as to leave a one between its inner 
periphery and the piston-rod. (Accepted March 6, 1907.) 

9124. J. Hallett and G. Halliday, London. Steam 
Boilers. [8 Figs.) Gy oe 17, 1906.—This invention consists of 
improvements in steam boilers of the type wherein a number of 
steam-generating elements traversed by flue tubes are arranged 


eisa a 


above a furnace and are connected at the top to one or more 
and water vessels, and it has for objects to construct steam- 
peneaation: elements of this kind in such a way as to enable solid 
mpurities to be readily deposited from the water, and to enable 
the flue-tubes of such el its to be d in a simple and 
effective manner, 80 that they can be readily removed when re- 
quired for inspection, cleaning, or other purpose, and be readily 
re} steam-g ting el comprises a water- 
chamber a that is narrow in comparison to its height and length, 
and has an outlet opening at its upper part and an =p ceegy 
either at its upper part or at its lower part. The end ions of 
the water-chamber are er than its intermediate portion, so 
that when the elements are placed together sideways the end 
portions of each adjacent two fit closely together and leave 
tween the int diate portions of the adjacent elements an 
upwardly extending flue or space e. The opposite sides of the 
intermediate portion of each steam-generating element are. corru- 
wated so as to form alternately-arranged horizontal ridges / and 
grooves g, the outwardly-extending ridges f being of circular 
shape in cross-section and of larger radius than the inwardly- 
extending grooves g, so that (asseen in cross-section) the chamber 
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(92H 
appears to consist of a number of horizental tubular parts which 
are arranged one above another, andof which e intermediate 
one is in free communication with the one above and below, so 
that sediment can freely fall to the bottom of the chamber. In 
the example shown, the ridges £ and grooves g of a chamber are 
respectively ite to grooves g and ridges f of an adjacent 
chamber, so that the flue e between the two chambers is of si 
shape in an upward direction. The side walls of each chamber 
are, of course, braced together at intervals, to enable them to 
withstand the internal pressures and the heat to which they are 
subjected. Each steam-generating element further comprises 
flue-tubes A arranged one above another and extending through 
the chamber a more or less parallel to the top and bottom of the 
chamber, and secured directly or indirectly to ite end walls. The 
steam-generating elements are arranged side by side within a 
casing uv and above a firegrate v, with their upper and lower ends 

lined to the hori the inlet openings being at their upper 
ends and at a lower level, than the outlet openings, and connected 
by bs ca w to the bottom of a steam and water vessel z arranged 
horizontally above them, and the outlet openi being ted 
at a point above the bottom thereof. 











by pipes z tothe drum z 
(Sealed May 9, 1907.) 
Hanover, 


engeselischaft, Lind: 

ear » Germany. Water-Jet Condensers. 
(2 Figs.) January 31, 1907.—Water-jet condensers have hitherto 
generally been constructed in such a manner that the steam has 
access to the water jet through a number of openings in the wall 
of a tube surrounding the jet, and is able to into the tube 
uniformly throughout the length thereof. This practice is defec- 
tive in that where the water jet issues from the tube the tem- 

















perature of the water is such that it cannot in a given time con- 
lense a mass of steam equal to that which it could condense 
at the other end of the tube. It follows that when steam is ad- 
mitted into the tube uniformly over the length thereof, steam may 
easily be left uncondensed, and escape in this condition from the 
tube ther with the water. This tends to scatter the jet and 
render it less able to overcome the resistance it meets in issui 
from the tube. According to the present invention, this objec- 








tion is overcome or minimised by constructing the passages for 


the steam iuto the tube so that their cross-rection gradua\) 
diminishes in the direction of the passage of the water jet ; in this 
manner the quantity of steam to be condensed in the neighbour- 
hood of the where the jet issues from the tube is smaller 
than at the other end of the tube. The water jets traverse the 
conically-shaped tube a, which is composed of separate nozzie. 
shaped pieces b, each having internal ribs, which support the pre- 
ceding nozzle. In this manner there is formed what is practically 
a conical tube; at the periphery of which are annular channels, 
interrupted only by the said ribs, The cross-section of the annular 
channels diminishes correspondingly with the conical form of the 
tube a, in the direction of the passage of the jet. (Seuled 


May 9, 1907.) 

Actien Brown, Boveri, and 
Co., Baden, 8S d. Steam-Turbines. [1 ij.) 
June 7, 1906.—This invention relates to improvements in steam- 
turbines of the axial-flow type. The efficiency of multiple-step- 
pressure-flow turbines depends to a iderable extent on the 
clearances between the blades and the carrying members. The 
clearance losses, however, take place chiefly in the high-pressure 
part of the turbine, where the blades are short and the proportion 
of the clearance to the blade-length is greatest. This proportion 
can be reduced by increasing the length of the high-pressure 
blades and running the turbine at higher speed ; if this is done, 
however, the. low-pressure blades exceed the length practicable 
for convenient manufacture and safe working. The object of the 
invention is so to arrange the turbine on one shaft that the 
advantages obtained by lengthening the blades in the high- 
pressure part of the turbine may be obtained without the dis- 
advantages resulting from excessively long low-pressure blades, 
The invention consists in a turbine in which the steam flows 
through the high-pressure turbine in one direction only, and is 
then delivered in parallel to low-pressure turbines which are 
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mounted on the same shaft, and disposed so that the steam 
flows through the low-pressure turbines in opposite directions, 
and thereby balances them without requiring dummy pistons, 
and whereby with a comparatively high speed of rotation longer 
high-pressure blades may be used, the ratio of clearance to blade 
length being thereby reduced, and at the same time the length of 
the oo blades may be kept within convenient limits. 
H is the ae pe part of the turbine and N the low-pressure 
part, the high and low-pressure parts being in this construction 
within a single casing. The low-pressure part of the turbine is 
divided into two sections or groups of blades, G! and G2, The 
steam delivered from the high-pressure part at A is divided, one 
portion of it flowing directly through the section G1, and the 
other part through openings into the interior of the drum, and 
thence through the other section G2 in the opposite direction to 
that of ite flow through the section Gl. The steam from both 
sections G! and G2 is delivered into a common chamber C leading 
to the condenser. Both high and low-pressure parts of the turbine 
are mounted upon the same shaft, and the low-pressure portions 
balance each other, so that a dummy piston is required in the 
high-pressure portion only. (Sealed May 9, 1907.) 


15,396. J. Hopkinson, R. Kilburn, and J. Hopkin- 
son and Co., Limited, Huddersfield. Self-Closing 
Valves. [3 Figs.) July 6, 1906.—This invention relates to 
valves of the kind which close when there is a sudden drop of 
pressure on the egress side of the valve, such as that which 
results, for example, from a burst pipe; and the invention has for 
its object to provide a novel, simple, and efficient valve of this 
kind. Forthe purposes of this invention, a valve of the non-return 
type, combined witha piston suitably connected to the valve, and 
working in a qtnbted cuather arranged in line with, and under 
neath, the valve-seat is employed. A is the valve-casing, B 
the valve, C the valve-seat, D the piston connected to the valve 
by a spindle E, and F the cylindrical chamber in which the 
piston D works. It is larger in diameter than the thoroughfare 
through the valve-seating, and its upper end is in free communi- 
cation with the ingress side of the valve-casing. The lower end 
of the chamber below the piston is in communication with the 
egress side of the valve-casing by means of a port G which is 
nearly, but not quite, closed by the piston when the latter is in 
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its lowest position, but is fully open when the valve is open. The 
weight of the valve and piston is balanced or —— in the 
arrangement shown by means of an outside lance-weight 
mounted on an arm fixed on the outer end of a rotary spindle N. 
The action is as follows :—When the valve B is open and passing 
steam or other fluid, the piston D is in equilibrium of pressure by 
means of the fluid — the lower part of the chamber F 
beneath the piston through the port or passage G from the 
egress side of the casing ; but should a sudden drop of pressure 
take place—due, say, to the bursting of a pipe on the egress side 
of the valve—the steam or fluid underneath the piston becomes 
more or less exhausted by the outrush, and the preponderance of 
pressure above the piston then forces the latter down, and thus 
closes the valve and retains it in the closed position. A by-pass 
R leading from the ingress side of the casing to the space beneath 








the piston, and controlled by a valve operated by a wheel T, is 
provided, whereby the steam or fluid can, when required, be 
admitted beneath the piston to place the piston in equilibrium 0: 
pressure, whereupon the valve B will open. (Sealed May 10, 
1907.) 
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THE CORRUGATION OF RAILS. 


In discussing the phenomena in connection with 
what is now popularly known as ‘roaring rails” 
some months ago,* we promised to return to the 
subject in order to place before our readers infor- 
mation which might aid in enabling some definite 
conclusion to be arrived at as to the cause of the 
inequalities which from time to time develop on the 
surface of rails. We have now the satisfaction to 
describe some admirably-conceived and instructive 
investigations which have been carried out on the 
North-Eastern Railway by Mr. W. J. Cudworth, 
the chief engineer of the southern division, who, in 
some of the research work, has had the assistance 
of Mr. Wilson Worsdell, the chief mechanical engi- 
neer. It may be said at the outset that the results 
are not conclusive, but they are nevertheless sug- 
gestive. The observations made, extending over 
fourteen years, indicate the same diversity as to 
possible causes which we referred to in our previous 
article, and which renders so difficult any attempt 





at deduction. It would seem, however, that the 


conditions or locality influenced the result, but it 
was found that the distribution of affected rails was 
too extensive for such an interpretation to be placed 
on the phenomena. Later it was discovered, from 
the record of all rails affected, that the composition 
of the metal, the smelting, or the process of manu- 
facture did not account for their peculiar condition. 
Rails of metal produced by the acid or by other 

rocesses proved ‘‘ roarers” or ‘* non-roarers” 
indiscriminately. Rails of which hematite or 
Cleveland iron formed the constituent elements 
gave similarly varied results. Neither curved nor 
straight lines, nor hard or soft ballasting, were found 
to influence the question. On some lines—notably 
on the Malton and Thirsk branch—some rails were 
found with fairly regular knobs of considerable 
height over only one-half of the length of the rail ; 
the other half, which obviously must have been of 
the same metal and process of manufacture, and 
subject to the same traffic conditions, was not 
affected. The rails on this branch are 90-lb. bull- 
headed section, and have been in use over sixteen 
years, and laid on furnace-cinder ballast in a lime- 
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Fig. 2. PLOTTING OF LOADS & INDENTATIONS OF ROARING & NON-ROARING RAILS. 
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raised patches or knobs on the surface of the rails’ 
may be produced by mechanical action due to the 
vibration caused by the passage of wheels over 
them, similar to what is known as ‘“‘ chattering in 
the lathe,” and that this action has most effect on 
falling gradients, when the steam is shut off and the 
engine running free, and probably on rails of a 
considerable degree of hardness. This view, how- 
ever, must not be accepted as fully established. 
The attention of the authorities on the North- 
Kastern Railway was first directed to the question 
in 1893, when it was noticed that great noise was 
occasioned by the passage of trains over some parts 
of the Bramhope Tunnel, and in searching for the 
cause these knobs or inequalities were discovered, 
and were found to be the cause of the noise. 
The work of an engineer on a railway, however, 
is absorbing, and thus little opportunity arose of 
carrying out a definite course of research to ascer- 
tain the cause. As a consequence of the growing 
interest in the subject, however, Mr. Cudworth 
decided some months ago to make a more or 
less careful inquiry into it. This inquiry was first 
directed to ascertaining whether special track 








* See page 422 ante, 


stone rock cutting. Being a single line, the 
traffic is in both directions, and the volume is 
very slight. In other cases the modern section 
of 90-lb. rail is equally affected with the 82-lb. 
double-faced rail. As we have already mentioned, 
irregularities were found more prevalent in the case 
of falling gradients, but they also existed elsewhere. 
Another fact that is, perhaps, more or less new is 
that on the North-Eastern Railway there has not 
been a single case of the fracture of a ‘‘ roaring” 
rail. Some of the rails which were found very 
irregular on the surface were lifted from their 
original position, and relaid in the York shuntin 
yard, where in eight months they were groun 
perfectly smooth. As an indication of the character 
of the irregularities, we give in Fig. 1 a plan of 
the surface of a typical ‘‘ roaring” rail showing the 
knobs. The height of these knobs above the sur- 
rounding depressions averages about 0.25 milli- 
metre. A photograph of a good example of a “‘ roar- 
ing” rail is also reproduced in Fig. 12 on page 767. 
As observations afforded no definite clue to the 
conditions under which the irregularities were set 
up, it was decided to enter upon a careful series of 
tests and microscopical observations ; and although 
the results do not offer a solution, they negative 
some hypotheses and may suggest further experi- 





ments. Mr. Oudworth took up from prominent 
parts of the line eight rails which were noted 
‘*roarers,” and from nearly the same position, 
and with the same history, eight rails i 

as “quiet.” These sixteen rails were subjected 
to a series of tests to determine their degree of 
hardness, their tensile strength, and their mole- 
cular structure. We are indebted to Mr. Cudworth 
for enabling us to publish unreservedly the complete 
results. 

In Table I., on page 765, there is set out a complete 
record of each of the sixteen rails, and it will be seen 
that these are arranged in couples, each couple as a 
rule having the same origin, the same age, and the 
same duty, and representing a ‘‘roarer” and a 
‘**quiet” rail. Photographs of each of these six- 
teen rails are reprod in Fig. 3, on page 764, 
and for more convenient reference we give in 
proximity to each rail the result of the analysis. 

The tests, which were carried out for Mr. Cud- 
worth by Mr. Worsdell, were first directed to 
ascertain the degree of hardness. This was the 
usual knife-edge test, and the results are seb out 
in the diagram, Fig. 2, which shows graphically 
the depth, in fractions of an inch, of indentation 
due to a given load in tons per inch width of knife- 
edge. In this diagram each rail is represented by 
the letter and number corresponding to those in 
Table L., and on the rails in each of the illustra- 
tions. The “‘ roaring” rail is shown in Fig. 2 by a 
thick line, and it will be noted that the ‘‘ roarer”’ 
in each pair proved harder than the ‘‘ quiet” rail, 
with the exception of C1. Thus the knife-edge, 
loaded to the same extent (14 tons per inch width 
of edge), entered 0.05 in. into the “‘ silent” rail A 4. 
as compared with only 0.045 in. in the ‘‘roarer.” 
With an increased load on the knife-edge the result 
was the same. Bl, a ‘‘roarer,” for instance, 
was entered only 0.085 in., whereas B 4, a ‘‘silent” 
rail, was entered 0.100 in. for a load of 20 tons 
per inch width of the knife-edge. 

In Table I. the degree of hardness is recorded on 
the Unwin scale, and here it will be seen that in 
almost every case, there being only one exception, 
the ‘‘roaring”’ rail is harder to a varying extent, D1 
and D2 and B1 and B4 being the most pronounced 
cases, the difference in these instances bein 
respectively 67 and 57. The exception is C1 an 
C 4, where the ‘‘ quiet” rail represented a hardness 
of 236 on the Unwin scale, as compared with 210 for 
the ‘‘roaring”’ rail. Other and more recent obser- 
vations, to test this point, were made on a “‘ roar- 
ing” rail taken up from another part of the line, 
and this showed that the average hardness of the 
projections—this time on the Brinell scale—was 
282, and of the depressions 227, the side of the rail 
representing 183. The fact that the hardness on 
the side of the rail was uniform from node to node 
suggested to one of our best-known metallurgists 
that the metal was not at fault. 

From the top and bottom of each of the sixteen 
rails previously mentioned there was cut a test- 
piece 1 ft. long by lin. by lin., andin Fig. 5, page 
766, the test-pieces cut from the top are shown, the 
numbers on the test-pieces again corresponding with 
the numbers on the rails, Fig. 3, and on Table I., 
while Fig. 4 shows appearance of fractures. Fig. 5 
shows where fracture took place and indentation 
marks. It also shows the holes from which drillings 
were taken. The drill-marks on Fig. 5 are due to 
the material taken for chemical analyses. Each 
test-piece cut from the bottom of the rail was turned 
to $-in. area, as were also the test-pieces cut from 
the tops of the rails marked A 1, A2, A3, and A 4, 
The pieces cut from the tops of the remaining rails, 
those marked B, ©, and D, and Nos. 1 and 2, were 
slotted instead of being machined, in order to 
ascertain how the hard knobs would behave under 
tensile strain. 

After pulling, the softer metal between the knobs 
was reduced to smaller section than the harder 
metal where the knobs existed; and in nearly 
every case the fracture occurred in the softer 
metal between the knobs. In the case of the 
section B 2 of Fig. 5, marks Nos. 1 and 3 are 
placed opposite the soft depression between knobs, 
and at these points the area was reduced to 0.344 in. 
and 0.447 in. cr preeere while the section across 
the knob, or hard portion at No. 2, was 0.485 in., 
tapering down to 0.465 in. at a distance } in. below. 
From this point the section was uniform along the 
whole of the under side of the test-piece. which 
would suggest that this rail, at all events, had not 
a uniform hardness throughout. This increased 





reduction of section between the knobs was found, 
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in a more or less degree, in all the ‘‘ roaring” rails 
after the pulling tests. 

The actual results of the tensile tests are set out 
in Table I. It will be noted from this table that 
the ultimate stress is, in the case of ‘‘ roaring” 
rails, somewhat higher, with two or three exceptions. 
There is some variation in the elongation. 





| **quiet” rail, is high in sulphur. C3, a ‘‘ quiet” rail, is 
low insilicon, and D 2, a ‘‘quiet” rail, is lowinearbon, 
silicon, and manganese. For convenience in com- 
parison, we have (in Fig. 3) placed the letter H 
after the analysis to signify where the proportion 
' is regarded as high, while the letter L suggests that 
the proportion is low. We fear the analyses do 


Leeds Northern, Down. | Leeds Northern, Down. Leeds Northern, Down. | Leeds Northern, Down. | York & Darlington, Up.| 


Age, 20.58 yeara. 
Bolckow, Vaughan, & Co. 
(Monkton Moor.) 
Falling gradient. 


Age, 20.58 years. 
Wilson and Cammell. 
(Monkton Moor.) 
Falling gradient. 


Age, 20.58 years. 
Bolckow, Vaughan, & Co. 
(Monkton Moor.) 
Falling gradient. 


Age, 20.58 years. Age, 9.66 years. 
Wilson and Cammell. Bolckow, Vaughan, & Co. 
(Monkton Moor.) (York.) | 


Falling gradient. Water works. 


Main line. Muin line. Main line. Main line. | Main line. 90 Ib. 
Ps 2 P -075 P -057 P -051 P -036 
8 .040 8 .120 (H) 8 .060 8 .070 
Oo .270 (L) Cc -450 Cc .850 © .440 Cc .350 
Si -055 Si -042 8i .078 Si .034 (L) Si .147 
M ..  .760 M-.. .930 M .. 1.220 M.. .950 M .. 1,040 
I .. 98.827 I - 98.383 I - 98.235 I .. 98.455 I . 98.407 
Softer than C 4. Harder than C 1. “# Harderthan D2 (Q rail) 
Roarer. Quiet. Rowrer. Quiet. Roarer. 


- eA 





It was next decided to consider whether the 
hard places might be due to a want of homogeneit; 
|in the steel, and particularly to a segregation 6! 
manganese. Drillings were taken from hard ani 
soft places in various *‘ roaring” rails. The cases 0} 
Aland A2aretypical. The results of the analysis 
of the metal taken from the knob or crest of th: 


Same as D 1. York & Dariington, Up.’ Same as No. 1. 
Age, 22 years. 
Wilson and Cammell. 
(York.) 
Water works 
Main line. 
P .048 P .036 P -046 
B os .030 8S 029 ax -060 
C .. .330(L) 2 .380 Cc -450 
Si .031 (L) Si .122 Si .083 
M ... .610(L) a 1. BD M 1.080 
I. « CG I .. 98322 | I - 98.281 
Hard as No. 2. Hard as No. 1. 
Quiet. Roarer. Roarer. 

















Roarer Quiet. Roarer. Quiet. Roarer. Quiet. Roarer. Quiet. 
Harder than A 4 Pest analysis. Harder than A 4 and Harder than B 4 and} Harder than B 4, 
tnd A 3 (Qt rails) A 3 (Qt rails). | B3(Qt rails). | B3, C2, and No. 1. 
me . | Meth: NARA ESE 
P .050 P .036 P .036 P .042 | Boa. -4 Pp .103 (HB) P .046 P .136 (H) 
S .. -020 8 -030 8 -030 8 030 } 8 020 8 -030 8 150 (H) s 080 
© ‘as ** ae | Cc 480 Cc 580 Cc .470 | Cc .400 Cc -320 (L) Cc .530 oC -310 (L) 
Si .063 Si... 051 Si -046 Si 046} Si .130 Si .. .055 Si -106 Si .022 (L) 
M .. 1.510 M .. 1.160 M 1,320 M 1,110 | M .. 1.420 eco -710 M 1.010 M 630 (L) 
I... 97.657 I .. 98.243 I .. 97.%88 I 98 302 I ,. 98.304 .. 98.782 I £8,158 I . 98,822 
Leeds Northern, Up. Same as Al. Same as Al, Same as Al, Nidd Valley Branch. Same as B1, Nidd Valley Branch. fame as b 2. 


Ave, 18.75 years, 
Bo.ckow, Vaughan, 
and Co, 
(Ripon.) Main line. 


The analyses in connection with each rail are also 
included in Table I., and are further given along 
with the illustrations of the rails (Fig. 3). These 
analyses appear very good, that of the rail A4 
being perhaps the best. B 4, a ‘‘ quiet” rail, is high 
in phosphorus, but low in carbon ; B 2, a ‘‘ roarer,” 
is high in sulphur. B3, a ‘‘quiet” rail, is high in 


phosphorus, and low in carbon, silicon, and man- 
ganese. 


C1, a ‘‘ roarer,” is lowin carbon ; C4, a 


Single line. 
Age, 19.83 years 
Darlington Steel and 
Iron Company | 
(Darley). 
Branch line, Single. 


Fie. 3. 


not lead us to any definite result, as the same varia- 
tions seem in the chemical analysis to have applied 
in some cases equally to ‘‘ roaring” and ‘‘ quiet” 
rails. But on comparing the ultimate stress, hard- 
ness, and analyses of Al with A4, A2 with A3, 
B1 with B4, and so on, through the paire of 
‘‘roaring” and ‘‘ quiet” rails, it is found that the 
‘‘roarer” is harder than the ‘‘quiet”’ rail, with the ex- 
ception of C1, a ‘‘roarer,” which is softer than C 4. 





Single line. 
Age, 19.83 years. 
North-Eastern Steel 
Company. 
(Darley). 
Branch line. Single. 


ridge, and from the depression, showed practically 
no variation in composition. The results are set 
out in Table IT. 

Sections were next taken from B1 and D1, 
which are ‘‘roaring” rails, and from D 2, which is a 
‘‘ quiet” rail, in order to secure micro-photographs. 
These are reproduced at 66.6 diameters on page (67. 
Figs. 6 and 7 show micro-photographs of the surface 
and of the vertical longitudinal section respectively 
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THE CORRUGATION OF RAILS. 


(For Description, see Page 763.) 
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LITERATURE. 


The Navy Annual, 1907. Edited by T. A. Brassey, 
A.I.N.A. Portsmouth: J. Griffin and Co., 2, Hard- 
street. [Price 12s. 6d. net. ] 

Brassey’s Annual has, in its twenty-five years of 

publication, become a complete and standard naval 

reference-book, but it also meets the further im- 

portant desideratum of a periodical review of naval 

progress. There are this year, as always, con- 
tributions on many questions affecting matériel and 
strategy by writers of recognised repute, and by 
others whose names are not given. In all cases 
there is convincing proof of full knowledge and 
discrimination on the part of the authors. Indeed, 
there is this year not a single instance of that 
ex parte or extreme treatment of controversial 
subjects which has at intervals, although rarely, 
characterised some previous memoirs. It must not, 
however, be assumed that there is any lack of 
independence in the expression of views ; the con- 
trary is rather the case, and thus we have in many 
instances both sides of a case argued with vigour, 
but in a judicial spirit. There are, however, one 
or two remarkable variations in fact which it is 
difficult to explain away. Thus the editor, on 
page 5, says that the “‘armament of the Dread- 
nought has not been generally copied,” while on 
page 131 Lord Brassey states that the decision 
taken by the Admiralty to lay down ships of the 

Dreadnought type is confirmed by the adoption of 

a similar type by all the maritime Powers. An 

analysis of new battleship work by practically all 

the Powers indicates that, excepting France alone, 
the principle of the one-calibre gun for the primary 
armament is now universally accepted. 

One misses this year, with considerable regret, 
the masterly articles which have been published in 
some previous volumes on progress in armour and 
ordnance—an omission which is no doubt due to 
the desire of the Admiralty to secure a closer 
secrecy. Prima facie, secrecy, especially in naval 
affairs, has advantages; but it is as difficult 
for the ostrich to conceal itself by burying its 





head in the sand as for the British A miralty | ing the enemy from succeeding in any of his tactics. 








to build and launch ships of war without the public, 
and especially our foreign friends, knowing all that | 
is necessary for strategic reasons regarding such | 
vessels. As the anonymous author of the article | 
on ‘‘ British Shipbuilding Programmes” points out, 

‘*from the nature of the case, after a warship has | 
been laid down, information as to the details of | 
design must be in the hands of many persons, and | 
can be procured by those who attach importance to 
its acquisition ” (page 64). But a still more striking 
commentary is a remark by Mr. Percival A. Hislam 
in his article on ‘‘ The Strategical Features of the 
North Sea.” In the course of a recent visit he 
made the acquaintance of a petty officer attached 
to the Wilhelmshaven torpedo division, and ‘‘ by 
him was given a perfectly accurate list of the guns 
mounted on the Thames Mouth defences, together 
with their angles and rates of fire. In addition to 
this, the sailor knew the exact position of all the 
moorings in Sheerness Harbour, and which were 
generally used by the various classes of ships. 
This intimacy of acquaintance with the questions 
affecting torpedo attack is universal throughout that 
branch of the German Navy ; and it must be ad- 
mitted that in war Germany would have no hope 
of success but in delivering a surprise attack upon 
whatever ships might be lying in Sheerness Har- 
bour” (page 124). Can it be assumed in the face of 
this and other evidence which might be quoted that 
the degree of secrecy assumed by the Admiralty 
can be maintained? Our success in war must 
depend on our knowledge, not only of the matériel 
of our enemy, but of his probable scheme of tactics. 
As Admiral Sir Cyprian Bridge so logically con- 
tends in his recently published admirable book 
on ‘‘The Art of Naval Warfare,” a navai war is a 
trial of human wits, and success requires the anti- 
cipating and checkmating of the intuitive skill and 
continuous energy of the enemy. [If it is our busi- 
ness to know all about foreign navies, is it not 
equally their business to know everything about 
our naval policy ? Consequently, in the future the 
maintenance of our supremacy must depend largely 
on the tactics and skil of our officers in utilising 
the best material at their disposal, and in prevent- 





Secrecy is but a bruised reed, a snare which has the 
disadvantage that it checks that rational and intelli- 
gent criticism indispensable to efficiency. 

Navy progress, as reviewed in the ‘* Navy 
Annual,” may be divided into matériel and strategy. 
They are indivisible. Moreover, it may be con- 
tended that there can be no progress in strategy, 
the principles of which are unalterable. But the 
continuous study, academical and experimental, of 
strategy leads, at least, to progress in our know- 
ledge of the experience of the past, which is alone 
the surest guide to action in the future, as well as 
to the provision of matériel. There is a tendency 
on the part of some writers to assume that the pre- 
sent Admiralty attach too little importance to the 
study of war, and we are glad to note that one of 
the anonymous writers has much to say of a com- 
mendatory nature on the development of the War 
Course College at Portsmouth (page 145). Again, it 
was undoubtedly the study of battle practice, and 
of the tactics of Admiral Togo, which induced the 
Sea Lords to evolve the armament of the Dread- 
nought. All are agreed on the importance of con- 
centration of fire in battle, but some believe that 
this can quite as easily be achieved by a fuller dis- 
persion of armaments than on the Dreadnought 
principle. This latter view is seductive. It en- 
enables a larger number of ships to be built, 
although not quite for the same expenditure per 
unit of armament. Lord Brassey, in his charac- 
teristically reminiscent article, still leans in this 
direction, although not to quite the same extent as 
formerly. With him are several other experienced 
naval writers. But, on the other hand, there is 
the corroborative action of other Powers. Is it not 
somewhat puerile to contend, as some writers do, 
that this almost universal acceptance of British 
policy by other Powers is due to the influence of 
fashion? Similarly, the study of war precedents 
and possibilities has influenced our cruiser pro- 

amme. 

It is for the Government of the day to deter- 
mine our position in international politics. Their 
reading of the horoscope must influence tactical 
considerations, and therefore the provision of 
matériel. As Mr. Hislam points out, “to the 
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MICRO-PHOTOGRAPHS OF CORRUGATED AND SMOOTH RAILS. 
(For Description, see Page 763.) 


Fic. 7. Verticat Lonettupinat Section. 
**Roarine” Ratt B1 (66.66 Diameters). 





Fie. 9. Verticat LonerrupmnaL Section. 
**Roarine” Rar D1 (66.66 Diamerers). 





Fic. 11. Verticat LonerroptnaL Sxcrion. 
“‘Quret” Rar. D2 (66.66 Dramerers). 
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iajority of the inhabitants of these islands there 
is to day but one naval Power besides ourselves— 
‘sermany; but one fleet to be dealt with—the 
Aktive Schlachtflotte ; and but one possible scene 
' naval conflict—the North Sea” (page 112). 
Germany has herself proclaimed the fact, and there 
is no longer any need to ignore it in the interests 
of international amity or delicacy of feeling. The 
redistribution of the Fleet, as well as the drafting 
of shipbuilding programmes and particularly our 
cruiser strength, must be examined in the light of 
this fact. As regards the former, the same writer 
points out (page 119) that when the present scheme 
of redistribution is completed in May, 1908, 86 per 
cent. of the battleship strength of the British Navy 





Fic, 12. 


will be concentrated in or near home waters. In 
full commission there will be in the Channel, At- 
lantic, and Home Fleets twenty-six battleships and 
fourteen armoured cruisers, while the German active 
battle fleet at the same date will consist of eighteen 
battleships and possibly five, but probably only 
three, armoured cruisers. The Nore division of the 
Home Fleet, consisting of six battleships and six 
armoured cruisers, together with the destroyer 
flotillas at Sheerness and Dover, would be sufii- 
cient to deter the German Fleet from running 
the gauntlet of the Straits and breaking into 
the Channel. Even if they eluded this fleet, 
there are still the Portsmouth and Devonport 
divisions, and, finally, the Channel Fleet. With 





another fleet, having its base off the North of 
Scotland, or with the Home Fleet hanging on 
to the German Fleet until a superior force 
arrived, the Kaiser’s squadron could be confined 
within, or be prevented from escaping from, the 
North Sea, an area of 240,000 square miles. The 
British Fleet, with its preponderating power, should 
then easily drive the enemy back into his ports. The 
North passage is, like the Straits of Dover, nominally 
open ; but its navigation is a matter of extreme 
difficulty, owing to the heavy currents, and it is 
significant that the Channel Squadron this summer 
will cruise in Northern waters and visit various 
anchorages as far north as the Orkney and Shet- 
land Isles. Mr. Hislam advocates the discarding 
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of Rosyth as a naval base. Since the substrata is 
soft and silty, offering but poor foundation for 
docks, &c., it will not be surprising if the scheme 
ultimately carried out there is an insignificant one in 
comparison with the original scheme. This writer, 
on the other hand, contends in favour of Sheerness. 
Its situation—280 miles from the nearest naval 
port on the German coast—with a torpedo fleet at 
Dover, confers considerable advantage as a striking 
base for a fleet action or for a movement in the 
flank of the communications of a raiding force. 
The fortifications are satisfactory, and there is 
easy communication with Chatham, Woolwich, and 
other sources of supply. One drawback is the 
bank, which limits the draughts of ships entering 
the harbour at low tide to 21 ft., but this could 
easily be removed by suction-dredgers at small cost, 
and with the provision of two or three floating- 
docks the conditions of strategists would be fairly 
met, 

Since operations may thus be confined to the 
North Sea, the area to be covered by scouts is 
limited. It is true that difficulty may arise owing 
to the suggestion that Germany is endeavouring— 
with the assistance, voluntary and otherwise, of 
Denmark—to neutralise the waters of the Baltic, 
which would thus become a convenient repairing- 
ground, if not also a refuge, for the German fleet, 
with access by the North Sea Canal. We fear that 
it would be as easy to restrain fighting dogs by 
singing a hymn as to keep a British admiral from 
pursuing an enemy’s fleet into the Baltic, even 
although it had been declared by two Powers to be 
prohibited ground. Again, as regards the protec- 
tion of commerce, the attack would probably 
be within the confined area, and therefore our 
existing fleet of protected cruisers is considered by 
some quite adequate. But even so, Mr. James R. 
Thurstield, who again reviews last year’s Naval 
Manceuvres in his usual vivid and illuminating 
style, comes to the conclusion that the destruction 
of commerce in the face of a hostile command of 
the sea would probably be found, in actual war, a 
much more difficult business than the manceuvres 
made it appear, and that the risks involved are not 
likely to be greater than could be covered by in- 
surance, if only owners and underwriters could be 
induced to keep their heads (page 99). He might 
also have included in this last phrase the daily 
Press, which could have a considerable influence in 
maintaining a calm public opinion. 

As regards matériel, there is complete informa- 
tion as to progress in this and other countries, with 
the exception, as we have already indicated, of 
armour and armament. Time and again we have 
illuminating sidelights on the advance of the sub- 
marine craft and its undoubted potentialities for 
offensive action. Mr. John Leyland reviews the 
French naval manceuvres from data which he 
acknowledges as from the pen of that experienced 
and lucid writer M. C. Pierreval, a distinguished 
officer of the French Navy, who contributes to that 
‘‘admirable journal, the Moniteur de la Flotte.” 
This review makes it clear that the success of the 
submarine was a brilliant one, and proved that 
the French officers had gained great skill in their 
methods of approach. It has been said that a ship 
menaced may either steam away or attempt to run 
down the submarine ; but Admiral Fournier in his 
remarks on the manceuvres points out that the 
latter would be a very risky procedure.. The peri- 
scopes of the French boats, and the skilful manner 
in which they are used, enable skilled ofticers 
to approach with great success, and in many in- 
stances he says they would have held ships they 
approached at their mercy. The passage of a 
torpedo from a submarine boat is much better 
assured than from a boat on the surface, tho 
submarine suffering little from the influence of 
waves, The admiral cons:ders that it would be im- 

ssible, save in exceptional circumstances, for 

ttleships to undertake operations near the coast, 
and that a truly mobile defence by means of large 
submersibles would make the disembarkation of 
troops impossible. The admiral still regards the 
battleship and the submarine as complementary to 
each other. Mr. Leyland also, in referring to the 


boats cost little in money or in lives in the event 
of their loss, and are yet of very great fighting 
power. 

As to the remainder of the shipbuilding pro- 
gramme the various writers in the ‘‘ Annual” 
seem to be satisfied. Mr. Leyland, however, very 
properly contends in favour of the Admiralty 
taking Parliament and the public more fully into 
their confidence, and in stating clearly in the esti- 
mates the particulars of ships which Parliament is 
asked to authorise. This is done in America and 
other countries, and has certain advantages, as it 
enables Parliamentarians who have knowledge of 
naval construction to give expression to their 
views. An occasional suggestion of value would 
more than counterbalance the supposed advantage 
from the degree of secrecy which may be attained. 

We are not, however, at one with Mr. Leyland in 
his other contention, that the Admiralty should on 
all occasions ask the minimum programme, with the 
proviso that should the action of foreign Govern- 
ments necessitate an increase, such increase should 
follow in duc course. Parliaments vary in their 
constitution, and while one House of Commons 
might readily agree—as has been the case on one 
or two occasions—to an increase, it may be gene- 
rally accepted that a decrease is more readily 
acauiesced in. As the estimates must be prepared 
eighteen months before the ships are laid down, 
there is difficulty in clearly determining the require- 
ments ; but any variation subsequently found neces- 
sary might be met by addition or deduction from 
the programme of the succeeding year. As Mr. 
Leyland points out, the reduction of one ship in 
each of the past three years has created a bad pre- 
cedent, has disturbed public confidence, and, 
moreover, has been a hardship to private builders, 
as the ship deducted has invariably been a ship 
the building of which by contract was anticipated 
in the berth arrangements of our warship-builders. 

The situation at the moment, however, is 
accepted as satisfactory, and several writers (includ- 
ing Lord Brassey) are satisfied that the deduction 
of one battleship last year was quite justified so 
far as the balance of naval power is concerned. 
Mr. T. A. Brassey, in his article on the compara- 
tive strength, focusses the situation very clearly, 
not only in regard to battleships built, but also to 
ships in course of construction. We tabulate some 
of the figures as to battleships :— 


' Great United Ger- 























" Rus- 2 

—. Britain.| States. many. France. Japan sia Italy. 
Built a 50 22 20 13 ll 4 4 
Building ..: 5 5 6 10 2 d 4 
Total... 55 27 26 23 13 8 8 


Other countries have thus a considerably greater 
number of battleships building than is the case in 
Britain; but it must be remembered that the 
British ships do not include the Dreadnought 
cruisers nor the three to be laid down presently, 
and that, moreover, oursships are to be completed 
within two years, whereas a much longer time is 
to be taken by other Powers: Germany and the 
United States, three years ; and France, four years. 
Foreign programmes, itis sometimes forgotten, are 
based on financial provisions which demand the 
full periods named, and there has been no sugges- 
tion of abridging them. Moreover, as one of the 
writers points out, imaginative pictures of the 
decadence of our naval power are made on the 
assumption that foreign programmes of shipbuild- 
ing projected for the next ten years will be fully 
realised, while our naval authorities remain passive, 
taking no corresponding action. Our future pro- 
gramme will caloubtelle be regulated by the pro- 
gress of other Powers. Under present conditions 
the situation at the end of each successive year, as 
regards first-class battleships, is given in the next 
table. In this connection Mr. T. A Brassey has 
assumed that the Royal Sovereign class, the Re- 
nown and two Centurions, will have dropped from 
the British first-class list by the end of 1908. 
Similar vessels are deducted from other fleets. 





Italian manceuvres, points out that they were 
successful in torpedoing ships by day and night, and | 
gave still greater satisfaction by showing their sea | 
stability in proceeding from Venice to Taranto, and 
returning, without difficulty or mishap. 


of this, the tendency of the British Admiralty to 
reduce the building of submarine boats is serious, 
and we hope will not be carried any further. These 
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- Brita'n. Germany. } sen ag France. Japan. 
| Total, 1908 43 20 22 13 11 
» 1900 46 22 22 13 12 
1910 48 24 24 15 14 


Comparison might be given in connection with 
| cruisers, but here our relative predominance is 








affected by our wider requirements. Our expendi- 

ture for ten years on new construction and arma- 

ment has been 102,920,000/., whereas the next 

Power, the United States, spent 48,938,000/. ; 

France, 48,418,0001. Combined these two spent 

about 5,500,000. less than the British total. 

Germany comes fourth with 37,010,000/. ; Russia 

next with 31,600,000/.; and Italy sixth with 

12,500,000/. Our ships cost less. Probably the 

5 per cent. difference between France and the 

United States combined would by this considera- 

tion be increased to 15 per cent. Many other 

points might be referred to in connection with the 

Navy Annual and its review of naval precedure, 

but we may terminate our notice with the remark 

of Mr. T. A. Brassey, that the Navy has never in 
recent times been in a better state of preparation 
for war, and that some economy without loss of 
efficiency has resulted from the reforms recently 
introduced. It is well, however, that public 
opinion should be kept intelligently informed and 
stimulated, and that every means should be taken 
for sound criticism. The Annual is thus the more 
welcome. 
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A NEW TORSION-METER. 
By B. Horktnson and L. G. P. Turina. 


Wits the increasing use of turbines for marine 
propulsion the-problem of directly measuring the 
power delivered to a shaft by the engine has become 
of pressing importance. Several instruments for 
this purpose have been designed and have proved 
more or less satisfactory, the best known being 
that of Messrs. Denny and Johnson, which is now 
considerably used. All these instruments measure 
the twist in a length of the shaft, whence, knowing 
the rigidity of the shaft and the speed of revolu- 
tion, the horse-power transmitted can be at once 
deduced. In Messrs. Denny and Johnson’s torsion- 
meter, and in the others with which the authors 
are acquainted, it is necessary, in order to secure 
reasonably accurate results, that a considerable 
length of shafting be taken. In Messrs. Denny 
and Johnson’s apparatus two wheels are clamped 
to the shaft as far apart as is conveniently possible, 
and the relative displacement of these two wheels 
produced by twisting of the shaft is measured by 
an electrical device. According to figures given 
by Mr. Archibald Denny at the meeting of the Insti- 
tution of Naval Architects in March, 1907, the 
displacement at the periphery of the wheels can 
be determined correct to +}, in.;a remarkably good 
result, considering the nature of the means employed. 
If we assume that the wheels are three times the 
diameter of the shaft, and that the shear in the latter 
at its periphery, when running fully loaded, is 5945, 
the corresponding displacement at the surface of the 
wheels if placed 50ft. apart will be 3 x 58%) =.075ft., 
or ,°5 in. Thus, under these circumstances, an error 
of , 45 in. in measuring the relative displacement 
of the two wheels amounts to about 1 per cent. on 
the full-load twist of the shaft. If a length of only 
10 ft. were available, the corresponding possible 
error would be 5 per cent. It may be assumed, there- 
fore, that a length of the order of 10 ft. is the 
minimum which will give good results with this 
form of apparatus; and Mr. Denny, at the meet- 
ing referred to, stated that they rarely made use 
of less than 15 ft. or 20 ft. of shafting. This re- 
quirement, while not militating greatly against the 
use of the apparatus in big ships where there is 
plenty of room round the shafting, and consider- 
able lengths are easily accessible, seriously restricts 
its application in small vessels. It should be ob- 
served that with a given ratio of wheel diameter to 
shaft diameter, the length of shafting required to 
secure a given percentage of accuracy is indepen- 
dent of the diameter of the shaft ; for all shafts 
when fully loaded are sheared by approximately 
the same amount at the periphery. Thus two 
points a given distance apart on the surface of any 
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shaft will be relatively displaced by a constant | of the sleeve, and B the collar, each being made with 
amount, independent of the diameter of the shaft, | deep flanges for stiffness. They are split into halves, 
which may be taken as about one two-thousandth |so that the apparatus can be fitted over the shaft 
part of their distance apart. It is this relative dis-| when in place. Three screws with rounded ends 
placement, magnified in the ratio of the wheel /are used for clamping: one set at the end of the 
diameter to the shaft diameter, which is really | sleeve, and another set passing through the central 


measured by these torsion-meters. 


In the authors’ apparatus, described in this | 


paper, the length of shaft in which the twist is 
measured may be reduced to about 12 in., the 
twist being measured correct to 1 per cent. of the 
maximum which the shaft can transmit in normal | 
working. Figs. 1 and 2 show one of the earliest | 
forms that were tried ; it was subsequently altered | 
considerably in detail, and is only given here because | 
it is easy to follow the principle in it. The sleeve | 
A is clamped to the shaft by screws in the plane | 
1, 1. The collar B is similarly clamped in the | 
plane 2, 2. On the collar is mounted a mirror 
M which is pivoted in a frame carried on the 
collar, so that it can turn about an axis at right 
angles to that of the shaft. The axis of the mirror | 
carries a Short arm which engages with a flat-plate 
C carried on the free end of the sleeve. Twist of 
the shaft between the planes 1, 1 and 2, 2 causes 
the plate C to move relative to the supports of the 
mirror, thus tilting the latter about its axis. When 
the shaft is in the position shown, the mirror, which 
is concave, forms (on a ground-glass screen) at D 
an image of a straight filament lamp placed at E. 
When the shaft twists so that the mirror turns, 
this image is displaced to D’ through a distance 
which is proportional to the relative motion of 
sleeve and collar, or to the twist in the shaft be- 
tween the planes 1, 1 and 2, 2. If the shaft is re- 
volving, the image is still formed momentarily once 
in each revolution, and its position can easily be seen. 
Assuming that the distance between the planes 1, 1 
and 2, 2 is 12.5 in., and that the shear at the surface 
of the shaft is sg, (which about corresponds to 
normal full-load running), the relative displacement 
of the points of attachment of the sleeve and collar 
will be 0.00625 in., and this, as already explained, 
will be the same whatever the diameter of the shaft. 
In the apparatus constructed by the authors the 
distance of the actuating plate C on the collar from 
the centre of the shaft is 2.9 times the shaft radius 
The movement of the plate will then be 2.9 times 
that of the surface of the shaft, or 1.8 hundredths 
of an inch. The corresponding angular displace- 
ment of the mirror will depend upon the radius of 
the arm; in the apparatus, as constructed, this is 
0.3in., and the mirror is tilted through an angle of 


0.018 
0.3 


the reflected beam is displaced will be double this, 
or 0.12 of aradian. Thus the linear displacement 
of the image corresponding to full-load running will 
be 0.12 of the distance from the screen to the 
mirror. Good definition can be obtained if the 
latter is 60 in., giving a displacement of 7.2 in. 
With an ordinary spectacle lens, silvered to form a 
mirror, it is quite easy to read the position of the 
image correct to sy in., which corresponds to less 
than 1 per cent. of the maximum working torque 
for which the shaft is designed. 

It is evident, therefore, that so far as magnifica- 
tion is concerned, the twist in a short length of 
shaft can be read quite sufficiently accurately by 
this method. It was found, however, that in the 
form of apparatus described above, when used on 
small shafts, the bearing between sleeve and collar 
was apt to be strained in putting the instrument on or 
by bending of the shaft. Friction was thus set up, 
which caused error in reading, partly from the re- 
sulting deformation in the instrument, and partly 
because the shaft was relieved of part of the torque 
which wastransferredtotheinstrument. Theattempt 
at a complete constraint between the two members 
was therefore abandoned, and a partial constraint 
was substituted which permitted motion in certain 
ways, and so practically eliminated friction. At 
the same time the mirror and actuating-plate were 
so disposed that relative motion of sleeve and 
collar other than pure twist produced no motion 
of the mirror. Such motions necessarily occur in 
ordinary working, in consequence of bending of the 
shaft, and as the motion of the actuating-plate is 
only about 4; in., they may cause serious errors 
unless eliminated. The manner in which this 
result has been secured will be apparent from the 
detailed description of the apparatus as used, 
which follows. 


= 0.06 of a radian. The angle through which 





Jn the engravings, Figs. 3 to 5, A is the free end 





plane of the collar. An extension of the sleeve 
passes through the collar and engages with the 
round ends of the screws G, G carried on the 
collar, being held up into engagement with them 
by means of a spring H. The end of the sleeve is 
otherwise quite free. The elasticity of the sleeve 
and the slight ‘‘give” in its clamping-screws are 
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sufficient to allow of its coming to a bearing on the 
screws G, G, without much pressure on the spring 
H, even when the shaft is slightly bent. The 
mirror is carried in a frame fixed to the flange of 
the collar in such a manner that the mirror axis 
passes through the shaft axis. The mirror axis 
carries a small steel ball at its outer end, which 
engages with the plate C. This latter is fixed to 
an arm carried on the sleeve flange and passing 
through a hole in the collar flange, and its face is 
parallel to the shaft axis. The ball on the end of 
the mirror is approximately (in theory it should be 
exactly) in the plane of the screws G. With this 
arrangement it is obvious that any relative move- 
ment of plate and mirror, except that due to twist, 
will either be prevented by the bearing against the 
screws G, or will be innocuous, owing to its being 
in the plane of the plate C. Thus bending of the 
shaft in the plane of the mirror axis will merely 
cause the plate to slide over the ball at the end of 
the mirror arm; shortening of the shaft due to 
thrust has a similar effect ; bending in a plane at 





right angles to the mirror axis is also without 
effect, because the ball at the end of the mirror is 
in the plane of the two screws G,G. When the 
two halves of the sleeve and collar are taken apait 
they are —_ in their relative position by the rods 
D, D, which, while stiff enough for this purpose, 
are sufficiently elastic not to affect the reading 
when the apparatus is on the shaft. 

The apparatus was first tested statically on a 
shaft of the same diameter, and probably of the 
same material, as the turbine shaft upon which it 
was ultimately to be used. This shaft was 3% in. 
in diameter, and was mounted in the works of 
Messrs. J. I. Thornycroft and Co., Limited, with 
arrangements for applying a torsional load equal to 
about half that which it was to transmit when at 
work. It was found that the dynamometer reading 
was proportional to the load within 1 per cent. of 
the maximum applied throughout the whole range. 
The absolute twist in the shaft was also measured 
direct by pointers carried at the two ends. The 
modulus of rigidity for this shaft was thus found to 
be 11,800,000 lb. per square inch. There were 
slight signs of hysteresis, but these were not of any 
practical importance. The instrument was then 
fixed on the port wing shaft of the torpedo-boat 
Greenfly, which is driven by the low-pressure 
turbine. The readings were taken during the 
Admiralty trials of the boat on March 25, 1907. 
On that day the boat did circling trials, and stopping 
and starting trials, so that the changes in power on 
the shaft were frequent and severe. With full 
steam in the turbine the shaft ran at 1230 revolu- 
tions per minute, and the reading on the ground- 
glass screen, which was placed 57 in. from the 
mirror, was then 8.75 in., corresponding to 1100 
horse-power. The deflection could be read easily 
correct to ,'; in., or less than 1 per cent. The zero 
was determined by allowing the propellor to drag 
the turbine round with a good vacuum in the 
casing. Two readings were taken, first with the 
boat going ahead, and, secondly, with the boat going 
astern, with moderate speed in each case. The mean 
of these readings, which differed by ,4, in., were 
taken to be the zero. In the first half of the day's 
run the zero was found to have changed by 0.35 in., 
corresponding to an error of 4 per cent. in the torque 
at maximum power. Itis suehalds that this change 
was due to a slight shift of the scale, which was 
rigged up on packing-cases in a very temporary 
fashion. Just before running home after the 
trials, the zero was again carefully determined, and 
the boat then ran at full power for half an hour, 
care being taken to fix the positions of the lamp 
and scale. It was found that during this run the 
zero had not shifted by so much as jin. Alto- 
gether the apparatus was running round for about 
eight hours, and was not touched in any way 
during that time, except once when the clamping 
screws were slightly tightened. It was brought 
down on the morning of the trial and fitted on to 
the shaft in about half an hour. The maximum 
length of shaft exposed in this boat is about 15 in., 
and the clearance between the shaft and the vessel’s 
plates is there about 8 in.; this is just sufficient to 
get the apparatus in. There is, of course, no in- 
dependent means of checking the accuracy of the 
results obtained on a trial of this kind. But the 
facts that, when tested statically, the deflections 
were proportional to the twist of the shaft, and 
that when running the zero did not change, leave 
no doubt that the power readings when running 
must also have been correct to within 2 per cent., 
and probably within 1 per cent. of the maximum 
power transmitted. 

The apparatus can be fitted on to a shaft of any 
size ine than the bore, within reasonable limits ; 
that designed for a iy shaft works quite satis- 
factorily on a shaft of 2 in. diameter, and would, 
no doubt, work down to 14in. The over-all dia- 
meter is about 24 times the diameter of the largest 
shaft it will take. As regards length, the greater 
the length, of course, the greater the accuracy ; but 
a length of 1 ft. or 2 ft. isample. This length will 
suffice, whatever the diameter of the shaft, but the 
larger the shaft the easier is the accurate measure- 
ment of the power; because, while the linear dis- 
placements to be measured are the same, the dis- 
turbances due to bending and vibration become 
less. 

The instrument, of course, measures the in- 
stantaneous value of the torque in the shaft at the 
moment when the reflected beam from the mirror 
strikes the screen. If the torque varies in the 
course of a revolution, as it will do with a re- 
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THE UTILISATION OF PEAT. 
To THe Epitor or ENGINEERING. 

S1z,—In connection with the utilisation of peat I would 
like to point out what has been done, not in an experi- 
mental way, but on a large commercial scale, by Herr 
Martin Ziegler. 

The engines at the Ziegler Works, at Oldenburg, in 
North Germany, were driven by gas generated from peat 
ag far back as 1897. In that year large works were estab- 
lished at Oldenburg for the manufacture of peat coke, 
peat fuel, and recovery of by-products. These works 
were the subject of a report by a commission appointed 
by the Prussian Government in 1993. The report was 
entirely favourable to the works and Ziegler’s process. 
In 1903 works were started at Redkino, in Russia, on a 
large scile, and additional plant has been added this year. 
BO 1905 Ziegler’s turf-gas generators were installed at 
the Fleiss Iron Works at Schellecken, in East Prussia. 
Gas is supplied for the engines and also for a Siemens- 
Martin furnace, and for treating Rasen iron-ore together 
with Swedish ore. 

In 1906 works were established at Beusrberg, in Upper 
Bavaria, with a capital of 40,000/., which has been in- 
creased to 60,0002. this year. A new company, with a 
capital of 100,000/., has been formed to establish fresh 
works at Oldenburg, and the Prussian Government is so 
satistied with the results of the Ziegler process that they 
are guaranteeing the supply of peat from the Government 
bogs at acheap rate. Works; are in the course of erection 
by a Dutch company near Ucrecht. A company has 
lately been promoted to work in Sweden. Works are in 
the course of establishment by the Austrian Custodis 
Company, and also by the Austrian Montan Works. 

The promoters of the Dublin and Central Ireland 
Power Scheme are adopting the Ziegler turf-gas gene- 
ratora, and we are going to purchase their tar and tar 
water for further treatment at chemical works we are 
about to establish in Ireland, and where we shall treat 
peat into coke and fuel, with the recovery of the various 
by-products. by Ziegler’s process. 

Without wishing in any way to detract from the value 
of any experiments that have been made in this country, 
and without wishing to enter into any discussion on the 
relative merits of generators, &c , what I do contend is 
that the Ziegler system has been working for many years 
on a large commercial scale, and has been generating gas 
from psat and recovering the by-products in a manner 
that has given the greatest satisfaction. 

Yours faithfully, 
Joun MacCormac, 
Secretary, Ziegler Promotion Syndicate, 
5 and 6, Princes-street, Cavendish-square, W. 








ENGINEERING APPRENTICES. 
To THe Eprror oF ENGINEERING. 

Srr,—In the description of our works published in 
ENGINEERING in May, 1906, no mention was made of the 
regulations regarding apprentices which we had intro- 
duced, as at that time we had not sufficient experience 
of our scheme: to be certain that they would work suczeas- 
fully; but the experience that we have gained since that 
time makes us think that the details of the system of 
training apprentices in our works may be of interest to 
your readers, more eSpecially as this question is receiving 
a great deal of attention at present. 

Daring the years 1904 and 1905 we introduced tenta- 
tive arrangements with a view of ascertaining the best 
method of combining workshop training with evening- 
class instruction for our apprentices, and as a result of our 
experience we introduced the scheme of which details are 
given below. 

It muy bs well to prefaca the description of our scheme 
with the following remarks:— 

No premium apprentices or pupils are employed by the 
firm. 

A small number of apprentices spend the winter 
months in attending the engineering course at Glasgow 
University, the time thus spent counting as part of their 
apprenticeship. These apprentices are subject to the 
same rules as the other apprentices when they are in the 
works, but they are advanced more quickly through the 
various stages of training. 

We are careful, as far as possible, to select boys who 
look as if they would turn out satisfactorily, and we have 
considerable difficulty in getting a sufficient number of 
suitable applicants for apprenticeship, although we ask 
the heads tthe schools and of the Boys’ Brigade to men- 
tion the name of the works to those who wish to become 
mechanic; or instrument-makers. This difficulty arises 
partly from the situation of the works and partly from 
the many openings for lads in this district at present. 
We do not think it is in any way due to the strict rules 
under which our apprentices have to work, because, as a 
matter of fact, those apprentices who seem suitable 
remain with us for the whole term of their apprentice- 
ship, although not bound to do so in any way. 

hen applying for a vacancy in the works as an 
apprentice, the candidate is required to fill up the 
following application form :— 


App’isation to Serve an Apprenticeship in the Works of 

Barr and Stroud. 

Navne in full. 

Address. 

Age. 

Birth. place. 

Father's or guardian's name. 

Father's birth-place. 

Father's or guardian's occupation. 

School or scho Is where edu sated, 

8: andard passed before leaving school. 

Subjects taken during last year at school. 

Nature of employment since leaving schoo!, 

Trade in which an apprenticeship is to be served, 








He is also required to answer the following questions :— 
Is your eyesight good ? 
Why do you wish to learn this trade? 
Do you play - game?’ 
Are you a member of any Boys’ Brijade company, Boys’ 
Club, or other society ? 

If the lad is engaged as an apprentice, he is given a 
copy of the shop rules, in which the following conditions 
of apprenticeship are stated :— 

Rules Relating to Apprentices. 

1. The term of apprenticeship is five years. 

2. In the case of apprentice instrument makers this term is 
roughly divided into three periods—viz. :— 

(a4) One year in being generally useful, in going messages, 
and in helping in paint-shop, fitting-shop, or else- 
where. 

(b) Two years at machines. 

(c) Two years at bench. 

The firm does not in any way bind itself to follow this course in 
the case of every or any apprentice. 

3. The firat year is regarded as a period of probation. If it is 
not thought that the work or conduct of the apprentice has been 
such as to justify the continuance of his apprenticeship with the 
firm, his services will not be retained. 

4. Apprentices are liable to dismissal for bad time-keeping, mis- 
conduct, laziness, or bad work, and are not entitled to ‘‘ Lines” 
if so dismissed. 

5. Every apprentice must buy one or more works coats on start- 
ing work. He must always wear one when at work, and keep it 
clean and tidy during his apprenticeship. 

6. Every apprentice must buy a set of tools on starting work in 
the fitting-shop, a micrometer-caliper on starting work in the 
machine-shop, and such other tools as are found necessary from 
time to time. 

7. Every apprentice is expected to attend evening-classes in 
approved subjects during his apprenticeship. 

8. Apprentices must conform to all the rules of the works, 

Apprentices are paid at a weekly rate of 53. for the first 
year, 7s. 6d. the second year, 103. the third year, 123. 6d. 
the fourth year, and 153, the fifth year. Practically the 
whole of the apprentices work under the premium system, 
by which they make, on an average, an addition of about 
20 per cent. to their wages, the amount varying in indivi- 
yA cases, according to the industry and capacity of 
the boy. 

We should state that our working hours are from 
8 a.m. to6 p.m., with three-quarters of an hour for dinner, 
so that our apprentices are, from the lateness of the 
morning start, in a better position than most to do the 
evening work ; and, when necessary, we give apprentices 
leave to stop work before 6 p.m., without deduction of 
py, in order to get to their classes in time. 

We realised, however, from our experience in endea- 
vouring to persuade apprentices to attend evening classes, 
that their attendance would be stimulated if a reward 
were offered for regular attendance and for efficiency in 
their class work, and we decided to introduce a scheme 
to this end. Combined with the scheme we also intro- 
duced an arrangement in which good time-keeping in the 
works would Soonme a factor. The following bonus 
scheme for apprentices, copied from the book of rules on 
the works, was therefore introduced in 1905 :— 


Bonus Scheme for Apprentices. 
Marks. 

For each class of about 25 hours per winter attended 

by an apprentice, in which he gets a minimum of 

50 per cent. marks for class work and 75 per cent. 

for attendance, there are awarded .. 
For each 10 per cent. above 50 per cent. 

class work, add one mark. 
For each 5 per cent. attendance above 75 per cent. 

add one mark. 
For regular time-keeping there are awarded a maxi- 

mum of oe se ‘ 7 - a ee 
For each hour lost per year deduct one mark. 

Thus a boy attending three classes per winter of two 
hours per class per week, and making 109 per cent. in 
attendance and in class work, also not losing any time 
in the works, gets 200 marks. A boy attending two classes 
per winter of one hour per class per week, and making 
75 per cent. in attendance, and 50 per cent. in class work, 
also losing half an hour per week in the works, gets 
55 marks. 

Bonuses are paid weekly at the rate of 6d. per week 
per 50 marks gained, for gains of 50 marks and over. The 
annual returns are made up early in the summer of each 
year, and form the basis for a fixed rate of weekly bonus 
throughout the succeeding year. 

This scheme has now been in operation for two years, 
with the following results :— 

In September, 1905, fifty-two apprentices were em- 
ployed.. During the winter, 1905-6, six left and one was 
dismissed, while eleven either did not enrol or gave up 
attendance at evening classes during the winter. The 
remaining thirty-four earned a weekly bonus varying 
from 1s. 9d. to 7d.; of these, twenty-eight earned 1s. or 
more. 

In September, 1906, seventy-four apprentices were em- 
ployed. During the winter, 1906-7, one left and one was 
dismissed, while nineteen either did not enrol or gave 
up attendance at evening classes during the winter. 
The remaining fifty-three earned a weekly bonus varying 
from 1s. lld. to 7d.; of these, forty-two earned ls. or 
more. 

It will be noticed that there is an increase in the 
number of apprentices who failed to earn any bonus in 
1906-7. This is due tothe more advanced classes taken 
in this year by a number of the older apprentices. We 
find that apprentices in the third and fourth year of their 
attendance at evening classes do not, a3 a rule, gain such 
high marks in their c as during the first and secon 
year, probably because their grounding in elementary 


as ~~ se 
obtained for 


50 


, mathematics is not sufficient to enable them to keep so 
well ahead of the more advanced class work, alongside of | 


other youths who may have had better early advantages. 
Classes in the Technical College, for example, are attended 
by men who have previously had much better oppor- 
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tunities for study; but possibly it may also, to some 
extent, due to their finding attraction in games, 
and other outside interests, at ages from sixteen to 
eighteen. 

e find in general that the apprentices who do best 
in their work with us also do best in their work at even 
ing classes, and, conversely, that the apprentices who give 
most trouble in the workshop are also unsatisfactory in 
their attendance and work at evening classes. This is, 
perhaps, natural ; it is certainly remem 

It will be seen that this scheme, combined with the 
premium system, is a direct inducement to apprentices 
to work hard, both in the workshop and at evening 
classes, and we regard the results, so far, as very satis. 
factory. 

It is, perhaps, too soon to expect obvious direct advan- 
tage to the firm as a result of the introduction of the 
scheme, but from the intelligent interest taken by the 
best of our apprentices in their work, we feel sure that 
such a scheme as this will ultimately be found to be of 
advantage to employers as well as of advantage to the 
apprentices themselves, when it has been in force for a 
sufficient number of years. 

The conception and introduction of the scheme are in 
large part due to the interest taken in our apprentices 
by our works manager, Mr. N.J. Maclean, B.S:. 

Yours faithfully, 
Bark AND Stroup. 

Caxton-street, Anniesland, Glasgow, June 7, 1907. 








HUMOURS OF ENGINEERING. 
To THE Epitor or ENGINEERING. 

Sir,—If engineers were not so conspicuously lacking 
in a sense of the ridiculous, it would be impossible for 
many of them to assume the air of dignity and import- 
ancethey do. Afterall, the engineer is not so indispens- 
able as he fondly imagines. He is not indispensable at 
all individually ; there are so many of him. This is 
particularly the case with the young engineer, full of 
enthusiasm and beautiful ideals. 

Many and great are the quiet chuckles that the horny- 
handed foreman enjoys at the expense of the ‘' young 
gent from the office.” I know a young man in the engi- 
neer’s department of one of our largest railway companies 
who made a serious study of permanent-way curves, and 
the scientific setting out thereof. He studied Froude’s 
transition curves, and he babbled fearful formulz in his 
sleep. Tohim it was given to set out a deviation from the 
main line. Days and nights he spent in calculation ; mid- 
night oil and language were freely squandered. Still more 
days he spent upon the site, and did wonderful things 
with a theodolite, four chainmen, a bundle of wooden 
pegs, and a sledge-hammer. At length a row of pegs 
was arran in parabolic symmetry and punctilious 
accuracy. Then, weary and triumphant, the young man 
went his way. Then came the gauger with a crowbar 
and a sledge hammer, and thus addressed his mate. 

‘**Ere Bill, give I a hand, and get those’ere. . pegs 
out o’ the light, and let’s have the. . line in proper.”. . . 
And they did. When the chief inspected that bit of 
line, on completion, he complimented his young assistant 
on the alignment, and that young man me the 
permanent-way expert of the office, Everybody was 
pleased, and I was the only one that smiled. ; 

To the pupil belongs the honour of possessing the 
noblest sense of appreciation of his profession. My little 
chuckle of amusement is often tempered with a touch of 
pity when I observe the hours of toil some enthusiastic 
and thoroughly conscientious youth will spend on a little 
job which I happen to know has only been given to 
him in order to “get him out of the way and keep 
him quiet.” See him carefully trace the buildings 
that no longer exist, and cross them out in red, be- 
cause that is how they appear on the old and corrected 
plan beneath, and say if that is not enthusiasm. (ro 
into one of those underground café places where 
the junior clerk plays dominoes, and consumes coffee and 
buns, and see the earnest and anemic-looking youth in 
the corner, painfully studying an entirely unpractical 
book on ‘‘ Building Construction,” with a cotton umbrella 
and a small black bag by his side. That is the engineer- 
ing pupil. He has a high ideal of his profession, and 
some day he will be able to earn as much as a pounda 
week, and call himself ‘‘a professional man.” _ _ 

Next to the pupil comes the ‘‘aurveying assistant” or 
‘general draughtsman.” He describes himself in his 
own mind as “‘a fully qualified man.” There is nothing 
in heaven or earth, or in the waters beneath the earth, that, 
as an engineer, he is not capable of dealing with. What 
he actually does is to mark the numbers of the houses in 
a long street on the ordnance map, and count the lamp- 
posts. In the train from Clapham to Waterloo he dis- 
courses learnedly to the awe-stricken passengers on the 
subject of Channel tunnels, dangerous sewers, and electric 
railways; and when he gets to the office he spends the 
whole morning stencilling the name on a plan, and making 
it look lovely with a paint-brush ; and it never strikes 
him as being funny. j : E 

But the funniest of them all is the chief. His great 
idea is that he isa ‘“‘busy man.” His time is very valu- 
able. So valuable is it that he has not time to be a 
gentleman. In order to convey to all and sundry a 
proper idea of his importance, and the terrible amount of 
work he has to get through, he is very brusque in his 
manner, and bullies his assistants (in public, if possible), 
ple’s assistants, if they look as though they 
will stand it. If he comes from the North, and is les3 
like a gentleman than usual, he is probably a Borough 
Engineer, and a very great and busy man indeed. So 
important is he that he has been known to hob - nob 
with the local Labour member, and other great and in- 
fluential psople like that To realise his importance 
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properly you should call at his office, and endeavour to 
see tim without pehingan appointment beforehand. The 
Borough Engineer’s office is usually at the Town Hall ; 
in fact, the Town Hall is part of the Borough Engineer’s 
office. You cannot missit. There are notices up every- 
where, ‘‘To the eres Engineer’s office.” You are 
met by a gorgeous official, arrayed in blue and much fine 
gold, absolutely regardless of expense (which, of course, 
comes out of the rates). In reply to your request to see 
the borough engineer, he silently hands you a printed 
form to fil in, and on it you write your name, official 
address, nature of business, time of visit, and whether by 
appointment or not. Then, if you really have legitimate 
business, and are not merely looking for work, or something 
downright impertinent like that, the gorgeous official dis- 
appears with the form, and leaves you in- a draughty cor- 
ridor for about five minutes. In nine cases out of ten the 
official will come back drowsily and say, ‘‘ The engineer is 
very busy just now. Will you see Mr. -—, the Assistant 
Engineer?” The Assistant Engineer is probably an untidy- 
looking youog man with a thick provincial accent, and 
baggy trousers. He will probably be a Borough Engineer 
himself one dav. He looks asif he might. It is really 
better to see the assistant, because he knows more about 
the business, and you would be sure to be handed over 
to him in the hea run anyway. Besides, you are not 
quite so much insulted, unless, of course, you appear to be 
a person of refinement, or something contemptible of that 
sort. But sometimes the official comes back and says, 
‘“Will you wait a few minutes, the engineer is engaged 
at present.” You decide to wait. After an interval of 
an hour or 80, you are ushered into the presence. In a 
luxurious office, surrounded by papers and despatch- 
boxes, sits the great man, who, without saying a word, 
or noticing your entrance in any way, continues to read 
a letter for the space of three minutes, while you stand 
just inside the door and mildly wonder why borough 
engineers have no manners. Then he seems to realise 
that there is something alive in the office—a fly, or some 
other small and annoying thing—and looks up with an 
impatient expression, and says, ‘‘ Well?” The interview 
lasts exactly two minutes, and then he strikes a small 
table-bell, and so far as that Borough Engineer is con- 
cerned, you have ceased to exist. 

And ‘‘ when the labourer’s task is o’er,” that is to say, 
about three o’clock, the great man goes home to Peck- 
ham, or Upper Tovuting, and does a bit of gardening. 

I am, yours oe. ac 








A THEORETICAL CONDENSER. 
To THE Eprtor oF ENGINEERING. 

Sir,—The three adjoined sketches show a condenser 
designed with regard to the recent experiments of Pro- 
fessor R. L. Weighton at Armstrong College. 

Theoretically, the water of condensations should be 
drawn off from a condenser as soon as it forms—or, in 
other words, as it drips off of the tube on which it is con- 
densed. By doing this the water of condensation can be 
drawn off at nearly the temperature corresponding to 
the vacuum; thus heat units are saved for the feed- 
water, and cooling units saved in the circulating water. 
Therefore, to prevent the water from dripping down over 
additional tubes, wasting its heat units and lowering the 
efficiency of the circulating water, a diaphragm should 
fitted beneath each horizontal row of tubes. This, of 
course, is prohibited by the limitations of weight and 
space; but it has been found to be sufficiently satisfac- 
tory to divide the tubes up into three nearly horizontal 
successive nests, as shown in Fig. 1, the steam passing 
through the three nests, as shown by the heavy arrow. 

The first nest, A, as shown, contains 52 per cent. of the 
total number of tubes. The steam as it enters this nest 
has a passage between the tubes of the first row equal in 
area tothe exhaust nozzle; the area between the last row 
of tubes equals two-thirds of the nozzle. It is estimated 
that about one-half of the steam will be condensed in this 
first pass, but the entained air decreases but little in 
volume—less than 5 per cent.; hence this passage is made 
two.thirds instead of one-half. The passages at c,d, ande 
are equal, and equal to two-thirds of a. 

The second nest, B, contains 37 per cent. of the cooling 
— of the condenser. The exit between tubes at 

=g= h =} a. 

The third nest, C, contains the remaining 11 per cent. 
of the cooling surface. 

The steam condensed in A drops down as shown by 
short arrows, and runs down the curved diaphragm. The 
temperature as it strikes the diaphragm is between the 
temperature of the vacuum and the temperature of the 
tubes—probably a few degrees below the temperature 
corresponding to the vacuum. As it runs off the dia- 
phragm on its way to the drain-pipe it falls through the 
steam pa: between nests A and B. There it acts 
slightly as a jet-condenser, raising its temperature to 
nearly that of the vacuum, and condenses some steam. 
The cooler water of condensation from B flows down the 
curved diaphragm, as shown, and mingles with the water 
from A as it is drawn off through the water-pipe. 

It is estimated that the momentum of water, after 
being blown down the first diaphragm by the rush of 
steam, and the centrifugal force of the slight turn from 
A to B, will prevent the water from being blown into 
the B nest of tubes. 

The right-hand edge of the first diaphragm is curved 
down, as shown, at M; this is to form a nozzle for the 
passage of the steam from BtoC. Thereare a series of 
perforations along the diaphragm at M to drain off water 
and air. Both diaphragms are made with a slight arch ; 
this is to prevent vibration and rattling of those large 
plates caused by the rapid puffs of exhaust steam, espe- 
cially from a reciprocating engine. 

Aur being nearly twice as heavy as steam, most of the 





air from A will first strike B at the lower left hand corner, 
this being due to centrifugal force during the curve from 
A to B, as well as to gravity. In order to prevent all of 
this air or near from being swept through B, thus 
lowering the efficiency of the cooling surface, a series of 
holes are made at N to draw off the air, as shown byarrows. 
Ferrules are fitted in these holes, projecting about 4 in. 
above the plate, to prevent water draining down into 
the next compartment. 

It is estimated that most of the steam will be condensed 
before it reaches the C nest, so that this last passage will 
be at almost the temperature of the inlet water, and will 
efficiently cool the air and vapour before it passes to the 


Fie. 1. Heavy arrow indicates main path of steam and air. 


tairs 1580 tubes = 62 per cent. ; cross-section area, 9.3 sq. ft. tube-sheet. 











drops off as water, but the air forms an insulating en- 
velope, which retards condensation, and which is too 
sooty removed by the movement of the surrounding 
steam, and by its greater specific gravity. 

In the new type condenser one aim has been to main- 
tain as high a velocity pe among the tubes. No 
baffie-plate has been fitted opposite the exhaust nozzle; 
the usual baffle-plate prevents an agitation of steam 
among the tubes which is necessary for high condensing 
efficiency, and, moreover, causes a back ure in the 
exhaust-pipe, which is a direct loss of power in the 
low-pressure cylinder. Baffles have been necessary in 
order to prevent vibration and possible splitting of con- 


Fou wa SS. 


4.5) = 756 Tues ~ 





Dotted arrow indicates main path of water. First pass con 
Second pass contains 1140 tubes = 87 per cent, 


cross-section area, 6.7 sq. ft. tube-sheet. Third pass contains 340 tubes = 11 per cent. ; cross-section area, 2 sq. ft. Total, 


3060 tubes = 100 per cent.—18 sq. ft. 
of tubes, 18/1*/245 = 73 per cent. 
= $32=d=S82e=2 f=2g= 2h. 
for each low-pressure cylinder. 


Each condenser, 5250 indicated horse-power. 


Diameter of condenser, 5 ft. 7 in. ; cross-section area, 24.5 *q. ft. Cross-section area 
Exhaust nozzle, 4x 14=6. Area of cross-section of passsge at a = 6¢q. ft.=b = 8/2 o 
Designed for 10,500 indicated horse-power, reciprocating engine, one condenser 


Water rate = 17.5. ge of circulating 


water, 75 deg. to 110 deg. 30 1b. steam condensed per square fcot of cooling surface. Cooling turface = 5100 = 0.58 sq. ft. 


er indicated horse-power. 
y cross-section area of water-space in one tube = 2900. 


Surface section ratio = ccoling surface of one effective tube length in square inches divided 


Fie. 2. Section through water-chest at inlet end. Shaded lines show baffle-plates. Asection through opposite end would, of 


course, show a different arrangement of baffles. Injection and discharge-pipes, 12 in. 
water in suction-pipe, 900f.m. Maximum velocity of circulating water in tu 


denser four times, or 4 ft. x 6 ft. =24 ft. 
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Fie. 3. Length onall, 7 ft. Distance between tube-sheets, 6 ft. 
Diameter of shell, 5ft.7in. Lower horizontal pipe connects dry- 
air pump to condenser at three pointe. Other pipe for condensed 
water is ted d at four points. Exhaust nozzle 
for 5250 indicated horse-power, 6 sq. ft. This for reciprocating 
engine, for a turbine exhaust nozzle, would be two to four times 
as large. No baffle-plate is fitted opposite the exhaust-pipe. The 
first two rows of tubes are made of double thickness, or No. 10 
B.W.G. instead of No. 16, to stand the erosion and shock. The 
area between the first rows of tubes is equal to the area of the ex- 
haust-pipe. In lieu of a baffie-plate, the tubes are supported 
opposite the exhaust-pipe by three supporting-plates 1 ft. apart. 
The two end plates are set ata slight angle to act as distributing 
plates. 


air-pump. The upright baffle R is to prevent water from 
washing over into the ee when the sbip is rolling, 
also to form a last cooling-chamber through which the 
air and vapour must pass before it enters the air-pump 
suction. Limber holes in the ie R allow any 
water of condensation to drain from the cooling-chamber 
to the water-pump suction. : og 

The diaphragms, apart from their use for draining off 
the water of condensation, are so arranged as to maintain 
a considerable velocity in the steam and air among the 
tubes. In the ordinary condenser the mixture of steam 
and air surrounds 9 tube; the steam is condensed, and 





Maximum velocity of circulating- 
s, 700 f.m. Water traveress length of con- 


denser tubes, also to prevent excessive corrosion caused 
by the —— of steam at high velocity against the tubes. 
In lieu of a baffle-plate, the tubes are supported at 
intervals of 1 ft. by plates opposite the exhaust nozzle, 
but parallel to the flow of steam; also the first two rows 
of tubes are made of double thickness—that is, a §-in. 
No. 10 B. W.G. instead of a §-in. No. 16 B, W.G. 

The diaphragms are so arran as to provide a gra- 
dually contracting volume for the wy of steam and 
air, thus keeping up the velocity of the remaining steam 
and air as condensation takes place. Also, the tubes are 
arranged in a plane parallel to the mean flow of steam in 
each passage. In most cases the transmission of heat 
through tubes or surfaces is greatest when the heating or 
cooling mediums impinge directly on the surface, but it is 
estiniated in the case of condensers that what is lost by 
having an indirect impact is gained by maintaining a high 
velocity among the tubes. This factor of high velocity 
is so important that in some modern approved condensers 
a small steam jet, expending 1 per cent. of the total boiler 
evaporation, is expended in the condenser in maintaining 
a circulation of vapour. 

Fig. 2 shows a section through the water-chest at inlet 
and outlet end. Baffles are so arran that the circu- 
lating water traverses the condenser four times instead of 
twice, as in the ordinary condenser. Referring to Fig. 1, 
the water passes in through nest C and the right section 
of nest B; it returns through the left sectfon of B, back 
oye) through the left half of A, and finally out through 
the right balf of A, and overboard. The baffles are so 
gloced that each water-pass contains an equal number of 
tubes ; hence an equal velocity throughout the entire con- 
denser. In case the circulating-pumps are needed for 
bilge or wrecking purposes, but one set of by-pass valves 
need be opened, as is the case in the present two-flow 
type of condenser. 

Fig. 3 is a view of the condenser showing a dished 
head, thus doing away with the usual collar between the 
tube-sheet and head. This condenser being designed for 
5350 indicated horse-power, the exhaust nozzle is only 
6 square feet. In the case of a turbine the exhaust 
nozzle would have to be from two to four times as large, 
a thumb rule being 1 square foot of exhaust nozzle per 
1000 indicated yay my for reciprocating engines, and 
2 to 5 square feet for turbines; the Dreadnought, for 
instance, has an exhaust of 48 square feet for 11,000 
indicated horse-power. 

The supporting plates in lieu of the baffle-plate are as 
shown. 

I am, yours truly, 
Ropert Henperson, “Lieut. U,8.N. 





WasLington, May 23, 1907. 
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BENDING MACHINE FOR LARGE PIPES. 


We illustrate on this page a large pipe - bending 
machine recently supplied to the order of the Indian 
Government. It is the second of the type purchased by 
the same Government, and comprises many improve- 
ments in detail on its predecessor. The pipe to be bent is 
gripped by the semi-circular jaws, which are tightened 
on it by means of the long double-ended wrench 
shown in the figure. The jaws are carried on a slide, 
which is moved forward by power, and the pipe is 
thus forced between the rolls seen near the right-hand 
end of the table. The rolls are adjustable by a screw, 
and the heavy arm carrying them can also be moved 
radially through a semi-circle, enabling the curvature 
to be varied between wide limits, and made either right 
or left-handed. By rotating the pipe in the jaws, 
bends in different planes may be made to fullow one 
another smoothly in the same length, and complete 
spiral coils may be made if desired. The travel of the 
main slide is started and reversed by means of friction- 
clutches, which have been found entirely satisfactory 
in practice. A cam-dirive was used in the earlier 
machines, but the slide is now moved by a screw—a 
neater and less cumbersome arrangement. It should 
be noted that the full bend is given to the pipe by a 
single motion of the slide, and repetition work is there- 
fore carried out with great rapidity. 

Machines similar in principle are constructed to bend 
girders and tram-rails up to 100 lb. per yard. The 
machines are built in this country for Mr. J. W. 
Claridge, of 1a, Gorst- road, New Wandsworth, 
London, who is largely responsible for their present 
design. 


THE PACIFIC TWIN-SCREW STEAMERS 
‘**QUILLOTA” AND ‘“QUILPUE.” 

Few, if any, of our old-established steamship 
companies can adduce such a convincing proof of 
enterprise as that shown by the Pacific Steam Navi- 

ation Company, who have added to their fleet since 
Jens of last year nine steamers, totalling 49,280 
tons, and have in course of construction at the present 
time five more vessels, totalling 30,500 tons, making 
an aggregate of 79,280 tons. These vessels range 
from 11,500 tons down to 3669 tons. Four of the 
smaller vessels and the largest ship have been en- 
trusted to Messrs. William Beardmore and Co., 
Limited ; and of the smaller vessels—the Quillota and 
Quilpue, intended for passenger and mail service on 
the West Coast of South America—we give illustra- 
tions on the opposite page, while thé machinery is illus- 
trated on page 778. 

Before describing the vessels it may not be inappro- 
priate to indicate the extent of the transport work 
done by the Pacific Steam Navigation Company, one of 
the oldest of our steamship lines, and the first to send 
a steamer fitted with compound engines to trade in 
the Pacific. It was in 1840 that, contemporaneously 
with theestablishmentof steam communication between 
England and.Colon, on the Atlantic side of the Isthmus 
of Panama, a charter was granted to the Pacific Steam 
Navigation Company. A monthly service of paddle- 
wheel steamers was then inaugurated, the itinerary 
embracing all the then priacieal peste between Valpa- 
raiso and Panama. An illustration of the company’s 
first steamer—the Peru, of 700 tons, built in 1839—is 
reproduced on the opposite page (Fig. 3). 

he venture, however, proved anything but profit- 
able to the promoters; but in spite of apparently 
insurmountable difficulties, and by dint of that per- 
severance characteristic of the Anglo-Saxon race, 
the obstacles, one after another, were overcome, 
and facilities for intercommunication between the 
various States along the shores of the Pacific, and to 
and from the Mother Country by way of Panama, 
rapidly increased. The opening of the railroad across 
the isthmus further gave an impetus to the trade in 
all the finer products—gold and silver ores, copper, 
cocoa, &c.—from Ecuador, Peru, and Chili, these 
countries taking in return large quantities of fine 
oy railway material, machinery, &c. Other pro- 
uce, however, such as sugar from Peru, and cereals 
from Chili, found its way home by sailing vessel vid 
Cape Horn ; and thus, until the year 1868, the sailer 
had a monopoly of the all-sea trade to and from the 
Pacific. 

In that year, however, the Pacific Steam Naviga- 

tion Company commenced the service of mail and 

nger steamers through the Straits of Magellan 
rom Liverpool, ——— the regular sailings from 
one per month to one per fortnight in 1870, and from 
a fortnightly to a weekly service, with an extension of 
the line to Callao, under a mail contract with the 
British Government, in 1873. To accomplish this 
later undertaking a fleet of twenty-one large ocean- 
going steamers was provided, the itinerary embracing 
regular calls at French, Spanish, Portuguese, Brazilian, 
and River Plate ports. In consequence, however, of 





a considerable falling-off in the trade to and from the 
West Coast, the weekly service of mail-steamers was 
abandoned, and the fortnightly sailings resumed ; and 
this is the arrangement which now prevails. 








BENDING-MACHINE FOR LARGE PIPES. 

































































































































































In addition to the mail service, which embraces also | tons each, and 
calls at the Falkland Islands, the company despatches | having accom- 
@ steamer once a fortnight from Glasgow and Liverpool | modation for 
to Punta Arenas, po all the principal West Coast 400 cabin and 
ports as far north as Eten. These extra steamers 600 third-class 
take second-class passengers and cargo for, and call | passengers. 
alternately at, Rio de Janeiro and at the Argentine | The West Coast 
Coast ports of Bahia Blanca and Port Madryn. | service proper, 

The company’s fleet now consists of 53 st 8, With |i.e., from Port 
an aggregate tonnage of 197,471 tons, the latest addi-| Montt in the 
tions being the Ortega, Oronsa, and Oriana, of 8000'South to 99794) 
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PACIFIC STEAM 


NAVIGATION COMPANY’S TWIN-SCREW STEAMER 


“ QUILPUE.” 


CONSTRUCTED BY MESSRS. WILLIAM BEARDMORE AND CO., LIMITED, NAVAL CONSTRUCTION WORKS, DALMUIR, N.B. 








(SA) 


Panama in the North, is maintained by a fleet of 29| 


Cite * 


ar mart 





Fig. 1. 


The new twin-screw steamers Quillota and Quilpue, 


screw steamers of the modern type, including the| which have just been completed at the Naval Con- 
twin-screw steamer Panama, with sister-ships named | struction Works at Dalmuir of Messrs. William 
Victoria, Mexico, and California, of 401 ft. 2 in. in | Beardmore and Co., Limited, have been specially 











ae | 





Fic. 3. First Sreamer or THE Paciric Stream Navigation Company. 


length, 52 ft. 3 in. in beam, and 33 ft. 7 in. in depth, | designed for the company’s passenger and mail service 
of 6000 tons register, and with —— fine | on the West Coast of South America, and represent a 


recommodation on the upper decks for 
of passengers, 


arge numbers t 


of steamer admirably suited for such work. 
ndeed, in the building and finishing of these vessels 














Messrs. Beardmore show that they aim at a high 
standard of excellence, both as regards workmanship 
and materials. 

The principal dimensions of the vessels are as follow: 
—Length between perpendiculars, 360 ft.; breadth, 
moulded, 46 ft.; depth, moulded, to upper deck, 25 ft. ; 
and to spar deck, 32 ft. 9in. The gross tonnage is 
3669 tons in the case of the Quilpue, and 3673 tons in 
the Quillota, with a net tonnage of about 1960 tons. 
The dead-weight carrying capacity is about 3400 tons 
on Lloyd’s summer freeboard. A double bottom, for 
the storage of fresh water and the carriage of water 
ballast, is fitted all fore and aft. The vessels have 
been built under special survey to Lloyd’s highest 
elass for both hull and machinery, and are completed 
and equipped in accordance with Board of Trade 

uirements for passenger service. 

“' view of the fact that the vessels are intended for 
service in a hot climate, the first-class accommodation 
has been placed in deck-houses on top of the spar-deck, 
and of this deck a plan is given on this page (Fig. 2). 
Large two-berth state-rooms for about eighty passengers, 
are, it will be seen, fitted to give the maximum of free 
air. Over this deck-house, as shown in the photograph 
of the ship reproduced on this pes» is a boat or plat- 
form deck for a promenade, The dining-saloon is also 
situated in a house on the spar-deck, and is an apart- 
ment well lighted and ventilated and capable of seatin 
the whole of the first-class passengers. The social hal 
is placed immediately above the dining-saloon, and has 
a large well in the centre, with a skylight which gives 
light and air to both social hall and dining-saloon. 

Portable ‘‘ standee” berths are supplied for about 
fifty steerage passengers for erection on the poop-deck, 

on the main deck between the poop and forecastle 
similar berths for a large number of steerage paseengers 
may be erected, The sides of the ship between the 
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top of the bulwark and the spar-deck are left open for 
this distance amidships, ensuring the best of ventila- 
tion. The view of the vessel does not show this portion 
open, as it had been temporarily boarded up for the 
voyage to South America. 

Special attention has been paid throughout to the 
sanitary, lighting, and ventilating arrangements, so as 
to provide against the climatic conditions and for the 
trade. Side hatches are fitted for the forward and 
after holds, and one large centre hatch to the main 
hold, with large winches, derricks, and rapid cargo- 
handling appliances to meet special local requirements 
on the West Coast of South America. 

The propelling machinery, illustrated on page 778, 
consists of two sects of vertical triple-expansion 
engines, with cylinders 20 in., 33 in, and 55 in. in 
diameter respectively and of 3 ft. 4in. stroke ; steam 
is supplied from four single-ended boilers, each 16 ft. 
in diameter and 10 ft. 6 in. long. The working pres- 
sure is 190 1b. per square inch. 

During the trials of the vessels each maintained a 
mean speed of nearly 15 knots on the measured mile, 
and the machinery worked satisfactorily in all respects 
throughout the whole of the trials, which included a 
run from the Clyde to Liverpool. 

A notable feature was the time taken to build the 
ships. The Quillota was handed over in 246 working 
days, and the Quilpue in 319 days from the placing of 
the order ; a performance which indicates the facilities 
for rapid constructional work available at the works 
of the builders, 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 4. 

STEEL market conditions continue favourable, with 
as much activity in certain lines as for weeks past, 
particularly in structura! material, plates, and steel 
bars. There are a number of indications which point 
to a renewal of buying of crude iron for the first half 
of 1908. Some good authorities have been anticipating 
a period of comparative quiet, but the consuming 
interests are again making inquiries. The Southern 
furnaces are favoured with inquiries, and strong prices 
have been named, Western Bessemer makers secured 
orders last week for some 30,000 tons for delivery 
during the first quarter of next year. Reliable in- 
formation has been received from Western sources 
which goes to show that the purchases made by the 
implement manufacturers amount to 100,000 tons of 
material in round figures. The implement interests 
evidently conclude that prices are more likely to 
advance than decline. There were no concessions 
made. Billets continue to sell freely, one lot of 5000 
tons having been taken on Saturday. 

During the month of May, 150,000 tons of structural 
material were contracted for, of which about one-fourth 
was taken by the American Bridge Company. Bridge- 
building requirements will absorb large quantities of 
material from now until the close of the year. The 
plate-mills likewise have all they can possibly handle. 
The latest large requirement is for 10,000 steel freight- 
cars for the Chicago, Lake Shore, and Eastern Rail- 
road. On all moderate orders premium prices are 
paid, and this condition will continue. 

Locomotive builders are large buyers. The Ameri- 
can Locomotive Company has purchased 15,000 tons 
of foundry iron for delivery next year. Several cargoes 
of foreign iron are due here this week, and more orders 
will soon be placed because of the increasing difficulty 
of obtaining prompt delivery pig. 

Ore is being received from the Superior region at 
the lower lake docks faster than it can be promptly 
handled. The great fleet is now in commission, and 
over 5000 tons have already been loaded and partl 
delivered. The rush for tin-plate continues, and mills 
are hampered for supplies. Prices are paid on a 
premium basis. 








Tue TuHEory oF THE Gyroscope: ErratumM.—In our 
article on page 749 of our last issue, the figure 2 was 
inadvertently drop out of the denominator of the 
numerical example in the third column. Thedenominator 
should have been 2 x 32.2, instead of 32.2, and the quotient 
122.5 foot-pounds, instead of 245 foot-pounds, 


Tenpers Invirep. — The Commercial Intelligence 
Branch of the Board of Trade states that tenders are 
invited by the Norwegian State Railways for two railway 
bridges, weighing ther about 393 tons. Tenders are 
to be delivered in sealed envelopes marked ‘‘ Anbud paa 
Leverance af Broer over og Nidelven” by 3 p.m. 
on the 2lst inst., at ‘‘Styrelsens Ekspeditionskontor, 
Christiania.” Copies of the specifications, condition 
and drawings relative to this contract may be ins ted 
by British traders at the Commercial Intelligence Branch 
of the Board of Trade, 73, Basinghall-street, Tond 
E.C. It should be noted that, apart from the usua! 
Customs duties, a preference of from 10 to 15 per cent. is 
given to Norwegian manufactures. In all cases of Nor- 
Wegian contracts it is obligatory that a resident t 
should act for tenderers not residing in Norway, and be 
responsible to the Government ; but it is not necessary 
for the agent to be a Norwegian firm. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday mornin 
the pig-iron market opened very weak, and Clevelan 
warrants were down ls. perton. The turnover was > | 
about 6000 tons at 593. 84d. cash, 60s. eleven days, 603. att 
and 603. 1d. one month, and closing sellers quoted 59s. 8}d. 
cash and 603. one month. In the afternoon the business 
was again small and consisted of 1500 tons of Cleveland 
warrants at 593. 84d. cash and 593. 114d. one month. At 
the close the quotations were easier, at 593s. 74d. cash and 
59s. 104d. one month sellers. Oa Friday morning the market 
opened with a better tone, but prices again declined. The 
transactions were confined to about 3500 tons of Cleveland 
warrants at from 593. 10d. to 593. 74d. cash, from 60s. 1d. 
to 59s. 114d. one month, and at 60s. 14d. August 9. Closing 
sellers quoted 59s. 8d. cash and 5¥s. 114d. one month. 
At the afternoon session the tone was much weaker, and 
Cleveland warrants were done at from 593. 3d. to 59s. 
cash, at 593. 34d. one month, and 59s. 24d. twenty-seven 
days. The close was a little stronger, with sellers quoting 
593. 3d. cash and 59s. 6d. one month. The turnover was 
4000 tons. On Monday morning weakness again pre- 
vailed, and opening weak, Cleveland warrants eased still 
further, but rallied alittle towards the close. The turn- 
over was about 15,000 tons at from 583. 74d. to 58s. 3d. to 
58s. 5d. cash, 583. 10d. twenty-one days, 583. 3d. seven 
days, and from 58s. 104d. to 58s. 64d. to 583. 8d. one month. 
Closing sellers quoted 583. 5d. cash and 58s. 8d. one month. 
The afternoon market was quiet and prices were almost 
unchanged. The dealings in Cleveland warrants were 6500 
tons at 58s. 34. cash, from 58s. 8d. to 583. 64d. to 583. 7d. 
one month, and at 58s. 104d. August 15. Closing sellers 
quoted 583. 44d. cash and 58s. 8d. one month. One lot of 
hematite changed hands at 76s. 9d. cash. On Tuesday 
morning a slight improvement was noticeable in the tone 
of the market, and 7000 tons of Cleveland warrants were 
done at 58s. 6d. and 58s. 54d. cash, 583. 10d., 58s. 8d., and 
583. 9d. one month, and at 593, August 30. The closin 
quotations were 583. 6d. cash and 58s. 94d. one neath 
sellers. Hematite was steady, and 1000 tons were dealt 
in at 763. 11d. seventeen days and 76:. 114d. twenty days. 
Atthe afternoon session the tone was strong, and Cleve- 
land warrants advanced about 6d. The dealings were 8500 
tons at from 583. 74d. to 583. 114d. cash and from 58s 11d. 
to 593s. 3d. one month, closing at 59s. cash and 59s. 3d. 
one month sellers. There were buyers of hematite at 
77s. 6d. cash, but no sellers. When the market opened 
this (Wednesday) morning the tone was weak, and about 
7000 tons of Cleveland warrants were done at 583. 44d. 
and 58s. 54d. cash, 583, 34. and 583. 24d. five days, 
583. 9d. and 58s. Sd. one month, and 58s. 6d. July 16. 
Closing quotations eased to 533. 24d. cash and 583. 6d. one 
month sellers. Hematite was also down, and buyers 
offered 763. 54. cash, but sellers quoted 76s. 8d. cash. In 
the afternoon a further decline took place in Cleveland 
warrants, the dealings being 7000 tons at 57s. 84d., 57s. 8d., 
and 57s. 9d. cash, 57s. 114d. and 583. 2d. one month. 
At the close the tone was a shade firmer, with sellers at 
57s. 1ld. cash and 58s. 2d. one month. Hematite was 
again weaker, with buyers at 75s. 6d. cash and sellers at 
763. 6d. one month. The following are the market quota- 
tions for makers’ (No. 1) iron: — Clyde, 78s. 6d.; Calder, 
Gartsherrie, and Langloan, 79s. ; Summerlee, 81s.; and 
Coltness, 90s. (all shipped at Glasgow) ; Glengarnock (at 
Ardrossan), 79s.; Shotts (at Leith), 793.; and Carron (at 
Grangemouth), 82s. 


Sulphate of Ammonia.—The sul phateof ammonia market 
continues to exhibit a firm tendency, and the price to-day 
is round 12/. 2s. 6d. per ton for prompt delivery, Glas- 
gow or Leith. The amount shipped from Leith Harbour 
last week was 482 tons. 


Scotch Steel Trade.—The Scotch steel trade continues 
to move on satisfactory lines, although complaint is 
still made about the scarcity of home orders. Specifi- 
cations against contracts are quite sufficient to keep the 
works going steadily at present. With regard to foreign 
orders, a fair amount of new business is being done, and 
inquiries are reported for some large lots of steel material 
for shipment to the Far East. Prices are firm all round ; 
but it is stated that if any respectable quantity of the 
latter is to be fixed here, local producers will almost 
require to shade their prices in order to secure the 
business. 


Malleable Iron Trade.—No change can be reported in 
the malleable iron trade during the past week, and makers 
are fairly well employed. New orders are being booked 
rather more freely, the bulk of which are for shipment 
abroad 

Pig Iron Trade.—Makers of Scotch pis iron have again 
been in receipt of pressing demands for their —— 
especially for foundry iron. High prices are being ask 
and obtained for the latter, and large quantities have been 
sold for shipment to Canada and the United States. 
Makers of hematite also report a better inquiry. 


Shipbuilding.—Since this month commenced there has 
been no improvement in the fixing up of fresh contracts, 
and in some of the 8, especially in the lower reaches 
of the Clyde, a few new orders would be very gladly 
welcomed. Messrs. Caird and Co., Greenock, have con- 
tracted to build a mail and passenger steamer, of about 
6000 tons, for the P. and O. Steam Navigation Com- 

y- Ibis pee that she will have a speed of 18 
nots, and will be placed on the route between Aden 
and Bombay.—Messrs. Lobnitz and Cc., Limited, Ren- 
frew, have received an order from the Niger Company, 
Limited, for a stern-wheel steamer fitted with two 
paddle-wheels, ny sarface-condensing engines, 
and locomotive ng iler.—It is reported this evening 
that Messrs. William Denny and Brothers, Dumbarton, 





have just received a contract from Messrs. Patrick Hen- 
derson and Co., Glasgow, for a new 7000-ton steamer for 
their Glasgow and Rangoon trade. It is said that this 
steamer will be similar to the ss. Ava, launched last 
year. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Sheffield and the Motor Industry.—Mr. Watson Foggo, 
who for the past year has been associated with the York- 
shire Engine Company as general manager, and pre- 
viously with Clayton and Shuttleworth, Limited, of Lin- 
coln, has been appointed managing director of the former 
company. During his connection with the Sheffield firm, 
Mr. Foggo has secured a contract for the production of a 
British replica of the Mércedes motor-car. This contract 
will run through a number of years, and will ensure the 
department being uniformly busy during its continuance. 
The car will be in every respect identical with the 
Mércedes. Several have already been built, and the first 
to leave the shops, immediately after its first tuning up, 
made a non-stop run to London. 


Sheffield Watcr Works Profit.—The annual report of the 
Sheffield Water Works shows the substantial profit of 
60437. on the year’s working, the receipts having been 
161,333/.—an increase of 7245/. compared with 1906. A 
notable increase of revenue is from the big works at the 
East End, showing that trade has been very presperous 
throughout the year. Domestic supplies have yielded 
3684/. more than in the previous year, and trade supplies 
4558/. more. 


The Hull Coal Trade.—For the first time in the history 
of Hull as a coaling station, half a million tons have been 
dealt with in a single month. During May no less than 
591,008 tons of coal were received at the port, an increase 
over that cent in the corresponding period of last year of 
132,240 tons. The rapid growth of business is shown by 
the fact that in the same month ten years ago the tonnage 
dealt with was 242,208 tons—considerably less than half 
the amount for 1907. For the five months the total 
receipts are 2,305,328 tons, compared with 1,864,896 tons 
last year. There has been a slight shrinkage in the total 
exports, the figures being 249,772 tons this year and 
275,791 tons last year, the difference being largely 
accounted for by the smaller demand from Sweden. Hol- 
land shows a remarkable increase of over 100,000 tons on 
the five months. Coastwise exports reach 135,172 tons 
for the month as compared with 73,386 tons last year, a 
ee due entirely to the increased consumption of 

ondon. 


South Yorkshire Coal Trade.—The strong tone which 
has ruled throughout the quarter is well maintained. 
House coal prices are still very firm, the weather cf the 
past few months having had a stiffening effect on the 
whole of the summer season. Householders have been 
compelled to lay in stocks at a period much earlier than 
has n the case for many years, and merchants find 
their supplies heavily drawn upon. There is little 
probability of any further reduction in prices this 
summer. All classes of manufacturing fuel are in as 
strong demand as ever. The shipments to the ports 
continue to pass all records; and, notwithstanding the 
efforts of the railways, by the increase of rolling-stock, 
to meet the situation, considerable congestion still pre- 
vails, The Shetfield Gas Company is in the market for 
next year’s supplies, and the tenders so far received 
range from 23. 6d. to 33. per ton over last year’s rates. 
Small coal and slack is in brisk demand, and coke finds 
a ready sale at satisfactory prices. 


Iron and Steel Trades.—Reports from most of the iron 
and steel trades of the district continue most satisfactory, 
though complaints are received from manufacturers cf 
armour that there is little new work coming to hand. At 
present most of the East End firms are engaged in the 
finishing shops on armour already ordered, but the earlier 
departments are idle, and prospects of further orders in 
the near future are practically nil. A similar state of 
affairs prevails in the heavy gun and projectile depart- 
ments. The rapid fluctuations in the raw material 
market are making local manufacturers disinclined to 
quote for new work until they are assured of the necessary 
supply of pig iron and hematite. Lincolnshire and Derby- 
shire irons maintain recent rates, but hematites have 
made a further advance, and notwithstanding the frequent 
reports that top prices have now been reached, there is no 

rness to offer supplies. Eogineering work generally 


is busy, especially in the railway departments. A local 


company have recently completed an important contract 
for fifteen heavy goods locomotives for the Hull and 
Barnsley Railway. 








Tue British ASSOCIATION FOR THE ADVANCEMENT OF 
Scrence.—Arrangements for the Leicester meeting, to be 
held next month, are now well advanced. Sir David Gill, 

B., F.R.S., formerly Astronomer Royal at the Cape, 
will act as President. The social events in connection 
with this meeting will include an evening {éte given by 
the Mayor of Leicester, Alderman Sir Edward Wood, in 
the ‘Abbey Park ; a conversazione in the Museum Build- 
ings, given by the President and Council of the Leicester 
Literary and Philosophical Society ; and a garden party, 
to be given at Glenfield Frith, by Sir Samuel and Lady 
Faire. As President of the meeting next year, when, 
for the fourth time in its history, the Association will 
meet in Dablin, the Council has nominated Mr. Francis 
Darwin, F.R.S., Foreign Secretary to the Royal Society, 
and author of the ‘ Life and Letters of Charles 
Darwin,” 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippiesBroucH, Wednesday. 

The Cleveland Iron Trade.—At this season of the year 
traders do not, as a rule, expect to see a great deal doing 
in the way of sales, hence the present quietness causes 
no surprise. Reports from America and from the Con- 
tinent are such as tend to depress this market, and 
speculators in warrants have of late fo prices down, 
with the result that values of Cleveland iron have fallen. 
No. 3 gm.b. is now put at 58s. 6d. f.o.b. ny of 
the leading producers, however, are very unwilling 
to recognise that as the general market quotation ; 
and, on the other hand, under present circumstan2es, 
buyers are not dispo: to pay the figure named, 
so that the quotation is nominal. Deliveries of Cleve- 
land pig continue good; and in order to satisfy 
requirements the warrant stores are still being drawn 
upon, though not to such an extent as they were a little 
while ago. Those who need foundry No. 4 and grey- 
forge iron have to go to makers for their —— and 
these qualities are fully up to the price named for No. 3. 
East Coast hematite pig is steady and firm. This branch 
is not hampered by any stocks, and producers take a 
very firm stand. For mixed numbers the price is quite 
23, and some firms ask up to 82s. 61. Thus hematite is 
now very dear as compared with values of Cleveland iron. 
Whereas the difference between No. 3 Cleveland and 
mixed numbers of hematite used to be 8s. to 10s, it is 
now 233. to 24s. Spanish ore is strong. Rubio (50 per 
emt. quality) is 22s. 6d. ex-ship Tees, and sales of other 
kinds of ore are being made on that basis. 


Manufactured Iron and Steel.—A satisfactory state of 
affairs exists in the manufactured iron and steel indus- 
tries. In all departments a lot of work is being turned 
out, and in certain branches further slight improvements 
are noticeable. Most firms have contracts made which 
will keep them busily employed for some months, and 
under such circumstances are not keen on securing new 
orders, especially as they hold to the belief that prices 
are likely to advance in the near future. Common iron 
bars are 8/.; best bars, 8/. 19%s.; best best bars, 9/.; 
packing-iron, 6/. 153.; iron ship-plates, 7/. 15s.; iron 
girder-plates, 8/.; iron boiler-plates, 8/. 153.; steel bars, 
7l. 103.; steel ship-plates, 7/. 10s.; steel boiler-plates, 
8. 103.; steel hoops, 7/. 15s.; steel strip, 7/. 53.; and 
steel joists, 6/. 17s. 6d.—all less the customary 24 per 
cent. discount. Cast-iron railway chairs are 4/. 23, 6d. 
to 4/. 5s. ; cast-iron columns 7/.; light iron rails, 7/. 7s. 6d. 
to 7l. 15s. ; heavy steel rails, 62. 15s.; and steel railway 
sleepers, 7/. 103.—all net cash at works. Iron‘or steel 
galvanised corrugated sheets, 24 gauge in bundles, stand 
a‘ 130. 153. to 14/., less 4 per cent. 


Coal and Coke—Very good accounts continue to be 
given of the fuel trade. Demand, both on home and 
foreign account, is large, and values tend upward. Ship- 
ments of gas-coal from the northern ports are on a very 
good scale, and more sales are being made at increasing 

rices. Bunker coal is in good request, and unscreened 

urhams are quoted 12s. 104d. to 13s. 3d. Coking coal 
is strong. Coke is firm, on the basis of 21s. 6d. for average 
blast-furnace kinds delivered at Tees-side works. 








PersonaL.—Mr. F. T, Hanks, of 1, Higham-place, 
Newcastle-on-Tyne, has been appointed by Messrs. Ever- 
shed and Vignoles, Limited, of Acton-lane Works, 
Chiswick, W., as their agent for Newcastle and district. 
—We are requested to state that the Yorkshire Machine- 
Tool and Engineering Works will be known in future as 
the Alma Machine-Tool and Engineering Works, Livers- 
edge (England). Mr. T. H. We ILM. has 
recently been appointed general manager of these works. 
—Messre. Mawdsleys, Limited, Zone Works, Dursley, 
Glos., inform us that they have appointed Messrs, 
Pooley and Austin, 25, Victoria-street, S.W., as sole 
London agents for their ‘‘ Zone” dynamos and motors. 





“Seti’s Wortp’s Press AND ADVERTISERS’ ReErER- 
ENCE-Book, 1907. London: Sell’s Advertising Agency, 
Limited, 168 and 167, Fleet street, E.C. [Price 7s. 6d.]— 
This Press directory is so well known as scarcely to need 
commendation. . It embodies lists of all newspapers, 
niagazines, and class papers published within the British 
Empire, together with information relating to the more 
important foreign papers. Thesections are quickly found 
by means of coloured-edge guide, while the sub-sections 
are provided with small tabs. Two main directory sec- 
tions deal respectively with the Press of the British Isles 
and of the Colonial and Foreign countries. The former 
section is divided into seven lists, one giving a county list 
(with maps) of all newspapers of the British Isles, while 
the others, arranged under town headings, form a Press- 
guide, divided into six sections, referring to London, Eng- 
land, Ireland, Scotland, Wales, &c., and magazines. The 
section devoted to the British Possessions practically forms 
& gazetteer, well illustrated with maps and photographic 
reproductions, A large number of original articles relating 
to journalism and the Press, several of them being illus- 
trated, are also to be found in this book. An article on 
London’s literary clubs is marred by illustrations which 
might be taken for photographs of typical London street- 
paving rather than views of buildings. So simple is 
the expedient in, Protography for obviating such defects 
that  pictare half foreground, with a building skyed and 
its “— storeys cut off, comes as a surprise nowadays. 
One illustration, too, in this article is of a building no 
longer existing. These articles are, however, only *‘ by 
the way,” and such illustrations in no sense affect the 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam coal trade has ruled firm ; the best 
large Admiralty has made 18s. 94, to 193. 3d. per ton, while 
secondary qualities have ranged from 18s. to 18s, 3d. per 
ton. House coal has shown little change; the best ordi- 
nary qualities have made 17s. to 17s. 6d. per ton. No. 3 
Rhondda large has been quoted at 20s. to 20s. 6d. per ton. 
Foundry-coke has brought 263. to 27s. per ton, and fur- 
nace ditto 203. to 22s. per ton. As is iron ore, 
Rubio has been quoted at 21s. to 2ls. 6d. per ton, and 
oe a LT, t..” 0 ne 50 per 
cent. of iron, including freight, insurance, 
&c., to Cardiff or Newport. 

The Elbw Vale Company.—The profits of the Ebbw 
Vale Steel, Iron, and Coal Company in 1906-7 were 
170,443/ , as compared with 59,873/. in 1905 6, 55,7932. in 
1904-5, 94,4607. in 1903-4, 139,8307. in 1902-3, 9649/7. in 
1901-2, and 177,244/. in 1900-1. The dividends for each 
year were :—1900-1, 12 per cent.; 1901-2, nil; 1902-3, 10 
per cent.; 1903-4, 1904-5, and 1905-6, 5 per cent. in each 
year; and 1906-7, 10 per cent. The company’s collieries 
worked well in 1906-7; they produced a larger quantity 
of coal, and it was sold at increased and improving prices. 
The expenditure on new plant and improvements during 
the past year was 43, 266/, 


Dowlais.—The output of the rail and sleeper mills has 
been large, especially upon foreign account. Some small 
steel rail shipments have been made to Japan, and hopes 
are entertained that these shipments will increase. The 
Big Mill has hada good output of small rails, fish-plates, 
angles, and miscellaneous light material. 


Welsh Coal Exports.—The exports of coal from Cardiff 
in the first five months of this year were:—Foreign, 
7,227,587 tons; coastwise, 1,024,559 tons ; total, 8,252,146 
tons. The exports of patent fuel were 206,994 tons; and 
of coke, 44,147 tons. ‘The exports of coal from Newport 
to May 31, this year, were :—Foreign, 1,557,022 tons ; 
coastwise, 312,466 tons; total, 1,869,488 tons. The 
exports of patent fuel were 42,695 tons, and of coke, 6531 
tons. The exports of coal from Swansea to May 31, this 
year, were :—Foreign, 1,110,273 tons; coastwise, 118,592 
tons; total, 1,228,865 tons.. The exports of patent fuel 
were 263,745 tons; and of coke, 4068 tons. ‘The exports 
of coal from Port Talbot to May 31, this year, were :— 
Foreign, 513,595 tons; coastwise, 166,049 tons; total, 
679,644 tons. The exports. of patent fuel were 53 
tons; and of coke, 10,784 tons. The exports of coal from 
Neath to May 31, this year, were :—Foreign, 58,084 tons; 
coastwise, 104,515 tons ; total, 162,599 tons. The exports 
of coal from Llanelly to: May 31, this year, were :— 
Foreign, 108,219 tons; coastwise, 17,417 tons; total, 
125,636 tons. 


Llanharry.—Men employed under a contractor in sink- 
ing a shaft, to be 100 yards deep, on Llechan farm, near 
Lianharry Station, have discovered iron ore, which is said 
to be of = quality, at a depth of 20 yards from the 
surface. Iron ore was many years ago worked on a some- 
what extensive scale in the eastern end of the parish. 
The present pit, which is adjacent to the Taff Vale Rail- 
way, is situated in the centre of the district. 


Welsh Railway Extensions.—After protracted sittings, 
extending into an eighth week, a committee of the House 
of Commons announced, on Monday, its decision in the 
cae of two Welsh Railway extension projects which it 
has had under consideration. The committee approved a 
Bill promoted by the Barry Railway Company, which 
admits the Barry Company into active competition for 
the traffic of the Monmouthshire Valley. 





MISCELLANEA. 

In an address to the American Association for the 
Advancement of Science, it was recently stated that the 
value of the mean deviation of daily rate for a United 
States naval clock made in 1904 is 0.015 second ; for the 
Leydén Observatory clock of 1900 it is 0.028 second ; for 
the Berlin Observatory clock of 1877, 0.02 to 0.03 second ; 
and for the Greeriwich 1900 clock, 0.051 second. 


In La Métaliurgie there were recently given particulars 
of a copper alloy of great strength and toughness. This 
is said to be the result of work by M. G. Claudoir, 
Jun., who, by the addition of ? to 34 per cent. of cad- 
mium, — copper alloys which had a strength of 
42,996 lb. per square inch at 500° deg. Cent. Good 
results were also obtained with alloys of composition 
Cu, 92 per cent. ; Sn, 44 per cent. ; Cd, 34 per cent. 

Messrs. Cowans, Sheldon, and Co., Limited, of Carlisle, 
have just received an order for a 150-ton floating crane 
and pontoon for the Kawasaki Dockyard, Japan. This 
crane will be capable of lifting its full load at a radius of 
86 ft., and depositing loads at a minimum radius of 26 ft., 
the height of pulley above water-line neing 90 ft. at the 
maximum radius, which makes it possible for loads to be 
loaded into or lifted out of the largest ships. 


A conveniently-arranged table of metric equivalents, 
printed on parchment paper and arranged to fold into a 
strong cover, has been sent us by the Arc-Light Printing 
Dépét, of Winsley-road, Colchester, who are publishing it 
at a price of 1s. 6d. The main table gives the metric 
equivalent of any measure in feet, inches, and fractions of 
an inch, advancing by quarters up to 25 ft., whilst subsi- 
diary tab!es give the equivalents of small divisions of the 
inch, and of even feet from 25 ft. up to 190ft. The 
principal measures of capacity and weight, with their 
values in the metric system, are also included in the chart. 


The work of installing block signals on American rail- 
ways pro; steadily, and at the end of 1906 the state 


hel 
777 
Miles of 
Track. 
Protected with automatic block, single track ‘ 2,750.8 
” ” -" two or more tracks 5,790.9 
” ” »» total.. a os 541.8 
Protected by manual telegraph block, single track.. 34,493.9 
. ~ 2 » two or more 
tracks oe ee ne o = - 8,357.1 
Protected by manual telegraph block, total .. 42,851.0 
Controlled by manual block, single track a 1,088.7 
” ” »» two or more tracks 817.0 
” ” ” total oe on 1905.7 
Protected by staff or tablet block és . 213.1 


making a total of 53,511.6 miles protected with one or 
the other of the above block systems. 


It is reported that an electric railway 85 miles in 
length is to be constructed between Genoa and Milan, at 
an estimated cost of 9,400,000/. ‘The water-power plant 
will consist of three 24,000-horse-power turbines. It is 
stated that nineteen tunnels will have to be constructed 
on the road, one tunnel being 12 miles in length. The 
line will be double-track. The electric locomotives and 
baggage cars combined will have two four-wheel trucks, 
each of these four axles being driven by a 300-horse-power 
motor, These vehicles will weigh 45 tons. The trains 
will be made up of three passenger cars, each of a carry- 
ing capacity of fifty persons, the distance being covered 
in 14 hours. The load for goods trains will be 700 tons, 
and their speed ‘20 miles per hour. No level-crossings 
are to be allowed, and this will involve the construction 
of 372 bridges. The line is expected to be finished in 
about six years’ time. The longest tunnel will be worked 
from ten borings at the same time. 


Electric launches for the purpose of keeping a fore bay 
clear of ice are in use at Niagara, operated by trolley. 
The boats are 25 ft. long, of 8-tt. beam, and draw 4 ft. of 
water. The trolley-wires run down the middle of the 
canal, and the trolley-carriage, of aluminium, runs on 
two wires. The electric yo of the boat consists 
of a 75-horse-power, 220-volt, 25-cycle alternating-current 
motor, geared to an extension of the peepee. cae by 
— and gear of ratio of 16 to 66. This boat is owned 

y the American company, the Niagara Falls Power Com- 
pany. The Canadian Niagara Power Company also have 
now an electric launch for the same purpuse, this vessel 
being 40 ft. long by 10 ft. beam, and 6 ft. draught. It 
works along the outer wall of the power-house to prevent 
any accumulation and block of ice at the intake. Two 


237 | steel trolley-wires are suspended from poles 60ft. high, the 


voltage used being 1000. The equipment of this boat in- 
cludes two 75-horse-power motors and a 125-kilowatt air- 
blast transformer. 








Tae Roya. Sanrrary Instircte; Sommer Conrer- 
ENCE.-—-The summer conference of the Royal Sanitary 
Institute will be held this year in Dublin from June 25 
to 29 inclusive. The work of the conference will be 
divided into three sections—viz.:—I. Sanitary Science 
and Preventive Medicine. II. Engineering and Arcbi- 
tecture. III. Physics, Chemistry, Biology, and Meteoro- 
logy. On June 25 the conference will open with a lunch 
in the International Exhibition. The reception and 
inaugural address of the President will be held in the 
evening at Trinity College. On Wednesday, the 26th, 
Section I. will meet at 10 a.m. for the reading and dis- 
cussion of papers. On the 27th, Section 11. will meet at 
the same time and for the same purpose, as will Section 
IIT. on the 28th. On the afternoon of the 26th members 
will be received by the Lord Lieutenant and Countess of 
Aberdeen at a garden party at the Vice-Regal Lodge, 
Pheenix Patk. For. the afternoons of the 26th and of 
the 27th, and likewise for the 29th, excursions have 
been arranged to places of interest in Dublin and neigh- 
bourhood. Farther particulars may be obtained from 
the secretary of the Institute, 72, Margaret-street, 
London; W. 2 





Care To’Carro Rattway.—Sir C. Metcalf, consult- 
ing engineer to the Chartered Company, has, after a brief 
visit to Johannesburg, left for Chinde, vid Lourengo 
Marques. The great Cape to Cairo line, originated in 
the fertile brain of Mr. Cecil Rhodes, was originally 
intended to be constructed from Bulawayo northwards, 
vid Gwelo. This would have necessitated the traversing 
of the Mafun Gabusi district and the ultimate crossing of 
the Zambesi near the Kariba Go Owing, however, 
to the heavy and difficult nature of the country, and the 
huge expenditure which would have been involved, the 
directors of the Rhodesia Railways (Limited) decided to 
abandon the original route and to carry the line further 
west. The line, after passing through vaet forests in the 
Gwaai district, and leaving behind extensive coalfields at 
Wankie, crosses the Zambesi, and is now being pushed 
beyond Broken Hill, and thence through North-Western 
Rhodesia to Tanganyika. The section from Bulawayo to 
Victoria Falls was commenced in May, 1901, and was 
completed in April, 1904 ; and still the iron horse is pur- 
— its northern course. The great bridge which carries 
the line over the Zambesi below the ‘* Boiling Pot ” is 
sufficiently wide to allow of a double line of rails being 
laid. On arriving at Chinde, which is situated on a delta 
of the Zambesi, Sir C. Metcalf will continue his journey 
by boat to Port Herald, a Central African village on the 
banks of the Zambesi, about one-third of the distance 
separating Lena from Teta, Sir C. Metcalf’s object is to 
inspect the first. section of the new line which links up 
Port Herald with Blantyre. The earth-works have now 
been completed to within 20 miles of Blantyre. The 
latest section undertaken commences at Port Herald, 
where the Zambesi is, at certain periods of the year, not 
navigable in consequence of i:s shallow dravght, The 








real value of the book as a directory. 





of affairs in the country was as follows :— 





line will end for the present at Blantyre, 
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FOUR-CYLINDER COMPOUND EXPRESS Locoyoil 


CONSTRUCTED FROM THE DESIGNS OF MR, Q. BUSSE, LOCONOTIV! 


(for Description, see P 
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PLATE XLIIT. 





LOCOMOTIVE FOR THE DANISH STATE RAILWAY. 


SE, LOcoyonIVE AND ROLLING-STOCK SUPERINTENDENT, COPENHAGEN. 


la Description, see Page 771 ) 
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THE ENGINEERING CONFERENCE. 


THE arrangements made for next week’s Engi- 
neering Conference merit success. The most pro- 
mising feature is the undoubted advantage deriv- 
able from such a gathering of engineers accustomed 
to consider every branch of applied science from 
almost every point of view. Our technical institu- 
tions are apt to work in a groove, because each is 
concerned unavoidably with one department of | a 
engineering. The naval architects naturally look 
to their institution for all that is original in connec- 
tion with marine construction ; the Iron and Steel 
Institute concerns itself purely with metallurgical 
problems, and only occasionally associates such 
problems with those affecting constructional require- 
ments ; and so with other organisations. The 
Mechanical Engineers and the Civil Engineers, in 
their respective organisations, cover a wider field ; 
but there, too, it is often the case that a paper draws 
together an audience of engineers who have con- 
fined their attention largely to the subject under 
discussion. The consequence is that there does 
not accrue such. full benefit as is possible by 
enlightenment from what may be termed the 
collateral branches of engineering. Is it not rare 
to find the bridge-building expert offering views 
upon the constructional problems associated with 
steamship building ? Again, profit might result 
were problems associated with the design of gas and | o 
water works valves, &c., tackled on occasion by 
those associated with steam-engine practice. Thus 
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engineers meet, especially in association with such 
787 | a Conference, the practice of the profession is never 


far from their minds. For this reason the change 


787 | made this year in favour of having one great con- 


versazione instead of two, as formerly, is to be com- 
been made possible by 


790 | the use of the Albert Hall, where the many varied 


accessories of such a social gathering can be carried 
out with the maximum of comfort. It is, perhaps, 
from some points of view, to be regretted that the 
Institution buildings in Great George-street are not 
sufficiently large for such a function, when the 
ladies of the party might realise the full dignity 
of the Institution ; but there isa gain in the fact 





that the removal of the social function to the West 
has left the various rooms of the Institution free 
for the business meetings, which we hope and believe 
will be of great utility. 

The programme, which will be found in another 
part of this issue, brings into the arena of dis- 
cussion several subjects of pressing importance ; 
and after what we have said, it will under- 
stood that we are much in favour of the joint 
meetings of sections where there is the slightest 
overlapping of interests. There are only two of 
these joint meetings. In the one case the Ship- 
builders and the Harbour Authorities will meet to- 
gether to discuss a subject of first importance— 
‘The Harbour and Dock Requirements as Affected 
by the Development of Ships.” This topic is to be 
inseodnced by the Right. on. Lord Pirrie, than 
whom no shipbuilder i is better able to offer to the har- 
bour authorities suggestions as to the future require- 
ments for large ships. Lord Pirrie’s firm is noted 
for the immense size of the vessels which they have 
constructed, and he will, no doubt, tell us to what 
extent the ‘development is likely to be carried 
in the immediate future. The question is one 
regarding which there is perhaps room for doubt, 
because there are few services upon which it 
is possible to secure a cargo sufficient in volume 
to justify the huge liners of which a number have 
been built by Messrs. Harland and Wolff. It would, 
therefore, be interesting to know with some degree 
of precision the exact economy possible by the 
construction of ships of such immense carrying 
capacity as the Cedric. Of still more interest is the 
question of the depth of water in harbours. There 
is no doubt that the economy of propellers is more 
or less directly related to the depth of immersion, 
and we should like some definite indication from 
some of the firms responsible for the construction 
of high-speed vessels. The Harbour Engineers’ Sec- 
tion should have such definite information, because 
they are faced with the seeming injustice of increas- 
ing the depth of water in their ports and docks to 
an abnormal extent, in order to suit the conveni- 
ence of a relatively small number of immense ships, 
at the expense of the whole of the shipping using 
the port. The consequence is that a few large 
- may handicap the port and its general trade ; 

unless there is to be full justification for the 
pall length and depth, there cannot be the same 
necessity for satisfying extraordinary conditions. 

The other case of a joint meeting is that of the 
electricians and mining experts, who together will 
consider the question of the application of elec- 
tricity to mines. Here again there is a clear indi- 
cation of the advantage of such a general congress, 
because it is difficult to otherwise ensure an abso- 
lutely full interchange of opinion between mining 
and electrical engineers. Other occasions might 

uite reasonably have been found for similar joint 

iscussions, even in the list as at present drawn ; 
but the difficulties, we admit, are great, and, 
moreover, we have no doubt that even although 
the sections may be meeting contemporaneously, 
members will be attracted from their own section 
to others where questions of direct personal in- 
terest are raised. Thus, in connection with the 
first paper to be discussed at the Railway Section 
ednesday, ‘‘The Chemical Composition of 
Steel Rails, and the Latest Developments ”—which 
is to be introduced by Mr. C. P. Sandberg—and 
the first paper at the same section on Tuesday, on 
‘*The Action between Wheel and Rail,” metallur- 
ists and railway and tramway engineers will com- 
ine to solve difficulties. These two subjects are 
in some measure related, and we should expect a 
general discussion. The latter paper, indeed, is 
pretty likely to raise the question whether the 
corrugation of rails—regarding which we have an 
interesting article on page 763 of this issue—is due 
to mechanical causes or structural composition or 
disintegration. We hope that the results we publish 
of Mr. Cudworth’s and Mr. Worsdell’s investiga- 
tions will assist towards a solution of this problem. 

Again, bearing on another department of engi- 
neering—namely, the use of reinforced concrete— 
there are several papers ; and here it is unfortunate 
to find simultaneous, but independent, discussions 
in two sections devoted to this matter. The re- 
inforced concrete utilisable for railway structures 
need not differ materially from the ferro-concrete 
structures to be dealt with at the harbour section ; 
and germane to both is the very important ques- 
tion of the durability, which is to be introduced 
by Mr. F. E. Wentworth-Sheilds. This, again, 
is a problem of very great importance at the 
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present time, and we hope that a liberal oppor- 
tunity will be afforded for a full discussion on it. 

We have again, in several phases, the perennial 
topic of the relative economy of various systems 
of prime movers and internal-combustion machi- 
nery; but this year we ought to have fuller infor- 
mation in reference to the internal - combustion 
engine, inasmuch as the application of this system 
has made satisfactory progress since the last con- 
ference, four years ago. It is hoped that some of the 
firms who have adopted the system in their works 
power-stations will afford accurate evidence of the 
cost of this new system, as the data on this subject 
are rather meagre and sometimes confusing. ‘The 
kindred subject of the relative advantages of elec- 
tric and hydraulic appliances for dock equipment 
is to be brought forward at the Harbour Section 
on Thursday, and here there is, no doubt, pos- 
sibility of useful knowledge being imparted to 
the profession. Mechanical engineers, electrical 
engineers, dock engineers, and shipowners are all 
interested in the problem, because in short-distance 
transport—as, for instance, in the coal trade with 
Europe and the iron-ore trade with Spain, the time 
necessary for loading and discharging constitutes 
an important item in the economy of the modern 
cargo-carrier. Rapidity of manipulating cargo is 
as essential as low working costs and reliability of 
plant. The Glasgow authorities have, with charac- 
teristic boldness, adopted entirely the electric 
system. Other ports are as confident that the 
hydraulic plant is superior, while in some of the 
dockyards compressed air is largely used for work- 
ing dock gear. There is thus possible direct com- 
parative testimony as to the ‘‘ relative advantages ” 
of the various systems. 

Indeed, the number of subjects to be brought 
before the Conference would almost constitute 
the limit of our commendation of the pro- 
gramme, and it is impossible within the space 
permissible to comment on the significance of the 
problems associated with each subject. We ought 
not, however, to omit a reference to one or 
two others associated with stationary and marine 
machinery. At the Machinery Section, on Wednes- 
day, we are promised a ‘‘field day,” as Dr. Tudsbery, 
with characteristic intuition of the possibilities of 
successful discussion, has induced two exponents 
of the different systems of turbine and reciprocat- 
ing machinery to lead in a debate, which ought, to 
be exciting. The Hon. Charles A. Parsons will 
introduce the subject of ‘‘ Turbines as Applied to 
Marine Propulsion,” and we hope that from the 
immense volume of information which he must 
now possess that he will, in the course of the meet- 
ing, give us some definite information regard- 
ing the relative economy of such striking compara- 
tive installations of turbine versus reciprocating 
machinery as is to be found in the Atlantic liners 
Carmania and Caronia, or of some other instances, 
while at the same time devoting attention to the 
conditions in respect of weight, cost, wear, and 
upkeep. The case for the reciprocating engine will 
be taken up by Mr. Henry Davey. It is significant, 
as well as commendable, that the whole forenoon is 
to be devoted to the discussion. In connection with 
the turbine, we should like to have seen bracketed 
the paper on ‘*‘ Modern Applications of Superheat- 
ing to Marine Steam-Boilers.” There are many 
advocates of the system, and Mr. A. Spyer, when 
he deals with the subject on Friday, will find 
many supporters. It is well known that the 
system has been favoured in many merchant ships, 
and the results in the case of the British battle- 
ship Britannia are promising (see ENGINEERING, 
vol. Ixxxii., page 875). Indeed, we believe that it 
was the intention of the Admiralty to adopt super- 
heating to a moderate extent in at least one of the 
battleships now in cours» of construction and 
to be fitted with Parsons turbines; but at a late 
stage of the negotiations—even after tenders had 
been received—this idea was departed from. We 
hope that in the course of the discussion we may 
be enlightened as t» the cause, whether cost, 
temperature effects, or wear of blades. In con- 
nection with shipbuilding also, there is certain 
to be a good discussion regarding the use of 
high-tensile steel; and here, again, the mining 
and metallurgical skill will be joined with that 
of the shipbuilders. It might have been useful to 
have had also the railway section to ascertain 
opinion regarding this material for other construc- 
tional purposes It will be remembered that Mr. 


Luke, of Clydebank, raised this important ques- | 
tion in his paper on the Lusitania at the spring| 





meeting of the Institution of Naval Architects, 
and the importance of the discussion then has, 
no doubt, stimulated interest for the three papers 
to be dealt with next.week. Each is by a specialist 
in shipbuilding. 

The programme of visits is no less important, and 
is equally satisfactory for each of the three days. 
There are, in all, fifteen works, or establishments, to 
be thrown open to the members of the Conference, 
and these are of a varied character. They embrace 
almost every department of engineering, and we 
are sure that they will be most highly appreciated. 
Details are given in another column of this issue 
of these visits, so that it is not necessary here to 
deal with them at length. 

As we said at the outset, success is certain. 
The week’s proceedings will begin with the 
James Forrest Lecture by Dr. Francis Elgar on 
Tuesday evening. His subject is ‘‘ Unsolved 
Problems in the Design and Propulsion of Ships,” 
and in view of Dr. Elgar’s intimate knowledge of 
theory, and his great practical experience, there 
is every likelihood of an interesting address. It 
ought to attract a large audience, especially as 
Dr. Elgar is now far too seldom heard at the meet- 
ings of our technical institutions. On Wednesday 
Sir Alexander Kennedy, the President of the 
Institution of Civil Engineers, will deliver the in- 
augural address to the various sections of the Con- 
gress. The main idea of this address and of the 
various papers to be contributed is the stimu- 
lating of discussion; because, as has been inti- 
mated, the main object of the Conference is the 
development and interchange uf ideas, not only be- 
tween different members prosecuting the same 
branch of our profession, but between members 
whose main interests lie in different directions. On 
such interchange of opinion the progress of the 
future depends, and those responsible for the 
organisation of the Conference have done well in 
the choice of subjects as well as in the selection of 
exponents ; and notably also in arranging, as far as 
possible, for joint meetings, so that those pursuing 
one aim may have suggestion, if not guidance, from 
others engaged on parallel problems. 








THE CORDITE DEBATE. 

All the nitro-powders, being highly exothermic 
chemical compounds, in place of a mere mixture of 
reagents, such as common black powder, are much 
more liable than the latter to deterioration when 
stored under high temperatures. The disastrous 
explosion on board the Jéna will be in the minds 
of all, and our own Navy and Army have also 
suffered from this unfortunate characteristic of the 
modern type of propellant, though, fortunately, on 
a much less serious scale. In December, 1899, a 
6-in. cartridge on the Revenge ignited spon- 
taneously, and two other cartridges in the same 
box were also found to have gone off, and last 
October a similar incident took place on board the 
Fox whilst at Bombay. In the autumn of last 
year, moreover, there were two spontaneous ex- 
plosions at cordite magazines in India. When it 
recently became known that the Home Office had 
laid an embargo on certain cordite manufactured by 
Messrs. Kynoch because it contained an unautho- 
rised ingredient in the shape of mercuric chloride, 
it was not, therefore, surprising that a large section 
of the public jumped to the conclusion that these 
disasters arose from defective ammunition pur- 
chased from the firm in question, and the politicians 
with socialistic leanings rejoiced in a new argument 
for the abolition of the private contractor. Unfor- 
tunately for their thesis, this ammunition turns out 
in each case to have originated from the Govern- 
ment factories at Waltham, and there is thus every 
prospect that the nation will continue to reap the 
benefit of the ingenuity and enterprise of private 
firms. It is impossible for any one individual to 
know everything, and it is, therefore, most impor- 
tant that the labours of the Government experts, 
able as these are, should be supplemented by the 
work of independent experimenters. Indeed, most 
of the radical improvements in armaments, from the 
Maxim gun to the stbmarine boat, have originated 
in this fashion. Cordite itself is no exception, for 
though it was first compounded in the Government 


| laboratories, the authorities frankly admitted that 


their investigations were based on the pioneer work 
of Nobel. Again, until the introduction of the 
so-called Palma Trophy ammunition by the King’s 
Norton Company, the Lee-Enfield rifle proved 
inferior at long ranges to the Mannlicher and 


Mauser, whilst subsequently it held the advan- 
tage. It is, therefore, a matter for congratula- 
tion that the spontaneously-ignited ammunition 
cannot be represented as the natural outcome of 
a contractor's ‘‘ greed for ‘dividends,” but was 
actually manufactured at Waltham, under the 
superintendence of officials as to whose complete 
honesty there is absolutely no question. 

Nevertheless, although our national forces have 
suffered no disaster from the ammunition supplied 
by Messrs. Kynoch, the action of this firm in 
adding mercuric chloride to the cordite supplied 
by them appears to be indefensible. In itself 
the addition does no harm, as the official experts 
admit, and it is quite possible that Messrs. Kynoch 
in all honesty believed that the addition was 
actually an improvement. In such circumstances 
it is not uncommon for contractors to take matters 
into their own hands, incorrect as this may be 
from the standpoint of law and ethics. It is, 
for example, notorious that certain specifica- 
tions for some special gun-metals for steam fittings 
specifically exclude the use of lead, yet all practical 
men know that a certain proportion of this is neces- 
sary if a sound casting is to be obtained. A small 
quantity is, therefore, quietly added by some 
foundrymen ; but it seems, in certain cases at any 
rate, to entirely disappear in the operation of 
casting, although before vanishing it has per- 
formed its desired function of causing the tin and 
copper to form a satisfactory alloy. Where the 
interests concerned are, however, so large as in 
the present instance, no firm, no matter how well 
assured they may themselves be as to the resulting 
improvement of their product, have the right to 
violate a clause of the specification drawn up by 
the experts held responsible by the nation for the 
quality of the ammunition supplied to our sea and 
land services. 

The objection to the presence of mercuric chlo- 
ride in cordite has, in some cases, been misunder- 
stood. It is not, as Mr. Haldane very clearly 
pointed out in his admirable speech on T'uesday 
evening, that good cordite is injured by the addi- 
tion of this ingredient. Of this there appears to 
be no evidence, and Messrs. Kynoch, no doubt, 
believe that it is actually improved by it ; but the 
fact remains that the presence of even a minute 
quantity of this compound will enable a bad and 
dangerous re to successfully pass through the 
ordinary official ‘‘ heat ” test. 

In this test 20 grains of cordite are placed in a 
test-tube, in the upper half of which is suspended 
a strip of filter-paper which has beén impregnated 
with a mixture of starch and potassium iodide. The 
upper half of this strip is moistened with a 50 per 
cent. solution of glycerine in water. The tube and 
its contents are then heated up in a water bath to 
180 deg. Fahr., and at the end of a certain time, 
more or less prolonged, according to the quality of 
the sample, a brown line makes its appearance at 
the junction of the dry and moist halves of the 
paper. With a good sample of the regulation 
cordite this Jine should not appear till after the 
test has lasted twenty minutes. The brown colora- 
tion is due to the production of nitrous fumes, which 
liberate the iodine from the potassium iodide. The 
addition of alkalies, urea, or, above all, mercuric 
chloride to the sample renders the test invalid, the 
nitrous fumes liberated combining with the addi- 
tion, so thatthey consequently fail to reach the potas- 
sium iodide. This fact has long been known and 
has been recognised in the specifications governing 
the acceptance of nitro-powders, not only of our 
own, but of other governments. The regulations 
of the United States Army Ordnance Department, 
for instance, say that ‘‘ the presence in a powder 
of mercuric chloride, or alkali, or any other sub- 
stance which may in any way mask the heat test, 
will be sufficient to cause its rejection.” The speci- 
fications of our own authorities are equally explicit, 
so that the action of Messrs. Kynoch in adding the 
mercury salt to the cordite supplied by them 
is, as already pointed out, quite indefensible. 
If persuaded that good cordite was made still 
better by the addition, their proper course was 
obviously to convince the authorities of this, 
and get them to amend the specification ac- 
cordingly ; but in adding without permission a 
reagent which, it is admitted, would enable danger- 
ous samples of the explosive to pass the official test, 
they accepted, even on the most favourable inter- 
= of their action, a most serious and 
angerous responsibility. 

The authorities are evidently taking a sane and 
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conservative course in the matter. Instead of 
destroying without investigation many tons of 
what may be perfectly good and safe cordite, they 
are carefully examining and testing the whole of the 
doubtful stock. Some extremists in the House have 
taken the view that the Government should be held 
immediately responsible for the consequences of any 
decision which may finally be come tv in the matter. 
Politicians in opposition are peculiarly prone to 
this contention, but in technical and scientific 
matters the real responsibility must rest upon the 
experts of a department, and not on the mere 
political mouthpiece. The latter is only open to 
blame if, after procuring the best scientific advice 
available, he fails to follow it. In an analogous 
case, for instance, the responsibility for the success 
of a surgical operation must fall on the operator, 
and not on those who called him in. 





HIGH VACUA AND HELIUM AT LOW 
TEMPERATURES. 

Last Friday evening, the 7th inst., Sir James 
Dewar, Fullerian Professor of Chemistry at the 
Royal Institution, brought the Royal Institution 
season to a close by a brilliant discourse on 
‘* Studies on High Vacua and Helium at Low 
Temperatures.” Before dealing with his subject, 
Sir James made a few remarks, of which the 
audience heartily approved. We lived, he said, in 
an age characterised by rapidity of publication. 
Literature was now overloaded with much that 
should have been confided to the waste-paper 
basket. The scientist must be at it continuously, 
the public wanted to be kept informed, details 
had to be given of every stop-cock. While fully 
agreeing and regretting that so many scientists 
rush into ‘print with carelessly prepared accounts 
of immature researches, we cannot help feeling 
that Professor Dewar owes to no small extent the 
great achievements of his low-temperature research 
to the use of ingenious detail in methods and appa- 
ratus. Mr. R. Lennox and Mr. J. W. Heath, 
who have for years assisted Sir James in his work, 
took charge of the beautiful demonstrations, and 
Sir James further acknowledged in the course of 
his exposition the valuable assistance of Mr. Green. 

High vacua and helium might not appear to 
have much to do with one another, Sir James re- 
marked in passing to this subject, but the two 
could not be studied separately. After having 
accomplished the liquefaction of hydrogen in 1896, 
he had attempted to liquefy helium by adiabatic 
expansion. But we had, perhaps, better say a word 
first on the liquefaction of hydrogen. Starting 
with hydrogen cooled down to —205 deg. Cent. at 
a pressure of 180 atmospheres, Professor Dewar 
made this hydrogen issue, at the rate of about 
15 cubic feet per minute, from a nozzle placed in a 
vacuum vessel which was doubly enclosed, the whole 
being surrounded by a space kept at —200 deg. 
After five minutes liquid hydrogen began to drop 
from the nozzle, and the jet froze to a white frothy 
mass, not at all metallic in appearance. The 
density of liquid hydrogen at its boiling point 
(—252.3 deg. Cent.) was found to be 0.068, so that 
liquid hydrogen would be about six times lighter 
than liquefied marsh gas (density 0.4), which, so 
far, had been the lightest liquid known. The 
boiling point at atmospheric pressure of nitrogen 
is — 195.6 ; of oxygen, — 182.5; and 1 gramme of 
the liquid occupies at its boiling point a volume 
of :—hydrogen, 14.3; oxygen, 0.9; nitrogen, 1.3 
cubic centimetres. 

In working on helium, Sir James explained, he 
started in 1901 with helium under a pressure of 
100 atmospheres, and at the temperature of solid 
hydrogen, and expanded it down to a final pressure 
of 1 atmosphere. Similar experiments were made 
by Olzewski* in 1905, and recently again by Sir 
James. Olzewski concluded that helium was prac- 
tically a permanent gas which we should hardly ever 
succeed in liquefying. Without expressing at this 
Stage any definite opinion on this point, Sir James, 
n continuing, passed to the other method which 
he had tried for the liquefaction of helium after 
finding it successful for hydrogen. It was the use 
of a regenerating circuit with gas expansion through 
a fine nozzle (pin-hole), first applied technically by 
Linde. But the first thing hed been to get a 
supply of helium. Like Lord Rayleigh in his 
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research on argon, he had fixed a pipe in the King’s 
Well at Bath, and collected the escaping gas. This 
gas was essentially nitrogen, and contained only one 
two-thousandth of its volume of helium, so that he 
had to collect 2000 cubic feet of gas mixture to 
obtain 1 cubic foot of helium. The cooled and 
concentrated helium gas, still containing neon and 
about 30 per cent. of nitrogen, gave him (1) liquid 
nitrogen ; the gas from (1), still containing 5 per 
cent. of nitrogen, deposited frozen nitrogen on the 
regenerating tube, and left a gas (2) which had to 
be mixed with 25 per cent. of hydrogen, as the 
volume of gas had become too small to deal 
with. This gas (3) still cooled on renewed cir- 
culation and deposited a solid, which consisted of 
3 per cent. of nitrogen, 41 per cent. of hydro- 
gen, and 56 per cent. of helium and neon, the 
latter being occluded gases. The gas (4) from 
this solid was again diluted with 75 per cent. of 
hydrogen, and a deposit of liquid hydrogen was 

roduced. Now, how could this hydrogen have 
Coonee liquefied? The answer was found in an 
experiment with nitrogen. The open end of a coil 
through which hydrogen was passed dipped into 
liquid nitrogen, confined, of course, in a Dewar 
jacket. As the hydrogen bubbled up, the liquid 
nitrogen turned viscous, and finally it froze to a 
jelly of spiraltubes, through which the hydrogen 
continued to escape. Thus the expanding hydrogen 
had solidified the nitrogen, and in the same way 
the helium passing over the hydrogen had liquefied 
and solidified the hydrogen. It was, Sir James 
explained, very difficult to see what was going on 
in such an apparatus, and there was the danger of 
a collapse at any moment. They had not had any 
total collapse; but one day, after two years of 
hard work, they found that all their helium had 
disappeared down the pump, and they had to begin 
de novo. 

That had been before the days of his discovery 
of the marvellous absorptive power of charcoal, on 
which Sir James lectured just a year ago,* and 
which he now further demonstrated in some most 
striking ways. A small sparking-tube was charged 
with Bath gas. Almost all the vacuum bulbs and 
tubes to be mentioned were provided with branch 
tubes containing charcoal, and the charcoal seems 
to be applied by preference in grains of about 1 or 
2 millimetres. The Bath gas-tube glowed with a 
reddish light ; but when the charcoal branch was 
dipped into liquid-air, the colour turned more 
yellow (characteristic of helium) and strize appeared. 
Now, the lecturer explained, the helium spectrum 
showed two very bright lines—a yellow and a green 
line—and at very low pressures the green line pre- 
dominated. The green colour of another tube was 
very striking, and the observation was important 
for astronomers. Next, experiments were made 
with one of the neon tubes which Sir James has 
had prepared for Professor Fleming’s wave-meters. 
When this tube was lowered into liquid hydrogen, 
the gas inside became differentiated ; the reddish 
neon was condensed in the lower part of the tube, 
while the helium, on which even the cold of liquid 
hydrogen makes little impression, remained in the 
upper portion of the tube, which now shone yellow 
above and red below. In this way gases could be 
separated, and mixtures demonstrated to be mix- 
tures. 

The next experiment was made with a long hori- 
zontal De la os glass tube, more than 1 in. in 
diameter, provided with platinum electrodes at the 
ends. At first the electric discharge would not 
pass, the vacuum being too good. hen a mea- 
sured quantity of air was admitted, the discharge 
became visible ; but as the cooling advanced, the 
glow turned faint and striw made their appear- 
ance. As regards the rate of exhaustion attainable 
in a volume of 2000 cubic centimetres with the aid 
of 20 grammes of charcoal, Sir James pointed out 
that starting with a pressure of 2.19 millimetres, 
the pressure after 10 seconds would be 1.271 milli- 
metres, after 60 seconds 0.347 millimetre, after 
10 minutes 0.00025 millimetre, and the law was 
hyperbolic. We should add that the hydrogen— 
which must, of course, be handled with care lest 
an explosion result by a spark or flame in the 
lecture hall—was contained in vacuum jacket cylin- 
ders, plugged loosely with cotton wool. 

Experiments with metallic electrodes, Sir James 
continued, were, however, unsteady and objection- 
able because the metal occluded gas, and the 
McLeod (mercury) pressure-gauge was imperfect 





* See ENGINEERING, vol. Ixxxi., page 796. 


with low pressures for similar reasons. In his 
experiments he therefore used bulbs without 
internal electrodes, substituting external tinfoil 
electrodes. Alluding very briefly, by the aid of 
tables and diagrams, to his elaborate studies on 
the gas constants at low temperatures, Sir James 
pointed first to the relations between concentra- 
tion and pressure for different gases, the experi- 
ments having been conducted at the temperature of 
liquid air and with the aid of 25 grammes of char- 
coal ; 15 cubic centimetres of hydrogen produced 
nearly the same pressure, of 0.0645 millimetre, as 
2500 c.c. of nitrogen (0.06172 being the exact pres- 
sure in the lattercase). This showed the enormous 
difference in the volatility of the two gases. As to 
the concentration of the different gases, indicated 
in cubic centimetres as absorbed by 1 gramme of 
charcoal at different temperatures, the following 
table was exhibited :— 


0.0. per | Pressure in Tempera- 





Gramme. Millimetres. ture. 
deg. Cent. 
absolute. 

Helium .. i " 97 2.2 20 
Hydrogen me rs 397 2.2 Qu 

” -_ ; » 15 2.1 90 
Nitrogen +“ eae : 250 1.6 90 
Oxygen .. ee - : 300 1 £0 
Carbon dioxide Mei Re 90 3.6 195 








In absorbing gases, the charcoal, of course, 
becomes heated, and this heat Sir James has 
measured in his liquid air and hydrogen calori- 
meters. The direct value found for the molecular 
latent heat of hydrogen in the liquid-air calorimeter 
was 4.6 x 426 calories, and for helium the value 
4.6 x 105 calories at 18 deg. absolute was deduced. 
From a comparison of these figures for various 
gases with the calories evolved when the gases were 
absorbed by charcoal we could infer that helium 
would be absorbed by charcoal at a temperature of 
5 or 6 deg. Cent. absolute as freely as hydrogen 
was absorbed by charcoal at its own boiling point, 
and that, therefore, the boiling point of helium 
should be at about 6 or 5 deg. Cent. absolute. 

Returning to the demonstrations, Sir James 
showed that a Crookes radiometer containing 
helium as residual gas remained quite inert when 
exposed to the beam of an electric arc, because the 
gas was not sufliciently rarefied. Immersing the 
charcoal tube attached to the bulb in liquid air made 
no difference; but when the tube was immersed 
in liquid hydrogen the radiometer began to spin 
rapidly, and when the hydrogen was pumped away 
from'its cylinder, so as to boil violently and to 
solidify partly, after turning opaque, the radio- 
meter still continued to rotate, showing that not 
much of the helium was condensed even at a tem- 
perature of about 13 deg. absolute. Now helium was 
everywhere in the air and in condensed gas films, 
unless we succeeded in washing it out, and the 
McLeod gauges were hardly suited for measuring 
the extreme vacua of these investigations. It 
occurred to Sir James to re-examine the Crookes 
radiometer in order to see whether it could not be 
utilised for indicating that the gas pressure had 
sunk below a certain minimum limit at which it 
would spin. What he wanted, therefore, was to 
kill the radiometer. That this was possible was 
demonstrated in several ways. One radiometer 
refused to spin when exposed to an arc beam of 
2000 candles, because the vacuum was too good. 
A branch tube sealed into the bulb contained a 
small piece of thorianite—a mineral which gives off 
helium gas when heated by a Bunsen burner. As 
soon as the thorianite became hot, the radiometer 
began to spin. 

The charcoal tube of another radiometer, 
charged with hydrogen, had been kept in liquid 
air. Yet the mill was active, because a sufficient 
amount of hydrogen gas had remained in the bulb. 
The motion was stopped by tilting the radiometer. 
(if it had not been stopped first, the delicately poised 
wheel would have continued to move when not in 
the beam), and the charcoal tube was then immersed 
in liquid hydrogen for half a minute; the wheel 
would not begin to rotate again. Into the same 
bulb was further sealed a tube containing a little 
metallic sodium, which on heating will always evolve 
some hydrogen, owing to the presence of mvisture. 
The small quantity of hydrogen generated on heat- 
_ing the sodium sufficed to restart the radiometer, 
which, it will be understood, had remained exposed 
| to the electric light. The bulb of anvther radio- 
| meter was, by a branch tube, directly connected 
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with the bulb of a well-exhausted incandescence 
lamp, so that the vacuum was the same in both 
the bulbs ; when the current was turned on, the 
glow-lamp, serving as source of light, made the 
radiometer spin. 

An experiment was then performed with a radio- 
meter bulb to which a tube containing some per- 
chlorate of potash was attached. The radiometer 
did not stir when placed in the arc-lamp beam 
until the perchlorate was heated; but when the 
oxygen thus brought into the bulb was recondensed 
by immersing the charcoal tube into liquid hydro- 
gen, the motion stopped again. Another bulb was 
not provided with a charcoal tube ; the bulb con- 
tained nitrogen and oxygen, but none of the more 
permanent gases, helium and hydrogen. When 
this bulb was therefore bodily lowered into liquid 
hydrogen, the motion of the vanes stopped at once. 
All these radiometers were of the Crookes type, 
in which the vanes are blackened on one side. In 
the following experiment a radiometer was used, the 
mica vanes of which were covered with aluminium 
on one side, and the platinum terminals of the bulb 
of this radiometer were connected with an induction 
coil. This radiometer would move, not under heat 
radiation, but under the influence of electric charges. 
When the current was turned on, the radiometer 
began to rotate, and the bulb shone with a fine glow ; 
but when the vacuum was improved by immersion 
in liquid hydrogen, the glow became faint, and the 
motion stopped, and exposure to an arc beam 
would not make it start again. The final, beauti- 
fully convincing experiment to which Sir James 
attaches particular importance was again made 
with an ordinary Crookes radiometer, in the branch 
tube of which a little globule of mercury rested. 
There was hence mercury vapour in the bulb, and 
the radiometer began to spin when exposed to the 
beam. But on cooling the charcoal branch in liquid 
air the motion became very slow ; after the radio- 
meter had been stop :* tilting, it would not 
restart ; but when a beaker filled with water was 
substituted for the liquid-air bath, the heat in the 
water was suflicient to make the mercury evaporate 
again, and the mill started spinning once more. We 
know a good deal, Sir James concluded, about the 
pressure of mercury vapour in a vacuum space, and 
we could thus utilise the radiometer as a vacuum- 
gauge for pressure determinations. According to 
the last table to which he referred, the limits of 
exhaustion obtainable by 5 grammes of charcoal in 
a bulb of 300 cubic centimetres capacity were the 
following :— 


Time of Exhaustion in Pressure in 
Minutes. Millimetres. 
0 minutes in liquid air .. 1.6445 
5 a po ee 0.0545 
10 ” ” 0.0132 
30 ” ” 0.000139 
60 ” ” ee 0.000047 
10 minutes in liquid hydrogen nF: 0.0000154 
10 minutes in solid hydrogen .. oe . 0.0000058 


Thus, starting with a pressure of 1.6 millimetres, 
we could come down to 0.0000058 millimetre. This, 
however, might still leave enough gas particles to 
eurry convection ; but if no hydrogen nor helium 
were present, we could, by cooling, reduce the 
pressure to a millionth of an atmosphere. 








TAR-OILS FOR DIESEL ENGINES. 

Wuen the Diesel engines were first introduced it 
was thought that the great future of the new motors 
rested on the fact that an engine had been brought 
out which would consume any kind of liquid fuel. 
As is often the case, the development took place on 
rather different lines. The Diesel engine showed 
its own preferences as regards fuel, just like the 
gasolene motor, and other difficulties had first to 
receive attention and be overcome. This fuel 
problem is not serious in eur country. A Diesel 
motor is fed with so-called paraffin, which can be 
obtained at very cheap rates, and motors of this 
type are more commonly in use here than on the 
Continent, and in Germany, whence they hail, and 





where import duties keep the fuel question alive. 
A discussion of these features is, unfortunately, 
complicated by the disgraceful state of the nomen- 
clature concerning oils. The engineer and the 
scientific chemist are sure to misunderstand one | 
another in such a discussion, and it seems high 
time to put a stop to this confusion. 

In Germany tar-oils are broadly distinguished as 
lignite-tar oils and coal-tar oils. e tar-oils gained 


from the distillation of wood and peat are not at 


resent of much importance. 
Soeadie. lignite-tar oils are 


= euiteble ful 





for Diesel engines, while most of the coal-tar oils are 
regarded as unsuitable. The coal-tar oils that are 
sometimes utilised in Diesel motors are creosote oil 
and anthracene oil, whose boiling points lie above 
240 deg. Cent. These oils are very much cheaper 
than the lignite oils ; they can be obtained in 
Germany for from 25s. to 50s. per 100 kilogrammes, 
while the lignite oils command prices ranging from 
80s. to 110s. The low price of the former product 
is partly due to some undesirable qualities of 
these oils: bad smell, want of uniformity, &. 
But as the German production of coal-tar oils is 
now double that of lignite oils, the utilisation of 
the cheaper fuel in Diesel motors is a question of 
considerable interest. Of the lignite-tar oils the 
less expensive grades, which do not contain much 
paraflin proper—i.e., hydrocarbons of the C, Hyn+2 
series, valuable as wax—are generally used in 
Diesel motors; the density of those oils lies 
between 0.860 and 0.926. 

Although there is no inducement to use a high- 
grade paraffin oil as fuel, general experience seems to 
have suggested that a tar-oil containing more than 
2.5 per cent. of fin would not answer in Diesel 
motors. Mr. Paul Rieppel, of the Vereinigte 
Maschinenfabrik Augsburg and Maschinenbau- 
Geselleshaft Niirnberg found, however, that a 
higher percentage of paraffin did not in itself dis- 
qualify a tar-oil as Diesel motor fuel. He raised 
the paraffin proportion by steps to 15.2 per cent., 
and worked motors with such fuels for more than 
fifty hours without experiencing any trouble. As, 
moreover, crude petroleum and gas oils of foreign 
origin, containing considerably more than 2.5 per 
cent. of paraffin, answer perfectly in Diesel engines, 
the conclusion that the paraffin percentage was not, 
as such, a criterion for the suitability of a Diesel 
motor fuel appeared to be justified. Mr. Rieppel 
thereupon resolved to investigate the whole problem 
with the object of ascertaining which oils and mix- 
tures can be recommended and the cause of their 
suitability. The experiments have been carried 
out in the engineering laboratories of the firm at 
Augsburg and Nuremberg, in the chemical labora- 
tory of the Gewerbe Museum at Nuremberg, in 
the engineering laboratory of the Technical High 
School at Charlottenburg, and in the Institut fiir 
Giahrungsgewerbe (fermentation) in Berlin. Though 
the subject has not been exhausted, and investiga- 
tion will be carried further, some important conclu- 
sions can already be drawn from Mr. Rieppel’s 
account of his research in the Zeitschrift des 
Vereins Deutscher Ingenieure. We may also draw 
attention to a memoir on liquid fuels for internal- 
combustion motors, published by Mr. Kutzbach, a 
colleague of Mr. Rieppel, in previous numbers of 
the same journal. 

As a rule, a 35-horse-power motor was 
worked under normal conditions in the thirty- 
eight series of experiments made on twenty-one oils 
and mixtures. All these materials were tested 
chemically and physically, and these latter tests 
were extended, for the sake of comparison, to 
some oils, of which sufficient quantities could 
not be obtained for long trials. The number 
of oils investigated thus comes up to twenty-six. 
One of the first materials tested was benzene. It 
proved very unsatisfactory. There were misfires 
and violent explosions, the exhaust would shoot 
out as a column of fire and soot, and pistons and 
valves became badly tarred. Wheh the load was 
reduced below normal, the fuel would notignite at 
all. Mixtures of benzene with tar-oils, especially 
the creosote and anthracene oil mentioned, worked 
better ; at full load up to 40 per cent. of the latter 
products could be added to the benzene ; but such 
mixtures are not really to be recommended. 

The calorific values of the oils were obtained with 
Mahler bombs. For the determination of the vis- 
cosity, Engler’s method was first applied, and the 
experiments were conducted at deg. Cent. 
(68 deg. Fahr.). As the viscosity changes with the 
temperature, however, it was thought best to 
measure the viscosity at the temperature at which 
the vil is forced through the atomiser. These 
temperatures could not be determined directly—not 
even with the aid of thermo-couples—and the fol- 
lowing indirect method was, therefore, resorted to : 
—A 12-horse-power Diesel motor was fitted so that 
the atomiser could be removed 45 and 42 seconds 
after stopping the motor, and immediately be 
dropped into a calorimeter. The temperatures 
thus deduced for the atomiser were 74 and 76 deg. 
Cent. These temperatures are lower than might | 
be expected, since the atomiser projects partly | 


into the combustion space ; but there is cooling, 
directly through the oil and air injected, and in- 
directly through the circulating water ; and a tem- 
perature of 8U deg. Cent. (176 deg. Fahr.) was, 
therefore, adopted as the probable temperature 
of the oil at the moment when its viscosity has 
effect. So far as the experiments go, the viscosity 
is not a general criterion. A certain viscosity 
value may be most favourable for a particular kind 
of oil, but this viscosity cannot guide us as to other 
oils. Flash-point, temperature of ignition, and 
calorific values were also determined, but none of 
these features seem to be guiding characteristics for 
the suitability of an oil. 

The elementary analysis, the determination of 
carbon and hydrogen and of their ratios, seemed 
to be a better criterion. The lignite-tar oils are 
mostly hydrocarbons of the fatty series correspond- 
ing to the formule C, He, or C,Hm+2. In the 
coal-tar oils the aromatic hydrocarbons, benzene 
(C,H,), and its derivatives, predominate, and they 
are relatively poorer in hydrogen than the oils of 
the former class. The combustion analyses, made 
in Dennstedt electric furnaces with the aid of 
platinised quartz, proved that the ratio H : C in 
the good Diesel motor-oils ranged from 1.53 to 2 ; 
while in the coal-tar oils the value of this ratio 
was generally below 1. The anthracene and 
creosote tar-oils previously mentioned gave the 
ratios 0.82 and 0.81, and were thus unsatisfactory ; 
by mixing them with paraffin oil the ratio can be 
raised to 1.39, however, and they then become 
fairly suitable. The distillation tests proved still 
more characteristic than the ratio H:C. The 
distillation, performed more conveniently in copper 
stills than in glass retorts, indicates what por- 
tion of the oil is volatilised or gasified at 
a certain temperature. When this distillation 
was watched, it was seen that some oils would 
generate oil-gas at a fairly uniform rate, while 
others would gasify irregularly in fits and starts. 
The former oils are suitable, the latter not. The 
lignite oils showed, on the whole, a more uniform 
distillation than the coal-tar oils, and one under- 
stands why the former should constitute the better 
fuel. The Scottish tar-oil, obtained from cannel 
coal and boghead shale, ranked with the lignite oils, 
the gasification being quite uniform. It differed 
from the lignites in so far as the lignites are com- 
pletely gasified at a temperature of 400 deg. Cent., 
while the Scotch fuel leaves a pitch residue repre- 
senting 43 per cent. of the fuel bulk. The forma- 
tion of a pitch does not appear to be injurious in a 
Diesel’ motor, however, as the subsequent com- 
bustion is sufficiently intense to burn all such 
solid residues. 

It was further of interest to study the be- 
haviour of the various fuels at high pressures and 
temperatures. The spherical bombs which Mr. 
Rieppel constructed for the purpose of getting com- 
plete combustion records did not answer, and he 
adopted a simpler bomb of his colleague, Mr. K. 
Kutzbach. This bomb is cylindrical, with a disc 
flame, the stem being formed of two concentric 
cylinders; the annular space is charged with 
the oil, the thermometer inserted in the inner 
cylinder, and the bomb closed by screwing down 
the cover, to which the pressure-gauge is attached, 
to its flange. The annular space has a capacity 
of 75 cubic centimetres, and it is charged with 
about 30 cubic centimetres of the oil, which is 
heated by Bunsen burners. Control observations 
made with steam and benzene charges demonstrated 
that the pressures and temperatures were not 
recorded quite correctly, but the accuracy appeared 
sufficient for comparisons. Plotting temperatures 
as abscissee, and pressures as ordinates, the experi- 
menters obtained curves which would first rise 
regularly, and then ascend steeply, indicating that 
the pressure first increased with the temperature, 
and that afterwards the further supply of heat did 
not cause any further rise of temperature, but 
increased the pressure, owing to decomposition and 
the generation of gas. The gas is, according to 
Kutzbach, a mixture of hydrogen and hydrocarbons, 
and it is said to be the hydrogen which first catches 
fire, a statement which appears to be disputable. 
In some cases the thermometer actually fell a little 
on further heating ; this fall, if real, and not due 
to instrumental errors, might be ascribed to 4 
dissociation of the gas. Crude petroleum gave 4 
regular curve, indicating evaporation without de- 





a. Creosote and anthracene tar-oils gave 
similar curves up to a certain point ; then a lively 
gas generation set in. With Scotch liquid fuel and 
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the lignite oils, this gas generation sets in at com- 
paratively low temperature, and that circumstance 
would explain the suitability of these oils for Diesel 
motors. With coal-tar oils the gas generation be- 
comes brisk only at higher temperatures, and they 
would not give sufficient gas for spontaneous igni- 
tion in the Diesel motor. The difference in chemi- 
cal constitution may account for this different be- 
haviour. The coal-tar oils are rich in derivatives of 
the benzene series, whose benzene nucleus is not 
easily split up, and such a splitting up would have to 
precede decomposition. e lignite oils contain 
essentially hydrocarbons of the fatty series, whose 
side chains are more easily split up; liquid fuel 
naturally ranks with the lignites, being a shale oil. 
We also understand why a high percentage in 
hydrogen should be desirable, though the hydrogen 
percentage does not directly decide the suitability 
of the oil as Diesel-engine fuel. The ffins of the 
fatty series are rich in hydrogen, and the hydrogen 
in the resulting gas mixture burns readily. These 
conclusions are supported by the tests on carbu- 
retting oil which A. Spiegel has quite recently pub- 
lished (‘‘ Schilling’s Journal fiir Gas und Wasser, 
1907, No. 3) ; an oil makes a good carburettor if it 
is rich in paraffins. 

One point, however, appears to be rather contra- 
dictory. Benzene was characterised as unsuitable for 
Diesel motors, while it answers perfectly in internal- 
combustion motors, and, being a uniform substance, 
it should give, and did give, a regular curve in the 
bomb. The discrepancy is explained by the dif- 
ferent working conditions. In the gas-motor, the 
benzene vapour is drawn in, compressed by the 
next stroke, mixed with air, om. the explosive 
mixture is ignited by an electric spark. In the 
Diesel engine the liquid fuel is injected into the 
highly-compressed air, in which it is at once to 
catch fire spontaneously; the whole process is 
much quicker. That the Diesel engine will not 
work well with benzene is no drawhack, of 
course. If the mixture could locally be heated 
to higher temperatures, or otherwise be made to 
burn spontaneously, the Diesel engine might work 
with the less combustible coal-tar oils. Mr. Rieppel 
has made very satisfactory laboratory experiments 
in this direction, and fed Diesel motors with coal- 
tar oils for weeks. The matter, however, remains, 
so far, in the experimental stage. 





SEICHES. 

Seicues are the more or less rhythmical fluctua- 
tions in the level of lakes, generally ascribed to dif- 
ferences in the atmospheric pressure over different 
portions of the lake, to winds, to atmospheric pre- 
cipitations, and further to earthquakes and other 
causes. The | os public takes little interest 
in seiches, and there are not many scientists who 
consider the subject worthy of study. The few 
whom the “‘seiche mania” catches are all the more 
enthusiastic ; and if we are extending our know- 
ledge of ocean waves, we are largely indebted to 
the students of seiches. 

The term ‘‘seiche maniac” was applied to him- 
self by Professor G. Chrystal, M.A., LL.D., sec- 
retary of the Royal Society of Edinburgh, in a very 
interesting discourse which he delivered at the 
Royal Institution on Friday, May 17. In the ab- 
sence of Mr. E. Maclagan Wedderburn, Professor 
Chrystal’s able assistant in these researches, Mr. 
Heath, of the Royal Institution, took charge of the 
instructive demonstrations. The biggest seiche 
ever observed in Scotland, the lecturer said in 
opening his discourse, had occurred on November 1, 
1755, the day of the disastrous Lisbon earthquake, 
when the water-level of Loch Lomond was 
strongly agitated for about an hour and a half from 
9 30 a.M., the amplitude amounting to 24 ft. Loch 
Katrine and Loch Ness were likewise agitated. 
Such earthquake seiches are, however, very rare. 
Before that—in 1730—a seiche had already been 
noticed on the Lake of Geneva. But it was not 
till 1859, when Forel made his famous thorough 
study of the seiche phenomena on the Lake of 
‘reneva, that the subject attracted attention. Later, 
Ebert, Endrés, Marinelli, and others took the 
research up. In Scotland surveyors first paid 
“(tention to seiches in 1892, and the lecturer's 
studies commenced in 1893. One of Forel’s seiche 
curves or limnograms which was exhibited had a 
length of 40 ft., the seiche remaining quite distinct 
for nearly eight days. They had seiches of 
6} days in Scotland, but the amplitudes were, of 
cvurse, smaller on smaller lakes, and the lecturer 








had not observed amplitudes of more than a few 
centimetres. 

Describing the instruments used in seiche study, 
Professor Chrystal showed the simple index limno- 
graph of Endrés, a float suspended by a fishing- 
line in the lake, or more usually in a little 
well—simply a tin can—near it, communicating 
with the lake by the access tube; the line 
passed over a pulley, which was provided with a 
pointer. With such an instrument readings were 
noted down every half minute, and Mr. J. Murray, 
one of the lecturer's colleagues, had once taken 
such continuous observations for eight hours with- 
out interruption. In the more elaborate Sarasin 
limn ph, which Professor Chrystal has improved 
with the aid of Plantamour’s band transmission, a 
small wagon was clamped to a steel tape, which was 
carried over two identical pulleys. Use was also 
made of a Richard statoscope, serving both as a 
barograph and a stato-limnograph. The statoscope 
itself consisted of a cylinder provided with a stop- 
cock, and containing several metallic capsules (open 
above, not sealed, as in aneroids), to which the 
recording-pen was attached. When used as a 
stato-limnograph the stop-cock was connected with 
another ene 3 cylinder placed on a perforated 
board in the lake; through the perforation in 
the board a tube extended down into the water, 
so that the air in the cylinder above the water 
was compressed when the lake-level rose. Thus 
the delicate level changes—the so-called ‘* embroi- 
dery ”—of the limnograms, were traced. 

The causes of the changes in level or denivella 
tions were :—Local rains and evaporation, which 
had only a moderate influence, however ; persistent 
winds, which affected mainly the shallow ends of 
lakes ; fluctuating winds ; the swell following per- 
sistent winds ; and seiches proper, stationary oscil- 
lations of the whole lake, the water rising and 
falling with the formation of one or several nodes. 
The demonstrations of the different waves were 
quite successful. When a board was dipped into a 
rectangular tank and moved to and fro, being kept 
vertical, a wave travelled in the tank forward and 
backward, being reflected from the end walls ; that 
was essentially a wave motion, and some colouring 
matter introduced through a tube reaching to the 
bottom of the trough hardly changed its position. 
Such a solitary wave would travel with the velocity 
Var gh, where h was the depth of the trough, 
and would give rise to a false seiche. 

Progressive surface waves were produced in the 
experiments by blowing through a fan on a trough 
provided with a parabolic bottom ; these surface 
waves had on Loch Earn a - © of 30 ft. and a 
period of about two seconds. hen a strong blast 
had been applied for some time, a seiche was set 
up, the whole, now smooth surface swinging about 
a node at the middle of the trough up and down, like 
a flat board pivoted in the middle in see-saw motion. 
The water particles all described small orbits of 
different directions and amplitudes, but they were 
all in the same phase, even in a basin like the 
Lake of Geneva, which had a length of 45 miles. 
This was a uninodal seiche. Stirring the water 
with the aid of a board, which was slowly bent to 
the right and left as if turned about a horizontal 
axis, Mr. Heath further produced a binodal seiche ; 
the spot at which he dipped the board into the water 
was at about a quarter of the trough length from 
one end; in this case a ventral loop was formed in 
the middle of the lake, where the particles moved 
vertically upward (or downward). The same bi- 
nodal seiche was then produced by means of the 
air-blast ; the blast acted upon the one end of the 
trough, which was covered in at that end. The 
surface of the lake became curved, whilst it had 
remained plane with the uninodal seiche. 

As to the theory, Professor Chrystal explained 
that seiches of all nodalities were possible on any 
lake. If the lake were of uniform width and depth, 
the periods of the different seiches T,, T,, T;, &c., 
ould te to one another as j : 4 it : $, &e. If the 
depth varied, we found in a lake, with mn tome 


bottom, periods of the ratio ; en ay 


V2.3 V3.4 
In a flat-bottomed lake the binodal seiche period 
would be half that of the uninodal seiche ; in a lake 
with a concave bottom this ratio was 0.574 instead 
of 0.5. The periods depended chiefly on the whole 
configuration of the lake, less on local irregularities, 
whilst the nodal points were much influenced and 
displaced by local features ; a shallow would attract 
a node towards it. Ata ventral point an obstruc 


tion would not affect the period at all. The nodal 
points or lines could be fixed by observation ; but 
owing to the superposition of the seiches of the 
higher order and to local features this determina- 
tion was mostly a difficult matter. It was possible, 
for instance, on Loch Earn, which was fairly re- 
gular in shape and which had a straight longitudinal 
axis.. Loch Tay gave much more irregular seiches, 
and Loch Lubnaig, which had a crooked axis; 
showed hardly any distinct seiches. The periods 
of the seiches of Scottish lakes conformed on the 
whole well to Professor Chrystal’s hydrodynamical 
formule, and gave a better agreement than to the 
formulz of Du Boys.’ The uninodal seiche of Lake 
Erie (United States) had a period T, of 14 hours; in 
Lake George T, was 73 minutes ; in Loch Ness 31.5 
minutes ; and in Loch Earn 14.5 minutes. 





ROYAL COMMISSION ON CANALS AND 
WATERWAYS.—No. VII. 

Tue ‘‘ canals” in the South of England have been 
in a great measure abandoned. Many of them were 
adaptations of river-courses which had been made 
navigable at comparatively small expense, and 
served a useful purpose in the days before high 
roads on land were well made and maintained, 
There were very few through routes. The through 
route from London to Bristol got into the hands 
of the Great Western Railway, and is worked 
at a loss. Another route, vid the Thames and 
Severn Canal, has been already referred to. No 
Le Sapper have been made in the channels, 
locks, or methods of hauling, and consequently, 
wherever it still exists, the system of inland navi- 
gation is antiquated. 

A fair amount of trafficis carried on the Medway 
below Maidstone, where a draught of 7 ft. on nea 
and 11 ft. on spring tides is obtainable. The lock 
is 180 ft. long by 21 ft. 6in. wide. The Upper 
Medway navigation reaches Tonbridge ; on this the 
draught is reduced to 4 ft. 3 in.; there are thirteen 
locks, and of these, eight are 80ft. and the remainder 
70 ft. long by 16 ft. wide. The traftic—55,000 tons 
in 1888—had increased to 187,000 tons in 1898; of 
this, 173,000 tons was carried by by-traders. So 
great a rise in tonnage away from the industrial 
part of England isa circumstance worthy of remark. 

Another canal which has maintained its position 
is the Exeter. The Act of Parliament was obtained 
in the reign of Henry VIII. This is provided with 
large locks and deep water ; the traffic is, however, 
small in quantity. The canal pays its way, and 
no doubt has a beneficial influence on the cost of 
carriage by rail to Exeter and the adjoining district. 
Mr. de Salis, in his chronology of inland naviga- 
tion, points out that the first Exeter canal was 
completed in 1566, that it was lengthened in 1675, 
that a farther lengthening and widening was under- 
taken in 1820 (this lengthening probably applies to 
the locks, and the widening to both locks and 
channel), and that sixty-nine British and five 
foreign vessels entered the port of Exeter by the 
canal during 1824. The canal is the property of 
the Exeter Corporation, and carried 50,000 tons in 
1898, 46,000 tons of this being imports, compared 
with a total of 30,000 tons in 1888, showing a large 
“percentage of increase. 

In the district between Kent and Devonshire 
inland navigation may be said to be practically 
abandoned, excepting the pleasure traffic on the 
Thames, and a certain amount of trading between 
London and Reading. Nearly all the river naviga- 
tions, as well as canals, have been allowed to 
become derelict. 

The story of the acquisition of the canals by the 
railway companies was told to the Commission by 
Mr. W. W. Grierson, the engineer, and Mr. T. H. 
Rendell, goods manager of the Great Western Rail- 
way. The Grand Western Canal, from Tiverton 
to Bridgwater, was purchased by the Bristol and 
Exeter Railway Company, in 1866, for 30,6401., its 
cost having been 324,0001. The Kennett and 
Avon, which is an important link in the through 
route between London and Bristol, originally cost 


+] 1,072,0001., and was purchased in 1852 by the 


Great Western Railway Company for 210,415i. 

In March, Mr. Jebb, the engineer of the Bir- 
mingham and Shropshire Union Canals, both of 
which appertain to the London and North-Western 
Railway Company, came to give evidence. Having 
told the Commissioners of the financial arrange 
ments made for passing the Birmingham Canal 
under the control of the Railway Company, and of 








the acquisition of the Shropshire Union railways 
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and canals bodily by the London and North- 
Western Railway Company, he gave particulars of 
the channels, locks, and other important works on 
these canals under his supervision, as well as of 
the traffic carried on both systems. 

The Birmingham canals extend from Birmingham 
to Dudley, Wolverhampton, and Lichfield. The 
aggregate length is 159 miles, made up of various 
companies, which were amalgamated before 1845, 
when the powerful combination, known as the Bir- 
mingham Canal Company, made terms with the rail- 
Way company, which secured for their shareholders 
a splendid return for the capital invested, and left 
the railway master of the network of canals in the 
centre of England, over which through traffic from 
the south and south-east must almost of necessity 
pass, going to the north and north-west. - In pre- 
railway days works were situated on these canals, 
and many of them continue. Some have obtained 
railway connection, but a great many depend only 
upon water and carting for the movement of goods 
in and out. The main canals have been kept in 
good condition ; the narrow boats carry from 30 to 
35 tons. There are five tunnels, and three of them 
are over 3000 yards in length. These canals carry 
8,600,000 tons per annum, which is a testimony to 
the vitality of water-carriage, seeing how little 
has been done to improve the capacity of this 
system, which remains virtually in-the same.con- 
dition in which it was taken over in 1845. The 
length has been increased by 11 miles, but the 
locks, &c., remain unaltered. About one-half of 
the traffic carried is coal ; 7,000,000 tons is what is 
termed ‘‘local traftic,” being loaded and discharged 
on this system: 18 miles is an average lead, and 
the average toll is 5.52d. per ton; the average in 
1846 was 7.6ld. per ton. Of the 8,600,000 tons 
dealt with, only about 70,000 tons pass over 
these canals as through traffic. As we have seen, 
complaint was made by various previous witnesses 
that facilities for through traffic were not readily 
accorded. Upwards of 1,500,000 tons of traffic 
remains to be accounted for. Mueh of this is 
transhipped at depdts on the canal where goods are 
transferred to the London and North-Western, 
Great Western, and Midland Railway Companies. 
Several traders stated that much of this would go 
to adjoining canals if the fetters were loosened. 

The Wolverhampton locks are stated to pass 
200,000 tons per annum, and to be worked to their 
full capacity. According to the evidence given by 
Mr. Morton, the Harecastle tunnel, which is ap- 
proached by two sets of locks, would pass 750,0U0 
tons a year. 

Birmingham stands high, and naturally the supply 
of water for so large a traffic has to be carefully 
looked to. Elaborate pumping has been for many 
years in vogue. Mr. Jebb states that he has spent 
60,0001. in remodelling the stations, and has reduced 
the cost of pumping by one-half. The water pumped 
amounts to 11,500,000 gallons per diem, and arrange- 
ments have been made for an additional 2,000,000 
gallons for the canal service. A portion of the water 
supply is obtained from the South Staffordshire 
Mines Drainage Commissioners, who have nume- 
rous pumping-stations, and state in their report 
that for every ton of coal won in their district they 
pump 344 tons of water. The water is often returned 
from the low to the higher level and used over 
again. The canal exchequer suffers also from ex- 
penditure due to subsidence. On certain lengths 
of canal the ground has sunk 15 ft., 20 ft., and 
even as much as 30 ft. The thick seam of coal is 
30 ft., and other seams are 4 ft. and 5 ft. thick, 
the total aggregating 60 ft., so that channels exca- 
vated in cutting are now-to be seen on embank- 
ments, and the sufface channels of former days are 
to be found raised many feet above ground. Not- 
withstanding the care bestowed, bursts in the 
embankments occur from time to time, when 
damage is done to the adjoining property; and 
even if lawsuits are avoided, much expense is 
entailed. This condition of affairs must in part 
account for the enhanced cost of .maintenance, the 
annual expenditure on which in 1845 was 36,0001. ; 
in 1865, 59,0001. ; in 1885, 86,0007. ; and in 1905, 
99,0001. 

Mr. Jebb explained the great difficulty that 
would attend any proposal to widen or deepen the 
main line of the system owing to the presence of 
works and buildings close to the waterway, and we 
are at one with him in this matter; but as these 
canals feed the railways, so they could be used to 
feed an enlarged canal, just as we find the Man- 
chester Ship Canal at Ellesmere Port forms qn 





outlet and intake for cargoes traversing the Shrop- 
shire Union system. In addition to this—as Mr. 
Phillips, of the North Staffordshire Railway Com- 
pany, pointed out—road motors must be taken into 
consideration. These, in his opinion, up to a 
distance of 20 miles, could compete advantageously 
with canal or railway. If motors are found to be 
efficient and economical, the cartage area applying 
to all goods not received in truck-loads, and much 
that is so dealt with, will be largely extended. 
Mr. Aspinall gave 20 to 25 miles as the limit of 
usefulness for motors. A dock at the bottom of 
the locks at Wolverhampton would, in this case, 
serve as a dépét, from which motors could be 
utilised for collecting and distributing traffic arising 
at Birmingham and all the Black Country towns. 
Mr. Jebb said that at Ellesmere Port the London 
and North-Western Railway Company had ex- 
pended 263,0001. since the Manchester Ship Canal 
was made, and have 26 ft. of water alongside their 
wharf. A new large lock has been constructed, 
and 80,0001. spent on a grain warehouse. Ellesmere 
Port has been resuscitated by the enterprise of 
Manchester. Fortunately for the railway company 
in possession, onerous protective clauses were ob- 
tained from the promoters of the Ship Canal Bill, 
and no provisions as to betterment were inserted. 
The arrangement was one-sided, and is in great con- 
trast with the treatment meted out to the canal 
company. In all the Railway Acts there were 
clauses inserted by Parliament obliging fixed bridges 
across the Mersey, built at a low level, to be con- 
verted into swing bridges whenever the navigation 
was improved, so that sea-going vessels could 
proceed to Manchester. To avoid having recourse 
to swing bridges, three lines of railway had to be 
raised and taken over the canal 75 ft. above water- 
level. In spite of these precautionary clauses, the 
expense of the alteration and the additional cost of 
maintenance due to these extensive works have had 
to be borne by the canal company. Any enter- 
prise having for its object the improvement of 
means of communication appears by law and custom 
to be looked upon as aggressive and treated accord- 


ingly. 

The principle of betterment was established in 
London many years ago in reference to property 
contiguous to the approaches to the Tower Bridge ; 
and if care is taken to safeguard the owners of 
property, scheduled in the area subject to better- 
ment, from vexatious and costly expenditure in 
defending their rightful interests, and also to com- 

ensate those that are injured, the principle may 
* regarded as conducive to the well-being of the 
community, and calculated to foster improvements 
being carried out in the country at large, especially 
in the matter of communications. At present, 
under the general law promoters are saddled with the 
expense of compensating all parties who can show 
that they may perchance suffer damage, whereas 
those who reap material benefit oftentimes contri- 
bute nothing to the advancement of the enterprise. 

Mr. Jebb gave particulars of the Shropshire 
Union Canal. Its length is 200 miles, including 
branches extending into Shropshire and Wales. 
The grand canal of Ireland, which is eight miles 
longer, is the only system of inland waterway that 
surpasses it in length in the British Isles. The 
Shropshire Union connects with the Birmingham 
system by means of the Staffordshire and Worcester- 
shire Canal, the length intervening is level, and 
only ? mile long. This is 340 ft. above sea-level 
and 66 miles from Ellesmere Port ; 45 locks inter- 
vene, of which 25 afford accommodation for narrow 
boats carrying 25 tons, the remainder being about 
14 ft. wide. The fall is continuous, and no tunnels 
intervene. The company are carriers, and do not 
separate the charges for repairs and maintenance 
from the expenditure for this part of their business. 
A longitudinal section of the route traversed was 
put in and an estimate for making the waterway 
suitable for a barge of 80 tons, and also for one of 
300 tons, was submitted. The cost of the smaller 
waterway was stated to be 40,0001. a mile; that of the 
latter 52,0001. Witness, however, appeared not to 
be very certain whether the 40,0001. a mile would 
do more than accommodate a 60-ton barge. He 
was quite clear that the Shropshire Union route 
was the best that could be followed, with certain 
modifications, and compared advantageously with 
the more northerly route by.the Trent and Mersey 
Canal, as proposed by Mr. Saner at the outset of 
the enquiry. Mr. Jebb made it quite plain that, 
in his opinion, any money expended in improving 
and enlarging canals would be spent uselessly, and 








that the railways ought to be relieved from any 
loss that might be incurred in working the im- 
proved canals. He went further, and said that to 
make an amen canal to a port would be in- 
jurious to other ports, and therefore unfair. 

He could not withhold a certain amount of 
admiration for the good condition of the Aire and 
Calder and Weaver, but reckoned that their posi- 
tion was so exceptional that there was no analogy 
between them and a canal to the Midlands. Be it 
noted that Leeds is 60 miles from Hull, and Wolver- 
hampton is 75 miles from Liverpool. Money has 
been spent on improving the tidal navigation of the 
Ouse from Trentfall to Goole, and dues are charge- 
able on vessels using this waterway. From Trent- 
fall to Leeds is 45 miles, as inst 70 miles from 
Eastham, at the entrance of the Manchester Ship 
Canal, to Wolverhampton. 

If to the north of Nantwich, instead of following 
the Shropshire Union Canal vid Chester, a short 
length of new canal was made to form a junction 
with the Weaver Navigation, the distance from 
Wolverhampton to a waterway 10 ft. deep will be 
reduced to 52 miles. The works on the Weaver— 
locks, bridges, &c.—admit of deepening to 15 ft. if 
this were required. 

Mr. Saner, who has been engineer to the River 
Weaver Navigation for a number of years, re- 
cently read a paper on ‘‘Canals” before the In- 
stitution of Civil Engineers, and attached to this 
is much valuable information on the waterways of 
Great Britain. The tables printed in the appendix 
contain useful particulars embodied in the last 
return made to the Board of Trade, which, by the 
way, is now ten years old. Our information on all 
that concerns inland navigation comes to hand 
slowly, corresponding with the speed of transit on 
the narrow canals.. The paper was discussed at 
great length vivd voce and by correspondence. The 
author advocated the improvement of main routes, 
in which he received support from persons especially 
interested in canals, including engineers, managers 
of canals, traders, and others. This view was 
strongly combated by the railway interest, repre- 
sented by Mr. Inglis, Mr. Ross, and others. 








NOTES. 

THe Pavement oF THE STREETS OF BERLIN. 

Accorp1nG to a recent report the surface of the 
streets of Berlin amounted to an aggregate of 
7,499,604 square yards, of which 4,521,019 square 
yards were paved with stone; 2,857,304 square 
yards were paved with asphalte ; 120,947 square 
yards were paved with wood; 149 square yards 
were paved with slag ; and 179 square yards were 
paved with small stones and concrete. Of the 
total, 93.7 per cent. come under the heading of 
‘*better material,” whilst 6.3 per cent. were of 
inferior kind. Of the stone pavement, 1,266,984 
square yards were maintained by the street-tram 
companies, and 3,257,030 square yards by the 
municipality. The tramway companies pay the 
cost of the renewal and maintenance for a sur- 
face of 12 in. from both sides of each rail. The 
new stone pavement is generally made with sets 
resting on a 8-in. thick layer of broken stone, 
the interval between the sets being filled with 
cement. Most of the stone used is Swedish 
granite, less frequently Bavarian and Silesian 
granite, Belgian diorite, Savonian porphyry. Of 
the asphalte pavement, 1,085,301 square yards were 
maintained by the tramway companies or con- 
tractors, &c., 1,772,003 square yards by the 
municipality.- Natural asphalte is used, which 
rests on a layer of concrete 8 in. thick. The 
layer is 24 in. thick as laid, but is compressed to 
2 in. thickness by rolling. The contractors are bound 
to maintain the asphalte pavement for four years 
without any remuneration, and for a period of 
fifteen consecutive years at a fixed rate of payment. 
Artificial asphalte has hitherto not proved satisfac- 
tory. For wood pavement Australian hard wood 
is now almost exclusively used. 


A New ATOMISER AND ITs APPLICATIONS. 


In a highly interesting communication to the 
Société Industrielle du Nord de la France, M. 
Paul Kestner describes some applications of an 
atomiser which he has devised, and for which he 
claims a remarkable efficiency. It has long been 
known that if a jet of water is directed into a 
rapidly-revolving ventilating fan, this water will 
be converted into spray; the fineness of the 
latter, M. Kestner states, varies directly as the 
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number of the blades of the fan, and as thes of 
the latter, whilat it is inversely proportional to the 
quantity of water supplied. To obtain an exces- 
sively fine spray, therefore, M. Kestner constructs 
his fan in the formof a hollow drum, having, say, 600 
blades, arranged mouse-mill fashion, round its peri- 
phery. To ensure the even distribution of the fluid 
over this large number of blades, a small supple- 
mentary fan is fixed at the centre of the drum, and 
in this the fluid undergoes a preliminary pulverisa- 
tion. Though this apparatus is, he states, extremely 
efficient in producing an excessively fine spray, the 
latter tends to deposit rapidly on the casing ; 
and hence for certain purposes it is advisable to 
make the latter very large and roomy. Various 
uses have been found for the apparatus. Amongst 
these M. Kestner mentions the concentration of 
fluids by a process equivalent to low temperature 
distillation. The fluid to be concentrated is fed 
into the atomiser, together with hot air or furnace 
gases. The latter become instantly saturated with 
vapour, which they carry away with them, whilst 
the concentrated liquid settles on the walls of the 
casing, and can be collected and drawn off in a 
continuous fashion. The apparatus is stated to be 
also excellently adapted for cleaning gases from dust. 
When the latter is relatively coarse, it suffices, 
M. Kestner says, to pass it with a suitable pro- 
rtion of water through the atomiser. When, 
owever, the dust is very fine and light, this pro- 
cedure is relatively inefficient, as very fine dusts 
are invariably anti-hygroscopic, and are only mois- 
tened with difficulty. To overcome this, M. Kestner 
makes an interesting application of Mr. Aitken’s 
observation, that clouds are formed with dust 
rticles as the nuclei of the water drops. Hence 
Mf. Kestner, in dealing with gases laden with very 
fine dust particles, first charges these gases with 
vapour by passing them through an atomiser fed 
with warm water. He next cools them by passing 
them through a second atomiser fed with cold 
water, causing a condensation of the vapour on 
the dust particles. Following this comes a pas- 
sage through a third atomiser, after which the 
water in suspension settles out in a collecting- 
chamber, from which the gases issue clean and cool. 


TRADE WITH JAPAN. 


The Foreign Office and the Board of Trade are 
evidently anxious to make themselves as useful as 
possible to the merchants and manufacturers of 
thiscountry. The reports of the Consuls and of the 
Commercial Attachés have, in recent years, been 
very much improved, both in the quality of their 
matter and in their arrangement, and a great deal 
of special information has been given which has 
been of great service to those engaged in trade with 
the countries concerned. Recently, moreover, 
the Commercial Attachés, when in this country, 
have tried to come more directly in touch with the 
merchants and manufacturers, and have explained 
the conditions existing in the countries in which 
they represented the interests of Britain. Mr. 
E. T. Crowe, the Commercial Attaché to the 
Embassy at Tokio, is at present in this country, 
and among other places he has addressed meetings 
in London and Glasgow, under the auspices of the 
Chambers of Commerce. He pointed out that the 
total of Japanese trade for last year was again a 
record, imports and exports together amounting to 
80,000,000/., or 3,000,0007. more than in 1905. He 
urged that wein thiscountry must see that we secured 
our fair share of any increase in imports, although 
it was only to be expected that the bulk of growth 
would be in raw material. Last year was particularly 
remarkable, owing to the fact that, for the first time 
since 1895, there was an excess of exports over im- 
ports, amounting to about 500,000/., compared with 
an excess of imports in 1905 of 17,000,000. As 
regarded the British share of the trade, the United 
Kingdom still held first place in imports, with 24 
per cent.; the rest of the British Empire come 
second, with 18 per cent.; the United States third, 
with 17 per cent.; China fourth, with 13 per cent. ; 
and Germany fifth, with 10 percent. In exports, 
of course, we took a much lower position, the 
United States, China, France, and Korea, in the 
order named, being Japan’s chief customers. With 
regard to the future, Japan intended to be one of 
the important manufacturing countries, and she 
had already taken extensive strides in that direction. 
She had also recently increased her tariff, especi- 
ally against manufactured goods and so - called 
luxuries. In the circumstances, therefore, it ap- 
peared as though ultimately any huge growth in 





her imports must be in raw materials and partly 
manufactured goods. Before, however, she could 
attain the position mentioned, she must not 
only purchase huge quantities of machinery, but 
must also train her people to use and under- 
stand what she bought. The British houses estab- 
lished in Japan had played a most important réle 
in financing and developing the foreign trade of the 
country. Mr. Crowe said he was with the optimists, 
who believed that there was still plenty of scope 
for the British merchant ; but he must be content 
with smaller profits, be full of energy, and be pre- 
pared to look after trifles which, in the past, he had 
despised. A greater point should also be made of 
studying the language; and he further believed 
that more could be done by judicious advertising. 


REDUCTION OF OXIDES AND SULPHIDES BY MEANS 
or Meratuic CaLcruM. 

Since Rathenau and Suter ten years ago pre- 
pared calcium by the electrolysis of fused calcium 
chloride, with the aid of what they called a ‘‘contact 
cathode ”’—an iron cathode which only touched the 
surface of the fused mass, and which was raised 
as the calcium condensed on it—calcium, formerly 
a very precious metal, has become cheaper; and 
it has recently been applied with some success 
in refining steel. The fact that lime is re-intro- 
duced into the steel in this way is, however, not 
an advantage. Dr. F. Mollwo Perkin is now 
trying to substitute calcium for aluminium in the 
reduction of various compounds, and he brought 
the first account of his researches before the last 
meeting of the Faraday Society. The reactions are 
still more violent with calcium than they are with 
aluminium, he finds. When aluminium is used for 
the reduction of iron oxide in the Goldschmidt 
thermit process, the powdered oxide is mixed with 
grained aluminium, and the mixture is ignited by 
the aid of a “cherry” of barium peroxide or of 
potassium permanganate; the resalting products 
are molten iron and aluminium oxide, the same sub- 
stance which forms the mineral corundum and the 
gems sapphire and ruby. When Dr. Perkin tried 
the reduction of iron oxide with calcium turnings 
in the same manner, the reaction was so intense 
that part of the mixture was thrown out of the 
crucible. By adding up to 40 per cent. of calcium 
fluoride (fluorspar), or 20 per cent. of calcium 
oxide (lime) to the mixture, the violence of the 
reaction was sufficiently reduced. Boron was ob- 
tained by igniting a mixture of boron trioxide, cal- 
cium, and from 5 to 10 per cent. of lime ; the boron 
thus prepared retained some calcium, however, 
after being treated with hydrochloric acid for weeks ; 
and it would appear that the calcium is present as 
boride, a body corresponding to calcium carbide. 
Dried borax (sodium borate) and calcium react 
with less violence, but the resulting amorphous 
boron is not free from calcium either, though it 
can be used for the preparation of boron chloride 
and similar compounds. In all these mixtures 
molecular proportions of calcium were used. When 
sand (silicon dioxide or silicic acid) was ignited 
with the theoretical amount of calcium, calcium 
silicide seemed to result, which, when treated with 
hydrochloric acid, gave an inflammable gas, probably 
silicon hydride. With less than the theoretical 
amount of calcium, some silicon resulted. Powdered 
aluminium did not reduce fine sand to silicon either. 
Galena and calcium should give metallic lead and 
calcium sulphide ; but a greyish mass was obtained. 
Red phosphorus—much less energetic than the 
poisonous waxy phosphorus—and calcium united 
with explosive vigour, and sulphur and calcium 
combined with almost equal violence. Manganese 
dioxide (or chromium dioxide) had to be mixed 
with 30 or 40 per cent. of fluorspar to avoid 
explosions during the reaction with calcium. The 
mixtures froze to the crucible, and Dr. Perkin 
had to break up his crucible until it occurred 
to him to line the crucible with a paste of 
slaked lime and: sodium silicate, so-called water- 
glass. In the experiments with boron a lining 
of borax served for the same purpose. Cruci- 
ble and lining had, of course, to be well dried 
before use, but with this precaution the same 
crucibles could repeatedly be used. Dr. F.M. Perkin 
intends to continue these promising experiments, 
We may add that Kuegelgen effected similar reduc- 
tions with calcium carbide some years ago; the 
reactions were also very violent, until toned down 
by adding other compounds, and products proved 
Say contaminated with finely - divided 
carbon, 





THE INSTITUTION OF CIVIL ENGINEERS. 
ENGINEERING CONFERENCE, 1907. 


The proceedings of the Engineering Conference of 
the Institution of Civil Engineers will begin on 
Tuesday next and continue to Friday, meetings being 
held during the forenoon, while excursions have been 
arranged to various works of interest in the after- 
noons of Wednesday, Thursday and Friday. On 
Tuesday evening, at 9, in the theatre of the Institu- 
tion, the Fifteenth James Forrest Lecture will be 
delivered by Mr. Francis Elgar, LL.D., F.R.S., on 
** Unsolved Problems in the Design and Propulsion of 
Ships.” On Wednesday morning, at 10 a.m., the Con- 
ference will be opened with an inaugural address b: 
the President of the Institution, Sir Alexander B. W. 
Kennedy, LL.D., F.R.S., the members of all sections 
meeting together in the theatre of the Institution. 
Thereafter each section will gather at its place of 
meeting and proceed with the several discussions, in- 
troduced by a short contribution. An adjournment 
will be made each day at about one o'clock, so that 
members may go upon one or other of the excursions 
to works, such afternoon functions assuming in several 
instances a social nature. The important event, how- 
ever, is the conversazione at the Albert Hall on 
Thursday evening. The details of the programme 
of each section are appended :— 


Section 1.—RatLways. 


Of this section, Mr. William Robert Galbraith is 
Chairman ; the Vice-Chairmen being Messrs. R. Elliott- 
Cooper, James C. Inglis, Alexander Ross, and W. B. 
Worthington, B.Sc.; and the hon. secretaries, Messrs. 
J. W. Jacomb-Hood, J. M. Moncrieff, and B. Mott. 
The section will meet in the theatre of the Institution 
on Wednesday at 10.30 a.m, and on Thureday at 10 a.m. 
The papers for the former day are as follow :—‘‘ The 
Chemical Composition of Steel Rails and Latest Deve- 
lopments,” introduced by Mr. C. P. Sandberg ; ‘ Re- 
inforced Concrete for Railway Structures,” introduced 
by De. C. A. Harrison; ‘* The Best Means of Pre- 
serving Iron and Steel Work in Railway Construc- 
tion,” introduced by Mr. Bertram Blount. On Thurs- 
day the papers are:—‘‘The Action between Wheel 
and Rail,” introduced by Mr. H. R. A. Mallock; ‘A 
System of Audible Signalling on Railways,” intro 
duced by Mr. W. Dawson ; “ Light Railway Policy,” 
introduced by Mr. W. Barrington. 


Section Il.—Harpours, Docks, anp CANALs. 


Sir William Matthews, K.C M.G., the President- 
elect of the Institution, is the Chairman of this 
section, the Vice-Chairmen | Messrs. G. N. 
Abernethy, C. A. Brereton, W. H. Hunter, A. C. 
Hurtzig, A. G. Lyster, and H. H. Wake. The Hon. 
Secretaries are: — Messrs. W. T. Douglass, J. A. 
Saner, and M. F. Wilson. On Wednesday, at 
10.30 a.m., in the main library of the Institution, 
there will be a joint meeting with the Shipbuild- 
ing Section for the discussion of the paper on 
‘*Harbour and Dock Requirements as Affected by 
Development of “- introduced by the Right 
Hon. Lord Pirrie. ‘Thereafter the section alone will 
discuss ‘‘ Ferro-Concrete Structures,” introduced by Mr. 
C. 8. Meik, and ‘‘ The Durability of Reinforced-Con- 
crete Structures,” introduced by Mr. F. E. Wentworth- 
Sheilds. On Thursday, in the same meeting-place, the 
following subjects will be discussed :—‘‘ Dock Equip- 
ment ; including the Relative Advantages of Electric 
and Hydraulic Appliances,” introduced by Mr. W. 
W. Squire; ‘‘ Dredging in the Sea-Channels of the 
Mersey,” introduced by Mr. A. G. Lyster; ‘‘ Rock- 
Dredging, with Particular Reference to Work at 
Blyth,” introduced by Mr. J. Watt Sandeman ; 
‘** Dredging Rock in the Suez Canal,” introduced by 
Mr. E. Quellennec. As in the case of Section I., there 
will be no meeting on Friday. 


Section III.—Macuinery. 


Chairman :—Mr. William Cawthorne Unwio, LL.D., 
F.R.S. Vice-Chairmen:—Messrs. John A. F. As- 

inall and W. H. Maw; Sir Andrew Noble, Bart., 
KCB. F.R.S., and the Hon. C. A. Parsons, C.B., 
D.Se., LL.D., F.R.S. Hon. Secretaries :— Messrs. H. F. 
Donaldson, E. B. Ellington, and M. H. P. Riall Sankey. 
This section will hold meetings on all three days. In 
the meeting-room of the Surveyors’ Institution at 
11.30 a.m. on Wednesday, two papers will be read :— 
‘* Turbines as Applied to Marine Propulsion,” intro- 
duced by the Hon. C. A. Parsons; ‘‘ Reciprocating 
Engines for Ocean-Going Steamers,” introduced by 
Mr. Henry Davey. At the same place on Thursday, 
at 10 a.m., the papers are as follow :—‘“ Precision 
Grinding,” introduced by Mr. H. Darbyshire ; 
‘* Machine-Tool Design as Affected by the Use of 
High-Speed Cutting Tools,” introduced by Dr. J. T. 
Nicolson ; ‘‘ The Use of Pneumatic Tools in Work- 
shops,” introduced by Mr. C. P. Whitcombe. Again, 
on Friday, at 10 a.m., the discussions will be on the 
following papers ;—‘‘ Reciprocating Air-Compressors,” 
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introduced by.Mr. W. Reavell ; ‘‘ Turbo-Compressors | A. A. Campbell Swinton ; ‘‘ The Application of Elec- | centimetres) of the stretched wire of a vibration galvano- 
tricity to the meter, when tuned, diminished the amplitude of the oseil- 


for High Pressures,” introduced by Professor A. 
Rateau. 


Section [V.—Mininc anp METALLURGY. 


Chairman :—Mr. John Strain. Vice-Chairmen :— 
Messrs. Sidney H. Farrar, R. A. Hadfield, J. B. Simp- 
son, and Sir Thomas Wrightson, Bart. Hon. Secre- 
taries :—Messrs. H. 8S. Childe, R. E. Commans, and 
Sidney H. Farrar. The Wednesday meeting is at 10.30 
a.m. in the Reading-Room of the Institution of Civil 
Engineers, and the rs are :—‘‘ Problems of the 
Witwatersrand Goldfields,” introduced by Mr. G. A, 
Denny ; ‘‘Special Methods of Shaft Sinking,”  intro- 
troduced by Professor Henry Louis; ‘‘The Design 
and ry 505 of Shafts for Deep Winding,” intro- 
duced.by Mr. C. E. Rhodes. On Thursday the members 
join Section V. for the discussion on ‘‘ High-Tensile 

teel,” to be referred to later, and at 11.30 a.m. meet 
separately again—this time in the Council-Room—for 
the following papers :—‘‘ Arrangement and Design of 
Colliery Surface Works,” introduced by Mr. E. M. 
Hann ; ‘‘ Segregation in Steel,” introduced by Mr. J. 
E. Stead. On Friday, in the theatre of the Institu- 
tion, there are to be joint meetings with the Electrical 
Section (VII.) for the following electrical papers :— 
‘* Electro-Metallurgy,” introduced by Mr. Bertram 
Blount ; ‘‘ Modern Applications of Electricity to 
Mines,” introduced by Mr. Charles P. Sparks. At 
noon on Friday the section will meet separately in the 
Council-Room of the Institution to discuss the subject 
of the ‘‘ Education of Engineering Students, par- 
ticularly with regard to Mining and Metallurgy,” 
introduced by Mr. Walter Rowley. 


Section V.—SHIPBUILDING. 

This section will join the Harbour Section on 
Wednesday for th» discussion of Lord Pirrie’s paper 
on ‘‘ Harbour and Dock Requirements ” (see Sec- 
tion II. above), but on Thursday and Friday there 
is a separate programme. The officials of the section 
are: —Chairman:— Mr. F. Elgar, LL.D., F.R.S. 
Vice-Chairmen :—Sir J. Fortescue Flannery, Bart. ; 
the Right Hon. Lord Pirrie, LL.D. ; Sir Phili 
Watts, K.C.B, LL.D., F.R.S.; and Mr. A. 
Yarrow. Hon. Secretaries:—Messrs. 8S. W. Bar- 
naby ; John List, R.N.R.; and J. T. Milton. 
On Thursday, at 10 a.m., in the Reading-Room of 
the Institution, this Section will be joined by the 
Metallurgy Section for the following papers :—‘‘ The 
Use of High-Tensile Steel in Compound Structures, such 
as Ships, Bridges, &c.,”-introduced by Mr. A. E. 
Seaton ; ‘‘ High-Tensile Steel for Toi 0-Boat Con- 
struction,” introduced by Mr. A. F. Yarrow; ‘‘ The 
Use of High-Tensile Steel in the Construction of the 
Mauretania,” introduced by Mr. E. W. De Rusett. 
Thereafter the Shipbuilding Section will separately 
discuss the following :—‘‘ The Structural Details of 
Cargo-Steamers in Relation to their Water-Ballast 
Arrangements,” introduced by Mr. S. J. P. Thearle ; 
‘* Arrangements for Working Cargo on Ships,” intro- 
duced by Mr. W. H. Dugdale. Friday’s meeting is 
at 10a.m. in the Reading-Room, and the programme is 
as follows :—‘‘ High-Speed Vessels,” introduced by 
Professor J. J. Welch; ‘*‘ Modern Applications of 
Superheating to Marine Steam-Boilers,” introduced 
by Mr. A. Spyer ; ‘‘ The Welding of Structural Mate- 
rials in Place,” introduced by Mr. H. A. Ruck-Keene. 


Section VI.—WaterR Works, SEWERAGE, AND 
Gas Works. 


This section also meets on all three days. Chairman: 
—Sir George Thomas Livesey. Vice-Chairmen :—Sir 
Alexander Binnie, Messrs. George Chatterton, M.A., 
George F. Deacon, LL. D., and Harry E. Jones. Hon. 
Secretaries :—Messrs. E. P. Hill, J. D. Watson, and 
H. Woodall. The programme is as follows :—Wed- 
nesday, 10.30 a.m., Upper Library of the Institution. 
‘*Comparative Cost of Pumping by Steam, Internal- 
Combustion Engines, and Electricity, based upon 
Actual Working,” introduced by Mr. Charles Hawks- 
ley and Mr. Henry Davey; ‘‘ Water - Softening,” 
introduced by Mr. William Matthews; ‘‘ Water- 
Hardening,” introduced by Mr. James Watson. 
Thursday, 10 a.m., in the same place :—‘‘ The Appli- 
cations of Town Gas as a Heating Agent,” introduced 
by Mr. W. H. Y. Webber ; “‘ The Distribution of Gas 
at Increased Pressure,” introduced by Mr. Charles C. 
Carpenter. Friday, 10 a.m.:—‘‘ Sewage oe by 
Biological Processes,” introduced by Mr. John D. 
Watson ; ‘‘The Relative Merits of Chemically-Treated, 
Settled, and Septic Sewage, in preparing the Liquid 
for Oxidising Beds,” introduced by Mr. G. A. Hart. 


Section VII.—AppuiicaTions oF ELECTRICITY. 


Chairman :—R. E. B. Crompton, C.B. Vice-Chair- 
men :—Meesrs. J. A. Ewing, LL.D., F.R.S., John 
Gavey, C.B., W. M. Mordey, and A. A. Campbell 
Swinton. Hon. Secretaries :— Messrs. H. R. J. Burstall, 
A. H. Preece, and J. F. C. Snell. This section meets at 
10.30 a.m. on Wednesday, in the Council-Room of the 
Institution, and the p mme is :—‘‘ Electrical Trans- 


mission-Gears on Motor Vehicles,” introduced by Mr. 


. | inductance wit 


ne ag of Railway Points and Signals,” 
introduced — . M. G. Ferreira; ‘ Upkeep 
Charges on ge Electric Generating Sets,” intro- 
duced by Mr. H. R. J. Burstall and Mr. J. 8. High- 
field, There will be no meeting on Thursday, although 
electrical engineers will find much in the programme 
of other sections to interest them. On Friday the 
section joins Section IV., as already stated, for 
the consideration of electro-mining and metallurgical 
subjects. 
Visits To Works. 

The list of visits to works is as follows :— 

Wednesday :—Messrs. Crompton and Co.’s Works, 
Chelmsford ; the Rotherhithe Tunnel and the Rother- 
hithe Pumping-Station of the London Hydraulic Power 
Company ; essrs. Yarrow and Co.’s Works; the 
Charing Cross, Euston, and Hampstead Railway ; 
Messrs. Fraser and Chalmer’s Works, Erith. 

Thursday :—Woolwich Arsenal ; Chelsea Generating 
Station, Underground. Electric Railways ; the Gas- 
Light and Coke Company’s Works at Nine Elms; the 
Central Telephone Exchange, General Post Office ; the 
National Physical Laboratory, Teddington. 

Friday : — Swindon Locomotive Works, Great 
Western Railway ; the Admiralty Harbour Works 
at Dover; the Greenwich Generating Station, London, 
County Council Tramways; and Messrs. Siemens 
Brothers’ Works at Charlton ; the Greenwich Generat- 
ing Station, London County Council Tramways, and 
the Deptford Generating Station, London Electric 
Supply Corporation; Messrs. Vickers Sons and 
Maxim’s Works at Erith. 








THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, held 
on May 24, Professor J. Perry, F.R S., President, in the 
chair, a paperon ‘The Measurement of Mutual Induc- 
tance by the Aid of a Vibration Galvanometer,” was read 
by Mr. A. Campbell. The measurement of mutual in- 
ductance is of importance, not only in electrical science, 
but also in electrotechnics; for example, it forms the 
basis of the magnetic testing of iron by the ballistic 
method. be Foster’s method of comparing a mutual 

a capacity is one of the most convenient 
methods, and the formula is very simple, being M=K Rr, 
where K is the capacity (in farads) and R and r are re- 
sistances. The great advantage gained by the use of a 
vibration galvanometer in methods for measuring capacit: 
or inductance [e.g., Wien’s methods and Anderson’s 
(as used by Ross and Grover)]led the author to apply 
it to the Carey Foster and the Hughes-Rayleigh methods. 
He found, however, that with alternating currents it 
was necessary to modify the Carey Foster method by 
adding a series resistance in the condenser branch ; this 
left the formula M = K Rr unaltered, and gave an addi- 
ditional formula involving the ratio of a mutual anda 
self-inductance. It turned out that this modification had 
been suggested by Rowland. The modified method is 
extremely convenient, the two adjustments uired 
for a nce being independent, and the result not 
involving a tmeiélige of the frequensy; the use of 
the vibration galvanometer is a great improvement, 
making the method independent of the wave - form 
of the current used. The author next discussed vibration 
galvanometers. They belong to the class of tuned (or 
resonance) instruments, the use of which in such measure- 
ments is due to Max Wien, whose work on the subject, 
beginning with his tuned optical telephone in 1891, is of 
the utmost value, and includes many methods which are 
now standard. If the detecting instrument used in a null 
method (with alternating current) is adjusted so that its 
natural period is in tune with that of the applied voltage, 
it will be set into strong resonance and will be enormously 
increased in sensitivity for this particular frequency, 
practically ignoring in “oo "" all the other compo- 
nents of the wave-form. Thus in any method in which 
the tuned instrument is used, a sine-wave form may be 
assumed. Rubens brought out his vibration galvanometer 
in 1896, the moving part being small soft-iron needles (on 
a torsion wire) polarised by a pair of magnets with polar 
windings carrying the current to be measured. 

The author exhibited a vibration galvanometer of an- 
other type, having a moving coil controlled by an adjust- 
able bifilar suspension. By adjusting the tension of this 
the tuning is very easily effected. For measuring the 
frequency to which a tuned instrument is yen it 
is convenient to use the Hughes-Rayleigh method, in 
which a known self-inductance is compared with an un- 
known mutual inductance, the balance being dependent 
on the frequency. The author showed such an arrange- 
ment in which the slide-wire was graduated directly in 
frequency (period per second). With accurately known 
frequency on the other hand, the method gives absolute 
values of L and M. 

In conclusion, the author gave results of tests (by 
several methods) of a standard mutual inductance of 0.05 
henry. The Kirchhoff method, with direct deflection on 
a ballistic galvanometer (of measured time of swing), 
gave a mean of 0.05014 henry, while the Carey Foster 
method gave 0.05009 henry ; the probable error of the 
latter was much smaller than that of the older method. 

Mr. A. Russell thanked the author for his most inter- 
esting and instructive demonstration. He considered 
that the bifilar method of suspending the vibrating coil 
was a great improvement on the single-wire method 
described by Wien in the Annalen des Physik in 1901. 
In the Physical Review of last December Mr. Wells states 





that an alteration of 0.3 per cent. in the length (about 12 


lation to less than one-fifteenth of its former value. The 
resonance point is very sharply defined. Hence to work 
such an instrument at its greatest sensibility it must be 
most accurately —— and it must be supplied with a 
current of almost absolutely constant frequency. hen 
used to measure currents the shape of the wave must be 
known. Mr. Campbell, however, pone uses his 
vibration galvanometer mainly in null methods, and so 
any kind of interrupted or‘ alternating current can be 
used, the shape of the wave being almost immaterial. He 
noticed that Mr. Campbell obtained his balance very 
rapidly by adjusting both the tension of the suspending 
spring of his galvanometer and, by means of a simple 
interrupting device, the frequency of the supplied current 
during the course of the same experiment. e suggested 
method of po we meng ge was extremely ingenious. 
He asked whether had found it necessary 
to take into account the “effective internal resistance ” 
of the condensers he used in his tests. 

Dr. Eccles asked the author for information as to the 
differences in performance between vibration galvano- 
meters like the one shown, which employed rotational 
vibrations, and string galvanometers' such as that of 
Einthoven, where the vibrations are transverse. The 
latter is a tuned instrument, and, it has been stated, has 
been used in the measurement of inductance, with what 
method and degree of success Mr. Campbell might know. 

Mr. Rollo Appleyard said the author's methods should 
be applicable to the case of an inductance shunted by a 
capacity. In that event it would be useful for measure- 
ments of the inductance of telephone cables. If it could 
be adapted to that purpose, it would be of t service 
in affording a rapid means of determining the ‘‘ attenua- 
tion constant,” when frequency was of importance. 

Dr. R. S, Willows said the suspension used by the 
author was an improvement on those in cmd use, 
which were liable to be broken when changing. the 
frequency. 

. Campbell, in reply to Mr. Russell, said that the 
second formula in the modified Carey Foster method 
involved the resistance in series with the condenser. 
With a mica condenser it gave results in such close 
agreement with the first formula that it precluded the 
possibility of any apparent resistance in the condenser of 
the order observed in certain condensers by Rowland and 
by Mr. Russell. The author was not aware of the use of 
the Einthoven string galvanometer as a vibration galva- 
nometer ; but if the damping could be made small enough, 
there seemed no reason why it should not be so used. In 
reply to Mr. Appleyard, he thought that one of M. 

ien’s methods would be applicable. 

A ‘“‘ Note on the Rate of Decay of the Active Deposit from 
Radium,” by Messrs. W. Wilson and W. Makower, was 
taken as read. In some experiments in which the ionisa- 
tion produced by the a rays from radium C was balanced 
against that produced by the more penetrating 8 and y 
rays, it was found that after a short time these two 
ionisations were no ~~ exactly equal, however care- 
fully they had been adjusted to equality at first. A 
similar effect had been noticed by Brousson, and was attri- 
buted to the slowly-moving 8 rays emitted by radium B 
which is present with the radium C. Since these rays 
are emitted by radium B, whereas the a and more pene- 
trating 8 rays are emitted by radium C, it is to be ex- 
pected that the rate of decay as measured by these two 
types of radiation will be different. The authors’ experi- 
ments test this point, and confirm the view that the ob- 
served difference in the rate of decay as measured in the 
two vessels is due to the slowly-moving § rays emitted by 
radium B. 

Mr. 8. G. Brown exhibited Apparatus for Relay Work- 
ing of Long Submarine Telegraph Cables. In the absence 
of Mr. Brown the apparatus was described by Mr. A. E. 
Powell. In dealing with the question of the design of a 
relay for long cable work, conditions and difficulties differ- 
ing from long-distance telegraphy on land lines are met 
with. Firstly, the minute currents recorded at the end 
of a long cable, when worked at its limit of speed, 
necessitate an instrument of high sensitiveness. dly, 
there is the difficulty of making and breaking contact 
with the usual form of ‘‘ butt” contact, owing to insuffi- 
cient pressure to break through surface oxidation ; or if 
contact be satisfactorily made, the want of power to break 
away again, due to coherence of the contact surfaces. 
Thirdly, the variation from the neutral position of a 
relay-tongue fixed to the coil of a receiving instrument, 
due to the unequal charging up of the cable and receiving 
condensers, necessitates some method of straightening 
out the zero. Mr. Brown’s relay system therefore con- 
sists of three parts :—(1) the actual relaying device, or 
drum relay ; (2) an inductive shunt with closed iron cir- 
cuit for use across the receiving coil, to curb the signals 
and straighten out the zero ; and (3) a method of apply- 
ing a local current ing suitable time-lag to the 
receiving coil, to correct the tendency of signals made up 
of two or more impulses of the same polarity to fall away 
to zero, due to the ey my up of the receiving condenser 
itself. The action of the drum relay and the details of 
the apparatus were described, and the running instru- 
ments were exhibited after the meeting. 








Tue INSTITUTION OF MECHANICAL ENGINEERS : GRAD- 
uaTEs’ AssociaTION.—The above association held a most 
successful summer meeting at Birmingham, visiting—on 
Thursday, June 6—the works of Messrs. Willans and 
Robinson ; on Friday, June 7, the Birmingham Small 
Arms Company, and the Birmingham Generating Station ; 
and on Saturday, June 8, the Patent Shaft and Axle- 
Tree Company. A paper entitled ‘‘The Practical Con- 
struction of a Marine Turbine” was read on Friday at 





the Acorn Hotel, where the party were quartered, 
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SANDPAPERING MACHINE. 
CONSTRUCTED BY MESSRS, SAGAR AND CO, LIMITED, ENGINEERS, HALIFAX. 











In our notice of the recent International Building 
Trades’ Exhibition, which appeared on page 476 ante, 
we briefly referred to a new sand-papering machine, 
which was exhibited at the stand of the makers, 
Messrs. J. Sagar and Co., Limited, Canal Works, 
Halifax. We are now able to illustrate this machine 
by a reproduction from a photograph. 

The machine has, we believe, proved to be a very 
useful type, being well suited for work on flat surfaces 
of a great variety of articles, among which may be 
mentioned panels, framing, electric fittings, boxes, 
ccinsevoulh, bs. It will be seen that the sand-paper 
is in the form of a wide belt, which passes over a pulley 
or drum at each end of the frame, provision being 
made so that one of the pulleys can be adjusted in 
order to take up any slack that may arise. The dust 
is carried away into a casing which surrounds the 
pulley at the right-hand end of the machine, as seen 
in the engraving, and passes down through a pipe at 
the bottom. The work to be operated on is, of course, 
placed on the top of the sand-paper as the latter 
travels, and there is an adjustable stop which prevents 
the work being carried along with the paper. The 
driving-pulley is on the opposite side of the machine, 
at the right-hand end, and cannot be seen, though 
the striking gear-rod and handle are visible just in 
front of the right-hand paper pulley. The machine is 
substantially made, and ample area appears to be given | 
to the wearing surfaces. 














Ratway Acorpents in America.—For the last three | 
months of 1906 the statistics just published by the | 
Inter-State Commerce Commission of America show | 
that 3965 collisions or derailments occurred during that 

riod. These are classified as:—Rear collisions, 588 ; 

ead-on or butting collisions, 297; collisions due to 
trains separating, 174; derailments due to defects of 
road, 341; derailments due to defects of rolling-stock, 
771; derailments due to negligence of staff, 147 ; besides | 
other causes resulting in smaller numbers of accidents, | 








ADJUSTABLE DRAWING-OFFICE TABLE. 


EXPERIENCE has abundantly proved that if reason- 
able attention is paid to the comfort and convenience 
of draughtsmen, the output of the drawing-office is 
noticeably increased, and the quality of the work is 
better. There are times when a draughtsman can work 
better sitting, and others when he prefers to stand, 
and it is anything but a wise policy to prevent him 
adopting the posture which suits him best at any 
particular time. With the ordinary drawing-bench, 
particularly if accurate work is to be done at the top 
of the board, the only possible attitude causes con- 
siderable discomfort, noticeably if the draughtsman is 


and which are too numerous or diversified to classify. | | 


The loss involved is estimated to the railway companies 
as 3,099,228 dols.; the persons killed, 454; and injured, | 
4777. 


AUSTRALASIAN GOLD.— The production of gold in 
Australasia in 1906 was 3,952,272 fine ounces, as compared 
with 4,122,008 fine ounces in 1905, showing a decrease 
last year of 169,736 tine ounces. Production increased 
last year in Victoria and New Zealand, but it fell off in| 
Western Australia, Queensland, New South Wales, and 
Tasmania. The decline in the production of Western 
Australia is still continuing, the output for the first three 
months of this year having been 426,156 fine ounces, as 
compared with 452,366 fine ounces in the first quarter of 
1906, and 480,401 fine ounces in the first quarter of 1905. 
The yield of gold has dec in Victoria in the first 
quarter of this year, having been 156,219 fine ounces, as 
compared with 177,494 fine ounces and 161,057 fine ounces. 
The yield of gold in Queensland has also further declined 
in the first quarter of this year, the total output having 
been 109,461 fine ounces, as com with 115,248 fine | 
ounces and 133,922 fine ounces. New Zealand, again, has | 
produced less gold in the first quarter of this year, the | 
total yield having been 111,465 fine ounces, as compared 
with 123,325 fine ounces and 117,754 fine ounces. New 
South Wales has shared in the general decline, the out- 
put for the first three months of 1907 having been 





72,481 fine oun as compared with 77,337 fine ounces 
3 0 pom | in any position from horizontal to vertical, 


and 69,906 fine ounces. 


| ie 








of small stature. To avoid this, several adjustable 
drawing-tables have been devised, and we illustrate 
one of the latest and simplest of these above. The 
board itself has been removed in order not to hide 
any details of the construction. It will be seen that 
the top of the table is carried on a framework of 
telescopic tubes, and may be locked at any height or 
at any angle suitable for the work in hand. hen 
locked it is thoroughly rigid, a feature which all 


| draughtsmen will appreciate. There is plenty of room 


beneath the horizontal cross-bar in front for the 
draughtsman’s knees, when he finds it more con- 


| venient or more pleasant to sit at his work, and he 


can in a moment alter the level of his board, or fix it 





Another feature of the table is that it can be packed 
into very small compass when notin use. The tele- 
scopic rods are closed up, the bottom ties and the 
wooden head folded against the front legs, and the 
whole is then quite flat and can be stored away or 
placed against a wall until required. 

The table is made by Messrs. 8. C. and P. Harding, 
a Alliance Works, Culdharbour-lane, Denmark- 
hill, 8.E. 








INDUSTRIAL NOTES. 

THE annual report of the Boiler-Makers and Iron- 
Ship-Builders for 1906 is a large volume of 624 er. 
The figures are well arranged, so that all members 
of the union can test the accounts for themselves. 
The members are urged to examine the details so as 
to see whether the payments made and the benefits 
received are correctly stated, and to let the general 
office know if any detail is incorrect, This is the way 
to ensure accuracy in such a voluminous report. The 
society started last year under better trade conditions 
than in 1905. The unemployed members at the com- 
mencement of the year were 4132; these diminished 
until July, at the close of which 2302 were on unem- 
ployed benefit ; then there was a further increase in 
the later months of the year. Reference is made to the 
return of a strong y of Labour members to the 
House of Commons, though the two candidates of the 
society were defeated. The work of the Labour mem- 
bers is commended as favourable to Labour’s cause. 
It is also notified that, by the votes of the members, 
the union joined the General Federation of Trade 
Unions, and that the year of probation has ended, so 
that the members are entitled to full benefit in the 
event of a strike ; but this benefit goes to the general 
fund, as the members decided that their union should 

ay the increased benefit, but the result is the same. 
ference is made to the satisfactory arrangement of 
a pays on the Clyde, the terms being uncondi- 
tionally agreed to by the employers. The struggle for 
this commenced in 1895 ; after twelve years’ agitation 
the concession was agreed to. The disputes on the 
Tees, the Hartlepools, and at Nottingham are also 
referred to. 

The total membership of the union at the close of 
1906 was 52,056, an increase of 2426 in the year, 
after allowing for deaths and exclusions. In addition 
nearly 6000 widows pay for funeral benefit ; these are 
not counted in the membership figures. The total 
income in 1906 was 209,005/. 1s. 3d., but in this is 
included a loan of 8000/. from the bank. The total 
expenditure was 223,178/. 0s. 5d. The actual income 
exceeded that of 1905 by 23,561/. 3s. 10d.; the expen- 
diture by 13,094/. 15s. 7d. Out of the total expendi- 
ture nearly 192,000/. was expended in benefits, of 
which over 27,000/. was spent in disputes—on the 
Clyde, the Tees, the Hartlepools, Nottingham, and 
other places, The main source of income was contri- 
butions—172,941/. 10s. 4d.—and proposals and en- 
trance fees—4319/. lls. Interest on stocks and bank 
interest totalled up to 10,439/. 12s. ld. Sales of re- 
ports, emblems, cards, rules, &c., amounted to 4450/. 
3s. 8d., or nearly 370/. over the cost. Out-of-work 
benefit cost 47,471/. 0s. 9d.; superannuation, 32,292/. 
15s. 6d.; sick benefit, 50,757/.; funerals, 8055/.; sur- 
geons, 8575/.; fares to jobs, 262/.; accidents, 8550/.; 
benevolent grants, 8159/. ls. 9d. The Parliamentary 
Representation Fund is quite distinct: income and 
balance in 1906, 2226/. 14s. 1d.; expenditure, 1328/. 
19s. 6d.; balance, January 1, 1907, 897/. 14s. 7d. The 
aggregate balance in hand at the close of 1907 was 
318,964/. lls. 1d.—decrease in the year, 13,272/. 
19s. 2d. The decrease was due to the several disputes 
enumerated. The superannuation fund reached 60,988/. 
16s. 9d., all of which, except 1592/. 6s. 2d. at the 
Newcastle Bank, is invested in corporation stocks and 
loans on property to enable members to purchase their 
own houses, the last reaching nearly 30,000/. The 
general fund is also mainly inves in corporation 
stock, railways, Elswick preference shares, and other 
good securities. A complete list of all investments is 
given, so that members know where the balance is 
placed and what it yields in dividends, or interest, as 
the case may be. 

The Boiler-Makers’ Society was established in 1834. 
It was reorganised on the model of the Engineers’ 
Society in 1866. The tables therefore only go back 
to that date, giving a statistical review for forty years. 
The aggregate payments for benefits during this period 
have been as follow :— 








Sick benefit 786, 541 
Funerals... 157,803 
Surgeons = 168, 433 
Unemployment 969,453 
Superannuation 273,107 
Benevolent grants ; 128,304 
Fares to situations 8,041 
Accident benefit a sn 128,046 
Total for provident benefit ... 2,619,728 

Pe isputes... ae 129,002 
Aggregate 2,748,730 
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Since the year 1883 travelling relief has been discon- 
tinued in the old form, and the relief given is included 
in home donation, or in fares to situations, both of 
which deal with unemployment. During last year 
sixty-one members were paid 100/. each as accident 
benefit, and fifty-one received 50/. each. The members 
of the society on municipal bodies and councils of 
various kinds in various places are fifty-nine, so that 
the union is well represented in this respect. Several 
are technical iostructors in various institutes. The 
names of the various bodies are given, also the places, 
the member’s name, and his branch of trade—as plater, 
riveter, caulker, &c. The report contains a list of 
rates of wages and hours of labour recognised in the 
various districts where there are branches, so that if 
a question arose in any Government contract as to 
trade-union rates, they are to hand for this trade in 
each locality. 





The Amalgamated Engineers’ Journal naturally takes 
up the question of the Woolwich discharges, for many 
members of the society are affected. Mr. Barnes refers 
to the fact that the men had marched in procession 
from Woolwich to Westminster—10 miles—twice in 
the past month. They had interviewed the Prime 
Minister, petitioned the King, and demonstrated in 
Trafalgar-square, and, ‘‘ notwithstanding all which, 
they are still being discharged week by week.” He 
states that ‘‘from 6000 to 8000 men have been dis- 
charged during the last two or three years, causing 
much distress in the district.” Mr. Barnes is espe- 
cially severe in condemning the wholesale discharges of 
the men while the highly-paid staff remain as before. 
Superannuation benefit was paid to 5215 members, at a 
weekly cost of 2357/., or at the rate of 6}d. per 
paying member per week. There was a decrease 
of sick members. The proportion of unemployed is 
nearly the same as in the previous month and a year 
ago, with a slight inclination to a lower level. The 
Journal is more varied this month in the topics treated. 
The technical series is continued, and most of the 
other features. 


In the Ironworkers’ Journal for the current month 
most of the available space is occupied with a full 
reprint of the Workmen’s Compensation Act, 1906. 
It is of first importance to men working in the 
branches of trade represented by the Journal that 
the Act should be understood in all its multifarious 
bearings. It is to be hoped that arrangements will 
be made by employers and workmen by which litiga- 
tion shall be avoided, and compensation be duly 
awarded by mutual negotiation, as is done in the cotton 
trade, by the Durham miners, and other bodies. Liti- 
gation is at once costly and uncertain, to workpeople 
often ruinous; for even if they win the case, costs 
have been known to swallow up the larger part of 
the compensation awarded. There is a brief report 
of the last meeting of the Standing Committee of the 
Board of Conciliation and Arbitration for the Manu- 
factured Iron and Steel Trade of the North of Eng- 
land. The proceedings were mainly formal, as no 
dispute appears to have needed attention. The finances 
were reported and bills paid. There is a report of the 
case of a mill-furnaceman at Wednesbury who was 
fined 6/. 11s. and costs for serious neglect of work, 
to be paid in 10s. weekly instalments. 


The Durham Miners’ Monthly Circular deals largely 
with the proceedings of the last meeting of the Con- 
ciliation Board. Some of the members of the union 
appear to be dissatisfied with the recent advance, and 
Me Wilson, M.P., shows that the arrangement made 
was fair and just, as the advance in February last must 
be taken into account as part of the rise in wages in 
roportion to prices. Lord Collins, the successor of 
rd Davey on the bench, has been chosen as his 
successor as umpire of the Conciliation Board. Some 
changes in the hours of labour of banksmen and others 
were considered, and certain recommendations were 
made. 








The report of the National Union of Boot and Shoe 
Operatives states that trade is about the same as in 
the previous month ; there were no complaints of actual 
slackness, except in the districts making heavier foot- 
gear for men, mostly at Leeds and Maybole, from 
whence come complaints of newer and improved 
machinery being used, with loss of work consequently. 
At Leeds a new full plant has been laid down, a dis- 
placement of men being the result. During the past 
month disputes have been more frequent. dispute 
at Stafford. was referred to arbitration. The court con- 
sisted of three employers and three ww repre- 
sentatives, with an umpire appointed by the Board of 
Trade. The award fixes the minimum rates of wages for 
the different eections of workpeople. Any differences 
that may arise are to be submitted to the said umpire. 
Fortunately, the award will settle a similar dispute 
at Wolverhampton, it being virtually understood that 
both sides will accept the Stafford award. In two 
other districts disputes arose, which were settled. A 
dispute at Leicester led to a strike, which was not 





settled at the date of the report. A dispute at Norwich 
was settled by negotiation by the local official of the 
union. There is a complaint in the report of a serious 
disturbance at an organisation meeting, in a village a 
few miles from Leicester, the union treasurer being 
assaulted. The union will send two delegates to the 
General Federation annual meeting at York in July 
next. 





The Labour Party in the House of Commons do not 
appear to be satisfied with the progress of legislation 
pertaining to labour, and hence they urged the Govern- 
ment to undertake an Autumn session. The idea is 
repugnant to the t majority of members, but the 
Labour men see in it the only possible chance of speed- 
ing progress with certain measures upon which they 
have set their hearts. The fault, if fault there be, does 
not lie with the length or shortness of the session, but 
with the length and number of speeches, many of 
which are designed to cause delay. An Autumn session 
would only give a chance for their repetition. But, 
after all, Labour members have no great reason to be 
dissatisfied. It is true that the Miners’ Eight Hours 
Bill is hung up, but there are two sides to that question, 
even among miners. Old-age pensions are still in 
nubuld, for no formulated scheme has yet won uni- 
versal approval. The Local Government Board is not 
prepared with a scheme, nor will it be until the whole 
of our poor laws are overhauled. Labour, on the whole, 
has had a fairly good innings since the General Elec- 
tion, and some other measures, of a general political 
character, are needed for the nation and Empire. 


The amicable settlement of the Cotton Spinners’ dis- 
pute is another great object lesson in conciliation in 
labour disputes. All along, in ‘‘ Industrial Notes,” 
the probability of a friendly settlement was predicted ; 
but one never knows what adverse influences may be at 
work to thwart friendly negotiations. The full 5 per 
cent. demanded by the spinners was conceded, to date 
from the 13th inst. The advance will affect some 
150,000 operatives, so that it covers a wide area. The 
dispute with the weavers some short time ago ended 
adversely for the operatives, but they submitted with 
a good grace when they found that the splendid pros- 

rity in the cotton-spinning branch was not shared 

yy the weavers’ branch. In both cases the result was 
creditable to both parties. It is hoped and expected 
that the recent negotiations and concessions on both 
sides will have the effect of hastening on the prepara- 
tions for an automatic wages list, so that disputes may 
be adjusted without stoppage of work. It is admitted 
that there are considerable difficulties in the way, but 
when practical business men on both sides are in con- 
ference these difficulties will probably disappear, 
especially when each party has faith and confidence in 
the other. For years now the cotton trade has been 
used to conferences for the discussion of differences, 
and usually, though not always, a strike is averted. 
The cotton industry is so vast, the money invested so 
enormous, and the persons employed so numerous, that 
the prevention of strikes will have an immense influ- 
ence for good upon all the industries of the country. 
A mutual agreement in this case will induce other 
branches of trade to avoid strife. The agreement of 
the engineering branches when ratified will have a 
similar result. The stride in conciliation in those two 
industries will render this year notable in the history 
of labour, even if no other step in this direction is 
made in 1907. 


The ballot of members of the Engineers’ Society 
on the North-East Coast has resulted in more than the 
two-thirds majority for a strike if the employers refuse 
the advance demanded—2s. per week on time rates, 
and 5 per cent. on piece rates. The voting was on a 
large scale, as over 80 per cent. voted. The executive 
committee of the Amalgamated Society of Engineers 
will ask the employers to meet them in conference 
before notices are handed in, with the view of nego- 
tiating an amicable arrangement. If the conference is 
refused, or its results are unsatisfactory, one week’s 
notice will be given by the 13,000 engineers con- 
cerned. But the strike, if it takes place, will affect a 
larger number of men. 





The strike of 700 ironfounders at Belfast continues, 
with no signs of a settlement. The men on strike get 
15s. a week, the unions affected being well off for 
funds. It is said that there is a probability of the 
dispute extending to the Clyde and Manchester. Over 
100 hands, indirectly affected, were paid off at Messrs. 
Harland and Wolff's shipyard at the end of last week. 





The master bakers of Manchester met the operatives 
in conference last week, and agreed to a compromise. 
The men asked for an advance of 2s. per week ; the 
masters, at the conference, offered an advance of Is. 
per week. The men’s representatives accepted the 
offer, subject tothe approval of the men, to whom they 
will recommend it. The advance will be for six months, 
with a six months’ notice, which means a year from 
date of settlement. 





The Postmen’s Federation held its sixteenth annual 
conference in Leeds last week. The membership was 
stated to be 15,388, an increase of 446 in the year. 
The executive put forward a scheme of reorganisation, 
which was rejected. The first motion was to defer it 
till next year ; this was carried by 426 votes to 125. 
The further discussion of the question was met by 
the previous question—carried by 270 votes to 261 
against. Thus the scheme was rejected. 


There was some complaint at the Midlands market 
last week about the lowness of prices, in spite of the 
fact that at the last accountant’s certificate there had 
been an advance. Another advance of 5d. per ton 
would have given an advance of 3d. per ton to the 
ironworkers. The difference is in favour of the iron- 
masters ; but the net selling prices of some kinds and 
qualities may be low, while that of others may be 
more favourable. It seems to be expected that an 
advance of 10s. per ton will shortly be declared. In 
other descriptions an advance has already been secured. 
In Lancashire quotations are firm, with an upward 
tendency. The outlook may be regarded as fair. 





The Yorkshire Miners’ Association resolved last 
week to apply for a further advance of 5 per cent. in 
wages. The request is for 22-carly mesting of the 
Conciliation Board to consider the matter. 


The Operative Bricklayers’ Society lost more than 
1500 members during the past year. The total member- 
ship was at the end of the year as stated in the annual 
report—31,267. The question of providing for out-of- 
work benefit is again being discussed. It was proposed 
to establish such a fund when the rules were revised 
in 1860, but failed of support. 


The Scottish Miners have decided to renew their 
demand for 124 per cent. advance in wages to the 
Conciliation Board. The men’s representatives de- 
clare that the demand must be enforced. 





The week’s notice of the warp-dressers at Colne 
expired at the close of last week, but it did not become 
operative until Wednesday last. The demand was for 
a 10 per cent. advance in wages, which the employers 
refused to concede. The operatives both at Colne 
and Nelson resolved to consider the employers’ latest 
proposals before taking action. 





Two prominent members of the General Federation 
of Labour in Paris were tried before the Assize Court 
at Paris for inciting workmen to violence and the 
wrecking of plant. Counsel for the accused demanded 
their acquittal in the name of freedom of thought. 
But their offence was thoughts expressed in words, 
and words are actionable. They were both sentenced 
to two years’ imprisonment and a fine of 100 francs. 








Parts METROPOLITAN Rarttway.—The length of line 
the Paris Metropolitan Railway worked last year was 
as follows:—January 1 to April 23, 20 miles; April 
2t to June 1, 244 miles; June 2 to July 13, 25 miles; 
July 14 to December 16, 258 miles ; and busduher 17 to 
December 31, 25}? miles. ‘Lhe average length of line 
worked for the whole year was as nearly as possible 24 
miles. The revenue collected by the company last year 
was 1,175,863/., of which 1,150,134. was derived from the 
carriage of passengers. After providing for the pay- 
ment due to the city of Paris for the year (376,000/.), 
working expenses (502,511/.), interest on obligations and 
all other charges, a balance of 292,101/. remained, out of 
which a dividend of 15s. 2d. per share has been paid. 
After providing for the redemption of shares to the 
extent of 19,9007, and meeting sundry other charges, the 
council of administration carried 18,468/. to the credit of 
1907. The 19,9002. allocated for the redemption of shares 
has redeemed 1990 shares, and the whole share capital 
will be redeemed in forty years from July 1, 1906. The 
502,511/. representing the working expenses of last year 
was made up as follows:— Central administration, 
10,1927.; general service of working, 96,979/.; move- 
ment, 127,0902.; plant, 72,8287. ; traction, 150,619/. ; 
and permanent way and electric service, 42,8041. The 
amount expended on capital account to the close of last 
year was 4,006,613. In this total central administration 
figured for 102,847/.; railways and dependencies for 
2,336,482/.; rolling stock for 997,942/.; and construction, 
workshops, &c., 569,3427. Of the 4,006,6137. expended on 
capital account to the close of last year, 569,076/. was paid 
out in 1906. The ventilation of the company’s lines has 
received the careful attention of the management. Direct 
ventilation has been attempted by means of large open- 
ings on the Boulevard de Belleville and the Rome sta- 
tion; artificial ventilation is also being tried at the 
Ternes Station. If the Ternes experiment proves success- 
ful, the ventilation problem may be regarded as solved. 
The company has now 251 motor-cara and carriages in 
course of construction; all of them are fitted with bogie 
trucks. At the close of last year the company owned 706 
motor-cars and carriages of various kinds. The following 
new lines are now in course of construction :—Last section 
of line No. 5 between the Rue de Lanery and the terminus 
of the Northern of France system ; portion of line No, 4 
between the Porte de Clignancourt and the terminus of 
the Eastern of France system; and remainder of line 
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THE PORT OF SEVILLE. 
By Mateo Ciark. 

Tue port of Seville attained considerable importance 
during the Spanish colonial supremacy in the New 
World. Christobal Colon started on his second and 
subsequent expeditions from this port, and so did 
Fernando Magallanes, iu 1519, on his voyage of dis- 
covery through the Straits of Magellan, to which he 
.gave his name. 

The Spanish Government having monopolised the 
trade with its colonies, selected the port of Seville for 
the interchange of commerce with foreign countries. 
The only chance for foreign goods to get into the 
markets of the New World was, therefore, through 
Seville ; this city was thus made the emporium of the 
Spanish colonial trade, and became one of the most 
important commercial centres in the south of Europe. 
One of the sights to be seen by foreign visitors in this 
town is the magnificent Lonja (Exchange Building), 
which was built during those flourishing times (1725- 
1757) to enable the merchants to transact their busi- 
ness together, and its cost was paid by a tax imposed 
on the transactions which took place in it. At the 
present time a part of the building is used to preserve 
the historical documents in connection with the Spanish 
colonies, and is now known also as the Archivo de 
Indias. 

As the ships of that colonial period were of small 
tonnage and draught, the natural conditions of the 





length, 45 metres in width, and 7 metres in depth, 
with the result that a further reduction of 16,000 
metres in the length of the Guadalquivir was obtained, 
with the consequent gain in depth and the suppres- 
sion of three more shallow places that hampered the 
navigation of the river in that part. 

A private company then took charge of the improve- 
ments ; but during the period of five years that it had 
control of the works it did very little, or almost 
nothing, to improve the conditions, while, on the other 
hand, the company secured great advantages for its 
shareholders. A new company offered to undertake 
to keep the river in a permanently navigable condition, 
with a minimum depth of 7 ft. in the shallow parts, 
but the offer was not accepted. 

As the traffic was still being carried on under 
difficulties (at least during the periods of low water), 
on account of the remaining shallow parts, the mer- 
chant community made repeated appeals to the 
authorities, praying that something should be done 
to improve the navigation of the Guadalquivir between 
Seville and the ocean. These appeals met with success. 
In 1852 the Government ordered a general survey to 
be made, and plans to be prepared of the works neces- 
sary to attain the object desired ; while, to gain time, 
they ordered the immediate execution of such works 
which might be considered of a more pressing 
nature. 

The local merchants were so pleased with the 
Government’s decision that they promised to con- 
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IMPORTS AND EXxpoRTS OF THE Port or SgvitueE (SPAIN). 


1901. | 1992, 1903. 1904. | 1905. | 1906. 




















Imports, . tons tons tons tons tons tons tons tons tons 
Goods .. ee - - . 129,069 172,851 215,432 196,564 222,581 221,700 236,688 288,363 278,595 

Exports. 
Goods oe oa os 561,693 527,667 475,166 518,429 541,337 547,791 553,312 | 570,005 863,180 
Total imports and exports .. 690,7€2 700,518 690,593 714,993 763,918 769,491 790,060 858,368 1,141,775 

Minerals included in the above 

Exports. 9 
Iron ores 403,883 358,013 333,823 359,641 one £62,302 365,560 837,255 558,745 
Copper ores 10,761 30,483 23,197 17,855 21,75 . » 
Lend in bare 13,520 15,189 | 18,777 12,292 | 7/817 } 90,252 | 42,235 | 80,077 | 90,457 


Nationality of Ships that have En- 
tered the Port of Seville. 





| 
regd. tons regd. tons|regd. tons regd. tons regd. tons regd. tons regd. tons regd. tone) regd. tons 
.. 867,760 2,625 377,7' 75,7: 











Spanish .. oe oe 7 A 725 474,521 481,466 494,000 575,729 648,365 | 716,663 
English .. oe os 342,945 297,304 261,277 245,160 255,052 229,000 285,173 $22,947 434,€09 
Other nations .. 53,392 72,008 105,834 116,614 122,952 149,000 135,922 148,028 151,416 

Totals .. 764,097 732,007 744,836 836,295 859,470 872,000 996,824 1,119,340 1,3(2,€88 


| 


River Guadalquivir sufficed for the trade, although 
it was necessary in some places to lighten the loads to 
enable the ships to reach Seville. 

At that time no one appears to have thought of doing 
anything to improve the river for navigation purposes. 
On the contrary, as trade developed, the interested 
parties thought only of providing for their immediate re- 
quirements or conveniences by the erection of wharves, 
warehouses, &c.—without following any special plan, 
and without any scientific studies to protect their 
works from the effects of currents, tides, or floods, 
with the result that matters became so bad that the 
Government was compelled to take action. This was 
in 1794, when the Government stepped in for the pur- 
pose of remedying the defects, and undertook the 
cutting of a channel to suppress a very bad bend 
of the river which offered a most serious cbstacle 
to navigation, not only on account of the bend 
itself, but for the shallow parts that it contained. 
This bend was known as the Merlina bend (marked 
1 in the sketch plan above), and it took twelve 
months to accomplish this work, at the comparatively 
small cost of 12,000/. The cutting was 600 metres in 
length, 5 metres in depth, and 100 metres in width. 
The most important result of this work was that 
the length of the river was ehortened by 10,000 
metres (6 miles), and that a natural increase in its 
depth was obtained on account of the stronger cur- 
rent, and of the freer tidal currents up and down 
the river, both of which contributed to the increased 
depth. 

In the year 1816 the ‘‘ Borrego” or “‘ Fernandina” | 
bend was likewise suppressed through the cutting of 
a new channel (marked 2 in the plan) 1600 metres in 





tribute one-half the suin required for such works, a 
proposal unknown before in Spain. Unfortunately, 
very little good resulted from the works which were 
carried out under this arrangement, and the people 
got discouraged. However, in 1863, the Government 
appointed a new and very competent engineer, who, 
in the course of a few years, managed to carry out 
several important works with such satisfactory results 
that the Guadalquivir was made navigable for ships 
up to 17 ft. draught, thus avoiding the necessity 
of lightening their cargoes to enable them to pass the 
anal shallow places. 

But many of the works had to be carried out in a pro- 
visional manner, for lack of sufficient funds, and could 
not be expected to stand the pressure of a big flood, 
such as occasionally occurs in the Guadalquivir River. 
The total sum expended during five years on these 
improvements amounted to 450,000/., of which about 
200,000/. were spent in improving the navigation of 
the river, and the rest in the port works proper. 

From the above it appears that between 1794, when 
the first works were done, to 1870, the length of the 
river was reduced from 127,500 to 101,500 metres, 
through the suppression of two of its worst bends. 
As the last works referred to had effected such a 
substantial improvement in the navigation of the 
Guadalquivir, and it was feared that much of the gain 
would be lost if prompt action were not taken to pre- 
serve and improve them, a great meeting of merchants 
was convened to consider the matter, and it was re- 
solved to petition the Government for the creation of 
@ permanent conservancy board, to take charge of the 
maintenance of all the works connected with the naviga- 
tion of the Guadalquivir and with the port of Seville. 








This petition was favourably considered by the 
Government, and on November 25, 1870, a decree was 
issued appointing the proposed conservancy board, 
and providing it with tie necessary means to enable 
it to do what was required. 

Between !870 and 1879 but little of importance was 
accomplished, on account of the political troubles 
which supervened, and it appears that the board were 
only able to direct their efforts to the maintenance of 
what had been previously done, their total expenditure 
during this period amounting to 43,000/. 

Between 1880 and 1890 the improvements proceeded 
on a larger scale, and more systematically, with the 
result that the navigation of the river was made much 
easier. The total sum expended during this period 
was 350,000/. 

These improvements included the cutting of Los 
Jeronimos Channel—marked 3 in the plan—which is 
5220 metres in length and 100 metres in width, with 
4.20 metres depth at low tide. The expenditure on 
this work alone during these ten years amounted to 
240,000/., without including 75,0002 that had been 
previously spent, and the result was a further shorten- 
ing in the length of the river of 12,800 metres, and 
an increase of 2 ft. in the depth, which allowed ships 
of much greater draught to navigate its course. 

The total decrease in the length of the River Guad- 
alquivir obtained through the suppression of the three 
large — already mentioned was 38,800 metres—say 
24 miles :— 


Year 1795 Merlina bend 10,000 metres 
» 1816 Ferdinanda 6,000 ,, 
» 1888 Los Jeronimos 12,800 ,, 
Total... . 38,800 ,, 


This is a very considerable reduction in a river the 
length of which from the Triana Bridge at Seville to 
the so-called bar is given as 127,500 metres (79 miles), 
thus reducing its length to 88,700 metres (55 miles). 
This distance has always been measured from the nar- 
rowest part of the river’s mouth, a spot supposed to be 
the bar, instead of measuring it from the tea, which is 
12,800 metres farther away, so that, as a matter of 
fact, the Triana Bridge is actually 101,500 metres (63 
miles) from the sea proper, and not 88,700 metres (55 
miles), as given in the old plans and reports. 

Between 1890 and 1900 the Conservancy Board was 
able to improve to a considerable extent the navi- 
gation of the river and the port facilities, with the 
result that at the present time steamers of 5000 tons 
and drawing 21 ft. have been berthed at the Seville 
wharves, and a great part of the steamers now engaged 
in the iron-ore traffic draw between 18 ft. and 21 ft. 
This iron-ore export trade was very considerably de- 
veloped in 1895, and the total quantity shipped last 
year (1906) was 558,000 tons ; and, according to in- 
formation which the writer has obtained, it is probable 
that this traffic may increase very much more in 
the future. The Cala Iron-Mining Company has built a 
railway line of 97 kilometres in length, and has erected 
two shipping wharves to facilitate the handling of its 
own traf, as well as that of other similar companies. 
The writer has inspected these wharves, which have 
been built of reinforced concrete, from the plans and 
under the direction of Mr. J. M. Zafra, the Sub- 
Director of the Conservancy Board of the Guadal- 
quivir ; and as very great importance attaches to this 
system of building, he will describe their construction 
in another article. 

The following official data will show how consider- 
able has been the growth of the export trade of 
Seville during the last few ycars :— 


i 1868 the total export traffic was 108,113 tons 
n 1871 a" ”” 

In 1895 ” ” ” 322,955 ” 
In 1906 i 863,180 ,, 


The total amount of registered tonnage entering 
Seville during 1906 was 1,302,688 tons. Of this 
amount, 716,663 tons were under the Spanish flag, 
434,609 tons under the English, and 151,416 tons 
belonged to other nationalities. 

There is no doubt that this traffic will go on 
increasing, as other industries in this part of the 
country are reviving, stimulated by the new life given 
to this province by the development that the port of 
Seville tee experienced on account of its great im- 
provements, and particularly also on account of the 
impetus given to the mining industries, which repre- 
sent a considerable amount in wages. A good deal 
of interest is now also being taken in the develop- 
ment of the agricultural industries, and a scheme for 
carrying out irrigation works on a large scale is being 
promoted. There is no doubt that it this enterprise 
is carried into effect, the production of the province of 
Andalusia will show a very considerable increase. 

The engineers who are in charge of the port and 
river works, acd who constitute the Conservancy 
Board, are thoroughly alive to the importance of 
bringing all the improvements up to date. They 
have not neglected to equip the works with all the 
necessary plant a Be such as dredgers, tugs, 
&c., and have attended to the erection of additional 
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wharves and the provision of luminous buoys to facili- 
tate the navigation of the river by night. But 
their aim is to do still more, and they have recently 
obtained the sanction of the Government for further 
improvements, which will, when completed, permit the 
navigation of steamers drawing up to 24 ft. They 
expect to attain this object by cutting a channel of 

metres, to suppress the Tablada bend—marked 4 
in the sketch plan—shortening by another 3600 
metres the course of the Guadalquivir. The Tablada 
bend is quite close to the present port, which will 
then be extended and provided with additional 
wharves, warehouses, and all possible conveniences 
for facilitating the shipping trade on a much larger 
scale. The cost of these new works has been esti- 
mated at 640,000/. ; they will take about eight years 
to complete, the excavations of the new channel bein 
very considerable. The works have been plann 
wit reat skill, and will furnish an admirable 
example of engineering art. 

Seville occupies at present the fifth place in import- 
ance in the list of shipping ports of Spain—that is, in 
respect to the total tonnage shipped ; but perhaps the 
third place if the value of the goods is considered. 
The details of its over-sea trade are given in the table 
on the preceding page. 

The proposed new works will, no doubt, further in- 
crease the importance of Seville as a sea port ; it has 
also the advantage of five railway lines to deal with 
the traffic to and from the interior of the country, and, 
naturally, the neighbouring provinces will also benefit 
from the greater facilities that Seville will secure after 
the completion of such works, considering that the 
increased tonnage of the ships entering the port must 
naturally extend also the radius of its commerce and 
tend to reduce the cost of freights. 

Ships entering Seville do not pay port dues of any 
kind, as all charges are levied on the goods only. 
Pilots, of course, would be paid for their services, the 
charges being for steamers :— 


£ 
For a 500-ton boat ee et see ee 3 
For a 1000-ton boat - a 5 


and Is. 8d. for every additional 100 tons. 

It is believed that when the contemplated works 
are completed, Seville will be also one of the most 
favourite rendezvous of the south of Europe for 
trans-Atlantic excursion steamers ; its inland position 
makes it convenient as a basis for numerous excur- 
sions in all directions. As for yachting excursions, 
Seville is an ideal place, and will naturally become a 
good deal more so on the completion of the proposed 
improvements. 











SUBMARINE TELEGRAPH ENTERPRISE. 

Peruars the most striking event in the current 
history of the Eastern Extension, Australasia, and 
China Telegraph Company, Limited, has been the 

artial renewal of the company’s New Zealand and 

hina cables, at a cost amounting to 44,160/., the whole 
of which was charged to the general reserve. One 
would have thought that this would have made a hole 
in the reserve ; but, notwithstanding so considerable a 
debit, the fund, which stood at the close of June, 
1906, at 1,159,969/., had risen at the close of Decem- 
ber, 1906, to 1,190,994/. This satisfactory result was 
attributable to a transfer of 75,000/. from revenue to 
reserve. The 44,160/. expended in the partial renewal 
of the company’s New Zealand and China cables was 
made up as follows re and Nelson original 
cable, 12,785/. ; Sydney and Nelson duplicate cable, 
5042/.; Hong Kong and Foochow cable, 8502/. ; Foo- 
chow and Shanghai cable, 9484/. ; and Singapore and 
Saigon cable, 8346/. With a view to further improving 
telegraphic communication with the Extreme East, the 
directors have obtained a concession from the Dutch 
‘Government for laying and working a submarine cable 
between Java andtheCocosIslands. Thecommunication 
is expected to be opened towards the end of the current 
year ; it will provide an alternative route for some of 
the company’s traffic. 

There is one feature about the Eastern Extension, 
Australasia, and China Company which is, perhaps, 
rather strange; the company is always bent upon 





accumulating a reserve, but the interest derived | 
from the reserve fund investments is carried to re- | 
venue, which profited from this source in the second | 
half of 1906 to the extent of 17,142/. The general | 
revenue of the company for the second half of 1906 
was 274,843/., and 2100/. was received as a Tasmanian | 
cable subsidy, and 2250/. as a Visayas (Philippines) 
cable subsidy. Altogether, the company’s income 
for the second half of last year was 296,394/., | 
of which 158,008/. went in working expenses, cable 
maintenance, and interest on debenture stock, &c., | 
leaving a net balance of 138,386/., increased to| 
227,344. by the substantial reliquat of 88,959/. | 
brought forward from the first half of last year. | 
The outlay for cable maintenance in the second | 
half of 1906 was 12,855/. The actual expenditure 
under this head was 35,855/.; buta set-off was obtained 
of 23,000/. from charters and other credits. 

The company had three maintenance ships at work | 


| was applied the corners of the floor began 


during the second half of 1906, and the expenses of 
these ships were :—Recorder, 7860/.; Patrol, 11,393/.; 
and Magnet, 2903/. Joint ships involved an expenditure 
of 4867/., and cable dépéts at Singapore and Adelaide, 
and a factory at Singapore, cost 4968/. The cost of cable 
expended in repairs, and sundry expenses at stations, 
after deducting the value of picked-up cable, was 672/.; 
insurance of cable in maintenance ships and at stations 
involved an outlay of 1015/.; and 1118/. represented 
depreciation of spare cable. An allowance of 1058/. 
was also made to the staff to meet the rise in exchange 
in the value of the dollar in the Straits Settlements. 
Cables, land-lines, stations, ships, and investments in 
other companies stood in the company’s books at the 
close of 1906 at 3,827,991l., 2247/7. having been ex- 
pended during the past half-year. Investments made 
on account of reserve funds stood at the close of last 
year at 1,491,400/., of which 1,231,739/. represented 
investments at cost, 79,661/. an amount due from the 
Imperial Chinese Telegraph Administration in respect 
of cables supplied and laid, and 180,000/. spare cable 
held for renewals. Spare cable and other stores 
further stood in the company’s books at the close of 
1906 at 35,8117. The various reserves formed by the 
company amounted at the close of 1906 to 1,567,411/. 
—viz., general reserve fund, 1,190,994/. ; maintenance 
ships’ fund, 52,5497. ; marine insurance fund, 146,080/.; 
fire insurance and guarantee funds, 117,356/. ; and de- 
preciation of buildings and cable dépéts, 60,431/. 








Coat 1n GermMaNy.—The production of coal in Ger- 
many in the first four months of this year amounted to 
46,870,753 tons, as compared with 45,342,714 tons in the 
corresponding period of 1906. Coke was made in the 
first four months of this year to the extent of 7,015,189 
tons, as compared with 6,428,148 tons, and briquettes to 
the extent of 5,089,411 tons, as compared with 4,686,618 
tons. Lignites were i in Germany in the first 
four months of this year to the extent of 19,842,617 tons, 
as compared with 18,285,781 tons in the corresponding 
four months of 1906. Coal was imported into Germany 
in the first four months of this year to the amount of 
3,366,525 tons, as compared with 2,560,525 tons in the 
first four months of 1906. Coal was exported from 
Germany in the first four months of this year to the 
extent of 6,582,930 tons, as compared with 6,720,123 tons. 
The consumption of coal in Germany in the first four 
months of this year was accordingly 43,654,348 tons, as 
compared with 41,183,116 tons. The imports of coke 
into Germany in the first four months of this year were 
142,608 tons, as compared with 195,846 tons in 1906. 
Coke was exported from Germany to April 30, this year, 
to the extent of 1,175,903 tons, as compared with 1,071,770 
tons. The consumption of coke in Germany to April 30, 
this year, was accordingly 5,981,894 tons, as compared 
with 5,552,224 tons. 





British Frre- Prevention Commitrer’s Trests.—In 
the “‘ Red-Book ” No. 118 of the British Fire-Prevention 
Committee particulars are given of fire tests carried out 
on a floor of reinforced brick and concrete on the Eggert 
girderless system, the floor being constructed by Measrs. 
C. Simeons and Co., Limited, London. The construc- 
tion was novel, as the floor of 426 square feet was built on 
centering, the span being 15 ft., and this was done 
without the use of heavy constructional ironwork, the 
following method being adopted :—Directly on the top 
of the a and transversely across the building, 
parallel rows of stock bricks were placed, with a space 
of about 1 in. between the rows. Mortar composed of one 
part cement (Ferrocrete brand) and four parts of sand was 
used for setting the bricks. Along three out of every 


four of the spaces between the bricks 3 in. square wrought- | 96 


iron bars were pressed into the mortar joint to within 
14 in. of the centering, the ends of the bars being bent 
upwards from about 12 in. at the ends. These ends were 
terminated by a hook about 6 in. in diameter, which pro- 
jected above the top of the bricks. The bars were about 
15 ft. 9 in. long, the net length from hook to hook being 
about 14 ft. Longitudinally across the building, and 
on the top of the bricks, three rows of iron rods 
were p , of the size of those previously mentioned, 
each row consisting of two rods which overlapped at the 
centre of the longitudinal span. After the rods were 
embedded the joints were grouted with cement up to the 
level of the top of the brickwork. Concrete composed of 
one part cement, one part granite chippings to pass 
through 1-in. mesh, one part granite chippings to pass 
through a +-in. mesh, and one part sharp sand, was 
laid on the top of the brickwork to a thickness of 5g in., 
completely embedding the hooked ends of the iron bars. 
The top of the floor was rendered with cement and sand. 
The floor stood the fire test well, and obtained ‘‘ Full 
Protection” classification. Twenty minutes after heat 
to rise, and 
a horizontal crack under the floor along the walls of the 
buildin ee and the corners continued to rise till 
the | of the test, when there was a maximum rise of 
34 in. In 15 minutes’ time from the commencement of 
the test the centre of the floor began to deflect, and con- 
tinued todo so till the end of the test, when it amounted 
to 3in. No effect was produced by the application of 
water after the fire test, beyond some slight erosion of 
mortar from the joints, and neither fire nor water 
through the floor. Four transverse cracks were found in 
the top surface of the floor after the removal of the load 
of 280 lb. per square foot, and two appeared below also. 
The duration of the test was four hours, and the highest 
temperature recorded about 2000 deg. Fahr., so that this 
floor passed through a very severe ordeal successfully. 





CATALOGUES. 


From Messrs. Bruce Peebles we have received a large 
wall-sheet on which are shown illustrations of various 
applications of electrical power in shops, mills, mines, &c. 

Messrs. Henry Sotheran and Co., 140, Strand, W.C., 
have sent us a list (Part II.) of books on mathematics, 
astronomy, physics, chemistry, and other subjects. The 
list is — and contains, as well as modern works, 
many old and rare books, some of them dating from the 
sixteenth century. 

_The Barriett Electric Manufacturing Company, Cin- 
cinnati, Ohio, U.S.A., have sent usa circular describing 
their electric motors and generators. The examples 
illustrated include protected bipolar motors, fully-en- 
closed motors, and open-type motors, ranging in horse- 
power from } to 20. 

We have received from Messrs. S. W. Martyn and Co., 
11, Pratt-street, Camden Town, N.W., a circular relating 
to their patent cable-connector, in which the cable ends 
are connected or disconnected simply by screwing or un- 
screwing, the end pieces being provided with hexagon 
heads. Contact surface is large and conductivity good. 
This firm also manufacture water-tight fuses. 


The catalogue of the Consolidated Pneumatic Tool 
Company, Limited, contains references to, and illustrations 
of, Boyer and Keller hammers and drills, Whitelaw drills, 
special devices, such as rotating arrangements for hammers, 
deck-riveters, dolly-bars and holder-on, pneumatic jacks 
and hoists, rivet-heaters, sifters, painters, geared trolley- 
hoists, accessories and spare parts numbered for ordering. 


The Vincit Company, Limited, agents, 1178, Queen 
Victoria-street, E.C., have sent us a catalogue desenbing 
the carborundum products and electrite of the Vienna 
Carborundum Works. Electrite in hardness comes between 
corundum and carborundum. Both are made up in wheels 
of several forms, rubbing-blocks, files, discs, ribbons, 
cloths, &c., of about a dozen different grains. 


Continuous and alternating-current fan-motors and 
exhaust fans form the subjects of a circular issued by the 
British Thomson-Houston Company, Limited. These 
fans are of various sizes, from desk patterns, 12 in. in 
diameter upwards, the small ones being arranged to 
stand on a table or hang on a wall, or they can be set 
with the fan tilted. Regulators for fans are also noticed. 


We have received from the Trussed Concrete Steel 
Company, Limited, of Caxton House, Westminster, a 
copy of their new hand-book, illustrating structures in 
which the concrete has been reinforced by the Kahn 
trussed bar. The latter has the reinforcement for shear, 
in one with the main bar, so that the stirrups commonly 
used are not required. A specification for ferro-concrete, 
which contains many useful hints, and should, therefore, 
prove valuable to architects, forms part of the volume. 


Bearing the title ‘‘ Centrifugals,” a large catalogue has 
reached us from Messrs. Pott, Cassels, and Williamson, 
Motherwell, Scotland. In spite of its title, however, 
only a portion of the volume is devoted to these machines, 
which are shown driven by electricity or by belt. 
Patterns are shown designed for different purposes. For 
the rest, the catalogue is concerned with stationary steam- 
engines, electric motors, conveyors and elevators, disin- 
fectors, barrows, compressors, pumps, crystallization 
plant, &c. 

Messrs. Pearson, Sons, and Co., Limited, Nitshill, 
near Glasgow, have sent us a small pamphlet on the More 
system of obtaining complete combustion of coal. The 
apparatus employed is a vessel fixed to the boiler front,’ 
and into which are drawn, by steam-jet, air and heated 
flue-gases, the mixture being conveyed to the front of the 
furnace and delivered above the level of the dead-plate 
ainst or amongst the incandescent fuel. Figures are 
given showing economy on a marine-boiler installation, 
and also in a Cornish boiler. 


Series 8, Section 9, of Messrs. Thomas Robinson and 
Son, Limited, Rochdale, is devoted to tools for wood- 
working machines. This well got-up catalogue is divided 
into sections, dealing respectively with band-saw blades, 
circular saws, log frame saws, &c.; with cutter-blocks, 
cutters (plain and mould), planing knives, and special 
cutter-heads ; with vertical shaping and moulding tools, 
&c.; with yo 3 augers and bits, cutter-chains for mor- 
eg 1 and with tools for tenoning and dovetailing, &c. 
The list is very complete, is well illustrated, and priced 
throughout. 








THe Unitep States Navy.—The following battle- 
ships now building for the United States Navy have 
reached the subjoined stages of completion :—Nebraska 
(Moran Brothers Company), 99.60 per cent.; Mississippi 
William Cramp and Sons Company), 84.69 per cent.; 
daho (William Cramp and Sons Company), 78.11 per 
cent. ; New Hampshire (New York Shipbuilding Com- 
pany), 67.90 per cent. ; South Carolina (William Cramp 
and Sons Company), 11.21 per cent. ; Michi (New 
York Shipbuilding Company), 13.10 per cent. Thes 
of advancement reached by armoured cruisers now build- 
ing for the American Navy are as follows :—California 
(Union Iron Works), 99.60 per cent.; South Dakota 
(Union Iron Works), 97.40 per cent.; North Carolina 
(Newport News mony may Company), 78.80 per cent. ; 
Montana (Newport News Shipbuilding Company), 72.90 
per cent. The following other vessels are also in course 
of construction for the United States Navy :—Scout 
cruisers—Chester (Bath Iron Works); Birmingham and 
Salem (Fore River Shipbuilding Company). Submarine 
torpedo-boats 9, 10, 11, and 12 (Fore River Shipbuilding 
Company). 
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STEEL FROM HIGH-SILICON PHOSPHORIC 
PIG IRON. 


The Manufacture of Steel from High-Silicon Phosphoric 
Pig Iron by the Basic Bessemer Process.* 
By ArTuur Winpsor Ricuarps, Grangetown, 
Yorkshire. 


In a paper read before the Cleveland Institution of 
Engineers, in the year 1880, on the Thomas and Gilchrist 
process, Mr. E. Windsor Richards, who was mainly 
responsible for its practical development, described some 
of the many difficulties that were met with before it 

me a technical and commercial success. Chief 
amongst these was the presence of high silicon in Cleve- 
land iron, and all attempts to lower the silicon in the 
blast-furnace were attended by a high sulphur content in 
the pig iron, and red-shortness in the steel. Recourse 
was had to the ‘“‘transfer” system, which consisted in 
taking grey iron, high in silicon and low in sulphur, to an 
acid-lined converter, and, after desiliconising therein, 
transferring it to a basic-lined converter for dephosphoris- 
ing. This, however, was abandoned owing to the expense 
and practical difficulties of working the process in two 
separate vessels. 

Vhen the silicious iron was blown directly in the basic 
vessel, the effect was not only rapidly to wear away the 
lining, but to cause fluctuating yields from the converter, 
with the result that hard and soft rails were obtained, 
which constituted one of the objections to basic steel. 
The reason of the fluctuating yields was that silicon 
oxidised first, forming an acid slag, and when this came 
into contact with the basic slag, formed when the lime 
began to flux, a violent reaction followed in the con- 
verter, resulting in quantities of slag and iron being 
blown out. 

A large slag volume was inevitable because of the 
excessive amount of lime necessary to neutralise the silica 
and phosphoric acid, and as a result the slag was low in 
phosphoric acid, and on that account commanded a low 
price as a fertiliser. 

The basic process was freely adopted in Germany when 
it was found that their native ore made a pig iron low in 
silicon and high in phosphorus. The loss on conversion 
was much lower, = the slag much higher in phosphoric 
acid than could be obtained from Cleveland iron, and was 
therefore of greater value as a fertiliser. It was found 
necessary in the Cleveland district to import foreign ores 
to mix with the Cleveland stone to make an iron low in 
sulphur and silicon, with high phosphorus; and, while 
the iron was more expensive to make, the loss by projec 
tion from the converter-mouth was to a great extent 
avoided when the silicon did not exceed certain limits. 

Dr. O. Massenez, of Wiesbaden, studied the subject, 
and came to the conclusion that if the silicious slag, 
which is first of all formed in the converter, could be 
made sufficiently fluid to be poured off the surface of the 
metal in the converter, ordinary Cleveland iron could be 
used for making good steel; and if that plan were 
adopted, it would obviate the use of foreign ores for the 
manufacture of special basic iron, and enable him to con- 
vert the metal in one basic-lined vessel, and also avoid the 
necessity of desiliconising in a gas-fired mixer, which is 
expensive. On making trials, which were conducted b 
the writer at the Cleveland Works, it was proved that his 
conclusions were correct, and the process was therefore 
adopted by Messrs. Bolckow, Vaughan, and Co , Limited, 
in July, 1905. The company has used it continuously 
ever since, with the most re results, a very fine 
and uniform quality of steel being produced. 

Description of Process.—In working the process some 
iron oxide is put into the basic converter, preferably an 
iron ore not too refractory, with or without a small 

uantity of lime, and on to this is poured molten gre 

leveland iron, always low in sulphur, with silicon whic 
may vary from 1.5 to 3 per cent. 

The metal is blown until all the silicon is oxidised, and 
the blowing continued until the appearance of the carbon 
flame ; it is then interrupted by turning down the con- 
verter, and as much as possible of the perfectly fluid 
silicious slag is poured off. This slag contains 3 per cent. 
of iron, 35 to 45 per cent. of silica, and no phosphorus. It 
does not affect the linings to any appreciable extent 
owing to the low temperature during the first blowing, 
for, while there is a little more corrosion on the sides of 
the converter, a much better life is got from the bottoms, 
the net result being that the same quantity of dolomite 
per ton of steel is used now as when using basic iron. The 
final slag contains 8 to 11 per cent. of iron, 14 to 20 per 
cent. of phosphoric acid (95 to 100 per cent. soluble in a 
one-per-cent. solution of citric acid in water), and 11 to 
12 per cent. of silica. Practically the whole of the iron 
in the oxide added for the desiliconising is redu 
— en into the bath of metal, thus improving the 

ield. 

" Great cleanliness of working is obtained by this process, 
and there isan entire absence of blowing out, slopping, or 
gathering on the upper portions and mouth of the con- 
verter, and, as a consequence, the amount of scrap, as 
well as the labour required, are red toa minimum. | 

One of the atest objections brought against basic 
Bessemer steel has been that the phosphorus is not under 
control, and that it occasionally goes back into the steel 
during the recarburisation peri Since adopting the 

rocess described, complete immunity from this trouble 
Ee been obtained. The reasons for this will be under- 
stood by what follows. 

Iron suitable for blowing in the basic Bessemer process 
has an average chemical composition as given in the 
following analyses :— 





* Paper read before the Iron and Steel Institute, 





Ordinary Basic Cleveland Grey 
Iron. Iron. 
per cent. per cent. 
Silicon 0.5 to 1.00 1.5 to3. 
Manganese 1.5 to 2.00 0.6 to 0.75 
Phosphorus 1.8 to 3.00 1.45 to 1.55 
Sulphur .. sali 0.06 to 0.08 0.04 to 0.06 


In ordinary basic iron manganese has to be introduced 
to avoid high sulphur in the metal, and phosphorus must 
be kept high enough to give sufficient heat during the 
blow to melt the large amount of lime which is neces- 
sary to make a basic slag with the silica and phosphoric 
acid, &c., and at thesame time to give a slag rich enough 
in phosphoric acid to be of commercial value. 

n the case of working with Cleveland iron, an average 
Se quality, such as is regularly and constantly pro- 
duced in Cleveland works, high in silicon and always low 
in sulphur, is available, and there is no necessity to intro- 
duce manganese. The silicon is removed, and the slag 
is poured off as described, and ignoring the carbon, 
which is the same in both descriptions of iron, there 
only remains 1.5 per cent. of phosphorus to be oxidised. 
The author would lay great stress here upon the fact 
that this quantity never varies more than 0.05 per cent. 
above or below that figure from one year’s end to 
another, as against a variation from 1.8 to 3 per cent. of 
phosphorus in basiciron. Phosphorus is the last element 
to leave the iron, and this occurs during the after- 
blow. The chemical reaction during that period is 
briefly described as follows :—The oxygen burns the iron 
and forms oxide at the tuyeres. The oxide floating 
upward through the metal oxidires the phosphorus, or, to 
put it differently, the phosphorus reduces some of the 
oxide, and the iron thus liberated returns to the bath. 
The remainder of the oxide forms phosphate of iron with 
the phosphoric acid produced by the reaction. The phos- 
phate of iron, on coming in contact with the lime, is 
converted into tetra-basic —- of lime, and the 
fusible mixture of lime and oxide of iron. The more 
phosphorus in the metal, the more iron must be oxidised 
to remove the phosphorus. Employing Cleveland iron, 
which only contains 15 per cent. of phosphorus, as 

inst 1.8 to 3 pe cent in basic iron, the after-blow is 
shortened, and the bath, being in a far less oxidised con- 
dition, there is little or no reaction during recarburisation, 
and consequently no rephosphorisation. 

The average loss from fluid iron to steel ingots on 
working the new process during eighteen months was 
124 per cent., a striking proof of the author’s deductions. 
At first it was believed that the delay caused by removing 
the silicious slag would materially reduce the output 
of steel, but in practice it has been proved that such is 
not the case. Although four minutes are required for 
this purpose, the after-blow is shortened, and the yield is 
874 per cent.. as against 84 per cent. by the old process, 
besides which, heavier heats can he blown if desired. In 
ae of the primary removal of the slag there is 
available more space in the converter for extra metal. 

The advantages of the process may thus be sum- 
marised :— 

1. An improved gniity of steel, the phosphorus being 
under better control. 

2 A high-carbon steel for rails can be produced with 
the greatest regularity. 

3. The utilisation of native ironstone without foreign 
additions. 

4. Reduced loss on blowing in consequence of less iron 
being ejected from the converter, less oxidation, and 
direct reduction of a portion of the oxide of iron addi- 
tions. 

5. Cleanliness of working, involving less labour. 

6. Rich fertilising slag from pig iron containing 1.50 
per cent. or less of phosphorus. 

The steel produced by this process rolls splendidly, and 
answers all that is required of it under the most rigid 
specifications, and the results obtained have effectually 
disposed of the theory, so long held by many, that 1 to 2 
~ cent. of manganese—which is not only costly to add, 

ut has to be got rid of again at great cost—is a necessary 
constituent of basic Bessemer iron. 





WATERFALLS IN NoRway.—The Norwegian Parliament 
has accep’ the Government’s proposal for a grant of 
400,000 kr. to be applied to the purchase of several water- 
falls in Numedale, in the Brurkerud district. The 
waterfalls in question are estimated to yield about 
150,000 horse- power. 





Warror! (N.Z) Fatis.—A scheme for utilising the 
Waipori Falls, N.Z , to supply electrical energy for light- 
ing, power, heat, and other purposes at Dunedin and 
neighbouring districts has been reported on by Mr. M. 
Watson Munro. Mr. Munro’s report is divided into five 
sections—viz., the converter-station in Cumberland-street, 
the transmission line from Halfway Bush sub-station to 
the converter-station, the sub-station at Halfway Bush, 
the generator-station at Waipori, and the transmission 
line Som the generator-station to Halfway Bush. 





Goo.r.—A scheme of dock extension by the Aire and 
Calder Navigation Company will, it is understood, be 
commenced shortly at le, an agreement with this 
object having been arrived at between the company and 
the Goole Urban District Council. Some time ago the 
Aire and Calder Navigation oe obtained the 
authority of the shareholders to raise additional capital 
to the extent of 350,000/. Burge Dock will be deepened 
to a depth of 19 ft., and this will enable fully-laden 
steamers to proceed to the west of Bridge-street. A new 
dock will also be constructed on the south side of the 
a aoe Knottingley Canal, which will be considerably 
widened, 





PHYSICAL PROPERTIES OF STEEL. 


The Relation between the Process of Manufacture and some 
of the Physical Properties of Steel.* 
By W. F. Harsorp, Assoc. R.S.M., F.I.C., London. 


For many years it has been known to all steel-manu- 
facturers and metallurgists that steels made by different 
processes, although practically of the same composition, 
varied in their tensile 1m hardness, and other 
physical properties, and it has been generally admit- 

that basic Bessemer steel was softer than acid 
Bessemer, and basic Siemens softer than acid Siemens. 
So far, however, as the author is aware, no systematic 
experimental results have been published defining with 
any exactitude these various differences over a wide 
range of carbon content. Campbell, in his well-known 
beak, gives the results of a large number of experiments 
on basic open-hearth and acid open-hearth steels, but he 
does not deal with steel from the two mer processes. 
Until comparatively recently, high-carbon steels, with 
the exception of some basic Bessemer rail steel, have been 
made almost exclusively by the acid open-hearth or acid 
Bessemer process—at all events, so far as this country is 
concerned ; and consequently the physical properties of 
high-carbon basic open-hearth steel for general engi- 
neering requirements have been of comparatively little 
practical importance. 

In view, however, of the recent developments of the 
manufacture of high-carbon steels in the ic open 
hearth for rails and various other purposes, together with 
standardisation of our British specifications, the question 
of how far steels of similar chemical composition, but 
made by different processes, will vary in physical pro- 
perties, and how far the specifications should be modified 
to meet them, becomes of importance both to manu- 
facturers and to engineers. 

To obtain, if possible, some reliable data on the 
physical properties of the steels produced by different 
methods of manufacture, the author obtained a large 
number of bars, rolled as far as possible under the same 
conditions, from approximately the same sized ingot and 
to the same section, and varying in the percentage of 
carbon from about 0.10 to 0.75 per cent. These bars were 
subjected to a preliminary examination for carbon and 
manganese contents, and any bars exceptionally high or 
low in manganese were rejected until about 53 bars, 
of approximately similar composition for a given carbon 
content, were finally selected for complete analysis and 
the various mechanical tests. The bars were al] tested 
for tensile st by Brinell’s ball test for hardness, and 
by different methods of impact testing, in the rolled con- 
dition and after heating to a temperature of 620 deg. Cent. 
The results obtained with these experimental bars were 
supplemented by a very large number of results which the 
author has been able to collect over a series of years, and 
also by a large number of results most kindly supplied by 
various manufacturers and engineers, as the result of their 
daily experience. 

Owing to the large number of variables, such as the 
variation in elements other than carbon, size of ingot, size 
of section, finishing temperature, &c., it is not suggested 
that the results given are scientifically accurate, but it ia 
hoped the results obtained from the experimental bars, 
taken together with the average results collected from 
various sources, will approximate to accuracy sufficiently 
for all practical ay 

In Tables I., 11., III., and IV. (page 792) are given the 
analyses and results of mechanical and hardness tests of 
the series of acid Bessemer, acid open-hearth, basic Bes- 
semer, and basic open-hearth steels. The reheating 
temperature of 620 deg. was selected as being below the 
carbon change, and yet sufficiently high to remove any 
irregularities due to finishing temperature of rolling. 
The results are plotted in curves (Figs. 1 and 2), and 
show diagrammatically the relative tensile strength of 
the four classes of steel. It will be seen that acid 
Bessemer gives the highest tensile stress, basic Bessemer 
the next, acid open-hearth comes third, and, as might 
be anticipated, basic open-hearth steel gives the lowest 
results. 

Considered as a whole, the results are as regular as 
could be expected, when allowance is made for all the 
variables. It is somewhat surprising to find that the 
irregularities are greater in the case of the reheated 
samples than in the case of the samples as rolled, as 
every precaution was taken to ensure equable heating, 
the samples being maintained at a temperature of 620 deg. 
Cent. for 20 minutes after they had reached a constant 
temperature. 

On examining the tables it will be noticed there are 
several abnormal results, and these are marked with an 
asterisk ; in such cases other samples were obtained, 
generally two in each case, and if these agreed approxi- 
mately, the results were taken as representative. This 
explains hn! in several cases two or three steels contain- 
ing practically the same percentage of carbon appear in 
the tables. The results from the samples marked with 
an asterisk were not used for plotting the curves. 

It will be noted further that the percentage of manga- 
nese in all the series is generally lower for the lower 
carbon than for the higher carbon steels, but for same 
content of carbon the manganese is approximately the 
same ; this remark does not apply fully to the acid and 
basic open-hearth samples, where the manganese is 
generally lower throughout than in the Bessemer steels ; 
and probably had the manganese been 0.10 to 15 per cent. 
higher, the curve for this steel would have been generally 
raised, possibly 0.5 of a ton. Together with these curves 
are plotted curves (Fig. 3) obtained by taking the averages 
of the results obtained from a number of steels in the 





* Paper read before the Iron and Steel Institute, 
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author’s possession and collected from manufacturers | stress issomewhat variable, and the data available hardly 
and others, both in this country and abroad. In plotting | justify any deductions as to one class of steel being better 
these curves the steels were divided into various groups, | than another in this respect. 


according to their man 


nese content; and for steels | 


Hardness Tests.—These results are given in a special 


up to 0.3 per cent. carbon only those with less than | columnin Tables I., II., I[I., andIV. They were madein 
0.7 per cent. of manganese were used. For higher the usual way with a 10 millimetre ball, the hardness 


carbon steels the manganese varied from 0.7 to 0.9 per | 


number being calculated from Brinell’s formula. The 


- cent., to enablea large number of rail steels to be included ; | results are plotted in the diagram (Fig. 4), and show that 
but for the same percentage of carbon the various steels | the order of hardness follows the tensile tests. The im- 


TABLE I.—Acip Bessemer. ExprertmenTAL Bars. 





























| ELASTic ULTIMATE 
| | Evoneation| Repuction | BRINELL 
ls a : PO apn ag ‘ae on 6 IN. or AREA. | HARDNESS. | Composrrion. 
ig 3 | B \Square INCH. | Ixcu, | P#RCeNt. | Par Cast. Numoge. | 
| o 2 | liege : 7 Ba Lise : 
2 5 = c oS } | 
@/Ai;<,, ¥ Se) x Sz g Se | ¥ 8e | ¥ Se! ¥ ie | 
Si a/42) 4 g | & € lst .] 3 lof .! a 'sA,| @ lgd 
lsigiee| 3 BOze' BS BS 8 Sle! § Ee S Be E Sle 0 ae a ee 2 
eB) BS) = ge) = ea = isa5) & s25| © sesi = sas | 
ziaiS/S | 2 eS) f= we) og eS! 3 eel! 4 ime) g aee 
1 14.7 14.5 |0.5485 0.5584 26.80 26.00 | 24.3 | 25 | 50.15 | 57.30 100 93 0.100 0.042 | 0.071 0.058 0.514 
2 18.4 18.10 0.6593 0.5820 32.90 31.10 | 22.8 23.10 47.9 53.50 LOS 107 0.190 | 0.037 | 0.069 0.054 0.493 
8}... 19.66 19.79 |0.5682 0.6783 34.60 34.22 | 2340 23.81 | 44.27 56.51 i112 111.1 0.240 0,032 | 0.068 0.053 0.895 
4|.. 24.68 21.43 0.6130 0.5352 40.26 40.03 | 21 | 20.66 | 50.03 61.65, 125 125 9.365 0.030 0.060 0.056 0.930 
ess 24.55 22.47 0.5915 0.5484 41.50 40.97 | 19.60 | 16.86 | 34.91 28.06 131 128.2 | 0.380 | 0.036 | 0.065 0.059 0.870 
6}.. 25.32 20.78 0.6101 0.50S3 41.50 40.87 | 17.06 | 12 36.52 45.69 139 135 0.443 | 0.023 0.054 0049 0.875 
Vice 27.59 21.75 0.6247 0.5016 44.16 43.10*| 16.86 | 18.33 | 37.87 45.28 135 135 0.406 | 0.046 0.059 0.054 0.850 
8j.. 27.30 22.50 0.6947 0.5160 45.90 43.60 | 16.10 17.50) 38.61 42 | 137 136 | 0.438 | 9.032 | 0.060 0.080 0.846 
9’. 27.15 22.07 0.5838 0.5180 46.50 42.60 | 17.33 | 15 40.11 46.40 139 135 0.455 | 0.034 | 0.069 0.053 0.830 
10... 29.23 28.06 0.5659 0.5694 61.65 49.10") 14.40 | 13.16 | 34.45 38.97 147 142.8 | 0.502 | 0.060 | 0.063 0.059 1 
Biles 26.50 23.6 0.5289 0.5232 50.10 45.10 | 14 13.60 | 31.80 | 36.50 | 146 143 | 0.506 | 0.018 | 0.067 0.05% 0 847 
12). 26.94 23.04 0.5195 0.4443 51.85 | 44.58 | 14.03 | 14.26 | 31.17 | 42.08 151 147 | (0.545 | 0.060 0.063 | 0.059 0.855 
18 30.18 22.07 0.5351 0.4493 56.58 49.12 | 10.83 | 15.50 | 26.10 | 36.29 161 156 0.670 | 0.044 | 0.066 | 0.057 0.900 
14) 29.76 25.32 0.5207 0.4858 57.15 |52.11 | 10.16 | 11.70/ 18.55 32.81 | 161 161 0.663 | 0.060 | 0.076 | 0.050 0.985 
15 31.17 29.41 0.4958 0.5148! 62.86 57.12 846! 8.55'18.03 22.60 166.6! 161 0.740 0.064 ' 0.066 0.052 1.070 
TABLE II.—Basic Bessemer. EXPERIMENTAL Bars. 
16:..' 0.7 | 0.385 | 13.25 | 14.28 0.5678 0.6107) 23.51 | 23.38 30.26 | 27.86 | 64.04 67.27 75.75 80.6 | 0.070 0.007 | 0.061 | 0.044 0.345 
17|.. od | 15.38 | 15.90 0.5602 0.6742) 27.45 | 27.69 27.73 | 34.26 | 61.05 57.41 90.91 100 0.090 | 0.003 | 0.113 0.082 0.475 
18}. | 14.60 | 15 | 0.5725 0.6147 25.50 | 24.40 28.64 | 28 60.40 61.20 8t 82 0.100 | 0.002 | 0.084 0. 0.435 
19}.. 14.90 | 15.50 | 0.5622 0.6150 26.50 | 25.20 2760 28.40| 61.20 60.70 85 83 0.110 | 0.003 | 0.076 | 0.069 0.481 
20}... 14.73 | 16.97 | 0.5109 0.5548 28 83 | 28.78 27.10 | 28.66 | 698) £9.03 96.15 96.15) 0.120! trace | 0 086 | 0.076 | 0.665 
21). 17.30 | 18.90 0.5492) 0.600& 31.50 | 29.81 24 24.70 | 50.10 51 Lo2 100 0,220 | 0.008 0.081 | 0.074 0.513 
22}. 18.96 | 20.52 | 0.5584 0.6056 33.95 | 33.88 23.06 | 23 63 | 49.82 5204 L1L10 106.40 0.240 | 0.018 0.082 0.099 0.520 
23}. 18.49 | 18.36 0.5131) 0.541% 36.03 | 33.88 22.20 19.40 | 50.63 56.12 108.70 111.10 0.300 0010 0.055 0.074 0.740 
24). 19.14 | 16.88 | 0.494! 0.4647 38.70 | 36.32 20.53 17.03 | 40.73 45.93 113.60 L19 0.360 0.011 | 0.096 0.070 , 0.825 
25) 20.10 | 20.50 0.5088/ 0.5428 39.50 | 37.80 18.70 | 17.90 | 40.40 43 120 117 0.378 0.005 | 0.064 | 0.068 | 0.855 
26. | 20.80 | 20.19 0.5062 0.5261 40.10 | 38.20 17.60 | 18.30 | 39.80 41 121 117 0.381 0.004 | 0.065 0.010 6.825 
$7)... 20.91 | 22.07 0.5087 0.6263 41.51 | 41.15 19.48 | 15,96 | 43.15 49.23 122 119 0.380 0.019 | 0.057 , 0.065 , 0.955 
28} . , 24.20 | 24.90 0 5608 0.5840 43.15 | 42.60 10.10) 10.50 | 36.10 39 139 133 99 0.440 0.005 | 0.065 | 0.063 0.925 
99]..| . | 26.20 | 26.80 0.5411/0.5775 48 46.40 6.60 7 30.40 32.30 142.8 I41 0.503 0.006 0.051 0.065 0.900 
TABLE III.—Actp Opgen-Hearntu. Experimentart Barks. 
80). 13.64 | 12.33 | 0.5359 0.4863 25.45 25.35 | 29.23 | 30.60 62.39 62.65, 82 73.1; 0.132 0.026 0.031 0.055 | 0.400 
3) 14.40 14.80 | 0.5496 0.5522; 26.20 26.80 | 29.80 31 61.80 61.50) &3 79 0.128 0021 0.041 0.053 0.530 
82. 13.17 | 15.58 | 0.4340 0.5158! 30.34 39.29 | 27.20 27.70 57.41 60.70 98 96.1 0183 0.037 0.024 0052 0.710 
33 | 14.29 13.96 | 0.4284 0.4218 | 33.85 33.09 | 23.26 24.10 52.04 55.32 106.4 102 0.311 0.040 9.021 0.052 0575 
34 16.55 17.53 | 0.4472 0.4920 37 35.63 | 2176 22.03 45.51 | 52.80, 119 | Lil 0.370 0.062 0.021 0.029 0.800 
35 21.90 22.60 | 0.5022 0.5419 438.60 41.70 | 19.80)| 20.70 41.30 42.20 128 124 0.436 0.042 0.059 OO 0.710 
36. 22.85 25.32 0.4619 0.5799 49.46 43.66"| 11.06 | 15.06 13.30 | 31.41 | 139 135 0.450 0.070 0.012 0.038 0.680 
37 23.10 22.80 | 0.5043 0.5170 45.80 44.10 15.60 | 15.10 39.10 | 39.90 | 142 137 0.500 0053 0.028 0.041 0.672 
bis) | 27.20 26.40 |0.5396 0.5511 60.40 47.90 11.60 | 12.10 26.10 , 25.30 | 156 | 142 0.570 0.047 0.048 0.047 0.710 
39) . | 32.47 28.44 |0.5336 0.5046 60.84 56.26") 9.30) 10.20 14.91 21.35 | 172.4 156.2 0.660 0.019 0.022 0.055 0.700 
40). 29.49 | 26.62 |0.6299 0.5099 55.65 52.20 7.63! 9.26 12.52 22.08 | 172.4 1613 0.670 0.073 0.026 0.054 0.600 
TABLE IV.—Basic Oven-Hearta. ExpertMentat Bars. 
41'.. 0.7 385 | 12.34 | 13.50 0.5036 0.5578, 24.50 24.20: 2303 29.€6 | 63 68.35; 78.1! 78.1 0.120 | 0.035 | 0.027 _ 0.057 0.400 
42 a : 14.90 | 15.20 0.5228 0.5547) 28.50 27.410 23.60 24.20! 61 65.14 85 80 0.200 | 0.032 | 0.043 | 0,052 0.510 
43. 12.99 | 13.63 0.4850 0.5355 26.78 25.45 25.56 24.66 | 43.59 60.16 86.2 80.6 0.230 | 0.009 | 0.047 | 0.054 | 6.450 
4a 21.17 | 20.18 0.5£97 0.5551 387.82 36.26* 20.€6 20.10 40.11 44 121.9 116.3 0.350 | 0.012 | 0.049 | 0 077 | 0.853 
45 17 17.50 0.5000 0.7954 34 32 22.40 22.80/ 45.10 46.20 104 101 0.355 | 0.014 | 0.046 0.071 | 0.490 
46. 17.72 | 16.54 0.5161 0.5157 34.37 32.07 | 22.13 1810 | 44.63 51.64 106.1 104.1 0.360 0.010 0.028 0.018 | 0.900 
47 18.£0 | 18.30 0.628% 0.5414, 35 33.80 | 20.90 | 20.30 45.10 48.20 108 196 0.370 | 0.016 | 0.047 | 0.054 0.660 
4'. 18 §3 | 18.18 0.5187 6.5164) 86.30 35.19 | 21.86 | 22.40 | 47.59 49.64 111 106.4 0.368 , 0.039 0.044 0.040 0.625 
49. 17.40 | 17.79 0.4436 0.5011 36.97 35.50 | 18.76 19.23 | 43.80 47.59 LIL 104.1 0.420 0.037 | 0.037 0.041 | 0.575 
50. 19.90 19.79 0.5155 0.5451 38.60 36.30 | 16.40 17.20 40.10 42.30 110 103 0.430 | 0.028 | 0.041 0.058 | 0.610 
51. 22.50 | 22.80 0.6294 10.8685 42.50 40.10 14.30 15.10 | 38.70 39.90 120 118 0.450 | 0.631 | 0.051 0.060 0.720 
52 24.30 | 24.00 0.5522 0.5633) 44 42.60 11 12.10 33.60 39.70 130 124 0.502 | 0.026 | 0.048 0.064 | 0.680 
£6 60 | 26.10 0.5165 0.5204 51.50 49.20 8.30 9.40 34.70 141 136 =: 0.603 | 0.034 | 0.061 | 0.070 | 0.710 


* These results, being abnormal, were not used in plotting the curves. 
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results varied so with different methods that, until certain 
further investigations enable a reasonable explanation of 
these variations to be offered, it would not, in the author’s 
opinion, be wise to give the details of the results, as they 
might lead to entirely wrong conclusions being drawn by 
engineers as to the brittleness of certain classes of steels as 
compared with others. _ : 

It now remains to consider the results obtained more 
in detail, and in Diagram No. 5 are plotted the percen- 
tages of carbon required in the different classes of steels 
to give the same tensile stress, and the same results are 
embodied in Table V. A very fair agreement is shown 
between the experimental bars and the results obtained 
from collected average results ; from these it will be seen 
that from 30-ton steel upwards about 0.10 per cent. 
more carbon is required in a basic open-hearth steel than 
in an acid Bessemer steel to give the same result ; and if 
engineers require material of the same strength made 
from the basic open-bearth furnace as they have 
accustomed to receive from the acid Bessemer, they must 
permit the manufacturer to increase his carbon approxi- 
mately to this extent. The same a oe in a much les 
degree to steel from the acid open-hearth and the basic 
open-hearth, but the essential point is that a reasonable 
increase in carbon must be permitted in order to obtain 
the same results. That this can safely be done is shown 
by practical experience, and also by the fact that the 
necessary elongation and reduction of area to satisfy all 
reasonable specifications can be obtained with this 
increase of carbon. 

With regard to the hardness tests, it has not been pos- 
sible to compare works results with the experimental 
bars, partly because sufficient of these have not been 
obtainable from outside sources to enable fair averages to 
be arrived at (it not being customary for manufacturers 
or engineers to make this test), and partly because when 
this test has been made it has been made with a larger 
ball and heavier load. An examination of the results 
obtained, however, with the experimental bars shows that 
a basic open-hearth steel containing 0.50 per cent. of 
carbon has the same hardness as an acid Bessemer steel 
containing 0.400 per cent. of carbon, and that, approxi- 
mately, for carbons above 0.35 per cent. it is necessary 
that the carbon should be at least 0.100 per cent. higher 
in basic open-hearth steel than in acid Bessemer steel to 
obtain the same hardness. Although, for the reasons 
given, it has not been possible to compare the works 
results with the above, on comparing acid Bessemer rails 
with basic open-hearth and basic Bessemer rails tested 
at several works under ‘similar conditions, the results 
generally confirm those given, The results of a number 
of hardness tests-on basic Bessemer and basic open-hearth 
rails, together with the average of some works results, are 
given in Tables A and B in the Appendix. A large 
number of deflection tests under the drop test in the 
author’s possession also show that the difference in de- 
flection between acid Bessemer, basic Bessemer, and 
especially basic Siemens is very marked, and although, 
owing to variations in section, &c., it has not been 
possible to compare and express these results in exact 
figures, they all confirm those obtained on the experi- 
mental bars. If, therefore, engineers wish to obtain 
rails of equal hardness from the basic open-hearth that 
they have been accustomed to from acid Bessemer steel, 
they must permit the manufacturer to increase the per- 
centage of carbon togive the required hardness, a3 other- 
wise, although the rails may aw pass all the 
usual tests required by the specification, there will soon 
arise, under the conditions of heavy train-loads now cus- 
tomary, serious trouble due to spreading heads and undue 
wear. American engineers, in their standard specifica- 
tions, have already recognised the importance of this, 
and they vary their rail specifications according to the 
process of manufacture. Thus for acid Bessemer, 
80-lb., 90-Ib., and 100-Ib. rails respectively, the per- 
centage of carbon is 0.45 per cent. to 0.55 per cent., 
0.48 per cent. to 0.58 per cent., and 0.50 per cent. to 0.60 
per cent.; and for basic open-hearth, 0.50 per cent. to 0.60 
| per cent , 0.55 per cent. to 0.65 per cent., and 0.58 per 





TABLE V.—SHOWING PERCENTAGES OF CARBON REQUIRED TO GIVE SAME ULTIMATE STRESS IN STEEL MADE BY 


DIFFERENT PROCESSES. 














EXPERIMENTAL BARS DEDUCED FROM CURVE (FIG. 1). 





| ‘ : , STEEL oF 40 Tons PER Sree. or 45 Toxs Per STEEL or 50 Tons PER 
Te Crate Snes | SiMe Carneary Sree Scar Cerna Grasse” | Savane teen Uuenware | evans txcn Unrate | Savane Tvcu Uurnare 
rey et | at! of 2 ef | oi ont | af! ob | &.\cet] abcd 70" $i 4 | ¢.| a8] o@!¢] a. 
gis wh 285 28s 283/283 28s w85 222 2h8 225 225 282285 AEE ghecki giscs 285 8322s 22s 
aoR fom gee Gae\gom) fom gee See gem Som Sh8 FRE son som FRE SA elsom Som ga: 332 352 gom Z55 S38 
Carbon percent. | 0.128 0110 0.075 | .. |098| 018 .017 | 013 | 0.87 | 0.310 | 0.26 | 0245 0.440 0.401 0.380 0.950 | 0.510, 0.470 0.452 0.480 | 0.590 | 0.567 10.525 0.485, 
AVERAGE RESULTS COLLECTED FROM VARIOUS SouRCES DEDUCED rROM Curves (Fia. 3). 
Carbon percent. | 0.125 | 0.110 | 0.10 | 0.03| 022 | 0.175 | 0.170 | 0.14 | 0.35 | 0.330 | 0.27 | 0.250 | 0.425 | 0.410 | 0.039 | 0.359 | 0.59 | 0.480 | 0.470 | 0.427 | 0.580 | 0.545 | 0.523 | 0.505 
MEAN OF EXPERIMENTAL AND COLLECTED RESULTS. 
Carbon per cent. 


. | 0 126 


may, as regards chemical composition, be regarded as 
comparable. 


ression was not made on the rolled surface of the bars, 
| but on the transverse section, to avoid any irregularity 


| 0.110 | 0.C87 | ee | 0.25 | 0.177 | ¢.170 | 0.135 | 0 360 | 0.335 | 0.265 0.246 | 0.432 | 0.407 | 0.385 | 0.350 | 0.505 | 0.475 | 0.461 ‘wee | 0.585 | 0.556 | 0.524 | 0.495 


| cent. to 0.63 per cent. for similar rails. This permits an 
| increase of about 0.08 per cent. of carbon for the basic 


The same general order is preserved amongst these steels | due to difference in surface hardness caused by variation | open-hearth rails, but in the author’s opinion it will be 


as in the case of the experimental bars ; but, as might be 
anticipated, there is less irregularity, the numerous vari- 
ables likely to affect the tensile stress and other properties 
being spread over a much larger number of samples. 

The elastic limits, elongations, and reductions in area 
have not been plotted in curves, as, generally speaking, 
they compare with the tensile tests, and 
point in increasing the number of curves—a practice liable 
to lead to confusion. The ratio of elastic limit to ultimate | 


there was no | 


in finishing temperature of rolling. 
Impact Tests.—A very large number of these tests were 
made by different methods, and, generally speaking, they 
| confirm the hardness and tensile results ; but owing to 
| different methods giving different results, it has not been 
| possible to’ differentiate between variations caused by 


methods of testing and those due to the properties of the | 


material. 
Something like 300 impact tests were made, but the 


| quite safe to allow from 0.10 per cent. to 0.12 per cent. 
increase. He thinks it quite — that experience 
may show that even more than this is permissible. 

In conclusion, the author has to express his great 
indebtedness to his former colleagues, Dr. Brightmore, 
late Professor of Engineering at Cooper’s Hill College, 
and to Mr. J. Hopps, superintendent of the workshops, 
for carrying out the majority of the mechanical and hard- 
ness tests, as without their co operation it would have 
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Ftg.1. ULTIMATE STRESS. EXPERIMENTAL BARS HEATED TO G20°C. 
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been impossible to have tested the numerous specimens. 
He also wishes especially to express his thanks to Mr. 
C. P. Sandberg for placing at his disposal the results of 
many hundreds of tests made from different classes of 
steels, and to various manufacturers and engineers, not 
only for supplying him with the experimental steels, but 
for the assistance they have given by permitting him to 
use a large number of the results of tests made daily in 


their works. 
APPENDIX. 


TasLe A.—Hardness Tests on Basic Bessemer and Basic 
Open-Hearth Steel Rails with Varying Percentages of 
Carton. Lead, 6 Tone; 5-Millimetre Bal, 





























| 
sl al «lea 
: . & @ %¢E 
a £18 2/e81.8 S88 - 
= = a a\9a.¢5 
a 3 3 £6 & -=z\ 
6) D 2D a Pa m 
pc. {pc pe | pe] pc | pe. | 
0.383 0.028 0.070 | 0.043 | 0.855 120 |) 4; 
0,392 | 0.039 0.067 | 0.041 | 0.900 | 131.5 | | 8 
0.393 | 0.024 | 0.068 | 0.042 | 0.825 | 128.2 | = 
0.895 | 0.017 0.068 | 0.040 | 0.925 128.2/ | § 
Basic Bessemer / 0.395 | 0.004 | 0.075 | 0.044 | 0.855 | 125 = 
rails 0.420 | 0.026 | 0.071 | 0.060 | 0.920 | 138.9 
0.423 | 0.020 0.075 | 0.044 | 0.850 | 125 | 3 
0.433 | 0.028 0.068 | 0.060 | 0.925 | 138.9 | @ 
0.470 | 0.020 0.074 | 0.045 | 0.855 /135 ||= 
. 0.508 | 0.037 0.052 | 0.067 | 1.100 | 142.8 |) < 
0.635 | 0047 0.035 | 0.067 | 0.860 | 156.2 )\ . 
0.660 | 0.047 0.082 | 0.040 | 0.695 | 163.9 | g 
0.680 | 0.025 0.076 | 0.040 | 0.660 163.9 
0.690 | 0.023 | 0.021 | 0.037 0.770 1656.8 3 
0.690 | 0.035 | 0.080 | 0.032 | 0.705 | 156.2 . 
Basic open < 0.700 | 0.047 0.058 | 0.082 | 0.805 156.2 |) % 
0.713 | 0.044 0.081 | 0.055 | 0.777 | 161.3! [35 
0.750 | 0.028 | 0.026 | 0.024 | 9.805 166 6 
0.760 | 0.040 | 0.021 | 0.050 | 0.857 | 174.4| 4 8 
0.770 | 0.047 | 0.020 | 0.054 | 0.777 | 175.4 |} & 
0.770 | 0.030 | 0.041 | 0.056 | 0.790 | 175.4 





TapLte B.—Results of Average Hardness Tests on Basic 
Bessemer, Basic Open- Hearth, and Acid Bessemer Rails. 
50 Tons Load ; 19-Millimetre Ball. Impression Taken 
on Head of Rail. 














Basic Open- Basic Bessemer. Acid Bessemer. 
Carbon Hearth. Depth Depth of Depth of | 
Per Cent. of Impression | Impression in Impression in 
in Millimetres. Millimetres. Millimetres. 
0.40 6.1 4.8 4.6 
0.45 6.0 4.8 4.3 
0.50 4.7 4.5 44 
0.55 | 4.5 | 4.4 3.5 
060 | 3.7 oe po 
065 3.3 | 
0.70 | 2.9 | 
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wg. 5. 
DIAGRAM SHOWING PERCENTAGES OF CARSON IN 
DIFFERENT VARIETIES OF STEEL OF SAME TENSILE 
STRENGTH DEDUCED FROM EXPERIMENTAL BARS. 
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The above results are the average of a comparatively 
small number of tests, and are only of value as confirming 
generally the results given in the paper. Owing to 
variation in final rolling temperature, impressions on the 
running surface of the heads of rails are liable to give very 
irregular results ; and unless the average of a very large 
number of results can be obtained, it is difficult to get 
reliable figures. 








Tue REVENUE OF THE PrusstAN State RAILways.— 
The receipts of the Prussian State Railways for the last 
twenty-five years—that is, from 1882 to 1906, the figures 
for the last two years being those of the budget, whereas 
those for the previous years are the exact figures from the 
books—amounted in the aggregate to the imposing sum 


of 26,560,000,000 marks, whilst the gate expenditure 
amounted to 16,420,000,000 marks. uring these —- 
five years the receipts have risen from 433,170,000 mar’ 
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DIAGRAM SHOWING PERCENTAGES OF CARBON IN DIFF 
ERENT VARIETIES OF STEEL OF SAME TENSILE 
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for 1882 to 1,736,390,000 marks for 1906, and the expenses 
from 295,160,000 marks for 1882 to 1,072,620,000 marks 
for 1906. The surplus has, consequently, risen from 
138,110,000 marks for the first year in question to 
663,770,000 marks for the last year. Putting the interest 
on the railway capital debt at 4,040,000,000 marks, there 
remains a net surplus on the twenty-five years of 
6,100,000,000 marks. The capital debt of the State rail- 
ways at the end of 1904 amounted to 3,380,000,000 marks, 
against 2,590,000,000 marks at the end of 1882. At the 
end of 1893 the debt had increased to 5,360,000,000 marks, 
but during the last eleven years it has, by writing off, 
been reduced by 2,180,000,000 marks. Of the aggregate 
revenue between the years 1882-1904, 1.75 per cent. baa 
been applied to the statutory paying off of the debt ; 71.84 
per cent. to cover other regular expenses ; 4.29 per cent. 
to the formation ot a fund at disposal for the railway 
sy © pe and 20.24 per cent. to extra paying off of 
the debt. 
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MICROMETER GAUGE. 


We illustrate on this page a micrometer gauge 
specially designed for use in the tool-room, where, in 
making jigs and the like, it is frequently necessary to 
set off odd dimensions with considerable precision. 
The instrument is intended to be used in conjanction 
with a pair of dividers, and enables these to be set to 
any dimension, expressed in thousandths of an inch, 
included within the limits of the gauge. The lower of 
these limits is 0.15 in., and the upper is 4 in. As will 
be seen from our illustration, the gauge consists of a 
thin steel disc, on which is engraved a fine spiral line, 
the pitch of the spiral being ;, in. Five radial lines 
are drawn on the face of the disc, as indicated, so 
that the increase in the radius of the spiral between 
these successive fixed radii is exactly ;4,in. A sector 
is pivoted at the centre of the disc, as shown, and has 
its arc divided into nine equal spaces, as indicated. 
This sector can be clamped in any desired position by 
means of a milled nut at the back of the disc. As re- 
presented in our illustration, the No. 8 division on the 

















sector is opposite radius No. 1. Between this radius 
and the next the spiral grows ;}, in., and the radial 
edge of the sector has in the position shown been moved 
{ths of the angle between these two fixed radii. 
Hence along its radial edge each turn of the spiral has 
a radius ;‘,ths of +4, in.—i.¢., rg55 in. longer than it 
was at fixed radius No. 1. A divider, with one leg set 
in the conical hole provided for it at the central 
pivot, and opened out till its other point falls on 
the spiral just above the graduation 7, say, on the 
radial edge, is set to 0.718 in., and if opened out to the 
second 7 near the outer edge of the sector, would be 
set to 1.718 in. For dimensions greater than 2 in., 
two holes are provided in the radial extension of the 
sector, which are marked respectively 3 in. and 4 in. 
in our engraving. With one leg of the divider in the 
4-in. hole, and the other leg on the spiral just beyond 
the outer 5, say, on the radial edge, the distance 
between the points would be 3.518 in. The divisions of 
this micrometer are, it will be seen, very open, and 
can be read without the aid of a glass. 

Messrs. B. and J. Hall and Co., Limited, 39, Vic- 
toria-street, S.W., are the makers of the gauge. 








MONO-RAIL VEHICLES. 

Tue interest taken in the mono-rail vehicle exhibited 
at the Royal Society’s soirée, and of which an illustra- 
tion and short description were given on page 623 of 
our issue of May 10, has suggested that it would also 
be of interest rf we gave a few details of the principal 
features embodied in this invention. 

It will be remembered that in his mono-rail system 
Mr. L. Brennan employs the action of gyrostats to 
maintain the equilibrium of his vehicle. In order to 
obtain the desired results, two pairs of = are 
used, revolving in opposite directions. For the pur- 

se of explaining the principle employed we give in 

iagram form a sketch of one pair of gyrostats. This 
is taken from the specification of a patent granted to 
Mr. Brennan in 1903. We believe that alterations 
and improvements have been made since that date, 
but our illustrations will serve to explain the principle 
adopted, and should be considered in conjunction with 
the article on the gyroscope, which appeared in our last 
issue, on page 749. Fig. 1 is a sectional elevation of the 
mechanism, Fig. 2 a plan of the same, and Fig. 3 a 
cross-section. In Figs. 1 and 2, a and a! represent the 
gyroscope wheels. These are mounted on spindles, 
and are driven by electric motors, the field magnets of 
which are lettered } and b' in the figures. These 
motors, with gyroscopes attached, are mounted on 





imbals, the gimbal-ring being represented by c and c!. 
e longitudinal axis of the casing is mounted in the car 

to be controlled, transverse to the length of the latter. 
By means of a vertical arm on each motor and a con- 
necting-link and ball-and-socket joints with centres in 
line with the pivots of the motors themselves, any 
motion of one motor about the horizontal gimbal axis is 
accompanied by an equal motion of the other. Simi- 
larly, by means of toothed sectors on the vertical spindles 
or limbs of the gimbal frame, and a horizontal shaft, 
shown in Figs. 1 and 3, the motion of one gyrostat and 
motor about its vertical axis is transmitted to the other, 
but the direction of motion is reversed, one moving 
clock wise and the other counter-clock wise, or vice versd. 
The object of this arrangement is to prevent any ten- 
dency of the gyroscope to check the free motion of the 
vehicle round a curve. Any constraint which would 
otherwise be exercised by one is balanced by an equal 





and opposite constraint exercised by the other gyro- 
scope. The pair are enclosed in an air-tight casing, | 
in which a vacuum is maintained to reduce to a | 
minimum the air friction experienced by the rapidly- 
revolving wheels. Were no further provision made, | 
however, the gyroscopes would merely delay, and | 
not prevent, the overturning of the vehicle to which 
they were fitted. An attachment is therefore pro- 
vided which enables the gyroscope to lift back the 
vehicle again to the vertical when it has got an acci- 
dental tilt to one side. As is well known, a rapidly- 
spinning top is quite capable of raising itself from an 
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inclined to a vertical position, in which it is commonly 
said to ‘‘sleep.” The effect, as shown in the article on 
the theory of the gyroscope, published on page 749 ante, 
is due to the friction of the point of the top on the 
ground ; and Mr. Brennan, accordingly, in his car 
arranges matters so that on the vehicle taking a small 
side tilt, a disc carried on the shaft of the gyroscope 
comes into contact with a surface, against which it 
rubs. The effect of the resulting friction is to lift the 
car back to the vertical position just as a top is raised 
to the sleeping position by the friction of the ground 
on its point. The device is shown diagrammatically in 
Figs. 1, 2, 3, and 4. The spindle of the gyrostat and 
armature of the motor is prolonged, and at its ex- 
tremity carries a small loosely-fitting wheel d ——- 
freely in a radial slot-guide e carried by, and rigi 
with, the casing or exterior frame. This guide, besides 
the narrow slot ¢, which is stepped (see Fig. 4), and in 
which the small wheel d@ works, has also rigid bearing 
surfaces g and h, with which the larger wheel /, loosely 
carried on a sleeve projecting from the field-magnet of 
the motor b, can come into contact (Fig. 4). 

The vertical distance between the upper surface of 
the small slot-guide and the contact surface h, and the 
lower face of the other step of the slot-guide and the 
contact surface g, is such that the spindle on which 
the wheels d and f are mounted is allowed a slight 
movement about the axis of the horizontal pivots of 
the gyrostat. It will now be evident that should 
the outer casing tilt, the wheel d will come into 
contact with. one or the other surface of the guide-slot. 
For instance, should the vehicle tend to fall over on 
the right, so that the end carrying the gyrostat and 
motor, a and b, tends to fall, the small wheel d is 
brought into contact with the upper side of the stepped 
slot-guide. If, on the other hand, this end tends to 
rise, and the other to fall, the wheel will come into 














contact with the lower side of the upper step of the 


small slot-guide. It is well known that if a couple 
is applied to a gyroscope, tending to tilt its plane, 
the gyroscope does not tilt in the direction of the 
couple acting, but at right angles to this, and also 
at right angles to its axis of rotation. To follow 
the matter out in detail, assume that the car begins 
to tilt. This puts pressure on top of the roller d, 
and tends to make the gyroscope follow the tilt 
of the car. The gyroscope therefore swings rounc 
at right angles to the direction of the tilting couple, 
the tail carrying with it the roller d and the disc / 
in the direction indicated by the arrow & in Fig. 2, or 
out to the right in Fig. 4. The upper surface of the 
roller d is then in contact with the top of the slot e 
As a consequence, friction is developed between it 
and the guide surface. This friction corresponds to a 
couple tending to turn the gyroscope in the horizontal 
plane, and as a consequence the latter, as already 
stated, moves in the vertical plane, carrying with it 
the vehicle, which is thus restored to the vertical. 
When the latter position is reached, the acquired 
momentum of the car tends to produce a tilt in the 
opposite direction, which makes the tail of the gyro- 
scope axis bring the disc f to bear on the upper sur- 
face of the guide h, Fig. 4. The disc, being quite loose 
on its sleeve, merely rolls on the guide A, nearly 
without friction, and hence the reaction between the 
two is practically wholly in a vertical plane. The 
couple due to this reaction causes the tail of the 
spindle to swing in the horizontal plane back to its 











mid-position. Any extension of this return swing 
beyond the mid-position will bring the roller d into 
contact with the lower surface of the guide-slot, and 
the friction then developed will, in the manner already 
explained, check the new swing of the car. In this 
way the latter is never permitted by the gyroscope to 
move far from its position of neutral equilibrium. 
The mechanism has been modified in several ways by 
Mr. Brennan, and in one form an inverted pendulum 
is made use of to provide the couple required to restore 
the car to the vertical, while, if ee hand control 
can also be introduced. 








NeEwcasTLeE CorRPORATION Tramways.— The annual 
financial statement of the Newcastle Corporation tramways 
for the year ending March 31, 1907, has just been issued, 
and shows a net profit on the year’s working of 28,689/. 
The total income for the past year was 209,891/., com- 
pared with 196,996/. in 1905, while the working expenditure 
for 1906 was 107,318/., compared with 105,933/. in 1905. 
There is, therefore, only a slight increase of expenditure 
during a period in which the car-miles have increased from 
4,053,772 (in 1905) to 4,263,713 (in 1906), which is very satis- 
factory. Thus the working expenses per car-mile have 
been reduced from 6.27d. to 6.04d., while the income has 
increased from 11.66d. to 11.8ld. per car-mile, making a 
net gain of 0.38d. per car-mile on the working for the year 
1905. Traffic expenses now work out at 3.15d. per car- 
mile—a decrease of 0,3d.; general expenses, 0.93d. per 
car-mile—the same as in 1905; repairs and maintenance, 
1.15d. per car-mile—an increase of 0.06d.; power, 0.568d. 
—a slight increase per car-mile ; repairs and maintenance 
of power and sub-stations worked out at 0.74d. per car- 
mile for 1906, against 0.73d. for 1905. The cost per car-mile 
of superintendence, wages of motor-men and conductors, 
ticket-checking, and maintenance of permanent-way have 
all been substantially reduced. During the year 34,2541. 
was set aside for the sinking fund, and of the net 
profits 12,0002. is to go in relief of the rates, and 15,106/. 
to the reserve fund, 
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EARLY REINFORCED CONCRETE IN 
ENGLAND. 


THovuGH it is generally conceded that France has 
been foremost in the development, both in theory 
and practice, of reinforced concrete construction, it 
may be of interest to recall what had been done in 
this country before the introduction of the French 
systems. 

Attempts were early made by Brunel and others 
to supplement the low tensile properties of brick- 
work by the use in a systematic manner of hoop- 
iron bond, but without, so far as is known, bringing 
to bear a strict investigation of the value of the 
method as affecting strength. It is, however, prob- 
able some calculation was applied preparatory to 
building the well-known experimental brick canti- 
levers by Brunel about 1834, the longer arm of 
which extended 60 ft. from the bearing. 

Law, in his ‘ Civil Engineering,” it may be 





weight would be 24 tons per square yard (say /|of small sections of iron buried out of sight, as in 
5$ ewt. per square foot), but does not say the size | concrete work of this description. We now better 
of ropes assumed. The statement is noticeable | appreciate the protective influence of the concrete 
only as indicating some attempt to estimate the | covering. 
strength. There is no sign in this specification of | Patents were taken out in 1869(No. 41)and in 1877 
any knowledge of what is known as adhesion | (No. 1701) by Edwin Robbins, a modeller, who, at 
between the concrete and the reinforcing material. eighty years of age, still plies his calling. . 

In 1859 M. Fraissinet, of Paris, took out a patent | ing some two years ago at a meeting of the Royal 
in this country for the use of a system of bars, some | Institute of British Architects, he claimed in effect 
straight, some serpentine, so arranged as to form ajto be the father of reinforced concrete in this 
kind of stout netting in the thickness of floors and| country. An examination of Mr. Robbins’s speci- 
walls formed of concrete ; but the vital principle of | fications fails, however, to make clear this claim, 
reinforcement, the introduction of tension members | his proposals referring chiefly to the composition 
to take stresses of known character, does not seem of cements and concretes, and ingenious methods 
to have been touched in this device, which was | of surface decoration. Metal gauzes were used by 
apparently to give some additional resistance to | him to facilitate the application of colouring 
cracking. It is noticed only because it was a sug- | matters, and a vague reference is made to the use 
gestive contribution from another country. | of metal in other forms, but apparently rather as 

Between 1859 and 1871 but little seems to have | a means of stiffening a shape than to give strength 
been done, so far as one may judge from the patent | to a structure. Robbins was, by the way, in the 
/employment of Thaddeus Hyatt in 1877, who 
about that time was conducting experiments on 
reinforced-concrete beams. 

Hyatt’s work dated from 1855, when he tested 
| brick-and-tie beams in New York, afterwards con- 
tinuing his investigations in London upon concrete 
|andiron. He made many experimental beams, which 
were broken for him by David Kirkaldy, perhaps the 
| earliest tests of precision applied to the material. 
His results are set out at length in a book pub- 
| lished by him for private circulation in 1877, which 
may be consulted at the Institution of UCivil 
Engineers and at the Patent Office Library. Hyatt 








takes much trouble to demonstrate the waste 
attending the use of iron joists in concrete, when 
by omitting the top flange and web the carrying 











noted, remarks upon the desirability of hoop-iron 
used as bond being well rusted in order to 
increase the adhesion. With respect to this matter 
of adhesion arising at this early date, it is interest- 
ing to find that Mr. T. F. aang architect, 
patented in 1854 (No. 2310) an improvement in 
**hoop-iron and such-like metal surfaces used for 
bonding in buildings and structures,” the object 
being to increase the hold of these in buildings by 
producing ‘‘a rough, jagged, notched, perforated, 
undulating, rasp-like, or spiky effect,” whereby an 
additional ‘‘ key, tie, or hold may besecured.” The 
intention appears to be expressed with sufficient 
completeness to leave little room for encroachment. 

The earliest proposal to use iron in connection 
with Portland cement concrete with which the 
writer is acquainted was put forward by Mr. W. 
B. Wilkinson, who, in 1854, took out a patent 
(No. 2293) for a system of fireproof construction, 
by which, when floor-panels have an arched soffit, 
for small spans, ‘‘hoop-iron on edge is laid across 
the crown, about 2 ft. apart, or at a greater or less 
distance, according to the desired strength of the 
floor, and reaching its full length across the floor or 
floors ; the under edge of the same is set on the 
crown of-centering, or nearly so, so that in this 
low position it may act with the more power as a 
tension-rod to the floor” (Fig. 1). 

Here we have expressly declared the essential 
principle of reinforced concrete. Wilkinson, who 
is described as a ‘‘ plasterer and manufacturer of 
artificial stones,” advised that the floor, having been 
formed, should be covered by thin deals laid upon 
a stratum of sand to delay setting, and adds a 
recommendation which, though more than fifty 
years old, may still be regarded with respect—that 
‘the centering should not be removed until the 
concrete has been sufficiently set, which will be at 
the expiration of about a month.” Wilkinson 
suggested also the use of iron in other forms than 
that already named, proposing the application of 
wire rope for tension members, which, he says, 
may be old ropes; but whether because these 
would stretch less or be less costly does not 
seem clear. The ends were to be secured in the 
soft concrete by looping, or by unravelling and 
spreading the end wires. For flat floors or beams 
he used the rope reinforcement as a catenary, the 
lower part of the rope approaching the under side 
of the beam (Fig. 2). For ordinary dwelling- 
house floors he proposed spacing the ropes 9 in. 
apart, the depth of the floor to be one-sixteenth of 

e span. e says also that for a span of 16ft., 
constructed as above, the calculated breaking 





capacity may still be greater than that of the com- 
plete joist by itself. Though familiar with the 
nature of shear stresses in a solid beam, Hyatt 
|does not seem to have considered them in amount 
quite so serious as they sometimes are ; possibly, 
| within the limits of his experience, he was more 
| nearly right than would now be the case. He 
secured many patents between 1872 and 1882, 
not all, however, relating to concrete construc- 
tions. Those of 1877 (Nos. 2968 and 4513) are 
noticeable ; they deal with floors, open-work 
girders, domes, &c., and a method of prevent- 
ing the slip of bars. He had tried both flat and 
round bar reinforcements, and says—quoting from 
his book :—‘‘A flat tie, om account of the 
large holding surface presented by the concrete, is 
probably the best form in which the iron ‘can be 
used ;” an opinion not borne out by later know- 
ledge. In his earlier beams he had secured the 
ends of his bars by bending them, or by forming 











records, or, indeed, from other 
sources of information. A few 
patents weresecured for framed 
and plated structures allied 
with concrete or other filling, 
and occasional claims made for 
some detailed application of 
the principle already expressed 
by Wilkinson; but there were 
no striking developments. In 
the year last ‘named Philip 
Brannon, a civil engineer, se- 
cured protection for a system 
of construction in which he 
proposed the use of a metallic 





skeleton, with wires or nettings in some cases 
stretched upon the frames, the whole to be em- 
bedded in concrete. Brannon, in his specification 
(No. 2703), describes the application of his system 
to such various uses as floors, roofs, walls, doors, 
bridges, fortifications, sea-groynes, piles, &c. He 
clearly intended to make full use of the advantages 


shoulders, or the use of nuts, not relying greatly 
upon adhesive possibilities. 

He attempts some comparison of strengths by 
calculation, but the method does not appear to be 
very satisfactory. Though, perhaps, not strictly 
relevant, it may be mentioned that in 1880 Hyatt 
patented (No. 3186) a form of corrugated sheet, 





to be derived from the applications of embedded | dovetailed in section, intended to be used as a 
metal. Groyning, on Brannon’s principle, is said to | Species of reinforcement. He shows it as applied 
have been used at Walton-on-the-Naze. The most | to floor, at the lower part of the section, the dove- 
noticeable feature of his specification is, perhaps, | tailed grooves forming also on the under side a con- 
the delineation of a reinforced-concrete pile (Fig. 3); | venient hold for ceiling material. v 

this he describes as being built in position, but says| As Hyatt appears to have been a citizen of the 
nothing about driving it. As a post simply, the United States, it may be doubted whether his work, 
plainest common-sense would demand a blunt end; |though done chiefly in this country, should be 
the sketch, however, shows a point. It is hardly | classed with British effort. However that may be, 
conceivable that Brannon introduced this feature | he certainly did useful work, his diagrams of beam 
without intending the point to facilitate the piles’ | failures, given toa large scale in his book, being 





entrance into the ground ; but whether by loading, | 
or, possibly, by driving with a heavy monkey having 
a low fall, with a pad to save the pile-head, does 
not appear. 

Brannon, under this patent, seems to contem- 
late the connection of the members of the skeleton 
rames by bolts or rivets, but does not confine 
himself to this method, and makes some use of 
wire connections. Later, in 1874, Brannon made 
further claims (No. 2128), amongst other things for 
spirally-wound reinforcements for columns, both 
solid and hollow, and generally for the extension 
of his principle. He makes it quite clear also that 
he did not confine himself to the use of metallic 


frames. It is perhaps to be wondered at that 


Brannon’s efforts were so little fruitful of results, 
but it may have been partly due to the want of any 
reliable methods of calculation for his combinations 
—a want which is not met in any way by the par- 
ticulars jis specifications furnish. In addition to 
this there was, thirty years ago, great distrust 


rticularly noteworthy. 

In 1891 we find that Mr. T. G. Edwards secured 
a patent (No. 2941) which is chiefly noticeable 
| because of the detailed information he gives of 
tests carried out for him by Mr. Kirkaldy, and for 
the principles he enunciates. In his specification 
e says :—‘‘ It has long been proposed to combine 
iron bars with the concrete by simply embedding 
them, but they have been found to a when the 
stress has been brought upon them. have dis- 
covered that by making the bars long in proportion 
to their sectional area a point can be reached at 
which the bars will fail by tearing before they can 
be drawn out of the concrete, and that this combi- 
nation can be made to serve some useful purpose.” 
|In a communication to the Institution of Civil 
Engineers, enlarging upon this, he says :—‘‘It is 
‘thus possible to design concrete and iron beams 
where the tensile resistance of the iron and 
the compressive resistance of the concrete are 
| utilised to the fullest extent.” He concludes 
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that the strength of concrete beams may be in- 
creased eight-fold by the use of reinforcement. 
Referring to his experiments he writes :—‘* The 
flexibility of the 4-in. by 2-in. beams for tests Z 920 
and Z 921 was remarkable, as they could be bent 
about without the slightest injury to the concrete, 
the combination apparently eliminating the un- 
yielding nature of concrete alone.” While this 
conclusion is noted with interest, we are not 
obliged to accept it quite so whole-heartedly as 
Mr. Edwards seems to have done. He proposed 


the introduction of inclined shear members in re- 
inforced-concrete beams, and strongly advocates 
the use of round rods in preference either to the 
square or flat form. An account of his results may 
be found in Encingegerine for May 1, 1891, page 522. 

He secured a further patent in 1892 (No. 1415), 
in which, amongst other things, he proposes, in 
some cases, to form the ends of his rods to hold in 
the concrete by enlargements or by bendings, 
seeming to suggest that he was not quite happy 
about the ‘‘adhesion” question, or perceived that 
it might not in all cases be sufficient, The most 
remarkable part of this specification, however, is 
the statement of principles of design algebraic- 
ally expressed, which, apart from any value it 
may have on its merits, is evidence that this 
patentee quite appreciated the necessity for some 
method of calculation. The general conclusions 
which Mr. Edwards reached as a result of his inves- 
tigations show that he had, at the date indicated, a 
good grip of his subject. 

Occasional patents had been taken out during the 
ten years preceding those of Edwards in 1891-2, 
communicated from abroad ; but nothing of origi- 
nality. In 1892, however, Koenan and Wayes, of 
Berlin, had letters patent granted (No. 1741) for 
applications of reinforced concrete to the construc- 
tion of floors, tanks, arches, pipes, &c., in which 
the bars are arranged, for tension stress, as is com- 
monly recognised to be proper for these construc- 
tions. This is noticed here because it was clearly 
the patentee’s intention to push the principles in- 
volved to the limits of present practice, and appa- 
rently in advance of anything which had before 
seriously been proposed by English inventors, with 
the possible exception of Brannon, who seems to 
have had the widest appreciation of the possibilities 
of the system, and who most nearly approaches the 
peculiarly French device of connecting members 
of the reinforcement by stout wire ties and bind- 
ings, leaving the concrete adhesion to do the rest. 
This feature is otherwise almost wholly wanting in 
the English patents. 

In what has been written an attempt is made to 
trace the progress of this country, between the years 
1853 and 1894, in this field of invention, touching 
only those developments which appear to mark an 
advance. It is quite possible that some points of 
interest may have been overlooked, but the inquiry 
certainly shows a knowledge before the year 1891 
that :— 

Metallic bars may be disposed in concrete for the 
relief of stress. 

Bars may be rusted before use with advantage. 

Surface serrations may be used to increase the 
hold of bars. 

Round rods give (for plain bars) the best adhe- 
sion results. 


the 28th of last month (see page 722 ante), and 
the Vergniaud, one of the six 18,000-1on battle- 
ships of the French programme of 1906, the keel 
of which is being laid on the slip recently vacated 
by the Vérité. 

The Gironde shipbuilding yard will be visited 
by the Institution of Naval Architects on Tuesday, 
the 25th inst., in the course of the Bordeaux 
Summer Meeting and International Congress in 
Naval Architecture. It is illustrated in the plan, 
Fig. 1, the references to which are the following :-— 
A. Launching-slip No. ‘ 

“a és 3 

z Launching-slip for torpedo-boats. 
Main engineering shop, No. 1. 
a plate-bending rolls. 


Margaux, merchant ships; the Cosmao, Casa- 
bianca, Infernet, and other ships for the French 
Navy ; the Nadiejda, for the Bulgarian Navy ; and 
a large number of sea-going torpedo-boats. At the 
present time they are being used for the construc- 
tion of sea-going torpedo-boats fitted with Breguet 
turbines, for the French Navy, and torpedo-boats 
for the Imperial Ottoman Navy. Between the 
launching-slips B and C stocks are set apart for 
the construction of smaller craft; on these have 
been built about fifty of the torpedo-boats in ser- 
vice in the French Navy, and several light ships for 
the merchant service. A similar installation is 
laid when occasion requires between the launching- 
slips A and B, near the river edge. 

The four slips are supplied with the required 
material for the construction of the hulls from 
three engineering shops, the most important of 
which, shop marked F on plan, Fig. 1, is directly 





Engineering shop No. 2 


Large moulding-loft. 
Torpedo-boat moulding-loft. 
Offices and smaller moulding-loft. 
Plate and section stores. 

Electric generating station. 

Wet dock, in construction. 


PROZEMAahOmeoon 


in the rear of three of the slips, and measures 
|115 by 47 metres (477 ft. by 154 ft.). This con- 
|tains smithies for plates, angles, and sections, 
machine-tools, a galvanising plant, fitters’ benches, 
| &e. Close to this is a shed covering an 11-metre 
| (36-ft.) plate-bending machine, and one covering 
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The yard has a frontage of 445 metres (1460 ft.) 
on the river bank, at a part where the depth of 
water at high tide allows the launching of the 


Adhesion may be relied upon with sufficient 
length of embedment. 


Concrete should be allowed ample time for slow- 
setting ; and that 

Reinforced concrete has considerable apparent 
flexibility. 





THE SOCIETE DES CHANTIERS ET 
ATELIERS DE LA GIRONDE, 

Tue Société Anonyme des Chantiers et Ateliers 
de la Gironde own the shipbuilding yard situated on 
the Quai de Brazza, at la Bestide-Bordesux, on the 
right bank of the River Garonne, almost opposite 
the Bordeaux commercial docks, and at a distance 
of about 24 miles from the railway station of Bor- 
deaux St. Jean. The yard was owned in the 
‘seventies of last century by Messrs. Bichon Fréres, 
and was occupied at that time mostly in the con- 
struction of small merchant ships. It was pur- 
chased by the present company—a company in 
which Messrs. Schneider are interested—in 1882. 
The present owners largely developed the plant and 
installations, and rendered them appropriate for the 
construction of the heaviest battleships, such as, 
for example, the Vérité, which they launched on 





an 8-metre (26-ft.) similar machine. The second 
|shop, J on plan, is between the first and second 
| slips, and parallel with them ; and the third shop, 


largest. sized ships. It is limited on the oppo-|K, is between the second and third slips. All 


site side by the Paris-Orléans Railway lines, and 
covers an area of 98,150 square metres (24 acres). 
It gives occupation at the present time to 800 men. 

e works comprise four non-covered launching- 
slips. The largest, marked A on the plan, Fig. 1, 
on which have been built the Vérité, Kléber, 
Foudre, and other French battleships, is 138 
metres (453 ft.) in length, and sufficient space 
is available to lengthen it by 15 metres (50 ft.) 
should occasion require. It is on a gradient of 65 
millimetres per metre (one in 15.4), and is served 
over its whole length by two 60-ton steam Goliath 
cranes of very simple construction, the gear being 
an ordinary steam-ship’s windlass. The launching- 
slip B is 127 metres (416 ft.) long; this is 
served by a steam traveller 23 metres (75 ft.) in 
span, and could be lengthened and otherwise 
fitted out to take ships of the Vérité class. On 
this slip were built, among other ships, the 
Chanzy and Protet. The third and fourth slips, C 
and D, are 133 and 132 metres (436 ft. and 433 ft.) 
long, and are served by small steam-travellers 
having a span of 16 metres (53 ft.); these slips 
could also be lengthened in case of need, sufficient 
space being available for the purpose. On these 
were constructed the Chateau-Yquem and Chateau- 


the machine-tools are steam-driven by overhead 
transmission. The various machine-tools, though 
in excellent condition and fully adequate for the 
work they have to perform, are not, generally 
speaking, of very recent construction, and do not 
call for any special comment. As they are gradually 
replaced by later types, separate electric drives 
are to be adopted. The electric generating station, 
located to the east of the main offices, produces cur- 
rent for lighting. 

The yard is in communication with the Bordeaux 
Railway stations by a siding, and all the various 
shops and slips are served by a very complete 
system of normal gauge lines, as shown in the plan, 
Fig. 1. Heavyand bulky material is also received 
at the yard by the river, the canal latéral a la 
Garonne and the canal du Midi. 

There are three moulding-lofts, the largest of 
which, situated above one of the stores and in close 
proximity to the railway siding, measures 80 metres 
in length and 20 metres in width (262 ft. by 65 ft.). 
A mooring-bridge in the river, alongside which 
the Vérité is now anchored, is used for completing 
the equipment of ships after their launch. 

The plan (Fig. 1) also shows a wet dock. 
This is at the present time in course of construc- 
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WET-DOCK OF THE CHANTIERS DE LA GIRONDE. 


Fig. 2. 
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tion for the completion in the future of all the 
heavier battleships built by the Chantiers de la 
Gironde ; it will take the Vergniaud after her 
launch from the main slip. The dock is to have 
a useful length of 181 metres (595 ft.), the width at 
the entrance being 33 metres (108 ft.). Its section 
is trapezoidal, the width of the sill being 27.4 
metres (90 ft.) in the clear between the founda- 
tion walls, the width at top, level with the ground, 
being 37 metres (122 ft.). It is illustrated in 
longitudinal section, plan, and cross-sections in 
Figs. 2 to 8 on the present page. The longitu- 
dinal section shows a gradient of 5 millimetres 
ae metre (1 in 200) towards the river; the depth 

elow datum is 4.32 metres (14 ft. 2 in.) at 
the bottom of the ogival end; and 5.2 metres 
(17 ft.) at the portion between the dock-gates and 
the floating caisson. The two side walls have their 
foundations on piling formed of five sets of piles 
about 10 metres (33 ft.) in length, tied together 
longitudinally and transversely. The side walls are 


6.8 metres (22 ft.) thick, level with the pile-heads, 
and 2 metres (6 ft. 6 in.) thick at top ; they are made 
on the inside with a slope of about 30 per cent. 
(1 in 3.3). The work forming the entrance to the 








| length by a 120-ton Goliath crane, travelling on a 
|terack laid parallel with the dock side-walls and 
over the whole width of the yard ; the inside rails 
of the track are to be 46.6 metres (153 ft.) apart. 
A similar crane, of 30 tons only, will also be put 
down for all lighter work. A normal-gauge railway 
line, connected to the siding and to the lines dis- 
tributed over the yard, runs along the north side- 
wall of the dock. 

The floating caisson is illustrated in Figs. 9 to 13, 
page 798, it is to weigh empty, with its fittings 
complete, 346 tons ; the pig-iron ballast it will con- 
tain, and its cement lining, will weigh together 187 
tons. The water-ballast tanks are to hold a volume 
dock is to consist of masonry built upon a caisson | of 37 cubic metres of water (a weight of 37 tons). 
as a permanent foundation, driven to a depth of| The pressure of the gate against its bearings at 
14 metres (46 ft.) below low-water mark, by com- | the highest tides, 5 metres (16 ft.) above low-water 
pressed air. The sunk caisson, 52 metres in length | mark, will amount to over 6 tons. Figs. 9 to 13 
and 17 metres in width (170 ft. by 56 ft.), will also| show respectively an outside elevation and half 
serve as a foundation for the dock-gates, and will | longitudinal section, part plan, and part horizontal 

rovide a lower bearing for the floating caisson. | section ; and cross-sections of the caisson. 

he sill at the ogival head of the dock is built on| The overhead electric tramways, which run on 
piles to prevent the endangering of the foundations the high road between Bordeaux and Lormont, 
through scour. | cross the slips of the Chantiers de la Gironde at 

The wet dock is to be served over its whole) their river end, and when the launch of a large ship 
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takes place, the tramway service is interrupted for! with the power to communicate it to others, and|met with so much favour. The author presents in 
a few days over a length of about half a mile in| the result is a volume which should appeal strongly | these pages a remarkably clear account of the prin- 


the immediate vicinity of the yard. For crossing | 
the wet-dock entrance a small bridge span is to| 


to students of mining. 
The book is intended for students who mean to 


| ciples of sanitation and of all the factors influencing 
the public health, and his discussion of the best 


be laid between the floating caisson and the dock- | become mining engineers, and for practical miners practice under each branch of his subject is all that 


gates. 

The wet dock is being constructed by Messrs. 
Schneider and Mr. J. M. Vigner, a public works 
contractor, in conjunction with whom the Creusot 
firm have carried out important contracts for har- 
bour works at Havre and other ports. ll the} 
steel-work and the cranes for the dock are being | 
manufactured by Messrs. Schneider at their Creusot, 
Chalon, and Champagne establishments. A model 
of the wet dock in question forms part of their 
exhibits at Bordeaux. 

Since their reconstruction, in 1882, as above 
stated, the Chantiers et Ateliers de la Gironde 
have proved to be a valuable addition to the ship- 
building resources of the French nation. 


LITERATURE. 


The Principles and Practice of Coal- Mining. By 
James Tonce, M.I.M.E., F.G.S. London: Mac- 
millan and Co., Limited. [Price 5s. net.] 

Tuts is a small and neat little volume of only 350 

pages, yet it contains a most comprehensive and 

most admirable course of instruction on the prin- 
ciples and practice of coal-mining. The author 
shows skill in two ways. First of all, he knows the 
value of compression, and shows himself an expert 
in the elimination of the superfluous.. No space is 
wasted here on descriptions of different forms of 
the same type of machine or engine, which one can 
find for himself in makers’ catalogues ; where des- | 
cription is nezessary, representative types of appa- 
ratus are chosen, and their leading features out- 
lined and illustrated. Secondly, the author, having 
arranged his materials in as concise a form as pos- 
sible, presents them to the reader in a remarkably 
lucid literary style. This feature is the more note- 
worthy in that we so often look for it in vain in 
scientific text-books written by practical engineers. 
Here we have sound practical knowledge combined 














who wish to study theory in order to become certi- 
ficated colliery managers or under-managers ; that 
is to say, it is a book which omits many of the 
small details of practice, but which teaches all the 
fundamental principles of coal-mining, and shows 
how they are carried out in the practice of to-day. 
Thus, to take but one example, the all-important 


| subject of ventilation is fully discussed : first theo- 


retically, explaining the laws governing the passage 
of air through the mine; and then practically, 
showing how the adequate air-currents are produced 
and distributed through the workings. The different 
processes in coal-mining, from the first prospecting 
and boring on to the working at the face, delivery 
at the pit-mouth, and preparation of the coal for 
the market, are all clearly discussed and explained ; 
and a chapter is also devoted to the accidents and 
diseases of miners and the legislation relating 
thereto. We congratulate Mr. Tonge on the pro- 
duction of this excellent volume, which we cor- 
dially recommend. 





Practical Sanitation: A Hand-Book for Sanitary In- 
spectors and Others interested in Sanitation. By GEORGE 
Rep, M.D., D.P.H. With an eg on ‘‘ Sanitary 
Law,” by Herpert Manugy, M.A., M.B., D.P.H., 
Thirteenth Edition, thoroughly revised. London: 
Charles Griffin and Co., Limited. [Price 6s. ] 

Tue first edition of this work appeared in 1892, 

and the best evidence that it has met with accept- 

ance from those to whom it is addressed is that it 
has now reached a thirteenth edition. That isa 
high compliment to the author, and it is made still 
more pronounced when we note that little more 
than a year had from the publication of the 
twelfth edition when this new issue was called for. 

In that year, however, further progress had been 

made in sani science, and to include all the 

latest knowledge the author has thoroughly revised 
his work in this new edition. 

A study of the contents of the book before us 
makes it easy to understand why the volume has 


' could be desired. We are glad to note the attention 
he pays to instruction of his readers in fundamental 
principles, and in theoretical considerations, which 
underlie all practical work. The reader will readily 

understand the instruction here given, and, having 
understood it, there will be little danger of his 
working blindly when dealing with practical pro- 
blems. From time to time, useful lessons are 
taught by the author’s discussions of bad practice, 
as well as good, showing why it is bad. 

Mr. Reid’s volume is comprehensive. It deals 
with water supply, ventilation, sewerage and drain- 
age, sewage and refuse disposal, house construc- 
tion, infection and disinfection, and food and 
milk supply. Each of these subjects is discussed 
in a most interesting manner, and the volume as 
a whole deserves the closest attention of sanitary 
inspectors and others who are interested profes- 
sionally, or otherwise, in the important. subject of 
the public health. 

As the success of schemes of sanitation and 
ventilation depends finally on the manner in which 
the necessary work is carried out, we hope that 
plumbers and builders will take to heart the in- 
struction which Mr. Reid here gives for their guid- 
ance, as it has been, unfortunately, too true that 
these classes of workmen have often been guilty of 
**scamped work.” 

There is a very useful appendix to the volume, 
in which Mr. Herbert Manley, M.B., gives an in- 
teresting summary of ‘sanitary law as it stands to- 
day. This has been entirely rewritten in the 
present edition, and should be of real service to 
readers of the volume. 





Exectric PowgR ON THE SweEDISH STATE RAILWayYs. 
—The Swedish State Railways continue their purchases 
of suitable waterfalls for generating electric power for 
the railways. They have just applied for a sum of 
600,000 kr. for the purchase of the Hammorby Water- 
fall at Tarlisa from | Hammorby Yxe Company. 
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STAMP END WORKs, LINCOLN. 


It is now thirty-seven years since we first gave a 
full illustrated description of the Stamp End Works 
of Messrs. Clayton and Shuttleworth at Lincoln.* 
This was in connection with the visit the Institution 
of Mechanical Engineers paid to that city in the 
year 1870. In 1885 the same Institution once more 
visited Lincoln, and we then took occasion to again 
describe these works,t and put on record the many 
interesting improvements that had been made in 
plant and machinery during the intervening fifteen 
years. It is hardly necessary to say we have, 
from the foundation of this journal, frequently 
noticed the productions of the firm in connection 
with agricultural shows in the provinces, and 
on other occasions. Now that the Annual Show 
of the Royal Agricultural Society of England 
is about to be held in Lincoln, we think that a 
further description of these historic works may 
be interesting to our readers, more especially 
as they have been largely reconstruc since 
Mr. H. F. L. Orcutt has taken over the manage- 
ment. Mr. Orcutt’s work, in conjunction with the 
late Mr. Pajeken, in the planning and construction 
of Messrs. Loewe’s machine-tool works at Berlin, 
will be within the recollection of our readers. { 

To commence by repeating a few historical facts, 
it may be stated that the Stamp End Works were 





main body of the works occupy a triangular site ; 
the north side, which is about 1120 ft. long, being 
formed by the River Witham, and the south-east 
side, which is about 1600 ft. long, by the Great 
Eastern Railway. The west side is enclosed by the 
firm’s boundary, and is about 960 ft. lung. 

The capacity of the works has been increased 
largely of late, and progress is still being made in 
this direction. The output averages about twenty- 
five ‘‘sets”’ each week, a set cunsisting of a thrash- 
ing-machine and a portable or traction engine. By 
far the greater part of these are for export. About 
2300 men are employed. As Messrs. Clayton and 
Shuttleworth are a limited company, and their 
accounts are public, it may not be out of place to 
quote the trading profits of the last few years ; as, 
after all, the amount of money earned is the best 
c:iterion of the prosperity of a firm. For 1901 the 
amount was 46,8511.; in 1902, 60,191/.; in 1903, 
91,811/.; in 1904, 94,0687.; and in 1905, 107,410I. 
From these figures there would naturally have 
to be deducted certain items, such as _inte- 
rest on debenture stock, &c.; but, in any case, 
to considerably more than double the trading 
profit made in five years, and to pay a divi- 
dend of 6 per cent., indicates that this old- 
established firm is notin that state of decadence 
which some would have us believe is overtaking 


work. Overhead travelling-cranes are provided for 
transporting the heavy parts. The light machine- 
shop has also the usual tools, among them being 
two large horizontal milling-machines, which have 
recently béen installed and do the work formerly 
carried out by a number of vertical slotting- 
machines. This change to more modern practice 
has effected a considerable saving, as a number of 
parts can be bolted together on the bed of the 
machine and milled at ove setting. Among the 
more modern tools recently installed are several 
Gisholt lathes for boring, facing, and turning 
pulleys, crossheads, and similar parts. There are 
also two large Norton cylindrical grinding-machines, 
which are used for finishing spindles and piston- 
rods. We have already illustrated and described 
the Norton grinder.* 

An interesting machine-tool used for turning 
crank-pins is illustrated in Fig. 6 on page 802. 
This lathe is made by Messrs. J. Butler and 
Co., of Halifax, and has been patented by that 
firm. It is designed to turn crank-pins from the 
solid forging, as shown in the illustration. The 
shaft is secured in a special chuck that is attached 
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Fig. 3. Timper-Dryinc SHED. 


started in 1842, and they consisted of a general 
iron foundry. It was about that time, or a year 
earlier, that Alexander Dean, of Birmingham, had 
made a portable engine; whilst another ‘‘ port- 
able ” was exhibited by Messrs. Howden, of Boston, 
in the same year (1841) at the Wrangle Show of the 
Lincolnshire Agricultural Society. These were, how- 
ever, very different in construction from the ‘‘ port- 
able” with which we have been familiar for many 
years past. Dean’s engine was of the vertical return 
connecting-rod type, and was mounted ona vertical 
boiler ; whilst the Howden example had a return- 
flue boiler. There is a tradition, which we believe 
is well founded, that the originator, or one of the 
originators, of the portable: engine, having made 
twenty, determined to give up the business, as he 
considered that he had filled the demand of the 
whole world for portable engines, so that no more 
would be needed. This, however, was evidently 
not the opinion of Messrs. Clayton and Shuttle- 
worth, for in 1845 they erected new shops puyese 
for constructing these machines, and thus com- 
menced a business which in time had the effect of 
changing the historic cathedral city, the centre of a 
large agricultural district, into a thriving industrial 
community. 

In connection with our last notice of these works 
we published a plan, and although the arrange- 
ment of buildings has been Jargely altered since in 
detail, the general configuration of the main works 
remains unaltered. Additional land has, however, 
more recently been purchased, and this is being 
taken up for the erection of subsidiary buildings 
and other purposes, such as timber stores. The 








* See ENGINEERING, vol. x., pages 107, 127, and 146. 
+ Ibid., vol. x1., page 98. 
+ Ibid., vol. Ixviti., pages 380, 414, and 450, 





remembered that the greater part of the business 
of the firm is done in markets where English 
manufactures meet those of other countries in fair 
rivalry, the home trade of the firm being of smaller 
proportion than their foreign business. If we may for 
a moment turn aside to a matter which is, perhaps, a 
little outside our present subject, we would point 
out that our manufacture of agricultural machinery 
for export has elements of gain beyond that of the 
selling abroad of many other commodities. For in- 
stance, if wesupply the plant for a cotton-mill toa 
foreign country, we are equipping a rival to compete 
with us in a trade that is one of our leading sources 
of commercial prosperity ; justas, in another field, 
if we build a warship for another Power, we may 
be forging a weapon that may be used for our ow# 
destruction. It will not be thought we would sug- 
gest that the export of cotton machinery or war 
vessels should cease ; for if we did not supply such 
things, others would ; but in the export of agricul- 
tural machinery we are affording assistance to those 
who are engaged in producing our daily food, and 
with whom we could not in any case compete in 
neutral markets. 

As we have on two previous occasions described 
these works in detail, it will be sufficient if we give 
a few particulars of the more notable improve- 
ments which have been recently effected. 

In Fig: 1, Plate XLIV., we give a view of the 
boiler-shop, and in Fig. 2 a view of a part of the 
portable engine, machine, and erecting-shop, show- 
ing the gallery for light machine-tools at the side ; 
and in Fig. 3, above, one of the new timber. drying 
sheds. Fig. 4 is a brass-furnace, Fig. 5, page 802, a 
multiple-drilling machine, and Fig.6 a crank-lathe. 
The engine-erecting shop contains the usual ma- 


chine-tools, which do not call for special mention, 
beyond saying that they are well suited for the 








Fi. 4. 


M.R.V. Brass-Mevring Furnace. 


| to the face-plate, and the end is carried in bearings 
| in the body of the chuck. The web is held by a 
| vice that is securely bolted to the front of the chuck, 
|as shown. The vice can easily be removed and 
| others substituted, according to the throw of the 
|erank. The outer end of the shaft is supported by 
the shifting headstock, after the usual method for 
turning crank-pins. Special crank-turning rests 
are fitted, the front and back rests being operated 
by independent screws, which feed the toola up 
towards the centre simultaneously. The sweep of 
the crank-webs is turned by means of special vice- 
plates, which give the exact radius. An advantage 
of the device is to reduce the stress put on the 
crank-shaft during the process of turning, the whole 
of the driving being done through the web of the 
crank close to where-the tools are operating. It is 
possible, therefote, to work with great rapidity and 
a steadier cut is secured. By removing the special 
appliances the lathe can be used for ordinary 
turning. 

The tool-room has been entirely reorganised, and 
is worked on the system which Mr. Orcutt and the 
late Mr. Pajeken introduced when organising the 
| Loewe Machine-Tool Works in Berlin.+ It is well 
| equipped with the various machine-tools needed for 
| the work, such as high-class lathes, milling-machiner, 
and grinding and boring machines. These are 
chiefly of American make. The system of gauging 
and standardising employed is also on modern prin- 
ciples. The gallery is equipped with a large num- 
ber of light tools, which it is needless to specify in 
detail. Many of them have been lately purchased ; 
and, at the time of our visit, the substitution for the 
older machine-tools of those of more modern con- 








* S-e ENGINEERING, vol. Ixxiv., pages 502, 503, and 506, 
+ Lbid., vol. lxviii., page 454, 
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struction was proceeding rapidly. The older types 
of lathe have been replaced by lathes of the Jones and 
Lamson type and other modern patterns ;_ miiling- 
machines are doing the work formerly done by 
slotters, and other changes of a like nature have 
been made. It is found that on this class of work 
one man can run two or three milling-m chines, 
each of which will do as much work as two or three 
light slotters. A considerable part of this gallery 
is still devoted. to fitting ; but the room occupied 
by fitters’ benches is gradually being encroached 
upon by automatic or semi-automatic machine- 
tools which turn out parts to standard dimensions 
with as near an approach to accuracy as was ob- 
tained by hand methods, and, of course, at a far 
cheaper rate, to s1y nothing of the advantages of 
interchangeability due to the elimination of the 
human factor. 

The boiler-shop, of which one bay is shown in Fig. 1, 
Plate XLIV., is 255 ft. long and 180 ft. wide, and 
gives employment to 240 men. It is served by an 
overhead 25-ton electric travelling-crane, current at 
480 volts being taken from the city supply mains. 
In this department electricity has been introduce 
for motive power for a large number of machines. 
The hydraulic forging plant, rivet-making machines, 
and testing plant are very complete. The iron- 
foundry is arranged in the usual manner, and does 
not call for especial notice. At one time the firm 
made their own malleable castings, but this prac- 
tice has been abandoned, and these castings are 
now purchased. No doubt, like some other en- 
gineering firms, Messrs. Clayton and Shuttleworth 
have discovered that the production of trustworthy 
malleable iron castings at moderate price is a very 
special business, needing close attention and skilled 
management. 

The brass-foundry had originally five holes for 
melting, but these have been replaced by two 
‘*M.R.V.” melting furnaces. This is an important 
change, by which considerable economy in working 
is said to have been made. The results obtained 
are said to be so good that we give an illustration 
of the furnace in Fig. 4, page 799. It is the 
invention of Mr. Matthew Harvey, of Walsall, 
who has had it in use in the works of his firm 
for melting brass, nickel, and German silver 
alternately. It consists, as will be seen, of a 
cylindrical vessel mounted on a wheeled carriage. 
Within the outer shell, which is seen, there is a 
second steel cylinder, there being an annular space 
between the two. The inner cylinder is lined with 
firebrick, and constitutes the furnace proper. The 
crucible in which the metal is to be melted is 
placed in this furnace, the annulus between the 
crucible and firebrick lining containing the coke. 
Air for combustion is admitted at the top of the 
annular space between the outer casing and the 
brick-lined cylinder, and in circulating downwards 
it becomes heated, whilst the outer casing is kept 
cool. At the bottom is a circular tuyere-plate, 
so constructed that the blast of air does not 
strike directly on to the crucible. The bottom is 
also arranged so that the lining may be repaired 
without removing the crucible, the whole furnace 
being turned bottom up on its trunnions for the 
purpose. The coke space is covered with a circle 
of fire-brick, and the products of combustion are 
directed upwards through what is known as a pre- 
heater. This is a cylindrical vessel of refractory 
material, having the appearance of a bottomless 
crucible. It is held by a hinged arm by which it 
can be swung out of the way. When in use it is 
above the crucible and is filled with pieces of 
the metal. These thus become heated and drop 
down into the crucible, to be more readily melted. 
It is, of course, a heat-saving device. For pour- 
ing, the whole furnace is tilted on its trun- 
nions, when the metal runs from the crucible 
and through the spout shown. The crucible comes 
level with the top plate of the furnace. Tram- 
lines are laid down to carry the furnace to the 
moulds, so that all skimming and other opera- 
tions can be carried on in a separate building 
where the melting takes place, and so that sulphur 
fumes are kept out of the foundry, excepting, of 
course, during the actual time of pouring. The 
advantage of keeping the metal hot until it is 
poured will be apparent, the last cast being as hot 
as the first. We are informed that less than 60 lb. 
of coke will melt 4 cwt. of metal in from 45 to 
50 minutes. The fact that the crucible is not 
taken out of the furnace, and is therefore not sub- 
jected to sudden changes of temperature to cause 
violent exnansion and contraction, naturally adds 





greatly to durability. We understand that a 
plumbago crucible will last seven or eight days, 
with six or seven heats per day. The lining will last 
twelve months, but requires patching once or twice 
a week. The makers of the furnace are Messrs. 
Shaw, Cooper, and Co., of Birmingham. 

Sand-blast apparatus with electric drive has been 
installed for cleaning up castings. This has been 
found to be a great improvement on the old method 
of rumbling, as the sand-blast leaves the parts 
sharp and clean in the shape in which they were 
cast, whereas in the rumblers corners become 
knocked off and the castings become otherwise 
altered in shape. It is an example of the way in 
which improvements in one department react on 
another, as the work in the machine-shop is made 
lighter by castings true to shape being received 
from the foundry. 

We have not space torefer in detail to the other 
depsrtments on this side of the works. The forge 
and smithy occupies a considerable area and gives 
occupation to about 150 men. It has the usual equip- 
ment of furnaces, smiths’ hearths, &c. A good deal 


d| of special work requiring extreme skill is carried 


out ; and there is an extensive equipment of steam- 
hammers, Ryder forging-machines, steam-olivers, 
and rivet-making machines. There is also a whcel- 
making plant for the production of iron and steel 
wheels in connection with the department. An 
inspection department is attached to each section, 
the examination and testing of work turned out 
having been introduced on an organised system. 
There is a body of inspectors who have no other 
duties and who are under one chief inspector, who 
acts as arbitrator between the different departments, 
if the occasion arise. It is hardly necessary to say 
that such a man should have a wide and yet de- 
tailed knowledge of the whole business. Like other 
systems of the kind, such as pricing for piece-work, 
or premiums, for instance, this plan is only advan- 
tageous when carried out in an efficient manner ; 
otherwise it is apt to prove rather worse than use- 
less. In cases where it has been properly intro- 
duced it has been found to add greatly to the 
orderly conduct of operations, to prevent friction 
between the management of departments, and there- 
fore to cheapen production. It is a detail of works 
management that might profitably receive with us 
even more attention than it has ; but, happily, its 
advantages are becoming more widely recognised 
amongst the best conducted engineering works of this 
country. As we have already intimated, the neces- 
sary thing is to carry it out efficiently. Whilst 
speaking of the inspection department for home 
work, we may make reference to the corresponding 
inspection department for purchased articles. This, 
in these works, consists largely of a chemical labora- 
tory, which is well equipped with the necessary 
apparatus for analysis, and is under the control of 
a trained chemist and assistants. Here practically 
all raw material for the works is analysed. In the 
foundry this has been found to be of special advan- 
tage. Pig iron is graded with an accuracy not to 
be obtained under the old, ruder methods, and the 
foundry-man works with sure knowledge as to his 
mixtures. In the analysis and testing of paints, 
varnishes, lubricants, and other articles of a like 
nature, the assistance that is given to the buyer 
will be apparent ; in fact, buying is reduced to its 
simplest elements. 

The physical testing department is better under- 
stood by mechanical engineers, and need not be 
dwelt upon here. At the Stamp End Works it is 
comprised in the testing-shops, where all engines 
are subjected to trials under working conditions, 
and records are taken as to efficiency before being 
sent out. There are various other subsidiary de- 
partments attached to this side of the works, such 
as painting-shops, stores, and _ packing-rooms. 
There is also a separate lagging-shop, about which 
a word may be said. Formerly the wood slats for 
lagging were prepared chiefly by hand, but lately a 
complete slat-making plant—largely automatic in 
its action—has been installed, and though the 
expense of the machinery was by no means incon- 
siderable, a very considerable saving has been 
effected in cost of manufacture. The example is 
typical of many modern systems of production. 
The work is not better and not worse than it was 
before, but the output is increased, so that there 
need be no waiting if skilled labour is scarce. 

The side of Messrs. Clayton and Shuttleworth’s 
works devoted to the making of thrashing-machines 
is as extensive as that in which portable and trac- 
tion engines are produced, but considerations of 





space will compel u3 to describe it more briefly. 
It is largely a wood-working industry, and it will 
easily be understood that the putting together, 
painting, &c., of such bulky machines occupy a 

rge amount of space. At the present time the 
capacity of the works is thirty of these machines, 
together with the portable or traction engines to 
complete the sets, per week, supposing overtime 
to be worked. 

There is no need for usto describe the saw-mills, 
timber stores, and the various wood-working shops ; 
it will suffice if we say they are supplied with the 
necessary appliances, including a good many 
modern wood-working machines. The metal com- 
ponents that go to make up the working parts of 
the thrashers are formed to a large extent by 
machine-tools with which our readers are all 
familiar. There are some examples, however, that 
are somewhat .out of the common run, and we 
select from among them the ten-spindle multiple 
drill illustrated in Fig. 5 on page 802, This is 
used for drilling the concave beater-bars of a 
thrashing-machine, and was made by Messrs. J. 
Butler and Co., of Halifax. As will be seen, the 
vertical spindles are carried in separate headstocks, 
which are mounted on a cross-slide, the work 
being secured to jigs on the table.. The latter is 
arranged to slide on inverted \V-slides, with flat 
bearing-slides in the middle. The spindle drive, 
with its shaft, cone-pulley, and bevel gear, is 
plainly shown in the illustration. Each headstock 
has independent adjustment on the cross-slide, 
and there are vertical adjustments for all the 
spindles. In addition to the independent adjust- 
ment, the whole of the headstocks may be moved 
simultaneously on the cross- slide, there being 
a simple dividing motion. The whole of the 
spindles may also be raised or lowered together, 
whilst the rate of turning and the feed of the 
spindles may be regulated singly or all at once. 
As the table has a traversing motion between the 
standards, it can be further used for spacing by 
hand or by. hand dividing mechanism. In this way 
holes can be drilled at very close pitch, a single 
operator being able to make ten holes at once, 
withdraw the spindles, move an exact distance, and 
drill again, in a very short time. The machive in 
question will. drill holes from # in. up to 1 in., at 
speeds suitable for high-speed twist-drills; and 
while one set of bars is being drilled another set 
can be fixed for the operation. il-circulation by 
pump is provided for lubrication. 

The thrasher-erecting shop is well lighted by day ; 
and for artificial illumination a compressed - gas 
system has been fitted by the Keith and Black- 
man Company, of 27, Farringdon-avenue, E.C. 
The saw-mill and the frame and riddle shop are also 
lighted by compressed gas. In the latter 1000- 
candle-power lights are installed, and they are said 
to make the shops ‘‘as light as day,” no indivi- 
dual lights being needed. The cost is 3s. 6d. per 
hour, including maintenance, cost of mantles, and 
gis; the price of the latter at the works being 
1s. 11d. per 1000 cubic feet. The thrasher-erect- 
ing shop occupies an area of over 38,000 ft. The 
heating and ventilating installation is in one, and 
has been supplied by the Sturtevant Engineering 
Company, of 147, Queen Victoria-street, Light 
iron mains are fitted overhead, and these have 
vertical branches leading from,them. The system 
includes a large blower worked by a _horizgntal 
engine, and this delivers warmed fresh air into the 
distributing mains in winter, or air cooled and 
freed from dust by a water spray insummer. The 
good effect of attention to this detail affecting the 
health and comfort of the men has been marked, 
very few being away through illness for a consider- 
able period of time. In the frame and riddle shop 
the heating and ventilating plant has been supplied 
by the Buffalo Forge Company, of 39, Victoria- 
street, S.W. Here all woodwork is brought to- 
gether. The work was formerly distributed between 
many departments, but it has now been brought 
together and systematised. In the centre of the 
shop is a large store for iron parts which have been 
accurately gauged ‘to size, so that they can be 
quickly distributed to the men as needed. 

The last department we shall notice is that de- 
voted to finished drying of timber. In Fig. 3 on 
page 799 we give an illustration of one of the new 
timber-sheds. It is hardly necessary to say that 
the drying or seasoning of timber is an extremely 
important matter in the manufacture of large 
wooden structures, such as _ thrashing-machines. 
Any shrinking of the wood is fatal to the efficiency 
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of the machine, and for this reason very large stores 
of timber have to ‘be kept in stock. “With what 
may be described as natural drying, a good deal 
depends on the weather, and Messrs. Clayton and 
Shuttleworth have added the process of artificial 
drying to get more certain results. The firm still 
keep a very large stock of timber, which is allowed 
to season by age ; but by adding the artificial drying, 
which can be carefully watched, and records taken, 
they are able to make certain that all wood in com- 
pleted structures is in the best condition to with- 
stand the effect of work and exposure in different 
climates. It has been held that artificial drying 
is not as effective as what is described as the 
natural process, and that age is as necessary 


for maturing timber as it is for whiskey. This | J 


is largely true, and a good deal of timber artificially 
dried has proved untrustworthy, but this has been 
due to improper treatment. To season timber 
properly it is not sufficient to submit it indiscri- 
minately to heat, but temperature and moisture 
must be carefully proportioned. As a matter of 
fact, timber-drying is an art with many ramifica- 
tions. Treatment that will suit one kind of wood 
is not fitted for another kind, and knowlédge has 
to be gained of tho relative degtées of moisture 
and temperature needed at different stages of the 
process, and for many conditions. 

The sheds are all carefully built and ceiled through- 
out. Revolving-shutter ends are fitted, one of 
which is shown closed in Fig. 3. There is a furnace 
for heating air, which is caused to circulate by fans 
through the compartments and amongst the boards ; 
the latter being carefully stacked so as to give free 
passage of air. There are instruments for record. 
ing the temperature and moisture of the atmosphere 
of the chambers, and as the moisture becomes less 
the degree of heat is increased. Arrangements are 
made so that if the drying appears to be progress- 
ing too rapidly the. process can be checked by 
returning moist air to the chambers. This roughly 
is the rationale of the process, but the details need 
special knowledge and close attention, as will be 
gathered from what has already been said. 

It may be added that there has lately been in- 
stalled at these works a complete system of sanitary 
arrangements. This has been carried out by 
Messrs. Twyfords, of Hanley. It is a feature very 
much appreciated by the men, and though it has 
- involved considerable expense, the minagement 
are of opinion that the money has been well spent. 
The excellent apprenticeship system which has been 
introduced by the firm was fully described in the 
article which appeared in our issue of February 22 
last. 








INDUSTRIAL NOTES. 

Tur eighty-second annual report of the Steam- Engine 
Makers’ Society is a volume of 596 pages, crammed 
with figures relating to the affairs of the union in 1906. 
This society was one of the few which refused to 
amalgamate with the other societies of engineers in 
1850, and has kept itself separate and distinct until 
now. But on giat questions the two organisations 
co-operate, as, for example, in the case of ‘the general 
agreement negotiated between the engineering em- 
ployers and the operative engincers, the returns for 
the fitial acceptance of which are not yet issued. _ In 
th@’annual address the general secretary says :—‘‘ We 

ve again to congratulate ourselves and-each other 
ober our continued pros om from every possible 
standpoint, whether considered from the point of view 
of our numeriéat growth; low percentage of unemployed, 
financial working during the year, and increase of 
beanches, to say nothing of the advantages accruing 
to trade unionism, coupled with good trade. It is a 
record in thesnciety’shistory in practically all respects.” 
Praise is given to the officers of branches for their 
cordial co-operation. The year’s administration was 
rendered more difficult because it was done under new 
rules, and with a new executive elected by the whole 
of the members in the proportion of 640 voters in each 
electoral division. Yet all went smoothly inthe year’s 
operations, to the satisfaction of all. The new electoral 
areas are intended to diminish, or perhaps destroy, 
what is called ‘‘ localism,” which, the report states, 
leads to sectionalism, often the cause of local disputes 
before the executive can step in to avert a strike. 
Too much centralisation may be bad, but localism is 
apt to develop disorganisation, and disputes with the 
executive authority. It is pointed out that employers’ 
associations and federationsalways avoid mere localism ; 
they are never _— one against the other ; gy ey 
their watchword and strength, not on paper only, but 
in action. 

The total number of branches at the close of 1906 
was 127—an increase of seven in the year, and in this 
respect arecord year. The aggregate membership was 





11,599—increase, 954, also a record increase. It is 
noted that this augmentation in numbers is not the 
result of el expenditure for organisation pu > 
but a natural and quiet growth. ‘‘ The society,” it is 
said, ‘‘ will set its face against useless expenditure 
on committees, &c., ad lib., often serving no useful 
purpose, and as often as not creating trouble, or seek- 
ing it when none can be legitimately found.” 

The total income for the year 1906 amounted to 
30,9132. 193. 10d., as compared with 29,546/. 53. 6d. in 
1905—increase, 1467/. 14s. 4d. Theincome was chiefly 
derived from contributions, initiation fees, fines (only 
50/ ), sale of reports, &c., and levies fur superannua- 
tion, accidents, benevolent fund, and contingent fund 
—the latter, for disputes, only 224/. ; previous year, 
202/. Bank interest and dividends, 2219/. ; previous 
year, 2217/. As regards disputes, the report speaks 
well of the draft-agreement with the engineering em- 
ployers—-not ratified by the men at date of report— 
aud expresses the hope that the policy therein set 
forth will extend in all directions. 

The total expenditure for the year was 21,051/. 
4s. 3d.; previous year, 25,5487. ls. 2d. Excess of 
income over expenditure in 1906 amounted to 9862/ 
15s. 7d. This was an excellent balance in favour o/ 
the society. In the items of expenditure, superannua- 
tion heads the list, the cost being 5759/.; sick benefit, 
50097.; donation benefit, 3829/.; funerals, 1396/. ; 
accidents, 350/. ; travelling benefit, 202/. ; benevolent 
grants, 82/.; contingent (strike) benefit, 116/. ; auxi- 
liary benefit, 767. The proportions of unemployed 
varied from 3.65 per cent. in 1904 to 1.43 per cent. in 
19°6. The average for the last five years was only a 
fraction over 2.6 per cent. in this trade union. ; 

The executive of the union look forward with some 
fear to the possible increase in superannuation allow- 
ances ; as they justly observe, when trade falls off, it 
is the aged who have to go. They have invested a 
further sum of 5000/. ir? 3}-per cent. stocke, bringing 
up the total reserve fund to 43,100/. This is a wise 
ao ncaang for the aged have to be looked after in 
ulfilment of the implied assurance of their old-age 
allowance. In this respect all the better-class unions 
have large reserve funds placed to the superannuation 
account. Tie spell of good trade has resulted in 
a fairly large increase in wages in the engineering 
branches. In engineering and shipbuilding alone 
the increase in wages in 1906 was equal to 8381/. 
weekly, in which 147,833 workmen participated. 
Only about 2 per cent. of the industrial popula- 
tion were involved in labour disputes; in the two 
groups mentioned, the worst were on the Clyde and 
the Tecs. The steam-ergine makers were involved in 
some cases indirectly. 

The balance in hand at the close of the year was 
90,626/. Os. 4d., or 7/. 163. per member of the union. 
The total cost of benefits from 1853 to 1906 inclusive 
has been as follows :—Unemployed benefit, 181,274/. 
03. 6d.; travelling benefit, 8182/. 4s. 9d.; sick benefit, 
133,141/. 17s. 7d.; superannuation benefit, 86,869/. 
153. 4d.; funeral benetit, 39,805/. 123. 5d.; accident 
benefit, 13,1107. 16s.; contingent benefit (strike pay), 
19,354/. O03. 4d.; benevolent grants, 3127/. 1s. 2d. 
miscellaneous, 83,861/. 133. This includes all manage- 
ment expenses. Agercgate amount 568,662/. 15s. 1d. 
for the whole period. ‘lhe record is a favourable one. 
The provident benefits are very large in comparison 
with the amount paid for labour disputes. But this 
is a society that has not spent much in strikes of its 
own initiation. The members often’ become involved 
in the disputes of other unions. 





’ The report of the [ronfounders states that, from the 
figures given in the branch feturns, there appears to 
be a slight lull in the state of trade, as there was an 
increase of 45 on donation benefit, but a reduction of 
16 on dispute benefit. Theoutlook is, however, better 
generally, both on home and foreign account. The 
total number in receipt of benefits was 2699. There was 
a decrease on sick benefit of 7, on superannuation of 
11, and on dispute of 16. Under the head of ‘‘ unem- 
ployed” there was an increase of 14, besides the 45 on 
donation. The branch returns on the state of trade 
show that in 82 places, with 13,025 members, trade was 
very good or good. Under the heads of ‘‘ declining,” 
‘‘slack,” ‘‘ discharging,” ‘‘short time,” ‘‘ bad” and 
‘very bad,” there were 16 places, with 1916 mem- 
bers; previous month, 8 places, with 577 mem- 
bers; an indication of a change in the wrong 
direction. The weekly expenditure on benefits 
amounted to 960/. 17s 6d., or over 1s. 1d. per member 
per week. The total membership was 19,196, showing 
a decrease of 24 inthe month, but an increase of 421 
since the same date a year ago. The total cash 
balance in hand was 94,465/. Os. ; 6d., increase, 817/. 
83. 4d. in the month. The members inthe busy town 
of Grantham have secured an advance of 2s. per week 
on time rates, with a te gga advanco on piece 
rates. On the North-Kast Coast employers and men 
have agreed to re-establish the Conciliation Board, and 
to refer the matter of an advance to arbitration. The 
strike at Liverpool and Birkenhead continues, but only 
50 members remain on the funds. At Belfaet, it i: 





said, negotiations for an advance were in progress; 
but these appear to have fallen through, according to 
the latest reports. Shops are closed to members in’32 
towns where there are branches, but generally it is 
only one or two shops in each place. 





The monthly report of the Amalgamated Society of 
Carpenters and Joiners is more encouraging, as it should 
be at this season of the year. The total membership 
was 67,967, and there are signs of a revival in the 
tanks of those who had gone from the society through 
arrears, and non-unionists generally. Seven places are 
mentioned where efforts are being made to bring in 
new members. Tho total number on benefit were: 
unemployed, 2388; sick, 1513: on superannuation, 
2043; total, 5974. The géneral council meet on 
June 25, when the whole affairs of the union will 
be. taken into consideration. Fortunatety, the woret 
of the crisis has yasscd, and the balance in hand is 
increasing. - Significant success has attended negotia- 
tions with:a Dublin firm at which from 50 to 60 
joiners are usually employed. It wasa closed shop 
to society men from 1870 to date of negotiations. 
Through slackness in trade the majority bad to 
be dismissed ; at one time only 15 were employed, 
reaching 25 later on. The soci-ty’s officials had an 
interview with the firm with the object of removing 
the bar to the employment of unionists. The negotia- 
tions were successful on the basis that all, the non- 
union men’employed should be taken into the society 
without distinction of treatment. This was agreed 
to, and the fitm paid the entrance fees for the whole 
of the men, and agreed to the working rules of the 
union inthe Dublin district. This is much better than 
striking against ron-unidnists, and tends to good- 
will. 





The report of the Operative Cotton-Spioners shows 
continued prosperity in*this branch of the cotton in- 
dustry. There was an. increase of 19 in the full 
membership section in the month, and of 454 in the 
year. The proportion of full members on unemployed 
benefit from all causes, temporary stoppages included 
was only 1.76 per cent. ; previous month, 2.05 per 
cent. The united membership was 16,379 ; previous 
month, 16,466; a year ago, 16,381. The decline in 
membership was in the piecers section. It seems that 
in this section there is a tendency to decrease; the half- 
timers only made a total of 152. The system is fast 
dying out. The union officials had to deal with 24 
dispute cases, as compared with 33 in the month pre- 
vious, and 33 for the same month a year ago. All 
these appear to have been satisfactorily arranged 
between the parties. There were 24 accident cases in 
the month, 39 in the month previous, and 54 in the same 
month a yearago. The number of claims for compensa- 
tion sent in to employers was 15; month previous, 29 ; 
same month a year ago, 29. The total number sent in 
to employers since the Act came iato operation was 
1739 to date. The litigation saved by this method ot 
administering the Act must have been enormous. In 


;| nearly all cases the claims were awarded without the 


intervention of the law courts. The report gives the 
particulars of every dispute and mode of settlement, 
and ot every claim for compensation, with the result 
and amount awarded. This publicity is a safeguard 
both to employers; the operatives, and the union, as 
every member can*test“the cases for himself, and if 
there has been any attempt at deception, it can be at 
once detected. Singularly enough, the report contains 
no reference to the recent notices, and t> the conces- 
gions with respect to wages. Indeed, the reports of 
this society deat wery sparingly with labour disputes, 
except in the cases reported monthly,’ which are 
usually mutually settled. 





It was decided at Newcastle, on the 15th inst., by 
the engineers employed in the shipyards on the 
North-East Coast that they would hand in their 
notices to cease work on June 24 next. The unions 
concerned are:—The Amalgamated Society of Engi- 
neers, the Steam-Engine Makers’ Society, and the 
United Machine- Workers’ Association. The men made 
a demand some time ago for an advance in wages, 
which the employers refused. Then the members of 
the unions were balloted on the question, the decision 
being in favour of a strike. Last week the representa- 
tives of the employers and of the unions named met in 
conference at Newcastle, when the employers reiterated 
their refusal to grant the advance asked for, on the 
ground that the state of trade did not warrant the 
advance. So much has been done of late by.concilia- 
tion that it is to be hoped some arrangement will be 
come to whereby a strike will be averted ; otherwise 
some 13,000 men will be thrown out of werk. 





At the conference of representatives of the Kailway 
Servants’ Union, commencing on June 24th, the 
momentous question of concerted action upon the 
Society’s programme is to be decided. The leaders 
deprecate the notion of a general strike. 
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TOOLS AT MESSRS. CLAYTON AND SHUTTLEWORTH’S STAMP END WORKS, LINCOLN. 
(For Description, see Page 799.) 
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Tue Travbe or THE Unitep Statss.—The development 
of the trade of the United States is well shown in a col- 
lection of statistics recently published by the Bureau of 
Information of the Philadelphia Commercial Museum. 
This little compilation is full of interesting figures, but 
perhaps of greatest interest are those which show the 
percentage, which is in the hands of the United States, 
of the total trade, and the changes in this percentage 
during recent — Thus in the matter of exports 
23.1 per cent. of the total exports of South America went 
in 1900 to the United States ; but in 1905 only 16.9 per 
cent. of the total exports went to this country. The figures 
for Oceania also show an appreciable decrease, while North 
America (other than the United States) sent 45.9 per cent. 
of their exports to the United States in 1900, and no less 
than 53.4 per cent. in 1905. In the matter of imports, Asia 
shows an increase of 25 per cent , Europe a decrease of 
nearly 3 per cent., South America a decrease of nearly 3 
per cent., and Oceania an increase of 2.3 per cent. of their 


\ 





FoR TuRNING CraNk-Pins; Messrs. J. Butter AND Co., Hairax. 


total imports as coming from the United States. Taking 
individual countries, we find that in 1900, 60.9 per cent. 
of the export trade of the Bahamas went to the United 
States, while in 1905 no less than 70 per cent. of it was 
taken by that country. In the same period the percent- 
age for the Barbados fell from 54.5 to 32.1 ; 87.4 per cent. 
of the exports from the Bermudas went in 1900 to the 
United States, but in 1905 no less than 92.3 per cent. of 
the trade went that way. In Brazil the proportion 
remains approximately stationary. In British Honduras 
the percentage taken by the United States has risen from 
27 in 1900 to 52.8 per cent. in 1905. In the case of 
Canada the percentage taken by the United States has 
risen from 25 to 38 1 per cent. ; Cuba from 65.3 to 86.5 
percent. The United States takes now 99 per cent. of 
the exports from the Hawaiian Islands. In the case of 
Mexico, the trade with other countries has increased 
faster than has that with the United States, as is also the 
case with Peru, Venezuela, and Uruguay. In the case 





of the Philippines, 48.4 per cent. of its export trade goes 
to the United States now, against 17.8 per cent. in 1900. 
The change of affairs in thus very marked in the case of 
Cuba, the Hawaiian Islands, and the ln ar which 
have only lately come under the care of the United 
States. Similarly in imports, Argentina, the Bahamas, 
Mexico, and Peru take a rather larger proportion of 
= from the United States, while in the case of the 

et 18.6 per cent. of their imports now come from 
the United States, against 8 per cent. in 1900; and of the 
Hawaiian import trade 79.5 per cent. comes from the 
United States. In the Bermudas the percentage held by 
the United States has fallen from 63.7 to 466 per cent. 
Considering the trade of the whole world in 1900, 16.3 per 
cent. of the total —~y~ of all the other countries were 
taken by the Uni States, but only 16.18 per cent. in 
1905, while of the total imports taken by the other coun- 
tries, 17.2 per cent. came from the United States in 1 
and 18.6 percent. in 1905, 
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MACHINERY OF THE 150-TON HAMMER-HEAD CRANE AT CLYDEBANK. 
CONSTRUCTED BY SIR WILLIAM ARROL AND CO., LIMITED, GLASGOW, AND MESSRS. STOTHERT AND PITT, LIMITED, BATH. 
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THE great development of marine engineering in| Great Britain. These have generally proved satis- 
recent times has necessitated new appliances of special | factory in solving the problem of handling the large 
design to facilitate the handling of heavy pieces of | weights, although, perhaps, eos in some respects 
m wchinery—large cylindrical boilers, framing of recipro- | in that solidity which is desiderated by British ideas 
cating engines, rotors, and casings for powerful marine | in the interests of durability and low cost of main- 
turbines, often weighing as much as 150 tons; and | tenance. 
w:thin the past two or three years what is now termed | Messrs. John Brown and Co., Limited, of Clyde- 
the hammer-head crane has in many instances dis-| bank, have recently had completed for them two 
placed sheer-legs or jib-cranes, The earlier types had | cranes of 150 tons ere on each side of their 
their origin on the Continent, and several such cranes | fitting-out basin—sothat they may deal with the heaviest 


of large power have been erected in Germany and | loads for two ships simultaneously without moving 
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the ships to and from the crane berth, as is done in 
other works, at considerable expense in time and money. 
One of the new cranes is of the derrick type. The 
foundations are steel cylinders sunk to a great depth, 
and these, together with the structural portion of the 
crane, were built by, and from designs of, Sir William 
Arrol and Co., Limited. This crane is placed on the 
east side of the dock, and has been used in the fitting 
out of the Cunard liner Lusitania. The other crane 
is of the hammer or Titan type, and is placed on the 
west side of the dock. It consists of a square tower, 
125 ft. in height, carrying a horizontal jib, having a 
total length of 240 ft.; the long arm being 150 ft. in 
length. The jib is suppor upon a ring of live 
rollers, and is capable of making a complete revolution 
in either direction, with lifting and racking motions. 
This is the largest crane of its type yet completed. 
Oo Plate XLV. we give a perspective view,* and on 
our two-page plate (XLVI.) we reproduce the draw- 
ings, of the constructional steel-work, including 
sections and plan of the roller-path. 

The tower (Figs. 1 to 10) is formed of four legs, form- 
ing a square, 40 ft. on each side at the base, tapering 


* The paddle steamer Barry, which is an interesting 
feature of the engraving, was built by Messrs. John 
Brown and Co. to the order of the Barry Railway Com- 

ny. She is 250 ft. in length and 26 ft. 6 in. in moulded 
breadth. The engines are of the compound diagonal 
surface-condensing type, and are supplied with steam 
from double-ended return-tube boilers of large size. 
the official trial, which was run on the measured mile at 
Skelmorlie, the vessel maintained an average speed of 17.3 
knots. The contract - on was 164 knots. The Lm 
is on service between Pes of on the Wels 
coast and Weston-super Mare and other ports on the 
North Devon coast, where there is every prospect of an 
extensive trade being rapidly developed. 
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to 35 ft. at the top, with diagonal and horizontal 
bracing of b box-girder section between them, 
and supporting at the top platform girdera to carry 
the .roller-paths and live ring under the jib. The 
foundations of the tower are formed of four cylinders 
75 ft. long and 104 ft. in diameter. The bottom is 
belled out to 134 ft. in diameter, to reduce the pres- 
sure on the ground to 6 tons per square foot, and to 
form a working chamber for the excavation of the 
material. The cylinders were built and riveted over 
the position they were to occupy when finally bedded. 
The cylinders were suok by open dredging until about 
the level of the high water, when it became necessary 
to put on the air-shaft and air-locks for the continua- 
tion of the sinking under pneumatic pressure. As 
the cylinder was sunk, concrete was carried on the 
diaphragm - plate to provide sufficient weight to 
balancs the upward air-pressure. When the founda- 
tion depth had been reached, the interior of the work- 
ing chamber was cleaned out, and a concrete seal of 
about 5 ft. in thickness was put in at the bottom, the 
concrete being lowered in skips through the air-locks. 
About six days were allowed for the concrete seal 
to set, and the air pressure was then taken off, the 
air-shafts and locks removed, and the interior of the 
cylinder filled with concrete up to the under side of 
the base plates of the tower. 

Some difficulty was experienced in keeping the 
cylinders plumb and in position, on account of their 
proximity to the edge of the wharf causing a greater 
pressure on the surface of the cylinder next the land- 
ward side. With care in setting the cylinders a little 
to the landward side, and in guiding them in sinking, 
the error in position was not great. This is very 
gratifying when the great depth of the cylinders and 
the difficulties of the site are considered. It is, of 
course, common knowledge among those eo in 
cylinder foundation work that it is seldom that deep 
cylinders are sunk in their true vertical position, even 
where the conditions: seem favourable. The margin 
provided was not exceeded, and the large experience of 
Sir William Arrol and Co. in deep cylinder founda- 
tions accounts for this satisfactory result. The greatest 
air pressure during sinking was 25 lb. per equare inch 
above the atmosphere. It varied with the tides, and 
was generally proportional to the hydrostatic pressure 
until near the final depth, where the cylinder entered 
less pervious material. 

The section shown on the two-page plate was adopted 
for the legs of the tower, as it was considered best 
suited for the connections of the diagonal bracing and 
platform girders ; it also afforded access for inspection 
and painting, and had also a high efficiency asa column 
(Fig. 10). The plates in the lower section are } in. 
thick, and the angles are 4 in. by 4in. by Zin. Dia- 
phragms of j-in. plates are framed into the section at 
every 10 ft. All the angles and plates are cut at the 
same section, and after being riveted the ends were 
carefully machined and the covers fitted to ensure 
perfect contact on the abutting faces. The diagonal 
and horizontal bracings #re made of box section formed 
of four angles, varying from 44 in. by 44 in. by # in. 
for the diagonals of the lower section to 4} in. by 44 in. 
by 4 in. for the upper section, and braced on the four 
faces. In proportioning the sectional areas of the dia- 
gonal bracing they were assumed to resist tension 
only, and the additional stresses induced on this brac-. 
ing due to the main legs shortening under their loads 
were provided for. 

The platform to support the live ring is formed of 
four main box-plate girders fitted between the legs of 
the tower, with short diagonal box-plate girders at each 
corner, forming an octagonal frame under, and giving 
a continuous bearing to, the lower roller path. The 
main platform girders are 7} ft. deep and 24 ft. in 
width, with a divided bottom flange, so as to permit of 
inspection and painting (Fig. 9). Two cross-girders 
crossing each other at right angles are placed between 
the centres of each parallel pair of main platform girders 
to take the lower end of the centre pivot-pin. This 
pin is 14 in. in diameter and 13 ft. long, and passes 
through the cross-girders of the tower at their inter- 
section, and through a box-girder secured to the main 
girders of the jib and the drum-girders. | Although 
under no ecnliblens of the loading will there be 
tension on this centre pin, it is nevertheless designed, 
with all its cross-girders and their connections, to 
resist a horizontal and vertical force of 100 tons, as a 
safeguard against any emergency. 

Access to the crane is obtained by a stairway 
attached to the diagonal bracing on three sides of the 
tower to a platform round the top of the tower, formed 
of g-in. chequered plates, with a suitable hand-railing. 
From this platform, stairs and gangways lead to the 
jib-rail level and operator’s cabin. 

The diameter of the track upon which the main 
girders rest is 35 ft., and there are seventy-five rollers 
in the live ring, each 14 in. in mean diameter and 14 in. 
long. The rollers are of forged steel, and are of conical 
form, and spaced about 164-in. centres apart. 

The pels yma in which they are carried is 


illustrated in Figs. 11 to 16. It consists of an annular 
channel-girder to the inside of the rollers, which is 





connected to the centre pivot bearing by fifteen radial 
channels, and an annular spacing girder of channels to 
the outside of the rollers. The outer channels are of 
6-in. by 3-in. by 4-in. section, but all the other channels 
in the frame are of 8-in. by 3-in. by 4-in. section. The 
radial channels are bound together midway in their 
length by two angles, 34 in. by 34 in. by g in., forming 
a stiffening ring. The rigidity of the frame is further 
assisted by four tie-straps of 4-in. by 4-in. section 
fixed to the peripheral channel, and led diagonally to 
the centre. The pivot-pin which centres the crane is 
of 14 in. diameter, and the eye-castings, which revolve 
round the pin, are bushed with hard gun-metal. The 
contact-rings for taking off the electric current are fixed 
above the head of the pin, and the cables are brought 
through a 5-in. hole bored in the centre of the pin. 

The tracks are of cast steel, 24 in. thick, and are 
brought true by packing-plates and folding - wedges 
which are inserted between the bottom track and the 
tower girder, and between the top track and the 
annular bearing girder. The circular slewing rack is 
of 54 in. pitch, and is bolted to the palms cast on the 
lower track. A check is formed on the rack, and four 
forged hooks bolted to the annular bearing girder and 
revolving with the crane engage with these checks, so 
that any possible upward movement of the girders 
caused by the surging of the load is prevented. 

The upper roller-path (Fig. 16) is carried by a drum 
girder of Saenaiien. 35 ft. in diameter, 24 in. deep, 
and 24 in. wide. It is formed of three webs 22 in. by 
fin., eight angles 6 in. by 4 in. by 8in., and two 
flange-plates 24 in. wide by 4 in. thick. It is of suffi- 
cient strength and stiffness to distribute the maxi- 
mum pressure from the full load being lifted over 
nineteen rollers under the front or back of the jib. 

The jib (Figs. 2 and 3) is constructed of two open 
lattice box-girders, 14-ft. centres, the distance between 
the webs of each box-girder being 4 ft. The girders 
are 26 ft. deep over the tower, 7 ft. at the end of the 
long arm, and 15 ft. at the ballast-box. The form of 
gitder adopted was the open ‘‘ warren” type, with 
intermediate verticals from the intersection of the 
diagonals at their lower extremity to the top boom, 
thus breaking up the long panels of the top boom into 
smaller bays, to resist the severe bending stresses due 
to the concentrated wheel loads of the jenny, which 
are additional to the direct tensile stresses as a canti- 
lever. The box-girders are connected together at the 
end of the long arm by a stiff lattice frame, which 
carries the brackets supporting the horizontal girders 
to take the jib-head gear. From the front of the 
roller path to the end of the short arm the two main 
girders are securely braced together, both horizontally 
and vertically. The ballast-tanks at the end of the 
short arm are filled with 86 tons of nickel slag con- 
crete. Raking struts are placed between the centre 
vertical of the jib and the drum-girder to transmit 
the lateral wind stresses to the tower and increase 
the lateral stability of the jib. The jib-girders are 
secured to the drum-girder by large gussets of — 
dimensions to resist the severe torsional stresses due 
to the sudden starting and stopping of the jib. Four 
lines of bridge rails are provided, one over each web 
of the box-girders, and are riveted to the top flange. 
The box-girder form for the main girders of the jib 
was adopted, after careful consideration of the forces 
to which it would be subjected from the wind pressure 
and slewing stresses, as well as providing a bottom 
flange of sufficient stability to act as a long un- 
supported member in compression. This form has 
always been adopted by Sir William Arrol and Co. 
in their designs for similar cranes, and has proved 
eminently satisfactory in working, as the lateral 
deflection of the jib has been inappreciable. 

The whole of the web members of the jib and tower 
are formed of angle sections capable of resisting ten- 
sion or compression, so as to minimise vibrations, and 
to impart rigidity to the structure, and the tests, to 
be described later, demonstrated its comparative 
freedom from vibrations. 

The machinery is placed in a house formed of steel 
plating at the tail end, and assists in counterbalancing 
the crane. The steel plating was adopted for the 
machinery house and operator’s cabin, as a more satis- 
factory and weathertight job can be made with it than 
with corrugated iron. 

The machinery, illustrated in Figs. 17 to 19, page 
803, was supplied by Messrs. Stothert and Pitt, 
Limited, Bath, and consists of the mechanical part con- 
nected with the lifting, racking, and slewing motions, 
together with the large travelling jenny, jib-head gear, 
ropes and snatch-blocks, with all working levers and 
equipment for the driver’s cabin, and with a}l the col- 
lectors, wiring, and other electrical work on the crane. 

The speeds of the various motions are as follow :— 


Main lift 150 tons, at 5 ft. Oin. per minute. 
100 


” ” ” ” 


Auxiliary lift 30 4, 12,,6,, i 
” 74 ” 50 ” 0 ” ss 
Racking a 40,,0,, ” 
Slewing 150 tons, one revolution in 16 min. 
” eee 30 ” ” 5 ” 





The heavy load is lifted on twelve parts of extra 
special flexible steel-wire rope, reeved double, the 
two parts coiling on the main lifting barrel. The load 
is carried on a travelling jenny, which runs on twelve 
wheels on four lines of rail, attached to the main 
cantilevers. The lifting ropes pass round pulleys on 
the travelling jenny, one end being anchored to the jib- 
head, where a balancing arrangement is provided to 
equilise the pull on the two ropes. At the other end 
the ropes are anchored to the main barrel in Messrs. 
Stothert and Pitt’s standard manner. 

The main barrel is 10 ft. in diameter. It is made in 
four parts—namely, the two ends, which are extremely 
massive castings, and the two half-barrels, each of 
which is cast with a continuous spiral groove to take 
the lifting-rope. The barrel-wheel is of. steel, and is 
securely attached to one of the end castings. The 
teeth of the lifting-wheel are of involute shape, and 
are of special form, giving great thickness at the root. 
The barrel coils suffivient rope for a total lift of 173 ft. 
—namely, 30 ft. below quay-level, and 143 [t. above. 
The lifting-gear is treble purchase, the change of speed 
being prceduced by sliding pinions. 

Lifting is performed by two 50-brake-horse-power 
motors, which are arranged to work in series or 
parallel. The whole of the gearing throughout is of 
cast steel. For lowering the load on the main lift 
there are four systems of brakes: an electric brake 
worked by solenoid in the usual manner ; a rheostatic 
brake in connection with the resistances ; a mechanical 
brake worked by the driver ; and Sir Wm. Matthews’s 
patent hydraulic brakes. These latter are similar to 
those used by Messrs. Stothert and Pitt on many of 
their block-setting titans, and consist of a pair of 
jacketed water cylinders fitted with by-passes and 
throttle-valves. The gearing is so arranged that the 
brakes are out of connection when lifting, offering no 
resistance, but the moment the load tries to run back 
the hydraulic brakes come into operation. The work 
done by the load in lowering is transformed into heat 
in the water cylinders and. passes off by the cooling 
jackets. The action of these brakes was exceedingly 
satisfactory at the tests, and they have been very 
successful in all places where they have been supplied 
by Messrs. Stothert and Pitt, as they give perfect 
control of the load. 

The light lift is arranged on somewhat similar lines 
to the heavy lift, but is driven by a single 50-brake- 
horee-power motor, and is not fitted with hydraulic 
brakes. It has a solenoid brake, a mechanical brake, 
and a rheostatic brake. 

The racking-gear is actuated by a 50-brake-horse- 

wer motor, and fitted with two speeds of gearing. 

t is arranged with double ropes coiling on and off a 

spirally-grooved barrel, equalising arrangements being 
fitted so as to give a central pull on the travelling 
jenny. 

The slewing gear is placed in front of the main roller 
path, and consists of a self-contained set of gearing, 
actuating the slewing pinion through a train of wheels 
diiven by a 50-brake-horse-power motor. Both the 
racking and the slewing gears are fitted with solenoid 
brakes. 

There is an arrangement by which the radius of the 
load is indicated in the driver's cabin. The levers for 
working the crane and the brakes are assembled in the 
driver’s cabin, which is placed where shown in Figs. 
1,4, and 6. The lower part of this cabin is devoted 
to the electrical resistances. 

The motors were built by the Lancashire Dynamo 
and Motor Company. They are all of the same size, 
and interchangeable one with the other. They are 
series wound for 210 volts continuous current, and run 
at 350 revolutions per minute. The first reductions 
are all of cut gearing running in oil baths. The cur- 
rent is conveyed to the crane by the main legs, and 
through the main centre pin, which is fitted on the 
top with Mezsrs. Stothert and Pitt’s standard centre- 
pin collector, 

The whole arrangement of the gearing is designed 
on very similar lines to that of the block-settin 
titans, in which Messrs. Stothert and Pitt have ha 
such large experience, and it appeared ‘to work ex- 
ceedingly well at the official test. 

The tower was erected from a 15-ton crane erected 
on a staging about 80 ft. high, placed so as to command 
the four legs of the tower. This crane served to lift 
the material for the jib and platform, and to raise the 
workmen in a cage to the top during the erection of 
the cantilever arms. After the live ring and drum- 
girder were completed in place the cross-girder under 
the jib carrying the centre pin was put in place and 
the erection of the jib commenced. Two 3-ton cranes 
were placed upon the top of the jib and handled the 
material for the erection of the long and short arms 
respectively. These cranes were moved forward as 
the erection proceeded, care being taken to keep the 
arms in balance. The structural portion of the crane 
was designed and erected by Sir William Arrol and 
Co,, Limited. 

The official test of the crane took place on April 24, 
1907, and was in every way satisfactory. The test- 
load of 160 tons at a radius of 85 ft. was raised at a 
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speed of 4.8 ft. per minute, and lowered by means of 
the hydraulic brakes, and successfully held by them 
and by the magnetic brakes independently. One re- 
volution with this load at 85 ft. radius was made in 
54 minutes. During the process of raising the load 
observations were made of the vertical range of the 
vibrations by means of a wire suspended ae the 
end of the jib to a recording apparatus on the ground. 
The range varied from ;5 in. to} in. The maximum 
deflection at the end under this load was 6] in., while 
the tail end of the jib rose 34in. Under 80 tons load, 
at 133 ft. radius, the defiection was 7} in. With 30 
tons load, on the auxiliary lift at the end of the jib, 
the crane made one complete revolution in 3 minutes 
10 seconds, giving a velocity of nearly 300 ft. per 
minute at the end of the jib. Under the various tests 
the whole crane showed great rigidity and stiffness. 
The swing of the tower under the racking and lifting 
tests and the twisting of the tower under the revolu- 
tion of the loaded jib were hardly perceptible. 

The satisfactory completion of this crane is very 
creditable to Messrs. Sir William Arrol and Co., 
Limited, and Messrs. Stothert and Pitt, Limited, for 
the excellent manner in which the work has been 
carried out, and demonstrates that British manufac- 
turers are well to the fore in the design and construc- 
tion of work of this special class and magnitude. 

We append Sir William Arrol and Co.’s standard 
epecification for the structural portion of heavy 
cranes : — 

WInp PRESSURE. 


(a) Crane not Working.—The wind-pressure shall 
be taken at 50 lb. per square foot. 

(b) Crane Lifting Working Loads Causing Maximum 
Stresses.—Wind pressure shall be taken at 5 lb. per 
square foot. 

(c) Crane Lifting Test Loads,—No wind pressure 
assumed, 

In all cases the wind pressure shall be assumed to 
act on a surface equal to 14 times the area of the sur- 
face seen in the elevation, 


MomeEntom, Impact, &c. 


The stresses caused by the slewing and stopping of 
the jib, the lifting and racking of the various loads at 
their respective speeds, the effects of the brakes, &c., 
shall b3 provided for in proportioning the sectional 
areas required for all parts of the structure. 


Maximum PERMISSIBLE STRESSES UNDER Deap-Loap 
AND Futt Worktinu Loaps. 

Jib and Tower.—The maximum stress shall not 
exceed 64 tons per square inch on the net section in 
tension or compression, but in no case shall the 
member in compression be subjected to a greater stress 
than one-fifth the ultimate strength of the member 
considered asa column. The stress on the rivets shall 
not exceed 5 tons per square inch in shearing and 
10 tons per square inch in bearing. 

In members subject to stresses from wind pressure 
only the stress shall not exceed 74 tons per square 
inch on the net section in tension or compression; but 
in no case shall the member in compression be sub- 
jected to a greater stress than one-fourth the ultimate 
strength of the member considered asa column. The 
stress on the rivets shall not exceed 6 tons per square 
inch in shearing and 12 tons per square inch in 
bearing. 

ALTERNATING STRESSES. 

Members subject to alternate tension and compres- 
sion shall haye sectional areas equal to the joint areas 
for the compressive and tensile stresses considered 
ee a ga except in the case of wind-bracing, 
where the additional sectional area may be one-half 
the preceding. 

BENDING STRESSES. 

Where a bending stress occura on a member sub- 
jected to a direct tensile or compressive stress, the 
sectional area shall be proportioned to the sum of the 
stresses. 

. RoLuers. 

The pressure in pounds per lineal inch of live rollers 
shall not exceed that given by the formula 300d, where 
d = diameter of roller in inches. 


JoInts IN MEMBERS. 

Tension.—Joints in tension members shall be fully 
covered and riveted to resist the maximum tensile and 
shearing stresses transmitted through the joiat. 

Compression.—The butting ends of compression 
members shall bear through their whole faces, and be 
covered and riveted to a sufficient extent to transmit 
at least one-third of the thrust as a shearing stress 
through the rivets. In plate-girder top booms the 
proportion shall be two-thirds. 


SrecTIoNaAL AREAS. 


In estimating the sectional area of the flanges of 
the jib, the rails and floor-plating shall not be included 
in the area; for net sections the diameter of the rivet- 
holes shall be taken as 4 in. larger than the nominal 
diameter of the rivet before driving. In plate girders 





one-eighth of the web-plate shall be included in the 
flange area. 
FouNnpDATIONS. 

The pressure on the concrete shall not exceed 10 tons 
per square foot under the working loads and wind- 
pressure. 

ConsTRUCTIONAL Drtams. 

All members shall be designed of such form as to be 
accessible for inspection and painting, and to allow a 
free circulation of air through the member. 

To allow for corrosive influences in the vicinity of 
manufacturing districts and near the sea, no angle, 
plate, or bar shall be used of a less thickness than 
2 in. 

To minimise vibrations, and to provide a substantial 
and rigid frame, all members of the crane shall be 
formed of sections capable of Ne tension or com- 
= and the diagonal bracing of the tower shall 

designed as tension members only. 

The diameter of the roller-path shall be such that, 
under all conditions of loading, the centre of gravity 
of the loaded jib shall not approach nearer the centre 
of the roller-path than one-tenth of thé diameter. 

All radial bars and roller frame of the live ring 
shall be formed of rigid members with suitable tan- 
gential bars to maintain the relative motion of the 
parts of the frame. 

To provide for emergency loading, and a construc- 
tion of a substantial and durable character, the centre 
pin, with the girders carrying it, shall be designed to 
resist a vertical and horizontal force of at least two- 
thirds of the maximum load lifted by the crane. 

The size of the tower in plan shall be such that no 
tension shall exist in the foundations. 


MAximuM PERMISSIBLE STRESSES UNDER THE 
Trst-Loaps. 

The sectional areas for the different members of the 
jib and tower shall not be increased unless the stress 
per square inch exceeds the specified stresses by 
25 per cent. 

MATERIALS. 

Wrought Steel- Work.—The whole of the steel-work, 
unless otherwise distinctly specified, shall be of steel 
made by the Siemens-Martin open-hearth acid process, 
having a tensional strength of from 27 to 32 tons per 
square inch, with an elongation of at least 20 per cent. 
in a length of 8 in. 

Rivet steel shall have a tensional strength of 26 to 
30 tons per square inch, and a minimum elongation of 
25 per cent. in a length of 8 in. 

Cast steel shall be practically free from blow-holes 
and other defects, and is to be annealed in all cases, 
and have a tensional strength of from 27 to 32 tons 
per square inch, with an elongation of 13 per cent. in 
a length of 8 in. 

WorKMANSHIP. 

The whole of the workmanship shall be of the 
highest class. Where stress is transmitted the sheared 
edges of plates and bars shall be planed, and all holes 
drilled. Hydraulic or power-riveting shall be used 
where practicable. The abutting faces of compres- 
sion members shall be machined after the section is 
riveted, so as to ensure perfect contact on the abutting 
surfaces. 





Tue Proposep INTERNATIONAL EXHIBITION IN BERLIN. 
—This scheme continues to attract considerable attention, 
and the Permanent Exhibition Commission of the German 
Industry has approved of a circular with a number of 
questions concerning the proposed exhibition, and which 
has been drawn up by a special committee, which circular 
will now be forwarded to the various German Chambers 
of Commerce, industrial societies, &c , for the purpose of 
ascertaining their views of the matter. 





Movement or Sanp-GRAINS ALONG THE BEACHES. — 
Last April Bréon found grains of rock from the coasts of 
Brittany on the beach near Calais, as Renard. of Ghent, 
had discovered flint grains from the chalk cliffs of 
Normandy on the western coast of Denmark, twenty-five 
years ago. Studying this problem in Brittany and 
Normandy, Thoulet, well known for his researches on 
ocean currents, points out, in a memoir presented to the 
French Academy, that in the British Channel the move. 
ments of sand-grains take place chiefly within the tidal 
shore range of 4 or 5 metres. The general direction of 
the movement is to the east. There may be from 12 to 18 
breakers per minute. Exch w.ve rolls the sand-grains up 
the beach and down again ; but in that zigzag course the 
sand-grain travels a little, about 1 centimetre each time, 
along the shore line, open towards theeast. The 
= which the grain describes is perhaps 8000 times as 
ong as this lateral shifting, and the wear by friction on 
the beach is thus very considerable, while in the parts 
always covered by water the friction effechb is much 
smaller. Thoulet placed sharp-cornered fragments of flint, 
quartz, garnet, tourmaline, &c., in a drum filled with 
water ; after turning the drum for a period, during which 
the fragments travelled 170 kilometres (a little over 
100 miles), he could not discover, neither by the micro- 
scope nor by the balance, any rounding-off of the edges. 
With heavy winds and waves sand may bodily be shifted, 
and there is also transport by ice and by other means; 
bat, on the whole, Thoulet thinks that the slow travelling 
along the beach is the most important movement. 





PADDLE-STEAMER ‘ BASSEIN”” FOR THE 
BURMA RAILWAY COMPANY. 


WE illustrate on page 806 a large side-wheel paddle- 
steamer, the Bassein, which has recently been built 
to the order of the Burma Railways Company, 
Limited, for their steam ferry services on the Irra- 
waddy. This vessel has been entirely designed and 
built by Messrs. Burn and Co., Limitcd, at their 
Howrah Shipbuilding Yard on the Hooghly, at Cal- 
cutta, with the exception of the machinery, boilers, 
and auxiliaries, which were imported from Scotland. 

The dimensions of the Bassein are as follow :— 
Length over all, 195 ft.; length on water line, 190 ft. ; 
beam, extreme, 46 ft. 6 in.; beam, moulded, 27 ft.; 
depth, moulded, 8 ft. 2 in.; and light draught, 4 ft. 
The hull is of mild steel throughout, and is stiffened 
by a deep hogging girder, carried along at the upper 
deck level, om secured to the main hull fore and 
aft. All the wood-work is of the best Burma teak 
wood. There are two complete decks, and a woo:l 
awning over the topmost one. The main deck is 
carried out on the full width of the sponsons, and 
is overhung and supported from the vessel’s side. 

In the sponsons are the following cabins :—Officer»’ 
galley and pantry, lamp-room, first-class passengers’ 

ressing-room, with bath-room and lavatory adjoining. 
A bath-room and lavatory for the ship's officers, 
second-class lavatory for men, and four latrines for 
native passengers. On the main deck forward isa 
large teak-wood house, containing the captain’s cabin, 
captain’s office, and a large mess-room for use of the 
sbip’s officers. The upper deck is reached by four 
ladders from the main deck. On this deck forward, in 
a large teak deck-house, is the principal passenger 
accommodation, consisting of a large saloon; this 
saloon is approached by a passage 5{t. wide, on the 
port sideof which are two gentlemen’s cabins, and on 
the starboard side of which are two ladies’ cabins, the 
forward one ineach case being provided with two berth, 
and the after with one. These cabins are of large size, 
and neatly fitted up, being provided with Hoskin’s 
spring-berths, folding lavatories, tables, almirahs, 
purdahs for the doora, and linoleum on the floors. The 
pantry and galley for the upper deck are situated con- 
veniently near the saloon, and are furnished complete 
with all necessary fittings. Accommodation for second- 
class passengers is also provided on the upper deck, 
and comprises a dining-saloon and ladies’ cabin and 
lavatory, all fitted up ina high-class manner. At the 
extreme aft end of the upper deck are placed the 
quarters for the engineers, refreshment contractor's 
manager, ticket office and engineer’s office; these cabins 
are finished and furnished in a similar style to those for 
the passengers, and are fitted with every convenience. 

The machinery, by Messrs. Bow, MacLachlan, and 
Co., of Paisley, is of the direct-acting compound 
surface condensing type, working diagonally on two 
crauks at right angles, and capable of indicating 700 
indicated horse-power with a steam pressure of 120 lb. 

r square inch; the cylinders are 22 in. and 43 in. in 
diameter respectively, with a 4-ft. 6-in. stroke. The 
entablature frames are supported by columns on the 
bed-plates and tied to the cylinders by diagonal 
guide-bars of mild steel. The condenser is made 
of mild-stzel plates, and has a cooling surface of 
over 1000 square feet ; the circulating-pump is an inde- 
pendent direct coupled centrifugal pump. The paddle- 
wheels are of the feathering type, and 15 ft. 1 in. in 
diameter over all, and each has eight floats. The engi- 
neer’s platform is railed off on the main deck, and in this 
area are placed the handles for actuating the steam 
and hand reversing-gears, together with the various 
levers for regulating cylinder-cocke, &c. The pressure- 
giuges, telegraphs, clock, &c., are all arranged here 
at the engineer's hand. The engines are almost amid- 
ships, oan there are two boilers and two stokeholds 
—one forward of the machinery and the other aft— 
each stokehold having its own bunkers in the wings 
at the side. The boilers are of the usual marine type, 
ll ft. 6 in. in diameter by 10 ft. long, to Board of 
Trade rules for the W.P., each having two furnaces. 

When the steamer is used for passenger work only, 
and during times when the river is low, and full power 
is not required, she will be worked with one boiler in 
use. All the steam-pipes and auxiliary connections are 
so arranged that they can be worked from either 
boiler as required. The vessel is fitted with a com- 
bined steam and hand steering-gear, made by Messrs. 
Caldwell and Co., of Glasgow ; a powerful steam wind- 
lass by Messrs. Emerson, Walker, and Thompson, is 
fitted forward for anchor work ; and a steam capstan 
is placed aft for lifting the lighter anchors, and also 
for warping out barges and flats in ferry work. This 
capstan is also workable by hand if required. Thr.e 
boats are carried by the steamer; a gig-boat, 20 ft. 
long by 4 ft. 9in. wide and 1 ft. 10in. in depth; a 
cutter, 18 ft. long by 5 ft. 3 in. wide and 2 ft. 1 in. 
in depth ; and an anchor-boat, 22 ft. long by 7 ft. 4 in. 
beam and 2 ft. 7 in. in depth ; this latter boat is very 
strongly and heavily built, and will be towed by the 
steamer ; the other two boats’ are carried in davits. 

The steamer is fitted with a complete fire cervice, 
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THE PADDLE-STEAMER “BASSEIN” 
CONSTRUCTED BY MESSRS. BURN 


FOR THE BURMA RAILWAYS COMPANY. 


AND CO., LIMITED, SHIPBUILDERS, CALCUTTA. 
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the main pipe being carried along under the upper | running at the time, and a full-speed run at slack 
deck beams, and there are cocks placed at intervals, | water would have given a mean speed of over 14 miles 
so that any portion of the ship can be reached with a/an hour. Anchor and steering trials were also carried 
20-ft. length of hose; a large number of hand fire- | out. 
buckets are also provided. The Bassein left Calcutta on January 27, and arrived 
The official trial trip was most successful in every | at Rangoon on the 30th. This sea trip of 700 miles is 
way. The conditions of the specification called for a| usually a very calm one at this season of the year, but 
8 of 12 mi.es per hour, to be maintained for a/| this voyage proved an exception, and the Bassein 
distance of 6 miles ; this was easily accomplished, the | encountered, for a vessel of her description, a rough 
speed with one boiler being 12.8 miles, the engines | and choppy sea. However, all went well, and she ran 
running at 38 to 40 revolutions. The steamer was | the distance without a stop of any kind, from dropping 
then driven over the measured mile at full power with | the pilot off the Sandheads at Calcutta till the ; 
both boilers at work, and a speed of 13 45 miles was | goon pilot came on board, at the entrance to Rangoon 
obtained, the engines running at 48 to 50 revolutions. | River. 
This wis a most severe test, as a strong flood-tide was! This vessel is a magnificent example of what can be 











accomplished by native labour, organised and con- 
trolled by a firm having the skill and appliances of 


Messrs. Burn and Co. 








German Coat Procrrss.—The output of coal effected 
last year by the collieries associated with the German 
Coal Syndicate was 76,631,431 tons. In the ten years 
ending with 1906, inclusive, the annual output was :— 


Year. Tons, Year. Tons. - 
1897... .. 42,195,852 1902... ... 48,609,645 
1898 .. «- 44,865,555 1903 .. .. 58,822,137 
1899 .. .. 48,024,014 1904 .. oe 67,255,901 . 
1900 .. .. 582,080,898 1905 .. .. 66,382,522 
1901 .. .. 50,411,926 1906 .. 76,631,431 


It will be observed that Germ-+n coal production has 
roade a remarkable advance during the last ten years. 
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NOTICES OF MEETINGS. 


INCORPORATED MuNicipaAL ELscrricaL AssociaTioy,—Twelfth 
Annual Convention, to be held at Sheffield, Tuesday, June 25, to 
we June 28, at 10.30a.m., at the jag — 1. Presidential 

address by Mr. 8. E, Fedden. veoee to —** Extension 
of Electricity Supply to Outlying Districts,” tats Mr, "R. L. Acland. 
2 p.m., t to Messrs. Vickers Sons and Maxim, Limited, owes 
Don Works.—Wednesday : Excursion.—Thursday, June ‘. 


10 a.m. Business meeting; 2,30 p.m., iy by Victoria 

Papers to be read :—‘* Cheap Fewer Su ¥, Munici ition ” 
by Mr. O. E. C. Shawfield ; *‘ The Costs or, Elec- 
tricity Supply,” by Mr. H.R. Burnett ; “ »” by Mr. 


OC. H. Yeaman ; 7.45 p.m , annual dinner, Royal Victoria Hotel. — 
Friday, June 28, at the Royal Victoria Hotel. Papers to be read : 

—* The Value of Photometry in Central Station Work,” by Mr. 
R. McCourt ; “‘ Alternating-Current Distribution,” by Mr. A. J. 
Cridge. 2.15 p.m., visits to —— Power- House, Kelham 
Island Tramway Power em yr sg Station. 

Tue Puysicat Society or Lonpox.— e 28, at 5p.m., at 
the City and Guilds’ Central Technical Co! eon Exhibition- road, 
8.W., by the invitation of Professor W. E. Ayrton, F. R.8. 
1. “‘ Demonstration of the Uses of his Hot-Wire hary, ks 
and Hot-Wire Wattmeters,” by Mr. J. T. Irwin. 2. ‘‘A Cosine 
Flicker Photometer,” by Mr. J. 8. Dow. 3. ‘‘Some Phenomena in 
Colour Vision,” by Mr. J.8. Dow. 4. ‘f Description and Exhibition 
of Students’ Apparatus for Measuring Permeability and Hys- 
teresis,” by Professor W. E. Ayrton and Mr. T. Mather. 5. ‘* Design 
of Chokers, ” by Professor W. E. Ayrton and Mr. T. Mather. 

Tue JUNIOR INSTITUTION OF En@IngERS.—Saturday, June 29 to 
July 6. Summer meeting in the Clyde district. 
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THE POLLUTION OF WATER SUPPLY. 


THE question of purity of water for domestic 
and general town purposes is almost as important, 
and in some cases more important, than the question 
of sufficiency. Although the well-managed house- 
hold may in some cases look after itself and care- 
fully boil its supplies when they are open to sus- 
picion, yet such households will always be in a 
minority. In the case of less careful families, a 
scarcity of water may only result in some arcenar Bes 
into less healthy habits than those that have become 
customary ; but bad water may easily have more 
serious results, and give rise to disease that will 
spread far beyond the area of the faulty supply. 

For such reasons it is incumbent on all autho- 
rities to supply their communities with water of a 
healthy standard, and to this end the water must 
be both chemically and bacteriologically suitable. 








. | With the advance in medical science, the import- 


ance of purity of water supply has become more 
and more evident. At the same time, also,this same 
advance im restrictions on the use of water 
hitherto thought sufficiently pure. 

A water supply may conceivably receive addi- 
tions either from surface drainage, from percolation 
at a deeper level, from surface water running along 
fissures, or from deep-level water-bearing strata. 
two may give rise 
to pollution. It has been fairly conclusively shown 
that water slowly percolating for some distance 


881 |through compaet soil is effectually freed from all 


dangerous bacilli; at any rate, es inanen 
e 


fore cause no fear, provided the soil surrounding 
the well for a reasonable distance is free from 
sources of contamination. On the other hand, if 
some source of contamination is so close that the 
filtering action of the soil is insufficient to remove 
noxious bacilli, it is evident that percolation water 
may carry with it the means of polluting the whole 
well. Such matters can, eo eg be guard 
against ; but the treatment of water coming into a 
well from fissures in some strata through which it 
passes is of a more complicated character. 





This has formed the subject of a series of experi- 


ments carried out by Mr. J. C. Thresh, M.D., 
D.Sc., with a view to the establishment of some 
recognised system of detection of sources of pollu- 
tion. Many geological formations are traversed by 
fissures which form convenient channels for the 
flow of underground water. In general, it would 
seem that the greater the depth of well in such 
strata the less the risk ; for though when running 
in m Rs Eg aes: or Pn gee water ine 
pollu much longer t when perco 
through soil, yet the actual length of time taken 
by the water to reach the well may of itself be 
beneficial, since typhoid and cholera bacilli can 
only live a certain length of time in water. Water 
supplies vary with the geological formation of the 
neighbourhood. For instance, a certain well in 
chalk supplies 2,000,000 gallons per diem. This 
well is 256 ft. deep, its working level is 100 ft. 
down, but its rest level i is at the surface. Other 
well-known wells in chalk have working levels of 
20 ft. or more below the surface. Obviously, 
should there be sources of contamination not far 
removed from such wells, by means of fissures 
water may be carried into them without it 
having undergone complete purification en route. 
'| Again, supposing the source of contamination is 
even removed sufficiently far to make no difference 
under ordinary circumstances, it may still be able 
to give trouble, as Dr. Thresh shows. After rain, 
for instance, pollution will be found present in 
otherwise pure wells. The contamination may 
quickly appear and as quickly disappear, or it may 
be some days before its presence becomes evident. 
On the one hand, it may quickly make its way from 
near at hand to the mt or rf may be carried a 
longer distance by a route which will, according as 
it is a free or difficult channel, have an influence on 
the time which elapses between the heavy rain and 
the appearance of pollution in the well. Taki 
all such considerations into account, Dr. Thres 
contends that, in nearly if not in every case, the 
true source of. contamination may at last be found, 
and then dealt with. 

Of the means employed in the detection of 
sources of pollution the commonest are the salt test: 
tests witha lithium salt or dyes. The salt test has 
great disadvantages under certain conditions, but if 
the quantity of water to be treated is not too e, 
it is a test that can be easily managed. Should the 
amount of water be great, however, the quantity of 
salt required to have effect gives trouble, several 
tons being necessary in some cases. The lithium 
salt test is somewhat tedious, and, as a rule, the 
dye test will offer the best means of carrying out 
the experiments. Dr. Thresh, in a paper pre- 
sented to the Association of Water Engineers, 
states that he has occasionally used sal ammoniac, 
which even in minute quantities is easy of detec- 
tion. In this test care must, however, be taken 
to introduce it directly into the suspected fissure, 
or it is liable to become vitrified by organisms in 
the soil. 

With regard to dyes, many aniline dyes become 
altogether decolorised by filtration through soil, 
but to this dye fluorescein is an é@xception. It is 
harmless in use, and only liable to cause trouble 
when used in too great quantities, by causin 
alarm among the users of the resultant colo 
water. Inthe matter of cost it compares extremel 
well with the other well-known tests, Dr. Thres 
giving the relative costs per one million gallons of 
water as follow :—Fluorescein, 9d. ; common salt, 
2s.; ammonium chloride, 3s. 6d.; and lithium 
sulphate, 49s. In the paper above referred to are 
given the results of several experiments, which 
show that in many cases careful consideration of 
individual cases will frequently lead to detection of 
sources of coptaciinadicn, Perhaps the most 
striking is that of the Cambridge County Asylum. 
This asylum was affected in 1905 with a series of 
typhoid cases, and fluorescein tests were made 
with the object of discovering whether there was 
any communication between the sewage filter-beds 
and the water-supply wells. The fact was estab- 
lished beyond dispute, the dye travelling in the 
water in one direction towards the well, 1200 ft. in 
103 hours ; and away to another well it was traced at 
a distance of 2600 ft. after nine days. Though 
this time interval was possibly sufficient to result 
in the elimination of contamination, yet the 


ed | authorities were advised to make some different 


arrangement of dealing with their sewage. To find 
a suitable spot for this new plant, Dr Phresh car- 
ried out the following experiment. In view of the 








geological features of the district, he came to the con- 
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clusion that beyond a certain line water would flow 
away from, and not towards, the wells. Preliminary 
investigations confirmed this view, so that two bore- 
holes 30 ft. deep were made, 110 yards apart, one 
on each side of this imaginary line. A trench was 
cut 96 yards long, 1 ft. wide, and 6in. deep be- 
tween these two bores, and was kept flooded by 
pumping for three days in order to thoroughly 
saturate the ground. On the fourth day the 
coloured solution was allowed to dribble into the 
water as it entered the trench at each end, 4 lb. 
of fluorescein being used the first day, 4 lb. the 
second, 2 lb. the third, and on the fifth 1 lb. was 
run directly into the north bore-hole. Watch was 
kept at seventeen different places. At no time, 
however, did the dye appear in the south bore-hole, 
but the water in the north hole was tested 7 hours 
after the commencement of the experiment. Nine 
days later it appeared 300 yards away to the 
N.N.W. ; ten days still later it was noticeable 
1200 yards further N.N.W., and eight days later 
it was noticeable in a marsh about 3000 yards away 
in the same direction. The experiment therefore 
showed that on one side of the line all water tended 
to flow in the N.N.W. direction, while that on the 
other side flowed elsewhere. 

The proper interpretation of tests is a matter of 
considerable difficulty, for, as we have already 
pointed out, many facts have to be taken into con- 
sideration ; and even if the fact is established that 
there is communication between some polluted 
water and a well, this contamination may not be 
the one directly affecting the water supply, for the 
flow may be so slow that the harmful bacteria die on 
the way. Dr. Thresh states that where the colour 
or other substance appears quickly and in quantity, 
grave danger may be apprehended ; but where it is 
traced only after many days, and then in small 
quantities, but little danger is likely to occur. 





THE ROYAL SOCIETY SOIREE. 
Tue Lavries’ Nicnrt. 


Tae second of the two annual soirées of the 
Royal Society, held on Wednesday, the 19th inst., 
attracted a brilliant audience to Burlington House. 
It was the Ladies’ Night, and on these occasions 
scientists like to display the beautiful side of their 
studies ; biologists and archzeologists claim a good 
deal of attention on these nights. Many engineers 
whom the Engineering Conference had Leccahe to 
London attended, but they contributed very little 
to the exhibition of novel a tus and machinery. 
Novelties were not so striking as they have been 
sometimes, and quite a number of the objects which 
we noticed in our account of the first soirée of the 
season were again to be seen, and certainly were 
well worth showing. We should refer our readers 
to our account of May 10, page 621. 

We follow in our account the order of the ex- 
hibits in the rooms. All the five exhibits dis- 
played in the Officers’ Room were among those 
already shown last time. The Director of the 
Meteorological Office again showed the splendid 
model of the neighbourhood of the winter quarters 
of the National Antarctic ship Discovery. Pro- 
fessor John Milne’s records of recent large earth- 
quakes, concerning the Jamaica, San Francisco, 
and Valparaiso disastera, suggest many questions, 
among them whether the occurrence of large earth- 
p aeemes in groups is the result of some general in- 

uence. Professor Milne speaks of the ‘‘ so-called” 
Valparaiso seismograms, because the B shock which 
destroyed Valparaiso followed an A shock in the 
Northern Pacific. With regard to the Jamaica 
seismogram, it is interesting that on the pendulum 
seismograms at Washington, U.S., the first preli- 
minary tremors were recorded only on the north- 
south pendulum, not on the east-west pendulum. 
Now, Washington is always exactly north of King- 
ston, and it would therefore look as if the prelimin- 
ary tremors, upon which we rely in determining 
the origin of earthquakes, were due to longitudinal 
compressional waves. The cable broken by the 
Jamaica earthquake, and shown by the Rev. R. A. 
Bullen, on behalf of Lieutenant Rupert Jones, 
R.N.R., was the third of these exhibits; and 
Professor Perry’s British Association albums com- 
memorating the visit to South Africa was the fourth. 

Close by also were the models of the Schlick gyro- 
scope, previously shown by Dr. Otto Schlick and 
Messrs. Swan, Hunter, and Wigham-Richardson, 
Limited, of Newcastle-on-Tyne. This apparatus 


was fully described in a paper by Sir William H, 








| Solar Physics O 
|results of his photographic cloud studies. 


White, read before the Institution of Naval Archi- 
tects at their last meeting, and published in full 
in our issue of April 5 last, page 448. Under these 
circumstances it will be unnecessary to enter into 
details here. In the Reception Room, Mr. Edward 
Whymper had put ——— beautiful photographs 
taken on the Rocky Mountains, Canada, and also 
on the Alps. 

In the Council Room the Marine Biological As- 
sociation of the United Kingdom, whose table is 
always very interesting, showed a collection illus- 
trating the habits and growth of seaweeds from the 
Plymouth district. Opposite this table Professor 
Flinders Petrie show ttery ‘‘soul-houses,” 
found at the cemetery of Rifeh, in Upper Egypt, 
where they had been placed upon the graves. 
Originally trays of offerings to the dead, these 

ottery objects had been developed into actual 
ittle houses, in which even furniture was not miss- 
ing. These houses are supposed to date from 
30008.c. Professor Petrie discoursed in the even- 
ing on *‘ Houses in Ancient Egypt.” The history 
pictures of Ancient pt, selections from the 
series of 800 photographs taken by Sir Benjamin 
Stone, M.P., last winter, illustrating ancient and 
modern monuments and buildings, formed a suit- 
able pendant to these models. The extremely 
interesting demonstration by Professor W. B. 
Bottomley of the fixation of nitrogen by leguminous 
and other plants was noticed in our issue of May 10. 

Dr. Tempest Anderson, of York, exhibited a fine 
series of photographs illustrative of the volcanoes 
of Central America: the Soufriére of St. Vincent 
and the Montagne Pelée of Martinique, in the 
West Indian Islands, and the Santa Maria, in 
Guatemala. The first two of these volcanoes are 
situated east of the Caribbean Sea, the third is west 
of it. The eruptions were in all three cases of the 
same kind. Dr. Anderson had visited the first two 
in 1902, and again in the spring of 1907. The heavy 
masses of ashes thrown out had consolidated into 
beds of tuff ; but some of the valleys had already 
been restored again by denudation, displaying 
layers of tuff up to 90 ft. in thickness and distinctly 
stratified. The Santa Maria is a remarkable cone, 
nearly as high as the Etna; originally the crater 
was on the top, but in 1902 a huge crater was blown 
out of the side, and Dr. Anderson draws attention 
to the fact that these three volcanoes, although the 
third is-about 1000 miles distant from the others, 
have repeatedly been known to break out on the 
same day. 

The Royal Society displayed the original certificate 
of Linnaeus, dated 1753, for election into the Royal 
Society ; the bi-centenary of the birth of the great 
botanist was recently celebrated in Sweden. 

As the remaining exhibits were, with one ex- 
ception, all in the principal Library, we can group 
similar objects. The stellar spectrograms and 
spectroheliograms of the Solar Physics Observa- 
tory, South Kensington, were the same as those 
noticed at the first soirée, except that the two 
series of photographs explaining the development 
of the large sun-spots of March were supplemented 
by a photograph of the sun’s disc, taken last 
Wednesday morning at 11.30. This photograph 
showed admirably the enormous and very irregular 
group of spots now on the sun’s surface. The 
main spot, the largest photographed at South 
Kensington, appeared last Saturday ; the sun-spot 
maximum, we may mention, was reached last 


year. 
Next to the South Kensington Observatory, Pro- 
fessor Hale, of the Mount Wilson Observatory, 
California, displayed some photographs of his 
famous observatory, which is situated 5886 ft. 
above sea-level. The photographs of his spectro- 
heliograph and of the heliomicrometer, for the 
determination of solar longitudes and latitudes 
without computation, have an historical interest. 
There were further photographs of the 5-ft. helio- 
graph, the coelostat, and the second mirror of 
the Snow telescope and of its house—an interesting 
example of special construction—and two magni- 
ficent photographs of bright calcium flocculi and 
dark hydrogen flocculi, both taken (in K-light) 
on July 22, 1906. Opposite Professor Hale’s 
magnificent display, Dr. J. S. Lockyer, of the 
Gaeeeteen, had fixed the gig 

he 
want of sunshine had left him time for these 
studies. His method of procedure was indicated 
in our May notice. Most of the photographs, 
which are shown enlarged about twice, have been 
taken at South Kensington ; the successful views 





of nimbus clouds and of rain-squalls were obtained 
at Tunbridge Wells. 

Mr. A. A. Campbell Swinton’s vacuum-tube 
phenomena, the fruits of his most recent researches, 
deserve a fuller notice than we can give on this 
occasion. A series of pear-shaped bulbs were 
divided horizontally by screens of aluminium, the 
screen being perforated by one or several holes, 
which could be closed by a shutter. Underneath 
the screen was, in each instance, a Crookes mill, the 
vanes being at right angles to the axis of the tube, 
or inclined to it. The electrodes were placed at the 
upper and lower ends. When the anode was below, 
the mill above it, but below the screen, could 
turn both under the influence of the cathode rays 
and under the influence of the canal rays, which 
seemed to stream through the perforation towards 
the cathode, on the anode side. It will be remem- 
bered from our account of Professor J. J. Thom- 
son’s recent Royal Institution lectures that Pro- 
fessor Thomson prefers to call these canal rays 
simply positive rays. The novel observation of 
Mr. Campbell Swinton is now, that when the 
vanes consist of aluminium, the wheel turns, say, 
clockwise, as if under the influence of the canal 
rays; but if the vanes consist of mica, the rotation 
is anti-clockwise, as if the wheel were moved by 
cathode rays. The cause may be a thermal effect ; 
applying the terminals of a thermo couple to the 
two sides of mica vanes exposed to canal rays, Mr. 
Swinton observed temperature differences of 200 
deg. Fahr. 

The second part of Mr. Swinton’s researches con- 
cerns the ‘‘hardening” of Crookes tubes. Tubes 
are supposed to become ‘‘ hard ” because the vacuum 
improves when the bulb is worked for some time. 
Taking some tubes which had been lying exposed 
to the atmosphere since 1898, when he first investi- 
gated these phenomena, Mr. Campbell Swinton— 
who has had the assistance of Mr. J. C. M. Stanton 
and Mr. R. C. Pierce—noticed that, after being 
worked for many hours, the walls of these tubes 
had become roughened under the cathode bom- 
bardment. Heating those portions with the blow- 
pipe, he saw that the glass became clouded with 
little bubbles about 0.01 millimetre in diameter. 
By etching off the surface of the glass with hydro- 
fluoric acid, or by grinding the surface off, it was 
ascertained that the centres of the bubbles were 
0.122 millimetre from the inner glass surface. 
There would be about 625,000 bubbles per square 
centimetre of glass surface, and a bulb of 400 
square centimetres surface liberated, on heating to 
dull redness, 0.05 cubic centimetre of occluded 
gas. Arranging the experiment so that the glass 
could be crushed and powdered while in the air- 
pump recipient, the gas was proved (by spectroscopic 
tests) to be hydrogen, due to water vapour whose 
oxygen had been absorbed by the aluminium elec- 
trodes. Further crushing gave more hydrogen. 
Another bulb was charged with helium ; in this 
case also the vacuum improved on sparking, and 
the walls became black with an aluminium mirror. 
When this glass was crushed like the other, helium 
was given off, both before and after dissolving the 
aluininium off by nitric acid. Thus it would appear 
that the gas— hydrogen or helium—is only shot into 
the glass, without combining with it ; for we do not 
know of any compounds formed by helium. The 
helium bubbles are smaller than the hydrogen 
bubbles, as we should expect, and the hydrogen 
lines always remained faintly present besides the 
helium lines. 

The third observation demonstrated by Mr. 
Campbeil Swinton concerns the same phenomenon. 
A piece of glass, partly covered with aluminium, 
was bombarded for days by cathode rays; small 
sparks were seen to spread from the metal over 
the glass. The glass afterwards showed markings 
under the microscope, and the ramifications of 
these markings proved to resemble the charac- 
teristic ramifications of a positive spark. The 
markings, moreover, consisted of strings of minute 
bubbles, and the plausible explanation suggested 
by Mr. Swinton is that the sparks locally heated 
the glass and liberated bubbles of occluded gases. 
The photo-micrographs exhibited certainly ap- 
ounedl to support that view. a 

Next to Me Swinton, Mr. C. E. S. Phillips, of 
Shooter’s Hill, showed samples of the electrically- 
conductive glass, which he recommended for the 
windows and fibres of electrostatic apparatus in 
which frictional electricity would be disturbing. 
He described this glass before the York Meeting of 
the British Association last year. It consists of 
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32 parts of sodium silicate, 8 parts of borax, and 1.25 
parts of Powell’s flint. A thread of this glass 
makes a good electroscope, as Mr. Phillips demon- 
strated; the glass fibre was attached to the electro- 
scope rod by means of a little gold leaf and a drop 
of sodium silicate, making an elastic joint. The 
other novelty of Mr. Phillips was his electro- 
scope charger, of the shape of a syringe. A little 
rod of celluloid is rubbed by two half-rings of 
flannel, forming the lining of a split brass tube, 
sliding over the rod. A spiral spring within the 
tube takes up the positive charge and carries it 
down to earth through the hand ; the handy little 
instrument can also be turned so that a positive 
charge is taken from the one end, and a negative 
charge from the other end. 

The lenticular stereoscope for X-rays of Mr. J. 
Mackenzie Davidson has n noticed on several 
previous occasions. It is a very useful instrument 
for the surgeon, as Mr. Davidson’s photographs 
proved. Mr. A. Kershaw’s new visual method of 
measuring the speeds of photographic shutters, and 
his neat variable - speed transmission devices and 
ball-bearings used for this purpose, were noticed 
in our account of the first soirée. 

This applies also to the remarkably clear demon- 
strations of persistent electric oscillations which 
Mr. W. Duddell, F.R.S., gave in the course of 
the evening. The beautiful sheets, dishes, crucibles 
and tubes of malleable rhodium and iridium exhi- 
bited by Messrs. Johnson, Matthey, and Co., of 
Hatton Garden, E.C., were also mentioned last 
time. The Hon. C. A. Parsons, F.R.S., once more 
showed photographs of his artificial diamonds ; 
further particulars were not offered. Dr. Herbert 
Smith, of the Natural History Department, ex- 
hibited some precious stones, cut and uncut, of 
scientific interest, comprising a twin crystal of a dia- 
mond; some facetted specimens of olivines (peridots) 
from the Red Sea; various diamonds, chrysoberyls, 
and topazes from Rhodesia, whose co-occurrence 
interests those who are looking for the diamond- 
pipe, and others. Coloured zircons and topazes 
can be turned into colourless crystals like diamonds 
by being heated. Dr. H. Smith finds heating in 
magnesia convenient for this purpose. He further 
showed an improvement of his ingenious little 
refractometer, which he exhibited a few years ago. 
The whole instrument fits into a waistcoat pocket. 
Looking through the eye-piece, the observer directly 
reads off the two indexes of a doubly-refracting 
mineral. 

Mr. William Burton exhibited specimens of 
Pilkington’s Lancastrian lustre pottery, illustrating 
the modern perfection of the metallic lustre 
process, which has been practised in Italy since 
the thirteenth century. The process is worked 
in Lancaster by grinding up the oxides, sul- 
phides, or carbonates of the metals (chiefly 
silver and copper) with china clay, and paint- 
ing the mixture, with the aid of turpentine or 
a fatty oil, or also vinegar, on the already fired 
and glazed vase; the vase is again fired in a 
hermetically-sealed muffle at a low red heat, the 
temperature being controlled with the help of 
thermo-couples, and carbon monoxide is then intro- 
duced for the purpose of reducing the metallic com- 
pounds. The pattern comes out as an iridescent 
film of silver, shining yellow, or of copper, shining 
in a splendid ruby colour, and there is no glaze 
- anything else put on this film, which keeps its 
ustre. 

The remaining exhibits are chiefly of biological 
character, certainly interesting enough, though not 
directly appealing to our readers. Conspicuous 
among these were butterflies, females of papilio 
dardanus, bred by Mr. G. F. Leigh, of Durban, 
Natal, and shown by Professor Poulton, F.R.S., 
of Oxford, as the most remarkable example of 
mimicry hitherto discovered. We believe that the 
term ‘‘ mimicry” is not to be understood as imply- 
ing any conscious tendency. Yet the term seems 
badly chosen, and it was most satisfactory to the 
lay mind to find Dr. F. A. Dixey’s seasonal amor- 
phism, next to Professor Poulton’s exhibits, merely 
described under that heading. The broods of certain 
lepidoptera, which produce two or more broods in 
the course of a year, can be distinguished as wet- 
season or dry-season types, the latter being, perhaps, 
on the whole, though not always, lighter in colour ; 
the differences are sometimes so strong that the 
different types have been mistaken for different 
Species, and have received different names. Colonel 
Bingham showed, on behalf of Colonel Walter Bar- 
row, arare moth from Upper Burma, whose chrysalis 








bears a striking resemblance to the head of a bird- 
eating snake ; the birds are after the chrysalis, and 
the resemblance is thus a protection to the animal 
in its defenceless condition. Of the other biological 
exhibits we can only mention the interesting col- 
lection of British and Continental birds of Dr. E. 
Hartert, exemplifying the slight, but noticeable, 
differences in the two types. A bronze bucket of 
North Italian manufacture, dating from about 700 
B.C., and discovered at Weybridge, Surrey, by Mr. 
W. Dale when sinking a shaft for a pier last April, 
should not be overlooked. 

Three discourses were delivered in the course of 
the evening. Professor 8. A. Miers, of Oxford, 
demonstrated the growth of crystals by some 
beautiful experiments, as to which we should refer 
our readers to Professor Miers’ recent Royal Insti- 
tution lectures.* The subject of Professor Flinders- 
Petrie’s discourse has already been stated, and the 
working model of the Brennan mono-rail railway, 
which Mr. L. Brennan, C.B., sent round the hall, 
was illustrated in our issue of May 10. 








THE ENGINEERING CONFERENCE. 

ALTHOUGH the Engineering Conference of the 
Institution of Civil Engineers, which is being held 
during the current week, is officially regarded as 
having commenced on the morning of Wednesday 
last, it may practically be considered to have been 
inaugurated by the delivery of the James Forrest 
Lecture last Tuesday evening. The lecturer this 
year was Dr. Elgar, whose highly interesting dis- 
course we publish at length in our present issue (see 
page 822). Thedemands upon our space caused by 
our reports of the Conference meetings prevent us 
from saying more about this address here, but we 
propose to return to it on afuture occasion. Mean- 
while we must deal with the Conference itself. 


OPENING PROCEEDINGS. 


When Sir Alexander B. W. Kennedy, the Presi- 
dent of the Institution of Civil Engineers, delivered 
to the Conference last Wednesday morning the in- 
augural address, which is reproduced on page 822, 
there was a large attendance, the theatre of the 
Institution being crowded, and the President being 
supported by many of the Past-Presidents of the 
Institution, and other distinguished engineers. The 
address was appropriate, and accompanied with 
flashes of humour, which were greatly appreciated. 
As an interjectional remark, Sir Alexander ex- 

ressed the desire that the engineers attending the 
Gaahewses should, as far as possible, interest them- 
selves in other branches of professional work, not 
specially associated with their own practice, but 
collateral to it ; a point which we sought to en- 
force last week, and one which we think of great 
importance to the success of the discussions. He 
further mentioned the fact that he had had a tele- 
gram from Mr. James Forrest, who, in wishing 
success to the Conference, again showed that 
abiding interest in the Institution for the success 
of which he laboured so tactfully and assiduously 
for many years. On the conclusion of Sir Alex- 
ander’s address, the members adjourned to the 
meeting-places of the several sections, the proceed- 
ings of which are fully reported in the following 
columns. 


SECTION I.—RAILWAYS, 


Tae CuemicaL Composition oF Steet Ratrts. 

At the first meeting of this Section, held on 
Wednesday last, the 19th inst., Mr. W. R. Gal- 
braith occupied the chair, and, after a few intro- 
ductory remarks by him on the selection of subjects 
for discussion, the first paper was read by Mr. 
Sandberg, Jun., in the unavoidable absence of the 
author, Mr. C. P. Sandberg. The paper was 
entitled ‘‘ The Chemical Composition of Steel Rails 
and Latest Developments,” and is reproduced on 
page 827 of this issue. 

The discussion was opened by Mr. Alexander 
Ross, who stated that he thoroughly agreed with 
Mr. Sandberg that it was very difficult, if not im- 
possible, to lay down one general rule for rails for 
all kinds of localities. He was inclined to add also 
that the same remark applied to ores, no general 
rule being applicable to all. On the Great Northern 
Railway they had had in use for some twelve 
months now rails which were high in silicon, with 
results which he considered very favourable and 


* See ENGINEERING, page 555 ante, 





very hopeful. The physical tests given by these 
rails were remarkably good, and chemical analysi 
showed 0.441 and 0.264 per cent. of silicon. They 
also had on that railway rails lowin sulphur and phos- 
phorus, and others containing 3 per cent. nickel. 
All these gave satisfactory results, but the nickel 
rail was rather costly, and he was of the opinion 
that the silicon-added rail would be found satis- 
factory, giving a good lasting rail at comparatively 
low cost. 

Mr. W. Willox, of the Metropolitan Railway, 
was the next speaker, and gave it as his opinion 
that the rails rolled twenty-five years ago were of 
a better lasting quality than those produced at the 
present day, and that it was imperative that every- 
thing possible should be done to bring back these 
good qualities. He considered that the Sandberg 
rail, in which silicon was added, had done this. 
Mr. Willox proceeded to compare the destruction 
of rails under steam and electric traction, in- 
stancing a rail at Harrow which had been in 
use for twenty-one years, and had only lost 
4% lb per yard, while a rail at Notting-hill-gate, 
that had been in service only seventeen months 
—eight of which were under steam traction con- 
ditions, and nine under electric traction—showed a 
loss of 9 lb. per yard. The latter, however, was on 
a 12-chain curve, while the former was on the 
straight, and the results were therefore not strictly 
comparable. 

r. Willox estimated that under electric-traction 
conditions rails should last five years at least in 
tunnels, and twelve years in the open, whereas 
they had had a maximum life of about two years, 
and even as small a life as five months in tunnels, 
and five years and less in the open. As relaying 
on his line could only be accomplished during 
about three hours of the twenty-four, this was a 
matter of extreme importance. The Sandberg rail 
he considered overcame much of the trouble, and 
as the cost was only 8 per cent. more than that of 
the ordinary rails, the matter was well worth in- 
vestigation and trial. He had put down some 
of these rails on a 10-chain curve, on a down 
gradient of 1 in 100, at a place where ordinary 
rails had had to be removed after thirty-three 
months’ service, seventeen of which were under 
steam conditions, and 16 under electric traction. 
The rails high in added silicon put in in their 
stead show a loss of only 0.23 lb. per yard per month, 
or a saving of 100 per cent. Another case Mr. 
Willox cited was that of two sets of points which 
showed, after being in use six months, a wear of 
din. in the case of the high silicon points, and ,', in. 
wear in the points of ordinary steel. Another 
point he wished to refer to was that of waves on 
the surface. By this he did not refer to ripples or 
corrugations, but to distinct waves or depressions 
from 9 in. to 5 ft. long, and as much sometimes 
as ;'; in. deep. Rails have often to be removed on 
account of these waves long before their proper life 
was spent. To speak definitely on this point was 
impossible at present, but he could state that of 
the Sandberg rails that he had had in service for 
over 12 months, none at present showed any sign 
of such waves. With regard to side wear of 
rails on electric traction lines, he considered 
that this was partly caused by the pushing of 
the rear motors, and could, in his opinion, only 
be satisfactorily overcome by the proper use of 
check-rails. With the ordinary steel check-rail the 
action is not effective, and the wear is excessive ; 
but with a high-silicon check in one case, after 
being in position 194 days, the loss per yard 
amounted to only 0.77 lb. For the check-rail 
to be really of service it must be of hard quality. 
In one instance on a curve of 12 chains radius the 
outer rail had had to be removed in 143 days, when 
ordinary check-rails were used ; hard check-rails 
were then put in, and have been in now 126 days, 
and after this period there was no appreciable side 
wear. The hard check-rails are not used, however, 
throughout this curve, and where the old quality of 
steel check-rail was used they had worn rapidly, 
and had had to be removed. 

Mr. R. H. Burnett remarked that in the matter 
of side wear electricity itself had nothing to do, 
and it was only a question of how we made use 
of our motive power. He instanced the case of 
a curve outside Farringdon-street Station, where, 
many years ago, a great difference of wear of rails 
was noticed when engines were running forward 
or bunker first. He considered that much of the 
wear was due to braking, which practically made 
the wheel-base rigid, the flange not setting itself 
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easily to the rail. The question was one of mecha- 
nical action only. 

In the absence of Mr. Tempest, Mr. W. A. Messer, 
of the South-Eastern Railway, stated that the experi- 
ence on that line had been unsatisfactory as regards 
rails of ordinary quality steel. They had subjected 
rails of the ordinary quality, of the added-silicon 
type, and rails containing nickel to certain grind- 
stone tests, and after every experiment the silicon 
rails came out best, showing considerably less wear 
than the others. Mechanical tests had also been 
made, and among them a drop-test, using bearings 
3 ft. 6 in. apart, a 1-ton tup, and starting with a 
drop of 20 ft. With a drop of this amount the 
added-silicon rails gave deflections of 37, in. and 
2}} in., and with a 30-ft. drop deflections of 
4,'; in. and 4% in. were obtained. Ball-pressure 
tests were also made, and gave satisfactory results. 
From general observation in points and crossings, 
the high-silicon rail showed less rolling out, and 
stood better on curves than did the rail of 
ona. 

Mr. W. H. Short, of the London and South- 
Western Railway, stated that of 100 rail-failures 
on their system there was rothing to show that 
high phosphorus or high silicon contributed to 
failure. Some rails containing 0.14 per cent. phos- 
asp had been in use twenty years, and then one 

ad only failed through the hole for the bolts. This 
rail had had 24 trains a day over it, which was 
a fair service. Silicon left in, not added, up to 
0.2 per cent. had, he thought, but little effect. In 
other failures rails contained manganese as high as 
0.15 per cent., but the fracture could in no way be 
said to be directly attributable to this. He considered 
that rails containing 0.52 per cent. carbon wore three 
times as well as those containing 0.3 per cent. carbon. 
Some rails containing 0.45 per cent. carbon failed at 
the joint, but many rails containing 0.4 per cent. 
carbon had worn down.before failing from fracture, 
which mightthen occurany where, and not necessarily 
at the joint. Of the 100 failures above mentioned 
thirty were due to undetected flaws ; 60 per cent. 
occurred in sound metal, and of these, 30 per cent. 
were close to a joint. With rails containing 0.4 to 
0.5 per cent. carbon they reckoned that a good life 
showed a wear of 1 lb. per yard per year witha 
traffic of 200 trains per day. 

Mr, ©. A. King, of the Metropolitan District 
Railway, said he could give an instance of rails 
of the ordinary steel on a curve of 14 chains radius 
losing 101b. per yard in five months. Since electric 
traction had been introduced they had put down 
three classes of rail high in added silicon. These 
were made by the acid Bessemer, basic Bessemer, 
and open-hearth processes. With added-silicon 
in acid and basic Bessemer rails he considered that 
the life was fully 25 per cent. greater than in the 
case of ordinary steel; but though well satisfied that 
this saving existed, the rails had not been in use 
long enough for actual figures to be published. 
The open-hearth rails had not been in service long 
enough to enable him to give a fair estimate, but he 
considered their life would exceed that of the Bes- 
semer high added-silicon rails. In the case of 
points and ae the high added-silicon rails 
gave an increased life of 30 per cent., and they 
stood pounding at points better than ordinary 
wear, 

Mr. R. Price Williams stated that in 42 American 
rail specifications 0.1 per cent. phosphorus was 
allowed, whereas many years ago Mr. E. Windsor 
Richards pointed out that for England, at least, 
the most allowable was 0.04 per cent. This, 
perhaps, was the cause of all the failures in the 
United States at the present time. He considered 
that increased durability was likely to be obtained 
from spraying the head of the rail while rolling. 
He also wished to point out that traffic had enor- 
mously increased of late years, and he considered 
that the railway companies lid not, on the whole, 
realise to what an extent extra work was put upon 
rails nowadays compared with earlier years. 

Mr. J. E. Stead wished to defer most of his re- 
marks to a subsequent discussion, but said he 
wished to emphasize the fact that the introduction 
of silicon tended to the production of absolute 
soundness of steel, and that the only trouble that 
could possibly arise would come from piping. The 
question of sufficient cropping was therefore of im- 
portance. Mr. Stead mentioned several appa- 
rently contradictory effects produced by silicon, 
manganese, and phosphorus, and stated that if 
steel was unsound, phosphorus caused tion, 
not axial, but at a little distance from the outside, 








and by the addition of silicon this blow-hole segre- 
tion, as he termed it, was greatly reduced. 
xcessive piping could be overcome by care in 
teeming, and need cause no fear. He considered 
that there was a great future for rails made by 
Mr. Sandberg’s process of adding silicon. 


REINFORCED CONCRETE FOR RatLway 
STRUCTURES. 


The second subject for discussion by the Railway 
Section was ‘‘ Reinforced Concrete for Railway 
Structures.” This subject was introduced by Mr. 
C. A. Harrison, D.Sc., M. Inst. C.E., whose notes 
are printed on page 827 of this issue. 

The discussion was opened by Mr. W. Bell, 
architect for the North-Eastern Railway. He 
stated that he first began taking note of this form 
of construction in 1900, when he inspected build- 
ings of all types in various parts of the country. 
He pole as the fact that since 1894 a ferro- 
concrete bridge had been in use on the Swiss rail- 
ways. On the North-Eastern Railway ferro-concrete 
was first adopted in 1903 for a block of offices built 
on concrete pile foundations. All drawings, &., 
had been got out for a brick-and-steel structure, 
but a consideration of fireproof qualities desirable for 
such a building had led to the adoption of ferro- 
concrete instead of steel and masonry. He had 
adopted the system for warehouse construction, 
which gave very satisfactory results. In one case 
a floor of 909 superficial feet had been designed 
for a load of 3 cwt. per superficial foot, or 136 tons 
on the beam. This was loaded so that in the test 
the beam supported 207 tons, which resulted in a 
deflection of. only ¢ in., compared with ,% in. 
allowed. In another case a floor measuring 
34 ft. 10 in. by 32 ft. 9in. was tested with 273 tons, 
resulting in a maximum deflection of ;‘; in., as 
against }} in. allowed. When the load was removed 
a permanent set of ,);in. remained. The ware- 
house for which these tests were made has been 
finished twelve months now, and was proving satis- 
factory. As regards durability, there was no defi- 
nite information on this point, but his experience 
showed that where holes had had to be cut in the 
concrete the bars were bright and clean. The ques- 
tion of expense was largely dependent on efficient 
shuttering, which was a matter for the contractor 
alone. 

Mr. Francis Fox stated that in his experience 
work above water had proved thoroughly satisfac- 
tory, but he thought the effect of sea-water on 
ferro-concrete had not yet been properly deter- 
mined. 

Mr. J. S. De Vesian stated that between 800 or 
900 bridges had been built on the Hennebique 
system, and though facts as regards the effects of 
vibration on such structures had not yet been 
collected, he knew of no trouble whatever so-far. 
He thought the case cited in Mr. Harrison’s paper 
of piles in sea-water at Southampton amply proved 
that they suffered no deterioration under such con- 
ditions. These piles had been subjected to the 
action of sea-water for from ten to twelve years, 
and had actually lain about, after being cut off, for 
nine years, and yet when broken open the steel 
showed no sign of deterioration in any part where 
it was not actually exposed. Where covered with 
.>- or more of concrete it was as good as new. 

e gency bars slightly rusty to those absolutely 
bright and clean. He would recommend a thorough 
examination of work about six or eight months 
after completion. Should any porous places be 
found, they should be made good then, and if this 
were done, ferro-concrete would prove thoroughly 
satisfactory. 

Mr. R. J. G. Read was of opinion that it was 
very advisable to allow a high factor of safety, 
and cheapness of construction should not be allowed 
to influence this in any way. He mentioned one 
advantage to be derived from the use of ferro- 
concrete piles, giving, asan example, work on a pile 
foundation for a building at the Albert Docks. In 
some cases the length of pile had been wrongly 
calculated, and these short piles were simply driven 
down 8 ft. or 10 ft. below the desired ood. the 
ground excavated, and the pile continued upward 
with ferro-concrete work. This has also been done 
under water. A second form of foundation was the 
mattress form. This he had successfully used in 
soft ground in Bermondsey, having below the con- 
crete 18 in. of rammed broken brick. A neigh- 
bouring house had had 25-ft. foundations put in, 
and, in spite of this, settlement occurred, so that 
bad cracks have appeared ; while his solid ferro- 


concrete foundation had been in place for two 
years and showed no sign of settlement, though at 
times loaded with 1 ton per super. foot. To get 
good work the contractor should be prepared for 
the expense of good shuttering. However much 
care is taken, he considered that bars were bound to 
become displaced in filling and ramming, and a 
large factor of safety was desirable for this reason. 
He considered that there was no fear of corrosion 
and rusting ; tests he had made confirmed this. 

Mr. W. N. Twelvetrees drew attention to the 
fact that a large number of big span ferro-concrete 
bridges were in use in railway work in America, 
and that the Central Railroad of New Jersey had, 
since 1901, pursued a continuous policy in this 
matter, which, being of such long duration, he con- 
sidered, proved that such construction was satisfac- 
tory. He considered that, being the first to make 
use of concrete, and the first to make use of steel, 
engineers were in a much better position with 
regard to the use of ferro-concrete than were the 
early engineers who were called upon to build the 
first railway-bridges and viaducts. 


Tue Best Means oF PrEsERVING IRON AND 
Srerx Work 1n Rartway Construction. 


The third subject for discussion was opened by 
Mr. Bertram Blount, whose notes on ‘‘ The Best 
Means of Preserving Iron and Steel Work in Rail- 
way Construction” are given on page 827 of this 


issue. 

Mr. R. Elliott Cooper opened the discussion, 
remarking that no subject was of more importance 
than this, and it had always seemed regrettable to 
him that after great care and time and money 
had been spent on some structure, it should 
be allowed to get into disrepair from lack of pre- 
servation and on account of the cost of preservative 
measures. In Cape Colony he was experimenting 
with a mixture of fine Portland cement and oil 
made into a thick paste. He was also trying Ferro- 
dor paint, which he first saw used in Berlin, and 
which had been used with success on the Rhodesian 
railways. A preservative of a lasting nature was 
especially desirable where labour was dear. With 
regard to protection of.rails, this was common prac- 
tice in tunnel work in England and abroad. He 
gave an instance of wear of rails on an island, one side 
of which rails were corroded three parts away in five 
years, while 30 miles away they were still in a 
good state, and he had recommended in this case 
a composition of tar. Sleepers treated when hot 
with tack varnish would last twenty years, and even 
in bad salt lands would last fourteen years. Expense 
of preservative must, of course, not be prohibitive. 

Mr. J. M. Moncrieff stated that in tests he had 
made paint costing 15s. per cwt. had given better 
results than 88s. paint, These results were the 
conclusions he arrived at from what was practically 
an open voluntary competition on a structure he 
had had to do with. kers had volunteered to 
try their paints in this way, and only two out of 
fourteen or fifteen really bit into the steel-work. 
In all other cases the skin could be easily removed, 
and dust was present beneath it. He considered 
surfaces not of such importance as joints and in- 
accessible portions of a structure. Good cleaning 
before painting was of the greatest importance. 

Mr. W. B. Worthington gave as his opinion that 
more attention should be paid to the quality of the 
oil than of the paint mixed with it. The oil was 
the real preservative. Coal-tars should not be 
used unless full information was to be had concern- 
ing them, as much damage had been done in the 

t by using unsuitable tars. He agreed with 
Mr. Moncrieff about the importance of cleaning 
the work prior to painting. In regard to preserva- 
tion of a. the plan been introduced on the 
Mlidand Railway S the late Mr. Macdonald, and he 
considered that it added by at least one year to 
the life of the rails. When on the Lancashire and 
Yorkshire Railway he had found that 35 per cent. 
of the total loss on rails was the result of corrosion, 
and 65 percent. by wear. Corrosion even produced 
55 and 45 per cent. of loss in tunnels and in sul- 
phurous atmosphere of towns. 

Mr. F. E. Robertson said that the way the 
preservative was applied mattered more than the 
substance used. He advised grinding immediately 
before use, even in case of paints already ground. 
Care should also be taken that white and red lead 
was really obtained, and not other substances that 
often went by those names. 

Mr. Wollaston drew attention to the fact that 








graphite paints had given satisfaction in the United 
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States for 45 years, and had been in use in Great 
Britain for five or six years, and gave good results. 

Mr. J. Archbutt had carried out a number of tests 
on plates of 2 square feet surface, given two coats, 
with four days or more between successive coats. 
They were then hung up on the side of a gasholder, 
so that half the time they were imme in water 
and half the time exposed to the air. Nineteen 
were thus tested against a standard of red lead and 
boiled linseed oil. None equalled this standard, 
but next to it came — paints, and next the 
coarse oxide paints. The more expensive oxide 
paints were not so good. Sulphate of barium 
gave good results. The standard red-lead paint 
was made of dry red lead and 10 per cent. raw oil, 
milled together, and then diluted to the desired 
amount, No driers should be used or turpentine. 
He recommended one coat of red-lead paint and 
two coats of colour. He suggested that rails might 
be washed with lime-wash to counteract the action 
of sulphuric acid. 

Mr. Jacomb Hood stated that experience on 
the London and South-Western Railway with tars 
had not been altogether satisfactory. He believed 
in oil paints with white or red lead as base. Tests 
carried out by him had been made on tablets of 
steel and wood, loss of weight being the criterion. 
This was carefully measured at one month inter- 
vals for three years. Theresults obtained in the 
case of oil body paints were superior, to others. 
Graphite paint been tested for twelve months 
only so far, but appeared to give:good results. 

Mr. C. J. Seamer related some facts that had 
come under his notice concerning the lasting 
qualities of paint in different districts. Thirteen 
years ago, he said, the Wembley Tower had been 
painted with oxide of iron paint, and it had never 
been touched since. The tower was now being 
taken down, but the preservative was excellent. 
On the other hand, a little earlier the Blackpool 
Tower had been erected, and though this had been 
painted every year, the corrosion had been so bad 
as to necessitate the renewal of some parts. At 
Eastbourne he had seen aluminium paint in use 
with good results. It had been in use for twelve 
months on the pier there, and stood well. It 
was above water. He was of opinion that sand- 
blast should be iusisted on for cleaning, and the cost 
allowed in specifications, and that no painting 
should be done on damp, wet, or frosty days. 

After this speaker, Mr. Blount briefly replied, 
stating that the whole crux of the matter was that 
work should be well cleaned ; if tar was used, it 
should be boiled, the acids neutralised, and it 
should be put on hot; while with oil-paints the oil 
must be good, and allowed to dry properly, and the 
paint renewed at sufficiently frequent intervals. 


SECTION I—HARBOURS, DOCKS, AND CANALS, 
AND SECTION V.—SHIPBUILDING. 


Joint MEETING. 


Sir William Matthews, K.C.M.G., the President- 
Elect of the Institution, is Chairman of the Section 
dealing with harbours, locks, and canals, which 
met last Wednesday morning at 10.30 in the library 
of the Institution, where it was joined for the 
earlier part of the proceedings by the members of 
the Shipbuilding Section. Of this latter section 
Dr. Elgar is the Chairman. 

_ Sir William Matthews, in opening the proceed- 
ings, made a short felicitous speech, referring to 
the great advantage of a complete and free inter- 
change of epee ag opinion, and expressed the 
hope that the result of their deliberations would be 
such a disclosure of modern practice as would be of 
mutual advantage to every member of the pro- 
fession. He remarked that he had received from 
Mr. Hurtzig, a Vice-Chairman of the Section, 
a letter, dated from Montreal, in which he ex- 
pressed his regret at his inability to be present ; 
and this gave Sir William Matthews an opportunity 
to express sympathy with Mr. Hurtzig in the t 
loss he had recently sustained in the death of his 
partner ‘‘that great engineer and extremely good 
man, Sir Benjamin Baker—a man everyone ad- 
mired.” A letter had also been received from 
Mr. Lyster (also a Vice-Chairman of the Section), 
apologising for his absence. Sir William finished 
his appropriate address by referring to the satis- 
faction with which they met the members of the 
Shipbuilding Section, and called upon Dr. Elgar, 
who had to read Lord Pirrie’s paper in the 
unavoidable absence of the distinguished head of 
the firm of Messrs, Harland and Wolff. This 





paper is printed in extenso on page 827 et seq. of 
this issue. 


Harzour aNp Dock REQUIREMENTS AS AFFECTED 
BY THE DEVELOPMENT OF SHIPPING. 


Sir John Wolfe Barry opened the discussion on 
this paper, and took exception to the prevailing 
— that there was an absence of foresight on 
the part of engineers responsible for the construc- 
tion of docks, the real restricting element being 
financial considerations. He did not think that 
anybody — after the experience of the Great 
Eastern—was altogether wrong in thinking that 
shipbuilders were not going to follow the great 
engineer Brunel in building large ships, although 
the time had now come when many vessels of such 
sizes would be completed, and those responsible 
for the finances of the docks would have to take 
account of them and reconstruct their works. This 
reconstruction was proceeding in many parts of the 
world, and there was no reason to doubt that the 
docks would now be made suitable for the largest 
ships. He quoted the example of the Suez Canal to 
show that engineers were in most instances anxious 
to meet the requirements of the shipbuilders, but 
were limited by questions of finance, as he and Sir 
Charles Hartley were anxious, long years ago, to 
ensure a depth of 10 metres. The question of the 
Thames, to which prominence had m given by 
Lord Pirrie, was due to the supineness and in- 
action of Governments, Liberal and Conservative. 
There had been an agitation for the improve- 
ment of the Thames for many years, and Royal 
Commissions had met and made recommenda- 
tions; but, owing to litical considerations, 
ideas, and jealousies, nothing had been done. He 
hoped, however, that a strong master-mind would 
arise, and carry the thing through, and he looked 
with some confidence to the action of Mr. Lloyd 
George. As regarded the Admiralty starting the 
construction of docks suitable for battleships in 
various ports, he had frequently approached the 
Admiralty in order that some action should be 
taken in this direction, but without success. A 
commercial dry dock was less expensive to make 
and maintain than a dock fitted for the disabled 
line of battleship, and recently he had made a pro- 
posal for a dock on the East t ; most unfortu- 
nately, however, the Admiralty preferred to utilise 
their own docks rather than those of local bodies. As 
to the general question of dock and harbour require- 
ments, he wasafraid thatshipbuilders were not of one 
mind as to the size of the ships of the future. The 
number of large ships was not great, and it could 
scarcely be su that every dock should be 
made suitable for these North Atlantic liners. He,, 
however, agreed in the main that we ought to look 
ahead, and prepare for the future, and he hoped 
that Lord Pirrie would be able to enunciate his 
views in the House of Lords with the same 
force as he had used in his note to the Conference, 
in order to. secure a greater measure of national 


——- 
r. Corthell, of the United States, said that ten 
years ago, in the library of the Institution, he had 
devoted a month to the investigation of the subject 
of the dimensions of large ships, and had prepared 
data showing the growth in dimensions—past, pre- 
sent, and future. When, in 1898, he published the 
results in a paper before the American Association 
for the Advancement of Science, he was criticised in 
connection with his proposals for the future ; but 
by 1902 the engineers of the Panama Canal had 
met his expectations in regard to their depth of 
water and length of locks ; and, moreover, in 1905 
he found from Lloyd's list that in the first five 
ears of this century his predictions of what would 
Seat in fifty years had been surpassed in every 
instance. Lloyd’s list showed that in these five years 
the total tonnage of the twenty largest ships had in- 
creased 184 per cent., the average tonnage 214 per 
cent., the average length 120 percent., the average 
breadth 180 per cent., the average load draught 
142 per cent., and the average gross tonnage 189 
per cent. In five years the ships in the lists of 
the Bureau Veritas of 500 ft. and upwards had in- 
creased in number from twenty-two to ninety-three. 
In Brazil he was providing for a depth of harbour 
of 10 metres for the ordinary ships of commerce ; 
and he urged that if the Institution made it per- 
fectly clear that in the interests of commerce great 
depths were required in harbours, there would be 
no financial difficulties in realising the necessities 
of the case. 


fundamental considerations, and urged a joint con- 
sideration by shipowners and engineers of the 
interests of each case, pointing to one or two 
instances in which sucha joint consideration had 
roved especially successful. The complaint of 

ord Pirrie’s paper, he showed, was not a new 
one, and consis in the fact that the efficiency of 
sea-carrying was dependent upon increased dimen- 
sions. Indeed, some-of the modern ships would 
be worn out before the harbour accommodation 
enabled them to realise their highest efficiency. 
He was anxious that there should be no question 
as to where the blame lay for the non-realisation of 
the ambition of ship-builders, and entered at length 
into the economies of large steamers. It was true 
that commercial success and financial considerations 
must govern the matter, and that engineers could 
suggest reasons for their opinions; they should 
always be insistent in enforcing the view founded 
on a sound basis. 

Mr. G. N. Abernethy referred to the fact that 
the change in the amidship section of ships was 
very considerable, and this, as well as dimensions, 
increased the difficulty of using to advantage the 
existing docks. Formerly the docks were con- 
structed for a considerable length of keel, and to 
suit the very high rise of floor on ships; whereas 
now the floors were flat, and the inverts had to be 
designed on a different principle. He did not 
think that dock authorities or engineers could be 
charged with lack of foresight in not anticipating 
this change. He referred to the fact that thirt; 

ears ago his father had completed a dock in Sout: 

ales which had been sufficient for many years; and 
soon the King would open at Cardiff a dock de- 
signed by the speaker, in which the capacity had 
been doubled. He had taken the opinion of many 
eminent shipowners and shipbuilders regarding the 
section and dimensions, and the dock was suflicient 
to accommodate vessels carrying 30,000 tons of 
coal. He also had applied to the Admiralty with 
a view to try and arrange for graving docks bein 
designed to meet the naval requirements, an 
pointed out that, owing to the concentration of 
weight in the battleships, the section of dock 
required for them differed materially from that suit- 
able for commercial work. For this reason, he 
considered that national support should be given to 
the provision of such docks at suitable centres. 
One important point in connection with the draught 
of water was the great rise and fall of tide in many 
harbours; this created a physical difficulty in 
deepening operations. 

Sir J. Fortescue Flannery, who was the next 
speaker, referred to the absence of guidance by ship- 
builders, and pointed to the fact that Lord Pirrie, 
with Scotch caution, had avoided any specific de- 
claration as to the size of the ships of the future. 
No doubt financial considerations created a diffi- 
culty, but the speaker felt that there was also 
difficulty owing to the withholding of information 
by naval architects, There had been no kind 
of communication scientifically worked out and pub- 
lished, excepting, perhaps, that given by Dr. Cor- 
thell, and he felt that it would be well if some 
kind of standard could be set. With the greatest 
deference he offered a suggestion that the standard 
might be this: that docks, when designed, should 
have dimensions 25 per cent. greater than that of 
any ship existing at the time, or in course of con- 
struction by any builder. He considered Lord 
Pirrie’s suggestion regarding the national support 
of docks suitable for accommodating battleships a 
very pregnant one, and in the interests of naval 
strategy, because it was most important that the 
repairing facilities for the fleet should be eo | 
distributed. He thought that it should go fort 
from that Conference, with all the weight and 
authority of the Institution, that in the opinion of 
engineers it was the duty of the Admiralty to 
co-operate with private enterprise, and with muni- 
at and dock trusts, in regard to the provision of 
graving-dock accommodation to meet the require- 
ments of the fleet in war time. 

Mr. James Dixon, speaking from a commercial 
point of view, said that great stress had been laid 
on the question of cheap transportation due to 
the increased size of ships, but he was not quite 
prepared to agree to that argument. For high-speed 
passenger vessels large dimensions were required— 
notably for the accommodation of propelling machi- 
nery— but for the carrying of heavy bulk-cargo at low 
speed this did not hold good. He thought that the 
directors of docks would do well to very seriously 
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large existing ships. Moreover, there was always 
the possibility of inventions completely revolu- 
tionising steamship design; and the day might come 
when the storage of electricity would greatly influ- 
ence the size, although not the speed, of passenger 
vessels. Underwriters, too, were beginning to 
find that it was not to their interest to have such 
an enormous risk as was involved in one of these 
large ships, and he instanced the case of the 
Dacota, wrecked on the Japan coast. It had been 
said that shipowners were without dock facilities, 
but he did not think thata shipbuilder was justified 
in building a vessel in excess of the capacity of 
the docks contiguous to his works, because such 
a vessel might become seriously injured during 
her trial trips, and could not steam to where there 
were docks available. In regard to the charge 
made against the London Dock authorities, he 
pointed out that 70 per cent. of the goods handled 
in the Thames were placed in barges, and neither 
the barges nor the goods contributed one farthing 
towards the upkeep of the docks. That in itself 
was some excuse for dock directors being unable to 
make the extensive developments demanded in 
Lord Pirrie’s paper. 

Mr. Lionel Clark confined his remarks to the 
advantages of still and floating docks, pointing out 
that in some of the Continental harbours docks 
were provided by the shipbuilders; and at Hamburg, 
with the exception of one small dock, all the facili- 
ties provided were of the floating dock type, and 
these included a dock of 17,000 tons capacity, 
owned by Blohm and Voss, who were building 
another to take vessels of 30,000 tons; while the 
Stettin Company, in connection with their new 
works at Hamburg, were building a dock of corres- 
geoins size and lifting power. Asked by Mr. 

ixon a question as to the durability of the docks, 
Mr. Clark mentioned that the docks, which had 
been well looked after and were forty years old, 
were in quite a satisfactory state ; while even those 
which had been neglected were, after forty years’ 
service, in a fairly good condition. 

Professor J. H. Biles directed attention to the 
fact that, several years ago, he had read a paper at 
the Institution of Naval Architects, in which he 
had given data as to the earning power per ton of 
cargo in relation to the size of the ship; and al- 
though speaking from memory, and without having 
referred to the paper, he was of opinion that an 
increase in size from 500 ft. to 700 ft. increased the 
earning power per ton from 10 to 15 per cent. 
without any corresponding increase of draught ; 
but that when deeper draught was possible the 
gain in earning power per ton was 30 per cent. 
He was perfectly certain that increased size, 
and particularly increased draught, enormously 
improved the working efficiency of a ship. The 
question was, at the same time, one of the 
volume of traftic available ; and as reference had 
been made to the Dacota, with the projecting of 
which he had something to do, he thought it fair 
to say, on behalf of those who were not there to 
defend themselves, that the design was a conse- 
quence of very careful collation of information as 
to the available depth of water in the harbours in 
which she was to trade, and the general economy 
of large passenger ships. He thought that Sir 
Fortescue Flannery’s suggestion of a standard could 
not be carried out satisfactorily, as an increase of 
25 per cent. on a vessel 500 ft. long was a very 
different thing from an increase on a vessel 1000 ft. 
long, and for this reason he did not think that 
increase in linear dimensions should be constant. 

Mr. John H. Robson wished to enforce the point 
that the increase in the size of ships and in harbour 
accommodation was the result of increase in com- 
merce. Twenty-five years ago, when he was present 
at a similar discussion, vessels of 2000 tons were 
regarded a3 the most useful size. 

r. W. Delois Broughton sought to show that 
building docks which were in excess of normal re- 
quirements involved the sinking of capital which 
was very largely unremunerative. 

Dr. Elgar, in replying to the discussion, said that 
he was quite sure that if Lord Pirrie had been 
present, he would have been gratified at the discus- 
sion which had resulted from his paper. Finance was 
undoubtedly the great difficulty, rather than want of 
foresight on the part of theengineer. He admitted 
that hese could not be absolute agreement amongst 
shipbuilders as to the size of vessels, as this would 
depend largely upon the demand or volume of 
freight on the Atlantic. There had been a great de- 


velopment in that trade, and it had increased so fast ' 





that even the biggest ships built, which were up to 
the limits of dock accommodation, were fully 
employed ; but in other trades this did not hold. 
The dock authorities must ever be influenced by 
the fact that if they failed to meet the requirements 
of the shipowner, the vessels would go elsewhere. 

Sir William Matthews, in proposing thanks to Lord 
Pirrie, suggested that he agreed with the remarks 
of Dr. Elgar, and pointed to the rivalry between 
Southampton and Liverpool as an indication of the 
influence of harbour and dock facilities. The 
depth of water in the Suez Canal constituted a 
standard for Eastern harbours, but in fifteen or 
sixteen years there had been a growth of 100 per 
cent, in the size of P. and QO. ships. His old friend 
and master, Sir John Coode, forty-five years ago, 
was charged with over-estimating the necessities 
of South African harbours ; but to-day these had 
been increased more than six-fold : an indication 
that engineers were sometimes blamed by dock 
authorities for going too far, while at the same 
time shipbuilders were urging them to go still 
further. 

REINFORCED CONCRETE. 

On the subject of reinforced concrete two papers 
were read, one by Mr. Charles Scott Meik, on 
‘** Ferro-Concrete Structures,” and the other by 
Mr. Francis Ernest Wentworth-Sheilds, on the 
‘* Durability of Reinforced-Concrete Structures.” 

The first-named of these papers is reproduced on 
page 828, and the second on pages 828 and 829 of 
this week’s issue. There was a wealth of sugges- 
tion, principally in small details, in the twenty 
speeches which followed the reading of the papers ; 
but the space which we are able to devote to the 
subject precludes a complete report. Very con- 
siderable interest was aroused by the details given 
by Mr. Meik in connection with the pier of Pur- 
fleet, and particularly as to the results of a steamer 
colliding with this pier. On the opposite page we re- 
produce photographs showing this pier, and the effects 
of the collision on the reinforced-concrete work, 
while on e 583 of our issue of October 28, 1904, 
there will be found drawings showing the construc- 
tion of the pier. As explained by Mr. Meik at the 
conclusion of his paper, the pier extends along the 
line of the river, with a communicating gangway 
from the shore. The steamers lie on one side, and 
discharge across the pier into barges. Dolphins 
protect the pier from collision at either end, but 
an 8000-ton steamer got out of control, probably 
owing to the displacement of her steering-gear, and 
carried away eight piles, and very nearly brought 
down one of the large cranes which was overhanging 
at thetime. The whole of the pier for about 20 ft. 
had to be reconstructed, with the exception of two 
piles, the cost being between 2000]. and 30001. 
At the conclusion of the debate, in response to a 
request by Sir William Matthews, Mr. Meik added 
some further information regarding the state of 
the pier after the collision. The cutting away of 
the piles was a slow process, as the concrete had be- 
come so hard, and as even parts of the pier uninjured 
were removed so as to ensure a satisfactory bond be- 
tween the old and the new work. The steel cut away 
showed that the steel bars, when uncovered, were 
as good as on the day they had been put in. There 
was a second collision, on this occasion the gang- 
way from the river wall to the pier being injured ; 
there was not, however, the same damage or 
expense involved. 

he discussion on the papers was opened by Mr. 
A. C. Auden, who remarked that the form of the 
bar was not material, provided [it was buried or 
surrounded by concrete to the extent of 24 tithes 
its own area. He thought that unless the stirru 
and shear members were rigidly fastened on to the 
main bar, there was a loss in efficiency. He could 
not see how chemical action could affect the bars, 
as there was no acid present ; and he believed that 
the cleanliness of the bars, when subsequently 
exposed for inspection, was due to mechanical 
action. When the wet concrete was rammed round 
the bars it clung on to the rust, and there was a very 
small amount of shrinkage that drew away the rust. 

Mr. W. Dunn referred with approval to the rules 
issued by the Royal Institute of British Architects, 
and to those drawn up on behalf of the French 
Government. He did not think that a rigid foun- 
dation was more essential in reinforced harbour 
work than in piers of other construction, and con- 
tended that reinforced concrete work showed by 
test a remarkable resilience and elasticity. 

Mr. Francis Fox stated that he had seen the 
Purfleet pier both before and after the accident, 











and complimented Mr. Meik on the application of 
the system. The weer to the piles was very 
serious; the iron work being like a lot of tangled 
rope ; and if there had been necessity to repair it 
by divers it would have been a costly process. 
Had the pier been constructed of other material, 
he quite believed that it could have been repaired 
for about one-fourth of the cost. The vessel had 
struck against the concrete cylinders, and the effect 
of the blow was to strip off the original cylinder of 
concrete like the removal of the shell from an egg, 
leaving the inside standing, indicating that there 
was no union between the concrete inside and the 
outside covering. As to the questions raised re- 
garding the different makes of concrete piles, the 
matter being sub judice, it was probably wise to say 
nothing about the patents. If there were no 
patent, he ventured to think the cost of such 
work would be considerably reduced. 

Mr. H. Carey referred to the work in driving 
Considére piles, the feature of which was the 
adoption of spiral steel instead of bars. Some of 
these piles had been driven to a depth of 57 ft. in 
some docks, through the rock, with monkeys of 
2 tons weight, and without the use of any cap or 
protection to the head of the pile, and yet without 
injury to the latter. He contended that this system 
was preferable to others. 

Mr. J. S. E. de Vesian, the representative of 
the Mouchel system in this country, contended that 
where the stirrup was not fixed it was possible to 
put it exactly where the extra strength was required. 
The French rules, he pointed out, were merely 
suggestions, and in some instances they increased— 
in his view unnecessarily—the weight of steel 
required. He pointed to the fact that Messrs. 
Bramwell and Harris had carried out experiments 
which proved the non - conduction of heat in rein- 
forced concrete work. In connection with the 
Purfleet incident, and the question of cost of 
repairs raised by Mr. Francis Fox, he pointed out 
that there was no constructional repair work below 
water-level, the piles having been withdrawn and 
the work carried out in the dry. 

After an adjournment, the discussion was carried 
on during the afternoon, and there was an unavoid- 
able repetition of experience, some of it rather con- 
tradictory. 

Mr. G. N. Abernethy referred to works that he 
himself had carried out ; and Mr. C. A. Brereton, 
in the course of an interesting speech, enforced the 
importance of securing continuity, as there would 
be weakness in the jointing of concrete piles. 

Mr. C. F. Marsh dealt with the philology of the 
terms applied to this type of work; and Mr. 
J. Watt Sandeman pleaded for a more exact defini- 
tion of the aggregate of concrete-used. 

Mr. J. Hannay Thompson gave some results 
corroborative of those in the paper ; and Mr. W. F. 
Douglass referred to some steel bars which, in 
1881, he had taken out of Smeaton’s lighthouse, 
which, after having been in the lighthouse in Aber- 
thaw cement-concrete since 1757, showed a bloom as 
if they had newly come from the rolling-mill. 

Mr. R. J. G. Reed thought that the rules of 
the Royal Institute of British Architects should 
not be accepted completely by the Institution. 
The factor of safety should be based on the exten- 
sion of the reinforcement under the stresses to 
which it would be subjected. At a test of beams 
made of concrete he had found practically no de- 
flection ; and he thought that fixed stirrups were 
very good, and that they might be put to a higher 
test as regards breaking-strains ; but if they were 
fixed they were not always placed in a position 
where they were required. He contended that the 
concrete should be specified in exact quantities. 
An important point was that the Local Government 
Board made certain conditions in regard to rein- 
forced concrete works, which hampered the local 
authorities in the construction of such works, as 
they stipulated for loans being repaid in a shorter 
period. d 

Mr. T. B. Shaw also gave some particulars of 
driving Considére piles, and contended in favour of 
the system ; while Mr. H. C. M. Austen dealt with 
his experience with shed-work at Bristol, where 
he had driven a thousand piles, some of them, 14 in. 
square, taking a load of 1000 tons. These came out 
much cheaper than timber piles; and as to water- 
tightness, very careful tests had been made by the 
construction of reinforced- concrete tanks, which 
gave very satisfactory results, and justified the 
carrying out of work where impermeability was 
required. He thought it was very important, 
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especially in narrow trenches, that the light bars 
should be tied back, as in ramming the concrete 
home they were liable to be displaced, and there 
would thus be unequal spacing in the reinforced 
members. 

Mr. John Russell stated that he had built foun- 
dations for a silo behind a wharf wall, and the piles 
had to be driven through very hard shingle ; the 
results in all cases were very satisfactory, although 
the depth of sinking was 35 ft. It was important 
to ensure that no pressure would be exerted by the 
silo upon the wharf walls. 
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Fic. 1. Porrteet Pier anp Cranes, 1905. 
| system. The high specific gravity of the structure 
|was, he thought, in its favour, as it weighed 
150 lb. to the cubic foot. The piles were 16 in. 
square, and were placed at from 5 ft. to 7 ft. apart, 
the interval being closed by panels 6 in. thick, which 
| were adjustable, so that they could be raised as the 
shingle rose on the shore. 
| Mr. C. H. Coulson gave some results of applica- 
tions in a variety of works. He was satisfied as to 
|the great advantages of the system, not only in 
respect to water-tightness but to fire-resistance. 
|He was afraid, however, that the movement of 
| shingle would affect reinforced concrete on groynes, 
and result in exposure of the reinforcing members. 
In parts of jetties that he had constructed, ferro- 
concrete was used for the piles, with timber decking 
struts and walings. As the damage was more 
frequently above water, repairs could easily be 
|carried out. He had also found in walls that had 
|stood over 200 years, that angles embedded in 
|mortar were perfectly clean. Reference had been 
| made to the cost of damage done to the reinforced 
concrete pier at Purfleet ; but he thought it should 
be remembered, in making comparisons, that had it 
been a timber jetty, the damage would have been 
enormously greater ; the ship’s bow would probably 
| have gone right through the jetty, whereas it did 
| comparatively little damage, going into the rein- 
forced concrete like a knife into cheese. 

Mr. H. E. Carey stated at this point that in works 
| he had carried out the first cost showed that timber 
| would have 24 per cent. more than in the case of 

concrete. The working load was 70 tons on a 
14-in. pile. 

Mr. Meik, replying to the discussion, remarked 
| that if the stirrups were to be securely riveted it 
| would alter the whole system of construction, and 
| constitute it a steel structure encased in concrete. 
| In regard to the point raised by Mr. Dunn in rela- 
|tion to the bending or resilience of piers, the 
| vibration at the Purfleet pier, when the collision 
|took place, was so great that some of the men 
|thought the pier would collapse, and jumped on 
|to a ship alongside ; but the elasticity of the 

piles was most satisfactory. In reference to the 
|point raised by Mr. Fox regarding the effect 
|on the cylinders, he pointed out that it was 
| intended that the outer casing of the cylinders 

Dr. J. S. Owen said that he had just finished the | should not be bonded with the interior ; in future, 
construction of a tank, 70 ft. long and 25 ft. wide, | however, they would aim at making the steel work 
for a swimming bath, having a depth of 6 ft. at one | of the cylinders stronger, in order to obviate such 
end and 3 ft. at the other. They could discover no|an accident happening. When a steamer struck 
leakage, nor any sign of cracking, notwithstanding | bow on, it was bound to go into almost any material. 
that the water was heated through a range of 15 deg. | In regard to the remarks of Mr. Brereton on the 
Such a result could not easily be got with ordinary | continuity of the piles, the conclusion showed that 
concrete. The thickness of the walls was 4} in., | a scarf joint was not strong enough ; and in future 
and of the floor 6 in. Another sphere of usefulness, | a screw joint would be used. Where there was a 
to which reference had been made in the discussion, | great mass of steel bars, as at the junction of the 
was for sea defences, and at Brighton there was | pier, they had used much finer concrete. Originally 
being constructed now a reinforced concrete groyne | they had adopted ordinary Thames ballast as q 
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constituent, but had lately ground the large pieces 
to go through a half-inch mesh, and this had been 
found very satisfactory. 

Mr. Sheilds, in replying, pointed out that although 
he did not stand as an authority on chemistry, he 
was inclined to think there could be rusting action 
without the presence of acid ; and he was perfectly 
satisfied that there was a chemical action, and that 
this had a beneficial effect. He was not in favour 
of rigid fixing of the stirrups, but thought that soon 
there would be an improved system introduced. 
As to foundations, he still held the view that 
more care was necessary in reinforced concrete 
work than in some other structures. If there were 
big lateral or vertical movement, ferro-concrete was 
practically ruined. He agreed with Mr. Brereton 
that joints in the piles should be avoided, but 
thought that, where absolutely unavoidable, a 
sleeve or tube should be used to enclose the ends 
of the butting rods. This had not yet been done, 
but he thought the system might quite easily be 
brought about. Mr. Abernethy had spoken about 
the difficulty of ——— out repairs ; the speaker’s 
experience did not bear out this statement. The 
spiral pile was extremely ingenious and scientific, but 
he was anxious to know what would happen when 
piles were used where there was considerable lateral 
stress? In such a case the bar-system was prefer- 
able. He agreed with Mr. Coulson that the damage 
from collision was not extensive, and repairs were 
not unduly difficult. 

Sir William Matthews, in proposing a vote of 
thanks to the leaders in the discussion, said that 
he understood from Mr. Meik that the Purfleet 
jetty had timber foundations; and Mr. Went- 
worth-Sheilds had also advocated these for South- 
ampton. The discussion, he thought, had been a 
most interesting one, full of useful points in im- 
portant details. 

This ended the day’s proceedings, which lasted 
until far into the afternoon. 





SECTION IU1—MACHINERY. 


The Machinery Section of the Conference held 
their first meeting last Wednesday in the hall of 
the Surveyors’ Institution, the chair being taken at 
11.30 a.m. by Professor W. Cawthorne Unwin, 
F.R.S., who, in opening the proceedings, said that 
in view of the admirable address that morning of 
Dr. Kennedy, the President of the Institution, he 
need not himself dilate on the general object of the 
Conference. In drawing up arrangements for the 
proceedings of the Machinery Section, the Com- 
mittee had, on the suggestion of Mr. Donaldson, 
determined to select a series of subjects, and ask 
members specially qualified in these to prepare 
papers to serve as the basis for a subsequent discus- 
sion. They had, he proceeded, in this way obtained 
papers dealing with live matters of great present 
importance. It had, he continued, been intended 
to begin the proceedings with a discussion on the 
use of superheated steam in locomotives, but a 
paper on this subject could not be obtained in 
time. The subject placed second on the list was 
‘*The Relative Merits of Reciprocating and Tur- 
bine Engines for Ship-Propulsion.” Nothing, he 
thought, had been more remarkable than the 
manner in which the steam-turbine had sprung to 
the head of thermal motors. Two papers, by Mr. 
C, A. Parsons and Mr. Henry Davey respectively, 
dealing with this subject from different points of 
view, would, he proceeded, be taken together, thus 
giving greater freedom for discussing the claims of 
the rival systems. 

At their next meeting the modifications in 
machine-tools, necessita by the introduction of 
high-speed steel, would be discussed, and, correla- 
tively with this, the process of finishing work 
by grinding. These matters would be opened up 
by moe contributed by Dr. Nicolson and Mr. 
H. Darbyshire. The author of the first paper, 
Dr. Nicolson, had made, Professor Unwin stated, 
a quite remarkably complete series of experi- 
ments on the use of high-speed steel, and in 
particular on the forces involved in taking heavy 


on pneumatic tools, the discussion on which would 
be taken alone. 

Coming to the final item on the programme, ‘‘The 
Comparative Merits of Reciprocating and Turbine 
Compressors,” the introduction of the latter consti- 
tuted, he said, an advance on which the engineer 
might congratulate himself. ‘he turbine had the 
peculiarity that it acted as a motor when run in 
the forward direction, and as a pump when worked 
backwards. He was very glad to say that M. 
Rateau, who had been one of the foremost in this 
application of the turbine principle, would himself 
come over and take part in the discussion. 


TorsineE v. Recrprocatina ENciInges FOR MARINE 
PROPULSION. 


The Chairman then called on the Hon. C. A. 
Parsons, F.R.S., who read his paper entitled 
**The Turbine as Applied to Marine Propulsion,” 
and was followed by Mr. Henry Davey, with a 
paper on “‘ Reciprocating Engines for Ocean-Going 
Steamers,” both of which will be found printed on 
page 829 of our present issue. Mr. “yy referring 
to his suggestion that the efficiency of the ordinary 
marine engine might be improved by the use of 
drop-valves, interpolated, during the reading of 
his paper, the remark that he was aware that 
these had already been tried at sea with no great 
success; but he did not consider that one failure 
was sufficient to condemn the idea. 

The first speaker in the discussion was Sir W. H. 
White, who demurred at Mr. Davey’s statement 
that sufficient information was not available for 
a fair comparison between turbine and recipro- 
cating machinery. As a matter of fact, he said, 
information as to the steam consumption of electric- 
light turbines, with which accurate measurement 
was possible, had long been available. As a mem- 
ber of the Special Cunard Commission, the speaker 
proceeded, he had had to go very carefully into the 
question of the relative advantages and disadvan- 
tages of turbines and reciprocating engines, and 
had had opportunities of acquiring information as 
to marine turbines, which he was not yet at liberty 
to use. Or Tand, however, the turbine had, when 
at maximum power, proved considerably more 
economical in steam than marine-pattern piston 
engines of the best type. This superiority was 
maintained down to a load equivalent to 75 per 
cent. of the maximum power. e further fact had 
been established that the steam economy increased 
with increase of size, and for marine purposes 
turbines of large size individually were required. 
All these facts had long been available, and he 
thought would remain true in the case of the marine 
turbine, as the latter did not know whether it was 
working on shore or on shipboard. As to the 
question of propeller-efficiency, he quite agreed 
with Mr. Davey that the coal bill would be the 
main consideration-in’ fixing the relative merits of 
the rival systems, though not in all cases, as, for 
instance, in the smaller class of war-vessel and 
certain cross-Channel and other special services. 
He demurred, moreover, to the implication that 
the turbine necessitated the use of a less efficient 
screw than could be employed with the piston 
engine. He saw no reason for assuming that 
this would remain permanently the case, though 
it might be true at the present moment. Ex- 
rience with the turbine-driven propeller went 
ck but thirteen years, and that of its rival seventy 
years. Even so, those concerned knew well that 
it was not always easy to select the best possible 
screw for a reciprocating engine, and he himself 
had had some strange experiences in this, when, 
after taking the best advice, it proved on trial that 
the propeller chosen was far from being the best 
possible. The turbine-driven propeller was in its 
infancy, and he believed that ultimately a reall 
suitable high-speed screw would be discovered, 
though not by a process of mere reasoning, which 
had never yet led to anything valuable in regard 
to the screw-propeller. As matters stood, he was 
of opinion that in trials run under comparable 
conditions, there was evidence that the combi- 
nation of the most suitable propeller with the 





euts with it. He had from his observations | 
given a rational basis for the proportioning of | 
machine-tools, the makers of which ought to be 
grateful to him for this most remarkable and scien- | 
tific investigation. As to the question of grinding, | 


most suitable turbine showed to no eae 
in respect to the combination of the most suitable 
mga engine and propeller. Allowance ought to 

e made for the small experience yet obtained 


still more to be wondered at. As to Mr. Davey’s 
suggestion that drop-valves might be used on 
marine engines, he believed that such valves 
were quite common on American paddle-boats— 
a point on which Mr. Maw could probably supply 
information. He doubted, however, if they could 
be used with advantage on the relatively rapidly- 
moving screw-engines, though they gave good re- 
sults on the comparatively slow-running engines 
with which Mr. Davey had special experience. As 
to the combination of engine and turbine proposed 
by Mr. Davey, he thought that not only was the 
arrangement a very promising one, but that it was 
ractically certain that it would soon be in operation, 
its efficiency being assured by the fact that the final 
expansion in the turbine could be carried so far. 

e next speaker was Sir John Durston, who 
said that in the Dreadnought 18 boilers were fitted, 
whilst 22 would have been required if reciprocating 
engines had been used. 

. Gerald Stoney spoke next, and in reference 
to Mr. Davey’s statement that an efficiency ratio 
of 70 per cent. was about the best obtained with 
reciprocating engines, claimed that in land turbines 
an efficiency ratio of 75 to 78 per cent. had been 
obtained in recent tests, which was thus fully 
15 per cent. higher than that of ordinary recipro- 
cating engines. Marine turbines, he continued, 
gave practically identical results with what the 
same turbines would show if applied in similar 
conditions of working on land. The proposed 
combination of piston engines and a turbine was, 
he thought, certain to come into use. On land, 
exhaust-steam turbines were now largely used, 
particularly in collieries, where the exhaust from 
the winding engines often yielded more power than 
the live steam did in the cylinders. With these 
exhaust turbines, a steam consumption of 32 lb. 
per kilowatt had been obtained, which was, he 
claimed, equivalent to 20 lb. per indicated horse- 
power. He had, therefore, no doubt at all that 
the proper combination for efficiency would be a 
triple- expansion engine expanding steam from 
150 Ib. or 120 Ib. r square inch down to the 
atmosphere, followed by a turbine further expand- 
ing the steam down to the condenser pressure. 

r. Dugald Clerk followed, and demurred to 
the opinion expressed in Mr. Davey’s paper—that 
the fuel economy of a marine gas-engine would not 
exceed that of the steam-engine. The fuel con- 
sumption, it had been suggested, would with bitu- 
minous fuel equal 1} lb. per brake-horse-power 
hour. Actually, however, with engines of 60 horse- 
power working with suction-gas, the consumption 
of anthracite did not exceed 0.7 lb. to 08 Ib. 
per brake-horse-power hour. Even in the Derby 
trials, where the engines were of but 20 horse- 
ower, the consumption, inclusive of stand-by 
osses, during the wholé*night, was but 1.1 Ib. 
per brake horse-power. With bituminous fuel 
it was true the results obtained were not yet 
as good as these, but.makers were now willing to 
guarantee 1 brake-horse-power hour per 1) Ib. of 
bituminous fuel, which was very considerably lower 
than the figure suggested by Mr. Davey. It was, 
moreover, hardly fair to make comparisons with 
the bituminous gas-plant in the present stage of its 
progress. It would be necessary for marine pur- 
poses to get-rid of the scrubber, and there were 
ways of doing this now under experiment, so that 
he had little doubt that in a year or two a bitu- 
minous plant suitable for marine purposes would be 
available, requiring but } 1b. of fuel per indicated 
horse-power hour. He agreed, however, that too 
much must not at present be expected from the 
large gas-engine ; but those engaged in the _ 
blem were well aware of the nature of the diffi- 
culties, which he believed were all solvable, so that 
only a little time was wanted before the marine 
gas-engine would be found to be doing all, and 
more than all, the marine steam-engine now did, 
and on a fuel consumption of not more than j lb. 
per indicated horse-power hour. 

The next speaker, Mr. Griffith, of Messrs. Denny 
Brothers, Dumbarton, complained that some little 
time ago an article on the development of the 
marine steam-turbine had appeared in a semi- 
technical paper, in which no reference whatever had 
been made to his firm, who must, he thought, have 
therefore been too modest. As a matter of fact, 





with turbine-driven screws. In actual fact this 


exclusive of war vessels, they had fitted about 


he could not himself speak as to its economy, but | was substantially less than thirteen years, since, | one-half of the total horse-power now at work in 
all would agree that a degree of 
reached with the provess which was hardly attain- | 
able before. Following this there would be a paper 
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vessels, making a total of twenty-four in all. 
From the outset his firm had recognised that 
the governing factor was the combined efficiency 
of the turbine and the propeller. They, there- 
fore, by the aid of the tank determined the pro- 
pulsive power required to propel the hull both 
with and without propellers in place; and they 
also subsequently measured the shaft horse-power 
by the torsion-meter, and also the water consump- 
tion. Progressive trials had been made with 
each vessel, determining the steam-consumption at 
every — and in some cases progressive *‘ astern” 
trials had also been carried out. The data thus 
acquired put them, they thought, in a position of 
some advantage, and he — they were compe- 
tent to make efficient use of the records obtained. 
He would not refer to the application of the tur- 
bine to high-speed cross-channel and river steamers, 
as there was no doubt as to its advantages in such 
cases. With the Victoria and Empress, for instance, 
results had been obtained which, having regard 
to the size of the vessel, the speed, and the actual coal 
consumption would have been absolutely impossible 
with reciprocating engines. The chief interest at the 
present moment therefore centred on the applica- 
bility of the turbine to vessels of moderate —_— 
His firm had already built half-a-dozen such boats 
with a sea speed which was intended to be below 
18 knots, but their experience was not yet sufli- 
cient to enable them to state the lowest speed at 
which boats of a particular size could be economic- 
ally driven by the turbine. The Rewa, turbined 
by them for the British India Steam Navigation 
Company, made nearly 18 knots on her trial trip, 
and at this speed compared very favourably in coal 
consumption with any boat with reciprocating 
engines in existence. Taking the consumption per 
shaft horse-power at 18 knots as 100, then at 
other speeds the corresponding consumption was 
as follows :— 


Speed. Relative Consumption per 


Shaft Horse-Power. 
18 100 
17 104.5 
16 110.2 
15 118 


The torsion-meter they found gave consistent 
results throughout. Indeed, the curves of power and 
— of the Victoria and the Empress were so nearly 
alike that when superimposed a line could not be 
drawn between them ; and with the Rewa the speed 
and power curves obtained on different days were 
identical. Coming next to serviceresults, the speaker 
said that, unfortunately, the Rewa had been 
exclusively engaged on the Indian trooping service, 
in which apparently speed was not required, so 
that in general she had been run at about 13 knots. 
From the progressive trial results they had made 
a forecast of See consumption at this speed, and 
this had been actually achieved. Indeed, he 
thought that her sea performance, as com 
with her trial-trip performance, had been fully 
as good as was ever obtained with reciprocating 
engines. In heavy weather the falling-off was 
not more than with an ordinary twin-screw boat, 
and was perhaps less than with a single-screw 
boat. In one trip, for instance, in which con- 
tinuously heavy weather had been encountered, the 
average speed was 14 knots less than estimated from 
the actual steam pressure by means of the trial 
results. The greatest difference ever observed 
under any conditions was a loss of 2 knots in speed. 
Recently his firm had offered to guarantee the same 
consumption for a vessel of 453 ft. in length to be 
driven at 17 knots, whether she was fitted with 
turbines or with quadruple-expansion engines. He 
did not, however, think any other firm was in a 
position to do this. In the Channel steamers, as 
experience had been gained, they had added a knot 
to the speed for the same coal consumption. In 
conclusion, he congratulated Mr. Parsons on his 
success, for which he thought no reward was too 
great in view of the immense difficulties overcome. 

Dr. Edward Hopkinson spoke next, asking 
how it was vy to arrange the shafting in 
cases where the ts were fitted with a combina- 
tion of reciprocating and turbine engines. He 
wished, moreover, to confirm Mr. Clerk’s statement 
as to the fuel economy obtainable with gas-engines, 
though he should himself put the figure for the 
consumption of bituminous fuel as from 1} to 1} lb. 
per brake horse-power hour. This figure was, he 
continued, realised in every day commercial prac- 
tice. In view of the enormous heat economy ob- 
tainable with the gas-engine, its possibilitive ought 





to be most seriously considered. Referring, how- 
ever, to Sir W. H. White’s remark that the turbine 
did not know whether it was on shore or at sea, he 
was afraid that could not be said of the gas engine, 
which seems painfully conscious of its position. 

Mr. E. C. Carnt, who followed the last speaker, 
said that in 1904 his firm, Messrs. Samuel White 
and Co., of Cowes, took out a license to make the 
Parsons turbine, but had so far preferred to leave 
the actual detailed designs with Mr. Parsons’s firm. 
They had been entrusted by the Admiralty with 
the construction of six destroyers, five being of the 
coastal type, and the other of the ocean-going 

ttern designed to make 33 knots. Prior to this 

is firm had been specially equipped for the building 
of high-speed reciprocating engines, but the results 
obtained with the Amethyst shown them that 
the turbine had come to stay, and they had accord- 
ingly taken up its manufacture without loss of time. 
As a consequence, however, they had now a good 
deal of their old special machinery standing idle 
which, however, might find its uses in the new 
development foreshadowed by Mr. Parsons, of 
combining a reciprocating engine with turbines. 
Having had a considerable experience in the work- 
ing and running of high-speed marine engines, he 
would say that one’s principal sensation with the 
turbined craft on trial was a comfortable feeling 
of relief. With reciprocating engines having the 
weights cut down to a minimum, most careful in- 
spection was required to ensure that the piston and 
connecting-rods, bolts, and the like were sound. On 
rough turning small markings could be detected 
in these by the experienced eye, which indicated 
not perfectly satisfactory metal. The finishing tool 
would, however, cover up faults one would like to 
have seen, and consequently on trial one was 
always asking oneself the question, ‘‘ Have I found 
all the bad ones?” and a failure at speed meant the 
loss of all in the engine-room. With the turbine, 
on the other hand, there was absolute peace of 
mind. The men, indeed, complained that in re 
trials they could not keep awake, as they h 
nothing to do. 

The cleanliness was, moreover, a great comfort, 
and on coming off a trial there was nothing to show 
one had been there. The difference would be very 
striking to those acquainted with the old state of 
things. He hoped, therefore, if the oe 
engine was re-introduced on the lines suggeste 
by Mr. Parsons, that the enclosed type of engine 
would be used, with forced lubrication, and the 
cleanly features of the turbine machinery thus 
be retained. His firm, he said, had come across one 

uliar feature in running with the cruising turbine. 

ith the latter in use, together with one boiler, a 
speed of 16 knots was obtained. Wishing to get a 
little higher speed, the cruising turbine had been cut 
out, and at the speed then obtained the boiler had 
to be forced, the steam required being very much in 
excess of that corresponding to the increase in the 
equivalent horse-power. It kad, therefore, in order 
to prevent the over-forcing of the boiler, been made 
a rule that with the cruising turbine cut out, both 
boilers must be used. In conclusion, he might 
mention, in connection with Mr. Davey’s paper, 
that they had at their works 16 to 18 gas-engines, 
ranging in size from 250 to 25 brake horse-power, 
which, on the average, consumed 0.9 lb. of anthra- 
cite per brake-horse-power hour. 

The next speaker was Mr. Mark Robinson, who 
thought that the combination of reciprocating 
engines and turbines mentioned would solve the 
question of the application of the latter to the 
slower class of vessel. Mr. Davey had, however, 
suggested that the same thing might be done with 
reciprocating engines ; but this would not answer, 
since with low-pressure steam the turbine was 
working at its very best. He thought, indeed, that 
the system in question had also a good chance of 
extending on land, though the greater cheapness of 
the single turbine as compared with the combina- 
tion might present an obstacle. As to the gas- 
engine, he thought this would find a serious rival in 
the oil-engine, with which a brake horse-power 
hour could be obtained for less than 4 Ib. of fuel. 

The discussion was continued by Mr. R. J. 
Walker, who said he quite appreciated Mr. Davey’s 
complaint as to the absence of information, which 
constituted a real difficulty. It existed, but was 
not available, though if it were, the questions at 
issue would probably be cleared up. He did not 
entirely agree with Mr. Davey that the race be- 
tween the turbine and the piston engine would be 
settled wholly by the coal bill. What a ship-owner 





had to consider was the earning power, and he had 
therefore to take into account the oil consumption, 
the questions of reliability and Cane hosene, 208 
those of the comfort and increased accommodation 
for passengers. As to the matter of upkeep, the 
King Edward, he continued, had now run 107,000 
miles, and had not cost 5/. in that time on account 
of ordinary wear and tear ; and the same remark 
applied to the Queen Alexandra. The Carmania 
had made 13 round trips, and her turbines, when 
recently opened up, were in as good condition as 
when they left the shops. He was not himself pre- 
pared to admit that the coal consumption was greater 
with turbines than with reciprocating marine en- 
gines. The Amethyst, he continued, had done a 
considerable amount of very hard steaming, and 
here again her turbines, when opened up, proved 
as good as ever, and she had not, he believed, cost 
a penny for ordinary wear and tear. The Allan 
liners had been abused as being extravagant in coal 
consumption, but, he thought, unjustly. Take, for 
instance, the Virginian, of which he had the log, 
though he was not at liberty to make full use of it. 
The fact. appeared from this that she was makin, 
from 7 ? of a knot more than she was intend 
to. or instance, in four successive trips the 
» wy were 17.2, 17.5, 17.65, and 17.8 knots in 
place of 17 knots, and this year she was runnin 
even faster. No ship similar to the Virginian, an 
fitted with reciprocating engines, was in existence, 
but estimating, by the usual formule, the horse- 
wer required for a boat of the dimensions and 

ines of the Virginian, this turned out to be 12,600 
to 13,000 horse-power, and as the coal consumption 
was from 190 to 200 tons per day, it amounted to 
but 1.42 lb. per indicated horse-power hour. Of 
this total, experiment showed that the auxiliaries 
were responsible for 12 per cent., so that the tur- 
bines proper took 1.3 lb. per indicated horse-power 
hour. This, it should remembered, was. the 
result obtained with the first ocean liner fitted with 
turbines. 

The discussion was continued by Mr. Thring, who 
spoke, drawing attention to the torsion meter de- 
signed by Professor Bertram Hopkinson and him- 
self, which was described in our last issue. The 
Denny torsion-meter, he said, required a length 
of 15 ft. to 20. ft of shafting for its application, as 
well as a considerable clearance round the shaft. 
In his own instrument, alength of 124 in. sufficed 
to give the power with an error of not more than 
1 or2 per cent. He had tried the instrument on a 
destroyer where the clearance was under 8 in., and 
at a speed of even 1000 revolutions per minute the 
indications of the instrument appeared reliable 
within 1 or 2 per cent. An important feature of it 
was that it measured the surface shear, which was 
practically constant in all shafts, whatever their 
diameter, when transmitting full power, so that the 
same length would suffice for large shafts as for 
small. In fact, in view of the lessened vibration 
in the case of large shafts, he thought even better 
results would be obtained with them. 

At this point it was necessary to close the dis- 
cussion, and Professor Unwin called upon Mr. 
Parsons and Mr. Davey to comment on any points 
which had been raised. 

In reply, Mr. Parsons said that several speakers 
had referred to the fact that the governing factor 
was the combined efficiency of the turbine and the 
screw. This had, however, been recognised from 
the outset, and in the tank experiments even the 
propeller brackets were removed, and the actual 
power required to propel the bare hull determined, 
and to this all calculations and deductions were 
referred. The combination of reciprocating engine 
and turbine had been first applied in the Velox, and 
at 11} knots the economy obtained was phenomenal, 
but the reciprocating engine had not proved suffi-. 
ciently elastic for the conditions of service ; and as 
the cruising 5) had been raised to 15 knots in 
modern practice, it was removed. In some cases 
he might note vessels had been driven at a speed 
of several knots, using the steam from the auxi- 
liaries alone. It had frequently been stated that 
turbined boats fell off more in head seas than boats 
with reciprocating engines, and this had been attri- 
buted to cavitation. In cases where this assertion 
had been made by engineers and captains, however, 
no note had been taken of the steam pressure at ad- 
mission to the turbines, which was a fair measure of 
the actual torque on the shaft. It was very difficult 
indeed to get reliable information on these points 
from the crew or staff. Theoretically, at least, the 
turbined boats should show less loss of speed inia 








816 


ENGINEERING. 


[JUNE 21, 1907. 








sea than those with piston engines. 


weather, for instance, the turbine was never slowed | copper region, and 


In heavy | used for carrying copper in the Lake Superior 


e considered there was a 


down unless on orders from the bridge, whilst the great future for electric locomotives for under- 
engine-room staff slowed down piston engines ground work. The vexed question of ventilation 
without orders, as it was not not safe to run them | and the disposal of dust was not an easy one by any 
at full speed with the propellers racing. Naturally, means, but much might be done by a careful study 


therefore, the latter too 


less coal as the power ofcolliery work. Exhaust-fans might be employed, 


was reduced. He did not himself think that there but he considered that by far the best plan was 
was any fall in efficiency as compared with ships | not to take away the dust when made, but to pre- 
having piston engines ; indeed, the loss was probably vent it being made, or, at any rate, to collect it at 
less, as the screws were more deeply immersed. once when made, in order that it might not 


In reply to Dr. Hopkinson, he might say that 
there was no fixed disposition for the proposed 


| 


| 


Its collection could be 


travel along the workings. 
He 


done by means of canvas bags or screens. 


combination of turbines and reciprocating engines, | strongly advocated the use of electricity for driv- 


which might be combined in any way desired. The 
turbines, for instance, might be in parallel, or in 
series. 

Mr. Davey, in his reply to the discussion, said 
that his estimate of 1} lb. of bituminous coal per 
brake horse-power as the consumption of a marine 
gas-engine was no doubt too high for the engine 
taken alone. He had, however, recently been 
putting down 1000 horse-power in gas-engines, 
consisting of five units of 200 horse-power each. 
The makers guaranteed that they would not require 
more than 1} lb. of bituminous coal per brake- 
horse-power hour, but to this had to be added all 
that required to supply the steam for the pro- 
ducers, and for running the auxiliary machinery, 
which was somewhat elaborate. He had esti- 
mated this at 4 lb. per brake horse-power more, 
and thus got the figure criticised. The meeting 
was then adjourned by the Chairman to the fol- 
lowing morning. 





SECTION IV.—MINING AND METALLURGY. 


The meeting of this important section was held on 
Wednesday, the 19th inst., under the chairmanship 
of Mr. John Strain, and was not very largely at- 
tended, although a lively interest was taken in the 
subjects brought forward. Three papers were pre- 
sented for discussion, all of which were read. 

The Chairman, in opening the meeting, referred 
to the views of Bacon on knowledge, and said that 
the engineer is a man who thinks he knows some- 
thing of most things, for as a class engineers take 
all knowledge for their province. This province 
was, however, divided into many sections, one of 
these sections being that over which he presided. 


‘*Tae WITWATERSRAND GOLDFIELDS.” 


The first paper to be read was one on ‘‘ The 
Witwatersrand Goldfields,” by Mr. George Alfred 
Denny, Assoc. M. Inst. C.E., the full text of which 
will be found on page 851. 

Mr. E. P. Rathbone opened the discussion, and 
pointed out that in his opinion the labour question 
referred to by the author of the paper was one of 
the highest importance, but it presented many 
difficulties. He thought that the Kaffir boy might 
be worked more effectively than at present by 
teaching him the use of some machine, such as a 
rock-drill, so as to give him an interest in some- 
thing else than mere brute force. It was a great 
drawback that, after three or four hours’ work, the 
Kaftirs were allowed to go out of the mine, and 
if some means could be adopted of putting a stop 
to this, it would be anadvantage. He considered 
it very important that the supply of labour from 
the mines should drawn from the native 
population, but the great difficulty was that due to 
the population being largely a shifting one. As 
soon as a man was taught to do certain work with 
more or less efficiency, he left, and someone else 
took his place. He agreed with the author of the 
paper, however, that something might be done by 
the mine-owners to put astop to this system, which 
tended to destroy a sense of responsibility. 

With regard to the matter of winding-engines, 
it seemed to him that the mine-owners on the Rand 
— take useful notes of the practice in English 
collieries, The ‘‘old-man” engine of Cornwall re- 
presented something of what might possibly be 
done in South Africa. As was well known, in this 
system there were rods similar to pump-rods which 
moved up and down in the shaft, the men being 
brought up by stages from one stage to another by 
slipping on to the rod and off at the different stages 
till they reached the top. Underground transport 
was a matter of very great importance, but it had 
not been touched upon by the author. Improved 
underground a would tend greatly towards 
economy, as would also larger mills and larger 
trucks ; the latter could be made more like those 





| ing the air-compressors close up to the work, and 


in this way doing away with long lines of piping, 
with their consequent numerous leaking joints. 

Mr. I. T. Prest, although claiming no experience 
in gold-mining, had a wide knowledge of colliery- 
work, and this experience taught him that two- 
stage winding was quite feasible, and that mining at 
depths of from 4000 ft. to 6000 ft. was perfectly prac- 
ticable. He thought the author’s recommendation 
of placing shafts one mile apart was not warranted, 
and he could not understand the great length of time 
taken to connect them underground. Shafts should 
be placed at from 40 to 50 yards apart. The Rand 
mine area was limited when compared with that of 
coal-mines, and ventilation in the former case 
should be simple. He considered an efficiency of 
6 per cent., mentioned by the author for air-com- 
ap machinery, to be exceedingly low. He 

ad always thought that the efficiency of this class 
of machinery on the Rand was better than any- 
where else, and this low figure mentioned by the 
author of the paper was a great surprise. The 
efficiency of electric driving mentioned, although 
higher, was much short of what would have been 
expected, and he was of opinion that there should 
be little difference between the two methods as 
regards efficiency. With regard to trouble arising 
from water, all his experience had taught him that 
water was very unlikely ever to be found below a 
depth of 4000 feet, or even below 2000 feet, and 
any water found at such depths probably came 
from the surface. Ground below a depth of 1200 
feet was usually quite dry. 

Mr. T. H. Bailey said that a friend of his had 
expressed surprise at the bad ventilation of the 
Rand mines. This lack of ventilation was no 
doubt the cause of the death of many of the Kaffir 
boys, and it also no doubt explained why the men 
would only remain in the mines for from three to 
four hours at a time, as stated by the author. It 
was very probable that General Botha would very 
soon alter all this, and something would have to be 
done to improve the ventilation of these mines. He 
agreed with the previous speaker that the efficiency 
of 50 per cent. for electric transmission mentioned 
by the author appeared small, for 60 per cent. has 
been got from this method, and 50 per cent. from 
compressed air in connection with underground 
haulage. 

Mr. A. James thought that putting down shafts 
50 ft. to 60 ft. apart on the Rand, as recommended 
by a previous speaker, was not right, as the con- 
ditions and circumstances were against it, and 
much greater distances must be adopted. With 
regard to pumps, he had found that these were not 
so efficient as large wooden wheels with buckets, 
but he did not go on to state how these were to be 
employed in such cases as would be met with on 
the Rand. One problem on the Rand was the 
handling of semi-fluid material. This had been 
done with belts, with shifting cantilever arms, but 
some really efficient means of treating such material 
was required, for the pumping of slimes presented 
many difficulties. The last two years had witnessed 
a remarkable advance in crushing machinery on the 
Rand, and in this direction the author of the paper 
had done a great deal, one instance of this being 
the introduction of the tube mill, and an output of 
10 tons per day per stamp was now obtained in some 
cases. The difficulty was, however, to get the gold 
out of the finely-crushed particles. The present 
practice of decantation, as employed on the Rand, 
was very expensive, for the plants were large, 
costing about 40,0001. per mine. Cheaper methods 
of treatment were, therefore, much needed. 

At this point Mr. Rathbone again spoke, and 
said that the question of ventilation could soon be 
solved if the shafts were placed close enough to- 
gether. It was absurd to have such great distances 
between them as was recommended by the author, 
and it was most important that in all the new 





mines, at any rate, there should be mechanical 
ventilation, and for this the shafts should be placed 
closer together. 

Mr. R. Arthur Thomas was of opinion that it 
was most important to stop the dust at the source, 
and this could best be done by water sprays. As 
to the dust following a blast, when from 20 lb. to 
30 lb. of dynamite was fired, there was infinitely 
more dust produced than by the drills, and he had 
adopted a special means of spraying water into 
the working along with the air. He thought that 
a great deal could be done in the way of ventilation 
by making use of natural laws, and that the 
difference in temperature in the mines should be 
utilised for this purpose as much as possible. He 
had himself extracted 60,000 cubic feet of air per 
minute from a mine by means of a difference of 
temperature of 35 deg. Fahr., and had had no 
difficulty with the ventilation. It was done by 
means of shafts. The subject was worthy of 
attention. With regard to the efficiency of the 
air-compressing plant mentioned, he thought that 
if wecould not do better than that, we must really 
be very far behind-hand in our appliances. The 
Cornish pumping system was not quite suitable for 
great depths. 

In replying, the author of the paper said that 
the subject of mechanical haulage was not easy of 
solution on the Kand, because the country was very 
much faulted, and hand labour had been found 
cheaper. The mines might, however, be so deve- 
loped that it would answer. He thought the 
gentlemen who objected to the great distance 
apart which he had recommended for shafts, and 
suggested that they would be better placed from 
50 ft. to 60 ft. apart, hardly understood the condi- 
tion of things on the Rand, where he did not con- 
sider such close spacing necessary. With regard to 
the 6 per cent. efficiency of the air-compressing 
plant, this might appear very low, but he could 
assure them that it was authentic. It was 
brought about by the very wasteful way in which 
the machinery often had to work ; for instance, a 
300-horse - power compressor might have to run 
and work only one pump. He agreed with several 
of the speakers that below a certain depth there 
was generally no water ; though he had obtained as 
much as 1000 gallons per hour from a depth of 
4000 ft., which was the largest amount from such 
a depth on the Rand at the present time. With 
regard to the ventilation question, he could not 
help thinking that colliery men approached the sub- 
ject from a purely colliery engineer’s standpoint. 
In some mines the dust was practically negligible ; 
and, after all, the question was not so much the re- 
moval of the dust as a good supply of air for the 
men working in the mine ; that was the important 
point. With regard to decantation and filtration, 
he had two schemes in hand, but he was not ina 
position to give figures. 


SHarr-SINKING AND THE EQuIPMENT OF SHArF's. 


The two papers entitled ‘‘ Special Methods of 
Shaft-Sinking,” by Mr. Henry Louis, M. Inst. C.E., 
and ‘The Design and Equipment of Shafts for 
4 Winding,” by Mr. Charles Edward Rhodes, 
M. Inst. C.E., were read and discussed jointly, and 
appear in full on page 831. 

n opening the discussion Mr. H. Bennett 
Brough said that a time must come when the limits 
of deep mining must be reached. The limiting 
depth at which mining could be carried out 
depended on the capacity of the shaft. As the 
shaft got deeper its efficiency decreased. With 
regard to ropes, the speaker stated that at a silver 
mine in Bohemia, the deepest mine in Europe, 4 
tapering rope was used ; and in Belgium, in a mine 
little short of the depth of that in Bohemia, 
a flat steel rope was employed. It was very diffi- 
cult, however, to arrive at a conclusion as 
to which would survive in the future. The 
author in his paperhad not alluded to a method 
tried in Belgium, where they had cages pro- 
vided with twelve platforms. A pneumatic sys- 
tem of hoisting, invented by a Frenchman, had 
been in practice for a number of years; but the very 
high cost of the system was much against it, and 
it had not succeeded. Where it was used there 
was practically no limit to the depth at which 
haulage could be carried out. The speaker's de- 
scription as to the details of the method were not, 
however, very clear, and it is therefore impossible 
to give any exact description of it. The speaker 
said that the endless-rope system of Mr. Henry 
Davey was in use in the Hartz mountains many 
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years ago, and that patents were taken out for 
it as far back as the eighteenth century, so that it 
could not be said to be new. 

Mr. Part called attention to what had been said 
by the last speaker with regard to the pneumatic 
system of hoisting, which had not failed, as was 
supposed, and was now in use. With regard to 
shaft-sinking, the freezing method, as compared 
with other systems, was, of course, handicapped 
by its cost. All his experience showed him that 
older methods were cheaper. 

Mr. Bailey thought that the difficulty with 
regard to ropes for deep winding was their weight, 
and the methods of wire-drawing at the present time 
limited the length. If wire could be procured of 
longer length, stronger ropes could be made, and 
therefore lighter ones. There would be fewer brazed 
joints to form a difficulty. In sinking shafts he 
had found that tubbing run in with cement made 
a perfect job at a depth of 167 yards. Inciden- 
tally he mentioned an interesting fact in con- 
nection with shaft-sinking, which was, that be- 
tween the giving way of the old shaft and the 
commencement of the one just mentioned a period 
of about fifteen years had elapsed, and when the 
shaft was reconstructed a lot of carpenter’s tools 
were found in the water at a depth of about 167 
yards, which had been there all the time since the 
failure of the previous shaft. They were all per- 
fectly bright, showing that no corrosion had taken 
lace. 

. Mr. Vaughan, alluding to wire ropes, said that 
he should like to ask whether it was really 
necessary to have a factor of safety of 10 in 
in these ropes, as mentioned by the author of the 
paper. This factor of safety compelled the use of 
a rope so large in circumference that it weighed 
so much as to be prohibitive for depths below 
3000 ft. Some of the strains in such a rope were 
constant, others were variable, and increased with 
the depth, and the reserve of strength varied with 
the depth. He would like to know if the bend- 
ing strains were increased by a lower factor of 
safety. The tapered rope was expected to avoid 
the difficulty of weight, but it had its drawback. 
The wear of the rope was greatest in the last quarter 
of its length, and a very bad place on the rope was 
that part that came on the sheave when the cage 
was stationary. 

Mr. Percy C. Greaves said that with regard to 
rope-guides the difficulty was to get them to the 
same tension. He had tried different weights on 
each rope, and had found that these variations 
had made a great difference in the movement of the 
cages. 

Mr. Thomas pointed out that the difficulty with 
deep windings was the size of the drum. When 
wide drums were used the angle of the rope was 
very considerable, and in order to overcome this an 
engine had been devised, and was at work on the 
Rand, which, while winding, traversed so as to 
keep the rope in line with the sheave. This engine 
had comparatively small cylinders and a drum 
10 ft. in ‘diameter by 21 ft. in length. The traverse 
was secured by a series of worms and pinions gear- 
ing onarack. Each revolution caused the engine 
to move through the diameter of the rope. The 
drum-shaft was 18 in. in diameter. The engine 
had been working successfully for about 20 months. 
The engine travelled on rails. 

Mr. E. M. Hann said that there were wire-rope 
guides of great length in South Wales, but they 
had not been very successful. This was, however, 
n wet mines. In dry mines they would no doubt 
have advantages. Fixed guides were noisy, but 
this was no doubt due to the fact they were not 
carefully fitted. On the whole he thought that 
fixed guides were the best. He thought the size of 
drums was very much a matter of fashion. 

Mr. George L. Hunter said that the firm of 
Thomas and William Smith, of Newcastle, were now 
making steel ropes 5000 ft. in length without any 
brazed joints. 

Professor Lupton said that it appeared to him 
that with the modern system of winding by signal, 
itdid not matter if the engine was a good way from 
the shaft. One objection to increasing this distance 
would be the sagging of the rope. Facility for 
starting the cage was equally important with facility 
for stopping it. Personally he was inclined to 
favour the parallel drum. With regard to shafts, 
systems of piling at great depths were quite 
feasible, and it was not necessary to reduce the 
diameter of the shaft, for piling could be driven 
at an inclination, thus enabling the diameter o 





the shaft to be wider at the bottom of the 
than at the top. The mean diameter was thus 
the same all the way down. 

Mr. Rhodes, in reply, said that with regard to 
the traversing engine, the difficulty he saw was 
with the steam-pipes. There seemed great scope, 
however, for such an engine. When we reached 
depths of from 1200 to 1300 yards the drum pro- 
blem was not yet solved. Balance-ropes might be 
perfectly satisfactory for two or three years with 
one rope, while with another a great deal of trouble 
might accrue. Personally, he had had them run- 
ning satisfactorily for twenty-six years. In his 
practice he ran the cages close together. For very 
deep mines it would not be possible to have a 
factor of safety of 10 ft. in the rope, and this would 
have to be reduced. Large shafts were a great 
advantage as regards pumping. 





SECTION VI—WATER WORKS, SEWERAGE, AND 
GAS WORKS. 


This section met on the first day of the Con- 
ference, the 19th inst., in the Upper Library of the 
Institution, and was well attended. Sir George 
Thomas Livesey, in opening the proceedings, 
stated that three papers were to be taken on 
that day, all three dealing with a most important 
question—that of water supply. He would like to 
have chosen as his career that of a water engineer, 
but it was not to be; and he therefore asked Mr. 
George F. Deacon, who had a large experience in 
all matters dealing with water supply problems, to 
occupy the chair in his stead while the three papers 
in question were being read and discussed. Mr. 
Deacon took the chair, and expressed the hope that 
the meeting would result in an interesting and in- 
structive discussion. 


Cost or Pumpina. 


The first paper read was one on the ‘* Compara- 
tive Cost of Pumping by Steam, Internal-Com- 
bustion Engines, and Electricity, based upon 
Actual Working,” by Messrs. Charles Hawksley 
and Henry Davey, which will be found printed in 
full on page 832. 

As an introduction, Mr. Hawksley stated that the 

per in question was mainly prepared by Mr. 

avey, to whom all credit should be given, Mr. 
Hawksley having simply assisted him in regard to a 
fewpoints. He concluded by saying that their object 
was mainly to start a discussion on each point 
raised, and each point would require most probably 
more space to exhaust it thoroughly than they had 
been allowed for the whole paper. There was a 
great difficulty in making facts dealing with 
pumping installations compare with each other in 
every particular, as many points had to be taken 
into consideration in every case. There were, for 
example, the situation of the installation, its 
proximity to a coal-field, the amount of work done, 
the question of supervision, of time, and so forth, 
all of which had to be taken into account to enable 
a fair comparison to be arrived at. Gas and oil- 
engines were undergoing great improvements, which 
would no doubt increase their econumical working. 
With reference to electric driving in installations of 
this nature, the question of convenience of its 
application would, perhaps, be a ruling one, rather 
than that of economy. 

Mr. Noble Anderson opened the discussion by 
stating that his experience had been acquired 
mostly in Australia and New Zealand ; he added 
that owing to the short time available and the 
vastness of the subject, the fringe only could be 
touched upon. The paper seemed to him very 
‘* British” in character; it had a bias for old 
friends, and direct-acting steam pumping-engines 
were among the oldest friends of British engineers. 
He was sorry to see that the method of measurin 
efficiency was by measuring the quantity of al 
consumed per unit of work done. In the course 
of his remarks he stated that of three pumping 
installations with which he was connected in Mel- 
bourne, the best pumping-engine was one by 
Messrs. Hathorn, Davey, and Co.; the next best, 
and practically equal, was one by Messrs. Allis, 
Chicago ; the third set having been built in Victoria. 
Their duty was 150,000,000 ft.-lb. work per 1000 Ib. 
of steam. He designed a pumping plant at Dune- 
din, N.Z.; he adopted the centrifugal type, and 
after considering the question of the best engine to 
use, he chose the Diesel engine. The Diesel Com- 


pany had guaranteed a consumption of 0.4 Ib. of oil 








pies | pee brake horse-power at 19,000 thermal units, 
ept 


equal, therefore, to 40 per cent. of the consumption 
stated in the paper. The result obtained, after a 
test which lasted over one month, was slightly 
better than the figures guaranteed, and earned for 
the Diesel Company a small bonus. This showed, 
therefore, that oil-engines had made a great advance. 

In reply to a question concerning efficiency, 
which was raised later in the discussion, Mr. 
Anderson replied that he would give an answer in 
writing. ith regard to efficiency, Mr. Dawe 
stated also later in the discussion that taking a 
200-horse-power Diesel engine, an 80 per cent. 
efticiency— Messrs. Sulzer stated it to be 83 to 84 

r cent.—and the cost of oil, in the Midlands, at 
BS. per ton, he arrived at 5l. 7s. 6d. per pump 
horse-power per annum. 

After a few general remarks by Mr. B. Latham 
on difficulties in the use of suction- lants for 
this purpose and for sewage disposal, Mr. U, 
Sparks, speaking mostly from the mine pump- 
ing and electrical engineering points of view, called 
attention to the figures givenas regards fuel consum 
tion. Ifa steam mine-pumping plant was mn 9 
put down at the surface, there were losses in the 
gearing ; if below, there were steam losses. The 
total mechanical efficiency per pump horse-power 
was given as 48 and a fraction per cent. ; in his 
experience this was nearer 55 to 60 per cent. The 
electric motor efficiency should be 90 per cent. 
rather than 80 per cent. Moreover, the 4d. rate 
per unit adopted in the paper for current was high; 
current ods be obtained for less. 

Mr. Dugald Clerk stated that gas-engines used 
for pumping installations had been limited hitherto 
to sizes of 100 horse-power and under. It might 
be said that larger gas-engines were still in the 
experimental stage, but they were being rapidly 
develéped, and they would shortly prove as reliable 
as the smaller ones. The heat efficiency of a 
gas-engine, given in the paper as 25 per cent., 
was under-estimated ; no good gas-engine would 
have so lowa figure ; it should read, for, say, a 
50 brake horse-power engine, 35 per cent. absolute 
thermal efficiency. Many tests had shown 38 per 
cent. The Standards Committee had stated 35 per 
cent. for the efficiency. Taking the combined 
efficiency of a single gas plant to be 86 per cent., 
all the heat converted into gas being given the 
engine, the total efficiencies of gas-engine and 
pumps combined should be 29 to 30 per cent., 
instead of the 14 per cent. given in the paper. 

Dr. Hopkinson found the consumption of 1.75 1b. 
per brake horse-power given in the paper for the 
consumption of coal with gas-engines too high ; 
1.25 lb. would be nearer the exact figure. The 
heat efficiencies stated had also been improved 
upon, as also could be the mechanical efficiency of 
gearing and pumps, which was put down at 70 per 
cent. There was much more to be said in favour 
of gas-driven pumps. It was hardly fair, Dr. Hop- 
kinson remarked, to include in the comparison the 
loss in the cables on the electrical side of the ques- 
tion. 

Mr. Llewellyn Atkinson confirmed the remarks 
made by other speakers as to the figures given not 
being quite fair to the electric driving of pumping 
installations. Many plants would produce elec- 
trical energy at less than jd. per unit ; this would 
bring the cost of this form of energy nearer that 
iven for a steam plant, Arrangements could also 

e made for the purchase of current from an out- 
side supply at a low price; at night, for example, 
when other loads a not ™ which would reduce 
the figure given in the r for electric pumping. 

‘Mr. H. A. Hum aur, shee a few senate an fo 
fuel costs, stated that he was struck by the figure 
given for the mechanical efficiency of gas-engine 
and pumps combined—56 — cent. only ; this, he 
added, could be very much improved upon. He 
stated also that he was at the present time occupied 
with the design of a gas-driven pump of a quite 
novel kind, in which the explosion would ac 
directly upon the water, and so arranged that it 
would be suitable also for potable water. 

Two other speakers gave, in a few words, their 
experience as to cost of working of different plants. 
The statement was also made that if engines actu- 
ally in working were fairly economical, it was 
cheaper to keep them than to put down more modern 
types, owing to the high capital cost that would be 
involved. 

Mr. H. Davey, being occupied in another Seo- 
tion, was unable to reply to the questions raised. 
These will be dealt with in writing. 
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Water-SorreNInG AND HARDENING. 


The second paper read was that entitled ‘‘ Water- 
Softening,” by Mr. William Matthews; this is 
given in full on page 832. The author stated that 
one of the reasons why the softening process failed 
was the improper use of hard water in the prepara- 
tion of the reagent. In some instances a 
certain amount of carbonate of lime got deposited, 
which reduced the capacity of the tanks. He had 
known a5-ft, tank to contain a depth of as much as 
2 ft. 6 in. of deposit. The softening of water was 
an important problem, for many available water 
supplies had to be put on one side by 
reason of hardness. From the purification point of 
view softening was also of value ; it constituted 
another line of defence against bacteria. He had 
no time to enter into the four existing systems— 
the Clark, Archbutt-Deeley, Atkins, and Haines 
systems. The latter system was giving excellent 
results at Southampton ; it was as perfect as could 
be, and the cost worked out at 0.33d. per thousand 
gallons. 

The third paper was taken immediately after. 
This is entitled ‘‘ Water- Hardening,” by Mr. 
James Watson ; it is reproduced on page 833. It 
was illustrated by a large-sized drawing, showing 
the ‘*B.C.W.W. machine used at Thornton Moor 
for the mixing and application of chalk for water- 
hardening.” 

The discussion bore on both papers. In the 
course of this the Chairman, Dr. Deacon, confirmed 
the excellent working of the Haines softening plant 
at Soutinmnien, of which Mr. W. Matthews has 
charge. ith regard to water-hardening, Dr. 
Deacon mentioned an installation he had put down 
in which he used crushed limestone to destroy the 
action the water had on lead ; the results in this 
case were not completely satisfactory owing to the 
formation of an organic growth, which prevented 
a lengthened action. One-third broken limestone 
with two-thirds calcareous sand rendered the water 
alkaline. He was of opinion that the action upon 
lead did not depend upon peat in the supply, and 
asked the members to state their experience in the 
matter. 

Mr. B. Latham, with reference to softening, 
remarked that with the Haines and the ordinary 
lime-softening apparatus he found that settlement 
would sometimes not take place, while at other 
times the operation left nothing whatever to be 
desired. He did not know to what to attribute the 
difficulty, but thought it might be ascribed to some 
electric phenomenon. The Haines installations he 
referred to—plus capacity for storage—took up no 
more room than a Clark softening plant alone. 
With regard to hardening, or rather the neutralising 
of the property the water had for dissolving lead, 
he could but refer to former papers on the subject, 
adding that this was a serious problem, which de- 
manded increased attention. Seradion to soften- 
ing, he mentioned incidentally that at first he had 
experienced difficulty in dealing with the chalk 
from the apparatus; later it was sent north, for 
hardening probably ; and later still there had been 
a large demand for this from abroad, no doubt for 
paper-weighting. The peaty acid question was not 
settled ; the complaint might be attributed to lack 
of silica in the water, pe filtering through 4 ft. 
of very silicious sand was a good remedy. 

Mr. J. H. Crowther gave an instance in which 
the Watson process of hardening had been adopted, 
since which time no case of poisoning had occurred. 

Mr. Charles Hawksley, in regard to softening, 
had inspected the Southampton installation ; he 
found it very efficient, simple, and easily managed. 
He also referred to other installations, of which 
it is difficult to give an account without illus- 
trations. 

Mr. W. Fox stated that he had been waiting to 
hear the question of sulphates dealt with, as well as 
that of carbonates. 

Mr. Taylor stated that the old Clark process of 
softening was as efficient as any other when it was 
properly worked. He found stone lime preferable 
to chalk lime, using a full saturated solution in 
every tank, and carrying out tests regularly. The 

me water mixed thoroughly with the water, 
and after about four hours settlement was com- 
plete, and the water perfectly clear. 

One member advocated a method to keep peat out 


of the reservoir, and by this means to prevent acid | trafti 


formation. Peat was liable to be carried down by 
heavy storms, and he fitted automatic flood-gates 


stream was in flood, and thus prevented the peat 
from contaminating the water. 

Mr. Devonshire, in a few remarks comparin; 
various installations, stated he would adopt clot: 
filters always in the future. 

In a few concluding words, Mr. Matthews stated 
that the Archbutt-Deeley process of softening was 
the only one using a reagent other than lime. This 
question of softening was, so to speak, almost a 
medical question ; it could easily & beyond the 
engineer's province, and it required pluck when 
a reagent other than lime was used. The question 
of non-settlement that had been mentioned was 
difficult to explain; it might be explained by 
the shape and depth of the tanks, by differences in 
temperature, and currents these might set up. 





SECTION VIL—APPLICATIONS OF ELECTRICITY. 


This section met in the Council-Room on Wednes- 
day morning immediately after the inauguration of 
the Conference by the President. Colonel R. E.B. 
Crompton took the chair, and again reminded the 
members of the virtue of brevity and keeping to 
the point. Owing to his presence being required 
elsewhere, however, Colonel Crompton was absent 
during some of the meeting, the chair then 
being occupied by Mr. John Gavey. 


ELECTRICAL TRANSMISSION GEARS ON Moror- 
VEHICLES. 


The paper on ‘‘ Electrical Transmission Gears 
on Motor Vehicles,” which we print on page 
833, having been read by Mr. A. A. C. Swinton, 
the Chairman called on Mr. E. W. Hart to open 
the discussion. Mr. Hart said that he had given 
the matter of electrical transmission gear con- 
siderable attention, and had met with and over- 
come many of the difficulties. Four or five years 
ago he had worked at a solution of the problem by 
continuous-current machinery, but had become 
convinced that commercial success on these lines 
was impossible. The unevenness of the roads and 
the consequent vibration involved serious troubles 
with the brushes and commutators. Then, in 
conjunction with Mr. Durtnall, he had taken up 
the question of employing polyphase alternating 
current, and now they had an omnibus running 
which was perfectly free from all the troubles which 
had previously been met with. He was convinced 
that polyphase machinery was a step in the right 
direction. Not only was it very much more robust, 
but power for power the alternating equipment 
was lighter. As regards the question of fuel 
economy, he could beat any petrol-bus, the con- 
sumption of petrol on his omnibus working out at 
no more than 63 miles per gallon. He only used the 
electric machinery at starting, thereby getting a 
smooth and rapid acceleration. When running, 
the generator and motor armatures were clutched 
together. 

r. W. H. Stevens advocated the use of con- 
tinuous current, a separate motor driving each of 
the back road-wheels, -He employed a dynamo of 
the interpole type, which was capable of great 
abuse, and could even be short-circuited without 
causing injurious sparking at the commutator. 
The motors were of the series type, and ran with 
their armatures in parallel and fields in series at 
top speed. At low speeds the armatures were in 
series. The controller was interlocked with the 
clutch-pedal, so that the driver could not damage 
the apparatus by injudicious change of connections 
under load. Series motors gave more torque at 
starting than any other types. The governor con- 
sisted of a solenoid, in series with the shunt wind- 
ings of the generator, acting upon a plunger which 
was connected to the throttle. The motion of the 
plunger was opposed by a spring, the tension of 
which was under the control of the driver. Under 
the driver’s seat was a switch which was only 
closed as long as the driver was seated. This pre- 
vented the danger of inadvertently starting the 
engine with the switch on, when the omnibus would 
run away with no one in control. Mr. Stevens 
used worm gear to reduce the motor speed for the 
final drive, the worms being above their wheels 
and the motors being fixed outside the frames to 
admit of easy inspection of brushes and commuta- 
tors. Messrs. Tilling were about to put an omnibus 
with his transmission gear into service for London 


c. 
Mr. R. B. Matthews spoke of what was being 
done in America with” to petrol and petrol- 





which took the normal stream, but closed when the 





turning their attention to the use of motor coaches 
for service on lines which it would not pay to 
electrify. In one case a petrol coach was used for 
freight sorting in a ‘‘hump” yard, the vehicles 
running down from the summit by gravity and 
being hauled up by the petrol locomotive. The 
General Electric Company of America had built 
several petrol-electric railway vehicles, using two 
motors and series parallel control. The Wolseley 
Company, of Birmingham, had supplied an engine 
of 140 horse-power for one of these on the Delaware 
and Hudson River Railroad, as the American engines 

reviously used gave so much trouble. The 
Wolseley engine, though apparently complicated, 
had given every satisfaction. As result of experi- 
ments, interpole dynamos had been adopted, with 
separate chain-driven exciters. On the Delaware 
and Hudson River car, the engine and dynamo 
were mounted over the truck at one end, no motors 
being at rear of the car. Controlling gear was put 
at each end, so that the car might be driven from 
either end. There were quite a number of petrol- 
electric cars in use in the States, and the General 
Electric Company were rapidly overcoming the 
initial difficulties. 

Mr. H. A. Mavor considered that in future develop- 
ments of electric transmission it would be alternat- 
ing current that was generally chosen in preference 
to continuous. He had devised a means of speed- 
regulation by changing the frequency of the current 
of the generator by a double system of poles. He 
sketched the arrangement on the blackboard, but, 
unfortunately, stood in front of it all the time he 
referred to it, so that the description could not be 
followed. Apparently, a turbine generator was 
proposed, and the electric part of the apparatus 
appeared far from practicable. We gathered that 
it had never been tried in practice. 

Mr. W. M. Mordey referred to previous efforts 
that had been made to solve the problem of electric 
transmission gear. He reminded the members with 
what scorn the Heyland locomotive was received, 
and yet Mr. Heyland has told him that when doing 
the work of a steam locomotive on alternate days 
on the Northern Railway of France, the Heyland 
locomotive had used less coal than the other. There 
was also the Ward Leonard system, which was taken 
up by the Oerlikon Company. He himself had 
made tests which showed that a locomotive of that 
system gave a starting torque from two to three 
times the normal full-load torque with only one-third 
of full-load current. It could be controlled over its 
full range by the manipulation of a very small 
resistance in the field of the exciter, dissipating 
only a few watts. 

Mr. Bernard Hopps considered that in all petrol- 
electric equipments, simplicity of control was the 
first aan The dynamo should be designed to 
give automatically a current varying inversely 
with its voltage, so that the power output was 
constant. The driver should have nothing to do 
with this. In the system developed by the British 
Thomson-Houston Company there was never direct 
mechanical connection between the engine and the 
road wheels. The utility of petrol-electric drive 
was principally in London and the cities where the 
traffic was thick, and under such conditions the 
— could never be clutched in long enough to 
make it worth while to do so. The direct drive 
made accurate alignment of dynamo and motor 
essential, and obviously limited the normal motor 
speed that could be used. The general practice 
was to run omnibus engines at 850 revolutions per 
minute, and if the motor speed was limited to this, 
the motor would be unduly heavy and costly. 
Speed-control, in his system, was done on the 
generator fields by the action of the pedal. The first 
movement of the pedal throttled down the engine 
to 300 to 400 revolutions, and further depression 
inserted resistance in the generator field, no main 
connection being broken. All sparking at controller 
contacts was prevented by the insertion of resistance 
in the generator fields when changing from series 
to parallel. The vehicles always started with fields 
in parallel, and would climb all gradients thus ; the 
series connection being only used for very long 
and steep gradients. An omnibus equipped by the 
British Thomson-Houston Company had recently 
made a test run of 260 miles over hilly country 
roads, and though weighing 5 tons it had averaged 
14.6 miles per hour, with a petrol consumption of 
8 miles per gallon. : 

Mr. Swinton, in reply to the discussion, re- 
marked that the statement of miles covered per 





electric vehicles. The railway companies were 


gallon of petrol conveyed very little information 
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unless one knew the traffic and road conditions. 
The same bus would show very different results in 
town and country use. He was re ery that 
the question of weight of equipment had not been 
discussed, as it was really one of the great diffi- 
culties. He believed petrol-electric equipment 
was always somewhat heavier than nthe petrol 
machinery, and that had an important bearing on 
the maintenance of tyres. The provision of some 
means to prevent a petrol-electric omnibus starting 
unexpectedly was quite necessary, as he had seen 
one move off and go through a shop window before 
the inventor could get on board. 

Colonel Crompton, who returned to the room at 
this momentand again took the chair, pointed out the 
enormous benefits that had accrued by the adoption 
of electric transmission generally, and believed that 
such transmission would eventually find its place 
for mechanically driven vehicles. The outlook was 
promising, but the mechanical engineers must not 
be supplied with systems that required deep elec- 
trical knowledge to understand and manage. They 
would not welcome the maintenance of accumu- 
lators, for instance, added to their other duties. 
Of the systems described in the paper, No. 2 
appeared to have the greatest advantages, whether 
aiieranting or direct current was employed. Both 
on the score of lightness and fewness of ts, it 
seemed preferable, and his firm was developing a 
system on those lines. 


ELectric WorRKING OF Railway PoINTs AND 
SIGNALS. 


Mr. Ferreira’s paper, on ‘‘The Application of 
Electricity to the Working of Railway Points and 
Signals,” which we print on page 833, was next read 
by theauthor, and the discussion was opened by Mr. 
E. de M. Malan, who expressed himself as, on the 
whole, in agreement with the author as to ques- 
tions of electric transmission. As to the actual 
operation of points and signals, however, he thought 
compressed air had distinct advantages. Instead 
of the large currents and pressures that purely 
electric working entailed, the electro-pneumatic 
system only required a current of 75 milliamperes 
at 12 volts, which merely operated the valves, and 
compressed air at 45 to 60 lb. per square inch did 
the work. Further, a simple piston transmitted 
power directly to the points. Hlectricity was best 
adapted when rotary motion, not rectilinear motion, 
was required, and to convert rotary motion to recti- 
linear involved mechanism and consequent wear and 
tear. If a stone got between the points, so that the 
latter could not shut, the motor would be burnt out 
unless protected either by a fuse or by some form of 
slipping clutch. With the electro-pneumatic system 
of points no danger would arise from this cause, and 
the signalman could shake the point until the stone 
dropped out. With electro-pneumatic signals there 
was also no need for a clutch, nor was any air 
consumed in bringing back the signal to ‘‘danger.” 
Further, the only wear and tear that occurred in 
the electro-pneumatic system was on the leather 
packings of the pistons. The cost of maintenance 
was, in fact, less than that of a purely mechanical 
system ; one only had to keep the dirt away from 
the apparatus. Furthermore, on a frosty morning, 
more power was needed, and it was a very simple 
matter to increase the air pressure then. To get 
more power on an electric system one had to keep 
Spare accumulators charged in readiness, so as to 
increase the voltage in frosty weather, and this was 
a serious nuisance. The speaker agreed that the 
position of all operating levers should correspond 
with the position of the mechanism controlled. In 
the system he advocated, the operating lever was 
pulled two-thirds over, and the signalman then 
waited for the indication that the points had worked 
before completing the motion. 

Mr. A. T. Blackall considered that at present it 
would not pay to have power-working of points 
and signals at country stations. The Great 
Western Railway recently had carried out experi- 
ments with various systems in view of a large in- 
stallation that was projected. They decided that on 
the whole purely electrical methods were preferable. 
As plenty of electrical power was available where 
large signalling installations would be needed, why 
not make use of it? At Didcot their electric in- 
stallation had given excellent results ; the failures 
were insignificant, and the maintenance costs were 
practically nil. It was looked after by an ordinary 
signal-fitter who had gained some knowledge of 
electricity in his s time, and who had 
facilities for observing the erection of the plant. 





Permanent control of the signals and points was 
employed there and was very satisfactory, but it 
seemed rather a needless complication. Check- 
locking appeared quite sufficient, and the company 
would very meno 8 trust to it in future work. 

Mr. Alexander Siemens — of the system in 
use on German railways, which was very similar 
to that employed at Derby and Didcot, and com- 

red it with Mr. Ferreira’s requirements. The 
ental Government, who owned most of the rail- 
ways, insisted that the position of and 
points should be constantly indicated in the signal- 
man’s cabin. The Westinghouse Company con- 
sidered it enough to indicate merely the operation 
of the apparatus. It was ible that although 
the points or signals might have worked correctly, 
they might have been tampered with subsequently, 
and the check system gave no indication if this 
happened. It was all very well to claim for the 

neumatic system that the points moved recti- 
inearly, but the locking bar did not, and this 
spoiled the simplicity of the system. It had been 
said that the electric motor must be protected in 
case of a stone getting between the points, but the 
clutch used provided ye i inst this. The 
clutch was very essential, for should any part of the 
system get out of order and the current fail, the 
clutch automatically released the signal, which 
went to ‘‘danger.” As to frosty weather, electricity 
was more amenable to variation in power require- 
ments than compressed air. The real crux of 
wer Si ing was the question of price. As- 
suming reliability, the final test of various systems 
was cheapness, both in first cost and maintenance. 

Mr. B. H. Peter referred to an installation of 
electro-pneumatic signalling in which check indica- 
tions ne were relied on, and the number of 
failures did not exceed 1 in 560,000 movements. 
The air apparatus worked 20 hours per day for two 
years with no attention except oiling, and then the 
only renewals needed were piston-leathers. 

Mr. J. P. Annett said that his only experience 
was with the low-pressure pneumatic system. The 
cost was slightly higher than manual operation, but 
the plant was perfectly satisfactory. 

Mr. J. W. Jacomb-Hood held that it was 
anomalous to use two forms of power, and pure 
electrical working was bound eventually to hold the 
field. The worm gearing used with electric motors 
was not altogether satisfactory. He was using an 
oil-pump driven by the motor, which forced oil into 
one end or the other of a cylinder, and so operated 
a piston which did the work. If there was an 
obstruction, such as a stone in the points, the oil 
escaped by a by-pass and no harm was done to the 
motor. Permanent control of points and signals 
he thought unnecessary, the check system being 
sufficient. The great difficulty with electric systems 
was stray currents. Mr. Ferreira advocated 
earthing all dead leads, but the earthing contacts, 
being rarely used, would probably fail when wanted. 
Could any supporter of electrical — say that 
it could be put in as cheaply as a manual system ? 
[Mr. Siemens :—‘‘We will take any orders at the 
same price.”] He thought the general proportion 
in cost was half as much again. 

Mr. H. E. Morgan said that Messrs. Sykes used 
check-blocks for point levers, and thought the 
arrangement the best. Permanent indicators were 
needed as well, and the firm’s arrangement gave 
full information as to position of points. The 
motors required no reversing arrangement. With 
compressed air there was always the difficulty of 
the freezing up of the apparatus owing to the 
moisture in the air and the cold produced by 
expansion. This point was important, and had not 
previously been mentioned. As to the cost of 
maintenance, he knew of one installation where 
257 signals were in operation, worked from a 
battery of 32 cells, and the maintenance worked 
out to 2s. per week. 

Mr. H. B. Holt said he had had over two years’ 
experience of Messrs. Siemens’ system, working at 
210 volts. The pressure was very great for such 
apparatus, and the fact that it was on one side 
of a three-wire supply at 420 volts introduced 
unusual risks. He had, however, had no trouble 
whatever from stray currents. Automatic cut-outs 
were provided to ensure against such risks. The 
permanent control system was much quicker than 
the check system. In fact, it saved one man’s 
time on his plant. The operator, with permanent 
control, moved some levers forward and others 
back simultaneously without having to wait for the 
check signal. Two observers once found it 





impossible to keep count of the movements of the 
operator, and the latter had to tell them how many 
movements he had made. Solenoids were said to 
be unreliable, but the whole of his si were 
equipped with them, and they had not had a single 
fault. The pull was 56 lb., and the signals were 
each carefully balanced to a weight of 30lb. He 
had seventeen pairs of points operated by motors, 
and they had never changed a brush for 24 years. 
Mr. T. Parker remarked that the of 
power signalling seemed to be whol « rs and 


a to be getting even slower if anything. 
there was no difficulty in pulling off a power of 
10,000 horse-power, but nobody seemed sure of the 


best way of dealing with a pull that a man could 
give. He hoped that next year ideas would be 
more crystallised and real progress . 

Mr. Ferreira, in reply, said that the operations 
involved in working points were by no means con- 
fined to a single rectilinear pull, as had been sug- 
gested. Two motions at right angles were required, 
and they could be conveniently obtained from a 
rotary motion by having two crank-pins at right 
— As regards reversing, there was no more 
difficulty with motors than with compressed air. 
Besides, the motor would run back by itself, as the 
excitation of the field was not enough to prevent 
the armature revolving practically freely when the 
signal returned to ‘‘ danger.” There was no more 
fear of the clutches sticking than of the piston of 
an air-cylinder doing the same. In frosty weather 
the disadvantages of compressed air were seen as 
compared with electricity, for a series electric 
motor automatically exerted a force proportional 
tothe load without increase of voltage. e refer- 
ence to the correspondence of controlling lever and 
apparatus was written with mechanical systems in 
mind, where a wire might get hitched up, or two 
wires might get fast together, and wrong operations 
be effected. The risk of the earth contacts for 
dead leads not being in working order when wanted 
was negligible, for the same contacts were always 
used. On one system half a million contacts had 
been made with no trouble whatever. 


Urxerer CHarces on Lance Etecrric GEne- 
RATING SEtTs. 


The discussion on Messrs. Burstall and High- 
field’s paper on ‘‘Upkeep Charges,” which we 
oe on page 834, was opened by Mr. W. D. 

ackie, who pointed out the variation that there 
was in certain charges between different stations. 
At Glasgow, for instance, the charges for main- 
tenance, coming under heading I. of the author’s 
paper, were 0.03d. per unit generated (neglecting 
capital charges). The charges under heading LI. 
worked out to one-tenth of this, or 0.003d. per 
unit. Large stations were at a great advantage 
as compared with small ones, for the total staff 
of a 16,000-kilowatt station that he knew was 
100 men, whereas when the same station had 
26,000 kilowatts installed there were only 120 men 
employed. 

Mr. L. B. Atkinson thought that it was generally 
undesirable to keep a large staff of fitters in readi- 
ness for emergencies. It was cheaper, and in every 
way better, to telephone to the Insurance Com- 
pany, in case of a breakdown, and get a gang of 
men specially skilled in such jobs. This was 

rfectly easy in large towns, though in some 
ocalities it might not be so easy. He knew ofa 
4000-kilowatt station in which there were never 
more than four men altogether. The effect of the 
average load factor had hardly been dealt with. 
There was obviously a difference between the ratio 
of capital charges to units generated in the case of 
a lighting station, as compared with a mixed 
lighting and traction station, and electro-chemical 
plant was again ona different footing. The charges 
should be compared with the revolutions the engines 
made, not with the time they had existed. 

Mr. J. J. Bell said he had come to the conclusion 
that the personal equation of the repairing staff 
had a lot to do with costs. He had n used to 
heavy maintenance expenses, but by getting men 
whose skill lay in running plant, not in manufac- 
turing it, or erecting it, to drive the engines the 
costs had been much reduced. A different class of 
men altogether were wanted for repairs as com- 
pared with driving. Repair expenses in most 
stations included the ‘‘ betterment” of the plant, 
and consequently, as his experience confirmed, 


— — tended to grow less. 
r. A, Goodwin referred to a pair of 750-kilo- 
watt turbine sets, which had been running for 24 
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years, 24 hours per day, on alternate weeks. Not a 
mny had been spent on repairs, and their con- 
ition was perfect when opened up, the tool-marks 
being still visible in the bearings. The cost of 
gas-engines must be higher than that of steam- 
engines if the accounts they heard were true. 

Colonel Crompton agreed that a low repair bill 
was very largely influenced by the class of fitters 
employed. On the steam-power plant in his own 
works, although it was old, the cost of repairs was 
almost incredibly low, as the attendant looked 
after it so capably. The output ranged up to 1} 
million units per annum. The returns from com- 
panies and local authorities were unreliable from 
the engineer’s point of view, as they took no account 
of the question of betterment, and every engineer 
tried to make his plant better when he renewed a 
part. To keep down repair bills, one must re- 

larly open up the plant for inspection. With 
te sets it was the opening up which really cost 
the money. He warned the members against en- 
deavouring to compare British costs with foreign 
or colonial, where climatic and other conditions 
made all comparison useless. 

Mr. Burstall, in reply, said it had been found 
very difficult to divide up costs when endeavouring 
to get the upkeep charges for the various London 
stations. However, it generally appeared that the 
standing charges were very much higher than 
running charges. In Deptford there were two 
machines which had originally been working on 
a good load-factor, but now only ran a few hours a 
day. The upkeep charges had remained practically 
constant, and had naturally risen enormously when 
compared with the units generated by the machines. 
The ‘‘personal equation” of fitters might easily 
double or halve the repair charges, but would not 
affect the question of where the account should 
be debited. He was rather surprised that no one 
had questioned the statement in the paper as to 
the impossibility of building 10,000-volt machines 
with closed slots, but he had made it as the result 
of bitter experience. 





This concludes the report of the first day’s pro- 
ceedings. The Conference resumed its sittings on 
Thursday (yesterday), and is again sitting to-day. 
Sections I. and II. have, however, devoted to-day 
to excursions, the former to Swindon and the latter 
to Dover Harbour. Next week we shall resume 
our report. 





NOTE. 
ANOTHER SHIPBUILDING COMBINATION. 

Tue official announcement of the fusion of Messrs. 
John Brown and Co., Limited, of Sheffield and Clyde- 
bank, and of Messrs. Harland and Wolff, Limited, 
of Belfast, is of the first importance. According 
to the report of the former company, they propose 
to purchase a large interest in the Belfast concern, 
pd thus become joint owners with Messrs. Harland 
and Wolff. No details are available, but the assump- 
tion is made, and is probably accurate, that the 
combination is principally in connection with the 
building of huge Atlantic liners. Both concerns 
have been identified with this department of marine 
construction, the Belfast firm more particularly with 
the intermediate type, while Messrs. John Brown 
and Co. have produced a series of high-speed and 
other ships, culminating, for the present, in the 
25-knot Cunard liner iuusitania. Both firms have 
had a wide clientéle, but recently the Belfast 
establishment has been confined, so far as Atlantic 
work is concerned, to the construction of vessels 
for the companies forming the Atlantic Combine. 
It is understood that this combine proposes in a 


short time to considerably increase its fleet, and | pai) 


if the work is to be carried out properly, difficulty 
would be experienced in complying with delivery 
conditions were the work confined to Belfast. The 
Belfast Harbour authorities, too, have created diffi- 
culties in the matter of expansion of the Queen’s 
Island Yard, so that the ue of Messrs. John 
Brown and Co., Limited, and Harland and Wolff, 
Limited, is thus explicable. Certainly, the im- 
mense experience of the Clydebank concern in the 
building of fast ships will a great gain to the 
American Combine, particularly as there is an 
intention to lay down shortly a large and high- 
8 Atlantic liner to excel the two new Cunarders. 

he new fast vessel would, in all likelihood, be 
constructed at Clydebank. There is another phase 
of the question associated with the supply of the 
heavy forgings required for the modern steamship. 


Messrs. John Brown and Co., as is well known, do 
very extensive work in this department at the 
Atlas Works, Sheffield, and thus Messrs. Harland 
and Wolff, like Clydebank, would secure much of 
their material without the interposition of the 
middleman. The collieries and iron works of Messrs. 
John Brown and Co. will further increase the 
financial advantages, so that from all points of view 
the combination of the two firms is of importance, 
and promises favourable results. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 12, 

GENERAL building operations are now calling for 
large quantities of structural material. The reported 
transactions for the past week aggregate 65,000 tons, 
divided among requirements at Chicago, Pittsburg, 
Philadelphia, and New York. There is much addi- 
tional work pending which will be we | placed. 
Constructional demand will be continuous for some 
weeks, Large construction concerns were wise enough 
some months ago to bespeak capacity for about 
this time, so that there will be no trouble in placing 
orders. It is scarcely necessary to observe that prices 
are high. 

Two railroad companies will place orders this week 
for steel rails—the Atchison and the Seaboard Air 
Line. The quantities wanted are exceptionally large. 
The Pham for semi-finished steel is particularly 
active just now. One transaction was recently closed 
in Pittsburg for 100,000 tons of billets at 30 dols. 
Sales of axle-billets were made at 35 dols. Large 
sales of bars continue, and the largest manufacturing 
concern in this line in the West placed an order for 
100,000 tons, nearly all for next year’s delivery. The 
agricultural] interests will be extensive users of the 

roducts into which this material will be turned. 


he merchant bar mills in all sections are now securing | py 


abundant business, most of it at about 36 dols. per net 
ton at mill. The car-builders are again in the market 
covering additional orders. All of the plate-mills 
have booked a large amount of business this month, 
and orders are being placed every day. 

In all machinery lines business is good, especially 
for machinery used by railroad shops. Many demands 
are held up until the last moment, and it then becomes 
a question of filling such orders in the limited time 
allowed. 

The requirements of some twenty-two new furnaces 
for coke have hardened coke prices. Next year’s coke 
output is being taken up rapidly. Prices were forced 
down to the lowest point a few weeks ago. At this 
juncture the United States Steel Corporation stepped 
in and bought heavily. 

Blast-furnace men in some localities are demanding 
a reduction of time from 12 to 8 hours. The furnace- 
owners will not entertain the question, if for no other 
reason that additional labour is not now available. 
The furnace-workers are largely Slavs and Hungarians. 
It is a matter of difficulty to keep furnaces properly 
manned as it is. The United States Steel Corporation 
is buying up scrap wherever it is to be had. Pig iron 
is having another short breathing spell. But few large 
orders have been placed this week. Capacity is far 
oversold, and furnace interests would welcome a little 

uieting down for a while. The large additional 

urnace capacity soon available is having a good effect, 
and buyers feel that they are not running much risk in 
going slow as to 1908. 








Tue Russian Navy.—The Russian Naval Estimates 
for 1907-8 propose an ordinary expenditure of 8,748,0002. 
for the year, or 1,492,000/. less than the corresponding 
ordinary expenditure for 1906-7. The expenditure pro- 

or new construction in 1907-8 is 2,680,000/., or 
,200,000/. less than in 1906-7, Tbe extraordinary expen- 
diture proposed for 1907-8 is 968,000/.; this extraordinary 
expenditure is mainly made up of claims arising out of the 
Russo-Japanese War. 

Lieut Raritways Act, 1896.—The Board of Trade have 
recently confirmed the under-mentioned Order made by 
the Light Railway Commissioners :—Central Essex Light 
ilway (Extension of Time) Order, 1907, reviving the 
powers granted, and extending the periods limited by the 
Central Kssex — Railway Orders, 1901 to 1905, for the 
compulsory purchase of lands, and extending the periods 
limited by those Orders for the completion of the rail- 
ways and works thereby authorised. 





CONVERSAZIONE OF THE INSTITUTION OF ELECTRICAL 
Enorngrers.—The annual soirée of the Institution of Elec- 
trical Engineers was held, on Tuesday last, June 18. at 
the Natural History Museum, South Kensington, as has 
been the custom for a good many years. Although only 
some of the halls can be illuminated, the splendid collec- 
tions and the beautiful hall render the museum an 
excellent meeting place. embers and guests were re- 
ceived by the President, Dr. Glazebrook, and Mrs. Glaze- 
brook, and by the President-Elect, Lord Kelvin, and Lady 
Kelvin. The James Forrest Lecture, delivered the same 
evening, in initiation of the Proceedings of the Engineer- 
ing Conference, made some prominent members late ; but 
the hall was crowded from an early hour. 








NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday morning 
the pig-iron market was weak, and Cleveland warrants 
pony ae from 583. to 57s. 2d., 57s. 3d., and 57s. 24d. cash, 
and from 58s. 24d. to 57s. 6d. one month. The turnover 
was about 10,0U0 tons, and the closing quotations were 
57s. 3d. cash and 57s. 6d. one month. In the afternoon 
the tone was again weak, and 13,000 tons of Cleveland 
warrants were done at 56s, 84d. and 56s. 10d. cash, and at 
573. 14d., 57s., 57s. 1d., and 56s. 103d. one month, 
closing with sellers at 56s. 74d. cash and 56s. 11d. one 
month. On Friday morning the downward movement 
continued, and Cleveland warrants to the extent of 16,000 
tons were dealt in at from 56s. to 55s. 9d. and 55s. 11d. 
cash, and from 56s. 6d. to 56s. and 56s. 2d. one month. 
Closing sellers quoted 55s. 114d. cash and 56s. 3d. one 
month. There were buyers of hematite at 75s. cash, but 
no sellers. In the afternoon some strength was evidenced, 
and prices improved. Cleveland warrants—about 10,000 
tons—ch hands at 56s. . and 56s. 8d. cash, at 
57s. 1d., 57s., 57s. 14d., 57s., and 57s. 04d. one month, and 
the close was firm, with sellers at 56s. 9d. cash and 57s. 04d. 
one month. Hematite was stronger, and buyers were offer- 
ing 75s. 9d. cash and 76s. 14d. one month. On Monday 
morning the market opened flat, and prices for Cleveland 
warrants again declined. Cash iron was neglected, and 
the dealings consisted of 5000 tons at 56s. 2d. four days, 
56s. 4$d., 56s. 6d., and 56s. 34d. one month, and closing 
sellers quoted 563. 14d. cash and 56s. 4d. one month. In 
the afternoon the tone of the market was steadier, and 
10,000 tons of Cleveland warrants were put through at 
56s.-1d, and 56s. 14d. cash, 563. 3d. eleven days, 56s. 34d., 
56s. ., and 563. 4d. one month, and at 56s. 14d. and 
56s. three months. The session closed with sellers 
quoting 56s. 2d. cash and 56s. 5d. one month. On 
Tuesday morning the market opened with a slightly 
better tone, but the advance in prices was not nsintained. 
The turnover was about 6500 tons of Cleveland warrants 
at 56s. 5d. and 56s, 4d. cash ; 56s. 64d., 56s. 74d., and 
56s. 7d. one month, and 56s. 3d. three months; and clos- 
ing sellers quoted 56s. 34d. cash and 56s. 64d. one month. 
ealing in options to the amount of 7000 tons was 
reported. In the afternoon a small business of about 
7000 tons of Cleveland warrants was done at firm prices. 
The transactions were at 56s. 5d., -» and 
56s. tid. cash; 56s. 74d. and 56s. 7d. twenty-two days, 
and 56s. 74d. one month; and closing sellers quoted 
56s. 5d. cash, and 56s. 8d. one month. Hematite was 
quoted 76s. 6d. cash sellers, with buyers offering 75s. 9d. 
cash. When the market opened to-day pray ee b a 
good tone prevailed, and about 5500 tons of Cleveland 
warrants were done at from 56s. 6d. to 56s. 104d. cash 
and from 56s. 94d, to 57s. 2d. one month. At the close 
prices were firm at 56s. 114d. cash and 57s. 3d. one 
month sellers. In the afternoon the market was again 
very quiet, and the improvement of the morning was 
slightly checked. The business was confined to 3000 
tons of Cleveland warrants, which changed hands at 
56s. 9d., 56s, 8d., 56s. 84d., and 56s. 8d. cash, and at 57s. 
one month. Closing sellers quoted 56s. 84d. cash and 
56s. 11d. one month, and buyers were at 4d. less in each 
case. Hematite was not quoted atall. The following are 
the market quotations for makers’ (No. pS :—Clyde, 
78s. ; Calder and Gartsherrie, 78s. 6d. ; gloan, 79s. ; 
Summerlee, 88s. 6d.; and Coltness, 90s. (all ship at 
Glasgow) ; Glengarnock (at Ardrossan), 78s. 6d. ; Shotts 
(at Leith), 79s. ; and Cerron (at Grangemouth), 82s. 


Sulphate of Ammonia.—The market for sulphate of am- 
monia is a shade easier this week, and the price is about 
127. per ton for prompt delivery, Glasgow or Leith. 
The inquiry on forward account is reported as fair. Ship- 
ments last week from Leith Harbour amounted to 1806 
tons. 


Scotch Steel Trade.—There is no change of any note to 
record in the position of the Scotch steel trade within the 
past week, although some quarters report things a shade 
quieter. This refers ag py to the purchasing of 
steel for the home market, as a certain amount of dulness 
has overtaken trade in general. The demand for all 
kinds of steel material for shipment keeps steady, but 
the competition for foreign orders is very keen. There 
is no slackness at the works, as specifications are coming 
to hand with regularity. No alteration has been made in 
prices, and these remain firm. 


Malleable-Iron Trade.— Makers of malleable iron again 
report a scarcity of home orders, with buyers only pur- 
chasing for immediate requirements. The export busi- 
ness, however, is very good at the present time, and 
some large lots have been put through. 


Scotch Pig-Iron Trade.—The Scotch pig-iron trade still 
continues to occupy a strong position, and foundry iron is 
the subject of a — demand. Buyers in America are 
taking about as much from this country as they can 


possibly get. 








New Yorx.—In 1900 the debt of New York was 
245,834,702 dols.; and it has increased steadily and 
rapidly until in 1906 it was 500,123,874 dols. This means 
that during the most prosperous period the United States 
have ever known their richest and most populous city 
has more than doubled its debt. The total bonded debt 
of the United States is only 925,000,000 dols., and that 
of New York is already more than half that of the 
National Government. At the present rate of increase, 
the American metropolis will have the larger indebted- 
ness in five years. e total debts of all the States in 
the American Union amount only to 234,314,190 dols., or 
less than half that of the single city of New York. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
The Lord Mayor Elect of Sheffield.—Mr. Harry Parker 
Marsh, J.P., the Lord or Elect of Sheffield, is a 
member of the firm of Marsh Brothers and Co., Ponds Steel 
Works, a firm of over two and a half centuries’ existence, 
and also Chairman of the Effingham Steel Works and 


Rolling Mills Company, and connected with several other | be 


commercial undertakings in the city. 


Will of Mr. C. W. Kayser.—The will of Mr. Charles 
William Kayser, of Endcliffe Grange, Sheffield, 4 — 
director of Kayser, Ellison, and Co., Limited, has n 

roved by Charles William Kayser, of Endcliffe Gran 
am Julius Kayser, 23, Westbourne - Sheffield 
(brother), and Arthur John Halcombe Rossberg, 13, 
Broomfield Road, Sheffield, steel manufacturer. The 
gross value of the estate is estimated at 262,413/., and 
the net value of the personal estate at 143,238/. 


The Coal Boom.—Messrs. Tannett Walker and Co., 
engineers, of Goodman-street, have just secured 1 
orders for coal-loading machinery for the docks at Hull, 
and South Wales docks. These contracts, apart from 
other work, mean at least six months’ employment, 


South Yorkshire Coal.—House coal remains firm, and 
owing to the demand at the ports, it is generally under- 
stood that there will be no reduction in prices this 
summer. The demand for steam-coal and slacks is very 
well maintained, whilst the prices generally have re- 
mained unaltered. Best Barnsley hards are making from 
12s. to 13s., and Derbyshire hards lls. to 12s. Gas com- 
panies have concluded their contracts freely at the 
advanced prices agreed upon, of 2s. 6d. per ton in- 
crease upon last year’s rates. Steel-melting coke is in 
good request at much higher prices than have ruled for 
some considerable time past. For a special local coke, as 
much as 26s. to 27s. is being paid, whilst outside steel- 
melting cokes are finding ready market at 1s. per ton less. 
Some of the gas companies, whose stocks have run rather 
low, are now buying outside contract any special lots 
which may be offered. 


Tron and Steel.—The tone which characterises the iron 
and steel trades of the district is#this week hardly so 
firm, the various reports to hand; from outside sources, 
that an early collapse is not improbable, having had a 
weakening effect upon the market. 
change in the price of raw material. Buyers are still 
holding off in the hope of a reduction, and the somewhat 
uncertain feeling militates against a resumption of active 
business. Local engineering houses are still very busy, 
though in many branches keen competition has cut down 
prices to an unprecedented extent. Firms devoting them- 
selves to the manufacture of railway material have their 
order-books full, and are declining new business where 
early delivery is specified. The demand for agricultural 
implements and machinery is exceedingly brisk, espe- 
cially for such goods as sections for reaping and mowing- 
machines, horse-rake teeth, cultivator points, and similar 
tackle. At present, owing to the rush, some of the chief 
firms are behindhand in deliveries. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The market is unsteady, 
and there is little business doing. At this season of the 
year, however, quietness is generally looked for. Con- 
sumers of pig iron are well bought. Producers have no 
pig to dispose of for early delivery, and they will not 
eater into forward contracts, as they look for advanced 
rates ruling in the autumn. The statistical position is 
highly satisfactory. The present large output of Cleve- 
land pig is inadequate, with the result that iron is being 
taken from the warrant stores at the rate of some 2000 tons 
per working day in order to meet current needs. Thestock 
of Cleveland pig in the warrant stores is now below 290,000 
tons. Shipments of pig continue on an enormous scale, and 
June clearances may beat all previous records. far 
this month shipments average over 6000 tons per working 
day. No.3 g m.b. Cleveland pig is quoted 57s. 3d. f.o.b., 
but, no doubt, any serious attempt to buy would elicit 
a higher quotation. No. 4 foundry and grey forge are 
respectively 3d. to 6d. below No. 3, but the quotations 
are purely nominal. East Coast hematite pig ap to 
be a little easier, though the reason is difficult to find, for 
makers have sold their output for some time tocome, and 
there are no stocks. Second hands quote 81s. 6d. for 
mixed numbers, but producers, as a rule, adhere to 82s, 
Rubio ore, of 50 per cent. quality, figures at 22s. to 
22s. 6d. ex-ship Tees. 


Manufactured Iron and Steel.—There is very little new 
to report with regard to the various branches of the 
manufactured iron and steel industries. Great activity 
prevails, and it is to be hoped that work will not be 
interfered with by a strike in the engineering trade. 
Quotations are unaltered. Common iron bars are 8J. ; 
best bars, 87. 10s.; best best bars, 9/.; packing-iron, 
6/. 15s.; iron ship-plates, 7/. 15s.; iron girder-plates, 
8/.; iron boiler-plates, 87. 153. ; steel bars, 7/. 10a. ; steel 
ship-plates, 71. 10s. ; steel boiler-plates, 8/. 10s. ; steel 
hoops, 72. 15s.; steel strip, 7/. 5s.; and steel joists, 7/. 
—all less the customary 24 per cent. discount. Cast- 
iron chairs are 4/. 2s, 6d. to 4/. 5s.; cast-iron columns 
(plain) 72. to 71. 5s.; light iron rails, 7/. 7s. 6d. to 71. 15s. ; 
heavy steel rails, 6/. 15s.; and steel railway sleepers, 
7/. 103.—all net cash at works. Iron or steel galvanised 
corrugated sheets, 24 gauge, in bundles, are 13/. 17s. 6d., 
less 4 per cent. 


More New Works Jor Teesside.—At Tuesday’s meeting 
of the Ferry Committee of the Middlesbrough Corpora- 





tion, the Town Clerk (Mr. Alf. Sockett) read a letter 
from Mr. G. B. Jo » Managing director of Messrs. 
Johnson’s Patent Rolling Mills Company, Westminster, 
London, intimating that it was his intention to put down 
works on the north bank of the Tees, and he was 


papetiating Sor a site almost opposite the Newport | best la’ 


Ferry. When commencing operations the company 
would employ about 300 hands, and ae. oe _ to 
ing in a ition to add to the number as time 
went on. They would like their men to be qu 
on the Middlesbrough side of the river, where there 
seemed to be plenty of accommodation available. There 
was the difficulty of transport to contend with, and he 
would like to hear how far and in what manner the Ferry 
Committee would be pre’ to meet them in that direc- 
tion. They would work three shifts—6 a.m. to 2 p.m., 
2 p.m. to 10 p.m., and 10 p.m. to 6 a.m. Each shift 
would cross and re-cross the river once every day in the 
week, and accommodation should be provided for about 
100 men at one time. He asked if the committee could 
see their way to issue workmen’s tickets, as in the case of 
the Middlesbrough-Port Clarence Ferry, or let the firm 
have the use of the right-of-way and ferry w at a 
certain sum per annum, the company to provide its own 
ferry-boat, which would only be used to convey the com- 
y’s hands toand from work. Mr. Johnson attended 
uesday’s committee meeting and further explained the 
intentions of his firm, after which the matter was referred 
toa sub committee for consideration. 

Engineering Crisis,—Hopes are still entertained that 
the trouble with the engineers on the North-East Coast 
may be settled without a strike, but the situation is 
certainly grave. The last stoppage in the engineering 
trade was in 1897, when the eight-hours’ question was the 
point in dispute. The stoppage lasted eight months. 

Coal and Coke.—Fuel is steady and firm, with a good 
all-round demand. The local consumption of coke keeps 
very heavy, and average blast-furnace qualities figure at 
2le. to 21s. 6d. delivered here. 





Licut Rattway Commission.—We are asked to inti- 
mate that the offices of the Light Railway Commission 
have been transferred from 54, Parliament-street, S.W., 
to Scotland House, New Scotland Yard, Westminster, 


Locally there is no | S.W. 





Tur Panama CaNnaAt.—The excavation effected in the 
Culebra cutting in May was 690,365 cubic yards, and at 
Gatun 70,360 cubic yards. These totals show a decrease 
as compared with the excavation effected in April and 
March, but the decrease is chiefly due to the rainy season. 
The excavation of May this year shows a large increase 
—~ that of May, 1906, which amounted to 194,645 cubic 
yards, 


Prrsonat.—Messrs. Robinson and Jones, 21, Colling- 
wood-street, Newcastle-on-Tyne, have been appointed 
their sole agents for the Northern Counties by Messrs. 
Adamson, msbottom and Co., Limited, Cleveland 
Works, Birkenhead.—Mr. R. O. Wynne-Roberts, M. Inst. 
C.E., has commenced practice as a consulting . 6 7 
with address 5, Victoria-street, Westminster, 8.W.— 
Messrs. Steel, Peech and Tozer, Limited, inform us that 
they have removed their London offices from No. 49 to 
No. 15, Victoria-street, Westminster, S.W.—The firm of 
Messrs. Marshall. eae and Jack, engineers and 
crane-builders, Motherwell, was dissolved on June 12, 
1907, by the retiral therefrom of Mr. Alexander Jack, one 
of the partners. The business will be carried on by Mr. 
John Marshall and Mr. John Fleming, for their own 
pory under the firm name of Messrs. Marshall, Fleming, 
and Co. 





Messrs. JoHN Brown AND Co., Limrrep.—The direc- 
tors of Messrs. John Brown and Limited, recom- 
mend a dividend for the twelve months ending March 31 
at the rate of 10 per cent. per annum, appeegraating at 
the same time 50,000/. for extensions, an ing for- 
ward 63,9701. The net profits for 1906-7 were 234,238/.; 
for 1905-6, 223,832.; for 1904-5, 198,936/.; for 1903 4, 
159,109/.; and for 1902-3, 185,750/. The directors report 
that the Atlas Works have been fairly well employed 
during the year. Owing to the fact that the bulk of the 
contracts for coal entered into ~~ the company do not 
expire until June 30, and tothe advances made in wages, 
little benefit has hitherto been derived from the improve- 
ment in selling price. New contracts are, however, bei 
made on satisfactory terms. The demand for coke has 
been well maintained, and _ prices have been 
realised. A new washery for dealing with small coal 
is being me down at Aldwarke Main Colliery. The 
large Atlantic liner Lusitania is on the point of 
completion for the Cunard Steamship Company; and 

rogress is being made with the armoured cruiser 

nflexible for his Majesty’s Government. An order has 
been received for machinery and boilers for the Boadicea, 
and for the construction of three fast steamers for cross- 
Channel service. Important improvements have been 
made at Clydebank to enable the company to meet the 
demand for vessels of large dimensions. The expenditure 
at the Coventry Ordnance Works on plant for the manu- 
facture of guns and gun-mountings for naval ordnance has 
been considerable. A suitable site for erection and com- 
pletion has been obtained at Scotstoun, on the Clyde; 
and as the work is well advanced, the company is now in 
a position to accept orders for ordnance of the largest 
type. The directors have provisionally completed the 
purchase of a valuable field of ironstone, with two blast- 
furnaces, at Frodingham. 





NOTES FROM THE SOUTH-WEST. 


Cardif..—The market for large steam coal has been 
panne prices were generally unaltered, but in order to 
clear trucks some sellers made slight concessions. The 


i qualities have made 17s. to 
ida | has made 20s. to 
Foundry coke has been quoted at 26s. 

ton, and furnace ditto at 20s to 22s. per ton. 
As regards iron ore, Rubio has made 21s. to 21s. 6d. per 
and Almeria 20s. 9d. to 2ls. per ton, upon a basis 

of 50 per cent. of iron, and charges, including freight, 

i Newport. , 

Electricity at Cardiff.—The revenue of the Cardiff Town 
Council from electric lighting during the t year was 
35,5767., and the expenditure, exclusive of loan ch 
25,9307. The loan c amounted to 14,285/., so that 
there was a deficiency for the year of 4638/7, The income 
of. the iff Corporation tramways for the past year 
was 119,115/.; the general expenses were 71,261/., while 
the loan and other ch were 43,448/., leaving 4406/. 
to be carried to balance-sheet. 


__ Portsmouth.— Portsmouth y= trading balance- 
sheets for the past financial year show surpluses in all 
four departments—viz., electric light, 10,700/.; tramways, 
14,0007.; telephones, 490/.; and docks, 4000. Full allow- 
ance has been made for sinking fund and interest charges. 
It is expected that the electric ~~ and tramways will 
allocate 3500/. for the reduction of the rates by 2d. in the 

nd, and that the balance will be _— to the reserve 
unds, which at present amount to 71,0002. 


Welsh Coal for Italy.—The administration of the Italian 
State Railways is inviting tenders for the supply of 
about 150,000 tons of Cardiff and best Newport large coal, 
and a considerable quantity of patent fuel. 


Dowlais.—The Goat Mill has been well employed upon 
heavy section steel rails on home and colonial account ; a 
large tonnage was made to the order of the London and 
South-Western Railway Company. The demand _ for 
steel from abroad continues satisfactory. .The Big Mill 
has been employed as usual, upon light material, angle- 
iron, fish-plates, rails for colliery purposes, &o. 


An Admiralty Overseer.—The death has occurred at 
Pontypridd of Mr. E. 8. Bayliss, late Admiralty over- 
seer. The deceased had been in South Wales for fifteen 

ears, and he was chiefly attached to Messrs. Brown, 

mnox, and Co.’s chain works, where large Government 
contracts are frequently executed. 


Bristol Wagon, «c., Conpeny.— The net profit of the 
Bristol Wagon and ——- orks Company, Limited, 
for the year ended March, amounted to 16,200/.—an 
increase of 400/. The divisible balance shows an im- 

rovement of 1200/., which increases the amount carried 
orward, The dividend is the same as last year—viz., 
10 percent., with a 2 per cent. bonus. 


Welsh Coal-Mining.—In his annual report, Mr. J. 8. 
Martin, His Majesty’s Inspector of Mines, shows that 
last a there were 37,454 colliers workin ow nd 
and 6134 colliers working above ground in Monmouthshire, 
giving a total of 43, or an increase of 2360, as com- 
pa with 1905. The coal raised was 12,237,892 tons, 

ing an increase of 1,352,035 tons, or 12.47 cent. A 
six months’ strike of 3047 men at Risca and Llanhilleth 
affected the output per person employed, which was, 
however, 283 tons, as compared with 266 tons in the pre- 
ceding year. Theinspector thinks that there is an exces- 
sive number of accidents. He adds:—‘I have little 
doubt that in the South Wales coalfield the haulier’s is 
one of the most dangerous occupations in connection with 
colliery work, and that something should be done to im- 
prove matters.” 


Sewage at Camborne.—Mr. J. Chadwick, C.E., of West- 
minster, who is responsible for a new system of sewage 
disposal at Tavistock, has been appointed engineer of 
similar works at Camborne. The estimated cost of the 
Camborne scheme is 15,0007. It vides for the sewage 
being conveyed tc the North Cliffe, three miles distant, 
where it is to have an outfall into the Atlantic. 


Electricity at Tawnton.—At a meeting of the Taunton 
Town Council, the electricity committee presented a 
statement of accounts in connection with the electricity 
undertaking for the year ended March 31. The net 
profit, after payment of all charges, including interest 
and redemption of loans, and also an allocation of 173/. 
townets the cost of motors purchased for hire purposes, 
was . 


The Ebbw Vale.—During the last seven years the profits 
of the Ebbw Vale Steel, Iron, and Company, 
Limited, have been as follow:—1901, 142,014/.; 1902, 
86,8187. ; 1903, 45,8837. ; 1904, 24,342/.; 1905, 22,6407. ; 
1906, 24,0767. ; 1907, 59,192. At the Grossfaen pit the 
steel pithead frame has been set up, and the winding- 
engine is in course of erection, and will shortly be y 
for use. The sinking of the Penygarreg pit has been 
completed to a total depth of 685 yards, and preparations 
are being made for the erection of the steel pithead 
frame. Main arches both on the Ras Las and Lower 
Four-foot seams have been put in, and a heading has 
been driven on the Lower Four-foot seam to connect the 
pits. The general work of completing and equipping 
these pits is being pushed on as rapidly as possible. At 
the two Pengam pits the electric generating set and the 


picking and screening plant have completed. The 
main turbine-pumps are almost ready, and the equipment 
of the colliery will shortly be completed. The output of 


600 tons per week, which has been alread 


y reached, will 
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now steadily increase. In order to devi the Lower 
Four-foot coal in the New Duffryn pit, the directors have 
placed an order for a 300-kilowatt generating set to be 
erected at Rhymney. The waste gases at the coke-ovens 
will thus provide power very cheaply for the 

hauling, pumping, &c., at New Duffryn, and for running 
the machinery in the workshops. 








THE INSTITUTION OF CIVIL ENGINEERS. 
ENGINEERING CONFERENCE, JUNE 19, 1907. 


Opening Address the President, Sis ALEXANDER 
B. W. Kennepy, F.R.S. 


In opening the proceedings of the Engineering Con- 
ference of the Institution of Civil Pngineers, it is neither 
necessary nor desirable that I should detain you more 
than a very few minutes. The first of these conferences 
was held in 1897—ten years ago—under the presidency of 
Sir John Wolfe Barry. It is sad to notice that among 
the Sectional Presidents in that year were no less than 
four of our distinguished members who have now passed 
away—Mr. Hayter, Sir Frederick Bramwell, Mr. Man- 
sergh, and Sir Benjamin Baker. The second Conference 
was held under Sir William Preece in 1899, the third 
under Mr. Clarke Hawkshaw in 1903. The Conference 
which opens to-day is therefore the fourth of the series, 
and I hope that it may prove not the least interesting 
and useful of them. 

During my year of previdens I have tried, in the too 
many speeches which I have had to make to our members, 
both here and throughout the country, to emphasise the 
essential catholicity of the aims of our Institution. 
There were days before most of us knew more about 
the Institution than that it existed, and that we 
hoped in the distant future to become members of it. 
It may have been that in those days, or perhaps some- 
what later, one class or another of us constructive people 
thought a little too much of the importance of the sort 
of work which we particularly happened to be doing, and 
were disposed to be somewhat too exclusive in our classi- 
tication of civil engineers. But if this were the case, it 
was certainly contrary both to the spirit and to the letter 
o) our Charter, which appears to cover in definite words 
every branch of engineering which was in existence at the 
time when it was drafted—1828: roads, bridges, naviga- 
tion and docks, harbours and lighthouses, marine engi- 
neering, machine construction, drainage. Railways, 
naturally, do not appear specifically, but no doubt were 
included propbetically under the heading of ‘‘ Means of 
Traffic.” Electricity was as yet unborn—perhaps we may 


consider that it comes under either “‘adaptation of ma- |}, 


chinery” or ‘‘means of production!” Anyhow, we are 
now very clear that all and every department of industrial 
activity which can possibly be covered by the name of 
“engineering” falls within the ken and the interest of 
our Institution, and that everybody working within 
such departments, and having attained a certain degree 
of knowledge, of responsibility, and of technical capacity, 
is a civil engineer, and ought, therefore, to be a corporate 
member of the Institution. . 

Our Conference has many objects: it brings together 
more members than can otherwise meet at any one time ; 
it allows many members to take part in our p in 
who otherwise have little opportunity of doing so; it 
allows us to compare notes on a great variety of subjects 
in a useful, although informal, manner, and in a very 
short space of time; it gives opportunity to all of us 
for pleasant social intercourse with those who are 
our colleagues in every-day work. But probably the 
idea which [ have mentioned of the catholicity. of our In- 
stitution’s aims and objects is ag, | the fundamental 
idea which underlies the Conference. In spite of the very 
extended ground covered by the subjects of our sections, 
it is only our own members who are asked to meet here 
and discuss these subjects; we do not need, Heme 
to go afield beyond our own borders to find men, not only 
interested, but distinguished in every ~—- department 
of engineering work. In fact, I suppose may go so far 
as to say that it would be a surprise to us to anyone 
who was really a leader in any branch of engineering who 
was not already one of ourselves. If any of you know of 
such a man, your obvious duty is to point out to him at 
once that his position is an impossible one, and that the 
mepen he comes into the fold the better, both for him and 
‘or us! 

Judging from what I have seen of the p mes of 
business as they have been arranged by the wee of our 
different sections, there is no doubt that in every section 
of engineering matters of iderable interest as well as 
of importance are to be brought forward. It is interest- 
ing to notice, also, with how many matters which are not 
directly engineering our work brings us into contact :— 
With industrial questions, as in Lord Pirrie’s paper on 
‘Harbour and Dock Requirements ;” Mr. Denny’s paper 
on “The Problems of the Rard ;” and Mr. Barrington’s 
paper on ‘‘ Light Railway Pol.cy.” With chemical pro- 

lems, in papers on “ Water-Softening” and ‘‘ Water- 


Hardening.” With metallurgy, in pa of Mr. Sandberg, 
Mr. Stead, and Mr. Blount. With biology, in Mr. Wat- 
son’s remarks on ‘* Sewage Disposal.” ith physica, in 


Mr, Mallock’s paper on ‘‘ The Action between Wheel and 
Rail,” phenomena which are none the less very as 
because they are of every-day occurrence; and even wit 
practical finance, in papers on the cost of pumping and 
on the maintenance ofmachinery, = = — 

The division of our work into sections is, of course, 
made only as a matter of convenience, a mere matter of 
indexing. It has been pointed out to me by a high 


authority—whose opinions we much respect—that the 
poe of our sections is quite illogical. Clearly there were 
shi 
mi 


before railways—I su even before the Pyra- 
and it is a question if there were not appliances 


in, 
&5 | business of 


which ought properly to be called **‘ machinery” before 
either one or the other, so that in putting railways first, 
and machinery much later, in putting docks before ships, 
and in other respects, we have not followed anything 
like a chronological or even a scientific order. I think, 
a the actual order in which the’ sections 
are P may be justified, or at any rate explained, by 
the fact that this order corresponds very closely with that 
in which the subjects ap in our original Charter of 
1828, if we are only willing to accept railways as the 
twentieth century substitute for the roads of Telford’s 
time. It isstrange, however, to think that in the whirligig 
of things there has come at this moment to be more dis- 
cussion on the making, improvement, and maintenance of 
common roads than on any ppm! question connected 
with railway construction. At the time of our first Con- 
ference such a state of affairs would have conside: 
impossible ; it might have been assumed that there was 
little to be said about permanent-way construction, but 
it would certainly have been taken for granted that there 
was nothing whatever to be dealt with in the matter of 
the a roads. And yet to-day there are few ques- 
tions which are more hotly discussed and about which 
there is more difference of eer e difference not merely 
among engineers, but affecting even the omniscient 
writers in the daily Press, to say nothing of their anony- 
mous correspondents. 

But again I wish to emphasise more the unity than the 
diversity of our work, I hope that members will not be 
so narrow-minded as to confine their interest and their 
presence to only those sections of the Conference with 
the business of which they are concerned in their every- 
day work. I should like to think that not only 
the Institution as a whole, but also its individual 
members, so far as their time and chances permit, has 
and have very wide interests. A gathering of this 
kind gives us all opportunities for hearing what our 
colleagues in different branches of engineering are 
saying and doing, and even for expressing our opinions 
on matters about which our colleagues may suppose 
however wrongly—that we have, or ought to have, no 
opinions atall. Ihave no doubt that these opportunities, 
which do not occur so very often, will be taken full 
advantage of, and that we shall not be found to be con- 
fining our attendance and attention solely to the par- 
ticular section of the Conference with which our 
every-day work specially identifies us. If, as engineers, 
we take an interest solely in railways or in dynamos, 
in docks alone or in steam-engines only—or even in 
motor engineering, which some of our friends consider 
to cover all the other branches—we may be pretty sure that 
any such limitation of interest in professional matters will 
a hindrance and not a help to that broadmindedness 
as citizens and as men of the world which we seek, at any 
rate in theory, tocultivate. By taking advantage of the 
wide area covered by the subjects of our different sections 
we have a chance of finding out not only how far ahead of 
us are our friends who are working at our particular 
branch, but also how very interesting are all other 
branches of engineering, and how much more easy it is to 
form dogmatic, and doubtless accurate, opinions on other 
people’s work than on our own—an excellent mental 
wang ont discipline for us all ! 

In asking you to proceed to the proper and subdivided 
the Conference, may I remind you of the 
scheme on which the business of the sections is intended 
or hoped to be carried out, which differs more or less from 
the ordinary routine of business on our Tuesday evening 
meetings. The papers to read are simply “ notes,” 
strictly limited in length, and intended rather to open 
discussion and to promote it than to be any formal or 
complete statement on their particular subjects. It is ex- 
pected that the reading of each note will occupy not more 
than ten minutes or thereabouts, The opener being thus 
limited in time, the su uent speeches will be similarly 
or still more limited, and the chairman of each section 
has, and will doubtless exercise, absolute and despotic 
authority over the duration of speeches, and will take 
care that they are not only brief, but to the point. There 
will be no time in the discussions for dealing with 
side issues or extraneous matters, and I am sure members 
will always cuppa the chair in this as in other matters. 
At the close of each discussion the opener will be allowed 
a few minutes for reply. 

The whole of the proceedings will be taken down ver- 

batim, and printed as nearly in extenso as circumstances 
willallow. As, however, to be of any use to members, 
the printing must go on without delay as soon as ever 
the various p ings are over, speakers who have any 
corrections to make in their remarks will be well advised 
to do so at once on receiving the proofs, as, if the secretary 
does not receive them in a day or two, he will assume 
that the non-return of proofs implies that there are no 
corrections to be made in them. 
_ I bave now pleasure in declaring the Fourth Engineer- 
ing Conference of the Institution of Civil Engineers to 
be in session, and of asking you to adjourn to the various 
sectional meeting-rooms, as to which full information is 
given in the programmes which are in your hands. 





UNSOLVED PROBLEMS IN THE DESIGN 
AND PROPULSION OF SHIPS.* 


By Francis Exvear, UL.D., F.R.S., M. Inst. C.E. 


Tue James Forrest lectures were commenced in the 
year 1892 with a very appropriate and well-remembered 
one by the late Sir William Anderson upon ‘‘ The Inter- 
dependence of Abstract Science and Engineering.” That 
struck the note which has been most prominent in the 


* The James Forrest lecture, delivered before the leati- 
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subsequent lectures, whatever may have been the parti- 
cular oe St enennnene eageetens Seeeeeee m ; 
and no better note could have struck, because it is 
the recognition of this interdependence, and of its great 
importance to practical engineers, which underlies the 
work and prompts the activities of this Institution. 

The we bec oet g divisions of this general theme were deve- 
loped in fuller detail by successive lecturers down to the 
year 1902. A new series was entered upon in 1903, which 
was commenced by Mr. W. H. Maw, with a lecture upon 
‘* Unsolved Problems in Engineering.” Mr. Maw stated 
that it was desired to draw attention more icularly to 
the direction in which the further aid of the physicist is 
more immediately required by the engineer, and that in 
future lectures se; te branches of inquiry, such as he 
sketched out, would be dealt with in ter detail. That 
course has since been followed, and I have been honoured 
by the invitation to address you this evening . om the 
branch which relates to the design of ships. under- 
stand, however, that I am not desired to wander in my 
remarks outside the spacious bounds of the mercantile 
marine, while our good friend Mr. Forrest, who proposed 
the subject of this lecture, helped me over the difficulty 
of trying to bring it within reasonable compass by sug- 
gesting the point of view of ‘‘the direction future pro- 

may be ex to follow in the production of even 
ner and faster liners than those which now traverse the 
ocean for trading and commercial pur yg 

There are but few problems in the design of ships, as 
in most other branches of engineering, that can be exactly 
or completely solved in the full scientific meaning of the 
word, and those are of a secondary character. The 
primary or fundamental problems of safety, strength, 
speed, and steadiness at sea are far too complicated to 
bring under anything like general mathematical treat- 
ment. The results obtained by the most advanced calcu- 
lations cannot be applied directly to the real conditions 
of aship at sea. After all is said and done, they merely 
relate to hypothetical cases which are simple in charac- 
ter, and happen to be amenable to mathematical treat- 
ment. Some of these calculaticns are very elaborate, and 
their elaboration may tend to magnify their importance. 
The real problem is often very imperfectly dealt with 
after they are made ; and it can only be solved approxi- 
mately for working purposes by accepting the results of 
calculation for what they are worth, judging of the allow- 
ances required for their incompleteness, and using them 
in a@ scientific way and a scientific spirit to arrive at 
safe conclusions. We are obliged to come to a definite 
conclusion somehow, because we have to build ships as 
well as we can, whether we can solve exactly all the 
problems that arise in their design or not ; and we have 
to take the ye of guaranteeing results, how- 
ever difficult they may be to obtain, within the time 
allotted for the preparation of designs and tenders, which 
is often very short. is is of the nature of engineering 
work of all kinds. To quote from our President’s excel- 
lent inaugural address, ‘‘engineering problems differ 
from ordinary academically ‘ scientific’ problems, partly 
in that they are much more complex, and consequently 
more difficult of anything like exact solution, and still 
more because—exact or inexact—some solution to them 
has always got to be found.” 

The nature of some of the principal problems that 
arise in the design of ships, and the extent to which their 
solutions are scientific, empirical, or merely tentative, 
will be indicated to some extent as I goon. I pass over 
what I venture to call the secondary problems of mensu- 
ration and hydrostatics—which relate to bodies floating 
in equilibrium in still water, and constitute the bulk of 
the ship-designer’s purely scientific stock-in-trade—and 
will endeavour to direct attention to some of the funda- 
mental problems of a ship’s behaviour at sea. I do not 
underrate, however, the great importance of those now 
passed over, for it is the results of mathematical and 
physical research into the still-water properties and con- 
ditions of floating bodies which alone enable us, with 
the aid of observation and experience, to judge cor- 
rectly the probable qualities and behaviour of ships at 
sea. Lany. | also furnish the best data for comparisons 
between ships of varying dimensions and forms. 

The class of problems that demand attention first are 
those which bear the most directly upon — = sea. 
These are very general and comprehensive in character, 
and are impossible of anything like complete solution from 
the eee d scientific side; but they are of vital import- 
ance, and solutions of them, which are, at any rate, upon 
the right side, have got to be found somehow for every 
ship that is built. 


Deptu or LOADING. 


The first in natural order of the problems that relate to 
safety is the maximum depth of safe loading, or the 
minimum sea-going freeboard for a ship of any given size 
or type. Nothing ever caused more trouble in the 
shipping world than the arriving at an empirical solution 
of this vital problem some twenty years ago, and obtain- 
ing general acceptance for it. In the old days of sailing 
ships, and the early a of steamers, a standard number 
of inches per foot depth of hold was the ordinary simple 
rule for fixing freeboards, and that gave, on the whole, 
fairly uniform and satisfactory working results down to a 
certain time. But after the old rule of tonnage measure- 
ment, which merely took account of length and breadth of 
ship, was finally superseded by the present system of 
pa» internal capacity the measure of tonnage, types of 

ers grew up which varied materially in pro- 
portions and form according to the trade in which they 
were employed, or the ideas of their designer. These 
diversities of type were promoted by the ever-increasing 
commercial competition among ship-owners, so that the 
question of the maximum depth of safe tending became 
more and more, as time went on, one which depended 
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upon special features and characteristics of particular 
ships or types of ships. ‘ 

he losses of cargo-steamers and of lives at sea became 
so serious 25 to 30 years ago that many attempts were 
made to get a law passed for limiting depth of loading. 
The great difficulty and complexity of the problem 
resisted all efforts for a long while to deal satisfactorily 
with it. It was considered by many authorities, upon all 
sides, to be im ible of solution. And yet it was obvious 
that each individual shipowner, or shipping company, 
however many ships he, or they, might control, was 
obliged to regulate the loading in some way, and upon 
some system, or make it the duty of others to do it. It 
followed, therefore, that if the knowledge and experience 
of those separately responsible for the loading of the 
various ty of vessels could be brought together and 
analysed, it ought to be possible to frame rules and tables 
of free which would embody the results of safe 
loading, and prevent steamers being sent to sea in a 
dangerously overladen condition. 

The present Board of Trade freeboard rules and tables, 
which limit, by an Act of Parliament passed in 1890, the 
depth of loading of British ships, were arrived at in this 
manner. The first official tables were prepared in 1885 by 
a Committee appointed by Mr. Chamberlain when he was 
President of the Board of Trade. They were based mainly 
upon data which Mr. Martell, the chief surveyor of 
Lloyd’s Register. Society, collected, analysed, and put 
into the form of tables. The Board of Trade Committee 
obtained much additional data, and brought Lloyd’s 
tables up to date, both in respect of figures for freeboards 
and allowances for variations from standard types and 
dimensions. The Committee’s tables were officiall 
adopted, and freeboards regulated in accordance wit 
them were accepted by the Board of Trade. In the year 
1890 they were made compulsory upon all British 


ships. 

The freeboard rules and tables of 1885 applied only, of 
course, to the then existing sizes and types of shi 
Rapid developments went on in size, and in distinctive 
types of cargo-boats, so that extensions and modifications 
of the original tables became necessary at times, in order 
to provide for altered conditions. The statistics of loading 
have also become much more complete as experience has 
been gained, and have shown where corrections could be 
made with advantage. The principal alterations and 
additions were made in 1898, as the result of recommen- 
dations to the Board of Trade by a second Departmental 
Committee; and further corrections have been applied 
from time to time at conferences between the Board of 
Trade and representatives of the classification societies, 
to whom the Yr of assigning freeboards is entrusted. 

The real problem to be solved in fixing freebvards is 
that of the height of side abuve water which is requisite 
in order to prevent seas breaking upon the deck so heavily 
as to overcome the protection of the deck openings and 
find their way bslow, and also to enable the officers and 
crew to work the ship in safety from the deck in the worst 
weather. One of the most important factors is strength 
of deck, and efficient protection of deck openings by high 
casings and strong well-covered hatchways. Many of 
the worst losses occurred through imperfe.:t protection of 
deck-openings. Hatchway-coverings, or light houses on 
deck which enclosed openings, were carried away, large 
bodies of water passed below in increasing quantities as 
the seas swept over the ship, and she ultimately foundered. 
There have ben cases where the tops of the openings into 
the stokeholds were only about afoot above the freeboard 
deck, and heavy seas got down through them, put out the 
fires, and gradually sank the ship. It is now usual to 
protect the engine and boiler hatches by casings which 
are carried up a deck higher than the weather deck to 
which the freeboard is measured ; and the standard free- 
boards are only assigned to ships in which the engine and 
boiler casings above the upper deck are of sufficient 


height and strength, and which have all their weather- | coal, 


deck hatchways properly and substantially framed and 
securely fitted with strong covers. 

The close attention paid during recent years to the 
protection of openings in the weather-deck, in asxocia- 
tion with the strict limitation of loading now enforced by 
the Board of Trade freeboard tables, has resulted in an 
extraordinary diminution of losses at sea. The effect 
upon safety of the present regulations, and of the im- 
provement all round in the size, strength, and equipment 
of ships is shown by the yearly statistics of losses ; and 
it is well that the figures should be generally known. In 
the three years 1881-3 there were 1982 British ships, 
registered in the United Kingdom, exclusive of fishing 
vessels, lost at sea from all causes—foundering, stranding, 
collision, and missing—and 5599 lives of crews in them, 
besides 332 passengers. For the three years ending June 
30, 1906, the corresponding figures are 654 ships, 1394 lives 
of crews, and 133 passengers—and over 100 of these pis- 
sengers were lost in the channel steamer Hilda, on her pas- 
sage to St. Maloin November, 1905. The number of lives 
of crews lost at sea has thus been reduced to one-fourth of 
what it was 25 bee ago ; while not more than thirty 
passengers, besides the unfortunate victims of the Hilda 
disaster, lost their lives in all the vessels, large and small, 
that were lost at sea during the three years ending 
June 30, 1906. If we consider merely the cases of 
foundered and missing ships, and omit those lost by 
stranding and collision, which do not directly affect the 
ship-designer, and also omit all small craft below 300 
tons gross register, as well as fishing- vessels and yachts, 
the results are as follow:—In the three years 1881-3, 
264 ships and 3006 lives of crews; in the three years 
ending June 30, 1906, 55 ships and 670 lives of crews. 
The figures here given are for steamers and sailing-ships. 
If those for sailing-ships could be taken out, they would 
show still better for steamers, as the percentage of 
losses to those carried in. sailing-ships remains about 


the same. The great reduction has been in steamers. 
It will thus be seen that however empirical and tenta- 
tive the procedure in this matter may necessarily have 
been, the result is a very large and gratifying saving of 
life and property at sea. 


Water-TiGHT COMPARTMENTS. 


An important element of safety at sea is that of the 
division of the hull into ~ Nane water-tight compart- 
ments. A collision with another ship may happen, and it 
is necessary to provide, in such case, against being sent 
to the bottom. Much attention has been given to this 
point during recent years, especially in the large passen- 

r liners. The number and positions of the watertight 

ulkheads in these are often regulated so as to out 
the recommendations of the Board of Trade Bulkheads 
Committee, presided over by the late Sir E. J. Harland 
in 1891. The problem was how to subdivide large ships so 
that they may float in moderate weather with any two com- 
partments in free connection with the sea. The solution 
adopted by the Bulkheads Committee was to so place the 
bulkheads in large liners, and in all cross-Channel pas- 
senger steamers, that when any two adjacent compart- 
ments are laid open to the sea, the uppermost watertight 
deck to which the bulkheads ex called the ‘‘bulk- 
head deck,” is not brought nearer to the water surface 
amidships than 3 percent. of the depth of the ship below 
that deck, and at the ends not nearer than 14 per 
cent. The arrangement necessary to 
satisfy this condition can be determined by calculation 
for any particular ship, with proper allowances for the 
displacement of the contents of engine and boiler-rooms, 
holds, &c., or it can be fixed sufficiently near for practical 
purposes by reference to curves and tables appended to 
the Committee’s be ae which give the spacing of bulk- 
heads for stand cargoes. The case of any two com- 
partments freely open to the sea, in which the ship’s 
pumping power would be of no avail, is so extreme that 
the Bulkheads Committee’s solution of this problem 
evidently provides a margin of safety in the event of 
accident. 

Compliance with the Bulkhead Committee’s rules is 
optional on the part of shipowners ; but, although they 
may be sometimes used as a guide in fixing the position of 
bulkheads, full compliance with their requirements is by 
no means general even in the highest class of steamers. 


SraBi.iry. 


The next point of vital importance to safety at sea is 
stability. The stability of a ship when ge | in equili- 
brium in still water is readily calculated, and is repre- 
sented graphically by curves which show at any angle of 
inclination what the righting moment is which operates 
to move her back towards the upright ition, suppos- 
ing her to have been forcibly inclined away from it. 
These are called curves of stability ; and they are usually 
made for several critical conditions, such as the light 
condition, the condition for dry-docking, the -fully- 
laden condition, as the bunkers full of coal and all 
the cargo spaces to be filled with homogeneous cargo of a 
density that immerses the ship to her load water-line ; 
and also the last-named condition, after all coal, water, 
and consumable stores are exhausted, with any other 
conditions that may require special attention. The 
stability of the ship is thus known very ney for 
still-water conditions ; but her designer, although he is 
ubliged to trust to his judgment for making it satisfactory 
for sea-going purposes, often knows little of what it may 
become under working conditions upon a voyage. I made 
two voyages in a large ocean liner not long ago, whose 
metacentric height is about 7 in. when quite light, and 
18 in. when filled up with passengers, stores, f water, 
coals, and a homogeneous cargo of such density as com- 
pase fills all the cargo spaces and immerses her to 

er load draught. I estimated the weights of cargo, 
water, stores, and passengers on board at the time 
of sailing, and the heights of their centres of gravity, and 
corrected the figures from day to day “a the voyage as 
coal, water, and stores were consumed. The results were 
that at sailing the metacentric height was 2 ft. 2 in., at 
the middle of the voyage it was 21 in., and at the end of 
the voyage it was 20 in. Upon the second voyage the 
metacentric heights were 2 ft. 10 in. at starting, 16 in. in 
the middle of the voyage, and 20in. at the end. The 
irregularities in the metacentric height from day to day 
were due largely to the manner in which the water- 
ballast was used. This was the case of an ocean liner, 


fixed weight of the hull and machinery. In a large 
cargo-steamer, where the weights carried amount to 
twice the weight of the hull and machinery, it will be 
seen how much her qualities in respect of stability when 
loaded depend upon those who regulate the loading, and 
how little upon the designer. , 

The ship-designer requires to decide, of course, what 
metacentric height to give a ship in the circumstances to 
which his calculations apply ; but itis only by comparison 
with other ships of similar types that have heen found 
satisfactory after passing into the hands of their owners 
that he can properly fix the precise figure. In passenger 
liners the righting moments at large angles of inclination 
are always great because of the high side above water, 
and the position of the centre of gravity. Even if the 
metacentric height were to become nil in their case, they 
would only incline to one side or the other; there would 
be no serious risk of capsising. The case is different with 
many cargo-steamers, and was very different 25 years 
ago with a class of steamers that were largely engaged in 
carrying grain and coal cargoes. These were s0 con- 
structed as to enable them to load with to the under 
side of the upper deck, but they had insufficient beam to 
give a safe margin of stability when so laden. They 








were safe enough if only light cargoes were placed in the 


in which the weights carried were about one-half the | o! 


*tween decks, or when these were but ially filled ; but 
when they were filled up, as often ha) ed, with homo- 
geneous grain cargoes, the metacentric height came down 


to6 in., or even less; and with their low sides, combined 
often with shifting of cargo in bad weather, the number 
lost by taking a heavy list and foundering at sea was very 
large. This class of ships formed an important item in 
the tragic list of losses of the early ’eighties. 

The question of stability was raised at the Load-Line 
Committee of 1885 in connection with the regulation of 
freeboards, and it has often been revived since. It was 
felt, however, that stability is so intimately related to 
stowage, and is so much in the hands of those in charge 
of the stowage ; that it would be impossible to deal satis- 
factorily with it as a factor of depth of loading. Nothing 
can make a ship safe if her a is not secured by 
ne ag stowage ; but when vessels will obviously admit of 

ing loaded with homogeneous cargoes, so as to have 
reduced at sea, the Official 


their stability 

bodies who wien eed ose should look for that the 
danger is understood, and that measures be taken in 
regulating the stowage to properly guard inst it. 


I understand that this is the course taken by the Board 
of Trade and the authorities who assign freeboards when 
cases of such a nature come before them. , 


SrrvucturaL STRENGTH. 


One of the most important elements of safety at sea is 
structural strength, and there is no more intricate, or 
difficult, problem which we have to consider. Mercantile 
steamers have made what they are in respect of 
design and come of structure chiefly by observation 
and experience of the effects of straining action at sea. 
The usual calculations of strength of structures do not 
carry us very far by themselves in shipbuilding; and 
although much attention has been given to these by ship- 
designers, ey cannot be greatly relied upon in practice. 
As a matter of fact, the arrangement of material shown 
upon the transverse section of a ship, and the sizes of the 
various parts, are practically what they have been made 
from time to time by Lloyd’s Register Society. Classi- 
fication at Lloyd’s 1s so important in the mercantile 
marine, for pu of insurance, that the design of a 
ship’s structure is usually little, if any, more than comi- 

liance with Lloyd’s rules and tables. I use the name 

loyd’s in this connection as a generic term, which 
includes the other shipping registration and classification 
societies, as it is the one of outstanding and dominant in- 
fluence. It is but seldom that structural design amounts 
to more than satisfying a registration society that its ‘re- 
quirements for ification, as laid down ‘in rules and 
tables, have been complied with. These rules have been 
modified as ships have increased in size and varied in 
type; and when exceptional ships not directly provided 
for by the rules have to be classed, the structural design 
is specially dealt with by Lloyd’s. But the governin 
principle throughout is experience of the behaviour 
ships at sea. joyd’s Society has re mtatives in all 
the principal ports of the world, whodeal withand report 
all defects in the ships that come before them. There is 
no reason to fear that any weak point will escape the 
attention of Lloyd’s surveyors. It is chiefly in this 
~ that Lloyd’s rules have been built up, from the 
earliest days of iron ships. The shipbuilding profession 
also owes very much to Lloyd's for what it has done 
and is still doing in scientific research. They have a 
highly-trained technical staff which has conducted and 
published some of the most valuable investigations yet 
made of the structural strength of ships. But the 
problem of how to obtain the requisite stre’ struc- 
ture in a ship with the minimum weight of material is 
extremely difficult of ap; from the scientific side. 
The usual calculations of structural strength are 
upon still-water conditions. The most useful are those 
which relate to longitudinal strength, because the greatest 
stresses that can come upon a ship are in the longitudinal 
direction. In these calculations the structure of a ship 
is regarded asa steel girder supported over the whole of 
its length by the upward pressure of the water. We 
can take a ship floating in equilibrium in still water, and 
calculate the distribution of the support from bow to stern 
that is given by the upward ure of the water, 
which agrees with the curve of sectional areas of the 
under-water pe of the hull ; and we can also calculate 
the weight of the ship and of her contents per unit of 
length, and represent that by a curve, or rather by ah 
irregular line, which gives the longitudinal distribution 

f the weight of the girder and its load. With these two 
factors—the longitudinal distribution of load, and the 
longitudival distribution of support —the bending 
moments and maximum stresses upon the structure can 
be estimated according to the theory of the strength of 
girders. 

In order to approximate more nearly to the werst con- 
ditions at sea, the maximum stresses upon the top and 
bottom of the structure are calculated for two hypothe- 
tical cases of support upon a wave surface. The surface 
usually taken is that of a trochoidal wave of the same 
length as the ship, whose height is one-twentieth of its 
length. The water-line is drawn to this wave form upon 
the side ef the ship on the s drawing, so as to cut off 
the ee of ay es —— and ome her 
in equilibrium (1) if sup amidships upon the wavé- 
crest with her bow ai ae in the hollows, and (2) if 
supported at the ends upon the wave-crests with her mid- 
ship part in the hollow. The whole system of wave- 
water is supposed, for the purposes of the calculation, to 
be fixed for the moment, and the ship to be floating upon 
it in statical equilibrium. s 

It is not known how nearly the results obtained by 
calculation upon assumptions that differ so widely from 

real circumstances correspond with the maximum 








stresses really brought to bear at sea, but it is certain 
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that they are often in excess of the truth. In the new big 

era, Lusitania and Mauretania, the limiting stress 
accepted by Lloyd’s, as determined calculation, was 
10 tons per square inch, supposing the material to 
mild steel whose ultimate tensile strength is 28 to 32 tons 
por 1 inch. This gives an apparent factor of safety 
of only 3. - 5 

Many vessels have been running for years in which the 
figures obtained by calculation for the maximum stresses 
would amount to 10 tons per square inch. This must be 
largely in excess of the truth, and it is impossible to say 
exactly by how much. One im nt cause of the excess, 
worked out in detail by Mr. W. E. Smith, of the Ad- 
miralty, many years ago, is, that the buoyancy of wave- 
water is not the same at all parts of the wave, being less 
at the crest and more at the hollow than that due to the 
weight of the volume of water displaced. This property 
of wave-water can be allowed for approximately in the 
calculations, and the necessary corrections made. They 
effect a substantial reduction of the calculated stresses 
in both the extreme positions upon a wave surface ; but 
they are not applied in practice, as the results are only 
used for purposes of comparison, and such a correction 
would not materially affect mere comparisons. The 

uantitative value of the calculated stresses is anaes - | 

oubtful in any case, Even in comparing them wit! 
figures obtained in a similar way for other ships it is 
necessary to be careful not to press the comparison too 
far. Attempts have been made to measure the actual 
stresses upon portions of the structure at sea by means of 
strain-indicators. Extensive experiments were carried 
out in H.M.S. Wolf a few years ago by an Admiralty 
Committee with Stromeyer’s indicators, which gave some 
interesting results; but very little real progress has yet 
been made in this direction towards a quantitative solu- 
tion of the strength problem. 

The strength of ships, and the weight of the structural 
materials employed to obtain that strength, thus having 
become what they are by a long process of adding to, 
and building up the structure in detail], and reinforcing 
weak points wherever they have been found, and by 
checking the general results in the imperfect manner that 
is alone possible by calculations of the kind referred to, 
it becomes a question as to how far the results arrived at 
are satisfactory or final. All who have studied the great 
problems of ship design, and know how they were solved 
in the design of the Great Eistern by Mr. Brunel, must 

with the opinion expressed by Sir W. H. ping b- 
his presidential address of nearly four years ago, that 
‘in structure she was not merely a marvel considerin 
the date of her construction, but is still a most fruitfu 
and suggestive field of study.” The Great Eastern 
proved herself, by her Atlantic voyages to New York 
and Quebec, and her subsequent experiences in the try- 
ing work of cable-laying in the Atlantic, to be amply 
strong enough for anything required of such a ship; and 
if we compare her structure with that of the standard 
ship of her dimensions and type to-day, which embodies 
the results of fifty years more experience than her de- 
signer had, it appears very remarkable. Sir W. White 
came to the conclusion, which I believe is right, that 
after making full allowance for features of modern 
designs, that involve additional weight, which the Great 
Eastern did not possess, her structure was lighter than 
that of the corresponding ship of to-day, although the 
latter is built of steel 50 per cent. stronger than the iron 
plates of the Great Eastern, and the riveting of the 
edges and butts of plating is much more extensive and 
efficient, and is performed by hydraulic power where 
strength is moet required. ree a 

The leading features of the Great Eastern’s design in- 
cluded a very strong cellular double hottom, continued up 
the sides to the water-line, a double-plated upper deck of 
cellular construction, and two longitudinal bulkheads for 
about half the ship’s length amidships, which connected 
the cellular upper deck with the double bottom. There 
was no plating upon any deck except the upper deck. 
The structure of the corresponding steamer of to-day 
would consist of a very strong and deep double bottom of 
cellular construction, which 1s quite flat and stops at the 
turn of bilge, side-plating above this, which is doubled at 
the upper part and is supported by very strong transverse 
frames about 30in. apart, and four strongly-plated decks— 
the upper structural deck and three below it—of approxi- 
mately equal strength, with a fifth plated deck above 
these, in many cases, for about half the ship’s length 
amidships—at about 8 ft. apart. . ‘ 

The difference in principle between the two designs is 
so great, and the comparison of the weights of material 
they require is so much in favour of the Great Eastern, 
that there certainly seems to be a case for inquiry, and 
for considering the ——s of a radical change in the 
structural design of large ocean liners. Some such 
change is being introduced into the design of cargo- 
steamers in order to obtain large open holds and facili- 
tate stowage. These are now being built of large size 
and depth, with only a single-plated deck at the top, and 
there seems to be no reason why this principle should not 
be applied, to some extent at any rate, to large passenger 
vessels, Any saving of weight thus effected would not 
only be a saving of cost, but would better enable the 
difficulties of draught of water in harbour and docks for 
the largest ships to be overcome. 


Sprep. 


The problem of speed has alwaysbeen a very vexed and 
difficult one, and there is none which has caused more 
trouble, or given rise to more fallacies in theory and errors 
in solution. I cannot even call attention now to the 
numerous theories and the various approximate formule 
that have been invented and employed from time to time 
for explaining and solving the speed problem. These 
formule are generally so restricted in their range of 


be | the truth, as 





application, and require so much knowledge of their 
limitations, and the conditions under which they can be 
relied upon for results that will be approximately near to 

to eeere dangerous traps to the unwary and 
ill-informed. he man who can use these intelligently 
and safely, and with full knowledge of their limitations 
and tendencies to error, is able to deal with the speed 
problem much more completely and effectively ; and I 
shall confine my remarks to the way of doing that. 

The practical solution of the speed problem was effected 
by the Tate Mr. William Froude when he discovered the 
law of similitude or comparison which enables the resist- 
ance of a model, as ascertained by experiment, to be used 
for calculating the resistance of a model upon a different 
scale, or that of a full-sized ship of similar form. He 
found that, over and beyond surface friction and other 
minor causes of resistance that are about proportional to 
it in well-formed ships, and may for purposes of calcula- 
tion be included in it, the only element of resistance is 
that due to the formation of waves which the passage of 
the ship through the water creates. When the forms of 
model and ship which originate the waves are similar, 
and travel at speeds proportional to the square roots of 
their respective dimensions, the wave-configurations thus 
created will be similar in every respect, and be propor- 
tioned to each other upon the same relative scale as that 
of ship and model. Hence it may be deduced from 
theory that the resistance caused to these forms by the 
development of the waves would be proportional to the 
cubes of the dimensions of the forms. 

The law of frictional resistance was investigated by 
experiment, and found to vary at a somewhat lower rate 
than the square of the speed, and to be affected by the 
absolute length of the surface immersed, and the figures 
for various natures and lengths of surface were deter- 
mined experimentally by Mr. Froude. His analysis of 
the separate elements of resistance, showing that the 
two great ones—friction and wave-making—varied inde- 
pendently of each other, and the latter in a very irregular 
manner, explained why simple approximate formule are 
so untrustworthy. 

What is wanted for the practical purposes of the 
designer is the means of ascertaining the resistance of 
a ship of given dimensions at any desired — and also 
of readily determining the precise form or degree of fine- 
ness of underwater body that will «enable the maximum of 
carrying power t2 be obtained at a moderate rate of fuel 
consumption. It is one thing to know exactly what bp etand 
is required to give a ship of given dimensions and form 
the speed asked for or promised, and another to determine 
what are the dimensions, form, and degree of fulness that 
will give the maximum passenger and freight-carrying 
capacity, with moderate engine power and expenditure of 
fuel. It is not uncommon to see ships built unnecessarily 
fine for the _ at which they have to run, which might 
be made fuller and carry an increased weight of cargo 
without materially affecting speed and coal consumption. 
It is the determining of the precise limit of fulness of 
form that is advantageous in such cases, and upon which 
the success of a design often depends. 

In order to exhaust the problem of the best form of 
ship to meet the requirements of any particular trade or 
service, considerable investigation is required. It can 
only be made satisfactorily with models in an experi- 
mental tank upon the late Mr. Froude’s system. 

Dimensions and draught of water are usually fixed be- 
forehand by commercial considerations, and by harbour 
and dock facilities, at any rate within somewhat narrow 
limits ; and the designer requires to test models of varying 
degrees of fineness in order to determine the point at 
which the limit is reached beyond which the further in- 
crease of engine power and consumption necessitated by 
fuller lines would be unprofitable. This can be deter- 
mined perfectly in an experimental tank. But that 
method is, unfortunately, impracticable for ship-designers 
in general, because there is no tank in this country avail- 
able for such purposes. The very few that exist belong 
either to the Admiralty or to private shipbuilders, and are 
confined exclusively to the work of their respective 
owners. I have had experiments made a few times for 
myself, but had to go abroad for the purpose. The tank 
experiments required by Mr. Yarrow for his valuable 
investigations into the effect of shallow water upon speed 
were made in the North German Lloyd tank at Bremer- 
haven, where other > aes nage have also been made for 
him. A British shipbuilder can only get such experi- 
ments made by setting —— experimental establishment 
for himself, or going abroad. Now an experimental 
tank, with its equipment and a competent staff for werk- 
ing it, is very costly to create and maintain; and over 
and above the mere cost of construction and of running 
it, there is the all-important question of the quality of 
the results it will produce. It is not enough to construct 
a tank and attach to it a staff of trained scientific men to 
run models and take records of their speed and resistance. 
The work is of so delicate and intricate a nature that the 
personal qualities of the experimenters count for very 
much in its value. The results obtained by the late Mr. 
W. Froude and the present Mr. R. E. Froude owe much 
of their value to the high qualifications of those gentle- 
men for such work and their great experience in it. It is 
the men, and not the tools, who constitute the most im- 
port int factor in work such as this. 

An attempt has recently been made to pe mee an ex- 
— tank at the National Physical Laboratory, to 

. worked by members of the staff there, at which 
ship models might be tested for resistance; but up 
to now it has been without result. There is another 
pn Fin —_ with the soatien, Rage ty and a better 
one for the ordinary purposes of the ship-designer, which 
has been initiated by Mr. R. E. Froude, that promises to 
overcome the difficulty in a satisfactory manner. Mr. 
Froude read a paper at the Institution of Naval Archi- 





tects, three years ago, upon ‘‘Some Results of Model 
Experiments,” in which he gave results of a series of 
eral experiments on systematic variations in form of 
ull, the variations consisting of six different sets of 
typical lines, varied in proportion by independent varia- 
tions of length, beam, and draught. The resistance data 
given by these experiments are published in the paper in 
such a form that the resistance of a ship of any dimen- 
sions, whose lines are similar to the typical ones, which 
are also shown, can readily be taken out. The types 
dealt with have block coefficients, or ratios of displaced 
volume of water to product of length, breadth and 
draught, varying from 0.4865 in the finest to 0.541 in the 
fullest. Now this series covers a very important class of 
mercantile steamers—that of fast Channel boats—and the 
designer of such a boat could have nothiug better for his 
speed calculations than the data in this paper. He has 
-_ to refer to Mr. Froude’s tables and curves in order 
to determine at once the proportions and form that will 
best suit the circumstances, and to construct the lines of 
his boat. 

There could be no better solution of the speed problem 
for practical pu than a continuation of the work 
that Mr. Froude has thus begun so well. This would be 
the greatest boon to ship-designers. ‘The method has 
been employed with most successful results in the prac- 
tical design of ships of the class I have mentioned. I 
know of three vessels which have been made to approxi- 
mate closely to Mr. Froude’s forms, and whose estimates 
of speed have been based upon his data. The turbine 
steamer Dieppe, which runs between Newhaven and 
Dieppe, is intermediate in form between Mr. Froude’s 
No. 5 and No. 6 types. Her block coefficient of 
fineness is 0.538, with a water-line length of 280 
feet and a speed of over 21 knots. She had to be 
increased in beam and made fuller in form than the 
previous vessels of the line, in order to carry additional 
weight, upon dimensions and draught of water that were 
strictly limited, without reduction of speed; and the 
best data available for determining the form that would 
fulfil these exacting conditions were Mr. Froude’s. The 
result was a conspicuous success, as the Disgee has 
proved to be the fastest boat of the line. The same 
procedure has been equally successful and satisfactory in 
the new turbine steamer Viper, of the Burns line between 
Ardrossan and Belfast, another 21-knot boat whose lines 
are those of Mr. Froude’s No. 4 type; and also in the 
twin-screw steamer Hazel, fitted with ordinary recipro- 
cating engines, just built for the Laird line between the 
Clyde and North of Ireland, whose length is 260 ft., and 
service 8 18 knots, and whose lines are based upon 
those of Mr. Froude’s No. 4 type. 

These results of the practical employment of Mr. 
Froude’s methods and data are sufficient proof, if proof 
were needed, of their value; and one may say that for 
the ships represented by his types, the ship-designer is 
thus practically independent of further tank experiments. 
The te and speed data necessary are all recorded in 
Mr. Froude’s curves and tables, ready for immediate 
application. If similar data could be obtained for other 
forms of ships—say, for the fast-liner type—with block 
coefficients varying from about 0.6 to 0.7, the designer of 
that class of vessels would, indeed, have cause to bo 
grateful. The best practical solution of this long-vexed 

roblem of speed appears to be an extension of Mr. 

roude’s system to vessels of the fast-liner type, and 
others with which the ship-designer ordinarily has to 
deal, leaving those of abnormal proportions or form, and 
freaks, and also the work of general research, to a public 
experimental tank—if ever we find enterprise enough 
among those interested to get one set up in this country, 


Screw-PrRope._ers. 


The resistance of a ship may be estimated to a close 
degree of accuracy in the manner mentioned, but the 
determination of the engine power required to overcome 
that resistance involves the consideration of screw-pro- 
peller efficiency. The problem of the most efficient design 
of propeller for a given size and form of ship and rate of 
turning of shaft is as yet far from practical solution. 

Several attempts have been made to construct a theory 
for the action of the screw-propeller. These involve, 
however, certain ideal assumptions for simplifying the 
problem, which would otherwise be too complex for 
theoretical treatment. It does not seem likely that any 
purely mathematical theory will be found sufficiently 
reliable to enable the best screw dimensions to be deter- 
mined for a given ship, and co uently we are bound to 
fall back upon the experimental method. It is this 
method which was developed by the late Mr. W. Froude, 
and has been continued by Mr. R. E. Froude in the 
Haslar tank. Model experiments have been carried out 
on a large number of propellers of varying pitch, diameter, 
and developed area, but these model screws have been 
very small, the size and s at which they could be 
worked being limited by the stresses which the experi- 
mental mechanism is capable of bearing. This difficulty 
has been test in the case of screws for turbine vessels, 
because the shafts necessarily run at much higher revolu- 
tions in them than with reciprocating engines, increased 
speed of turning being necessary to secure good turbine 
efficiency. 

In applying the model screw results to full-sized ships, 
recourse must be had to a law of comparison similar to 
that obtaining between the model of the hull and tl.e 
full-sized ship, and in this direction it is of great impor- 
tance that further investigation should be made. Further 
advance might probably be effected by carrying out ex- 
periments in a tank on a larger scale than those already 
made, and with stronger appliances than those now used 
for the purpose in the Admiralty tank. A still more 
effective means, which I hear is under consideration by 
Mr. Froude, would be to build an experimental launch 
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for the purpose, to be run in open water and Pea by 
machinery of considerable power. The propelling ma- 
chinery could be so arra’ that the thrust of the screws 
and the torque on the shaft could be automatically re- 
corded, as in the case of tank experiments. With such 
an arrangement screws up to 3 ft. in diameter could be 
experimented with—a great advance on anything that 
could be hoped for in the tank—and the important 
problem of propeller efficiency might thus be brought 
witbin reach of practical solution. 


Sream-TuRBINEs. 


We now come to the greatest problem of all with rd 
to the propulsion of ships, and that is, the form which 
propelling machinery is likely to take in the immediate 
future. Already an important change is in progress from 
the ordinary reciprocating marine engine to the steam- 
turbine ; and the question is not only how far that change 
will extend, but also whether the whole of the cumbrous 
apparatus required for producing steam may not before 
very long be swept out of mercantile steamers, and the 
power be obtained from some form of internal-combustion 
engine. It would be rash tb attempt to prophesy what 
will happen, but a short reference to what appears to be 
the present position with regard to these fundamental 
ques‘ions might be expected. 

The p of the steam-turbine is remarkable. It 
has often m described by Mr. A. Parsons and 
others, and is pretty well known. The reasons why its 
progress has not been greater, and why it is not already 
more generally employed in ships of all ‘classes, are not 
so well known, and it might be useful to consider them. 
The Parsons steam turbine has practically superseded 
the reciprocating a in the battleships, cruisers, and 
smaller very fast craft of our Navy ; and it has had equal 
success in the very important class of Channel steamers 
and other boats of similar type. Turbine-steamers now 
employed on cross-Channel services are running at speeds 
that could not be reached with the best reciprocating 
engines. They are strictly limited in many cases to a 
very shallow draught of water; they carry very little 
dead-weight of coal and cargo; the weight of their 
machinery and boilers constitutes a large a eee of 
their gross weight, and the percentage of the latter that 
is saved by the use of fast-running turbines is sufficient 
to give a substantial advantage in s The coal con- 
sumption compares favourably. with that of the best 
reciprocating engines of equal power that could be fitted 
in that type of ship; and still better, of course, with the 
paddle-engines or screw-propeller engines of old type 
which were in the boats they superseded. 

When these facts are stated, as they often have been, 
surprise is expressed by many that such apparent advan- 
tages arenot'secured more extensively for other classes of 
vessels. Very few ocean steamers have been fitted with 
turbine machinery or are being so fitted ; and although 
this may not cause surprise in the case of cargo-boats and 
other vessels of low or even moderate speeds, it appears 
strange that liners of high speeds are still ee | tted 
with reciprocating engines, and that the bold | given 
by the Cunard Company with their two fastest new 
eae and the Carmania should not be generally fol- 
owed. 

The chief reason for hesitation to put turbine ma- 
chinery into ocean liners is the doubt which exists as to 
coal consumption. The amounts at stake are so large in 
these costly vessels when experiments with novel pro- 
pelling machinery are tried that everybody prefers to 
see some one else make them. The Cunard Company 
are making the crucial experiment upon the largest scale 
that is now possible, and every one interested in progress 
must wish those responsible for it all the success they 
hope for and deserve. But the result is to some extent 
uncertain, and the immediate future of the turbine in 
fast liners depends greatly upon the issue. 

In eps 4 the consumption of coal has been brought 
down to 1.7 lb. per equivalent indicated horse-power of 
reciprocating engines per hour, and to about the same 


figure in mercantile boats of croas-Channel type. That is | P®P© 


as good as can be obtained with reciprocating engines in 
the same classes of vessels, as weight has to be keptdown 
as much as possible in these by ema ay ney stroke, and 
using high mean pressures of steam in the cylinders, in 
order to get all the power that is practicable out of a 
moderate size and weight of machinery. It pays better, 
in these cases, to stop somewhat short of the maximum 
efficiency attainable than to carry the additional weight 
that the increase would involve. In ocean liners the con- 
ditions are different, and economy of consumption is the 
chief point aimed at. Their consumption with quadruple- 
expansion engines and a boiler pressure of 210 lb. to 
220 lb. has been brought down to 1 3 Ib. of coal per indi- 
cated horse-power per hour. The substitution of turbines 
for reciprocating engines in ocean vessels depends chiefly 
upon whether the consumption with turbines can be 
brought down to this figure, and there is no satisfactory 
evidence that this is now practicable. It is probable that 
the marine turbine will ultimately be so improved as to 
beat the best reciprocating engines in economy of con- 
sumption in ocean liners, but no proof is forthcoming that 
it can yet do it. 

In ocean liners the turbine has to compete with the 
reciprocating engine at its best, and the development of 
high efficiency with the turbine is counteracted by loss of 
propeller efficiency as speed of turning is increased. The 
problem is to secure a combination of turbine and pro- 
peller such as will give an efficient speed of turbine with- 
out reducing unduly the diameter of propeller, and ex- 
perience with regard to this is much wos ng The smaller 
propellers of turbine engines doubtless gain in efficiency 
on service by being immersed more deeply, and being 
thus less affected by the rising and falling of the sea at 
the stern. This is especially the case with come of the 








croas-Channel boats, in which the ap ses > have to be 
so large relatively to the shallow draught of vessel 
with reciprocating engines, even when these are run at 
the greatest possible number of revolutions per minute, 
that they are sensibly affected by the least disturbance of 
water-level. The difference in propeller efficiency soon 
becomes very marked as the weather gets bad. In the 
Newhaven and Dieppe service, for instance, it is found 
that whereas the turbine boat Brighton only gains an 
average of three minutes upon the time of the reciprocat- 
ing-engine boat Arundel in fine weather, she gains fifteen 
minutes in anything like bad weather. The difference 
in favour of the turbine on account of extra immersion of 
poor is not likely to be so great as that in ocean liners, 
ecause in them the immersion of propeller is not rela- 
tively so unfavourable with reciprocating engines, but it 
would doubtless be of appreciable value. There appears 
to be some other cause, however, which operates unfavour- 
ably in bad weather at ses, especially when running 
against a strong head wind, to turbine vessels with com- 
pate small propellers. In such circumstances they 
all off in speed more than reci ting-engine boats 
with their large propellers would do; and, aagetae, 
notwithstanding the greater depth of immersion, the effi- 
ciency of the propellers appears todiminish more rapidly 
as they are reduced in diameter, when driving the vessel 
against a head wind and sea. 

It might be interesting to give some particulars of two 
fast turbine steamers that are being built by the Fair- 
field Company for the Egyptian Mail Steamship Company 
to run between Marseilles and Alexandria. These vessels 
will go upon their station at the beginning of next winter 
season. They are 525 ft. in length, and their speed on 
service is to be 184 knots. The turbines are to run at 
about 340 revolutions per minute, a rate which necessitates 
as small a diameter of propeller as prudence would allow. 
Everything that appears possible has been done to favour 
the efficiency of the turbine, and reduce the weight of 
machinery. The boiler power is increased 6 per cent. 
above what would be allowed for reciprocating machinery 
of equal power, but the gross weight of engines, boilers, 
and auxiliaries works out about 400 tons lighter for the 
turbines. The space occupied by the boilers and machi- 
nery is practically the same. A greater consumption of 
coal, and a py | increase of bunker capacity, 
has been allowed for, and it remains to be seen how the 
consumption will work out. 

I am enabled, by the kindness of the general manager 
of the London, Brighton, and South Coast Railway, to 
give some further particulars of the speed and consump- 
tion of their two boats the Arundel and Brighton ; the 
former fitted with ordinary reciproc ting engines, and the 
latter with turbines, These vessels are approximately 


similar in dimensions, displacement, and form. The 
figures given are the averages of more than a Paya 
running, during which a total distance of about 20,000 


niles was covered in each case. The average speed of the 
Arundel was 19.29 knots, with an average consumption 
of coal per trip of 16.16 tons. The corresponding figures 
for the Brighton are an average speed of 19.59 knots, with 
17.18 tons of coal. If the figures for consumption be 
corrected so as to give the comparison at equal speeds, it 
will be seen that there is nothing to choose between the 
two ts in economy of fuel. 

The difficulties of stopping and manceuvring vessels 
propelled by turbines have been overcome by adding 
turbines of considerable power for going astern. In the 
Dieppe the astern turbines are two-thirds of the full 
power ahead, and she was stopped dead upon the official 
trials, when going at a speed of 12 knots, in 1} times her 
length, the time taken in bringing her to a standstill 
being 31 seconds. 


INTERNAL-COMBUSTION ENGINES. 


The question of some form of internal.combustion 
marine engine which would be suitable for large ocean 
vessels is still about where it was when Mr. Milton’s 
r was read and discussed here last January, and I 
do not feel that I could now add anything with advantage 
to that paper and discussion. I will merely énumerate 
the conditions, most of which were mentioned by Mr. 
Milton, that must be satisfied by a successful marine 
engine of any type whatever. 


1. The engine must be reversible. 

2. It must be capable of being stopped quickly, and of 
being started quickly, either ahead or astern. 

3 it must be capable of being promptly s ed to an 
desired a nner apery ° = full 
speed, and of being kept s ily at the ui speed 
for any length of jen **Dead slow” ought not to be 
faster than one-quarter of full speed, and should be less 
in very fast v 

4. It must be capable of running continuously for long 
distances, with but short intervals between the runs, with- 
out risk of stoppage or breakdown. 

5. It must capable of working well, not only in 
smooth water, but also in heavy weather, in a seaway in 
which the varying immersion of the propeller causes 
rapidly-changing conditions of resistance. _ 

6. All working parts must be readily accessible for over- 
hauling, and all wearing surfaces must be capable of being 
promptly and easily adjusted. : 

q. The engine must be economical in fuel, especially at 
its ordinary working speed. ; 

&. It must be compact, lightin weight, and well balanced, 
so as not to cause vibration. 

9. It must not involve any risk of accumulation of gas 
in the ship such as could form an explosive mixture. 

10. It is a sine gud non that it must be capable of using 
a fuel whose supply at moderate price is practically un- 
limited, and that could be readily obtained in whatever 
part of the world a ship might happen to be. 


We have since heard of gas and oil machinery for 
16,000-horse-power battleships, bat this only exists at 
t in imagination. It is impossible for anyone to 
judge by what has been achieved up to the present in this 
direction what weight or space, or what consumption of 
fuel, would be required for the internal-combustion en- 
gines of t power that might, perhaps, ultimately be 
made to fulfil the onerous requirements of marine work. 
Engineers and metallurgists may, by working together, 
succeed some day in overcoming the difficulties of pro- 
ducing large cylinders which will stand the high impulses 
and great and rapid variations of temperature that ocour 
with internal combustion ; but till that is accomplished 
no great step ahead can be taken. There are no two 
opinions, however, as to the advantages that might be 
gained by doing away with the present boilers and their 
appurtenances, and abolishing with them that very 
arduous and disagreeable class of labour known as 
**marine stoking.” 

The subject of oil-fuel for marine boilers is an in- 
teresting one, but I have no time to say more about it 
than that great practical advance has been made in its 
use during the last decade, and a consumption as low as 
0.9 lb. per indicated horse-power per hour has been regu- 
larly realised in mercantile vessels which employ the 
system of spraying the liquid for combustion by means 
of hot air. American steamships have used oil-fuel 
largely during the last three years, under a combined 
system of high and low-pressure air respectively for 
desiccating or pulverising the oil before combustion, 
and for assisting the combustion afterwards. This system 
has proved highly successful and economical. essels 
of 14,000 tons displacement belonging to the Shell 
Transport Company have made voyages larly and 
successfully from Singapore to this country by the long 
route of the Cape of Good Hope, and still larger vessels 
have made equally successful voyages from New York to 


San Francisco vid Cape Horn. 
Comrort ON SHIPBOARD. 
The securing of all the comfort that is pas for 
passengers on ship is a modern idea. Formerly it 


was thought sufficient to take them safely, and without 
much regard even to time, to their destination, and very 
little attention was paid to comfort. Now it is the chief 
object of the best shipping companies to leave and arrive 
in port on fixed days, and even at fixed hours, and to 
make the life of passengers on board ship as comfortable 
and luxurious as on shore, The great pioneer in this 
cause of convenience and comfort to ngers was the 
late Mr. Thomas Ismay, the head of the White Star line. 
He always held that the best ship for passengers was not 
necessarily the very fastest, but that comfort and regular 
arrivals in port were even more important. The travelling 
ublic seems to be coming to Mr. Ismay’s way of thinking. 
t is not now so much the highest possible speed across 
the Atlantic that is in demand by ngers as con- 
venience and comfort in jae | hat is now looked 
for in passenger liners is indicated by the attractions held 
out in the shipping advertisements. One line advertises 
“the fastest, finest, and most comfortable of British 
steamers, including those wonderful hotels———— and 
-——,” the ‘‘wonderful hotels” being perhaps the most 
opular of the ships, though not by any means the fastest. 

he same advertisement states that ‘‘ the steadiness in 
all weathers of the and is remarkable. 
All passengers who suffer when at sea should travel by 
these boats. The experience will be a revelation to 
them.” Among the other advantages and attractions 
advertised by steamship companies are wireless telegra- 
phy, submarine signalling, daily newspapers, gymnasia, 
passenger elevators, @ la carte restaurants, grill-rooms, 
children’s saloons and play-rooms, and the landing and 
embarking of passengers directly on to and from the 
railway train. 

Much of the comfort and luxury now in such great 
demand by passengers is provided by those who manage 
the ships, and not by their designer. There is one very 
important element of comfort, however, which the designer 
can do much to supply, and to which increasing attention 
is being given. I refer to steadiness at sea, and freedom 
from heavy rolling and pitching. The worst rolling is 
caused when a ship is among waves whose period in a 
direction transverse to her length approaches to synchron- 
ism with her own natural period of rolling. Thesteadiest 
ships are those whose natural periods of rolling are the 
longest, because these meet less frequently with waves of 
— period to their own. In the largest ocean liners 
which have a reputation for steadiness the period of 
double roll of the ship is between 15 and 20 seconds, and 
the length of wave of approximately equal period to the 
lowest figure would be about 1100 ft. ‘The igner who 
aims at producing a steady ship endeavours, theref to 
make her period of rolling as long as ible, and thus 
reduce the chance of her meeting conditions of sea that 
would be likely to cause deep rolling. This can be done 
in two ways: First, by increasing the radius of gyration 
about the axis of rotation; and, second, by reducing the 
metacentric height. Any attempt to deal with the former 
is practically out of the question, but the designer can make 
the latter what he chooses. He often makes it about 15 in. 
to 18 in. for the ideal conditions of loading assumed in 
his calculations; but he has no knowledge, as I have 
already said, of how this may sometimes be altered by the 
actual loading. The regulation of the metacentric height 
at sea by suitable ae of cargo and storés in the first 
instance, and by the judicious use of water ballast after- 
wards, requires the careful and close attention of the 
ship's officers if unpleasant rolling is to be kept down. 
About 15 in. to 18 in. of metacentric height appears to 
give a eatisfactory combination of resistance to inclina- 
tion, or to listing to one side by the movement of water 








and other weights on board, with a long rolling period. 
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Brick KeEEts. 

After eetiuting ee tendency to roll as much as possible, 
by suitable regulation of the metacentric height, the next 
thing is to increase, as much as possible, the resistance 
to whatever rolling there may be. This is done a 
means of bilge keels, which oppose the whole of their 
surface to the motion of rolling, and are very effective in 
reducing its extent when they are of sufficient depth. 
In ships I have known that have been fitted, after the 
were built, with bilge keels ee q 
the extreme angles of rolling have been reduced to one- 
half. Their steadying effect is now well known and 
admitted in the mercantile marine. 


AntI-RoLLiInc CHAMBERS. 


Other devices have been considered, and some have 
been tried, for still further increasing the resistance to 
rolling. Sir Philip Watts described, in the Transactions 
of the Institution of Naval Architects for 1883, the trial 
in H.M. Inflexible of free water in large chambers that 
extended right across her lower deck, the transverse 
motion of which, as the ship rolled, was ted by the 
shape of the water-chamber and the depth of the water, 
so that it would operate asa drag, or brake, upon the 
rolling motion. The same device was tried in a small 

ger ship, the Ohio, in 1887, and in the City of New 
York and the City of Paris in 1889. In the two last- 
named ships the chamber was upon the orlop deck. These 
water-chambers ap to have given good results withiu 
certain limits of woh and when the motion of the water 
in them was well timed, but the action upon the —s 
must have depended very much upon the way in whic 
the water was lated. Whether it was on account of 
this, or because of the space occupied, or other objections 
that exist to the free motion from side to side of large 
quantities of water in a ship, Ido not know ; but what- 
ever the reason may be, the idea has been dropped. 


PENDULUM REGULATOR, 


A proposal has recently been made by M,. Victor 
Cremieu, of Paris, to check rolling by means of a heavy 


pendulum of long period that would oscillate in a closed | 4 


chamber filled with a viscous fluid, and he has contributed 
a paper upon the subject to the Academie des Sciences. 
His idea is to make the length of dulum and its 
weight such as would give it an angular moment up to 
ibly one-tenth that of the ship. The clearances 
eee the pendulum and the sides of the chamber, and 
the degree af visecslty of the liquid—M. Cremieu sug- 
gests oil, or a mixture of water and glycerine—would be 
so arranged as to make the energy of the pendulum most 
effective in offering resistance to ape _A simplifica- 
tion of the apparatus is suggested by substituting for the 
pendulum a weight that would move backwards and for- 
wards upon a curved path in a transverse chamber or 
tube filled —_ ~ viscous liquid. . In _ ome so 
rinciple is that of opposing the rolling of the ship by 
the statical moment of the weight, and reducing the 
energy of motion by generating heat in the fluid through 
which the weight moves. ’ 
Sir John Thornycroft described an automatic steadying 
apparatus in 1892, which was fitted iu his steam-yacht 
Cecile with some success. It consisted of a most ingeni- 
ous controlling-gear which regulated the motion from side 
to side of a heavy weight in opposition to the rolling 
motion. It was very cleverly worked out, and it destroyed 
much of the rolling in a vessel of —_ metacentric height 
and very short period. This idea also has not been 
followed up. 
Gyroscopic APPARATUS, 


A device which appears promising, however, for in- 
creasing the resistance to rolling is one that has been 
ingeniously and effectively worked out by Dr. Otto 
Seblick, of Hamburg, a very gee | marine ogous. 
It depends upon ic action, and its principle was 
full , rome by Dr. Schlick at the Institution of Naval 
Architects in 1904. The models he then used were of 
small inertia in proportion to the inertia of the gyro- 
scopes mounted in them, so that their steadying effect 
was extreme; but Dr. Schlick expr a confident 
opinion, upon experimental investigation, that 
gyroscopic — having dimensions and weights 
suitable for ships would render it possible to control and 
limit their rolling motion when exposed to the action of 
ocean waves. He anticipated that the period of oscilla- 
tion of ships might thus be increased considerably, while 
the angles of rolling might be largely reduced. 

Since that time Dr. Schlick has carried out an im- 

rtant series of experiments in the See-bar, formerly a 
Rrst-clasa torpedo-boat of the German navy, with very 
remarkable results. Sir W. H. White described some of 
these experiments, which he witnessed at the mouth of the 
Elbe, at the Institution of Naval Architects last March, 
and he gave some very interesting results of rolling under 
different conditions, whick showed that the extinctive 
effect of a comparatively small gyroscope is extraordinary. 
It would take a longer time shan I have now at disposal to 
explain Dr. Schlick’s apparatus ; and, fortunately, it is 
not necessary that I should do so, for Sir W. H. White 
has a working model of one which he is to exhibit at 
the Royal Society to-morrow evening, and he has very 
kindly lent it to me to show you. The See-bar was 
sent over to the Thames when Sir W. H. White read 
his paper, and we all had an opportunity of seeing 
the gyroscopic apparatus in her. This principle is 
really worth serious consideration, and is already ripe 
for application to the smaller classes of steamers. I 
am informed that an apparatus is already being manu- 
factured for placing in the Hamburg- American Company’s 
passenger-boat Silvana, of about 1000 tons, which runs 
down the Elbe to Heligoland, and that Dr. Schlick is 
designing a standard gyroscope that will be suitable for 





ENGINEERING, 
ent. This 


boats of about 1200 to 2000 tons displacem 
standard gyroscope will be electrically driven, except in 
cases where there is not a sufficient margin of electric 
power available in a ship, when it would be driven by a 
steam-turbine. An apparatus for vessels of the displace- 
ment named would be applicable to the class of Channel 
steamers, and we may hope before long to see it tried in 
some of them. 
PrrcHinc. 

What I have said with regard to making ships steady 
at sea reference only to rolling motion; but 
many persons say it is not rolling that affects them so 
much as pitching, or as the skew motion near the ends 
of a ship that is neither rolling nor pitching, but an un- 
pleasant combination of both. There is also sometimes a 
vertical or heaving oscillation when large waves are 
passing a ship broadside on which may rise to an ampli- 
tude of several feet when the wave period approximates 
to the period of her own dipping oscillations, but it 
is seldom that the motion from this cause is great. 
Pitching is often the chief cause of trouble and dis- 
comfort, and the motion due to it may greater 
and more violent than any other, oe pape near the 
ends of the ship. The pitching period is sometimes as 
short as three or four seconds, so that there may be four 
or five pitches to one roll, and the vertical distance moved 
through near the ends in pitching is very much greater 
than that moved through at the ship’s side during a roll. 

After all is done in the way of making the forward 
transverse sections of a ship such as will best resist plung- 
ing into the sea, and by good stowage, there still remains 
considerable tendency to pitch in certain conditions of 
sea which cannot be removed. The best way to avoid the 
ill effects of pitching is to get as near as possible to the 
axis of rotation, the position of which varies a good deal 
according to the nature and direction of the seas which 
cause the pitching, but is, on the whole, not far from the 
centre of length. The modern large steamers which have 
their first-class passenger accommodation upon three or 
four decks in the middle third of a ship’s length are gene- 
rally found to be the most easy and comfortable at sea. 
That is, no doubt, largely because the greatest vertical 
istance moved through in pitching in the passenger 
accommodation is only one-third of what it is at the ends 
of the ship. It is to this concentration of mger 
accommodation near the middle of a ship’s length that we 
oo to have to look chiefly for neutralising the trying 
effects of pitching, 

VIBRATION. 

One of the chief causes of discomfort and distress to 
passengers on shipboard is vibration. This may be due 
to one or more of several causes, to which much attention 
has been given during recent years. The effect of re- 
ciprocating engines in causing vibration has been investi- 
gated by Dr. Schlick, Mr. Yarrow, Mr. Malloch, Pro- 
fessor Dalby, and others, who have demonstrated the 
manner in which such engines operate to cause vibration, 
and how to reduce this effect to a minimum by suitable 
design, and by balancing the principal working parts. 
There is little to choose in a strongly-built ship, between 
modern well-balanced reciprocating engines and steam- 
turbines, as regards smoothness of running and absence 
of unpleasant vibration. Vibration is often due to the 
action of the pellers, and when these have to run at 
very high s 8, as with fast-running turbines, a certain 
amount of vibration is sometimes unavoidable. Apart 
from the essential conditions of truenessof propeller-blades, 
and exact balance of the propellers upon their shafts when 
turning being fulfilled, there is the action of the ends 
of the blades in driving water against the stern plating 
with great violence where they pass nearest to it in re- 
volving, and causing a hammering effect, which is some- 
times very great. The vibration and tremor of this plating 
may be } ooo local, and may be readily checked by strong 
bracket frames at the part where it is test ; or it may 
be communicated throughout the hull, and set up sym- 

thetic vibrations in large flat areas of plating, such as 

ecks, straight ea. bridges, &c. These diffi- 
culties can generally be overcome by careful attention to 
the surfaces that vibrate, and by stiffening or supporting 
them at a few critical points by strutsor brackets. There 
appears to be no reason why ships should not now be kept 
free from all unpleasant vibration, whether as 8 
the working of the main engines or the action of the 
—-. . 
ast-running auxiliary engines, fan engines, and dy- 
namo engines often cause unpleasant vibration or tremor 
that is sharply felt, but this can be kept down by support- 
ing them upon beds that are strong in themselves, and 
are rigidly connected to the main structure. 


GENERAL REMARKS. 


The tendency to increase the size of ships is strong 
and continuous. It has long been known, and ex- 


perience ves, that the power required to drive a 
ton of a ship’s displacement at a given speed diminishes, 
and the working expenses me less per ton all round, 


with increase of size. Mr. Brunel knew that when he 
designed the Great Eastern. He stated the point and 
also the limits of its application in the following words:— 
‘‘The experience of several years has proved, what 
was believed before by most unprejudiced persons, 
that size in a ship is a great element of speed, and of 
strength, and of safety, and of — relative economy, 
instead of a disadvantage, and that it is limited only by 
the extent of demand for freight, and by the circumstances 
of the ports to be frequented.” The effect of size is | 
most powerfully felt in bad weather, as the larger vessel | 
is less affected by wind and ses, and does not lose so 
much time upon her voyages on that account. The ulti- 
mate limits of increase of size are fixed, as Mr. Brunel 
— out, by port facilities and the demand for freight. 
he subject of port facilities will be brought forward 





changes in its freight steamer services to Aust 
com 
Wi 


to-morrow by Lord Pirrie in a upon “‘ Harbour 


pa 
and Dock Requirements as affected ae Development 
- Shipping,” and will be discussed at the joint meeting 
o 
and I need not therefore dwell upen it now. I will 


tions II. and V. of the Engineering Conferenc», 


merely offer a few remarks upon the other limiting con. 


dition—demand for freight. 


There is a size and speed of ship that is most appro- 
priate and profitable for each line of steamers, or each 
trade, and it varies tly in different trades. It is the 
managers of the various lines who know best what size 


and speed of shipsare likely to be most profitable in their 


respective trades, and what are the maximum number of 
arom, and quantities and descriptions of cargo 
ikely to be forthcoming. The approximate size and the 
speed of mercantile steamers depend upon commercial 
and economic considerations which the ship-designer 
usually has but an imperfect knowledge of. His part 
consists in producing a design that will fulfil the neces- 
sary conditions of size, draught of water, speed, carrying 
capacity. and accommodation for passengers in the most 
efficient manner and at the minimum of cost. There is 
one point, however, which is so important in considering 
further increases of speed that I would like to call atten- 
tion to it. 

Speed is limited in passenger liners, ~~ -¥ indepen- 
dently of size, by economic conditions. igh sped at 
sea is a costly luxury. It can be obtained by paying for 
it—up to 25 knots, as we see by the latest Cunard liners— 
but it has to be paid for by somebody. The extra cost 
cannot be got out of cargo freights, for as speed is in. 
creased, the proportion of space available for carrying 

is reduced by the increase of boilers and machinery, 
and therefore less cargo is carried relatively to the size of 
the ship. This reaches an extreme limit in the fastest 
Atlantic liner, because their holds are as full as they can 
be stowed of npn, boilers, and coals for the voyage, 
their speeds only being limited by the impossibility of 
getting more boilers in, and it is only a few odd spaces 
which cannot be utilised for any other purpose that are 
available for carrying a little cargo. In these cases cargo 
is reduced almost to a negligible quantity. 

As regards any line of steamers, it may be said that if 
apeeds of more than 12 to 13 knots are desired, the extra 
expenditure involved by such increase must be looked 
for outside the cargo. This element of earning power 
does not bear an increase of rate of freight. There are 
only two sources from which payment of the extra cost 
of increased speed could come: one is from passengers, 
and the other from a mail subsidy. No mail subsid 
that could be proposed would pay more than a roan | 
proportion of this extra cost; the greater part of it 
must be paid by passengers. What is on | by pas- 
sengers for high speeds at sea may seen by the 
rates charged in the fast Atlantic steamers. Apart alto- 
ge from the special cabins, or apartments de /uze, 
or which almost any prices are paid, the price of a single 
first-class passage to New York varies from 22/. 10s. 
to 48/. 10s. for a run of six days in one of the fastest 
liners, according to the position of the cabin in the ship 
and the time of year, or from 1}d. to nearly 4d. per mile 
travelled. Prices have risen rapidly during recent years, 
as the speeds have been increased, and passengers appear 
to be forthcoming in ever-increasing numbers who are 
ready to pay them. If that were not the case, such high 
speeds could never have been reached. No t improve- 
ment of speed is to be looked for upon the other main 
lines of ocean traffic, unless some revolutionary change 
is made in the mode of propulsion which will cut down 
the cost, or a sufficient number of passengers are found 
who will pay the higher rates it would necessitate. 

I have not done anything this evening towards reducing 
the number of the many and difficult unsolved problems 
that trouble the mind and tax the skill and judgment of the 
ship-designer ; but if I have succeeded in conveying some 
idea to you of their nature, and of the interdependence of 
science and engineering in all wise attempts at their 
solution, I shall be gratified. 








Russian Iron Ong ror GERMANY.—On account of the 
scarcity of iron ore in Germany, and the decrease in the 
export of Swedish iron ore, several German metallurgical 
concerns have contracted with the Dombrovo and Donetz 
iron ore deposits for delivery of 35,0v0,000 poods of 
Dombrovo and Krivajoog iron ore, to be delivered before 
the end of July, by way of Sosnowizy. 





Tue Nortu German Liovp.—The administration of 
the North German Lloyd is about to make important 
i ralia. The 
y’s steamers will no longer make their out- 
voyages ——— the Suez Canal, but will go round 
the Cape of Good Hope to Adelaide, Fremantle, and 


other Australian ports. It is proposed, however, to con- 
tinue return oe through the Canal. The company 
intends to add t 


ree steamers to its Australian line. 





Beweran Bwiast-Furnaces.—The number of furnaces 


in blast in Belgium at the commencement of June was 
36, as com 
ment of June, 1906. The number of furnaces out of 
blast was 8 in each year. 
the number of furnaces in blast at the commencement of 
June this year, was made up as follows :—Charleroi group, 
15; Liége group, 15; Luxembou 
of pig in Belgium in 
with 120,790 tons in May, 1906. The 
con A the five months ova ened 

tons, as compared with 57 tons in the corres- 
ponding five months of 1906. The total of 592,290 tons 
was made up as follows:—Puddling pig, 94,620 tons; 
casting pig, 41,880 tons ; steel pig, 455,780 tons. 


with a similar number at the commence- 
The total of 36, representing 


, 6, The production 
tons, as compared 


te produc- 
a this year, was 


May was 122, 
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THE CHEMICAL COMPOSITION OF STEEL 
RAILS. 
The Chemical Composition of Steel Rails and Latest 
Developments.* 


By Curister Peter Sanppere, M. Inst. C.E. 


In the discussion on a papert which I presented to the 
Institution nearly 40 years ago, manufacturers suggested 
that matters of s' fication and composition in connection 
with rails should be left entirely to them ; but the late 
Sir John Fowler, Past-President, upheld the claims of 
his profession, and stated that ‘‘in his opinion it was not 
desirable in the interests of railway proprietors or the 

ublic that engineers should abdicate their functions ; 
bat he would advise them to draw up specifications and 
to take pains to ascertain the process of manufacture. 
However, he thought it would be admitted that no rule 
could be laid down for the manufacture of rails which 
would be applicable to all localities.” 

In spite 4 the great amount of subsequent study, and 
of discussion on this subject, I still retain my opinion 
that a universal specification or composition for rails 
which would suit all cases cannot be satisfactorily arrived 
at. The varying conditions, such as ores available, 
process of manufacture, weight of rail, climatic and 
traffic conditions, differ in almost every case, and all of 
them should be taken into account in order to obtain 
the best results. ; ; 

It will easily be realised how difficult a problem faced 
the Engineering Standards Committee when drawing up 
a general specification with fixed limits of chemical 
composition, to be applicable to the various processes of 
manufacture and other conditions. ; 

All I can do in introducing this subject is briefly to 
mention the effect of each element according to my 
experience. ’ . 

Beginning with Phosphorus, I think engineers have 
suffered enough from fractures due to a high percen 
of this element, especially in cold climates, to make it 
necessary to limit it as far as ible, in. spite of the 
good wearing results of high-phomp horus rails. It is 

ible to work to # lower phosphorus limit with the 

ic than with the acid processes, especially with the 
basic open-hearth process ; but starting with a pure ore, 
as in the acid processes, must always be attended by less 
risk of an accidentally high-phosphorus than the basic 
processes of purification. 

Sulphur will probably present more trouble tu the 
manufacturer than to the user, because if a high per- 
centage is present, the rails will be red-short. Sulphur is 
also liable to cause incipient flaws, which, although not 
apparent at the rolling, may develop under continuous 
wear into serious flaws, and in the interests of both 
the manufacturer and the railway excessive sulphur 
should be avoided. , a ‘ 

Manganese was stated by the late Sir William Siemens 
to have the effect of atoning for many evils in steel by 
healing it up and producing a smoothly rolled surface, 
which, after all, is of great importance, as many fractures 
commence with a small surface crack or flaw. At the 
same time, no more manganese should be allowed than is 
absolutely necessary for clean rolling, as I have found 
many cases of rail-fractures attributable chiefly to high 
manganese. : 

Silicon.—It has been found in the past that rails con- 
taining a high percentage of silicon, although giving 
excellent henge | B ney ye —: et SNE, 
owing to their brittleness and i ularity of percentage. 
This has been due to the silicon Geir eft in the steel 
from the pig iron during the conversion, or added in 
the form of pig iron. As a result of this experience, 
engineers now generally limit the maximum percentage 
of silicon to 0.1 per cent., or even less. I have for many 
years experimented with silicon in rails with a view to 
obtaining soundness and solidity without brittleness, and 
I gave some results of my a in a paper read 
before the Institution of Mechanical Engineers in 
Sheffield, in 1890. . 

I have found that for rail-steel the effect of silicon 
added is very different from the effect of silicon left in 
from the pig iron. When silicon is left in, the 
centage varies considerably, depending on the heat of the 
charge, thus causing great irregularity; and as the iron 
has not been completely converted into steel, the metal 
is of a brittle character. As a rule, silicon, if left in, is 
an indication that the metal has been blown too hot, 
which is well known to lead to t irregularity in the 
finished steel. But when the silicon from the pig iron 
has been eliminated as far as possible, and a known 
quantity of silicon is added, in the form of high- 
percentage silico-spiegel or ferro-silicon, I obtain regu- 
larity in the percentage of silicon, and, moreover, the 
silicon then toughens the steel instead of making it 
brittle, this being ly due to the more complete 
removal of gases and oxide from the steel. I thus obtain 
a harder and, at the same time, tougher rail, which, as 
far as mechanical tests indicate, should be able better to 
withstand both the wear and the crushing at the ends 
caused by the present-day heavy axle-loads. Very 
thorough tests on large quantities of these rails have 
been made at various works ; but tests, although of great 
interest, could not be taken as final until they were 
confirmed by actual experience in the road. have 
laid this question before many engineers who have 
witnessed the tests at the works, and who have now 





* Paper read at the Engineering Conference of the 
Institution of Civil Engineers. Section I,—Railways. 
Wednesday, June 19, 1907. 

+ “‘On the Manufacture and Wear of Rails,” Minutes 
of Proceedings of the Institution of Civil Engineers, 
vol. xxvii., p. 320. 





had the rails in the road for some time, and I think it 
would be of general interest if some of them would give 
their experience as far as it goes. . 

Carbon.—In general it is desired to obtain a rail as 
hard as is compatible with safety, and carbon is the most 
suitable hardener. In my practice I do not specify 
carbon limits, merely stating that it shall be as high as 
the safety or drop-test will allow. Although not abso- 
lntely a criterion, the drop-test is still the best safety test 
we have. 

Another point that has of late years attracted con- 
siderable attention is the modern high speed and 
temperature of ——e- Efforts have een made by 
various means to remedy the evil effects of this, such as 
using larger ingots, allowing the whole rail to coo 
before the last pass, and other methods. I have pre- 
ferred to obtain cold rolling of the rail-head only, by 
applying sprays of water to this ion of the partially- 
rolled rail at the various passes of the rolls. This should, 
at any rate, improve the wearing surface, and has the 
advantage of neither delaying the manufacture, de- 
creasing the output, nor appreciably increasing the cost. 
The rails of which tests are shown in a table (to be 
exhibited at the meeting) have all been treated in this 
way. 

Considerable trouble has been experienced on electrified 
railways owing to the excessive side wear of the rails on 
curves. Apart from the question of better wearing steel 
for their rails in general, one of these my whew intro- 
duced the novelty of using a considerably harder steel 
for check-rails. is has shown surprisingly good results, 
about which I hope we shall hear more during the dis- 
cussion. 

Depots special qualities of steel, such as manganese, 
nickel or chrome-steal rails, I have not, in the short time 
now at my disposal, touched upon these, because, owing 
to their high price, they can generally be employed only 
for exceptional purposes. 





REINFORCED CONCRETE FOR RAILWAY 
STRUCTURES.* 

By Cuarites Avucustus Harrison, D.Sc., M. Inst. C.E. 

Concrete of itself, as you are aware, has been the 
subject of frequent discussion, and probably of more 
papers than any other subject in engineering ; and from 
what I have gathered in conversation with fellow-engi- 
neers, I think ferro-concrete will be a still thornmier 


question. Most engineers who have had anything to do | "8 


with foundations have probably used iron railsin concrete 
for the base of their piers and abutments quite thirty to 
fifty years ago, so that in one way ferro-concrete is no 
new thing; but at the present moment systems of rein- 
forcing concrete in various ways and by various methods 
have been introduced by Hennebique, Cnignet, Considére, 
and Kahn. As far as I have been able to look into the 
subject, ferro-concrete on one system or the other has 
been largely used both on the Continent and in America, 
and England appears to have been rather late in adopting 
it. Personally I have not built any bridges in ferro- 
concrete, and therefore cannot speak to the first question, 
which I wish to put before you—namely, What evidence 
is there that reinforced concrete will withstand the fatigue 
and stress of railway traffic? 

The North-Eastern Railway pe nd has built a very 
large warehouse and also several buildings (among others 
the offices which I at present occupy) of ferro-concrete, and 
there is no doubt that they have been less expensive than 
the old method of brickwork and girders. 

Reinforced - concrete construction of Loy a will 
necessarily add to the work of the engineer, for he can 
design and construct what might be called the framework, 
and only require the architect’s aid for the ornamen 
outside work or embellishment of the interior. 

Of course, all ferro-concrete depends very much on 
how it is built up, and also to a very large extent on the 
use of good material as regards both bars and cement. 
Given these conditions, and with proper calculation of 
strains, I do not see why a ferro-concrete building should 
not be, at any rate, as strong as, if not stronger than, a 


per- | building of stone or brick. 


A combination of steel and concrete undoubtedly affords 
facilities for the erection of buildings of an exceptionally 
fire-resisting character; but to secure this, the effect of 
tire and water on the material used, both separately 
and in combination, have to be duly considered and 
provided for. A building which was of faulty construc- 
tion and pervious to fire, would have to be reconstruc 
if damaged by fire, as the bars or other metal would be so 
twisted that it would be impossible to restore them. 

Most of the ferro-concrete structures have proved a 
success, and where they have been failures, as far as I can 
judge from information I have obtained, and articles I 
have read on the subject, these have been due to bad 
material, bad workmanship, or faulty inspection. 

The second point to which I am asked to draw your 
attention is, What evidence is there that the material 
used for reinforced concrete is not liable to corrosion? 
As far as the information I have goes, it has been found 
that, unless the bars are very rusty, the oxide or iron in 
the bars when placed in the concrete uces ferride to 
a very slight extent round the bars, and practically makes 
the bars quite clean. I am told of instances where piles 
have been cut off, and, after lying about in water, have 
been broken up, and the bars have been found to be quite 
bright and clean. On the other hand, should the con- 
crete surrounding the steel or iron be faulty, water gets 
in, and I am certain, from experience of iron-slag con- 
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tal | bridges may be pain 


crete in sea-water, that some chemical action would take 
place which would probably render ferro-concrete practi- 
cally useless. 





THE PRESERVATION OF IRON AND 
STEEL-WORK. 
The Best Means of Preserving Iron and Steel- Work in 
Railway Construction.* 
By Bertram Brount, Assoc. M. Inst. C.E. 
THE usual mode of preserving iron and steel-work in 
railway construction is by ting; it is not a par- 
tioulanly effective method. It is generally admitted that 


} | the preservative effect of paint depends on its excluding 


in some degree water, CO, and O, from the metal to 
which it is applied, and that this exclusion is due to the 
fact that a layer of dried oil is moderately impervious. 
The pigment seems to be of little importance, provided 
it contains nothing that is corrosive in itself, and that its 
particles are so fine that every one of them shall be com- 
pletely coated with oi], so that there is a continuous 
sheet of oilon the metal, even when ~ hee of paint is 
thin. Probably on this account white | in which the 
particles are pony fine, is often for there is 
no chemical reason why it should be preferred. Red 
ead is often employed, especially in the United States, 
possibly because of the same quality ; as when proper! 
prepared it is in a fine state of division and free from 
gritty material. oxide of iron is more used than any 
other paint, and if of good quality, is serviceable. Com- 
mon grades are often adulterated, and some may even 
contain a basic sulphate of iron which is corrosive. It 
seems not a~ that the preference shown for reddish 
colours—(e.g., lead and red oxide) is due to the fact 
that on these rust is less unsightly than on lighter colours ; 
but there is a peril that corrosion, being less conspicuo 
may be overlooked. However good the material, a 
however carefully applied, paint is perishable, and only 
moderatel —— it is also expensive. In m 
opinion, the best preservative for iron and steel-wor 
exposed to weather is some bituminous preparation. 
Natural bitumen is very permanent, but rather costly ; 
coal-tar, properly boiled, so that the coati shall 
neither brittle nor sticky, is almost as durable and is 
cheap enough. Its use is limited by esthetic considera- 
tions, but as these are chiefly based on convention, it is 
conceivable that the engineer who insists on finishing & 
big badge with a coat of tar may, in the long run, be 

arded as a pioneer in the art of embellishment. Until 
that time bituminous materials can be freely used for 
all structures which are not too conspicuous. here the 
work is exposed to boiler gases—e.g., overhead bridges 
and station roofs—complete coating with a good layer of 
ae bitumen has | much meen eimstase oe paint 
that no question of appearance shou permit con- 
ddentinn. Whether paint or tar is used, the metal 
should be thoroughly cleaned from scale and rust imme- 
diately before the coating is applied ; the sand-blast is 
useful for this purpose. The same need for cleaning 
exists when a coating is patched or renewed. 

The most important steel-work in railway construction 
—namely, the rails—are, as far as I know, never pro- 
tected, but they last well because their surface is small 
compared with their weight ; and in any case the limit 
to their life is wear, not corrosion. I do not know whether 
steel and cast-iron sleepers are protected in more than a 
somewhat perfunctory way with a thin coat of some 
black varnish when they leave the works, but evidently 
they could be thoroughly when set in the road if 
their life is long enough to warrant it. Perhaps some 
railway engineer will inform me on this point. 

Lighter and less important steel-work than roofs and 
: — and kept ae te condi- 
tion if paint an ur are not 8 a airly 
decorative effect for this class of structure is ahafood 
with aluminium paint, which lasts as well as any other, 
except by the sea, where it is quite unsuitable. Gal- 
vanised material is good in most situations, provided the 
coating of zinc is continuous and fairly thick. 

For railway structural steel-work, such as the framés 
of buildings or frame foundations, there is no preserva- 
tive so good as lime or cement concrete. This applies 
whether the steel framing is bedded in concrete, or 
whether it forms an integral part of the conerete, ‘as 
in the various ferro-concrete systems. It is essential 
that the concrete should be dense and rich in cement, 
and that the cement (or lime) should be unexceptionable. 


ted | Steel protected in this way need not first be cleaned from 


scale and rust. 








HARBOUR AND DOCK REQUIREMENTS AS 
AFFECTED BY THE DEVELOPMENT OF 
SHIPPING.t+ 

By the Right Hon. Lorp Prarie, LL.D., M. Inst. C.E. 

I HAVE much pleasure in availing myself of the invitation 

given me to contribute a note on this im t subject, 

although, as I have taken every available opportunity 
since I began to be interested in ship jing to express my 
views on the subject, my remarks wi & repeti- 
tion of former statements. However, they will, I trust, 
serve the purpose of opening what I am sure will prove 
an interesting and instructive discussion. 

As a shipbuilder I have often complained of the great 
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obstacles that the shipbuilder has to contend with in 
building boats of large tonnage; for example, he must 
restrict his ideas as to dimensions, because the depths of 
the channels into which the proposed ship is to trade do 
not permit of its exceeding a certain draught, or because 
the dock-entrances are not of sufficient width to permit 
the entry of the ship if designed as ho would prefer; and 
agvin, supposing that thess formidable obstacles have 
been overcome or do not exist, he has to face astill greater 
one in the small number of graving docks of sufficient size 
to take really large vessels. Our channels, our trading- 
dock entrances, and our graving docks in most cases 
appear to have been constructed without due regard to 
present and immediate requirements, and more frequently 
without any regard whatever to the requirements of the 
future. Foresight, by which I mean an attempt to antici- 
pite developments, has not b2en displayed by our port 
authorities in these mittersa to anything approaching the 
extent one would have expected in the interests of those 
authorities themselves, apart from any national benefits 
avising therefrom; but, on the contrary, there has been 
extremes reluctance to give heed to the most urgent 
demands of shipowners. Even at the present time we 
have the re of London, reputedly the greatest in the 
world, and doubtless entitled to be so called from many 
points of view, unequipped with a dock of sufficient size 
to take a ship of the Dreadnought class, as a consequence 
of which Thames shipbuilders are deprived of the chance 
of obtaining orders for the repair or reconstruction of such 
tonnage in cases requiring the use of a dock. No ship 
drawing more than 24 ft. can come up to Gravesend at 
all — of the tide, steamers of greater draught having 
to anchor at the Nore until the tide has risen sufficiently 
for them to cross the shoals lying between the Nore and 
Gravesend. Nosteamercan enter the Royal Albert Dock 
dzawing more than 27 ft. 6 in. except at spring tides, and 
there are only two or three places between Gravesend 
and ths Royal Albert Docks where a ship drawing more 
than 22 ft. can lie at anchor at a'l stages of the tide. It 
poqesney eg oo that a steamer, on the way to the 
Royal Albert Dock, suddenly finds herself foz-bound, 
and has t» turn round and hasten, to the best of her 
ability, to one of the deep places in the Thames to anchor, 
in order to wait for the next tide. I was concerned as 
builder in the production of some large ships trading into 
London, and designed with a load draught of 34 ft 3 in., 
which were built as long ago as 1898, in the hope that the 
channel would be deepened and the port otherwise im- 
proved to an extent that would enable the owners to take 
the fullest advantage of them ; but I t to say it has 
not yet been possible to load these ships down to their 
marks, and that, although not fully loaded, they have 
often to wait for high water in order to go into dock, in 
ths meantime being subject to the strains consequent 
upon their having to lie on an uneven bottom, partly 
aground and partly afloat. I can, therefore, fully sympa- 
thise with the shipowners and shipbuilders who are placed 
at such a great disadvantage in their endeavours to main- 
tain the pre-eminence of London, and who would, I feel 
sure, be delighted to add to its prestige by providing 
still larger boats. 

It would be difficult to estimate the extent to which 
the progress of ye ree has been stayed by the in- 
adequate wen” of docking facilities; but certainly we 
should have been much further ahead to-day in the matter 
of large ships had these facilities, and necessarily deeper 
channels, been available earlier. In passing I cannot 
help thinking of the fate of the Great Eastern, which 
people of the present day are disposed to speak of with- 
out much appreciation. What would have been her 
career, and how much earlier would we have been brought 
t> the era of large ships, had there been a dock available 
in which she could have received necessary attention and 
b3en altered in accordance with the developments that 
were taking place in marine engineering. Not for years 
afterwards, however, could we lay claim to the possession 
of a really large dock ; and once we did get a few, the size 
of ships increased with rapidity. 

It has been said that we have reached finality in the 
size of ships, but anyone who says so can know little of 
the ambition of the shipowner and shipbuilder—or shall 
I say the passenger? The demands which passengers 
constantly make for greater comfort and more luxurious 
surroundings are in a large measure the driving force 
which necessitates the construction of the ship of 
to day, and there is no reason for supposing that their 
demands will not continue to increase. I think we may 
rest assured that still larger ships will be built, and the 
increase will be stimulated by the provision of greater 
facilities in the direction I have indicated. 

It may be urged that the expenditure involved in keep- 
ing ahead of the developments of shipping is greater than 
port authorities should be called upon to incur from their 
own resources; and there is doubtless, in some cases, 
something to be said in favour of that view, although 1 
hold that such expenditure is reproductive in a variety 
of ways beyond the mere income arising from the exac- 
tion of dues. In my opinion, however, when port autho- 
rities who have striven to provide, and have provided, 
certain facilities, are unable to incur the necessary expen- 
diture for further development, it is desirable that the 
State should come to their assistance, and thereby aid 
these authorities in developing ports on national rather 
than on local lines; and one way in which this could be 
done with advantage would be in the building by the 
Government of any new docks they may have in con- 
templation at the important re ee pe and engineering 
ports, instead of their own dockyard towns. It has been 
printed out by the First Lord of the Admiralty that 20 to 
25 par cent. of the tonnage of the Royal Navy is always 
under repsir or overhaul, and if in these circumstances 
the existing Government docks are fully utilised, as I 
understand is the case, a much greater number would be 


required in time of war or similaremergency. Inno more 
suitable places could the Admiralty construct new docks 
than at large shipbuilding and engineering ports, the 
majority of which are much more conveniently placed 
than are the Government Dockyard establishments, as 
there would always be vast supplies of labour for them 
to draw upon in emergencies ; and in the event of these 
Government’ docks not being required by the Govern- 
ment, they would be available for other classes of ship- 


ping. : 
However, a from the question of Government sup- 
port, I would urge our port authorities to provide un- 


stintingly the desired facilities. Those who fail to do so 
are acting in a manner that must affect disastrously the 
interests of the place whose prosperity they exist to foster, 
and the progressive ports will benefit by the mistake. 
Instead of building docks that merely suit the vessels 
which trade to the port, let a port ve of the 
name provide itself with docks at least one of which will 
be capable of accommodating a ship considerably larger 
than the largest ship trading iato or builtin the port, and 
let those docks always be constructed with a view to 
future enlargement. 

There should be no necessity for me to urge the im- 
portance of the question of docking facilities from a 
national point of view in a country the prosperity of 
which depends so largely on its great shipping industry ; 
but other countries are progressing rapidly, and although 
I do not take a pessimistic view of our prospects, we 
must expect that if we are unmindful of the desirability 
of keeping up-to-date, or rather ahead of requirements, 
in this respect, we must suffer nationally, and our rivals 

ain. 

. Before closing my remarks, I should like to add that I 
do not consider the civil engineers who are consulted by, 
and who act for, our various dock and port authorities are 
to be held responsible for the inadequacy of the facilities 
which I have referred to. I have no doubt they are as 
conscious of the necessity for providing for the develop. 
ment of shipping as are the shipowner, the naval archi- 
tect, and the marine engineer; but I quite realise that 
they must often restrict their ideas owing to the limita- 
tions placed upon them by the authorities who employ 
them. I hope, however, their influence with those autho- 
rities will increase, and that they will realise still more 
that their professional position is such as entitles them to 
urge upon the port authorities the importance of provid- 
ing facilities in no niggardly spirit. 








FERRO-CONCRETE STRUCTURES.* 
By Cuaries Scott Merk, M. Inst, C.E. 


‘*Ferro-Concrete” is the name given to that form or 
system of reinforced concrete introduced by Mr. Henne- 
bique, of Paris, and its construction differs only in detail 
from the numerous other systems of reinforced concrete in 
use in England and abroad. Mr. Hennebique, however, 
appears to be the only inventor who has succeeded in 
driving or sinking concrete piles in a satisfactory manner. 

The method of construction of ferro.concrete is no 
doubt familiar to all engineers, and I propose in this note 
merely to draw attention to certain points in connection 
with its manufacture which should be specially at- 
tended to. 

My experience of the construction and durability of 
ferro-concrete has been gained chiefly in connection with 

iers and wharves, particularly a pier at Purfleet on the 
hames, built for the purpose of discharging coal from 


the reconstruction of a pier in Italy. 

The Purfieet pier is supported on piles 14 in. square, 
driven 15 ft. to 18 ft. into the river bed, and well b 
together, the decking consisting of ferro-concrete, 5 in. 
thick, covered with 24 in. of tarred-gravel paving. The 
piles were made on shore and driven from a timber 
staging, and were each 40 ft. to 45 ft. in length. 

The approach from the shore to the pier was constructed 
partly on piles 14 in. square, and partly on columns 5 ft. 
in diameter, the former being u 
the latter below low-water line, in order to allow of larger 
spans being used for the passage of barges and boats. 

Between the pier proper and the approach to it is a 
bridge of about 60 ft. span, consisting of ferro-concrete 
bow-string girders and flooring. 

The pier has to carry four transporter-cranes, each 
weighing over 80 tons, the maximum downward pressure 
on any one pile being about 25 tons. 

Form of Steel Bars.--The form of the section of bars, 

rovided the area is sufficient, is of little moment, the 
Frotion of the steel in the concrete varying but little in 
all cases. A little rust on the bars is no objection, as it 
increases the friction. ~ 

The round bar offers most facility for getting the steel 
thoroughly embedded in the concrete. 

The stirrups, or iron bands for holding the round steel 
bars in place, must be so formed as not to give until the 
limit of elasticity has been reached. At Purfleet those 
first used stretched, owing to not being efficiently con- 
nected ; and under test a section of pile crushed prema- 
turely owing to the round steel bars buckling outwards 
at the centre. The object of the use of the stirrups is to | 
prevent this. The test-piece above referred to was part 
of a 14-in. pile, 5 ft. in length, which crushed under a 
stress of 221 tons, or 1.13 tons per square inch. 

An improved form of stirrup was subsequently used 
which increased the strength of the pile or column to a 
large extent. The round 3 in the framework of the | 
pile must also be efficiently strutted by diagonals to hold | 





‘ 
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steamers into craft in the river, or wagons on the pier, and | TP 


at the shore end, and T 


it rigid until the concrete mass has set hard in and around 
the framework of steel. 

Concrete: Small Aggrcgates.—It is necessary to crush the 
ag tes of the concrete small enough to pass througi 
a mesh { in. in diameter, in order to permit the concrete 
to get into all the interstices of the steel framework, 
and, in order to ensure this, the concrete should be well 
rammed in with suitably shaped rammers. The ramming 
of the concrete does not have much effect on its strength 
after it has been made for twelve months. Expcriments 
of blocks 12-in. cube prove this. 

A cube of 12 in. of rammed 4 to 1 concrete edge crushed 
at 265 tons, or 1.84 tons per square inch, and a similar cube 
of 4 to 1 concrete made in the ordinary manner failed at 
258 tons, or 1.80 tons per square inch. Both blocks were 
eighteen months old at the time of testing. 

Strength of Concrete.—The ratio of cement to aggregates 
should be between 5 and 6 to 1 for ordinary beams and 
floors, and 4 to 1 for piles and columns to carry heavy 
weights. In tho upper end of piles, for a length of 1 fc., 
it should be 3 to 1. 

Ferro-Concrete Piles.—Considerable difficulty was ex- 
[ee a in driving the piles at Purfleet to the required 

epth into the Thames ballast forming the river-bed, the 
specified set being 1 in. for ten blows of a 30-cwt. monkey 
falling through 6ft. This set was frequently obtained 
before the piles were down to the required depth by 3 ft. 
or 4 ft., taking in some instances four or five hours to get 
down, some being severely punished and broken at the 
top. These piles were all driven with the Hennebique 
cap, fitted with a cushion of sawdust, which requires to 
be renewed once or twice if the piles drive hard, as they 
did in this case. 

For driving into rough gravel or ballast the piles should 
be at least six weeks old, and should have a tube down 
the centre for the application of a high pressure water- jet, 

Test piles of pitch pine were driven into the river-bed 
before the ferro-concrete work was commenced, at a short 
distance from either end of the pier, and the set of these 
at about 24 ft. below the surface of the ground was 1 in. 
to five blows of a 20 cwt. monkey falling through 9 ft. 

The set of a concrete pile in similar material varied 
from ten to forty blows to lin. of set with a monkey 
weighing 2 tons and falling through 4 ft., which was the 
test substituted for that referred to above after it was 
found that the driving was very hard. 

Ferro-Concrete Decking.—-The ferro-concrete decking 
acts as a horizontal girder, and enables all horizontal 
diagonal bracing to be dispensed with. The pier was sub- 
jected to a severe strain by the collision with it of a large 
steamer in January last. I attribute the reason of so 
little damage being done to the pier to the stiffness due to 
this horizontal decking. 

Vibration.—The vibration of a pier supported on piles 
is nearly as great as a pier made of timber piles, but this 
has no bad effect on the structure, judging by the ex- 
perience gained at Purfleet. 

Action of Sea- Water on Ferro-Concrete.—My experience, 
so far as ib extends, proves that the deterioration of the 
steel in the concrete, provided the latter is properly made, 
is a negligible quantity. Numerous rust-marks have 
appeared on the piles in the pier at Purfleet since its 
construction, but the greater number of these are due to 
nails which have accidentally got mixed in the concrete, 
and are embedded in it close to the surface. In the few 
cases where the water has gained access to the steel bars 
there has been no difficulty in cutting out the defective 
concrete, and making good with cement. 

A pile end which has been in the sea for eight years at 
Southampton was lately on view at Paddington Station. 
he exposed steel-work on this specimen was much cor- 
roded, whereas the bars in the body of the concrete, on 
being cut open, were found to be quite free from any rust, 
and as fresh as the day they were put into the pile. 

Cost of Ferro-Concrete.—At Purfleet the cos» of piles 
was about 53. 6d. per cubic foot, bracings about 5s. per 
cubic foot, and the decking was 203. per square yard. 

The cost of the pier proper on which the cranes are 
placed worked out to 17s. 8d. per square foot of surface, 
and that of the pier approach to 10s. 2d. per square foot. 
hese prices are on the high side, however, owing to the 
great height from the decking to the points of the piles, 
as much as 70 ft. in some instances, and also to the fact 
that the pier was designed to carry very heavy loads. On 
the other hand, the price for piles was low if the difficulty 
of driving them into the compact Thames ballast is taken 
into account. 

Ferro-Concrete v. Timber.—Ferro-concrete is to be pre- 
ferred to timber for marine structures, as it is immune to 
the attacks of the sea-worm ; on the other hand, timber is 
easier to repair when damaged by collision. . 

As regards cost, ferro concrete is about the same price 
as greenheart timber, while it is about 1s. to 2s. per cubic 
foot dearer than pitch pine at its present price. _ 

As regards structures on land, ferro-concrete is prefer- 
able to timber, as it is absolutely fireproof, and can be 
made as strong as steel in buildings and stagings, provided 








weight is not an objection. For large buildings it works 
out cheaper than stone, and is much lighter—a considera- 
tion when the foundations are defective. 








THE DURABILITY OF REINFORCED- 
CONCRETE STRUCTURES.* 


By Francis Ernest WENTWORTH-SHEILDS, 
Inst. C.E. 

PRoBaBLy one of the principal reasons why English 
engineers have hitherto hesitated to introduce reinforced 
or steel concrete is that it is difficult to speak with cer- 
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tainty about its durability. Only fifty years have elapsed 
since Monier first used it, and only about ten years since 
it was employed on any scale in this country ; so that it 
is not yet possible to point to any work in steel concrete 
which has stood the test of centuries, and all we can do 
is to look-at existing structures, and notice carefully how 
far they have suffered, and what repiirs have been neces- 
sary. In so — we can not only form an idea whether 
steel concrete is likely to be long lived, but also what 
precautions are necessary when designing in order to 
render itso. The chief things which we should expect 
to shorten the life of reinforced concrete are :— 

1. Settlement of foundations. 

2. Fire and earthquake. 

3. Atmospheric change (rust, &c.). 

4. Abrasion and collision. 


1. Dealing first with settlement of foundations, it may 
be said that steel concrete is a rigid material, and the 
foundations of a structure of this substance ought to be 
designed in such a way that they cannot settle. This 
can always be done even on soft ground, either by piling 
or by spreading the weight over a large area, on a strong 
reinforced-concrete base. An instance of the evil of 


neglecting this precaution was to be seen at the Kom |}, 


Ombo pumping station in Upper Egypt last year. A 
culvert of reinforced concrete 10 ft. in diameter was laid 
in the Nile silt. The ground had evidently been dis- 
turbed beneath it, and the culvert settled down, produc- 
ing transverse cracks in the concrete. The water escaping 
from these cracks no doubt aggravated the settlement, 
and by the time the culvert came to rest the leakage of 
water was so serious as to necessitate its being aban- 
doned. 

2. Reinforced concrete is undoubtedly a first-rate fire- 
resisting material. Many experiments have been made 
to test this, but perhaps one of the most striking proofs 
is the fire which occu a few years ago in a warehouse 
in Baltimore. Not only were the contents of the building 
destroyed, but its brick walls almost entirely collapsed ; 
the floors, however, which were of concrete reinforced on 
the Hennebique system, and supported on steel concrete 
columns, remained intact. It would seem that for fire- 
resisting purposes it is best that the steel should consist 
of many bars of small section in preference to few bars of 
large section, as the first arrangement forms close net- 
work, which prevents pieces of concrete from dropping 
out and so reducing the strength of the building. It is 
also important the concrete aggregate should be crushed 
small. The ideal composition for the aggregate wou!d 
seem to bea strong flint or granite for the hearting, with 
an outside skin of cinder concrete to act as a good non- 
conductor. It is essential, too, that in a building, the 
walls, flvora, and posts should be well tied into one 
another. 

There is a tendency nowadays, in designing steel- 
concrete buildings, to reject that material for the walls 
on the score of expense, using it only for floors and 
columns. Sometimes a compromise is made ; for instance, 
at the tobacco warehouse now being built at Bristol on 
the Coignet system, the walls consist of a framework of 
steel concrete with brick panels. This is prob bly the 
best arrangement, as, although brickwork is undoubtedly 
more economical for walls than steel concrete, still the 
latter is much less inclined to collapse under fire. The 
brickwork can be arranged, as at Bristol, to conceal the 
concrete entirely, but the colla of any part of the 
brickwork would not endanger the floors or the concrete 
framework. 

With reference to damage by earthquake, Captain 
Sewell, in a recent magazine article (Concrete, of Sept- 
ember, 1906), gives an excellent account of its behaviour 
at the San Francisco eirthquake. He mentions the 
museum building at the Leland Stanford University, 
which had three wings, one of reinforced concrete and 
two of brickwork. One building ‘received a very severe 
shaking, and while the brick wings were in a state of 
collapse, the damage to the steel-concrete wing was in- 
significant. 

3. We have had enough experience of concrete to know 
that, if good, it is practically unaffected by atmospheric 
changes. At one time it was feared that the steel might 
rust, especially in structures under water, but this fear 
seems to be groundless. Some recent experiments on the 
permeability of concrete by Mr. Baldwin Wiseman show 
that, if well made, it is one of the most water-tight ma- 
terials known, and that it rapidly becomes less and less 
porous when water is forced through it. Moreover, some 
experiments quoted by Mr. Marsh in his work on “‘ Rein- 
forced Concrete” seem to show that cement has some 
chemical action on iron which prevents rust. At all 
events, a recent examination of three steel-concrete quays 
at Southampton standing in water convinced me that 
there was nothing to fear on this score, provided, of 
course, that the concrete is not accidentally knocked off, 
and that it is of good quality. , 

Some experiments recently communicated to the Ameri- 
can Institute of Electrical Engineers raised the alarm that 
steel rods immersed in damp concrete rust ea 
mild electric currents are passed through them. o this 
the best answer is that well-made concrete should not be, 
and generally is not, damp. It will have been noticed by 
those who have had to cut out good steel-concrete work 
that, although recently imme in water, the concrete 
and steel were both dry and clean, and that the water 
appeared unable to penetrate even the inch or two of con- 
crete which covered the steel. However, the risk should 
not be overlooked, and care should be taken to exclude 
— currents from steel-concrete work as much as pos- 
sdle 

4. It has been stated that steel concrete has far more 
resistance to abrasion from shipping or other floating ob. 
jects than timber, but my experience at Southampton 
convinces me that this is quite exaggerated praise. Oa 





the contrary, if reinforced concrete is to be used for 
marine work, if must be carefully fendered at all parts 
where it is likely to bo struck. In most systems of rein- 
forced concrete the steel is placed within an inch or two 
of the surface, and if the structure is not protected by 
timber — this concrete skin is easily knocked away, 
leaving the steel naked and liable to rust. At the same 
time it is true that steel concrete does not spall easily 
from blows, provided they do not fall directly on the con- 
crete; and it will stand a wonderful amount of shocks, and 
bending due to shocks, if a wooden fender is inte . 

The coaling- jetty at Southampton (completed years 
ago) suffersas much, perhaps, from the blows of ships and 
barges as any steel-concrete structure yet made. It is 
2 fenders of American elm, and in spite of 
blows which have caused the whole jetty to sway, there 
is no sign as yet of the concrete spalling off, except at 
one or two places where the blow has fallen directly on 
the concrete. 

Speaking of this jetty calls to mind an interesting piece 
of repair-work which was carried out there about two 
years ago. A steamer collided violently with the quay, 
breaking two piles and the beams they ory On 
examination by divers it was found that the piles were 
roken down to a level of 12 ft. below low water. The 
work of repairing the quay, however, turned out to be 
fairly simple ; the broken concrete and steel rods were 
cut away by divers, who also erected new rods to take 
their place. These new rods were joined to the un- 
damaged part of the old ones by steel tubes, and the 
stirrups or binding-wire were placed round the new rods 
at correct intervals, A water-tight casing of timber was 
then placed round the pile, which extended froni the un- 
damaged portion to above low water. From this casin 
the water was pumped out, and the concrete was fill 
and rammed into the box in the ordinary way. Above 
low water the piles and beams were remoulded in just the 
same way as they had been originally built. This shows 
how easily and effectively steel concrete can be repaired. 

On the whole, it may be said that our experience goes 
to prove that reinforced concrete, if well designed, is 
likely to be one of the most durable building materails, 
if not the most durable, that can be found. : 








RECIPROCATING ENGINES FOR OCEAN- 
GOING STEAMERS.* 
By Henry Davey, M. Inst. C.E. 


Tue propelling power of the ship begins with the fuel 
and ends with the screw. The real fuel economy is the 
fuel required to drive the ship at a given speed. If the 
turbine requires a screw which is necessarily less efficient 
than that of the piston engine, it is the fault of the turbine 
system. Leaving out the boiler efficiency, the propeller 
of the ship is the engine and screw combined. In this 
connection, what is wanted for the pur of ascertainin 
detail losses is not only the actual mechanical efficiency o' 
the turbine, which Mr. Denny is trying to obtain by 
measuring the torsion of the shaft, but the actual thrust 
exerted by the screw in propelling the ship. I think an 
indicator for that purpose —_ be devised, but it should 
be an indicator for use with the ship in motion under 
normal conditions. : i 

The subject of ordinary reciprocating, or, to use a 
shorter word, piston, engines can better discussed by 
comparison with rival systems, such as turbine and gas 
or oil-engines, although the two latter are not at present 
used for large ocean-going steamers. 

On the question of fuel economy alone I have not been 
able to obtain any reliable information which would enable 
me to compare the piston engine with the turbine ; but 
it does appear that the turbine has not beaten the piston 
engine in over-all efficiency—that is, taking engine and 
screw together. 

Economy of fuel must always be one of the most im- 
important factors in steamship working, and it may be 
that the competition of the turbine will lead to im- 
provement in the fuel economy of the piston engine, and 
possibly in an improved system of working. The turbine 
will doubtless be improved also. 

There is little hope of improved fuel economy from 
increased boiler pressure alone. The theoretical possi- 
bilities of saturated steam at 100 1b., 150 lb., and 200 lb., 
and at 27.5-in. vacuum, are 8} Ib., 8 lb., and 74 Ib. of 
steam per indicated horse-power respectively. he best 
land engines give an efficiency ratio of about 70 per cent., 
corresponding with 12.5 lb., 11.4 Ib., and 10.6 1b. respec- 
tively. That is a much better economy than is usually 
obtained with high-class marine engines. 

High-class land engines, owing to the use of the Corliss 
and drop types of steam-valves, have much less clearance 
space ; they have also a much better steam distribution, 
and often have reheaters between the cylindera. I do 
not see why Corliss or drop valves should not be used in 
marine engines. They might be placed in the covers of 
the cylinders, and the clearance spaces would in that way 

reatly redu Reheating between the cylinders 
might also be adopted on a plan to be named further on. 

The introduction of the turbine has given rise to a new 
arrangement of engines, an arrangement which appears 
to me to be advantageous for piston engines also—namely, 
the arrangement of three screw-shafts with a turbine on 
each shaft, the centre turbine, or high-pressure one, ex- 
hausting into, and supplying the steam for, the two low- 
pressure turbines working the side, or wing, screws. This 
arrangement of engines and distribution of steam appears 
to me to be suitable also for piston engines. Each piston 
engine would have a separate reversing gear, and the 
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gears would be actuated separately or together as desired. 
Another arrangement would be that of having a high- 
ure piston engine for the centre screw, exhausting into 
ow-pressure turbines working the wing screws. It would 
occupy too much space to go into details, but the scheme 
is worth consideration, as it would lend itself to a system 
of superheating the steam between the high and low- 
ressure engines. In many land engines steam is super- 
peated between the cylinders by means of reheating coils 
supplied with boiler-pressure steam, but the amount of 
heat thus added to the steam is not sufficient to effect 
much saving. What is wanted is an effective superheater 
for the purpose. It does not appear practicable to supply 
the heat from the boiler, but a separately-fired super- 
heater, fired with gas from a -producer, does not 
appear to present the same difficulties. An ordinary gas- 
producer without gas-cleaning plant would answer the 
purpose. If a practicable system of what I will call stage 
superheating could be worked out, aa Se 
eccnomy would result from its application to both piston 
and turbine engines, 

The piston engine angen to be able to compete favour- 
ably at present with the turbine in every peapast, except 
that with the turbine there is not the thud of the piston- 
engine, there is probably much less vibration, and there 
appears to be a considerable reduction in the engine-room 
staff. Also, the cost of upkeep may be less; but only 
time and extended experience can satisfactorily determine 
theee questions. I do not know that the vibration due 
to screws alone would be more with the piston-engine and 
three screws than it is with the turbine and three screws. 
Probably, as the cost of fuel is so important an item in 
the total cost, the race between the turbine and the 
piston engine will be won on the coal bill. 

Use of Gas-Engines on Board Ship.—I am of opinion 
that there is little hope of the marine gas-engine proving 
more economical in fuel than the piston or turbine engine. 
io from the question of fuel, the mechanical diffi- 
culties connected with the use of large gas-engines for 
such a purpose are very formidable. If bituminous coal 
is used, very extensive omy plant will be required, 
a plant quite unsuitable for use in a ship. If the gas is 
not thoroughly cleansed, tar gets into the engine, and 
gives rise to troubles which could not be put up with 
during a voyage. The consumption of coal would probabl 
be about 1} Ib. per brake horse-power, a result whic 
might be easily beaten by the present or improved piston 
engines or turbines. 

better use of gas on board ship would be for the 
purpose of stage steam-su oe for piston or turbine 
engines. Gas-cleaning plant would not be required in 
that application. Assuming the piston or turbine engine 
to be made capable of working with an economy of 10 Ib. 
of steam ‘wd indicated horse-power-hour, the result would 
be much better than that likely to b> obtained from the 
gas-engine, even if the engine could be practically applied 
and made satisfactory in other respects. 








THE TURBINE AS APPLIED TO MARINE 
PROPULSION.* 


By the Hon. Cuartes ALGERNON Parsons, O.B., M.A., 
D.Sec., LL.D., F.R.S., M. Inst. C.E. 


Tue steam-turbine has been the subject of many papers 
read before the technical institutions of this and other 
countries, and its theory and practice have been deult 
with in several excellent books. 

The turbines now in general use may be classified under 
three principal types, though there are some which may 
be described as admixtures of these three types. 

The compound or multiple-expansion type was the first 
to receive commercial application, in 1884; the second was 
the single-bucket wheel, driven by the expanding steam- 
jet, in 1888; and, lastly, a type which comprises some of 
the principal features of the other two combined with 
a — ees of the steam, in ag 

@ compound type comprises the Parsons, Rateau, 
Zoelly, and other aikions, and has up till now been that 
chiefly adopted for the propulsion of ships. The distinc- 
tive features of these varieties of the compound type lie 
principally in design, each variation having some real or 
imaginary advantage in view. Nearly all adopt a line of 
flow of the steam, generally parallel, and not radial, to 
the shaft. 

In the Parsons turbine there are no compartments ; the 
blades and guides occupy nearly the whole s between 
the revolving drum and fixed casing, and the character- 
istic action of the steam is equal impact and reaction be- 
tween the fixed and moving blades. One chief object in 
view has been to minimise the skin-friction of the steam 
by ges bee a minimum the extent of moving surface in 
contact with the steam, and another, to reduce the per- 
centage of leakage by the adoption of a shaft of large dia- 
meter and great rigidity, permitting small working clear- 
ances over the tops of the blades. e other varieties of 
turbines have all multicellular compartments, in which re- 
volve the wheels or discs. In them the skin-friction of 
the discs is panies, but is not consid serious, and a 
reduction of the percen of leakage to a minimum has 
been sought in the adoption of a shaft of small diameter 
wee be rough partitions stanched by metallic packings. 
These latter varieties are all of the — type, the drop 
in pressure being taken on the guide-blades, and little or 
no difference of pressure occurring between the two sides 
of the wheels. 

. The second, or single-wheel, type, though used exten- 
sively on land for small and moderate powers, has not re- 
ceived much application for marine propulsion, because 
of its high angular speed and the necessity of reduction 
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gear on to the screw-shaft. The De Laval turbine is the 
chief representative of this type. ; 

The third, or sinuous-flow, type ranks second in the 
extent of its application to ships, and of this type, though 
the Cartis rion me the chief representative, yet toit the 


Reidler-Stumpf and some others also belong ; generally, 


it may be descri as semi-compound, the s of ex- 
ptnsion being comparatively few; at each the Laval 
expanding-jet principle is used, and the en is ab- 


sor by transfers between a few rows of fixed and 
moving blades. In the Curtis variety, the revolving 
wheels ah carry two or more rows of blades. The skin- 
friction of this turbine, therefore, is more than in the 
Parsons, but less than in the Rateau or Zoelly, with only 
one row on each wheel. The leakage coefficient is also 
intermediate between that of these types, but the skin- 
friction in the blades themselves, owing to the sinuous 
course at high velocity, is greater than in any of the 


Fvg.i. 


best and most economical way. This has been especially 
noticeable in the six years’ work of the King Edward and 
the five years of the Queen Alexandra, and it is found 
that less coal is now used and a better mean s is 
maintained than during the first year. In cross-Channel 
boats and in war vessels the power and economy of the 
reversing turbines is much greater than in the case of 
the earlier turbine vessels, and this enables quicker man- 
ceuvring to be carried out with reduced boiler power and 
with saving in coal. 

Turbines have been found equal or superior in economy 
to reciprocating engines for speeds down to about 16 
knots, and in some cases, where large and comparatively 
costly turbines have been fitted, such as in yachts, down 
to about 12 to 15 knots. 

But the solution of the problem for slow vessels un- 
doubtedly lies in a combination of reciprocating engines 
and turbines, the former to deal with the high-pressure 
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varieties of the compound type; the erosion of the blades 
from higher velocity of steam is also greater, though in 
this latter respect the conditions are more favourable than 
in the single-wheel ty 

After the completion of the first turbine-driven vessel, 
the Turbinia, in 1897, the progress was slow during the 
five succeeding years, but has rapidly increased during 
the last four years (Fig. 1). " 

The total power of marine turbines of the Parsons type 


now completed is 385,000 horse-power, and may sum- 

marised in the various classes of vessels as follows :— 
Pleasure steamers .. sé 18,200 
Cross-Channel steamers ... 149,900 
Yachts at ie et 18, 100 
Ocean-going steamers 91,900 
War vessels 106,900 


The power of marine turbines of the Rateau, Curtis, 
and other types completed is about 16,000 horse-power. 

Fig. 2 illustrates the steps in the application of tur- 
bines to war vessels. 

Fig. 3 illustrates the steps in the application of tur- 
bines to mercantile vessels. 

Consumption of Coal in Turbine Vessels.—The con- 
sumption of steam in the Turbinia was determined b: 
Professor Ewing in 1897 to be 15 lb. per equivalent indi- 
cated horse-power of reciprovating engines; this figure 
has been somewhat improved u in the larger fast 
classes of turbine vessels, and by the addition of cruising 
turbines the consumption at the cruising speeds of war 
vessels has been brought to substantially the same figure 
as with reciprocating propelling machinery. In fast 
pleasure steamers and cross-Channel ts the economy 
of the turbine has been found to be 5 to 15 per cent. 
superior to that of similar vessels with triple-expansion 
reciprocating engines, and about 25 per cent. superior to 
vessels with compound paddle-engines, so that superior 
speeds are rendered possible. Many minor advantages 
are also obtained, such as less cubical space, reduced 
consumption of oil and stores, and reduced work for the 


staff. 
Turbine vessels have some characteristic qualities which 








remains. Whilst the cost of living is so high the 
employment of white labour exclusively-is an economic 


—?. 
he black labourer is very inefficient, which, however, 
is not entirely his fault. Strenuous work is not fashion- 
able in South Africa, perhaps because the conditions of 
life have always been easy. 

The Kaffir, being imitative, dislikes continuous work 
I have made some calculations which shuw that the 
average Kaffir miner costs 1s. per hour worked, which is 
the rate earned by the skilled t miner in Ballarat. The 
Kaffir miner works only three to four hours per day, and 
therefore the a idea that he is a cheap workman 
is erroneous. If he would work eight hours, it would save 
half the recruiting, focd, hospital, and compound costs, 
reduce the outlay for accommodation, and reduce th: 
mine’s labour requirements, perhaps to the extent of 





making Chinese or other aliens unnecessary. 


VARIOUS STEPS IN THE DEVELOPMENT 


OF THE STEAM TURBINE FOR MARINE 


PROPULSION. 





VICTORIAN & VIRGINIAN. 1904. 


CARMANIA. 1906. 





part of the expansion, and the latter the low-pressure 
part, covering a greatly-increased total range of expan- 
sion. Such «a combination, it is estimated, will effect a 
saving of about 12 per cent. in coal, in the case of an inter- 
mediate liner of 15 knots speed, over the best quadruple- 
expansion reciprocating machinery, and with a reduced 
weight of propelling machinery ; and in a large vessel of 
10 to 12 knots speed a saving of 15 to 20 per cent. in coal 
consumption over the best triple-expansion oy ems 
engine. In some cases there will be an increase of capi 
cost, which it is estimated will be recovered in less than 
three years by the increased earning power of the vessel ; 
but in the larger vessels there will be little or no increase 
in such cost. 


PROBLEMS OF THE WITWATERSRAND 
GOLD-FIELDS.* 
By Gnuorce ALrrep Denny, Assoc. M. Inst. C.E. 

It is impossible within the limits of this note to do 
more than indicate the main problems with which the 
Witwatersrand mining industry isconfronted. That they 
are both important and numerous, and that their settle- 
ment deserves the most serious consideration at the hands 
of the engineers, will, I think, be conceded. 

Labour.—White labour is at once costly and inefficient. 
Rates of pay are fixed so that the poorest workman can 
earn a living wage. The efficient man earns, therefore, 
w out of all proportion to those paid on other gold- 
fields, and costs (more especially of mine development) 
are abnormal. Mining companies have no system for 
weeding out inefficients. Discharged by one, he finds 
employment with another, thus losing all sense of duty or 
————- 

I suggested a scheme of discharge-papers, to be carried 
by workmen of all grades ; and that the standards of pay 
should be set on the performance of the average efficient. 
The suggestions were di ed as likely to raise diffi- 
culties with the white workmen, and the inefficiency 
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require to be learnt before they can be in the 








| 





LUSITANIA * MAURETANIA. 1907. 


Fic. 3. 


Combined action on the part of the com 
and stimulated by efficient whites, wou 
benefits. 

Winding.—This problem comprises both the hoisting 
of ore and also the raising and lowering of men into the 
mines. . 

Great diversity of opinion exists as to the best method 
of >: There are three favoured systems—namely :— 

1. The Koepe and Whiting (sheave-hoisting). 

2. Drum-hoisting in one lift. 

3. Drum-hoisting in stages. 

Objections to(1) are: slip, rope-sway, great rope strain, 
and changing stations. 

Objections to (2) are: the large size of engine required— 
more than double that of one of the vga, engines ; 
great masses to be put in motion ; longer time for accelera- 
tion and retardation ; and use of taper ropes. 

Objections to (3) are: transfer of load in the shaft, 


ponies, directed 
d ensure great 


| and duplication of drivers. 
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My own leaning is to the electrical double-stage system. 
Hoisting along inclines from the bottom of deep-level 
shafts will probably be electrical. The problem in this 
connection is the choice of system—whether rheostatic or 
fly-wheel control. I would favour the first for short, the 
second for long hauls. 

With respect to the raising and lowering of men, the 
problem will be to put large numbers of men into and out 
of deep-level mines without seriously affecting the ore 
output of the shaft. To lower the iar force requi 
in a big mine, working through two shafts at depths be- 
tween 5000 ft. and 6000 ft., one engine winding through 
two compartments would be continuous! nora for at 
least four hours each working day. Asthere will be some 
hours of difference in the starting time of the first gang of 
miners and the last, there will be in practice men ascend- 
ing and descending almost continuously. This will neces- 
sitate the working of given parts of the mine in stated 
hours, ther with special arrangements for local blast- 
ing, ventilation, &., independently of other points. All 
these are conditions in which no actual experience has yet 
been gained. ‘ : 

Relation of Area to Capital Expenditure—It is obvious 
that each auriferous area contains a limited quantity of 
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gold. The problem is to fix upon such an area as will 
justify the estimated capital expenditure, and will return 
it, with mining rates of interest, leaving ample safe 
margins for errors in estimation. : 

In this subject are involved, amongst other things :— 

(a) The estimated total tonnage and its average value. 

(b) The estimated working expenditure and the present 
value of the ultimate profit, at rates of interest fitted to 
the risks. ‘ : 

(c) The capacity of the reduction plant, and the best 
system of treatment. : : 

Metallurgy.—The problem of selecting a metallurgical 
system which will combine low capital outlay, low work- 
ing cost, and high percentage extraction, is one not yet 
solved. I am of opinion that the existing system of 
stamp-mills, cumbersome tailing and slime-treatment 

lants, is economically and scientifically wrong, and 

lieve that the future will witness a resort to simple 
methods of stage crushing, stage grinding (to pass at 
ieast 22,500 holes to the square inch), circulation of 
cyanide solution, and final filter-pressing. A scheme of 
large central reduction and treatment plants, to treat 
the ore from a number of mines, which I believe to be 
quite practicable, should also receive very serious con- 
sideration. ; 

Further problems in this connection are to find :— 

1. Correct methods of tonnage estimation, as on these 
all returns of yield, cost, and profit are based. ; 

2. Correct methods of ore valuation, both in the mine 
and in the reduction works. t 

Mining.—The problem of the effect of static pressure 
at 4000 ft. to 6900 ft. vertically is unsolved. There is no 
doubt that mining methods will need to be altered. A 
larger percentage of the ore must be left in the mine 
as sup — pillars, both in stopes and along the lines 
of faults an 
of valuable ore. When computing the probable com- 
mercial value of these deep mines, a new and additional 
discounting allowance must therefore be introduced. In 
zones of the field in which the reef dips between 5 deg. 
and 10 deg. only, it is obvious that faulted sections, 
which ordinarily are connected by cross-cuts to the main 
workings, will present many features inimical to econo- 
mical development and working. Methods of overcom- 
ing these difficulties have not yet been defined. The 
best solution, in my opinion, lies in the direction of the 
utilisation of travelling conveyor-belts, which are quite 
satisfactory up to angles of 20 deg. A new element of 
cost is, however, added. : - 

Ventilation.—Owing to excessive capital cost for shafts 
—401. to 50/. per foot equipped—each one must command 
a large mining area. The distances between shafts will 
in future probably be at least 1 mile. To connect them 
underground will occupy four years. The problem will 
be to ventilate the mines during the four years prior 
to connection. The cross-sectional area of the shafts 
may be taken as 200 square feet, the average barometer 
244 in., and mean temperature 61 deg. Fahr. The rock 
temperature at 4000 ft. on the Rand is estimated at 
85 deg. Fahr., a figure much below that of other fields. 
Mechanical ventilation, at present practically unknown 
on the fields, must be practised in the future. 

Power Transmission. — The principal systems em- 
ployed are :— 

1. Electrical transmission. 

2. Compressed-air transmission. 

The average efficiency secured from the former does 
not exceed 50 per cent., whilst that of the latter does not 
exceed 6 percent. The problem is to raise these efficiencies. 
My opinion is that the electrical power should be gene- 
rated in bulk by public companies, and not individually 
by the mines, and that the air should be compressed near 
the point of use by small machines electrically driven, 
thus abolishing the existing miles of air-mains and 
feeders. The efficiency of air - transmission systems 
might by these means be raised to 30 per cent., and the 
average efficiency of the electrical transmission, if pur- 
chased from outside sources, should be 75 per cent. 

Pumping.—This problem comprises questions of the 
most efficient and economical handling of water from 
depths of 4000 ft. and upwards. The principal systems 
are :— 

_1. Triple-expansion, direct-acting pumping-engines, 
either rotative or non-rotative, placed underground. 

2. High-s plunger pumps electrically driven. 

P 3. High-lift pumps of the centrifugal type electrically 
riven. 

4. High-lift pumps of the hydraulic type. 

5. Hating with balers attached under the skip. 

The average quantity of water to be handled from 
deep-level shafts is not expected to exceed 100 gallons to 
150 gallons per minute. 

The hydraulic pumping system appeals most to me, 
though the t advantages of the baler when small 
quantities only are to be dealt with probably render it 
superior to any system of pumping. 








SPECIAL METHODS OF SHAFT-SINKING.* 

By Henry Louis, M.A., M. Inst. C.E. 
_ Unper the head of ‘‘ Special Methods of Shaft-Sink- 
ing” I propose to consider the methods that have to 
be resorted to when ordinary plans cannot be applied 
economically on account of an excessive influx of water. 
Such complications are mostly confined to coal-mining, 
and arise but rarely in metalliferous mining, mineral 
= usually lying in the older, less heavily-watered 
rocks, 
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dykes, entailing both direct cost and loss | had 


Year by year, as the coal-seams available within the 
area of the exposed coal-fields are more extensively drawn 
upon, it mes increasingly necessary to sink down to 
the so-called concealed coal-measures, overlain by more 
recent formations, many of which carry vast quantities of 
water. 

It isa question what quantity of water may be regard 
as necessarily involving the use of special methods. The 
largest amount that I know to have been sunk through 
successfully was at Horden Colliery, where 9250 gallons 
of water per minute at a depth of 540 ft. were dealt with. 

But in many cases far less than this amount has proved 
an insuperable obstacle to — in an ordinary em 
It is possible that in the future ordinary methods of sink- 
ing may be found applicable in cases in which they have 
heretofore been consid impracticable, by the use of 
suspended tubbings, as introduced by Messrs. Haniel and 
Lueg, of Diisseldorf, a system which has never been tried 
in ‘this country, although it has been used with much 
success in several deep sinkings on the Continent. 

The special methods to be used will differ, according as 
the water-bearing strata to be traversed are firm or run- 
— ground. In the former case the Kind-Chaudron 
method is mostly resorted to. This system was first em- 
— about the year 1854, since which date about eighty 
shafts have been sunk by it, of which five have been in 
this country. A pair of shafts was put down by it in 
1876 at the Cannock and Huntington Colliery in Stafford- 
shire, but the operation failed through the breaking away 
of the ground at the moss-box in each shaft. Sinkin 
by this method were commenced, almost simul- 
taneously, in 1877, at the Whitburn Collieries, and were 
completely successful. Finally, the shaft of the Consoli- 
dated Kent Collieries Corporation, Limited, was sunk 
by this method at Dover in 1904-5. A depth of 1095 ft. 
n reached by ordinary methods of sinking, an 
there still remained some 90 ft. of oolitic and liassic 
rocks to sink through in order to reach the coal-measures. 
This was done by the Kind-Chaudron method, and a 
column of tubbing 1120 ft, _— was put in. The modern 
Continental practice in such cases is not to put in a 
column of tubbing the full length of the shaft, but to 
lower a length of tubbing corresponding only with the 
depth bored out, and fitted with a false cover as well as a 
false bottom, the economy being obvious. 

Mr. Riemer, one of the leading German authorities on 


ed | method in Britain have 


d| into soft, fissured strata, 


The freezing method was devised by F..H. Poetsch in 
the year 1883. Although originally intended for sinking 
through wet quicksands, it has also been applied to sink- 
ing in solid but broken strata, carrying much water ; 
and although it had been used ly with success in 
both France and Germany, the first applications of this 
comparatively recent, and 
have all been confined to the Durham coal-field. The 
first example was the sinking of a pair of shafts-at Wash- 
in in 1902. 

reezing was subsequently employed in two very diffi- 
cult sinkings at Easington and at Dawdon. At the former 
place the operation was a failure ; the yellow sands here 
are exceptionally ened men 1 over 100 ft.; they lie 
at 465 ft. beneath the surface; the water is brackish, and 
the water-level is affected by tidal movements. At the 
neighbouring —7 3 Dawdon, however, the opera- 
tions, commenced about the same time, were perfectly 
su s 
_ Another very interesting sinking by this method is now 
in progress at the famous Wearmouth Collieries, origi- 
nall sunk in 1826. It is now proposed to sink a new 
. ‘4 ~—" to the moe oad or ones. If this were = 
y the o method, the necessary pum w 
relieve the tabbing in the old shafts of the fhydrostatio 
pressure under which it now stands ; and when this pres- 
sure comes on again, which it would do assoon as the new 
shaft were tubbed off, the old tubbing would in all prob- 
ability be destroyed. Hence it has nm decided to use 
the freezing method, which does away with the need of 
pumping, and therefore does not affect the hydrostatic 
evel of the district. 

Finally, reference may be made to a method that has 
only been used once or twice in the North of France— 
namely, the forcing of cement slurry through boreholes 
i j and thus forming a wall of 
concrete, within which sinking can be performed ; this 
— was successfully a few years ago at the Lens 

ollieries. 








THE DESIGN AND EQUIPMENT OF SHAFTS 
FOR DEEP WINDING.* 
By Cuartes Epwarp Ruones, M. Inst. C.E. 
During the last decade the subject of deep mining has 


sinking, considers that it will not be possible to execute | peen } 


sinkings by the ordinary Kind-Chaudron method at 
depths exceeding 2000 ft., Locnuso it would be impractic- 
able to handle cylinders thick enough to withstand the 
pressure corresponding to that depth, the limit of thick- 
ness according to him beingabout5 in. Various pro 

for modifying the method, so as to render it available at 
these t depths, have been put forward by Mr. Riemer 
and Mr. Tomson, but have not yet been put into practice. 

When the ground to be sunk through is running as well 
as water-bearing, the Kind-Chaudron method is no longer 
applicable. In such cases three groups of methods are 
recognised—namely, (1) driving down annular sheet- 
piling ; (2) forcing down continuous cylinders of brick- 
work or iron; and (8) the Poetsch freezing process. 
Annular piling is the oldest method, and is only applic- 
able when the stratum of soft ground to be passed through 
is not very thick, and is comparatively near the surface. 
As the piling is usually in lengths of 15 fo. to 20 ft., and 
as each new ring of piles has to be driven inside the one 
above, it follows that the original diameter must be taken 
very much greater than the finished diameter of the shaft. 
The method is not often seen now, but a good modern 
example may be quoted—namely, the recent sinking 
(September, 1906) at Bowburn Colliery, Durham. 

It may be here suggested that ferro-concrete sheet- 
iling might be used. Piles of this material, 60 ft. in 
ength, have been driven, and it has also been found 
practicable to add fresh lengths to the tops of piles already 
driven, and thus to get down to almost any desired depth. 
Furthermore, the adjacent sides of ferro-concrete piles 
can be ved, and when the piles are down, cement can 
be run into the spaces thus left, making the piling practi- 
cally water-tight. As far as I know, this system has 
never been tried for shaft-sinking, but there appears to be 
no reason why it should not be perfectly successful. 

The method of sinking continuous cylinders, and exca- 
vating the ground from inside them, has only been used 
in this country for moderate depths. There have been 
several good examples of shallow sinkings by it in Scot- 
land, where sand, mud, and silt on the sea-shore have 
been sunk through for depths of about 100 ft., the sink- 
ings at Musselburgh (1901-2) and at Bridgeness (1878) 
being cases in point. Ina more recent sinking of a pair 
of shafts at Ardeer (1905), about 80 ft. of silt had to be 
traversed, and a similar process was adopted, using, how- 
ever, the somewhat antiquated device of the air-lock 
(first used by Triger in 1839) for the actual excavation, 
the men working in compressed air at the bottom of the 
cylinder. Modern practice seems generally to favour the 
use of some form of dredger for excavating the material 
from the inside of the cylinder. : 

This principle has reached its greatest development in 
Germany, where it has been extensively used for sinking 
down to firm ground through the overlying thick masses 
of superficial aay its. The modern practice consists in 
sinking a cylinder, usually of masonry, built upon a 
massive iron cutting-shoe, until skin-friction prevents its 
further descent. Tie-bolts, attached to the cutting-shoe, 

are built into the brickwork, and by means of these a 
heavy iron anchor-ring is secured to the upper part of the 
shaft. A cylinder of iron is then built up inside the first 
cylinder, and is forced down by powerful hydraulic presses, 
which work against the anehaveing, The oo inside 
the cylinder is excavated by some form of dredger, grab- 
dredgers, bucket-dredgers, Lopdbeligen, and the air-lift 








all having been made use of. 





n brought prominently before the mining engineers of 
the country, owing to the rapid exhaustion of the seams 
which have hitherto been worked at moderately shallow 
depths, and shafts are now being sunk and seams opened 
out at — which are very much greater than had to be 
dealt with a few years ago. 

At one or two of the older collieries the lower seams 
have been opened out as the upper seams have been ex- 
hausted, and the best has been made of the existing plant 
and machinery; and although coal has been, and is, 
worked at great depths under those conditions—and no 
doubt with satisfactory results—it nevertheless follows 
that there is great scope for methods being adopted for 
the winning and working of seams at 800 yards depth and 
over. I take 800 yards as an illustrative figure, as I am 
of opinion that any shaft for the purpose of working coal 
below that depth may be considered a deep one. 

There are so many and varied factors to be taken into 
consideration that it is almost impossible to deal with 
them except in a very general way. 

First, size of shaft. Ifa acreage of coal has to be 
worked, it is of advantage to have the shafts as large as 

ible; first, in order to give the utmost ible scope 
or @ maximum quantity of air being circulated through 
the mines, as the greater the depth the more n it 
is for such air being divided into splits, with the object of 
cooling down the Mgr tions of » ok workings to the 
utmost extent ; and, secondly, large ts enable cages 
of size to be introduced, and the number of tubs 
rai at one time to be appreciably increased, although, 
with the appliances that are now available for simul- 
taneous decking, the question of the size of the cages is 
not all-important. 

In deciding upon the size of the shafts, the character of 
the strata to be sunk through is an important factor ; 
if it should be such as pth pene the sinking of the 
pits by normal methods, compel the introduction of 
sinking by tubing being forced down by hydraulic pressure 
in order to deal with running sand and water, or other diffi- 
culties, then the size of the shaft is limited. I am per- 
sonally of opinion that large shafts are of advantage in 
dealing with a large quantity of coal, and I have recently 
put down ata depth of 760 yards shafts 23 ft.in diameter, 
and a number, during the last twenty years, all over 18 ft. 
in diameter. | 

It is convenient here to mention the question of guides. 
These can be either rigid steel guides or rope guides. I 
have rope guides working perfectly satisfactory in pits 
over 900 yards deep. 

The question of the type of engine to be adopted, and 
especially the drum, affords a wide field for oy 
High-pressure steam-engines seem to me to be best 
adapted for coping with the problem before us, and with 
the introduction of low-pressure turbines, which afford a 
means of utilising the exhaust steam, they on such 
advantages in the way of simplicity that I think they 
will prove themselves eo to compound engines. 

The next question isthe drum. A parallel drum with 
a balance-rope works economically, but the depth at which 
it can be used is limited, Bwing to the impossibility of 
getting a satisfactory lead for the rope off the drum on to 
the pulley when large ropes and great depths have to be 
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dealt with. Several methods have been adopted for over- 
coming this difficulty—namely :— 

The Koepe system. 

The conical drum. 

The flat-rope drum. 

The modified conical drum and balance-rope. 

Winding-ropes to raise a load of 15 to 20 tons have to 

be very large. At the present time for a depth of 760 
yards I have a locked coil rope, 54 im. in circumference, 
raising a load of 15 tons, the weight of the rope itself 
being 9 tons. ; 

If the shaft is deepened, the question of the size of the 
rope, if the same load has to be raised, is a matter of con- 
siderable difficulty, especially if a 10 to 1 margin between 
the working load and the ing strain is adhered to. 

I have considered the desirability, where the size of the 
shafts would allow it, of having four cages in a shaft and 
two sets of winding engines, each raising half the load 
that I have spoken of, so as to keep the size and weight 
of the rope within reasonable limits. 

The late Mr. David Davy, of Sheffield, was at work on 
a scheme at the time of his death for winding by means 
of an endless chain, hanging on the tubs one at a time by 
means of cages which formed part of the chain itself. It 
was @ very ingenious arrangement, but as to its practic- 
ability I should not like to express an opinion. 

The next point is the question of ventilation, and, as I 
have said at the commencement of this note, a maximum 
volume of air is all important, so as to afford facilities for 
dividing the air into a number of splits, each split dealing 
with its own separate area of working faces, the collieries 
being laid out as far as practicable in independent sec- 
tions. This is the only method by which the working 
places at, say, depths of 1200 yards can be kept so as to 
enable men to work with reasonable comfort. The ques- 
tion of ventilation may not be actually within the four 
corners of the subject I am asked to bring before you, but 
in deciding upon the size of the shafts it has to be taken 
into account, and therefore I mention it. 


THE COST OF PUMPING. 


Comparative Cost of Pumping by Steam, Internal-Com- 
bustion Engines, and Electricity, based upon Actual 
Working.* 

By Cuarites Hawkstey, Past-President Inst. C.E., and 

Henry Davey, M. Inst. C.E. 

To compare the actual cost of pumping by the various 
methods named is difficult for want of sufficient com- 
parable examples. 

The thermal efficiency of the prime mover may be very 
high, and its consumption of fuel per work done also 
very high, because of mechanical losses. The real eco- 
nomy is the sum of the thermal and mechanical efficiencies 
in work done. It is only on this basis that a true com- 
parison can be made. 

The commercial costs are not dependent on the fuel 
costs alone, but also on other working expenses and main- 
tenance. 

For public water supply, the drainage of mines and 
land, and certain other purposes, the power required is 
generally considerable and continuous, and it is to those 
applications that we propose to direct attention. In such 
operations the cost of fuel per pump horse-power is the 
most important item. 

The two important questions in pumping operations 
are, cost of fuel and continuous working. Pumping- 
engines have sometimes to run for many months without 
stopping, and should maintain their efficiency for thirty 
to forty years with little outlay on repairs, Sinc> the 
days of Newcomen nosteam-engine has been more econo- 
mical than the low-speed pumping-engine. The best 
water-works and mining engines of to-day give 1 P.H.-P. 
with 12 lb. to 201b. of steam, depending on the nature of 
the engine and its application. 

The mechanical efficiency of the steam-engine and 
pump combined varies from 80 to 86 per cent. The 
steam consumption is 10.5 lb. to 16 lb. per indicated 
horse-power-hour, being a: low as that of any high- 
speed or other steam-engine used to produce electric 
current. The comparison then of the steam pumping- 
engine with electric pumping plant as regards fuel 

mes reduced to a question of the comparative mecha- 
nical efficiencies of the two systems, expressed in terms 
of B ee horse-power. 

us :— 





tiie = : : , Per Cent. 

irect-acting steam pumping-engines and pumps :— 

a efficiency per P.H.-P.... xe P83 
ectric :— 


Engine and dynamo, mechanical efficiency 83 
Cables, mechanical efficiency sos 95 
Motor os = Ae a 80 
Gearing and pumps, mechanical efficiency  75* 
Total mechanical efficiency per P.H.-P....  48.45+ 


The relative fuel economy in the above example is as 
10 to 17 in favour of direct steara-pumping. 

It would ~ yo that establishment charges and main- 
tenance would be greater with electric plant. Electric 
current might, however, be supplied froma public source ; 
we must then assume the cost per unit. The actual cost 
at the Neasden Station of the Metropolitan Railway is 
said to be as low as 0.3d. per unit, not charging repairs 

- - a 
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+ These are variable quantities, depending on the nature 
se bes gearing and the speed at which the pumps may 
riven. 





or interest on capital. We know of no public supply as 
low as 0.5d. per unit. It so happene that one electric unit 
is equal to 1 P.H.-P., in the pumping-engine, so that 
1.7 unit would be required electrically per P.H.-P. This 
at 0.5d. per unit would represent 31/. per P.H.-P. per 
annum for electrical energy alone. The cost of coal varies 
with the situation, but generally men inan a | 
steam paws establishment, it does not exceed 5/. to 8/. 
per P.H.-P. per annum (see following table), or less than 
one-quarter of the cost of electricity at 4d. per unit. 

We a a ee | of the total working by of a not 
very modern coal-mine pumping-engine, and the average 
cost of fuel for ten years’ alivetee working has been 
51. 63. 10d. per P.H.-P. perannum. During the ten years 
the engine has averaged 264 P.H.-P. continuously. At 


Water-Works Pumping-Engines. 
(Some examples of the annual cost per P.H.-P.) 





Engines Working both Engines with 
Well and Distribution Distribution 
Pumps, thus Pumping the Pumps 
— Water Twice. only. 
A. B. C. D. E. F. 
Total height of lift ft. 435 563 | 483 370 205 93 
Average P.H.P. taken | 
over the whole year | 
(8760 hours) .. eoi wae 125 178 125 91.5 72 
Boiler pressure, pounds 
requareinch .. 100 60 60 70 130 140 
Price of coal delivered 
in boiler-house yard, 
coal used being local £s.d. £8.d. £s.d. £3. d. s. d. £8. d. 
slack perton 085 075 081 0930 9 8 081 


Actual annual cost of 
coal per P.H.P, (8760 
hours. . wd --. 710770 77383, 8126 6 9 0 5624 

Total actual annual 
cost of coal, stores, 
oil, wages, and 


re- | 
pairs per P.H.P, .. 12166 12510)1145} 18 9 $19 13 10 15188 


a halfpenny per unit electricity would have cost 31/. per 
annum per horse-power. In the same district—a colliery 
one—the charge for electrical energy is 3d. per unit, sup- 
plied from an electric power-supply station. 

It thus appears that electric pumping plant cannot be 
economical in fuel, as compared with steam pumping- 
engines of moderate economy. 

s regards the internal-combustion engines, it will be 
necessary, in —e the fuel economy, to take into 
consideration not only the mechanical, but also the ther- 
mal efficiency. 

Gas-engines, having a higher heat efficiency than steam- 
engines, naturally have an advantage in fuel economy, 
all other things being equal. With gas-engines of, say, 
200 horse-power, the consumption of bituminous coal is, 
taking the engine-maker’s estimate, 1.75 lb. per brake 
horse-power. The total capital outlay on engines and 

roducers for 1000 B.H.-P, is practically the same as that 

‘or compound condensing engines and boilers of similar 
power. 

For driving machinery direct, there appears from the 
above res to be an economy in fuel alone in a gas- 
engine over a steam-engine ; but for pumping purposes, 
the mechanical loss in gearing between the engine and 
pumps would probably more than counterbalance the 
apeeess saving. Assuming the mechanical efficiency 
of the pang oe pumps to be 70 per cent., then the 
1.75 lb. per B.H.-P. would become 2.5 lb. per P.H.-P. 
There would also remain to be considered the reliability 
of the plant in continuous working, consumption of lubri- 
cants, and other details. 

Looking at the question of consumption of fuel from a 
thermal-efficiency point of view, and making a comparison. 


we have :— 
‘ Per Cent. 
Mechanical efficiency of direct-acting 
steam-engine and pumps combin 
Mechanical efficiency of gas - engine 





alone de eres ve bis due 80 
Mechanical efficiency of gearing and 

pumps _.... sab ae ons = 70 
Mechanical efficiency of gas-engine and 

pumps combined... ats os as 56 
Heat efficiency of steam-engine, say 15 
Heat efficiency of gas-engine 25 

The total efficiencies are then :— 
Per Cent. 

Steam-engine and pumps combined 12.45 
Gas-engine and pumps combined 14.00 


There remain to be considered the relative cost of coal, 

the additional cost of lubricating oil for the gas-engine, 
and a cost of maintenance and reliability in continuous 
working. 
_ Having already exceeded the length allotted for the 
introduction of a subject at this Conference, we can only 
remark, in regard to oil-engines, that we know of no ex- 
amples that compete with such plant as we have been con- 
sidering. Oil-engines generally uire, under usual 
working conditions, about 1 lb. of oil per brake horse- 
power. 








WATER-SOFTENING.* 
By Witu1am Marruews, M. Inst. C.E. 
Warer for domestic purposes can, by the use of lime 
alone, only be softened to the extent of reducing the 
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temporary hardness due to carbonates ef lime and mag- 
nesia, the removal of anent hardness requiring the 
use of other and objectionable reagents. : 

The reduction of the carbonate of magnesia is attended 
with additional cost, as the quantity of lime used is 
greater, and, the chemical reaction being slower, the 
plant has to be laid out upon more liberal lines. The 
crystals formed are smaller than is the case with carbonate 
of lime, and when the two forms are present ther in 
the same precipitate, difficulties arise in the subsequent 
process of clarification, whether by sedimentation or {il- 
tration, unless this fact be kept in view. 


The problem involved in softening per se is purely 
chemical, that of the subsequent clarification being mecha 
nical and y dependent upon the physical character 


of the precipitate resulting from the chemical process, 

To obtain the best results, the crystals forming the 

precipitate must be as large and regularly sized as pos- 
sible, to ensure which the lime-water must be completely 
saturated and free from all suspended and undissolved 
particles, and the water to be softened must be equally 
clear and free from inert insoluble matter. The mixing 
must be in proper and unvarying proportions, and accom. 
plished in such a way that as far as practicable each 
particle of water receives its individual dose of lime- 
water. If the admixture takes place in tanks containing 
the precipitate thrown down in previous operations, the 
reaction between the lime-water and hard water cannot 
but beimperfect and unduly delayed, while the expendi- 
ture for lime is increased and larger tank capacity is 
necessary. 
Ordinary builders’ lime is useless for softening pur- 
poses ; it must be hard-burned and practically free from 
alumina or silicious matter; and the lime obtained from 
chalk of at all a marly character must be studiously 
—, or the — San ae be — to — 
a lai rcentage of hydrate of alumina in place of lime, 
and will lead to disastrous results. 

After hydration it is desirable, in anticipation of sub- 
sequent stages in the process, to convert the lime into the 
form known as cream of lime by adding softened water in 
a standard proportion, passing it through strainers, and 
thus removing all grit and débris. 

The most approved way in which to create the lime- 
water is to pass a stream of softened water through a tank 
or tanks into which cream of lime has been introduced, 
the flow through them being confined to so low a velocity 
that the water has ample time in which to become satu- 
rated with the lime, and does not carry up with the 
current any insoluble matter. By the adoption of this 
method the regulation of the flow of lime-water in the 
proper ratio to that of the hard water is rendered easy if 
two a be actuated by the same engine, the one 
pumping hard water, and the other the softened water 
to be saturated with lime; as, no matter what variation 
in oe takes place, the ratio remains unaltered. ’ 

The mixture is best accomplished by allowing the lime- 
water to fall in a thin sheet upon a similar sheet of hard 
water flowing under it. Between the operation of mixing 
and the commencement of the process of clarification 
there should be a time interval bain. on 4 from at least half- 
an-hour to a longer period, according to the amount of 
carbonate of magnesia in the water. 

There can be no doubt that clarification can, in most 
cases, be best effected by filtration, as the plant required 
takes up a minimum amount of room, can be worked 
continuously, and added to from time to time by small 
units, and is economical, while giving the best results. 

The filtrate is formed in the first instance by allowing 
the softened water to pass through cotton cloth mounted 
upon suitable perforated frames. The cloth arrests the 
crystals of the carbonates, which, becoming piled together, 
fcrm a fine screen and filtering medium; hence the 
importance to be attached to their size and regularity. 
Upon the layer of precipitate reaching a certain thick- 
ness, and the flow becoming correspondingly slow, the mass 
is washed off by-means of water-jets and the filter re- 
started. 

To obtain good results, the head of water on the filters 
must be kept low and regular, and the outlets free, so 
that the cloths are not subjected to pulsating movement, 
such as that due to direct connection with a pump 
suction. 

The cleansing is best done by water spray, arranged so 
that the jets, in passing across the cloth, pare the film of 
precipitate off them, and do not tend to drive the deposit 
into the pores of the cloth, as was the case in some of the 
earlier plants. 

One of the ry merits of the filtration system, when 
worked at a head which cannot be ex ed, is that by 
no manner of manipulation can the plant be made to pass 
more than its proper quantity of water, which must all 
be passed through the filters, and so be clarified. 

If the water be properly softened, and the necessary 
time-interval given for the completion of the reaction, 
there is no difficulty in filtration, or danger of the sub- 
sequent formation and deposition of precipitate in the 

ipes beyond the filters; but neglect of these precautions 
S given rise to much trouble and disappointment. In 
a notable case where magnesia was present in rather large 
quantities, the blocking up of the cloths became very 
serious, and was, in the author’s opinion,due to the fact 
that, when the precipitate reached the filters, carbonate 
of lime crystals were deposited in the ordinary manner, 
but, owing to an insufficient time-interval after mixing, 
the reaction with the carbonate of magnesia was incom- 
plete and still going on while the water was passing 
through the layer of deposit already on the filter-cloth, 
the effect being that the smaller crystals of magnesia 
were deposited among the larger crystals of lime, as well 
as in the pores of the cloth, filling up the interstices much 
in the same way as sand is used with gravel for making 
concrete. 
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WATER-HARDENING.* 
By James Watson, M. Inst. C.E. 


For the softening of water many processes have been 
tried and more or less ad jin recent years. The best- 
known process for the so g of water to be used for 
domestic and ——- a is that known as Clark’s, 
which, as is generally has been in use for many 
years, and consists of the application of burnt lime, made 
into milk of lime, to the water to be treated, whereby the 
carbonate of lime in the water is separated and precipi- 
tated in the mixing v leaving the clear and softened 
water on the top. This method can only deal with the 
carbonate of lime held in solution in the water ; it does 
not affect the sulphate of lime, which, as is well known, 
forms, as a rule, what is known as permanent hardness. 

In this note I make no reference to the yr ! other and 
more modern methods of water-softening through the 
application of chemicals, beyond saying that some of them 
should never be applied to water to be used for domestic 
pur and others should be used only with the greatest 
care and under skilled supervision. ae - 

In the application of Dr. Clark’s beautiful invention 
no apprehension need be feared with regard to the users 
of water so treated, as the added chalk or lime is but the 
addition of one of of Nature’s ingredients always present 
in every potable water, and overdosing or underdosing 
need never give rise to anxiety on the part of the con- 
sumers. 

Water-hardening—the antipodes of water-softening—is 
a comparatively modern practice ; in the softening process 
we apply lime to get rid of lime, in the hardening process 
we follow generally the same method by adding lime to 
water in which lime salts are either wanting or only 
found in abnormally small quantities. : ¢ 

Soft-water supplies are absolutely essentia] to the indus- 
trial life of many of our great centres of population, an 
probably no less essential in securing the comfort and 
economy obtained from its use in the houses and homes of 
the people. Soft water has, however, under certain 
circumstances, one drawback. The gathering-grounds of 
England, Scotland, and Ireland shed waters pure and 
soft, which in distribution give no trouble whatever. 
There are, however, other water-gathering grounds—not- 
ably in Yorkshire and Lancashire—where the drainage 
areas are more or less covered with peat. About twenty- 
five years it was found that heavily peat-stain 
water was soft and acid, and did not contain sufficient 
lime salts to neutralise the action of the acid water on 
the walls of lead water-service pipes with which most of 
the houses in this country are fitted. : 

Less than twenty years ago it was a well-established 
fact that many moorland waters possessed lead-dissolving 

roperties, and plumbo-solvency was far from uncommon. 
Such a state of matters was admittedly more or less 
dangerous to health, and the realisation of this fact may 
be said to have been the initial cause of hardening water 
in order to counteract acidity and neutralise peaty water 
possessed of the lead-dissolving property. 

In the Thornton Moor drai area of the Bradford 
Corporation Water Works a deal of the land is of a 
peaty and nature, and about seventeen years 
it was found that this water was at times, especially 
after a flood, acid, and acted on lead. The reservoir 
contains 175 million gallons, has a top water-level of 
1241 ft. above sea-level, and is supplied from _a high 
moorland drainage area 1260 acres in extent. The geo- 
logical formation is millstone grit. The rains saturate the 
= and the water in the reservoir is often found to be 
acid. 

The following analysis in the early days of hardening— 
namely, in 1892—shows the character of the untreated 
and the treated water. The samples were treated with the 
view to determine the change made in the natural water 
by the treatment adopted—which had been in operation 
for some time—for remedying the solvent action on lead 
pipes, and to ascertain to what extent the character of 
the water was altered by “‘ hardening.” The natural or 
reservoir water was found to have an acid reaction equal 
to 0.1 grain of sulphuric acid per gallon. 


Analysis of Water Before and After Treatment, in 
Grains per Gallon, 


-o 





—— 1. 2. 
To:al solid matte 5.8 7 7.4 6.8 
Lime (CaO) = 0.9 1.23 1.2 1.23 
ee, ag eames 5 | 23 24 2.38 
Lime equal CaO (carbonate | 
of lime).. ms o a 1.6 2.2 2.22 2.2 


1. Natural water from reservoir, untreated. 
2. Water after treatment by adding three grains of carbonate 
of lime to the gallon of water. 
3. Treated water taken from the surface of one of the filter-beds. 
4. Treated water after filtration through sand. 


Many samples from the same water supply, untreated 
and treated with chalk, were kept in contact with bright 
lead and gave the following results :— 











—_ A. BRB } @ D. 
Grains of lead per gallon e+} 0.27 None | 0.30 C.03 
Days of contact .. oe --| @& 100 62 62 
Samples A and C untreated. Sampl B and D treated 





r 


Many experiments were made to ascertain the saturat- 
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ing point, and this was found to be 3 grains 


cooled ith Scemeetey, ona Pression bythe. much 
ap) with regularity isi y ine 
hereinafter described, has the effect of entirely pre- | 
venting the lead-dissolving action of this water, and com- 
plaints as to water containing lead have been absent from 
this zone of supply for the past sixteen years. 

It may be observed that on the bottom of the canal 
which carries the treated water to the filter-beds, and on 
the sand of the filter-bed, there is practically no precipi- 
tated lime, indicating that almost all the lime is being , 
taken off by the water in solution. 

The chalk used for hardening water is prepared in the | 
following manner :—The limestone is obtai from the | 
quarry by blasting the rock, which is then sent to the | 
mills, and there broken by hand into cubes of about 3 in. 
These are shovelled into the -mill, which contains 
two heavy edge-runners to crush the chalk, a continuous | 
supply of water being added in the grinding p + | 
The resultant combination of lime and water is then | 
passed into “‘ sand-pits,” which collect the coarsest of the | 
material, from which it is levi; into settling-tanks | 
placed behind each other, and connected so that the | 
material passes from one to the other over a series of five 
or six pits. The first pit receives the larger deposit, the | 
second a smaller deposit, the third smaller still in — | 
and finer in ‘quality, and so on throughout the whole of | 
its travel from the first to the last pit. When taken out | 
of the pits it is taken to the ovens to dry, which requires 
20 to 24 hours, after which it is ready for use. The finer 
and the richer in pure carbonate of lime the material is | 
the nape is it suited for the hardening of water for water- 
works pu’ ; 

As before indicated, constant and uniform application 


d| of the chalk in the form of milk of lime is essential to 


attaining results, and the method of working, 
mixing, and applying the chalk milk by manual labour 
was found to be unsatisfactory in every way. It there- 
fore became necessary to devise a machine that would 
act automatically, and after some considerable trouble 
this was attained. A short description of the machine 
may prove interesting to those who have to harden water. 

he mixing-machine is housed on the floor above the 
chalk-store. The chalk is conveyed by rope and pulley to 


ed | the hopper, which holds a quantity equal to 12 hours’ 


supply of the maximum quantity of water to be treated, 
and, when working at the maximum, is filled in the morn- 
ing and night, beyond which no further attention is 
nthe chalk from the h he rollers of th 

eC passes from the hopper to the rollers of the 
mill, passing through the rollers in a fine film or sheet of 
powder into the mixing-churn, where a revolving shaft, 
with agitator arms attached, makes milk of lime, which 
in turn is delivered into a trough, where it mixes with 
the untreated water. Thetreated water is then conveyed 
by the filter-bed canal to the filter-beds, and 
through the sand-filters at the rate of 380 gallons to 400 
gallons per square yard of filter area per day. The 
machine is driven by a small water-wheel, the feed of 
which can be — within limits to a constant speed 
of revolution ; this, in turn, operates the rollers and the 
agitator, which can be set and kept at any desired speed. 
The upper roller can set at any desired distance 
from the under roller, the aperture being regulated by 
screws, and any number of grains per gallon can be sent 
to the untreated water by adjustment of the rollers, 
which, when once set, remain constant and regular in 
delivery of chalk. ‘ 

The works have been in operation night and day for 
sixteen years, require practically no attention, and are 
serving, and have served, the purpose for which they 
were erected—namely, to harden an exceedingly pure and 
soft water. 

The other water supplies in connection with the Brad- 
ford works—namely, the Nidd Valley, Barden Moor, 
and Manywells—contain sufficient lime salts to render 
hardening unnecessary. 

The machine described was the first of its kind to be 
—_ for the accurate application of lime for the hardening 
of water. 





ELECTRICAL TRANSMISSION GEARS ON 
MOTOR - VEHICLES.* 


By Atan ARCHIBALD CAMPBELL Swinton, M. Inst. C.E. 


In view of the somewhat barbarous method of gear- 
changing at present in vogue on most petrol-driven 
motor-vehicles, and of the fact that, crude as it is, this 
method continues to hold its own against all other 
mechanical devices, it is not surprising that attention 
has been turned to electrical arrangements for arriving 
at what is required, especially in the case of the heavier 
description of vehicles. ; 

Apart from the mere transmission of the motion of 
the engine crank-shaft, usually with a considerable 
reduction in the number of revolutions per minute, 
to the road-wh the chief requirements are: (1) an 
easily-operated preferably automatic variability of 
gear ratio, so that full advantage may be taken of the 
maximum effort of which the engine is capable without 
ever-running in obtaining the highest possible accelera- 
tion and » for the vehicle under varying conditions 
of gradient, load, and surface and ot resistances ; 
(2) perfect control of the speed of the vehicle under 
different conditions beyond the variations of which the 
petrol-engine is capable ; (3) ready disconnection of the 
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As a rule, less than that quantity did not chow ennttien. | continue to run while the latter are at rest, cou 
tory results, and double that quantity gave no better | means for : 
chalk per gallon, | start smoothly and without shock. 
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engine from the road-wheels, so that the former = 
wi 
ual reconnection, so that the vehicle may 


Important considerations that have to be taken into 
account in comparing electrical and mechanical methods of 


| arriving at the above requirements are: ease of working, 


reliability, and freedom from breakdown and derange- 
ment, weight, efficiency in terms of the power lost in 
the transmission, first cost, cost of upkeep, quietness, 
and freedom from vibration. oy 

Several arrangements of electrical transmission have 
been adopted, and, with varying details, may be shortly 
described as follows :— 

(1) The engine, which is preferably fitted with a 
governor, drives a dynamo which supplies en to an 
electric motor, which in turn drives the -wheels 
through the usual mechanical differential gear. An 
electrical controller of some description is fitted, so that 
the electric current can be varied as to regulate the 
speed of the motor, while, either by means of the con- 
troller, or automatically by special windings on the 
dynamo and motor, the full power of the engine at 
its most efficient s can be employed to generate 
constant watts made up of either a current at low 
voltage, such as is required for starting and on steep 
gradients, or a small current at a higher voltage for 
running the vehicle at high » on the level, with 
corresponding variations under intermediate conditions. 

(2) Similar to No. 1, excepting that the axes of the 
dynamo and motor being a in line, a clutch of 
some description is arranged between them, so that at 
top ones they can be mechanically connected together, 
and electrical driving and all consequent losses dispensed 
with, the armatures of dynamo and motor am 3 merely 
as fly-wheels. In this arrangement the electrical drive is 
only yr *y for starting, and at other times when the 
power of the engine is insufficient to propel the car on 
the direct drive. 

(3) The engine drives a dynamo, as in the previous 
cases, but instead of one motor, two or more are em- 
ployed, each driving a separate wheel. The mechanical 

ifferential is thus dispensed with, but the direct drive, 
as in No. 2, cannot for. e two or more 
motors can either be arran in the hubs of the wheels, 
when all gearing is dispensed with, or can drive the 
wheels through chain or toothed-wheel reduction gear. 
The latter are the arrangements usually employed, 
as unless some form of speed reduction is used, the 
motors are of necessity relatively very heavy. The 
employment of two or more motors enables the series- 
parallel system of control, so much used on electric tram- 
Wy trains, Hed adopted. beat a 

4 sto ttery of com tively small capacity, 
but capable of giving large Sioceaens for short intervals, 
can yo with any of un 4 ay. - mentioned 
systems, the arrangement being such that for starting, 
or on hills, the battery discharges and assists the engine 
and dynamo in driving the motors, while at other times 
a part of the power of the engine is absorbed in Cm ga 
the battery, the change being automatically eff b 
the relative voltage of the dynamo on the one hand, an 
of the battery on the other. 

(5) In another method, in which a storage battery is 
used to assist the engine when required, there are no 
separate dynamo and motors; but on the shaft of a 
mechanical transmission is fixed the armature of a 
machine which performs the functions of both dynamo 
and motor as required, automatically charging the bat- 
tery when the engine has power to spare and the speed 
increases, and taking a discharge from the battery and 
acting as a motor, 80 as to assist the engine when the 
latter becomes overloaded and the speed diminishes. 

These systems with auxiliary batteries possess the 
advantage that, as the battery affords a ready means 
of starting the engine, the latter can always be stopped 
when the vehicle is at rest. 

Where storage batteries are employed, continuous 
currents are necessary, and, apart from this, most of the 
me 80 a oe have been on the conti -current 
principle, which gives changes in gear-ratio more 
readily. On the a te multi-phase alternating 
currents have already been employed with some measure 
of success, and are a matter of considerable interest, as 
with them commutators and brushes, and their attendant 
troubles and expense, are avoided, except in the case of 
the pegeninny small exciter dynamo that is usually 
employed. 

The chief scope for electrical transmission on motor- 
vehicles ~" to > an Beaey — =~ as motor- 
omnibuses, lorries a: the hke, an y on large 
motor-coaches on rails, such as coveral of the railway 
companies are now running on suburban lines. 

Though considerable success has already been attained 
with the electrical system of transmission in its various 
forms, there is obviously still much room for development 
and improvement. 








THE APPLICATION OF ELECTRICITY TO 
THE WORKING OF RAILWAY POINTS 
AND SIGNALS.* 

By Luis pk Morags Gomes Ferrera. 

Tue working of railway points and signals by elec- 
tricity bas not, up to the present, taken such a prominent 
position in England as it deserves, although this is, one 
of the many uses to which electrical power-transmission 
may be profitably applied. The adoption of some 
form of energy, and some method of transmitting it to 
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work the points and signals, other than muscular effort 
of the signalman conveyed by rods and wires, has, 
during the last few years, become almost a necessity at 
many large stations. 

Electrical transmission is generally acknowledged to be 
an ideal method of control in all signalling operations, 
and there seems little reason for employing a secon 
source of power, such as com air, when the con- 
trolling force in itself offers every advantage for doing 
the whole of the work. : 

The hesitancy in adopting electrical working has, no 
doubt, been due to the comparatively high first cost, or 
doubt as to the reliability and life of motors, switc 
etc., when subjected to the admittedly unfavourable 
conditions obtaining on the permanent way, such as 
wet, dirt, and vibration. 

Before proceeding to deal with this subject, it will be 
convenient if I enumerate the principal conditions which 
are considered essential in modern signalling. They 
are :— 

1. Safety in working, mainly secured by the mechanical 
interlocking between the levers in the cabins, and the 
locking by plunger bolts, and detection of all facing 
points. 

2. The coi mdence in position of all points and 
signals with the levers that operate or control them. 

3. Breakage or failure of any part of the gear should 
render dangerous operations impossible, and in all such 
cases signals should the ‘‘danger ” position. 

4. The intended movement of any signal, or points, 
shall not be wrongfully communicated to or operate any 
other — the correct one corresponding with the lever 
operated. 

5. The efficient protection, or entire removal, of all 
above-ground connections between signal-cabins and 
points or signals. 

6. Immunity from breakdown, total or partial, causing 
delays to traffic. 

These conditions are not all fulfilled in the usual 
manual and in many of the power systems, but there is 
no reason why they should not be met in an electric 
system. 

The railways have already had great experience with 
the various mechanisms for interlocking, and er me 3 
and locking facing Legge ig have practically standard- 
ised the fittings on each line. In an electric system 
such standard fittings may be utilised, the motor being 
arranged to first lift the locking-bar, the bar on reaching 
its highest point withdrawing the bolt, thus unlocking 
the points; continued movement of the motor reverses 
the points, and the bar, returning to its former position 
with its end close to the point tongue, inserts the bolt 
and thus locks them. Only after the whole of these 
movements have been correctly made should the bolt by 
suitable means complete the circuit of the return indica- 
tion, the latter being also dependent on the correct 
position of each tongue of the points. This is not the 
arrangement usually adopted in power systems, but it 
is, without question, the one that gives the greatest 
security, as any breakage of mechanical connections is 
immediately detected. 

Signals may be operated either by se Army magnets, 
solenoids, or motors. A force of 50 lb. to 80 Ib is 
required to be applied to the rod for working a standard 
signal, the amount of movement being about 4in. A 
long-pull magnet must therefore exert a great force, and 
as its action is practically instantaneous, the amount of 
copper and iron must also be large, and a heavy current 
is required. This means using conductors of compara- 
tively large size, and some method of reducing the 
current during the time the signal is off is essential, or 
the magnet will get too hot. The switches for opening 
the circuits of such magnets present difficulties in over- 
coming arcing due to the — self-induction, and the 
insulation of the coils and cables must also be such as to 
withstand the sudden rise of potential which occurs when 
the circuit is opened. I believe that in many signals so 
operated the counterweight for taking the signal to 
‘*danger” is reduced or partially balanced to lessen the 
work demanded of the magnet. I think, in view of the 
fact that snow may accumulate on the blades, or a high 
wind pressure increase the friction of the fulcrum shaft, 
such reduction may easily reach a point where the factor 
of safety becomes too small for absolute safety in working. 
I consider that, for semaphore signals at least, the best 
way of operating is by motor. As the most mechanical 
and compact form of gear for the reduction of the high 
speed of the motor is tome form of worm-gearing, a 
means must be found for disengaging the signal to allow 
it to go to danger without having to revolve the motor. 
Some form of electro-magnetic coupling must therefore be 
provided, but by suitably arranging it the work required 
of the magnet may ba reduced to a minimum. The 
gearing may be so that a small high-speed 
motor can be used, and the whole mechanism can be 
made lighter, and cost less, than a long-pull magnet to 
do the same work, while the current required is also very 
much reduced, and consequently the size of the con- 
ductors. The switches can also be simplified. Sema- 
phores always work through the same angle, and give 
correct “danger” and “clear” signals, by night as well 





by day. 

Electrical working offers the simplest means for en- 
suring that the points or signals are in correspondence 
with their levers by means of return indication currents 
permitting the completion of movement of the levers, and 
so releasing the mechanical locking. In the Siemens 
system, as installed on the Midland and Great Western 
Railways, such return indication currents are per- 
manently flowing through electro-magnetic relays with 
multiple contacts. The levers do not require to be 
checked in an intermediate position, as the necessary 
combinations of contacts in the circuit to free, say, a 





signal lever and operate the signal, are made auto- 
matically in correspondence with the mechanical locking 
between levers, and actually form an electrical inter- 
locking network between the various points and signals 
themselves. This permanent-control current system 
uses more electrical energy than is required to work the 


d | points and signals, although the low electro-motive force 


of 32 volts is used for the control, and entails a somewhat 
rang: og nee network of internal connections and contacts 
in the locking frame. These disadvantages are thought 
by many engineers, especially those on the Continental 
railways, to be more than counterbalanced by having 
permanent indications in the cabins and avoidance of 
check-locks on the levers. 

Dangerous movements through breakage or failure of 
any part of the apparatus or mechanical gear in an 
electrical system may be safeguarded by arranging 
matters so that all safe operations are dependent on 
the presence of current, any failure of the same putting 
the signals to ‘‘ danger.” 

The independence of each point and signal movement 
and the risk of operating other than the proper apparatus 
are, of course, dependent on the insulation of the con- 
necting leads or cables. Elaborate arrangements to 
obviate the effects of contacts between leads have been 
devised, but the simplest and best way is to arrange the 
switches and detector contacts so that all leads, except 
those actually carrying current, are earthed in such a way 
that any stray current passes direct to earth without 
affecting the apparatus. 

It is obvious that, as all the cables can be placed 
underground and in very restricted areas, an electrical 
system leaves the permanent way quite clear, and elimi- 
nates accidents due to rods or wires. By the removal of 
the point-rods it is possible in some cases to get more 
tracks in a given space, 

Immunity from breakdown is dependent on the relia- 
bility of the source of energy, and on the desi 
materials, and workmanship of the apparatus. he 
continuity of supply of energy is best maintained by 
the provision of ry +4 batteries, whilst the question 
of design, etc., must largely left to the experience 
and integrity of the manufacturer. 

A few words as to cost may not be out of place. In 
the manually-o ted systems the capital charges are 
limited to the building of the cabin, the locking frame, 
signal-posts and arms, point-locks and bars, and their 
connecting wires and rods, with the necessary pulleys, 
rollers, or other guides, and efficient covering. In an 
electric system motors will have to be provided at the 
points and signals, and a source of energy  aappim e in 
addition, but the rods and signal-wires will replaced 
by electric conductors. As the amount of electricity used 
is so small, the question of efficiency of the motors and 
gearing does not appear to have received much attention 
in the past. The efficiency will, however, affect the first 
cost to a larger extent than is generally supposed. The 
higher the efficiency, the smaller the motors, cables, 
switches and storage batteries can be to do the same 
work. As the first cost of the cables is a considerable 
item, it is important to design the apparatus to take a 
small current for a given time in preference to a large 
current for a shorter time. This argument also applies 
to the storage batteries, as the size of cells required is 
not governed so much by the total ampere hours re- 
quired as by the maximum discharge required at any 
one moment. If this point is attended to when designing 
the plant, the average storage battery will be ound vary 
economical in maintenance, and give practically no 
trouble. The locking frame can be made so much 
smaller that there will be a considerable economy in the 
cost of the cabin required. As the outcome of some 

ears’ experience and careful consideration of the pro- 
on involved, I have recently designed an electric 
system embodying the conditions above laid down, 
which will cost very little, if any, more to instal than 
the usual mechanical signalling plant. 

The maintenance of an electric system should not cost 
more than that of the manual system, as the money 
spent in cleaning, oiling, painting and renewing rods and 
wires is saved, and will be found to cover the cost of the 
electricity used, if an economical system is adopted. 





UPKEEP-CHARGES ON LARGE ELECTRIC 
GENERATING-SETS.* 


By Henry Rosert Joun BourstAatt, M. Inst. C.E., and 
Joun SOMERVILLE HiGHFIEe.p, M. Inst. C.E. 

In the expenses of generation of electricity it is neces- 
sary to include the cost of the repairs and maintenance of 
the plant ; usually this is stated in terms of the units 
pene or sold, and in most cases the amount charged 

or repairs and maintenance is considered to vary with 
the number of units generated. This part of the question 
will be considered later. In the published accounts the 
sums charged to repairs and maintenance are the total 
for the whole of the plant and mains, and it is, in most 
cases, difficult to obtain a subdivision. As a general rule, 
and apart from accidents, &c., the repairs and main- 
tenance on mains and switchboards may be taken as 
sensibly the same in most large systems ; and as boiler and 
steam-pipe practice is now much standardized, the repairs 
and maintenance from the boilera to the engines should 
also be nearly the same in the larger stations. In the 
generating-plant, however, the systems in use present 
wide differences in speed and type of prime mover and 
generator, and it is the object of this note to elicit as 
much information as possible as to the differences which 
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may exist in the charges necessary to cover the repairs 
and maintenance of large electric generating-sets. 

In dealing with the amount to be charged for repairs 

maintenance, the fact that such c do not 
depend entirely on the energy generated by the plant is 
at once brought into prominence. In any station in 
which extensions are not continuously going on, a special 
staff has to be kept for repairs. The expense of this is 
tically a constant quantity, and as such staff has to 

2 of sufficient size to deal with an ordinary breakdown 
with expedition, it is generally larger than is absolutely 
necessary. Where extensions are going on regularly, 
men can be shifted from capital work to repairs, and so 
the standing expense can be reduced ; but this condition 
cannot be dealt with. 

It is evident, therefore, that a large portion of the 
upkeep-charges is constant, independent of the units 
generated or hours run, and dependent approximately on 
the maximum output of the machines. The only part of 
the expense which will vary in any way with the hours of 
running will be the stores and materials expended. It 
would be of great interest if information could be obtained 
as to the number of men required for different stations of 
varying sizes. . 

msidering, now, the details of the upkeep-charges, 
we have to separate the electric generators sony the prime 
movers, and to point out where the charges may be 
expected to arise. 

Electric Generators.—Leaving out the charge necessary 
to provide against breakdown or burning out, which will 
vary with the pressure and system, the only true upkeep- 
expenses are :— 

‘or direct-current machines, principally renewal of 
brushes and commutator repairs, which will vary greatly. 
If proper attention is given to providing the right quality 
of carbon in the brushes, and especially the right quality 
of mica in the commutators, the cost of upkeep of these 
is si For alternating-current machines the cost of 
upkeep is negligible, 

Our experience of large alternating-current generators 
is that, in a properly constructed machine, well looked 
after, the bearings may be taken to last as long as the 
machine, and that, in machines exceeding 500 kilowatts 
output, and working with a maximum pressure to earth 
not exceeding 4000 volts, the risk of breakdown is very 
small; but with machines ne at higher pressures 
than this, the risk, though still small, increases at a faster 
rate than the pressure. In connection with this we wish 
to express the a that at present it is impossible to 
construct a machine with cl slots which will work at 
a pressure of 10,000 volts to earth. 

Steam-Engines.—With reciprocating engines the up- 
keep charges appear to be independent of the type and 
coed, and the risk of breakdown is now very small. 

ith steam-turbines the upkeep-charges should be 
smaller still, but there is little information available. 
Some of the earliest turbines which were put to work in 
London showed no appreciable wear after years of work. 
The breakdowns of large turbines have hitherto been 
more frequent and of greater magnitude than in recipro- 
cating engines, although probably with improved design 
and methods of manufacture this state of affairs will be 
reversed. 

The cost of upkeep of water-turbines is almost entirely 
in the replacement of bucket-wheels, and depends largely 
on the quality of the water used ; it has been found that, 
in addition to the buckets being worn on the front side by 
sand, &c., in the water, considerable corrosion takes place 
on the back, due to the oxygen in the water. The 
upkeep-charges on water-turbines will vary more with 
the hours run than for other types of plant, owing to the 
bucket wear. We have been fortunate in obtaining the 
actual upkeep-charges for a water-driven station which 
has worked for a number of years. 

Gas-Engines.—The figures available show that the 
parts which wear are the same as in a reciprocating 
steam-engine, but that the upkeep-costs are somewhat 
higher in some types of engines, owing to the complexity 
of the valve-gear. 

With large generating-sets, the upkeep-charges may be 
taken to depend mostly on the output of the set, and a 
small proportion of the total charges only vary with the 
units generated. The table* gives figures for some 
typical machinery, but these, of course, are not to be 
when as averages. A yop ap large proportion of 
the upkeep-charges are ly for examination and over- 
haul, which should be done periodically, and bears no 
proportion at all to the hours of running ; and it is to be 
remembered that it may cost several times as much to 
take down and re-erect a machine as it does to effect the 
repairs necessary owing to wear. In our opinion, repairs 
and maintenance should be worked out on the normal 
power of the station, and not on the units generated, and 
should be compared on this basis. Any allowance for 
risk of breakdown, which is of the nature of insurance, 
would also naturally fall into thesame category. 

The cost of maintenance may, therefore, divided 
under two heads :— 7 

(1.) Charges which may vary with the capacity of the 
plant, which are :— : : ’ 

(a) Capital charges, in which may be included repair- 
shops, tools, and possibly overhead travellers. 

(b) Wages of workmen, including supervision. 

(c) Painting and cleaning of engines, &c., and cost of 
all materials in connection therewith. 

(d) Insurance; and ; 

(2.) Charges which may vary with the hours run or 
units generated, and are :— ¥ 

Materials and wages for renewal of parts (piston- 
rings, packings, bushes, brasses, &c., and dynamo- 
brushes). 





* This table was exhibited at the meeting. 








JUNE 21, 1907.] 


ENGINEERING. 





835 





‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ComprteD By W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 
number of views given in the Specification Drawings is stated 
Tin each cae; where none are mentioned , the Specification is not 
sien ann are communicated from abroad, the Names, 
&e., of the Communicators ap go> Py vy. a 
we ri "Southampton Buildings, Chancery-lane, re at 
the uniorm price of 8d. 
The date of advertisement of the acceptance of a Complete 
Farag wey helped gn meh Hy after the abstract, unless the 
atent has been sealed, when the date of sealing is given. 
Any person may, at any time within two the date of 
the advertisement of the of a Complete Specification, 
give notice at the Patent O of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


23,629. E. F. Moy, P. H. Bastie, and Ernest F. 
Moy, Limited, Camden Town, Electric Switches. 
(2 Figo.) October 24, 1906.—This invention relates to an improved 
form of switch for electric circuits, and is particularly applicable 
to multiple-contact switches of the form usually employed for 
starting electric motors. The object of the invention is to provide 
a means of reducing the p between the switch-arm and the 
contacts while the switch-arm is passing to the off position, 
although ample p' is obtained while the switch-arm is 
being moved in the direction for cutting out resistance in starting 
the motor and while it remains:in the full position. By this 
means switches for heavy currents may be operated by compara- 
tively small-springs. The base a of a starting-switch in accord- 
ance with this invention carries a number of contacts b, to which 
are connected the resistancesc. d is the switch-arm which makes 
contact on the main contact-plate e and on the contacts b. This 
arm d is moved over the contacts by means of the lever /, which 
transmits a rotary motion to the switch-arm through the two 


Fig.1. 
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driving-pins g. Aspindleh, having a thread i cut on a portion 


of its length, is fixed to the lever /; this spindle, which is free 
to rotate, carries at its other end a epring j, one end of the spring 
being made off to the base a, and the other to the spindle A, so 
that when the lever / is released it will automatically return to the 
off position, carrying the switch-arm d with it. The drawings 
show the switch in the on tion with the maximum amount of 
pressure applied to the switch-arm, the switch being held in this 
eg by a catch or holding-on coil applied to the lever f. 
Jpon the holding-on mechaniem being released the spring j will 
rotate the lever f in acontra-clockwise direction until the driving 
pins g are at the opposite ends of the slots 1 to which they are 
shown, at the same time traversing the nut k, to which the switch 
arm d is fixed, on the screw i, so'as to reduce the pressure on the 
contacts. The lever f continuing the movement imparted to it 
by the spring j will carry with it the switch-arm d by means of 
the driving-pins g to the off position. In switching on, the rela- 
tive movements are reversed. (Sealed May 23, 1907.) 

22,845. C. M. Dorman, R. A. Smith, and H. G. 
Baggs, Salford. Fusible Cut-Outs. (8 igs.] October 16, 
1906.—This invention consists of improvements in the construction 
of electrical replacement fuses. The invention consists in making 
the two metallic contact-pieces A, A of the fuse-carrier B of flat 
metallic tape bent into a UJ shape, as shown, so that the two flat 
fiexible ends embrace the ends of the plain cylindrical terminals 
C, C, and make good electrical contact therewith. The removable 
bridge part B of the fuse-carrier is, preferably, made of porcelain 
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of channel section, as shown at D, the front of the channel being 
preferably covered with a mica window to render the condition 
of the fuse easily visible. The fuse wire is clamped under the 
heads of screws F, F, which act also to secure the contact blades 
A, A to the insulating carrier B. The insulating base-plate G is 
provided with holes at its ends for the reception of the cylindrical 
terminals C, C, and these holes are so arranged that the terminals 
can be placed in either of two positions. In the position shown 
in Fig. 3 the electrical conducting wires H enter the terminals at 
the end of the base, or they may come in from the back or under- 
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, when a bus-bar K is used for 
as in the case of a distributing 
pre: of a flat 
tage, can be pinced either at the end af the base or on the un . 
e of the base, as shown in Fig. 4. The improved terminals 0,0 
are not rigidly fixed to the base, but are prevented from getting 
adrift by grub-screws L, L when the current is led in by wires. 
When a bus-bar is employed, this is mechanically and electrically 
attached to the terminals C, C by the screws M, M. (Sealed 
May 25, 1907.) 

6510. J. Brockie, London. Arc Lamps. [1 Fig.) 
March 17, 1906.—This invention consists of a device which au! 
matically comes into in to separate the of arc 
lamps suddenly, so as to break the lamp circuit at the arc when 
the current has fallen to such a value, or the positive carbon has 
reached such a tion, as to render it advisable to re-start the 
arc. The invention, although ble to lamps of the ordinary 
open-arc type, is of more value in connection with the 
working of enclosed lam: . In either 
case, only one of the ies need be provided with the arc-break- 
ing device, although all the lamps in the series may be so fitted. 
The negative carbon-holder is allowed a small v freedom, 
and is normally held yieldingly against a stop which limits its 
upward movement; but when the positive carbon has to 
descend, and the lamp current falls to a predetermined value, or 
otherwise when the positive carbon or holder has reached a defi- 
nite position, the negative carbon is caused to be suddenly re- 
tracted against the force of a returning ng or other equivalent 
device through a sufficient distance to the circuit at the 
arc, thereby enabling the positive carbons of the lamps in the 
series to feed, and the arcs to be re-struck in the usual manner 
by means of a clutch and regulating magnet. As shown, the 
negative carbon-holder @ is attached to a rod b, which is free to 
move vertically over a limited range within a tubular guide ¢ 
fixed to the lamp-frame. The upward movement of the negative 
carbon is limited by a collar, and itis held in position by means of 
Toe UE. to a plate L2 on the upper end of the rod b. 
This plate U2 limits the downward movement of the carbon, the 
range of movement being made sufficient to cause the arc 





to be broken. Above the plate 52 is a magnetic suction 
hammer connected in series with the arc, and either in series 
or in parallel with the regulating coil, and an iron plunger 
g which is sustained in the position shown in abutment 
with a fixed magnetic core h, but which breaks away under 
its own weight when the lamp current falls to a predeter- 
mined value, drops on the plate b%, displaces the rod ) and the 
negative carbon downwardly, so as to break the arc and conse- 
quently annui the current in the solenoidse, /. The clutch i of 
the master-lamp then releases the positive carbon, and simul- 
taneously therewith the clutches of the lamps in series with the 
master release the positive carbons of these lamps, which thus 
feed together, re-establishing the lamp circuit and energising 
the coils e¢, f. The plunger g of the master-lamp is sucked up by 
the solenoid ¢ into abutment with the fixed core h, allowing the 
rod b and the negative carbon to be raised by the spring d 
to the upper limiting position. Simultaneously, the positive 
carbon is raised to the full extent of the stroke of the core of 
solenoid f, partly by being pushed upwards by the negative carbon 
and partly by the action of the solenoid f clutch t. But since 
the upward movement of the positive carbon due to the influence 
of the regulating solenoid is much more sluggish than that of the 
negative carbon, by virtue of the action of the dash-pot j connected 
with the regulating core, there is no separation of the carbons 
until the negative carbon has reached its normal or upper limit- 
ing position, and it is at this point that the arc is struck, on the 
continued upward movement of the positive carbon under the 
influence of the regulating solenoid f. (Accepted March 20, 


GUNS AND EXPLOSIVES. 


3004. H.C.L Holden, Woolwich. Ordnance. [4 Fiys.) 
February 6, 1907.—This invention relates to breech-loading ord- 
nance using an obturator fixed to the breech-block, where, in 
order to obtain the necessary air. for the large charges 
employed, the chamber has to be ied out or enlarged in 
diameter considerably above the diameter of the bore. It is 
found that in guns of this type there are difficulties in loading 
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Fig. 7. 













the shot centrally, and in causing it to remain in ition after 
being loaded, and also in ensuring the most favourable position of 
the cartridge from the point of view of ignition and combustion. 


According to this invention, there is formed in the chamber a | On the 


series of ribs, preferably longitudinally, which may be arranged 
either at the bottom of the er, o that the charge will rest 
upon them, or entirely around the chamber, so that the —_ 
ean be supported a'l round, thereby ensuring that the proj le 





shall be in axial alignment with the bore of the gun, notwith- 
standing the dimensions or capacity of the chamber. a is the 
chamber of the gun, and b, b are the ribs which serve to sui 





the projectile <a. As shown, these ribs, which may be of 
any desirable cross-section rding to the require 
ments, project from the walls of the chamber a to such 


an extent that their ends are flush with the bore of the 
(Accepted April 4, 1907.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 
3 Limited, and J. Robson, 


unr., Variable Gear. 
(1 Fig.] June 18, 1906.—This invention relates to variable ad- 
mi gear for internal-combustion ki 

the governor causes a part to be operated so 

will be opened to a greater or lesser extent in accordance with 
Celene ee ae the object of this invention is to pro- 
vide a simple efficient mechanism for this pu . Accord- 
ing to this invention, there is inte: between valve stem 
and the lever operated by the mi ism which causes the inlet 
valve to be opened at the requisite intervals, a slider having on 
it apes at the which comes between said stem and 
the lever. The slider is connected with the governor through 
levers and rods, so that the slider is moved in one or other direc- 
tion by the governor. 1 is the inlet valve and 2itestem. The 
lever 3 is mounted to turn on the pin 4, one arm of the lever 
being connected to the guide-lever and ng « roller 8 
bearing on a cam 9 on the shaft 10. The slider 11 is interposed 
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between the valve stem 2 and the arm of the lever 3 opposite that 
connected to the lever 6, the slider carrying a roller 12, on which 
the arm of the lever 3 bears, one end of the said slider bearing on 
the top of the valve stem 2, and 
link 13. The slider 11 is connected by the link 15, the lever 16 and 
the link 18 with the bell-crank lever 19 operated by the governor 
20. If the engine be fully loaded, the slider 11 is moved by the 
governor 20 into such a tion (that shown in the drawing) that 
the roller 12 is at a maximum distance transversely from a point 
in a line between the valve-stem 2and the fulcrum of the lever 3, 
and thus the inlet valve 1 will be opened to its greatest extent. 
If there be lesa load, or no load, on the engine, the alider 11 will 
be moved by the governor 20, so that the roller 12 is 7 toa 
less distance transversely from the point in the aforesaid line, or 
immediately to that'point (that is, immediately beneath the pin 4), 
and thus the operation of the inlet valve is varied by the action 
of the governor to an extent in accordance with the load, from full 
pening to no openi May 30, 1907.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


29,168. A. Herbert, Kenilworth, and P. V. Vernon, 
Coventry. Turret-Lathes. (2 Figs.) December %1, 1906.— 
This invention relates to turret lathes, particularly to the turret 
slide and feed mechanism, and has for its object to reduce the size 
of the turret-actuating drum, and provide a compact arrangement 
in which the turret is operated efficiently and the turret-actuating 
drum is of reasonable di si A ding to this invention, 
the turret-actuating drum is mounted upon or around the main 
cam-shaft, but is not rotatively fixed to it. It is, however, 
geared thereto, the ratio being such that while the main cam- 
shaft makes one revolution for each complete set of operations 
of the machine, the turret-actuating drum will make one com- 








 v | Fig.7. 





























plete revolution for each complete move- 
ment of the turret. For ae. on a primary driving shaft 
are mounted two gears, one of which meshes with a correspond- 


gear on rret-actuatin; m. A is the 
which is mounted in bearings on lathe Fant gee a 
worm driving-wheel B, receiving motion from any suitable source. 


sequently driven at a slow speed. The cam-shaft is mounted on 
the lathe-frame, and on it is mounted the turret-actuating drum 
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G, which is free to rotate thereon. On its exterior are formed 
cams G! which engage a roller H carried by the base of the 
turret J. Fixed to the turret-actuating drum is a gear-wheel 
K which meshes with the gear-wheel C. The ratios of the wheels 
© toK in relation to that of the gear-wheels D and E is such 
that the turret actuating drum is rotated from the aay 
shaft at such a that it makes one complete turn for eac! 
complete forward and backward movement of the turret. Oon- 
sequently the turret movements brought about by the cams G! 
are’ rapid, and the dimensions of the drum can be smaller than 
usual. (Sealed May 23, 1907.) 


MOTOR ROAD VEHICLES. 


9738. G. H. Mann, Leeds. Transmission Gear. 
{3 Figs.) April 26, 1906.—This invention relates to that type of 
transmission gear for motor road vehicles in which motion is 
transferred from the transverse shaft ‘carrying the differential 
gear to the road wheels located on the rear axle of the vehicle 
through the medium of bevel gea and intermediate longi- 
tudinal shafts, and its object is to ict a gear of this type in 
such @ manner as to render the same efficient in action and easily 
accessible, while providing for the perfect lubrication of the parts 
com g the gear, and at the same time allowing of the greatest 
freedom of the vehicle on its s} ings without in any way disturb- 
ing the gear. In carrying the invention into effect, a bevel wheel 
1 is mounted on each end of the rear axle 2 of the vehicle, at the 
inner side of, and bolted to, the driving wheel 8. Around each 
bevel wheel 1 is mounted an oil-tight casing 6, carried on the 
axle 2, 90 ag to be free to swivel thereon. At each side of the 


d x towards the foot portion b than at the top of the ramp, 
and the flanges d are gradually reduced from the foot portion 
ag in order to prevent the wheel mounting the side flange 
when it meets and enters the ramp. (Accepted March 20, 1907.) 


cari my Ww: Com: im ted, and J. F: 
e ‘agon > and J. 
} iggy, L Railway Coaches. [5 Figs.) 
January 7, 1907.—This invention relates to improvements in rail- 
way coaches and wagons, and has particular reference to the fitting 
Slayenept of eosruguaed lsu of chamduod enstinn, as ater pooened 
ployment of co st ion, or er 
metal, in the form of plates of the required size, and connectin; 
the plates together and to the walls in such a manner that 
rivets and all bolts, unless sheltered. horizontally. 
P represents the corru; plates. These plates are connected 
together by cross members T. The ends of the plates are bent 
down and riveted by horizontal rivets R to the sides of the trough, 








and these, in the case of a steel coach or wagon, are riveted to 
steel purlins ; but in the case of a wooden coach or wagon, as 
shown, they are riveted to angle-plates bolted to wooden purlins. 
The corrugated plates P are thus supported between the trough 

i by resting on the purlins U. In connecting the plates 
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vehicle is mounted a longitudinal shaft 12, provided with bevel 
— 13, 14, at opposite ends thereof, the rear bevel pinion 13 
ing geared with the bevel wheel 1 connected to the driving 
wheel 3, while the bevel pinion 14 is geared with a bevel pinion 15 
located on the transverse shaft 16 carrying the differential gear. 
The longitudinal shaft 12 is carried in a trunk 17, which projects 
from the casing 6 of the axle gear, which casing 6 also encloses 
the bevel pinion 13 on the rear end of the shaft 12, while the 
opposite end of the trunk 17 is formed with a neck 18, fitted into 
a socket 19 formed on an oil-tight casing 20, provided over the 
bevel gears on the ends of the differential shaft 16, so that the 
trunk 17 is free to swivel within the socket 19 of the casing 20, 
but has no axial movement. The casing 20 is mounted so as to 
free to swivel on a cylindrical rim 21, formed on a plate 22, bolted 
to the cover 23 enclosing the differential gear, the rim 21 bein 
concentric with the differential shaft 16. (Sealed May 30, 1907 


RAILWAYS AND TRAMWAYS. 


12,902. W. Defries, London. Ralliwey Ramps. 
(3 Figs.] June 2, 1906.—In re-railing railway vehicles by the aid 
of a ramp, it rag ayn | occurs that the lower portion or foot of 
the ramp has to be laid on the ballast, and not on the sleeper. 
The result of this is that as soon as the pressure of the wheel 
commences to bear on the ramp, the foot is driven down into 
the ballast, and the upper portion tilted up. Should the wheel 
continue to travel up the path of the ramp, its upper end will be 
driven down with great force on tothe top of the rail immediately 
the wheel has arrived at a given point. This blow is frequently 
the cause of the ramp being broken, and sometimes the tilting of 
the ramp throws the wheel off, and not on to, the In order 
to lessen these defects it is proposed to flatten the lower portion 
of the ramp, so as to form a foot, commencing with a horizontal 
line, and gradually curving upwards to meet the normal path of 
the ramp, and extending to the entrance of the ramp. This 
arrangement also facilitates the entrance of the wheel into 
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the ramp. Upon the underside of this foot or flattened portion, a 

number of transverse V-shaped ribs or serrations, which serve to 

retain the ramp in tion, are provided. A bevel is formed on 

the lower part of the inner faces of the side-flanges, which ordi- 

narily extend along the whole path of the ramps where they meet 
e 


P to the walls of a steel wagon, the latter are turned in at the top 
with a flange wl. This flange is perforated, and the plate P is 
fitted with a gusset-plate p2 at the point where it is connected to 
the trough section member T. The plate p? is riveted to the 
corrugated plate P and to the side of the trough, and ‘a bolt or 
rivet through a right-angle flange of the plate p? secures it to the 
flange w! of the wall W. The gutter or spouting 8 is provided as 
shown, and is supported by being riveted to the ends of the base 
of the trough members. (Sealed May 30, 1907.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


12,734. H. J. Donkin, Westminster, and T. H. 
gh, Chesterfield. Valves. [7 Figs.) May 31, 1903.— 
This invention relates to improved constructions of double-faced 
sliding-valves for steam-pipes wherein, in opening, the faces of 
the valve are relieved from pressure against their seats before the 
valve is moved into its open position, and liability of the valve be- 
coming set fast in its closed position is minimised. According to 
this invention, the valve comprises two doors, which are so 
arranged that, in closing, the doors advance simultaneously until 
the valve is nearly closed, when one door receives a motion relative 
to the other in the direction of their travel, which motion causes 
the doors to be wedged apart or otherwise forced on to their seats, 
which, as usual, are arranged in parallel planes ; the arrangement 
is such that, in opening the valve, one door is first moved slightly, 
thereby relieving the wedging or other action forcing the two 
doors apart, the second door only moving when the doors are 
thus relieved. The valve-casing comprises a short length of pipe 
1 with an enlarged intermediate part, the opposite sides 3 of 
which are parallel and formed as valve-seats, and in connec- 
tion with this enlarged part is a chamber 4, into which the valve 
can be withdrawn clear of the passage ——_ the casing. The 
valve comprises two doors 5, faced to make tight joints with the 
opposite valve-seate 8, and arranged back to back ; each is pro- 


Fig.1 
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vided with a vertical rack 6, the two racks being adapted to be 
engaged by one worm 7 that lies between them, and alao provided 
with wedge surfaces 8, formed on lugs arranged in a circular row 
near the a of each door 5, and adapted to allow the distance 
between the doors to vary as the relative position of the doors in 
a transverse sense varies. One of the racks 6 is shorter than the 
other, so that, in closing the valve, both doors 5 are moved to- 

ether until the one with the shorter rack becomes disengaged 

rom the worm 7, and at the same time rests upon a stop cast on 
the valve casing ; further rotation of the worm 7 then causes a 
continued movement of the door with the long rack and the relative 
t ‘se movement of the two doors owing to the wedge sur- 





the path of the ramp for the purpose of red ig the pi e of 
the wheel against them, and, at the same time, strengthening 
them. The ramp a is provided with a flattened foot portion b, 
which extends from the horizontal up to the 7 of the ramp a, 
80 as to facilitate the entrance of the wheel. is foot is serrated 
upon its underside, in order that the ramp may at this part 
obtain a grip upon the ballast or sleeper when the wheel en- 
counters the foot b. The d of the ramp a are connected 
to the path or back of the latter by means of a bevelled portion, 
which may in certain cases prevent the wheel, or the flange thereof, 
fouling the sides d of the ramp, and in any case strengthens the 
connections between the side flanges d andthe ramp a. These 
flanges extend along the whole path of the ramp, and are made 





faces 8 causes them to be pressed apart against their seats 3. In 
opening, the door with the long rack is lifted alone until the pres- 


sure of the wedge surfaces 8 forcing the doors to their seats 3 has 
been relieved, r which projections 10 on the back of this door 
engage beneath jections on the back of the door with the 
short rack —in case the wedge surface lugs 8—and lift it so 


that its rack becomes engaged again with the worm7. The doors 
5 are forced apart on to their seats, whilst being opened and 
closed, by volute springs, one end of each of which bears directly 
against a co-acting boss 17 on the back of one door, whilst the 
other end bears indirectly against a similar boss on the adjacent 
door. (Sealed May 23, 1907.) 





15,399. J. R. Kilburn, and J. Hopkin- 
son and Go., ted, Huddersfield. Btop-Vaives. 
(3 Figs ] July 6, 1906.—Thisinvention relates to stop-valves of the 
kind in which the seat is held in place by the lid or cover of the 
casing, and the invention vides novel means for holding the 
seat in place efficiently, while allowing a good joint to be made 
between the seat the casing, and between the lid or 
cover and the casing. For this purpose, according to this inven- 
tion, the licants employ a cage having inclined bars, whereby 
it will yie under endwise tension or pression ; the may 
be separate from the lid, or it may be formed integrally with the 
lid. A is the valve-body, and B is the cover formed with a gland 
to receive the plain cylindrical part of the valve-spindle, and with 
screw threads to receive the screw-threaded part of the spindle 





Fig.1.0. 








as is usual in this form of stop-valve. Beneath the screw-threaded 
part of the cover, which screws into the valve body, is a cage-like 
extension formed by inclined side bars C and a ring D, the incli- 
nation of the bars being such that they will yield under endwise 
force applied to compress the cage. When the cover is screwed 
into the casing, the end of the cage presses on the seat E and 
holds it firmly in place ; and by reason of the endwise flexibility 
of the cage it is possible to make a good joint, not only between 
the seat-ring and the valve-body, but also between the flange of 
the lid and the valve-body. The seat-ring E is preferably made 
to be gripped laterally by the cage, or, conversely, to grip the 
cage in oder that the latter may be used to facilitate the inser- 
tion and removal of the seat-ring. For this purpose the lower 
ring D of the cage is slit, as at d, to allow the ring to act as a 
spring. The scat-ring is preferably made reversible. (Accepted 
March 27, 1997.) 


27,248. J. Birtwisle, Manchester. Ejectors. [4 Fiys.) 
November 30, 1906.—These improvements relate to steam-ejectors. 
An ejector constructed to embody the improvements comprises a 

bination o! details of which have before now been 
separately used in ejectors for different purposes. Such an im- 
proved ejector has its casing formed with a removable part D, so 
that when such part is removed or opened access for cleaning can 
be had to that part of the ejector containing the steam jet. One 
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D, D! may be placed on opposite 
sides of the casing to facilitate ‘‘ straight-through ” cleaning. An 
ejector constructed as described has also combined with it either 
or both a steam jet B, which is set back from the combining 
nozzle, and a “straight-through” air passage, or such set-back 
steam nozzle and “straight-through” air passage may be i 
in an ejector which is not furnished with closable openings in its 
casing. (Accepted March 27, 1907.) 


2364. A. F. Yarrow, Poplar. Steam-Boiler Safety 
Device. (2 Figs.) January 30, 1907.—It has been common 
practice to insert fusible plugs in steam-boiler shells at or about 
a level below which the water cannot be allowed to fall without 
ex ng the boiler to risks consequent on overheating of the 
shell at that level when it is uncovered by water. The object of 
the present invention is to provide a safety device which, while 
attracting attention to the fall of the water below the allowable 
level, and, at the same time, enabling the boiler to be kept in 
use for the generation of steam before the safety device is again 
restored to its normal condition, avoids any unreliability by 
reason of bay sone of any part of the safety device to the direct 
heat of the furnace. For this purpose a pipe contained within 
the shell has one end normally closed, but arranged to be opened 
automatically when the water falls below the allowable level, by 
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the resulting increase of temperature of the boiler-shell, while the 


other end passes through the shell at a point not subject to 
furnace temperatures. In the drawings, A is an asbestos- ked 
cock screwed into the end of the steam-drum D, and having 
attached to it, by means of a union, one end of a pipe B, the other 
end of which is secured to the bottom of the drum by means of 
a fusible metal or alloy seal C. When the water uncovers the 
bottom of the drum, the seal © is fused, and the pipe B springs 
up, so as to uncover its inner end. The consequent escape of 
steam through the cock A attracts the attention of the boiler- 
room staff, and may aléo be applied to give motion to a feed-pump 
or to cause a rush of water to pass over and extinguish the fire. 
It will be obvious that the inner end of the pipe B may be kept 
closed normally by other means than sealing its end to the boiler- 
shell, as, for example by a thermostatically-controlled valve, 
which is closed for all normal boiler temperatures, and opens 
automatically when a predetermined temperature is reached. 
(Accepted March 27, 1907.) 


or more such removable 
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THE ENGINEERING CONFERENCE. 


Iv our last issue we reported the proceedings of the 
first day of the Engineering Conference, held last 
week under the auspices of the Institution of Civil 
Engineers. The second day’s proceedings, those 
of Thursday, the 20th, will be dealt with by us on 
this and the following pages, the papers that were 
read on that day being reprinted also in this issue. 
The fourth and fifth sections had a joint meeting 
in the morning, but separated later. Section VII. 
did not sit at all on Thursday. 





SECTION I.—RAILWAYS, 
Tue Action BETWEEN WHEEL AND Rat. 


The proceedings of Section I. were opened on 
Thursday, the 20th inst., by the reading of a con- 
tribution by Mr. H. R. A. Mallock, F.R.S., on 
‘The Action Between the Wheel and Rail.” This 
is printed in full on page 867 of the present issue. 

The discussion on this subject was opened by 
Mr. F. E. Robertson, C.I.E., who said that the 
real cause of excessive wear at the present day was 
to be found in the increase of wheel-loads and 
decrease of diameter of the wheel. The safe load 
was a function of the diameter of the wheel. In 
dealing with complaints made lately by Indian 
railways that their new rails wore less well than 
the old, he had asked for samples of both kinds. 
Twelve samples from new rails and 12 samples 
from old rails had been tested analytically, mechani- 
cally, and microscopically, and it was proved that 
there was really no difference between the groups 
of old and new. The real trouble lay with the new 
classes of locomotives that had been introduced. 
He thought Mr. Mallock would have been nearer 
the mark had he taken 8 tons as the wheel-load at 
the present day, instead of 4 tons. 

The next speaker was Mr. A. W. Szlumper, who 
stated that the wear of rails in tube railways was 
not phenomenal on the straight portions of the 
line, and was so only on the outer and raised rails 
on curves. In corroboration of this assertion he 
instanced the case of ordinary Bessemer rails on a 
1 in 30 incline on the straight that had been laid 
now for nine years on a line with five-minute 
traflic, and the wear was only 7th ofaninch. But 
on the high rail on curves at switches and crossings 
they had much trouble. The question of wear of 
wheels was, however, equally important. In order to 
reduce these troubles they had put in check-rails, 
had carefully adjusted the gauge, and had taken the 
precaution of greasing the check-rails twice a week. 
The life of rails had by this means been increased 
by 16 to 20 or more months. The introduction of 
hard rails would, he considered, =. transfer 
the wear from the rail to the wheel. ith regard 
to Mr. Mallock’s figures, he thought the area of 
contact calculated too small, and he believed that 
only elastic deformation was caused. Mr. Mallock 
suggested that the worst effect would be realised 
when wheels and rails were new, as then the area 
of contact was smallest. His (Mr. Szlumper’s) 
experience showed that wear was very little at 
first, and much greater subsequently, when the 
wheel and rail have assumed approximately the 
corresponding shapes. . 

Professor Carus Wilson stated that he had made 
experiments which gave results analogous to those 
that might be expected from Mr. Mallock’s figures. 
With a 40-in. wheel, and a load of 3.2 tons per 
inch run, he found that the stress in the top fibre 
of the rail amounted to 18 tons per square inch. 
In his view, the tendency of the rail to tear apart 
was more serious than the question of wear. The 
greatest strain when a wheel passed over a rail was 
not, he said, at the bottom or lowest fibre of the 
span, where it would be expected, but at the top, 
produced by this local action of the wheel. In the 
upper fibre there was direct tension, as the result of 
the load, and this gradually diminished towards the 
middle of the cross-section. Professor Wilson con- 
tinued that if corrugated rails were examined, 
ayy cracks would be found extending from 
the top downwards, corresponding with the effect 
he would ex from heavy wheel-loads. Corru- 
gations tended to reduce the area of contact toa 
small fraction of an inch, and therefore the cracks 
appeared. 

rofessor B. Hopkinson considered that the time- 
factor should not be omitted in such calculations. 
In some tests on wire that he had made, a load of 
500 Ib. had produced permanent deformation, but 
if the load was applied for only y;/)gth of a second, 





an 800-lb. load produced no permanent deforma- 
tion. In some other tests it was found that a load 
of 25 tons per square inch might be safely increased 
to 50 or 60 tons if applied for ;,4 5th of a second, 
it then producing no permanent deformation. If 
the lesson taught by these laboratory experiments 
was applicable, it would suggest that wear was less 
on sections on which fast running was the rule, and 
great on slow sections or roads. 

Mr. R. H. Burnett said that wear might be re- 
duced by paying greater attention to the design and 
construction of bogies, which were, as a rule now, 
of too short a wheel-base. 

This point was further commented on by Mr. 
W. H. Short, who said that the side wear of the 
outer rail produced by the leading outside wheel 
was, he considered, unavoidable. It was practi- 
cally independent of the s , or radius of the 
curve. If the factor of friction were taken as 0.25, 
there was, he said, with a bogie of 5 ft. base and 
with correct super-elevation, a force thrusting 
against the outer rail equivalent to three-quarters 
of the total load on the wheel. An increase of 
wheel base to 10 ft. reduced this by 20 per cent, 
The ill effects increased inversely as the diameter of 
the wheels, and, again, the rate of wear increased as 
the wear increased. The service of the check-rail 
arose from its sharing with the outer rail this out- 
ward thrust. 

Professor W. E. Dalby drew attention to the 
fact that locomotive tyres are often found not to be 
circular after running some time, and have to be 
trued up. He thought that where stops were fre- 
quent, and there was much braking, other wheels 
would also be found to be in this state, which 
might be the cause of some of the trouble. 

Dr. Harbord said that as a rule the tyre and rail 
were not of the same quality of steel, as Mr. Mallock 
had assumed, and that while rails had an elastic limit 
of about 20 tons, tyres had an elastic limit of 26 to 
28 tons. With regard to actual wear, he would 
point out that high-silicon tyres (containing 0.3 to 
0.35 per cent. Si) had been in use for years, and 
had worn well, as the effect of silicon was to 
produce a sounder steel. 

Mr. D. D. Coath said that wear could only be 
got over by the elimination of friction between the 
tyre and rail; this could be done, he asserted, by 
putting the flanges on the outside of the wheel- 
tread in a manner that had been worked out by 
him, which, however, he was afraid was some 70 
years too late. 

Mr. W. Willox said that he considered ripples of 
wear of little moment, but waves such as he Red had 
experience of were more important. They were 
from 9 in. to 5 ft. and 6 ft. in length, up to +, in. 
in depth, and might appear in six weeks or only 
after three or four years, and under all conditions 
of traffic and location ; there appeared to be nothing 
consistent about them, or the reason for, or manner 
of, their appearance. Test-pieces cut from ridges 
and from hollows revealed no clue to the problem, 
which was a most serious one financially, as good 
rails were often ruined in this way after only a 
short life. 

Mr. E. Benedict suggested that the ridges might 
be found to travel either backwards or forwards, if 
observations were made to this end. He pointed 
out that, as a train progressed simply by means of 
the frictional grip of the driving-wheels on the rail, 
wear must take place, in the case of driving-wheels 
and on the rail. For other wheels the wear on the 
rail is small, as it is pure rolling friction. 

Mr. J. W. Twinberrow thought that wear on 
electric-traction roads was mainly due to the fact 
that designers had followed in the steps of tram- 
ways where no need for this existed. A longer 
bogie wheel-base would be beneficial. The motor 
bogies were too weak, consisting, as a rule, of ordi- 
nary bogies with bracing removed, and driving gear 
crowded in instead, and they should be made much 
more rigid. When the drive was applied close to one 
wheel, the other, on account of the torque, was out 
of phase, so to speak, and this produced rythmic 
vibration in the shat, causing unequal wear. Once 
this had started, it increased very rapidly. On the 
question of brake-work, which usually seemed to be 
hung on anywhere, he thought that the proper 
system should be to block both sides of each wheel, 
or else the insides of bogie wheels, and not the 
outsides, as was so commonly done ; for in this latter 
case the spring-base was, perhaps, as little as one- 
half the braking base, whereas they should be at 
least equal, or the spring-base the greater of the 
two. 





Mr. R. J. Howley was the next speaker, and 
said that his experience only enabled him to speak 
of tramways, but he might say that he had found 
corrugations on tracks of all kinds, and even on 
cable tramways, so that this effect was not due to 
the trucks used in electric traction. It was due 
to the rolling load, which worked the rail up into 
lumps. The quality of the rails must be looked to 
for the cause. In an analysis of ‘‘quiet” and 
‘* roaring ” rails he found that the ratio of carbon to 
manganese was low in ‘‘roaring”’ rails and high in 
‘** quiet” ones. Out of 24 samples in which the 
ratio of carbon to manganese was high, only one 
rail was a ‘“‘roaring” rail. When this ratio was 
40 to 100 the rails were ‘‘roarers ;” all above this 
were ‘‘ quiet.” 

The Chairman (Mr. W. R. Galbraith), in closing 
the discussion, said that it might be of interest for 
members to hear a true account of trouble reported 
on the Waterloo and City Railway. As first laid, 
this line was tight to gauge, and wear on curves was 
serious ; but this had now been rectified, and wear 
was not abnormal. He also read an extract of 
a letter from the engineer of that line, in which 
it was said that when new the rolling stock had had 
no play at all allowed for the axle-boxes, in the 
guides, so that the wheel-base was too rigid, and 
this contributed to excessive wear. 

Mr. H. R. A. Mallock, in replying, said the 
time-factor should really be included in the caleu- 
lation, and that the result would be that the load 
could be materially increased over that on which 
his calculations were based, and he had only omitted 
- point to condense the matter into the time 
allowed. 


A System or Avupisie SIGNALLING ON 
Raliways. 


The second subject for discussion by Section I. 
was presented by Mr. W. Dawson, who, however, 
was unavoidably absent. His notes, printed on 
page 867 of this issue, on ‘*‘ A System of Audible 
Signalling on Railways,” were ar Mr. J. W. 
Jacomb-Hood, who afterwards opened the discus- 
sion by stating that the subject was one that had 
great possibilities before it. The cost of upkeep 
alone of signals (not including cost of working) 
amounted on the London and South-Western 
Railway to 30,0002. ~~ annum, and he thought 
companies would be glad enough to take up a satis- 
factory system by which this heavy charge could be 
reduced. On their line the maintenance charges 
worked out at 32/. per route mile per annum, or 
kd. per train-mile. He thought the real point 
to be discussed was the substitution of an audible 
for a visual signal. 

Mr. Alex. Ross stated that on the Great Northern 
they had had an electro-magnetic system installed 
for trial, having magnets in the road, and giving 
indications in the cab. The real difficulty with the 
apparatus, in his opinion, was that, having been 
stopped, the driver did not know when to proceed. 
Also at a junction there was no means of giving a 
driver knowledge of which road was open for him, 
if the visual signals were abolished. 

Mr. A. Siemens drew attention to the fact that 
the danger signal in Mr. Dawson’s system is worked 
mechanically, and does not depend on the mainten- 
ance of an electric circuit. He took it that the 
object was to replace distant signals only where the 
question of restarting does not come in. If the 
right signal is not given at a junction, he gathered, 
the danger signal would be sounded. This would 
go on sounding until the driver acknowledged it and 
stopped it. 

Gelonel H. J. Yorke, R.E., said that the Board 
of Trade had provisionally approved of Mr. Dawson’s 
system. It was a matter of the greatest import- 
ance. Audible signals had existed ever since 1840, 
when detonators were first used, the only difference 
being that in the new system the driver had the 
signal with him on the engine. Something was 
needed in substitution for fogmen. He knew of 
no single case of lapse of duty on the part of fog- 
men, but the danger in their employment lay in 
the fact that a fog came — and was thick before 
they could be called out. To get away from the 
danger of this period would be beneficial, and could 
only be done by some such audible signal system. 
The requirements of such a system were :—(1) That 
it must be always available ; (2) absolutely reliable; 
@) give a positive and negative indication (i.e., 
**line clear” and ‘‘line blocked ;” (4) be easily 
understood ; and (5) invariably placed at such a 
distance from the ‘‘stop” signal that the train could 
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be brought to rest at this signal. If automatic fog- 
signals were in constant use, it would avoid risk of 
their being out of order after the summer period, as 
was now possible; and he thought that if intro- 
duced, such a thing should be constantly employed. 
If reliable in time of fog, audible signals might he 
relied on at all times. e suggested obtaining the 
opinion of drivers on the subject, through their 
instruction classes and clubs. 

Mr. J. Barton considered that a visual signal 
was better than an audible one, as the driver had 
less chance of forgetting something seen than 
something only heard. So radical a change of 
system, too, was a serious matter. 

Mr. D. D. Coath said that although thoroughly 
practical as far as it went, Mr. Dawson’s system 
did not provide against the driver's failure, and 
running past the home signal at ‘‘ danger.” He had 
designed an apparatus whereby the brakes were 
applied if this was done. The use of a ramp was 
preferable to strikers. 

Mr. E. de M. G. Ferreira said that most inventions 
failed in not giving a danger signal in case of 
mechanical failure or breakage of the apparatus. 
This apparatus did this. It would not be difficult 
to do away with the batteries on the engine, if 
desirable. Such an apparatus as this would not 
only greatly reduce the cost of upkeep of distant 
ane but overcome all difficulties due to tem- 
perature, and changes in length of rods, wires, &c. 

Mr. J. Blackall said that on the Great Western 
Railway the only failure they had had with the 
system was the giving of a danger signal instead of 
‘line clear,” which was on the safe side, and this 
was what could only happen, the reverse not being 
possible. They had had no breakages at all. The 
fact that the ramp was fixed was a great advantage. 
Systems which included a moving ramp could not 
be relied upon. 

Mr. D. E. Marsh said that, after all, the chief 
factor was the human element involved. With 
audible signals drivers became careless, but it be- 
came quite an instinct for a man to be on the 
look out for his semaphore signals as he went 
along. The system — of by Mr. Ross was 
taken off the Great Northern Railway because the 
drivers did not think much of it, and he thought 
that instead of being an additional precaution, a 
duplicate system, or an audible system alone, would 
lead to carelessness. 

Mr. E. ©. Irving said that he would like to see 
the ramp abolished, which could be done by using 
an electrical rail circuit. 


Lieut Raitway Pottcy. 


The only remaining subject for discussion of this 
Section was brought forward by Mr. W. Barrington, 
and was ‘‘ Light Railway Policy,” his notes being 
published in full on page 867 of this issue. 

The discussion was opened by Mr. A. Pain, who 
confessed that he was disappointed that subsidised 
lines had not been more favourably considered in 
this country. He thought that with keen com- 
petition the big companies now gave people so 
much that they did not want light railways, which 
could at the best give them much less. Poor 
working results were due to the burden of exces- 
sive accommodation works, &c., and he thought 
that until there was some different method of 
acquiring land for light railways than that at 
present in vogue, there was little chance of their 
succeeding. He thougit that light railways might 
relieve the roads of a great deal of the modern 
heavy traction they carried. 

Mr. C. O. Burge stated that 40001. per mile 
seemed very high for construction, as in Australia 
they had built standard lines for as little as 
17501. per mile, and a 40001. line would be con- 
sidered a heavy line. But they had but little in 
the way of preliminary expenses, and no land to 

urchase. On the other hand, all materials had to 

imported, and sleepers hed to be brought some 
thousands of miles, while labour was: dear. 

Mr. R. Elliott-Cooper said that to really define 
what a —_ railway was was a matter of impossi- 
bility. The difference lay only in the process by 
which powers was obtained. Tt was the object of 
the Light Railways Act to simplify this, and he 
considered that the Commissioners appointed under 
the Act were a a very good week, Initiation 
expenses are much less than when powers had to be 
sought from Parliament. The procedure allowed 
of more latitude. Counsel were not really necessary, 
and were not alwaysemployed. This had led to abuse 
of the Act, and powers had been sought for lines 





which could not be called light railways, and which 
would eventually become connecting links between 
main lines. The Commissioners could not deal with a 
proposal of a competitive nature ; and if a big com- 
pany could prove that competition would arise from 
the construction of the light railway, they could 
adjudicate onit. Land-owners ought to be the first 
to help in such a scheme as the construction of a 
light railway, as they were the first to benefit there- 
from. The cost of junctions at each end of a light 
railway in England was excessive, and the large 
companies did not go as far as they might in this 
matter to meet the light railways. He thought 
the light railway policy in England could boast of 
(theoretically) four principal advantages: (1) re- 
duction of cost by virtue of the fact that the 
fencing-in of arable land was not compulsory ; 
(2) no costly stations, a gravel path being all that 
is called for; (3) great economies at level-cross- 
ings, no gates or houses being needed, and only 
cattle-guards to prevent cattle straying up the line; 
(4) very few signals were needed. In practice, the 
ublic insisted on far greater expenditure under items 
(2) and (3) than was demanded by the Commissioners. 
Lines were often taken over by the large companies 
after two or three years, and actually this formed a 
cheap and easy way of constructing what was often 
improved into a main line. 
ir Guilford L. Molesworth, K.C.I.E., remarked 
that the figures given by Mr. Barrington were no 
true gauge of costs. Cost should be given per ton 
per mile, and not per train-mile, which was no 
e when the traffic was of a small scale. Sir 
Gui ord Molesworth then gave several examples 
from Indian railways in —— of this point. He 
then proceeded to say that the dead load was 
dependent on the traflic rather than on the vehicles, 
and quoted the conclusions he had submitted some 
thirty-six years ago in a report presented to the 
Secretary of State for the Colonies on the working 
of the Festiniog Railway. These were to the effect 
that (1) the high interest claimed for that line 
would be turned into a deficit if the ordinary 
mineral rate were charged ; (2) that most of the 
traffic on that line was of slate, and the advantage 
would not hold in the case of bulky goods, such as 
coffee, cotton, &c., coffee requiring eight trucks 
to one for the same weight of slate, or thirty to 
forty trucks for cotton to one for an equal load of 
slate ; (3) that lines must be made to suit all 
traffic ; (4) that in passenger traffic the proportion 
of dead to live load was about the same for light as 
for standard railways ; and (5), finally, that narrow- 
gauge lines were not justified. Altogether there was 
so little gained, and so much lost—as, for example, 
in transhipment. 

Mr. J. Barton said that in Ireland light railways 
had been built almost entirely to 3-ft. gauge. They 
ran partly along the highways; but as speed on 
these portions was greatly restricted, this policy 
was being changed for one through fields. The 
Privy Council gave powers, where a large company 
did not oppose, in which case the matter 
has to be carried to Parliament. He considered 
that the limit has been reached at which com- 
mercially successful light railways could be built 
in that country, and stated that lately Parliament 
has granted large subsidies for construction. 

Mr. M. Noel Ridley remarked that he considered 
the Commissioners were far too hampered. For 
instance, they had no power in the matter of land 
purchase. In this matter the landowner got heavy 
compensation and also benefited by the construc- 
tion of the line. The Commissioners might also 
have power to make a big company give a light rail- 
way running powers over its lines, and also give a 
rebate on all through fares, as these companies 
benefited by the light lines acting as feeders. Also 
main lines should “ made to meet the light lines 
in such matters as construction at junctions. 

Mr. J. W. Jacomb-Hood remarked that the light 
railways had not only fallen into the hands of the 
large companies, but had been forced into their 
hands, often when the expense of working them 
was od greater than the large companies cared to 
stand. 

Mr. W. R. Galbraith, in closing the discussion, 
said that in many things light railways could 
effect savings, but in actual permanent-way a light 
rail was inadvisable, though main-line rails had 
been taken up and laid on light lines and given 
satisfaction. The saving effected by putting in a 
60-lb. rail instead of an 80-lb. rail was very slight. 

In replying, Mr. W. Barrington said that he 
thought some of the speakers had fallen into the 





error of considering a light railway to mean a 
narrow-gauge line. This was not so. The Act of 
Parliament of 1866 only placed limits on speed and 
on the weight per axle, and within this any gauge 
might be adopted. The question of break of gauge 
was, he thought, made too much of. The real 
trouble of successful working lay in the fact that 
the public expected in a remote village a service 
such as would only be provided for a large city. 





SECTION II.—HARBOURS, DOCKS, AND CANALS. 


On Thursday last, the 20th inst, the reading of 
papers before this. Section was resumed under the 
chairmanship of Sir William Matthews, K.C.M.G. 
There was a good attendance, and much interest 
was taken in the proceedings. 

The first paper read was on ‘‘ Dock Equipment, 
including the Relative Advantages of Electric and 
Hydraulic Appliances,” by Mr. W. W. Squire. 
This paper we publish on page 868 of our present 
issue. 

Mr. E. B. Ellington opened the discussion, and 
remarked that it was quite impossible to deal with 
all the — brought forward for discussion, and 
he would therefore confine himself to matters of 
principle. He agreed with the author of the paper 
that in certain cases electrical appliances were 
better than hydraulic, and it was often a difficult 
problem to decide which were to be preferred. He 
thought that sufficient weight had not been given to 
one or two points, one of these being, what was to be 
the maximum demand of the installation, for the 
cost of running a central station depends very much 
onits size. A very important point also to take into 
consideration was the effect of the varying load. 
The general result of his experience showed that 
the efficiency of electrical machinery was not so 
good as that of hydraulic machinery at full load. 
It would be found that for equal power hydraulic 
plant required less plant than electrical, and that a 
higher load-factor was required for the latter. A 
low load-factor did not reduce the efficiency so 
much in hydraulic machinery as in electrical, 
and there was consequently, taken all round, a saving 
of coal with the latter system. It must, of course, 
not be lost sight of that with electric power this 
could be used for lighting, and that dock lighting 
was largely effected by arc-lamps. This was to the 
advantage of the electric systems, and helped their 
efficiency ; but the subject was a very complicated 
one. He considered that hydraulic installations 
were not always carried out in the best and most 
economical manner, and that therefore they were 
not employed to the greatest advantage as com- 

ed with electrical. One of the lines on which 
improvements might be made was with regard to 
accumulators. In America, where the advantages 
of the high-pressure hydraulic systems are only just 
being appreciated, and where lifts are probably 
made much more use of than in this country, the 
method has been adopted of placing an accumulator 
at each lift. In the States much lower pressures 
had been adopted heretofore than in this country, 
and there was no doubt that the cost of working 
can be much decreased by the adoption of higher 
pressures. In his own practice he was working in 
this direction, and in London he had adopted two 
pressures ; and he had a compound arrangement of 
these, which he had found reduced costs. It was, 
however, not easy to lay down a fixed principle. 

Mr. A. G. Lyster referred to the different appli- 
ances employed for handling goods at docks, and 
said that there was one to which the author of the 
paper had not alluded, but which he had found 
very useful. This was the floating crane, which, on 
the Mersey, had done very good work, for it enabled 
large ocean steamers to be discharged while lying 
in the river, and often effected a great economy in 
time, for it was frequently easier to bring the ship- 
crane to the ship than the ship to the quay. There 
were a large number of floating cranes at Liverpool 
which would lift from 25 tons to 100 tons. One point 
which appeared to him to be of much importance, 
but which had not, he thought, received sufficient 
attention, was the custom of putting railway tracks 
between the quay side and the sheds alongside. 
The space taken up by these was, in his opinion, 

ractically wasted ground, and it would be much 

tter to build the sheds close up to the quay, and 
in that way save space that might be very valuable. 
Goods have generally to be put into sheds before 
loading up, and may therefore be placed there 
at once. Of course, when entire cargoes are un- 
loaded, it may be an advantage to have the rails 
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alongside, but for general mixed cargoes it was not 
so. Apart from the — of lighting, hydraulic 

lant could perform all the operations that could be 
carried out by electricity, and it required very few 
repairs and little attention. It was, however, 
really economical in many cases to combine the two 
systems ; but there were instances in which if the 
amount of the machinery was much increased b 
combination, it might spoil the economy of bo’ 
systems. hae 

As incandescent gas lighting was now much more 
economical arc-lamps, the argument in favour 
of having electric plant both for general purposes 
and for lighting lost a good deal of weight, and hy- 
draulic machinery offered greater economy. Again, 

-engines were now rey economical, and were, 
therefore, better suited for pumping operations 
than electric motors, particularly for pumping out 
graving docks. He had gone into this matter very 
carefully, and thought there was much to be said in 
favour of hydraulic plant. 

Dr. Corthell, the next speaker, claimed no special 
knowledge in hydraulic or electric machinery as 
employed at docks, but he appeared, nevertheless, 
to ss much valuable aa with regard 
to the adaptability of both. He said that though it 
might not be easy always to say which was the 
better system to employ, it would be very wise, if 
we really wished to find out the general tendency 
of opinion in either direction, to consider what had 
been done during the last 15 years. In 1891 
he came to Europe from the United States, and 
found that there was then hardly an electric plant 
in operation at any dock. He had had a good deal 
to do with some of the South American ports, and 
it might be interesting to know what was going on 
there. He spoke particularly of Argentina, In 
1901 he was appointed consulting engineer to that 
Government. He then sent two assistants to Europe 
to enquire into and report on the best systems to 
adopt when laying out the machinery and plant for 
manipulating goods at docks. That investigation 
occupied six months, which resulted in a very 
complete report, which strongly advised the adop- 
tion of electric machinery for the port of Rosario. 
The total expenditure on this dock was from 2 to 
2} millions sterling, and everything had been done 
electrically. He had also carried out work in 
Brazil, and in the port of Rio Grande do Sul, in 
that country, which had been equipped under his 
supervision, all the machinery was electrically 
driven. In his opinion, electric power for general 
purposes seemed more suitable than hydraulic, and 
where steam and hydraulic power were in use, they 
were gradually giving wr to electricity. At Rio 
Grande do Sul a coal depét, at which 100 tons per 
hour were handled, had been erected, and this was 
worked electrically. In the machine - shops also 
electric driving was taking the place of other 
methods, With regard to the lighting of a port, 
this was, of course, only necessary at night, and 
therefore the power that operates the cranes, &c., 
during the day can be used for lighting at night. 

Mr. Walter Pitt called attention to what he 
claimed was the undoubted advance made by elec- 
tricity in connection with dock machinery in recent 
years, this advance, no doubt, being due to its 
flexibility. They would probably all agree that a 
good hydraulic crane, when working at full load, 
was a good and efficient machine; but when it 
came to variable loads the case was not so good, 
and it was on this account that electricity had been 
found to be more satisfactory for general purposes. 
There was, however, a field for both systems. He 
thought that, in a new port, dock engineers would do 
well to put in an electric station and drive every- 
thing from it. 

Mr. W. H. Hunter took exception to the state- 
ment made by the author of the paper about the 
space between the edge of the quay and the sheds 
being practically wasted ground, and said that at 
the Ae er vn docks he had found that, when 
railway lines were placed on this space, he had 
been able to send off direct 27 per cent. of the 
traffic without having to send it through the sheds, 
which was, of course, a t economy. He em- 
ployed both hydraulic and electric power, and had 
found them about equal in efficiency. Nearly 70 
cranes driven by each power were at work. A 
large grain-elevator was included in the system, 
for which it was decided to use electricity. He, 
too, had found electric much more flexible than 
hydraulic power. For such operations as opening 
and closing dock-gates there was no doubt that 
hydraulic power was the one to employ, for in this 





case the load was a constant one, and, therefore, 
economical. For such things also as capstans, 
which were very much exposed to damp and dirt, 
no engineer would hesitate as to which system to 
employ, but would unhesitatingly adopt hydraulic. 
Where electric capstans had been tried, the trouble 
with them had been almost ceaseless. With 

to maintenance, he had found that the electric 
cranes cost less than the hydraulic, but the first 
cost was more ; there was, therefore, something like 
equality between them. 

Mr. C. A. Brereton with Mr. Hunter 
that for heavy work, such as moving dock-gates, 
hydraulic power was superior to electric, not only 
on account of efficiency, but it was less liable to 
failure, which in such work might prove disastrous. 
For light work he had no doubt electric power 
was preferable. One very important factor, there- 
fore, in enabling a correct decision to be arrived at, 
was the nature of the goods to be handled. At 
Cardiff they were able to generate their hydraulic 
power at a very low rate, and it was largely em- 
ployed. All questions of this kind must, how- 
ever, be considered on their merits, but for rough 
heavy work there was nothing better than hydraulic 

wer. 

Mr. S. Humphrey thought there was not much 
left for him to say. For such work as shipping 
coal, where the load was very constant, hydraulic 
power was admirable, and the maintenance costs 
were very low. When over in the States, three 

ears ago, he. was surprised to find that at the Great 
cies the appliances were mostly hydraulic, all the 
heavy work being done by this power. He thought 
floating cranes very beautiful appliances where 
they could be afforded, but Liverpool and London 
were the only two ports in the country that 
such cranes, and could make use of them. He 
agreed with Mr. Ellington about the great conveni- 
ence of accumulators as a means of storing power, 
and so enabling smaller pumping-engines to be used 
than would otherwise be the case; but they must 
not forget that electric plant was capable of being 
run with a considerable overload, which, to a certain 
extent, took the place of an accumulator. In 
applying electricity it was often a difficult point to 
decide whether to use a large number of small 
motors, or one or two large ones and hydraulic 
transmission. 

Mr. C. 8. Meik said that with regard to the s 
between the quay and the adjoining sheds, to which 
attention been called, in London and Liverpool 
the rails in front of the sheds were no doubt very 
little used, but this was not so in every case. He 
gave some figures as to the cost of hydraulic 
and electric power in Glasgow and Middlesbrough. 

Mr. G. H. Abernethy agreed with the previous 
speaker that for dock-gates and similar heavy work 
hydraulic power was much preferable to electric, 
but for lighter work the opposite was the case. 

Mr. W. Stoker thought that too much enthu- 
siasm had been expressed with regard to hydraulic 
accumulators, for they were not always so efficient 
as was supposed. He was sorry to learn from 
Mr. Hunter that his experience with electric 
capstans had been so unsatisfactory. He thought 
that Mr. Hunter must have come under the ban 
of the lowest tender. 

Mr. C. E. Vernon said that the hydraulic accu- 
mulator was no doubt very useful in its way, but at 
a distance of, say, three-quarters of a mile from the 
engine-room it was rather a snare, and he had 
himself seen accumulators which were supposed to 
be working, hard down on the blocks. 

Mr. T. 5 . Robson strongly advocated the use of 
suction-gas engines for generating hydraulic power, 
and said that the future would probably see great 
advances made in this direction, which would con- 
siderably cheapen the cost of hydraulic power. He 
said that the cost of pumping by such means was as 
low as 3d. per 1000 gallons, but the pressure was, 
we believe, not stated. 

Mr. C. Colson, C.B., called attention to one fea- 
ture of hydraulic systems which might prove trouble- 
some at times, and that was the liability of water 
to freeze. He had used compressed air and had 
found it very ey but he believed it was 
not very.successful in hot climates. In electric 
installations the great want was a good accumulator. 

With reference to Mr. Colson’s remarks about 
frost, Mr. Humphreys, at this point in the dis- 
cussion, again rose to speak, and said that in this 
country no trouble would be found if care were taken 
to bury the mains 2 ft. below the surface of the 
ground. For small installations, which were much 





exposed, he had mixed glycerine with water, and had 
found the results quite satisfactory. In very cold 
countries, such as Bendies the hydraulic plant was, 
he believed, shut down during the winter. Oa this 
same point Mr. Austen also made some remarks 
to the effect that Mr. Squire’s practice at Bristol 
was to place rows of gas-jets round the glands 
and other working —_ and these were lighted 
in frosty weather. . Lyster said that in Liver- 
on the pipes were laid at a minimum depth of 

ft., and when above ground were . There 
had been trouble from freezing of glands, but it 
was rare. 

Mr. Ellington remarked that he had never had a 
Pipe frozen in 150 miles of mains. 

he author then replied, and the Chairman re- 

marked that it was pretty evident from the line 
the discussion had taken that both systems of work- 
ing were admissible in certain cases, to be decided 
according to circumstances. 


Drepoina OPERATIONS. 


Papers on ‘‘ Dredging the Sea-Channels of the 
Mersey,” by Mr. A. G. Lyster; ‘‘ Rock-Dredging, 


with Particular Reference to the Present k- 
Removal Operations at Blyth,” by Mr. J. Watt 
Sandeman; and ‘‘ Dredging Rock in the Suez 


Canal,” by Mr. E. Quellennec, were next read and 
discussed together. These papers will be found 
— on pages 868 and 869 of the present issue. 

. Vernon Harcourt opened the discussion, and 
remarked that, regarding the work that had been 
described in the first of these papers, the dredging at 
the Mersey Bar had been successful ; but he was 
surprised to learn that in the time occupied the 
depth was only increased 1 ft. He thought that 
there could be little doubt that the dredging had 
silted up to a certain extent. There was great 
difficulty in making the ebb and flood follow the 
same course in a winding channel. It was a very 
important matter to prevent the erosion of the 
concave side on Fe gpa s Bank.* mR 

Referring to the pxper on ‘‘ Rock-Dredging in 
the Suez “Canal,” the pat tt remarked that the 
use of rock-breakers had proved a great success, 

Mr. Wheeler meine ob what previously been 
said about the importance of being careful as to 
the places at which sand-dredging was done, 
otherwise the work might rather tend to per- . 
petuate certain evils. 

Mr. Hunter made some remarks on the work 
that had been carried out at the mouth of the 
Mersey. He remarked that although there were 
diverse opinions with regard to the operations 
effected by Mr. Lyster, he thought that that gen- 
tleman and those associated with him, from their 
long study of the whole question on the spot, 
were, no doubt, likely to right in what they 
have done. He thought, however, that they could 
have done more if they had paid attention to the 
training of the bar in the first place. With regard to 
the cost of dredging in the Manchester Ship Canal, 
it was not omy fs! compare this with dredging in 
other places, use it was materially increased 
¥ the operation being hindered by the passage of 
ships ; but if the time lost by the passage of vessels 
were a ragponee a = ag —— out at about 10d. 

r cubic yard. it to the operations 
ee out at the Mersey bar, he aaa to 

rophesy that the 2} miles of revetment there must 
« regarded as an instalment only. He had fears as 
to the efficiency of the work carried out, but he 
hoped that the result would prove more satisfactory 
than some engineers expected would be the case. 
He was not in a position to congratulate Mr. 
Sandeman on the work carried out at Blyth, for he 
believed the work there was costing too much for 
the removal of rock. He considered, however, that 
the operations at Blyth Harbour were similar 
to those on the Suez Canal; but the loss due 
to the passage of vessels in the latter case, 
of course, complicated the question. He thought 
that some figures ing the cost of work 
on the Manchester Canal might be interesting. 
In the month of April dredging for the purpose 
of deepening the canal (the normal depth of 
which was 26 ft.) to 28 ft. had been going on ; 
they met with a material on part of the canal 
which was worse to deal with than rock. This 
material was tough, hard marl. In April 17,400 
cubic yards were dredged, 17,060 cubic yards of 


*In connection with this discussion we may refer to 
our recent articles on this subject, which appeared on 
333 and 603 ante. A chart of the mouth of the 
Mersey will be found on page 333, 
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which were in rock, and cost 5.39d. per cubic 
yard. This cost included considerable sums for 
maintenance, but nothing for the cost of the rock- 
cutter. Including barging and tipping, as well as 
towing 8 or 9 miles, the total cost was 20.29d. 
per cubic yard for all operations. Up to the pre- 
sent time about 300, cubic yards of rock fad 
been dredged. The rock was measured in section. 
He thought that they were by no means at the 
end of the power of the Lobnitz system of cutting 
and dredging rock. With rams of 13 tons weight 
2 to 24 feetdepth of rock could be broken anddredged 
at 10d. per cubic yard ; but if rams weighing 40 to 50 
tons were used, the excavation might much 
cheapened. He foresaw that the price would be 
brought very low, and the hardest granite broken up. 

Mr. Lobnitz, who was the next speaker, said 
that the cost of the work was mostly affected by 
local conditions. As to the power required, it 
worked out to somewhere about 1 horse-power per 
hour per ton broken and lifted. 

Mr. Colson said he had been much impressed 
the work done by rock-cutters in the Suez Canal. 
There were three cutters of 8 tons each erected on 
barges, and sometimes pieces were broken off too 
large to be removed by a 10-ton grab. The most 
satisfactory conditions under which the cutting- 
machine could work were where the rock was bedded : 
but for the removal of very large masses of rock he 
considered explosives necessary. 

Mr. J. Barron made some remarks about the 
erosion of Taylor’s Bank at the mouth of the 
Mersey. Mr. J. N. Schoolbred referred to the 
chart of the mouth of the Mersey, and said that he 
had been employed by the British Association to 
examine the chart. Since 1876 there had been 
considerable movements in the sand-banks, &c. 
He thought that the —— made by the author 
of the paper were in the right direction. It was in 
1835 that use was first made of the natural forces 
of the tides to keep the channel clear. 

Mr. Douglass referred to a report on the work 
done on the Hooghly River by sand-dredging, in 
which the dredger Sandpiper had dredged 5000 
tons per hour, drawing the water and sand in at 
her side, and discharging it at the stern. The 
particulars of the rate at which the work was done 
were given in a table which was exhibited. During 
January no dredging was done, and none during 
February. In April the dredger was at work for 
twenty-three days. Mr. Baterden asked what the 
depth of water was on the dumping ground at the 
mouth of the Mersey, but the author was not under- 
stood to give any very clear reply to this. He did 
not agree that rock-dredging cost only the same as 
ordinary dredging ; it was cmidentih more. 

Mr. Sandeman said that he thought the move- 
ment of the sandbanks at the mouth of the Mersey 
was due quite as much to the beating of the waves 
as to the action of currents. He thought Mr. 
Lyster was quite right in trying to confine the 
channel by training it along Taylor’s Bank. 

Mr. Hunter, in reply, gave some more figures 
as to the cost of dredging in the Manchester Ship 
Canal, and Mr. Lyster said that all through his 
work on the Mersey Bar he, too, had tried to assist 
Nature. In sand- ging he had found that the 
percentage of sand to water was about 25, but it 
was very important that the percentage should not 
be made too high, or choking of the ponte would 
be the result. He had found that the erosion of 
Taylor’s Bank and Askew Spit very nearly balanced 
calculations made fifteen years ago. 

The Chairman having briefly spoken, the usual 
votes of thanks were passed, and the meeting 
terminated. 


SECTION III.—MACHINERY. 


Thursday’s meeting of the Machinery Section was 
again held in the Surveyors’ Institution, the chair 
being taken by Professor W. Cawthorne Unwin, 
F.R.S., at 10 a.m. 


Tur Desian or Macutine-Toots AND PRECISION 
GRINDING. 

The papers down for discussion in the first in- 
stance were one on ‘‘ Machine- Tool Design as 
Affected by the Use of High-Speed-Steel Cutting 
Tools,” contributed by Professor J. T. Nicolson, 
and one by Mr. H. Darbishire on ‘‘ Precision Grind- 
ing.” e reprint these on page 870 of the 
present issue. The two papers were discussed to- 
gether, Mr. T. Hurry Riches being the first speaker 
called on by the President. He commenced by say- 





ing that he had had considerable experience with 
high-speed steel, and had tried pretty nearly every 
variety yet brought out.’ Some, he said, had been 
extremely good, whilst’ other makes had proved 
very poor. He cordially agreed with Dr. Nicolson 
on the advantage of doing away with the cone 

ulley, and getting the changes of speed required 
S step- Even with the best cut gears, how- 
ever, he found it a great advantage to finish the 
work by grinding. Ina works two distinct classes 
of grinding were in common use—viz., the rough 
grinding of smiths’ work, by which much ma- 
chining could be entirely avoided, and next high- 
speed precision grinding, which was by far the 
more important. Considerable advantage had been 
derived from the introduction of this, as com- 
ponents thus finished greater accuracy 
and were better. His practice was to grind not 
ouly sliding parts, but also rotating ones. He had 
even finished axles in this way in cases where very 
efficient running was desired. The process pos- 
sessed further the advantage that steel could be 
hardened, and still brought by grinding up to the 
surface desired. 

Colonel R. E. Crompton was the next speaker, 
and said that his firm was very closely interested 
in the matter of precision grinding, and he wished 
to put forward some reasons which went to explain 
why the process was not more widely adopted. 
His firm, he might say, had found the greatest 
difficulty in getting wheels of uniform quality, and 
this difficulty made it impossible to introduce the 
labour-saving devices common in other tools doing 
repetition work. With every new batch of' wheels 
alterations had to be made in the feed and cut, 
and everything else. A few months ago he would 
have laughed at the suggestion of trouble under 
this head, as no business was pushed so vigorously 
as the supply of grinding-wheels, and the salesmen 
and travellers made most sweeping claims as to the 
uniformity and quality of the goods they repre- 
sented. It was thus natural to think that there 
would in practice be no difficulty in duplicating the 
publish rformances of the wheels, which were 
cadeutially obtainable when the wheel exactly 
suited the conditions for which it was used. The 
difficulty referred to increased with the degree of 
precision required. With fine-grade wheels the 
space between the grains, which, as Mr. Darbishire 
remarked, corresponded to the pitch of the 
teeth of a milling cutter, soon filled up with 
particles, and this glazing led to overheating of 
the work. It was, therefore, necessary to use 
natural stones, cut to form, for the highest 
= of precision grinding, and these were fright- 

ully expensive, the cost of one 4 in. in diameter by 

2 in. to 2} in. long, with a cutting face } in. wide, 
ranging from 21. up to 51. So far as he knew, all 
grinding of extreme precision was done with these 
natural stones. He had, however, he proceeded, 
tried some of the artificial stones now being made 
at Niagara, and with the few specimens tested had 
got most excellent results. Yet so far he had, as 
stated, mainly used natural stones on the class of 
work in question, which included high-speed jour- 
nals and ball-races. Coming to another point, 
difficulties often arose in the matter of grinding 
hardened material without drawing the temper. 
In small work particularly there was always a 
tendency to grind dry if possible, as it was diffi- 
cult to watch the work under a microscope if 
covered by a film of water. With some wheels 
dry grinding could be done without drawing 
the temper, but if the next batch tried were 
run in’ the same way, overheating would result 
and the surface be spoilt. Brains had therefore to 
be supplied in the matter of grinding, as in others. 
Provision was required, — not always made, 
for the expansion of the work being ground, a spring 
centre being commonly used. The absolute neces- 
sity of this was, however, he thought, insufficiently 
recognised, as it was remarkable how quickly a 
whip could be set up in work ground on solid 
centres, leading to lack of truth at mid-length of the 
work. The unwisdom of attempting to do accurate 
grinding in the lathe by a wheel mounted on and 
carried by the slide-rest should be pointed out. 
Such devices generally gave polygonal, and not 
round, work, so that the bulk of work ground on 
lathes required subsequent lapping. 

The discussion: was. continued by Mr. I. H. R. 
Whinfield, of Messrs. Armstrong, Whitworth, and 
Co., who ex a general agreement with 
Professor Nicolson’s claim that it was often cheaper 
to turn than forge close to size. Nevertheless, 





there was a demand for somewhat close forging, 
and hence he thought that the rule given in the 
paper for the relation between the roughing cut and 
the height of lathe centres required modification 
in very large lathes. For a 60-in. lathe the standard 
cut, according to the rule given, would be 1} in. 
deep by # in. feed; but heavy forgings were not 
left 14 in. over size. Again, in lathes 18 in. and 
over, more than one tool was commonly in use, and 
hence plenty of power should be provided. His 
firm had, in one case, found 50 horse-power to be 
taken on a 20-in. lathe, and 19. horse-power on 
a lathe of 18-in. centres. Indeed, an 18-in. lathe 
had taken 60 horse-power with two tools at work, 
each making a cut 1$in. by }in. Coming next to 
the question of spindle speeds, he thought those 
suggested by Mr. Nicolson too low, corresponding 
to 18 ft."per minute at the full diameter of a 
60-in. lathe. In the years before the advent of 
high-speed steels his firm designed their lathes 
to give a speed of 10 ft. per minute on the maximum 
diameter, which allowed hard steel to be cut. With 
the high-speed steels, however, he thought that the 
standard s on the maximum diameter might be 
35 ft. or 40 ft. per minute. His firm did not advise 
the use of a belt-drive if more than 10 horse-power 
had to be transmitted. Fifty-five years ago, 
indeed, they had built lathes without a cone pulley, 
and got the changes of speed by gearing. The belt 
speed was then about 1800 ft. to 2000 ft. per minute, 
whilst now 3000 ft. per minute was their standard. 
In general, they proportioned their speeds with 
reference to boring rather than drilling, and in a 
lathe swinging as much as 20 ft. they could obtain 
a boring s of 25 in. per minute at 6 in. diameter. 
Wheel lathes, of course, formed a special category 
by themselves, a slow speed being required for 
turning the hard tyres. For a lathe taking over 
10 horse-power, it was best to drive by means of a 
variable-s motor and gearing, without the use 
of belting. As to the question of spindle diameter, 
he believed in making this as large as possible, so 
as to avoid bending under the weight of the face- 
plate, and the work clamped to the latter. As for 
the suggested circular bed, he would be glad to see 
how the type would work out in the case of, say, a 
48-in. lathe having a loose head-stock, and how the 
necessary stays to hold the work would be fixed. 
He thought the use of set-over head-stocks for 
taper turning bad practice. In general, he might 
add, feed motions were now always interlocked 
and the rests made very substantial. With respect 
to Mr. Darbishire’s paper on ‘‘ Precision Grinding,” 
he was interested in this mainly as a process for 
finishing gauges, accuracy being the main object 
required, and had not had much experience with 
the process on soft stuff, though he had seen it tried 
experimentally on the finishing up of work from the 
black bar ; but the time required was great, which was 
attributed to the fact that the wheel had to be set 
for the highest points of the rough bar, and thus 
in the earlier traverses it was idle. Though he had 
not found difficulty in getting uniform stones, he 
agreed with Colonel Crompton that uniformity was 
a most important matter, and if absent, awkward 
complications ensued. As to the question of pre- 
cision, the bars he had referred to were about 1 in. 
in diameter by 18 in. long; but on test, after grind- 
ing, they did not prove true, the diameter being 


woe in, out, and this limit was insufficient for the 
—— to which the bars were to be applied. 

» Mr. H: T. Donaldson spoke next, pointing out 
that whilst’ the necessity of strengthening and 
stiffening the lathe to fit it to use high-speed steel 
had been recognised, there were other tools equally 
in want of increased rigidity. Even for relatively 
light work more rigidity would prove advantageous. 
The drilling-machine, in particular, required more 
attention in this regard. None of the speakers in 
connection with precision grinding had referred to 
the absolute necessity of rigidity in the bed of the 
machine, if accuracy were to be obtained. Even in 
light grinding greater pressure would be allowable 
with every increase in the weight of the bed, which 
should be much heavier than in any other class of 
machine. As to the spring centre, for which 
Colonel Crompton claimed advantages, he did not 
think it necessary if the bed of the machine was 
sufficiently rigid. In grinding flat surfaces the 
magnetic clutch was particularly useful, and with 
its aid even pieces of irregular form at the back 
could be ground flat in front, as well as if held in a 


specially made jig. 
Par, W. Jafivey, of Messrs. Lang and Sons, of 
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Johnstone, followed, saying that he thought the 
new line of lathes designed by his firm for use with 
high-speed steel came pretty near the ideal de- 
scribed in Professor Nicolson’s paper. They had 
been, in fact, redesigned from top to bottom. 
Though double gearing was still used by the firm, 
they also supplied treble-geared lathes of 11-in., 
13-in., and 16-in. centres, specially intended for 
roughing work. The 11-in. lathe had a 16-horse- 
power motor, and the 16-in. lathe one of 36 
horse-power. The ratios of the gears for the 11-in. 
pattern were as follows :—Single gear, 5 to 1 ; treble 
gear, 13 to 1; and for the 16-in. lathe 6 to 1 and 
19 to 1 respectively. These lathes were well 
adapted for cutting large worms and screws of 6-in. 
pitch or more. The belt cone-shaft was mounted 
on independent bearings, and drove the face- 
plate by gearing, the torque not passing 
through the main spindle. In belt-driving they 
used large cones, ‘the smallest step on that 
for the ll-in. lathe being 25 in. in diameter. 
The belt speed was 1800 ft. to 2000 ft. per minute. 
By means of the single and treble gearing sixteen 
changes of speed were provided. For twenty-five 
years past Messrs. Lang had cut all the gears used 
in their machine-tools. He agreed with Mr. Whin- 
field on the necessity of large diameter spindles. 
That for the 1l-in. lathe was 5 in. in diameter, 
and the bearing was also 5in. long. In getting 
out patterns for these lathes they had experimented 
a good deal in order to find that best fitted to take 
the heavy thrusts due to the use of high-speed 
steel. The back head stock was of a compound 
type, consisting of two parts, one of which could 
be solidly bolted to the bed, whilst the other had 
a cross-slide movement for taper turning. The bed 
had a double shear in front, on which the loose 
head rested. Cross twist was avoided by using guides 
ten times as long as the width, so that all thrust was 
transmitted direct to the shears, and the saddles were 
thus more easily moved than in the old pattern. 
The spindle of the loose headstock was carried 
back 6 in. through the hand-wheel, and was thus 
well supported in all positions, Four changes of 
feed were provided in the gear-box, and the surfacing 
and sliding feeds were interlocked, and, moreover, 
the screw and side shaft could not both rotate at 
the same time. By means of the gear-box the 
number of change-wheels needed had been greatly 
reduced, eleven being sufficient for all require- 
ments, 

The next speaker, Mr. D. Carnegie, said that 
he thought it was the Americans who had taught 
us the value of the single-pulley drive, and of 
transmitting no torque through the main spindle 





of the lathe. He quite agreed that the parallel 
bearing running in a solid bush with provision for 
adjustment was the best plan, and that the old 
cone-bearing should be relegated to the scrap-heap. 
Referring to the remarks of Colonel Crompton, he 
had, he said, experienced the same difficulty in 
getting grinding-wheels of uniform quality. An 
ordinary hard wheel would simply polish, and not 
grind manganese steel ; whilst a natural grindstone 
of a soft nature would cut it well. Hard bond- 
wheels should, in fact, be avoided ; and no emery 
wheel could beat the grindstone in cutting hard 
material ; though, of course, the emery wheel must 
be used for fine grinding. 

The discussion was continued by Mr. A. H. Hall, 
who said he was glad to see attention called to the 
frequent use of too hard wheels. One great diffi- 
culty was that people would try and use one and 
the same wheel ie all purposes and on all 
materials, though a very small variation in 
the stuff to be ground often required a great 
change in the nature of the wheel. "cots started 
with the idea that because the hard wheel lasted 
longer it was more economical to use it. A 
soft wheel would, on certain work, wear down 
<0po in. more than a hard one in a quarter of an 
hour, but the better work obtainable made the 
extra cost a very inconsiderable item. In ‘taking 
down ” cast-iron rolls he had found it more econo- 
mical to do the whole work by grinding, and not 
turn at all. As to the use of the magnetic clutch 
in surface grinding, this necessitated the work 
being done dry, and then a softer wheel was needed 
than if it were ground wet. He fully agreed on 
the great advantage of a heavy bed for a grinding- 
machine, the cut in heavy grinding being only 
limited by the weight of the bed. He had recently 
experimented on trimming gun-metal castings down 
to a uniform size, solely by grinding, in place of 
by turning. To this end a number were strung on 
a spindle and ground altogether, and with the 
right wheel it appeared that the method might 
oe cheaper than turning them down to size. 

e had also used the emery wheel for taking the 
scale off copper castings, but it was difficult to 
select the Tight wheel for this work. Many makers 
professed that their standards and grades were the 
same as those of other firms, but actually it was 
found that this was not the case, wheels of 
nominally similar character proving quite different. 

Mr. D. H. Bartlett, who followed, remarked that 
there was a close connection between the two 
papers, since such heavy roughing cuts were ob- 
tainable with high-speed steel that subsequent 
grinding was far superior to any other method of 





finishing the work. Inselecting the best wheel for 
a particular job, his practice was to tell the makers 
precisely what the wheel was required to do, and 
they then sent him the best they could, and by 
making in this way trials of several makes, a suit- 
able one could soon be found. There was some 
danger with heavy roughing cuts of leaving so little 
stock for the grinder that the work would not clean 
up. Fifteen-thousandths of an inch was well enough 
in an ordinary way, but with high-speed steel, making 
coarse cuts, more might be necessary. The best 
results were obtained by the use of limit-gauges, 
both for the roughing cut and the grinder. ith 
the latter the work should first be roughed down 
nearly to size and then finished, thus avoiding 
errors due to the wear of the wheel. For surface 
grinding he believed in a copious supply of water, 
though many machines were not fitted for this. It 
was, however, quite possible to use water even 
when the work was held by the magnetic chuck. 
In internal grinding it was also best to use water, 
and thus avoid heating the work. He should be 
glad to know from Mr. Darbishire to what extent 
railway-car wheels were being ground up. With 
reference to high-speed steel, he had noted that 
some lathes were very noisy, and he thought finer 

itches and wider teeth should be used. He had 

ad no experience with solid bearings fitted with 
forced lubrication, as suggested by Professor Nicol- 
son, but feared that the oil would squeeze out under 
a heavy cut. 

Professor Dalby, the next speaker, said that he 
had visited the works of the Brown and S 
Company, in America, where all work was finished 
by grinding. One very large shop was completely 
packed with grinding machinery. The Wilcox and 
Gibbs sewing-machine was made here, and it was a 
liberal education to see how each part was finished 
by the grinding-machines. 

Mr. W. I. Last said he wished to draw attention 
to a simple method of applying the water to a grind- 
stone where the water was contained in a tank 
below the wheel. He simply floated a 4-in. hollow 
rubber ball on the water, which, being rotated by 
the friction of the grindstone, flung up over the 
wheel clear and clean water, free from mud. 

In reply, Professor J. T. Nicolson expressed 
himself pleased with the valuable information 
afforded on a number of points by different 
speakers. In the past, Mr. Dempster and him- 
self had found the greatest difficulty in getting any 
definite information from manufacturers as to their 
standard practice, which appeared to depend upon 
the supposed wants of customers, rather than on 
definite and rational rules, This he thought could 
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not be a very economical state of affairs, and that 
standard designs should be based on rational con- 
siderations. “Mr. Whinfield’s remarks showed this 
same lack of definiteness. He first complained that 
the standard cut proposed was too large, and next 
that the power provided was too small, and was 
thus not exactly consistent in his views. The cut 
— in his paper was based on experience. 

n large lathes it was actually less in practice, but as 
there was always then more than one tool at work 
on the roughing cut, it came to the same thing 
in the matter of power required, and strains in the 
structure and gears. The 18-in. lathe, taking 60 
horse-power, mentioned by Mr. Whinfield, was an 
exceptional example, being presumably the tool 
exhibited at the Liége Exhibition. As for the 
standard speed suggested in the paper, he agreed 
that if two tools were used on a lesser cut, there 
was not the same necessity for so slow a speed ; 
but it was, nevertheless, best to have it available 
atneed. Of course, the smaller the range of spindle 
speeds the less costly the machine to build, 
and it was to the interest of makers, therefore, 
not to supply this slow speed if their customers 
did not know enough to require it. As to the 
question of spindle strength, he had carefully 
gone into the matter, and found that the old 
rule of making the diameter equal to one-third 
the centre height gave ample strength in all 
cases. Some makers, however, now made it one- 
half the height of centres, the sole advantage of 
which was in providing a talking point for their 
travellers. As to the circular beds, some makers 
were now approximating to this by using frames of 
closed section. He vould not see any difficulty in 
designing a bed of circular section fora 48-in. lathe, 
as suggested by Mr. Whinfield, and it would bea 
much better job than the existing pattern, which 
was equivalent to a lot of planks laid side by side, 
and secured to a large mass of concrete below. It 
was the presence of the latter which was respon- 
sible for most of the rigidity actually obtained. He 
thought it would be far better to have this rigidity 
inherent in the bed itself by making it of circular 
section, which in large lathes would, of course, be 
half below the ground-level. Anyone who tried 
the experiment, as he had done, of applying a twist 
to the back-end of a bed of the usual type would find 
that, even in heavy lathes, the rigidity was not 
greater than that of a3-in. shaft of the same length. 
It would then be seen how ludicrous it was to place 
dependence on rolled-girder sections, cross-con- 
nected by small bars at intervals. The latter, 
indeed, provided most of the rigidity observed. 
The Lang design referred to by Mr. Jaffrey, and 
for which so much was claimed, was the direct out- 
come of the bad design of the ordinary bed. It 
was quite easy to spring the shears of the latter to- 
gether. Cross-winding, however, depended on the 
fit of the saddle; and if the set bolts could be 
tightened up properly, there would be no cross- 
winding, even with short guides. This could not 
be done, however, with shears liable to spring. 
With a bed of circular or other closed section, how- 
ever, with the metal extending right across below 
the saddle, this took up the tendency of the shears 
to spring together, and he was contident that 
ultimately a section of this type must prevail over 
the existing pattern. 

At the conclusion of Professor Nicolson’s remarks 
Captain H. Riall Sankey asked to bring forward an 
illustration in support of the speaker’s views. He 
suggested that members should try the rigidity of an 
ordinary gear-box, both with the lid on and with the 
lid off, and they would be surprised at the difference. 

Mr. H. Darbishire, in his reply to the discus- 
sion, remarked that the latter had turned largely 
on the difficulty of duplicating wheels. He fancied 
this must be greatly due to changing makers, in 
which case one’s education in grinding matters had 
to be commenced all over again. For fifteen years 
past he had stuck to one lin of wheels and had 
very rarely had any difficulty, In truing up 
wheels the latter should be brought to form first 
by the ag rag emery dresser, and the diamond 
used only for finishing them. The spring centre 
referred to by Colonel Crompton was certainly 
useful in grinding long slender articles, since 
local heating might occur even if the work 
were flooded with water. As to the error of 
joao Of an inch objected to by Mr. Whinfield, 
there were, of course, degrees of precision, and when 


- 


of an inch, lap- 


the limit of error was less than 5a 608 


ping must be employed. As to the shafts coming 
out of parallel, he thought that must be attributed 
to the user of the machine, and not to the process. 
As to the question of chilled roll-grinding, he might 
say that the first roll referred to in his paper 
would take eight days to turn, whereas it was 
ground in seven hours. A wheel, however, must 
not be used as a patent medicine and expected 
to fit all cases. Much depended on the are of 
contact. A certain wheel, for instance, would 
work well on a shaft 1 in. in diameter, but if 
applied to a shaft 4 in. in diameter, it would glaze, 
a softer wheel being needed as the arc of contact 
increased. Thus for internal grinding softer wheels 
were always needed than for external work, and 
the same remark applied to surface grinding. 
As for grinding copper, about which a question 
had been asked, he had never been able to do this 
successfully, as the copper seemed in some fashion 
to tear the grit out of the wheel. Water was 
an advantage in internal grinding, though the 
wheels did not cut as well as when dry, A ques- 
tion had been asked about car-wheel grinding, and 
he hoped to have experience on this point very 
shortly, as Mr. C. H. Rorton had recently designed 
a machine intended to grind twenty-three pairs of 
wheels per day of ten hours. He fully eed 
with what had been said as to the necessity of 
weight in the machinery ; it was the increase in this 
respect which constituted the difference between 
the old and new types of grinding-machines., 


Pyeumatic Toots. 

Professor Unwin next called on Mr, C, P, Whit- 
combe to read his paper on ‘‘ The Use of Pneumatic 
Tools in Workshops,” which will be found re- 
printed on page 870. 

The first speaker was Mr. T. Hurry Riches, who 
said he had used these tools ever since the intro- 
duction of the modern patterns. At first a good 
deal of trouble was experienced with the drilling- 
machines, but the various improvements succes- 
sively introduced had greatly diminished the fre- 
quency of failures. He now used them, he thought, 
for every purpose for which it was possible to use 
a drilling-machine. Thus, in the boiler-shop the 
stay-cutting and tube-expanding were done by them, 
as well as the reaming and tapping of holes, in all 
of which operations they had proved eminently 
successful. He could fully bear out all the 
author’s claims as to the economy realised. With 
the first pneumatic hammers introduced ten years 
ago, he had made trials on various sizes of 
rivets, and found that with j-in. rivets it was 
necessary to heat the rivets somewhat hotter than 
usual in the case of hand-riveting, and also to cool 
the point slightly before starting to close the rivet, 
and then good work could be obtained. Still, in 
general, till the long-stroke hammer was introduced 
two years ago, §-in. rivets seemed the largest to 
which the pneumatic hammer was well adapted. 
With the improved tool, however, 1-in. rivets 
could be closed satisfactorily in boiler-work and 
1}-in. rivets in girders; but again it was better in all 
cases to heat the rivets hotter than in hand-work ; 
and in the case of the larger sizes also to cool the 
points slightly. With these precautions, however, 
perfect work was obtained, and at a greater speed 
than in hand-riveting. As to the piece prices, the 
men would not consent to cut these propor- 
tionately tothe greater amount of rivets they could 
close, and the result was they made more money, 
whilst the employers got the work through quicker. 
As to air-compressors, he had at first, like other 
people, kept down the size to too fine a limit, and 
had had to instal a larger plant afterwards. In one 
of these, by a well-known maker, the inflow of air to 
the machine was restricted, and, as a consequence, 
the current picked up oil from the oil-bath, which 
ullimately got into the rubber hose connections to 
the tools. He finally cut away a lot from the 
casting, giving a bigger entry for the air, and this 
change removed the trouble, the life of the rubber 
tubing being increased eight to ten-fold. He 
w shed, in conclusion, to say that he could not too 
strongly advocate the use of these tools. 

Mr. D. Carnegie followed, saying that his ex- 
perience with pneumatic hammers had been quite 
different from that of the last speaker. A plant 
was put down at a steel works, the intention being 
to use the hammers for fettling steel castings of 
medium size. Poor results were, however, obtained, 
and, in addition to trouble with the compressor, 
there was also trouble with the men, who offered to 





do the work at the same rates by hand as by the 





pneumatic tools, rather than use these. Conse- 
quently, the plant was thrown out. Two or 
three years later, the tools having been improved, 
another attempt was made, and faithfully tried. 
In certain cases, such as removing the scale from 
annealed castings, a certain form of tool and 
hammer did satisfactory work, but cost as much 
as hand work, so that the tools were not now used 
for fettling steel castings at these works. The 
speaker had, however, seen the tools at work 
elsewhere, and recognised that they were very 
economical in the boiler- shop, but he had not, as 
stated, found them so on .steel castings. He 
would be glad to have information as to their 
use in fettling such light steel castings, if avail- 
able. On heavy castings, of course, the tool was a 
paying speculation ; but on light and medium work 
e thought it had not proved so. 

The next speaker was Mr. E. C. Amos, who said 
that though pneumatic hammers had been used 
thirty years ago, the modern type dated from 1896, 
when the Boyer long-stroke hammer was intro- 
duced. When in America in 1903, the engineer at 
Cramp’s shipbuilding yard told him that every 
rivet in the yard was driven by these hammers, 
the cost being less and the holes better filled than 
with hand-riveting. For the latter the rate was 
4 dols. per 100, as against 34 dols. when driven by 
the pneumatic tool, and the saving in time effected 
by the latter led also to a reduction in the standing 
charges. It was often difficult to persuade a 
customer to put down as large a compressor as he 
should ; once compressed air was laid on, new 
uses were always found forit. One reason for the 
greater satisfaction now obtained with pneumatic 
tools lay in their being better treated. At first 
they were flung about anyhow, and said to be no 
use if they would not stand this. Referring to the 
figures given in the paper, he thought that in general 
the saving was greater in the operation of caulking 
than in that of drilling. The author might also, 
he thought, have referred to the portable pneuma- 
tic-tool outfits now being largely introduced on 
railways, the whole plant being mounted on a car, 
enabling it to be readily transferred to any part of 
the line where its services might be required. 

Mr. H. C. Amos spoke next, and expressed the 
view that wherever possible the air-mains should be 
placed above ground, and not below, so that leakage 
might be more readily detected. He also referred 
to the advantage of installing a compressor of ample 
size. One with a capacity of 200 cubic feet did 
not cost a very great deal more than one of 150 
cubic feet capacity, and the additional supply in- 
variably proved most valuable. 

Mr. J. H. R. Whinfield asked the author if there 
was any possible way of reducing the noise in a 
boiler-shop where pneumatic hammers were in use, 
and Mr. L. Pendred asked for particulars as to ex- 
perience with portable grinding tools, which he 
understood were in use to a certain extent. He 
also expressed the opinion that in a great many 
cases pneumatic drills were used for convenience 
rather than because they were economical, as he 
felt certain they were often very wasteful of air. He 
suggested that electric drills would be more satis- 
factory. 

In reply to the discussion, Mr. C. P. Whitcombe 
said that in 1896-97 very few pneumatic tools were 
in use in this country. He could confirm what 
Mr. Riches had said as to the advisability of heating 
rivets hotter than for hand-work, and of slightly 
cooling the points of the larger sizes before inserting 
them. He might, perhaps, mention that quite re- 
cently a new form of holder-up had been introduced. 
With this a few blows could be struck on the head of 
the rivet so as to bed it well, and then, on the air 
being shut off, it acted as an ordinary holder-up. Mr. 
Carnegie had instanced a case of a failure with a 
pneumatic plant, and he dared say there had been 
many such. At one time there was great opposition 
to the use of these tools, but they were now in 
favour. He gathered that in the case cited there 
had been trouble with the compressor. As to the 
fettling of steel castings, his informationdiffered from 
Mr. Carnegie’s. On heavy work the pneumatic tools 
were generally used, and he knew also large works, 
both here and in Germany, where the whole of the 
fettling of moderate-sized steel castings was effected 
by pneumatic hammers, as many as 50 being at 
one in one instance. The figures he had given in 
his paper as to the saving effected by pneumatic 
tools, as compared with hand work, were obtained 
by averaging the figures supplied by different users. 
In some cases the pneumatic drill was said to work 
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six times as fast as the ratchet drill; and in 
reaming out holes one firm had stated the com- 

rative output as nine to one. In riveting in 
certain cases, the number closed was said to be as 
many as four to one, as compared with hand labour. 
As regarded portable pneumatic outfits, these did 
not come within the restricted scope of his paper. 
In reply to Mr. Whinfield, he seen a leather 
belt put round a boiler at Swindon, when it was 
being riveted, and this did reduce the noise to a 
considerable degree ; but as there were 40 or 50 
boilers in hand, the general volume of sound was 
little affected. Referring to Mr. Pendred’s ques- 
tions, he said that pneumatic grinders were only 
suitable when the tool had to be taken to the work. 
They were employed for dressing armour-plates, 
and also for trimming the welded joints of corru- 
gated flues. Drills did take a considerable quantity 
of air, ranging from 80 down to 30 to 35 cubic feet 
per minute ; and electrically-driven drills might be 
more economical. These had, however, only been 
recently introduced, but there might no doubt prove 
to be room for both types. 

The meeting was then adjourned till the next day. 





SECTION IV.—MINING AND METALLURGY. 


On Thursday, June 20, members of this Section 
were first invited to join in the discussion of the 
three important communications on high tensile 
steel presented to Section V.—Shipbuilding. This 
discussion was not finished before 12 o’clock, how- 
ever, and meanwhile Sir Thomas Wrightson, Bart., 
M.P., had opened the proceedings of Section IV. 
in the Council-Room of the Institution, at 11.30, by 
calling upon Mr. E. Mills Hann, M. Inst. C.E., 
general manager of the Powell Duffryn Company, of 
Aberdare, to introduce the discussion on ‘‘ Arrange- 
ment and Design of Colliery Surface Works.” 


ARRANGEMENT AND DesicNn oF CoLitery SURFACE 
Works. 


Mr. Hann having read his paper, which is repro- 
duced on page 871 of this issue, the discussion 
was opened by Mr. T. H. Bailey, of Birmingham, 
who, having expressed the indebtedness of the 
meeting to a man of Mr. Hann’s experience in 
laying down colliery plants, proceeded to ask some 
questions. He would like to know what the 
gradients of the sidings were; how many screens 
Mr. Hann proposed to put up for dealing with the 
1,600,000 tons of coal mentioned at the end of the 
paper, whether they were to be served with cleaning 
belts; and how many trams he could run off the 
decks in seven seconds. The great initial difficulty 
of the engineer, when submitting a design for a 
colliery plant, was to make the financiers understand 
that sufficient capital had to be spent at the outset 
to meet the ultimate output. Too small apparatus 
were often installed, and the colliery Caan 
crippled as it developed, while the cost increased. 
He had himself been told by his board that he 
could not want all the room round the pit-tops for 
2500 tons a day, and they had since recognised that 
the plant was too cramped, as he had feared. Mr. 
Bailey agreed with Mr. Hann that it was impracti- 
cable in South Wales to have the sidings as straight 
as in the North of England. Having himself put 
down the first electric haulage apparatus, he knew 
that if you wanted 40 horse-power, you had to put 
down a motor for 60 or 70 horse-power, not to have 
any trouble when trams got off the road. So far 
as he knew, Mr. Hann’s electrical plant was the 
largest in the kingdom. 

Mr. W. E. Garforth, of Pontefract, being called 
on by the Chairman, only expressed his high appre- 
c’ation of the value of the paper. Mr. C. P. Sparks— 
whose communication on the electrical equipment 
of the Aberdare Collieries of the Powell Duffryn 
Company, presented to the Institution of Electrical 
Engineers in March, 1906, will be remembered— 
said that we had to consider two chief factors : capital 
cost and working cost. By concentrating all his steam 
requirements in one boiler-house, Mr. Hann had 
taken the first step towards minimising the working 
cost ; the second step was to reduce the number of 
prime movers. If it had not been for the high 
capital required for an entire electrification, he 
thought an electric power-station would have been 
placed alongside the boiler-house for all the colliery 
work. Mr. Hann and the Powell Duffryn Company 
had been among the pioneers of electric power for 
mines ; but the capital question had hampered them, 
and as regards winding, steam had been adhered to 
for this reason. 


dared with regard to concentration, and had put the 
big electric generators close to the big steam units. 
Mr. Sparks was glad that Mr. Hann now endorsed 
the speaker’s opinion that no part of the colliery 
plant was more in need of conversion to electric- 
working than haulage. There had been doubts as 
to the reliability of the electric-motor, partly owing 
to the inexperience of the men handling the motors ; 
but the service conditions in colliery work were most 
arduous, and good manufacture and an ample margin 
of strength were essential. Manufacturers were 
now fully alive to that necessity, and electric- 
motors compared favourably with steam units. 

Mr. F. J. Prest asked Mr. Hann whether it 
was feasible to go higher in the boiler pressure— 
to 300 lb.—and use water-tube boilers in collieries. 

Professor Henry Louis, of Newcastle-on-Tyne, 
offered some critical remarks, explaining, at the 
same time, that he was not acquainted with the 
special conditions of the plant in question. He 
inquired whether on general grounds the screens 
should not rather have been given the place 
of the timber-yard on Mr. Hann’s plan. He 
would also advocate one-deck cages by prefer- 
ence to multiple-deck cages, unless the shafts 
were small, and in any case bring all the decks 
to the same floor. Then Mr. Hann seemed to 
aoe his trams from the weighing-machine to the 
tipplers, while the general practice was to creep 
only the empties back. Plain bar-screens for sort- 
ing, he thought, ought to be a thing of the past ; 
he preferred moving bars of the Cox screen type. 
The small coal was to be dropped upon a metal 
belt ; he would use a circular picking-table, which 
was less expensive in upkeep, and could easily be 
stopped if necessary. A square picking-shed was 
then wanted, instead of a long one, which was 
sometimes an advantage. In America and Ger- 
many, moreover, canvas and rubber belts had re- 
placed the iron belts, and he had seen rubber stand 
harder wear, with heavier materials than coal, per- 
fectly well for seven years. The washing problem, 
scarcely touched upon by Mr. Hann, would soon 
be regarded as one of the most serious. 

Mr. T. Vaughan Hughes, of Birmingham, referred 
to ventilation. He knew of cases where electrical 
driving of the fans had been discarded in favour 
of mechanical driving again, and he would be glad 
to hear whether recent improvements in electric 
driving ought to convert those who, like his ex- 
perienced engineer, strongly objected to electric 
ventilation. 

Mr. W. H. Patchell, of Westminster, associated 
himself with Mr. Sparks and the other speakers in 
his admiration of Mr. Hann’s way of tackling the 
electrical problems. It was difficult to discuss Mr. 
Hann’s paper without discussing Mr. Sparks’s paper 
set down for the following morning, because in one 
colliery with which Mr. Patchell was connected 
there was a haulage machine on the surface work- 
ing an underground haulage by a rope down the 
shaft. Ventilation was the most important part, 
because if the fan stopped, you had to get the 
menup. Mr. Hann was hardly fair to the electric- 
fan motor when he said that the speed could not 
be varied ; with direct-current supply, at any rate, 
the speed could be varied over a considerable range 
most economically ; it was difficult, however, when 
one was on an alternating-current supply, as 
generally happened. Wanting, two years ago, a 
fan to give 100,000 cubic feet at 4-in. water gauge, 
he was generally advised to adopt throttling ; 
and if one measured at the fan, throttling gave a 
fair efficiency qua fan. He had run that fan at 25 
cycles alternating for a long time without regulation. 
But within the last few months he had altered it ; 
he could now vary the volume 40 per cent. with a 
reduction of power of 60 per cent.—while if they 
altered the volume by throttling (instead of altering 
the speed) the power reduction was only 10 per 
cent.—and the reduced output was obtained at a 
decrease in the efficiency of only 13 per cent., based 
on the electrical energy put into the motor and 
the horse-power in the air delivered by the fan. 
Those figures compared favourably, he thought, 
with varying the volume by altering the engine 
speed. As regards boiler pressure, he would not 
recommend to go up to 300 1b. with the class of 
attendant generally in front of a colliery boiler, as 
one wanted an entirely different t 7 joints and 
mechanical appliances : 180 lb. or lb. would be 
sufficient, if n , with superheaters. Only if 
the weight had to be cut down, would there be ad- 





Mr. Hann had gone as far as he’ 


vantage in going to 300 lb. ? All the electrical parts 
should be made particularly strong ; the controllers, 





and their fingers especially, were apt to give trouble. 
But we need not worry about wear and tear, if we 
made the parts well ; the attendant of some haulage 
controllers, which he had put in twelve months ago, 
had only just asked whether he should not get a set 
of spare fingers. 

. J. B. Simpson, of Wylam-on-Tyne, said the - 
paper would make people think before puttin 
down a new plant, thoug Mr. Hann had not tol 
them the cost of his plant, and what saving he 
hoped to realise by his electrical machinery. People 
in the North of England were still doubtful about 
electric winding. But there was no doubt that elec- 
tricity was cheaper than a large number of small 
engines requiring separate boilers and attendants. 
If the pumping was going on steadily all day, 
however, he would prefer steam. He had calculated 
the cost of steam power, cost of boilers, and interest 
on them—not including winding engines, but carry- 
ing on all the other colliery machinery—in six or 
seven collieries, and he had found that some collieries 
were doing it at 91. per annum per horse-power, and 
others at 201. ; that would come to about jd. or $d. 

unit. Had Mr. Hann made calculations, and 
could he give particulars ? 

Mr. Hann, in reply, said that he would try to do 
justice to the questions. The output mentioned at 
the end of his paper was that of a group (not of 
the colliery which was illustrated in plan), and it 
was mentioned in connection with the supply of 
electricity from another colliery. There were 
two trams on each deck, each of 30 cwt. load— 
heavier in Wales than in other parts; and the 
whole load would be about 8 tons. He agreed with 
Mr. Sparks, and he did not criticise the electric 
motor as unreliable ; but the motor had not yet the 
benefits of the decades of practice of the steam- 
engine. Like Mr. Patchell, he would not, at present, 
go beyond a boiler pressure of 1801b. They meant 
to put down water-tube boilers of that pressure 
with superheaters and economisers. rofessor 
Louis had misunderstood him. The position of 
the shafts and screens had been forced upon 
him by local conditions. The loads were too 
heavy for one deck; the decking arrangements 
were perfect, and for rapid working more than 
one deck was necessary. The creeper mentioned 
was really a controller, and a controller was wanted, 
because the heavy trams could not be guided by 
men, as in Yorkshire ; it was cokaneiieel to keep 
the pit surface at a lower level than was convenient 
for the screening arrangements. Plain bar screens 
had been dictated to them in Wales by arrangement 
with the men. Movable bars had advantages ; but 
they were content with their tipplers and other 
arrangements. Rubber bands were coming to the 
front ; with their heavy lumps they wanted bands 
of moderate width, not too wide. All the washeries 
in Wales were based on the principle of sizing first 
and washing afterwards; he had hoped to hear 
something concerning the geet plan, which had 
not impressed him favourably in Germany. 

As regards Mr. Patchell’s speed regulation of 
fans, the difficulty was that we had to produce 
a certain water-gauge, and we wasted the power 
represented by the difference between the gauge 
the fan was actually making, and the minimum 
gauge required to produce the same quantity of 
ventilation at the smaller speed ; that percentage 
might be large. He could not give the estimate 
Mr. Simpson had asked for; but if the electrical 
installation cost more, it saved the extra boilers 
necessary to provide steam for the less economical 
steam appliances. There could be no doubt that 
when many small subsidiary engines were required 
all round the colliery, the electric motor would save 
a good deal. For this reason the motor was cer- 
tainly suitable and most economical for intermittent 
pumping, and for haulage, where the engines would 
work for ten minutes and stop for twenty. As 
regards the cost estimate, they had in other districts 
small coal for the boilers, which it did not to 
put on the market. That was not so in Wales ; 
they reckoned coal at 5s. or 6s. a ton [Mr. Simpson 
interposed that he had taken a price of 5s.], and 
on that basis they could not reduce the costs below 
Mr. Simpson's figure of 9/., unless there were very 
large amalgamations allowing generation on a very 
large scale. 

Sir Thomas Wrightson pro a vote of thanks 
to Mr. Hann, whose excellent paper had called 
forth a most instructive discussion. 


SEGREGATION IN STEEL. 
The Chairman then called upon Mr. John E,. 
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Stead, F.R.S., to read his paper on ‘‘Segregation in 
Steel.” We print this communication on page 872 
of this issue. It will be seen that Mr. Stead spoke 
of ‘‘ acknowledged facts, hypothetical conclusions, 
and effects of segregation,” and that he summarised 
his views under different numbers. 

Mr. Stead added a few remarks to the reading 
of his paper. Sir Lowthian Bell, he said, had 
told him years ago that when steel rails failed 
it was generally found that the sleepers were sink- 
ing ; that might be the chief cause of the failures. 
Mr. Stead then showed a photograph of an ab- 
normally bad case—an exceedingly honeycombed 
ingot—which illustrated his Conclusions 4 and 5. 
When the steel in the interior of the ingot had 
become semi-fluid, the gases, in trying to escape, 
forced the impure liquid towards the already solid 
walls, and in this way we found the impurities con- 
centrated there and lining the blow-holes. Alu- 
minium and silicon would remove honeycombing, 
and steel-makers should try to obtain a solid steel ; 
honeycombing he found, in agreement with Ameri- 
can experts, was more dangerous than segregation. 

The discussion was opened by Mr. G. Ritchie, 
of the Beardmore Company, Glasgow, who con- 
gratulated Mr. Stead on his lucid statement. It 
was time that the steel-maker faced this difticulty, 
which became more and more accentuated with the 
increasing size of the ingots. The Trefilage fluid- 
compressed steel process of Harmet, which they 
had adopted, was of great value; he showed a 
photograph of a large and very homogeneous ingot 
of theirs which had been cut in the vertical plane. 
The process did not allow gases to be evolved ; 
that made the ingot sound, and he quite agreed with 
Mr. Stead that soundness and absence of segrega- 
tion were concomitant. Mr. L. Archbutt also 
agreed with the author, but mentioned one point 
not touched upon: the importance of sampling. 
Three cases illustrating that importance had recently 
come under his notice. A piece of steel, 15 in. long, 
had been drilled in twelve places, but the analyses 
did not at all agree ; no doubt that specimen had 
been cut from the top of the ingot. In another 
case, where the central core was pure, he had drill- 
ings made in the head and foot, again with very 
different results as to sulphur. In a third case, a 
small steel bar had given different percentages of 
sulphur and phosphorus in the outer skin and core. 
Personally he did not know that segregation was 
the cause of boiler-plate corrosion, however. 

Mr. C. E. Stromeyer, of Manchester, asked 
whether the longitudinal lines in Mr. Ritchie’s 
photograph were tool-marks, to which Mr. Ritchie 
assented. The only case of boiler-plate cracking, 
probably due to segregation, that he knew of dated 
back to 1884 ; but segregation had not been thought 
of then. A case had, however, happened the 
other day in Manchester, where a 10-in. rail, 30 ft. 
long, had broken 4 ft. from the end and shown a 
round mark. Asking Mr. Stead as to his method 
of etching, Mr. Stead said that he used the 
cuprammonium chloride recommended by Heyn in 
Berlin.* He rubbed the specimen with emery 
paper, dipped it for one minute in the solution, 
wiped the loose copper deposit off, and varnished 
the surface. 

Mr. Cosmo Johns said that when he had started 
four years ago with Colonel Vickers on an investi- 
gation of the problem in Sheffield, they had hoped 
to settle something in a year ; but they would not 
be able to publish any results before the end of 
this year. A differentiation, he thought, was 
necessary. Mr. Stead’s remarks were quite true 
as regards commercial steels or blow-hole steel. 
They wanted in Sheffield a high-grade steel which 
would pour like cream, and settle with a pipe. 
The phenomena of pre-consolidation were very 
complex. To make segregation a general criterion 
would be misleading; different tests had to be 
applied for steels with blow-holes, and steels with- 
out them. Etching to brinz out the macrostructure 
was certainly important; he rather used 10 per 
cent, nitric acid than 20 per cent. acid for this 


ee 
r. E. H. Saniter, of Rotherham, concurred with 
the author and Mr. Johns that the macro-structure 
was an essential feature, and he explained the 
sulphur printing process to which Mr. Archbutt had 
referred. When silver bromide paper was placed on 
the steel surface, one obtained a sulphur print, and 
as the carbon and phosphorus segregated together 
with the sulphur, such a print was instructive. He 


* Seo ENGINEERING, vol lxxxii., page 654. . 
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displayed one several feet in length, on which the 
long pipe and the sagging downward of the steel after 
turning semi-plastic were quite distinct. Mr. 
Cosmo Johns was right, he considered, in drawing 
his distinction, and Mr. Stead’s steel in Fact 3 
was probably a blow-hole steel, to be distinguished 
from the Fact 5 material. He doubted that alu- 
minium would be a cure for the ghosts of Conclu- 
sion 6. If little phosphorus and sulphur were 
present, a steel ought to be good in spite of segre- 
gation. 

Mr. Harbord, of London, while agreeing with 
the author in general, and also as to the efficiency 
of aluminium and silicon, differed from him as to 
the failure of rails, which he (Mr. Harbord) would 
often ascribe to segregation. Fluid compression 
was certainly to be recommended, but was out of 
the question for ordinary steels. 

Mr. C. P. Sandberg considered sponginess and 
porousness the most undesirable qualities ; a spongy 
ingot would never give good rails. 

ir Thomas Wrightson further referred to the 
matters which Mr. Sandberg had just mentioned. 
His object had been to study the physical side of 
the phenomena, which was as important, perhaps, 
as the chemical and mechanical features, but 





was not sufficiently studied. Segregation took 
place at the same time as change in volume. James 
Thomson had already pointed out that a substance 
which expanded under cooling would cool under 
pressure. We knew how important this was for 
bismuth and water, and this should not be over- 
looked by steel-makers. 

Mr. Vaughan Hughes, of Birmingham, referred 
to Mr. Stead’s Effect 3. He showed a specimen of 
Swedish iron which, perfect in its external portion, 
had proved so poor in its internal portions under 
testing that the whole stock had been withdrawn. 
Having examined thousands of steel castings, he 
had not been able ‘to point to clear cases of segre- 
gation failures. In armour-piercing tests, however, 
the evil effects of segregation showed in the dis- 
tortion, though not in fractures ; he would recom- 
mend piercing tests for gun-tubes, propellers, &c. 

Mr. J. Stead, in reply, begged the meeting to 
bear in mind that his statements had necessarily 
been somewhat dogmatic and controversial. He 
adhered to his Conclusion 6, which was confirmed 
by the specimens on the table. Mr. Cosmo Johns 
had proved how horribly ignorant we were; he 
admitted that ; more work was necessary, and he 
fully concurred in the Chairman's emphasising the 
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value of physical studies. Further replies he 
would give in writing. 

A hearty vote of thanks to Mr. Stead, pro 
by the Chairman, having been carried with acclama- 


tion, the Section adjourned. 





SECTION V.—SHIPBUILDING. 
Jornt MEETING. 


Dr. Elgar presided at the meeting of this Section 
on Thursday, the 20th inst., and was supported by 
the Vice-Chairmen, Sir J. Fortescue Flannery, 
Bart., Sir Philip Watts, K.C.B., and Mr. A. F. 
Yarrow, Messrs. J. T. Milton and S. W. Barnaby 
being present as Honorary Secretaries. 

For the earlier part of the ogy the 
Section was joined by Section IV. (Mining and 
Metallurgy) in order that the subject of — 
tensile steel and its use for ships, bridges, and other 
structures might be considered from both the 
metallurgical and the constructional points of view. 
At the beginning of the proceedings Dr. Elgar, in 
felicitous terms, expressed the pleasure of the 
Shipbuilding Section in having the benefit of the 
assistance of members of the Metallurgical Section. 


Hicu-Tensite STeew. 


Three papers on this subject, which is one of 
increasing importance, were read. The first, which 
was read by Mr. Barnaby, was written by Mr. 
A. E. Seaton, who arrived at the meeting during 
the reading of his paper. His subject was ‘‘The 
Use of High-Tensile Stee] in Compound Structures, 
such as Ships, Bridges, &c.,” and this we priut in 
extenso on page 872 of this issue. The second 
paper was by Mr. A. F. Yarrow on ‘‘ High-Tensile 
Steel for Torpedo-Boat Construction,” reproduced 
on page 873; while the third, which dealt with ‘‘ The 
Use of High Tensile Steel in the Construction of the 
Mauretania,” was by Mr. E. W. de Rusett, of 
Messrs. Swan, Hunter, and Wigham Richardson. 
This paper is published.in full on page 873. 

Mr. A. E. Seaton had prepared very complete 
tables from tests made from time to time by Mr. 
David Kirkaldy as to the properties of various 
steels, and these were exhibited on the wall and 
explained by Mr. Seaton. He supplemented his 
paper with the remark that there seemed to him 
no practical difficulty in using the silicon steel for 
rivets. He could not say the same for the carbon 
steel, but he was quite satisfied that in the future 
high-tensile rivets and high-tensile steel plates and 
frames would be widely used. 

Sir William White led the discussion at the 
request of Dr. Elgar, and directed attention to the 
fact that cross-Channel steamers were built at a 
very early period of high-tensile steel, some of it 
puddled and some of it crystal steel; the facts 
could easily be found by reference to the Proceedings 
of the Institution of Naval Architects. From 1863-4 
onwards, high-tensile steel had been used for certain 
portions of the hull of naval ships. This steel was 
made by the Bessemer process, and was somewhat 
erratic inits behaviour. We must never forget that 
the French led in connection with the use of mild 
steel. In 1875 the first order for steel was placed 
by the Admiralty with Siemens, and, preliminary to 
this, extensive experiments were carried out by Mr. 
James Riley, to whom belonged great credit for 
the introduction of steel. In the Proceedings of 
the Inst. C.E. for 1881-2 (vol. lxix., page 32) details 
would be found regarding these experiments, ina 
= which he (Sir William White) had made. 

hese experiments clearly showed that plates and 
rivets for ships’ structures could be made of steel to 
stand 40 tons to the square inch, but it was at that 
date largely a question of cost. In connection with 
the reducing of scantlings, Sir William pointed out 





| steel rivets worked hot. 


that possibly the limit had been reached when steel | 


was substituted for iron. 
arose for using a steel the quality of which they 
had proved twenty years before. Further experi- 
ments, however, were made on both plates and 
rivets, and confirmed the good opinions of the 
earlier tests. These were required in connection with 
destroyers, but the Admiralty did not prescribe to 
steel-makers what they were to put into their steel ; 
he hoped they would never do that, but leave the 
steel-maker to meet the required conditions. Mr. 
Riley, who was then at the works of the Steel 
Company of Scotland, again came forward and pro- 
duced the successful metal. Mr. William Beard- 
more and others also took the manufacture up, and 


In 1895 6 the occasion 


high-tensile steel also as early as 1883 in certain 
rts of merchant ships built at Clydebank. Turn- 
ing next to the conditions which ought to be laid 
down in connection with the use of high-tensile 
steel in shipbuilding works, Sir William strongly 
urged that there should be thorough testing of all 
such material in the makers’ works, and he was 
sure that even steel-makers would support the 
reasonableness of that view. Shipbuilders, he 
thought, ought to ensure proper treatment for the 
material in the operations in the works ; although 
the steel put into the hulls of ships was ductile and 
capable of very severe usage, there was no reason 
why it should be roughly treated at the works. 

So far as the formation of the rivet-holes was 
concerned, it was proved in 1875, and again in 
1890 or thereabouts, that generally it was desirable 
to drill the holes, or, when punching was resorted 
to, to remove the irregularities by rimering. It 
was the duty of the designer. to accommodate con- 
structional details to suit the best material avail- 
able, and the arrangements necessary for overcoming 
buckling must be included in this category. On 
the other hand, it was possible to waste material 
by stiffening-up plates and increasing thicknesses. 
It was preferable to modify the framing in order to 
support the plates, in which case the scantlings 
might be lighter. He hoped the question of effec- 
tive stiffening would lead to experiments. He did 
not quite agree with Mr. Yarrow that it was neces- 
sary to use high-tensile steel exclusively in ship- 
structures ; the question of cost might justify the 
use of high-tensile steel for some parts and mild 
steel for others. He agreed with Mr. Seaton that 
the ideal arrangement at which they ought to aim 
was to use rivets of equivalent quality to the plates; 
this was the Admiralty practice. 

Sir Philip Watts said that in the British Navy 
high-tensile steel was first introduced into the hull 
structure of torpedo craft in 1895, and since that 
date it had gradually come into general use. At 
the present tinie the structure contributing to the 
longitudinal strength in all torpedo craft was of 
this material, and in larger vessels the most strained 
portions of the hull were, to a considerable extent, 
constructed of steel of somewhat less ultimate 
strength than the ‘‘ destroyer” steel—of from 34 to 
38 tons strength, with an elastic limit of not less 
than 20 tons, and an elongation the same as in 
ordinary mild steel. Experiments have been made 
by the Admiralty with ‘‘destroyer” high-tensile 
steel, with the object of ascertaining its qualities 
and comparing them with those of mild steel. Its 
strength was, as stated by Mr. Yarrow. The results 
of these experiments were briefly stated as follows : 
—1. The modulus of elasticity was the same as 
that of mild steel. 2. The clastic limit (breaking- 
down point) was about 21} tons. 3. Galvanising 
slightly increased the modulus, elastic limit, and 
ultimate strength, but diminished the percentage of 
elongation. 4. In single and double-riveted plates 
of from 8 lb. to 10 lb. weight, with holes drilled, 
the ultimate streugth of the plate was reduced by 
about 1} per cent. ; with holes punched it was reduced 
by about 9 per cent.; punched and countersunk, by 
about 4 per cent.; while holes punched, rimed, and 
countersunk produced but little change in the ulti- 
mate strength. 5. Comparative tests with high-ten- 
sile steel plates connected with iron rivets, and with 
high-tensile steel rivets, showed that with a single 
shear $-in. iron rivets worked cold had a shearing 
strength of 3.6 tons, compared with 6.6 tons in the 
case of high-tensile steel rivets worked cold, and 9.6 
tons in the case of high-tensile rivets worked hot. For 
double shear the corresponding figures were 6.6 tons 
for the iron rivets, 13.1 tons for high-tensile steel 
worked cold, and 18.4 tons for the high-tensile 
The experiments showed 
that the bearing pressure for the high-tensile steel 
rivets should not exceed 60 tons per square inch. 
6. Experiments also showed generally that mild 
steel was superior to high-tensile steel against crush- 
ing. With reference to remarks by Mr. Yarrow and 
Mr. Seaton, stiffness depended on the modulus of 
elasticity, and not in any way on the ultimate ten- 
sile strength ; hence high-tensile stcel was no better 
for resisting buckling than mild steel, as the 
modulus was practically the same, as shown by the 
Admiralty experiments. There appeared to be but 
little gain in using high-tensile steel for bulkhead 
plating, as the stiffeners took practically all the strain, 


, and it was not the strength of the plating which was 


brought into play, but its stiffness. Sir Philip 


users had never been kept waiting for develop-| thought there was no objection to the use of 
ments in metallurgy. Professor Biles had used | high-tensile steel in combination with mild steel, 





provided the two materials were properly dis- 
tributed. Thus mild-steel plating might be worked 
near the neutral axis, and high-tensile steel plating 
at the greatest distance from it. The Admiralty 
used high-tensile steel rivets, and no trouble was 
experienced. 

Mr. David Colville said that the fact that three 
important papers on high-tensile steel had been 
submitted to the Conference pointed to the fact 
that shipbuilders and engineers were considerably 
interested in the subject, doubtless owing to Lloyds 
and the Board of Trade having sanctioned its use on 
the two new Cunarders, Lusitania and Maure- 
tania. His firm was entrusted with the making of 
the steel ship-plates and boiler-plates and bars 
required for the Lusitania. Great care and 

rsonal trouble were taken by the officials— 

r. Cornish and Mr. Milton, of Lloyds; Mr. 
Samson, of the Board of Trade, with his assistant, 
Mr. Carlton; and Mr. Luke, of John Brown and 
Co., of Clydebank—in a series of tests which they 
instituted before adopting it for the Lusitania. His 
firm’s works manager, Mr. Maclay, was prepared to 
give details of tests. One interesting factor was 
that they got a peculiar lamina structure. When 
the steel was nicked and broken across, it almost 
resembled wrought iron. They had not yet suc- 
ceeded in bringing the fibre through the whole 
piece, but what had been done had been done by 
special heat treatment. The microscopic structure 
of the metal was interesting. There was a very 
beautiful mixture of ferrite and pearlite. 

Mr. Samuel J. P. Thearle took exception to Mr. 
Seaton’s remark that the use of steel had been 
grudgingly adopted by Lloyds; he would prefer 
that the word ‘‘ cautiously ” should have been used, 
a distinction which caused considerable merriment. 
The only indication of disturbance of material in 
the steel ship had, according to his observations, 
been in the upper works, and this was owing to 
buckling stresses ; these had been produced under 
sagging influences. He, of course, spoke only of 
cargo-steamers. The thickness of material was, 
therefore, of greater value than even the tenacity 
of the material itself. Sir Philip Watts had proved 
by experiment that the buckling was resisted quite 
as well by mild steels as by high-tensile steel, 
and this agreed generally with his observation that 
iron plates often resisted buckling more than mild 
steel. High-tensile steel, therefore, must be intelli- 
gently used, and with particular reference to details 
in design. As regarded the use of high-tensile steel 
rivets, he made the remark that there would have 
to be a great improvement in the rivet-boy before 
he could be entrusted with the heating of such 
rivets in order to ensure freedom from burning, 
and this remark brought from Sir William White 
the interjection: ‘‘Do you suggest that the careless 
boy should be the standard?” a query which was 
greeted with laughter. Mr. Thearle, however, 
restored the balance by making the remark that he 
was about to propose that the rivet-boy should be 
dispensed with, and that there should be introduced 
some form of furnace for minimising the danger of 
burning. In his investigations he had not fre- 
quently come across sheared rivets. 

Professor Barr made some observations regarding 
the details of the elaborate tables displayed by Mr. 
Seaton—who later expressed his appreciation and 
the desire that the Professor’s corrections should 
be embodied in the Transactions. Professor Barr 
said that he had no doubt that the modulus of 
elasticity was the same for high as for low-tension 
steel. As regards tests generally, the determina- 
tion of the elastic limit was an exceedingly indefi- 
nite thing, unless it was first clearly defined what 
was meant, and unless all experiments had been 
made by the same experimenter and in the same 
way. ‘l'hey had not been told whether the elastic 
limit meant the outside limit, or the supposed 
elastic limit below that. He strongly advised 
that some steels should be tested by alternating 
stress, and this brought from Sir William White 
the remark that this had been done in connection 
with the tests, to which reference had already been 
made, as being described in the Proceedings of the 
Institution of Civil Engineers, 1881-2, vol. Ixix. 
Professor Barr said that such results might be 
embodied along with others in connection with the 
high-tensile steel now made. 

Mr. C. H. Wingfield directed attention to the 
question of reduction in area. 

Professor Biles said that at the Institution of 
Naval Architects they were told by Mr. Luke that, 
under certain stresses, the material took a per- 
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manent set. He would be glad if more information 
were given regarding this, as it was important from 
the point of view of alternating stresses. The 
question of crushing had been very fully dealt with 
by the Destroyer Committee, and a great many 
experiments had been carried out in connection 
with the stiffening of plates. The Committee 
were reluctantly compelled to come to the con- 
clusion that they coda not get anything very re- 
liable in the way of experiments to determine 
accurately the crushing limit or the liability to 
crush. The deduction drawn was that an ample 
margin in the way of structural stiffness by inter- 
costals and girders must be put in—notably, under 
the deck—and this was now the Admiralty practice. 
Mr. F. E. Robertson remarked that, in view of 
what had been stated regarding the relative strength 
of silicon and carbon steel, they should perhaps 
confine their standard to the elastic strength only. 
Mr. F. W. Harbord contended in favour of the 
use of high-tensile steel for bridges. He thought 
that the cost would diminish when the steel- 
maker became familiar with the manufacture, and 
when production was in large quantities. If engi- 
neers would modify their specifications in small 
matters, he thought that high-tensile steel would 
give much better results, and justify some little 
addition to cost. As regarded rivets, there was a 
small electrical furnace being introduced in which 





Fw. 1. 


Fies. 1 To 3. Test of high-tensile steel ship-plate, 1-in. (annealed), of 36.6 tons per square inch tensile strength, with 24 
34-ton ball dropped 5 ft. 2 in., the deflection being 8}4 in. and 9 in.; with ball dropped 14 ft., deflection was 14, in. and 


the steel was heated in a bath of calcium chloride, 
so that it was impossible to burn the steel, and this 
might form the solution in connection with rivets. 
Mr. D. M. Maclay, Daizell Works, Motherwell, 
as desired by Mr. Colville, gave the following in- 
formation with regard to the results of some of the 
tests carried out by the Board of Trade and Lloyds, 
in addition to some of those carried out by the 
firm. Several photographs submitted to the meeting 
are reproduced herewith. Besides the ordinary 
tensile and elongation tests carried out by Mr. 
Kirkaldy, he also gave the ratio of the elastic limit to 
the ultimate strength ; and this showed that, though 
the tensile strength had been increased by only 20 
per cent., the elastic limit had shown an increase of 
32 per cent. A series of percussive tests were 
carried out upon the instructions of Mr. Samson, 
of the Board of Trade, by his assistant, Mr. 
Carlton. Test-pieces of high-tensile steel were 
placed on supports 6} in. apart, and a weight 
of 10 cwt. was dropped upon them at varying 
heights. After each om the deflection was care- 
fully measured, and the test-piece reversed. The 
result of these tests showed that the high-tensile 
steel, when compared with mild steel, treated in 
every way similarly, took 24 per cent. more blows 
to fracture it, and the deflection was also found to 
be less. Professor Barr had said that he attached 
great importance to vibratory tests, and asked if 
any had been carried out. The firm had carried 
out a large number of these, and, taking the test- 
piece lengthwise from the plate as rolled, high- 
tensile steel showed a superiority of 64 per cent. over 
mild steel, while the test taken crosswise showed 
high-tensile steel to be 94 per cent. better than mild 
steel similarly treated. To satisfy Lloyds and the 
Board of Trade that this steel would resist shock 
or sudden impacts, a plate of high-tensile steel 
6 ft. long, 3 ft. wide, and 1 in. thick, was placed on 
two supports 4 ft. apart. Upon it a ball weighing 
3 tons was dropped from varying heights, finally 
from 31 ft. high. The results are shown on the 
photographs (Figs. 1 and 2). A plate was after- 
wards doubled over flat by means of this ball being 
dropped upon it—treatment of the kind which Sir 
William White had termed ‘* brutal” (Fig. 3). In 
addition to this two high-tensile plates were double 
riveted together, the rivets being at the usual spac- 
ing; and two mild-steel plates of similar dimensions 
and thickness were also riveted in the same way, and 
the 3-ton ball was dropped upon them from varying 















heights. A series of tests were also made to show 
the effect, of punching and boring and shearing 
and planing of high-tensile plates. The result 
showed, as might be expected, that the plates with 
planed edges and bored holes stood best ; but by 
the other tests it was clearly demonstrated that it 
was more important to plane the edges, and so 
remove the strains that are set up in shearing the 
eo. than to bore the holes, as the punched 
oles and planed edges gave better results than the 
bored holes and sheared edges. A series of tests 
were made to find out the shearing strength of 
high-tensile rivets as compared with mild-steel 
rivets. A number of tests were taken, and the 
results showed that the high-tensile rivets stood 
the shearing better by 20 per cent. The high- 
tensile plates were subjected to some dynamite 
tests. Three charges of dynamite, weighing in all 
46 0z., were exploded on the surface of the high- 
tensile steel plate. As seen from the photograph 
(Fig. 4), it was severely dished, but there is no 
sign of fracture. A second plate was taken and 
a fourth shot was fired, in this case making the 
total weight of dynamite used 654 0z. The result 
was that a piece was blown out, but the reduction of 
area at point of fracture had been reduced by 
50 per cent. 








Fig. 2. 





| 





Fic. 4. 


Fie. 4. Dynamite test of high-tensile ship-plate, 35.7 tons 
r square inch, with 26 per cent. extension on 8 in. 
Jiew shows inside of plate after three dynamite charges 
had been exploded :—Ist, 13.27 oz.; 2nd, 13.27 oz.; 3rd, 
19.47 0z.; total, 46.01 oz. 


Mr. J. Bruhn stated that he was able, from ex- 
periments that he had made, to corroborate Sir 
Philip Watts’s statements regarding the modulus of 
elasticity being the same for high-tensile and mild 
steels. 

Mr. A. F. Yarrow said he would, owing to the 
late hour of the day, communicate in writing one 
or two remarks on the points raised, and Mr. De 
Rusett said that he had made mechanical tests to 
determine the mechanical shearing of rivets, but 
he found no such shearing. They had exercised 
great care in taking off the sharp edges from the 
rivet-holes, and also in using an hydraulic riveter, 
which put into the hole a very much larger pro- 
portion of metal than was usually the case. They 
used oil fires for heating rivets. 

A vote of thanks to the authors was proposed, 
and Mr. Seaton in reply to it said that he could not 
agree with Mr. Thearle that cases of shearing rivets 
were rare. He had discovered thousands in one 
ship after it had grounded. 

here was sent to Mr. J. T. Milton, one of the 
hon. secretaries, a communication by Mr. J. W. 








8 
We quote the following :— 


r cent. elongation on 8 in. 
M44 in. Fig. 3 shows plate subsequently closed up by six blows from ball. 


pencer, who made the steel for the Mauretania. | i 


The desire of the engineers and shipbuilders for a 
material of much higher tensile strength has for 
many years put be steel-makers, and the varivus 
societies connected with insurance and the Board of Trade 
have very naturally shown great interest and anxiety in 
the matter. In the substitution of steel for iron Lloyds 
went most carefully and thoroughly into it, and came to 
the conclusion only to allow mild steel, the late Mr. 
Martell, to whom we all owe so much, having finall 
decided in his mind—and I think rightly, from his stand- 
point at the time—to adopt a steel with low carbon. 
often pointed out to him that a steel with 0.5 to 0.6 per 
cent. of carbon mig be adopted without fear in ship- 
building, giving a lighter or stiffer ship, especially with 
his knowledge of the strength of iron plates ; he, however, 
was desirous to be safe. 

For boiler-plates the demand for a steel of greater 
tensile strength was much stronger from engineers, and 
the limit was increased, after careful experiment and 
thought, by the Board of Trade and Lloyd’s ister. 
This did not satisfy engineers, who wanted to go further ; 
but in my opinion they had gone far enough in carbon 
steel—i.e., steels with their high tenacity due to carbon— 
as the limit of safety had been reached, not because of fear 
from the tenacity of the steel, but because of the risk of 
hardening, due to the partial heating and cooling in the 
treatment of the material after being received from the 
steel-makers. 

This was the problem to be solved, and in addition to 
this was the necessity that the material should be com- 

ratively cheap. The result of high tenacity could hava 

n obtained by the alloys of several metals, but in most 
cases the steel would be much more costly—too much so to 
receive acceptance. Bearing in mind experiments in the 





Fie. 3. 


Plate was placed on supports 4 ft. apart and a 


use of silicon years before, it struck me, now that high- 
silicon alloys could be obtained at a moderate price and 
in a condition that offered less difficulties to the steel- 
maker, that it was the proper alloy to adopt, as it would | 
meet the requirements, give high tenacity and elastic 
limit without any danger of hardening in the treatment 
of the material after manufacture—as the carbon was 
kept low, and that it could be made at a moderate increase 
of cost. This I adopted, using a high silicon, and the 
material has been subject to a very extensive series of ex- 
periments, the of Trade, Lloyd’s Register, anc 
other insurance companies having been asked to experi- 
ment, and do what they liked with it. It has since been 
adopted by them, and several thousand tons of plates 
made therefrom with very satisfactory results, with ingots 
up to 16 tons weight, and plates 37 ft. 9§ in. Bac A 
7 ft. 8in. wide by 14} in. thickness. The Lay seg iffi- 
culties have now all been overcome, the result due largely 
to the courage and verance of Laing, of the 
Wallsend Slipway and Engineering Company, backed by 
the careful but straightforward experiments and criticism 
of the chief engineer of Lloyd’s Register. 

I would call attention that the gainge between 
high-silicon steels and high-carbon steels are hardly com- 
parative, as shown in Mr. de Rusett’s table, as the 
thickness of plates vary considerably, otherwise the 
silicon steel would have come out more favourably than 
it does. 

Carco-STeAMERS. 


There were two papers in connection with the 
design and equipment of cargo-steamers, and at 
the request of Dr. Elgar these were read in ab- 
stract, as the forenoon was far spent. One was by 
Mr. Samuel J. P. Thearle, on ‘* The Structural 
Details of Cargo-Steamers in Relation to their 
Water-Ballast Arrangements.” This is published 
on page 874. The other was by Mr. William 
Henry Dugdale, and was on ‘‘ The Arrangements 
for Working Cargo on Ships.” This is also pub- 
lished on page 874. 

It was announced that a letter had been received 
from Messrs. A. and J. Inglis, calling attention to 
the fact that one of the historical references was 
inaccurate. Mr. Dugdale, however, pointed out 
that there was no intention in the references 
in his paper to establish priority or to apportion 
credit for pioneer work. 

Professor Biles was asked to initiate the discus- 
sion, and in reference to the question as to whether 
the scantlings of the double bottoms of our ships 
were in excess, he humorously suggested that it 
was very unusual for a gentleman from Lloyd’s to 
suggest such an excess, and he trusted that it was 
indtoative of a change, and that they might live in 
hope that ships would be built of proper strength 








Ladachs > vagy fiotlMieanciade aera: idniaaciteani seating ats tensintiententt nase se 








848 


ENGINEERING. 


[June 28, 1907. 








20-IN. PILE-TAPERING MACHINE FOR ROTTERDAM HARBOUR WORKS. 


CONSTRUCTED BY MESSRS. THOMAS ROBINSON AND SON, LIMITED, ENGINEERS, ROCHDALE. 
(For Description, see Page 851.) 

















without excessive scantlings. If the weight of 
the double bottom could be reduced, it would be 
an advantage to the main structural strength of 
the ship, as it would tend to lift the neutral axis. 
Generally the double bottoms of merchant ships 
were too strong, a fact which would be appreciated 
by comparison with warship scantlings. At the 
same time there were many considerations which 
had to be met, and which, although they were 
unnecessary from the point of view of stress, were 
nevertheless desirable. The case of buckling stresses 
had to be thought out. It might be better to have 
no double bottom under the boilers, and to put the 
material in the inner bottom and framing, where it 
might be more required, and thus strengthen the 
ship against alternating stresses. As to the flang- 
ing, he thought that this might be done with inter- 
costals on vertical edges, byt he thought it was 
not quite permissible to do so on the horizontal 


es 

Mr. Waynman Dixon spoke at considerable 
length in — of the top-side tank steamer 
described by Mr. Thearle, and illustrated by a 
diagram on the wall. In this case the water-tanks 
were arranged along the side of the ship under the 
upper deck, and Mr. Dixon thought these consti- 
tuted two large box-girders in a ition where 
strength was most required. With the ordinary 
deck the top member of the girder was usually 
much lighter than the bottom member—namely, 
the double bottom. The top-tank system, therefore, 
contributed to the longitudinal strength of the ship, 











and, moreover, added to its safety, as, when empty, 
the tanks were comparable to the air-tight tanks 
of a life-boat. The cutting down of the tonnage, 
it must be admitted, was very desirable from the 
taxpayers’ point of view, as the dues constituted a 
large element in the expenses of ships frequently 
in port, and it was important that shipbuilders 
should consider the taxpayers’ interests. The tanks 
were divided transversely into compartments of 
70 ft. or 80 ft. in length, and containing about 100 
tons of water-ballast ; they were entered by man- 
holes from the deck, and light could enter from 
the upper deck. Steamers so equipped aggregating 
150,000 tons were now completed or building, and 
this fact alone proved their efficiency. There 
had been no complaints as to leakage of water. 
Owing to the strength of the decks, the hatches 
could be made larger, and there was an absolute 
clearness of hold. The space lost by placing the 
ballast-tanks on the top sides was less than in 
any other cases. It was to be hoped that before 


| long the Board of Trade would allow these vessels 





|to carry a grain.cargo without the safeguard of 
fore and aft boards. Mr. Dixon further called 
attention to the advantage of these vessels as naval 
colliers, because when the top tanks were filled 
with small coal they would be protected against gun 
fire. 

Mr. F. J. Trewent also agreed that Lloyd's 
scantlings for double bottoms were too heavy, 
and thought that there was no need to put solid 
floors on every frame; if they were put on to 
every alternate frame, it-would be easier to get into 
the double bottoms. As to the deterioration under 
boilers, he suggested that cement should be used in 
the double bottom and top covering, and that the 
bottom covering of the boilers should be covered 
with asbestos blankets. He suggested that water- 
ballast might be carried in the shaft tunnel on the 
Cole patent. With regard to Mr. Dugdale’s paper, 
he referred to the little progress made with steam- 
winches, and stated that there was shortly to be 
introduced a development whereby one man could 
control both the hoisting and slewing motions by 4 
double barrel on the winch. 

Mr. Frederick Edwards referred to the splendid 
work done by the gear on the St. Paul, which was 
referred to in the latter part of Mr. Dugdale’s 
paper. On one occasion the crew of this ship had 
discharged the complete cargo in a very short time. 

Mr. A. E. Seaton stated that he thought the 
question of trouble under the boilers had been 
solved long ago. Professor Vivian Lewes, in a 





paper read before the Institution of Naval Archi- 
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| tecte, had dealt fully with the question from the 


chemical point of view. If the boilers were insu- 
lated, the deterioration practically ceased, as it 
was due to the action between the hot boiler and 
the cold tank top. 

Sir William White made a few observations on 
Mr. Dugdale’s paper, pointing out that the rapidity 
of handling cargo constituted the essence of fiuan- 
cial success with merchant steamers. He spoke of 
the American systems, where so much was done by 
plant from the shore, and thought that even the 
results of the Grangesberg, referred to in the paper 
as discharging at the rate of 300 tons per hour, 
were only the beginning of a new system which 
would in the immediate future undergo a great 
development. 

Mr. Thearle, in replying to the discussion, said 
that he had invited opinion as to the strength of 
double bottoms, and he hoped that the replies 
given would have full publicity. Some advocated 
the abolition of the double bottom in the way of 
the boiler space on cargo-steamers ; but, although 
Lloyds did not insist on continuous double bottoms, 
he thought that a ship was as likely to be struck 
in grounding, or by contact with rock, in the boiler 
space, as elsewhere. As to the keeping of the 
‘tween bottoms dry, Mr. Lyle, of the Clan Line, 
had arranged for air circulation through pipes 
from the double bottom to the deck ; the excess of 
heat in the double bottom caused an automatic 
circulation of the air, and by this means the de- 
terioration had been diminished. In re to 
the point raised by Mr. Trewent, Mr. Thearle 
pointed out that Lloyds did not require solid 
floors to all the frames, but shipbuilders found it 
better, or more economical, to secure them to all 
the frames. 

Mr. Dugdale also briefly replied, and, a vote of 
thanks having been passed to the authors of the 
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two papers, the ‘opie of the day in this 
Section terminated. 


SECTION VI—WATER WORKS, SEWERAGE, AND 
GAS WORKS. 


Work in this section was resumed on Thursday, 
the 20th inst. Sir George Thomas Livesey occupied 
the chair, and opened the proceedings. He stated 
that a Gas-Engineers’ meeting was being held in 
Dublin concurrently with the Institution’s Confer- 
ence in London, and that probably the greater part 
of the gas engineers had gone to the Dublin 
meeting. Reverting to the two papers put down 
for the day, he added that the various gas com- 
p»nies of London acted for the prevention of smoke, 
and he believed that gas-fuel was the best fuel to 
fight effectively that nuisance. There was, how- 
ever, a great difficulty in the matter of price ; it was 
necessary that gas for heating purposes should be 
sold at a low price, but, on the other hand, every- 
thing seemed to conspire against the gas companies 
to prevent them from lowering their costs. ms 
in the coal trade were constantly recurring, the 
pwrochial authorities were always anxious to get 
all they could out of the gas companies, and gas 
and water were two commodities which were more 
heavily taxed than all other commodities in common 
use. Gus was rated to the extent of 5 to 10 per cent. ; 
the consumer had to pay nearly all of this, and 
prices could be reduced only with extreme difficulty. 
He asked that every member of the community 
should work with the gas companies to improve 
matters. The companies, moreover, had to meet 
serious competition, and this could only be effec- 
tively dealt with by low prices. 

The first paper read was one by Mr. William 
Hasgood Young Webber, on ‘‘ The Application of 
Town Gas as a Heating Agent.” This is repro- 
duced in full on page 875 of our present issue. 


Heatine sy Gas. 

Mc. Goulden, on opening the discussion, said 
that he would like town gas to be more and more 
recognised here as a heating agent. He had re- 
cently returned from the Continent, where he had 
been struck by the good lighting that obtained 
generally there as compared with this country. As 
far as he could find out the illuminating power was 
totally disregarded on the Continent, the gas being 
considered there entirely on a heating-agent basis. 
Hie wanted a similar standard to be acknowledged 
in this country. Gas having a large margin of 
illuminating power was made and distributed in 
England, and the companies were pestered with 
tests, nevertheless. The calorific standard, he re- 
peated, was the one to work to. In reply to a 
question, he stated that the town he had visited, 
and had in his mind in making these remarks, was 
that of Dessau. The Dossau gas had hardly as good 
a calorific value as our gas — 5500 calories per 
cubic metre (618 B.Th.U. per cubic foot) ; the gross 
value was about equal to our net value. But in 
stating this caloritic value he added that their 
standard was empirical, not obligatory. There 
were hardly any flat-flamed burners in the town— 
mantle lights only. 

Mr. Thwaites referred to work he had carried 
out several years ago with regard to the pressure of 
the gas, and the use of mantles, and stated that the 
author should have, perhaps, differentiated in his 
statements with regard to producer-gas ; this gas, 
he added, was more uniform in calorific value 
generally than town gas. 

Mr. H. A. Humphrey remarked that he re- 
gretted the paragraph in the paper in which it 
was stated that producer-gas had only about one- 
fourth to one-fifth the heat value of the cheapest 
town gas, that it was of uncertain composition, 
and required 20 per cent. more cylinder capacity 
for the same effective horse-power, besides being 
liable to cause danger to l.fe' and to create a 
nuisance; and that it did not make headway 
against town gas at 2s. per 1000 cubic feet. 
These, said Mr. Humphrey, were only half-truths, 
and half-truths were difficult to meet, and did 
much harm, All kinds of producer-gas had been 
put together by the author for consideration as a 
term of comparison, and Mr. Humphrey could 
say that the gas from a given producer plant was 
more constant in calorific value than that of town 
gas in the same area. With regard to the require- 
ment of 20 per cent. more cylinder capacity, this 
might be true, perhaps, if the engine considered 
had beea designed originally for taking lighting 





gas; the engine would, perhaps, in such a case 
give 20 per cent. less output with producer-gas. 
‘But if it had been designed in the first in- 
stance with a view to using producer-gas, then the 
same output would be obtained for the given 
cylinder capacity. The pressure per square inch 
would be, say, 112 lb. to 1201b., and Mr. Webber 
could not show a higher pressure with lighting 
gas. With reference to danger, if carbon mon- 
oxide were referred to, he might add that whereas 
the Board of Trade had limited this to a maxi- 
mum of 14 per cent., the South Staffurdshire 
power-gas plant on the Mond system, put down 
by him, showed about 12 per cent. of carbon mon- 
oxide, and was always under 14 percent. There 
were lighting gases in which carbon monoxide 
exceeded 12 per cent. But there was ample room 
both for town-gas and producer-gas. Lighting-gas 
was more suitable in some cases, but he asked 
whether furnaces would, or could, take lighting gas 
in large quantitics. He wanted to see the use of 
fuel-gas go ahead. 

Mr. Hawksley, speaking from a consumer's point 
of view, gave particulars as to the number of fires 
at his house; when all were in use he had, at first, 
difficulty from lack of pressure, and applied to the 
gas company for a larger service-pipe, on which the 

atter inquired whether the larger service-pipe was 
required for a factory! He added a few remarks 
concerning the dryness of gas heat, and concluded 
by recommending the gas companies to be careful in 
not producing too cheap gas. 

Another speaker stated he had been careful to 
keep up the quality to 19 or 19.5 candle-power. 
Some time ago he had experienced difficulty in the 
matter of coal supply ; this had become irregular, 
and he was compelled to use Derbyshire coal 
instead of Yorkshire. The consequence was that 
the illuminating power fell to 15$ or 16 candle- 
power, and no remark or complaint was made by 
any single customer. Now his company were giving 
not more than 17 candle-power, and still no one 
made the least complaint. Mantle-burners were 
used throughout the district. 

Mr. Killingworth Hedges gave his experience 
with gas stoves; he asked their duty, and was 
surprised that little progress had been made in 
their manufacture. 

Mr. Lawford asked whether gas steam-radiators 
could be used in a room without ventilation ; 
whether there was a smell arising from these radia- 
tors; and stated the case of a church so heated, the 
inside walls of which had become totally black ; he 
asked why this should be so. He asked, further, 
the percentage of the rates paid by electricity as 
compared with those paid by gas [Sir George Livesey 
said he was unable to state this]; also the price of 
gas at Sheffield (this was given as Is. to Is. 4d.) ; 
and, further, whether any information could be 
given in the matter of coalite (which question was 
ruled out amid laughter). 

Mr. Lowcock, referring to the paragraph in the 
p3per dealing with the use of gas for heating 
and melting metals, asked how the gas was supplied 
to the crucible. He had found that for heating 
metal and melting brass, gas and air mixed, the 
pressure of the gas being increased, gave good 
results ; but there was the danger of explosions 
and striking back. He had tried wire gauze, but 
had not found it to work satisfactorily. He then 
used injection burners; these, however, were not 
economical, and produced an intense local, in- 
stead of a distributed, heat, much noise, and led 
to great expense. The same remarks applied to 
gas-welding. With gas and air mixed and an in- 
creased pressure, as aforesaid, there was the 
element of danger ; he was more satisfied with the 
work done with the series of injection burners, 
but they had against them the question of noise and 
high cost. His highest pressure was 20 in. of water 
for melting and 7 in. for welding. 

Mr. C. C. Carpenter, reverting to the lighting of 
German towns, attributed the success they had met 
with under this head to their being free from dust, 
as compared with London. Dust was a great catise 
of trouble in lighting, by accumulating on the 
nipples. Dust also explained the blackening of 
the walls alluded to by a former speaker, and he 
called attention, as an instance, to the darkened 
walls above the radiators in the room. 

The Cologne Gas Works were referred to by a 
speaker, who gave the standard at that city as 
being 5000 calories per cubic metre (562 B.Th.U. 

er cubic foot). He saw there vertical retorts. 
Vith reference to the vexed question of pressure, 





complaints had been often made that the required 
ees could not be obtained for chemistry work, 
ut matters were being improved in this respect. 

Mr. Fenn gave several examples of actual in- 
stallations. In a factory in Holloway using gas 
for raising steam the cost was found high; he 
fitted a blower, the gas was then used under 
pressure, and the gas bill was reduced by half. 
At a varnish factory in Silvertown he fitted a gas 
installation, using gas under pressure, which now 
had replaced the former coke-heated plant. The 
Daily Mail now used gas under pressure for lino- 
type melting. A quantity of 60 tons of metal could 
be melted per week with a weekly gas-bill of 2. 
The pressure was given by a rotary blower on the 
Eames ; the pressure was 60 in. to 100 in. of water, 

ut better results were obtained with 60 in. than 
with 100 in. 

In reply to the points raised in the course of the 
discussion, Mr. Webber expressed his gratification 
at the interest taken in his paper, notwithstanding 
the very small compass into which it had to be 
compressed. Mr. Goulden had laid stress upon the 
importance of considering gas as a heating agent, 
and he was glad of his support in this. He had 
also been at Dessau. The calorific value question 
resolved itself into a flame temperature question ; 
and one inferred, when speaking of caloritic value, 
a certain standard as regards flame temperature. 
Here one counted about 520 to 540 British thermal 
units per cubic foot, and a gas of this value 
would meet the ordinary individual work of a town. 
Mr. Thwaite spoke kindly of the paper; the author 
was grateful to him, but was no’ aware of his 
early experiments. Mr. Thwaite claimed that 
producer-gas was of superior uniformity to ordinary 
town gas; this Mr. Webber could not admit, for 
the incessant fluctuations of producer-gas was one 
of the greatest troubles with this gas; it caused 
Woolwich to use town gas instead of producer-gas 
in the Arsenal. The reason was simply the uncer- 
tainty of producer-gas and the low-flame tem- 
perature. If the calorific value fell when the 
producet got coked up, then the proportion of 
air supply was too great, and explosions were likely 
to occur. The _ was one of quick work. He 
was sorry Mr. Huwphrey had been compelled to 
leave the meeting. Mr. Webber said he could not 
discuss the South Staffurdshire Mond gas plant, 
which was the only example available for the dis- 
tribution of producer-gas, and was outside the 
limits of the paper. Mr. Hawksley attached, and 
justly so, great importance to an increased gas pres- 
sure in dwellings; the gas companies had much 
leeway to make up for in this respect, and a stan- 
dard for gas distribution should be an equal pres- 
sure in the mains both at night time and during 
the day, in the same way as with the voltage in 
electric mains. Until this was done there would 
be complaints. The fear of leakage rested on a 
tradition ; when pressure increased leakage did not 
increase. There was, further, no difficulty in 
making the distribution perfectly tight. Much 
depended upon how the houses were ‘‘ carcassed,” 
and there was a tendency to skimp this part of 
the work. With reference to the dryness of gas 
heating, it was probably due to a slight leakage of 
the products of combustion in rooms where there 
was not sufficient ventilation ; it was a question 
of stove construction, and a wide canopy for the 
outlet of the products of combustion had been 
found to give good results. Mr. Killingworth 
Hedges asked a question as to the duty of gas- 
fires. This was difficult to solve. Mr. Webber's 
impression was that an ordinary fire radiated about 
27 or 28 per cent. of the total fuel value of the 
gas it burnt; more could, perhaps, be obtained 
from the warming effect of the black heat, and this 
would increase the duty. The 27 or 28 per cent. 
was not the total effect ; there was warm air pass- 
ing round the stove. The outlet through the 
chimney was not lost effect, but worked largely for 
ventilation purposes. Replying to a point raised 
by Mr. Lawford as to the adoption of F. Siemens’ 
principle of free-burning flames without contact, 
to assure effective heating without escape of un- 
burned gis, Mr. Webber explained, by means of a 
sketch on the blackboard, the variations which 
occurred in the inner cone of a Bunsen flame, and 
stated that if the vessel to be heated were put in 
contact with the very tip of the flame—the tip of 
the outer cone—no smell would issue ; but smell 
would be produced if the vessel interfered with the 
inner cone, as unburnt gas would be set free from 
this. Mr. Webber handed a drawing to Mr. 
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Lowcock to facilitate the latter using gas with cru- 
cibles for melting. In this the crucible was shown 
completely surrounded by a firebrick casing, which 
left a circular path round it; a slanting opening 
cut in the firebrick casing, not normal with 
the centre, established a communication for the 
flame from a burner placed on the outside of 
the opening. The flame did not by this means 
strike the crucible, but was distributed round it. 
Mr. Webber, in a case of this sort, raised the 
pressure of the gas only, not that of the air. He 
concurred fully in Mr. Carpenter’s statements with 
regard to the dust difficulty, and added that it was 
a hard matter to realise the quantity of dust that was 
drawn into a light, burnt up, and deposited on the 
burner. 

After a vote of thanks proposed by the Chairman, 
which was heartily responded to, Mr. C. C. Car- 
penter was called upon to read his paper. This 
was entitled ‘‘ The Distribution of Gas at Increased 
Pressure,” and is printed in full on page 876. 


Gas-DistersuTion AT HichH PReEssuRE. 


The discussion was opened by Mr. A. J. Martin, 
who stated that there had always been much super- 
stition in the matter of gas pressures ; he had been 
recently in communication with an American com- 
pany who had of late greatly increased the pressure 
of their distribution; and with regard to the 
leakage question—a bugbear in this country—he 
was informed by the American company that the 
high pressure gave less trouble than the low pres- 
sure, and that there was no leakage. Reverting to 
the statement that if a gas-distribution system was 
judged on its merits as a power-distributor from a 
central source, it would be found to possess greater 
efficiency than was commonly supposed, he said that 
this statement, in his opinion, was putting the fact 
very mildly ; he added that electricians did not 
appear to be fully alive to what was possible with gas. 
Taking two comparable distribution systems, one for 
gas and the other for electricity, the weight of copper 
to carry the electric current would be greater than 
the weight of steel for gas ; the heat problem would 
be all in favour of gas distribution; owing to the 
cost of copper, and adding to this that of insula- 
tion, gas distribution would be cheaper; and as to 
efficiency, there would be less loss in the distribu- 
tion of gas. Speaking of the London County Council 
Electricity Bill, the cost of ducts and cables was 
estimated at 666,000/. ; if gas were distributed 
instead, using a 4-in. pipe and a 60-lb. pressure, 
the cost would only be, say, 43,0007. He was of 
opinion, in concluding, that Parliament should 
direct their attention from the Electricity Supply 
Bill to one for gas supply. 

Mr. Houlden said he had raised the pressure of the 
gas on his premises by putting in an intensifier, and 
the resulting lighting effect and economy were 
highly satisfactory. The pressure was increased to 
10 in. or 12 in. of water. The difficulty he had en- 
countered was one in connection with instances 
in which melted metal had to be kept at the same 
temperature during the whole of the day, and for 
this he had tried all manner of devices; he had 
added another pipe from the main, and the 
melting-pots were now working satisfactorily. 

Mr. J. L. Chapman made interesting remarks as 
to gas plants under his supervision in a country 
district. He had two such plants distant one from 
the other. He pulled down the smaller, but left 
the gas-holder standing; this gas-holder, of the 
single-lift type, acted admirably in the form of a 
balance governor. It went down at the hours of 
increased demand, and kept the pressure throughout 
the district perfectly even. 

_ Mr. King said that, having to decide between an 
increase in the mains and an increase in pressure, 
he would take steps to increase the latter. 

The Chairman, on concluding the discussion, 
stated that one of the morals derived from the two 
papers was that with a higher pressure, within 
limits, a better effect would be produced both in 
stoves and in lighting. 





THe CoNnVERSAZIONE. 

‘The Annual Conversazione of the Institution of 
Civil Engineers is a function which is, strictly 
speaking, quite independent of the Conference ; 
but this year it formed such an important item in 
the arrangements for last week that we feel justified 
in including our notice of it in our report of the 
Conference proceedings. It has been usual for 
many years past to hold the Conversazione on two 





successive evenings, the house of the Institution 
of Civil Engineers, large as it is, not affording suffi- 
cient accommodation for the reception of all the 
guests on a single evening. This year, however, 
a change was made, and the Royal Albert Hall was 
engaged for the occasion, so that there might be 
one great gathering at which all the guests 
could meet. The result, we may say at once, 


on the evening of Thursday, the 20th inst., the 
guests, who numbered some 3000, being received 
by Sir Alexander B. W. Kennedy, the President 
of the Institution, and Lady Kennedy. The hall 
was tastefully decorated, and an excellent musical 
programme was carried out by the aid of Miss 
Agnes Nicholls—whose charming voice was most 
effective even in this enormous building — the 
string band of the Royal Engineers, and the Har- 
ford Vocal Quartette. The gathering was, as we 
have already stated, a most complete success ; but 
while saying this without reservation, we cannot 
help feeling that the occasion afforded further 
proof—if such proof were wanted—of the necessity 
for providing more adequate accommodation for 
our profession in this vast metropolis. A great 
profession like ours, responsible as it is for an 
enormous investment of capital, and embracing in- 
terests of the most widespread and important kind, 
should possess a home worthy of it—a home which, 
in addition to providing for the business require- 
ments of the leading engineering societies, should 
enable a function like that of which we have been 
speaking to be held in a building commensurate in 
importance with that profession which has done 
more than any other to develop modern civilisation. 
We dealt at length with this subject some two 
years ago,” and we greatly hope that it may be 
found possible in a reasonably early future to 
materialise some such scheme as that we then fore- 
shadowed. 

The proceedings on Friday, the 2lst inst. (the 
last day of the Conference) we must leave to be 
dealt with in our next issue. 








ELECTRICALLY-DRIVEN RAIL- DRILLING 
MACHINE. 

Tue illustration on page 841 represents a special 
machine made for drilling rails, driven by electric 
motor, constructed by Messrs. Tangyes, Limited, of 
Birmingham. The machine has four spindles, two on 
each side, so that the holes can be drilled from either 
side, and it is provided with three speeds, so that holes 
varying from 8 in. to 1} in. in diameter may be drilled. 
The machine has a strong bed, on which is bolted a 
cross-slide having a table 12 in. wide by 26 in. long, 
with a cross adjustment of 3 in. The table is provided 
with bolts carfying a plate having lock-bolts for clamp- 
ing the rail to the table. On each side of the table there 
is a saddle which is free to slide along the bed on 
which it is carried. Each saddle has two uprights on 
its face, these being carried on a slide having a large 
steel spindle running in hard gun-metal bearings. 
Each spindle has a hole bored through it, and is pro- 
vided with special thrust arrangement and provision 
for setting the drill, and each spindle-head has a ver- 
tical adjustment. Both the uprights can be moved in 
or out independently of each other, so as to allow 


‘| holes of 14 in. maximum and 7 ia. minimum centres to 


be drilled. 

The spindles are provided with a cone arrangement 
for holding the drills, so that drills can be taken from 
the back of the spindle, or, in case of short drills, the 
saddle can be run back, and the drills taken out from 
the front. Each saddle has self acting feed motion, 
and stop motion is provided by means of a drop.out 
worm worked from a hand-lever and rod connected to 
the right-hand saddle. One set of headstocks may be 
worked at atime if so desired, and the two sets are 
arranged so that they can be adjusted together. 

Provision for elongating the holes is made by means 
of the lever shown in front of the table. The bed is 
made into a trough, and a pump for supplying lubri- 
cant to the work is provided. All the gearing is 
machine-cut from the solid. 








30-CWT. HYDRAULIC PEDESTAL CRANE. 

WE illustrate in Fig. 1, page 844, a perspective view 
of a 30-cwt. hydraulic pedestal crane recently designed 
and erected by the Hydraulic Eugineering Company, 
Limited, of Chester, for Messrs. Bellamy’s Wharf, 
Limited, Rotherhithe. Figs. 2, 3, and 4, page 845, 
show the crane in end elevation, side elevation, and 
plan respectively. 

At Bellamy’s Wharf there isa T-shaped jetty, where 


* See article entitled ‘‘A Home for Engineering 
Science” in ENGIngERtNG for July 7, 1905, page 17. 


irs, it decided to adopt hydrauli 
was a great success. The Conversazione was held | mex + rye del yredit n+ ae 





large vessels are discharged, and at the latter end of 
last year considerable extensions were made there, and 
the crane alluded to was added to the existing plant. 
Messrs. Bellamy were at first undecided whether to 
adopt hydraulic or electric power for their extensions ; 
but after making careful enquiries, more especially 
with regard to the probable working costs of the two 
systems, coupled with the cost of maintenance and 
wer, 
with regard to which decision, we understand, they 
have been thoroughly satisfied. Alternative tenders 
were invited for electric and hydraulic cranes, and 
the consumption of current or pressure water, as 
well as the time occupied in lifting, luffing, and 
slewing had to be stated and guaranteed. Relia- 
bility and power to withstand rough usage had 
also due consideration before a final. decision was 
arrived at. The crane is placed at the end of the jetty, 
as shown in Fig. 1, and is designed to lift 30 cwt. 
from a barge moored alongside to any one of four 
barges moored abreast at the other side of the jetty, 
or to the gangway, where other cranes can deal with 
the merchandise. It has a range of lift of 116 ft. 6 in. 
when luffed to 20 ft., and is capable of lifting from the 
river-bed toa height of at least 85 ft. when at a rake 
of 75 ft. It is made to slew 1} revolutions. 

The mast is constructed of steel plates in the usual 
way, and is fitted with a machined toe-step, which, 
together with the whole weight of the moving parts, is 
carried on ball-bearings, the waist of the mast turning 
in a live ring of rollers in the top of the pedestal. The 
jib is 81 ft. 8 in. long from the centre of the head to 
the centre of the heel, and is of the lattice type. It 
is fitted with a special compensating arrangement, 
or fusee gear, so that the load on the luffing-ram is 
equalised at all points of the rake of the jib. The size 
of the luffing-ram can, therefore, be correspondingly 
reduced. The arrangement is shown in Figs. 5 and 6, 
page 845. The dimensions of the various cylinders 
and rams are as follow :—Lifting-ram, 9% in. in dia- 
meter by 14-ft. 7-in. stroke ; turning ram, 6} in. in 
diameter by 5-ft. 1l-in. stroke; luffing-ram, 8 in. in 
diameter by 8-ft. 6 in. stroke. The wheel-base centres 
are 13 ft. 6 in., the height of the top of the mast from 
the quay-level 47 ft., and the height of the jib-head 
sheave 105 ft. The sheaves of the lifting and luffing- 
cylinders are fitted with wire-ropes, but chains are 
used for slewing. 

Special stress was laid on the necessity for rapidly 
dealing with the merchandise, and a speed of litt of 
not less than 300 ft. per minute was required. The 
rams were designed not to give a larger consumption 
of pressure water than was specified, and the speeds 
obtained on trial for all operations with full load were 
found considerably to exceed what had been guaranteed, 
so that the result was satisfactory. 





PILE-TAPERING MACHINE. 

Tue expense of, and time spent, in tapering piles by 
hand has led to the construction, by Messrs. Thomas 
Robinson and Son, Limited, Railway Works, Roch- 
dale, of a machine for performing this work. This 
machine we illustrate in Figs. 1 and 2, page 848. 

This particular machine is built to work fir piles 
of 20 in. square, which are placed horizontally and 
clamped to the bed, as shown at the left hand of 
Figs. land 2, The tapering is done by cutter blades 
in the conical head, which is steadied by an ordinary 
bearing at one end and by a roller bearing arrange- 
ment at its larger end. This head is driven by belt 
on a pulley solid with the cone. The whole tapering 
head is arranged on a slide which is fed forward by 
belt-driven gear, shown at the right-hand end of the 
machine in Figs. 1 and 2. The end of the pile is pro- 
vided with a suitable support, which is of adjustable 
height, in order that different sized piles may be 
accommodated in the machine. Fig. 3 shows the 
taper given to 20-in. square piles, the diameter at the 
point being left at 5in. The time taken to cut this 
taper is 15 minutes for each pile. When thus reduced 
the piles are shod with iron shoes. This particular 
machine has been, constructed to the order of Mr. C. 
Koning, Jun., agént for Messrs. T. Robinson and Son 
in Holland, and is for the Rotterdam Harbour Works. 








Licht Ramtwars Act, 1896.—The Board of Trade 
have recently confirmed the undermentioned Order, made 
by the Light Re eeannas + Webreenetiaees 
and Cannock Chase Railway (Light Railway) Order, 1907, 
authorising the Wolverhampton and Cannock Chase Rail- 
way Company to construct and work their authorised 
railways as a ight railway under the Light Railways Act 
1896, and for other purposes. 





National Te_ePHone Direcrory.—Owing to the con- 
stant increase in the numbers of telephone subscribers, 
the National Telephone Company has decided to issue 
two editions of its directory during the year. The new 
edition will be published early in July, and it is hoped 
that this effort to give subscribers a directory which will 
be more up-to-date than is possible with but one annual 
edition, will meet with success, 
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FOUR-CYLINDER COMPOUND EXPRESS 
LOCOMOTIVE ; DANISH STATE RAILWAYS. 


In our issue of the 14th inst. we gave a two-page 
engraving, Plate XLILI., with other illustrations and 
a short description (see pages 770 and 771 ante), of a 
four-cylinder compound “‘ Atlantic” type locomotive, 
designed by Mr. O. Busse, locomotive and rolling- 
stock superintendent of the Danish State Railways. 
Of this engine we this week give further illustrations 
in our two-page engraving, Plate XLVII, and on 
the present page. The selection of this particular 
type of locomotive, we may add, was the result of 
a careful consideration of the tests made upon the 
Vauclain four-cylinder compound at the St. Louis 
Exhibition. 

If reference be made to Plate XLIII. (published 
with our issue of the 14th inst.), Figs. 1 and 2, 
and to Figs. 3, 4, and 5, on e 770 of the same 
issue, it will be seen that in the design of Mr. Busse 
the high-pressure cylinders, 340 millimetres in diameter 
by 600 millimetres stroke (1 ft. 1g in. by 1 ft. 118 in.), 
are inside the frames and drive on to the leading pair 
of coupled wheels, while the low-pressure osiedem, 
570 millimetres by 600 millimetres (1 ft. 10,, in. by 
1 ft. 11 in.), are outside and drive the second pair of 
wheels, 

The frames are of the bar type, of 4 in. width, the 
front portion being composed of but one splice-bar, 
which passes under the heavy cylinder and saddle cast- 
ings. These castings will be seen in Figs. 6, 7, and 8 
(page 771 ante), which give elevation, sectional eleva- 
tion, and plans of the cylinders and steam-chest. Each 
casting consists of one high and one low-pressure cylin- 
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covering the small circular ports communicating with 
the two side es, and allowing in this manner 
steam to pass um the steam-chest direct to the high- 
pressure cylinder. It passes thence into the receiver 
and to the low-pressure cylinders, these alone for the 
moment driving the locomotive. After the completion 
of a portion of a revolution, the high-pressure and 
low-pressure cylinders (all four cylinders of the engine) 
are in regular working. 

Referring to Fig. 10 it will be seen that combined 
with the starting-valve is a drifting-valve, which is 
provided for running with steam shut off. The same 
cock which works the starting-valve also controls 
the working of the cylinder drain-cocks. One of 
these is shown in Fig. 14, and is, it will be observed, 
a combination of a drain-cock and relief-valve. Steam 
is admitted to the underside of the small piston in the 
lower part of the vertical limb through the oe # 
shown just above the screw-cap. his forces the 

iston up, lifting the ball-valve off its seat and allow- 
ing the water and steam to blow through. The dis- 
charge is carried down the inclined branch-pipe into 
a horizontal pipe shown in section in Fig. 14, and held 
do the drain branch by means of the nut shown. 

e upper portion of the mounting vonsists of a relief- 
valve set to blow-off, in the case of the high-pressure 
cylinders at a pressure of 230 lb. per square inch, and 
at 140 lb. per square inch in the case of the low- 
pressure cylinders. This valve needs no further de- 
scription. The section in Fig. 15 is a transverse 
section through the spring-cage of the relief-valve. 

The type of crosshead used in these engines is shown 
in Figs. 16 and 17, Plate XLVII. e crosshead 





shown is actually one for the low-pressure cylinders. 
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gives the train-load in tons behind the tender. Fig. 21 
gives two indicator diagrams taken at a speed of 
80 kilometres (about 50 miles) per hour. In steam 
consumption the engines compare very favourably 
with the Vauclain compound tested at St. Louis. 
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In Fig. 22, annexed, we give indicator diagrams for 
this engine. The shaded cards represent distribution 
at 30 per cent. cut-off in the high-pressure cylinder. 
Cards for other cut-offs are lined in for both high and 
low-pressure cylinders. With regard to the symbols at 
the top of this figure, it is only necessary to say that 
Vi is the volume of the high-pressure cylinder. To the 
left of this is its clearance volume, which is 0.165 V,, 
The receiver is 1.54 V;, ; next to this is the clearance 
volume of the low-pressure cylinder, 
which is equivalent to 0.094 of its 
volume; and, finally, the low-pressure 
cylinder, which is, in this case, 2.8 V),, 
The vertical scale given is in kilo- 
grammes per square centimetre abso- 
lute, and the horizontal in litres. 
Although in this type of locomotive 
the reciprocating masses are, to a large 
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der, with one steim chest for the two cylinders. The 
castings are bolted together down the centre line of 
the locomotive. The valve is placed above the cylin- 
ders, whivh latter are all in in across the engine. 
The valve-bushing is provided with ports to allow of 
steam taking the course shown in Fig. 8, the exhaust 
from the high-pressure cylinder passing through the 
valve on its way to the low-pressure cylinder. On 
either side of the central high - pressure steam-port 
are two emaller ports provided in connection with 
the starting gear, descr below. : 

The valve gear is of the Walschaert type, driven by 
single eccentrics outside the cranks and nxt to the 
axle-boxes, on the leading driving axle. A drawing of 
this gear is reproduced in Fig. 9, on the two-page 
plate (XLVII.) with this issue, this view showing a 
section taken through the piston valve and high- 
oe cylinder, he details of this gear can be 
vllowed quite clearly in this figure, and need no 
further description. 

A starting valve is provided, and this is shown in 
Figs. 10, 11, and 12, Plate XLVII. It is fixed to a 
seating on the main cylinder ns, which may be seen 
in Figs. 6 and 7, page 771 anie. ounted in this way, 
it will be evident that the central opening a, Fig. 12, 
will be in communication with the high-pies ure steam 
chest, while the two side passages b are in communi- 
cation with the high-pressure cylinder ports. The 
valve consists of a combination piston working in a 
vertical cylinder. The lower, or small diameter, piston 
is acted on by the pressure of steam in the steam- 
chest. The upper piston, of larger diameter, is 
acted _ by steam pressure from the boiler, with 
which the upper portion of the cylinder is in com- 
munication by means of a small pipe. The connection 
for this pipe is shown just below the screw-cap in 
Figs. 10 and 11, Plate XLVII. This small pipe is 

rovided with a cock, placed in the cab. If the cock 

kept closed, the pistons remain in the position shown 
in Fig. 10, &c. ; but if this cock be opened, the pres- 


Those for the high-pressure cylinders are similar, with | 
| to 25 per cent. of the remaining unbalanced parts, are 


the exception that they have an addition in the form 
of a bottom lug, shown in Fig. 9, to which is jointed 
the crosshead connection link of the valve gear. It 
will be observed that two slide-bars are used, both 
above the centre line of the cylinder. Adjustment 
of the slippers for wear may be easily made. 

The crank-axle of the leading driving-wheels is of 
the type now frequently used on the Continent, in 
which the two cranks are connected by a diagonal 
of rectangular section. The single eccentrics are out- 
side the cranks, and between them and the axle- boxes. 

Figs. 18 and 19, Plate XLVII., give the Zeuner valve 
diagrams for this locomotive. The gear is arranged for 
@ maximum cut-off of 82 per cent. in the high-pressure 
cylinders. Fig. 18 gives the diagram for the high- 
pressure cylinder, and Fig. 19 that for the low, the 
vectors for the various events being marked in, and 
projected on to the horizontal scale. The different 
circles represent valve travel at 20, 30, 40, 50, 60, and 
80 per cent. cut-off in the high-pressure cylinder. 
The outside lap of the high-pressure valve is 24 milli- 
metres (}§ in.), that of the low-pressure valve 20 
millimetres (#§ in.). The negative inside lap of the 
high-pressure valve is, front, 4 millimetres (,', in.), 
and back 3 millimetres (4 in.) ; that of the low-pressure 
valve is, front, 10 millimetres (?$ in.), and back 6 milli- 
metres (}$in.). The lead of the high-pressure valve 
is 3 millimetres (4 in.), and of the low-pressure valve 
7 millimetres (;°, in.). The table in the next columao 
shows the proportion of the stroke at which the various 
events take place, these figures being obtained from 
the diagrams, Figs. 18 and 19. 

As the connecting-rods for the high and low-pressure 
pistons are not of equal length, it is not possible to 
obtain exactly the same points for the different events 
of both cylinders, in both fore and back gear. 

Fig. 20, on Pilate XLVIL., is a diagram giving 
the tractive power of the locomotive on different 
gradients, the speed in kilometres per hour being 





sure above the piston is reduced, and it will rise, un- 


plotted along the horizontal, while the vertical scale 





extent, balanced, counter-balances, equal in weight 


provided in the wheels. At a speed of 100 kilometres 
per hour (62.1 miles per hour), the variations in the 
wheel pressure on the rail amounts to + 830 kilo- 
grammes (1830 lb.). 

The engine is carried at the leading end by a four- 
wheel bogie having a swing-link centre provided with 
a ball and socket. The trailing end is supported by 
wheels of the same diameter as those of the bogie— 


-1054 millimetres (3 ft. 54 in.), the axle being given 


15 millimetres (4% in.) side play. 

The t of boiler will be seen in Figs. 1 and 2, 
Plate x tit, and Figs. 3, 4, and 5, e 770 ante. 
The inside diameter of the first ring of the barrel is 
1500 millimetres (4 ft. 11 in.). The second ring is 
coned, and is 1620 millimetres (5 ft. 33 in.) in inside 
diameter at its largest end. The distance between 
tube-plates is 4800 millimetres (15 ft. 9 in.), the front 
tube-plate being set back a short distance in the 
barrel. The fire-box is short and wide, and is pro- 
vided with two fire-hole doors. The foundation ring 
is 4in. in width, and the water spaces in front and 
at the sides of the box increase in width after the 
first few inches above the ring. The back plate is 
sloped forward, The working pressure is, as given 
in our previous issue, 15 atmospheres (220.57 lb. per 
square inch). The total weight of the engine in 
working order is 66 tons, of which 314 tons, are 
carried by the coupled wheels. 

On Plate XLVIL., in Figs. 23 to 26, we give drawings 
of the tender for this class of locomotive. The tenders 
are carried on eight wheels, but are not of the bogie 
type, the first and third axles are given side play of 20 
and 10 millimetres (34 in. and 34in.) respectively. This 
arrangement is said to be satisfactory, and tyres do not 
wear greatly, although some of the curves are of 
9 chains radius, The tender has a capacity of 4620 
lish gallons of water and 5 9 English tons of coal, 
and wei -- loaded 45.5 English tons. The automatic 
peal al = is fitted to engine and tender. 
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THE WIDENING OF BLACKFRIARS 
BRIDGE. 


Tue permanent work in connection with the widen- 
ing of Blackfriars Bridge will be commenced next 
week, when the first of the caissons will be lowered 
on to the bed of the river from the stage on which it 
has been constructed. 

We described in a recent issue (page 75 ante) the 
work to be undertaken by Sir William Arrol and Co., 
Limited, of Glasgow, for slightly over 200,000/., with 
a penalty of 20/. for each and every day occupied upon 
the work in excess of three years, and a premium of 
the same amount for each day under the contract time. 
The widening work will consist of an extension of 
each pier abutment at its western, or upper, end. 
The existing western fascia and parapet will be re- 
moved, and three additional steel ribs at 10-ft. centres 
will be built, the general construction corresponding 
to the existing work. These additional ribs will in- 


crease the width by 30 ft., making the distance between 
the parapets 105 ft., which will make Blackfriars 
Bridge the widest over the River Thames. There will 
be a roadway of 73 ft., with footpaths on each side of 
16 ft. The tramway will be laid on the western side 
of the roadway. 

Perhaps, however, the most interesting part of the 
undertaking will consist in the construction of the 
foundations ; but in view of the immense experience of 
Sir William Arrol and Co. in this icular class of 
work, such difficulties as may arise will certainly be over- 
come. It will be remembered that they sank caissons of 
70 ft. diameter for the piers of the Forth Bridge to a 
depth of from 70 ft. to 90 ft. below high-water level. 
In the case of the Caledonian Railway bridge over the 
Clyde, the caissons were 70 ft. below high-water level. 
They have also worked down to 85 ft. in the same river 
for the piers of a new bridge. They worked to a depth 
of 65 ft. on the Tyne for the piers of the Redheugh 
Bridge, and to 75 ft. for the bridge now being built 
over the Wear. The Nile Brid iers were carried 
to @ corresponding depth, while the maximum was 
reached in the case of the piers for the bridge over the 
River Barrow, near Waterford, where the caissons 
were sunk to 115 ft. below high-water level, the maxi- 
mum air-pressure under which the men worked being 


43.5 lb. per square inch above atmosphere. This is 
the deepest foundation sunk in Great Britain under 
air-pressure ; but so admirable were the arrangements 
that little trouble arose. 

The method to be adopted at the Blackfriars Bridge 
is shown on the accompanying illustrations ; and it is 
creditable to the firm that, in view of the extensive 
traffic, ger and vehicular, and the importance 
of maintaining the amenities of the district, the 
intend to dispense entirely with steam-power, and, 
therefore, there can be no smoke nuisance. The air- 
compressing engines, for providing pressure within the 
caisson, will be electrically driven with current from 
the public supply mains. e riveting will be largely 
done by pneumatic tools, and the cranes and hoists 
for raising the excavated material from the working- 
chamber in the caisson, and for lowering the cement 
concrete for filling in the caissons, as well as those for 
dealing with the members of the superstructure and 
the masonry, will be driven electrically. Fig. 1 is a 
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plan at the Embankment end of the bridge, showing 
the area of the timber staging put in the river, which, 
it will be noted, involves the minimum of interference 
with the traffic. As shown on Fig. 2, the caisson is 
suspended by links from the hydraulicjacks used for the 
lowering operation. On Fig. 3 the caisson is shown 
as it will appear when it enters the bed of the river. 
Fig. 4 shows it at its ultimate depth, with the air- 
locks in position. 

The caisson was built on staging with a deck about 
5 ft. above high-water level. Care was taken that 
the cutting edge on the blocks should be as nearly 
as ible vertically over the position that the caisson 
will occupy when lowered to the river-bed. The 
working chamber was riveted and caulked, and the 
roof girders fixed in position, so that the height of 
the steelwork was then about 13 ft. a timber 
trestles support two pairs of steel girders a few feet 
above the caisson. On these girders rest the hydraulic 
lowering: jacks, four in number, one near each end of 
each pair of girders. These jacks have hollow rams, 
which allow the lowering links to vertically up- 
wards through their centres. The links are flat steel 
bars about 10 ft. in length, the links being alternately 
double and single, to allow of ease and rapidity in join- 





links, pitched at the same distance a as the stroke 
of the ram of the jack—12in. The lower ends of the 
links terminate in jaws, which engage, by means of 
pins, with brackets bolted to the permanent structure 
of the caisson. The caisson was, on Monday, the 
24th inst., raised off the building blocks, and 
lowered in successive stages of 12 in. to a convenient 
level for completing the upper parts. A cotter was 
placed in the slot-hole immediately above each ram ; 
water was pumped into the cylinders under the 
rams, which then rose, and, engaging with the 
cotters, raised the whole caisson sufficiently to allow 
of the blocks and staging immediately below to be 
removed. A second cotter was placed in each lowering 
link through the slot immediately above the one at 
the ram. On letting the water escape from under- 
neath the rams, the caisson was lowered about 12 in., 
andthe last- mentioned cotter was engaged with 
a saddle fixed on the top of each jack; the cotter 
immediately above the ram was freed and placed 
in the next slot-hole higher up; the ram was 
again pumped up to the lower cotter, thus freeing the 
higher one, which was shifted up to another hole. 
The water was again allowed to escape, and lower- 
ing took place to the same extent as before. The 
operation can be repeated any number of times. 
Additional strakes of steel shell plating were added to 
the body of the caisson, as required, during the period 
of lowering. 

Before being lowered to the bed of the river, 
the caisson had its shoe filled in with concrete. 
After the caisson has reached the bottom, the lower- 
ing gear—timber trest'es, girders, jacks, and links— 
removed, and the temporary caisson erected on the 
top to exclude the tidal water, the concreting of 
the caisson will be proceeded with until it reaches 
the top of the permanent portion, after which the 
air will be pumped into the working chamber, 
expelling the water and enabling the men to descend 
the shaft, on which the air-locks have been pre- 
viously fitted. The excavated material is to be 
hoisted through the same shaft in buckets by means 
of gear attached to the material lock and driven by 
electric power. When the caieson has reached the 
fulldepth to which it has to be sunk (about 27 feet 





below low water), cement concrete, mixed on the staging 





above, will be lowered to the working-chamber, and 
packed and rammed all round the sides until the 
chamber is completely filled with concrete. Any 
crevices remaining will be thoroughly filled with 
liquid grout, and the upper portions of the tube, 
together with the air-locks, having been removed, 
the shaft will itself be filled up with concrete, The 
foundation will then be ready to undergo its test-load 
prior to the commencement of building operations 
upon it. 

When the foundation described above is ready to 
receive its masonry, it will be necessary to make the 
temporary steel caisson and the sides of the existing 
piers form of the same encl: sure, and to remove 
the side of the temporary caiss:n next the pier, to 
allow of the new masonry and that removed from the 
omg piers being built upon the new foundation. 

his. is to be effected by forming a timber cofferdam 
puddled with clay on each side of each pier, partly 
overlapping, on one haud, the steel caisson, and, on 
the other, the face of the old pier masonry at a 
point beyond where it has to be removed for rebuild- 
ing. These dams being eaenes, the ench sed + pace 
will be pumped dry, and the operations inside will 
proceed, Set in the heart of the new portion of each 





ing the parts together. Slot-holes are provided in the 


pier there will be two large steel trusses to bind the 





| 
| 











854 


ENGINEERING. 


[June 28, 1907. 








new and old structures securely together, and, at the 
same time, to carry the skewbacks for the new steel 
ribs, which are tosupport the superstructure forming the 
increased width of the pier. After the masonry portions 
to a point above high water have been completed, the 
temporary caisson and dams will be removed, and the 
ey proceeded with. 

t will be matter for general regret that Sir Benjamin 
Baker has not lived to see the inauguration of another 
of his great schemes. He prepared the Parliamentary 
and constructional plans, but before his death the 
actual work of carrying out the scheme had been trans- 
ferred to Mr. Basil Mott, M. Iast. C.E., with whom is 
associated Mr. E. M. Wood, Bridge Engineer to the 
late Sir Benjamin Baker. 





BARGES FOR SHIPMENT OF COAL AND 
ORE 


In Figs. 1 and 2, page 856, we give illustrations of a 
type of vessel only lately introduced by Messrs. 
Smulders, and constructed at Werf Gusto. 

It may be described as a ‘‘ bunkering barge,” as it 
is intended for discharging coal direct into the bunkers 
of a steamer, a function it performs with remarkable 
success. Fig. 1 shows the fore-part of a vessel of 
recent design, which has been patented in several 
countries by the inventors, whilst Fig. 2 shows a 
vessel working on the same principle, but of rather 

















transverse plate, so that, when working on the 
slope of the ladder, the coal does practically 
rest in buckets. The conveyor-chain is driven by 
a sprocket-wheel in the engine-room at the after 
part of the vessel. It is carried by means of wheels 
on a double track, both in the tunnel and during 
its upward and downward journey in the ladder. 
The vessel not’ only supplies coal, but automatically 
registers the quantity at the same time. For this 
purpose there is placed between the last pocket and 
the foot of the der a self-registering weighing- 
machine. This weighs the coal passing without inter- 
rupting the delivery, and the quantity delivered can 
at any moment be read of". The capacity of the ma- 
chine for weighing is two and a half times that of the 
delivery. This excess is allowed because the charge 
on the conveyor is not always equally proportioned, and 
it may be that the load for a time will be greatly in 
excess of the average. If the weighing-machine 
were not equal to the full load at such times of 
excess, the quantity registered would be less than 
that actually delivered. ‘The apparatus is guaran- 
teed by the makers to weigh with only 1 per 
cent. deviation from accuracy. At the top of 
the ladder is a receiving hopper, and to the bottom 
of this is fitted the discharging trunk or shoot, which 
may be moved in any required direction, and which is 
telescopic, so that it may be lengthened or shortened 
at will. In the original design the telescopic shoot 























earlier design. The desiga would be applicable for 
vessels loading ore, or other similar substances, as 
well as coal. 

The hull is divided into several compartments or 
pockets, which are funnel-shaped, the slope being a 
little steeper than the natural angle of repose of the 
coal, so that no trimming is needed. These pockets 
can be discharged at will into a deep passage or tunnel, 
vertically sliding doors being fitted for the —_ 
An endless conveyor runs from the after end of the 
vessel and up to the top of the ladder, which forms so 
conspicuous a feature in the bow, it being suitably 
guided for the purpose. The principal features of this 
apparatus may be described with the aid of the accom- 
panying Figs. 3 and 4. Fig. 3 represents a part cross- 
section of the hull of the bargs, and shows the passage 
or tunnel A running the length of the vessel. Fig. 4 
shows one of the sliding doors, a series of which are 
fitted on either side of the passageortunnel. In these 
figures B represents a platform running between the 
pockets above the conveyor C. D represents the 
sliding door which is lifted by a bar F and rack E, and 
which, when raised to the desired height, is held by the 
catch G, Rollers d are fitted on the door-posts to 
facilitate the working. 

The conveyor is a combination of the endless chain- 
tray type and the bucket type of conveyor. The sides 
of each eection overlap those of the neighbouring 
sections, while each section is also provided with a 
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was manipulated by two derricks, as shown in Fig. 2, 
page 856 ; but in the newer vessels a platform is fitted, 
and on this is placed a balanced crane for working the 
shoot, as shown in Fig. 1. 

In the first design the guaranteed duty was 100 
tons of coal put into the bunkers per hour, the ladder 
being at an angle of 45 deg., and the axle of the 
upper tumblers 59 ft. above water-level. On trial, 
however, 140 tons per hour were easily delivered. 
The later vessels are larger and more powerful. The 
great advantage of the system is that the coal is put 
into the ship’s bunkers through the deck openings 
without being exposed to the air, and therefore no 
coal-dust is flying about; in fact, ‘‘ bunkering” is 
quite a clean process. The wide spread of the 
elevator and the adjustment of the shoot enable 
the bunkers on both port and starboard side to be 
reached without shifting the barge or the ship. This 
is a great convenience with ships lying against a quay; 
in fact, — can be discharged or shipped and coal 
taken into bunkers at the same time, under circum- 
stances where it would be impossible with the ordinary 
arrangements. The reach of the apparatus is such that 
steamers of large tonnage can be dealt with when light ; 
and it is possible, when two ships are lying alongside 
each other against the quay, to coal the inside one by 
reaching over the deck of the other. Moreover, the 
movement of the coal is sufficiently gradual for it not 
to be troken up, and a good deal of dust is avoided. 





The vessel is self-propelled, being provided with 
twin-screws, and will steam at a fair pace. There are 
two sets of compound-condensing engines, either one 
of which can be used to work the conveyor. 





NOTES FROM THE NORTH. 
G iascow, Wednesday. 

Glasgew Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a weak tone, and about 
6000 tons of Cleveland warrants were done at 56s. 2d. cash, 
56s. 3d. eight days, and 56s. 5d. one month and threemonths. 
The session closed with buyers over at 56s. 2d. cash and 
563. 5d. one month, and sellers at 1d. more in each case, 
Hematite was quoted 763. cash buyers. In the after- 
noon the tone was a shade firmer, and 5000 tons of Cleve- 
land warrants changed hands at from 56s. 2hd. to 
56s. =. cash, and from 56s. 54d. to 56s. 7d. onemonth, At 
the close sellers quoted 56s. 4d. cash and 56s. 7d. one 
month. On Friday morning the market was depressed, 
and Cleveland warrants again eased off in price. The 
business amounted to about 5500 tons at 56s. 1d. and 
553. 114d. cash, 56s. 3d. seven days and one month, and 
56s. 6d. three months, closing with sellers at 563. ld, cash 
and 56s. 4d. one month. uyers of hematite offered 
76s. 14d. cash, but sellers quoted 77s. cash. At the 
afternoon session the downward movement was more 
pronounced, and Cleveland warrants were done at 
from 55s. 8d. to 55s. and 55s. 2d. cash, 55s. 10d. seven 
days, from 56s. to 55s. 3d. and 55s. 54d. one month, 
55s. 10d. and 65s. 9d. August 2, and at 56s. three 
months. The turnover was 15,000 tons, and closing 
sellers quoted 55s. 3d. cash and 55s. 6d. one month. 
Hematite was quoted easier at 76s. 9d. cash sellers. On 
Monday morning the market opened steady, but deve- 
loped weakness, and about 5000 tons of Cleveland war- 
rants were dealt in at 55s. 3d. and 55s. 2d. cash, 55s, 
seven days, and from 55s. 7d. to 55s. 2d. one month. 
Closing sellers quoted 55s. cash and 55s. 24d. one 
month. In the afternoon the tone was better, but 
the total turnover was only about 2500 tons of Cleveland 
warrants at 55s. 2d. and 55s. 3d. four days, and 55s. 44d. 
and 55s. 6d. one month. The close was firm at 55s. 3d. 
cash, and 55s. 6d. one month sellérs. Buyers of hematite 
offered 75s. 9d. cash, but sellers were firm at 77s. cash. 
On Tuesday morning the pig-iron market showed signs of 
improving, and 8000 tons of Cleveland warrants 
changed hands at from 55s. 3d. to 55s. 7d. cash, from 
55s. 64d. to 55s. 94d. one month, and at 55s. 8d. 
three months. At the close sellers ss 55s. 64d. 
cash, 55s. 94d. one month, and 55s. 9d. three months. 
The tone in the afternoon was again stronger, and 
Cleveland warrants advanced further. The dealings 
consisted of about 10,000 tons at from 55s. 94d. to 56s. 1d. 
cash, at 56s. 7d., 56s. 4d., and 56s. 5d. one month, 56s. 14d. 
twenty-five days, and 563. 44d. and 56s. 7d. twenty-seven 
days. Closing quotations were 56s. 24d. cash, and 56s. 54d. 
one month sellers. When the market opened to-day 
(Wednesday) the improvement in tone was again evident, 
and about 9000 tons of Cleveland warrants were done 
at 563. 9d. five days, 56s. 104d. sixteen days, 57s. fourteen 
to twenty-six days, and 57s. and 57s. 2d. one month. 
The closing prices were firm at 56s. 104d. cash, and 
57s. 2d. one month sellers. In the afternoon the opening 
was steady, but prices thereafter declined slightly. The 
turnover, which was confined to Cleveland warrants, 
amounted to about 6500 tons at from 56s. 104d. to 56s. 8d. 
to 56s. 9d. cash, and from 57s. 2d. to 56s. 10d. to 56s. 11d. 
one month. At the close of the day sellers quoted 
56s. 9d. cash and 57s. one month, and buyers were at 1d. 
less in each case. The following are the market quota- 
tions for makers’ (No. 1) iron:—Clyde, 77s. 6d.; Calder 
and Gartsherrie, 78s.; Summerlee, 80s.; Langloan, 79s. ; 
and Coltness, 90s. (all shipped at Glasgow) ; Glengarnock 
at Ardrossan), 78s.; Shotts (at Leith), 78s. 6d.; and 

n (at Grangemouth), 82s. 


Sulphate of Ammonia.—An easier tone has characterised 
the sulphate of ammonia market during the past few 
days, but, nevertheless, a fair amount of orders have 
been put through. The price to-day, for prompt delivery, 
was quoted at 12/. per ton, Glasgow or Leith. Inquiries 
for forward business are reported as being fairly good. 
The total amount shipped from Leith Harbour last week 
was 1592 tons. 


Scotch Steel Trade.—Good inquiries continue to be 
received in this market for steel material for shipment 
abroad, and in not a few instances some large lots have 
been sold. Local buyers, however, are placing orders 
very slowly, and the receipt of some new contracts has 
caused shipbuilders to again open negotiations for steel 
material. Prices remain firm, and this is to a large 
extent the cause of the restriction of orders ; but so long 
as raw material continues high, producers cannot reduce 
quotations. Employment is good and likely to be so for 
some time, as there is still a lot of work on hand. The 
annual stoppage for the Glasgow Fair holidays takes 
place in the second week of July, so that in a fortnight 
trom now the works will all be closing down ; but in the 
interval the usual pressure for delivery of material before 
stopping is likely to be experienced. 

Malleable Iron Trade.—There is practically nothing 
fresh to report in connection with the malleable iron trade 
in the Glasgow district, as oy, home account is 
still only on a very limited scale. Foreign orders, which 
for some time back have been so welcomed by makers, 
continue satisfactory, and these, along with specifications 
against contracts, are keeping the works going fairly well. 


Scotch Pig-Iron Trade.—The demand for Scotch pig 
iron keeps steady, and makers are turning out as muc 
as they possibly can, in order to meet their contracts. 
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The e stocks which were recently held have practi- 
cally all disappeared, and there is almost nothing now on 
hand. Some fair inquiries are again in the market for 
lots for future shipment to America. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Municipal Electrical Association.—The annual confer- 
ence of the Municipal Electrical Association was held 
this week, when some three hundred members, including 
electrical engineers, chairmen, and members of electricity 
committees from all parts of the kingdom were present. 
The Lord Mayor, in his address of welcome, said that 
anyone who had given consideration to the subject must 
have come to the conclusion that with electricity lay the 
future. After referring to the difficulties under which 
they laboured in Sheffield, having to compete with gas 
at 1s. 2d. per 1000 cubic feet, he remarked that he sup- 
—_ before long, unless they were willing to be left 

hindhand in the race, they would be making steel by 
electricity. Matters were moving very rapidly in that 
direction, and already they found large installations of 
plant for this purpose in Sweden. 


Sheffield Tramways.— High- water mark has been reached 
in receipts from the Sheffield Corporation tramways for 
the quarter just ended. The record for any previous 
—_ 70,2821. For the last eighteen weeks the total 
is 72,4: 


Rapid Colliery Development.—The Directors of Din- | and 


nington Main Colliery nape Limited, entertained a 
large company of leading merchants at their colliery on 
Tuesday, Sheffield being well represented. Mr. Maurice 
Deacon, the managing director, welcomed the company, 
and the surface workings of the colliery were inspected. 
The mine is laid out on the most modern lines. Although 
the sinking operations were only commenced in Sep- 
tember, 1902, the daily output of the mine is alenly 
nearly two thousand tons of coal per day: a remarkable 
instance of rapid developmeut. Among the several 
additions that are being made to Dinnington Colliery is 
a Baum washer, which is now in course of erection ; 
whilst in a short time the manufacture of coke will be 
undertaken in a battery of twenty-five Simon Carver 
ovens, This coke is reported as being of excellent 
quality for blast-furnacing. 


Iron and Steel.—There has been a marked improve- 
ment in the tone of the iron and steel trade of the dis- 
trict during the week, the East End firms reporting a 
steady inflow of orders, and continual activity in the 
various shops. Although the order-books show no evi- 
dence of new work having been given, there is sufficient 
to keep the trade busy for some time to come. Manu- 
facturers are not placing orders for raw material except 
to cover new orders accepted, and seemingly for the 
time being we have struck a quiet period in this depart- 
ment. Buyers are still holding aloof, but local prices are 
well maintained. There is no falling off in the activity of 
Sheffield engineering houses, whilst the manufacturers of 
railway material are finding their time busily occupied 
in making early or anything like punctual deliveries, the 
pressure felt being greater than has been experienced for 
many years. Firms devoted to the manufacture of agri- 
cultural implements and machinery report that business 
has become affected by the unseasonable weather experi- 
enced, this being the attributable cause of a falling-off, 
although slight, in orders. 


_South Yorkshire Coal Trade.—There has been no appre- 
ciable alteration in the coal trade, the prices in South 
Yorkshire remaining firm at the various quotations. 
Nothing of note has taken place with regard to railway 
contracts, the tenders having been placed at 12s. per ton. 
A rumour was astir that railway companies were pur- 
chasing Scotch coal, but the report has not been regarded 
seriously, it being thought that the companies will not be 
able to obtain supplies except by paying the amount 
asked for. Regarding the general trading, prices remain 
as firm as ever. Best Barnsley is quoted at 11s. per ton. 
Steam coal is steady, Barnsley h being priced at 13s. 
per ton. The pits are turning out the full quantity of coal, 
the railway companies having their time fully engaged 
in coping with the huge supply. Colliers have been givin 
their attention to the question of the railway companies 
decision to discontinue the custom regarding traffic dues, 
charging instead freightage at 20cwt. per ton. Although 
the question necessarily affects the merchants more than 
the colliers, the latter are keeping themselves fully in- 
formed as to developments that may arise. Nothin 
will be done, however, until after the interview whi 
has been arranged between the Metropolitan merchants 
and the Board of Trade. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEsBRouGH, Wednesday. 
The Cleveland Iron Trade.—The market is steadier, 
with more business doing in Cleveland pig. The statis- 
tical position is excellent and continues to improve. In 
order to meet requirements, Cleveland iron is still bein 
freely taken from the public warrant stores, some 50, 
tons having been withdrawn this month. Deliveries of 
pig iron keep on a large scale, the shipments for June 
averaging between 6000 to 7000 tons per working day. 
No. ‘p=. Cleveland pig has this week been sold at 
56s. 9d. and 57s. f.o.b., the general market quotation 
now is 57s. 3d. Such rates tinental customers 
appear pre to pay. for they have once more 
come into the market and purchased. The foregoing 
quotations are merchant prices. For named brands 
higher figures have to be paid, up to 59s. being asked for 





certain makes. The market quotation for No. 1 stands 
at 62s. 3d., for No. 4 foundry at 57s., and for No. 4 forge 
at 56s. 9d. East Coast hematite pig continues scarce, 
and producers are well sold, but second-hands are offering 
to do business on rather easier terms. Thus whilst most 
makers adhere to 82s. for mixed numbers, merchants are 
| oy anne to accept 81s. 6d., and even less might be taken 
y some firms. ematite is still very dear as com 
with values of Cleveland iron. The difference between 
No. 3 Cleveland and mixed numbers of hematite used to 
be 8s. to 10s., whereas to-day hematite is fully 24s. above 
Cleveland. Spanish ore keeps steady. Rubio, of 50 per 
cent. quality, was 22s. to 22s. 6d. ex-ship Tees. Cleveland 
warrants continue to fluctuate somewhat. They have this 
week been down to 54s. 11d., and to day they close 563. 8d. 
cash buyers. 


Manufactured Iron and Steel.— Good accounts are given 
of most branches of the manufactured iron and steel 
industries. Works are well employed ; a fair number of 
inquiries are reported, and for some descriptions quota- 
tions tend upwards, but no actual advances have been 
made. As we hinted last week, the engineers have de- 
cided against astrike. Thisaction isa wise one, for not only 
do their prospects of success by ceasing work look remote, 
but other branches of trade would have suffered seriously. 
ny 39 ee | ms are 7 Loess =a, ©. = 3 —— 

’,; packing-iron, 6/. 15s.; iron ship-plates, 7/. ; 
iron girder-plates, 8J. ; iron a 81. 153. ; 8! 
bars, 77. 10s.; steel ship-plates, 7/. 10s.; steel boiler- 
plates, 87. 10s. ; steel hoops, 7/. 15s.; steel strip, 7/. 5s.; 
nd steel joists, 7/.—all less the customary 24 per cent. 
discount. Light iron rails are 7/. 7s. 6d. to 7. 15s. ; 
cast-iron chairs 4/. 2s, 6d. to 4/. 53s.; and heavy steel 
rails, 62. 15s.—all net cash at works. Iron or steel gal- 
vanised corrugated sheets, 24 gauge, in bundles, are 
132. 17s. 6d., less 4 per cent. 


Coal and Coke.—Fuel shows little change. Gas coal 
maintains its value well, and demand for bunker coal 
continues good. Unscreened Durham bunkers are 13s. to 
133. 3d. f.o.b. Coking coal _— stiff. The production 
of coke is at its height, and the huge output is well taken 
up, the local consumption being very heavy. Average 
blast-furnace qualities are in the neighbourhood of 2ls., 
delivered here. 





THE JuNIoR INSTITUTION OF ENGINEERS.—During the 
excursion of this Institution to the Clyde District, July 1 
to 5, the following works will be visited :—Messrs. Barr 
and Stroud’s Works, Caxton-street, near Anniesland ; 
Sir William Arrol and Co., Limited ; Corporation Sewage 
Works ; Messrs. Stewartsand Lloyds’ Tube Works, Ruther- 

len; Farme Colliery, and inspect Newcomen Engine; 

orth British Locomotive Company, Limited ; Elevating 
Ferry at Stobcross; Cattle lairage, Marklands Quay ; 
Rothesay Dock Works, Electric Station and Coal Hoists ; 
Clyde Trust Works, Renfrew Wharf; Naval Construc- 
tion Works of Messrs. William Beardmoe and Co., 
Limited ; Corporation Sewage Worksat Dalmuir ; Dock, 
ore-handling plant, and pumping -station at Queen’s 
Dock; Fairtield Shipbuilding and — pee wap Ne ne ane ds 

essrs. Babcock and Wilcox’s Works; Engineering 
Laboratory, Edinburgh University; Forth Bridge; 
Sewing edie Works of Messrs. Singers; Messrs. 
John Brown and Co., Limited ; Lanarkshire Steel Works, 
Messrs. Yarrow and Co., Limited. On the Monday the 
members are to be received and entertained at luncheon 
by the Lord Provost and Magistrates of Glasgow. The 
Summer Dinner is to be held at the Windsor Hotel, on 
Friday, July 5. 





Contracts.—The Hydraulic Engineering Company, 
Limited, Chester, have been successful in obtaining the 
contracts for the hydraulic pumping-engines, accumula- 
tors, tools, and coal-discharging plant required by the 
Manchester Corporation for their new Water-street 
pumping station, tenders for which were publicly in- 
vited last January. They have also received instructions 
to supply immediately another set of engines of the same 
standard triple-inverted type, to be temporarily fixed at 
Whitworth-street Pumping-Station, and afterwards to be 

erred to Water-street. This set of engines is to be 
at work in four months.—Among recent contracts Messrs. 
Ed. Bennis and Co., Limited, of Little Hulton, have 
obtained one for twelve stokers and compreseed-air fur- 
naces for the Carlton Main Colliery Company ; one for 


six stokers and compressed-air furnaces for the Handforth 
Bleaching Company ; and for six chain-grate stokers and 
coal-handling plants for the Coventry Corporation Elec- 


tricity Department.—Messrs. W. H. Bailey and Co., 
Limited, Salford, have recently received an order from 
the Indian Government for a Davidson double-ram pump- 
ing-engine for railway water supply.— ’s Gas- Power 
Company, Limited, Levenshulme, have received orders 
for a 1500-brake-horse-power plant for South Wales, to 
the order of Messrs. ther and Platt; and for Doff 
producers and Weardale furnaces, &c., for the works of 
the Schoen Steel Wheel Company, Limited, Leeds.— 
The Clyde Structural Iron Company, Limited; Scots- 
toun, Glasgow, have just received an order from an 
Austrian firm for buildings for a new shipyard. 
—Messrs. Newtons, Limited, Taunton, have obtained 
a twelve months’ contract from the Blackburn Cor- 
poration, for the supply of continuous-current motors. 
—Messrs. Lobnitz and Co., Limited, Renfrew, have 
received an order for a gold-dredger from the Incahuara 
Dredging Company. — Messrs. - Bennis and Co., 
Limited, Little Hulton, have received orders from the 
Compagnie Electrique Anversoise, Anvers, for coal- 
pon | plant, and from the Bolton Corporation for 

and ash-handling plant and four stokers and com- 
pressed-air furnaces, 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has shown some dull- 
ness, the demand having become less active. The best 
large steam has been quoted at 19s. to 193. 3d. per 
ton, while secondary qualities have ranged from 16a. 9d. 
to 18s. 6d. per ton. The house-coal trade has ruled 


pared | steady, the best ordinary qualities having made 17s. to 


to 20s. Coke has continued firm ; foundry 
ualities have made 26s. to 27s. per ton, and furnace 
itto, 203 to 22s. per ton. As regards iron ore, Rubio 
has brought 21s. to 21s. 6d. per ton, and Almeria 20s. 9d. 
to 2ls. per ton, upon a basis of 50 per cent. of iron, and 
charges, including freight, insurance, &c., to Cardiff or 
Newport. 
New 


aa ag gtenye No. 3 Rhondda large has brought 20s. 
. per ton. 


Alexandra Docks.—The Mayor of Newport 
Gs. . Phillips) and a number of members of the Town 

uncil, accepted an invitation to visit extension works 
of the Alexandra Docks and Railway Company, which 
are now pone completion, They were met by the 
general m r (Mr. J. Macaulay), the engineers and 
managers of Messrs. Easton, Gibb, and Son (of West- 
minster), the contractors; and Mr. J. D. C. Couper, one 
of the resident engineers at the works on, behalf of Sir J. 
Wolfe Barry and partners. It is expected ihat the dock 
will be opened in October. When the extension is in 
operation, the Alexandra Docks Company will have the 
largest single dock in the world, with a continuous area 
of over 100 acres. A new lock, 1000 ft. long and 100 ft. 
wide (capable of dealing with the largest ship afloat), 
and a new deep-sea entrance channel have been con- 
tracted for by Messrs. Easton, Gibb, and Son; the ex- 
tension and the new entrance involve altogether an outlay 
of 1,000,0002. 


Steel Plates at Portsmouth.—Arrangements are being 
made at Portsmouth to accumulate a large reserve of 
steel plates of the special kind used in the construction 
of destroyers, so as to avoid any delay in the event of 
repairs being necessary. 

Dowlais.—The output of the Goat Mill has been large ; 
it consisted —— of heavy-section steel rails for, 
home railways. The big Mill has been well employed 
upon miscellaneous steel goods.. The output of the 
Sleeper mill has been large. 


The Swansea Valley.—The yield of pig iron has been 
well maintained ; the demand for tinplates has also been 
considerable, and all the mills have been well employed. 
The demand for finished plates has increased. 





Tue Late. Mr. J. J. Trnker.—We regret to announce 
the death of Mr. J. J. Tinker, who died at his residence, 
Ashton-road, Hyde, on the 24th inst. He had been con- 
nected with the firm of Tinkers, Limited, Daisyfield 
Boiler Works, Hyde, Manchester, since its commence- 
ment, and for the last ten years had been managing 
director of the company. 





ENGINEERING CONFERENCE, SECTION II.: Reinrorced- 
Concrete ConsTRUCTION: Erratum.—In our issue of 
last week one or two errors crept into our report of the 
discussion which took place in Section II. of the Engi- 
neering Conference. On page 812, Column 3, near the 
bottom, Mr. H. C. M. Austen is reported to have said 
that some 14-in. ferro-concrete piles carried 1000 tons ; 
the figure should have been 65 tons. Mr. Austen added 
that Mr. Mouchel considered 100 tons a safe load. 





American Roiuine Stock.—Mr. H. J. Small, general 
superintendent of motive power on the Southern Pacific 
Railroad, has compiled data showing the great. increase 
in the size and capacity of the locomotives and cars in 
use upon that system. In thirty years the standard loco- 
motive on the Southern Pacific Company’s lines has 
increased in weight from 15 tons to 100 tons, and the 
tractive power has increased proportionately. Compari- 
sons between the freight-car standards of 1888 and those 
of the present year show an increase in the weight of 
freight-cars from 11 tons to 21 tons, while the capacity has 
increased from 15 tons to 50 tons. In length the freight- 
car has grown from 27 ft. to 40 ft. Passenger car capa- 
cities have shown a marked increase also; in twenty-five 

ears coaches have been widened 2 ft., and lengthened 
36 ft., the seating capacity increasing from thirty-two to 
seventy. 


PERsONAL.—Messrs. Hodgson, Wright, and. Wood, 
Century Works, Pelton-lane,. Halifax, have appointed 
Messrs. Fletcher and Eaton, of 79, West Regent-street, 
Glasgow, as their sole agents for that city, and Messrs. 
Norrie and Co., 7, Ward-road, Dundee, as sole agents for 
the East Coast of Scotland.—We are asked to state, 
owing to misunderstandings that have arisen, that the 
Coventry Chain Company, Limited, went into voluntary 
liquidation only for the pespess of forming a larger com- 

ny—viz., the Coventry Chain Company, 1907, Limited. 
This has now been accompli the management being 
the same as hitherto.—The British Thomson-Houston 
Company, Limited, Rugby, inform us that they have 
opened a new branch office at the Maritime-buildings, 
Albert-road, Middlesbrough. — The directors. of the 
County of London Electric Supply Company, Limited, 
have ey merece Mr. H. B. Renwick (at present ry 4 

r. 





general m and ee to the company, and M 
C. P. Sparks fet present chie ineer) engineer-in-chief 
— Richaed West arth, and 


to the harry Oa , , 

Co., Limited, have removed their London office from 9, 
Gracechurch-street, E.C., to 5,{Queen Anne’s-gate, 8. W. 
—Mr. Charles Bright, F.R.S., M.I.E.E., has removed 
from 21, Old Queen - street, to Parliament Chambers, 
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BARGES FOR THE SHIPMENT OF COAL AND ORE. 
CONSTRUCTED BY MESSRS. A. F. SMULDERS, WERF GOSTO, SCHIEDAM, HOLLAND. 
(For Description, see Page 854.) 
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THE MARINE STEAM-TURBINE. 
Ir is reported that in the early days of the Royal 
Society King Charles II., of amorous memory, 

the Fellows with the conundrum as to why 
the addition of a live fish to a bowl of water 
caused no increase in the total weight of this bowl 
and its contents. The interesting problem thus 
submitted is said to have given rise to animated 
debate, various explanations being proffered: Had 
not the Society been the corporate representative 
of the ‘‘new philosophy,” the discussion might 
have continued as learnedly and indefinitely as that 
of the medizeval school men on the equally nice 
point as to the number of angels which could find 
accommodation on the point of aneedle. Appeal to 
experiment, however, being the essence of the 
‘*new philosophy,” it was gravely decided to sub- 
mit the supposed phenomenon to actual test, with 
the natural result of establishing its non-existence. 
We are reminded of this historic incident by the 
numerous explanations which have been advanced 
to account for the presumed fact that turbine 
steamers lose speed in a seaway to a greater extent 
than ships fitted with reciprocating engines. Quite 
plausible reasons can be found as to why turbine 
steamers should labour under this disadvantage ; 
but, after all, it is well to be certain that they 
really do so before much time and energy are ex- 
pended in divining a sufficient cause for the pre- 
sumed disability. 

Unfortunately, the general engineering public 
cannot submit the point in question so easily to the 
test of experiment as in the case cited above, since 
commercial considerations have led to great reti- 
cence, both in the case of builders and owners, as 
to the actual results obtained with turbine boats on 
service. Undoubtedly, however, the widespread 
conviction as to the inferiority of the turbine 
steamer in this regard has originated in the talk of 
the navigating and engineering staffs of these 
vessels,, and it is difficult, therefore, to believe 
that it is entirely without foundation. 

On the other hand, Mr. R. J. Walker, in replying 
to the discussion on his recent a presented to the 
North-East Coast Institution of Engineers and Ship- 
builders, was able to show that in some instances, 
at any rate, the turbine-boats have exhibited a 
remarkable superiority to their rivals, in the very 
point under discussion. Last winter, he states, 
the twin-screw Channel steamer Sussex was, owing 





869! to stress of weather, unable to leave Dieppe till 
s69| about twelve hours after her proper time. Two 


and a half hours after she had started, the Brighton, 
which is a turbine steamer, also left Dieppe, and 
her passengers caught the same train to London as 
those of the Sussex. It appears, in fact, that no 
matter what the severity of the weather, the tur- 
bines do not require to be eased, and are not eased 
save on direct orders from the bridge, dictated by the 
necessities of the ship, and not those of the engine- 
room. On the other hand, as is well known, it is 
necessary to slow down, and stand by, reciprocating 
engines in really bad weather, or they might be 
wrecked by the racing of the propeller. Possibl, 

an explanation of the contradictory reports whic 

are prevalent in this regard may be found in the 
turbine being superior in really heavy weather, but 
losing speed as compared with its rival in more 


877 | moderate seas. 


Another factor in the question which may be at 
least partially responsible for the prevalent opinion 





is that in service the turbine-boats never show the 
same superiority over sister vessels in the matter 
of fuel economy as they have done on trial. The prin- 
cipal reason for this would appear to lie in the cir- 
cumstance that at full al reciprocating engines 
are being over-driven, whilst in the case of every tur- 
bine ship, of which data have been published, it is 
obvious that even at full speed the turbine is still far 
from exerting its maximum power, and could easily 
dispose of more steam if it were forthcoming from 
the boilers. Further, as marine turbines are always 
under-s ed, the faster the ship travels the more 
economical does the turbine become, so that on 
trial it is working at its best efficiency, whilst the 
reverse is the case with the reciprocating engine. 
The full advantage is never obtained from running 
the turbine more nearly at its correct speed, inde- 
pendently of propeller considerations. It is cer- 
tainly ible to maintain it at its full speed of 
revolution, however bad the weather, as empha- 
sised by the Hon. C. A. Parsons before the Insti- 
tution of Naval Architects at Bofdeaux last Wed- 
nesday ; but if it should exceed this speed by a 
small margin, the automatic cut-out would come 
into action, an occurrence which never happens in 
service. Hence this source of efficiency is elimi- 
nated, and the full effect of the over-speeding of 
the screw due to the greater slowness of the ship 
is felt on the steam consumption. 

At the ineering Conference, Professor Biles 
stated that in smooth-water trials the Midland 
Railway Company’s turbine - boats showed an 
economy of 15 per cent. in steam consumption, as 
compared with the sister vessels with reciprocatin 
engines, although no difference appeared in actua 
service. His explanation was that the extra revolu- 
tions demanded to maintain speed in rough water 
loaded the screws beyond thecavitating point. With 
the large screws of reciprocating engines this effect 
did not occur, and if turbine vessels were fitted with 
larger screws, although the trial-trip efficiency 
might be reduced, better results would be obtain- 
able in everyday work. If this view be correct, 
and the propeller losses increase so much more 
rapidly than the efficiency of the turbine increases, 
for the same speed of the vessel, it certainly seems 
that the propellers are worked too near their 
limits of thrust. Sir William White pointed out 
that falling-off of speed had also happened with 
reciprocating engines; but the cases are not 
strictly comparable, as we have pointed out 
above. As regards efficiency, it is stated that 
H.M. turbine cruiser Amethyst is doing better 
than her sister-ship the Topaze, with reciprocating 
engines, and she certainly gave better ros poten ; 
but, on the other hand, the German turbine 
cruiser Liibeck has proved consistently worse than 
the Hamburg. It is said, however, that other 
factors enter into this last comparison. 

The extent to which ships have been ‘“ over- 
turbined” has been very remarkable. In the case 
of the Dreadnought, the official figures show that 
her turbines could easily develop 20 to 25 per cent. 
more power than that obtained in the nominal full- 
ceed trial, and still have the inlet pressure not 

igher than it would be in the steam-chest of a 
reciprocating engine working with the same boiler- 
pressure. In the Navy, since the introduction of 
water-tube boilers it has been usual to generate steam 
at, say, 250 lb. pressure, and reduce this to 200 lb. 
at the engines, a reserve thus being provided, which 
greatly facilitates station-keeping. In the Dread- 
nought, however, the reduction was nearer 100 lb. 
than 501b., and, as Mr. Griffith stated at the Con- 
ference, the torque on the shafting is nearly pro- 
— to the inlet pressure of the turbines. 

at the practice of ‘‘ over-turbining” is not con- 
fined tothe Navy would seem to be borne out by 
the statement, recently published, that at the late 
overhaul of the Carmania an attempt was made to 
reduce the steam-way through the turbine by 
twisting the blades to a more acute angle. This 
expedient might work fairly well in the case of an 
electric-light turbine, which is usually not greatly 
under-speeded, but seems somewhat questionable 
when applied to the conditions of marine practice, 
as it must materially increase the losses by shock. 

We are unaware as to the considerations which 
have led in so many cases to the provision of tur- 
bines so far in excess of the actual requirements of 
the ships to which they have been fitted. Par- 
tially, haps, the practice has originated in the 
aalaibeutie proportioning the turbines, which 
are understood to be least of ‘‘ the rule-of-thumb 
character.” This belief finds confirmation in Mr, 
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Gerald Stoney’s statement at the Engineering Con- 
ference—that an efficiency ratio of 78 per cent. 
was attained in the recent test at Carville Power 
Station, pirticulars of which were published in 
our issue of May 17 last, page 654 ante. From the 
data given it is obvious that the figure stated has been 
obtained in a purely empirical fashion, the actual 
efficiency rated being certainly under 70 per cent. 

Perhaps one of the most important pronounce- 
ments made in the reeent Conference was that in 
which Sir W. H. White expressed his belief in 
the ultimate discovery of an efficient form of high- 
speed screw-propeller. His unrivalled experience 
gives him aright to express an authoritative opinion 
on this matter, and we sincerely trust that he is not 
unduly sanguine. The day which witnesses the de- 
velopment of a propeller capable of efficiently deve- 
loping a large thrust ata really high speed of revolu- 
tion renders obsolete the ordinary marine engine. 
In the case stated it would not survive even in the 
modified arrangement now proposed for slow-speed 
vessels, in which an exhaust-steam turbine is to 
take the place of the low-pressure cylinder. As 
matters stand, this proposal yields promise of a 
very substantial fuel economy, but we fear it will, 
in spite of its merits in this regard, be deemed by 
many as a somewhat inartistic makeshift. 

For larger and faster vessels superheated steam 
may ultimately come into general use. The fact 
that for a given pressure the volume of the steam 
is very substantially increased has some advan- 
tages from the theoretical standpoint, since longer 
blades would be in order at the high-pressure end, 
thus reducing the ratio of the clearance to the 
height of the blades. It is generally understood, 
however, that in practice this has not hitherto 
proved possible, and that, on the contrary, the use 
of highly superheated steam has necessitated an 
increase of clearance, so as to avoid the risk of the 
blades fouling the casing through unequal expansion. 
If the superheat could be maintained with sufti- 
cient steadiness, this necessity would not arise ; but 
as matters stand, many ‘‘strips” have arisen solely 
from a too sudden change in the temperature of 
the supply of superheated steam. On land such 
‘*strips” are annoying, but iavolve little danger ; but 
at sea conditions are different, and Mr. Parsons’ 
reluctance to sanction the use of superheated steam 
there is accordingly very easily intelligible. 








EDUCATION IN JAPAN. 

Tne thirty-second annual report of the Minister 
of State for Education in Japan has lately come to 
hand, and it proves very distinctly that the Japa- 
nese are relaxing none of their efforts for the 
extension and improvement of education in their 
country. The report is for the year 1904-5, and 
we presume that the time required for the prepara- 
tion of the elaborate statistics is the cause of the 
delay in its appearance. During the year the war 
with Russia was raging, but it only helped to 
intensify the efforts the Japanese were making to 
render every pirt of their national services more 
efficient. At the graduation ceremony of the 
Imperial University of Tokio the Emperor was 
present, and, through the Minister of State for 
Education, he stated that: ‘* Though the nation is 
in a state of war, education should by no means 
be neglected. All educators should do their duty 
with zeal and assiduity.” In this time of stress 
the Japanese people rese as one man, each doing 
his best, not only for the general welfare of the 
State, but also for the suceess of the war, and this 
national spirit is the real secret of the success of 
Japan in everything which has been attempted. 
Special attention, however, was paid to education, 
and when the declaration of war against Russia 
was issued the department despatched an instruc- 
tion to educators throughout the Empire, pointing 
out that in the instruction of students and pupils 
a deliberate attitude should be maintained ; and 
that those who taught, as well as those who were 
taught, should emulate the spirit of the soldiers 
and sailors who were ready to fight and lay down 
their lives for the cause of their country, and seek 
to — their respective duties with even greater 
zeal than in time of peace. The Education Depart- 
ment itself sought to discharge its duties in the 
same spirit, but the unprecedented nature of the 
struggle with Russia necessitated the devotion of 
large sums of money to military requirements, and 
in consequence it became necessary to make a 
temporary reduction in educational expenditure ; but 
in the measures which were taken nothing was 





done which would reduce the salaries of the 
teachers, nor the number of children attending 
school, nor, in short, anything which would be 
likely to diminish the efficiency of education. 

A study of the details of the report shows the 
PoP f progress made in education in Japan 
during the thirty-two years covered byits statistics, 
and in the year under notice we have the remark- 
able result that out of the whole number of children 
of school age—namely, 7,551,445 boys and girls— 
no less than 97.16 per cent. of the boys and 91.46 
of the girls attended school, the figure for the two 
sexes together being 94.43 per cent. In 1873 
the latter percentage was only 28, and there has 
been steady progress ever since. This has been 
achieved in the face of a serious and constantly 
growing deficiency of qualified teachers. The report 
relates that this defect continues to increase year 
after year, and it describes various devices for the 
encouragement of the supply of teachers, such as the 
erection of additional buildings for normal schools, 
limiting the number of pupils in each class, afford- 
ing greater facilities for the examination of persons 
desiring teachers’ licences, and so forth. The 
same difficulty exists in this country, and toa much 
greater extent in the United States, and it arises 
from the great competition of commerce and indus- 
try for the services of promising young men, and 
the only way to overcome it is to increase the 
salaries of the teachers and otherwise improve their 
positions. 

The report is so crammed with facts and figures 
that it is impossible to give an intelligible réswmé 
of them. All we can attempt is the enumeration 
of a few of the more striking and instructive. 
Now that education is so well organised in Japan, 
it is not necessary to send many students abroad for 
the ordinary courses of instruction ; those who go to 
Germany, Britain, France, and the United States 
are for the most part distinguished graduates who 
wish to carry on specialised studies. At the end 
of the year under review there were 101 such 
students, and these, when they return to Japan, 
will be appointed to important educational or 
administrative posts. Japan now sends represen- 
tatives to almost all the International Congresses 
and Conferences, and it is able to supply men whose 
attainments compare very favourably with those 
from other countries. In fact, the ability and 
enthusiasm of such Japanese delegates are re- 
marked upon by all who come into contact with 
them. 

The report gives details of the elementary, 
higher and special schools of many kinds, but into 
these we cannot enter. In view of the difficulty 
of obtaining teachers, special attention is being 

id to institutes and normal schools for the train- 
ing of teachers, details of which are very interest- 
ing to all engaged in the work of education. The 
Imperial Universities of Tokio and Kioto continue 
to make steady progress, not only as regards the 
number of students, but also their organisation 
and equipmeent. The University of Tokio consists of 
the University Hall and six Colleges of Law, Medi- 
cine, Engineering, Literature, Science, and Agricul- 
ture, and to each of these are attached laboratories, 
museums and libraries. The teaching staff in the 
colleges was 270, including 118 professors, 61 assis- 
tant professors, and 76 persons specially appointed, 
including 15 foreigners. The number of students 
in the University Hall was 630, and of students in 
the colleges, 2944. The Imperial University of 
Kioto consists of a University Hall and Colleges of 
Law, Medicine, Literature, Science, and Engineer- 
ing. The teaching staff in the colleges included 
58 professors, 29 assistant professors, and 40 persons 
specially appointed, the total number being 127. 
The number of students in the University Hall was 
112, and in the colleges 1114. The equipment of 
the University of Kioto is not so complete as that 
of Tokio, as it isa comparatively new foundation ; 
but it is making steady progress. 

The number of special schools is very consider- 
able, and includes schools of medicine, schools for 
foreign languages, and art and music schools. To 
meet the industrial wants of the different localities, 
technical schools of a very varied character have 
been instituted wherever they seem to be required. 
Among the more important of these are the Sap- 

ro Agricultural College, the Morioka Higher 
School of Agriculture and Forestry, the Tokio 
Higher Commercial School, the Tokio Higher 
Technical School, and the Osaka Higher Technical 
School, all of which have features from which much 
might be learned, even by educationalists in this 


country. There are, in addition, a considerable 
number of public and private technical schools, 
including industria] schools, apprentices’ schools, 
agricultural schools (including schools of fores- 
try, sericulture, and veterinary medicine), schools 
of marine products, commercial schools, nautical 
schools, schools for agriculture, commerce, and in- 
dustry. Institutes have been founded for the 
training of technical school teachers, who are not 
allowed to depend on haphazard arrangements, as 
they are, for the most part, in this country. 

School hygiene is improving year by year, the 
necessary precautions of cleaning and disinfection 
being enforced, and arrangements are made for the 
medical inspection of the students, medical officers 
being appointed for that purpose. Many interest- 
ing details are given on this aspect of educational 
work, but for these reference must be made to the 
report itself. Sufficient has been said to show how 
thorough the Japanese are in all their educational 
arrangements. Occasionally we hear remarks 
which seem to indicate a certain amount of jealousy 
at the progress which the Japanese have made in 
industry and commerce. The facts which we have 
given show that it is no superficial progress, but 
that its foundations have been laid deep in a 
national system of education which has been care- 
fully planned and persistently carried out. 





THE DOVER HARBOUR WORKS. 

FavourED with beautiful weather, the large 
number of engineers who went upon the Engineer- 
ing Conference excursion to the Dover Harbour 
Works, on Friday last, spent an enjoyable and 
most interesting day. Every arrangement for their 
convenience had been anticipated by Messrs. 
Coode, Son, and Matthews, and when they arrived, 
in saloon carriages attached to the forenoon boat- 
train, they were conducted over the works by Sir 
William Matthews, K.C.M.G., and Mr. Maurice 
F. G. Wilson. All the features of the extensive 
works were explained, and many questions as to 
important details answered by these experienced 
engineers or by members of their staff. Indeed, 
one of the most commendable features of the day’s 
proceedings was the freedom with which valuable 
information was given. The Admiralty Pier, with 
its extension of 2000 ft., was first inspected ; and 
after lunch the party traversed, in the contractors’ 
inspection railway-wagons, the 3910 ft. of reclaimed 
land along the foreshore, where the complete process 
of concrete block-making was inspected. The root 
wall at the commencement of the east arm, 714 ft. 
long, with its splendid apron on both sides, was the 
next object of inspection. Then the party tra- 
velled by train along the 2942 ft. of the east arm, 
which stretches from the shore southwards, to the 
head which marks one side of the eastern entrance 
to the harbour. Across this entrance the iain 
gantry, which was used for the block-setting of the 
east arm, had been extended, first for the transit of 
the immense cranes for the diving-bell and for block- 
setting, and later for the passage of material. The 
train continued across this gantry on to the South, 
or Island, breakwater, which has a length of 4212 ft. 
between the eastern entrance to 800 ft. from the 
head of the Admiralty Pier, this 800 ft. forming a 
western entrance. At the western end the visitors 
saw the actual process of block-setting carried out, 
notwithstanding that a heavy sea wasrunning. The 
party then proceeded by steamer across the harbour 
to join the boat-train to London. 

this magnificent harbour, which has an area 
of 610 acres set apart for naval purposes, and ex- 
clusive of the 68 acres which constitute the com- 
mercial harbour, was fully described in ENGINEERING 
on the occasion of the last visit of a party of engi- 
neers from the Conference of the Institution of Civil 
Engineers in 1903 (see ENGrneerinG, vol. Ixxv., 
page 774). It is not, therefore, necessary to enter 
at-length into the details of construction. It will 
be remembered that, early in 1898, the contract 
for the whole of the works was let to Messrs. 5. 
Pearson and Son, Limited, Westminster, who were 
represented on Friday last by Sir Weetman Pear- 
son, Bart. The sea-walls and breakwaters are 
constructed of blocks of 6 to 1 concrete, ranging in 
weight up to 42 tons, and laid on a foundation bed 
of chalk prepared by divers. The various courses 
are bonded by variations in the length of the blocks, 
and the outer blocks are joggled together to prevent 
lateral motion, 4 to 1 cement-concrete pins being 
fitted into circular cavities formed half in each 





abutting block. The total height of the wall is in 
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some places 87 ft. from foundation to floor; the 
width at foundation level is 54 ft., and at the top 
47 ft. 6 in.; while there is, on the eastern arm and 
on the Admiralty Pier extension, a massive cope of 
granite 4 ft. wide and 4 ft. high. A concrete apron 
of 40-ton blocks was set along the seaward side of 
the piers and breakwaters on carefully prepared 
foundations ; and altogether the structure, as in- 
spected on Friday last, afforded every evidence of 
massive solidity, the many details to secure immo- 
bility being of particular interest. 

The general method of construction, as we de- 
scribed in our previous article, was to build a gantry, 
carried on dolphins of six blue-gum piles, “ons 
lattice-girders strongly braced, in 50 ft. bays, to 
support the cranes and the whole of the structural 
plant, and decked with timber between the crane 
tracks on each side. These Goliath cranes travel 
on double lines of rails of standard gauge, with a 
space of 100 ft. between the tracks for the building 
of the sea works. One crane manipulated the im- 
mense diving-bells used in connection with the 
preparation of the bed, and the other was used for 
the accurate setting of the blocks with the guidance 
of divers. Upon the completion of the east arm, 
the temporary staging was continued across the 
opening which is to form the eastern entrance, so 
that the plant could be transferred for carrying out 
work on the South, or Island, breakwater. This 
avoided the necessity of dismantling the cranes and 
re-erecting them on the South breakwater. Instead 
of entirely removing the gantries when cranes, &c., 
had passed over, it was decided to continue the 
inner track—that next the harbour—for the transit 
of material to the Island breakwater. The outer 
rows of girders were removed, and the piles carry- 
ing them were drawn, with the exception of the 
six constituting each third bay, which were left in, 
along with the original transverse bracing, to give 
lateral stiffness to the inner track. 

A commencement was made in August, 1904, 
with the block-setting on the South breakwater at a 
point some 270 ft. from the site of the designed 
eastern end, instead of at the head itself. The 
reason for this procedure was to delay the fixing 
of the width of the entrance until observations 
could be made as to the effects of tides and currents 
through the opening left. For some time the run 
of the current has been noted, and as a conse- 
quence the width has now been definitely decided 
at 650 ft. instead of the 600 ft. originally proposed, 
while the western entrance at the head of the 
Admiralty Pier has been fixed at 740 ft. instead 
of 800 ft. But to continue our narrative of con- 
struction. Between August, 1904, and the end of 
the year, 430 ft. of foundations were completed, 
and concrete block-setting brought up to the level 
of low water of ordinary spring tides. This was a 
smaller amount of work than in previous corre- 
sponding periods, because only a portion of the 
plant was available, the remainder of the block- 
setting machines being engaged in completing the 
head of the eastern arm, which was also finished 
by the end of 1904, 

In the spring of 1905 the whole of the plant was 
available, and was transferred to the Island break- 
water, while another block-setting machine was 
obtained from the extension of the Admiralty Pier, 
then finished. The work thereafter proceeded 
much more rapidly, and foundations to the extent 
of about 1930 ft. were put in during the year, while 
the superimposed blocks were also rapidly set. 
In two of the best months of the year 1145 blocks 
were laid per month. This is a splendid tribute 
to the contractor, whose agent is Mr. E. W. Moir, 
and to Mr. A. G. Vaughan Lee, the resident 
engineer for Messrs. Coode, Son, and Matthews. 
Indeed, the completeness and efficiency of the plant 
were especially noted on Friday ; and when it is 
remembered that in order to accomplish the work 
Messrs, S. Pearson and Son, Limited, acquired 
proprietary rights over a large area of shingle bed 
on the southern foreshore, and bought a cement 
works and granite quarry, we have suggestion of 
the fact that they entered into the work with 
a complete conception of the importance of a 
thoroughly satisfactory constructive plant. The 
same rapid progress continued in 1906, and in the 
first nine months 1470 ft. of foundations were laid, 
tae number of blocks set per month averaging 900. 
In October of last year, however, progress was 
checked by a steamer coming into collision with the 
extreme end of the staging, which was wrecked. 
Two of the large Goliath cranes collapsed, so that 
several months were lost in having them recon- 





structed and clearing away the wreckage. Since 
the spring the work has continued at a satisfactory 
rate of progress. 

The South, or Island, breakwater is completed 
almost to the western end, as the blocks are set u 
to nearly high-water level. At the other end, 
adjoining the eastern entrance to the harbour, 
there is about 222 ft. of wall to complete from 
foundation upwards, and this will be tackled at 
once, and ought to be finished by the autumn. 
The plant has been re-erected, and the work of 
preparing the foundations is in progress. The 
Admiralty Pier extension is nearly completed, and 
the visitors on Friday were much interested in the 
group of buildings in the breakwater at the head, 
where quarters are provided for the light-keeper and 
signalling staff andapparatus. A lighthouse tower, 
built up of a series of cast-iron columns, is being 
erected on the head. The east breakwater is being 
finished, and here also the construction of the 
buildings on the head at the eastern entrance to the 
harbour is in hand. A start has been made with the 
fixing of the fenders along the aarbour face, to en- 
able ships to be berthed alongside. There remains, 
however, a good deal of work in connection with 
the superstructure to complete this and the other 
piers ; but, so far as the protection of the great 
harbour is concerned, it is now effective, and there 
can be no doubt that this enclosed area of 610 acres, 
at one of our important strategical points, will 
constitute a valuable accessory to naval defence, 
as the depth of water throughout the greater 
part of the harbour is from 36 ft. upwards at low 
water of ordinary spring tides. As we pointed 
out in our review of the Naval Annual in a 
recent number (page 766 ante), Dover, as well as 
Sheerness, must constitute a most important base 
for any naval operations in the North Sea, as in 
that event the Straits of Dover must be closed ; 
the defence against the attack of the enemy as 
well as the protection against seas will, we have 
no doubt, be equally effective. 





ROYAI AGRICULTURAL SOCIETY’S 
SHOW AT LINCOLN. 

For the second time in the sixty-nine years 
of its wanderings the Royal Agricultural Society 
has met at Lincoln. On the previous occasion the 
meeting resulted in a deficit of 1002/.; but it is to 
be hoped that, in spite of the unsettled weather, 
better fortune may on this occasion attend the 
undertaking. Last year’s visit to Derby resulted 
in the substantial profit of 2028/., over 119,000 
people paying for admission. The three preceding 
shows at Pat Royal, it will be remembered, led to 
extremely heavy losses, the attendance being so 
small as to entirely nullify the great reduction in 
the annual outlay which followed from the fact that 
the site was a permanent one. Some idea of how 
serious the cost of a show is may, perhaps, be gathered 
from the statement that at Lincoln it has been 
necessary to lay 34 miles of water-main, and about 
? mile of gas-mains, whilst temporary roads, aggre- 
gating over 6 furlongs in length, have been con- 
structed on the ground, 9000 slee being lent 
for this ae sere by the Midland, Great Northern, 
and Great Eastern Railway Companies. The site 
of the Show Yard is the West Common, which lies 
inside the Carholme racecourse, the area enclosed 
being 125 acres, which is 45 acres more than at 
Derby last year. From the engineering stand- 
point the suction-gas trials lent a special interest 
to the event last year, and though this attraction 
is lacking on the present occasion, the fact that 
Lincoln may be considered as the centre of the 
trade in agricultural engines and thrashing machi- 
nery has led to a a. fine exhibition of 
these classes of machines. The local firms are 
naturally well represented, but the knowledge that 
this would be so has undoubtedly acted as a 
stimulus to their competitors in other districts, and 
caused them in many cases to substantially increase 
the number and variety of their exhibits, as com- 
pared with last year. 

Fortunately, the subsoil is of a sandy, not clayey, 
nature, so that the persistent wet has not greatly 
affected the ground. 


Enoines AND TarasHInc-MAcHINEs., 

A large and very varied display has been made by 
Messrs. Ruston, Trdeiet, and Co., Limited, of the 
Sheaf Iron Works, Lincoln. The most striking 
feature at the stand is a compound tandem con- 
densing engine, designed to give 212 horse-power at 





160 revolutions per minute, when supplied with 
steam at 160 1b. pressure per square inch. The 
cylinders are 12} in. and 19} in. in diameter by 
26-in. stroke, and the steam distribution is effected 
by lift-valves operated on the Recke-Ruston system. 
In this the valves are actuated by the rolling con- 
tact of two levers, and are not free until seated, so 
that they always close gently and without noise, no 
dash-pot being required. We hope to publish illus- 
trations of this engine at a future date. Another 
interesting exhibit at the same stand is a small hori- 
zontal engine designed to work with superheated 
steam. The firm are also showing a portable engine 
fitted with a superheater, with which preliminary 
trials have shown an economy of fully 20 per cent. 
as compared with the ordinary single-cylinder 
portable engine of the same type. We illustrate 
this engine on page 849. The superheater is fitted 
in the smoke-box, and the distribution is effected 
by a piston-valve, the steam admission being at the 
centre, and not over the ends of the valve, The 
boiler is designed for a working pressure of 147 lb. 
per square inch, and at full load the steam is super- 
heated fully 100 deg. Fahr. before it enters the 
cylinder. A portion of the exhaust steam is taken 
to heat the feed, a separator being used to free this 
portion of the steam from oil. The fire-box has an 
arched crown, which is kept up by radial stays to the 
outer box, girders being dispensed with. A com- 
pound steam-tractor builtto comply with the Motor- 
Car Act is exhibited here for the first time. It has 
cylinders 44 in. and 7} in. in diameter by 9 in. 
stroke, and is rated as capable of taking a load of 
7 tons over practically any kind of road. A 
12-ton road-roller is also exhibited, which is fitted 
with a new pattern of wheel-scraper, and also 
with a three-tine scarifier, which works equally 
well whatever the direction of the engine tiavel. 
Although not pertaining to this section, we may 
refer to the suction-gas plant of 30 brake horse- 
power, and a number of oil-engines. The latter 
are now arranged to work on crude oil, once fairly 
started with refined oil. 

Messrs. Robey and Co., of the Globe Works, 
Lincoln, have also an unusually elaborate exhibi- 
tion, the most striking feature being a drop-valve 
horizontal engine, with a cylinder 17 in. in dia- 
meter by 36-in. stroke. They also show for the 
first time an 8-horse-power nominal road locomo- 
tive, with cylinders 6$ in. and 11 in. in diameter 
by 1l-in. stroke. The motion work and gearing 
are protected from dust by suitable covers, The 
steam-wagon, which we illustrated in connection 
with the Derby Show, is again exhibited. It is 
capable of taking a load of 5 tons up a gradient of 
lin 8. The framing is of steel channels, and the 
engine is of the compound type. The whole of the 
working parts and gearing are completely enclosed, 
oil-bath lubrication being provided throughout ; 
indeed, there is not a grease-cup or lubricator 
under the body of the wagon which requires the 
attention of the driver. For the first time Messrs. 
Robey exhibit two light steam-tractors, one being 
fitted with compound engines, whilst the other has 
a single cylinder. The gearing is of crucible cast 
steel throughout. 

Messrs. Clayton and Shuttleworth, of the Stamp 
End Works, Lincoln, exhibit their standard types 
of traction and portable engines, as well asa 10-ton 
steam road-roller. They also show a compound 
tractor of new design, having cylinders 5 in. and 
8 in. in diameter, with a 9-in. stroke, the driving- 
wheels measuring 4 ft. 9 in. over treads. The 
steam-pressure is 180 lb. per square inch. The 
engine has a fly-wheel brake, in addition to the 
usual rim-brakes, and it is provided with three 
water-tanks, enabling it to make a run of 15 to 18 
miles without replenishing its store of water. The 
gears on the first and second motion shafts have all 
cut teeth. A new feature is the feed-pump, which 
is geared down to half the speed of the crank-shaft. 
A spring draw-bar is provided, rendering unneces- 
sary a spring draught-gearon thetrailer. A thrashing- 
machine embodying some new features is also 
shown by this firm. The caving riddle is mainly 
of metal, and the mesh can be varied through a 
large range by a simple adjustment, it being, in 
fact, unnecessary to stop the machine for this pur- 
pose. The barley-awner, which finishes ‘he grain, is 
also arranged so that the distance between the 
beaters from the barrel can be adjusted as required. 

Messrs. Aveling and Porter, Limited, of Roches- 
ter, Kent, have evidently determined not to be out- 
shone by the local exhibits, and have accordingly a 
much larger stand than usual, well filled with dif- 
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ferent patterns of their capitally-designed and excel- 
lently-finished engines. The principal exhibit is a 
large compound sion hing engine, having cylinders 
7 in. and 114 in. in diameter by 12-in. stroke, and 
designed to work with a boiler pressure of 180 lb. 
per square inch. Another interesting exhibit is a 
powerful road locomotive which the makers gua- 
rantee to come within the 14-ton limit of weight 
prescribed by the Traction-Engine Acts. Of late 
the authorities have shown greater stringency in 
enforcing these provisions as to weight, and have 
found that many of the road locomotives employed 
by travelling showmen scale as much as 15 to 16 
tons empty. A small tractor, convertible at will 
into a 5$-ton road-roller, is also on view at this 
stand, and is proving of great advantage on large 
estates, as it serves equally well as a portable, a 
traction engine, or a road-roller, and is oa seldom 
idle. The change into a road-roller is made by 
detaching the fore-carriage, and bolting the front 
roller bracket on to a flange at the front of the 
smoke-box. 

The principal exhibit at the stand of Messrs. 
John Fowler and Co., Limited, of the Steam-Plough 
Works, Leeds, is a road locomotive built par- 
ticularly for the purpose of hauling furniture 
vans, which are now transported quite long dis- 
tances by road. A special feature of the engine is 
the arrangement by which the driving-wheels 
can be locked from the foot-plate without re- 
quiring the driver to descend to put in a pin, as 
is necessary with the ordinary type of locking gear. 
This ready means of locking the differential greatly 
facilitates the handling of the engine on greasy 
roads. Another special feature of the engine is the 
worm-quadrant gear, by which the change of speed 
is effected. The link which puts in the slow speed, 
and that which puts in the fast gear, are coupled to 
nearly the same point of a worm quadrant, but lead 
at right angles to each other, so that a large move- 
ment of one corresponds to a small one of the other. 
To change the gear the quadrant is rotated by means 
of a hand-wheel and worm. . It first withdraws the 
link, unlocking the gear on which the engine has 
been running, and during this motion the link to 
the other gear hardly moves at all. On the motion 
of the quadrant being continued, however, the link 
with which the unlocking has been done approaches 
its dead point, and thus barely moves, whilst the 
other has a considerable movement, in the course of 
which it throws in the desired gear. With the 
arrangement described, it is, as will be seen, im- 
possible for a careless or forgetful attendant to 
throw both the fast and slow speeds into gear 
simultaneously. 

The same pair of finely-finished horizontal engines 
which were shown by Messrs. Marshall, Sons, and 
Co., Ltd., of Gainsborough, at Derby last year, and at 
the Smithfield Show, again make their appearance 
on the stand of the firm. The traction and port- 
able engines are also built to the same patterns as 
before without modification, but some new features 
are embodied in the thrashing-machine. This is 
now fitted with ring lubricators throughout, and 
could, therefore, be run at least a fortnight in 
continuous work without the addition of fresh oil. 

A new type of ploughing-engine, having a two- 
speed gear to the winding-drum, is exhibited by 
Messrs. J. and H. McLaren, of the Midland 
Works, Leeds. The engine, which is capable of deve- 
loping about 90 indicated horse-power, is fitted with 
extra wide wheels, enabling it to pass safely over 
soft ground. At the same stand the firm show a 
replica of the 8 nominal horse-power agricultural 
locomotive which gained the gold medal and special 
award at the International Exhibition this year at 
Christchurch, New Zealand. 

The principal exhibit at the stand of Messrs. 
William Foster and Co., Limited, of the Wellington 
Foundry, Lincoln, is a compound road locomotive, 
fitted with three-speed gear, and carrying a dynamo 
on a bracket in front of the chimney. A light 
tractor built to come within the Motor-Car Act 
is also exhibited. 

Messrs. Chas. Burrell and Sons, Limited, of the 
St. Nicholas Works, Thetford, show a new pattern 
of their road locomotive. As now made, this is 
fitted with gear by which the differential can be 
locked from the foot-plate without the driver 
having to descend into the road. The lock is not, 
however, quite an absolute one, as the two driving- 
wheels have still a play of 18 in. relatively to one 
another, so that the steering is little affected, 
unless a corner has actually to be turned. With 
the gear locked, the engine can still steer round 





and pass another vehicle on the road. The fire- 
box of the engine has also been modified, an arched 
top being provided to the inner fire-box and girder- 
stays dispensed with, and replaced by radial a 
direct to the outer shell, which is here j in. thick. 
A similar construction is being adopted for the 
boilers of all types of portable and traction engines 
built by the firm. 

Messrs. Tangyes, Limited, Birmingham, show a 
vertical steam-engine of a new pattern, the main 
change from the previous practice of the firm 
being an increase in the length of the stroke, the 
cylinder measuring 8 in. in diameter by 12-in. 
stroke, as against 8 in. by 8in. A small high-speed 
horizontal engine embodies in its fly-wheel a new 
feature. It has been found that with such en- 

ines there is a tendency for the oil from the 

ring to creep along the shaft, and out over 
the boss and arms of the fly-wheel to the rim, 
which in these engines take the belt, and the 
latter suffers accordingly. In the engine exhibited, 
the fly-wheel is provided with internal flanges, 
between which any oil creeping over the arms is 
caught, and can be a 5 from time to time as 


necessary. 

Messrs. Savage Brothers, Limited, of the St. 
Nicholas Works, King’s Lynn, show one of their 
steam-wagons, which we hope to illustrate in an early 
issue. This has a water-tube boiler of a type with 
which four years’ satisfactory experience has now 
been recorded. It is designed for a working pres- 
sure of 2501b. per square inch. The engine is of the 
compound type, with cylinders 4} in. by 7} in. in 
diameter by 6-in. stroke, the designed speed being 
460 revolutions per minute. A piston valve is used 
on the high-pressure cylinder, and a flat valve on 
the low pressure. Both valves are driven by a 
single eccentric through a rocking bar. The cranks 
and gears are completely enclosed, and run in oil- 
baths. A system of forced lubrication, actuated 
from the ram of the feed-pump, supplies oil to the 
cylinders. The final drive to the wheels is through 
a 2}-in. pitch Renold chain, having 12-in. rollers, 
and tested to carry a load of 26 tons. Sufficient 
water can be accommodated for a run of 15 miles, 
and enough fuel in the bunkers for one of 35 to 40 
miles. The platform measures 13 ft. in length by 
7 ft. 3 in. wide, and is intended to carry a load of 
6 tons, which on a fair road can be taken up a 
gradient of 1 in 7. The wheels have treads of wood 
blocks, arranged with the grain end. The blocks, 
being small, can be cut from the heart wood, free 
from the soft sap wood. They are sawn to form, 
and dovetailed at the root. They are clamped into 
er by steel clamping-rings, and further secured 

y steel wedges driven between the separate blocks. 
They are stated to wear down with absolute 
uniformity, and to have a useful life of fully 
2000 miles over ordinary roads. 

A steam -cart fitted with tipping-gear, and 
designed to carry 5 tons, is exhibited by Mann’s 
Patent Steam-Cart and Wagon Company, Limited, 
of ‘the Pepper Road Works, Leeds. It is of a 
new design, and has the cart constructed in 
one with the engine ; the old style, in which the 
two were separated, being no longer necessary, in 
view of the increased tare now legal. The boiler 
is of the locomotive type, designed for a 
working pressure of 200 lb. per square inch. 
The tu are all straight, and the boiler can 
be thoroughly cleaned by removing plugs. The 
fire-door is placed at the side of the fire-box, 
thus saving space behind the boiler. Moreover, 
the position of the attendant enables him to see 
where he is going when backing, even if he has a 
high load behind him. The engines have cylinders 
44 in. and 6} in. in diameter, with an 8-in. stroke, 
and are fixed on top of the boiler. The exhaust 
steam is discharged into a superheater. The plat- 
form measures 8 ft. by 6 ft. 6 in., and is arranged 
to take a swivelling bearer, so that it can be used 
for hauling timber, the front ends of the logs 
resting on this swivelling beam, and the rear on a 
trailer. The road-wheels are 3 ft. 10 in. in diameter. 
A 2-ton wagon, designed to compete with petrol- 
wagons of similar weight-carrying capacity, is also 
shown at this stand. It also has a similar arrange- 
ment of boiler, but the engine is arranged below the 
wagon platform. It has cylinders 3} in. and 6% in. 
in diameter, with a 6-in. stroke, and is of the en- 
closed splash lubricated type. The steam pressure is 
200 Ib. per square inch, as in the case of the larger 
engine. The bunker is fitted with a lid, and has a 
firing-tray in front of it, on which the coke is raked 
out preparatory to firing. This tray is perforated, 


so that any fine dust formed through on to 
the road, in place of being blown about on to the 
attendant or into the machinery. The firing-tray 
is practically on the same level as the fire-door. A 
roomy seat is provided for the driver, who has all 
the steam-regulating and brake handles grouped 
within convenient reach. 


Gas AND O1L-ENGINEs. 


In addition to the universally known oil-engines, 
Messrs. Richard Hornsby and Sons, Limited, of 
the Spittlegate Iron Works, Grantham, show a 
suction-gas plant consisting of a generator and an 
engine rated at 17 brake horse-power direct con- 
nected through a flexible coupling to a continuous- 
current dynamo. The engine has the admission 
valve arranged at the top in place of at the side, and 
the ‘‘hit-and-miss” gear operates on a vertical, 
and not a horizontal spindle. The governing is 
stated to be sufficiently perfect for lamps to be run 
direct from the generator circuit. 

At the adjacent stand the Campbell Gas-Engine 
Company show a 20-brake-horse-power gas-engine 
fit with their variable cut-off governor, and 
drawing its supply of fuel from a suction-gas pro- 
ducer. The exhibit is practically identical with 
the plant which ran so well at Derby last year ; 
but the lower portion of the scrubber is now con- 
structed of cast-iron in place of steel plate. The 
alteration has been made to reduce the tendency 
to corrosion, which arises when steel or wrought 
iron is kept in a moist condition. An oil-engine of 
the same power is also on view at the stand. 

Messrs. Tangyes, Limited, of the Cornwall Works, 
Birmingham, have a very varied exhibit, which 
includes a suction-gas plant rated at 43 brake horse- 
power, as well as a similar plant of 6 brake horse- 
power. There are also at the stand two oil-engines 
of 14 and 94 brake horse-power respectively. An 
Lingenious little jack, intended more particularly 
for the use of motor-car owners, is also shown by 
Messrs. Tangyes. The lift is effected by worm gear- 
ing, but the worm can, when desired, be slid out of 
gear, allowing the jack to be instantaneously ad- 
justed to height. 

Messrs. Barford and Perkins, of Peterborough, 
show two motor rollers, the larger, weighing about 
5? tons in working order, having been supplied to 

is Majesty’s Board of Works for use in Richmond 
Park. It is fitted with an engine rated at 12 to 
14 brake horse-power, and has water-cooled cylin- 
ders. Two speeds forward and two speeds back- 
ward are provided. The machine in question, we 
may add, secured a gold medal at a test made last 
week at Chelmsford by the Essex Agricultural 
Association. A number are being sent to India, 
and are then fitted with the B.W. ‘‘start cold” 
paraffin carburettor, as petrol is difficult to procure 
in that empire. 

Messrs. Crossley Brothers, who gained the silver 
medal at last year’s competition, show a complete 
suction-gas plant of 28 brake horse-power, as well 
as two engines designed to run with ordinary town 
gas. These embody no departures from the standard 
practice of the makers. 

There seems to be a considerable demand for 
small petrol-engines, in spite of the cost of the 
fuel. When the engine is only occasionally used, 
cost is, however, of little importance, whilst the 
cleanliness of the engine, and the readiness with 
which it can be started, are distinct advantages. 
Up till recently the supply has been procured 
mainly from abroad, particularly from the United 
States ; but a number of English makers are now 
in the field. Indeed, engines of this type are ex- 
hibited both by the National Gas- Engine Company 
and Messrs. Crossley Brothers, whilst Messrs. 
Teasdale, Limited, of the Bank Top Works, Dar- 
lington, are specialising in the type, and show a 
number ranging from 5 up to 10 brake horse-power. 
In the larger sizes of this firm’s engines the valves 
are placed on opposite sides of the cylinders, 
to facilitate access to them when necessary. Both 
inlet and outlet valves are positively driven. The 
cylinder and jacket are cast in one, and access to 
the latter for cleaning is obtained by taking off a 
single nut, which fastens down an annular cover. 
One of the engines shown is fitted with a high- 
tension magneto, the armature of which is of 
the rotating type, but is fitted with a spring- 
clutch device, which comes into operation at start- 
ing, and releases the armature against the tension 
of a spring, so that a good spark is obtained even 
with the engine running slow. The release-gear 





automatically drops out of action as the speed rises. 
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Another firm showing a number of these handy 

trol-motors is Messrs. William Glover and Sons, 
of the Eagle Works, Warwick. Applications of 
these light petrol-motors are numerous. 

Messrs. Hathorn, Davey, and Co., Limited, of 
the Sun Foundry, Leeds, for instance, who make 
a first appearance at the Royal Show, exhibit a 
portable fire-pump, consisting of a high-lift centri- 
fugal pump mounted on the same truck with, and 
driven direct by, a De Dion petrol-engine. The 
pump shown has four impellers in series, and will 
throw a jet to a height of 65 ft., the quantity of 
water delivered being 50 gallons per minute. A 
couple of low-lift centrifugals, ieslledle mounted— 
one capable of delivering 180 gallons per minute to 
a height of 20 ft., and the other 500 gallons per 
minute to a height of 10 ft.—were also exhibited. 
They are specially intended for drainage operations 
on large estates. 

A large range of small oil-engines is exhibited by 
Messrs. James B. Petter and Sons, Limited, of 
the Nautilus Works, Yeovil, Somerset. These are 
now fitted with caps above the air inlet valves. 
The latter work vertically, and the caps prevent 
dust and dirt falling into them when the engine is 
lying by for long periods. The inlet-valves are 
now also fitted with weights, which are adjusted 
in such a way that the valve closes quietly. i 

The Britannia Company, of Colchester, exhibit 
one of the crude-oil engines, which has already 
been described in our columns. No modifications 
have been made in the design, the system of work- 
ing adopted being, it will be remembered, the 
— injection into the vaporiser of water 
and oil. 

The Ivel Agricultural Motors, Limited, show 
one of their motors, which, it is stated, will work 
equally well with petrol, paraffin, or alcohol. In 
using paraffin the engine is started on petrol, and 
once hot can then be run for an indefinite period 
on the less volatile fuel. A gold medal was awarded 
to this machine at the completion of the recent 
trials of the Essex Agricultural Association at 
Chelmsford. 

Petrol-driven grass-mowing machines are exhi- 
bited by Messrs. Ransome, Sims, and Jefferies, of 
the Orwell Works, Ipswich. The pioneer of this 
type of machine was built by this firm, eight years 
ago, and is still in use. They have proved of much 
greater capacity than horse machines of the same 
width, a 24-in. motor machine doing as much work 
as a 36-in. horse-power machine. The 24-in. motor 
mower is the smallest size made, and is fitted with 
an engine of 2? brake horse-power, whilst the 42-in. 
machine has a motor rated at 6 to 8 brake horse- 
power. The machines, engines included, are built 
throughout at the exhibitors’ works. 

For years past Messrs. Bentall and Co., of Hey- 
bridge, Maldon, Essex, have exhibited finely- 
finished samples of ‘‘ repeat” work executed by 
them for motor-car builders, and this year they are 
themselves showing a number of complete cars. 
The largest has four cylinders, and is rated at 16 
horse-power. The cylinders are 100 millimetres in 
diameter by 95 millimetres stroke, and are of the 
usual motor-car pattern. The cams are, however, 
solid with the cam-shaft, the whole of which is 
case-hardened, aud finished by grinding. Three 
forward speeds amd @ réverse are provided, the 
yearing being cut from a special quality of steel, 
combining both hardness and toughness. 

An air-cooled motor of 6 brake horse-power was 
shown at the stand of Messrs. H. P. Saunderson 
and Co., Limited, of the Kiston Works, Bedford. 
This had been entered as a new implement, but 
through an accident to the trolley on which it was 
being conveyed to the show-ground, the bed-plate 
was smashed in halves, and the engine had to be 
withdrawn. The cooling is effected by an air-blast 
directed from a fan on to the side of the cylinder, 
which is, of course, provided with cooling ribs. 
One of the type, giving 24 brake horse-power on 
the brake, has, we are informed, been running 
most satisfactorily for some time past at the 
makers’ works. Theagricultural motor, fitted with 
a four-cylinder water-cooled engine of 50 brake 
horse-power, which was exhibited last year, has 
undergone some modifications in details, and is 
being submitted as a new implement. 

A fine exhibit of oil-engines is made by Messrs. 
Blackstone and Co., Limited, of Stamford, the 
largest size shown being rated at 75 brake horse- 
power. At the same stand the firm show the 
swath-turners, which took the first and second 
prizes at the competitions held by the Royal 





Agricultural Society in connection with this year’s 
show. The side-rake of the firm also took the first 
place in the corresponding trials made with these 
implements. In the winning machine the tines 
are secured to two endless chains, which are caused 
to travel transversely to the machine by means of 
bevel-gearing ; the tines, being carried along by the 
chains, deliver the hay clear to the side of the 
machine. 

The National Gas-Engine Company, Limited, of 
the Wellington Works, Ashton-under-Lyne, show 
the same engine which gained them the gold medal 
in the suction-gas trials at Derby last year. 


MISCELLANEOUS. 


A fine display of wire ropes of all kinds, not only 
for ploughing-engines, but also for winding pur- 
poses, is made by Messrs. George Cradock and Co., 
of Wakefield. A new pattern of rope is exhibited, 
which, though built up of round wires, can be used 
for sinking purposes without requiring the provi- 
sion of guide-ropes to prevent the rotation of the 
skip. It is, we are informed, being used on a free 
lift of 600 yards, the total rotation in this length 
of rope being less than half aturn. Some interest- 
ing fractures, in the shape of ingots of plough steel 
and file steel split longitudinally, are on view at 
this stand. The firm are, moreover, we gather, 
making a speciality of nickel and nickel-chrome 
steel alloys for use in motor-car construction. 

The North British Rubber Company exhibit a 
remarkable variety of rubber goods, ranging from 
gaskets up to motor-tyres. A new solid tyre, 
known as the Clincher-Grid tyre, is on view at their 
stand, and is intended for use on motor-omnibuses 
and other heavy vehicles. The tyre is com of 
a number of separate blocks of rubber vulcanized 
into metal grids, which are secured to the rim by 
bolts. It is claimed that skidding or side-slip is 
entirely prevented, though we should be inclined to 
question if any device will be really effective if a 
sharp turn is attempted on greasy sets or asphalte. 

An exhibit of an unusual character was on view 
at the stand of Messrs. Boulton and Paul, Limited, 
of Norwich, who showed asection of the coke-filter 
for sewage disposal, designed by Mr. F. Wallis 
Stoddart, of the Western Counties Laboratory, 
Bristol. The filter is fixed entirely above ground- 
level, and the sewage, after ing through a tank, 
in which detritus and the ike settles out, is dis- 
tributed over the mass of coke in the form of 
spray. Its working is said to be unaffected by 
frost, since the temperature of sewage seldom falls 
below 45 deg. Fahr. A plant oh tows at Miln- 
garvie, near Glasgow, in which the sewage from a 
population numbering 10,000 is disposed of, on an 
area of 500 square yards, was totally unaffected by 
the somewhat severe meteorological conditions of 
the past winter. 

Two forms of heavy pneumatic hammers are 
shown at the stand of seo Peter Pilkington, 
Limited, of Bamber Bridge, near Preston. One is 
of the ordinary belt-driven type, having an 8-in. 
stroke, whilst the other is of recent introduction, 
and is practically a ‘‘ steam” hammer worked by 
air. It is intended for use in shops having a 
supply of compressed air ready laid on, and it 
is claimed that in such cases it proves most econo- 
mical. The air is admitted below the piston of the 
hammer to raise it, whilst its descent is effected by 
opening an equilibrium valve connecting the top 
and bottom of the cylinder. As the rod occupies a 
large proportion of the total cylinder area below 
the piston, there is a large downward force available 
on the opening of the above-mentioned valve, and 
a very heavy blow can be struck, whilst the air is 
very fully expanded, being exhausted at little above 
the pressure of the atmosphere. In the hammer 
exhibited the weight of the moving part is 8 cwt. 

Messrs. A. Ransome and Co., Limited, of 
Newark, show one of their large horizontal band- 
saws, which have lately been found as well adapted 
to use in the forest as they have long been known 
to be for the saw-mill proper. The machine 
exhibited, of which we give an illustration on 

ge 849, will take in logs up to 4 ft. in diameter. 
ite great advantage for forest use is that it is 
wholly above ground, and practically self-contained; 
the only foundation needed being a few cubic yards 
of concrete. The ssw is driven by a 50 horse- 
power electric-motor; whilst a second motor of 
12 horse-power drives the feed and elevating gear. 
The feed is varied by means of a disc and roller 
friction gear, the range of adjustment being from 
4 ft. up to 80 ft. per minute. A hand-gear is also 





provided for turning the elevating-screws ; but as 
the power drive of the latter is transmitted through 
the disc and roller drive just referred to, the nicety 
of adjustment is such that the hand-gear is seldom 
used in practice. As will be seen from our illus- 
tration, the spindle for the driving pulley is 
mounted on fixed arms extending from the main 
saddle on each side of the right-hand supporting 
column. The spindle for the driven pulley, on the 
other hand, is mounted on a telescopic arm, which 
can be adjusted either simultaneously or inde- 
pendently by the hand-wheel shown near mid- 
span of the saddle. Owing to the independent 
adjustment, the driven pulley can be slewed round 
a little to counteract the thrust of the saw, swivel 
bearings being provided to admit of this. Both 
spindles run on ‘ball bearings, the balls being { in. 
diameter, running in bronze cages between hardened 
steel ing-rings. The tension on the saw is 
limited by a weighted arm and toggle-gear. It 
commonly amounts to about 24 tons. The saw is 
54} in. wide by No. 18 gauge, the teeth being of 
14 in. pitch. The stress in the straight part of the 
saw is, it may be noted, over 8 tons per square inch. 
The pulleys being .5 ft. in diameter, the bending 
stresses amount to some 10 tons more; and it is 
found that with care the saws can be run for about 
11 months before failure occurs. The speed being 
450 turns per minute, it would seem that the 
alterations of stress before failure must be quite 
40 million. 

The saws run over the pulleys, without lubri- 
cant, metal to metal, projecting sufficiently at the 
front to clear the set of the teeth. The cut made 
is but ys in. wide, as against } in. in the case of a 
horizontal reciprocating log-saw, and nearly @ in. 
in the case of the large circular saws used in 
American ‘‘ spot” mills for converting logs within 
the forest. Silver solder is used for brazing the 
saws, and it is stated that they never fail at the 
joint. As in the case of large circular saws, 
hammering or rolling is required to bring the saw 
to a state of initial strain before it is set to work. 
The pulleys, in fact, are slightly crowned by means 
of hammering or cold rolling ; the middle length 
of the saw is made slightly longer than the edges. 
We defer our report of other features of the Show 
till next week. 





BORDEAUX INTERNATIONAL CON. 
GRESS IN NAVAL AROHITECTURE. 

Tuts Congress, with which is combined the 
summer meeting of the Institution of Naval Archi- 
tects, commenced its sittings at the Salle des Fétes 
of the Bordeaux Maritime Exhibition on Tuesday 
morning, the 25th inst. The Right Hon. the Earl 
of Glasgow, G.C.M.G., LL.D., President of the 
Institution of Naval Architects, occupied the chair, 
and was supported by Mr. Bertin, President of the 
Association Technique Maritime ; by Mr. Bates, 
of the United States ; Mr. Huin, Vice-President of 
the French Association ; Herr Rudloff, Vice-Pre- 
sident of the German Association; Sir William 
White, Mr. Dana, Mr. Ferrand, and Mr. Pluyette, 
the two latter being secretaries of the French 
Association. 

The proceedings were opened by the Chairman 
stating that Mr. Bertin wished to address a few 
introductory remarks. Mr. Bertin, oonies in 
French, said that the Congress then being held 
was to some extent the origin of the Bordeaux 
Exhibition. He thanked those members who had 
taken the trouble to assist, and particularly those 
firms who had so brilliantly participated in the 
Exhibition by sending such an admirable collec- 
tion of models. 

In his opening speech the Chairman stated that 
the Congress then being held had been convened 
in order that all those interested in the great 
industry of shipbuilding and in naval architecture 
should be enabled both to visit the Maritime Ex- 
hibition and to take part in the meetings for the 
reading and discussion of papers. An International 
Congress had been arranged in order to extend the 
scope of the proceedings. The Chairman laid 
stress upon the fact that by frequent meetings 
of this kind the barriers hetnese nation and 
nation are removed, and misunderstandi made 
impossible. With reference to Bordeaux, he men- 
tioned the shipyard—the Chantiers de la Gironde 
— (see ENGINEERING, page 796 ante) down the 
River Garonne which contributes its quota to the 
naval resources of the country, and where they 
looked forward to visiting the battleship Vérité, 








862 


ENGINEERING. 


{June 28, 1907. 








that was successfully launched a few weeks ago | 
(see ENGINEERING, page 722 ante), the last of 
the French warships which owed its design to 
Mr. Bertin. The Chairman then gave the reason 
of the holding of the Exhibition—the celebration 
of the centenary of practical steam navigation, and 
made a few brief historical remarks on this subject. 


Tae Steam TuRBINE. 


The first paper taken was the one on ‘‘ Some 
Practical Points in the Application of the Marine 
Steam-Turbine,” by the =. C. A. Parsons, C.B., 
F.R.S. (Member of Council), and Mr. H. Wheatley 
Ridsdale, Member, which paper we hope to repro- 
duce in full in a futureissue. In the meantime we 
give below a brief abstract of its contents, so that 
the points raised in the discussion by the various 
speakers who took part may be understood by 
= readers. This paper was read by Mr. Rids- 
dale. 

There are now in service sixty-one steamers fitted 
with Parsons turbines, and sixty-five in hand, 
making a total horsé-power for merchant vessels 
and yachts of about 590,000 horse-power, and for 
war vessels of about 800,000 horse-power. Most 
of the running has been done on passenger 
servico in crowded waters, and has proved 
that the manceuvring qualities of turbine vessels 
are entirely satisfactory. Trials have shown 
that at eine speeds turbine vessels may be 
stopped quite as quickly, and at high speeds 
practically as quickly, as similar vessels with recip- 
rocating engines. ‘I'he smallness of the turning 
circle is, however, of greater importance in avoid- 
ing collisions, for the radius of this circle is 
always smaller than the distance required for 
complete stoppage. Four-shaft vessels have been 
built with reversing turbines on all shafts, the 
high - pressure reversers being then built as in- 
dependent machines. In one vessel, under not 
very favourable conditions, a continuous run astern 
was found to take from 20 to 25 per cent. of the 
full-ahead power, the maximum torque, while 
reversing and stopping, amounting to 35 per cent. 
of full-ahead power. The direction of rotation 
was changed in 12 seconds, and the reversing tur- 
bines were sutliciently powerful to produce cavita- 
tion until the ship’s way was stopped, evidently the 
limit of useful effect. 

Asin rough water turbine propslkrs can never 
race, on account of their depth ot immersion, they 
can always be maintained at full speed. In 
weather not quite rough enough to necessitate 
easing reciprocating engines, but sufficient to 
greatly increase hull resistance, the speed of a 
turbine vessel may fall off slightly ; but over the 
length of the voyage the turbine vessel will prob- 
ably be equal or superior to the other. The 
express type of liner will probably give better 
results than corresponding reciprocating engined 
vessels in all weathers. 

Experience has shown that the steam consump- 
tion of the Parsons turbine does not increase with 
length of service. The use of mixed turbines and 
reciprocating engines for warships has been gene- 
rally abandoned, and the field for this system is in 
vessels of 15 knots and less. For given speed, 
power, and efficiency, warship turbines are no lighter 
than those for mercantile work, contrary to the 
case of reciprocating engines. At the present time, 
for all mercantile applications, turbines have been 
anything up to 30 per cent. lighter than recipro- 
cating engines for the same speed. In battleships 
and cruisers there is little difference, but in 
destroyers the reciprocating engine is lighter. The 
paper also dealt with the arrangement of engine- 
room bulkheads. 

The discussion on this was opened by Mr. Wid- 
mann, the managing director of the Société des 
Forges et Chantiers de la Mediterranée, who, 
speaking in French, said tht he had been struck 
by the precision of the information obtainable from 

r. Parsons, also by the results obtained in England 
with the turbine. His company, the Forges et Chan- 
tiers, were the first licensees for the construction in 
France of the marine turbine of the Parsons type, and 


|convinced that, by adopting the turbine, the 





it had been decided that the six battleships now in | 
course of construction in the 1906 programme should | 
be propelled by turbines. But, after this decision | 
had been taken, fears had sprung up in the minds of | 
the authorities with regard to many points in con- 
junction with turbine propulsion. The question of 
coal consumption was one of these ; but the — 
which had just been read aided in setting this 
Another objection was that of 





objection aside. 


astern running, and the daily Press had laid more 
stress upon this point—the difficulty of meeting 
it in conjunction with the Dreadnought; the 
paper, however, met the point in this respect 
also, and disposed of the objection to the effect 
that the smaller propellers of turbine machi- 
nery would lose more speed than the larger 
ones used with reciprocating engines. He was 


French Navy had taken the right step. With 
regard to the manufacture proper of turbines, he 
did not believe there were any very special points 
to be met; he thought that the French works 
could build these engines as well as the English. 
They would at all events follow the guidance of 
Mr. Parsons ; in short, they were tackling the pro- 
blem with great confidence, and they, the private 
works—his company and the Chantiers et Ateliers 
de St. Nazaire—had already communicated their 
confidence to the authorities of the French Navy. 

Professor Flamm, speaking in German, asked 
for more detailed information as to coal consump- 
tion of ships fitted with turbines, as compared 
with similar ships fitted with reciprocating engines. 
Hitherto he had not been able to trace accurate 
means of comparison between both types ; he wanted 
besides, when terms of comparison were stated in 
indicated horse-power for coal consumption, that 
the torque and power lost in transmission be stated 
also, as compared with a similar reciprocating 
marine engine. He asked also as to the tonnage 
of coal carried in ships of both types. 

Sir Theodore Angier, as a practical shipowner, 
was deeply interested in the gradual development 
taken by the turbine. Mr. Parsons had first coupled 
a dynamo in a land installation to a steam turbine ; 
he had gradually developed the uses of the latter 
until he had placed it in the situation which 
it occupied to-day. If he (the inventor) had de- 
voted more attention to the mercantile side of 
the question than he had done in endeavouring 
to favour the British Navy with all his expe- 
rience, matters might have been generally very 
different. He (Sir Theodore Angier) would like 
to see the turbine fitted to ocean tramp steamers ; 
there would be much to do in this conjunction, 
for twelve tramp steamers were ordered for each 
fast- going ship. Before long, however, the tur- 
bine would be made as suitable for slower speeds 
as it was now for the higher ones, and it would be 
fitted also to cargo-steamers. But the explosion 
motor would, no doubt, beat the turbine in time ; it 
was simpler, much more efficient, and much more 
economical. If life were not too short, he would 
like Mr. Parsons to tackle the explosion-motor 
question ; but Mr. Parsons would, no doubt, ‘‘ stick 
to his own child;” the explosion motor would 
gain ground for marine purposes, the turbine then 
taking a back place. 

Dr. Elgar, speaking of the progress made with 
the steam-turbine, stated that doubts had been 
cleared up, and difficulties had been gradually got 
over. With regard to the extension of the use of the 
turbine in ocean-going steamers, this extension 
depended much upon the experience to be gained 
during the next year or two in coal consumption, 
and on this and other points he was grateful for 
the information given in the paper. He felt sure 
that as soon as Mr. Parsons could give figures of 
consumption for this class of steamers, which would 
compare favourably with the present figures of 
consumption, a large number of turbine-driven 
steamers would be built. He would like the 
authors of the paper to give, with reference 
to Table II., the power of the reversing turbines 
for going astern. He knew that the Dieppe 
stopped dead in over 20 per cent. of her own 
— after travelling at a 12-knot speed. He 
could confirm that it was not ‘‘ of common occur- 
rence to bring a ship to rest from a high speed in 
the shortest possible distance in a straight course ;” 
the ship could turn, but one could not rely upon 
that, and it was necessary, nevertheless, to have 
the power for stopping over the shortest distance 





when running a straight course. The coal con- 
sumption given in the paper would be scanned | 
critically ; the figures given were interesting, but | 
did not go far enough, and the question of efficiency | 
should intervene in both types of engines to/| 
enable a comparison. However, it was wonder-| 
ful that in such a comparatively short time the | 
turbine should have been brought to compare | 
favourably with the reciprocating engine. Improve- 
ments would come re Maat, and judging from the 
progress already e, one could look forward to 


the future with confidence. For the present, 
what was wanted as regards information was the 
very latest data on the vital question of coal 
consumption, among others. 

Mr. Van Meerten, in a few brief remarks, stated 
that the advantage of the turbine lay in the fact 
that the moment of rotation of the turbine did not 
vary; that no part of the engine underwent 
tension and compression stresses alternately, and 
that therefore there was no fatigue of the pieces 
forming the engine. 

Mr. Quelch gave as his upinion that the question 
of coal consumption was, in fact, the most impor- 
tant question of all, meaning, of course, the com- 
parison as regards consumption between reciprocat- 
ing engines and turbines. Not a word was said in 
the paper as regards expansion. Moreover, when 
a turbine was compared with a reciprocating en- 
gine it was probably not the best type or make of 
the latter that was taken for comparison. He 
stated, as an example, a ship, built in Hartlepool, 
measuring 418 ft. long between perpendiculars, 
54 ft. beam, and 30 ft. depth, moulded, which ran 
at a 10.34-knot speed, the consumption of which, 
including power for electric-light and auxiliary 
engines, was only 0.33 ton of coal per hour, the 
coal being mostly (two-thirds) Durham small. 

Sir William White remarked that several of the 
points raised would be found dealt with in former 
papers, where detailed particulars had been given. 
What was certain, at all events, was that turbines 
allowed the expansion of the steam to be carried 
further than reciprocating engines. With regard 
to the fitting of turbines in cargo-steamers, the 
question was not, perhaps, correctly put, and he 
ventured to say that if a ship-owner would order 
to-morrow such a steamer to be equipped with 
turbines, turbine manufacturers would be found to 
undertake the work. Instead of this, all were 
waiting for others to give a start. Turbines had 
their advantages ; these had been dealt with from 
the scientific standpoint, and he hoped that all the 
facts would be made available generally. This would 
be satisfactory to all. Questions of manufacture, 
power, and consumption had been dealt with in the 
paper. Sir William gave the instance of a yacht he 
had built for a friend of his, and in which he fitted 
steam-turbines. After continual service for a num- 
ber of months the yacht was overhauled. The 
turbines were found in perfect order, and the wear of 
all bearings was inappreciable. All the auxiliary 
machines were also turbine-driven, and the whole 
ship was a complete success. The main turbines 
were larger than reciprocating engines would have 
been. They had ample reversing power; they 
weighed less than reciprocating engines, and occu- 
pied vertically much less space. It occurred 
that a proper design for ships was prepared 
and worked to in order to meet given con- 
ditions; but in this there was occasionally a 
danger : a high trial-speed was obtained, the further 
working being less satisfactory. The yacht he 
referred to steamed admirably, and was most easy 
in answering the helm. For stopping, figures in 
terms of the length of the ship were the usual way 
of reckoning. ‘This had not been tried with the 
Dreadnought, nor had it been with any other 
battleships ; this, and other points—the size of 
the battleships, their weight, and so forth—were 
always overlooked in enquiring for data. As 
regards sea speed compared with trial speed with 
turbine:, experience would show ; but there was no 
reason to believe that turbines could not maintain 
the speed at sea. Mr. Denny had recently given 
a guarantee that his firm would, with turbine-pro- 
pelled ships, give coal consumption and speed equal 
to the best results obtained with reciprocating 
engines for a 17-knot boat. Another point: in the 
Dreadnought twenty-two boilers would have been 
required with reciprocating engines, instead of the 
eighteen that have been fitted. The expenditure 
would have been far greater. Referring to Mr. 
Widmann’s statements, we in England had been 
able to give aid to France in the matter of turbines, 
and we were glad of it, for we did not forget what 
we owed France. We learned from her in the 
matter of water-tube boilers, for example. It was 
a great pleasure to help our French colleagues. We 
wished to work candies, to place our experience 
in the common stock, for achieving results. 

Mr. Ridsdale, in replying to the discussion, was 

rfectiy certain, from what he had seen of the 

rench works, that they would manufacture perfect 
engines. With regard to Professor Flamm’s re- 
marks, specifications as to coal consumption were 
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not given as to indicated horse-power and torque ; 
former papers entered into more detailed figures 
of coal consumption, and the important point for 
ships in actual service was the over-all efficiency. 
On trial trips it had frequently occurred that the 
boats fitted with reciprocating engines had shown 
more economy ; but these boats frequently also did 
not maintain the figures they gave when new. The 
falling off in efficiency usual in the reciprocating 
engine did not take place with the turbine. As to 
the Carmania, he could not give data, simply because 
he had none to give ; but this was, without doubt, 
a most successful ship. 

On the motion of the Chairman, it was decided 
that the above data will be supplemented in writing. 

The next paper taken was that by Mr. de Mau- 
peou, on ‘*The Elements of the Mechanics of 
Impact.” This is a very long paper, to which we 
hope to revert later; it was read in very short 
abstract. Mr. de Maupeou was for fourteen years 
in charge of the armour-plate-testing yard at 
Gavres. This paper was not discussed. 

Professor Cremieu, who had a paper on ‘“‘ A De- 
vice for Deadening the Rolling of Ships,” explained 
the working of this with the help of a small model. 
We gave an illustrated description of the device 
in a former issue (see ENGINEERING of April 5, 1907, 
page 442). 

The fourth paper, by Mr. J. Foster-King, on 
‘*The Structural Development in British Merchant 
Ships,” was read in abstract only. The Chairman 
stated with regard to this that all discussion should 
be sent in by correspondence, owing to the late 
hour. Dr. Elgar remarked that this was a most 
interesting paper, a contribution which contained 
a large amount of valuable information, both his- 
torical and for guidance in the construction of ships. 

After a vote of thanks, proposed by the Chair- 
man, the proceedings came to a close. 





REINFORCED CONCRETE. 
To THE EpiToR OF ENGINEERING. 

Sir,—In your account of the papers on ‘ Reinforced 
Concrete” in Section II. of the Engineering Conference, 
your reporter has said that I was not in favour of the 
rigid fixing of stirrups to the bars in reinforced concrete 
beams. In this he has misunderstood me. I should be 
greatly in favour of such rigid fixing, were it really prac- 
ticable to effect it, if only for the reason that I gave at the 
time—namely, that without such rigid fixing the stirrups 
are very liable to drop slightly, and thus to form hollow 
places in the concrete immediately beneath them. I 
pointed out that this had been hitherto a weak point in 
the Hennebique system, as compared, for instance, with 
the Coigaet system; but I understand that an improve- 
ment has been effected in the former system which will 
avoid this danger in future. 

I think, too, that there has been a misprint in your 
account of Sir William Matthews’s reply. He is stated 
to have said that Purfleet Jetty had timber ‘ founda- 
tions,” and that I had advocated these for Southampton. 
What he really said was that Purfleet Jetty had timber 
“fenders,” and these, of course, are most important. 

Yours faithfully, 
F, K. WreNTWoRTH-SHEILDS. 

Engineer’s Office, New Dock Works, Southampton, 

June 22, 1907. 





To tHE Eprror or ENGINEERING. 

Sir,—I should like to refer to a statement made in the 
paper on the above subject, read at the recent Engineer- 
ing Conference by Mr. F. E. Wentworth-Sheilds, which 
is reproduced in your issue of the 21st inst. 

The author therein states that ‘it is not 
to point to any work in steel concrete whic 
the test of centuries.” 

Within recent years, however, Professor Lanciani, the 
well-known Roman archeologist, who was anxious to 
ascertain by what method one of the large roofs in the 
Baths of Caracalla, on the Via Appia, near Rome, and 
built in the year 212 a.p., was supported, broke up a 
flat slab of concrete which had ‘mel part of it. 

Embedded in the heart of the elab, bronze rods were 
discovered, arranged in a criss-cross manner. 

Perhaps, after all, therefore, the honour of the dis- 
covery of reinforced concrete does not belong to M. Monier 
and to the French. 


et possible 
4 has stood 


Yours truly, 
po Cuak.es F. Draper. 
26, Grosvenor-road, Dublin, June 24, 1907. 








‘‘THE COST OF PUMPING.” 
: _ To THe Eprror or ENGINEERING. 
Sir,—I intended to have taken part in the discussion on 
Mr. Hawksley’s paper on “Steam v. Electric Pumping,” 
but was unfortunately prevented by force majeure. 

I have now had an opportunity of reading the report of 
the discussion, and am surprised to find that the central 
argument reflecting on the economy of electricity was 
allowed to pass unrefuted. 

I observe that Mr. Davey, the joint author, proposed to 
reply in writing; I therefore take the opportunity of 
inviting Lim to recant, 


The *‘ conclusion” to which I object reads as follows : — 

** It thus appears that electric pumping plant cannot be 
economical in fuel, as com with stvam-pumping 
engines of moderate economy.” 

The word ‘‘thus” has obviously the force of ‘‘ there- 
fore,” and refers to the premises thereinbefore set out. 

The authors pin their faith on a coal-pit pump which 
used coal to the value of 52. 63. 10d. per pump horse- 
power per annum ; and, on the other hand, they say that 
at Neasden the cost per “‘electrical unit” is 0.3d., but 
“7 do not say how much the costa. ’ 

or the purposes of their paper they take the unit at 
0.5d., and a pump horse-power as equivalent to 1.31 
units, and on this basis they bring out the cost per pump 
horse power as 24/. per annum, as against 5’, 5s. 10d. per 
steam. 

Now the coal-pit pump was obviously near a coal-mine, 
whereas Neasden is not. Further, the sum of 5/. 6s. 10d. 
is for coal only, and is not comparable with works costs. 

The Newcastle-on-Tyne Company turns out a unit for 
0.13d. worth of coal, and the Glasgow apm power- 
house, with a better load-factor, does the same for 0.11d. 
With a pumping load-factor this figure would easily come 
down to 0.1d.—that is, one-tenth of a penny. . 

This figure, multiplied by 8760 hours and 1.31 units, 
gives exactly 4/. 15s. 74d., as compared with 5/. 6s. 10d. for 
steam. It appears, therefore, that the latter half of the 
word ‘‘cannot” is a. : 

May I suggest to the authors that the conclusion above 
referred to should be amended to read as follows :— 

‘It thus appears that electric pumping plant can be 
economical in fuel as compared with stearn pumping- 
“= of moderate economy.” ome 

"he general question of pumping by electricity is much 
broader than indicated in the paper. 

I do not think it would be an easy matter to persuade 
a mine manager to scrap a good old Cornish pumping- 
engine for an electric pump; but ho takes no persuasion 
to adopt electricity to shift water out of dip — and 
inclines, which process by any other method is both diffi- 
cult and expensive. ny: : 

Apart from the application of electricity to special 
cases, the pa: smpeten the best possible evidence of the 
economy of electric power supply. Messrs. Hawksley and 
Davey have shown us that even a Cornish pumping- 
engine fixed on a pit-bank, and working the pumps pre- 
sumably direct, costs its ownere more for coal at pit-bank 
prices than is psid for coal, including carriage, at the 
electric power-house, for a similar service, The = per 
unit metered is not relevant, as it covers all capital 
charges, including the cost of the Act, wages, salaries, 
depreciation, and profit. é 

I am, Sir, yours faithfully, 

June 24, 1907. J. 8. R 








VIBRATION. 
To THE EpitoR OF ENGINEERING. 

Sir, -—Dr. Elgar, in his admirable lecture delivered before 
the Institution of Civil Engineers, stated that vibration 
was caused in turbine-driven craft by ‘‘the action of the 
ends of the blades in driving water against the stern 
plativg with great violence where they pass nearest to it 
in revolving, and causing a hammering effect, which is 
sometimes very t.” : 

I beg leave to differ from Dr. Elgar on one small point 
—i.e., with regard to this action of the propeller es. 
Although I have made innumerable experiments with 
screw-propellers working in water and in air, I have never 
been able to discover any centrifugal action, not even in 
extreme cases, when the whole power of the engine has 
been expended in slip. 

With turbine-driven screws that are invariably well 
immersed, I think it may be taken as a fact that the 
water is delivered in a nearly cylindrical column, and 
therefore it would be impossible for any of the water to 
strike the plating of the ship. I am of the opinion that the 
hammering is caused by the ends of the blades ucing 
a partial vacuum as they pass within a few inches of the 
plating of the ship. ‘ 

It is well known that the water supply is drawn from 
outside the disc area as well as from the front, especially 
in screws ane | with a high-slip ratio. F 

As soon as a blade has a the critical point, the 
water rushes into the vacuum, and, being inelastic, strikes 
a blow the same as a hammer would. When it is re- 
membered that this action takes place from twenty to 
thirty times per second on both sides of the ship, it is 
not surprising that vibration is set up. 

Yours faithfully, 
Horatio PuHILuies. 

Streatham, June 25, 1907. 





THE CORRUGATION OF RAILS. 
To THe Eprrok OF ENGINEERING. — ‘ 

Srr,—I have read the very able and interesting article 
in your issue of June 14 on “ Rail Corrugation,” taken 
from the data of Mr. W. J. Cudworth, of the North- 
Eastern Railway. I am rathersurprised that this trouble 
is found on steam railways, for from what engineers have 
said in several journals, over and over again, I was led to 
believe that corrugations did not appear at all, except 
on Indian railways, until the advent of electric traction. 
Might I, Sir, through your valuable journal, ask Mr. 
Cudworth whether the rails affected were on curved or 
“‘ straight” lines? Of course, when I sa; 
mean “ straight.” I quite agree with Mr. Cudworth in 
every detail with this exception; and I would like to point 
out a few things that, perhaps, he has overlooked, or it 
may be (although not very probable) that corrugations do 
not show up in the same places on steam-driven roads as 





on electrically-driven roads. 


**straight,” I | bee 





Did Mr. Cudworth notice whether there were any~ 
corrugations on the inner rail of a curve, or whether 
there were two rails o ite each other in the same 
track affected? Would Mr. Cudworth please say whether 
the corrugated rails that were relaid in York sorting 
sidings were placej in the same position as when taken 
out of the main line; that is to say, if they formed the 
outer rail of a curve on main line, did they, when relaid, 
form the outer rail of a curve still, or were they put in to 
form the inner, or a en Se: This is a very im- 
poisant point, ‘* whereon gs the whole question of 
rail corrugation.” I have tried changing rails, and in 
every case where the curve has reversed in a rail 
the marks have very quickly worn out, and an inner rail 
that was, as an inner rail, perfectly smooth, put to the 
outside of a curve has very quickly deveio col = 
tions, which goes to prove, as Mr. Cudworth saye, that 
the fault does not lie in the rails. 

I referred t> page 422 of ENGINEERING, quoted at the 
commencement of yourarticle. It says: ‘Ua any curve, 
of course, one wheel must clip, but there is no reason why 
those on one side should slip more than those on the 
other.” Now, Sir, this is, I think. where the mistake (if 
I may use that term) comes in. How is it possible for 
two wheels shrunk fast to an axle to travel, say on a 
500-ft. radius curve, for a distance of 260 zac where 
the outer wheel has the full distance to go, while the inner 
one has about 7 ft. 6 in, less, without one wheel slipping ? 
and does it not point clearly to the fact that there ‘is a 
reason ” why one wheel should slip more than the other. 

Might I suggest that the whole trouble is caused 
through both wheels being fast on the axle, and when 
rounding a “curve” or ‘series of curves,” otherwise 
called a “‘ straight” road, the outer wheel, having further 
to travel than the inner one, the outer wheel *‘ jumps or 
skids” to gain the difference in the length of the two 
rails, and in so doing forms corrugations on the outer rail, 
and the outer rail 7 

The figures quoted are not fractionally accurate, but 
near enough to demonstrate my meaning. 

Jm Crow. 








“TESTS OF 2000-KILOWATT WILLANS.-. 
DICK-KERR TURBO-ALTERNATOR.” 
To Tae Eprror or ENGINEERING. 

Sir,—In your edition of June 7, on page 752, under 
the above heading, I find the following remarks with 
reference to Messrs. Dick-Kerr’s Turbo- Alternator :— 

‘* The field coils are wound on salient poles, contrary to 
the Continental practice, but probably admitting of 
greater efficiency being obtain In fact, fields with 
salient poles are undoubtedly better from every point of 
view, provided they are made sufficiently strong to resist 
the excessive centrifugal stresses they have to bear and 
will run without noise.” 

I should like to point out :— 

1, That the Continental practice is not limited to 
cylindrical type rotors, because there are numerous Uon- 
tinental machines with rotors of the salient pole type. 

2. That much cannot be gained in efficiency by using 
the salient pole type, because the copper losses in turbo- 
alternators are small in comparison with the iron, fric- 
tion, and windage losses. 

3. That the cylindrical type rotor has a lower mgnetic 
leakage, which for this type is of the order of only from 
3 to 5 per cent., whilst the os figure for the 
salient pole type rotor is of the order of 10 per cent. or 


more. 

4. That the salient ag type rotor is likely to make a 
more noisy machine than a cylindrical type rotor with a 
smooth surface. 

From this you will see that your statement, ‘in fact, 
fields with saliont poles are undoubtedly better from 
every point of view,” does not quite coincide with the 
real facts. 

As regards noise, I think that the makers silently admit 
that their rotor construction produces rather a nois, 
machine, because at the end of the same paragraph it is 
mentioned that the ends of the stator windings are pro- 
tected ‘‘ by solid shields which completely close in the 
ends of the machine, a method which greatly reduces 
noise.” It is also of interest to note that in this respect 
the designers have no objection to follow the Continental 
practice of enclosing turbo.alternators. 

In conclusion, I should like to say that it is not the 
object of this letter to condemn the salient pole construc- 
tion; I only wish to rent readers of your article bei 
misled to an unjustified prejudice against the cylindri 
type of rotor. 

I am, Sir, your obedient servant, 


. K1oss., 
64, Lichfield-road, Stafford, June 26, 1907. 








“A THEORETICAL CONDENSER,” 
To THE Eprror oF ENGINEERING. 

Sir,—We have read with interest Lieutenant Hender- 
son's description, in your issue of the 14th inst., of a sur- 
face-condenser designed on the lines of the recent experi- 
ments carried out by Professor Weighton at Armstrong 
College, from which it is evident that Lieutenant Hen- 
derson has given the subject very careful study, as his 
design is identical in its essential features with that of a 


- | large number of Contraflo condensers now under construc- 


tion by our licensees. We may also add that patents have 
n granted for the Contrafio condenser in all parts of 
the world. 
Yours faithfully, 
Tae Conrrario Conpenserk Company, Luitep. 
F. L. Rowe, Manager. 
3 and 5, Crown-court, Old Broad-street, 
London, E.C., June 19, 1907. 
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‘THE LATE MR. THOMAS ANDREWS, F.R.S. 


METALLURGY has lost one of its most devoted and 
capable research workers by the widely-regretted death 
of Mr. Thomas Andrews, F.R.S. A keen enthusiast, 
determined to make complete acquaintance with all 
the peculiarities—we had almost written idiosyncra- 
cies—of the molecules or atoms of all metals, he 
brought to bear upon his work a natural in — 
disposition, a mathematically-accurate mind, 

a willingness to discard theory when accurately 
ascertained facts made such untenable. If to this 
be added the fact that he was unselfish in his 
readiness to give to the scientific world the full results 
of his experimental work, irrespective of its cost, one 
can readily understand why he became the recipient of 
so many coveted professional honours. He was made 
a Fellow of the Royal Society nineteen years ago, when 
forty-one years of age. Even earlier he had won the 
Telford medal, and on two occasions the Telford 
premium, from the Institution of Civil Engineers ; and 
among his other distinctions was the Bessemer pre- 
mium, and the gold medal of the Society of Engineers. 

Born at Sheffield in 1847, the only son of Mr. Thomas 
Andrews, of the Wortley Iron Works and Wortley 
Silkstone Colliery, which date from 1640, he was by 
heredity and early influence a metallurgist, and his 
education at Broombank School, in Sheffield, and 
private tuition were but the beginnings of that search 
after true knowledge which was the basis and end of 
all his subsequent scientific work. The management 
of his works and his maintenance of paternal interest 
in his men were not neglected; but his claims to a 
place among metallurgists is conceded by his work in 
the laboratory with his crucible, his thermometrical 
instruments, his electro-magnets, his microscopes, and 
his testing plant. 

A review of his work is apt to develop into a cata- 
logue of the titles of his contributions to contemporary 
scientific literature. Much of his earlier work was 
associated with the electro-chemical action of sea and 
river water upon iron and steel, and several memoirs 
were made to the Institution of Civil Engineers, 
the Royal Society, and the Royal Society of Edin- 
burgh, on experiments regarding this subject. 
Between 1884 and 1888 he made a long series of 
tests at the Wortley Works on the effects of 
temperature on the strength of railway axles, and 
from time to time the results of his investigations 
were published. His object was to determine on a 
large scale the resistance of metals to sudden concus- 
sion at varying temperatures down to zero (0 deg. 
Fahr.), and at the same time to ascertain, if possible, 
some of the causes leading to accidental fractures on 
our railways, In the course of low-temperature obser- 
vations on these large-scale experiments, above 300 
tons of snow were consumed for the freezing mixtures, 
&c., and over 400 railway axles tested to destruction. 
Electro-chemical effects on magnetising iron next occu- 
pied Mr. Andrews’ attention, and in June, 1889, he 
read a ron this subject before the Royal Society. 
In 1895 he was awarded the Bessemer premium by 
the Council of the Society of Engineers, The, for 
his paper on ‘‘ The Effect of Strain on Railway Axles” 
and ‘‘The Minimum Flexion Resistance Point in 
Axles.” This paper was the outcome of many years’ 
laborious research, undertaken with the object of 
ascertaining the causes leading to accidental fractures 
on railways, and with the object, of course, of mini- 
mising these causes, and thus increasing the safety of 
the travelling public. 

Mr. Andrews was among the first to apply the 
microscope as a means of studying the structure of 
metals, and his contributions on this subject to our 
columns were, we know, greatly appreciated. At the 
University of Cambridge Mr. Andrews delivered an 
interesting course of lectures on ‘The Crystalline 
Structure of Gold, Piatinum, and other Precious 
Metals ;” on ‘*The Microscopic Study of Fatigue 
Deterioration in Metals ;” on ‘‘ Microscopic Observa- 
tions on Naval Accidents ;” and on ‘‘ The Microscopic 
Study of Heavy Ordnance, Steel Propellers, and 
Armour-Plates.” He gave a further course at Cam- 
bridge on “ The Crystalline Structure of Steel Rails ” 
and ‘‘ Volcanoes and Volcanic Dust.” 

Mr. Andrews was consulted in many instances by 
the Admiralty, and by some of our leading ship- 
builders, in cases of naval disasters ; he also held the 
poss of consulting metallurgical engineer to several 
eading railway companies. He was a member of the 
council of the Sheffield University, and served on the 
council of the University College from its formation. 
He was also on the council of the Sheffield Technical 
Schools almost from its foundation, and was at the 
time of his death on the committee of the University 
having charge of the Department of Applied 
Science. He was a member of the Institution of 
Civil Engineers; member of the Society of 
Engineers, London; Fellow of the Royal Society, 
Edinburgh; Fellow of the Chemical Society ; 
member of the Institution of Mining Engineers, 
and member of the Franklin Institute of America ; 
and to the proceedings of these and other institu- 





tions he made most acceptable contributions b 
one and by speeches during the discussion of metal- 
urgical subjects. About two years ago he had a serious 
breakdown in health, which, unfortunately, involved a 
relinquishing of much of his scientific work. About a 
acca ago his heart gave trouble, and the end came 
on Wednesday, the 19th inst., at his residence, Raven- 
crag, Wortley, near Sheffield, to the regret of many 
colleagues in the profession and of all his workmen. 








THE LATE MR. PERRY F. NURSEY. 

Many of our readers will associate themselves with 
us in an expression of regret at the:death of Mr. l’erry 
Fairfax Nursey, who for over forty years has been 
closely identified with engineering literature, and for 
several years in the ‘seventies was a contributor to this 
journal. 

Born in London, on October 5, 1830, he was 
educated at private schools, and subsequently entered 
the office of the late Mr. John Addison, civil engineer, 
Westminster, where he served six years.. In 1851 he 
was engaged in superintending some works of buildin 
and construction, and from 1852-7 further enlarg 
his experience as a secretary and assistant engineer 
upon mines in Devon and Cornwall. He returned to 
railway work in 1858, as a member of the staff of the 
late Mr. C. W. Rami¢é, of Westminster, and from 





Photograph by Maull and Fox, 
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1862-4 he was with Messrs. Ordish and Lefeuvre, who 
did extensive work in connection with bridge, roof, 
and other constructional engineering. 

It was about this time that Mr. Nursey commenced 
his literary work, and at the beyinning of 1865 he 
became editor of the old Mechanic’s Magazine. In 1879, 
after 56 years of valuable work in the development of 
engineering, this publication was incorporated with 
Iron. Mr. Nursey wrote extensively for ENGINEERING 
peasy the seventies, and was the editor and manager of 
Tron trom 1879 until 1893, when that paper became asso- 
ciated with Industries. Both papers ceased to exist 
several years ago. Mr. Nursey was also the technical 
correspondent of the Times for many years. He had 
the journalist’s gift of acquiring information, and the 
faculty of assimilating it, and of recording it with 
accuracy and lucidity. 

His ready pen was a large factor in the success of 
the Society of Engineers, of which he became a member 
in 1858, four years after the formation of the Society. 
In the early years he wrote many papers, securing in 
five different years the Premium of the Society for 
contributions—the first, awarded as long ago as 1860, 
for a paper upon quartz-crushing machinery. In 1871 
he became secretary of the Society, and for eight years 
filled this post, much to the advantage of the organisa- 
tion. At the conclusion of his tenure he was the reci- 
pient of an illuminated address, a silver salver, and 
a purse of sovereigns. He was elected a member of 
Council, and in 1886 was chosen as President of the 
Society. In 1894 the Society further did him the 
honour of electing him honorarysecretary and treasurer, 
and this post he filled until 1900, when he again took 
up the active work of secretaryship, and continued 
in this post until his death. Sion first to last he 
wrote some twenty-four papers on various professional 





subjects, all of them with information of a suggestive 
and interesting nature. 

During his journalistic and secretarial work he con- 
tinued his private practice as a consulting engineer, and 
was retained in several important patent cases. He 
was for some time engineer in England to a German 
firm of dynamite manufacturers, and he did con- 
siderable work abroad. He carried out important 
blast operations, including the removal of rocks in 
connection with the improvement of the harbour at 
Jersey, and at Douglas, in the Isle of Man. He also 
chambered bore-holes5in. indiameter in chalk at depths 
of over 400 ft. from the surface by blasting under 
heads of from 200 ft. to 300 ft. of water for the tapp- 
ing of water supplies. In 1890 he removed the bases of 
several cast-iron columns in the bed of the Thames at 
Wapping by blasting, and by the same means one of the 
large masonry bridges over the Great Western Railway 
in the Sonning Cutting, near Reading, was removed 
when the line was being widened. Mr. Nursey was 
elected a member of the Iron and Steel Institute of 
Great Britain in 1880. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 18. 

THERE is an indication of weakness in the pig-iron 
market, due to efforts to re-sell. Considerable quan- 
tities of materials were purchased in April and May in 
advance of actual requirements, but in anticipation of 
expected business. As more or less of this business 
has not come along, the iron purchased to cover it is 
offered for sale by a few nervous manufacturers. This 
is especially true of basic pig. No serious reaction is 
probable. 1n some quarters it is claimed that pig 
iron is weaker, but this view has very little to support 
it, from the fact that there is comparatively little 
capacity to be sold, and producers are under no neces- 
sity to dispose of it at this time. While it may be 

uite true that more iron has been contracted 
or than was absolutely needed, there is no prob- 
ability of iron being thrown on the market in 
quantities. A number of inquiries have been with- 
drawn for both basic and foundry grades. The pros- 
pective purchasers merely want to see how the cat will 
jump. This caution is due to two points: first, iron 
ore is being offered at slightly lower prices, and coke 
is likely to weaken because of excessive production. 
Another contributing cause is that there is more iron 
available for early delivery than there has been for 
months. Still another influence working towards 
greater conservatism in forward buying is that English 
and Scotch iron is being more freely offered, and 
quotations abroad are less stable. Notwithstanding all 
these features, the situation is satisfactory, and could 
not well be otherwise. It is rather remarkable that 
the ron market is so sensitive in view of the largely 
oversold conditions. 

The fundamental strength of the market is due to 
the existence of enormous requirements for the near 
future. The present lull will probably have a good 
effect in repressing the speculative spirit which has 
for months threatened the market. A quiet summer 
would work to the advantage of the industry. The 
bar-iron market is strong and new business of moderate 
volume is pouring in. The sheet mills continue over- 
sold. The production of boiler tubes is not sufficiently 
large to enable early deliveries to be made. 

reparations are being made at the Duquesne plant 
of the Carnegie Works, Pittsburg, and at the 
Youngstown plant, to introduce the open-hearth pro- 
cess of steel-rail making on an extensive scale, in view 
of the manifest preference of railroad builders for 
such rails. The United States Steel Corporation is 
credited with the purpose of entirely supplanting the 
Bessemer steel process with the open-hearth process. 
This, if done, will, of ‘course, be done gradually, as 
the Corporation has a large amount of Bessomer-s0il 
business on hand. 








Inpian Rattway Workine.—The ratio of Indian work- 
ing expenses to traffic receipts, although still moderate, 
shows a tendency to increase. In the second half of last 
year the ratio advanced from 46.16 per cent. to 48.81 per 
cent. upon the Bengal and North-Western Railway ; from 
47.53 per cent. to 53.13 per cent. upon the Bengal and 
Nagpur Railway ; from 46.05 per cent. to 51.35 _ cent. 
upon the Bombay, Baroda, and Central India lway ; 
from 36.49 per cent. to 39.56 per cent. upon the East 
Indian Railway ; from 53.66 per cent. to 54.69 per cent. 
upon the Great Indian Peninsula and the Indian Midland 
Railways ; from 58.56 per cent. to 67.83 per cent. upon 
the Madras Railway; from 42.64 per cent. to 47.72 per 
cent. upon the Rohilkund and Kumaon Railway ; and 
from 62.54 per cent. to 67.68 per cent. upon the Southern 
Mabhratta Railway. In the case of the Southern Punjaub 
Railway the ratio remained at 52 per cent. in both half 
years. Upon the Bengal and Dooars Railway there was 
a decline from 49.31 per cent. to 40.75 per cent. ; and upon 
the Nizam’s State lines from 50.35 per cent. to 49.60 per 
cent. The moderation of Indian railway working charges 
is y due to the extensive employment of natives. 
In 1 out of 452,058 persons comprising Indian railway 
staffs, 436,328 were natives. 
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MILLING-MACHINE. 
CONSTRUCTED BY MESSRS. ALFRED HERBERT, LIMITED, ENGINEERS, COVENTRY. 
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ALTHOUGH the machine illustrated above is of com- 
paratively small size, it contains a number of features 
which render it equal in most respects to the more 
complete and larger milling-machines, The spindle is 
hollow, and has clutch-drive to the arbor. he over- 
hanging arm is a solid steel bar, and the arm-brace is 
of a much more rigid form than the two links usually 
fitted to machines of this size. The speeds are all in 
geometric progression, and all gears throughout the 
machine are of steel and are covered. The following are 
leading particulars and dimensions of the machine :— 

Longitudinal feed 21 in. 
Cross movement rae é 7 » 
Greatest distance from centre of 


spindle to table ion 8 « 
Working surface of table ... 38 in. by 94 in. 
Diameter of cone pulley oi 10 in. 
WH Ns ee. owe 23 
Number of steps of cone pulley 4 
ae Se - i 4 os as 6 tol 

Number of spindle speeds 8 
Range of spindle s lee? Zs 25 to 585 
Number of feeds driven from 

_countershaft ... she he sa 8 
Number of feeds driven from spindle 16 
Approximate weight ... ins as 2000 Ib. 


Two ranges of feed are provided, as on the makers’ 
other horizontal milling-machines, alternative methods 
from the counter-shaft and the spindle being provided. 
When driven from the spindle the feeds receive their 
motion from the cone pulley, so that when the spindle 
is slowed down by putting in the gearing the feed 
rates are not domed down, but remain sufficiently 
quick to enable all of them to be used, which, as is 
well known, is never the case on machines the feeds 
of which are driven direct from the spindle. The 
following are the particulars of the feed ranges :— 

When driven from the counter- { § in. up to 8,, in. 
shaft. — per minute. 

When driven from the spindle { , in. upto 159 in 

Se single speed orf per py ‘ 


double gear 











The feed to the table is by means of a revolving 
screw driven by a worm-wheel with dropping worm, 
the feed being released by an automatic stop, and also 
by a knob shown at the right side of the knee. The 
bearing of the knee on the vertical slide extends above 
the upper surface of the knee, so as to grip the column 
in the most advantageous position. The elevating 
screw does not extend below the base of the machine, 
so that no hole need be cut in the floor to receive it. 
The table has three T-slots, and is provided with a 
covered way or tunnel extending from end to 
end, so that the lubricant may be conveyed through 
it to the pipe leading back from the tunnel; the 
cover over this tunnel prevents it from getting 
blocked up by chips, causing the table to over- 
flow. The cover can be removed for cleaning. The 
tables are oiled by lubricators at the side, so that 
lubrication can be attended to without removing the 
work or fixtures which may be on the table. In 
addition to the automatic stop, the table is provided 
with a dead-stop. All the adjustments have graduated 
adjustable index-discs, and the longitudinal adjustment 
is geared so as to give a quick motion to the table. 

he machine is designed so that each motion has its 
own hand-wheel, all the hand-wheels being in easy 
reach of the operator without changing his position. 
The knee, saddle, and table are provided with clamp- 
ing handles, so that all loose parts of the machine can 
rigidly clamped when doing heavy milling. The makers 
are Messrs. Alfred Herbert, Limited, of Coventry. 








SewaceE Fitrration.—In a communication to the Paris 
Academie des Sciences, MM. Muntz and Laine claim 
that a layer of turf, impregnated with sufficient lime to 
neutralise any acidity, forms an especially good upper 
stratum fora bacteria bed. In some experiments on septic- 
tank fluid which was passed through a sand-filter thus 
capped, they found that the layer of turf formed a most 
energetic oxidising bed. The ammonia almost wholly 
vanished in ing through it, and the organic nitrogen 
was reduced 80 per cent. 





INDUSTRIAL NOTES. 


Tue state of the labour market in the past month, 
as shown by the returns to the Labour Department of 
the Board of Trade, was not disco ing. The em- 
ployment chart shows a lower level of unemployed 
than in the same month of last year, and in the last ten 
years, This chart is based solely on returns made by 
trade unions, with a membership of 624,993. The 
specific reports which follow are based on much wider 
returns by employers, trade unions, and labour corre- 
spondents, as the following memorandum shows :— 

‘* In addition to the 2686 employment returns from 
trade unions used for the chart, 3887 were received 
from employers, relating to 1,125,867 workpeople, em- 
ployed in coal and iron mining, the cotton, woollen, 
worsted, and other textile trades, the building trades, 
the boot and shoe and other clothing trades, and the 
paper and glass trades. Besides these 6573 statistical 
returns, a. large number of returns of a non-statistical 
character were received from employers’ associations, 
trade unions, local correspondents, and other sources.” 

Employment aaah ras ye good except in the building 
trades ; it showed on the whole little change as com- 
pared with the previous month. As compared with a 
ror ago, all the principal industries, except ship- 

uilding and engineering, showed some improvement. 
The changes in rates of w resulted in a net weekly 
rise in wages of over 20,000/. During the first five 
months of 1907 the net increase in wages amounted to 
100,000/., as com with a net increase of 24,000/. 
in the corresponding period of 1906. 

In the 273 trade unions, with an egere ate member- 
ship of 624,993, making returns, 21,081, or 3.4 per 
cent., were reported as unemployed, compared with 
3.3 per cent. at the end of April, and 3.6 per cent. at 
the end of May, 1906. 





Employment in the building trades was dull, and 
showed little change compared with a month ago and 
a year ago. Returns from firms employing 56,217 
workpeople showed a decrease in the number employed 
of 1 per cent. as compared with a month ago. 

In the coal-mining industry employment remained 
very good, The average alte of days worked per 
week at the pits was 5.57, as compared with 5.37 a 


year ago. 

Soatereed in iron-mining, on the whole, continued 
good, and showed some improvement compared with a 
year ago. 

The pig-iron industry continued good ; it showed a 
slight decline as compared with April, but was rather 
better than a year ago. Returns relating to the works 
of 108 ironmasters, employing about 25,000 work- 
people, showed 346 furnaces in blast, as compared 
with 349 in April, and 342 a year ago. 

Employment at iron and steel works continued very 
brisk, and though not quite so good as a month ago, 
was much better than a year ago. The volume of em- 
ployment—i.e., numbers employed multiplied by the 
number of shifts worked—at the 202 works from 
which returns were received was 0.4 per cent. less 
than a month ayo, but 5.4 per cent. greater than a 
year ago. 

In tin-plate and steel-sheet manufacture employment 
continued good, and was better than a year ago. A 
number of sheet-mills were still idle, owing to a dis- 
pute. At the works covered by the returns, 437 tin- 
plate and sheet mills were working, as compared with 
the same number in April, and 415 in May, 1906. 

Employment in the engineering trades continued . 
good, but showed a slight decline compared with a 
year ago. The percentage of trade-union members 
unemployed was 2.9, as compared with 2.8 a month 
ago and 2.5 a year ago, 

The shipbuilding trades were fairly busy on the 
whole, showing little general change compared with 
a month ago, but were not so good as a year ago. The 
percentage of trade-union members unemployed was 
6.7, as compared with 6.6 per cent. in April, and 6 
per cent. in May, 1906. 





The cotton trade continued very good, and better 
than a year ago. Returns from firms employing 129,753 
workpeople showed an increase of 1.4 per cent. in the 
amount of wages paid compared with » month ago, 
and of 3.5 per cent. compared with a year ago. 

In the woollen trades employment was good, better 
than a month agoand a year ago. Returns from firms 
employing 28,319 workpeople showed an increase of 
2.5 per cent. in the amount of wages compared with a 
month ago, and of 3.1 per cent. compared with a year 


ago. 

The worsted trade was good—better than a month 

o and a year ago. Returns from firms employing 
47,733 workpeople showed an increase of 1 per cent. in 
the amount of wages paid com with a month 
ago, and of 5.4 per cent. com with a year ago. 

Employment in the flax (linen) trade continued good, 
and was better than a monthago and ayearago. Returns 
from firms employing 46, workpeople showed an 
increase of 1.1 per cent. in the amount of wages paid 
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compared with a month ago, and of 8.2 per cent. com- | is not a fair one. Branch officers and all members are | plain of the high prices of pig iron, and also of fuel, 
pared with a year ago. cautioned against two men who ‘‘are continually | which they say leave a very small margin of profit. 


In the jute trade employment was good, but showed 
a slight decline compared with a month ago ; it was 
better than a year ago. Returns from firms employ- 
ing 19,088 workpeople showed a decrease of 0.6 per 
cent. in the amount of wages paid compared with a 
month ago, but an increas» of 5.1 per cent. compared 
with a year ago. 





Employment in the bespoke branch of the tailoring 
trade showed the usual seasonal improvement in 
London, and was fairly good ; but it was not so g 
asa year ago. In the provinces it was good. In the 
ready-made branch it was good, and was better than a 
year ago. 

Employment in the boot and shoe trades, on the 
whole, was fairly good, and was slightly better than a 
month ago; compared with a year ago little change 
was shown. Returns from firms employing 61,954 
workpeople showed an increase of 1.5 per cent. in the 
amount of wages paid compared with a month ago, 
and of 0.6 per cent. compared with a year ago. 

In th> other leather trades employment was quiet 
—about the same as a month ago and a year ago. 
Trade unions with a membership of 3710 had 5.7 per 
cent. unemployed, as compared with 5.8 per cent. last 
month and a year ago. 

Employment in the paper-making trades continued 
good, and was better than a year ago. 

In the printing and bookbinding trades employment 
remained fair on the whole. In the printing trade it 
was better than a year ago. The percentage of trade- 
union members unemployed was 4, as compared with 
3.8 in April, and 4.7 in May, 1906. In the bookbind- 
ing trade there was a decline. The percentages un- 
employed were 6.2 for May, 5.4 for April, 1907, and 
5.1 for May, 1906. 





In the furnishing and woodworking trades employ- 
ment was fairly good—about the same, on the whole, 
as a month ago, and better than a year ago. Trade 
unions with a membership of 35,239 reported 2.9 per 
cent. unemployed, as compared with the same per- 
centage a month ago, and 3.6 per cent. in May, 1906. 

Employment in the glass trades continued fairly 
good, and was better than a year ago. Returns 
received from firms employing 9768 work people showed 
an increase of 0.1 percent. in the amount of wages paid 
compared with a month ago, and of 13.3 per cent. com- 
pared with a year ago. The comparison with a year 
ago is affected to some extent by an advance in rates 
of wages in the glass-bottle-making trade, which took 
effect in January-February, 1907. 

In the pottery trade employment continued good, 
and was better than a year ago. In the brick and tile 
trades it continued slack. 





Employment of dock and riverside labour was fair 
on the whole, and better than a month ago. The 
average daily number of labourers employed at the 
docks and principal wharves in London during the 
five weeks ended June | was 13,508—an increase of 
4.1 per cent. compared with a month ago, and of 
4.7 per cent. compared with a year ago. 





Twenty-nine new labour disputes began in May, as 
compared with 39 in April, and 42 in May, 1906. 
The total number of workpeople affected by disputes 
which began or were in progress was 11,912, or 3674 
less than in April, and 36,210 less than in May, 1906, 
The aggregate duration of all the disputes, new and 
old, amounted to 187,600 working days, or 39,100 
more than in Apri], but 142,000 less than in May, 
1906. Definite results were reported in the case of 
31 disputes, new ana old, directly affecting 4682 
persons. Of these, 11 were decided in favour of the 
workpeople, nine in favour of the employers, and 11 
were compromised. 





The changes in rates of wages affected 282,500 work- 
people, of whom 282,250 received advances, and 250 
sustained decreases. The number whose wages were 
increased included 270,000 coal-miners in England and 
Wales, about 4000 shale-miners in Scotland, and 3900 
steel-smelters, &c., in various parts of England and in 
Scotland. The total computed effect of all the changes 
was a net advance of 20,400/. per week. 





The +e of the Boiler-Makers and Iron-Ship- 
builders for the current month would appear from the 
figures given to be more unfavourable than it really 
is. The total number on the funds was 6805; pre- 
vious month, 6807—only a difference of two. There 
was an increase under the three heads of unemployed 
from 3242 to 3503 ; a decrease under sick benefit from 
2055 to 1737 ; an increase from 1510 to 1565 on super- 
annuation allowances. This latter benefit ranges from 6s. 
to lls. per week, the greater number being in receipt of 
lls. per week. As regards non-employment, the returns 
are affected by the Whitsun holidays, so that the test 





tramping the country, and seldom work.” They use 
blank cards for the purpose of getting relief when 
they are not entitled to a travelling-card, so that it is 
a case of fraud. ‘‘They are,” the report says, 
‘* utterly undeserving of any help or sympathy.” It 
is strange that men should -choose such a life when 
they have a good trade by which to get a comfortable 
living. Branch officers are notified that all members 
owing, as arrears, 12s., 103., or 4s. 8d. respectively, 
according to class of membership, must be placed out 
of benefit immediately the books are closed on contri- 
bution night. Defaulters, non-payers of past deficits, 
and of non-payers of return bonuses are also cau- 
tioned in this month’s report. Strong condemnation 
is expressed of the methods pursued to defeat a pro- 

fax 4 levy of 2d or a ld. for a deserving member. 

ad such methods been resorted to by employers there 
would have been an outcry. Attention has been called 
to the Society’s finances: with the view of some 
beneficial change. Great diversity of opinion exists 
on the subject. 





The report of the Associated Blacksmiths is fairly 
favourable. ‘‘ All over the Clyde districts trade has 
shown up fairly well,” it says, and adds, ‘‘ the same may 
be said of the North-East Coast.” It is stated that 
large orders have been placed for locomotives, so that 
the engineering branches are doing well. It continues: 
‘*This industry is quite prosperous, and the prospects 
distinctly encouraging, which justifies us in saying 
that trade is busy.” There was a net increase of 22 
members, which the executive declare is not enough. 
and it is more than hinted that energetic steps will 
have to be taken against non-unionists ‘‘who reap 
where they have not sown.” This feeling is spreading 
in most branches of trade. It will be regrettable if it 
leads to an industrial war of unionists against non- 
unionists, as seems to be the desire of ‘‘ the advanced 
section” of trade unionists. The men in the Clyde 
district have put in a demand for 3d. per hour on time 
rates and 5 per cent. on piece rates. The Union and 
the Clyde Shipbuilders’ Association have arranged a 
conference on the subject. The Belfast members com- 
plain of a reduction in rates on certain work; the 
executive resolved to inquire into the matter. 





The American Federationist for the current month 
has an exhaustive article upon the subject of injunc- 
tions. American workmen have suffered even more 
from this form of ex parte legal disablement than 
British workmen, and they seem to be resolved to 
abolish that power of the judicial courts. The 
declarations of the American Federation of Labour 
are reproduced in a condensed form, so as to keep the 
subject before the public. 


The National Conference of all the Miners’ Associa- 
tions of Great Britain last week at the Westminster 
Palace Hotel, London, inaugurated a movement which 
will have far-reaching effects. Its purpose was to 
raise the standard wage in the various districts. 
There are at present two standards as the bases of 
wages—that of 1879, which governs the rates in South 
Wales, Scotland, Durham, and Northumberland, and 
that of 1888, which governs the Federation districts. 
The wonder is that those bases should have operated 
so long. The standard of 1879 was taken at a time 
when the coal trade and most other trades were at the 
lowest—after the boom of 1870-74. That of 1888 was 
taken when prices were low—after a fierce contest for 
higher wages. Neither the one nor the other bears 
any tangible relation to the prices and wages of to-day, 
as will be seen by a comparison of the rates paid, and 
of the standard by which they are regulated. Tor 
example, in the Federation districts the wages range 
from 374 to 50 per cent. above the standard. When 
the agreement was continued for another three years 
in December last, the men tried to get 30 per cent. on 
the basis of 1888 as the standard, but the coal-owners 
refused ; but the minimum was raised 2} per cent., 
and wages advanced 5 per cent. as a concession to the 
men’s demands. The new minimum wages basis de- 
manded by the men is below the present minimum 
rate, and therefore would not affect existing contracts ; 
but the advances or reductions on the proposed new 
basis would be small in comparison with those of 
recent years. The Conference unanimously resolved 
to seek for a uniform basis at 30 per cent. above the 
two standards now governing the different areas. It 
was resolved that each district should approach the 
employers with the object of making the proposed 
change. There was no threat of a strike, or any 
adverse action ; the stage reached was that of negotia- 
tion only. It was resolved that another conference 
should be called within five months to consider the 
reports of the various districts ; the convening of such 
conference was left with the President and Secretary. 





Very little change is reported in the position of the 
iron and steel trades. Makers of finished iron com- 





There is a good deal of material going regularly 
to users, so that stocks are not accumulating. Con- 
sumers were, it is said, holding back orders at last 
week’s market in the Midlands, but the near 
approach of the quarterly meetings may account 
for this. Steel is in very active demand, particularly 
for constructive paspeeee, for bridge building, and 
railway work. There is at present very little foreign 
competition. The position of the engineering trades 
is fairly good; the proportion of unemployed members 
of trade unions throughout the United Kingdom was 
2.9 per cent.; previous month, 2.8 per cent. —same as a 
year ago. In the Manchester, Salford, and Liverpool 
districts the proportion was 2.7 per cent.; previous 
month, 2.4 per cent.; and a year ago 2.5 per cent. In 
the Oldham, Bolton, Blackburn, Burnley, and Wigan 
districts the proportion was 2.2 per cent.; previous 
month, 2.1 per cent.; a year ago, 1.9 per cent. Makers 
of textile machinery are very busy, overtime being 
worked at at least three of the great centres. In the 
Midlands, Birmingham, Coventry, and Wolverhampton 
districts the proportion of unemployed union embers 
was 2.2 per cent.; previous month, 1.9 per cent. ; a year 
ago, 1.3 per cent. ; in the other Midland districts tho 
percentages were 2.9, 2.3, and 3.1 respectively at 
the dates given. Ironfounders were busy in most 
districts; in some, overtime was worked. Builer- 
makers report trade as fair, moderate, or good. 
Much overtime was worked by cycle and motor 
workers in Wolverhampton. At Derby all sections of 
workers were busy ; in the railway shops night shifts 
had to be resorted to. Generally the position is good, 
and the outlook most encouraging, not only in the 
— named, but in all others engaged in engineering 
work. 





On the 24th inst. an important meeting was held at 
Birmingham, when nearly 600 delegates from branches 
of the Amalgamated Society of Railway Servants met 
to discuss whether they should strike in order to 
obtain redress of what they consider their grievances. 
Among their demands is one for an increase in wages 
and shorter hours; but this for the moment seems to 
be looked upon as a secondary matter, as it has been 
overshadowed by the desire to compel the railway 
companies to agree that the men’s grievances shall be 
brought before the companies by the officials of their 


union. This the companies decline to do; and feeling, 
consequently, runs high among their employés. At 
the meeting referred to, Mr. R. Bell, M.P., the 


Secretary of the Society, read a letter received from 
the London and North-Western Company, in which 
the demands of the men were refused. This letter, it 
was pointed out, was typical of those received from 
other companies. It was then proposed to present 
again the claims of the men, and, if these were again 
rejected, to take such steps as the circumstances might 
demand. Nothing was, however, definitely settled, 
and the congress adjourned till the 25th inst. On 
that day moderate councils prevailed, and an amend- 
ment favouring immediate action was defeated, 80 
votes being given for the amendment and 407 against 
it. The resolution of the previous day’s meeting was 
therefore carried, and the companies will be again 
approached on the subject, 





The big strike at Messrs. Vickers Sons and Maxim’ 
works at Erith continued throughout last week, 
though efforts were made to find a modus vivendi. 
The proposal was that the men should resume work, 
and that the matter in dispute should be referred 
for negotiations. The men were averse to that 
course, and, therefore, it fell through. 





The wages dispute in the engineering trades on the 
North-East Coast at the close of last week arrived at 
an acute stage, and it was feared that a great, long, 
and costly struggle was imminent, as all attempts at 
negotiation had, up to the date of writing, failed. It is 
computed that at least some 14,000 men will be in- 
volved, and many others affected. As if to complicate 
matters, the several branches of the shipbuilding 
industry are applying for an advance. 





The strike notices at a large hat-making firm at 
Stockport expired on Saturday last, and the employers 
resolved to lock-out all the society men in their em- 
gee in sympathetic support of the firm affected. 

he non-unionist question has much to do with the 
—_ of the dispute. It is indeed spreading widely 
and rapidly. 

The Oldham engineers have applied for a further 
advance in wages of ls. per week on time rates, and 
24 per cent. on piece-work. The employers offer to 
concede the advance in January next, the men demand 
it from the first pay-day in September. The question 
ies be y dean by the joint committee at an early 

ate. 
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THE ACTION BETWEEN WHEEL AND 
RAIL.* 
By Henry RecinatD ARnuLPH Mattock, F.R.S. 


No one who has observed the rails of any of the tube 
railways at present working in London can have failed to 
notice how much the rails become worn, especially just 
after they are laid ; and it seemed to me that it might be 
of some use to examine the mutual action between the 
rails and wheels from a theoretical point of view. In 
this note I give a short account of the conclusions to 
which this examination has led me, and the general course 
of reasoning by which I have arrived at them. It is 
obviously impossible, in a short communication like this, 
to enter into the mathematical details. 

It is clear that if a wheel is to roll on a rail without 
either causing permanent set or distortion in the other, 
the deformation, caused at the contact between the two, 
must be entirely within the elastic limits of the material. 
The first step in the investigation, therefore, was to 
determine what is the radius and effective width of tread 
of a wheel which will just carry a given load without any 
permanent alteration in shape. 

I assume that the wheel and the rail are made of the 
same steel, and that such steel will bear a load of 20 tons 
per square inch on its surface before deforming. 

Hence, if we suppose that each wheel carries a load of 
4 tons, there must, at any rate, be more than } square 
inch of contact between the rail and the wheel, for } square 
inch would be required if the pressure was uniformly 
distributed over the whole area ; but in the actual cace 
the pressure is greatest at the middle of the contact area, 
and it can be shown that the maximum pressure is half 
as large again as the mean. 

The next question is, If a steel cylinder of a certain 
radius and width rests on a fiat steel rail of the same 
width, and carries a definite load, how much will the 
cylinder depress the rail and how much will the rail 
flatten the cylinder ? 

It appears that, over the area in which they come in 
contact, the profile of the rail and wheel are both arcs 
of the same circle, and that the radius of this circle is 
twice the radius of the wheel. It appears also that the 
depression produced at the mid-point of contact is about 


Ow of the square root of the area of contact per ton per 


square inch, it being assumed that the square root of the 
area of contact is small compared with the depth of the 
rail. If, therefore, the maximum permissible load is 20 
tons per square inch, the greatest allowable indentation is 
5a n00 x (square root of the area of contact). 

"Now the area of contact is the width of the effective 
tread multiplied by the length of the arc of contact, and 
this latter varies as the square root of the radius of the 
wheel for a constant depth of indentation. + 

If, therefore, the area in contact is to be constant, the 
width of the tread must vary inversely as the square root 
of the radius. 

It can be shown that the total elastic reaction between 
a cylinder and a surface originally plane is two-thirds of 
the maximum pressure between them multiplied by the 
area of contact. Hence if the total load on the rail is 
4 tons, and the maximum pressure the steel will bear 
without permanent deformation is 20 tons per square 
inch, the area of contact must be not less than 4; x 3, or 
0.3 square inch. ‘ 

The square root of 0.3 is 0.53, therefore the indenta- 


tion at mid-contact must not exceed 0.53 x sce in., or 


ah in.; and I find that, in order to get the required area 


and not exceed this indentation, the diameter of the wheel 
must be not less than 5 ft. if the tread is 1 in. wide. 

Any wheel of less diameter, unless the tread was wider 
than 1 in., would cause a permanent flattening of the rail. 

Most of the wheels now in use on railways are less 
than 5 ft. in diameter, and when both wheel and rail are 
aoe. they certainly do not have a bearing surface 1 in. 
wide. 

I conclude, therefore, that there is some permanent 
flattening down of the rail each time a wheel passes 
over it. 

I can make some estimate of what the flattening is in 
the case of a wheel whose diameter is "gales by finding 
in the first place what load that wheel would carry by 
purely elastic reaction, and then finding how much deeper 
the wheel would have to sink into the rail to carry the 
extra load, taking the reaction over that part of the 
depression which exceeds the elastic limit to be constant 
and equal to 20 tons per square inch. As an example, 
take a wheel of 40 in. in diameter. Such a wheel, on the 
supposition above made, would carry elastically 3.2 tons. 
This leaves 0.8 ton to be made up by deformation, which 





* Paper read at the Engineering Conference of the 
Institution of Civil Engineers. Section I.—Railways. 
Thursday, June 20, 1907. 

+ The general formule connecting the radius of the 
wheel (r), the length of arc (a) in contact with the rail, 
the width of the tread (b), and the total elastic supporting 
force of the rail (F), are 

@=f2 b 


F = C273 b,. 


If the units are tons and inches, and assuming that 20 
tons. per square inch is the greatest load which can be 
laid on a plane of the material without causing perma- 
nent set, and that the compression produced by a pres- 
sure of 1 ton per square inch is % 00 of the square root 
of the grea over which it is applied, ¢, = 0.0165 and 
C2 = 0.46, 





is in part permanent, and I find that the permanent part 
of the deformation is about in. On the supposi- 


1,000,000 

tion that the width of the tread was 1.38 in. instead of 
1 in., the 40-in, wheel would carry the 4-ton load by 
elastic deformation only. 

Five-millionths of an inch does not seem a very large 

uantity ; but if we take the case of a railway on which 
there is a two-minute service of trains for twelve hours a 
day, and suppose each train made up of six eight-wheel 


carriages, it will be seen that this wear is ‘ at dah ahd 
= 2.60 in, per year for a 40-in. wheel with a 1-in. tread ; 
whereas with a tread of about 1.4 in. there would be no 
wear at all, the load in like cases being 4 tons. 

Without attaching much importance to the actual 
figures, this example, and the formula in the foot-note, 
show how much the width of the tread affects the flatten- 
ing, and that it is to be expected that wear will be very 
rapid at first, and will almost cease when the wheels and 
rails have adapted themselves to one another. It seems 
possible, therefore, that if the rails were rolled with a 
slightly different cross-section, a considerable part of the 
initial wear might be avoided. 

In all these remarks I have considered only the wear 
which would occur on a straight railway, and where there 
is no slipping between the rail and wheel. 

On a curve there is necessarily slipping on one or both 
rails, and slipping must occur even on the straight, unless 
the diameter of the wheels on the same axis is identical. 

The wear due to slipping is quite distinct from the 
flattening or crushing which I have considered hitherto ; 
but it is to the slipping we must look, I think, for the 
origin of the ripple-like marks which are often to 
noticed on rails over which small wheels are run. The 
length of each of these ripples is 24 in. to 3 in., and they 
often extend over a considerable length of line. The 
question arises, What settles the wave-length? Is it 
something which Sanh only on the distance the wheel 
travels, and not on the velocity (as would be the case if it 
was the result of the toothed gear-wheels of the motors), 
or is it a real period—e.g., something which recurs in a 
constant time? I think the latter is the true explana- 
tion, and the only period likely to give rise to these 
marks is the period of the torsional vibration of the 
wheels on their axles. Such torsional vibrations are sure 
to be set up at certain speeds if the wheels slip on the 
rails, and may be compared with the vibrations of a bowed 
string, or more closely with the chattering of a wheel or 
disc when mounted on aslender axis and turned in a lathe. 
The subject is rather complicated, and I can only men- 
tion this explanation here without giving any details. 








A SYSTEM OF AUDIBLE SIGNALLING 
ON RAILWAYS.* 
By W. Dawson. 


Tne outdoor visible signals on our railways have been 
found satisfactory when the atmosphere is clear, either 
by day or by night, but on the descent of a fog they need 
to be supplemented or replaced by something which is 
audible. 

It has been felt by railway officers, and by the inspecting 
officers of the Board of Trade, that no device sual aaak 
the requirements of the situation unless it would give 
the driver of a train a distinct audible “ danger” signal, 
and a distinct audible ‘‘all right” signal ; further, that 
the device must not depend on electricity to give the 
‘*danger” signal, and that should there by chance be any 
failure in the mechanism the result must & the sounding 
of the audible ‘danger ” signal. 

Such an apparatus has now been designed, and has 
been in use on the Great Western Railway on a short 
branch double line for fifteen months, supplementing the 
ordinary fixed outdoor visible signals as a first test; and 
as a more advanced experiment it has been in use for 
rod pee five months on a single line—22 miles long—in 
total substitution of the semaphore distant signals, which 
have been removed. During these experimental periods 
the apparatus has given great satisfaction, and the 
drivers and their officers have every confidence in it. 

The inspecting officers of the Board of Trade have 
expressed their satisfaction with it, subject to the Great 
Western Railway Company reporting to the department 
at the end of six months’ trial the result of the extended 
experiment. 

he main features and advantages of the system are 
as under :— 

The parts consist of a slightly arched piece of timber, 
40 ft. to 60 ft. long, bolted to the sleepers midway between 
the two running rails, on top of which is bolted a bar of 
T iron, suitably mounted and insulated, the bar bein 
electrically connected by means of a length of telegrap 
wire to a switch at the signal-box. This bar is electrified 
by pulling a lever when it is desired to give the “all 
right” signal, There is no moving part in this ground 
apparatus. 

his fixed, non-movable sloping bar also serves the 
purpose of lifting a rod connected with a mechanical 
device, fixed beneath the engine, of a standardised design 
to fit any engine. 


The lifting of this rod opens a small steam-whistle fixed. 


in the cab of the engine when it is desired to give the 
‘“‘danger” signal. To give the ‘all right” signal, the 
action set up by the electrified bar on the ground 
apparatus restrains the whistle from blowing, but rings a 


When the whistle or the bell sounds, either continues 
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todo so until the driver shuts it off; and, without any 
further action on his part, it is ready to produce the same 
signal again at the next station. : 
either frost nor snow prevents the operation of the 
“danger ” signal. 4 
The system is meme to both double and single 
lines, and works satisfactorily whichever end of the engine 


may be leading. 
The “danger ” anal will always be given should there 
by any chance be a failure of the electric action. 
signal being audible, it does not reduce the con- 
stancy of the driver’s “‘ look-out” ahead. 
The arrangement will save all fogging expenses for 
tixed. 


those signalling posts at which it may 
It operates during daylight, darkness, or f weather, 
and will bridge over the doubtful period between the 


time when a fog begins and the time when the fogman 
arrives at his post ; and, even then, it is infinitely to be 
preferred to the fogman himself. ; ; 

It will avoid the serious disorganisation to the train 
service, which now occurs even with the most approved 
detonator system of signalling. 

The detonator system of signalling, although the best 
hitherto devised, cannot claim for itself perfection, being 
subject to the possibilities of no explosion, or of the 
detonator being skidded off the rail. Even the fogman 
himself, without the knowledge of the man in the signal- 
box, may become disabled by accident, exposure, or in- 
disposition. : ; 

ing that the device is available at all times and in 
all states of the weather, it follows that fixed distant 
semaphores are not needed, and their cost, maintenance, 
and lighting need not be incurred. The Great Western 
Railway Company have removed them altogether on the 
single branch line already referred to. . . 
he use of the system may be extended, with the slight 
additional cost of the ground apparatus unelectrified, to 
give a “‘danger” signal as a reminder to drivers to be 
prepared to run at the required speed over portions of 
the line where a reduced rate is ordered. . 

The ground apparatus can be fixed at any desired 
distance from the home signal, in tunnels, on viaducts, 
and round curves in cuttings, and thus get rid of many 
difficulties which now beset railway officers in fixing a 
site suitable to ensure a driver getting a proper view of 
the signal. . 

No additional duty is required from the signalman, as 
the same lever which now works the distant signal will 
serve to electrify the ground apparatus. 

Being audible, the signal cannot be obscured or over- 
looked during fog or snowstorm, as is the case with a 
visual signal. 

To test the apparatus on any engine which has to pass 
any place where the distant visual signal has been re- 
moved, the Great Western Railway Company have fitted 
alongside the signal-post, which controls the outlet from 
the locomotive yard, a ground apparatus similar to that 
described. e . 

It is not going too far to say that if an audible signal, 
such as the one which forms the subject of this note, had 

nin use, it would have been a most important factor 
in at least rendering very improbable indeed several 
melancholy and destructive accidents which have un- 
happily ro place very recently, both in this country 
and elsewhere. 








LIGHT-RAILWAY POLICY.* 
By Witu1am Barrineton, M. Inst. C.E. 


PROBABLY there are not very many people who have 
clear ideas as to what a light railway really is, what 
reasons, if any, justify its existence, what special func- 
tions it is intended to perform, and how it performs them. 

As a nation, we have been accused of ‘‘ muddling’ 
through” our wars and many other national enterprises ; 
but there is another expression— ‘‘rule of thumb”— 
which probably conveys the idea more accurately. 

If this discussion has the effect of inducing some 
engineers (with a talent for reducing facts and figures into 
orderly and systematic formule) to undertake the labour 
of investigating this subject, much advantage would be 
derived by our profession and the public. ¥ 

The conversion of the “rule of thumb”—which at 
present too often guides the persons responsible for 
advising as to the initiation of light-railway projects— 
into systematised and logical principles would be found 
to be extremely useful. \ 

I believe I am correct in saying that the first onuest- 
ment with light railways on a fairly large scale which 
was tried in the United Kingdom was undertaken in 
Treland. 

In 1883 the Government introduced a Bill into Parlia- 
ment entitled the Tramways (Ireland) Act. 

This Act ised the principle that it might be 
desirable, in the interests of the country at large, to sub- 
sidise from public funds railways which could not be 
expected to earn sufficient to pay any dividend on the 
cost of construction, and in some cases were unlikely even 
to earn their working expenses. gs 

Under this and subsequent Acts 600 miles of light rail- 
ways have been constructed, which form upwards of 
18 doy cent. of the entire railway mil of Ireland. _ 

n the light of the twenty-four years’ experience which 
has been gained since this policy was inaugurated, some 
broad facts, which many persons may as curious, 
have become apparent. 

1. That although the population of Ireland has largely 
decreased during this period—the actual decrease in the 
districts in which these lines are principally situated 
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10 per cent. to 119 cent., the average being 51 per cent. 

That although the bulk of these light railways are 
worked as independent lines, thus violating (for reasons 
which are too long to give in detail here) the principles 
which have always been considered the soundest econo- 
nomically, the increases upon the lines which have 
cent. more than 


remai independent average 40 t 
those of the lines which are worked by other companies. 
3. The increase in gross receipts of the standard main 


lines in Ireland in the same time has only averaged 43 per 
cent. ; and it must be remembered that the light railways 
operate in the poorer parts of the country. 

Within the com of this brief note one cannot go 
fully or exhaustively into this question, and I only intend 
to direct the attention of those interested in the solution 
of traffic problems to some matters which will, I believe, 
repay fuller investigation. _ = 

Anyone who has been in a position to observe the 
developments which have been taking place in Con- 
tinental countries can scarcely have failed to note the 
growth of subsidiary or light railways, even in those 
countries where the bulk of the main standard lines are 
the property of the State. Z 

In Belgium an enormous system of local railways has 
sprung up till, like a network, it covers most of the 
country. There are 3622 kilometres (2249 miles) of light 
railways of various gauges, while I believe the length of 
the main State Railways is not quite as great. _ 

In Germany and Austria there are 4221 kilometres 
(2623 miles) of small railways. 

In Italy, Switzerland, and Holland a great growth of 
local subsidiary railways is also manifest. % 

Perhaps our Continental neighbours have recognised 
and formulated, more clearly than we have, the principles 
which should regulate such questions. 

A consideration of the following facts may be helpful 
in enabling us to arrive at a conclusion. They are taken 
from the Latest published statistics. But in tabulating 
them it has become necessary to make certain adjustments 
so as to reduce all to a common basis for comparison. 


Average capital cost per = of constructing the £ 
independent light rai 





princi lways iv Ireland 3999 
Ditto Belgium oe i ie as 4016 
DittoGermany .. Pp ‘ 60383 


These figures include rolling stock and all = er 
purchase of lands, S geen finance, legal and engi- 
neering fees, &c. working costs on the same basis 


have been as follows :— 
Per Mile Per Train- 
per Annum. or 
£ . 


Irish light railways .. 271 22 
Bel ” 205 10 
German ,, ” 393 34 


The average cost of working the standard-gauge main 
lines is as follows :— 
Per Mile Per Train- 
per Annum. Mile. 


£ d. 
In England .. 3645 41 
» Germany .. 1384 38 
», Ireland 738 34 


I trust none of oy hearers will misunderstand me, and 
think that because I make these comparisons I intend to 
advocate a general substitution of light for standard rail- 


ways. 

This is far from my view; every case must be con- 
sidered on its own merits, but it seems as sheer a waste of 
money and material to construct a heavy main standard 
line of railway to collect and distribute the small traffic 
of an isolated country district, as it would be to erect and 
use a 500-ton crane to handle parcels averaging only 1 ton 
in weight. : 

One explanation of the relatively low cost of working 
light railways will no doubt be found in the fact of the 
lighter rolling-stock employed, and the relatively higher 
ratio of paying to non-paying load. : 

have frequently noticed instances (I do not give them 
asa true average, but they may be not far from it) in 
which the paying load in a light-railway train was about 
10 tons, the weight of the vehicles(empty) composing the 
train (excluding locomotive) was 27 tons, and the total 
weight of the train 37 tons, the ratio of paying to total 
] pos 27 per cent. 

A standard-line train with the same vehicles (again 
excluding the locomotive) would 54 tons, the total 
weight 64 tons, and ratio of paying to total load 15 per 
cent. These figures show a difference in favour of the 
light railway of 12 per cent. : 

We hear of countries whose railways are unable to 
handle their traffic, and of famines in wagons and rolling 
stock. Some means must be found of meeting these 
difficulties in an economic manner. 

It seems as absurd to expect a country to be economi- 
cally drained of its traffic by neans of standard main 
lines of railway alone, as it would be to attempt to drain 
its waters economically by means of main rivers, un- 
assisted by the streams and rivulets, of which Nature has 
given us examples in abundance. 





DOCK EQUIPMENT; INCLUDING THE 
RELATIVE ADVANTAGES OF ELECTRIC 
AND HYDRAULIC APPLIANCES.* 

By Witi1am WILKINSON Squire, M. Inst. C.E. 
CerrTaln appliances, such as gates, caissons, and slui 
appliances for mooring vessels, navigation lights an 
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vessels, are, generally s ing, common to most docks, 
aos independent of the kind of trade to be accommo- 
The particular kind of uipment in relation to cones 
is govern 'y by the description of cargo im 
so apa oe domi fo is! cmt do 
ip very, the bu cargoes and the s of work- 
ing to be provided for, and to some extent also by the 
conditions of climate, mode of conducting business, and 
other a aaa at the ports of shipment and discharge 
respectively. 
or direct shipment and delivery of cargo, roads, rail- 
way lines, and accommodation for lighters may be neces- 
sary, each in a greater or sendin a9 
or cargo in transit accommodation is required either 
in the open or undercover. For storage, open spaces and 
warehouses are provided, together with various mechani- 
cal appliances for shipping, discharging, and handling 


or general purposes provision must be made for inside 
and outside lighting, and for the supply and distribution 


of b at 

n these days of large cargo vessels and quick despatch, 
the arrangement of railways and transit sheds is, perha 
the most important question, and next comes that of the 
most suitable appliances for the mechanical handling of 


cargo. 

or disc’ ing very large vessels rapidly means must 
be provided for removing some of the cargo from the 
wharf almost as soon as ded—e.g., grain can be con- 
veyed to granaries, food produce to cool or cold chambers, 
and timber to stacking grounds, all situated at a distance 
from the wharf, where sorting and delivery can be done 
without impeding the work alongside the vessel. 

The important question for discussion is the advantage 
of working the machinery in connection with the gates 
and sluices, the various cranes, transporters, lifts, hoists, 
and capstans required for the mechanical handling of 
cargo, electrically or by hydraulic pressure. 

Though endeavours have been made to apply electric 
machinery to the opening and closing of dock gates, and 
the opening and closing of large sluices, it seems to me 
that for actuating slow-moving machinery of this descrip- 
tion on a large scale the advantage is decidedly in favour 
of hydraulic pressure, even Lay od the pumps for supply- 
ing the water should themselves be driven electrically. 

For cranes and lifts, especially when the loads normally 
approximate the maximum, the advantage in working 
appears to be about evenly balanced, though the first 
cost of hydraulic appliances of this description is some- 
what lower. 

Electric working is eminently suitable for conveyor- 
bands, and all kinds of aoe | lifts, ventilating fans, 
refrigerating peor and generally for plant to which 
rotary engines are applicable. * 

On the other hand, although hydraulic machinery is 
applicable to some of these purposes, there are others to 
which it is quite unsuitable. In cases where it is suitable 
hydraulic machinery works with less noise and without 
risk of fire. For all such purposes as those referred to 
electric appliances are more compact, more easily operated, 
and if necessary, can be more readily made portable. 
There is no risk of damage to cargo by escaping water. 
The transmission cables occupy less space and are more 
easily fixed than hydraulic pressure pipes; but, on the 
other hand, it is necessary to take special precautions to 
ensure poreestion against fire. In working with variable 
loads the advantage is decidedly with the electric ap- 
pliances. 

For workshop equipment in connection with the docks, 
electric appliances are proving their superiority. 

With regard to distribution of power to all the various 
machines, electric cables are less costly than hydraulic 
pipes for conveying the same amount of energy, and when 
worn out have a larger Ay am of scrap value. There 
are instances of hydraulic pressure Xs being used for 
upwards of 30 years without renewal. There is, perhaps, 
not sufficient experience to gauge the life of electric power 
cables with any certainty. lectric cables are more 
easily laid, themselves more readily to inequalities 
and settling of the ground, are not liable to complete 
fracture and consequent stoppage of work, and are un- 
affected by frost. : 

But in addition to working the various mechanical 
appliances electricity can be employed throughout the 
year for internal and external lighting—an important ad- 
vantage when we consider the question of the main power 
station. Hydraulic machinery, on the other ont ag can 
be employed for supplying water for fire-extinguishing 
purposes, which, however, is an advantage not often 
required. 

In order to secure the greatest economy in the main 
power-station the oe should be capable of meeting the 
maximum demand for power, and the work it is called 
upon to perform should be such as to provide as higha 
load-factor as possible. If we admit that electric a: 
pliances are more advantageous than hydraulic for the 
general handling of cargo in variable loads on the wharves 
and in the sh that they are more suitable for work- 
ing refrigerating machinery in connection with cool- 
chambers and cold storage, and take into consideration 
lighting the whole —— by electricity; it would a 
— to be reasonable to conclude that a more favourable 
oad can be provided for an electric generating-plant than 
for an hydraulic pumping-plant of the same capacity, and 
that in consequence greater economy in working will 


result. 

It is difficult to institute a comparison between the cost 
of an electric generating station, capable of supplying 
light as well as power, with the cost of an hydraulic pump- 
ing station which will supply power only; but for two 





raulic system, the accumulator, 
so far no such satisfactory coun tin the electric 
oa. The storage battery cannot be compared with 
this simple contrivance as regards cost, reliability, and 
ease of maintenance. 

In conclusion, the tendency towards the use of electric 
appliances referred toin a note on this subject at the last 
erence is decidedly on the increase, and the advan- 
are such as to indicate still further development 

with increased experience. 


regard to s' 
able adjuncts to the hy: 








DREDGING IN THE SEA-CHANNELS OF 
THE MERSEY.* 
By Antuony Grorce Lysrer, M. Inst. C.E. 

In the year 1899 the author prepared a note for the 
Engineering Conference of the Institution which dealt 
with the main features of the dredging in the sea-channels 
of the Mersey up to that time. 

‘ ts main facts then recorded may be briefly set out as 
ollow :— 


Tons. 
Quantity of material removed from the we. . 22,474,240 
” , ”» other 
shoals ' .. we 18,766,120 
Total dredging 41,240,360 
Width of buoyed channel across the bar 1500 ft. 
Minimum depth .. oe oe -_ oe 27 ,, 
Cost of dredging, exclusive of interest and 
depreciation os - oa .. 061d. per ton 


Since that date the two suction-dredgers G. B. Crow 
and Brancker,t of 3000 tons capacity, have been kept 
almost constantly at work at various points in the main 
channel, with the result that up to May 1 of this year :— 


Tons. 
The total quantity removed from the bar 
amounts to oe pe “ ve -. 85,617,040 
The total quantity removed from Crosby 
Channel .. an e ot i +. 44,840,810 
The total quantity removed from other 
points of the main channel .. He -- 28,717,720 
Making a total of .. 108,675,570 


as against the 41,240,360 tons recorded in 1899. Exclud- 
ing certain amounts removed by other dredgers, this 
—_ an average of 8,333,326 tons per annum for the two 

redgers since the year 1899. Comparing these figures 
with those in the 1899 Note, it will be seen that the 
quantity which has been removed from the bar in the 
last eight Say has largely diminished, though it varies 
considerably from year to year. The condition of the 
bar channel is very considerably improved, as compared 
with that in 1899, the present mimimum depth at low- 
water of spring tides being 28 ft. as against 27 ft. then 
recorded, and the general area being correspondingly 
increased in depth. 

The quantities removed from the Crosby Channel, 
which up to the year 1899 only totalled 2,515,600 tons, 
have since that date reached 44,340,810 tons, and 
amounted, for the year ending December 31, 1906, to 
4,797,500 tons ; and a very considerable improvement has 
now been effected in the condition of this channel, the 
minimum depth of water being 27 ft. at low water of 
spring tides as against 24 ft. in 1899. The tendency to 
shoal at this point is no doubt due to the fact that the 
axes of the ebb and flood currents are divergent in this 

of the channel, the direction of the ebb being de- 
ected westward by the contours of the shore and the 
axis of the flood, due to its centrifugal force in running 
round;the bend at the Crosby yp tending to hug 
the shore line to the eastward of the main ebb-current 


direction. - ? 
Dredging at a third point—namely, the convex bend on 
the north side of the Queen’s Channel, just inside of the 


Bar Channel m carried out on an extensive 
and increasing scale during the last sixteen months, and 
the material removed from this shoal during the last 
twelve months has amounted to 6,063,700 tons, being 
greater than that taken from any other part of the 
channel. This growth is, no doubt, due to the increas- 
ing curvature of the main channel abreast of the Crosby 
Lightship. Here the northern or concave side of the 
channel, formed by the Taylor’s Bank, is being eroded 
by the centrifugal action of the current, whilst on the 
convex side the Askew Spit has advanced northward 
pari passu with the recession of the concave bank. The 
effect of this change, as occurs in all cases of rivers flow- 
ing through a sandy bed, is to set up a sinuosity in its 
course which results in the formation of a reverse curve 
lower down the river. The shoal alluded to above from 
which so much material has been dredged and which is 
called the Taylor’s Spit, forms the apex on the convex 
side of this reverse curve. ; 

Attention was directed to the growing effect of this 
action some two years ago, and on the author’s advice, duly 
approved and confirmed by # commission of six eminent 
engineers, it has been determined to revet with stone- 
work, the concave side of Taylor's Bank for a length of 
24 miles, and this work will shortly be undertaken. In 
this way it is anticipated that the effect of the erosive 
action of the current round the Crosby Channel will be 
checked and controlled, and further tendency to growth 


* Paper read at the Engineering Conference of the 
Institution of Civil Engineers. Section II.—Harbours, 
and Canals. Thursday, June 20, 1907. 
+ The Brancker is now, in connection with the lengthen- 
ing of her suction tube, reduced to 2900 tons. 
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of the Taylor’s Spit be prevented. The fixing of the 
channel at this point will also make it feasible to dred 
away the Askew Spit, and improve the condition of the 
navigation at this important bend. ae 

Farther up stream, abreast of the Crosby Point, the 
effect of the flood current is assisting to produce a 
straightening of the channel which is most desirable, not 
only in the interest of navigation, but also in the interests 
of the stability and improvement of the channel itself. 

The axes of the flood and ebb currents, as has been 
stated above, are at present divergent in this part of the 
river, and consequently there is a tendency to form an 
intermediate shoal. ith the natural straightening 
which the flood current is now tending to produce, and 
which is assisted by the dredging operations at the 
Crosby shoal, the effect of the flood and ebb currents 
shoul ae be more nearly concentrated in the 
same direction than at present, to the great benefit of 
the channel and the navigation. 

In the note of 1899 it was pointed out that the Mersey 
was a striking instance of the improvement of a river by 
dredging rather than by permanent works, and the 
economy of the system, as well as the advantage which its 
elasticity and adaptability to varying circumstances 
permit, was pointed out. , ; 

The most recent experience, which has resulted in the 
adoption of the proposal to revet the Taylor’s bank 
indicates that the dredging method has its limitation, an 
cannot provide for every contingency which is likely to 
arise ; at the same time the utility and economy of the 
dredging system is in no way diminished. Further ex- 
perience will, without doubt, throw more light on the 
relative merits of the two systems. In the meanwhile 
the soundness of the principle of effecting such improve- 
ments with a minimum capital outlay is vindicated by 
the fact that it is now considered that the scale of the 
improvements contemplated in 1890 is insufficient for the 
immediate future, and that the dredgers that have been so 
usefully employed on this work for the last twelve to four- 
teen years are approaching the limit of their useful service. 

Having regard to the ever-increasing size of vessels, a 
scheme for new docks and entrances on a very large scale 
received the authority of Parliament during the session 
1905-6. In this scheme it was considered necessary to 
make provision for vessels of 1000 ft. in length and 40 ft. 
in draught, and, having regard to this prospective growth 
of vi it has been determined to still further deepen 
and improve the outer channel of the Mersey. No fix 
measure of improvement has been decided on, but after 
careful survey of existing conditions and a comparison 
with probable requirements, it has been determined to 
construct a dredger of 10,000 tons capacity, provided 
with pa power equivalent to about three times 
that of any of the existing dredgers. By the use of this 
vessel it is anticipated that it will be possible to deal with 
7 much larger quantities of sand at a cheaper rate, 
and to 10 ft. greater depth than the existing plant permits. 








ROCK-DREDGING. 
Rock-Dredging ; with Particular Reference to the Present 
Rock-Removal Operations at Blyth* 
By Jonn Warr Sanpemavn, M. Inst. C.E. 

UntIL within a comparatively recent period, the break- 
ing up of subaqueous rock has been ne by 
means of drilling and blasting, and its removal chiefly b 
bucket-ladder dredgers, The latter, when equipped wit 
strong buckets specially adapted for rock-dredging, are at 
present the most economical tools for that purpose. 

Breaking up rock by means of drilling and blasting is 
a slow and costly process, particularly in hard rock, 
necessitating the employment of diamond drills; it has 
also the disadvantage that the rock is frequently not 
broken up sufficiently to enable the dredger’s buckets to 
lift it without difficulty and heavy strain upon the machi- 
nery, involving occasional breakdowns. 

Again, where rock has to removed in the way of 
ship’s berths, blasting may cause much inconvenience and 
detention to ships'in adjoming berths. These difficulties 
may now, to a large extent, be overcome by means of 
such a machine as a Lobnitz rock-breaker. 

Under the scheme of improvement now in progress at 
Blyth, about 500,000 cubic yards of sandstone rock and 
shale have to be removed, and this is being accomplished 
by means of two of Lobnitz rock-breakers and two 700 ton 
hopperdredgers. Previous to 1906, about 150,000cubic yards 
of rock were broken up by means of drilling and blasting, 
so that a comparison of the two methods may be of interest. 

The rock at Blyth is the sandstone of the Coal Mea- 
sures, which varies in character from friable stone, con- 
taining fire-clay, shale, and coal, to sandstone equal in 
hardness to basalt. 


Rock-BREAKING AT BLYTH. 

Each rock-breaker consists of a steel barge carrying 
sheer-legs, from which is suspended a steel ram of 15 tons 
weight, 40 ft. to 50 ft. in length, and 17 in. to 19 in. in 
diameter, having a renewable conical point, tempered so 
as to combine a centre with a softer exterior, which, 
while wearing, enables a sharp point to be preserved. 

The ram is lifted by a wire rope wound upon a loose 
drum, driven by a friction-clutch. It is allowed to fall from 
a height of 8 ft., and on an a of eight to nine blows 
penetrates the rock to a depth of 3 ft., which is sufficient 
to allow of its being dredged toa depth of 2 ft. 6in. The 
machine is arranged so that it can be moved on end and 
athwart simultaneously by chains worked by steam- 
winches. By means of sighting-rods on board and ashore, 
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the barge can be moved over uniform distances. The ram 
was at first worked in positions 3 ft. apart, and this dis- 
tance was gradually increased to 4 ft. 6 in., which was 
found to be close enough for either hard or soft rock. 
The average quantity of rock which one machine has 
broken per week, working night and day, and allowing 
for all sto: is 908 cubic yards, at a cost of 8.8d. per 
cubic yard. This is based on six months’ working ; but as 
it is ——— to allow for renewal of rams, the following 
is the actual cost per week of wages, coal, stores, and 
water, and the estimated cost of repairs, full allowance 
being made for renewal of rams and all contingencies :— 


£8 4 

Ww: pi 26 es oe es ve SS 2S 

beg LE RE oh da afl 6 10 7 
Estimated cost of repairs, renewal of rams, 

ropes, &&. oe oe 9s ee ée 0 Oo 

Insurance at 30s. per cent. = 102/. perannum 119 2 





908 cubic yards at 12.3d. - = 46 11 8 


The cost of one rock-breaker is about 6800/., and if 4 
per cent. be allowed for interest and 24 cent. for de- 
preciation (the machine being well maintained), the addi- 
tional cost per cubic yard would be 2.2d., making a total 
cost of about 14.5d. per cubic yard. 

The quantity of rock broken is ascertained by the 
number and depths of the penetrations of the ram ina 
given time, which are carefully recorded; and, after 
dredging, the amount of rock removed is checked by 
soundings. 

Rock DRILLING AND BLASTING. 

The drilling and blasting of the rock was carried out by 
means of a barge having six drills, which were lifted by 
steam-power and guided b d. : 

The distances between the shot-holes were 5 ft. in one 
direction, and 6 ft. 2 in. in the other. The blasting 
material, bellite, was lowered in canisters through the 
drilling-tubes, and fired by fuses and detonators, the 
holes being tamped with small gravel. 

The average quantity of rocked drilled and blasted per 
week by means of one was 488 cubic yards, and the 
average cost of drilling and blasting was about 3s. per 
cubic yard. 

The quantity of rock blasted was ascertained by the 
number of holes and their depth, which was 1 ft. more 
than that to which the rock could be pe 4 and a check 
was made by sounding over an area of rock before blasting 


ed | and after dredging. 


Rock-DREDGING. 


Each of the hopper a has two sets of buckets, 
one for rock-dredging, and the other for sand, clay, or 
gravel, having 50 per cent. oy capacity. The bucket 
lips are of cast-steel, and the pins and bushes of man- 
ganese steel. The lips of the buckets for rock-dredging 
are set at an angle of about 27 deg. to the bucket-backs, 
and those for sand, &c., at an angle of 55 deg. 

Rock-picks were tried between the buckets of one of 
the mn | dredgers, but as they did not assist in 
removing rock they were not employed in the hopper- 
seomaee. When in rock, the dredgers advance by 6-ft. 
lengths, and dredge athwart for breadths up to ft. 
The rock is dredged into hoppers and deposited at sea, or 
(when required for harbour Eee into separate barges 
having gridded hoppers, enabling the rock to be screened 
and discha 

In estimating the quantity of rock carried in the dredgers’ 
hoppers, deduction has been made for water contained 
along with the rock. 

As compared with blasting, the rock-breaker disinte- 
grates and breaks the rock into smaller pieces, so that 
the quantity lifted by the dredgers in a given time is 
about 15 per cent. more than that of blasted rock. 

The average quantity of blasted rock removed by one 
dredger per day of 24 hours, and allowing for all sto 
pages, is 158 cubic yards, and of that broken by the ae 
breaker 182 cubic ea The ae of days 
per annum worked by the dredgers is 227. The cost per 
cubic —_ of dredging blasted rock is 2s. 6d. The cost 
ag be ic yard of dredging rock broken by rock-cutter is 


Allowing 4 per cent. for interest, and 24 per cent. for 
depreciation on 19,000/., the cost of a dredger (as they are 
well maintained), the additional cost per cubic yard would 
be 8.2d. for blasted rock, and 7.1d. for rock broken by 
rock-breaker. 

ComPaRaTive Costs. 
The comparative cost of rock removal under the two 


systems is as follows :— 
Per -_ Yard. 
8. d. 








Drilling and blasting rock .. 3 0 
Dredging same 2s. 6d. +8.2d. 8 22 
6 22 
Breaking rock by rock-breaker 1 2.5 
Dredging same, 2s, 2d. +-7.1d. 2 91 
3 11.6 


Difference in cost per cubic yard in favour of the removal of 
rock by means of rock-breaker = 2s. 2.6d. 
Saving on 500,000 cubic yards = 54, 1664. 





DREDGING ROCK IN THE SUEZ CANAL.* 

By Epovarp QurE.iennec, C.M.G., Consulting Engineer 
‘ to the Suez Canal Company. sed 
Hriruerto rock has only been encountered in the 

southern portion of the Suez Canal, comprised between 


————-y- 
Harbours, 








= Pe read at the 
Institution of Civil on ogg = Section II.— 
Docks, and Thursday, June 20, 1907, 





kilometre 85 and Suez (kilometre 160), a distance of 
46; miles. This rock is found in the form of nearly 
horizontal layers of variable thickness, scattered through- 
out the whole of this region in beds of very different 
lengths, generally less than 100 metres (328 ft.), and never 
exceeding 400 metres (1312 ft.); and t 
stretch across the whole width of the canal. 
area of rock actually met with in the bed of the canal 
amounts to 300,000 square metres (358,800 square yards). 
The rock is very variable in composition, consisting of 
limestone more or less careous or silicious agglo- 
merates, generally containing shells, calcareous tufa of a 
red colour, gypsum, and alabaster. The hardness, also, 
of these strata is very variable; generally they are not 
very hard; but, nevertheless, there are some beds of 
compact limestone and silicious conglomerates which are 
very In constructing the canal, the rocky beds 
were excavated out of water. 

In 1884, when the company determined to enlarge and 
deepen the canal, the problem of removing the rock 
under water had to be considered. It was then decided 
to disintegrate the hardest rock (compact limestone and 
silicious conglomerate) by subaqueous mines; but the 
company accepted the proposal of Mr. Lobnitz, of Ren- 
frew, to use a rock-breaking dredger in dealing with rock 
of average hardness. This dredger consisted of a set of 
ten steel rock-cutting rams, each weighing 34 tons, placed 
on a very strongly-constructed bucket-ladder dredger, 
which could easily raise the rock shattered by the rams.* 
Mr. Lobnitz’s idea was not new, since for forty years the 
system of shattering rock under water by rams has 
employed at the port of Cette in France ; but Mr. Lobnitz 
has made improvements in the construction of the rams, 
and has devised various contrivances for the suspension 
of the rams and the arrangement of the winches, which 

ve rendered the rock-breaking ap’ tus thoroughly 
practical and economical. It soon me evident in 
working that Mr. Lobnitz’s rock-breaking dredger did 
not furnish an advantageous output, owing to the mistake 
of having combined two such different tools as a chain of 
buckets and a rock-cutter on the same vessel ; for when 
one of them is working the other is necessarily idle. The 
rams were consequently removed from the dredger, and 
installed upon speci toons. The output was thereby 
considerably inc . but it still remained moderate, 
owing to the insufficient weight of the rams ; for fourteen 
to sixteen blows of the ram were required to shatter 
moderately hard rock fora thickness of only 20 in., so that 
the breaking up of the rock cost on the average 7s. 34d. 
per cubic yard. 

When in 1897 it was decided to deepen the canal to 
31 ft. the removal of the rock had to be considered again, 
and an investigation of the method of extracting the rock 
by mining and explosives proved that it could not com- 
pare in economy with rock-cutters. Moreover, the ex- 
perience gained with the little rams of 34 tons, and later 
on with rams of 5 tons, furnished an assurance that the 
employment of heavier rams would solve the problem in 
a very satisfactory manner. Besides, in the special case 
of the Suez Canal, the use of explosives is subject to 
numerous inconveniences, from which rock-cutters erected 
on floating barges are exempt, especially with regard to 
the obligation of being drawn to one side for the e 
of ships, and the necessity for divers to examine the 
bottom after every explosion, to ensure that no pieces of 
exploded rock project from the bottom. _ Finally, it nust 
be borne in mind that with rock-cutters the bottom is 
— off ms a fairly regular manner ; whereas with ex- 
plosives it is always necessary to remove a large quantit 
of rock below the intended level, which is the reverse of 
——— i as i arias 

n apparatus was finally selected, of the type designed 
by Messrs. Lobnitz and Co., provided with ae spindle- 
shaped cutters of cast steel, 44 ft. 74 in. long, each weigh- 
ing 13 tons. These cutters have oa of very 
hard chrome-steel, which have been turned in order to 
obtain a more sopeler form, and also to enable the sound- 
ness of the metal on its whole surface to be verified. The 
cutters, or rams, 1 metre (3 ft. 34 in.) apart, are 
lifted by powerful steam-winches, rapidly put into and 
out of gear, by means of very flexible steel cables securely 
fastened to the head of each ram, which ement 
admits of a 7 raising of the rams, and the easy 
regulation of the height of their fall, which is usually 
between 5 ft and 10 ft. All the movements of the rock- 
cutting pon forwards, backwards, and sideways, are 
rapidly accomplished by means of steam winches, The 
principal dimensions of the floating pontoon carrying the 
two rams are 100 ft. in length, 35 ft. beam, and 8 ft. in 
depth of hold. This apparatus, which commenced opera- 


tions in 1902, after undergoing some improvement in 
details, has given very satisf results. the average 
132 blows are delivered per hour of effective rock-breaking ; 


bat allowing for stoppages, for repairs, and drawing to 
one side to leave the waterway clear, 83 blows are deli- 
vered by the ram per hour of work paid to the crew.t} 
The average thickness of the bed of rock shattered is 
2 ft. 74 in. ; and under these conditi the number of 
blows required for the shattering of a cubic metre varies, 
according to the hardness and also the fragility of the 
rock, from 1 to 40; but 40 blows is a maximum very 
rarely reached, and the mean is 7.1 blows per cubic 
oa, an to about 5.4 blows per cubic yard of 
rock shattered , 


The cost price per blow of ram is made up as follows :— 


* Minutes of Proceedings of the Institution of Civil 
Engineers, vol. xcvii., page 369. 

+ It must be borne in mind that in the Suez Canal about 
30 per cent. of the time is lost in drawing to one side to 
allow ships to pass. In rock- ing with rams under 
ordinary conditions, it may be reckoned that about 115 
blows could be delivered per hour paid for work, 
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Cost of Small Large Repayment al. | pared to a dull milling-cutter; they are mostly chosen| Cutting Speeds for High and Low-Heat Steels Compared. 
an + ry 7 + Ou, + « oa = jeu iy through mistaken ideas of economy, but a little reasoning aaa eae ae —————— 
1.536d. + 0.8%. + 0.499d. + 0.7016. = 2.985a, | Will prove the fallacy of this. : oe Depth of | Traverse! Areaof | Speed with Speed with 
; : A grinding-wheel may well be likened to a milling- Cut. | Feed. Cut. Carbon Steel. High-HeatSteel. 
As from 1 to 40 blows are required to shatter 1 cubic | cutter, the bond of the wheel being, as it were, the spaces | 
metre of rock, with a mean of 7.1 blows, the cost per| between thecutting-teeth. While weare grinding we must in. | in. | sq. in. | ft. per min. ft. per min, 
cubic metre varies from be making spaces between these cutting-teeth automatic- eo ee — = 150 
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O81 x 71= 2291, ,, » 1 4.10 ed shape of material worked upon, and is governed by certain Power Required for Lathes with High and Low- Heat 


These prices include ail expenses, with the sole excep- 
tion of general charges. To these should be added the 
cost of raising the shattered rock by the dredgers, and 
transporting it to the place of deposit. These expenses 
vary greatly according to the locality, and especially with 
the f omens from the depositing ground; whilst the 
cost of dredging the shattered rock is about double the 
cost of dredging in average ground. 








PRECISION GRINDING.* 
By H. DasgsisHire. 

In this note I propose to deal briefly with the finishing 
of detail parts of machinery by means of abrasive whee 
both as rds precision of dimension and quality of 
surface finish. Speaking comparatively, the gratifying 
advantages that may be obtained from the use of high- 


and easily-understood laws. 

Where a high degree of surface finish is required for 
appearance, only the grinding machine is superior to 
hand-labour, for various reasons; it is more rapidly done, 
and leaves a surface more uniform and pleasing to the eye. 
This latter recommendation may seem a trivial one if we 
fail to remember that this method of finishing secures the 
most accurate results ; it yields cylindrical work which 
is both truly round and concentric with the centre points 
on which it is held, and this is always an advantage. 
Again, in the finishing of plane surfaces the easiest 
method of holding the work to the machine-table is that 
which will give the most precise results ; thus a slide or 
similar body would be outwardly finished by clamping its 
scraped and finished ways to packings ground in position. 


ls, | This ensures absolute truth of outer alignment, which 


would be of great value to the operator of the future 
built-up machine, and its beauty of finish would probably 
be a means of ensuring his care that its accurate condition 





Steels Compared. 








Height of centres ..| 6In. 12In. 18In. | 36In. 60In. 


H.-P. H.-P. H.-P. | H.-P. H.-P, 
Power for carbon 
steel a -.| 1 3} | 25 
Power for high heat! 
steel se ee 7 13 19 50 75 


1 


Heavy cuts are more economical than light, if both are 
taken at their appropriate speeds, because :— 

1. The high-heat steel will cut a greater weight per 
unit of time, without damage. 

. The gross power is 'ess per unit of weight machined. 

The Highest and Lowest Spindle-Speeds, and their 
Ratio.—These data are fundamental to the design of the 
fast headstock; and the following figures, rationally 
deduced, have been confirmed by practice :— 





speed steel are limited to a certain point, that — being wid <a Mad. ae yee ; 
where a fractional quantity of material must be left, and 3 jpeg MG he ' . , 
extreme care exercised in arriving at the — a Height of Centres. 6 Inches. 12 Inches. 18 Inches. 36 Inches. 60 Inches. —_ 
sions. For thia final finishing I claim that the grinding-| __. COREE TERE E — 
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the following reasons:—It removes this fractional amount d A OS! SP EAG SP asso 00 200 1 , 
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at the desired dimensions by a series of rapid and minute 
chips which cover the whole surface repeatedly, and 
whose depth is under perfect control ; any variation in its 
shower of sparks is instant and visible evidence of its 
change of form, either through distortion or accident ; 
and, finally, it allows of the actual surface finishing bein 
the last operation, thereby removing all those errors an 
distortions which are a result of keywaying or other 
reductions. To those who are not conversant with the 
more modern development of the grinding-machine, the 
first of these reasons may appear an exaggeration ; but an 
inquiry into what is being done in the matter at the 
present time will only serve to substantiate the state- 
ment. For the correcting of hardened work it has long 
been considered a necessary part of the engineer’s equip- 
ment, but its use for general finishing egy ar has been, 
and is still, considered by many to indulging in a 
luxury. The earlier machines were so limited in power 
and capacity that they formed merely asubstitute for the 
file and emery-cloth ; yet the superior quality of work 
they produced was in itself a recommendation of their use 
where more precise results were desirable or necessary. 
Their limited power and ——— necessitated the pre- 
vious machining being done to within fine limits and with 
highly-skilled labour, whereas the more modern machine, 
with its ready adaptability to remove comparatively 
more material in a given time, obviates the necessity of 
this close n-achining. 

As instances of the amount of stock which may be 
removed by a modern grinding-machine, I may quote the 
following examples of work done personally :— Several 
cast-steel bars, 10 ft. in length and 48 millimetres in 
diameter, were reduced to 46 millimetres in an average 
time of 75 minutes, the greatest variation in diameter 
being 0.01 millimetre. A chilled-iron roll, 4 ft. long and 
17 in. in diameter, was reduced ,; in. in diameter in 
7 hours. A cast-iron roll, 4 ft. by 6,4 in., was redu 
yy in. in diameter in 25 minutes, the greatest variation 
being 0.0005 in. These examples will convey some idea 
of the amount of material which may be removed in a 
given time by a grinding-wheel; and in the first two 
examples it was found more economical to grind outright 
from the rough black bar and casting than to turn and 
grind. I find the leaving of a grinding allowance of 
0 015 in. to 0.030 in. on a diameter to be the most econo- 
mical for general work in a modern machine. These broad 
limits allow the previous machine-man to use coarse feeds 
and work rapidly. In order to keep within these limits, 
rough tolerance-gauges are desirable, for if the maximum 
amount given be exceeded, waste of both grinder’s time 
and abrasive material must ensue. The fact that a ground 
surface is superior to that produced by a file or water-cut 
is indisputable, and the rapid manner in which a fixed 
dimension may be obtained is a further recommendation; 
that the result is effected by a series of minute chips wi 
a visible index of their depth is another point in its 
favour. In order to start a finishing cut in the lathe and 
control its size, the length of its traverse requires a sense 
of touch which may have taken ears to attain ; to obtain 
& similar result, but a better surface in the grinding- 
machine, is an easier matter, because another sense is 
enlisted and the work is simplified. Given a few days’ 
practice with a grinding-machine, an operator can ju 
to 0.001 in. the depth of the cut he is taking by the 
shower of sparks displayed. In actual practice, where 
accurate results are necessary, the following points must 
receive attention. The first in importance is that there 
must be an abundant supply of water delivered at the 
grinding point, to ensure the work being kept at an 
equable temperature. Hard bonded wheels should be 
avoided, as they do not cut freely, and may well be com 
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be maintained. The great advance that has been made 
in grinding practice recently has been mostly in work of 
cylindrical form, and for this purpose its claims to atten- 
tion are undeniable. Personally, I see no reason why the 
same advantages cannot be obtained in the grinding of 
plane surfaces with a suitably-designed machine. My 
opportunities of experience in this direction have been 
somewhat limited, but have served to convince me that 
many advantages would be gained by those who choose to 
take up the matter thoroughly. 








MACHINE-TOOL DESIGN AS AFFECTED 
BY THE USE OF HIGH-SPEED CUTTING 
TOOLS.* 

By Prorgssor Joun THomas Nicorson, D.Se., 
Inst. C.E. 

Tue design of the lathe, the most important of all 
machine-tools, has been greatly modified by the introduc- 
tion of the high-tension steels. Much greater power, 
strength, and rigidity are now necessary, and many 
faults of construction, always existing, have been laid 
bare by the severe tests imposed by the use of the new 


steel. 

Power.—The power required depends upon the area of 
the cut, the force upon the tool, and the speed with which 
the cut is taken. 

The first factor depends upon the size and nature of 
the work. In repetition work forging can be done closely 
to size, and only fine cuts need be taken. This appears 
to be the reason why American lathes are, on the whole, 
lighter than those of British o—. In general engi- 
neering work, however, lathes which can take heavy 


ced | roughing cuts are necessary, for it is cheaper to fo 


only approximately to size, and afterwards remove the 
excess material in the lathe, when a small,number of 
pieces of any one kind are required. The amount which 
may nowadays be economically left on a forging is greater 
than it was, because it is less costly to produce a ton of 
shavings with high-heat steel than with low heat; not 
because the work requi to machine off the ton is any 
less, but because the on-cost charge is smaller. This 
remark suggests that the ‘standard cut,” by which is 
meant the size of the shaving which the lathe is designed 
to remove (on machinery steel) might reasonably be fixed 
at a higher value now than formerly. In the compari- 
sons which follow this has not been done, however, but a 
cut having a depth equal to one-fortieth of the height of 
centres and a traverse feed one-quarter of this have been 
assumed ; a result based on data collected from practice. 
With regard to the second factor— number two—it is now 


th | known that the vertical pressure exerted on the point of 
.a tool of ordinary shape is 100 tons per 


uare inch for 
soft steel, and about 80 tons per square inch for cast iron. 
These tigures appear not to vary much with either the 
area of the cut or its shape, and to be, to a first approxi- 
mation, independent of the speed. The cutting force is 
thus the same whether carbon or high-heat steel is being 
used, and, the standard cut having been assumed the same 
for both, the power required will depend only on the 
speed of cutting. 

This leads us to the third factor, the cutting speed. 
As will appest from an inspection of the accompanying 
table, the high-heat steel has increased the s about 
three-fold for the heavy and moderate cuts, and about five 
to seven-fold for light cuts. 

The power required is therefore from three to seven-fold 
as great for high as for low-heat steel :— 


From this table it is seen that the highest spindle-speed 
has been doubled throughout, whilst the lowest spindle- 
—_ has been increased tenfold for the smaller, and 
about two-fold for the larger sizes. Thus the ratio of the 
greatest to the least is not so great as it was for the carbon- 
steel lathes. This means that, as the number of different 
spindle-speeds to be provided depends on that ratio, so 
many speeds and gears are not required for high-speed 
lathes as were necessary to secure a proper subdivision in 
a case of carbon-steel lathes, this being more especially 
true for the smaller sizes. 

The Belt-Drive.—To enable them to transmit the great 
ae now required, much higher belt -speeds have 

ome necessary. In the old lathes, which always had 
their cones mounted on the spindle, the belt-speed was 
limited, by the necessity of connecting that cone to the 
spindle for direct driving, to between 600 ft. and 1200 ft. 
~ minute. This bad practice has now been abandoned 
y most of the good makers, the cone being placed on a 
back-shaft and geared down to the spindle by spur and 
pinion. In this way speeds through the air of 2000 or 
3000 feet per minute can easily be obtained, and unduly 
wide belts avoided. The efficiency of the belt-drive is 
also improved by using large pulleys running at moderate 
speeds, rather than small pulleys running at very high 
rates of revolution. 

In obtaining the required number of different spindle- 
speeds it has been found to be better, from the point of 
view of a good belt-drive, to secure them by increasing 
the number ot back-gears rather than by adding to the 
number of the cone-steps or of the SS 
The former method is naturally accompanied by a larger 
first cost ; but the ultimate economy is entirely in the 
purchaser’s favour. 

Gears.—Tooth durability has now to receive more at- 
tention than formerly. All wheels must be machine cut, 
and the proportion: of width to pitch very much increased. 
These broad wheels with finely-pitched teeth are con- 
ducive to smooth running. Small arcs of approach and 
enlarged arcs of recess should also be used to secure 
durability or reduce wear. 

Spindles and their Bearings.—There seems at first to 
have been a tendency unduly to increase the diameters of 
the front bearings of spindles for high-speed lathes. The 
torques are, however, no greater than before, and as the 
power is—at all events, for all but the smaller sizes— 
transmitted through the face-plate, and not through the 
spindle, the reason for the large increases of diameter to 
be found in practice is not very obvious. Incr 
rigidity is no doubt required to withstand the shocks, 
which are greater at higher speeds; but, in the author’s 
opinion, lack of rigidity has been frequently due to 
elaborate and defective arrangements for adjustment in 
the main bearings. The adoption of solid-bush bearings, 
without any means of adjustment whatever, but fitted 
with forced lubrication to prevent metal-to-metal contact 
at the lower speeds, and so altogether to avoid wear. 
appears to offer a solution of the problem, which will 
enable spindles of smaller diameters and bearings of about 
half their present length to be used. d 

Beds oat Saddles.—The greater vibration set up at high 
speeds of cutting, by reason of the greater liability to 
resonance, necessitates stiffer beds than before. The 
time-honoured double H section of bed will ultimately 
have to be abandoned, and a bed of box or circular section 
substituted for it. The discrepancy between the strengths 
of the old-fashioned and the proposed sections, whether 
for resisting bending, or torsion, is so great as to render 
the retention of the old design ss a ludicrous ad- 
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h to preconceived notions. Saddles have probably 
always been rather wabbly ; but the high-heat steel has 
effectually laid bare their weaknesses. " 

Loose Headstocks.—For high-speed turning, the loose 
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headstock needs to be very firmly bolted down at its four | appear to have been eioat Gave Se: eal ead 7, ARRANGEMENT AND DESIGN OF 


corners, and not at the middle. From this point of view 
it is bad practice to do taper turning by setting over the 
head. Theincreased number of joints and the position 
of the work between centres are against heavy cutting 
with success. 

Feeding Mechanism.—All the feed-motions should now 
be fitted with interlocking devices, and the feed should 
have a safety throw-out. e high speeds now used do 
not give the operator any chance of remedying mistakes. 
Any increase of the number of feed-changes above four, 
or at most six, is superfluous, and is a positive disadvan- 
tage, if the screw-cutting feed is taken through these 
gears. 





THE USE OF PNEUMATIC TOOLS IN 
WORKSHOPS.* 


By Cuartes Parmer Wuitcomse, M. Inst. C.E. 


Ir may perhaps be difficult for those now concerned 
in the every-day use of pneumatic tools to realise that 
only about ten years have elapsed since portable pneu- 
matic tools of a suitable design for general use in work- 
shops became readily available in this country, the tools 
specially referred to being the hammer—for chipping, 
caulking, and riveting, and the drill—for boring, tapping, 
rimering, and like purposes. Previously, high-pressure 
air had been occasionally cnghyes in workshops, but the 
machines utilised were of a class distinctly different from 
the hand-tools which have in recent years won their way 
to the front. 

Installing a Compressed-Air Plant.—The main points 
demanding attention when installing a compressed-air 
plant are :— 

1. Capacity of air-compressor, 

2. Method of driving and general design of air-com- 
pressor. 

3. Arrangement and capacity of air-mains, receivers, 
and service-pi: 





In fixing the capacity of the compressor, a very ample 


but the efforts of desi € 
directed, with a considerable measure of success, to im- 
proving the construction, economising the air consump- 
tion, and facilitating the o ing. : 

Maintenance of Tools.—Maintenance in the highest state 
of efficiency is essential to the satisfactory operation of 
pneumatic tools, and the prompt replacement of a 
defective part frequently exercises a vital influence on 
the out-turn capacity ot the tool concerned. Such re- 
placement is facilitated by the interchangeability of 
parts, due to the system of manufacture adopted in the 
production of these tools. It is usual when large numbers 
of tools are in constant use to arrange for their periodical 
examination and test by selected workmen; and it will be 
at once recognised that the general adoption of this 
oe might be expected to produce very beneficial 
results. 

Comparative Speed Capabilities.—From actual results 
the following comparisons of speeds of out-turn as com- 
pared with hand-work have m compiled ; it is not 
claimed that these speeds are applicable to all classes of 
work, but that they can be generally attained and some- 
times even exceeded :— 


Description Speeds, 
of Work, By Hand, By Pneumatic Tool. 
Heavy chipping eo It 2to4 
Caulking ae 2 3,,4 
Drilling .. a + 1 8,4 
Rimering as oe oa 1 4,,6 
Riveting ; 1 (3 men) 14 ,, 24 (2 men) 


Economical Results.—The economical results achieved, 
so far as piece-work rates alone are concerned, are not 
mnony preyeienate to the highest of the speeds envu- 
merated above, but the reduced rates which have formed 
the subject of agreement between employers and em- 
ployed enable the latter to earn higher wages in a given 
time, and the increased rapidity of out-turn constitutes 
an important item for the eae tg | consideration when 
comparing results with hand-work. The following figures 

















margin should always be allowed, it being quite im- 
— accurately to foresee all future requirements. 

he type of machine is frequently determined by the 
space available, and the method of driving by existing 
conditions. Steam-driven machines are, where practicable, 
generally installed in preference to belt-driven. Drivin 
by direct coupling to an electric motor is often adopted, 
but the interposition of a rope-driven countershaft affords 
a very effective alternative arrangement of electric drive. 
For air-pressures of 80 lb. per square inch and upwards, 
the use of compound air-cylinders and an inter-cooler will 
effect an appreciable saving; and where a steam. pressure 
of 150 1b. or more is procurable, compound steam-cylinders 
are advisable. 

Air-mains should be of liberal diameter, thus affording 
storage capacity and tending to avoid loss of pressure by 
friction. Separate receivers should be located near the 
principal points of consumption ; water-traps and drip- 
vocks should be provided in convenient positions ; all 
joints and connections should be ensured against leakage, 
occasional tests being desirable. Theoretically, the re- 
heating of compre air, when the distance traversed is 
considerable, should be productive of economy ; but very 
little attention seems to have been directed to this matter 
8o far as workshop plants are concerned, the reason being, 
probably, that a reheater to be fully effective must be 
placed close to the point at which the air is actually used. 
his requirement would in most cases. prove prohibitive, 
but not, perhaps, where compressed air is for 
operating power-hammers; and a test of results of re- 
heating under such circumstances would certainly prove 
interesting. 

Recent Improvements in Pneumatic Tools.—It may be 
assumed that the distinctive characteristics of the designs 
of pneumatic hammers and drills which have established 
their position are fairly well known ; no radical changes 
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show, approximately, the reductions in piece-work rates 


effected by the use of pneumati tools in the United 
Kingdom :— 
Description Percentage off 
of Work. Hand-Labour Rates. 
Chipping 35 to 50 
Caulking 35 ,, 55 
Drilling 40 ,, 
Rimering 50 ,, 75 
Riveting .. 30 ,, 50 


Figures recently prepared by a leading firm for their 
own information showed that a weekly saving of more 
than 2/. was being effected in wages for every ll. of 
running cost of the pneumatic plant, the latter including 
interest on capital outlay, depreciation, power-charges, 
maintenance and repairs. The number of tools owned 
by the firm concerned exceeds 80, and their compressing 
m Me has a capacity of 1500 cubic feet of free air per 
minute. 

Reductions in piece-work rates in Germany are reported 
to vary as follows :— 


Description Percentage off 
of Work. IHand-Labour Rates. 
Chipping and caulk’ng .. .. 85 to 65 
Drilling Se - e¢ 50 ,, 80 
Riveting .. - 35 ,, 60 


General Remarks.—TLe advantages derivable from the 
use of modern portable pneumatic tools for special pur- 
poses are now, it is considered, admitted with practical 
unanimity ; some of those who were amongst the most 
determined opponents of such tools are to-day found in 
the ranks of their warmest advocates. The demand for 
these tools has steadily increased year by year, though 
not so rapidly in the United Kingdom as in the United 
States and in Germany; this difference has been due 
mainly to the opposition experienced here to the use of 
portable riveting tools, an opposition which it is under- 
stood has recently been to a large extent overcome, and 
in that case a continuation of the growth of development 
in this country may be reasonably predicted. 


COLLIERY SURFACE WORKS.* 
By Epmuxp Mutts Hany, M, Inst. CE. 


Tue chief things aimed at in the arrangement of the 
surface works of a colliery are just the same as in other 
engineering works: economy in first cost, and in opera- 
tion and maintenance after due attention to the various 
considerations affecting nen 

The size of tho shafts and their relative positions are 
governed more often by underground than by surface 
conditions ; but the most usual arrangement is a pair of 
shafts about 60 to 80 yards apart, and this is a pro- 
position more easily discussed than any other. 

The main points for consideration are: first, the kind 
of machinery to be used in hoisting, pumping, and ven- 
tilating, as well as for underground conveyance of 
min which is becoming more a matter of surface 
arrangement than it used to be. 

Secondly, the conveyance of minerals from the shaft- 
mouth to the sorting and cleaning appliances, the placin 
of it in the railway-tracks, the nature of the sorting an 
cleaning plant, the convenient ar: ement of the rail- 
way-sidings, and the disposal of refuse, which, at any 
rate in South Wales, is of considerable importance. 

Then there are subsidiary subjects, such as the lighting 
of the works, underground lighting, ee ee 
ments, boiler arrangements, and in frequent cases the 
washing of coal and coking, which, of course, add to the 
complexity of arrangement a good deal. 

As an example, a plan is annexed of the intended 
arrangements of the Penalltau Colliery at present being 
sunk by the Powell Duffryn Steam-Coal Company. 

Except for reasons concerned with underground ar- 
rangements, the two pits to the steam-coal seams would 
have been placed in a line parallel to the line of railway- 
sidings, and the power-house and boilers correspond- 
ingly moved, which I consider would then be the best 
arrangement of the various parts. The lines of rail- 
way are governed by the contour of the ground, and, 
of course, on a more level site could be made straighter 
and more symmetrical], but notin reality much more con- 
venient. 

Taking the kinds of machines to be used, and speaking 
in quite general terms, I am fully convinced by practice 
of the superiority of the compound over the simple engine 
for hoisting. 

In a simple engine the application of expansion leads 
to violent shocks upon the rope and the drum, which 
materially increase the danger of accident, and are 
responsible for the trouble so frequently experienced with 
wir ding-drums. 

You have to start the load with no expansion, and 
may get to five expansions. With a properly-designed 
compound, you start with, say, two and a-half expansions 
and go to ten. It is certain that the more equable the 
strains the lighter the drum can be; and the dead- 
weight to be uccelerated at the beginning of the wind, 
which is an important factor in the power of the engine 
or the speed of —- can be reduced. 

It may be admitted that by electric winding less energy 
is consumed than by using direct steam-winding, but the 
difference at present does not seem to be annals enough 
to cover the extra outlay involved, and the question 
seems to be mainly one of a financial calculation. 

As regards the pumping of water, it seems to me the 
main matters determining the kind of engine to use would 
appear to be, whether the water can be economically dealt 
with at one level or several, and whether the quantities 
are in proportion to depths such as favour centrifugal 
machines, In either case the amount of plant on the 
surface is not great. 

The development of mechanical ventilation takes the 
same course as in many other lines of engineering— 
namely, from large and slow to smaller and more rapid 
machines. These are row approaching convenient motor- 
speeds, which would enable us to dispense with gearing 
of any kind. One difficulty remains: that whilst the 
steam-engine enables you to vary the speed of the ven- 
tilator and the amount of ventilation without notice and 
without waste of power, the electric motor is not so 
accomodating ; and it therefore becomes necessary to ure 
gearing to obtain any elasticity, even with notice given. 

For conveyance underground the tendency was for a 
long time to employ compressed air for interior work, 
and to place steam-engines on the surface, with ropes 
pasting through the shafts for the main baulages to the 
shaft bottom. This is now undoubtedly giving way to 
the use of electricity. 

The newer plant will have the merit of requiring less 
weights of rope, but it remains to be seen whether the 
electric motor can be made to compare favourably with a 
good steam-engine for reliability ; and the initial cost of 
generating plant, cables, sub-stations, &c., is large. This 
only bears indirectly on the surface equipment, and need 
not be followed further. 

Speaking generally of the economy of the whole of the 
steam generating and using plant, it wm d be said that 
great progress is taking place ; and I think the arrange- 
ment shown by the plan, allowing of all the important 
engines being placed alongside the boiler-house and under 
one roof, under the constant supervision of a competent 
power-station foreman, will conduce materially to economy 
and freedom from trouble. 

This house will be 330 ft. long by 70 ft. wide, and will 
accommodate two large winding-engines, with a capacity 
for raising 5000 tons per day, two electric generators of 
large size, two air-compressors, a condensation plant and 
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the ventilating-engine, and have a margin for future 
es. 


conti 

The arrangements at the top of the shaft are such that 
when the loaded cage comes to the surface the trams on 
both decks will run out by gravitation, and their places 
will be taken by empty ones, which run on an inclined 
table. This operation can be done regularly in seven 
seconds. The loaded trams will then be weighed, and 
after that will be propelled or controlled by an endless 
chain, with fingers upon it passing underneath them to 
the sorting plant. 

The sorting plant is of t importance. At many 
collieries a considerable variety both of size and of omar | 
is made; but in South Wales the most usual tice st 
is to make only two sizes—large and small, and any 
further subdivision is done at the washing-plant, so that 
this part of the plant is of a fairly simple sort. Rotary 
tipplers are used, discharging sideways, and so allow a 
continuous circulation of trams through roads: plain 
tt 12 hes — p ft. long by 6 ft. or 7 > wide, 
spaces 4 in. thic en a jigger to spread a 
coal upon metallic bands for icking out dirt. The ends 
are made to lower into the wagon to reduce the 
breakage of coal. The bands are usually parallel to the 
railway-lines. 

The small coal passing through is weighed by a box 
suspended from a spring-balance, from which the coal 


drops by a hinged bottom door on to a sideways con- 
veying band, and goes to truck or to the coal-washing 
machinery. 


If the small coal gets very wet, it cannot be easily 
screened into different sizes for washing separately ; 
and as this is important, I prefer to arrange that the small 
is taken direct to the washery, which will be done by 
band-conveyors. ‘ 

Owing to the nature of the coal, South Wales does not 
provide such a field for the introduction of modern 
coking methods as several others ; nevertheless, four con- 
per mae, Fe plants are now working, The yields of by- 
products are, however, much lower than would be con- 
sidered satisfactory in other districts. One of these plants 
is on the Koppers principle of regeneration, one is by 
Messrs. Evence Coppée, and two are of the Otto-Hi 
stocke 8. 

At ti ay pe pg Ly coal gery d on oo 
average t. of gas per ton, 50 per cent. of the gas 
been found available for power-production, and a gas- 
engine of 1200 horse-power has m installed ; and, as 


the plant is being duplicated, another of 2400 horse- | ay, 


power has m ordered. Both these are to generate 
three-phase electricity for the supply of three collieries, 
producing 1,600,000 tons per annum, whilst the balance 
of the gas is to drive a ventilator and a direct-current 
plant on the spot. 





SEGREGATION IN STEEL.* 
By Joun Epwarp Sreap, F.R.S. 


Having for many years devoted much attention to the 
question how and where the concentration of the metal- 
loids is effected in steel ingots, I shall, in as few words as 
possible, give the information so obtained, and discuss 
the question of the effect of segregation on the physical 
properties of the finished steel. 

The term “‘ segregation” practically explains itself, but 
for many years it has been assumed that the gathering 
together of the metalloidal portions was confined to near 
the upper portion of the central axes of ingots. 

That | concentration of the sulphur, phosphorus, 
and carbon is also found in many other positions has 
been proved by the most invaluable method of examining 
the macrostructure or megastructure of complete sections, 
of ingots and forged material, after the surfaces of the 
ateel have been polished and etched in a suitable way. 
The structures thus revealed are so varied and peculiar 
that we are forced to r ise that the simple explana- 
tion of how segregation is effected, so long held by 
metallurgists, requires material qualifications. 

The etched specimens I have placed on the table are 

roofs of this, and should lead, I hope, to discussion. 

ey show that the darker shades, which indicate phos- 

phorus segregation, are located in the following posi- 
tions :— 

1. Tn varying degrees of density in the central axes. 

2. In annular irregular rings at varying distances 
between the external envelope and the central axes. 

3. In spots at variable distances apart from each other, 
but at approximately equal distances from the external 
envelopes. : : 

4. In spots distributed irregularly over the whole 
sections, but not in the external envelopes. 

. ag two or more positions corresponding to Nos. 1, 2, 
an 

6. In some of the specimens the central axes are purer 
than the mass of the metal surrounding it. 

I shall endeavour to give what appears to me a reason- 
able explanation of some of the phenomena ; but before 
doing so I must briefly state such facts as are universally 
accepted. 





ACKNOWLEDGED Facts. 

1. That the purer crystallites fall out of solution in 
advance, leaving a less pure metal liquid, and that at 
one stage of the gradual solidification the metal is a pasty 
mass, consisting of the purer solid part and an impure 


liquid my 
2. at from some cause or causes some of the more 
jmpure liquid is rejected from the surface of the freezing 
* Paper read at the Engineering Conference of the 
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walls in ingots. This ascends and finally lodges under 
the solid upper crust of the ingots, where it eventually 


3. That steel which is wild after pouring into the mould 
is usually badly segregated. 

4. That steel cast at abnormally high temperatures, or 
what is equivalent, very slowly cooled, favours axial 


—— of the impurities. oy 

5. That the addition of a small quantity of aluminium 
to liquid steel, which is practised by steel-makers for the 
purpose of producing quietness in the mould and sound- 
ness in the steel, also reduces axial segregation; a fact 
admirably demonstrated by Mr. Benjamin Talbot. 

6. That not only does aluminium effect the reduction of 
axial ion, but, as is proved by the macrostructures 
of the specimens exhibited, it almost completely removes 
the minor or dark-spot segregations. 

7. That sulphur segregates the most, whilst phosphorus 
is intermediate between sulphur and carbon in this 
respect. 

HyporneticaL Conciusions. 

1. That as the te rejected from the freezing steel 
is specifically lighter than the liquid steel, it will, on that 
account, float upwards along the freezing-walls of the 


ingot. 

2. That the gases driven off from the freezing-walls 
must accelerate the ascent of the segregate; and therefore 
anything which will reduce or prevent the elimination of 
gas must tend to check the rate at which the more impure 
liquid ascends. 

3. That gas blow-holes, which can only form in the 
plastic mixture of solid pure crystallites and impure 
liquid, must exert considerable pressure on the ty 
metal; and it seems almost certain that some of the 
impure liquid will be squeezed out, escape into, and join 
the liquid adjoining the freezing-walls; and therefore 
under certain conditions the formation of blow-holes 
must increase axial segregation. 

4. That because the segregate rises to the top of the 
still fluid column, there must be a central descending 
slow current. This current in poses over the very 
slowly freezing lower part of the ingot deposits the 


-| purer crystallites. The impurer liquid then flows hori- 


zontally to the vertical w: and ascends; but as the 
walls develop and grow out of the liquid facing them, 
solid layers must be formed richer in impurities than 
the average steel. In this way I explain the annular 
rings, or fringes, and the purer metal in the lower central 


es. 
5. The rings of independent dark spots are accounted 
for by the assumption that some of the gas in the blow- 
holes, after exerting its pressure, escapes, and that a 
portion of the impure liquid enters, and more or less 
completely fills them. That some of the holes have been 
found lined with impurer metal is a fact. 

6. The irregularly-distributed dark spots may be due 
to the same cause as is suggested in the last paragraph, 
and also to the land-locking of the segregate between the 
branches of the large primary crystals. 

Errrct OF SEGREGATION ON THE MECHANICAL 
PROPERTIES. 

Regnegotion, as a rule, is an undoubted evil, which 
should be avoided, and all steel-makers are quite alive 
to the fact. 

It is important, however, to discuss how and where the 
evil effect reveals itself, and also where it does not appear 
to have a pronounced effect. 

In stating my experience, it must be remembered that 
what I say is based on the observation of perhaps an 
insufficient number of cases. It is to be a there- 
fore, that my evidence will be supplemen by those 
who discuss the question. 

It is only since the inauguration of the method of 
developing the macrostructure that the most useful 
evidence has been obtained ; and it is anticipated that 
many English metallurgists and engineers will be able to 
give their conclusions based on the evidence yielded by 
its use. 

1. Segregated steel generally fails prematurely when 
subjected to severe distortion in the ool. 

2. Axial tion in gun-barrels interferes with 
drilling the bore. The drill mes more or less 
diverted in its course. (Example exhibited.) 

3. The most segregated parts of the steel ingots made 
for engineering machinery are almost, without exception, 
removed, and only the lower parts actually used. 

4. The rails made from the upper parts of ingots are 
always more fragile than those made from other parts. 

Evidence at my command leads me to doubt that 
segregation in rails, unless very extreme and accom- 
panied by unsoundness, leads to premature fracture in 
the permanent way. 

5. Axial segregation in ship and sleeper-plates does not 
appear to be harmful; if it were otherwise, engineers 
would long ago have found it out, and prescribed the 
systematic rejection of one-quarter to one-half of every 
ingot cast. In oe however, it is a decided evil, 
and should be avoided. 

6. I have no evidence that tion in steel castings 

the direct cause of their failure when in use. 

It must be remembered that failure due to unsoundness 
is common, whether accompanied by segregation or not ; 
and it requires most careful research to determine, when 
both conditions are present, which is the contributing 
cause. It is not difficult to conceive cases in which a 

central core is a decided advantage. 

In conclusion, acknowledgment must be made to those 
who have added to our latest knowledge, and confirmed 
what was known. Foremost in recent times are the 
names of Professor Howe, Mr. Benjamin Talbot, Mr. 
Thomas Andrews, Mr, Ast, Professor Tetmajer, and 

eyn, 





THE USE OF HIGH-TENSILE STEEL IN 
COMPOUND STRUCTURES, SUCH AS 
SHIPS, BRIDGES, &c.* 

By A. E. Seaton, M. Inst. C.E. 


Tue first steel ship, the Annie, was built by Samuelson, 
at Hull, in 1864, of Bessemer plates, ; in. thick. She 
was 443 tons gross ister, 188 ft. long, and was owned 
by the Goole Steamship Company, and sold in 1888. 

In 1872 Whitworth offered steel plates of 40 tons per 
square inch tensile strength and 30 per cent. elongation. 

In 1874-5 Siemens offered 40-ton plates to the Ad- 
miralty, which were tough and q 

In 1878 merchant ships were being classed which were 
built of iron whose utmost strength was 22 tons per 
square inch, and elongation seldom more than 3 per cent.: 
and warships built of iron of 23 tons strength, with 5 per 
cent. elongation. Steel-makers then offered a material 
20 per cent. stronger, with an elongation of 20 per cent., 
and to bend double when cold, instead of snapping after 
a few degrees, as the iron did. 

The authorities grudgingly permitted its use with an al- 
lowance of 20 per cent., but subjected it to constant and 
expensive tests, continuing to let iron go free: they still 
doso! But the Liverpool Registry encouraged high-ten- 
sile strength by requiring the tests to be not less than 30 
tons. The first bridge to benefit by steel was built by 
Eads at St. Louis, in 1874. The first wholly of steel was 
the Glasgow Bridge over the Missouri River, in 1879. 

The first boiler that I made of Siemens steel was in 

1879, for the steamship Flamingo. It lasted more than 
twenty years, and was in good condition when the ship 
was broken up. 
_ High-tensile steel (40-ton) was used by the Thomsons 
in 1883 for certain parts of the steamship America, and in 
1887, 40-ton steel was provided to take the severest com- 
pression loads of the Forth Bridge by the Steel Company 
of Scotland, and David Colville. 

Since 1896 high-tensile steel has been successfully em- 
vat in the construction of destroyers and similar craft. 
_ The high-tensile steel —_ by Spencer and Colville 
in 1903 for boiler shells and stays, while having an 
ultimate strength of about 40 tons per square inch, pos- 
sesses a high elastic limit, and can be smithed and fire- 
treated as the mildest steel can. 

It has been used with advantage in the parts of the hull 
of the steamships Lusitania and Mauretania subject to 
the greatest stress. 

In bridges of large span the load is chiefly due to the 
weight of the structure ; that is, the moving load is small 
com with it. Any reduction in scantlings, espe- 
cially of certain sgh will permit of an increase of 
moving load ; on the other hand, any increase of the span 
would prevent construction, as it could carry no moving 
load unless the increased stresses were sustained by high- 
tensile steel. In the Forth Bridge it was used only in 
compression ; to-day there need be no hesitation to put 
it into tension, and overcome thereby many difficulties. 

In the case of a bridge, the material is not subject to 
alternating stresses, but only to intermittent stresses of 
low frequency, in addition to the statical stresses due to 
its weight ; the maximum working stress may therefore 
be at least 50 per cent. of the elastic limit. 

Now, when the elastic limit is raised from 15 tons to 
22 tons, and the maximum working stress is half this, it 
means a saving of 32 per cent. of material, although the 
increase in ultimate strength is only 26 per cent. ; so 
that, while the “‘ factor of safety” is nominally only 3.33, 
the structure is really as safe as ordinary mild steel with 
factor 4.0. 

In boilers whose loads are applied, sustained, and re- 
moved very gently, such high-tensile steel may be used with 
advantage for shells, ends, and large stays, and stressed 
to half the elastic limit at working load, but tested to 
something under twice the working pressure, similar to 
Admiralty and locomotive practice. 

In shipbuilding there is perhaps the greatest need, 
as also the greatest scope, for the stronger material ; 
inasmuch asin almost every ship it is an advantage to 
save weight, and some ships are only possible by weight 
being cut down by careful design and superior material ; 
for example, the to o-boat and her offspring the 
destroyer class, of which the 30-knot and faster boats 
could only be safely constructed by the free use of high- 
tensile steel in those parts of the hull most stressed. 

Recently the huge Cunard ships, with their heavy 
machinery, have been constructed so as to withstand the 
stresses of service conditions, by freely using the high- 
tensile steel of Spencer and Colville. 

The question now is, Can this material be used more 
eens with advantage? I think it can, in spite of its 

igher price and the allegations as to extra cost of 
working and want of durability. This latter ean, I 
think, be dismissed, at least for the present. _ 

Steel-makers seem to fear that their price will be pro 
hibitive, or at least so high as to preclude general use. 

. To calculate how much shipowners can afford to pay, 
let— 

£C be the capital value per ton dead-weight of cargo 


capacity, 
£x the price ton of special steel, 
£y that of ordinary. 


Their elastic limits are 4 to 3, therefore 3 tons of 
special may take the place of 4 tons of ordinary ; then— 


32 — 4y =C; 
_C+4y, 
or r= 3 
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If, then, a tramp steamer costs 7/. per ton dead-weight, 
and ordinary is 71. 10s., x will be 122. 6s. 8d., or 
41, 16s. 8d. per ton is the extra price the owner can afford 
to pay, besides getting as he does this extra without tax, 
as there is no addition to tonnage, gross, net, or dis- 
placement. If a cargo-passenger steamer gains a gross 

fit of 42. per ton of dead-weight per annum, and costs 
0 per cent. of it for wear and tear, de tion, insur- 
ance, management, &c., 1/. 12s. is left as net profit, which 
capitalised is 327. The owner of such a ship could afford 
to pay this amount for every extra ton he can get. 
Suppose, however, that it is only worth 20/., then 


30 
= 16.7 per ton, or 9/. 4s. extra. 





20 + 
z= 3 


That it will shipowners erally to employ high- 
tensile steel pm 4 in hull and boilers is pees eg wl 
makers are content with something less than 64 per 
cent. extra; and very little will pay the extra cost of 
drilling, &c. 

The extra cost of working high-tensile steel should, 
however, be little or nothing ; for even if it is necessary to 
drill and plane instead of punch and shear, with modern 
tools and special steel it can be done as cheaply. Then 
this steel can be handled hot or cold, just as the mildest 


steel. 

The greatest strains on ships are due to hogging, when 
the - pertion is in tension. Topsides, deck-stringers, 
and al forming the equivalent of the top member 
of a girder may be with advan high-tensile steel for 
some distance on each side of midship, the side-plating, 
however, lessening in extent downwards to the neutral 


axis. 

Young’s modulus for this steel is not much more than 
for ordinary steel at high stress ; uently, if shelter- 
decks or deck-houses are designed to add to the strength 
of the hull, they may be of this steel with advantage, 
whereas if of ordinary steel they may be a source of 
danger. 

The hydrostatic pressure at the bottoms of a 
Atlantic steamers is about 14 lb. per square inch; 
taking the maximum pressure in a seaway at twice 
this, the following table shows the greatest space between 
frames :— 
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Plate thickness, 20ths inch. . 
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To withstand pressure and afford tight work, the 
bottom plating is usually ample for structural strength, 
especially with double bottoms; in fact, it is so =~ 
that the neutral axis is too low down, and the upper wor 
is consequently much strained. 

Unless stiffened in some way, such as rolling with ribs 
or ridges, as done by Brown’s for Serve tubes and Purve’s 
flues to resist buckling, high-tensile steel could only be 
used for the garboard and bilge strakes of the bottom 
with large pitch of frames. 

The angle-bars of keelsons, stringers, and other longi- 
tudinals might be of it, as also the angle-bars of deep 
frames and other analogous stiffeners. 

The rivets should be of it, or of a steel whose resistance 
to ant is more than 20 tons, if the utmost advantage is 

uired. 
"The oil-tempering of this, as of all steels subject to high 
stress, especially alternating and frequent, would be of 
great advantage, and would involve little extra cost. 

Steel castings form no small part of a modern steamer. 
The large ones of s.s. Lusitania weighed 150 tons, of 
which the ee alone was 59.43 tons. Here is room 
for saving weights by using a tough high-tensile steel, 
such as I understand Mr. Hadfield is prepared to make. 








HIGH-TENSILE STEEL FOR TORPEDO- 
BOAT CONSTRUCTION.* 
By ALFRED FgeRNANDEZ YARROW, M. Inst. C.E. 

WITH reference to the use of high-tensile steel for the 
construction of vessels of the to o-boat type, I believe 
the destroyer Sokol, which we built in 1894 for the 
Russian Government, was the first vessel of this type 
constructed with this class of material. The name given 
to this special steel by Mr. James Riley, who introdu 
it to us, was “ Yolla” metal (that is, “‘ Alloy” spelt 
backwards). I believe nickel entered into its composition. 

Before the use of steel of this high-tensile strength in 
the construction of to o-boats and destroyers, ordinary 
mild steel was ad: . ‘*Yolla” metal, which we used in 
the hull of the Sokol, had a tensile strength of 37 tons to 
44 tons per square inch, and an extension of not less than 
15 per cent. in 8 inches for plates of ,°, in. thick and 
over. The present Admiralty practice is to adopt steel 
of 37 tons to 43 tons per square inch, with a minimum 
elongation in 8 inches of 


15 per cent. for plates of 74 lb. and over. 
14 per cent, for plates of 5 Ib, and up to 74 Ib. 
12 per cent. for plates of 34 Ib. and up to 5 Ib. 


I may mention that in the material used for the Sokol 
we found wecould not get 15 per cent. elongation with 
plates of yoy less than 741b. per square foot. It 
1s evident that with material of the same ductility the 
thinner plate will have a reduced elongation. This 
material took the place of the mild steel which we had 
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pe used, and which had a tensile strength of 
to 30 tons square inch, with an elongation 
of 20 per cent. in 8 in. for — vc in. thick. After 
numerous tests we felt justified in a the thick- 
nesses customary at the time to the extent of 12 per cent., 
thus effecting an appreciable saving in displacement. In 
connection with this subject, it should be borne in mind 
that in structures such as those we are dealing with, 
having the plating very thin, it is the buckling strains 
that have to be feared most—that is to say, assuming a 
vessel supported on two waves at the ends, it is the 
buckling of the deck that has to be specially guarded 
against as most likely to cause failure; and therefore a 
material which secures the greatest stiffness is undoubtedly 
to be preferred, provided other im t qualities are 
not too much sacrificed. This stiffness can be secured 
not only by using steel of higher tensile strength, but by 
adopting a form other than flat, for curvature secures 
stiffness, more particularly if that curvature is obtained 
by hammering cold and not by bending hot. In dealing 
with thin plating it is in those parts subject to buckling 
strains that the greatest care has to be taken in the work- 
ip; because, if ‘the plating be not exceedingly fair 

and in a line with the strain to be resisted, further dis- 
tortion may easily take place, and the more the distortion 
the weaker the form of the plate becomes to resist com- 
ion ; on the other hand, when a plate is not fair and 

1s subject to tension, the more the strain the straighter 
the plate becomes, and it is thus able the better to with- 
stand that strain. Consequently accuracy of workmanship 
is of paramount importance in those parts of a hull of a 
lightly-constructed vessel which are subjected to compres- 
sive strain. In fact, it is quite impossible to make any 
reliable calculations as to what thickness is necessary to 





where steel of this character could be profitably — 
to save weight, such steel to have the following qaalifica- 
tions under normal conditions :— 

1. An ultimate tensile strength of 34 to 38 tons per 
square inch. 

2. An elastic limit of not less than 20 per cent. in 8 in. 
In addition, it should satisfactorily stand the following 
tests :— 

Temper tests. 
Cold-bending, normal, annealed and tempered. 


For plates } in. thick and less it was found that high- 
carbon steel fulfilled these conditions, but for greater 
thicknesses silicon steel, supplied by Messrs. J. Spencer 
and Sons, Newburn, was preferred, as the high-carbon 
steel of 34 to 38 tons tensile strength ved slightly 
defective in the elastic limit. Silicon steel was subject to 
special tests for ultimate tensile st bh, elastic limit, 
and elongation, by Messrs. David Kirkaldy and Son, 
London, on strips 11 ft. long by 2in. wide, having a 
length for extension of 100 in., the results of which proved 
to be quite satisfactory, the test-pieces being 0.77 in. and 
1.49 in. in. thick respectively. ’ 

During mechanical tests made by Lloyds of the pieces 
of high-carbon steel in which a single rivet-hole had been 
made, it was observed that to punch the hole 4 in. small 
and rimer it out to full size reduced the s of the 
sample less than if the hole had been drilled the full 
size. For example, the tensile strength of a strip of 
j-in plate 2} in. wide, with one §-in. hole punched and 
rimered to }in., was reduced 1.65 tons per square inch less 
than with a j-in. drilled hole, and for strips of }-in. plate 
of the same width 0.4 ton less. In other pieces of } in. 
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resist compression in thin structures, except on the 
assumption that the workmanship is exceptionally good ; 
and in connection with this I should add that the trans- 
verse joints of the plates should not be of such a character 
as to tend to cause distortion, such as alap-joint. Trans- 
verse joints should be made with butt straps inside and 
out. It has been the practice at times to use high-tensile 
steel for certain parts of the hull and mild steel for others. 
I would submit this is not altogether a desirable com- 
bination, because to have in the same structure two 
classes of material ing different properties, 
especially different amounts of elasticity and elongation, 
leads to the elastic limit of the one being passed before 
the limit of elasticity of the other is approached. I 
take it our aim should be that all parts of the same 
structure should offer the maximum resistance simu)- 
taneously, and by so doing secure collectively a 
greater resistance to distortion than if the giving 
way were at varying periods. I think also the frames 
should be of high-tensile steel, use they would 
be stiffer to resist distortion. It should be borne in mind 
that in a thin hollow, structure like a to o-boat, before 
the vessel actually collapses by the strain of the sea due 
to — alternating tension and compression, in all 
probability the sides of the vessel will have a tendency 
to become distorted ; and anything that can keep the hull 
in shape and avoid this change of form naturally offers 
security against collapse, The hull of a o-boat or 
destroyer is, in a measure, like a suspended bicycle wheel, 
the spokes of which are all subject to tension. 

With regard to the riveting of the high-tensile steel 
plates, in the Sokol we increased the rivet area from 
what we adopted ey to the extent of about 50 
per cent. This was arrived at by careful experiment ; 
1p was found that the high-tensile steel plates would shear 
the rivets if there were nota very large margin beyond 
the usual practice in rivet area—that is, assuming mild- 
steel rivets were used in combination with high-tensile 


steel plates. 
The advan gained by using this class of steel was 
considerable. I believe thatthe increase of speed secured 


by its adoption amounted in the Sokol to approximately 
1 knot; for we obtained, within a very small fraction, 
30 knots, which at that period was the highest speed 
recorded under the same conditions of trial. 








THE USE OF HIGH-TENSILE STEEL IN 
THE CONSTRUCTION OF THE ‘ MAURE- 
TANIA.”* 

By Epwin Wiu1am De Rosett, M. Inst. C.E. 
AT a very early stage, when the stresses and structural 
strength of this vast and heavily-powered vessel were being 
considered, it became evident that steel of superior 
strength, in conjunction with hydraulic riveting, would 
have to be employed xt certain parts to produce a struc- 
ture which would combine the maximum of strength with 
the minimum of weight. It was determined by the 
builders of the Mauretania and her sister vessel Lusitania, 
in conjunction with the Cunard ae and the officials 
at the Admiralty and Lloyds, that high-tensile steel 
should be employed where the greatest stresses would be 
encountered, and also in other parts of the structure 
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late 5} in. wide, in which a row of three rivet-holes each 
Pin. in diameter was made, the reduction in tensile 
strength of the samples with punch and rimered holes 
was 1,4 tons per square inch less than with the drilled 
holes ; while the tests with }-in. strips 64 in. wide with 
— holes showed equal results for the two methods. 

he eame remarks apply generally to tests made with 
ordinary steel under the same conditions. Tests of 
ee and double-riveted samples showed that 
the strength of the samples with rimered holes was at 
least equal to that of the drilled samples. 

It would be interesting to learn from thoee present if 
in their agement similar mechanical tests have given 
similar results, or whether those referred to were peculiar. 
At all events, we consider we were quite warranted, in 
the face of such evidence, in ae | the high-tensile 
steel plates up to 4 in. in thickness with holes 4 in. less 
in diameter, then rimering them out to the full diameter 
required by the rivet. However, before these tests were 
made, it was arranged with Lloyd's to drill the holes in 
the bulkheads where they were attached to the shell 
and boundary bars. By punching the holes small and 
rimering them as descri the saving in labour was 
about 10s. per plate, or about 30 cent. less than 
electric drilling. All the holes in high-tensile steel above 
4 in. in thickness were drilled, and the rag of the hole was 
removed by a special tool, which at the same time 
removed the sharp edge of the hole and produced the 
requisite taper for the neck of the rivet. High-carbon 
steel was adopted in all the main transverse | longitu- 
dinal bulkheads extending to the upper deck. The 
lower portions of these are }{ in. thick, thence ,% in. . 
to lower deck, e in. to the main deck, and above this 
they are j'; in. The stiffening bars are of ordinary mild 
steel, of channel or angle sections. Silicon steel was used 
for the top sides, and doublings where shown in the figure 
annexed; also for the stringers, decks, and doublings on the 
shelter deck for the full width between the ship’s side and 
casings, and stringer and adjoining strake on upper deck 
for a width of 8 ft. 6 in., and for a length of about 500 ft. 
amidships on the shelter deck, and about 480 ft. on the 
upper deck, tapering off at the ends. The remainder of 
the plating to the sides of the casings on the u deck 
is of high-tensile carbon steel, ex ing for ft. in 
length. By the employment of high-tensile steel a re- 
duction of 10 per cent. on the basis of scantli of mild 
steel was allowed, and a corresponding reduction in the 
thickness of the bulkheads where made of this material. 
The result has been a saving in weight of about 200 tons, 
with an appreciable increase of strength in the top struc- 
ture. The silicon and high-carbon steel were not an- 
nealed. The edges of seams and butts were planed. 

In the light of the accompanying table, a further re- 
duction of 10 per cent. in the scantlings where high- 
tensile steel is employed (making 20 per cent. in all) 
might, in my opinion, have been reasonably made, as a 
fair margin of strength would sti!! have secured 
above the mild-steel basis, especially as the midehip 
scantlings and the tapering of the same towards the ends, 
as shown in the engraving, were b on the static 
stresses the vessel would be subject to when mounting 
and leaving a wave of the abnormal length of 760 ft. by 
38 ft. high from hollow to crest. In determining the extent 
of taper, of course due consideration was given to the fact 
that the moment of inertia of the end sections is necessarily 
less than that of the midship section, owing to the form 
of the vessel. 

The average of Lloyd’s tests of high-tensile carbon and 
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silicon steels made by Messrs. J. Saenese and Sons, New- 
burn, for ship purposes were as follows : — 


Pp ‘ | High-Tensile 
Normal Conditions. mee | atta Silicon 


Steel. 








Number of samples. Naas eae: i 86 
Thickness of plates varied from ¥, to }fin.| 19 to 4g in. | 43 to 4% in. 
Average ultimate stress 


tons per sq. in. 36.4 87.3 36,35 
Elongation in 8in, percent. 225 | 220 22.7 
Elasticlimit tons persq.in.) 22.2 | 20.8 21.6 


' 





It may be of interest to mention that all the shell- 
plating was pickled to remove mill-scale, as were 
the keel-plates, floors, and all material within the double- 
bottom where not furnaced ; also tank top under boi 
and boiler-bearers and exposed plating of deck-houses. 

The authorities at Lloyd’s istry, from their ex- 
perience up to date, strongly recommended that the 
rivets used for the whole structure, including the silicon 
and high-carbon steel, should be made of mild ingot steel ; 
consequently this material was adopted. The rods 
an ultimate stress of 26 to 30 tons per square inch, elon- 
gation not less than 20 per cent., and an elastic limit of 
13 to 15 tons per square inch. The rivets are 1} in. in 
diameter, and are —_ in accordance with Lloyd’s 
rules for mild steel of equivalent strength. Considering 
that the rivets were softer than the high-tensile plates 
they connected, special provision was made to minimise 
the shearing effect on them by rounding the edges of the 
drilled holes by a special tool, which also coned them to 
suit the taper neck of the rivet. A pressure of 50 tons 
was put upon the rivet when closing. The rivets were 
heated in oil-furnaces specially designed at the Wallsend 


ard. 
. In conclusion, it may be stated that from tests made 
by Messrs. David Kirkaldy and Sons, London, upon 
silicon steel made by Messrs. J. Spencer and Sons, the 
modulus of elasticity, deduced from extensive testing of 

lates under stresses of 5 to 12 tons per square inch, was 

,000,000 Ib. per square inch, and the modulus of 
elastivity of mild steel deduced from similar tests was 
identical, showing that high-tensile steels when combined 
with mild steel, as in the construction of the steamship 
Mauretania, will act in harmony when subject to stresses 
15 per cent. to 20 per cent. greater than the static stresses 
which would be encountered when riding on the crest of 
a wave even of such an abnormal size as 760 ft. long by 
38 ft. high from hollow to crest. 





THE STRUCTURAL DETAILS OF CARGO- 
STEAMERS IN RELATION TO THEIR 
WATER-BALLAST ARRANGEMENTS.* 

By Samurt J. P. THEARLE. 
Warter-Ba.ast was first carried in screw-colliers trad- 
ing between the Tyne and the Thames. The old sailing 
co 


iers were ballasted with Thames gravel for the Men a 
northward, and this was putashore on Tyneside before the 


coal cargo was loaded. The cost of loading and discharg- 
ing this ballast was a heavy charge on the freights earned 
by thé vessel, 


The earliest steam-colliers were ballasted in a similar 
manner, but it at length occurred to an ingenious person 
that water was superior to gravel as a ballasting material, 
because it might be made to flow into and out ofa vessel, 
instead of being carried in baskets. And so tanks were 
built in the bottom of the steamer, into which water was 
admitted for ballasting, and out of which it could be 

umped when no longer required, Very soon these tanks 
abe an in 1 part of the structure, and thence 
originated the McIntyre tank. 

he structural details of the McIntyre tank are well 

known. They consist of longitudinal girders standing upon 
the floors of the steamer, supporting an inner bottom which 
is attached to the outer bottom of the vessel by a fl 
margin-plate on each side. To these margin-plates the 
side framing of the vessel is attached by angles riveted to 
brackets on the frame-heels. In the earliest screw-colliers 
fitted with double bottoms the frames passed continuously 
through the margin-plate, and the latter was made water- 
tight by means of oan or some other device. The chief 
and characteristic structural feature of the McIntyre tank 
is, however, the bracket attachment of the frames to the 
flanged margin-plate. : f 

It should here be noticed that the inner bottom plating, 
longitudinal girdersand os take theplace of the 
centre and side keelsons previo y required in such vessels. 
The net result is an increase in the structural strength of 
the bottom of the vessel and an additional weight of 
materials used in her construction. At the same time an 
element of safety is introduced in the form of an inner 
bottom, and a great saving is effected in the cost of ballast- 
ing the vessel and in the time occupied in getting the 
ballast into and out of her. : 

A proximate step consisted in the adoption of the 
cellular system of double-bottom construction. In this 
arrangement the normal floors were replaced by floors 
extending the full depth from outer to inner bottom, and 
the numerous longitudinal girders standing on the floors 
were replaced by a centre continuous girder by one or 
more side girders. arrangement of margin-plate 
remained the same as in the McIntyre tank. Twosystems 
of cellular double bottom are adopted, in one of which 
floors are spaced at every frame, and in the other at alter- 
nate frames, the side girders being much more closely 
spaced in the latter than in the former arrangement. 
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The Board of Trade ultimately sanctioned the omission 
of the whole of the double-bottom space in measuring a 
vessel for tonnage, and this concession gave a great impetus 
to the system, which at the present day is adopted in 
but the smallest of cargo-steamers. The depth of the 
double bottom at the middle line, although fixed by 
ee Society Rules, seems to be actually governed 
rather by water-ballast carryin uirements than by the 
necessities of structural strength. The minimum breadth 
of margin-plate is, however, limited by the necessity for 
obtaining a sufficient rivet attachment of the brackets at 
the frame-heels to maintain a continuity of transverse 
strength. 

It is submitted for the consideration of this meeting 


also | whether the structural strength of cellular double bottoms 


in cargo-holds is not usually somewhat in excess of actual 
requirements. Under boilers the wasting of steel plates 
and angles of the double bottom goes on at a very rapid 
rate, and an excess of scantlings at that part is therefore 
desirable in a new steamer in order to avoid the necessity 
of early renewals, But under cargo-holds the rate of 
wasting is not considerable, nor is it believed to be in 


had | excess of that experienced on the outer bottom and sides 


of a vessel. 

Various measures have been suggested and tried for 
reducing the rate of wasting in double bottoms under 
boilers. Different paints, bituminous compositions, and 
lime and cement washes have their several advocates. 
Some have proposed means for minimizing the rate of 
corrosion by ventilation, and others have sought to obtain 
that result by keeping a low temperature in the space 
under the boilers. It is thought that a discussion on this 
important question might properly come within the scope 
of the title of this paper. 

For some years past cold flanging has been largely 
adopted in lieu of angle attachments in double bottoms of 
steamers. Floor-plates have been flanged at their upper 
and lower ed and intercostal plates have been some- 
times Sanged ons inst the floors and sometimes flanged on 
their upper and lower edges. It is generally admitted that 
recourse to flanging involves the necessity for the best 
workmanship and the most closely-fitting surfaces. It is 
also generally poe that flanging does not vide 
the same rigidity of connection as an angle-bar. But it is 
believed by many that the association of flanged materials, 
ag in the structure of a cellular double bottom, does pro- 
duce under proper conditions an efficient combination, and 
one that is suitable for resisting the stresses coming upon 
it, either afloat or on well-laid blocks in a dry dock. It is, 
however, not so generally conceded that flanged floors are 
so well able to resist the stresses resulting from grounding 
or stranding as floors riveted to frames and reverse frames. 
Foe an important question, and attention to it is now 
invited. 

Vessels fitted with cellular double bottoms usually have 
weg, asses ballast-tanks for trimming pu , and some 

ore-peak ballast-tanks also. In each case, valuable 
use is thereby made of a — which can be employed for 
but few other purposes. Certain precautions are, however, 
found necessary in view of the fact that these peaks are 
sometimes ay aety filled with water. It need hardly 
be remarked that when at sea they should always be either 
quite full or quite empty. If quite full, the stresses due 
to the water-pressure within the tank are about balanced 
by those due to the water-pressure on the outside. If quite 
empty, the stresses upon the shell-plating and framing are 
no greater than those ordinarily experienced elsewhere on 
the immersed portion of the hull. But when the peaks are 
only partially full of water, the violent movements of the 
vessel in a seaway set up stresses of a destructive character, 
To minimize the results of these, deep wash-plates should 
be fitted, and these should be efficiently secured. It is 
further desirable that the rivets through the frames and 
shell-plating should be more closely s than elsewhere 
in the sides and bottom of the vessel. Even with such 
precautions, damaging stresses result from peak ballast- 
tanks being only partly full of water when at sea. 

Tt has of late years been usual to fit midship deep tanks 
in cargo-steamers, in order to obtain the necessary im- 
mersion when the vessels are in ballast trim. Such deep 
ballast-tanks sometimes contain upwards of 1000 tons of 
water. If they are kept fullof water, the stresses upon the 
materials of which the tanks are built are such as may 
easily be provided for; but if only partly full when at sea, 
then, having regard to the much ter breadth of the 
vessel where the tanks are situated than at her extremities, 
the violent motion of the free wateris even more damaging 
than in the peaks. 

In order to reduce the longitudinal movement it has been 
usual to keep the length of an individual tank within 
moderate limits, and in cases where, say, 2000 tons of water 
have to be carried in that way, to build two tanks rather 
than only one: Also, to moderate the effect of transverse 
movement, it has been usual to fit a longitudinal middle- 
line bulkhead in the tank, extending from the top to the 
bottom. It has also been usual to additionally strengthen 
the sides of the vessel by web frames in way of deep tanks. 
The rivets through frames and shell have been more closel 
— than elsewhere in the vessel, except the peaks ; and, 
of course, the transverse bulkheads bounding the deep 
tanks have been very thoroughly stiffened. 

is carried in t deep tanks when they are not 
used for water-ballasting purposes ; and consequently there 
has always been a natural desire to break the stowage as 


little as ible inside the tank, and to make the work of 
getting the cargoin and out of itassimpleas possible. In 
order to effect this, the middle-line longitudinal bulkhead 


in some cases been omitted, and there is a growing 
desire to by ary with it altogether. Were all men trust- 
worthy, so that it might be definitely ensured that a deep 
tank would always be completely filled with water when at 
sea, the omission of the longitudinal partition bulkhead 
would not be a matter of much moment, and the loss of 





stiffening to the transverse bulkheads resulting from the 
omission could be easily oo in some other way. But 
in view of what experience shows to be a not“unusual treat- 


all | ment of ballast-tanks at sea, itis submitted that the fitting 


of the middle-line longitudinal bulkhead is so desirable ag 
to override any objection to it arising from inconvenience 
or broken stowage. 

When deep tanks are not fitted in a steamer, and when 
the weight of the water carried in the after-peak tank is 
not sufficient, acting in conjunction with the other water 
ballasting, to give the necessary immersion to the screw- 
propeller, it has been usual to supplement water with 
shingle, or gravel, ballast carried on deck and thrown over- 

on entering the loading port. To save the expense 
of taking this shingle ballast, or of building a deep tank in 
the steamer, some owners have authorised the masters of 
their vessels to admit water into the after-hold, by taking 
off some manhole covers from the inner bottom, and then 
pe rd the sea-cock until a sufficient quantity of water is 
mitted for obtaining the desired immersion of the screw- 
propeller. It has not been usual for the water admitted to 
extend above the top of the shaft tunnel, which latter 
thereby serves a useful purpose in partially checking the 
movement of the water due to the rolling of the vessel. 
Even with that limitation, the movement of sucha body of 
free water has caused damage by washing up ceiling and 
sparring, and reducing them to pulp; and it cannot be 
dou that the structure of the vessel might also be 
dam under such conditions. It may be conceded that 
at a time of peril, with a vessel near a lee-shore and the 
propeller insufficiently immersed to get her into a position 
of safety, it might be allowable to p ance the less of two 
evils, and admit free water into an after-hold in order to 
obtain the desired deeper immersion. But a course which 
might be resorted to in order to save life and property 
should not be adopted as a normal condition of navigation 
in ballast, when attended with such evil consequences as 
are found to occur in this instance. 

Of late some very valuable arrangements, both from a 
structural as well as from a navigator’s or a shipowner’s 

int of view, have been introduced into cargo-steamers. 

ne of these is the Dixon and Harroway system of wing 
tanks for carrying water-ballast, and another is known as 
McGlashan’s side-tank system. The figures on the walls 
show the two arrangements, which it is thought are well 
worthy of consideration. A primary object in both systems 
is to carry water-ballast ata higher level in the vessel than 
is possible in the ordinary double bottom, and so reduce 
the stability, which is often excessive in the modern broad 
and shallow steamer when in ballast trim. Other impor- 
tant objects are also served. In both cases the tonnage 
measurement is reduced by the arrangement from what 
it otherwise would be; and as such vessels are intended 
for carrying deadweight cargoes, the available hold-space 
is amply sufficient for their owners’ purposes. Dixon and 
Harroway’s arrangement serves also the purpose of self- 
trimming, and both it and McGlashan’s system add 
materially to the structural strength of the vessel. 

s the Dixon and Harroway arrangement, it will 
be evident that with a reasonable spacing of transverse 
bulkheads, giving holds of not immoderate length, the fore- 
and-aft girders formed by the wing tanks and continuous 
hatch-coamings enable pillar supports to be dispensed with. 
This is a valuable feature in a cargo-steamer. 

The element of safety in case of collision, resulting from 
the inner skin-plating of the McGlashan side ballast-tanks, 
and from the wing compartments of the Harroway and 
Dixon arrangement, will also be evident. 

Plans have been poapeeee for carrying water-ballast in 
enclosed spaces upon the upper decks of steamers between 
the hatchways. Other proposals have been made for carry- 
ing water in the ’tween decks, confined within compart- 
ments bulkheaded off for the purpose, and made soaliaiio 
for cargo-carrying by having hatches fitted to them. 
Neither of these arrangements has, however, found favour 
among shipowners. It will be evident that each would 
involve very considerable pillaring supports being placed 
beneath them. 

It is submitted that a water-ballast-carrying arrange- 
ment in a steamer should serve the purpose of contributing 
both to her structural strength a to her safety at sea. 
The spaces devoted to water-ballast should also be of such 
a character that they would not be included in the tonnage 
measurement of the vessel, except when used for carrying 
cargo. They should be readily and freely accessible for 
examination, cleaning, and re-coating, and should be so 
proportioned and situated that the water within them will 
not detract seriously from the vessel’s stability while the 
spaces are in course of being filled or emptied, nor unduly 
add to the vessel’s stability when full. hey should 
further be so constructed and fitted as to minimize the 
stresses set up within them, in the possible event of their 
being not quite filled when the vessel is rolling or pitching 
in a seaway ; and they should be so situated in the vessel as 
not to set up undue stresses upon the structure when she 
is in a ballasted condition. 

It is further submitted that if all these requirements 
could be satisfied without the hull of the vessel being any 
heavier than would have been the case had no water-ballast 
accommodation been provided, then, in such circumstances, 
an ideal arrangement would have been arrived at. 





ARRANGEMENTS FOR WORKING CARGO 
ON SHIPS.* 
By Witu1am Henry Duepats, M. Inst. C.E. 


Tue evolution of shipbuilding was very slow and more 
or less tentative until the early part of last century, when 


4 Paper read at the Engineering Conference of the 
Institute of Civil Engineers. Section V.—Shipbuilding. 
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the introduction of steam for propulsion marked a new 
era. During the last half of the century rapid develop- 
ments took not only in ship and machinery d 

but in auxiliary machinery and accessories in connection 
with the carriage of passengers, mails, cargo and cattle by 
sea ; one of the most important, perhaps, being speciall- 
sation. 

Vessels are now Gusigaet and constructed to meet 
special requirements, and the exigencies of special trades, 
which, of course, have necessitated improved facilities 
being invented and introduced to deal with the various 
requirements, especially in dealing with cargo—namely, 


leating one dischs 6 

In the old sailing-ship days this was done by means of 
a hand-winch, which for generations has altered vei 
little in design ; but as ing-ships became larger, 

the cargo of a heavier description, a donkey-boiler and 
steam-winch were fitted to deal with it. 

In the case of steamers, steam-winches were, of course, 
adopted at an early date, and, curiously enough, this 
system has been adhered to, with a few exceptions, to 
which I shall presently refer. In fact, the ordinary 
tramp steamers to-day have essentially the same descrip- 
tion of soe for pmo, Fe discharging cargo as 
they had half acentury ago. Naturally, many important 
improvements have nm made and various changes 
effected. For instance, in the early days of steamships 
they were rigged like sailing vessels, having yards and 
sails; but as propelling machinery improved it was found 
that yards and sails were unnecessary for propulsion, and 
they were soon dispensed with; steamers have of late 
years been at most fitted only with fore-and-aft sails, 
which have been occasionally utilised to minimise rolling 
when meeting with beam seas and winds. As 
steamers increased in size, and competition showed the 
necessity of shortening the time occupied in the loading 
and discharging of vessels, in order to increase the annual 
number of voyages, the number and size of hatchways 
and pare oe Aa winches ae n _ ; the —_ 
have gradually become regarded as poles to support der- 
ricks, and have therefore been constructed for that 
pu In cases where derricks attached to masts or 
tables built on to the masts have not- being sufficient to 
cope with the cargo with the necessary d itch, or have 
not been able to work the hatchways, additional poles 
have been erected, carrying derricks and fitted with 
winches and the necessary gear. 

To such an extent has the use of derrick-posts been 
adopted that the turret steamer Grkagesbors. built in 
1903 by Messrs. Wm. Doxford and Sons for the ore-trade, 
had no masts, and therefore no sails. To work twelve 
cargo-hatches she was fitted with twelye pairs of derrick- 
posts, fitted abreast of each other, with twelve double- 
ended steam-winches of special design, capable of lifting 
5 tons each, and of discharging her cargo of about 10,300 
tons in five hours. 

In some steamers revolving steam-cranes have been 
fitted capable of plumbing the hatchways and a 
the cargo into barges alongside ; and some German sailin 
vessels have been fitted with oil or petrol-winches, but 
have not been able to obtain particulars of them. 

Various attempts have been made to introduce different 
systems of discharging gear on board ship, such as hy- 
draulic cranes, and, later, electrical winches; but the 
nitial cost has been the ——— cause which has 
prevented their more general adoption, especially in long 
voyages, where the winches would not be used frequently 
enough to justify the initial cost of the installation. The 
upkeep and repair of electrical winches would probably 
be somewhat less than those of steam-winches, but would 
involve the addition of an electrical engineer to the 
ordinary staff. 

Electrically-driven winches will probably come more 
into use for passenger-ships, as some large liners have 
generators amply large to drive the winches with which 
they are fitted, and one or two passenger steamers have 
been so fitted in Germany ; the main ad vantage, of course, 
being absence from noise, a consideration which is not of 
such importance on a cargo-vessel. . 

In 1885 Messrs. Wm. Doxford and Sons built the 
steamer Golconda, which was fitted with a very complete 
installation of hydraulic machinery by Messrs. Brown 
Brothers and Co., of Edinburgh, which worked beauti- 
fully, and I believe is still working in that vessel. Since 
then, Messrs. Brown Brothers have fitted upwards of 
ninety installations on board large passenger steamers, 
where comparatively noiseless working is required, and 
first cost is not such an important factor. It is admitted 
that with this system the consumption of steam is less 
than with winches, and the — upkeep charges are 
smaller, provided, of course, that great care is exercised 
during frosty weather. The main reason against its more 
general adoption, especially in cargo-steamers, is again 
the initial cost. 

Of course, the question of cargo-appliances on board 
large steamers running in regular trades is not of such 
im ipertanan, for they have their own shore berths at each 
end of their fitted with such necessary appliances, 
4s fixed or travelling cranes actuated by steam, electricity, 
* Veale telilee taietials ta 0 trad rall 

_ Vessels trading regularly in the grain le general 
discharge at a berth fitted with grain-elevato which 
rapidly discharge the grain and convey it to warehouses, 
which in some cases are at some distance from the quays. 

The same remarks apply to vessels carryin coals to 
London, agg, 4 the large pontoon derricks g to 
Messrs Wm. Cory and Son, which are moored in the 
Thames, and contain electric machinery for lighting, and 
hydraulic machinery for working their cranes. The 
in these cases is disc nay manne of lenge guste, OS 
& vessel carrying about 4000 tons dead-weight can be 
discharged in nine hours, and the cargo loaded into barges 
for distribution. 





Vessels regularly engaged in the coal trade have re-| by its natural illuminating power with the luminous 
ceived special attention from designers and builders, | flame. 
because their voyages are generally short; and asthey| The im ce and far-reaching character of this 


incur so much expense in trimming charges, dues, etc., 
which enhance the price per ton to the consumer, every 
one connected either directly or indirectly with the trade 
has done his utmost to reduce expenses. The vessels 
themselves have been built with such large hatchways 
that the coal can be tipped into the holds so as to lie at 
the natural angle of rest without the necessity of trim- 
ming; and in some instances the double bottom has been 
raised at an angle at the bilges to facilitate the coal 
falling to the centre line, and thereby assisting the 


operations of the discharging-grabs. 
In colliers not trading to ports where discharging 
facilities are available it has been found necessary to fit 


oy appliances on board the vessel for rapid discharge 
re) ras gy ’ 


Messrs. 8. P. Austin and Son built a collier named 
Harmony in 1897, for Messrs. J. and C. i carryi 
about 1500 tons dead-weight. This vessel was fitted wit: 
Atmer’s gear, which consists of an -— placed in some 
convenient position to actuate a shaft running fore and 
aft alongside the eae, and upon this shaft drums 
are fitted, working whips through gins attached to gaffs. 
This gear has since been fitted in several other vessels 
engaged in the Hamburg coal-trade, and, I believe, has 
proved satisfactory. 

The steamer Automaat, built in Holland in 1903, and 
carrying about 1700 tons dead-weight, was fitted with a 


dredging arrangement in each hold to discharge the coal. 
The had to be trimmed into the d ing-chamber 
at the end of each hold, and was lifted by a bucket 


to the deck, and then discharged through a chute over 
the side into barges. The arrangement was not a success, 


for lumps of coal over the ordinary size caused the gear to | pre 


become unworkable; and I understand the whole arrange- 
ae | oaths be = and that the vessel is now 
ing discharged in the ordinary way. 
1n'1906 Messrs. John Blumer and Co. built the St. Paul, 
a steamer carrying about 4000 tons dead-weight, for 
Messrs. Wilson and Company, of Gothenburg. She is 


fitted with Captain Sieurin’s discharging- , which 
consists of a particular kind of winch, capable of ee | 
with all kinds of ca: including general 


cargoes, 
scoop is used for bulk which can travel any 
} ge ng 1 aa F wan — ‘etch coal —— all parts ¢ 

e ship’s holds, thus dispensing with trimming an 
aunuanl lehow. 

Another great advantage of Sieurin’s system is that 
steamers fitted with it have been Coneenaies general and 
bulk cargoes alternately for a considerable time, giving 
complete satisfaction, and it can be used in any port, at 
any wharf, or when moored in the stream, and worked 
without shore assistance. The St. Paul’s cargo (3773 tons 
of coal) has been discharged by the ship’s own crew— 
twelve hands—in 304 working hours, at a cost in labour 
of 0.88d. per ton. 

Very little space is occupied by this gear. Several 
steamers are fitted with it, owners’ confidence is estab- 
lished, experience is leading to rapid developments and 
improved results, and there are reasons for believing it 
will be largely adopted. 

I might multiply the examples given, but they would 
be more or less modifications of the types already referred 
to. In fact, as necessity arises, and some special require- 
ment presents itself, the difficulty is solved. For in- 
stance, H.M. warships, for various and obvious reasons, 
cannot go to some coal staith for bunker coal, besides 
which a fleet must often bunker at sea. Experience has 
proved that the most satisfactory method of dealing with 
this case is to send out colliers which are fit with 
Temperley transporters, which is an apparatus so well 
known to engineers that I need hardly describe it. 








THE APPLICATIONS OF TOWN GAS AS 
A HEATING AGENT.* 


By Witu1AM Hoscoop Youna WeEssBER. 


Tue general recognition of ordinary town gas as 
primarily a fuel dates only from the year 1900, when, 
upon the initiative of the South Metropolitan Gas Com- 
pany, the traditional supremacy of the illuminating- 
power standard of quality for this kind of combustible 

was overthrown by Parliament. Before this epoch, 
although certain distinctly fuel uses of gas, as for cooking 
and heating, had become well established on the domestic 
scale, and were even favoured by public caterers, gas was 
not included among industrial fuels. The heat of gas, 
when burnt for lighting, was formerly regarded rather as 
a disadvantage; and even -manufacturers generally 
gave no thought to the calorific value of their product, of 
which no account wasever taken. 

The t change of technical opinion in this regard 
sprang a” the conviction, which I was among the first 
of English gas engineers to embrace and declare, in the 
year named, that not only had the Welsbach invention of 
incandescent gas-lighting come to stay, but it had also 
revolutionised the principles of gas manufacture ; for the 
Welsbach light, in all its varieties and developments, was 
clearly a temperature effect. It offered an immediate 
advantage of ten-fold the light for the same quantity of 
gas consumed by means of the ordinary burners of the 
period (an advantage since doubled) ; 
important discovery was made that the luminous effi- 
ciency of the Welsbach mantle is, within considerable 


coal | limits, independent of the quality of the gas as expressed 
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and the all-| consum 





revolution in the whole polity the gas industry 

uickly asserted itself. The expensive practice of arti- 

cially enriching gas with hydrocarbons to make it show 
a brilliant luminous flame at the statutory testing-stations 
fell into discredit ; and quite recently Parliament libe- 
rated the industry, in London and other towns, from the 
bonds of a meticulous standard of purification which had 
always given more trouble than it was worth. The 
SLamiecus tornceaeeel dp Lied nln al as 
and engineers have 1 to ing of their 
product in terms of calorific value. 

Meanwhile gas companies and gas committees of muni- 
cipal corporations perceived the industrial prospects of 

in a new light, as a fuel and source of motive power 
‘or town workshops and factories. The study of calori- 
metry proved useful for the effective comparison of town 

with suction producer gas, and other gaseous com- 

tibles belonging to what were formerly classified as 
“fuel” gases. Likewise, the study of load-factor 
effect. on -manufacturing costs conduced to the 
granting of discounts, on a liberal scale, to large 
consumers of gas for power generation and industrial 
purposes, 

Producer gas having only about one-fourth to one-fifth 
of the heat valve of the cheapest town gas, being of 
uncertain composition, and requiring 20 per cent. more 
cylinder capacity for the same effective horse- power 
(besides - liable va oy beer = to life and to create 
a nuisance), does not e wa, inst town at 
2s. per 1000 cubic feet. porn _ 

e domestic uses of gas for cooking, heating, and the 
warming of water have greatly favoured by the 
yment meter system. In London, probably the 
majority of age oy and most restaurants and 
houses of business, cook by gas. The Gas Light and 
Coke pam | systematically instruct consumers in the 
use of cookers in theirown homes. The hiring out 
of all descriptions of gas cooking and heating apparatus 
is almost universal. The popularity of gas-fires and 
other uses of gas received a strong impetus from the 
International Gas Exhibition held at Karl’s Court in 
1904; and recently a marked improvement has been 
effected in the d and construction of the so-call 
** fires,” in which a light form of refractory material is 
heated to incandescence by atmospheric gas flames. By 
the adoption of F. Siemens’s principle of free-burning 
flames without contact, effective heating without escape 
of noxious interconal pee is assured. itherto the cost 
has proved an obstacle to the general use of gas-fires ; 
but with the gas consumption reduced to 20 cubic feet 

r hour, the expense of occasional fires in a household 

oes not compare unfavourably with coal, especially if 
additional servants’ wages are considered. otels are 
being converted to the use of gas-fires. There is yet 
plenty of room for improvement in these articles. Gas 
steam-radiators are the latest type of gas heating appa- 
ratus, and are very effective. 

Gas-heated water-circulators, of recent introduction, 
are already well received by the public, being in every 
pape an improvement on the usual kitchen -range 
boiler. Their efficiency is high. The same char- 
acter may be claimed for modern rapid water-heaters of 
the ‘‘Geyser” type. Small gas boiling-burners have a 
relatively low efficiency, ranging from 40 to 50 per cent, 
of the power of the 

All these gas heating appliances require & pressure to 
be maintained on the supply of not less than 1.5 nor more 
than 2.5 in. of water at the point of combustion. Simple 
governors, and pas and air adjusters, are desirable to 
ensure good working conditions when the main pressure 
is higher than this figure. 

The modern conception of town gas as a powerful 
clean, convenient, and not prohibitively ex ive fuel 
has already borne fruit in many forms of industrial gas- 
furnaces. Some of these are low-pressure appliances, 
worked directly off the street mains; which, Coonan 
now usually carry much higher pressures than formerly. 
Hitherto, pressure in gas distribution has meant the head 
necessary to transmit to its destination in sufficient 
quate. But recent developments have imposed another 
unction upon pressure ; and if there is any new point in 
this note, it is that in the potentiality of town gas to 
attain any degree of temperature required for an in- 
dustrial purpose, by increase of pressure at the burner, 
there lies awaiting development a new and valuable asset 
of the gas industry. I do not ‘ore, to 
occupy any of the extremely brief time at my disposal 
with a recital of the familiar facts of unassisted pressure 
gae-firing, but to draw attention to what has actually 

accomplished with specially increased gas pressure, 
fe mont the nang J of means for tee attainment of very 

igh temperatures, at points in a works, irrespective 
of the source of heat obtainable at an a without 
risk of explosions in the combustion chamber. 


This requirement pressed acutely upon Mr. A. W. 


Onslow, in his capacity of gas to the Ro 
Arsenal, be bear Mr. Onslow td already oined 
experience 0’ re gas for ing, as one of the 
inventors of ti Bab Once system ; and he first applied 
gas at the same pressure—53 in. of water—to solve the 
pro It was found that a mass of metal could be 
eated by this means to 1040 deg. Cent. in 4} hours, for a 
— of 1700 cubic feet of of the ordinary 
14-candle 


( e. By simply increasing the ure 
to 67 in., the same work was accomplished in hours, 
with 1300 cubic feet of gas. hereas a coal and coke 


furnace could only deal with four long steel bars a day, 
at 94 in, a, consuming 900 cubic feet per hour, 
ted four an hour. It is sometimes easier and 
cheaper to take the heat to the work than the metal to 
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the furnace. Parts of a massive crank-shaft can be 
annealed, tempered, or case-hs 1 q 
a fire-brick casing round the —— and leading the high- 
pressure toit. Pieces of regular size can have port- 
able fireclay hoods fitted for them, and be tempered or 
annealed where they lie. Steel castings 3 ft. long and 
12 in. diameter are thus treated by flexible hose-fed 
burners, 100 yards distant from the pressure-raiser. The 
saving in labour and time by this method far outweighs 
the cost of the gas. High-pressure gas is also useful for 
burning off paint in difficult situations. It is fast coming 
into use on a large scale for melting porcelain, hard glass, 
and type metal, and for other purposes in which time is 
an object, and a clean, regular, and reliable means of 
obtaining any degree and quantity of heat at a particular 
spot is a prime essential. . 

My thanks are due to Mr. Onslow ; to Mr. E. C. Riley, 
of the Great Western Railway Gas Works, Swindon; to 
Mr. William Prince, of the Corporation Gasworks, Stoke- 
upon-Trent; and to several leading officials of the Gas 
Light and Coke and other gas companies, for information 
which the limitation of space has compelled me to con- 
dense sometimes into a ing reference. The War 
Office also kindly allowed Mr. Onslow to co - operate 
with me in presenting the subject on the basis of work 
done at the Royal Arsenal, Woolwich. A long and well- 
illustrated paper would be required to do the scantiest 
justice to aren work in this line, which is 
rapidly growing and developing into a new branch of 
practical gas engineering. 








THE DISTRIBUTION OF GAS AT 
INCREASED PRESSURE.* 
By Cuares Ciaupe Carpenter, M. Inst. C.E. 

THE see ye supplyi “London — neem a 

possess in their distributing mains a heri specially 

a dae from the fact that it was daigned ea the 

supply pressure differed but little from the sending-out 

ressure, and that it was laid out before “direct labour ” 

become a municipal fashion, or the thoroughfares 
were given up to tramways on the conduit system. 

In those days the leading main from the works supplied 
the tirst consumer outside the | ren and the water- 
of his meter was the only factor determining the maximum 

ressure of his supply, a maximum seldom, if ever, reached. 

he minimum was fixed by Act of Parliament as long ago 
as 1847, at the — of 1 inch of water by day, and 
> inch after — t Sans 

Of course, nowadays the regulation is a dead letter, 
suppliers and supplied having long ago come to their 
own understanding as to what is required, independently 
of the cast-iron enactments of the Legislature. 

For many years the gas-holder was regarded as the 
storage of pressure as well as of volume. But as it 
increased in size to the standard type evolved by Sir 
George Livesey, it became less suitable for pressure- 

iving, by reason of the fact that economy in design had 
Ger t about an increasing ratio between the floating 
weight of iron in the holder and its cubical contents. In 
order to get over this difficulty and at the same time still 
further to utilise the capacity of the distributing mains 
by increasing the initial pressure upon them, he suggested, 
about 10 years ago, the use of the non-positive type of fan 
or blower. The first of these, used by the South Metro- 

litan Gas Company, was started experimentally in 1897 
S the purpose of improvingthe supply to a rapidly- 
increasing business district, over 3 miles distant, by a 
narrow, much-frequented road from the distributing 
station. The initial re on the main supplying this 
area is increased to 13 inches of water, giving an adequate 


supply at its extremity, and saving several thousand 
unds in the cost of laying the larger main, which would 
ave been required under former conditions. The whole 


of the leading mains in the Company’s area of supply 
(about 52 square miles) are now fed ! pressure-raising 
appliances consisting of non-positive blowers, the in- 
oe panes rising to 20 inches of water. They were 
supplied by the Sturtevant Engineering Company, and 
eee not the slightest trouble since they were 
started. About fourteen are in use, the | t having a 
capacity of 1} million cubic feet per hour. th gas and 
steam-engines are for driving, the former being more 
convenient, as they can be fixed regardless of the 
proximity of a steam-boiler, and are available at a 
moment’s notice. 

To engineers accustomed to the distribution of other 
fluids than gas, even the in ressure referred to 
may seem extremely small. But if a gas-distribution 
system is judged on its merits as a power-distributor from 
a central source, it will be foun 
efficiency than is commonly supposed. 

The South Metropolitan Company have in use a net- 
work over 1200 miles in length of mains in all sizes from 
4 feet downwards. Yet the enaccounted-for gas, in 
which the leakage is included, is only 4} percent. The 
volume leakage of coal-gas is, of course, much greater 
than that of denser fluids, such as water, when subjected 
to similar pressure, being Sepeeteateey inversely pro- 
portional to the square root of the density. To put the 
matter in another way, the supply of gas having a specific 
one of 0.372 at a pressure of 12 inches of water is com- 
parable on a | sis with the supply of water under 
a head of 2090 feet. Most of the mains in this company’s 
district are laid with full-turned and bored joints up to 
18 inches in diameter, recessed joints being used in the 
larger sizes. A 4-foot main, 24 miles long, has recently 





* Paper read at thé Engineering Conference of the 
Institution of Civil Engineers. Section VI.—Water- 
— Sewerage and Gas Works. Thursday, June 20, 


hardened by simply building 


seal | Barclay, Curle, and 


to possess a greater | 7p, 





been laid between the Deptford and East Greenwich 
stations, the joints being half-turned and bored. Each 
testing-section was tried for soundness under a head of 
5 Ib. pressure per square inch, after which, as a matter 
of precaution, the open part of the joints was filled with 
Portland cement. closed barometrical mercury column 
was used as a pressure-gauge, coupled direct to the main, 
and read by means of a vernier to the hundredth part of 
an inch. By this means error due to variation in the 
weight of the atmosphere during the period of test was 
eliminated. The loss of air during the final test of the 
main was equal to that escaping from an orifice in the 
pipe 7) inch in diameter under a pressure equal to 9.2 
inches of mercury, or about 44 lb. per square inch. 








Tue Surz Canat.—Since 1896 an expenditure of 
1,440,0007. has been made in widening and deepening the 
Suez Canal. The depth of the channel in 1896 was 23 ft. ; 
it is now 27 ft., and next year it is pro to increase 
it further to 28 ft. Twenty new sidings have been 
made, curves have been moderated, and Port Said has 
been enlarged. The reserves formed by the company 
have also been increased, from 320,000/. in 1896 to 
1,000,0007. in 1907. 





A Sorentiric Exursrrion.—An exhibition of engineer- 
ing models, optical, electrical, and scientific instruments, 
technical education appliances, and tools, is to be held 
at the Royal Horticultural Hall, Vincent-square, West- 
minster, 8.W., from October 22 to 26 inclusive. In 
addition to makers’ exhibits, there will be an important 
loan collection of interesting experimental and exhibition 
models and apparatus. Lectures and demonstrations in 
various branches of applied science will also be given 
during the exhibition. It is being organised by Messrs. 
Percival Marshall and Co., 26 to 29, Poppin’s-court, Fleet- 
street, London, E.C., from whom further particulars may 
be obtained. 





Rapipity IN Firtinc MAcHINERY TO STEAMSHIPS.— 
Something like a new record has been made in connection 
with the fitting of machinery to steamships by Messrs. 

Co., Limited, who have recently 
launched the steamer Peiho for the Messageries itime 
of France. On May 31 they commenced the work of 
putting aboard the machinery, which includes a set of 
pg engines, having cylinders 26 in,, 45 in., 
and 76 in. in diameter, with a 54-in. stroke, designed to 
develop 3200 indicated horse-power, with four single- 
ended boilers working at 200 1b. pressure. The four 
boilers were put in on Friday afternoon, the time 
occupied being from 6.30 p.m. to 8.30 p.m. The whole 
of the work in the stokehold, including the fitting of 
funnel and ventilators, was completed in 7? hours. The 
engineers started work on the engines on Monday morn- 
ing, the 3rd inat., and at 5 p.m. in the afternoon the 
cylinders and the whole of the working parts were on 
board. This, it must be admitted, is a very splendid 
performance in engine fitting. 





Our Coat ABRroAD.—The exports of coal from the 
United Kingdom to May were 5,495,463 tons, as com- 
pared with 5,348,395 tons in May, 1906, and 4,332,513 
tons in'May, 1905. Theexports to Germany, France, and 
Italy figured in these totals as follows :— 





Country. May, 1907. May, 1906. May, 1905. 
tons tons | tons 
Germany 886,077 706,193 712,914 
France 854,094 909,487 541,003 
Italy .. 724,223 829,163 546,381 





The aggregate exports in the five months ending May 31, 
this year, were 24,354,681 tons, as compared with 22,282,645 
tons and 19,064,304 tons in the corresponding periods of 
1906 and 1905 respectively. The exports made to the 
following countries exc 600,000 tons in the first five 
months of one or other of the last three years :— 








Country. 1907. 1906. | 1905. 

tons tons tons 
Russia 615,340 733,190 481,639 
Sweden 1,204,388 | 1,185,648 914,407 
Norway 675,694 637,7 583,104 
Denmark 1,093,885 1,013,178 909,128 
Germany 3,382,734 2,841,343 8,234,340 
Holland 1,175,145 719,37! 1,024,330 
Belgium 649,876 557,106 236,369 
'rance 4,507,011 3,964,439 2,698,101 
Spain 1,094, 1,180,252 1,007,955 
Italy 8,371,836 3,552,902 2,747,744 
Egypt 1,159,407 | 1,110,572 938,118 
Argentina 911,990 5,093 684,914 


Our coal exports this year to Portugal, Greece, Turkey, 
Algeria, Chili, Brazil, and Uruguay have expanded; 
but a decrease is observable in the shipments to the 
United States, Gibraltar, Malta, British South Africa, 
and British India. The United States imported 23,000 
tons of British coal to May 31, this year, as com 
with 40,847 tons in the first five months of 1906, and 
51,103 tons in the first five months of 1905. Includin 
coke and patent fuel, our exports of combustible amount: 
to May 31, this year, to 25, 899 tons, as compared with 
23,170,646 tons and 19,772,912 tons. Account should also 
be taken of 7,592,875 tons of coal ship; for the use of 
steamers en in foreign trade to May 31, this year; 
the corres ing shipments in the corresponding periods 
of the two preceding years were 7,533,014 tons and 
7,016,698 tons respectively. 


pared | Birmingham, 





CATALOGUES. 
Execrric fans of desk pattern are priced in a circular 


sent out by the Electrical Company, Limited, Charing 
Cross-road, W.C. One of the patterns is an oscillating 
fan. They are for continuous current; the blades are 
guarded. 

A pamphlet from the Campbell Gas-Engine Company, 
Limited, Halifax, consists of a reprint of the report of 
the Derby (1906) trials of the Royal Agricultural iety 
of England, and correspondence and criticism of the 
award of the judges at that show. 


A Napier Colonial catalogue has been issued by Messrs. 
8.'F. Edge, Limited, 14. New Burlington-street, W. 
Tt describes the use cars of this make have been put to in 
many parts ofthe world. Descriptions of the design are 
also given ; the list is well illustrated. 


We have received a eile one pamphlet from 
Messrs. R. Waygood and Co., Limited, Falmouth-road, 
descriptive of lifts for private residences. In this illustra- 
tions and descriptions are given of modern automatic 
electric lifts, hydraulic lifts, service lifts, &c. 


Mr. E. C. Amos, agent, has sent us a booklet of the 
German Niles Tool Works, at Ober-Schoeneweide, near 
Berlin. The shops, of which illustrations are given in 
this pamphlet, are constructed on modern lines, well fitted, 
and capable of turning out machine-tools of the largest 
sizes. 

A small pamphlet has reached us by the C. W. Hunt 
Company, 45, Broadway, New York. This very briefl 
touches upon a number of the products of this firm, which 
includes conveyors, tower cranes, overhead bridges and 
transporting-gear, elevators, tubs, grabs, cable railways, 
hoisting machinery, small railways, &c. 


A catalogue of time-limit switches has reached us from 
the I. T. E. Electric Company, Limited, 20, Great Russell- 
street, London. In the illustrations these switches bear 
the name of the Cutter Company, of Philadelphia, Pa., 
U.S.A., who are well known in this line. Several different 
patterns are shown for different voltages and capacity. 


Messrs. Gent and Co, Limited, Faraday Works, 
Leicester, have sent us a price-list of electric-light acces- 
sories. All such fittings as lamp-holders, adapters, wall- 
plugs, roses, cut-outs, switches, main switches, flexibles, 
amps of a large variety of patterns, shades, conduits, 
motors, and a number of other goods are fully described 
and priced. 

A new ventilating-fan is described in a small leaflet 
issued by the Blackman Export Company, Limited, 
70, Finsbury-pavement, E.C. This fan is called the 
“ Double Blackman fan,” and the blades are formed of 
strip steel bent into the form of an isosceles triangle, the 
unequal side being bolted to the hub in such a way that 
the blade is on the skew. 


The first section of a new general catalogue has been 
issued by the Centrai Marine Engine Works, West 
Hartlepool. This is a brief introductory description of 


this firm, which, besides being marine and general engi- 
neers and boilermakers, also undertake iron and brass 
founding, forge work, die-stamping, epee. and 
many other branches of engineering work. 


The British Insulated and Helsby Cables, Limited, 
Prescot, have issued a pamphlet on large telephone ex- 
changes. In this, excellent illustrations are given of 
the interiors of several important exchanges, such as the 
London Trunk Exchange (Post Office), Birmingham 
Trunk Exchange (Post Office), and National Telephone 
Exchanges at Newcastle-on-Tyne, Birmingham, Glas- 
gow, &c. 

A circular issued by Messrs. Jarvis Brothers, Limited, 
Middlesbrough, is devoted to their ‘‘ British” cooling 
towers. These are made with interwoven rough-sawn 
laths fastened to vertical triangular bearers, a method by 
which provision is made for large cooling surface within 
comparatively small limits. emperature and vacuum 
curves are given of one or two installations which show 
very good results. 

The 200th pamphlet issued by the British Thomson- 
Houston Company, Limited, relates to voltage-regulators 
for alternating and continuous-current generators. This 

amphlet gives full particulars ing these regu- 

tors, as well as illustrations, curves, and reproduc- 


tions of di ms taken from a town system showing 
voltage speed charts, and load curves taken with 
and without the regulator. 


The ‘‘ Sioco” motor-tyre inflater is described in a circular 
issued by the Scotch and Irish Oxygen Coneey, Limited, 
of Rosehill Works, Polmadie, Glasgow. This apparatus 
consists of two seamless steel cylinders containing CO». 
The cylinders are fitted in a strong wooden box, and are 
oy ed with the necessary rye pean. &e. 

© apparatus is compact, and arrangements ma 
made for exchanging the cylinders, when empty, for fall y- 
ones. 

Messrs. Benjamin Parker, Limited, Suffolk - street, 
have sent us a little pamphlet on the 
“* Wedgring” joint and fittings. This joint is designed 
for use with pipes of light gauge, with a view to save the 
expense of copper pipes heavy enough to take screwed 
ends. The principle consists of employing a threaded 
ring with bevelled edges and nuts, which, slipping over 
the pipe ends when drawn up, force the pipe out between 
the two cones. The third piece, or wedge-ring, in some 
cases forms a union piece between the two nuts, but in 
other patterns the ring is very short, and one nut screws 
over it, the second nut being screwed over the first. 
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‘‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


Compitep sy W. LLOYD WISE. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPECIFICATIONS 
UNDER THE ACTS OF 1883—1902. 

The number of views given in the Specification Drawings is stated 
in ach ease ademas satsioned, the Mpeepiattion te act 


Where’ inventions are communicated from abroad, the Names, 
he othe Communicators ar fained at the Patent O, 
at 
“Branch, 26, ae er Buildings, Chancery te 7 a at 
he uniform 
The date of vertisement the acceptance Complete 
Et Oe unless the 
atent has been sealed, when the date of sealing is given. 
By mone may, at any time within two months from the date oy 
advertisement of the of a Complete 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 
14,041. A. Wunderlich and G. A. Hughes, Croydon. 
ant ughes, y This 





Suspension. [4 Figs.) June 19, 1906. 
ae relates more icularly to of 
electric arc-lamps, whereby the e lamp is adapted to be belted to 
and lo d from a bi +f standard of the type where there 





is no clear space below for the | lamp to be lowered. The invention 
consists in fitting on a canting carrier, means for receiving and 
locking the lamp when hoisted thereto, and means for engaging 
with and automatically locking the po eenas carrier to a stationary 
upright frame, the arrangement being such that when the lamp is 
hoisted it first engages the top of the canted carrier, then moves 
therewith to the upright position, where the carrier en 

with and is locked to the stationary upright frame, the lamp 
itself being next locked to its carrier by slight slackening of the 
rope, the converse action occurring on lowering the lam In 
a out the invention, a carrier @ is so mounted within a 
frame 0 that it always tends to cant or move forwards under the 
action of gravity. The top of the canting carrier is fitted with a 














(14,041 


for the lamp-holder trunnions are 
have extensions towards the centre, 
tions that when the carrier is 
below the axes of the sleeves, 
mes the slots ¢ 


lamp-holder c. The 

in the form of sleeves g, rene 
the sleeves being slotted in such 
canted the slots ¢ are immediately 
but when the carrier is raised into the vertical 
are moved away from the lower position through an angle corre- 
sponding to the angle traversed by the carrier a. Sti on the 
lamp are adapted to enter the slots ¢ when the carrier a is 
canted, the studs passing diametrically across the sleeves g and 
engaging the —_— surfaces thereof when movement of the 


holder and over the two pulleys to the winch. When the lamp 
reaches the carrier a, and the two mere into the upright posi- 
tion, the member m of the locking device Ss 
a slight slackening of the resulting in automatic lockin 
thecarrier. When the lamp is to be lowered the rope is sli 
pulled and then slackened so as to release the carrier, which, on a 
continued slackening of the —_ tilts forward into the can 
position, whereupon the lamp is released and lowered. (. 
June 13, 1907.) 
27 G. Johnston and T. Wardell, Glasgow. 
tion-Gear. [2 Figs.) December 30, 1905.—This invention 
has for — to provide mechanism which will enable a constant 


of spark-break to be obtained, and will greg beber or earlier 
spark dependent upon the — of’ The break- 
rod moves ata which 


to > that of the engine, 
and a movable piece is fitted to the end of it and connected to the 
governor or ead couteatiing lever in such manner that the jorben 
of the break is constant and the ignition-point is varied. The 
movable piece f is hinged to the wee gery push break-rod c, 
and is raised or lowered in accordance with the of the en- 
gine by means of levers or the like aeanel to a governor. 
When in its highest ——— when the engine is running 
at its maximum speed—the hinged and movable Bm Sisina 
straight line with the break-rod. The outer end comes in 
contact with one arm of a lever g to cause it to rotate about its 
fulcrum, and, as the lever pn oh one of the sparking-points on its 





other arm, a spark is thus set up between the spark —\— 
Whilst the hinged piece / is in a direct line with the p 

rod—that is, when the push break-rod is moving fastest—it is 
approximately at right angles to the lever, and strikes it at a 
greater distance from the fulcrum than is the case when it is in- 
clined at an angle. The angular speed of rotation of the lever is 
therefore slower, and, as - cegene of the spark-break is the result 
of the two motions—that ute of the push-rod and the lever— 
it is substantially ae for all speeds of the engine. It will be 
seen that as the hinged piece moves up or down it varies the 
point of ignition, for when the hinged piece is in ita lower posi- 
tion—that is, when the engine is running slowly—the point of 
the hinged piece will be a longer time in in contact with 
the lever, ond therefore the spark will take later. When 
the engine is running faster, and the hinged piece is held in its 
higher position by the governor, the — piece will come in 
contact with the lever more quick y hee co! uently the spark 
will take place earlier. (Accepted April 10, 1907) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


7538. F.D.Marshalland S. Hersey, Westminster. 
Gas-Filters. [7 Figs.) March 28, 1906.—' invention relates 
to filters intended for use in connection with the purification 
of gas and to that class of filter wherein a series of superposed 
layers of filtering material, through which the gas is caused to 
flow, is carried by a series of The object be the invention 
is to provide a construction which will allow of the filtering 
material being changed with a minimum of handling and to this 
end the invention consists in the employment of a number of 
racks arranged side by side in a vertical position and provided 
with a number of in ve ment and so that 
the bars of adjacent racks are in horizon alignment. a, a 
indicate the vertical rectangu racks, and b, the bars 
thereof, the several sets « bars of each rack serving to —— 
the filtering material. ~ ee a 4 , A racks 
structed as hereinbefore descelbed be intuodened 
into a chamber, and in order to aiford vigiaity the rectangular 


Ftq.1. 











} Be {4 Figs.] June 30, 1906.—This invention relates to, 
and consists of, a new and com of 


pak dye ay gas producers, whereby the ope which 
ers ae Saas au 

tly ay by ag ms 2 as the pokers 
are withdrawn, there’ ven Acoord- 

ted | ing to the invention ean pee settle e te teneed ween ed 
‘Sealed | metal ball b . ental nkemtel on uses tei to revolve in 
all directions in a metal stand c, which, = rests upon the 
top of the producer, and over the opening Th one side 
of the stand a short shaft ¢!, and fast i. and 


passes a 
within the stand, isa short lever arm /. Loosely inounted upon 
the shaft el isa valve hk. The free end of the lever-arm f comes 





immediately behind the centre of the valve A. Below the ball b is 
the orifice cl, and the edge of the stand around the orifice forms a 
valve-seating. Upon the end of the shaft e!, outside the stand c, is 
a second lever-arm, and upon such arm isa weight j. Under the 
action of such weight the valve holds closed the orifice, 
and thus prevents the escape of the gas from the producer. In 
a working, and when no ne ponetns is taking the 

automatically held en, however, a poker 
is inserted po the hole a, a forced downwards into the pro- 
ducer, the valve A uncovers the orifice, and allows the er to 
pass into the producer, as shown by dotted lines in Fig. 1. hag the 
valve 4 moved back, and the poker ny through the ball, 
the poker can be moved about to any the ball revolving in 
its socket in whatever manner or di * the poker is moved. 
Immediately the poker is withdrawn the valve A, under the action 
y omit Me 4 i automatically recloses the orifice el, (Accepted 

il 10, A 


1 Sir W. G. wns and 
ol ti. a F ee worth, 
Chain-Rammers. [4 Figs.) + oe = 1900. — 


This invention relates to -rammers for heavy 
=e oye in which the B.4 in its inoperative A hs is colled 4 
ral. The present invention in a chain-rammer in 
which the same means are — for running out the chain = 
for returning it to a casing to coil the chain pagan ar 
invention : consists in = ~~ys oe £ = * 
prawn gy be y increas ction ween the n 
and its Tt or casing towards the end of the stroke of the 
rammer head. The casing a is provided on ite opposite faces with 
co! nding spiral grooves c. A et wheel d, journalled in 
e casing, is actuated by a moto’ 


the sides of motor for running in and 
out the chain J, ee > the end of which chain a rammer head A is 
attached. The in, according to one form, may have the ends 


Pig .2. 





of the jointing the ee together poctectins beyond the sides 
th and, if desired, fitted with rollers. The gene A parte 
of ay ny engage with hes grooves c cut in the 

e rammer head is run back the chain is guided w the 
grooves in the casing, and coiled in a spiral. In order to prevent 
shock when the rammer head is run back a buffer stop is arran 
to obstruct the tail end of the chain. This stop n is rigidly fixed 
to a shaft, mounted on the ane 6 te centre of the spiral, the 
shaft having a lever arm r fixed , external to the casing, 
d by a spring s, the tension of which can be adjusted. 











racks are B wae 0 with cross-pieces c, ¢ which project beyond 
— — reof in such a manner that when the racks are 

r the said cross-pieces come into contact to give the 
desired git, and at the — ad — prevent the racks — 
coming into close contact, thereby leaving or spaces throug 
which the gas may pass laterally the racks In order to 


rope h causes qT ~ carrier to move er until the reedom will be provided. The filtering material filled 
latter reaches the vertical position, where it is ed. Slacken- into the racks will, as it settles, be su n the form of 
ing of the rope then allows the omy? to descend slightly, and the | arches upon the bars lowermost , which is su 

‘ormed of a series of bars 


studs fall on to the lower surfaces of the sleeves g, the slots ¢ in 
the meantime having been removed out of the path of the 

On the frame ba forked bracket j is fitted to * pulley k, 
and also to receive the end of one member / of an automatic 
locking device, The other member m is pivoted about the axle 





upon the cross-pieces ¢, c is, as shown, 
bolted together, the said bars being of ape nature that 
will prevent the fil material from falli ~hpw. through into the 
bottom of the filter-chamber, and so obstructing the flow of the 
gas to be purified into the said chamber. (Sealed June 13, 1907.) 


In 
some cases the spring s may be enclosed in a dashpot filled with 
oil to increase the Ee ee ee eed 
When the rammer head has been nearly run end of the 
chain coming in contact with the buffer stop n causes the coils of 
the chain to expand in a radial direction, thereby increasing the 
friction between the jointing pins and the casing along the 
length of the chain, forming an exceedingly efficient buffer. 
(Accepted April 10, ‘1907. ) 


ry AND TRAMWAYS. 


25,870. Saxby, Rall 
being petnte, (2 Fon} Bane mys apg invention relates 


va hy EAL - 
of the inte close to the 


nst mete when the points are run 
~~ » taal ” and which, while allowing fed ns 
through ling by a train on the rails for w the points are 
not set, and thereby to be sited to their other position, ensures 


that the points will be urged firmly ee emey railin the new 
Sica toa to allow of shunting back wi ~~ An ~ 





casting }, firml, alongside the 
ae cals seas ¢ which may be Sa joctable in position 
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peo Deh pg wuich oom the pot stblades f wh porters arrangement for effecting this consist of a bar M loosel ‘on, and be Itaneously taken off by 
-rod ¢, W cou} n Dg gs may ofa ly can ul usly taken one 
lever, lao pivoted on ae casting b. ss ea oted on the controller spindle A! and carrying contact-bars ¢ levers. At each side, midway between the of 
Skagead a preferably constructed po two sections normally short-circuiting the series-field windings F!, F?, the ordinary brak e-bracket A a cross-shaft, 
which the outer end of mn e} is 8 N keeping i xed to the mere epee i pivoted doible-armed rocking lever B , to each end 
nged e brak 








the new connections have been completed. The mechanical % vided at either end and at both sides 


1, while ite inner mt eed end we voted the brake-rods D 
A paraliel with the lever 7, and : E!, onthe o; 
to the distance between the points gi and the led 
of ne fover. The link or links d should preferably be 
or set to make an angle of about 45 deg. with the 


pivoted upon the wagon frame. 
are egg by rods M. A brake-lever G is fixed 
cross-shaft, ite en aay end H working in a slot in 
-arm of the sho: rake-lever G! pivoted on a bracket 
—— end of the wagon, about midway between its brake 
bracket A ing the central cross-shaft. The brake- 
on, connected © by its slot J with the brake-lever G that 
handle M1, The controller being bd wn either of the brake-levers on either side of the 
acting on two pins a with a certain amount of Oost motion, one | wagon all the shoes are brought to bear ui the faces of their 
or the other arm of the bell-crank _— into action according to | wheels simultaneously, and are taken off simultaneously by 
the way in which the drum is ray | turned, so that in the pas- | raising either of the brake levers. (Accepted April 10, 1907.) 
sage from the series — III. to the parallel tion IV. the 
short-circuit is opened just after the tion is left, and | STEAM ENGINES, BOILERS, EVAPORATORS, &c. 
5g wotenel Ot Oe en ta eee fein coming back 7554. Babcock and Wilcox, Limited, and R. A. 
horizontal gesncsting: rod when the points are in either of wale pep da piven wae after besaking the parelel connections, McLaren. Londen. Chain-Grate Stokers. [6 Figs.) 
normal positions, passing thro sey an intermediate vertical posi- | 10, 1907.) March 29, 1906.—This invention relates to chain-grate stokers, 
tion whet =e pointe are shi either by means of the lever or and has for object to improve the driving mechanism by Lie inte. 
by a wagon or train passing through the pointe trailing. It will | , 22,782. O. Lindemann, Westminster. \ a continuous, variable, and multiple speed in lieu of the inter. 
be t~ that while the weighted arn @ normally urges the | ‘ig 4.-G., Linden, Germany.) Vacuum mittent and variable single-speed continuous drive h 
ts against the stock rail in the pecition to which they have October 15, 1906.—When vacuum brakes are held out of action | used. According to this invention, any usual feed m 
moet it also assists or com’ the movement of the points by ee = Smee ay > i, oe spetieaties | may be connected to operate the chain-grate kets, worm 
from the one position to the ther when they are shifted by means | “¢ es by admitting rom the atmosphere is not so rap’ — shafting being Le ee gd employed. The main worm 
af to hover or by atrain running through trailing to a position in | ®* it might be, because a part of the air that enters is withdrawn | shaft extended and fitted with a number of spur-wheels of 
ich the linksd are carried hrend eir lateomedicns vertical | #%in by the ejector. To avoid this objection a valve has been | different diameters aie with corresponding spur-pinions on 
A (Accepted April 10, 1 provided which — off the train-pipe from the ejector when the | the main driving epindie, which pinions are loose on the spindle, 
17,898, W. Vaux and valve for applying the brakes is opened. It has also been and are’so fitted that any one of them may be brought into 
Sanding Balls. (7 Foe) A P. Ly MoCuliough, 14 ; porpect, posed to aid et off of the brakes by having a container | engagement with the drivi indle by a clutching device. The 
fetes bo gaadiewr 8. dit aoe a the +t ond re- | which is evacuated by the ejector while the latter is cut off from in spindle is continuously driven, and through the spur and 
ead rocked hylan fs pede’cn the crreet plato a | a srl: wl Sas perk a ee ena ooeaaer | Seeing image continngns rst chal ae ee 
such appliances the sand is en towards the sand-pipe b: ual _ se 2 ee eee tee 
cnuing Ene hopper to srke agua a waprice when tie pol | ff the wckes Secreta the war ot lecer cor 
is di y the driver. According toventies, the | sists in exhausting the air which has passed from the train-pipe 
hopper is rales from its position of rest by the pedal without | into the container. According to the present invention, the con- 
ing the stop-piece. It is upon the return or recoil oscillation | tainer is either cut off from the ejector when the brakes are being 
that the hopper comes in contact with its piece, and this inhen eta or is in communication with the ejector only through a 
recoil oscillation is not dependent upon gravity ob is due to the The brake cylinders are in communication with 
action of a spring. Hence speherene will reoot recoil rapidly each time the tr trai conte, ¢, which opens into the casing of the air-inlet valve 
the pedal is struck, and will strike against the stop-piece with a | /, train 6 to the known construction, a valve g is provided 
smart concussion. The oppor A is carried on trunnions in the | between the valve casing and the vacuum pipe h, connected, for 
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frame C attached to the vehicle floor. The mouth of the hopper 
disc into the shoot F leading into the sand-pipe. The rear 
= of the hopper reste uw the blocks G, under the influence of ee7¢2 

spring H. It is from this same ad the lever I, the | instance, with a steam-ejector. The vacuum pipe A is in com" 








4 ee ot — is coupled to the driver’s lever N. Hence munication with the pe n, and therefore with the container 
. P . 

pe di ing the pedal P maton is comm oe _— be aes | the one hand, through a check-valve which opens towards the co 
— the hopper. When the ® Pedal is ad - to on tainer, and, on the other hand, through a small channel between 
under the oe A of the spring a Bw Grand Rae the | the pipe n ‘and the valve-chamber v, with which the vacuum pipe 
hopper to desce 7 ocks +4 arenes is in communication through the valve u. The latter is open 
are haben Grwene towards mouth n order to break up wet when the brakes are on, and closed when they are to be taken off, 
or co! Hy ss a —— are > o tramé | and is therefore connected with the valve g, 80 as to move there- 
Se een ae r. he on the frame | with. When the brakes are off, the air-inlet valve / is closed and 
S these knives do not roc the po they cut the valve 9 we n. The train-pipe c is thus cut off from the 
chop the sand at each oscillation of the April 4, | atm in communication with the vacuum pipe h, so 
1907.) that t a Newy are held off. For applying the brakes the lever 
Johnson - Lapdell Electric Traction | ™ is depressed, whereby the valve g in to its seat 
, Limited, and J. G. V. Lang, Southall. | and the valves / and u opened. So long as this position of the 
(2 Figs.) January 2, 1906.—In a | valves is maintained, the ejector is em ying the container p 
series-parallel controller for ¢ vehicle motors working on | through the eee mentioned. en the braking pres- 
_ the valve f is closed, but the 


cure fa the train- = is suffici 
from leakage, therefore, the brakes 


valve g J not Apart 
remain with continuous moderate pressure. When the 
wereg ie opened to take off the brakes, the valve u is closed 
r streams from the train- “pipe, opening the check-valve an 
-— dy container p, thus quickly emptying the train-pipe to 
so that the ejector has only to complete the 
oupiying. “Cac April 10, 1907.) 


——. H. Millard, Doncaster. Brake Mecha- 
nism. (2 Fos } June 27, 1906.—The object of this invention is to 





the driving spindle a larger or smaller one of the spur- pinions. 
The driving gear comprises a shaft A d to the 
sprockets af the chain- arate stoker, said shaft having on it a 
worm-wheel B meshing witha worm U ona shaft D, at whose oppo- 
site end is loosely fitted a worm-wheel E made f: fast on the shaft D 
by means of a spring-actuated friction-clutch F, which is adapted 
to slip or yield when undue strain is put upon the gear. The 
worm-wheel E is driveh' by a worm G on a main Gavin shaft H, 
and on this shaft are keyed a number of spur-wheels I), [?, 1°, 1s, 
each of which meshes with a co’ nding spur-pinion n, 33, J, 
J4, fitted loosely on a driving spindle K, on which is a sprocket L 
adapted to be driven continuously, and at tically uniform 
76): speed, by a chain or other driving means. is sprocket may be 
loose on the driving spindle K, and connected to the latter through 
the regenerative system, a switch normally anotinat im le a friction-clutgh. Afy one of the spur-pinions J1, J2, J3, J4 may 
whole or part of the series-field windings is temporarily. —_ be made fast on the spindle or sleeve K by means of a clutching 
aan provide a hand-brake for railway wagons, by which all the brakes | device to vary the speed Fine ih, 190) through the gearing to 


the interval during which the controller is turned from 
to the parallel position, or vice versd, and is closed again when | are put upon the wheels simultaneously by pushing down one of | the chain grate. (Sealed June 13, 1907 
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and 


A veling 
LIMITED, 


Rocuester, Kznt, 
and 72, Cannon Street, Lonpon. 


STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
CEMENT-MAKING MACHINERY. 


A: GL Mumford Le 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wark Orrice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Iilustrated Advertisement, page 16. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
xilii Machinery as lied 
And Auxiliary — ral. supp to the 


orter, 


£573 





2179 


James Russell & Sons, Ltd., 


Crown Tuse Works, WEDNESBURY. 
IRON and STEEL TUBES, and Fittings for same. 
STEAM MAINS. COCKS "and VALVES. 
TRAMWAY and TELEGRAPH POLES, &c., &. 
WAREHOUSES : 
- 108, Southwark Street, 8S. E. 
- 88, King Street West. 





LonDON - 
MANCHESTER 
BrRMINGHAM 
LEEDS 


114, Colmore Row. 
- 6, Mark Lane, Briggate. 


Johnson & Phillips, Ltd., 


8550 





TELEGRAPH, ELECTRICAL, and GENERAL 
ENGINEERS and OABLE MAKERS. 

14, Union Court, E.C Works, Chariton, Kent. 
Makers of Machinery, &e., for complete equipments 
of Cable Factories and Vesse Electric Light 
Apparatus of all kinds. Arc Lamps. Electric Trans- 
mission of Power Plant. Cables and Wires. 8408 


Qteam (Aisies’) Boilers. 


Vertical, Loco. ,Cornish, Launch, Field-tube; also 
Air Receivers, Feed-water Heaters, Oo linders, &c.— 
Tue GrantHaM Boar & Crank Oo., , Grantham. 


8234 

Cr raig & Donald, Ltd., Machine 
TOOL MAKERS, Jenuuvenn, near Glasgow. 

For Claga of Machine Tools see our illustrated 


advertisement every alternate week. 8530 








arrow & Co., Ltd., London, 


SHIPBUILDERS AND ENGINEERS. 
SCREW STEAMERS 


Having Speeds 55 35 Miles ,A%. 


PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


VESSELS PROPELLED BY STEAM OR 8759 
Internal Combustion Engines. 


MU LTITU BULAR AND 
ROSS-TUBE TYPES. 


Boilers 
See ee page 86. 


Vouper & & Co., Ltd., 


D STREET, Pensnneure, 
GOLD eeemae fer r Oil Engines for Launches, Yachts 


es, using Paraffin. Od 3551 
Send for Lista." ‘see ifustrated Advt p. 85, Mareh 15. 


Frorestt & Co., Ltd, Yon. 


And 22, Beasien Srreet, E.C. 7978 
SHIP, YACHT, LAUNCH and BOAT BUILDERS 
and ENGINEERS. See Illus. Advt. last week, p. 26. 


(Sranes ! (\ranes ! (ranes ! 


Butters Brothers & Co., 
GLASGOW. 
Makers of all kinds of Steam, Electric, and Hand 
Power Cranes. 
Catalogues and Prices on application. 8366 
See Illustrated Advertisement page 46. 


ocomotives in Stock.— 
KERR, STUART & CO., Lrp., have in stock 

or in an advanced state of progress at their 
California Works, Stoke-on-Trent, a large number of 
LOCOMOTIVES, with cylinders from 5 in. to 15 in. 
diameter (inclusive), for all ore. 


4 ft. 83 eres to ro 
M . Robert Buchanan (Past 
President of the 


Od 4749 











from 18 in. to 
ART & OO., Lep., 
6520 





1, Broad Stree 
British Foundrymen’s 
Association) is PREPARED to ADVISE FIRMS 
wishing > remodel their foundries, or reduce foundry 
costs, and assist in any 0 Road, Walsall. SG 08D 
work.— Address, Sutton Road Isall. 





rawings,. Plans, Tracings, 
&c., by MESSER & THORPE, Engineers and 
tsmen, 8, Quality Court, Chancery Lane, 
Spec ial and- General Machinery designed, and 

rz’ ideas worked out, 
506 


Draug! 
W.c 
Invent 


Agents Required, in Districts 


unrepresented, for Onrvoting and Motor Car 

Ors and Greases. OLIvoLINE (30 — in use) is a 
perfect Lubricatin, ing Oil, durable and non-gumming. 

DUNCAN, WA’ N & CO., Oil Refiners, Dashwood 

House, New Broad Street, London, E.C. 8604 





Blue Prints with despatch. 

fPeok Locomotives, 4 or 6 
neels coupled. Specification and workman- 

ship eq ) > Main Line Engines.—Apply to R. & W. 
HAWT = » LESLIE & CO., Lrp., neers, New- 
castle-on-T) ue. See Advt, last week, page 89. 83807 


M echaataat Qtokers. 


MELDRUM BROS. Lrp, MANCHESTER, 
D 
9289 





AN 
, VICTORIA Str EET, WEsTuINerer. 


RAILWAY CARRIAGES, TRAMWAY CARS, &c. 


H urst, Nelson & (Co. LL. 


Tux Giascow RoLuine STooK AND PLANT Woras, 
MoTHERWELL. 3383 





Fuller, Horsey, Sons & Cassell, 


Auctioneers’ Valuers and Surveyors of MILLS 

{nd MANUFACTORIES, PLANT and MACHINERY, 
THARVES and W AREHOUSES. —Gentlemen seeking 
- ‘nufactories, Wharves, Warehouses, Waterside’ or 
tc istde Works, Sites, or Commercial Property of any 
escription are invited toin: ct Messrs. Fuller, Horsey, 
_ sand Cassell’s REGISTER, where they will find par- 
jeu lars of practically all the principal Properties that 
are in the market, and some of the better class Pro- 
Perties which are exclusively i in their hands. 1834 


C' 





"anes. —Blectric, Steam, 


BYeerd and HAND, 
all types and sizes. 
CEORGE RUSSELL & Co., 


Motherwell, near Glasgow. 
Te clegrams—* Cylinders, 
Shafting, 


Lrp., 





linders,” Birmingham. 
ao -Steel Tubes 
ii Wark bog ade 


Tokealie Work, 











SIR co 


Mins Tools, Rock-boring 

MACHINES and DRILL STEEL. Lai 
Prompt delivery.—_THE HARDY PATE 

PIOK CO., Lrp., Sheffield, England. 2376 





CARTOONS & DIAGRAMS 
for Parliamentary Committees, Public Meetings, &e. 


Rort. J. Cook & Hammond 


(Established in Westminster 1860), 
LITHOGRAPHERS, 81 
2 and 3, TOTHILL STREET, WESTMINSTER. 
Tele. Add.: “‘ Cartoons, London.” Tel. No. 551, Victoria. 


Yarrow’ 8 Patent 


‘Wiater-Tube Boilers. 


Ssz ILLUSTRATED ADVERTISEMENT Aprearine 
on Pa@x 47, AND EVERY FOURTH WEEK. 


Poplar, London. 
The e Edwards Air Pump 
SYNDICATE, Lrp., 


Pump 
8, Crown Court, OLp Broad Street, 
LON : 





8306 


8287 
For Illustrations see page 92 in our issue of June 21. 





Ballast Wagons for Sale or 


HIRE. 
HURST, NELSON & OO., Lep., 
MoTHERWELL. 


Siem Hammers (with or 


' Hand-worked or self-acting 
ERS & BOILER MAKERS. 


% Toot lr SuiFSUTLDERS « BOWLER MA 8397 


8509 








unter and Krglish, 


ENGINEERS AND MILLWRIGHTS, 
IRON AND BRASSFOUNDERS, BOW, LONDON, E. 


DREDGING MACHINERY. 

HYDRAULIC MACHINERY. 

LAND AND MARINE STEAM ENGINES 

DISTILLERY AND BREWERY PLANT. 

RICE MILLS. 

WATER VALVES, CRANES, LOCK GATES, 
&. PUMPING MACHINERY. 

HUNTER’S PATENT FLOATING CRANE 
FOR DOOKS, &c. Od 4955 


rTlubes, Tron port Steel. 
Edwin Lewis & Sons, goo 


14, Ganon St. Wolverhampton. 


ocomotive Tank - En gines 
designed and constructed b 
MANNING, WARDLE AND COMPA 
Boyne Engine Works, Leeds. 

See their Illustrated Ad 


Y, Lawrrmp, 
Od 2487 





dvert 


t page 81. 


GQ tock ‘Boilers. 


Over Thirty THOMPSON DISH-ENDED LANOA- 
SHIRE BOILERS, of various sizes, including 9 ft. 
3 in, diam., 160 Ibs. w.p., READY FOR PROMPT 

DELIVERY. 
Ask for detailed Stock List. 


»j ohn Thompson, 7531 
Wolverhampton, 


[tubes and Fittings, 


IRON AND 


Stewarts and L}oys, L 4. 


41, OSWALD ST., GLASGOW ; 
NILE S8T., BIRMINGHAM ; and 








LONDON OFFICE—50, Cannon Sr., E.0. 
LONDON WAREHOUSE—157, Upr. THames Sr. ,E.O. 
POOL WA AREHOUSE—63, PARADISE ST. 
MANCHESTER WAREHOUSE—34, DE ANSGATE. 
OARDIFF WAREHOUSE—132, Bors Sr. 
BIRMINGHAM WAREHOUSES—Nitz 81., Sumep- 
corm Sr., and 10, Conzsurm. Sr. 


See Advertisement page 77. 





(Sombined Air Ppp, 


Condenser and Delivery Box (Benn’s Patent). 
Sole Makers: 8. S. STOTT & OO., Hasuinepen. 
See Illustrated Advt. last week. 8578 





40, KING STREET, COVENT GARDEN, W.O. 


F[thomas K Kell & Son, Litho- 


graphers, &c., execute every deseri tion of 
a 5 Sees seeerey, Engraving and 
ting ; gineering, itectural and Pictorial 
Drawing in best manner. Paper Drawing, Photo-litho- 
graphy, &c.—40, King St., CoventGarden, W.O. 0d 3462 


Fer Sale, Quite New :— 


Lancashire Boiler, 28’x7'0’ x 95 1b. working pres. 
28’ x 7°6”" x 125 1h. ~ eo 

Cornish Boiler, 18’ x5'0”x1101b. ve ~ 

Locomotive Boiler,14N.HP.,110Ib. ) |, 

For particulars and prices apply, H. COLTMAN axp 

SONS, Boilermakers, Loughborough. 8569 


[avard's. Air Pumps.—Two 


irs of 30 in. diameter by 12 in. stroke 

DRY-AIR PUMPS FOR SALE, brass lined, 

each pair fitted with 8 in. wet pump 10 in. stroke, 
10 in. and 15 in. 


12 in. adapted for working 


compound. In good condition, done about 2) years’ 
work,— Address enquiries and offers to AIR PUMP, 
Tue Essw Vaue Steet Iron and Coa Co., Lrv., Ebbw 
Vale, » BS0., Mon. G 234 








steam cylinders 


for 


6 ft. diameter, for 100 Ibs, 
ATR & SONS, Boiler Works, 


ornish Boiler, 


SALE, 22 ft. long by 
working pressure. SINC 





Leith. H 29] 


Fe Sale, 6 ton Steam Wagons 


lust com yd Ra: strong, for fore or 
colonia ‘se Coal take 8 tons on trailer ; be 
oe 


L., care of an, 
Taylor & Challen, Ld., txigincers, 


Olle al BIRMINGHAM. 
or e man 
———: of vat SHEET METALS. 
8195 





New, 





&A.Musker er, Ltd. , Liverpool. 


HY DRAULIC AND ELECTRIC MACHINERY. 
___ See last week's Adverti ertisement jpage 46, 8582 


Bake s Self-Acting Rams’ 
and HYDRAMS for raising water. 
Send for Catalogue No. 23, 
___ JOHN BLAKE, Lrp., Accrinetox, LANos. 


Piamond Core Drills. 


acen ee, HARKER & CO. CO., Cannon Street House, 
London, E.C. 
See Advertisement page 18. 8329 


8300 





(joldsworthy’s Emery, 
Emery Cloth, 
Emery Paper Disos, 
Glass Paper. 


MANCHESTER. é 8305 
team Cranes, Excavators, 


CONCRETE MIXERS, STEAM WINCHES 
AND WINDLASSES. 8554 
J. H. WILSON & CO., Lrp., Sanpurtis, LIVERPOOL, 
See large Advertisement last week, page 77. 


Matthew Paul & Co. | 4. 
Levenrornp Works, Dumbarton. ‘ 
See Fall Page Advt. , page 51, June 14. 


Filectric Lifts. 


Archibald Smith & Stevens, 


BATTERSEA, LONDON. 6823" 
Machine Tools. 


GEO. RICHARDS & CO., Lrp., 
BROADHEATH, nr, MANCHESTER. 
See Illustrated Advt, last week. — 


vid Rollo & Sons, 


a 
D ENGINEERS AND SHIPBUILDERS, 
Fuiton Evorss Works, 
LIVERPOOL. 
_See | Illustrated Advert. last week, page| 17. 


Hes Wrightson & (.," 


LIMITED, 


_8005 





7916 


7847 
See Advertisement last week, page 80. 


as for all Purposes 
FROM COMMON FUEL. 
For Illustrated Descriptive Pamphlet address— 
HOWARD LAN 
125, Edmund Street, . Birmingham, England. 


Hy ydraulic Rivetting and 
PUNCHING MACHINES, Flanging Machine, 
Patent Flue Drilling Machine, Radial Dri ling, Slotting, 
and Planing Machines, and several-other Tools, TO 
SOLD cheap.—RUSHWORTH, Sowerby Bridge. 
H 


Steam Launches. — waite Vice 
dward Haye: €8, stony STRATFORD, 


SMALL TUGS and LAUNCHES in [RON 
STEEL. Machinery constructed for boats built wen 
Weetm or are oe Comers. id London Office: 9, Bridge St., 

See Ilustrated Advt. each Tmenth. 








hemicals for Industrial Par. 
POSES.—SAL-AMMONIAO, PRUSSIATE OF 
POTASH, OXIDE COLOURS, &c. Enquiries solicited. 
SHARON CHEMIOAL ©0., Lap., h Bios 8571 


Patent Ash 7 tor. 


ee ’s Hydro-Pneumatic 

Great a labour. No noise. No pk No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
J. TREWENT, Naval Architect and Ae 
43, Billiter Poe Billiter St., London, E.0. 4836 


B. * 8S. Massey, aurek 


ammers, 
Powe: 


ammers, 
Drop Gtamps, 


. B™4,,, aws, 7 
LARGE 


STOOK. 
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anchester Steam Users’ 
ASSOCIATION, 

FOR THE PREVENTION OF BOILER 
EXPLOSIONS. 


Srp 


9, Mi EET, MANCHESTER. 
er: ©. E. STROMEYER, M.LO.E. 


Chief 3: ©. 
Founded iss by Sir W. Farrparrn, 
Certificates of Safety issued under the Factory and 
Workshops Act, 1901. Compensation for Damages and 
Liabilities paid in case of Explosions. Engines and 
Boilers designed and inspected during construction. 


Holidays at Scheveningen— 


THE DUTCH BRIGHTON—IN THE OLD 
WORLD CITIES OF THE ZUYDER ZEE, 
and other interesting parts of 
HOLLAND 


via 
HARWICH AND THE HOOK 
(British Royal Mail Route), 
Dairy Express SBrvice. 

QUICKEST ROUTE TO HOLLAND. 
CORRIDOR VESTIBULED TRAINS. 
DINING anp BREAKFAST CARS. 

Send post-card to the Continental Manager, G.E.R., 
Liverpool Street Station, London, E.C., for on 
illustrated pamphlet (free). 576 


WEST RIDING COUNTY COUNCIL. 
The West Riding County Council offer 


[three Technological Scholar- 


SHIPS, each of the value of £60, open to 
residents within the Administrative Area of the West 
Riding of Yorkshire and available for Courses of 
Instruction in connection with the following :— 

Textiles, Dyeing, Engineering (Mechanical or 

Electrical), Metallurgy, or other approved 
ye 

These Scholarships are intended for young artisans 
who already have a suitable amount of mill or work- 
shop experience. 

The awards will be mainly based on the results 
obtained at examinations on the Board of Education, 
South Kensington, and City and Guilds of London 
Institute. 

Application Forms and full particulars may be 
obtained from the Education Department (Technical 











Branch), County Hall, Wakefield. G 954 
[the General Engineering 
COLLEGE, 8107 


2, Penywern Roap, Earu’s Court, Lonpon, 8. W. 
INDIVIDUAL COAOHING in Engineering pues 
pecially in preparation for the Technical Schools 
and London University. Tel. 915, Western. 
Principal—J. H. REEVES, M.A., A.1.E.E. 


nst. C.E. and all Engineeri 
I Examinations.—Mr. G. P. sceuiiin a2t30 ‘8 
F.S.L, &., PREPARES CANDIDATES personally or 
by correspondence. successes. — 39,’ Victoria 
Street, Westminster, 8.W. Tel. No. 1402, Victoria, 
M.I.C.E. and Stud. I.C.E. 


A. EXAMS.—Oorrespondence Coaching by ti- 
cal civil engineers; courses for any period, fees 
moderate; only one non-success at last five exams. ; 
special features for foreign candidates; send for 
booklet, &c.—Address, H 664, Offices of ENGINEERING. 


TENDERS, 
WAR DEPARTMENT CONTRACT. 
SALE OF ABOUT 6160 SUPERFICIAL YARDS OF 


GLAZED ROOFS. 

















me eet 





otice is Hereby Given 

that TENDERS are required for the 

PURCHASE and REMOVAL of THREE 

GLAZED ROOFS, each covering an area of 231 ft. by 

80 ft. The roofs are fixed over the space between 

barrack blocks in Infantry Barracks, Wellington Lines, 

Aldershot, and are about 43 ft. above ground level. 

The Tenderer will have to take down the roofs, 
providing all necessary tackle, &c., for so doing. 

Each roof is constructed on the ridge and furrow 
system, with 21 oz. sheet glass in wooden skylights 
supported on 11 wrot.-iron lattice girders 80 ft. long, 
cast-iron valley gutters, &c., wrot.-iron side louvres 
comp'ete as in situ. 

Persons desiring to make an offer must submit their 
Tender on a Form to be obtained from the Command- 
ing Royal Engineer, South Aldershot, from whom all 
further informat'on desired can be obtained. 

Tenders are to be forwarded to the Major-General 
in charge of Administration, Head Quarter’s Office, 
Aldershot, not later than Twelve o'clock Noon on 
Monday, the 15th day of July, 1907. 

Sgd., ALEX. H. COWIE Lt. Colonel, R.E., 

Commanding Royal Engineer, 

Royal Engineer Office, South Aldershot. 

Head Quarter’s Office, Aldershot. 
25th June, 1907. H 682 


COUNTY OF LONDON. 
THE LONDON COUNTY COUNCIL invites 


[Tenders for (a) the Supply and 


ERECTION of 78 TRAMWAY FEEDER 
PILLARS for the Council’s Tramways; (0d) the 
SUPPLY, DELIVERY and ERECTION of OVER- 
HEAD ELECTRICAL EQUIPMENT for 246) yards of 
DOUBLE TRACK for the Council’s tramways in the 
Borough of Woolwich ; and (ce) the MANUFACTURE 
of sundry OIL TANKS, FILTERS, &c., to be delivered 
at the Council’s mye pe Re at East Greenwich. 

Full i and information as to the 
conditions to be observed by Tenderers, will be given 
in the London County Council Gazette of ist July, 
1907. The Gazette, which is published weekly, contains 
particulars of all the Tenders invited by the Council 
and can be obtained from Messrs. P. 8. King and 
Sons, 2 and 4, Great Smith Street, Westminster, S.W., 
price 1d., post free 14d. an issue, or for the whole 
year a prepaid su’ ption of 6s. 6d. 

Tenders must be u the official forms to be 
obtained from the Clerk of the Council, County Hall, 
Spring Gardens, upon payment to the Cashier of the 
Council of a sum of £2 for each Specification, set of 
Drawings, &c., and no Tender will be received after 
Eleven a.m. on Tuesday, 16th July, 1907. 

The Council does not bind itself to accept the 
lowest or any Tender, and it will not accept the Tender 
of any person or firm who shall on’ any previous 
occasion have withdrawn a Tender after the same had 
been opened unless the reasons for the withdrawal 
were satisfactory to the Council. 

Ch ot Eo 
er’ mdon County Council. 

County Hall, Spring Gardens, S.W., - 

26 H 713 





th June, 1907, 





REINFORCED CONCRETE FLOORS. 
The GAS COMMITTEE of the COVENTRY 
CORPORATION invite 
and 


for the Supply 


[lenders 
CONSTRUCTION, at their Foleshill Works, 


8464 | of REINFORCED CONCRETE FLOORS for Retort 


House, &c., having approximate floor area of 2500 


— yards. 

‘orm of Tender, with Specification, General Condi- 

tions and Prints of Drawings, will be supplied on 

application to the undersigned and on payment of 

One Guinea, which will be returned on receipt of a 
Jide Tender. ; 

The Committee do not bind themselves to accept 
the lowest or any Tender. 

Sealed Tenders, endorsed ‘“‘ Tenders for Reinforced 
Concrete Floors,” to be addressed to the Chairman 
of the Gas Committee, Gas Works, Coventry, and 
delivered on or before Nine a.m, Wednesday, the 10th 
day of July, 1907. 

FLETCHER W. STEVENSON, 
Engineer and General Manager. 
Gas Works, Coventry. 
24th June, 1907. H 660 


CORPORATION OF CALCUTTA, 


[Tenders are Invited and willbe 


received by the Vice-Chairman up to Three p.m., 
2nd January, 1908, for the LIGHTING by Gas, Oil, 
Electricity or other Illuminant, of the STREETS, 
THOROUGHFARES and PUBLIC RESORTS of the 
CITY of CALCUTTA as vested in the Corporation 
of Calcutta. 

The City comprises approximately an area of 20 
square miles, containing about 170 miles of main 
thoroughfares and 130 miles of smaller streets and 
lanes, besides several squares, markets, latrines, 
slaughter-houses and other public resorts, the whole 
being lighted at present by 9225 gas lamps of 24 c.p., 
84 higher power lamps equivalent to 2074 lamps of 
24 c.p., and 2400 oil lamps. 

The new contract is timed to commence on the 
lst May, 1911, and the successful Tenderer or 
Tenderers will be required to have all arrangements 
completed and ready to begin and continue the 
lighting with effect from that date. Tenders should 
be for 10, 15 or 20 years. 

It is left to Tenderers to propose their own plans 
for carrying out the project, the end in view being to 
considerably improve the present lighting of the 
City, and, to this end, it is suggested that representa- 
tives should be deputed to personally inspect the area 
to be lighted and the system now in force, in order 
that they may be in a position to judge for themselves 
as to the best means to be adopted for attaining the 
desired object. 

The Corporation do not bind themselves to accept 
the lowest or any Tender. 

P. N. MOOKERJEE, 
Secretary to the Corporation. 

Municipal Office, 

Dated the 2nd May, 1907. H 324 


CITY OF WINNIPEG. 
POINT DU BOIS HYDRO-ELECTRIC 
DEVELOPMENT. 


TENDERS FOR CONSTRUCTION AND 
EQUIPMENT. 


Sealed Tenders, on prescribed 


forms, addressed to the Chairman of the Board 
of Control, Winnipeg, Canada, and marked on the 
envelope, ‘ Point du Bois Hydro-Electric Development, 
Tender for * (here add the particular item or 
items as below), will be received at the office of the 
undersigned up to Noon of Tuesday, 3rd day of 
September, 1907, for the CONSTRUCTION of the 
GENERAL WORKS, and for the SUPPLY and 
ERECTION of the various portions of the EQUIP- 
MENT for the Hydro-Electric Works and Station at 
Point du Bois, for a Transmission Line between Point 
du Bois and Winnipeg, and for a Receiving Transformer 
Station in Winnipeg. 

Copies of the Instructions to Bidders, Plans, Speci- 
fications and Forms of Tender, may be obtained at the 
Power Engineer's Office, Oarnegie Library Buildings, 
Winnipeg, or may be examined at the Offices of this 
Journal, 35 & 36, Bedford Street, Strand, W.C. 

Each Tender must be accompanied by a certified 
cheque payable to the order of the City asurer for 
the sum called for in the corresponding ‘‘ Instructions 
to Bidders,” which cheque will become forfeit to the 
Corporation in the event of the successful Tenderer 
refusing or neglecting to sign a satisfactory contract 
when called upon to do s0. 

Individual Tenders will be received for : 

*(3) Telephone System. 
(4) General Works at Point du Bois. 
(5) 4000 HP. Turbines (five). 
(6) 450 HP. Turbines (two). 
(7) 3000 KW. Generators (five). 
(8) 250 KW. Generators (two). 
(9) Induction Motors (one). 
(10) Step-Up Transformers (five). 
(11) Generating Station, Switching and Accessory 








pparatus. — ? 
(12) Generating Station, Light, Heat and Power 
Systems. 


(13) Generating Station, Oil and Air Systems. 
(14) Erection of Transmission System (75 miles). 
(15) Steel Towers. 
(16) High-tension Insulators. 
(17) Electric Transmission Cable. 
a Terminal Station. 
19) Step-Down Transformers (five). 
(20) Terminal Station, Switching and Accessory 


Apparatus. 

(21) Terminal Station, Light, Heat and Power 
ystems. 

(22) Terminal Station, Oil and Air Systems. 


(24) Testing Transformers and Apparatus, 
(25) Electric Travelling Cranes (three). 
(26) Turbine Governors (seven). 
(27) Auxiliary Apparatus. 
(28) Repair Shops. 

An alternative lump-sum Tender will be received for 
the entire work, including all of the above-mentioned 
items, together with itional work and equipment 
necessary to install a complete Working plant. As a 
further alternative, Tenderers may include or group 
together one or more of the above items viding 
that they have also Tendered for the individual items 


of such grou 
The Wened’ sesvrvee the right to reject any or all 
Tenders, or to accept any Tender which shall appear 
advantageous to the City of Winnipeg. 
: w. PETERSON, 
The Office of the Board of Control, Secretary. 
Winnipeg, 8th June, 1907. 





* The numbers are those of the different volumes of 
Specifications. H 595 


COUNTY BOROUGH OF SOUTHAMPTON. 
FIRE BRIGADE MOTOR. 


The Corporation are prepared to consider 
| Yenders for the Supply of 
a MOTOR CHEMICAL ENGINE, HOSE 
and LADDER. Tender in accordance with icu- 


lars to be obtained of Mr. T. Jounson, Fire Brigade 
Superintendent, Southampton. 

‘enders, endorsed “Fire Brigade Motor,” must be 
delivered at the Town Clerk’s Office before Two p.m. 
on the 8th proximo. 

No pledge is given to accept the lowest or any 
Tender. 
R. R. LINTHORNE, 
Town Clerk’s Offices, Town Clerk. 
Municipal Offices, Southampton, 
2ist June, 1907. H 651 
GREAT WESTERN RAILWAY. 





The Directors of this Company are prepared to 
receive 


[lenders for the Reconstruc- 


TION of RANELAGH BRIDGE which carries 
a public road over the Great Western Railway near 
Paddington Station. 

Plans and Specification may be seen, and Forms of 
Tender and Bills of Quantities obtained, at the Office 
of the Engineer at this Station, between the hours of 
Ten a.m. and Four p.m. 

Tenders addre: to the undersigned and marked 
outside ‘‘ Tender for Ranelagh Bridge, Paddington,” 
will be received on or before Tuesday, the 16th July. 

The Directors do not bind themselves to accept the 


lowest or any Tender. 
G. K. MILLS, Secretary. 
Paddington Station, London, 
19th June, 1907. H 695 


BRISTOL DOCKS. 
AVONMOUTH DOCK WORKS. 
ELEOTRIC 2-TON CAPSTANS. 


The Docks Committee of the Council of the City and 
County of Bristol are prepared to receive 


[lenders for the Construction, 


DELIVERY, ERECTING IN PLACE, FITTING, 
TESTING and MAINTENANCE for Twelve months 
after completion, of 10 ELECTRIC 2-TON WAGON 
OAPSTANS, to be erected at the Royal Edward Dock 
now in course of construction at Avonmouth, in the 
Port of Bristol. 

Tenders will be considered only from firms who have 
done similar work before, and Tenderers will be re- 
quired to state what work they have done of a similar 
nature. 

On and after Monday, July 1st, 1907, copies of the 
Specification, Form of Tender, Form of Contract and 
copies of the Contract Drawings can be obtained from 
the undersigned on production of a receipt from the 
Secretary of the Docks Committee showing that £3 
has been paid as deposit. The deposit of £3 will be 
returned to bona fide Tenderers after receipt of a 
Tender, accompanied by all the prescribed documents 
and drawings. 

Tenders must be enclosed in a sealed envelope and 
endorsed “Tender for Electric Capstans,” and ad- 
dressed to the Secretary of the Docks Committee, 
Dock Offices, 19, Queen Square, Bristol, and must be 
delivered to him accompanied by the prescribed 
Documents before Ten a.m. on Friday, the 26th July, 
1907. 

The Docks Committee of the Council of the City and 
County of Bristol do not bind themselves to accept 
the lowest or any Tender. 

W. W. SQUIRE, Engineer. 

Engineer's Office, Cumberland Basin, Bristol, 

24th June, 1907. 


BRISTOL DOOKS. 
AVONMOUTH DOCK WORKS. 
MOVABLE ELECTRIC JIB CRANES. 








The Docks Committee of the Council of the City and 
County of Bristol are prepared to receive 


‘ ° 
[lenders for the Construction, 

DELIVERY, ERECTING IN PLACE, FITTING, 
TESTING and MAINTENANCE for Twelve Months 
after completion of the following ELECTRIC JIB 
CRANES to be erected at the Royal Edward Dock, 
now in course of construction at Avonmouth, in the 
Port of Bristol :— 

Scugpute No. 1.—Twelve 30-cwt. Movable Electric 
Jib Cranes to be erected on the 
Roofs of Shed No. 1 and No, 2 
in course of construction on the 
East side of the Dock. 

ScnEDULE No. 2.—Two 10-ton Movable Electric Jib 
Cranes on High Pedestals to be 
erected on the Wharf on the 
South side of the Dock. 

ScuepuLe No, 3a.—Three 30-cwt. Movable Electric 
Jib Cranes on High Pedestals 
to be erected on the Wharf on 
the South side of the Dock. 

ScnepvuLe No, 3).—As an alternative to Schedule 3a: 
One 30-cwt. Movable Electric 

Jib Crane. 
Two 3ton Movable Electric 
Jib Cranes. 

Tenders will be considered only from firms who 
have done similar work before, and Tenderers will be 
required to state what work they have done of a 
similar nature. 

On and after Monday, Ist July, 1907, copies of the 
Specification, Form of Tender, Form of Contract and 
copies of the Contract Drawings can be obtained from 
the undersigned on production of a receipt from the 
Secretary of the Docks Committee showing that £5 
has been paid as deposit. The deposit of £5 will be 
returned to bona fide Tenderers after receipt of a 
Tender accompanied by all the prescribed documents 
and drawings. 

Tenders must be enclosed in a sealed envelo 
endorsed ‘‘ Tender for Electric Cranes,” and ad 
to the Secretary of the Docks Committee, Dock 
Offices, 19, Queen Square, Bristol, and must be de- 
livered to him, accompanied by the prescribed docu- 
ments, before Ten a.m. on Friday, the 26th July, 1907. 

Tenders may be submitted for any or all of the 
Schedules, Nos. 1, 2 and 3a (or alternatively 3b). 

The Docks Committee of the Council of the City 
and County of Bristol reserve the right to select for 
acceptance any Schedule from any Tender, to 
reject the others, and they do not bind themselves to 
accept the lowest or any Tender. 

W. W. SQUIRE, 


and 
ssed 








Engineer's Office, Engineer. 
Cumberland Basin, Bristol. 
24th June, 1907, H 671 


ron Casks. — Estimates 

- WANTED for a supply of Seamless Tinned Iron 

Casks, capacity 16 gallons, capable of standing 100 Ibs. 
of pressure.—Address, H 720, Offices of ENGINEERING. 


“ STEYNING UNION. 


[the Guardians have a N 0. 4 


PULSOMETER PUMP, with Foot Valve and 
set of new Rubber Valves complete, FOR SALE. The 
Pump and accessories are in perfect working order 

Tenders for same to be received by me, the under- 
signed, not later than Nine a.m. on Tuesday, the 
2nd day of July, 1907. 

The Guardians do not bind themselves to accept 


any Tender. 
By Order, EDWARD CRIPPS. 
Clerk to the Guardians, 
Union Offices, New Shoreham, 
20th June, 1907. H 653 


TO ENGINEERS AND OTHERS. 
The METROPOLITAN ASYLUMS BOARD invite 


[Tenders for New Boiler In- 


STALLATION and MACHINERY at The North- 
Eastern Hospital, Tottenham, in accordance with 
Drawings and Specification prepared by Mr. W. T 
Hatcu, M. Inst. C.E., M.I. Mech. E., Engineer-in-Chief. 

Drawings, Specification, Conditions of Contract and 
Form of Tender, may be i ected at the Office of the 
Board, Embankment, London, E.C., on and after 
Monday, ist July, 1907, and can then be obtained 
upon payment of a deposit of £5. The amount of th: 
deposit will be returned only to persons who have sen: 
in Jide Tenders, and returned the Drawings and 
Specification in accordance with the regulations. 

No Tenders will be entertained except those from 
thoroughly reliable firms, who have executed works 
of equal magnitude and of the same description. 

Tenders, addressed as noted on the form, must b« 
delivered at the Office of the Board not later than 
Ten a.m. on Tuesday, 23rd July, 1907. H 694 

(By Order), TT. DUNCOMBE MANN, 
24th June, 1907. Clerk to the Board. 


SWANSEA HARBOUR TRUST. 
KING’S DOOK. 








The Swansea Harbour Trustees invite 


esigns, Detailed Specifica- 
TIONS and ALTERNATIVE TENDERS for : 

One 50-ton and one 70-ton HYDRAULIC FIXED 
ORANE, capable of lifting the full load in each case 
at a maximum radius of 60 ft. Jib to range from the 
maximum radius of 60 ft. to a minimum of 45 ft. 
Range of lift, 90 ft.—60 ft. above and 30 ft. below level 
of coping. The Crane to be provided with Hydraulic, 
Lifting, Slewing and Derricking Gear. 

Further particulars can be obtained on ap lication to 
the Trustees’ Engineer, Mr. A. O. Scuenk, M.Inst.C.E., 
at the Harbour Offices, Swansea. 

Tenders sealed and marked outside ‘* Hydraulic 
Crane,” should be addressed and delivered to the 
undersigned on or before Ten a.m., on Wednesday, 
the 7th day of August, 1907. 

The Trustees do not bind themselves to accept the 


lowest or any Tender. 
TALFOURD STRICK, 
Harbour Offices, Swansea, Clerk. 
17th June, 1907. H 639 


THE SOUTH INDIAN RAILWAY COMPANY, 
LIMITED, is prepared to receive 


[lenders for the Supply of :— 


(1) ROLLING STOCK— 
115 Steel Covered Goods Bogie Wagons. 
30 Bogies for Carriages. 
(2) WHEELS and AXLES—490 Pairs. 
(3) LAMINATED BEARING SPRINGS—1100. 
(4) SWITCHES and CROSSINGS—5 Sets. 

Specifications and Forms of Tender may be obtained 
at the Company’s Offices. 

Tenders addressed to the Company marked, ‘‘ Tender 
for Rolling Stock,” or as the case may be, must be left 
with the undersigned, not later than Twelve o’clock 
Noon, of Tuesday, the 9th July, 1907. 

The Company is not bound to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of 20s, for each copy of Specification (1) and 10s. for 
each copy of Nos. 2, 3 and 4. 

Copies of the Drawings may be obtained at the 
Office of Sir Grorer B. Bruce, 3, Victoria Street, 
Westminster, on payment of 5s. per sheet. 

By Order, 
J. SHAW STEWART, Major-General, R.E., 
Manayer Director. 
Company’s Offices, 55, Gracechurch Street, 
London, 26th June, 1907. H 719 
METROPOLITAN WATER BOARD. 








TENDERS FOR FOUR HIGH-CLASS TRIPLE- 
EXPANSION MARINE TYPE STEAM ENGINES, 
SEVEN CENTRIFUGAL POMPS, THREE 
HYDRAULIC TURBINES, &c. 





The Metropolitan Water Board invite 


Y ! ‘\enders for the Provision of 
FOUR High-Class Triple -Expansion Marine 
Type STEAM ENGINES, SE YEN CENTRIFUGAL 
PUMPS, THREE HYDRAULIC TORBINES, Sluice 
Valves, Steel Mains and Cast-iron Branch Pipes, 
2-25 KW. Electric Generators, Ten Water-tube Boilers, 
Mechanical Stokers, Two Economisers, Steam Pipes, 
Feed Pumps, Coal Conveyor, Ash Hoist, Motors, &., 
&c., to be erected at the new Pumping Station at 
Walton-on-Thames. es 
Forms of Tender and Contract, with a preliminary 
Specification, may be obtained and Drawings inspe« ted 
on application to the Engineer of the Southern 
District, Southwark Bridge Road, S.E., on production 
of an official receipt for the sum of £10, which sum 
must be first deposited with the Comptroller at the 
Board’s Central Offices, Savoy Court, Strand, W.©., 
and which will be returned upon receipt of a lone 
fide Tender. 
Such payments and applications must be made 
between the hours of Ten and Four (except om 
Thursdays and Saturdays), on and after Monday, 
1st July, 1907. 
Tenders, enclosed in sealed envelopes, addressed t0 
the CLERK, Metropolitan Water Board, Savoy Court, 
Strand, W.C., and endorsed *‘ Tender for Engines at 
Walton,” must be delivered at the Offices 0! | he 
Board, not later than Ten am. on Wednesday, 
24th July, 1907. 1 
Tenders for a portion only of the above work “ 
not be considered. : tt 
The Board do not bind themselves to accept the 
lowest or any Tender. 





Offices of the Board, Savoy Court, Strand, \' oy 33 
26th June, 1907. ; He 
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STEEL GAS BUOYS AND GAS RECEIVERS. 


Trinity House, Lonpon, E.C. 
27th June, 1907. 


r | Yenders are Hereby Invited 
for the CONSTRUCTION and DELIVERY, as 
required, of ELEVEN RIVETTED or WELDED 
STEEL GAS BUOYS and THREE GAS RECEIVERS. 
Drawings may be inspected and Forms of Tender 
obtained at this House between the hours of Ten a.m. 
and Five p.m. : 
Tenders, marked outside ‘‘ Tender for Gas Buoys, 
must be addressed to the Secretary, and delivered at 
this House on or before Thursday, the 11th July, and 
no Tender can be entertained that is not made on the 
M the Ca saoniien t pledge itself to accept 
ration does no 
The Corpo pledg: _ 


he lowest or any Tender. 
a, OWEN, Secretary. 


BURMA RAILWAYS COMPANY, Limrrep. 


The Directors of the Burma Railways Co., Limited, 
are prepared to receive 


I ‘Yenders for the Supply o 
1198 PAIRS WHEELS and AXLES. . 
Specifications and Forms of Tender can be obtained 
at the Offices of the Company, 199, G House, 
Old Broad Street, E.C. 2 
For each Specification a fee of 20s. will be charged 
which will not be returned. 
Tenders, enclosed in sealed envelopes, and endorsed 
“< Tender for Wheels and Axles,” must be delivered not 
later than Monday, 15th July, 1907. 
The Directors do not bind themselves to accept the 
lowest or any Tender. 
By Order of the Board, 
W. HOME, Managing Director. 
27th June, 1907. H 723 





oa 











THE BENGAL AND NORTH-WESTERN RAILWAY 
COMPANY. 





The Directors are prepared to receive 


Yenders for the Supply and 
DELIVERY of :— 
(a) 1217 dozen FILES, 
()) 35 tons COPPER and 10 tons TIN INGOTS, 
(c) 100 tons RED and 50 tons WHITE LEAD (dry 
powder), 
as per Specifications to be seen at the Company’s 
Offices. 
Tenders, addressed to the undersigned and marked 
“Tenders for Files,” or as the case may he, are to be 
lodged not later than Noon on Monday, the 8th day 
of July, 1907. 
For each Specification a fee of 10s. will be charged, 
which cannot, under any circumstances, be returned. 
The Directors do not bind themselves to accept the 
lowest or any Tender. 
By Order of the Board, 
ALEXANDER IZAT, 
Managing Director. 
237, Gresham House, 
Old Broad Street, London, E.C., 


27th June, 1907. H 721 





BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 
The Directors are ay to receive up to Noon on 
Tuesday, 9th July, 


r | ‘enders for the Supply of the 
following STORES, viz :— 
1. Girder Bridges. 
2. Paints, &c. 
3. Spring Steel. 
4. Manitla Lashing Ropes. 
5. Metals. 
6. Wood Screws. 

Tenders must be made on forms, copies of which, 
with Specifications, can be obtained at these Offices on 
payment of 21s. each (which will not be returned). 

The Directors do not bind themselves to accept the 
lowest or any Tender. 

W. V. CONSTABLE, Secretary. 

Offices, Gloucester House, 

2, 3 & 4, Bishopsgate Street Without, 
London, E.C., 27th June, 1907. H 722 


SOLUBILITIES OF INORGANIC 


CROSBY LOCKWOOD & 


JUST PUBLISHED. Medium 8vo, 377 Pages. 12s, 6d. net. 


A Handbook of the most reliable Quantitative Solubility Determinations, Recalculated and Compiled by 


ATHERTON SEIDELL, Ph.D. (J.H.U.), 
of the U.S. Public Health and Marine-Hospital Service, &c. 


SON’S NEW BOOKS. 
AND ORCANIC SUBSTANCES. 





THE CONSTRUCTION OF DYNAMOS 

(Alternating and Direct-current). A Text-book 
for Students, ee ae, and Electricians- 
in-Charge. By TYSON SEWELL, A.M.LE.E. Large 
Crown 8vo. 7s. 6d. net. 


A HANDBOOK OF WIRELESS TELE- 
GRAPHY: Its Theory and Practice. For the 
Use of Electrical Engineers, Students, and 
By JAMES ERSKINE-MURRAY, D.Sc., 
M.LE.E. Demy 8vo. 10s. 6d. net. 


rators. 
-R.S.E., 


M.LE.E., M. Inst. C.E., &c. 


JUST PUBLISHED. Foolscap 8vo. 466 Pages, 272 Illustrations, 246 Tables, 7s. 6d. net. 


A POCKET-BOOK OF ELECTRIC LIGHTING AND HEATING. 


Comprising Useful Formule, Tables, Data and Particulars of Apparatus and Appliances. For the Use 
of Central Station Engineers, Contractors and Engineers-in-Charge. 


| MODERN AMERICAN LATHE PRAC- 

| TICE. An Entirely New Work on the Origin, 
Development, and Design of the American Lathe. By 

| OSCAR E. PERRIGO. Medium 8vo. 12s. net. 

| GRAPHICAL HANDBOOK FOR RE- 

| INFORCED CONORETE DESIGN. By JOHN 

| HAWKESWORTH, C.E. With an Appendix containing 


the requirements of the Building ie of New York City 
| in regard to Reinforced Concrete. Crown 4to. 12s. net. 


By SYDNEY F. WALKER, R.N., 





‘*The Electrical Engineer’s vade mecuim a 


imensions, &c.” 


Lonpon: CROSBY LOCKWOOD & SON, 7, Srationzrs’ Haui Court, E.C, 


and liances—their sizes, weights, efficiencies, 
8589 


PP 








COUNTY appoves OF BARROW-IN-FURNESS, 
TECHNICAL SCHOOL. 
The Education Authority for the Borough require the 


ervices of a Principal for the 


- Technical School. The Gentleman appointed 
will be required to undertake, under the direction of 
the Director of Education, the Organisation, Equip- 
ment, and Management of all Departments of the 
Technical School; to take part in the instruction 
there given, and to advise, when uired, on the 
preparatory technical work undertaken in the Evening 
Continuation Schools. Salary £350 per annum. 

Enquiries for further information, if required, Sed 
be addressed to the Director of Education, Town Hall. 
Applications, furnishing particulars of professional 
and technical training, experience in teachi 


ENGINEER REQUIRED immediately, 

for the Sierra Leone GovERNMENT Ralit- 

ways, for two tours each of 12 months’ residential 
service. Salary £350, rising annually by £10 to £400 
per annum, with free single quarters; first-class 
passage out and home again on satisfactory termination 
of engagement. Half pay on voyage out ; two months’ 
leave on full pay after 12 months’ service, increased 
to four months if returning to Colony, also full pay 
during voyage or voyages. 
Candidates must be between 25 and 35. They 
should have been articled to a Civil Engineer, and be 
experienced in setting out bridges, buildings, per- 
manent way and other works ; thoroughly acquainted 
with principles and practice of surveying ; proficient 
in use of theodolite and level; good mathematicians 
and draughtsmen. Strict medical examination and 
ination if necessary. 


Aan A ssistant Maintenance 





a 
organisation, together with copies of three recent 
testimonials, references, &c., should be forwarded on 
or before Monday, Ist July, 1907, to the undersigned, 
and be endorsed “ Principal of Technical School.” 

By Order, C. F. PRESTON, 
Town Clerk and Clerk to the Local 
Education Authority. 
Town Hall, Barrow-in-Furness, 


10th June, 1907. H 659 








BATTERSEA POLYTECHNIO, 
Lonpon, S8.W. 


The Governing Body desire to 


A Ppoint a Head of the Depart- 


MENT of Mechanical Engineering and 
Building Trades, to commence in September. For 
salary, duties, and other information, apply, not 
later than July 8th, to the SECRETARY, Battersea 
Polytechnic. H 687 





BOROUGH POLYTECHNIC INSTITUTE, 
103, Boroven Roap, Lonpon, 8.E. 


The Governors of the Institute will require, in 
September, the 


ervices of an Assistant 


LECTURER and DEMONSTRATOR in the 
Mechanical Engineering Department, for Day and 
Evening Work. Commencing Salary £115 perannum. 
Copies only of not more than three testimonials to be 
sent. Particulars and terms of appointment on oe 
cation, enclosing stamped addressed envelope. H 716 
C. T. MILLS, Principal. 








APPOINTMENTS OPEN. 





UNIVERSITY COLLEGE OF SOUTH WALES AND 
MONMOUTHSHIRE. 
CoLe@ PRirATHROFAOL DenEevpiR Cymru A Mynwy. 
The Council of the College invites 


A Pplications for the Post of 


PROFESSOR of MINING, at the annual salary 
of £600.—Further particulars may be obtained from the 
undersigned, to whom 100 copies of applications, to- 
gether with testimonials, must be sent on or before 
Thursday, 11th July, 1907. H 599 

_,. __ J. AUSTIN JENKINS, B.A., Registrar. 
University College, Cardiff, 11th June, 1907. 


EGYPTIAN GOVERNMENT. 
MINISTRY OF PUBLIC WORKS, CAIRO, 
SERVICE D’ASSAINISSEMENT DE LA VILLE DU 

CAIRE. 


anted, from the First of 


January, 1908, a fully qualified MECHANICAL 
ENGINEER, having a thorough knowledge of the 
design of sewage pumps and compressed-air machinery. 
Preference will be given toa member of the Institu- 
tion of Mechanical Engineers and one having a good 
knowledge of French. Should be unmarried, and age 
not to exceed 35 years. The successful candidate will 
ired to submit himself to a medical examina- 





CITY OF BIRMINGHAM. 
MUNICIPAL TECHNICAL SCHOOL. 


[the Services are Required in 
September next of TWO L' JRERS in 
Mechanical Engineering subjects. Salary :; Post A£150 
Post B £100, : 
The last date f ing i icati i 
Ist July, * e for sending in applications is the 
Full particulars of the posts will be sent on applica- 


tion to— 
\ GEO. MELLOR, Secretary. 
Offices of the School, Suffolk Sue : 24 


6th June, 1907. H 490 





QUEEN’S COLLEGE, BELFAST. 
ENGINEERING SCHOOL. 


Wanted, an Assistant to act 


; ._ 48 Instructor in Engineering, Drawing, De- 
“riptive Geometry and Perspective; in Surveying 
= Setting Out Civil Engineer's Work; to act as 
emonstrator in the Engineering Laboratory, and to 
superintend the Drawing Office Work. yr: 

Salary from £125 to £150 per annum, ding to 


tion before joining. 

In the case of. approved service, the duration of the 
appointment is two years with possible extension for 
the supervision of the carrying out of the works. 
The salary will be from £E.400 to £E.500 per annum 
according to qualifications; a sum of £E.20 will be 
allowed for passage money from England. 

The selected applicant will be subject to all the rules 
and regulations of the Egyptian Government. 
Applications, with testimonials and complete state- 
ment of previous service, should be sent to the 
PRIVATE SECRETARY to the Contréleur Général 
des Travaux d’Assainissement de la Ville du Caire, 
Ministére des Travaux Publics, care of Private 
Secretary to Director of the pg Institute, 
London, 8.E., not later than 25th July, 1907. H €55 





The MADRAS RAILWAY COMPANY require the 


Services ofan Assistant Signal 

INSPECTOR in India. Age atout 27, preferably 
unmarried. Se must have a thorough all- 
round practical knowledge of how to erect, maintain 
and repair railway signals, including interlocking 
frames, connections, &c. En ment for four years. 
Salary, Rupees 250 per month for the first two years, 
and Rupees 300 for the second two years. Free 
to Madras. 





qualifications. Duties begin October 1st, 1907. 
pany be Professor FITZGERALD, Queen’s College, 
ast, Ireland, up to July 15th, enc ing copies of 


testimonials, and i i : 4 
the Candidate me — nee 


ec) 


“4 Applications, stating age and giving brief ae 
of past experience, to be sent to W. H. COLE, 
Secretary, 1, Broad Street Place, London, E.C., not 
later than 3rd July. 


H 696 





Le engema (no special form required) stating age, 
whether married or single, giving particulars of ex- 
perience, accompanied by copies Soot originals) of 
testimonials, will be received by the CROWN AGENTS 
FOR THE COLONIES, Whitehall Gardens, 8.W., up 
to 9th of July. 

Quote M/£792 and name of this paper on letter of 
application. H 690 
PORT OF SUNDERLAND. 
APPOINTMENT OF RESIDENT ENGINEER. 


The RIVER WEAR COMMISSIONERS are prepared 
receive 


A Pplications for the Position 


of RESIDENT ENGINEER for their Harbour 
and Dock Works, in connection with which Mr. Henry 
H. Wakg, M. Inst. O.E., is their Consulting Engineer. 
The salary will commence at £400 per annum. 
Applicants must be duly qualified Civil Engineers, 
not more than 40 years of age, and must have had 
experience in the construction and maintenance of 
Harbour and Dock Works. 
The Gentleman appointed will not be allowed to 
on private practice, and he will be required to 
devote the whole of his time to the duties of his 
Office, and to reside within the Borough. 
Applications, stating age, qualifications and experi- 
ence, and accompanied by copies (which will not be 
returned) of not less than three nor more than four 
testimonials of recent date, and endorsed ‘* Resident 
Engineer,” are to be delivered to the undersigned not 
later than the 27th July next. 
The canvassing of Commissioners, either directly or 
indirectly, will be deemed a disqualification. 
By Order, J. G. MORRIS, 
Clerk to the Commissioners. 
Clerk’s Office, Sunderland, 
26th June, 1907. H 701 
SCOTTISH NATIONAL EXHIBITION. 
The Committee invite 


A Pplications for the Post of 


ENGINEER ; duties to include the preparation 
of schemesof electrical and gas illuminations, waterand 
drainage services, &c. ; drawing up schedules, supervis- 
ing contracts and maintenance of the installations. He 
would be required to give his whole time from about 
October next until the close of the exhibition ; practical 
experience of exhibition or similar work essential.— 
we with three recent testimonials, stating 
lary, to be sent on or before Monday, July 8th, to the 
Manager, W. H. KNIGHT, 45, York Place, Edinburgh. 
H 654 








A pplications are Invited for 
the POST of — 
JUNIOR INSPECTING ENGINEER 
in the service of the 
COLONIAL SUGAR REFINING COMPANY, 
Limitep, of Sydney. 
Particulars as to salary, duties, &c., can be obtained 


from— 
Messrs. PARBURY, HENTY & CO., 
20, Eastcheap, London ; or 
Mr. J. PICKERING, Baltic Chambers, 
50, Wellington Street, Glasgow, 
to whom the applications are to be forwarded on or 
before the 3rd July, 1907. H 517 


SHIPBUILDING AND ENGINEERING. 
LONDON MANAGER WANTED. 


A Leading Continental Ship- 


building and moeecting Firm, with a fair 
connection in the United Kingdom, intending to open 

n offices, SEEKS a MANAGER for these offices. 
With a view to the firm’s specialities, preference will 
be given to applicants who are well introduced 
amongst harbour authorities and contractors, and have 
good connections in different parts of the British 





Wanted, Works Manager for 
works, near Manchester, employing 200 men, 
and making high-class goods of a r; 
age 30 to 40. Knowledge of the special trade is not 
expected, but thorough general knowledge of en- 
gineering principles and practice, and special trainin; 
in at least one h are necessary.—Address, with 
full culars of qualifications, experience and salary 
red, H 679, of ENGINEERING. H 679 


W anted, Manager to take 

charge of large. smelting works em ‘in 
about 500 men must have up-to-date mecwieaee ol 
smelting of copper, lead, silver and gold ores.— 
Address, giving age, particulars of experience and 
salary required, H 579, Offices of EneineERine. 


Wanted, a Practical Foundry 


MANAGER to take charge of foundries and men. 

Must have first- lass experience in the manufacture of 
cast-iron pipes, specials and general castings and econ- 
omical working. State age, experience and re- 
y vv ne All applications treated strictly confidential.— 
ddress, BOX 86, WurEver’s Advertising Office, Man- 
chester. H 661 


anted,.a Thoroughly 
qualified MECHANICAL ENGINEER to fill 
the post of assistant works manager ; must be thorou 
organiser and acquainted with up-to-date methods. 
State salary and references.—Address, H 717, Offices 
of ENGINEERING. H 717 


~\° 

Draughtsman (First-rate) 

REQUIRED for works in Midlands, experienced 
in general structural steelwork design and qs works 
plant ; must be quick and accurate with shop drawings, 
and able to work out own details and stresses ; none 
but thoroughly reliable men need apply ; state age, 
giving references and salary required, with full par- 
ticulars of experience, and when could commence.— 
Address, H 704, Offices of Exerverrine. H 704 


‘Wanted, for a London Office, 


a DRAUGHTSMAN accustomed to the design 
of small machines (of ‘‘Cash Register” type). State 
full particulars of experience, age and salary required. 
—Address, H 692, Offices of Eneinnerine. H 692 




















] raughtsman .— Agricultural 

Implements. — WANTED, an _ experienced 
DRAUGHTSMAN, for the cattle food preparing 
machine trade, also for designing tools, jigs, &c., for 
repetition work for same.—Address, stating age, 
experience and salary required, H 615, Offices of 
ENGINEERING. H 615 








] ocomotive Draughtsman.— 


Experienced MAN WANTED at once.—Apply, 
KERR, STUART & OO., Lrp., Engineers, Stoke-on- 








Trent. H 647 
])raughtsman Required (ag 
25 to 30. One who is expeditious and te, 


witha knowledge of general engineering and repetition 
work. Works on South Coast. — Address, H 608, Offices 
of ENGINFERING. H 603 


ssistant Draughtsman 


WANTED by firm of mechanical engineers 
in Westminster ; preference given to man with experi- 
ence in sewe work. — Address, stating experience, 
salary, &c., H , Offices of ENGINEERING. H 668 


Joreman.— Wanted, in the 


fitting shops of a large works making general 
castings, pipes and structural work, a skilled FORE- 
MAN, possessing practical knowledge and accustomed 
to the management of men; must be well-up in 
modern methods of working and piece-work prices. 
A ere * must state age, salary required, and give 
full details of previous experience.—Address, H 681, 
Offices of ENGINEERING. H 681 


SE EE — eneeagnen 
anted, Foundry Foreman, 

accustomed to general engine and gas-engine 
castings, able to estimate and take full control of men. 
— Address, stating previous experience and wages 
required, H 680, Offices of Enoineertne. H 630 


onduit Tube and Fittings.— 


WANTED, first-class MAN to manage conduit 
department in tube works. One with commercial and 
ractical experience preferred, Must have thorough 
nowledge of electrical trade. State full particulars 
of experience, &c. — Address, H 510, Offices of En- 
GINEERING. : H 510 


Epgineering Pupil.— Vacancy 

oa — —- ge me ae ee ge 
t machinery, 

en, —-y moderate premium. — Address, 9 

of ENGINEERING. 6521 


Atticled Pupil.—Alarge Firm 
wards 




















of Engineers in the Midlands, employing up- 

of 1000 ds, have a VACANCY for a premium 
APPRENTICE. —Address, ¥ 944, Offices of iorrann. 
ine. ude 





SITUATIONS WANTED. 
TO FOREMEN, CLERKS OF WORKS, &. 


[the National Association for 


EX-SOLDIERS, 119, Victoria Street, 8. W. (Tele- 
phone 367, Westminster), SUPPLIES MEN of 

character only as navvies, masons, bricklayers, rs, 
labourers, caretakers, carmen, horsekeepers, night 
watchmen, timekeepers, &c. Characters up to date. 
No fees.— Apply, SECRETARY, as above. 8321 


W orks Manager Desires 


CHANGE; good organiser, accustomed fo 
supervising work on piece-work system in machine 
and fitting shop, boiler shop, smithy and foundry ; 
scientific and practical knowledge of mixing metals and 
moulding cast-iron, steel, malleable iron and brass : 
expert in up-to-date labour-saving tools and jigs, cal 
and costing systems.—H 667, Offices of ENGINEERING. 


Situations Wanted continued on page 98. 
For Continuation of Smali 
Advertisements see Pages 92 

















pire. 
Address applications, with full particulars, H 663, 
of ENGINEERING. H 663 





London, 21st June, 1907. 





and 93. 
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LION PACKINGS. 


JAMES WALKER & CO., 7783 
Garford 8t., West India Dock Rd. LONDON, E. 
T0 ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE” 


Black Line Prints 


Permanent. Done on any Paper or Cloth, 
Particulars on Application. 8020 
W. 


F. STANLEY & CO., Ltd., 
13, Bailway Agynach, LONDON BRIDGE, 8.E, 
Telephone 871, Hop. —Telegrams—Tribrach, London. 


BULL'S METAL & MELLOID C0. 


HEAD OFFICE AND WORKS: LIMITED. 
YORKER, near GLASGOW. 
TELEGRAMS : ‘‘ MELLOID, YOKER. 

BULL’S METAL.—Propéllers, Bars, Sheets, Pump 
Rods, ValveSpindles, CondenserStays and Plates, &. 
MELLOID (Reg. Trade Mark and Patented).—Con- 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire-box Plates, Bars, Sheets, Valves, &. 
WHITE METALS.—Babbitt’s, Plastic, &e. 8100 


CARVER’S PATENT 


“CIRCLIPS” 


Taking the place of Split Pins, 


FOR ALL APPLICATIONS. 














NEAT, SECURE. 
"EASILY REMOVABLE WITHOUT DAMAGE. 


Sole Licensees: 


ISAAC STOREY & SONS, 


MANCHESTER. 


SEE OUR HALF PAGE 


BI-WEEKLY ADVERTISEMENT. 


THOMAS SHANKS & CO. 


JOHNSTONE, near GLASGOW, 
SCREWING AND TURNING MACHINES, 


BARROW’S RECENT PATENTS 
And other GREAT IMPROVEMENTS to Date. 


EIGHT SIZES— 3486 
1} in., 2 in., 2} in., 3 in., 3} in., 4}in., Shin. & 6hin. 


BOLT SCREWERS ONLY, lin., 1}in., 2) in. & 3}in 


CONDENSERS || 


Our Speciality. 


NEAT, 





7664 











~ EJECTOR 
CONDENSERS 
Are the simplest pos- 
sible where water is 
plentiful. 


es 


EVAPORATIVE 
CONDENSERS 


For use where water is 

scarce. Save both fuel and 

water to the extent o/ 30)\to 
60 per cent. 


LaRer NUMBERS OF 30TH 
Kinps in successful use in 
all parts of the count: 
and are being constantly 
specified by the leading 
Engineers. 


Also Makers of all kinds of 
JET APPARATUS 
eee for Warr, Ar and Srea. 
Rjector ‘Comienser witn Improved Steam Blowers 
hig tomatic Three- 
way V. ave. for burning dust fuel. 





APPLY— 


LEDWARD & BECKETT, L™. 


SANCTUARY HOUSE, 8342 











Tothill Street, WESTMINSTER, S.W. 





EXTRUDED BARS, 


of any Plain or Special Section, in Brass, Yellow Metal, Manganese Bronze, Delta Alloys, &c. 
DELTA METAL CASTINGS, FORCINCS, STAMPINCS, SHEET, WIRE, TUBES, &c. 


TH DELTA METAL C0: L>»} 


Offices and Works: EAST GREENWICH, LONDON, 8.E. 


MUSGRAVE BROS., 


Crown Point Foundry, LEEDS, 


Makers of all Descriptions of 


HYDRAULIC MACHINERY. 
Rivette 


Accumulators, Fixed ant Foutanic 
Builders, Loco. 


Builders, Iron and Steel W« and 


Contractors to the the Home ant For and Foreign Governments. 





And at 8224 
BIRMINGHAM. 








THE UNITED ASBESTOS PATENT “ECLIPSE” PACKING. 


THE UNITED ASBESTOS CO., LD., Dock HOUSE, BILLITER ST., LONDON, E.C. Old 8055 


We make every kind of 

Measuring TAPES and 

RULES, and we make 
them RIGHT. 








J. &E. HALL, Ltp. 


Manufacturers and Original Introducers 
into this Country of 


CO. REFRIGERATING 
MACHINES 


28, St. Swrram’s Lanz, Lowpon, E.O., and 
DartrorD [RoNwoRKS, KENT. 8316 


OTIS 
ELEVATORS 


4, Queen Victoria St., London, E.O. 


B. J. HALL & 60., L®: 


ORDOVERAX (True Scale) 


PHOTO PRINTS AND PAPERS 
ELECTRIC COPIERS. 


39, Victoria St., LONDON, S.W. 


See our Advt. June 14th. 8489 


RAPID 
ELECTRO-MACNETIC 
SEPARATORS. -- 


18, The Crescent, BIRMINGHAM. 
BUYERS of SCRAP METAL. 


YOST 


THE TYPEWRITER for BEAUTIFUL WORK. 




















Head Office ; 50, Holborn Viaduct, LONDON, B.C. 8370 








Condenser 
Pump Valves. 


DERMATINE 


Manufactured only by: 


DERMATINE CO., Ltd., 95, Neate St., London, S.B. 


Tel. Address: pt th atine, London.” oa ie : Hop, 31. 


Dermatine is also made in the form of Belting, Hose, 
Hydraulic Rings, Pump Oups, &c. 8515 





[UFKIN 


RULE CO., 


24-26, HOLBORN, LONDON, E.C. 
WE CARRY A COMPLETE STOCK HERE. 7904 



































Write to us for Catalogue. 
Specially adapted for shidreauaatind 
Machinery. — : ue 
— mn co LOCOMOTIVES, 

eal 13 Ares Stationary and Marine ENGINES. 

Wo SUPPLIED TO THE LARGEST RAILWAY COMPANIES 

acs IN THE WORLD. 
LTD.,. 


ELECTRIC STEEL FURNACES. 
THE GRONDAL KJELLIN CO., 





Head Office: 14, Cook St., Liverpool. guint 
THE SIMPLEST AND MOST DURABLE Y) 
~ SEND FOR 
— Fixed on Approval and Guaranteed. — 8317 
3043 
20, Abchurch Lane, LONDON, E.C. 


The PATENT ‘*ACME™ (Regd.) 


STONEBREAKER 


FINE CRUSHING ROLLS. 


Makers een oe TN. BARSBY & CO 
} ne fers, LEICESTER. 





The British Oxygen Company, Ld. 


Works in a. My ory MANCHESTER 


THE AUTOCENOUS W WELDING oFMETALS ~ 





For full particulars, apply to the Company's 
Head Office, 8603 


Elverton Street, Westminster, LONDON. 


EVAPORATIVE 
CONDENSER. 


High efficiency under all circumstances. 

Choecit my wer ne and air leakage minimised. 
illustrated, 10,0001b. of steam 

per hour ; Tae space, 16 ft. 6 in. by 6 ft. 6 in. Pa — 

absorbed by four fans and centrifugal pump, 3B 











DOUGLAS FRASER & SONS, L¢., 
ARBROATH. °‘” 
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DAVIES & METCALFE’S LATEST PATENT 


“Hot Water” Injectors 


LOCOMOTIVE AND STATIONARY TYPES. 


Made in Combination and all other Patterns. 


ALSO EXHAUST INJECTORS FOR LOCOMOTIVES, RESTARTING INJECTORS, &c., &c. 


Full particulars on application. 


DAVIES & METCATL.FE'E, irwp., 


(Proprietors of The Patent Exhaust Steam Injector Company, Ltd.), 


Telephone ; 219, STOCKPORT. 


Injector Works, ROMILEY, near MANCHESTER. 


Telegrams: “ LOCO. WORKS, ROMILEY.” 








GEIONRGE! EML.LIOT & OO., 1.7: 


MANUFACTURERS OF PATENT 


LOCKED WIRE ROPES AND LANC’S LAY WIRE ROPES, 


And other Wire Ropes for Mines, Cranes, Lightning Conductors, Hawsers, &c. 
16, GREAT. GEORGE STREET, WESTMINSTER, LONDON. 


OFFICE: 


LOCKED COIL ROPE. 








EROoOssS & DUNOA WN, 


MARINE ENGINEERS AND BOILERMAKERS, 


7865 


WHITHFIELD WORKS, GOVAN, GLASGOW. 


ADMIRALTY CONTRACTORS, Teteorams: ‘‘ Warrerretp, Giascow.” 


MAGNOLIA METAL. 


BEST ANTIFRICTION METAL for all Machinery Bearings. 








Magnolia Metal “Flower” 
Brand to prevent 
imposition. 


MAGNOLIA ANTIFRIGTION METAL G0. OF, GREAT: BRITAIN; LTD.; 


Telephone: 5925, Bank.) BERLIN: Friedrich Strasse, 71. PARIS; 50, Rue Taitbout, 


THE NAME AND TRADE MARK APPEAR ON EACH BOX AND INGOT OF GENUINE METAL. 8532 


49, Queen Victoria Street, LONDON, E.C. 


BRUSSELS: 36, Rue de L’Universite, Liege. (Telegrams: Maznolier, London, 
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GONVEYOR-ELEVAT 


J. J. STEVENSON, BULL BRIDGE WORKS, 















ea oe Accrington, Lancashire. 
ta CONTRACTORS TO H.M. GOVERNMENT. 
: SPIRAL CONVEYORS. STOREWOLD vy CHAIN ELEVATORS. 
GOAL CONVEYORS. BELT . 
QRAIN CONVEYORS. | GRAIN ELEVATORS. | 3 ae 
TRAY CONVEYORS. | COAL ELEVATORS. a 

































Telegrams: \ National 
“ Conveyor, ~~ \ eee Telephone: 
<2 Accrington.” ‘ess = ae — No. 0279. 
Fr yi 
“a 
« MAYOR & COULSON, Ltd, 
ENGINEERS ano ELECTRICIANS, 
47, BROAD ST., MILE END, CLASCOW. 
Telegrams—“ PRODIGIOUS, GLASGOW.” 
National Telephones: 2805 and 2803. 8159 








C.RENNIE&Co., 


Thames Street, GREENWICH, 


ENGINEERS and SHIPBUILDERS. 


SHALLOW-DRAUGHT STEAMERS, DREDGERS, HOPPERS, 
TUGS, LIGHTERS, LAUNCHES, 


SENT TO ALL PARTS OF THE WORLD. 8877 























ADMIRALTY GRAB HOPPER DREDGER. 104 x 25 x 7.6. 











Hopper Capacity 100 tons. Telephone :—50, Deptford. Telegrams :—‘‘ Probitate, London.” 
Guaranteed 62°/. Silicon. FoR STEEL MAK ERS. 








res LONDON: Caxton House, Westminster. 
TD MANCHESTER: 347, Chester Road. 
tJ & Be * GLASGOW: 60, St. Enoch Square. 
ake “ 


— BHBSTABLISHADD 1866. 


WILLIAM COOKE & COMPANY, LIMITED, 


Tinsley Sieel, Iron and Wire Rope Works, SHEFFIELD. LONDON OFFICE: 110, CANNON STREET, E.C.. 


MANUFACTURERS AWARDS—GOLD MEDALS. 
OF SYDNEY, 1879. 


WIRE ROPES. MELBOURNE, 1880. 








MINING (Lonpow), 1890. 
NAVAL (LONDON), 1891. 


PARIS, 1900. 





FORGED HAULING ROPE SOCKETS OR CAPELS. 
STEEL WIRE RODS for ROPE, SPRING, CARD WIRE, &c. (Made from the FAMOUS SHEFFIELD STEEL). 
HORSE and PIT PONY SHOES. CHANNEL STEELS for RUBBER TYRES. 


peepee BEST YORKSHIRE IRON [iene 


CONTRACTORS TO E.M, GOVERNMENT AND ENGLISH AND FOREIGN RAILWAYS, 















eS to?) ENGINEERING. 


DREDGE PLANT 


GRAND PRIX, PARIS, 1800, and ST. LOUIS, 1904. 
CONSTRUCTORS OF 


BOW AND STERN WELL, BUCXET HOPPER DREDCERS, 
BUCKET LADDER BARCE LOADING DREDCERS. 


GOLD DREDGERS. ond e208 
HOPPER & PONTOON, SUCTION & DISCHARGING, PUMP DREDGERS. 
Sand Pump Hopper Dredge: ‘NAUTILUS. Built. for the Natal Government Buckets, Links, Pins and Gearing supplied for existing Dredgers. 


Hopper Capacity. 2500 Tons — Dredging Depth. 40 feet 
Has Raised 2500 Tons of Sand in Nineteen Minutes Wy SIMONS & C0., Ld., RENFREW, Scot. 


St ) 
eams 10 Knots LONDON OFFICE: 838, Victoria Street, 8.W. 


APPLEBYS’ CRANES & TRANSPORTERS 


WORKS: GLASGOW & LEICESTER. LONDON OFFICE: 56, VICTORIA ST., WESTMINSTER, S.W. 



































OPENSHAW, Manchester. a: MAGNET, MANCHESTER. 
Speciality :— 


COMPLETE ELECTRICAL 
EQUIPMENT OF 
WORKS AND FACTORIES. .. 


London Office: 35, Queen Victoria St., E.C. Tsbame; ORDERS LONDON 


en ——-_] 


WINDING ENGINES, 
HAULING ENGINES, PUMPS, 


DRIVEN BY STEAM, AIR or ELECTRICITY. 





























BEVER, “DORLING & Co, 


BOWLING IRON WORE S, 
Telegraphic Address; ‘‘ FOUNDRY, BRADFORD.” BR A DF OR D. 
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TANGYES L™ venison 











‘“‘ Girder’”’ 


Steam Engine. 





Old 7796 








PIVETED PIPE 





8596 


3" to 40" Diameter for Pressures up to 800 Ibs. 


The eEsT pipe for. HYDRAULIC M MINING, ware SUPPLY LINES, HYDRO ery A ww Ls Fork nt etc. AMERICAN SPIRAL PIPE WORKS, Chicago, lil., J. S.A. Ca Spiaiipe, =... 







































‘ Q >> 
Steel Rail _WIRE, SHEETS 17 E BIRMINGHAM. 
. Works. Qe 7, SEAMLESS & BRAZED 
UTRECHT, London Office : ~ S GY Yj 7 U BE Ss 
“ee a ‘FOR BOILERS, CONDENSERS, &c. 
TELEGRAPHIC ADDRESS: uae BATTERY, SELLY OAK.” re29 
“A. F. GRAIG & CO., LTD., 


ENGINEERS, IRONFOUNDERS AND iain ESTABLISHED 1868. 


CALEDONIA ENGINE WORKS, PAISLEY, SCOTLAND. 


LONDON ADDRESS: 80, GREAT ST. HELENS, E.C. 
MAKERS OF 


| HIGH-GLASS CORLISS 
| AND OTHER ENCINES. 


MAEBRS OF 


SUGAR MACHINERY 


\OF EVERY DESCRIPTION, 


SUGAR MILLS, VACUUM PANS, BOILERS 
VACUUM PUMPING ENCINES, OF ALL KINDS 
PATENT | gg 
TRIPLE-EFFET EVAPORATORS, | “ee 

IMPROVED CANE SHREDDERS LANCASHIRE, 


AND CARRIERS, AND MARINE TYPE. 


MASSECUITE PUMPS AND 
COOLING TROUCHS, &c., &c. 


Flanging, Riveting & Bending done by HydraulicPlant. 








Drilling, Welding and Planing done by 
: Special Tools of most modern kind. 


Telegrams: “Onare, Parsuay.” Codes used: McNama’s Mono axp Gawenat and A B O-4th Edition 5370 











SOv0 oe 
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VAUGHAN’S IMPROVED RUNWAYS 


Embodying Patents (; ons Pulley Block and 


‘ANTI-FRICTION " Switch Trolley. 


The highest 
developments in this 
class of Apparatus. 


Made in Four Sizes: 
}-Ton, 1-Ton, 
14-Ton and 2-Ton 

capacities. 


One man, unaided, 
can handle 
a 2-Ton load. 


Describe your 
requirements and we 
will advise you. 

8158 


VAUGHAN & SON, | Ltd (RUNWAY DEPARTMENT, 


West Proton 2 MANCHESTER. 
Telegrams: ‘‘VAUNTING, MANCHESTER.” Telephone: No. 5113, CENTRAL. 





NALDER BROS. & THOMPSON, im. 


The latest thing in INSULATION TESTING SETS. 








LATEST, 3 BEST and 
LIGHTEST! Ag CHEAPEST. 
500 volt. Generator 500 volt. Generator 
reading to reading to 
20 Megohms. 50; Megohms. 
£18 List. £19 10 List. 
(IN STOCK.) (IN STOCK.) 





ar, THE OHMER. a 


342, QUEEN sT., LONDON, m1. 


Telegrams: ‘“‘OcciupR, Lonpon.” Telephone Nos,: 124 & 161, Bank. 


Cut 



















ree GEARS OF EVERY DESCRIPTION. 


Hupversnieco y WORM and BEVEL GEARS a Speciality. 
Q GEAR-WORKS “ —s_ EawuIDE PINIONS. | REDUCTION GEAR CASES. 


- SHORTEST DELIVERY.- - ~ * 


- HIGHEST WORKMANSHIP. 
Telegrams : ‘ GEARING.” Telephone : No, 80. 


DELIVERY COMPLETE or CUTTING ONLY. 


oO 









Gears. - 





—— 





MOND CAS. 


THE POWER GAS CORPORATION, LTD., 
39, VICTORIA STREET, LONDON, S.W., and STOCKTON-ON-TEES, 
SOLE ( In GERMANY-—The Deutsche Mond-Gas und Neben Produkten Gesellschaft 


Sodingen, Westphalia. 
+ In U.S.A.—Meassrs. R. D. Wood & Co., 400, Chestnut Street, Philadelphia. 
AGENTS | In CANADA.—The Canada Foundry Company, Ltd., Toronto. 
In JAPAN.—Mr. H. J. Ibbotson, 22, Yamashita Cho, Yokohama. 








Longest 
Experience 


Working 

with Z 
Bituminous | 

Slack. 








Cheapest for Power ‘and Heating. Complete¥Mond{Gas‘Installations from 250 to 
25,000 HP, . started to work in any part of the World with or without Ammonia Recovery. 


PLANT CAPABLE 270, 000 Mp ALREADY SOLD. 


OF PRODUCING 
Ashmore, Benson, Pease & Co., Ltd.; Stockton-én-Tees. Seé last Advt. and next week. 





THOMAS CHATWIN, 


“VICTORIA WORKS,” GREAT TINDAL STREET, 


BIRMINGHAM. 





HAND AND POWER-DRIVEN 


SCREWING MACHINES 


FOR BOLTS AND GAS TUBES. 





ALSO MANUFACT URER OF ALL DESCRIPTIONS OF 


ENCINEERS’ AND CASFITTERS’ TOOLS. 








T. C: 7. SEND FOR CATALOGUES, 
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RANSOME CONCRETE MIXER. 


CAPACITIES per HOUR. 
No. A 6 cu.-yds. 
1 10 ” ” 
2 20 » » 
3 30 ” ” 
4 40 
SEND FOR CATALOGUE. 


RANSOME- VER MEHR MACHINERY COMPANY, 


Caxton House, Westminster, London, S.W. 











PENN BROTHERS, 


Providence Street, 


CRADLEY HEATH, STAFFS. 








FROM 5& TO 150 TONS. 





“_ ap i a ; 
Telegraphic Address: ‘‘ Penn, Cradley Heath.” Telephone : No. 9, Cradley.? 


HYDRAULIC CHAIN TESTERS 


Adolf Bleichert & Co. 


99-100, PALMERSTON HOUSE, 
BISHOPSGATE STREET WITHIN, 


| “London, E.C. 












































The oldest and largest 

establishment for the 

construction of 

Wire 

Ropeways, 
Rope and Telpher 

Chain Lines, 
Haulage . Cranes. 

for Mines, 










Monorail- 
Conveyors, iim 
Gantries 

for — 
Shipbuilding, “2 — 
and all appliances for the rapid and 
economic moving of material. —_ asi 

































ON THE ADMIRALTY LIST 


THE “KENNEDY” 
BENDING MACHINE 


TUBE-BENDING EXTRAORDINARY 
HAND OR POWER. NO HEAT REQUIRED 








John Barker °:: 


KENSINGTON, LONDON, W. 





8635 

















Small High-Class Specially Designed 


LATHES 


With Self-Acting Boring Carriages. 


FOR MOTOR REPAIRING BY YOUR OWN MECHANIC, OR FOR 
PRIVATE WORKSHOP, TOOL ROOM, AND EXPERIMENTAL 
WORK, INVENTORS’ MODEL WORK, &c. 





Sl 


A greater variety and 
heavier work 
can be done on these 
tools than on 
any other Lathes of 
their size. 


Ge + 














ACCURACY GUARANTEED. 
WORKMANSHIP AND MATERIALS BEST POSSIBLE. 
PRICES LOWEST POSSIBLE. 





Write for Specifications and Lists to— 


DRUMMOND BROTHERS, L° 


_ Engineering Works, near GUILDFORD. 
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POWER TRANSMISSION 


RENOLD SILENT CHAIN 


HIGHLY EFFICIENT 
POSITIVE 
COMPACT 
DURABLE 








Two Line Shafts driven by Chains from One Motor. 





HANS RENOLD Ltd., 
Progress Works, MANCHESTER.™ 














“REFLEX” Water Gauges. 


(Klinger’s Patent.) RICHARD KLINGER & CO., Engineers, 
Contractors to the Admiralty, &o., 



































E a 68, Fenchurch Street, London, B.C. 
3 3 & ! . Telegraphic Address—“' Sustanmp, Loxpox." 
5 _ = 8] Ring & Circle Catting Machines 
1 Pe 
oO £3 5 for Sheet Jointing Materials, Packings, 
ax Asbestos, Cardboard, Leather, Paper, 
i E 5 Accidents £ 
i] il 
Se Workmen g 
sss or 4 
s 5 h. : 
| Eee 4 BE 
é Ass Liabilities. [ 
3 i Jointing Material ror High Gram Foomaren, Dry seam, roy 
| _“Kingert” FES ese 
Phone : 5770, BANK. Telegrams : ‘‘ METALADOS.” Cabies : ROBHUNT. bi 








BRITISH BURDAV. 


ROBERT W. HUNT & CO., Engineers, Norfolk House, Cannon St., B.C. 


INSPECTION ano TESTS oF RAILS ano FASTENINGS, STRUCTURAL 
MATERIAL, BILLETS, PIG IRON, AXLES, CARS, MACHINERY, &o., &o. 
W. L. COOPER, Manager. JOHN J. CONB, Resident a 
American Offices :—CHICAGO. NEW YORK. ke an ll 


AND" HANDYSIDE &C*:L* 


Britanala Works, | Managing Director, | 104, Queen Victoria St., 


DERBY. A. BUCHANAN, MLLO.E LONDON. 














GLEBE ISLAND SWING BRIDGE, SYDNEY, N.S.W. 
Total Length, 364 ft. Weight, 736 tons. Boze 








-FREDK BRABY Cp 


mand Xo) an ic) -1°¢ 
| 35210364 EUSTON Ro: 





WROUGHT-IRON PLATE WORK OF ALMOST EVERY DESCRIPTION, 
GALVANIZED OR UNGALVANIZED, UNDERTAKEN. 8508 











~ 
Pio 
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irocco Fans 


for 


Induced Draft. 


The Sirocco Induced 
Draft System remedies 
defective draft and keeps 
the steam pressure at 
blow-off point. 


WRITE FOR CATALOGUE 327G. 











DAVIDSON & CO., Lro, 
Sirocco Engineering Works, 


BELFAST. 





LONDON: 13, Victoria St. MANCHESTER: 37, Corporaticn St, 





GEARS CUT 


by Improved Automatic Machinery 
AT LOWEST PRIOES. 
Gearing ° 07 descrintion 


WRITE FOR LIST C. 


J.B. HAMILTON & CC. 


UNICA WORKS, 8201 
SOUTH TOTTENHAM, LONDON, N. 
















— GAS PLANTS. 


SUCTION GAS PLANT 


For Anthracite COKE and CHAREOS. FUEL. 





Will work perfectly 
from 
FULL LOAD 
to NO LOAD 
or drive 
TWO or MORE 
ENGINES 
from 
One Suction Plant. 





10 To 20 HP, 


FOR 
ONE PENNY 
PER HOUR. 








T. H.& J. DANIELS, Ld., Stroud, Glos. 


on Office: 22, HENRIETTA ST., STRAND, 


aee  enagwasn, Lonpon.” Telephone : a! he 
Manchester Office: 49, DEANSGATE. 
Telegrams : ‘‘ Booster, MANCHESTER.” Telephone : 34ly, OzNTRAL. 








THE “CHURCHILL” 


WET TOOL GRINDER. 





"PIPING, BELTS, or TREADLES TO GET 


OUT OF ORDER. 


XO PUMPS, 





With]20 in. by 2 in. EMERY WHEEL. 


CHARLES CHURCHILL & CO., Leo. 


BIRMINGHAM: 2 to 10, Albert St. 
GLASGOW: 9 to 11, Wellington 8t. 


S074 


LONDON: 9 to 15, Leonard St., E.C. 
MANCHESTER :;2, Charlotte St. 
NEWCASTLE-ON-TYNE: Albion Buildings, St. James Street: 























il Ny eH pie nm 


DOUGLAS, LAWSON @®& CoO. 


Engineers, BIRSTALL, near LEEDS. 


makers of WROUGHT IRON BELT PULLEYS » to 20 tt. aia. 


H f Pull f th 
The Quality nignectand Weys is ofthe, Oui ick Despatch 2% Unsurpassed 
PRICE LISTS AND DISCOUNTS ON APPLICATION. 


TeL_ecramMs—PULLEYS,. BIRSTALL. TELEPHONE—135, BATLEY. 
On Lists of, Admiralty, War_Ofice, India Qfices.and Crown.Agents for the Culonies. 
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MERRYWEATHER’S patent BOILERS 


LIGHT—PORTABLE—EASILY 





amet 


EXAMINED. 
6 HP. - 4ewt. Ten Standard 
100 HP. - 29 ewt. Sizes. 


Steam from cold water in 5 minutes. 
Made in 100 Ib. sections: 
FOR COAL, WOOD, PETROLEUM, REFINED OR REFUSE. 
LIGHTEST BOILER IN EXISTENCE. 
Over One Million Horse-power in Use. 


M. & S.’ PATENT “SIMPLICITY” LIQUID 
FUEL SPRAY BURNER 


- FOR USH IN ANY BOILER. 





MERRYWEATHER & SONS, 


63, LONG ACRE, W.C.; and GREENWICH ROAD, S.E., LONDON. 
ESTAB. OVER 200 YEARS. 


“STAR ENGINE 
INDICATOR. 


Priee and full particulars on application to— 


STAR BRASS MFC. GO. 


(GREEN & BOULDING, Lté.), 
28, NEW BRIDGE STREET, _ 


CLAYTON, HOWLETT & CO. ’S 
BRICK & TILE Macuinery. 


London Office : 
28, Victoria Street, 
Westminster, S.W. 




















Telephone 
Telegrams : Temperature, London. 


: 12455, Central. 












CATALOGUES 
ON 
APPLICATION. 


SOLE MAKERS— 


THE BRIGHTSIDE FOUNDRY & ENCINEERING CO., LTD., 


Wicker Works, SHEFFIELD. 
“CASTINGS, SHEFFIELD.” 


Telegrams: “‘BRICKPRESS, LONDON.” 








GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT 
CYCLOPS WORKS, 


BEDFORD. 


Telegrams— 
“Grafton, Bedford.” 





Mase Descriptive Price List free on + 





The ONLY BRITISH STEAM ORANE used in the 


They tell you what’s wrong with your 
Engine, and how to cure it. 


As necessary to the Engineer 
As the stethoscope to the Doctor. 


WRITE FOR CATALOGUE **E 4,” 


Grossy STEAM Gace AND om Co., 
147, Queen Victoria Street, LONDON, E.C. 











DEMPSTER, MOORE & CO., Lro, 


Engineers, GLASGOW. 





™ Bisse 
—— é : <j" 
= == << a 
SSS 


ee 
= ~ 
s = = SS 
\ = Se z 2h 


From Photo. of 9} in. Centre Lathe. 
SPECIALITY 1s 7761 

















Modern High-Speed Machine Tools. 








PARIS & GLASGOW EXHIBITIONS. 








PATENT 
ELASTIC CLUTCH 
OR COUPLING. 


Upwards of 200,000 HP, 


successfully at work. 
SUITABLE FOR HIGH OR LOW SPEEDS. 


Sole Makers: 


Cowlishaw, Walker &Co. 


LimiTED, 7870 
ETRURIA, STOKE-ON-TRENT. 
Q 
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JOHN OAKEY & SONS, Ltd.|KENYon's PATENT i= 


















'- @ENUINE EMERY, EMERY WHEELS shaper epame “ate 
; EMERY CLOTH, For all Purposes COTTON et ) 


‘Wolington Kilt, @LASS & FLINT PAPERS, “Tes 


WESTMINSTER BRIDGE ROAD, 
SILICATE 


canny, BLACK LEAD, &o. DRIVING PMeisdiasok 
| | COTTON. 


LEROY'S seksonemne COMPOSITION PT ssxrsr0s 
eg YOR COATING BOILERS, STEAM, PIPES ec. to ROP ES MANCHE MAGNESIA 


Power by Ropes,” 
post free on application, 














prevent the gy rag ye = d urha 
power of steam. I LL A y SHO 
IT CANNOT CATCH OR COMMUNICATE FIRE. (GUARANTEED to contain 85% CARB. MAG.) 













tr © 
: Se Used in H.M. Dockyards, Arsenals; also by AND OTHER COVERINGS FOR 
> principal Railway and Dock Co.’s. EA 
9 May be seen where it has been in use for twenty or - rbainaey BORERS, &o. 
On youre. Dry Materials specially Compounded and Packed for Export. 8299 





ESTABLISHED 1865. 


F, LEROY & CO,, 
Gn, anette | ROCK DRILLS 


Negretti & Zambra, Mining & Cyanide 
Plants. 




















fn 
a 


=) 
z 
1 iJ 
a] 
= 
—] 
ms 
r 
2 
7 
es 


Special Thermometers and Pyrometers 


For Engineers, Brewers, Malsters, Bakers, &c. 












Thermometers Hydrometers, Unapproached 
For Tea Drying and Salimometers and 
Refrigerating Machinery. Saccharometers. for 
Standardized | Thermometers OUT P UT. 





Hygrometers For Submarine and 
For Cotton Factories. Underground Temperatures. 


Thermographs Polarising 


For giving continuous records of Saccharometers 
temperature on a chart for any | FE Ss anebeite. tie 
period from 1 to 60 days. ps fein wi mctens: i tment 


ECONOMY. 
DURABILITY. 


Any Size. Any Type. Any Purpose. 


















PRICES LOWEST POSSIBLE. 


& 11, Queen Victoria St., 
« a London, E.C. 


Telegraphic Address: ‘‘GULDNES, LONDON.” 8181 


TRY er gg 





SHIPBUILDERS SUPPLIED 


ON SPECIAL TERMS WITH 
Marine Bar ters, Cc p . 
Sextants, Logs, and all Scientific 
instruments for Ships’ Outfits. 


NEGRETTI & ZAMBRA, _ nosrecuenr maxens, 


38, HOLBORN ViADUCT, Branches :—45, CORNHILL & 122, REGENT Sr., 
; LomwDownmw. Old 1797 














































_© === SHEEPSCAR FOUNDRY, A 
Z LEEDS ¥ 
* ne 
Pug 
Wy = A ENGLAND. eS ° 
CML YP V\\ A BC and Lieber’s Vv > = 
i mt Telegraphic Codes used. 
He i Messrs. George Russell & Co. Motherwell H i Ry Jf HYDRAULIC 
Ht Mt supplied in February. 1880, i vill working. H i LONDON AGENT: SS wy PRESSES, 
WR < KU; canon SS PUMPS, 
AN RSs y iy no. 
1. /, sae CRANES, 


CAPSTANS, 
+ ACCUMULATORS, | 
¢ INTENSIFIERS, 
LEATHERS, &c, &. 





. AND ESTABLISH A SIMILAR 
RECORD. 


1519 
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SPECIALITY 


REFRIGERATING MACHINERY rox SHIPS 


AMMONIA COMPRESSION 
AND 
CARBONIC ANHYDRIDE SYSTEMS. 


Enquiries Invited. 





There are points about our 
Machines which will repay investigation. 


ve LIVERPOOL REFRIGERATION G*: I”: 


COLONIAL HOUSE, 
LIVERPOOL. 


| 








WESTINGHOUSE 


Oil-immersed Switch-type Auto-Starter 


For high-pressure squirrel-cage 
induction motors, from 5 to 
100 HP., and for mining work, 
the switch and auto-trans- 
former being immersed in oil. 


MANCHESTER 
























The OLDEST and BEST 
LUBRICATOR MANUFACTURERS 
in the Market. 


THE STEAM CYLINDER 
LUBRICATOR CO., Ltd., 


GORDON WORKS, LOWER BROUGHTON, 
MANCHESTER. 


Telephone: No. 1645. 
Telegraphic Address: ‘‘ SEAFIELD, MANCHESTER.” 





This Advertisement appears Fortnightly. 


MECHANICAL LUBRICATOR f 
with ADAMS & GRANDISON’S PATENT REDUCING GEAR. 73 








A Marvel in Metals. 














combined under a secret process. 


For CASTINGS, BOILER STAY RODS, SOLID DRAWN or 

BRAZED TUBES, WIRE, RODS, SHEETS, MOTOR CAR, 

TRAMWAY and RAILWAY WORK, WATER and SANITARY 
FITTINGS, &c., &c. 

Messrs. Kirkaldy’s test of a ‘‘SILVO” Tube gives a tensile 


strain of 42 tons per square inch, and a bursting pressure 
of 3,645 Ibs. per square inch. 


“SILVO” BRAND MANGANESE BRONZE 


and other ‘‘SILVO” Metals, made by same secret process, 
give fine results in engineering work of all kinds. 


‘*SILVO” is rustless, and unaffected by sea water, man 
acids, &c., while its strength is greater than that of steel, 
and its polish like silver. 


Compare the severe tests applied to ‘‘SILVO” with the 
tests that are or ever have been made. 8572 


Descriptive Circular sent free from the 


BIRMINGHAM FOUNDRY CO., 


London Offices: 34, Old Broad St., E.C. 


Telegrams: “ BIRFOCO, LONDON.” Telephone: 4797, CENTRAL, LONDON. 


Works: Pritchett St., Birmingham. 


Telegrams; ‘‘DEMOTIC, BIRMINGHAM.” P.A.B, 


DROPB PL PP DPB ODD POC ore B 
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- - THE -- 


Steel Company of Scotland, Ltd. 


(SIEMENS PROCESS), 


23, ROYAL EXCHANGE SQUARE, GLASGOW. 


ESTABLISHED 1872. 
Works: HALLSIDE, NEWTON & BLOCHAIRN, GLASGOW. 
Head Office: 23, ROVAL EXCHANGE SQUARE, GLASGOW. 
London Office: 9, MINCING LANE, E.C. 











Contractors to British Admiralty, War Department, and 
Foreign and Colonial Governments. 








MANUFACTURERS OF 


Mild Steel Plates, Angles, &c., 


For Ships, Boiler and Bridge Building, Angles, Zed Bars, Tees, and all forms of 
Sectionai Bars required for constructive purposes. 


—_~ 


CASTINGS of all kinds and largest sizes for Ship Stems, 
Stern Posts, Rudders, &c. 


FORGINGS of every description. 


AXLES of highest quality, to meet requirements of Home 
and Colonial Railways. 


TYRES.—Locomotive Carriage and Wagon, to all re- 





— 











quirements. 
8369 








The Griffin Mill 


— MANUFACTURED BY THE — 


BRADLEY PULVERIZER CO., 


37, WALBROOK, 


London, E.C. 


Telegraphic Address : “EQUESTRIAN, LONDON.” 
Telephone No. ; 5961, BANK. 





PORTLAND CEMENTS, 

PHOSPHATE ROCK, 

COAL, COKE, 

GOLD QUARTZ, 

ORES of all kinds. a 
Full Particulars on Application. 








Specially adapted for the fine pulverization of 








Be oe? Se ae oes Ne a 


LOCOMOTIVES nw 


of various Sizes with all the latest improvements ready for Immediate De- 
livery. Engines specially designed for every requirement and gauge. 


Full particulars on application. Tolograms: “PECKETT, BRISTOL.” 











STEAM CRANES, 
OVERHEAD ELECTRIC CRANES. 











HENRY J. COLES, uit. Derby. 

















+“ MIUMFORD” PATENT 
feu6>, WATER-TUBE BOILER 


Highly ly Efficient. 
momical, 
Simple in 
ng ny el 










About 400 BOILERS 
supplied to the 

ENGLISH 

ADMIRALTY 


Telegraphic Address : 
** MUMFORD, COLCHESTER.” 


TORPEDO 
BOATS and 
VEDETTE 
BOATS. 


FOR 
ESTIMATES, 








Culver Street Works, COLCHESTER." 
































June 28, 1907.] 


ENGINEERING. 








DOUBLE HELICAL TOOTH WHEELS. 


Bevel or Spur Gear from 3in. to 20ft. diameter. 


MADE BY SPECIAL MACHINERY. 


ADVANTAGES over ORDINARY GEARING. 





:o:i7=-— 






Stronger Tooth. 
More Bearing Surface on Tooth. 
Less Pressure on Collar of 
Journals. 


Free from Jerks 


Price List on application. 
10: 








and Backlash. 
More Teeth in 
Gear. 
Smoother Work- 


a ing. 
= Greater durability 
—_:0:—— 


STRAIGHT TOOTH | WHEELS CUT oR MOULDED BY MACHINERY. 3059 


WILLIAM WHITTAKER & SONS, Engineers, &., OLDHAM. 


SIGHT-FEED LUBRICATORS. 





SIMPLEST, MOST RELIABLE, AND OHEAPEST IN THE MAREET. 
Single & Double "PkBURP’S 


In the Double Lubricator each feed is absolutely 
independent, so that one can be closed off without 
interfering with the full working of the other. 
Fitted with Patent Protectors, which 
also enable Sight-glasses to be removed 
and replaced in TWO minutes. 


As supplied to the to the Chief Railways. 


The Hulburd Engineering Company, 


BRASSFOUNDERS AND OCOPPERSMITHS, 
160, LEADENHALL ST., E.C. 


phen hho enaenenena he 44444444444444444 4444444444446 444 
LPAPPPPPPPPPOP EPC AAAAAAAAnn8 


BELTING 


THE IMPORTANCE OF BUYING UNWEICHTED LEATHER. 


The advance in the price of hides has made it more 

difficult for tanners to turn out leather at a price. 

In some cases this has led to the use of adulterants 
in order to make apparently cheap belting. 


OUR GOODS CONTAIN ONLY THE BEST MATERIALS, 











Ahhh aed 
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” NO GLUCOSE OR OTHER WEIGHTING MATTER, 
%n%, ee yw 
"*, W. & O. GILMOUR,  ,“¢ 
% % Machine Belt Manufacturers Pang 
Ue,“ pe “* 
Sy <a St. John’s Hill, _ 
% EDINBURGH. © ww 3 
eat ect 





BRIDGE’ Ss 


PATERT FRICTION — 





4076 
Send for 200 page Ny Ry the — and Sole eae — 


ee ee Nw 
meee & HAULING AND CEARINC INSTALLATIONS OUR SPECIALITY, 


DAVID BRIDGE & CO., “re 


LONDON OFFICE: 35, eckan 


ma"? CASTLETON, wurteatrer 


po STREET. E.C. 





OIL SEPAp, ™ 


oh FOR EXHAUST STEAM. 








60,000 Pounds of Steam per Hour. 


At present working satisfactorily in the most important Electric Stations 
and Works throughout the United Kingdom and on the Continent. 


WRITE FOR ILLUSTRATED CATALOGUE. 6808 


BAKER’S PATENT APPLIANCES CO., LTD., 


Melrose Street Works, 


*¢ Parent, ScaRponovex.” SCARBOROUGH. 














HARTUNG, KUHN & CO., 


DUSSELDORF. 


Hartung Governors 


for Steam, Gas and Oil Engines, Steam and Water Turbines. 


20,000 SOLD. 
BEST in tHe WORLD. 


Regulation-capacity unapproached in any other system. 
PNEUMATIC TOOLS : "=™™ezs, Riveter Drte;and Hotets 


All enquiries should be addressed to our Sole Representative for Great Britain and Colonies :— 


C. C. CAMPART, 21, Finsbury Street, LONDON, £.C. 


Telegrams : ‘‘ Ogcampart, LONDON.” Telephone : 3497, CzNTRAL. 7806 


STRUCTURAL 
STEEL WORK, 
ROOFS, GIRDERS, 
STORAGE TANKS. 


- - MAEKEBRS OF THE - - 


LARGEST TANK in the WORLD. 


CLAYTON, SON « Go,, L” Lezos. 


Contractors to His Majesty's Government. 
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r 


oeKPER >. 
ROCK DRILL. 


AIR COMPRESSORS 


ALL TYPES. 


WELL-BORING TOOLS. 
SCHRAM, HARKER & CO., 


ENGINEERS, 
CANNON STREET HOUSE, LONDON, E. C. 
Telegrams :—SCHRAM, LONDON.” ABC Code. 


THE BROWN HOISTING MACHINERY Co., 


CLEVELAND, OHIO, U.S.A. 


QEt.LAaAWI EIS or ani pascrniPrions. 


























ECQNOMY 
in BOILER FEED 


INTERCHANGEABLE 
VALVE BOXES 









CAN BE CHANGED 
INSTANTLY. 
MINIMUM 

FLOOR SPACE. 

USUAL STOCK SIZES. 

GREA  xli’x3’ 

T “ nip xe 

| ADVANTAGES. + et ied 

” x "x 4” 

"x 22" x 4” 

PRICE j nap xe 

@ REASONABLE. [x37 5 


x 34° x 6” 
xa xB’ 
SOTABLE FOR Po PURPOSES, 


PHGENIX ENGINE WORKS, ss 
Oranbreek Street, Old Ferd, 


CROSBIE’S 
PAINTS 


can be had in all Colours, and for every class of work. 


SPECIALITY—Paints prepared to any of the 
Governmental ee Specifications. 


ADOLPHE CROSBIE, Limited, 


WOLVERHAMPTON. 
DERRIGK 


li 


POWER DRIVEN CRANES AND OTHER MACHINERY, 


We combine a long record in tia 
Cranes with a wide experience of their working 
and maintenance on large contracts, &c. 


.'. IF YOU WANT A MODERN CRANE FOR UP-TO-DATE WORK, 


: C | F STANNINGLEY, 


IOLEO Lun, ‘tens. 
Schaffer 8 Budenberg, L* 


Whitworth Street, MANCHESTER. 


Branch Offices: 77a, Queen Victoria Street, London, E.C. 














HIGH SPEED PEDESTAL 
HIGH SPEED WAREHOUSE 


Flactrie: (coun bon TRAVELLING 
Steam ‘sion ne 
SEnMANENT WAY 
= AND FLOATING 





PORTABLE ROAD & RAILY. 
LOABING SHES & WHIPPING 





“5 

















5, Wellington Street, Glasgow. 
























Largest 
Makers in — 7 
the world A | tion over 
thr 
of million 
Pressure gauges. 
Gauges. 


"1907 — 


Catalogue 
of nearly 600 
pages and up- 
wards of 1000 
illustrations. 





















ALSO MAKERS OF 
ENGINE COUNTERS, INJECTORS, DIAL THERMOMETERS for 
Super-heated Steam, Nickel-seated STOP VALVES and SPRING 
SAFETY VALVES for Super-heated Steam, THOMPSON INDICATORS, 
TEST PUMPS, ENGINE LUBRICATORS, RECORDING asd 
















LONDON, B& 


J. LANE, L® 


PRECISION INSTRUMENTS, etc., etc. 















— 





—_ 
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QUALITY 


HAS GAINED FOR 


LUNKENHEIMER 
WEDGE DISC GATE VALVES 


A REPUTATION UNEQUALLED. 













Seat Rings, Discs, and all other wearing parts sub- 
jected to wear can easily be renewed. 

Positively the most serviceable and durable Valves 
on the market. 

Single Disc, Double Seated, will take pressure from 
either end, 

Guaranteed for working 
pressures up to 150 lbs. 
per square inch. 

























Made with Stationary Stem 
or Outside Screw and Yoke 
in sizes from 3 in. to 3 in. 





Lunkenheimer 
Wedge Disc Gate Valve, 
\with Stationary Stem. 


INVESTIGATE. 





THE. 


LUNKENHEIMER COMPANY, 


Largest Manufacturers of High Grade 
Engineering Specialties in the World. 


GENERAL OFFICES and WORKS: 


CINCINNATI, OHIO, U.S.A. 


BRANCHES 
NEW YORK: 66-68, Fulton Street. 
LONDON, S.E.: 35, Great Dover Street. 
AUSTRALIA : A. Asher Smith, 56, Market St., Sydney. 
SOUTH AFRICA: A. Pargiter & Co., Johannesburg. 15? 


Lunkenheimer 
Wedge Disc Gate Valve 
with Outside Screw 


and Yoke. 8304 











JOSHUA BUCKTON 

& CO LTD 

LEEDS 
6-FOOT 
DIAMETER 
ENGINE 
OR 
MOTOR 
DRIVE 


TESTING 
MACHINES ose 


<<" SAWS 


(SWIVEL AND 





TRADE 





SELF-OILING BEARINGS 


SY, 


> 
MILLWRIGHT SPECIALISTS. 





PATENT 


SELF -OILING 
BEARINGS 


ADJUSTABLE). 











& HANGERS SUPPLIED 
to H.M. GOVERNMENT. 





LIST OF AGENTS 


comet Patterson & Gens, Ld., 15, Bridge 
Guanes. Lioyd & Co., 185, Steelhouse 
ne. 


BLACKPOOL—Biackpool Engineering Werks, 
Ltd., New Road, 

BOLTON—J. & W. Kirkham, Ltd., Lark Street. 

BRISTOL—R. Stotesbury, Temple Buildings, 
ia Street. 


CARDIFF —Cross Brothers, Ltd., 20, Working St. 

CARLISLE—A. J. Crawford (Northern Mill and 
Mine Furnishing Oo.). 

CORK— McKenzies, Camden Quay. 

DUBLIN—Booth Brothers, Upper Stephen Street. 

DUNDEE—Thomas C. Keay, 17, Baltic Street. 

EDINBURGH—D. F. Wishart & Co., 18, Picardy 


Place. 
GLASGOW_vas. T. Donald & Co., Ltd., 36, 
McAlpine Street. 
IPSWICH—H. Warner & Sons, Lion Street. 
LEEDS—Rhodes Bros., 136a, Woodhouse Lane. 
LIMERICK—4J. P. Evans & Co., 131, George Street. 
LIVERPOOL—Putz, Curphey r Co., 20, Strand 


Street. 
aa C. Nicholson Tool 
NORTHAMPTON—Btimpson Bros., 104, Abington 
NOTTINGHAM—E. L. Gowthorpe & Son, Victoria 


Builldi London Road. 
OLDHAM—C ie Taylor, 25, Manchester 6t. 





HOLDING STOCK. 


PORTMADOC—Owen, isaac & Owen, Union 


Foundry. 
ROCHDALE—John J. Smithies, Baron Street. 
SHEFFIELD—Tasker’s Engineering Co., Ltd.,' 


61, Bionk St . 
WARRINGTON—John Chorley, Buttermarket St. 


FOREIGN AGENTS. 
AUSTRIA—White, Child & Beney, Vienna. 
CAPE Ne aag Meg Findlay & Co., Church’ 

Square, Cape Town. 
CEYLON—Davidson & Co., Ltd., Colombo. : 
EGYPT—Societe Generale d'Electricite & de Me- 
canique, Place Mohammed Aly, Alexandria. . 
FRANCE—Frederick Christy & Co., Lille. 
HOLLAND—R. 8. Stokvis & Zonen, Ltd., Leuve- 
haven O. Z. 74, Rotterdam, 
eae wy & Co., 48, Forbes St. Fort, 


Bom 
INDIA Darideon & Co., Ltd., Lall Bazar, Cal. 


cutta. 
ITALY—Gio. Viganoni, Via 8. Andrea, 6, Milan. 
JAVA—Kerkhoven & Mazel, Tjibadak. 
NEW SOUTH WALES—R. L. Scrutton & Ca., 


Sydney. 
NORWAY—G. Hartmann, Christiania. 
SWEDEN—Calvert & Co., Gothenburg. 
TRANSVAAL —Herbert Ainsworth, 85, Explora- 
tion Building, Johannesburg. 
WESTERN AUSTRALIA— Saunders & 
Ackroyd Bdgs., Melbourne Rd., Perth, W 





THE... 


Telegrams: STRENGTH. 








Telegrams! HORSEPOWER. 


Unbreakable Pulley & Mill Gearing Co., td 


48, WEST GORTON, MANCHESTER, 


Telphenee: 62 and 4452, 


56, CANNON STREET, LONDON, E.C, 
8163 


Telephone : 605 (BANK) 
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TRIED AND APPROVED BY BOMBAY 
GOVERNMENT. 


AUTOMATIC SLUICES 


(for Reservoirs.) 


FREE ROLLER SLUICES 


with Watertight Joint.) 


| AUTOMATIC DAM 








(for River 
Weirs.) 
MODULE en: 
Regulator ) 


MIRZA’S PATENTS. 





10 ft. x 9 ft. 


AGENTS AND MANUFACTURERS ;— 


RANSOMES & RAPIER, LT. 


32, Victeria St., LONDON, $.W.; & Waterside Works, IPSWICH. 
Tel. Address :—Ransomus & Rapier, Lonpon. 


A. T. MIRZA & SONS, 32, Meadows Street, BOMBAY, INDIA. 


Tel. Address :—RatnaGur, BomMBAY. 8383 


AWARDED GOLD & SILVER MEDALS. | \@d 


Baker’s Rotary Pressure Blowers 
WITH ALL THE 
_& Exhausters, 


LATEST IMPROVEMENTS. 
For Cupolas, 


Smiths’ Fires, 
, Basic Process, 
i Refineries, &c. 



















_\ ADOPTED BY 
\ 4M. INDIAN 
_\ GOVERNMENT. 

& Cast & Drop 

Forged 


Fane vue 4 Steel 
PLAN 


 ——— . a Spanners. 
STEEL, IRON & BRASS CASTINGS, TOOL STEEL, FILES, FORGINGS, BESSEMER BARS, &c. 


BAKER BLOWER ENGINEERING 60., °‘Wiexes,'” SHEFFIELD. 


WICKER, 
Successors to SAVILE STREET FOUNDRY & ENGINEERING CO., Ltd. 1157 


















JOHN G. KINCAID & CO., 


ENGINEERS & SHIPBUILDERS, i."rD., 
GREBNOOCK, SCOTLAND. 
me = SINGLE and 
TWIN SCREWS, 
— ALSO — 


SIDE and STERN 
WHEEL PADDLE 
-— STEAMERS, 


DESIGNED with Special 
Arrangements and Ventilation 
for TROPICAL CLIMATES 
and Shallow Water Navigation. 


Bhipped in pieces or floatable sections or boarded up and prepared with complete outfits for over sea voyages. 








Telephone ; 383, BIRKENHEAD. Telegrams; ‘‘ ADARAM,” BIRKENHEAD, 


Adamson, Ramsbottom«Co. 


Cleveland Works, BIRKENHEAD. 


Representatives for Northern Counties, 
ROBINSON & JONES, 21, Collingwood Street, NEWCASTLE-ON-TYNE. 


HIGH-CLASS ELECTRIC CRANES 


OF ALL TYPES, 


Electric Capstans, Traversers, Turntables, Lifts, 


AND EVERY DESCRIPTION OF 











ELECTRIC LIFTING & HAULING MACHINERY. 





TAMES SIMPSON®CO. La 


" * Registered 101, Grosvenor Road, LONDON, S.W. 









« Telephones : AND AT Telegrams and Cables: 
805 & 806, WESTMINSTER. **AQUOSITY, LONDON.” 
, 4, NEWARK. NEWARK-ON-TRENT. “AQUOSITY, NEWARK.” 






Manufacturers of High-Class 


PUMPING MACHINERY 


of all types and for every service. 


WORTHINGTON PUMPING ENGINES 


for Waterworks, Sewage Works, Mines & Hydraulic Power. 


MARINE FEED PUMPS, BILGE PUMPS, &c., &c. 


TRIPLE-EXPANSION BEAM PUMPING ENCINES. 
SURFACE CONDENSERS & COMPLETE CONDENSING PLANTS. 


POWER PUMPS for all services. 
TRIPLE-EXPANSION FLY-WHEEL PUMPING ENCINES 


} for Deep Wells. s 
MOTOR-CAR REPAIRS EXECUTED. 


LARGE MODERN FOUNDRY AT NEWARK 


Specially laid out for all Descriptions o 


CASTINGS. 


HSTIMATES ON APPLICATION TO 































ENGINES FOR SHIPLIGHTING. 
ENCINES AND CENTRIFUGAL PUMPS. 
ENGINES AND FANS for all purposes. 


Over 1200 of our Engines are working on 
steam ships. ; 

123 Engines supplied to one electrical firm, 
106 to another, 84 to another. 

Hundreds of repetition orders from old 
customers who find our Engines the most 
silent and durable. 

We have had five Engines working at the 
Grand Hotel for six years in perfect 
silence and without vibration. 






Specialities 





Single-Acting Engines to 300 B.HP. 
Double-Acting Engines with Forced 
Lubrication up to 500 B.HP. 
INTERCHANGEABLE SYsTEM. 











Over 20 years’ experience in building ee 


12 KW. SHIP LIGHTING SET. 


HIGH-SPEED ENGINES. 
CANNOCK CHASE ENGINE WORKS, 


BUMSTED & GHANDLER, jcbucsroun'svsr 


Telegrams :—BAGS, HEDNESFORD. 

















London Address: 7, Bishopsgate St. Without, E.C. 


HENDRYS 













LEATHER. 


““ 








JAMES SIMPSON ®& CO., Ltd., 


NEWARK-ON-TRENT. 





= BELTING 
ANE, cotter, 
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rae “Gun Taz” 


PATENT TOOL HOLDER||| 


Effects enormous economy in expensive High-speed Steel ; avoids 
expensive forging or fancy grinding. 


Made for ROUND STEEL for ROUGHING or SQUARE STEEL for FINISHING 


Takes the HEAVIEST CUTS WITHOUT SLIPPING. 


Screw does not bear direct on to Tool and cannot be 
accidentally detached. 


No LOOSE PIECES to get LOST or MISLAID. 


Tightening Screw clear of the work and rest. 
CASE HARDENED _THROUGHOUT. 8262 












Ask FOR 
List E.G. 


W. GUNTHER & | & SONS, CENTRAL WORKS, OLDHAM. 
“CENTRAL LIFT” 


HYDRAULIG-WORKING 
VALVES. 


Easy Working. Simplest and Best for Iron 
and Steel Works Plant, 
Dock and Railway Cranes, &c. 


SHNT OUT ON APPROVAL. 








SOLE MAKERS :— 8151 


DEWHURST'S ENGINEERING COMPANY, Lrtp., 
Hydraulic Engineers, SHEFFIELD. 


R. D. WOOD & CO., © :.... 
oumuarr Philadelphia. 


CAST IRON PIPE,  —™ STELLITE 


WATER & GAS WORKS APPLIANCES. CONTROLLERS 
BUILDERS OF GAS HOLDERS, (PATENTED). 


HYDRAULIC TOOLS, It is a fact recognised alike by our 
CR ANES & M ACHINERY. customers and competitors that the 





46 ”? 
cannon naanve- “~~ SRED FOR CATALOOUR. — STELLITE” Controllers are in 
HENRY R. MERTON & CO., 2, Metal Exchange Buildings, Leadenhall Avenue, Londen, E.C. advance of any other make in so far 





as design, construction, reliability, 


Thomas Turton & Sons}  ssucussecns 


and are admirably adapted for use 


MANUFACTURERS OF LIMITED. 
with electrically-driven cranes, 


ENGINE, CARRIAGE, AND WAGON SPRINGS, nach fl es alo foram 
Cast Steel Files, } 


Ask for CATALOGUE N 148. 
ENCINEERS’ TOOLS, HAMMERS, EDCE TOOLS, STEEL SOLE MANUFACTURERS: 


THE... 


eee OO er ELECTRIC & ORDNANCE ACCESSORIES CL” |)’ 


Tool Steel spamoaias 
SHEAF WORKS, SHEFFIELD. ) | 


London (ffice: 90, CANNON STREET, E.C, 
Boston, U.S,: 683, FALMOUTH STREET. 
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A HARVEY 60 





Perforators 
LARGEST WORKS IN THE KINGDOM. 


LEWISHAM, LONDON 









Polmeiians 
GLOVE AND GAITER 





Lubecker Machine t Se C0., 


30, GnenT ST. HELEN'S, LONDON, E.C. 





mavATaRS af Railwa' Conain, Earthworks 
d Chalk Quarries. 
Capacity ome 50 to 300 cubic metres per hour. 
FLOATING ore for Sea and River Work. 
OLD DREDGERS. 


EXCAVATORS & DREDGERS 
OF ALL gs mereianeae 
Telephone No. 1434, Avenue. Telegrams: ‘ Plasmo, oH .4 





The consumption of fuel in Normand’s Torpedo-Boat Engines, which are fitted with the above ap 
Government trials, been repea' 


AUGUSTIN NORMAND & CO. 


Engineers & Shipbuilders, HAVRE (France.) 
NORMAND'S PATENT BOILERS. 


Applied to the “ Forban,” the fastest Torpedo-Boat afloat. 


NORMAND'S PATENT FEED HEATER. 


16 to 20 per cent. Economy of Fuel. 


NORMAND'S PATENT FEED DISTRIBUTING ARRANGEMENT. 
NORMAND’S PATENT FEED-WATER FILTER. 


Adopted by the French and other Governments. Over !,000,000 I.HP. 
already fitted with this Filter. 


NORMAND'S PATENT CYLINDER RELIEF VALVES. 











liances, has, in the official 
per hour at low speed, and aly lb. at maximum >. 
The total weight of Engines, Boilers al Water hax been brought down to 36 lbs. per I.HP. 


GEORGE RICHARDS (L0ND0") L 


High- Speed Positive — Lathes with Protected Beds. 
83/=105''-125" Centres. 


The most Modern and 
Up-to-Date Lathe Made. 


tedly as low as 1.0 lb. per I.HP. 





















GEO. RICHARDS’ 
VARIOUS PATENTS. 





Carriage has long single guide at 
front of bed, protected. 


Designed for heavy roughing-out 
of work and for accurate 
finishing. 


DELIVERY FROM STOCK. 


31, Finsbury 
Square, E.C., 
LONDON. 


8545 





100 of these Lathes bliveeed since introduction two years ago! 











Gimson 6 Co; | 


Mai LR Ee! L: l 
eee 


George Richards (Lond 31, Finsbury 
Square, E.C.; and 26, Pall Malt Mocca 








INDEPENDENT 


PLANT. 


Engineers and Boilermakers, 


SOHO ENGINE WORKS, PAISLEY, SCOTLAND. 


CAM PBELL & CALDERWOOD, 











SURFACE Telegraphic Address: ‘‘8OHO, PAISLEY.” 
CONDENSING Makers of all Types oy 






SIDE & STERN WHEEL 
= PADDLE ENGINES 


SPECIALLY FOR LIGHT DRAFT. 
All Types of 


SCREW ENGINES 


os Cargo and Passenger Steamers, 


ges, Tugs and Launches. 





yo = —— WE CONTRACT FOR VESSELS COMPLETE, 
. OR FOR SHIPMENT IN PLATES AND 
FRAMES, OR IN SECTIONS. 





eras 


AUXILIARY PLANT —Steam-driven 
Centrifugal Pumps, Steam Capstans, 
Steam Reversing Engines. 


8049 
CATALOGUE ON APPLICATION. 





Paddle Engines fitted to the Indian State Railway Steamers “Shalimar” and “ Kidderpur.” 
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8} in. centre, HIGH-SPEED, 
SLIDING, SURFACING, 
and SCREW-CUTTING 


CARRON LATHES 


Illustration shows Carron Company's latest type of Lathe whi ne embodies all the most modern 

improvements a and is guara anteed to produce good and true work. It is of massive build, 

powerfully geared, and is equally suitable for heavy or light wor site Lathe to be relied on at all 
iat, and one well worth the consideration of all Engineers, &c. 


PRICES AND PARTIOULARS ON APPLICATION TO— 8355 


Gur 
(3) CARRON COMPANY, 2s: CARRON: 
S\ Zan 


t, Stirlingshire. 
Showrooms: 53, Oswald St., Glasgow. 
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Galvanized Corrugated Iron Roofs, Sheds, Buildings and Sheets. Gutters, Pipes and Fittings. 
for Railways, Road and Foot Service. All kinds of Constructional Iron Work. 


LONDON OFFICE: 118, QUEEN VICTORIA STREET, EC. 


THE HOWARD PNEUMATIC 
ENGINEERING 


CO., LTD., 


EASTBOURNE, ENGLAND. 


Ss 
= 
=. 
= 
og 
ig 





On Admiralty, 
War Office, and 
India Office Lists. 


























No up-to-date 
Shipyard should be 
without one of our Pneumatic 
Deck Planing Machines as illustrated 

herewith, the greatest labour-saving appliance 
recently brought out. 







Send for particulars. 


8470 





HARVEY 
Engineering (0., 
M°ONIE, ates & CO., “ 


Scotland Street Engine Works, 


GLASGOW. 
London Office: 27, Mincing Lane, E.C. 


ESTABLISHED OVER 60 YEARS. 


MAKERS OF ALL KINDS OF 


———= SUGAR MILLS 


INCLUDING 


"PATENT FIVEROLLER MILLS, 





Triple-Effet . . 


, Evaporator 


Now in use in all Sugar Growing Countries 
AND EVERY REQUISITE FOR 


Sugar Plantations. 





SPECIALTY. 


SUGAR REFINERIES 


fitted up complete for 
refining all classes of 
sugar. 


HIGH-CLASS 


ENGINES 


OF THE HEAVIEST TYPES. 


MULTITUBULAR, CORNISH 





AND 


LANCASHIRE BOILERS, 


TANKS & WROUGHT IRON 
WORK 


7965 





OF EVERY DESCRIPTION, 
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ALEX. FINDLAY & 60., Ltd., 


STEEL ROOP and BRIDGE BUILDERS, 
and STRUCTURAL ENGINEERS. 


Specialty: HYDRAULIC PRESSED STEEL TROUCH 


FLOORING for Road & Railway Bridges, Buildings, &. 


9, Victoria St., LONDON, S.W. 8576 
Head Office: Parkneuk Works, MOTHERWELL. 


Passenger Launches, Tugs, 
_ Wheel Steamers. 











Motor and Electric Boats in Wood or Steel. 


Racing and Pleasure Boats of all kinds. 
The Oxford Folding Boat, the best collapsible boat 
for Yachts and Ships. 8185 

Oars, Sculls and all other Boate Fittings. 


SALTER BROS., ovit#hs, OXFORD 
DAVY BROTHERS, 


LIMITED, 


SHEFFIELD. 








Engineers & Boilermakers. 


COMPRESSION of STEEL INGOTS, 
Robinson & Rodger’s Patents. 


INDUCED AND BALANCED 
DRAUGHT, with Hot Air Economiser, 
(Ellis and Eaves’ Patents), for all Land 
type Boilers, 


RAPID ACTION FORGING 
PRESSES, with Steam Hydraulic 
Intensifiers. 


STEEL WORKS PLANT. 
8254 


See Illustrated Advertisement on 12th July. 


STEAM 
HAMMERS 


AIR 




















HAMMERS 


SPECIALLY DESIGNED. 
LOW AIR CONSUMPTION 
GUARANTEED. 





JOHN COCHRANE, 


ENGINEERS, 


7946 


= 








BARRHEAD, NEAR GLASGOW. 








ON ADMIRALTY AND WAR OFFICE LISTS. 


DOCK HOUSE, BILLITER STREET, 


BRITISH STEEL PILING oo LONDON. Ec: 
Tptlyrepw!_InitsS 


Made of 15 in. Channels. Weight per square ft. Interlocked 38 to 44 Ibs, 
THE IDEAL CONSTRUCTION FOR RIVER AND HARBOUR PROTECTION, LAND RECLAMATION, DAMS, DOCKS, 
WHARVES, COFFER DAMS, FOUNDATIONS, SEWER AND TRENCH WORK, RETAINING WALLS, &c. 
Send for Handbook. 


OVER 40,000 TONS NOW IN USE. 


IMPORTANT NOVELTY. 


Trier's New Patent Combination 
“=a Grindstone Dresser 
Safety-Rest. =~ 


Two 
MOST USEFUL 
APPLIANCES 
IN ONE, 
. CUTTER 
Safety-Rest as Slide of Grindstone-Dresser. ALWAYS SHARP Slide of Dresser as Safety-Rest. 


BRUNTON & TRIER, 1, Great George St., Westminster, LONDON, S.' W. 
Speciality: STONE WORKING MACHINERY. 









































#5116 














#0 
DANGE 2. 


i) Rest Free to 
ay) Swing Back 
i} and Release 
Tool or Hand. 


VERITYS Ltd. 








Aston Electric Fans aes 1a deadileal 
are the Works. 
most efficient. Aston, Birmingham. 
Send for Particulars Dxpors: 31;‘King Street, Covent Garden, 


Lonpon, W.C.; Carlton House, 2, 
High Street, BIRMINGHAM ; 3, Queen 
Square, BriIstTo1 ; Hardman Street, 
Deansgate, MANCHESTER ; Hackins 
Hey, LiverPooL; 26, Eldon Square, 
NEWOASTLE-ON-TYNE ; 40, Bath Street, 
Gtascow ; 52, William Street, DuBL!N. 


and Prices. 
Delivery from 


Stock. 


6860 


VERITYS’ ASTON FANS. 
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BRICK MAKING 
PLANT 


OF EVERY DESCRIPTION. 
_ Semi-Plastic Machines, 
 ” Plastic Machines, 
Perforated Grinding Mills, 
Perforated Mixing Mills, 
Mortar Grinding Mills, 
Elevators, 





Nae 
MTU 


Screens, 
and all 


Brickworks 
Requisites. 


Telegrams : 
“Bricks,Accringtop.” $= << == 


g WHITTAKER 2 & ‘CO. TRL ROGRINGITON. 


JOHN RUSSELL & GU, 


WALSALL. 





ESTABLISHED 18ii1. On Admiralty List of Contractors, 






colLs, 
* “lT U F E S |* = 
WATER, MOTORS, 


il Drawn STEEL TUBES for ai 


and for HYDRAULIC PURPOSES. 








Specialities. 


STEEL & IRON FORCINGS 


BUILT 
CRANK SHAFTS 
FINISHED 
COMPLETE. 


ROUCH TURNED 
AND FINISHED 
COMPLETE WITH 
BOLTS & NUTS. 


PROPELLER 
SHAFTS FORCED 
FROM PURE 
SCRAP IRON, 
INCOT STEEL 
or 
NEW BAR IRON 
TURNED AND 


THE 


FIFE FORCE COMPANY 





F. BE. DUCKHAM'S PATE 








MCNEIL’S SS 
NT UNBREAK ap 
gTEEL LADigc OLE 


paTE 








iPeity 
obSEEE 
Hi Hh 


a 


contain 56 Ib. 


we py gh 


.o 
Tb, to 60 ewt., with or 


; also mounted or unmounted, 
ae 


and metallurgical processes. 
Se List of 
& prices on application te 


CHAS. McNEIL. 


Kj ( 
MING Pax inon¥o” 
GLASGOW: 


ges 


<——— we 





a TR 32°" © : 


Telegrams: “ MACNEIL, GLASGOW.” Code: Sth Edn., ABC. 


MARSHALL, FLEMING «C9 


MOTHERWELL. 


Loco. Steam Granes, 

















S364 


OVERHEAD 


ELECTRIC CRANES. 
Bast Porry Road Engineering Works Co, 





Gold Medal, Inventions, 


NT —_ ‘DED WEIGHING 








KIRKCALDY. SCOTLAND . 


MACHINES, PATENT COMPOUND 


DRA ULIC CRANES, 


GRAIN ELEVATORS, ENG INES. MACHINES, &c. 8484 
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STEEL 


(HIMNEY © [7D 


| QUEENANNESCHAMBERS 


WESTMINS TER. SW 








Height - - 212 ft, 
internal dia. - 8 ft. 6 in. 
FOR —— 


A8S800. PORT. CEMENT MPRS, (1900) LTD. 


Weber Chimneys are 


Economical, 
Monolithic, 


GUARANTEED. » t 


ASHTON POP 


Safety & Water Relief Valves, 














MOTOR CAR VALVES, GAUGES, &c. 
Send for List 8a, Post Free. 


ASHTON VALVE CO. 


Hobdell, Way & Ge., Le. 





JOSIP ASH & SON. 


TELEPHONE, 474. 








Telegrams: 


TANKS, BIRMINGHAM. 





calvanizr IRON ROOPS 


BUILDINGS. 


WELDED Light Sheet Drums, Tubes, &c. 


6489 


General IRON and STEEL PLATE WORKERS. 
REA WoORES, AA SIREET SOUTH BIRMINGEAM. 


THE STEEL PIPE COMPANY, 


KIREKCALD YT. LIMITED, 











Telegraphic Address : — 
“ AQUILENTUS, KIRKCALDY.” 





Steam Pipes for High Pressures. 
Water Mains. 
Gas Mains. 


QUES a £617 


Steel Chimneys. 


Stamped Steel 
and Angle Flanges. 


Special Pipes for Electric Stations. 




















LONDON Agents: -JOHN WILSON & CO., 49, ve Street, E.C. 


E. $. HINDLEY & SONS, 


‘Works: BOURTON, DORSET. 


Telegrams: “HINDLEY, BOURTON-DORSET. 


LONDON : II, Queen Victoria Street, 
Telegrams: ‘‘STEAMPORT, LONDON.” 
Telephone: BANK 856, and CENTRAL 6127. 














E.C. 





STEAM ENGINES. 


Horizontal or Vertical. 
With or without Boilers. 








STEAM BOILERS. 


Various types and pressures. 








MACHINERY. 


ALSO 


“SPEED STEAM ENCINES 


OPEN OR ENCLOSED TYPES. 
SINGLE OR COMPOUND. 


SAWING 


ol HIGH 


For direct-coupling to Dynamos, Fans, &c. 
Hoisting Machinery, Pumps, &c. 














68, CRUTCHED FRIARS, 8507 
Z.OMWDON, F.C. 
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STOKERS wnderteca type) 


GUARANTEED TO PRODUCE 


ABSOLUTE SMOKELESSNESS 
GREATEST ECONOMY | ‘IN COAL 


UNDER ALL CONDITIONS. 
Over 4000 in jo in Operation. 


UNDERFEED STOKER COMPANY, Lo, 


Coventry House, South Place, LONDON, E.C. 


WHITAKER BROTHERS, LTD., 


ey epee tee LEDs. 

















Sole Makers of Whitaker's 
PATENT 


Steam & Electric 
CRANE 


NAVVIES 


DOUBLE ACTION STEAM HAMMER 
PILE DRIVERS AND STONE 
BREAKERS. 

This Steam Crane Navvy is 
far superior and handier than 

the old cumbersome Na 

They will excavate from 

to 1600 cube yards per day, 

according to the astuse of 

the excavation and design of 
Machine. 


Over I70 of these 
NAVVIES 
already Sold. 


Telegrams— QUARRIES, LEEDS. 
Code—ABC, Fifth Edition. 











Testimonials and Prices 
on application. 


New Zealand Agent : 


PALMER & CO., 
23, Victoria St., Wellington, N.Z. 





South African Agents : 
F. H. LENDERS & CO., 
High Court Buildings, 
Fox Street, Johannesburgh. 


20-TON EXCAVATOR, fitted with a 2} cube yard capacity Bucket, weighing 72 tons, 
as supplied for working in Iron Ore Quarries. 


Look for Different Testimonials Every Week. 





8561 





TrLepHone ; 1567, TELEGRAPHIC ADDRESS : *“ Rattways, Legps.” 


13, Borp Srezet, Legps, 23rd January, 1902. 
Dgar Sirs,—The 10-ton Steam Excavator delivered by you on Aug. 17th, 1900, on the Contract for the 
Construction of the Isle of Axholme Railway, has given great-satisfaction, and a second machine was ordered in 
November, 1900, for this work, which has also been very successful, These Machines have loaded as many as 267 
end tip working wagons in one day. Yours faithfully, 
SEB. W. MEYER. 











HARTNESS 
FLAT TURRET LATHE 


Now built in two sizes: 2} by 24—12 in. 
and 8 by 86—14 in. swing. ven with 
for either bar or chucking work. 


JONES & LAMSON MACHINE C0., 
“Jubilee Buildings,” 
97, QUEEN VICTORIA STREET, : 
LONDON. 8630 

















HILLIER & CO.., 


ROMSEY, “fneana” 


Petrol and Paraffin Motors. Hulls of eo ea 
desoription oem, an 


ole 1 TELL Th. 


MOTOR -BOATS. 





PATENT 


Conical Engine. Packing 
SS 
es 


Now used in hundreds 
of steamere 
of Principal Lines. 


FOR ALL STEAM 
PRESSURES. 





R. B. LINDSAY « CO., 
81, Mair Street, Plantation, GLASGOW. 


Telegrams: “ Comtoat, Giascow.” R506 
—— ESTABLIGHED 1870. —— 


QUIGGIN'S 


PATENT 
EVAPORATORS, FEED-WATER 
HEATERS, FILTERS, 
DISTILLING CONDENSERS, 


AND COMPLETE 
DISTILLING PLANTS 
For Ship and Shore Use. 


British and Foreign Admiralties; 
Cumard; White Star; P. &. N. Co.; 
Union Castle; 


and other leading Steamship Companies. 


Liverpool Rngineering und 
Condenser Co., Ltd., 


BRUNSWIOK DOCK, 
LIVERPOOL. 
Telegraphic 


Address : 
*“ ELIMINATOR, LIVERPOOL.” 














LONDON OFFICE: 50, Fenchurch &t., ZO. 
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car) METALLIC 


Machinery. 





Write—PRINCEPS & CO., Matilda Street, SHEFFIELD. 


TAYLOR'S PATENT SPIRAL CHUCKS and HIGH-SPEED STEEL. 





PACKINGS. 








Cane Crushing Mills, 



















Gearing and Engines. 


Defecators, Clarifiers, 
Multiple Effects, 
Vacuum Pans, 

Filter Presses, 
Centrifugals, 
Granulators, &c. 





Also Makers of— 
OIL MILL MACHINERY, 
PUMPING PLANTS, 
REFUSE DESTRUCTORS, 
LAUNDRY MACHINERY, 


P\ CHARLES TAYLOR, 





STOCK DELIVERIES RESUMED IN ALL ~ 
SIZES. 


A Customer in the Cycle and Motor Trade, 
who has about 50 of these Chucks in constant use, 
says :— 


‘*‘NO OTHER make of Self-centring Chucks has 





the REMOTEST CHANCE of coping with the 
Highest Demands of HIGH-SPEED STEEL.” . 





OO 


Chuck and Vice Specialist, 
BARTHOLOMEW STREET, 
BIRMINGHAM. 








&e. 






8252 


Engineers, 


MANLOVE, ALLIOTT & Co., Lo. FRIED. K RUPP, Essen & ANNEN 


pe TORGAM. Manufacturer of Crucible & Siemens-Martin 


















EFOR AXLE: 


APPLY TO 


AUGUST REICHWALD (‘c\vccccre), Finsbury Pavement House, Finsbury Pavement, B.C. 


ENGINEERS, 
DOUGLAS & GRANT, "22:2: 
SCOTLAND. 


egrams: “DOUGLAS, KIRKCALDY.” 





MAKERS OF HIGH-CLASS 


CORLISS 


AND OTHER 


ENGINES 


DRIVING, 
WINDING AND PUMPING, 


All Types, Powers and Pressures. 


S|CONDENSING PLANTS. 


OF EVERY DESCRIPTION. 





art eS Large PUMPS for WATER. 
Direct Coupled with Dynamo or Belt Driving. WORKS and MINES. } 
Over 50 SUPPLIED AND ON ORDER. THE LARGEST MAKERS OF 


3 HP. to 1250 HP.*"| ER ECE: ¥F 
Low Speed. High Efficiency. | MACHINERY IN THE WORLD. * 


Low Steam Consumption Guaranteed. General Engineering and 
Sole Agents for England and Colonies: porta ab 


MARRYAT & PLAGE, | ###ieir:sit5r sow 





su Tomes STEEL CASTINGS 


To pass Admiralty, Board of Trade, Lloyd’s, and Bureau Veritas Tests. 








28, Hatton Garden, LONDON. ee $500 LEP, COMPOUND COUPLED CORLISS ENGINE. 7702 


PURPOSES. 


ESTABLISHED 1854. 








a SEER ROR Ee roe 



































Telegrams: “PENMAN, GLASGOW.” 
ABC and ENGINEERING TELEGRAPH 
CODES. 


PENMAN & CO.. 


Caledonian Boiler Works, 


GLASGow. 
LONDON OFFICE— 
110, CANNON STREET, E.C. 





MAKERS of ALL TYPES of 


Steam Boilers, 


for pressures up to 
250 /b. per square inch. 


AVERAGE OUTPUT :— 


ONE BOILER PER WORKING DAY. 


On Admiralty, War Office and 
india Office Lists. 
CONTRACTORS TO HOME, COLONIAL 
AND FOREICN COVERNMENTS. 

8334 
Always a number of New 
Steam Boilers ready for 


IMMEDIATE DELIVERY. 


























STONE 
CHANNELERS. 


Telegrams: 
" ———— LONDON.” 


QUA RRIE Ss. 


THE INGERSOLL-RAND oo. 


i THE INGERSOLL-SERGEANT DRILL CO., THE RAND-DRILL CO., 


114, QUEEN VICTORIA STREET, LONDON, E.C. 


BERLIN, GERMANY : Kaiser Wilhelmstr, 49. PARIS, FRANCE: Rue de la Chausse d’Antin 61. ST. PETERSBURG, RUSSIA: Jonkorskaia, 29. 


AIR 
COMPRESSORS. 


WRITE FOR 
CATALOGUE. 








SUITABLE FOR USE IN 


COLLIERIES, MINES, 








~ fk 
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BRAZIL, HOLBOROW & STRAKER, Lto.| ) a)? ®t 
| | 2 and 0o., 
VULCAN IRON WORKS, and Excelsior Fire-Polished 
PETROL MOTOR WORKS, Fishponds, LONDON OFFICE: GAUGE 
Telegrams : ‘‘ HYDRAULIC, BRISTOL.” BRISTOL. oe: — ae GLASSES, 
achjriars noad, o.C. As Dupplied to E.M. Navy. 
TRIPLE-EXPANSION, = LUBRIOATORS, INDIA-RUBBER 
CORLISS ano otr#er STEAM ENGINES. WASHERS, saw 
:, : 8 & 12, Vauxhall Road, 





LIVERPOOL. 





DRIVES DRILLS 
peut emit Seka 
THE PRATT CHUCK CO., FRANKFORT, K.Y. 


SELIG, SONNENTHAL & CO., Sole European 
Representatives. London. who icoap a large stock. 








DRILLS 








mibcve : eurant 
PNEUMATIC PLANISHING 
HAMMER. 


We have supplied #3 of 
these Hammers to the 
Admiralty. 


The Great Western Rly. Co., the Midland 
Rly. Co., and the Lancashire and Yorkshire 
Rly. Co, are users of this Hammer, 





> PIERCY Co. 


BIRMINGHA mM. 
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HEAVY 
_ LATHES 


! ALL SIZES. 
For use with High- 

power Steel Tools. 
WRITE FOR ILLUSTRATED 
72-in. POND ENGINE LATHE—MOTOR DRIVEN. CIRCULARS. 


MACHINE TOOLS. ELECTRIC CRANES. 
NILES-BEMENT-POND C@., 


“"ILZAOUN, LONDON.” 28-25, Victoria Street, London, S.W. on, SOPROERTERR. 


AGENTS bench F. W. HORNE, Yokohama & Kobe. RUSSIA: Otto San Galli, Snamenskaga 10, St. Petersburg. ITALY: Vaghi Aeccornero & Co., Milan. 
DENMARK: V. Lowener, Copenhagen. NORWAY: V. Lowener, Christiania. SWEDEN: Aktiebolaget, V. Lowener, Stockholm. 5433 


i iby AEs Pratt & Whitney Special Process Taps are made uniform, and have 
cy one-third longer life than any other made. 


TAPS, DIES, REAMERS, 

RATCHET DRILLS, LATHE 

TOOLS, MILLING CUTTERS, 

BOILER PUNCHES, 

DIE STOCK SETS, \ 
TAPER PINS, &c., &c. 
































Agents :—LONDON, E.C.—Buek & Hickman, Ltd., 2 & 4, Whitechapel Road ; po Bi S.W.—Niles-Bement-Pond Co., 25, Victoria Street. 


AUSTRALIA.—Noyes Brothers, Melbourne & Sydney. PARIS. ~—Fenwick Freres & Co., 8, Rue de Rocroy} Agénts for France, Belgium and Switzerland. 























PY JAPAN.—F. W. Horne, 70-c, Yokohama. ITALY. —Stussi & Zweifel, Milan. 433 
JOHN BERTRAM & SONS CO., 23 
DUNDAS, oNTARIO, CANADA. . Limited, * 
Manufacturers of M hi T | 
High-Class aCcnine OOIS. 
EUROPEAN OFFICE: 23 & 26, VICTORIA STREET, LONDON, S.W. re 
Telephone—No, 486, WESTMINSTER. Tel. Add.—‘* NILIACUS,” LONDON. 











PRATT & WHITNEY CO.. Hartford, Conn., U.S.A. 
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me GEO. CRADO CE « Co., 


STEEL WORKS . . \AZ AK MET HILD, WIRE DRAWING MILLS. 
ROLLING MILLS. . MAKERS OF ALL DESCRIPTIONS OF WIRE ROPE WORKS. 


STEEL and IRON WIRE ROPES. & 


CONTRACTORS TO THE ADMIRALTY. 
DE BEERS CONSOLIDATED MINES (the largest Diamond Mines in the World).— 
On the Wesselton Shaft, a pair of Cradock’s Improved Patent Crucible Steel Ropes, 5 in. circ., raised 


1°7426,3'70 1.0aDps 


in II months, this being the record YF these mines, compared with other makers Plough and Crucible Steel Seine, 
LONDON Office: 7, East India Avenue, B.C. AUSTRALIAN Office: 82, Pitt St., SYDNEY. SOUTH AFRICAN Office: Tue Sonnen nouse, JOHANNESBURG. 


Telegrams :—‘‘ CRADOCK, WAKEFIELD.” BO, Al, and ENGINEERING Codes used. 


STERN WHEEL STEAMERS 





TraDE MARK. 




















BY YARROW ®& CO., Ltd, POPLAR, LONDON, 
who make a speciality of Shallow Draft River Steamers, either, propelled by a stern-wheel or 
by screws working in tunnels, fitted with. Yarrow’s Patent it_Hinged Flap aft. eg? 











The VACUUM BRAKE CO. 


Supply Standard Original Fittings, Not Imitations. 


EQUIPMENT for HIGH-SPEED PASSENGER and 
LONG LOOSE-COUPLED GOODS TRAINS. 


SUITABLE for ELECTRIG STOCK and ALL CON- 
DITIONS of RAILWAY SERVICE. 


Simple, Inexpensive and Absolutely Reliable. 


THE VACUUM BRAKE CO., L" 


32, QUEEN Victoria St., LONDON, E.C. 


Telephone : ons, BANK, ABO and Al Codes used, 











Telegrams: “SOLUTION, LONDON,” 


- GRESHAM & CRAVEN, Ltd., 


ELECTRICALLY- -DRIVEN EXHAUSTER FOR USE ON ELECTRIC STOCK. SALFORD, MANCHESTER. 
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BOLLING & TOW EL, LONDON, Ec. 


. Form Ws. BIRD & CO. 2, — POUNTNEY ais: 
Engineers and Merchants (See bor “ Bind, London.” 
Codes used: ABO, Al, egg he mle 


I.dt 











Contractors to the Admiralty, War Office, Crown Agents for the Colonies,&c. Agents for Foreign Governments. 
PLANS AND ESTIMATES 


FOR EVERY DESCRIPTION OF 


. i Machinery Installations, Tools, Railway & Tramway Material, Mining and Contractors’ Lid 
STOCKS OF NEW AND SLIGHTLY DEFECTIVE RAILS. 


CORRESPONDENCE INVITED, 
CORRESPONDENCE INVITED. 
CORRESPONDENCE INVITED. 


Codes used: Al, ABC, and 

















Telegraphic Add: 
“QALIDAD,” GLASGOW. COP LAND WORKS, GOVAN, - GLASGOW. Engineers’ Telegraph Code, 
specialty consists in the building of high-class Marine Engines and Holl d Ce ee ee Sar oem, Sanmeiee, Daseinner. Bento 
" ee down to the very smallest Sree ate yond Bn a oo 
sizes. We are Oontractors to the Admiralty, the War pa age Lee Fone Penign Go 
working 


«he work is of the very highest class from modern designs and patterns Efficiency, pod nacre cere tets Sa ee 


~ WROUGHTIRON TUBES 


LAPWELDED IRON or STEEL, up to 12 in. diam., for Marine and Locomotive Boilers, or any other 
purpose. "BU TTWELDED for Gas, Steam or Water, dec. 


EDWIN LEWIS & SONS, TUBE MAKERS, WOLVERHAMPTON. 


LONDOW nad Uitte. eta CANNOW sa Svat, B.C. 


MILLING CUTTERS 


OF EVERY KIND AND SIZE. 


REAMERS, SHELL OR SOLID. 
























TWIST DRILLS 


(In 64ths and } ™/ms.). 


E. G. WRIGLEY & Co., Ld., 


Foundry-Lane Works, SOHO, BIRMINGHAM. 














REMOVED from Farringdon Works, Shoe Lane, LONDON, to 
UNION FOUNDRY, DERBY. 


Lonpon OFFICE :— 


175-177, SALISBURY HOUSE, LONDON WALL, E.O. 





MAKERS OF GAS ENGINES, 100 to 2000 HP. 


"Stills and Distilling Plants 


FOR ALL PURPOSES. 
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3 —— ~ SMEDLEY BROTHERS, Lt, 8 Belper, Derbyshire, 
: get Fa EE EDGE RUNNER GRINDING MILLS 
for all Descriptions of Materials, 


























JAMES FAIRLEY & SONS Contractors to Hie Majesty’ and 
General Steel Manufacturers, and SPECIALISTS in TOO] STEELS 


FAIRLEY'S SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds. 


Is considered to be the HARDEST and TOUGHEST Steel yet made (although Cheapest in the Market). Small samples free to approved buyers. 
NOTE JAMES FAIRLEY & SONS? WORES (Bramall Lane, SHEFFIELD, nad Mill Bt. Forge and Rolling Mills, BIRMINGHAM) are merely Branch Departments, and 


42 All Communications should be addressed to the Head Oficese—OLD MINT, SHADWELL STREET, BIRMINGHAM. 1719 

















THE BRYAN DONKIN COMPANY, Ltd., 


Head Offices and Works, CHESTERFIELD. 


GAS EXHAUSTERS sno BLOWERS, 


For Gas Works, Chemical, Soap, Oil, and White Lead Works, for all pressures up to 20 Ibs. per square inch. 
GAS VALVES A. a ae 


LONDON OFFICE:—PARLIAMENT MANSIONS. WESTMINSTER. _ 


W. R. RENSHAW & CO. LTD. 


PY) Phenix Engineering Works, STOKE-ON-TRENT. 
| _ smoers or WAGONS oitonirrion 


SPECIALITY MADE OF ROLLING STOCK FOR SHIPMENT. 


Wagons built for Cash, Seterres Payment, or Hire. 


WHEELS & AXLES, IRONWORK, CASTINGS. 
CONSTRUCTIONAL STEEL WORK. 


COLLIERY PLANT. Winding, Hauling, and Pumping Machinery. 


Winding Drums, Cages. 8410 
COAL BUNKERS & STEEL BUILDINGS. 























































“4 = 
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PATENT DIRECT-ACTING 


| VERTICAL STEAM PUMPS 
roe BOILER FEEDING 


AGAINST HIGH PRESSURES. 


| Marner & Piatt, Lo, = — 

5 — 
Twelve Machines Supplied to one Works !I ! 
HIGH-SPEED SIX-HEAD 


GIRDER DRILLING 
MACHINE. 


Will cover a girder 30 in. wide and 24 in, 
deep up to 60 ft. long. 


34 


























Has all the advantages of a Radial Drilling 
Machine and is far handier for holes in straight 
or zig-zag lines, 


Automatic Stop and withdrawal to each head. 
All adjustments easy and close together. 
An ideal machine for = work. 


Js. BUTLER & CO. 


Victoria Ironworks, HALIFAX, Yorks. 








ESTABLISHED 87 YEARS. TeLecrapnic AppREss: BUTLER, HALIFAX. 


JAMES ARCHDALE & Co., L122 


‘MANCHESTER WORKS, BIRMINGH AM. 


On Admiralty and LEDSAM STREET, 
War Office Lists. 5 
Codes: Al; ABO (th Edition) ; Engineering Telegraph Code. Telegraphic Address: ARCHDALE, BIRMINGHAM. Telephone: No. 3558, 














MAKERS OF HIGH-CLASS 


MACHINE TOOLS. 


A SPECIALITY: 


HIGH-SPEED DRILLING MACHINES. 


“4 This illustrates our 6} and 5 ft. Radial Drilling Machines, with Improved 
Change Speed Gear (18 speeds), 6 Gear Driven Feeds, Electric Motor, Constant 
Speed Belt and Silent Chain Drive, &c., &e. 

We also build Radials 34 ft. and 24 ft. radius of spindle. 


HICH-SPEED LATHES, IMPROVED CAPSTAN LATHES, &c., &c. 
SPECIAL MACHINERY FOR ARSENALS. 
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BOILER PLATES. 


LAND AND MARINE 
A SPECIALITY. 





u 








DAVI D COLVILLE & SONS, Lid., Also Reeled and Double Reeled Bars 


DALZELL STEEL AND IRON WORKS, for Shafting and Boiler Stays, 


SHEET METAL WORK. . 


DRAWINGS accurately worked to. 


QUALITY tres BEST. 
Send a trial order and judge for yourself. 


DONOVAN ®& CO., a 


Broughton Bridge Iron Works, 


Signe: We. 00 SALFORD. 


D. STEWART & CO. (1902) LIMITED, 


LONDON ROAD _IRONWORKS, GLASGOW. 


Established 1964, Tel, Address: “Stewart, Glasgow.” 


SL.ow sPrPHED BNWGINES 


FOR OENTRAL POWER STATIONS, MILLS AND FAOTORIES, WATER, SEWAGE AND HYDRAULIO 
PUMPING STATIONS. 


Hydraulle Presses fer Forging and Cotten Pressing with capee, 
. Piping and Accumulaters, 


SUGAR MACHINERY. CONDENSING. PLANTS. 


CONTRACTORS FOR POWER STATION EQUIPMENT. 
INDIAN AGENTS: MESSRS. DREWET, CHOWNA & CO., 31, CHURCH GATE ST., BOMBAY. — 


HEENAN & FROUDE, Ltp., } 


Heen man, Worcester." WORCESTER. No. a We coonatee 


HOT & COLD METAL 
SAWING MACHINES 


OF EVERY DESCRIPTION. xs: 











“om ‘ULIOM ‘Toaog “mmdg 


‘SGYUVNDH HaHM 





OIL TANKS. 




































Bridges & Roofs—Newton Heath Ironworks, Manchester. 2. 
Refuse Destructors—4, Chapel Walks, Manchester. 
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Telegraphic Address, MANUFACTURERS a ** Bessemer, Sheffield.” 


CAST themed il Pee teamed AND Sa ihe nt le , 














SPECIALITIES : 
LOCOMOTIVE CRANK AXLES. LOCOMOTIVE STRAIGHT AXLES. COMPRESSED STEEL CRANK SHAFTS. BUILT-UP MARINE CRANK SHAFTS. 


Forge Department - { ROLLED WELDLESS TYRES for Locomotives, Carriages and Wagons. Special Hard Quality for Brake Vans and Tramway Locomotives. 
SPECIAL HARD TOUGH STEEL SHOES and DIES for Gold Mining Purposes, &c. 
STEEL HYDRAULIC CYLINDERS, finished complete, tested and guaranteed to any required pressure up to 7 tons per square inch. 7887 
SPECIAL HARD STEEL ROLLERS & PATHS for crushing Quartz, &c. 


Casting Department { jeavy mitt carina IN STEEL. STEEL HAMMER TUPS, FACES & SWAGES. 


—ROBEY & CO., LTD. — 


Se ee ee id 


FIXED ENGINES 


OF ALL SIZES, 


HORIZONTAL AND VERTICAL. 
DROP VALVES and other TYPES OF VALVE GEAR. 


High-Speed ENGINES. 


FORCED LUBRICATION. 


CONDENSING PLANTS. 


AIR COMPRESSING PLANTS. 


ALL SIZEsB. 


WINDING AND HAULING ENCINES. 


Simple and Compound. 


BOrLEES. 


Highest Efficiency. Greatest Economy. 
ALL CLASSES. 


li i i i i i i i i 


GLOBE WoRKS, LINCOLN. 


London Office .- - - 79, Queen Victoria Street, B,C, er 























SS 


CLASS “E” FIXED ENGINE; MAMMOTH BED. 
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DICK, KERR & CO. Ltd.,} 


* Abchurch Yard, Cannon Street, 


























PRESTON, Lancs. LONDON, E.C. KILMARNOCK, N.B. 











Electrical Equipment 


0. 


CRANES and HOISTS a Speciality. 








*“R” type Crane Controller. Crane Motor with Magnetic “H” type Crane Controller. 


Metallic Shield Blow-out. Brake. Shield off, showing working parts. 
8160 


_A.PARSONS &CO. 


NEWCASTLE-ON-TYNE. 














Direct-current 
Turbo Generators, 
with fixed brushes 
for all changes of load. 
Turbo Alternators 
of largest size. 
Latest type of Patent = 

Blade with Protected 
Tips. 
Searchlight 
Reflectors. 
Turbo Pumps, Fans, 
and Blowing Engines. 
. Air Pumps 
and Condensers. 
Turbine Installa- 
tions for Collieries, 
Steelworks, &c., for 
Utilising Exhaust Steam 
from Non -Condensing 
Engines, complete with 
Regenerative Steam - 
Accumulators 
wherever necessary. 








Five 3500 KW. TURBO ALTERNATORS, as above, now running at the Carville Power Station, Wallsend-on-Tyne.° 8063 






66, Victoria Street, London, S.W, 13, Peacock’s Buildings, Leeds. 99, Great Clyde Street, Glasgow. Caledonian Chambers, St. Mary's Street, Cardiff. 
F 
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OS. a MANC Hi ESTER & REODODIS H. Telephone— 
- “Craven, Reddish.” Head Office - - VAUXHALL WORKS, OSBORNE STREET, MANCHESTER. Me. 650, Manchester. 
CONTRACTORS te the WAR OFFICE, ADMIRALTY, COLONIAL and INDIAN GOVERNMENTS. ESTABLISHED 18532. 





‘HIGH-CLASS 


guetass MACHINE TOOLS 


For Locomotive, Seis Carriage and Wagon Works, Ordnance, Marine and General Purposes. 


BA " a a =ty? 
; a ELECTRIC 
f y ee is és pee # fe i sie ee ere 
ae CRANES 


of all types and sizes. 


Also CRANES driven by Rope, 
Square Shaft, &c. 


Swe GROUND TRAVERSERS 


For LOCOMOTIVES and CARRIAGES. 













42 in, Centres 
Sliding, Surfacing 
and Screw-cutting Lathe. 


FOR GUN TUBES AND 
GENERAL WORK. 


;/ ' HYDRAULIC MACHINERY, a 
ee? SHAFTING, HANGERS, &c. 


QUOTATIONS CIVEN FOR CASTINGS. UP 
TO 40 TONS WEICHT. 























Elmore’s Metall A.G. 


Schladern, Sieg. Germany. 


| Produce the finest quality 


SOLID DRAWN COPPER nines 


for Loco. and Marine work, 
in all diameters from 3 in. up. 
WRITE FOR DESCRIPTIVE PAMPHLET. 











London Agency— Managing Director— 
Finsbury House, Blomfield Street, E.C. HARRY ELLIS. 
5 A.ROHREN, LONDON. Tel. No. 1114, LONDON WALL. LIEBER’S CODE Used. T. A—ELMORE’S, SCHLADERN. = *™ 
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ra TH ood 4 P —— ] er aa 
e ‘as 
HOFFMANN MANUFACTURING Co Lp. 
! Merge = | ‘CHELMSFORD, ESSEX, me 
ia 44 FOR 
MOTOR CARS, | 
SHAFTING, 
STANDARD MACHINE 

: SINCLE ROW TOOLS, 

BALL AND 
JOURNAL fay y | f MACHINERY 
BEARING. ‘Wee Yaa . SS OF ms 

— Ss re 9 ALL KINDS. = 

i BALL BEARINGS & STEEL BALLS. , 


i 
(Ss _ will gladly send you one for trial on approval if you will let us know which size would suit you best. 


Sr. Se 


Read _ M ark Ss L earn and inwardly 


digest 


THE FOLLOWING UNSOLICITED LETTER FROM A CLIENT :— 



































“ Nov. 21st, 1906. ’ 

16: Y ’ 16; Years 

10; Fears ‘‘We are sending on to your address to-day one case containing piece of i 
servi piston rod, and one of your packings which has been working on same every service 
eee working day since May, 1899. We return the original blue print, from which eameennaneanrmnens 


without a you will see that the dia. of the rod when this packing was applied was 3} in., without a 


and the working part now measures 333 in., showing that the wear and tear 





penny for of the rod due to friction has been th of an inch in 16} years. penny for 
° “As already stated, this packing has remained perfectly. tight all the . 
repairs. time, and has not cost us one penny for repairs.” repairs. 








Call at our Works, where you can inspect the LETTER, the 
PACKING and the ROD. 


THE UNITED STATES METALLIC PACKING CO., LTD., 


Soho Works, BRADFORD. ston 
LONDON : 17, Victoria St., Westminster, S.W. BOLTON: 21, Mawdsley St. LIVERPOOL: 15, Fenwick St. 


Scuiieediomens 
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soun THORNY CROFT co 


Engineers, Shipbuilders and Boiler Makers, 





























CHISWICK. SOUTHAMPTON. BASINGSTOKE. 
Boilers War Vessels: Motor Lorries and Vans 
Steam Engines Steamers for Light and Heavy Loads. 
Marine Motors Yachts 
Seieeahih asin Shallow. Draft Vessels Motor Omnibuses 
Electric Lighting Sets Comings Motor Cars 8128 
Propellers AND MARINE REPAIRS. Portable Boilers. 








We shall be pleased to quote for any of the above Specialities on application to us at— 


Church Wharf, Woolston Works, Motor Vehicle Dept., Hogarth Lane, 
CHISWICK, W. SOUTHAMPTON. CHISWICK, W. 


—— —<—_s = ———— = 




















Tue WEIR “ MONOTYPE ” 
INDEPENDENT AIR PUMP. 


Direct Acting. Positive Stroke. 
Economical. Efficient. 
Compact. Simple. 


The Ideal Air Pump 


for Marine and Stationary 
Surface Condensing Engines 
and Turbines. 


Standard Sizes. 


- G. & J. We, La. 


Cathcart, 
GLASGOW. 




















H 
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QUICK DELIVERIES OF HIGH-SPEED LATHES. 


Our Lathes are well known all over the world, and contain 


All the Latest 
Improvements, | 














=. 
2 > Bees 









oh.) BO together with many 
mh) UNIQUE 

r/ FEATURES. 

4 We can offer 

‘EXCEPTIONALLY 

QUICK DELIVERIES 


OF OUR 


pe) 10 

J in. inl. 

“ F 
. ¢ eres & 

rete ss See ee: See See Ske > SY eee en . a 

WU Peace An kg oS eS: vo a pe ea ay ater Mie ee Se 
‘ ia ine sF au ? - YS See 9 ee — s- 

a 




















12in. HIGH-SPEED LATHE working on Hard Steel Forgings -‘atiso ft. per {minute.* 


1D., KEIGHLEY. 
Telegrams: GRACE, KEIGHLEY, 

Telephone: 88, KEIGHLEY. 
8123 





7 ESTABLISHED 1865. 
France, a, ne Belgium : LOUIS BESSE, 39, Rue de Lappe, Paris. Spain: A. H. SCHUTTE, Baroslone ot end Biteae. Helen’ : VAN en: & HOUWENS, Rotterdam. South Africa: R. M. DOWSON, 
Johannesburg. Switzerland: LAMBERCIER & 0O., Geneva. Sweden : AXEL CHRISTIERNSSON, Stockhol : H, HENRY & CO., Buenos Aires, East Australia: T. McPHERSON & SON, Melbourne. 


JAMES HOWDEN & co., 


MANUFACTURERS OF 


High-Speed Engi 

& p FOR Ss 

| TRACTION, POWER anp LIGHTING, 

WITH PATENTED IMPROVEMENTS GIVING HIGHEST EFFICIENCY. 
Standard Sizes in Stock for Early Delivery. 


COMPOUND & TRIPLE-EXPANSION ENGINES (a. 


FROM &S& B.oFe.. TO 2000 B.ueP. 




















mn 





LICENSEES for the Manufacture of the 
2 ZOZDLI.ZT STEAM TURBINE 


, (With all the LATEST IMPROVEMENTS). 
TRAFFORD PARK POWER CO. For Electrical Purposes. Specially recommended for Large Power Units. HANLEY CORPORATION, 
i cia a 500-650 KWT. SET. 


PATENTEES AND MANUFACTURERS OF 


HOWDEN’S FORCED DRAUGHT 


2, 100 INSTALLATIONS ON tAND: AND Be pram 6, 87 5, 000 I.HP. 
JAMES HOWDEN ®& CO., Scotland Street, GLASGOW. 
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THE BLACKSTONE OIL ENGINE. 


Stationary type - 2 to 70 B.HP. 4 N 
Portable type- - 2 to 26 B.HP. Po 7 


Works with ordinary Lamp Oil, Petrol or Alcohol. 
Starts in <- minutes. 

No Lamp required except for starting. 
No external flame when working. 


London Office . . 841, Cannon Street, E.C. 


















Adelaide . . . 64-63, Hindley Street. 
Alexandria. . . Rue de la Gare du Caire, {Ne ~ 
Amsterdam . . Spulstraat 6 & 8. mi a < ae ae 
Bombay . . . 8, Hummum Street, pd - a : 
Cairo . « « Rue Bab-el-Hadeed, 
Calcutta . . . 99, Clive Street. 
Christchurch, N.Z. South Bélt, 
Geraldton, W.A. . Marine Terrace. 
Moscow . . . Milasnitsky Proezd House 
Nemchinoff. 
Sydney . . . 15, Macquarie Place, 
Toronto . . . 44-46, King Street East. 





ESTIMATES AND FULL PARTICULARS POST FREE. 





Telegrams—‘' Buackstonns, STAMFORD.” 
Telephone—No, 1, Nat, 8425 
Codes used —Lizper’s, Al, A BO (4th & 5th Editions), 


BLACKSTONE & CO., L?- Stamford, England 


THE STANDARD AUTOMATIC VACUUM BRAKE 


CAN BE OBTAINED FROM 


THE CONSOLIDATED BRAKE & ENGINEERING CO., LID., 


Manufacturers of the STANDARD VACUUM BRAKE APPARATUS, and suppliers to the various Railway Co.’s at home and abroad. 





reds Photo of 14 B.HP. ‘ENGINE. 























N.B.— 
Quick-Acting All details 
Service Brake made by 
for us being 
Ordinary Standard 
Service are inter- 
Working changeable 
or with 
Emergency existing 
Requirements. Fittings. 





Great Central Railway Train of Twenty-four 40-Ton Wagons. 


THE ABOVE IS FITTED WITH OUR PATENT RAPID ACTING BRAKE. SUITABLE FOR COODS TRAINS OF ANY LENGTH. 
OUR RAPID ACTING VALVE, OR “ACCELERATOR,” IS SIMPLE AND RELIABLE, AND CAN BE EASILY FITTED AT SMALL COST TO EXISTING BRAKE 


APPARATUS, AND SO CONVERTS THE ORDINARY BRAKE INTO A QUICK-SERVICE AND EMERGENCY BRAKE. 





THE CONSOLIDATED BRAKE & ENGINEERING COMPANY, Ltd. 


Telephone—2710, LONDON WALL. 
LONDON. 


_Works—SLOUGH. SPENCER HOUSE, SOUTH PLACE, LONDON, E.C. = fiicgrsm—vacuo, 
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ROYCE LTD. 






































= . , Principal 
Makers of Fr as Poe 0. 
CENERATORS, ___.E 
Cc. S. MALLETT, 
5, Collingwood Avenue, 
MOTORS, Muswell Hill, 
London, N. 
CONTROLLERS, 
; BIRMINCHAM : 
STARTERS, J. G. BARBER, 
9, Shirley Road, 
CRANES, Acocks Green. 
CLASCOW : 
HOISTS, S. H. CASSON, | 
TRANSPORTERS, 1, Partick Hiil Road, 
Partick. 
CAPSTANS, BELFAST : 
JOHN ARDREY, 
WINCHES, Granville Building's, 
&c. “ROYCE” 25-ton ELECTRICALLY-DRIVEN GOLIATH CRANE, in the Goods High T trite 
Yard of the Great Central Railway, Marylebone, London. a 


| worxs: MANCHESTER, ENGLAND. 
WILLIAM BEARDMORE & CO., LTD., 


Telegrams: “BEARDMORE, GLASGOW”; “NAPIER, GLASGOW." 








Contractors to Admiralty, 


Colonial and Foreign Governments Steel Manufacturers, Forgemasters, 
SHIPS, ENGINES & BOILERS Armour Plate Makers, 


REPAIRED. 
WAR SHIPS, MAIL STEAMERS, Shipbuilders & Engineers, GLASGOW. 


CARGO VESSELS. (Late R. NAPIER & SONS, Limited.) 


SE AEs ASE OC 
Crank & Straight, Hollow & Solid. ARMOU R PLATES amp "PRES 


’ For LOCOMOTIVES, CARRIAGES and WAGONS. 


SHIP & BOILER PLATES & SHEETS. 


Be getters GUN FORGINGS | WHEELS « AXLES 


BOILER FRONTS, ENDS AND FLUES. FINISHED COMPLETE. 








— AND — 


ee 8601 


NICKEL STEEL PLATES, SHEETS, 


Steel Castings PROJ ECT] LES BARS, SHAFTS and FORGINGS. 


OF ALL DIMENSIONS. ” All facilities afforded for TESTING at the Works, 











Manufacturers of— 


200 to 4000 rp. G AS ENGINES. 


(OECHELHAUSER SYSTEM) 
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WAYS LIMITED 











GALL 








MANCHESTER. 
Patent Coke Oven 
Five - Flued and 
Boiler Blast Furnace 
for Gases. 





—— atso MAKERS OF —— 
GALLOWAY, LANCASHIRE, CORNISH & WATER-TUBE BOILERS, 


BLAST FURNACE ENGINES, ROLLING MILL ENGINES, 


OTHER TYPES OF HIGH-CLASS CORLISS ENGINES. 


—- AND — 8336 


PATENT STEAM SUPERHEATERS OF WROT. STEEL THROUGHOUT. 


Aldi WE at PHILADELPHIA, PENNSYLVANIA, U.S.A. 


. AMERICAN . 


Labour-Saving Machine Tools. 

















Our No. 1 UNIVERSAL TOOL GRINDING 
and SHAPING MACHINE, shown herewith, 
is capable for tools with shanks not over 
23 in. by 2 in. By its use tools can be 
ground to a standard, or to any desired 
shape, and accurately duplicated. It is 
massive and rigid, and all the operations 
can be quickly and conveniently performed. 














DOES NOT REQUIRE A MECHANIC FOR 
OPERATOR. 


SAVES TIME IN GRINDING TOOLS. 
SAVES MONEY. td 








Correspondence Solicited. 
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THe LILLESHALL CoO., LTD. 


ARE THE SOLE ee IN GREAT BRITAIN 





THE MANUPACTURE OF 


LARGE de ar he GAS ENGINES OF THE NURNBERG TYPE. 





The Lilleshall Co., 
Ltd., have now in 
hand two 1200 HP. 
Blowing Engines of 
this type. 


The Gas Engines of 
Niirnberg type now 
actually working, 
represent a combined 


B.HP. of over a 


QUARTER OF A 
MILLION. 


All Niirnberg En- 
gines made by Lilles- 
hall Co., Ltd., are 
constructed in direct 
conjunction with and 
under the advice of 
the Niirnberg Co. 











: vee 
Telephone: No. 6 (Nat), oakencares. KLAR LILLESHALL CO., Ltd., OAKENGATES, SALOP. 


THE SMITH MIXER 


(PATENTED). 








Fig. 978. 


MANUFACTURED IN 





ENGLAND. 


UPWARDS o- 3000 ar WORK 


———>-s+e<——_ 


THE SMITH is a Batch Mixer; it 
turns out the most uniform and perfect 
mixture. 


The most efficient machine on the 
market, will mix all kinds of materials. 


A batch per minute. 


SOLE MAKERS in the UNITED KINGDOM: 


STOTHERT ano 
PITT, Lo, 


BATE. are 
LONDON OFFICE: 53, Victoria Street, S.W. 


a 
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TEMPERLEY TRANSPORTERS. 


a _BRAB TRUNSPORTER 

















Operated on an entirely 


NOVEL SYSTEM 


Specially adapted for 


LARGE COAL. 









“= TRANSPORTERS for working on 
CURVED TRAGK. 









For full particulars apply to— 


@ TEMPERLEY 
TRANSPORTER 60., 


72, Bishopsgate Street Within, 
LONDON, E.C. 


Telephone —365, LONDON WALL (6 Lines). 
TEMPERLEY PATENT GRAB TRANSPORTER. 8177 Telegrams—“ TRANSUMO, LONDON.” 


RANES 


TO WORK BY 


ELECTRIC, STEAM 
HAND POWER. 


ALL KINDS MADE BY 


BUTTERS Bros. «Co. : 


CRANE MAKERS, 


Copnnee and Prices on p iqrenten. 























Works: McLELLAN STREET, KINNING PARK. 
Head Office: 20, WATERLOO STREET, GLASGOW. 


Telegraphic and Cable Address; BUTTERS, GLASGOW. 8365 





PHOTO FROM 5-TON CRANE. 











= ae 
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YARROW’S water-tuse Boiiers. 


CRUISERS and BATTLESHIPS built and building WITH YARROW BOILERS (excluding Destroyers and Torpedo Boats, and the smaller class of vessel.) 

















TYPE OF VESSEL. BUILT OR BUILDING. NAME. LHP. REMARKS. ~*~ 
rom Koel USSR AD NWA ST. 
Cruiser .. pa Built .. Zenta . 7,800 All Yarrow Boilers. 
m ee or ent ai se se ee Aspern - ee 7/800 = @ 
* as ps ee oe Szigetvar .. ee 7,800 a pot 
pan v al nee @ Sankt booms ee 16,500 eo pas 
Ironclad .. a on a arl 17,500 pas = ’ 
” ee ee me ae ee - ee Ersherese Friedrich 17,500 pe e 
sg eng ~ Erzherzog Ferdinand Max 17,500 void er N 
Fok ae BRITISH =. 6 
Cruiser... oe of Built .. Hampshire .. = fths FF ar 5 Boilers, 
* “ oe 7 os ee eo os Antrim “eo ve Ith A lindri: 0 
o a J ~ pan Amethyst .. os Yarrow Sollers. 
” << os i pe ee es os Medea =~ a 9/800 oe 2 © 
Ironclad .. a tS po we ws os Swiftsure .. oe 12,500 ” pa in 
% os as o oe ee - Triumph... es 12,500 a ms 6 
” se os Building as ae oe mga ae 16,750 ° a 
Cruiser .. ee oy 2 - ee ee Natal . : - 23,500 0 
‘e ou pe pd a Warrior oe - 23,500 Yarrow Boilers. 
ps e Achilles be “s 23,600 fin” Cylindrical. 
o ae Cochrane % 23,500 
on cs pan Shannon ae de 27,000 All Yarrow Boilers. 
se bs ‘a Se pas - oe oe Defence > 27,000 ee ” - 
Royal Yacht - ei pee His Majesty's ‘New Yacht 4 500 ° ' 
Fok == DUTCH NAV. 
Cruiser .. os és Built .. Holland oo 10,000 }7,500 HP. Yarrow 
a iu : aia 2 és bs = Friesland ° oe 10,000 Boilers and 2,500 HP. 
% pa Zeeland ee oo 10,000 Cylindrical Boilers, 
uA as Utrecht es ee 10, 000 All Yarrow Boilers. 
~ me Gelderland .. .. 10,000 “ il 
+ bs os ‘Oe we és et ee Noord Brabant de 10,000 eo pen 
Ironclad .. as ye a Es ee re Koningin Sep 6,000 pe ee 
” os oe ve * Je ss i De Ruyter . ry. 6,000 ae * 
eo ou we on - = es _ Hertog Hendrik oe 6,000 po pod 
oe on A 9 ees ue es Tromp 6,000 pa pas 
pa Heemskerck . 6,000 oe oe 
ror THE MOR WHGIADS, NAV S 
Ironclad as Built re oe Norge - ee £,500 All Yarrow ‘Boilers. 5 
a . Eidsv old... os 4,500 
FoR Tae rPORTUGUESE WAV ZT. 0 
Cruiser +» Don Oarlos i. .. 12,500 ~— All Yarrow Boilers, ” 
ror co ] Cw aaa at AU SE - 
Cruiser .. Lie Built .. Psilander .. 4,506 All Yarrow Boilers. 
°° os a ep eo mt ee ee Clas Uggla ép oe 4’500 eo eo 
Ironclad .. sf é - he se * — eten an 6,000 am pa 
a bai,” ®, ‘ is a 3. =, 6,000 pa x 
» ‘aoe “io ae ed Tae 6,000 » = 
oe “ , Se ane a - 3 peectors ee 7,500 ° ° 
as - ne a a igheten - 7,500 pa 2 
Cruiser .. oi * Building “ oe Pyl ~ ee o 12,000 ” ° 
Ironclad - eg 10,000 























JOSHUA HEAP & co., } 


Ltde, 
Oldham Road Engineers’ Tool Works, 


ASHTON-UNDER-LYNE. 


« 












Modern Screwing Machines 
and Screwing-<Fackle are our 


sole Speciality. 


Our line -includes Pipe 
Screwers from the smallest 
size up to the largest, and 
Bolt Screwers up to 4” dia. 





7567 





Rear —s ee Our complete illustrated and comprehensive 


| i uest. 
The Illustration shows our 3” Bolt Screwing Machine, which will screw and tap all Catalog ue will be f orwarded fi vee on reque 


sizes up to 3” diameter. It is fitted with our Patent Releasing motion, which enables 
. the Dies to be released and the Bolt taken out without stopping or reversing the machine. MAY WE SEND YOU A COPY ? 
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STONE BREAKERS. _ Bole parent AIR-PUMP” VENTILATORS. 


Double the Extracting Power of earlier forms. 
THE “ BLAKE-MARSDEN” IS THE STANDARD OF THE WORLD. 


pneneiay, Aa AWARD FOR VENTILATION, Paris Exnisirion, 1900. 
80 Gold and Silver Medals (all Highest Awards). 


TWO GOLD MEDALS AND ONE SILVER MEDAL. 
THE RESULT of 50 years’ e > — capacity, stronger, more durable and : 








in actual operation, and have much pleasure in testifying to their efficiency.” 8340 





ROBERT BOYLE & SON, Ventilating Engineers. 
64, HouBorn Viapucr, LONDON. 110, Boruwsu St., GLASGOW, 


Waiktie LORD KELVIN. “TI have seen several different forms of Mr. Boyle’s ‘Air-Pump’ Ventilator: 
more rigid than any other. sed in all the leading Stone Quarries, Mines, | *5 
CATALOGUE POST FREE ON APPLICATION. 





Corporation Depots and Government Works. 














ADOPTED BY OVER 50 RAILWAY CO.’S THROUCHOUT THE WORLD. 


Possesses pronounced features of decided advantage not found in any other Stone Breaker. 


COMPLETE STONE BREAKING PLANTS, ELEVATORS, and MANGANESE 
STEEL JAWS ARE MY SPECIALITIES. 
Works of the largest capacity in the United Kingdom for this 
class of Machinery. 


H.R. MARSDEN, LEEDS. 
DAVEY, PAXMAN & Co., Ltd, 


London Office : 


COLCH ESTER, ENGLAND. 78, Queen Victoria Street, E.C. 

















Single and Double-acting Quick-speed ENGINES. 
PAXMAN’S “ECONOMIC” BOILERS. cam. 


SS mas PATENT GAS ENGINES and GAS PRODUCING PLANTS. 


INDEPENDENTLY-FIRED SUPERHEATER. 


Zoelly Patent Steam Turbines 
Over 200,000 HP. at work and under construction. 


Mather & Platt, W® sarcow zon aarsces, (iyattehester. no 





































TOTAL WEIGHT 
OF 
THE THREE 
CASTINGS : 
27 TONS. 
THE Housine 
ALONE WEIGHS 


I5 TONS. 





STEEL FOUNDRY CO. 4 LIMITED, SHEFFIELD. 
STEEL CASTINGS . & FORGINGS 


OF HVERY DESCRIPTION. 


_ Sole Makers of HADFIBLD'S PATENT “ERA” MANGANESE STEEL 


Which is the Supreme Material for the Wearing Parts of Save. feb, 
Crushing and Grinding Machinery and Tramway Siiibesain GROUP OF HADFIELD’S TOUGHENED STEEL CASTINGS. 
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‘ | THE LEEDS FORGE COMPANY, LTD.. 














COMPOUND AIR COMPRESSORS tw ol al arvies fo any Pressure, 


Taare 3 ; DRIVEN BY 
Summ {| _ | STEAM, ELECTRICITY, 
: BELT or GEARING. 











Peter BROTHERHOOD, 


Belvedere Road, 








Special Features : 


ECONOMY OF DRIVING POWER. 
ACCESSIBILITY AND 
INTERCHANGEABILITY OF PARTS. 
DURABILITY. 

PERFECT AUTOMATIC CONTROL. 
EFFICIENT INTERCOOLING. 


Westminster Bridge, 


LONDON, 6&.E. 








Telegrams: ‘* BROTHERHOOD, LONDON.” 


Telephone: 97, HOP. 








Contractor to the British 


AND 


Principal Foreign Governments. |g 





aa 
| 
¥ 


at tll 





j Barly Delivery of Standard Sint. 

















Being perfectly balanced without end thrust, 


— eo 


HEADS up to [800° FEET 
IN ONE STAGE. 











, Highest Efficiencies Guaranteed for all Capacities. 
‘ “INVINCIBLE” CENTRIFUGAL PRESSURE PUMP coupled direct to Electric Motor 


Duty : 100 gallons per minute, 600 ft. high. Supplied to colliery in Wales. aq 


GWYNNES LTD, 


(J. & H. GWYNNE, Ltd, and GWYNNE & CO., United), 
HAMMERSMITH IRON WORKS, AND 81, CANNON STREET, LONDON, E.C, 


Tecearams: “GWYNNE LONDON.” TELEPHONE: 544, BANK. — 6506 
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Are you making 0} 5 17:4 STEAM ? 
What DUTY do you get from your BOILER? 
What are your LO} MW GelOlihys OL OY eh 


ef? s- vMA 
Sed, ee. Ss - 
iz Lge 








| 
Fortag orer | 


ind Coal Handling Pl::nt at Covenzry Electricity Works. 


TO SECURE 


Cheap Steam, a High Evaporative Duty 
ile Mm Oled', aa = 10) 01: ed» Ce) 12M Ole) Ae 


=e =» —>p. 8. €— kaa 


“ BENNIS” STOKERS AND COMPRESSED AIR FURNACES, 


“BENNIS” IMPROVED CHAIN GRATE STOKERS. 
BENNIS-MILLER-BENWNETT PATENTS.) 


‘“* BENNIS” ELEVATORS AND CONVEYORS. 


AND 


“ BENNIS” COAL AND ASH HANDLING PLANT 
WILL REDUCE THE PRICE OF CURRENT. 


ED. BENNIS & CO., LTD. wciros, BOLTON. 


LONDON OFFICE:-— Tel. Nos.: Telegraphic Addresses 
‘ ‘ 13 FARNWORTH. “ BENNIS, LITTLE HULTON.” 
28, Victoria Street, S.W. 627 VICTORIA. “BENNIS, LONDON.” 
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REINFORCED CONCRETE 


ON THE 


KAHN SYSTEM 


INSURES A 


FIREPROOF, DURABLE & SPEEDILY ERECTED STRUCTURE. 











YHOEOREEDNE  HOEDONNUUDEDDE VURRENECROEHO eeportoecen’ ceoveneeenntes ceapepeneRAReG  engRORReNNEN oneanententine 


% 





LAKE PARK BRIDGE. Span 118 ft., carrying a live load of 80 Ibs. per ft. super. in addition to its own weight. 
Kahn System used throughout for reinforcement. 


KAHN TRUSSED BARS 


Are unequalled as a reinforcement of concrete for 


BRIDGES, FOUNDATION RAFTS, FOOTINGS, FLOORS, LANDINGS, 
STAIRCASES, ROOFS, BEAMS, WALLS, COLUMNS, &c. 


The Kahn System is a guarantee of 


EFFICIENCY, ECONOMY, DURABILITY & STRENGTH. 


WRITE FOR HANDBOOK. 


The TRUSSED CONCRETE STEEL COMPANY, Ltd. 


50, CAXTON HOUSE, WESTMINSTER, S.W. 











— a 
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JOHN FOWLER & CO. (LEEDS), LTD. 


STEAM PLOUGH WORKS, 6, LOMBARD STREET, 
BLEEDS. — Engineers, LONDON, B.C. 














PREG aawen 














MAKERS OF 


THRASHING ENGINES, 
ROAD LOCOMOTIVES, 
TRACTION WAGONS. 








MAKERS OF 


STEAM ROAD ROLLERS | 


ND 


STEAM CULTIVATING 
MACHINERY 


ANY CROP, 
LAND. 
COUNTRY, 

asp CLIMATE. 

















REFERENCES TO USERS IN ALL PARTS OF THE WORLD. 
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SCHUGHARDT « SCHUTTE. 


T+ “1 ANDIS” BOLT CUTTER, 


















Write for List C 26. Ask for references. 





pe Oa ee 


General Design of | in., Ijin. and 1} in. Single 
Head Landis Bolt Cutter. 





Call and 
see the 
Landis 
at work 
in our 
Test 
Room. 








Bolt Cutter Head, showing One Block 
with Chaser removed. 





Chasers and Blocks. 








THE 
t ECON Om 
wor (Cay 


The Die that requires The life of the Landis 


no annealing, hobbing, | THREAD CUTTING MAGHINE | Die is twenty times 


or re-tempering. that of any other. 
p & O at y 


THE or og 

















SCHUCHARDT « SCHUTTE,| 


Machine Tool Makers and Exporters, 


34, VICTORIA STREET, WESTMINSTER, LONDON, S.W. 
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RIVER anp CANAL DREDCERS. 


Extract from NEW SOUTH WALES GOVERNMENT 
, REPORT ON DREDGING: 


“EIGHTEEN PRIESTMAN 


GRABS 


have been working at the various ports 
and rivers. Many of the rivers would 
have remained unimproved had not the 


GRAB-DREDGER 


been built. Invaluable for lifting rock; 
portions of which often weigh 3 to 





































4 tons.”’ 
PRIESTMAN Brotuers, Lr. 
Works: HULL. London Office: 3, Laurence Pountney Hill, Cannon Street, E.C. 

















Telegraphic Addresses: “PRIESTMAN, HULL,” and “PRIESTMAN, LONDON.” 


OIL, GAS, SPIRIT & ALCOHOL 
» ENGINES, 


LAUNCH 
ENGINES 


(Oil, Spirit, 
or Alcohol). 











AGENTS. 


DUBLIN.—Tan Dostum Dockrarp Com. 
pany, North Wall 

FRANCE.—Novvetet & Lacomes, 111, 
Quai D’Asnitres, Asniéres (Seine). 

GERMANY.—Biaserstam & Goxpicus, 
Ferdinandstrasse 25/7, Hamburg. 

BELGIUM.—Taxo. ALpzRts Fua, Rue 
Basse 7, Ghent. 

HOLLAND, — Wrnmatan & Havsuann, 
Glashaven 2, 4, 6, 10, 14, Rotterdam. 

SOUTH AFRIOA.—Harvayr & Oo., Aegis 
Buil Johannesburg, P.O. Box 
953; at Durban and London, 

JAVA.—Van pax Livpz & Trves, Soera- 
baja; and at Samarang. 

NEW ZEALAND.—F. 8. Grexnsie.ns 
anp Company, 27, Lambton Quay, 
Wellington. 

AUSTRALIA. — Rossrt 
Gururis, 205, Clarence 
Street, Sydney; and 
at Melbourne, Bris- 
bane and Adelaide. 


INDIA. — Burn & Co., 
Ltd., Howrah Iron 
Works, Calcutta. 





LONDON SHOWROOMS— 
87, Queen Victoria St., 


Telegrams— 





Telegrams : ‘* Nornodeste, 
= Theorem, London.” 
Patricroft.”’ Telephone— 836, Bank. 
Telephone : 
48, Eccles. L. Gardner & Sons, 
LTD., 


Barton Hall Engine Works, 
PATRICROFT, 
MANCHESTER. 

7466 


35 BiHP: MARINE OIL HBNGINZ: 
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inoue AUR COMPRESSORS 


With the Pioneer of all COMPRESSOR PISTON VALVES. 
BAILEY’S “KOSTER’S” PATENT. 
OVER 300 AT — IN MINES AND WORKS. 


























FOR MINES. For WORKING 
PNEUMATIC 
BAILEY’S SYSTEM TOOLS. 
of 
“AIR -LIFT” SIMPLE, 
PUMPING, &c. COMPOUND 
AND 
ELECTRIC and TRIPLE- 
OIL MOTOR EXPANSION 
DIRECT- STEAM- 
DRIVEN SETS. DRIVEN 
“NO GEARING.” COMPRESSORS 

























HIGH SPEED. 


COMPARED WITH OTHERS— 
FEWER AND STRONGER PARTS, 
DRAWS IN DENSER AIR, 
CONSUMES LESS POWER, 


WEAR AND TEAR AND UPKEEP 
MUCH REDUCED. 





HORIZONTAL ARRANGEMENT 


(A most important feature with regard | 
to Efficiency and Accessibility). 





NOISELESS. 








NO CHATTERING. IN ALL SIZES, 





7—10,000 
TWO STAGES IN Cubic Feet per Min. 
ONE CYLINDER. STEAM, BELT 





AND 
AS SIMPLE AS oa ws MOTOR 
THE SIMPLEST «= DRIVEN 
STEAM ENGINE. & : ay 
BAILEY'S “KOSTER,” CLASS 1, BELT-DRIVEN TWO-STAGE COMPRESSOR. VOLUMETRIC EFFICIENCY 93-96 % 
S ae L2 Ls L4 Le Ls L10 
Sizes of Belt- { free An aauaned a athe . 78 116 156 236 320 600 
Driven Machines Revolutions per minute.. oa Gag’ ie. Late 226 200 175 160 160 146 


Sole British Manufacturers of the well-known KOSTER PATENT COMPRESSORS and VACUUM PUMPS, 


W. H. BAILEY & CO., Pras Albion Works, SALFORD, MANCHESTER. 


ratecras {«.BEACOM sAlvoaD. , LONDON: 16, FENCHURCH STREET, E.C. NAT. TELEPHONE, No. 991. 
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ates 














DAY, 


ESTABLISHED 1834. 


SUMMERS & CO., Lt. 


ENGINEERS, BOILERMAKERS, SHIP & YACHT BUILDERS, 


NorTHAM IRONWORKS, SOUTHAMPTON, 





























eC SOD 8 «a ENGLAND. 

CONTRACTORS 

TO THE ae Tel. Address: 

a bd am ‘ ge .F ‘“‘DAY, SUMMERS, 
ADMIRALTY & WAR OFFICE. SR Me op SR ae Bh Rees 2 SOUTHAMPTON." 

RUSSIAN D. S. & Co. have 
GOVERNMENT. illonel 

Oh 3." and 
GOVERNMENT. FIVE of 

Pia a these 
EGYPTIAN BRIDGES for 
GOVERNMENT. the 

——- Southampton 
ARGENTINE Se al arene af eee 5 Ferry Bridge | | 
GOVERNMENT. Steam Ferry Bridge for foot passengers and vehicles. Company. a | 


Two of these bridges run every few minutes from opposite banks of the River Itchen. i 








Other Spccialities—STEAM TRIPOD TRAVERSING SHEERS (Land and Floating). Over 80 sets of these Sheers have 





been made by D. S. & Co., to lift weights up to 180 tons. 
HAULING-UP SLIP MACHINERY. Capable of dealing with vessels up to 3000 tons dead weight. 














ruoG BOATS. BARGES. — POMTOOMNSs. | 




















DARRACQ- SERPOLLET. 








FRENCH INDUSTRIAL VEHICLE TRIALS, 


1907. 
Category 3. - - Category 4. 
DARRACQ-SERPOLLET Ist DARRACQ-SERPOLLET 2nd 
DARRACQ-SERPOLLET 2nd DARRACQ-SERPOLLET 3rd 


Extract from “LES SPORTS” :— 





. , . - The only firm which has not left a single 
vehicle en route is the DARRACOQ-SERPOLLET.” esr 





REGISTERED OFFICES :— 


2, COLEMAN STREET, LONDON, E.C. 


Telephone—WALL, 202. Telegrams—LESERPO, LONDON. 
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JOHN 4 JOHN 
BELLAMY IBELLAMY 
LIMITED, . LIMITED, 
ENGINEERS ENGINEERS 


BOILERMAKERS,| 7 | BOILERMAKERS, 


| | Lonpon. 


HIGH-SPEED TOOL § 


Ranks First for 


HIGHEST EFFICIENCY 
“ REGULARITY of QUALITY. 


Specially suitable for Turning & Planing Tools, Milling Cutters, Twist Drills, &. 


MAKERS OF EVERY DESCRI IPTION OF _ FURNACE FOR TREATING THIS SPECIAL STEEL. 


ak x (. ARMSTRONG, WHITWORTH & 60, Ld., 


Raa oeaneslgge re Race PEO CIES Me 
MINSTER, Agents in France: HY. ERAT & GARCIN, 66, Rue Saint-Lazare, Paris. 


MILLWALL, | 
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WILLANS & ROBINSON, 


LIMITED. 


STEAM TURBINES. 


At Work and under 
Construction, 
April 1, 1907 :— 


























Speclalities : 














Exhaust Steam Turbines. 
Turbine Driven Blowers. 
Turbine Driven Exhausters. 
Turbine Driven Alternators. 
Turbine Driven Dynamos. 





2 Sets of 5000 Kwt. each. 

9 Sets of 3000 Kwt. each. 
18 Sets of 2000/1500 Kwt. each. 
23 Sets of 1000 Kwt. each. 

4 Sets of 500 Kwt. each. 























Willans Parsons 1500 KW. Turbo-Alternator, single-phase, 2000-2500 volts, 1500 r.p.m.,- Islington Borough Council. 


Victoria Works, RUGBY, ENGLAND. - 


SMITH & COVENTRY, 


LIMITED, 


MANCHESTER. se Fl This illustration 


represents 


BORING a TURNING MILLS @, oa 


From 2 ft. Gin. to 23 ft. 
HIGH SPEEDS. 
POSITIVE FEED with POTARTAREWS CHANGES. 


ALSO BUILD 10 ORDER AND STOCK: 














Vertical and Radial Drilling & Tapping Machines. 
Stud Lathes. 


Milling Machines of all types. 
‘ Bevel Wheel Cutting Machines, including the 
Robey-Smith and Bilgram. 
Knowles’ Keyseating Machines. 
Slot Drilling Machines. 


Lathes, Planing, Shaping and 
Slotting Machines. 


Side Planing Machine. 
Brass Finishers’ Lathes. 
Pearn’s Lightning Tappers. 

Twist Drills. 8467 
Milling Cutters, &c., &c. 
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F. REDDAWAY & Go. Lb., mancuestén. 


a of the SPHINCTER HOSE & ENGINEERING CO., as ), 


sour macees oF  GAMEL HAIR” BELTING 


Upwards of 45,000,000 feet supplied to Users all over the World by the English Mills alone. 
NONE GENUINE WITHOUT ONE OF OUR TRADE MARES =— 



















FIRE HOSE cal OY INDIA RUBBER 
FIRE BRIGADES. nC GOODS 


CANVAS HOSE. COTTON HOSE. . for Mechanical and other purposes. 

















| INDIA RUBBER LINED HOSE. REDDAWAY’S PATENT HIGH- PRESSURE 
ore HYDRAULIC HOSE 
CONVEYORS AND BELTS hte For any Pressures up to 15,0 000 Ib. ‘Per square inch. 
. for all purposes, up to any capacity. Be .t OIL HOSE WIRE ARMOURED. 
sols or THE FrATENT 

7 § J ’ 

SPHINCTER GRIP” “vercwesy 2% sea. ARMOURED HOSE. 
; as tid _ Teas — XY Mana. 

ENGINE PACKING. ‘te for Mills, ‘Desmasi ial Geneaat Use. Calico and Sistine Printers’ Blankets. 

COTTON BELTING. Paper Makers’ Dry Cotton Felts. Rubber-Covered Rollers a Speciality. 
CATALOGUES UPON APPLICATION. 8370 


Write for Book on “Conveyors and Belts,” by Frank Reddaway. Now Ready, 4th Edition of ‘Practical Notes on Belting and Belt Driving,” by Frank Reddaway. Price 8s.6d, Net, 


__ Mills and Head Offices: PENDLETON, MANCHESTER. _LONDON: 50 & 51, Lime Street, 


SUCTION 
GAS 
PLANT. 


Cheapest Power known. 
Simple, Effective, Safe. 

















GRANTHAM and STOCKPORT. 


R. HORNSBY & SONS, Lro, GRANTHAM. 


LONDON OFFICES—75,, iN Victoria Street, E.C. 
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W. S. LAYCOCK’S PATENT AUTOMATIC COUPLER (M.C.B. Tyre) 


INTERCHANGEABLE WITH ORDINARY SCREW COUPLINGS. 






































47% 
." > PP. J 
' as hs “ i ate as 
a it ee , ; wit a et i hy j ON DON OFFICES =, 
Ni TORI. WORE MUILLLOUSES, | gage SJ 77 QUEENVICTORIAS PENG, 
‘ i cEs aA : 8180 ; 








BREUER SCHUMACHER & CO., LTD. 


KALK, near GOLOGNE. 


MACHINE TOOLS. 
AUXILIARY MACHINES 


For Metallurgical Works. 


ROLLING MILL PLANTS. 
HYDRAULIC MACHINERY. 


POCO OSCSSCOCCOCOOSD 




















British, Colonial and Export enquiries to be forwarded to us 
through our London Agents, at 


21, LIME STREET, LONDON, E.C. ss00 


Telephone No. : 2565 AVENUE. 





VERTICAL STEAM HYDRAULIC BLOCK SHEARS. Telegraphic Address: “HIERRO, LONDON.” 
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ALFRED HERBERT, Ltd., Coventry, England. , 











Immediate 
Delivery 
from 
Stock. 


: - A ia wi ‘ad NS 8300 
No. 4 CAPSTAN ; LATHE, with Single Pulley, Plain Head, Patent Chasing Saddle. 


POTT, CASSELS & WILLIAMSON 


Works: MOTHERWELL, near GLASGOW. “rr worucrweu.” 

















eeweeea CENTRIFUGAL 


‘= oe 
. io (‘sr 
F mY i: 7a a~/ 8 = 7 po 
7: | = 7 ; | aa MACHINES 
’ ane | 
i 7 * 
a 


BELT, ELECTRIC and 
WATER DRIVEN. 


With Solid Spindles, Ball 
Bearings and Self-Adjusting 
Buffers. cues 











OATALOGUIES ON APPLICATION. 
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; . STEAM HAMMERS, — 
| FORGE PLANT, — 
Roots BLOWERS, — 
: * § Cupotas, — 


FOUNDRY PLANT, — 


LIMITED, CENTRIFUGAL PuMPS 
AND FANS, — 
HIGH SPEED ENGINES; 


assem shnormenes ed 
(CATALOGUES on APPLICATION, 


Feed Pump 


Under New Patents. - 


NO SHUTTLE VALVE. 
DARLINGTON FORGE CO., LD., DARLINGTON 


Telegrams: “‘ Forge, Darlington.’’ London Office : 50, Fenchurch Street. — 






































STEEL CASTINGS. 
‘SONIDUOI NOY! 2 13318 





HYDRAULIC PRESSED STEEL SHAFT, 55 ft. Long 22 in. Diameter. 


Forged from 60-ton Ingot for-H.M. First-class Cruiser “Roxburgh.” - 
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GAS FOR HEAT. 


DUFF GAS PRODUCERS. 
GAS FIRED FURNACES. 
GAS POWER PLANTS. 


MASONS GAS POWER CoO.. LIMITED. 
Alma Works, LEVENSHULME, MANCHESTER. 


GAS FOR POWER._ 
EXAMPLE BETTER THAN PRECEPT. 






































































ai —_— x . 
———— . "a - ri 

- = - - >, 
3 — ~ Re > 


This is the policy on 
which our business is 
run. We can show 
\~ . you more by practical 
J \ ‘demonstration in one 
—— | half hour than by 
ar writing 50 letters. On 
E.: this Lathe we cut 
4 q \ through a 3-in. bar 
. \ in 1? minutes. What 
; are you doing ? 







= vosacagl il il y 3 
JOHN LANG & SONS, JOHNSTONE, near GLASGOW. 








. “a ‘ ad fe ag I7 ' 
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SIDDELEY “wir” VEHICLES 


SILENT. SILENT. 


EASY RUNNING. EASY RUNNING. 





ea PO ee _ p 
a —— dla cata: oman. ‘a. ane 


Full particulars on : ; 18 HP. SIDDELEY AMBULANCE Full particulars on 
application, with accommodation for two patients and attendant. application. 
THE WOLSELEY T00! MOTOR CAR CO., Ltd., 
And at YORK STREET, WORKS :— a 
76, DEANSGATE, WESTMINSTER, LONDON, S.W. Adderley Park, BIRMINGHAM, 
MANCHESTER. Telephone : Telegrams : and Crayford, KENT. 
831, Victoria. ** Sidleth, London.” 


























HUDSWELL, CLARKE & 6O., LID., 


4 pqs er Mie EOUNDRNRY, LEEDS. 


LOCOMOTIVES 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c. Made to suit any Gauge-of Railway. 





Hstablished 
1860. 


Telegraphic Address: 
** LOCO, LEEDS.” 


S 





PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 
SOLE] MAHEENRS oF 


“RODGERS PULLEYS” 


(REGISTERED). _. 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS, - 
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VICKERS’ 


HIGH 
SPEED 
TURNING TOOLS ST > - Lu 


DRILLS, TAPS, 
ann OUTTERS. 


ALSO TOOL STEELS OF OTHER QUALITIES. 


VICKERS, SONS X% MAXIM, LTD., 
RIVER DON WORKS, SHEFFIELD. gis2 


LOCOMOTIVES 


For Contractors, Planters, Shipyards, Collieries, Mixed Traffic, &c. 





























Bs. SRT , ? ee Pit 
a F if Ri egy tabs Road i tpee oa ha 
MAA 4 J by OY aT sate . 
: . ‘ < 2k “ 2 





PORTABLE 
RAILWAYS 


WAGONS 


OF ALL 
DESCRIPTIONS. 


NEW 
CATALOGUE 


I6th EDITION 
NOW READY. 











The Illustration represents one of a number of Engines built by us for the Cape Government Railways. 7812 


W. G. BAGNALL, LTD., | 


STrAEEOrD. 


Codes used—‘‘ Engineering,” ‘‘A BC,” and ‘Bedford McNeill’s.” Telephone—No. 15. Telegrams—Bagnuall, Stafford. 
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BROWN, BAYLEY'S STEEL WORKS, L” 


“oarisy, Sue SHEFFIELD. 
Manufacturers of STEEL 


—— BY THE - 


‘“‘Siemens’”’ & “‘Bessemer’’ Processes. 


MAH EERS oF 


TYRES, AXLES AND SPRINGS. —For Railway Locomotives, Railway 


Carriages and Wagons, and also for ELECTRIC CARS. 


SPECIAL GUARANTEED SPRING STEEL —?for Raitway Locomotive, 


Carriage and Wagon Springs, and for Road Van, Dray and Lurry, &c., 
Springs. Also Makers of 


PLANISHED STEEL BARS. -— or shafting for Engineers, Machinists, 


Agricultural Implement Makers, &c. 


STHHIL FORGINGS. 
SPECIAL STEEL BLOOMS AND SLABS. 


LONDON OFFICE—Suffolk House, 5, Laurence Pountney Hill, Cannon Street, E.C. 


SOUTH AFRICAN AGENTS AUSTRALIAN AGENTS: 
* H. LENDERS & CO., Fox St., JOHANNESBURG. W. & A. McARTHUR, Ld., 15, Macquarie Place, SYDNEY. 


DREDGING PLANT 














Telegraphic Addresses i 

















Up to the Largest Bow and Stern Well Centre and Side Ladder Bucket 
Dimensions and Capabilities. Barge-Loading and Hopper Dredgers, Suction Dredgers, 
DELIVERED COMPLETE OR Hydraulic and Mechanical Agitators, Discharge Pipes and 
SHIPPED IN SECTIONS. Pontoons, Hopper Barges, Sewage Steamers, Caissons, 





ON WAR OFFICE & ADMIRALTY LISTS. “e 2 





Tugs, Ferries, Paddle and Screw Steamers. 
Teepragie Address: 


“ DREDGER, PORT- GLASGOW." 3 


Te 
. 3 eas ha \ \ 
3% ? <P Ste 6 ae 1 
c at ge oss) ! = 
f 3 337 \S Meee Pit o4 Ps? © 

















































































































/ SO3- 
! y ~Si . = 
@ ° . WAT 
= 1+ 4-4 : : z ATE maT TT th i 
i ee . ; EP Titiiididdl Seece sty A 
= oe Ss ae Fees Fes : eae Ty = SF b> 
iia at — MA vats ERY | WA LU hese 17 ge 
Barge Loading Bucket Dredger (No. 166), by Ferguson Brothers, ; “\ © r 
for Clyde Trustees. N aj j 
‘ > 2 | / 
_ Spare Gear and Renewals Supplied. / COLD 
T is / DREDGING A 


Shipbuilders and Engineers, sis 


FPORT GLASGow . 


oe 








wn 


my 
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ENGINEERING. 


IF YOU WANT THE MOST EFFICIENT AND UP-TO-DATE 


RANES 


OF EVERY DESCRIPTION, 


Overhead Cranes, 
Goliaths, Cranes, Electric Winches, 


Capstans, 
~ Winding Engines, 
| a\ sg &c. 

7 
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Locomotive Cranes, — 











Loco. Electric Shunting Crane (Fig. 300) 





Loco. Steam Breakdown Crane (Fig. 351) 
VISIT THE WORKS OR SEND AN ENQUIRY TO-— 


THOMAS SMITH & SONS, 


Steam and Electric Crane Works, 


Old Foundry, ERODIL.EMY, x. LEEDS. 


CONTRACTORS TO THE ADMIRALTY AND ON INDIA AND WAR OFFICE LISTS. 


THE CONSOLIDATED PNEUMATIC TOOL CO., Lto. 
“BOYER” 





meinen 





* 6674 












PNEUMATIC DRILLS 
OF 
BRITISH 


“BOYER” 






ll MANUFACTURE. 
RIVETING “WHITELAW ” DRILL. 
| HAMMER. 


HAMMER. 


ELECTRIC BLOWER 





ELECTRIC EMERY GRINDER 

















“LITTLE GIANT” DRILL 


Made in 
several 









sizes. 


PORTABLE ELECTRIC 


AIR-COOLED DRILLS 
HOISTS, &c. 


Fitted with 
telescopic feed 
if desired. 
GENERAL 
OFFICES— 





“BOYER” & “KELLER” 


Reversible 
and 
non-reversib'e. 





for blowing dust from electrical machinery 


PNEUMATIC 
SAND RAMMERS 





DRILLS 
also supplied. 





Workshops and Showroom within a few minutes’ walk of the Offices, where PNEUMATIO a 
ro TOOLS can be seen in operation. 


INSPECTION UNVITED. 


SAND SHAKERS, &c. 
Palace Chambers, 9, Bridge St., Westminster, S.W. 
(WHERE ALL COMMUNICATIONS SHOULD BE ADDRESSED). 


Works: FRASERBURGH, N.B. 


Telegrams—CAULKING, LONDON 
Telephones { 3987, GERRARD. 








_ 68 [SUPPLEMENT page xx] ENGINEERING. [June 28, 1907. 








CLARKE, CHAPMAN & CO. 


LIMITED, 
GENERA SLX, BLEOTRICAL ENGIN ZERS, 


GATESHEAD-ON-TYNE. 


T.A.—“CYCLOPS, GATESHEAD.” 


8238 





ie ad — 


DIRECT-GRIP WINDLASSES 
WERF GUSTO, FIRMA A. F. SMULDERS, SCHIRDAM, "iz 


SHIPBUILDERS AND ENGINEERS. 














BUILDERS of the MOST IMPROVED DREDGE PLANT ot the LARGEST 
DIMENSIONS and OUTPUT. 








«WVQAIHOS ‘SUACTAKSY ».—? sseappy orjdvssajey, 


Codes used :—A BC (4th and 5th Edition), Western Union, 
Engineering, 2nd Ed 


pA An EL A ANE Prom me 





BOILER WORKS AT GRACE-BERLEUR, NEAR LIEGE. 6549 
ROOF AND BRIDGE CONSTRUCTION. BOILERS OF EVERY SYSTEM AND POWER. 











saconenentimentetien ameniemmen meee a 


a . 
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MAN UFPACTURED BY 


WM. JESSOP & SONS, Ltd., Sheffield. 














DOUBLE HELICAL STEEL PINIONS. | 
12 in. to 364 in. Dia. —- Weighing 24O Tons. 
London Office: 3, VICTORIA STREET, 8.W. 


——— 
a wocem an 


8332 




















BUSH OPEN BUSH OPEN 
ss wile a 


BUSH OPEN BUSH OPEN 
oe 


“ALWAYS 
LD tie 
ACCURATELY 


BUSH 
CLOSED 





Smith’s Patent 


Screw Boss PULLEYS 


Tens of Thousands in use throughout the World. 





Self Fixing. No Keys or Keyways. 











Complete Catalogue of SHAFTING, FITTINGS and PULLEYS on application. 


SMITH & GRACE screw zoss putter co., LTD., THRAPSTON. 


LONDON: 36, Queen Victoria Street, E.C. Telephene Ne.: 152, Bank. Telegrams: GRACE, THRAPSTON. 
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Q DE BERGUE & CO., 


LIMITED, 


ALLEN’S PATENT 







RIVETING 
MACHINES. 


FORTY DIFFERENT 
FRAME PATTERNS. 
8376 





Illustration shows 
No. 2 MACHINE, 
Gap 24} in. x Hin., 
FOR RIVETS tin. DIA. 


Chadburn's (Ship) Telegraph Co.,Ltd. 
CHADBURN&SON, 


PATENT “DUPLEX GONG” TELEGRAPHS, 
“ Latest Improved” Engine Telegraph. — 


TRANSMITTER f With HAND REPLY. 
ON BRIDGE. | Also ENGINE AUTOMATIO REPLY. 


communes ' ~~~ pagapertecacers nrateal 
With ‘* DUPLEX a a 4g P TONE for AHEAD 
SHRILL TONE for ASTERN. 








INDICATOR IN 
ENGINE ROOM. 
Tachometer—Revolution Indicator. Showing * a Glance the Number of 








Es Revolutions per Minute. 

<4 STEERING, “LOOK-OUT,” & DOCKING TELEGRAPHS, 
bie SoLe PROPRIETORS AND MANUFACTURERS OF 7768 
SEE BASSNETT’S PATENT SOUNDER. 
gas Latest Patent No. 24,916, Dec. 28th, 1898. NONE OTHER GENUINE. 
ae Moagomee Cyprus Rd., Bootle, | *"yuz"° 41, Waterloo Rd., Liverpool. 





GLASGOW : 4, Finnieston Quay. LONDON: 4, Lloyds Avenue. 











PNEUMATIC)’ 





JOHN BROADFOOT « SONS, 


Ltd., 


WHITEINCH, 
GLASGOW. 


Patent 
Rectangular 
Deckhouse 
Window. 


PRICES 8402 
ON APPLICATION. 


German Niles Tool Works, 


OBER-SCHONEWEIDE, near BERLIN. 


SPECALITY: HEAVY MACHINE TOOLS 
“wes ocnscooncn:, OF All descriptions. 





OBERSCHONEWEIDE, 


Our own Factory 
Equipment 
‘. includes : 
€. 550 
MACHINE TOOLS 
of latest. design. 
30 
ELECTRIC CRANES 
having a total 
lifting capacity of 
250 tons. 

200 
ELECTRIC MOTORS 
of a total 
capacity of over 
2500 HP. 


Our = 
SPEOIALITIES - ar 
include NS eoos seme | 


VERTICAL BORING & TURNING MILLS. ‘MILLING "MACHINES, “ith , Vertical 


ENGINE LATHES up to the largest| _%24 Horizontal Spindles. 


SLOTTING MACHINES. 
PLANE S for all 
wer yh MACHI NES, Upright and 


HYDRAULIC PRESSES for Car Wheels. ° 
PNEUMATIC TOOLS, 

BORING Ma ACHINES, with Vertical and 

Horizontal Spindles. 











SPECIAL MACHINERY for Railroads, 
Marine Engineers, Bridge Builders, 
Rolling Mills, &c. 


AGENTS : 8350 
Por ENGLAND (except Manchester District): E. 0. AMOS, M.I. Mech. E., 22, Walbrook, London, E.0. 
For MANOHESTER DISTRIOT: DONAT & 00., Economic Building, Spring Gardens, Manchester. 
Por SOOTLAND & IRELAND: WILLOOK, REID & 00., Ltd., Central Chambers, 109, Hope St., Glasgow. 


WILLIAM RYDER L~ 


141, Folds Road, BOLTON. 











THE MAEBDRS OF 


THE RYDER FORGING MACHINE, 

















Sawing Machine for Hot Iron, Coke Breakers, &. 
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SMOKE PREVENTION 


WITH ECONOMY. 


Specimen instances from Last Year’s Working. 




















INSTALLATIONS EVERYWHERE. 





No. 1.—An instance of Economy effected in a case where 
the same fuel was used before and after adoption 
of Apparatus. 


Evaporation. Increase. Cost of 100 Ib. Saving 
Without......... ieee ae eshgnedeees Bas Piacsecsecis 
WON -vnicnsctet gn WE ce $6 thu... 167% 


AND NWO SMOZHE WHATEVER. 


No. 2.—An instance of Economy effected in a case 










FOR AMERICAN PATT 
DISC-GRINDING MAC 


E 
u 
EASTIST CunTTinG 
ScooLtEsTr cuUTTING } 
MosT DUNRABILE. 


W. J. DAVIES & SONS, 
Emery Mills, London, $.E. *” 


RN 
INES. ° 


om 
BAR TH. 














where the consumer was previously using an 
expensive fuel. 












Coal. Cost per hour. Economy. 
Leicester i F 
Without............... eafenfes | ee oe Evaporation | 
Heed Phew J identical in | 26-4 
WHR .. Pea Nuts ............ Is, 2d. a # both cases. | 


AND MNO SMOEZHE WHATEVSEIE. 





The British Fuel Economiser and Smoke Preventer 
9, BEDFORD ROW, LONDON, W.C. 


Works: BERMONDSEY. 7909 
Telegraphic Address ; ‘‘ ECOMETRO, LONDON.” Telephone No. 2520, HOLBORN. 






\ 


You cam do your grinding on the side of 
a rock—if you want to—but it doesn’t pay. 


CARBORUNDUM 


grinding wheels are the hardest, sharpest-— 
longest lasting grinding wheels on earth. 
They cost a little more than others—but 
are far the most economical in the end. 


The Carborundum Co., 


29, CLIFTON STREET, 
FINSBURY SQUARE, 
LONDON, E.C. 

















)| Fitted with Jenkins Renewable Discs. 











Sa Os ee es Rel a 


IRON CEMENT 
No. 1. 


Repaired this Joint, 


and saved the owner 
$76.00. 


Just the thing for 
Leaks of Steam, 
Water or Oil. 


NEW INSTRUCTION 
BOOK FREE, 


A is the Joint repaired. 5108 


SMOOTH-ON MFG. CO., Jersey City, N.d., U.S.A. 


For Sale by HODGSON, HARTLEY, Ltd., Little Peter Street, Knott Mill, MANCHESTER. 








ALL OF OUR Valves, both screwed and 
Jlanged, are 


NO RE-CRINDING NECESSARY. 


Jenkins 
Bros. "= 


Valves. 


ALL PARTS INTERCHANGEABLE. - 


EVERY VALVE BEARING OUR TRADE MARK IS 
GUARANTEED PERFECT. 


JENKINS BROS., 


95, QUEEN VICTORIA 8T. 
LONDCN,. 


= 


9 





IRON BODY. 
' 





8574 


71, JOHN STREET, 
NEW YORK. 
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LUKE & SPENCER, Lr». 


Canal Engineering Works, BROADHEATH, nr. MANCHESTER. 


MANUFACTURERS OF 


IMPROVED EMERY AND CORUNDUM WHEELS, 
AND 
GRINDING & POLISHING MACHINERY. 


ilustrated Catalogue free on application. 


\ 


NEW PATENT TOOL GRINDER 
WITH FOUNTAIN REST. 
SPLASHING ef WATER on WORKMEN 
AND ON FLOOR ENTIRELY OVERCOME. 





aia aie Sete Address : ‘EMERY, ALTRINCHAM,” National ” _National Telephone—Altrincham, No, 49. ¢ md d 7733 _ 













































































SAFETY o CRANES 


ensured by using 


DENISON’S Patent 
Overload Detectors. 





RINGS A BELL WHEN CRANE OVERLOADED. 


SoLn MAKERS: 


SAM DENISON & SON, on 
Far Hunslet, nr. Leeds. 





Telegraph : ‘‘BOILER, ACCRINGTON.” Telephone : 136, ACCRINGTON. 


Anderton's Patent Downtake Superheater, 
a0 Anderton’s Patent Separately Fired Superheater, 


Fer LANCASHIRE, CORNISH, and other BOILERS, 


GIVES PERFECTLY DRY STEAM AND SAVES 16 10 20 PER CENT. 
Can be fixed to existing Boilers without trouble. 


TOP BOX AS MADE OF MILD STHHL PLATHS. 


eo Wh 
BEE 





work at any Pressure. 


a 
| 
‘ 
‘ 
‘ 
“ 
“: 
= 


“a 
oo ee ee 


NEW BOILERS ALWAYS IN STOCE, 


Every Boiler should have one of our 
Superheaters applied. 


j 
New Steel Boilers made any size and to 


/ 
f 
* A ae 
7 
t 3 
=) Md 


\ 
» 


( 
Mt 
‘a 


oe 
hl 


d 
é 
i 
\ 


hi 
~ 
Ney 
ii 

|V 


A 
\y 
Ve 





ANDERTON & SONS, ANTLEY BOILER WORKS, 





AOGORING TON. aed 
London Representative: SYDNEY P. FRASER, Broad Street House. 





a cemnemeaiaa 


— 





q 
: 
r 
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TESTIMONY 


FROM CHINA 
AFTER 


SEVERAL YEARS’ UsE. 


The SNOWDRIFT LUBRICANT which you 
regularly supply us is very efficient, extremely 
uniform in quality, and most satisfactory in use. 

On one of our engines, a 600 HP. vertical Corliss, 
we use no other lubricant, the main bearings, crank 
pins, crossheads, guides and eccentrics all working 
with Snowdrift. 

The cost of Snowdrift compares favourably with 
oil, and the cleanliness and extreme reliability of 
your positive system of lubrication are advantages 
we appreciate highly. 





3607 
Sole Manufacturers: 


SNOWDON, SONS & CoO,, Lp. 


MILLWALL, E. 
and at 7, Pall Mall, Manchester, and 20, Constitution Hill, Birmingham. 


London—127, Eastern. Snowdrift, London. 


Telephone Nos. Manchester—4952. Telegrams { Snowdrift, Manchester. 
Birmingham—4984 Snowdrift, Birmingham. 








HALL’S 
Patent Direct-Acting 


BOILER FEED PUMP. 
ECONOMICAL 


AND 


EFFICIENT. 

















AN IDEAL PUMP FOR 
GENERAL 
BOILER-FEEDING 
PURPOSES. 


Up-to-Date in every way: 


- J.P. HALL & SONS, 


—~ 


Engineers, 


PETERBOROUGH. 











“WELLMAN” 








THE BAND IS MADE IN 
ONE CONTINUOUS WRAP 


acton—INSTANTANEOUS 
AND REVERSIBLE. 
45 HP. on ONE REV. per minute and smaller. 


td 


WELLMAN-SEAVER-MORGAN G0., Ltd., 


47, abel STREET, SW ™ 
GLIFTON & WADDELL, 


METAL SAWING SPECIALISTS, 
Johnstone, * near Glasgow. 

















7433 


36 in. HOT SWING SAW, Motor driven, made in sizes up to 84 in. diameter. 


Also BAND SAWS, CIRCULAR SAWS & HIGH-SPEED DISC SAWS. 
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PETER PILAInNGToOon i. TD., 


BAMBER BRIDGE, near PRESTON. 
Compound, Pneumatic and Belt or Electric Motor Driven SS 




























Over 
2000 
success- 
fully 
To suit Air Pressures, at work. 






40 to 100 lb. per square inch. 
ALL SIZES, 


8174 


The 


SW, Largest Makers 
an of 
_— Pneumatic 
a Hammers 
> in the World. 
7 sain eed 


“N.S.” HAMMER. LONDON Office: 75a, Queen{Victoria St GLASGOWAOMice: 9-14, Wellington St. BELT-DRIVEN HAMMER, 


JOHN BROWN & COMPANY. LTD. 


Atlas Works, SHEFFIELD; and CLYDEBANK, near GLAscow. 
LONDON: 8, THE SANCTUARY, WESTMINSTER, S.W. 


BUILDERS OF PASSENGER AND OARGO STEAMERS, 


And specially of First-class High-speed Ocean Steamers up to the Largest Size and Power. 


WARSHIPS OF ALI TY PHS 


BATTLESHIPS, CRUISERS, AND TORPEDO BOATS, 
AS BUILT FOR THE 


BRITISH, SPANISH, RUSSIAN, JAPANESE, AND NETHERLANDS GOVERNMENTS. 











MANUFACTURERS OF 


ARMOUR PLATES, 


GUN FORGINGS OF ALI DESCRIPTIONS. 2814 
Largest Sizes of Cranks and Straight Shafting, Hydraulic Pressed, Solid or Hollow, Rough Machined or Finished. 
Boiler Flues and other Marine Specialities. Railway Material. Foundry and Forge Pig Iron. 


LATHES FOR HEAVY CUTS AT HICH SPEEDS. 








a 


0044 





The illustration shows a 
13 in. centre S.S. & S.C. Lathe 
with “all gear” fast head- 
stock, 12 HP. available at all 
speeds, arranged to drive 
direct from line shaft. 





> ee 


THOS. RYDER & SON, Turner Bridge Works, BOLTON 


AGENTS—MIDLANDS: Jno. E. Corby, 3, New pha Birmingham. 
RUSSIA: S. G. Martin & Co., St. Petersburg and Moscow. O97 




















j 
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ROBERT STEPHENSON & CO., LIMITED, 


Locomotive Builders, DARLINGTON. 








ESTABLISHED AT NEWCASTLE, 1821. NEW WORKS OPENED AT DARLINGTON, 1902. 
LONDON OFFICE: WORKS : 
Telegrams: 


Sanctuary House, 

i ROCKET, DARLINGTON. 
Westminster. ‘ 
Nat. Telephone : 


Telegrams : 
No 200. 


“ ALTISCOPE, LONDON.” 
Telephone : 
No. 650, VICTORIA. 


Codes: 

Engineering Standards and A B C. 
MAKERS OF 
BRITISH ENGINEERING 
STANDARD TYPES. 








LATEST METHODS OF 
PRODUCTION AND 
PROMPT DELIVERY. 











AUTOMATIC FORGED LUBRICATION IN EVERY BEARING FOR A FEW PENCE. 





We grant Licenses No wear; 


No attention ; 
Pint of Oil lasts 


for every type of 
Bearing. Astandard _ ———} - j 


—-e es ae a 7 
































set of 6 parts, which 6 months; 


comprises the inven- Power required to 











tion, can be obtained F cal drive reduced to 
= 
for 1/- per set. Lb minimum, 
| aor 

















Sufficient oil is poured through oil feed K to last several months, and is forced through the frictional parts of the bearing and then returned to the oil chambers D and D! 
to be forced through over and over again. 


WRITE FOR TENRMS OF LICUNsSssz. 8114 


THE FORCED LUBRICATION CO., Lto, 73, Brince St., MANCHESTER. 


GUEST, KEEN & NETTLEFOLDS, LimiTep, 


BIR MiInNGHAM, 


MANUFACTURERS OF 


WESTON’S DIFFERENTIAL RATCHET BRACES. 


WOOD SCREWS, COACH SCREWS, CARRIAGE BOLTS, 
METAL THREAD SCREWS & SHANKS, CLOUT NAILS, 
SQUARE AND HEXAGON NUTS, RIVETS, COTTER PINS, &c. 
















WESTON'S PATENT 
DIFFERENTIAL RATCHET BRACES. 





WESTON'S PATENT 
DIFFERENTIAL RATCHET BRACES. 


Bont 
& 
® 
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f RAILWAY & TRAMWAY FASTENINGS ac. 


' He THE “BAYLISS” PATENT 
AYL SS, ... Made in ONE SOLID PIECE from end to end. 
AND ~ with BOTH ends IN USE UPON 6] TRAMWAYS. 
“crewed: Also supplied with the Bayliss “Eureka” and Patent “Helicoid” Lock-Nuts. = = 
THE THE PATENT _ — 
AY L | S S “BAYLISS” FISH BOLTS “ HELICOID” 
shia J EUREKA LOCK-NUT. — 
L ’ ¥ s 
LOCK-NUT. Guat; distin vt Rl 
LISTS FREE. SAMPLE NUT FREE. = 


Also Manufacturers of IRON AND WIREFENCING, HURDLES, PATENT SELF-ADJUSTING RAILING, CATES, &c. 77712 


\. VICTORIA WORKS, WOLVERHAMPTON, «& 139 & 141, CANNON ST. LONDON, Ec. | 


Wison Martnewt & Go., Lr. 
Volt Works, LEEDS. 

manuracturers of DYNAMOS, ELECTRIG MOTORS. 
HARTNELL’S GOVERNORS 


for Central Station Lighting. To govern within 1 per cent. 
from the mean. 






















= Syl 





SS 
NWS 
May be had WS 











MANUFACTURERS, \ 



































TELEGRAMS : ‘‘ HARTWELL, LEEDS.’’ . od 
JOuRN TOLLIS « SOn., 
ST. ANN’S LEATHER WORKS, GLASGOW. LIMITED. 





PATENTEES AND SOLE MAKERS OF ORANGE TAN AND GNU HIDE BELTING. 


ORIGINAL MAKERS OF COTTON CANVAS BELTING and of LLAMA HAIR BELTING. 


MAKERS OF BELTING FOR TAPER CONE AND QUARTER TWIST DRIVING. 
WE RECOMMEND THE FOLLOWING: 


COLUMBIA BELTING for Striking Gear and Step Cone Pulleys. This Belt will not be affected by 
the action of the forks, nor will it mount the Cone Steps. 

RAW HIDE BELTING for High Speeds and working on small diameters. 

CHROME TAN BELTING for working in damp atmosphere. 

ORANGE TAN BELTING for Dynamo Drives and Gas Engines, and all cases where sudden variation 
of load may take place. The strongest Belt made. 


BALATA (Chonata Brand) for Drives exposed to atmosphere. This class is also suitable for trans- 
mission work generally. 


ENGINEERS’ SPECIAL for Heavy Planing Machines. 
illustrated Price List on Application. 


_ _ ( LONDON—Shippers’ Warehouse: Mr. D. F. THOMSON, 20, Victoria Street, 8.W. MANCHESTER—Mr. JAMES SCOTT, 9, Blackfriars Road, 
WAREHOUSES; = -,) Consumers’ do. Mr, A. W. THOMSON, Hopetoun House BIRMINGHAM—Mr. DAVID WINDRAM, 17, Cannon St. 
6, Lloyds Avenue, Fenohurch Street, E.¢. LEEOS—Mr. CHARLES BEST, 10, Aire Street. 9839 

















ST. ANN’S CROWN LACES. 
LEATHER FIRE HOSE. 
‘“SUYSHOld "L SNNV “LS 

“SUJHLVIT ‘TVOINVHOIN 40 SONIN TIV 














UU stia ee F 
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Manufacturers of SIEMENS’ ACID STEEL 


BOILER PLATES. 


Also SHIP and BRIDGE PLATES, ANGLES, BULBS, CHANNELS, ROUNDS, SQUARES, TEES, ZEDS8, &c. 
BILLETS, of dead soft quality, and for wire and springs of special quality, from any grade of carbon; also SLABS. 


THE GLASGOW IRON & STEEL CO., she 


WISHAW, SCOTLAND. 











"=" =e OLAW OFRZ0OS5 CoO., CHESTERFIELD. 


Teizerams ; ‘‘ JACKSON,” CLAY CROSS. — MAKERS OF — TeLernone : No. 147, 


"amma" FUEL ECONOMISER 


For Heating the Feed-water of Steam Boilers by utilising the waste heat. Saves from 20 to 25 per cent. of Fuel. 
PRICES AND PARTICULARS ON APPLICATION. 


SIEMENS-MARTIN OPEN-HEARTH STEEL. 


PLATES up to 6 in. thick. 
SLABS 
BLOOMS 


To all Surveys. 

























SPEOIALITY. 
Seft Welding and Flanging Plates 
for Furnaces and ether purposes. 





On Admiralty and Board ef Trade Lisis. 
































SSTABLISHnEDY i780. 


PLENTY & SON, 


ENGINEERS, NEWBURY, ENGLAND, 


Contractors to the Admiralty, War Office, Crown Agents of the 
Colonies, Indian Office, Trinity Board, Customs House, and various 
Foreign and Colonial Governments. 
















MAKERS OF ALL CLASSES OF 


ENGINES « BOILERS 


Small Steamers, Yachts, Tugs, Launches, 
Torpedo Boats, Hopper Barges, &c. 


WATER-TUBE BOILERS = 
Of “MUMFORD,” “THORNYCROFT,” 
“YARROW” and other Types. 


Engines for Electro Lighting 
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UPw ARDS 
or 


160,000 
GRESHAM’S PATENT 


INJECTORS 


OF ALL CLASSES NOW IN USE. 


GRESHAM & CRAVEN, Lid., 


ENGIN TEES, ORDSALLI LANE, MANOBRES TBE. 


Telegraphic Address —‘‘ BRAKE, MANOHESTER.” Telephone No. 618. m7? 


RANSOMES, SIMS & JEFFERIES, LD., 
ALL CLASSES OF ENGINES AND BOILERS 


FOR ELECTRIC LIGHT INSTALLATIONS. 


HIGH-SPEED ENGINES. 


FOR DRIVING DIRECT OR BY BELT. 




















Throttle Valve or Patent Automatic “‘ Shaft” Governor. 


ENGINES AND cham COMBINED AND TESTED 
wom IPSWICH ; *™a"" LONDON. 


Telegrams: “RANSOMES, IPSWICH”; and “ANGLIA, LONDON.” 


























WROUCHT-IRON 







Made for Pelotas and 





















Makers of MASTING SHEAR LECS Makers of 
—— and taste Made for the Greek SC Shea sg 
t-/ron oe and Portuguese ar " 
Water Towers an Soriidiada, Masts, 
a Tanks, = . st, 
a LICHT DRAFT PADDLE & SCREW STEAMERS. J eva’ Dorsch 
Double- ‘aced The Stern Wheeler ILAGAN carries 50 tons all told at 2’ 8 draft. | = Land 
Sluice Valves, BUILDERS OF and Marine 
Penstocke Mail and Cargo Steamers, Steam Yachts, Boilers, 
Launches, Ferry Boats, Schooners, Light- | 
Hydrants for Draught Paddle and Screw Steamers, and 
P ‘ater and Dreigers, He per Barges — Tug Boats, Steel Buoys. 
ewerage St and 2n ass Torpedo Boats for the 
Works. British and Greek Governments. — 
Makers of 
a Gas Appa 
Makers of - ratus, Ex- 
Wrot., Cast- hausters, &c. 
tron or Steel Iron 
Bridges, Buildings, 
Cast-lron Iron Roofing 
Cylinders, =e Cast and 
Jetties, Piers, Tanks for 
Caissons for Gasholders, 
— — or ae Valves, 
ncraness, ALBERT BRIDCE, CLASCOW. Connections, 
Stills, 
HANNA, DONALD AND WILSON, retort 
for Gas and 





ENGINEERS, IRONFOUNDERS, SHIPBUILDERS, and GOVERNMENT CONTRACTORS, 
ABERCORN AND ABBEY WORKS, PAISLEY, N.B. (Established 1851.) ERECTED FOR THE CLASCOW CORPORATION. 


Oil Works. 
Soll 
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@ NICAISE & DELCUVE 


Soe. ote Anonymo), 


| RAILWAY GARRIAGES & WAGONS of all Descriptions. 


RAILWAY IRONWORK, WHEELS and AXLES. 


| TURNTABLES. SWITCHES AND CROSSINGS. PATENT BREAK-DOWN CRANES. 
| BRIDGES, PIERS and STRUCTURES in Steel or Iron. 
LONDON OFFICH: ARTHUR W. } NY#, 110, Cannon Street, H.0, % 


PATENT SELF-OILING 

., “sia PEDESTALS. 
SAMUEL PLATT, Lt. 
TELEPHONE £0, WEDNESBURY. WEDNESBURY. 


Société St. Leonard, Liege, Belgium. 























= 














Locomotives 


Of all capacities and suitable for all Gauges, for Main Lines, 
Local Lines, Light Railways, Tramways, Works’ Railways and 
Contractors’ Railways. 


London Offices: Messrs. T. SLATHR & Co., 
20, Copthall Avenue, and 62, London Wall, H.O. 


Catalogues dealing with & great variety of Locomotives constructed by the 
Société St. Leonard will be supplied gratis on application. 8038 


S27) HUNSLET ENGINE 00, Li 


LEHDsS. 
Makers of Locomotive Engines 


adapted to every variety of work and gauge. 





























| 








Designs & Specifications Supplied or worked to. 
Quotations and Specifications 
on application. a 











Telegraphic Address ; ‘‘ Engine, Leeds,” Telephone ; No. 528 












































t- 

4 —tullientialt — —— 
; TO LARGE COAL Cons 

, IMPROVED COAL GASIFYING PLANT: 150,000 HP. already erected or in hand. 
: 20,000 HP. Gas Producers ot Specialists — 

(- with By-Product in Ammonia and 

. Recovery Plant, showing By-Product 

g ee. Recovery Plants and 
yn Furth Manufacture and 

, u 

s, 20,000 HP. Plant Utilisation of Gas for 
s, now under construction Power, Heating, 


on adjoining site. 


Melting, &c., &c. 


THE GAS POWER AND BY-PRODUCTS CO. Lro, °%°%™ 7%, 
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DREDGERS, "~:~. OIL MILLS. 


EstTasuisHeo |! 




















THE SOCIETY OF GERMAN RAILWAY MANAGERS 
cit earls HAGANS LOGOMOTIVE, WORKS, ERFURT, GERMANY. 


of 7500 MARKS for this Type of Engine. 


BOGIE LOCOMOTIVES FOR SHORT CURVES. 


This Locomotive is not Double, having only one Boiler, two high-pressure 
Cylinders and no removable Tubes. All parts are strong and simple. The 
Engines can also be built as two or four Cylinder Compounds (both as Tender 
or Tank Engines) up to the largest dimensions, also with six-coupled Axles. 


Truck in front or at rear. 
A large number of these Engines have been built to Narrow and to Normal Gauge. 


A large number of these Engines for Normal Gauge 
for the Prussian Government and other Railways, with four or five Coupled 
Axles, and weight available for adhesion to 70 tons. The HaGcans LocoMoTIVE 
has also been built for the Narrow Gauge Tasmanian Government Railways. 

For further particulars and for Licences, &c., address the Hagans Locomotive 
bets also = lee = apt Bogie Locomotive — ‘or — curves, me a x ——— 
with four or five axles. axles, inc’ ng truck axles, cou in the usual manner 
without removable tubes. Equally suitable for high- oemaee and compound BOGIE LOCOMOTIVE FOR SHORT CURVES. 

8330 All Axles, including Truck Axle, Coupled. 


5/5 COUPLED TENDER LOCOMOTIVE. locomotives. 


HENSCHEL & SOHN, ‘x 


MILAN EXHIBITION, 1906, GRAND PRIX. (ESTABLISHED 1817.) 


LOCOMOTIVE BUILDERS AND STEEL WORKS PROPRIETORS. 


LOCOMOTIVE WoORES: CASSEL. 
STEEL WORKS: ANNUAL CAPACITY, 600 LOCOMOTIVES. | TOTAL OUTPUT EXCEEDS 8200. STEEL WORKS: 
HENRICHSHUTTE, HATTINCEN. HENRICHSHUTTE, HATTINCEN. 
Boiler Plates, Steel Castings and 
Forgings, 


Boiler Ends, Tubes, 
Dished & Flanged Plates, Straight and Cranked 
Propeller Shafts, 






















Domes, &c., 
Black and Galvanised Stern Posts, Rudder 
Sheets, Frames, Mill Housings, 







Cast Steel Rolls, 
Wheels and Axles, 


Buckle Plates, 
Gas and Steam Pipes, 
































Electric Welded and 
Riveted Drums, 4:4:2 Express Engine, “ Atlantic Type,” built for the Prussian State Railways. Crank Axles, Tyres. 
Steel Casks, of every description, a a ee © woot on pans Pics Designs made for All Parts for the Con- 
Trucks for Collieries, -~ — a poe Street bg ke. & 5 ane struction of Locomotives 
&e., &c. Nor asia ereanitaaiainels ue Pte.” Aga BR without any waste of material. and Machinery. 
GENERAL AGENT: Mr. OTTO GOSSELL, 110, CANNON STREET, LONDON, E.C. 7378 


DTIMITzaDyD, 
“ L000," 


London Adarens: {Harmnaerev. (yorton Foundry, Manchester. ” a a 


Tel. Address: “ FOLGORE, LONDON.” 
Telephone Nos. 746 and 747 Westminster. ESTABLISHED IN 1854. 


LOCOMOTIVE ENGINES 


ALSO MACHINE TOOLS. 
€MERY CRINDING MACHINES 
well, yr tage & SPECIALITY. 
LIFTING AND SHUNTING. 


—_——- 


ALL TOOLS ELECTRICALLY 
DRIVEN IF REQUIRED. 


— 


RACK RAIL LOCOMOTIVES, 
YARD ENCINES, &o. 


WHEEL AND OTHER LATHES, 
MILLING MACHINES, DRILLS, 
PLANERS, SLOTTERS, &o. 


WORKMANSHIP AND MATERIAL UP TO THE HIGHEST STANDARD OF EXCELLENCE. 
% STEEL FOUNDRY for Casting Wheel Centres and other Parts of Locomotives. Also general CASTINGS & FORGINGS. | 


ALL PARTS OF THE ENCINES 
AND MACHINE TOOLS ARE 
MADE ACCURATELY TO 
STANDARD CAUCES. 





8427 











- 
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MANNING, WARDLE & CO., Td, wile See LEEDS, 


ee ee width of gauge and for all purposes. Also makers of Steam Rail Motor Coaches for ger traffic. Materials and workmanship of the best quality. 
Tank Engines up a 7 n. egliedate, os. on four or six wheels cue in stock or in ‘rer Specifications, Photos en "Prices on sepiention, and Special 
sent on receipt of particulars of requirements. The ‘‘ABO” and ‘The Engineering Telegraph Codes” Od 2486 











BALDWIN LOCOMOTIVE WORKS. 


S| OCOMOTIVES 222% 


Mine, Furnace and Industrial Locomotives. Electric Locomotives with 
Westinghouse Motors and Electric Trucks. 








Burnham, Williams &Co., Philadelphia, Pa., U.S.A. 


Cable Address : “Baldwin,” Philadelphia ; “Sanders,” London. 8447 
General Agents :—Messrs. SANDERS & C0., 110, Cannon St., LONDON, E.C. 


AMERICAN LOCOMOTIVE COMPANY, ie 


GENERAL OFFICES: TRINITY BUILDINGS, 111, BROADWAY, NEW YORK. 


SCHENECTADY WORKS 
BROOKS WORKS 
PITTSBURGH WORKS 
RICHMOND WORKS 
COOKE WORKS 
RHODE ISLAND WORKS 
DICKSON WORKS 
MANCHESTER WORKS. 














BUILDERS OF 


LOCOMOTIVES 
FOR ALL CLASSES OF SERVICE. 


CABLE ADDRESSES : 


“LOCOMOTIVE, NEW YORK.” 
Bullt for the Cape Government Railways. “SIVAD, LONDON.” 8270 


LONBON OrFices: 26, VICTORIA STREET WESTMINSTER, 8.W. 











DOUBLE-BOGIE 
WATER-TANK 
WAGONS 


For SOUTH AFRICA. 


—__—_ 


AVONSIDE ENGINE CO.) + mi 


Bristol, England. 
Builders of 
‘MAIN & NARROW GAUGE 


LOCOMOTIVES. 
QUICK DELIVERY. 


IN STOCK FOR IMMEDIATE DELIVERY. a ee eee 
Cylinders, 14 in. dia. 20 in. stroke. Tractive Force, 13,300 Ib, Tetzorarn : WALKER, BRISTOL. Tx.ernons: 30, FISHPONDS, 














~ 
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USERS OF TOWN GAS <2: 








FOR + 


GAS ENGINES 


AND 


HEATING APPLIANGES. 


SUCTION PLANTS. PRESSURE PLANTS. 


DOWSON ECONOMIC GAS & POWER CO.,LtD., 


39, VICTORIA STREET, WESTMINSTER, LONDON, S.W. sz 


























SOLID DROP FORGED STEEL 


A GREAT SAVING psy usince 
SPANN ERS . 


D0AGUR wh 


TURNBUCKLES com 


WITH OR WITHOUT STUB ENDS. 


ALL LEADING SIZES SUPPLIED FROM STOCK. eee 


— STEVENS & SON, Whittall Stree, BIRMINGHAM, 


WILLIAM REID & CO. 


Contractors to the Admiralty, War and India Offices, 


Lathes, Drills, Slotters, Planers, &. | 


112, FENCHURCH STREET, LONDON, E.C. 
AND 24, DEAN STREET, NEWCASTLE-ON-TYNE. Works: HALIFAX. 7871 af 
































Tae PATENT 


DE LAVAL siti TURBINE 


For Driving Factories, Dynamos, Pumps, Fans, &c. 








Made from 1} to 300 Horse Power. 
3000 TURBINES now in use, amounting to 100,000 HORSE POWER. 


~ GREENWOOD & BATLEY, tu. | 


aaa 
atent Steam Turbine Motor. zr. EE EE 3D SS. 











.226 B.H.P. De Lav 








~~ wi, ir 


&. re 





—_— — 
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BALATA 








BELTING 


HENRY A.COLE& Co works: LIVERPOOL) 
Soe Maxers, COLE'S PATENT “CORONET” BELTING. 


ALSO 


HAIR, COTTON & LEATHER BELTINGS 














GARRETT'S 


GRAND PRIX, 


MILAN EXHIBITION, 
1906. 











Y, 
- % 
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Sy » G ” %,. 
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INDIA.—BURN & CO., Corresponding Agent 


RICHARD GARRETT & ‘SONS, Im. 'LEISTON WORKS, ENGLAND. 
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IMPROVED EJECTOR CONDENSERS 


New Pattern Balanced Non-Return Valves. 









Sect en 4 
Norling Eyecior Condenser 


and 


iF Balanced Noo Relurn Vaive 


8. Condensing 


ire ome CENTRIFUGAL SPRAY NOZZLES. 


' AUTOMATIC EXHAUST RELIEF VALVES. 
SPRAY COOLING PLANTS 


— AND — 
Old 7298 





Cc. Non Retura Vaio, 











63, Victoria Street TELEGRAMS ; “KORTING,” LONDON. 


TELEPHONE: 49, VICTORIA. 


“| _ KORTING BROS.., — WESTMINSTER, S.W. : 48, MOTOR 








THE CONTINUOUS RAIL JOINT 


Over 25,000 miles 
im use. 










Great Saving in 
Maintenance 
Expenses. 






Telephone: 188, VICTORIA. 


“J UNCTIONIS. Lk LON DON.” 
SOLE MANUFACTURERS FOR GREAT BRITAIN AND THE COLONIES— 


THE CONTINUOUS RAIL JOINT CO. of GREAT BRITAIN, oy 
Queen Anne’s Chambers, Westminster, 3.W. 


MODERN MINING MACHINERY 


OF EVERY DESCRIPTION. 


WATER JACKET FURNACES 


FOR COPPER, LEAD AND NICKEL ORES AND TIN SLAGS. 


WRIGHT McDOUGALL ROASTING FURNAGE. 
REVERBERATORY FURNACES 


FOR ROASTING, SMELTING AND REFINING. 


CONVERTORS 


FOR BESSEMERIZING COPPER AND NICKEL ORES. 


FRASER e CHALMERS, La. 


8, LONDON WALL BUILDINGS, *% 
LONDON, E1.C. 


Cable Address: ‘‘VANNER,” LONDON. 




















Works: 
ERITH, KENT. 





Bucket and Suction Dredgers 
of all Sizes. 


Stern Wheel Steamers, 
Ocean Cable Steamers. 
Gold Dredgers. 








Telegrams ; 


Sole Makers 7964 
of Patent Rockbreaker 


“ LOBNITZ, 
for rock excavation under water without explosives. 


RENFREW.”’ 
G6 \= 55 ANTI- 
FRICTION 


SED FOR ALL CLASSES OF BEARINGS. 














Will outlive any other alloy of this description under similar work. 
Write for Samples and full particulars to— 


THE EYRE SMELTING CoO., ela 


BARDEN ROAD WORKS, TONBRIDGH, KENT. 


Taxzcrams: “EYRISH, TONBRIDGE.” Taz. No. : 134, TONBRIDGE. 





Sa 

















*CONTRKAC 


* ESTABLISHES ,/i829 - 


“FOR 
rin 


I 


a ee ee 
a Sine 
—s 


Se 


172 LEITH WALK 
- EDINBURGH - 





or “eg 
<A 


ORS -TO:- HM: AVMIRALTY - ANT: WAR: OFFICE: 


‘CRAIG & ROSE. LIB - SPECIALISTS: In - OILS - 


EV LUBRICATION: 
- TURBINES - 
*MARINE. ENGINES“ 


ANP? 
ELECTRICAL & MECHANICAL PLANT 


Siksgow 








nr ARS een 85 CADOGAN ST 








a at! 
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ae S ”” Brand 


ANTIMONY 


The § Selling Agents are 


Crosier, Stephens & Co., Newcastle-on-Tyne. 
LONDON : 446, Mansion House Chambers, E.C. 8590 








Made of light metal, strongly and accurately built. Fitted with ZEISS LENSES. 
Take Plates, Flat Cut Films, Roll Films, and the new Zeiss Pack-Slide. 
Sizes— 2} in. by 33 in., 3} in. by 4} in. (or 6°5 by 9 and 9 by 12 cm.) and 5 in. by 4 in. 

Iso 9 by 12 and 9 by 18 cm. for Stereo and Panorama. 


Illustrated Catalogue ‘P.G."” Post Free on application. 


CARL ZEISS, 20, Margaret Street, Regent Street, London, W. 


JENA. 


Berlin—Frankfort o/M.—Hamburg—Vienna— 8588 
St. Petersburg. 


£5 STUHATES FREL 


wo Bros 


Telephone Nos.—586, HOP; 9492, CENTRAL; 171, CROYDON. 


OE DOUTEWH S LONDON SE & PTLAKECRODON 


CONSTRUCTIONAL STELLWORK 
BRIDGES ROO'S« CONSTRUCTIONAL 
/RONWOLK MADE TOANY DESIGN 


LOWEST PRICES WITH PROMPT DELIVERY 


BY AAA || 
ULI | 
G/ALERS)| 
SMNCHLUNS 
CAS7/NGS 
OF EVERY 


BRADBURY’S CAPSTAN. 


Made in 6 Sizes. 
ALL SIZES IN STOCK. 


Capstan Lathes are our speciality, and 

command a wide market amongst all 

classes of users. It is very probable you 

can run such a Lathe with advantage. 

We are the largest makers of Capstans 
in Great Britain. 


Write us for particulars, which 
will be gladly furnished. 








ELECTRICAL ENGINEERS, 
BRASS FINISHERS, 


LAMP HOLDER PARTS, &c. 


BRADBURY wd L7o, OLDHAM. 


Awarded 200 First Prizes, 17 Gold Medals. Established 1852. 











AS GAL GAS GLE GAY GAS SAV SLE GLY GLY GLE GES FOE GLY HLS BLE LS GES SL GLE HS SLE GEESE 
An Koren WER A ae . - 5 . , : 


A 2 AS BA 
ni? “Say Wy Ay t¢ Cinsterns?e =<) cs es ee fnste 
ayes = Rat ENA TRAST RN UNA RATE RAL AURA ROY OR 
DS DS SDS DES TINS INS IING I LEN LENS LIL 





ALWAYS SENT 


“ON APPROVAL.” 


REI RON 







SEE ee 


th 


SIRLS Y, 
EN NEN NIN 








METALLIC 
PACKINGS 


Send for Descriptive Catalogues. 


ENQUIRIES SOLICITED. 


Lancaster & Tonge, Ltd., | 


Pendleton, MANCHESTER. 77 











Pane A SCIELO OI LAG GEER AGE RPO EG LBL 














Contractors 
HLM. Seat 


aE To Se Fe SS 
Be Sai sc ON i GS 





RS AS AOI ALTRAL OY 


On ADMIRALTY LisT. 


SS GC OBEE I 








AND 
RIVETTED 


SEAMLESS STEEL 


ELEVATOR BUCKETS. 


Also Gravity Buckets. 


100,000 to 250,000 ALWAYS IN STOOK. 


MAKERS OF 
OVER 


800 sizes. 
Specify 
Braime's Buckets 


for Quality. 
Full Illustrated ~— Lists | To be had from all Makers of 8452 
on application. Elevating and Conveying Machinery, or Engineers’ Merchants. 








T. F. BRAIME & C0., LTD., “"* Goodman St, Hunslet, Lecds, ENGLAND. 





* SPECIAL TOOLS 


| MANUFACTURERS of INCANDESCENT 








a ___ 


Agents 
Wanted. 


“ LITTLE-HUSTLER” 
PORTABLE GRINDERS 


“LITTLE-HUSTLER” Portable Otaeare we a boon and a blessing 8552 





in any Engineering Shop where HEA ASTINGS are dealt with. 
They work from any Lamphoider or Plug. If you are genuinely 
interested we will let you try one. 


THE ARMORDUCT MFG. CO., Ld., Farringdon Avenue, E.C. 
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FIAT- SAN GIORGIO, Lt. 


(LATEH FIAT-MUGGIANO), 


SPEZIA, ITALY, 


Builders of Motor Craft. 


ON THE ITALIAN ADMIRALTY LIST. 


Sole Contractors for Naval purposes for the 


F.T. A. T. 


Marine Motors using Petrol, Alcohol, Paraffin or Heavy 
Oils, from I0 to 300 HP. 
Sets of 300 HP. Coupled on a Single Shaft. 


SAN-GIORGIO (Napier Patent) MARINE MOTORS. 


Light Galvanised Steel Hulls a Speciality. 
Motor Boats, Motor Pinnaces, Motor Torpedo Boats. 


Submersible Torpedo Boats 


OF OUR OWN PATENTED DESIGN. 














Sole Licensees for the 
‘““CLEPTOSCOPE RUSSO-LAURENTI” 
always specified for use in Submersibles in the Italian Navy 
when navigating completely submerged. 


PARTICULARS ON | APPLICATION. 


Letters: Fiat-Sangiorgio, Spezia, italy. Telegrams: Autoscafi- on re 
ABC Code, Fifth Edition used. 








ROBERT WARNER & C0, 


Hydraulic and General Engineers, 
97, QUEEN VICTORIA STREET, LONDON, E.C. 
And Engineering Works, WALTON-ON-NAZE, ESSEX. 





CIN TRIFUGAL PUMPS 


of the strongest and most efficient type with all latest improvements. Suitable for 


general pu , and for being driven er by belt, gearing, or direct from any suitable 
motor. Prices and particulars on "Efvdrealie also our new and revised ustrated 
priced catalogues of Hydraulic and other Machinery. 8492 


Makers of every. description of Reciprocating Pumps for fixing above ground or in wells, 
Chain Pumps isan Eagan Gas Hagines, Waler Wheels, Turbines, Windmll, de 


Telegraphic Addresses ; “ HYDROLOGIOAL. LONDON,” or “FOUNDRY, WALTON-ON-NAZE.” 





Telephone P.O, $154, Central. 


COCHRAN BOILERS 


The Boilers for ‘‘ Pioneer” Work. 


EASILY CLEANED. 
PORTABLE. 


QUICKLY STEAMED. 
SIMPLE. 





Tee 


bes = 








COCHRAN VERTICAL MULTITUBULAR: BOILER 


MOUNTED ON STRONG WHEELS FOR TRANSPORT OVER DESERT, 
VELDT OR OTHER’ ROUGH COUNTRY. 6401 


COCHRAN & CO., ANNAN, Ltd., Annan, scoTLano. 














200 Tons HYDRAULIC FLANGING PRESS. Weight about 40 Tons. 
(Sectional or Progressive Type.) 8522 


Leeds Engineering 8 Hydraulic Co., Ltd., 


RODLEY; nr. LEEDS; ENGLAND. 








eg 


oe 
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SEAL PARAFFIN Motors. 


SPECIALITY—LAUNCH WORK. 
COMPACT Design. /) J. 
ALTERNATIVE Ignitions. / © 
LIGHT Weight. 














SEAL MOTOR CO., ~~ 


OIL MILIC LANE, 8546 


HAMMERSMITH, W. 


Loxpon AGENTS— 
McLAREN & CO., 
114, Fenchurch St., E.C. 














“DAN? 


PARAFFIN MARINE ENGINES 
As used in Commercial Vessels, Lighters, Barges, Smacks, &c. 





- 
wy 


LINTON, HOPE “& CO. sis 
Adelphi iin Adam Street, 2 Saeed London, W.C. 
Telegrams: “ Albacore, London.” Telephone : 8128, Central. 





Parallel Flow. System 
of 


Oil Separation 


(Brooke’s Patent). 





Graam throughout its passage in continuous contact with and 

actively operated upon by Extracting Surface without tendency 
to set up back pressure. Depositing surface greater and more efficient 
than in any other system. © List 100 gives all particulars. 


HOLDEN & BROOKE, Ltd., 
Sirius Works, West Gorton, MANCHESTER. 


Sole Manufacturers, S041 








Telegrams: Motor, Leeds. 








the YORKSHIRE PATENT STEAM WAGON CO. 


Branch of Deighton’s Patent Flue and Tube Co., Lid., 
Telephone : No. 1674. HUNSLET, LEEDS. 





Steam Wagon, with Pole Trailer, for carrying Girders, Rails, Structural lronwork, bavee | _ 


in lengths up to 50 ft. 





Fullerton, Hodgart & Barclay, Ld., 


Vulcan Foundry and Engine Works, PAISLEY. 


Established 1838. Contractors to H.M. Admiralty and War Office. 








HEATING ENCINEERING WORKS, 


CAR SHEDS, FACTORIES, &c. 
“STANLOCK” SYSTEM. 


(Registered. ) ; . 
Heating with Warmed Air, 


WRITE FOR PARTICULARS. 


The STANDARD 
ENGINEERING Co., 
Ltd., LEICESTER. 





‘THE 





































SPEOJALITIES: 
High-Class 


HORIZONTAL 
AND VERTICAL 
ENGINES 


Up to 3000 HP. 


Mills, Mines, See Works, 
Electric Lighting 
and Traction Stations, &e. 


HYDRAULIC 
PUMPING 
ENGINES AND 
MACHINERY, 
Electric Pumps, 
Winding Plants 
and Winches. 











“FOSTER'S” PATENT MULTIPLE EVAPORATORS, 
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PLAYER'S 
POWER 
HAMMERS 


BELT OR MOTOR DRIVEN. 








8061 
W. & J. PLAYER, BIRMINGHAM. 


All Communications to 
35, GREAT ST. HELEN'S LONDON, E.C. 





we JJ you knew a way 
of: simplifying the routine 


work of your business— 


of lessening the small, but important detail, 
of saving the cost of clerical labour and of 
saving time and trouble all round, we think you 
would consider it worth while looking into. 





It is just for these reasons that 
The Elliott - Fisher Invoicing and 
Adding Machine is worth looking into. 
We wish to send full details of this 
great business simplifier to the Mana- 
ger or Principal of every business house. 


Please ask us for Booklet No. 20 post free 








THE ELLIOTT- FISHER, Co., 
75, Cannon Street, London, E.C. 


oe 


PEELS 

















“HEYNAU” 
KEYLESS 
DRILL CHUCK. 


British PATENT FOR SALE. 


X.&F, Merkelbach,@.m.b.#., Dotzheim, b Wiesb., 


Germany. 





: John Smith & Co., vorxs, 








MACHINE CUT GEAR WHEELS 


SPUR OR BEVEL. 





— ALSO — 


Rawhide 


— AND — 


Mortice Gears. 


Carshalton, Surrey. 


m BEST 


COTTON ROPE 


for DRIVING 
purposes. 

















7506 


J.%E, WRIGHT, in. 
Universe Works, BIRMINGHAM. 


Telegrams: PuLizrs, Guovcestar. Telephone: 85. 









Manufacturers of 


PATENT FURNACES for STEAM BOILERS. 





Wess, Peet & Co., 
Engineers, 
WesTGaATE IRON Works, 
Makers of ; GLOUCESTER. 


WROUGHT AND CAST-IRON PULLEYS. 
SHAFTING. 


COUPLINGS, GEARING, PLUMMER 
BLOCKS, SWIVEL BEARING, WALL 
BOXES, HANGERS. 


P< SLATE WORKING MACHINERY, 


Estimates free for ull classes of work. 
ee 7984 
CATALOGUES See “ae Se FREE ON APPLICATION. 


RICHARD 7 “CIBBINS & 00., 


BERKLEY STREET, BIRMINGHAM. 
MAKERS OF 


tea and Hand Cranes, 


And all kinds of 


LIFTING TACKLE. 


Od 1691 























GLASGOW : Joun 8. Bisnor, | 
51, Oadogan Street. 























HIGH SPEED 
PLANING. 


Cutting up to 80, returning up to 280 ft. p. m. 
See last week’s and next week's advts. 
Address, ‘*B. E.,” BATEMANS’ MACHINE 

TOOL CO., Ltd., Hunslet, Leeds. 8399 


“ PATERSON” 


FILTERS & SOFTENERS. 


Write fer Pamphlet 7931 


PATERSON ENGINEERING CO., Lro., 


21, Amberley House, Norfolk St., Strand, 
LONDON, W.C. 


J. TOMEY & SONS Ltd. 








—a aie Gauce Guas 





ie. ASTOW 
sinh INGHAM. 7854 


SHAFTING 


and Mill Gearing. 


C. F. CARVER, Ltd.“"mus""" 


NOTTINGHAM. 6 











; LIMITED. 
i PULLEYS, 
E Solid, Split or Spring. - 


 Shafting Bearings, Clutches, and 
FM Gearing Generally. asx * 
= CAVERSHAM ROAD, READING. 


SHEEPBRIDGE 
Coal & Iron Company, 


LIMITHD, 


CHESTERFIELD. 


Cast-Iron Pipes, 


Tunnel Plates, 
Tubbing for Collieries, 
Tanks, 
General Castings. 


HAULAGE PLANT 


for Collieries. 
PIG IRON. 


BAR IRON, 
Angles, Tees, &c. 








Iron and Steel Rails. 


TELEGRAMS :—“‘ SHEEPBRICCE.” 
TELEPHONES :—56 & 256. 8178 





oe 
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GRAPHITE PAINTS|(, 


The Life Preservers of Iron and Steel. 


GRAPHITE PIPE JOINT PASTE 


Makes Perfect Joints and Prevents Corrosion. 
Free sample on application to 8586 


Gt Fiicnminter Oriige Reade London” 
JOHN SPENCER, L° 


WEDNESBURY. 
IRON & STHEI ws 


TUBES, 


POLES, STEAM MAINS, a 


WIGGLESWORTH & co., LrD., 


Mill Lane, BRADFORD. 


FRICTION GLUTCHES. 


SEND YOUR ENQUIRIES. 7976 
For really up-to-date 


SURVEYING 
INSTRUMENTS 


Go TO- 


W. F. STANLEY & CO., Ltd., 


286, HICH HOLBORN, LONDON, W.C. 
(See last week’s Advertisement). 8162 


CONVERTER 
STEEL CASTINGS 


(TROPENAS SYSTEM) 
<FOR> 




















ENGINEERS 3. MACHINISTS 


TO MACHINE CLEAN & BRIGHT 
ALL OVER. 


PARKER FOUNDRY C° DERBY 








VICKERS’ Patent APPLIANCES 


for PRESERVING and 
LUBRICATING 


Tail Shafts 


SAND Kept out of the | out of the BUSHES. | 
BENJ*- R. VICKERS & SONS, LEEDS. 


“CROMIL” 


TOUGHENED 
ALUMINIUM 


IN INGOTS or CASTINGS. 


For Ornamental Castings, Models, Patterns, 
and Cabin, Carriage, Electric Light, Engine 
and other Fittings. 


OST ABOUT SAME AS IN BRASS BUT LESS THAN 
ONE-THIRD THE WEIGHT. 


— ~aAL8O — 
Graphite Flake & Powder, 
Graphite Lubricants, 

Graphite Paint, &c. 


CROSIER, STEPHENS & C0. 


NEWOASTLE-ON-TYNE. 
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(WELLS’ «wasteow FILTERS | 


FITTED WITH “SIGHT-FEED * SYPHONS. 5] 











SUPPLIED TO THE PRINCIPAL GOVERNMENTS FOR THE NAVY, 

DOCKYARDS, &c., AND TO THE LEADING ELECTRIC LIGHT a 
INSTALLATIONS, ENGINEERING WORKS, GAS ENGINE MAKERS, 
PRINTERS, &c., &c. 


OVER 13,000 

















o 
MONEY SAVERS to any USERS of MACHINERY. 


first cost in a short time, as Dirtied Oil, which 
SOLD. has hitherto been thrown away, can be filtered 
and used again and again. 


o-o 


Write for List of Testimonials and Samples of Work 
done by the Filter. 


No. 1, For users having only a small quantity 
of oil to treat (to syphon), 17 in. x 9in. 

No, 2. Tootpduntee Mia Cre 
oil, 22in. x 10in.... one 


No. 3. Two top chambers hold about 6 gallon 
oil, 27 in. x 12in. ... one 
No. 4. Two ee 12 gallons 
4 oil, 36 in..x 16 sh 
No. 5. woop hambore bold sont gal 
» 43 in. x 23 in. 


No. 6. Very powerful Filter, fitted with owe 
Steam Coils, perder sesages large quan- S00) 


== Capable of dealing with some 250 to 500 Gallons Oil per week. 
LARGER SIZES MADE TO ORDER. 


FIRST FILTERING PAD. 





110/- 





. 189/- 


tities of oil bas out 

























ENTWISLE & CASS L®. Scotch & Irish Oxygen Co., 
ENGINEERS, BOLTON, Be. onl eee T H E L ODCE u U E 
For CENTRIFUGAL PUMPS, Pom gen yr j CG ad t Li 0 ri 


CLUTCHES, GEARING. 


Reducing Valves, Keys and 
CASTINGS up to 10 TONS. 


all Fittings for Comp 
Gases. 8045 




















TANKS for every Purpose. 


All descriptions of 











| Miscellaneous Iron-Plate and 
Constructional Ironwork. 


EMPIRE WORKS, 


BARN STREET, 
BInRMIW mane 
Telegrams: Structures, Birmingham. Telephone: 3779, 


GASMOTOREN. FABRIK DEUTZ, Cologne-Deutz, Germany. 


First and Oldest Gas Engine Works. INTERNAL-COMBUSTION ENGINES an Exclasive Speciality. 


BRANCH WORKS AT BERLIN, VIENNA, MILAN AND PHILADELPHIA, 


Original OTTO GAS ENGINES from I to 4000 B.HP. for all kinds of Gas, for Petrol 
Petroleum and Alcohol. 


DEUTZ SUCTION GAS PLANTS 


For Anthracite, Coke, Peat and Lignite. 


. OIL ENGINES FOR BOATS. «x: 
= COMPLETE BOATS fitted with Oil Engine. 




















Telegrams : “Cromil, Newcastie-on-Tyne.” 
Nat. Tel., 1461. ¥ 8375 


Gas pmeracongee iad a Puate for Water Works. Portable Oil Engines on Trolley. 
Locomotives fitted with Oil Engine. o 
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is ——S— —— 


| HYDRAULIC TOOLS gilt HYDRAULIC TOOLS 
BoILERL. MAKERS. at “a BRIDGE BUILDERs, 
oe eo Vr 


WAGON BuILDERs, ot 8B 
STEEL Works, Pe a ~ fo ' Docns, Raitways,_ 























ENGLAND 


g TELEGRAMS “ = "Shad NAT. TEL. 2362. 
PRESS LEEDS Reet “leu" CODE ABC 4 ED. 


W. B. BROWN & 60, (BANKHALD, Lo. Globe Works, Bankhal LIVERPOOL 


HIGH§STRAIN STEEL WIRE ROPES for Cranes, nh a Mining and General Engineering Purposes. 


Tel ms :— 
“VIRES, IVERPOOL.” 






































Le LN 
cy Fee 


a0neS 
‘i yt 
Oy 


yl 


ice-MAKING & REFRIGERATING MACHINE] 








IMPROVED AMMONIA ABSORPTION SYSTEM. 
OUR MACHINES HAVE ADVANTACES NOT POSSESSED BY ANY OTHER MACHINE, WHETHER COMPRESSION or OTHERWISE 


Suitable for all purposes of Ice Making, Refrigerating and Cold Storage. 
MADE UP TO ANY CAPACITY. 


RANSOMES & RAPIER, Ltd. 


Works : IPSWIOH. 32, Victoria Street, ealdineder, S.W. 
MANUFACTURERS ALSO OF HAND, STEAM and ELECTRIC CRANES, TURNTABLES, &c., &c. 
































= 











~“SILVERTOWN 


| Dynamos, Motors, Cables, Wires, 
Instruments, Batteries, Carbons. 












































The India-Rubber, Gutta- Perchin & Telegraph Works Co., Ltd., 


WORKS: Silvertown, London, E. 








HEAD OFFICES: 106, Cannon Ptrpet. Lenten, E.G; 


8516 





; : Neibaianias Offices—* Silvergray, London.”; - Works—“Graysilver, London.” 
Branches: “Belfast,- Birmingham, Bradford, Bristol, Cardiff, Dublin, Glasgow, Liverpool, Manchester, Newcastle-on- Tyne, Détiigaoatbs Sheffield. 


———SS— | 
eo 
me a - ————— 
——_————$ EE re 
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RICHARD ’sS 
Patent Steam Engine Indicator. 


Engineering Instrument 
Manuwjacturers. 


HANNAN ano 
BUCHANAN, 


75, Robertson Street, 
GLASGOW. 


STEAM JOINTS 


USB 


aNeAN ITE 


MANGANESIT x 


peor: y usec eons at SUCCESSOR 
Bt, LONDON, E. 


CARRUTHERS’ PIMPS. 


J. H. CARRUTHERS & CO., Ltd., 


POLMADIE IRONWORKS, 
8393 GLASGOW. 





McINNES PATTERN. 


| had 











Bee large Advertisement in first week in each month. 


“Beacon” 
Gauce GL¢ GLASSES 


GUILBERT-MARTIN, 9, Edmund Place, 


Aldersgate, LONDON, E.C. 








Shewing through the water a broad, 


on hand, 


Tel. Address: 
PHOTOPHORE, LONDON. 


Telephone : 
799, CENTRAL. 
For high pressure and to withstand 
extreme variations of temperature. 
Are not affected by theaction ofchemi- 
cals in boiler, nor by draughts or sea- 


renoe™ TUG ALI Marr 
Of - [0 fer oan @€ I~ F-91245) . 
spray. Theendsdonotcorrode, 8544 
VAUGHTON BROS.., 


LIVvERyT ST., BIRMINGHAM. 


METAL ODDMENTS 


ENGINEERS’ & MACHINISTS’ SUNDRIES 
LETTER, FIGURE & NAME STAMPS, BRANDS, 


DIE SINKERS, TOOL MAKERS, 


Time 
Checks, 


Name 


7870 


Piercers, 
Catling Plates, 
Cupping. Labels. 


FOY & NORTON. 


Manufacturers of Mechanical and 


JRE gage BEATHERS 











of all dimensions for Presses saa Piesbe, Air and Gas Compressors, 

Lift Valves, Well Pumps, &c. Railway Axle Shields, Dust Guards, 

Washers, Fire and Ordnance Buckets, Leather Machine Belting, 
Laces, Delivery and Suction Hoses, &c., 


15, THREE COLT STREET, LIMEHOUSE, LONDON, E. “* 


KINGHORN’S 
PATENT METALLIC VALVES 
= 


Extensively Used 
by British and 
Foreign Navies 
] and the principal 
+ Steamship Lines. 


Telephone— 
3694, EAST. 





ARE UNEQUALLED . 


WHEN MANUFACTURED BY, AND STAMPED WITH THE NAME OF:— 


THE METALLIG VALVE C0., Colonial House, Water St., 


LIVERPOOL. 


7718 








_—< 


The Coventry Chain 
Co. (1907), Limited, 
Coventry. 


“THE COVENTRY” Chains 


for LIFTING and BALANCING, 

for EQUAL TRANSMISSION of POWER, 8 

for DURABILITY and BETTER RESULTS THAN 
SHORT BELT DRIVING——TRY THEM. 


There is 
no question 
of the superiority 

















rich, red line, thus rendering the level | 4am 
very distinct. A large stock always/ Lo 


PORTABLE 
RAILWAYS 


Save Ee@p°/, in 


labour. 


PROMPT DELIVERY FROM LONDON 
STOCK. 








Free of 


cos. BADE™SG «co. 
73, QUEEN VICTORIA ST., LONDON, E.C. 


Telegrams: “ Zapie, LoxDox.” 6105 











or 
iy Wess 


x nes» 
shwey 


a on W ae 
rom +10 
LA ant A 


oF jelds- 


Ral.way; 


Darlington. 


FRANGEs MORGAN, 


MAKERS OF EVERY 
DESCRIPTION OF 


Brass Work 


USED BY 


MARINE ENGINEERS. 


PAs 


WHITEFIELD 


BRASS WORKS, 
GOVAN, GLASGOW. ™ 


/ RAMSBOTTOM — RINGS 























STEEL 
GAST IRON 


|] ff Ar, FF 
f /, iy 
ff 
! p 


|} 
NUN BETTER 


BRASS 


pe BRONZE. 


STANDARD PISTON "ae & ENGINEERING Go, L70., 


rks, Wentworth Street, SHEFFIELD. 





Estimates and Illustrated Catalogue Post : 
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M anager.—Engineer with 20 
years’ experience of Lp peg = nnd = 
ifacture of steam, gas and oil engines, ge! 
maohinery of highest class, will be SHORTLY DIS- 
ENGAGED.—Address, H 466, Offices of ENGINEERING. 


GQenior Engineer in London 
firm DESIRES POSITION as assistant-manager, 
University Graduate; extensive engineering and 
commercial experience; three foreign languages. — 
Address, H 611, Offices of ENGINEERING. 611 


lectrical and Mechanical En- 
ineer (28), A.M.I.M.E., DESIRES permanent 
APPOINTMENT with manufacturing or consulting 
engineers ; ten years with Manchester firm of highest 
repute; will be shortly disengaged. Wide experience ; 
excellent testimonials. Speciality, works management 
and equipment.—H 414, ffices of ENGINEERING. 


jlectrical and Mechanical 


Engineer, A.M.I.C.E., A.M.LE.E., energetic and 
tactful, sound practical and commercial experience in 
all branches of electrical and general engineering work, 
also some knowledge of chemistry and metallurgy, 
DESIRES responsible APPOINTMENT; charge of 
engineering dept. of works or branch office, or would 
undertake erection of plant abroad.—Address, H 718, 
Offices of ENGINEERING. H 718 


Hygineer, M.LM.E., with good 
general experience in land and marine work 
with first-class firms, has had control of drawing office 
and works, used to estimating and to control of men, 
is OPEN to receive responsible POSITION ; age 39. 
No objection to going abroad.—Address, H 669, Offices 
of ENGINEERING. H 669 

’ 











Mechanical Engineer (30), 
lately returned from the Transvaal, DESIR 

POSITION. ‘Has had large experience with all kinds 
of steam plants; 10 years’ experience in the erection 
and running of large gold-mining plants in the 
Transvaal. First-class testimonials and references.— 
Address, H 675, Offices of ENGINEERING. H 675 


M echanical Engineer, M.I.M.E., 
OPEN to ENGAGEMENT, permanent or other- 
wise ; well educated, thoroughly experienced in the 
design and construction of steam and general plant, 
including motor work and control of men.— Address, 
H 714, Offices of ENGINEERING. H 714 








Mechanical Engineer, well 

educated, 14 years’ wide experience in design, 
construction and running of steam-power plants, just 
returned from large constructional contract abroad, 
full responsibility, DESIRES RE-ENGAGEMENT with 
consulting or contracting engineers ; excellent refer- 
ences. — Address, H 508, Offices of ENeinzERING. H 503 


Taval Architect (30), with 
seven years’ experience in drawing office and 

shop, has fair knowledge of mechanical engineering, 
speaks and writes German, French, Dutch, and Malay, 
SEEKS POSITION in England or abroad.—Address, 
H 636, Offices of ENGINEERING. H 636 


\ ° ° 
Fully Qualified Engineer, 
all-round man, wide and sound experience, 

facile writer, DESIRES an ENGAGEMENT. London 

or Provinces.—Address, H 665, Offices of ENGINEERING. 


nventor and Designer Desires 


POSITION with a good Firm bringing out new 
designs in machinery. Has had varied experience 
both at home and abroad. Best of references.— 
Address, H 676, Offices of ENGINEERING. H 676 


EK ngineer (24), Desires Ap- 
4 POINTMENT at home or abroad ; good technical 
training in shops and d.-o.; good experience in erecting 
and testing electric lighting and pumping plants.— 
Address, H 683, Offices of ENGINEERING. H 683 


a > 
5 oung Gentleman, just com- 
pleted five years’ pupilage shops and d.-o., 
civil engineering, public school education, DE- 
SIRES POSITION as assistant engineer, home or 
abroad ; had training in surveying ; speaks French 
fluently. 
Address, H 658, Offices of ENGINEERING. H 658 


(jerman Engineer (25) Seeks 


SITUATION. Experienced in construction of 
new plants, flour mills ; first-class draughtsman ; fair 
knowledge of English.—Address, 122, Roman Road, 
London, N. H 689 


a ° 
\ oung Engineer of good 

education and sound training in shops and 
offices of high-class firm, DESIRES POSITION of 
trust in sound concern, with view to ultimate invest- 
ment if mutually satisfactory. Highest references.— 
Address, H 662, Offices of ENGINRERING. H 662 


a =) Ts 
K ngineer ( Young), Extra First 
4 class B.o.T. certificate, shop, d.-0., sea, and 
refrigerating experience, highest references, SEEKS 
POSITION, — Address, H_.638, Offices of ENGINFERING, 
N echanical Draughtsman and 
Engineer, 12 years’ experience in workshops, 

co lege and offices, DESIRES ENGAGEMENT ; special 


experience in plants for water supply.—Adcress, 
H 684, Offices of ENGINEERING. H 684 


fate ot 


eating and Ventilating. — 
©ompetent Draughtsman SEEKS POSITION 

of responsibility ; first-class experience ; used to taking 
sole charge.—Address, H 677, Offices of ENGINEERING, 


J unior Draughtsman (21) 

e SEEKS APPOINTMENT; six years’ practical 

a and office experience ; excellent references,— 
mprover 


H., 41, Queen’s Road, High Wycombe: H 618 
22) Desires Re- 

ENGAGEMENT in drawing office; six years’ shop 

and d.-o. experience. Moderate salary.—Address, 


1. B,, 77, Outwoods Street, Burton-on-Trent. H 711 
=) ° a 

oreman-Smith Wants a 
CHANGE, well up in engine work and motor 

car work, trained to all kinds of special steel, namely, 
Vanadium steel for motor car forgings, used to Ad- 
miralty work ; age 35 years.—Address, H 709, Offices 
of ENGINEERING, H 709 
































PATENT AGENTS. 
Patents in all Countries, 


Desiens AND TRADE MARKS. 
E. P. ALEXANDER & SON, 306, Hien Howeorn, 
Lonpon, W.C. (formerly of 19, eo Buildings, 
W.C.), CHARTERED PATENT AGENTS. calad 


(ESTABLISHED 1874). 
Pamphlet and general advice gratis. 
Telegrams: Epa, London. Telephone : 7424, Central. 


e Patents for Inventions.” A 


Handbook on Patent Law and Practice. 7791 

Post free from CRUIKSHANK & FAIRWEATHER, 
Chartered Patent Agents, 65 & 66, CHANCERY LANE, 

Lonpon, W.C. ; and 62, St. Vincent Street, GLAsGow. 


Patents, Designs and Trade 
MARKS, in all countries at moderate charges. 
A chart of 187 mechanical motions, post free, 6d. 
Booklet of useful information, containing list of fees 
and jiculars of New Patent Act, tis. — 
HAR & MILLS, Patent Agents, Est. 1866, 23, 
— Buildings, Chancery Lane, sone 














j atenta.—G. F. Redfern & Co., 


Chartered Patent Agents, 4, South Street, 
Finsbury, E.C., and 21, Southampton Buildings, W.C. 
blished 1830.) British, Foreign and lonial 

nts obtained, and Designs and Trade Marks 
tered. Circular gratis. Telephone No. 4492, 
Central. Tele. Address: ‘‘ Invention, London.” 8575 


Patent Office, Glasgow.—W. 


R. M. THOMSON & CO., 96, Buchanan Street. 
eis ose pat 





By C. E. HOUSDEN, 
Superintending Engineer, P. W. D., India. 


Practical Hydraulic (Water-supply 
and Drainage) Tablesand Diagrams. 
With Six Full-Page Plates and Seven Diagrams 
in the Text. Crown 8vo. Price 3s. 6d. 
HESE Tasies and Diagrams have been —— 
for the accurate, easy, and quick calculation of 
the sizes of pipes required in water-supply schemes. 
They apply also to the calculation of sizes of drains 
and sewers required in drainage schemes. 


Practical Earthwork Tables. 
With Nine Full-Page Plates. Crown 8vo. Price 2s, 6d. 
HESE TAswes have been designed to facilitate the 
areas of cross sections of banks or cuttings, on 
level or side-long ground, or on hill sides ; they also 
allow of the cubical contents of very long banks or 
cuts, where the cross slope is level, or gradual, or 
uniform, being easily ascertained in such a way as to 
allow of an easy check being kept on progress of work. 
PROSPECTUS SENT ON APPLICATION. H 683 


Longmans, Green & Co., .2%2"%:... London, E.C. 
A Gentleman Seeks Position 
of London representative for large firm of 
constructural and ution engineers ; is a competent 
engineer, and could superintend and conduct the 
erection of work in district ; is conversant in four 
languages, and has had extensive business experience 
in handling large contracts with Government, muni- 
cipal and railway authorities; is very active and of 

sound commercial abilities. 

Address, 

H 685, Offices of ENGINEERING. 








WANTED, &c. 





H 685 





The INveNToR’s GUIDE, a p on 
Patents, Designs and Trade Marks, may be had 
gratis. 7449 


Patents.— Messrs. Vaughan 
and SON, British, Foreign and Colonial Patent 
Agents, 57, Chancery Lane, W.C., transact every 
description of business connected with Letters Patent 
for Inventions. ‘ A Guide to Inventors” free “os 
Established 1853. . 507 


Agent, of Good Financial 


n 

A status, acting for several Russian and forei; 

houses, WISHES to EXTEND HIS BUSINESS by 
representing one or more foreign firms for the sale of 
their products in the Caucasus, for the purchase of 
exportable Russian products, the prospecting of the 
oil fields, mining grounds, &c.—For further particulars 
write to HALBRON & CO., 36, Mark Lane, London, 
E.C., or direct to Mr. A. L. NIKIFOROW, at Tiflis, 
C: , Russia. H 556 








PARTNERSHIPS. 


ENGINEERING PARTNERSHIPS. 


e Invite Confidential] 


Communications from FIRMS of GOOD 
REPUTE who are open to admit suitable partners, 
or who desire to sell outright. From our unique 

ence — extending over 50 years — and 
clientele, we can pro! effectual services, to y 
sound undertakings. 

ENGINEERS wishing to JOIN or PURCHASE 
sound established businesses, can always hear of such, 
in strict confidence, upon exchanging references and 
notifying their requirements to the undersigned. 

HEATLEY KIRK, PRICE & OO., 8313 





n Old-established Firm in 


Vienna (Austria), representing Continental and 
American engineering establishments, 
WISHES to ACT as SOLE AGENT 
for a first-class British concern. 
ddress, under E. 1700, care of HAASENSTEIN and 
VoeueEr, A.-G., Vienna, ‘I. H 581 


\ 
Qteel Structural Expert, 


A.M.I.C.E., in touch with many large British 
firms, own Office, WISHES WORKING ARRANGE- 
MENTS with Foreign and Colonial gent!emen, with 
a view to double-ending structural contracts.— 
Confidential communications to H 678, Offices of 
ENGINEERING. H 678 








46, Watling St., London, E.©. ; & Albert Sq., M 


Active Partnership Wanted, 


by Advertiser (28), who has had an engineering 
training and been accustomed to control of men. 
At present manager to large brick works. Prepared 
to invest in a well-established allied business which 
must bear the strictest investigation. —Address, H 606, 
Offices of ENGINEERING. H 606 








anted, an Engineer, under- 


standing oil and gas engines, for Baku; must 

be able (if necessary) to find capital with view to part- 
nership in first-class firm. Knowledge of German 
essential.—Apply, by letter, to O. E., care of Barzs, 
U 


a. oy - i 
ivil Engineer, London, Re- 
QUIRES AGENCY; would Represent Foreign 

or Colonial Firm.—Address, H 321, Offices of Ex- 
GINEERING. H 321 


Pyectrical Engineer, shortly 
| returning to England, is DESIROUS of NEGO- 
TIATING with several engineering firms with a view 
of representing them in Indiaand Straits, where he hasa 
large connection.—H 582, Offices of ENGINEERING. 


Representatives Calling on 


Steam Users WANTED, in London and Pro- 




















Henpy & Co., 81, Cannon Street, E.C. H 502 | vinces, for a first-class boiler furnace appliance. Good 
commission. —Address, H 648, Offices of ENGINEERING, 
PUBLICATIONS. A Mechanical Engineer with 


ooks (100,000) Wanted and 


for SALE. On all subjecte, especial! sogiagee. 
ing, arts and trades, &c. State wants, BA ERS 
Great Bookshops, John Bright St., Birmingham. 8147 





“‘Datents for Inventions 
AND HOW TO PROCURE THEM.” 

By G. G. M. HARDINGHAM, Mem. Inst. M.E., Assoc. 
Mem. Inst. C.E., Fel. C.1.P.A. 7697 

London: CROSBY, LOCKWOOD & SON. 

Sxconp Eprrion. Cloth, price 1s. 6d. post free. 


leanings from Patent Laws 
OF ALL COUNTRIES. 

W. LLOYD WISE, F.R.G.S., Assoc. Inst. O.E., 
low of the Chartered Institute of Patent Agents. 

The first portion (now ready, price Two Shillings) 
contains information as to the Patent Laws, Practice, 

Population, Production, &c., of 22 Countries. 

“This work gives a great deal of information likely 

to be useful to mventors and owners of patents in a 


46, Lincoln’s Ina 
9749 





small compass.”—The Times. 
Lowpon: F. WISE-HOWORTH, 
Fields, W.C. 


CANADIAN’ MACHINERY and 
MANUFACTURING NEWS 


is the Practical Machinery, Power and Manufacturing 
Paper of Canada, 
Published Monthly, 80 pp. 
Is read by Manufacturers, Machinists, Engineers, 
Draughtsmen, and Workers in every part of Canada. 
‘or Spegimen. Copy, Advertising and Subscription 
Rates, apply British Branch Office, 8561 
FLEET STREET, LONDON, E.C. 


“ 


NOW READY.—Vot. LV. . 


BRITISH ENGINEERING STANDARDS 
CODED LISTS. 4) 


Containing BRITISH STANDARD SPECIFICATIONS for 
MATERIAL USED in the CONSTRUCTION of 
RAILWAY ROLLING STOCK. 
STANDARD LOCOMOTIVES for INDIAN RAILWAYS. 
LOCOMOTIVE CODE by Cmas. S.- Lake, A.M.I. Mech. B. 
CARRIAGE and WAGON CODE by Sipxry Stoxx, M.I. Mech. E. 
ROBERT ATKINSON (LONDON), Limited, 
10, Essex Street, Strand, W.C. 8144 











wide connection and experience, DESIRES to 
REPRESENT in London a leading Firm of Engineers.— 
Address, BOX 77, care of Brown’s, 17, Tothill Street, 
Westminster. H 657 


A Firm of London Engineers 


WISH to ACQUIRE a goodwill or a connection 
on a commission basis. — Address, KENNEDY anp 
KENNEDY, Solicitors, 10, Angel Court, E.C. H 702 





wn 


S rart Agents Wanted for Sale 


of case-hardening compound in great demand; 
good commission terms and allowance to suitable men ; 


letters only. —DURVITE, 15, Victoria Street, S.W. 
H 712 
A Firm of Engineers in the 
Midlands, used to tool and general machinery 
work, WOULD like to TAKE UP the making of any 
SPECIALITY.— Address, H 624, Offices of ENGINEERING, 


(Sonstructional Expert Wishes 


private WORK spare time, thoroughly experienced 
in design of all class of structures; confidential; reason- 
able charges; references exchanged.—Address, H 708, 
Offices of ENGINEERING. H 708 


Wanted, Good Second-hand 


RAIL STRAIGHTENING MACHINE.— 
Send full particulars, price, &c., to H 634, Offices of 
ENGINEERING. H 634 


Required to Rent ‘for the 


coming Winter months, within half-a-mile of 
Cannon Street, E.C., a suitable COVERED SPACE for 
wro dynamical experiments, 60 ft. by 40 ft., not less 
than 8 ft. high.—Send particulars to PATRICK Y. 
ALEXANDER, 82, Victoria Street, 8. W. H 656 


Wanted, Prices of Electri- 


cally-driven CAPSTANS, about 5 B.HP.— 
HAM, BAKER & CO., L1p., Langley, Birmingham. 
H 666 


666 


Wanted to Buy, a Steam 


STRIKING WORK of about 9090 kg. bare 
weight ; a complete plant for pneumatic tridge 
foundations ; all second-hand but still in best working 
condition and in modern style.—Address, W. U. 848, 




















care of Rupotr Mosse, Seilerstaette 2, Vienna I, 
Austria. H 691 


AUCTION SALES. 


heatley Kirk, Price & Co. 


LONDON anpD MANCHESTER. 
(Established 1850.) 
MECHANICAL AND ELECTRICAL 
VALU 


ERS, 
ARBITRATORS anp 
AUCTIONEERS. 
Lonpon : 46, WATLING STREET, E.C. 
MANCHESTER : ALBERT CHAMBERS, ALBERT So. 
Telephones— Telegrams— . 
5077 Bank, London. ** Indices,” London. 
3218 Central, Manchester. ‘‘ Indicator,’ Manchester. 


Fe Sale, as a Going Concern, 

important old - established ENGINEERING 
WORKS, employing about 150 men, within 75 miles o: 
London, comprising 6 acres freehold and ample roon 
for extension, with Dock and Wharf 140 ft. long, fully 
equip with Motive Power, Machine Tools and 
Foundry ; good connection and plenty of work in 
hand.—Apply to WHEATLEY KIRK, PRICE & CoO., 
46, Watling Street, London, E.C. H 674 


Re JESSE ELLIS & CU., Lrp., MAIDSTONE. 

VALUABLE RIVERSIDE ENGINEERING WORKS 
and SUFFERANCE WHARF with RAILWAY 
SIDINGS, TWO ACRES IN EXTENT IN. THE 
CENTRE OF THE TOWN. 


essrs. W. Day & Sons are 


instructed by the Trustees to the Debenture 
Holders of JESSE ELLIS & CO., Lrp., to SELL by 
AUCTION at the Royal Star Hotel, Maidstone, on 
Tuvurspay, Aveust 8th, 1907, at Three o'clock, in one 
Lot, those Valuable Freehold Premisés, known as 
INVICTA WORKS 


an 
SUFFERANCE WHARF, 
situate in St. Peter Street, Maidstone, with frontawe 
of 173 ft. to the River Medway, and Loading Dock 
therefrom, and extending to the South-Eastern 
Railway (North Kent Branch), from which it has a 
private Siding. 

The Buildings thereon include Manager’s Residence, 
Offices, Stabling, Extensive Goods Sheds, Engine and 
Boiler House, Smiths’ Workshops, Engineering Shops, 
5500 square feet in area. 

The premises have been in the occupation of Messrs 
Jesse Ellis & Co. for upwards of 20 years, and will be 
sold with session. 

The position is undeniably one of the finest in the 
district for an extensive business, the River Medway 
and the Railway Siding afford valuable means of inter- 
communication, and the property has extensive 
frontages to St. Peter Street. 

Particulars and Conditions of Sale, with Plans, may 
be obtained of Messrs. Steruzns & Urmston, Solicitors, 
38, Earl Street, Maidstone, and of the AUCTIONEERS, 
at their Offices, 23, High Street, Maidstone. H 650 


TO ENGINEERS AND MOTOR 

MANUFACTURERS. ‘ 
WESTMINSTER.—An important LEASEHOLD PRO 
PERTY, suitable for many purposes, occupying a 
very eligible position, within a few yards of 
Victoria Street, and known as Nos. 99 to 105, 
Horseferry Road, and now in the occupation of the 
Golden Grain Bread Co., Ltd., in liquidation ; the 
property comprises substantial Modern Buildings, 
and in the rear, with a frontage to Greycoat Street, 
is an area of vacant land, having a frontage of 117 ft., 
and affording an excellent site for the erection of 
further buildings or a block of flats in continuation 
of the block adjoining ; the property, having regard 
to its central position and large area of about 
30,000 ft., is valuable for any business requiring a 

large space in this important position.—Messrs. 


[Devid Burnett and Co. will 


SUBMIT the above PROPERTY to AUCTION, 
at the Mart, E.C., on WepNespay, JULY 10th. 
Particulars of Messrs. HERBERT Situ, Goss, Kine and 
Greoory, Solicitors, 62, London Wall, E.C. ; or of the 
AUCTIONEERS, 15, Nicholas Lane, E.C. H 670 

GREENOCK, N.B. 

Convenient MANUFACTURING PREMISES, with 
Water Power. TO BE SOLD by Order of the Re- 
ceiver for the Debenture Holders in the matter of 
the CompounD Metats Company, Limited. Messrs. 


Fuller, Horsey, Sons & Cassell, 


will OFFER for SALE by AUCTION, on the 
Premises, on TvEsDAY, JULY the 23rd, 1907, at Eleven 
o’clock precisely, the undermentioned 
MANUFACTURING PROPERTIES IN GREENOCK. 

Lor 1 will comprise the Metal Rolling Mills in 
Dellingburn Street, having an extensive frontage 
thereto and an area of about 6849 square yards, which 
are held in perpetuity, subject to a feu duty of £33 10s. 
per annum. 

Lor 2 comprises the Metal Stamping Works on the 
opposite side of the same street, having a frontage 
thereto of 305 ft. and an area of about 7647 square 
yards, which are held similarly, subject to a feu duty 
of £63 14s. 6d. per annum. 

Both the Properties have an ample supply of water 
power, and the Pelton Wheels with the gearing to 
control same will be included in the purchase of the 
respective Lots. They will first be offered together 
as a whole, and if not sold, then separately in two 
Lots as shown above. 

May be viewed by orders, and particulars, with Plans 
and Conditions of Sale, had of Messra. PatreN and 
PRENTICE, Solicitors, 18, Kilblain Street, Greenock ; or 
of Messrs. FULLER, HORSEY, SONS & CASSELL, 
11, Billiter Square, London, E.C. H 698 

Re THE COMPOUND METALS COMPANY, L1p 
By Order of the Receiver for the Debenture Holders. 


Messrs. 
Puller, Horsey, Sons & Cassell, 


will OFFER for SALE by AUCTION, in Lots, 
on the Premises, on Tvespay, Juty 23rd, 17, at 
Eleven o'clock, precisely, the 
ENTIRE CONTENTS 





8313 














of the 
METAL ROLLING and STAMPING MILLS, 

situate in Dellingburn Street, Greenock. The Plant 
and Machinery, which forall practical purposes is new, 
includes : 19 Healing and Annealing Furnaces, se\«n 
pairs Plate and Strip Rolls, 10 Brushing, Scraps, 
Grinding, Winding and Marking Machines, six Pickling 
Backs, Set Plate-straightening Rolls, three Cutting 
and Shearing Machines, two Corrugating Machines, 
Saw Bench, two Draw Benches, Hydraulic Press 
and Pumps, two Power Presses, six Lathes, Drilling 
and Planing Machines, Hack Saw Machine, Cold 
Saw Machine, 5-ton Weighbridge, 20-ton Hydrau 
Tensile Testing Machine, eight Travellers, Cranes, « 
two Boilers with seatings and fittings, six Elect 
Motors and Generators, Shafting, Gearing, Beltins, 
&c., Stamping Dies, Engineers’ and Smiths’ Tools and 
other effects. , 

May be viewed by special order, or three days 








preceding and morning of Sale, and Catalogues h - 
as in preceding advertisement. Hi 6" 
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BY DIRECTION OF ———— ey a 
Ini rtunity. ominal Reserve. 
ee WOLVERBAMPTON. : 
HIGHLY IMPORTANT and VALUABLE FREEHOLD 
FACTORY and LAND, 
known as “‘ The Ashes Works,” yg about 
35,200 square feet of Shop loors, 
Manager’s House, Offices, &c. (formerly Humber’s 
Cyele Works before removal ‘to Beeston), ample 
Land for extension. Total area about 6510 square 
yards, with good frontages. FOR SALE BY 
‘AUCTION by 


(joddard, Fox & Co., at the 


Star and Garter Hotel, Wolverhampton, on 
Monpay, the 22nd Juny, 1907, at Five p.m. 
Full Particulars and Plan from Messrs. JessorP AND 
Sox, Solicitors, Bedford; or the AUCTIONEERS, 
2, Waterloo Road, Wolverhampton. H 707 








FOR SALE. 


M2chinery for Sale and 


WANTED. — Before Buying or Selling, save 
money by sending for the Machinery Market—the 
chief machinery trading medium in the Country, and 
the most direct.—Biggest selection in U.K. of EN- 
GINES, BOILERS, MACHINE TOOLS, CRANES, 
PUMPS, MOTORS and MACHINERY of every 
description, second-hand and new in stock.—Offices : 
146A, Queen Victoria Street, London, E.O. Single copy 
1}d., post free ; or 1d. every Friday from newsagents. 


Y | ‘\o be Sold, or Licences to be 

given of English Patent 24,447, a.d. 1902, 
American Patent 733,200, Heimann’s Improvements in 
Extracting Apparatus ; 40 apparatus already working 
‘for oil, &c.—R. NEUHAUS, Patent Office, a... 


Hydraulic Press.—English 


Patent 1501 of 1904.—Patentees are Desirous of 
Negotiating for the SALE of the Rieuts, or are prepared 
to GRANT LicensEs. The invention is highly success- 
ful in practice. -SCHWIEGER & FRANKFURTHER, 
Metal Stampers, 73-77, Miihlenstrasse, Berlin. 8512 


| ocomotive, 3 ft. gauge, Oil 
4 fuel, FOR SALE or HIRE; condition equal to 
new, price low. — Apply, ARTHUR KOPPEL, 27, 


Clement’s Lane, E.C. H 652 


3() R.8. Joists, about 19 ft. 


long, 10in. by 6in., with bridge rails attached 
and fishplates, total weight about 14 tons, excellent 
ondition.—J. SIDNEY SMITH & CO., Liverpool. H710 


ror Sale, One Single Gear 
- LATHE, 8-in. centres, 6 ft. bed by 8 in. wide, 
with countershaft, headstock, poppit, and rest com- 
plete, together with crankshaft for treadle. 

___ HILL & SMITH, Brierley Hill. H 625 


Fa Sale, Pair of Steam Self- 


contained CROPPING SHEARS, suitable for 
merchant mill; cylinder about 6 in. dia. ; steeling 

opens 24 in. throat, 6in. point, cut 14 in. long. 
HILL & SMITH, Brierley Hill. H 626 


Ke Sale, Crossley Gas Engine, 


in Carlisle Cathedral, 3} HP. Being replaced 
by electric motor. Engine in good condition and can 
be seen working. — Apply. J. H. MARTINDALE, 
Cathedral Surveyor, Castle Street, Carlisle. H 703 


| YleasureSteamers.—ForSale, 


TWO STEAMERS, suitable for pleasure or 
ferry purposes, practically new, about 80 fc. long by 
14 ft. beam ; engines 175 nominal HP., draught 4 ft. ; 

) carry 80 passengers; speed 15 miles per hour. 
saloon electr'e light thoroughly overhauled ; full 
particulars on application.—Address, H 633, Offices of 
ENGINEERING. H 
































for Sale, Several High-class 


- Galvanized Steel Light-draft LAUNCHES, with 
ompound and triple non-condensing machinery. 
25 ft. by 6ft. by 3ft. 3in. 42 ft. by 7 ft. 3in. by 4 ft. 

15 ft. by 9ft. by 5 ft. Oin. 46 ft. by 12 ft. Oin. by 4 ft. 6in. 

Also small TUG, 35 ft. by 7 ft. by 4 ft. 6 in. 
ABDELA & MITCHELL, Lrp., H 589 
Engineers and Launch Builders, 
Brimscombe, Glos. 


( ‘orreeted Advert.—For Sale, 


16 HP. BUNSTED-PARKER STEAM DYNAMO, 
lirect-coupled on combination bed-plate, suitable for 





gh-pressure steam, 525 r p.m. ynamo, two-pole 
npound-wound, 220-232 volts, 55 amps.; also Slate 
Switchboard, complete for same. Price £100.—For 


further particulars and permission to view, apply 
CADBURY BROS., Lrp., Bournville. ‘ H 408 


[i lectric Generating Plant for 


SALE :— 





" One Steam DYNAMO, 420 KW., 230 volts, 


‘our Steam DYNAMOS, each 170 KW. , 220 volts. 
Three CONDENSERS, 2500, 2000 and 1200 square feet, 
_ With Air Pumps 

Four CIRCULATING PUMP H 673 
rive FEED PUMPS. 

Of recent date and in excellent condition, having 
operated under careful and skilled supervision. For 
\isposal owing to change of system.—Intending pur- 
hasers of whole or part should write to WHEATLEY 
KIRK, PRICE & OO . 48. Watling Street, London. E.C. 


FO? SALE, 


{ )ffers are ‘Invited for the 


following ENGINE on view at 
Messrs. STEVENSONS Lrp., 
Canal Foundry 


Communications to be Mime acai: 
JAMES TODD, Esq., 
——_ = =e ma ntant, 

’ , Winckley Square, Preston. 
One High-class VERTICAL IN VERTED COM- 
POUND SURFACE CONDENSING MARINE EN- 
GINE (by Stevensons Ltd.), with high - pressure 
cylinder, 17 in. di t low cylinder, 
5 in. diameter, 24 in. stroke. fitted with link-reversing 
‘notion, air, circulating, feed and bilge pumps, steam 
reversing gear, starting valve, steam stop valve and 
tone turning gear; also fitted with all necessary 
ubricators, drain pipes and indicating cocks ; built to 








Milleable and Steel Casting 


WORKS FOR SALE or TO LET, with ail 
appliances. —W ALTER GATH, Chartered Accountant, 
Prudential Buildings, Queen St., Nottingham. 8448 


Kr Sale, Works at Paisley, 


of one storey, good light, floor area 1700 square 
yards, total area over 2 acres; ground for siding, 
_ roads ; modern machine tools, electric driving, 
ighting and crane.—McCLELLAND, KER & OO., 
115, St. Vincent Street, Glasgow. H 481 


Ro Sale, Factory or En- 


GINEERING WORKS, in first-class condition, 
comprising excellent Office Block, numerous Work- 
shops, &c.; Corner Site, about one acre, within four 
minutes of station, near Halifax, Yorks.; Freehold ; 
low price for immediate sale.—Apply, MacALISTER 
AND SKIPPER, Architects, Cambridge. H 697 


Te be Sold, on Chief, a Plot 


of LAND containing about 5900 square yards; 
three minutesfrom Westhoughton (nr. Bolton) Station. 
Labour plentiful ; close to colliery and electric power ; 
suitable site for cotton-spinning mill, weaving shed 
or engineering works.--For particulars apply F. E. 
HAYCRAFT, Tower Chambers, Spring Gardens, Man- 
chester. H 705 


Ro Sale, as a Going Concern, 
owing to dissolution of partnership, old-estab- 
lished Gas, Water, Steam and Conduit Tube and 
Fittings Manufacturer’s BUSINESS situated in the 
Midlands ; works are freehold ; business is a profitable 
one and in full progress at the present time ; audited 
accounts can be produced.—For further particulars 
apply to Messrs. JOHN LEWIS & CO., Chartered 
Accountants, 30, Waterloo Street, Birmingham ; or to 
Messrs. KETTLE, LANDOR & COPE, Solicitors, 
Wolverhampton. H 625 

















onstructional Iron Works, 


in the West of England, FOR SALE, as a 
Going Concern. Area about 8000 square yards. Long 
lease. Low ground rent. Substantial ground-floor 
buildings, modern ey and machinery, railway siding, 
good shipping facilities and cheap electric power. To 
close an estate. Practically break-up value would be 
accepted. 

Further particulars and orders to view may be 
obtained of R. F. W. FINCHAM, Esq., Chartered 
Accountant, 3, Warwick Court, Holborn, W.C., and of 
Messrs. FULLER, HORSEY, SONS & CASSELL, 11, 
Billiter Square, London, E.C. H 700 


MACHINE TOOLS FOR SALE. 


er Immediate Delivery, at 


AUCTION PRICES, the following MACHINES : 
Three AUTOMATIC SCREW MACHINES, by Pratt 
and Whitney, 14 in. to 24 in. bar. 
Six AUTOMATIC SCREW MACHINES, by Cleveland, 
1 in, to 2 in. bar. 
One AUTOMATIC SCREW MACHINE, by Brown and 
bai 


Sharpe, @ in. bar. 

Eight CAPSTAN and TURRET LATHES, by Excelsior, 
Brown & Sharpe, Herbert, Warner & Swasey, 
Pratt & Whitney and other makers. 

Four SHAPING MACHINES, 12 in., 15 in., 20 in. and 


27 in. stroke. 

Two UNIVERSAL MILLING MACHINES, by Brown 
and Sharpe. 

Ten Lincoln-type MILLING MACHINES, by Brainard, 
Holroyd and Pratt & Whitney. 

-—— of SOREW-CUTTING and other LATHES, 
GRINDING MACHINES, &c. 

Further particulars and Pd on application to— 
PETERSEN 8568 





17, Temple Street, Birmingham. 


Fe Sale :— 


Horizontal Compound Condensing ENGINE, 

16 in. and 30in. cyls. , 36in. stroke (by Goodfellow). 

100 B.HP. Steam-driven GENERATING BET, 230 volts. 

TwoSix-spindle Motor-driven DRILLING MACHINES, 

Two Powerful Vertical MILLING MACHINES, 3 in. 
Barrel Making PLANT for Steel Barrels. [spind] 





MISCELLANEOUS. 





[the Glasgow Railway 
Engineering Company, 
GOVAN, GLASGOW. Lr, 
Lendon Office—12, Victoria Street, 8. W. 


MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
WHEELS AND AXLES. 
CARRIAGE AND WAGON IRONWORE, also 
CAST STEEL AXLE BOXES. 8367 


Tus Giasecow Rone Stock AND PLANT WORKS. 


Ht. Nelson & Co., Ltd., 


BUILDERS OF RAILWAY OARRIAGES, 
WAGONS, ELECTRIC OARS and LIGHT RAILWAY 
LLING STOCK OF EVERY DESCRIPTION. 
Makers of WugEis and Axies, Ratway PLANT, 
Foreine, Suirh Work, Iron axp Brass OAstines. 
red Office and Chief Works : Motherwell. 
Manchester Office: Northern Assurance Buildings, 
Albert Square. 
London Office : 14, Leadenhall Street, E.O. 





P & W. MacLellan, Limited, 
. OLUTHA WORKS, GLASGOW, 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION, 
RAILWAY IRONWORK, BRIDGES, ROOFING, &e. 
Chief Offices: 129, Trongate, GLaseow. 8547 
Registered Office: 1084, Cannon St., London, E.6, 


he Metropolitan Amalga- 


MATED RAILWAY OARRIAGE AND 
WAGON COMPANY, Liuurrzp. 


Makers of RAILWAY ROLLING STOOK of all 





descriptions. 
Works — ASHBURY, MANCHESTER; LANCASTER, 
LANCASTER; BRITANNIA, BIRMINGHAM; SALTLEY, 


BirRMINGHAM ; OLDBURY, BIRMINGHAM; PETERBOROUGH. 
London Offices—36, Victoria Street, WESTMINSTER. 
Head Office—Sa.tLey, BIRMINGHAM. Telephone Nos.: 

4722, 4723. Telegrams: ‘“Metro, Birmingham.” 8303 


idland Railway-Carriage 
and Wagon Co., Ltd., 


(AND REDUCED). 
BuImLpsRs or— 


— Railway Carriages, — 
— Railway Wagons, — 


AND ALL KINDS OF ROLLING STOOK. 


Midland Works, Birmingham; 


and Appey Works, SHREWSBURY. 


R. Heber Radford, Son « Squire, 


ENGINEERING, IRON AND STREL WoRKS 
Established] Valuers, over 40 years. 
ConsvuLtine ENGINEERS, REFEREES AND ARBITRATORS. 
(Senior Partner, R. Huser Raprorp, Mem. Inst. Me- 
chanical Engineers, Mem. Inst. Naval Architects, Mem. 
Iron and Steel Institute, Fellow Chartered Institute 

of Patent Agents.) 8145 
15, St. James Row, SHEFFIELD. 
Telegrams: ‘‘ Radford, Sheffield.” Telephone: 426. 
—— 


URNACES 


FOR ALL PURPOSES. 8491 














7-cwt. Single Standard STEAM HAMMER (by Massey). 

Nearly New Iron BAND SAW (by Clifton and Waddle), 
to admit 7 ft. diam. 

Horizontal DRILLING and TAPPING MACHINE (by 
Cambell and Hunter, Leeds), 24 in. spindle. 

1l-in. Triple-geared Screw-cutting LATHE, on 11 ft. 
straight bed. (Broadheath). 

Powerful SCARFING MACHINE (by G. Richards of 

Powerful Vertical MILLING MACHINE, with travell- 
ing head, 2} in. spindle. . 

Steam-driven Horizontal AIR COMPRESSOR, (by 
Goddard, Massey & Warner), 14 in. steam, 20 in. 
air cyls., 20 in. stroke. Inspection invited. 

Descriptive Catalogue of 2000 lots free on lication. 


R. S. MOORE & CO., Birmingham. 
‘*TRUSTY” OIL ENGINES. 
“‘TRUSTY” GAS ENGINES. 
“TRUSTY” PETROL ENGINES. 
‘“*TRUSTY” Gas Producer PLANTS. 
15 years’ Good Reputation. Hundreds of Testimonials. 


FREDERICK AVENS & CO., 
“Trasty” Engine Works, STROUD, Glos. 2417 











THOS. W. WARD, Laren, ALBION WorKS, SHEFFIELD. 
Telegraphic Address; ‘‘ Forward, Sheffield.” 6522 


Priestman Oi Meter 
with Shaft, Stern Tube 
and Propeller, 
for Sale, 


Suitable for Launch 40 ft. long. 
Quite new, 9 B.HP. 
Will be sold at a sacrifice to 
close an account. 

For particulars apply to— 


lex. ilson, 
Ae We 


8, LOMBARD COURT, E.C. 8625 








C. Otte Gehrekens ther 
wairus-L2 









Hamburg. 


“GREAVES” BLUE LIAS LIME 
cmernt prep Til- Fewest = 
And PORTLAND CEMENT. 


Theabove, also PATENT SELENITIC (prepared from “Greaves” 

Blue Lias Lime), LIAS AND ROMAN CEMENTS, delivered per 

rail and canal in owners’ specially covered trucks and boats to 

all parts of the country, also carted on site in Birmingham and 
London. 60 years’ reputation. Highest 


GREAVES, BULL & LAKIN, Lim. 








oa —y HARBURY, Spammers. 3 Address : 
rea’ ‘bury. London ° Paddington, 
w. Tele 3 lain Birmingham Depot: Worcester 


ba 
Whart. Telegrams: Greaves, Birmingham. 
Works at Harbury, Stockton & Wilmoote, Warwickshire 

































Lioyd’s survey suitable for a working pressure 
130 Ib. per square inch, — H 00. 


ICA 








F. WIGGINS & SONS, 


102 & 103, MINORIES, E., LONDON. 


For Lamps, Stoves, Ventilators, Electrical Work 


and Philosophical, and for all purposes, 
LARGEST STOCK IN THE WORLD, 


CONTRACTORS TO H.M. GOVERNMENT. 


Teiernone No. 2248, AVENUS. 





in 

by post, direct to your home, to become an 
ectrical or Mechanical Engineer or for Electric 
Light and Power, Traniway and Motor Car Work. 
Book Free. Send for copy now to Electrical Engineer 
Institute, 248, Norwich House, Southampton Street, 
‘olbern, London. S352 


BIG SALARIES =~ 





NASMYTH, WILSON & CO., Le. 


BRIDGEWATER FOUNDRY, 

PATRICROFT, NEAR MANCHESTER, 
MAKERS OF COTTON, JUTE, HIDE & FIBRE. 
HYDRAULIC PRESSES. 
PUMPING ENCINES & PUMPS, STEAM HAMMERS 
STAMP HAMMERS, &c. 


See Mustrated Adet., 


SHANNON 
LETTER 
FILE, = | sormaxcun sratin, 


MARINE ENGINES & BOILERS 
OF ALL TYPES. 


See Large Advertisement last week and next week. 


A. RODGER & CoO., 


St. Helen’s Engine Works, 7930 


Govan, GLASGOW. 


Koppel’s Works Tramways. 
TRACK. ROLLING STOCK. LOCOMOTIVES. 
See large Advt. alternate issues. om 


ARTHUR KOPPEL, 27, Clement's Lane, 
LONDON, E.C. 
WHY ARE IRONFOUNDERS 50 
CONSERVATIVE? 


96, last week and next issue. 


SaaenianeneREanntianenediaeetiee tt ae 
INSTANT REFERENCE TO 
YOUR LETTERS & BILLS. 

cag: — Spt 
THE SHANNON, LTD., 
Office 


























Labour-saving devices are the best means of 
MAKING PROFITS GREATER and 
Schiitze’s MOULDING SAND MIXING 
MACHINE will Mix Sand at ONE-NINTH cost of 


other systems. A month’s free trial given. 


=|. BAGSHAW 8, 8ONS, LTD, 





FERRO PRUSSIATE 
PHOTO PAPER. 


EXTRA RAPID FOR ELECTRIC 
LIGHT PRINTING, 
Sample for Testing on application. 
Spec Terms for Contracts. 


J. A. REYNOLDS & CO., Ltd., 
Drawive Orrice Starionsns, 8006 
43, Colmore Row, BIRMINGHAM. 


ROLLER BEARINGS 


For MACHINERY 


and ROLLING STOCK. 
— BRITISH MADE, —- 





EXPERT ADVICE} 
QUOTATIONS | FREE. 


EMPIRE ROLLER BEARINGS Go. Ltd. 
15, Victoria Street, 
Westminster, London, S.W. 


STABLEFORD«C’?? 
















COALVILLE. ~ 
Tp neve cS 
Remaunr & es s ‘SS 


» 
7400 & gh YS re 





BIRMINGHAM, 
Tel, “*Stableford.” T.N. 591. 














* BUFFALO” INJECTOR. 


















Operated See" Class A lifts 24 ft. 
Entirely Class B lifts 12 ft. 
by One 


Handle. Send f ad 







Telegrams : Green & Boulding, 
‘* TEMPERATURE, LIMITED, 
28, New Bridge 8t., 


LONDON, E.C. 
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MARSHALL. SONS & CO., | ©. weet ree. 1 


Also OFFICES, SHOWROOMS 2 STORES at 
3 si 79, Farringdon Road, LONDON, E.C. 
ENGINEERS & BOILERMAKERS. | telegrams: «exame, Lonpon.” 


Telephone: No, 648, Hounory. 








Telegrams: ‘* Marshalls, Gainsboro’.” Telephone: No. 40 & 41. 








HORIZONTAL ENGINES up to 1000 HP. ES ere ee ee 
BOILERS, Cornish, Lancashire, Loco., Vertical, &c. THE GRAND PRIX ial 
UNDERTYPE ENGINES, Simple and Compound. sien Ghian: oe denen 
VERTICAL ENGINES, Simple and Compound. R, 


PORTABLE and SEMI-PORTABLE ENGINES. - MILAN EXHIBITION, 1906. 
TRACTION ENGINES arid ROAD ROLLERS. ~ OVER 
THRASHING MACHINERY for all Countries. 120, 000 





GRINDING MILLS. SAWING MACHINERY. eens _ BOILERS, &c., MADE. ptilan a gird piety sprees 
GOLD DREDGING PLANTS. Pa 
TEA PREPARING MACHINERY, &c. Mustrated CATALOGUES on igpliesticn, «ROO. cigas, Single or Compount, Genvetite or anh, 


PIERSON’S PATENT 
-~— — SUCTION GAS PLANT 


WHY DOES YOUR SUCTION PLANT ONLY GIVE HALF SATISFACTION? 


Recause it was designed by a mechanical engineer instead of a gas engineer. If the gas produced were of regular quality, if clinkers 
could be avoided or removed without opening the fire door, if the firebricks could = t for five years, and if the valves of the 
engine had to be cleaned only once a month, your plant would be perfect. 

Please look at the Pierson plant, see how it differs from all others, and write to us to enquire how we succeed in overcoming all 
the above-mentioned troubles. 


J. & O. G. PIERSON, Gas Encineers, 47, RUE LAFAYETTE, PARIS. 


Sole Agents for France and French Colonies for the Crossley-Otto Gas Engine. 8141 
ca for the British Isles: The Carbonic Acid Gas Co., Lea tits Road, ars N.E., where four Gas Plants, each of 42 B.HP., can be seen at work. 
















































































BU TLE R’sS 
PATENT 


FRICTIONAL 
COUPLINGS. 


The Kirkstall Forge Oo., Leeds, 
SOLE MAKERS, = 775 





PATENT ROLLED 


-SHAFTING ~ 


IN IRON AND STEEL. 






















Felten & Guilleaume- 
Lahmeyerwerke A.G. 


Electrical Engineers and Contractors, FRANKFORT-ON-MAINE. 
CATALOGUES AND PRICES ON- 1 APPLICATION. 
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The LAHMEYER ELECTRICAL CO., Ltd., 109-41, New Oxford Street, LONDON, W.C. 
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